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IlepeamMoBa HAYKOBOI0 PeAAKTOPA cepil mipyYHHUKIB
Ta HABYAILHHX HociOnuKis «KOMITIOTHUHI»

[IanoBuuit Unrauy!

Posmounnatoud po6OTY HaZ BCTYMHOK CTATTEK) RO HPYroi YeprH KPYNHOTO iHILiaTHBHOIO
OCBITHBO-HAYKOBOTO NPOEKTY LIOZ0 BHIaHHS copii YKpaiHOMOBHHX MOCIGHHKIB, THpy YHHKIB T2 MOHOTpadik,
SKi BUXOAATH Y CBIT nij y3aranbteHHM racioM «COMPUTING», uneiio KHUT SKOI BXXe HEpPeKpPOUMIIC YOTHPH
JIECTKM HaliMeHyBaHb Xody LHpo mnomskyBaTH Tobi Bembmumanosuuii Uurawy, aBropaM, BHAABLIO,
(iHAHCOBMM MelIeHaTaM Ta CIIOHCOPaM, KOTPi B Pe3y/IbTaTi TBOPUOI, CHHEPTeTHUHOI B3aeMOozi 3abesrie nin
YCTHIIHICTb 11bOTO YHIKAJIBHOTO BITYU3HAHOTO iHHOBALiHHOI'O IPOEKTY.

Ipoiimue maike aecstumitrs sk y 2008-My poui 1o apyky OyJO NOJAHO DYKOITHC BHIAHHS
nepioro miapyunuka cepii «KOMITIOTHHI» - «CxoBuimia xaHmx» 3a aproperBoM npodecopis H.b.
IlaxoBebkoi Ta B.B. [Maciuanka. Huni, Hanpuxinui 2017 poky 3aBepluuBes MEpPUINi eTan MpOEKTY, CBIT
NOGAUMAH TIOHAJ UYOTHPH NECATKHA HaMeHyBaHb HABUAIBHHX MOCIGHHKIB, TiJAPYYHHKIB Ta HayKOBHMX
MoHorpadidf, 0 3aFajoM CTago He IePeciuHOx MONIEI0 B YKPAiHChKOMY OCBITHBOMY, HaYKOBOMY 14
npodecifno-6isnecoeomy IT cepesonui.

HuHi MOKHA BOEBHEHO CTBEP;PKYBATH, 1110 3arl0YaTKOBAHUI HE YMCENHHOKO I'PYION0 IHILIaTHBHUX
Brcoko (axoBMX BUKNANauiB Ta HaykoBuiB Kadenapy indopmauiiinux cucrem 1a Mepex  JIbpiBebKol
NOTTEXHIKM IPOeKT cepii YKPAIHOMOBHHX NOCIOHHMKIB, HIPYYHHMKIB Ta HAYKOBUX MoHorpadiil, of’eananux
1po6aeMaTHKOIO KOMII IOTHHIY — YCHITHO Pealli30BaHHH.

ABTOpH Ta BHIABIli «BH/2JA Ha 'Opa» HEPIIHX JeKiIbKa AECATKIB OPHTIHATHHMX YKPaiHOMOBHMX
BUJIalib, a e Benpmumanossuii Yurady B HaMl yac, 308¢1M HE Majlo.

BanouartkyBaHHS HACTYIIHOTO  (ApYrore) eramy peanisallii BHAABHMHYOIO OCBITHbO-HAYKOBOIO
ItPOEKTY CIIBajae 3 IMILIEMEHTAIIEIO CYTHICHMX 3MiH B CHCTeMI Cepe/Hboi Ta BHINOl OCBITH YKpaiHu
3arajioM i i 1HPOPMaLli AHO-TEXHONOTIYHOTO CEKTOPY 30KpeMa.

B yxpainchKi#i cepeauiil mKoJi pealtisoByeThes ambiTHuil mpoexT «Hopa ykpainchbka 1ukona». Mu
CTAEMO YUaCHHKAMH TIPOLIECB 3aIPOBAPKCHIS BHKIAIaHHS Y 1Ko mpeamety «Indopmarakay, MOUHHAIOUH
3 JIpyroro Kiacy i BHXiAl Ha IpodinbHy iH(GOPMATHUHO-TEXHOTOTINHY OCBITY B cTapluif mkomi (10-12 —ui
KJIACH.

Ipn UHOMY MH YBIKHO BiZICTIKOBYEMO Ga30B] TEHACHUIT POSBHTKY INKLIBHOI iIHPOMATHIHOI OCBITH
Y CBITOBOMY BUMipi. ¥ ITbOMy KOHTEKCTi HC MOeMO 0biHTH yBarow pofoTy TIpyIH OCBITSH B paMKax
383HAMCHOTO 1IPOEKTY 3 Po3pobNeHHS CHCTEMH CYYacHHX BITYH3HAHMX MIKITHHHX OCBITHIX CTaHAapTiB 3
ingopmaruku. !Ipoekt peanizoBysases y 2016- 2017 POKaX Ha 3aMOBICHHSA MOH y{(palHH He Gyae 3aliBuM
HABECTH Psl BIZIOMOCTeH 100 3apyGDKHONO JOCBiAY 3aNpPOBADKEHHS WUIKUIBHHX OCBITHIX CTAHIAPTiB: 3
indopMaTuky, ski mopani y migrotorieHomy v BepecHi 2017 p. Okcadoro Bonopumupisroro [laciiunuk
TIICYMKOBOMY aHAJI THUHOMY MaTepiali.

«Ilkinbuwit Tipeznver indopMaTHKa Y PIsHHX Kpamax Mac K pi3HE 3MICTOBE HAIIOBHEHHS, TAK i
pise Micuc y HaBVaibHHX IUIaHaX 1a cTaHyaptax. Lle NOB's3aH0 i3 JMHAMIYHOIO iCTOPIEIO BAKJIAJAHHS
iHPOPMATHKY, 4 TAKOX 31 3MIHAMH, SKi CHOCTCplIaIOTLC}l OCTaHHIMH POKaMH. Ha nouatiy BOpoBa/KeHHA
[IbOr0 HABUAMBHOLO NPEIMETY B OCBITHIX CHCTeMaX PisHHX KpaiH Hanpukinui 1980-X pokiB, OCHOBHa yBara
OPHAIISNAch: AITOPAT MiYHOMY MMCJICHHIO Ta PO3BUTKY BMiHb CKiIanaTi mporpamu. 3 cepeiuuu 1990x no
nouatky 2000x poxis Bmﬁynaﬂoub 3MIlEHNS Y HALPAMKY BHBUCHHS NPHIUIATHUX TIPOTPaM Ta OlaHyBaHHS
xypey indopMaliinux Ta KO\{)’HIKaL[lHHPlX TexHONOri#. V 383Ky 3 THM, IO 3a3H4YEH] TeXHOIOTI HabyBa
Bce GLIBIIOrO MOUIMPCHHS Ta CTaBaNH IHTYITHBHO 3p0$melLllHM!/I BMBYCHHS OKPEMOTO MIPEMETy B HIKOJL
BTpavaio aKTyabHiCTh, TOXK Ha modaTok 2010-X, B OCBITHIX cHCTeMax Garathox KpaiH uei npexmer Gys
BiZICYTHIM, iHTerpoBaHuM, a60 BUK/IAaBcs (PaKyibTaTHBHO.

Bonouac, y Tepeliky KIIOUOBHX KOMIETEHTHOCTGH MepeBac-HOi GimbiiocTi HallioHATbHHX
CTAH/IAPTIB LWIKUILHOI OCBITH NPUCYTHA HUdpoBa I‘paMOTchTb up IKT-KOMNETEHTHICTb, SIK HACKPI3HE BMIHHS
KOpHCTYBaTHCS IH(POBUMH TeXHONOTIAMHA. Boe OUeBMAMINIOW cTac HEOOXiHICTh BHBUCHHS HC CTINbKH
KOHKPSTHHX TIPOFPAMHHX 3ac00iB UM TeXHOJOITH, K IPHHIMIIB 1X QyHKLIOHYBAHHS Ta BMIHHS CTBOPIOBATH
BaacHe MHGPOBE CEPEIOBHIILE, B TOMY YACI NPOrpaMytogs #oro mix ¢soi noTpetu.

3a pesy-IbTaTamu ROCIiKeHHs], IpoBeleHoro ByrT Ta Bpymessryca, inrerpanis iHdopmariiinof
I'paMOTHOCTI B iHUI Npeamery B Hiaepnannax npussea 10 SHAKHCHHS NPE/METY Ha MOYATKY 2000x poxkis, a



v 2013 poni 3HOBY HOYaIG PO3INIANATHCH. IMTAHHS HIOHO LLOBEPHEHHS [IPEAMETY B INKIIBHL IpOrpam,
Pa,mloqn #0My OHOBISHOTO 3MICTY T& pOIli.

Crniz 3ayBaknTH, 010 Y KOHTEKCT! INXINLHONO MPEAMETY, iHIOPMATUKA Y PI3HMX CHCTEMEX GCBITH

TaKOM 3yCTpi‘{aFTLCH nig wazsamu TKT (imdopmariitei Ta xomynixamidini texnororii y Uexii, Taimari,

Icyanaii), xoMIrtoTepHi Hayku (CIILA Kanana, nporpmvra MikHapoaHoro Gakanaspaty International
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npeIMeT A Ha3BOXW MporpamyBadHs abo KOy BaHHs (beasris, Manis, Ecrowis, Icnanis, ®ianswHais,
Vropmpna, Higeprawnm, Hopeeris, ITlomeria, " Topryramis, Chomawwmia). V peni wpainm  Tarox
BUKOPHCTOBYIOTHCA TaKi TEPMiHH, K aTTOPUTMITHI 3aCTOCYHKM (1 pellisi), ATCOPHTMIYHE PO3R’A3yBaHHS 3a1a4
(CroBaunHa), pospolicHHS atropHT™iB Ta Mogenel aarux (VropmuHa), al'OpHTMM T4 POGOTOTEXHIKa
(T ecnologla, Programacion y Robética, Icnanis), indpopMaruka ta nudposi nayku (lntormathuc et sciences
du numérique, @panitis). B Ascrpanii Ta Hosilt 3emanzii npeaMer 3ampoBamkyeThes i3 HasBOIO mm¢poBi
TEXHOMNOTIT,

Ho npuxiany, B Xopparil npeaMersa raryss 06’€1HaHa i3 TEXHOIOTIAMH IIiA 3aTABHOK) HAIBOKO
Texyonoriy Ta indopmaryka, B Mexax skol BHAinsersca 4 CKAAOBi: TEXHIYHA TBOPYICTB, CBIT TEXHIKH,
indopmaniiini Ta koMysikauiini TexHomOril Ta KOMIT'IOTepHe pO3B’A3yBaHHA 3alay, a y ClOBaYMMHI TA
Bonrapii ue#t npeamer 06’ennano B oxHy Tpyny i3 Matemarukoio. Y 1iseltapii inTerposanuit moxyne Mae
Ha3By Melia Ta iHopMaTHKa.

YV wauionansHoMy 3Biti Koponiscekoi axayemii imxcrmepii “llnsx impopmarmky y mxonax
BeskoGpuranii: BUMKHYTH 4K Iepe3aBanTaXUTH?” OKPEMOK0 PEKOMEHIALIEI0 € YHUKHEHHS BHKOPUCTAHHS
tepminy IKT (ICT), i posminenns mpemverHoi ofnacti Ha Taki acmekTd, sk nmbposa rpamorricts (Digital
Literacy), indopmanitini texuonorii (Information Technology) ta imgopmarmxa (Computer Science).
Hapoantsed uikasa ananoris BuBYenns iHGOPMATHKA 3 MGBHOIO OCBITOI, Yy SIKill MOMKHA BHLUTATH YHTAHHS
Ta 11C6MO (0a30Ba IPAMOTHICTE), BUBYEHHS MOBH (IIPHHLMIE $yRKIiOHYBAHHS) T4 niTepaTypH (NpAKianu
33CTOCYRaHHs).

Taxox xotiiocs 6y srajaTd TepMiH. ITd AKOTO, Ha *alh, HApasi He BIACTHCA 3NaNTU VKpaiHGMOBHIL
BLUNOBIMHKK — Le cormputational thinking: poss'asanss sazad, TPOSKTYBAHHS CHCIEM T4 PO3YMIHHS JFOICHKOL
VIOBEIHKY, BuxOAT9¥ 3 GazoBix moksTh inopmarkku. Bilepme ned vepmin Buxopucras Ceitmyp lerepr
(matemaruk, ingopmarik, nefaror) mie y 1996 poui, ane axTyanizanis ¥OTo ZOCTITKSHHS T3 BEKOPUCTAHIS
BiIfyacs michs BUXOMY ¥ CBiT crarti [ixawer Binr y 2006.

OnrcoBe BU3HAYCHHES Ta NOSCHEHRS ULOTO TEHMINY BUIMIAIAE TAK: POLECH MHCICHHS, NOB's3aHi 3
(opMyTIOBaHHAM TPOSNEMHU TA NPEACTABICHHAM ii BHPILIEHHS y Takwit criocif, wo6 doro moxua Gy:10
peasi3yBaTH 33 NONOMOTO0 KOMIT'IOTEDE.

Tle nOHATTY iHKANCYIOE ANTOPWTMIYHE MUCTEHHS, KeKOMTO3UNIR,
a6crpa1<uuo ,[[exomno:sﬁ-mero € BMiHH POSKIQNATH 3d7a4y Ha CKJALOBI €NEMEHTH, ONEPYHHH SKHMH
MOXKHA YiTKO NOSCHUTH npoygcc BWKOHaBlICBI./ abo zanucaTi #ioro ISt BIACHO10 TTICRANLIZOr0 BUKOPUCTAHHA.
Bussrenns mabnonis nepeaGauac BMiHHS 3HAXOAWTH TEHJEHLII, cXoxi eneMentn ado BiIMIHHOCTI, KOTpi
J03BOMATE POOMTH MpOTHO3W. VY3araibHeHHs WAGNOHiB Ta aGcTparyBanis O03HMAY4E BMiHHA BIIKMAATH
BiIOMOCTI, #Ki He € 3Ha49ylUMMH WIS PO3B’SA3aHHS NEBHOI 3amadi, a Taxox m,xcyMosyBam Hwoxmﬂy
inopmariito. Po3poSieHHs WIrOPHTMY € BMIiHHAM CTBODIOBATH IOKPOKOBY CTPATEIIO I PO3B’S3AHHS

BUSRISHEY MAGNONIR T

!X‘
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‘]acro no umc OCHOBHHX ENEMEHTIB [ONaIOTh TaKi XapaKTePHUCTHKW, SK TBOPYICTS,
Th Ta CﬁiEHpaliﬁ Take cKiTafene CHHTETHYIIE U3HAUSHHA
quucanamHoro MHCIEHHT B[/D(O)IMII: Ha KIOY0BY IO3MIII0 IPH BU3IHAYCHHI Lifled BUBYEHHS HpEAMETY
iHdopMaTHKY B OCBITHIX CHCTEMAX PI3HHX KpaiH.

V cydacHoMy indopMaiiiHOMy cycrminbeTBi IEdpPOBa KOMIIETEHTHICTE He 0OMEKYEThCS Ga30BUMH
HaBUYKaMH PoOOTH 3 TMNOBHMH NpoOrpaMaMi, a UPOHWKHEHHS iH(OPMalifH;X, KOMYHiKauilHMX Ta
unq)poaux TEXHOJIOTiH y BCi cepy AisAABHOCTI MHOAMHN 03HAYAE, WO PO3YMIHHS IPHHUMIIB (byHKuiOHyBaHHﬂ
KOMIUXOTEPHUX CHCTEM Ta TIPOTPaM € OCHOBOIIOI0KHOIO CKIAJOBOO rpamMotHocti y 21 cromirti. 1le, a Takox
TIPOTHO3OBAMMH AediLT IT-gaxiBuiB, sxnit oninoeThes y 756 THCAY 0Ci6 A0 2020 poKy, CIPHYMHIIM 10
TOTO, IO 3MICT, oML Ta Micle mNpenAMeTy iH(GOpMarWka, HWHI aKkTUBHO TpaHCROPMYEThCH, 1 Ie
BinoGpaxaeThes y BIANOBIAHUX CTAHAAPTAX OCBITH.

3okpema, y 2010 6yno posmouaro eBpomneichKy kamnaHiio 3 peatisamii Masidecry e-HaBHHOK,
OIHMM i3 KPOKiB KOl € KypuKynsapHa pedopMa, W0 MOMSrae B {HTErpyBaHHI ITPOrpaMyBaHHS y WKLILHI
nporpamu B 15 xpaiHax, oHosieRHi mporpaMm 3 indopMaTuku, pospo6ui cTpareriii onmH(ppyBaHHS Nponecis
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(QYHKIICHYBAHHS IUKiA, BUPOB&MKEHRI Y HADYANbHI Nporpamu ImraHe 1T-Ocsileku ta aBTOPCHEKOTO lipasa,
TicHiwii coisApati 3 npoecifHoK CIiNBHOTOR.

Hagecni 2009 poxy yriBepcirer Annfepry (Kanana) nozmas iHGQOPMATUKY IK OMAH 3 BUBIpKOBUX
BCTYNHUX TNpPeAMETiB, NeH Kpok miarpumvanu pan ywiBepcureris: Kanrapi, JerGpumxa, MawlOen. e
CIIPUYMHMIO MiIBUIEHHS iHTepecy A0 IpeIMLTy indopMaTrkn, sk BuGipkoBOTO Ha JUKITLHOMY piBHi.

3 2013 poxy bigsHa4aETHCA €BpﬁﬁCyXCLI\}IH THALCHp KOAyBaRna, HaOyjia 3Ha

rnoﬁam,ﬁd akuis T'onvHm xomy Ha ocHoBi iminiatusm Code.Org, sxa Mae Ha MeTi HONy:IspH3aLilo

HOTO  PUSMaxy

vV cenenHiy MKONAY,
15 CePpCaAtlx IIKeA

BignmosigHo qo JaHMX 3BiTy «OOuUMCMIOBaNTRHE MaMOyTHE. KOMITIOTepHEe IIpOrpaMyBaHHS Ta
KOXYBaHHS — IPiOPHTETH, HABYAILHI IIporpaMu Ta €BPONCHCEK] iHIMIaTHBHY, 10 OHOBICHMH Harpukinui 2015
POKy Ha OCHOBi OmuMTyBaHb 21 MiHicTepcTBa OCBiTH €BpOLCHCBKMX KpaiH, y 16 kpaimax iHdopmaruka Ta
KOTyBAaHHA BIUIOYEHI y HaBYajbHi CTAHAAPTH Ha HAIOHATLHOMY, PETiOHATBHOMY UM JIOKATBHOMY DiBHI.
CriocTepiracThes TEHAEHI 10 BUIUTCHHS OKPEMOTO TIpeaMeTy (SKiIo #ioro He 6yno paiite) Ta Horo BUBYEHHS
Ha paHIIMX OCBITHIX eTaiiax (B TOMy 4HCii y moyarkosi#t wmxouni). Ilpn usomy 12 kpaiH BUALLIIOTE OKpeMuil
TpeaMET KOAyBaHHS/KOMII IOTHHI'Y Ha PCTiOHATBHOMY uM IUKIBHOMY piBHI, 13 KpalH iHTerpyoTh KOLyBaHHS Y
3arajJbHAUi Kype iHpopMaLUifHKX Ta KOMYHIKAIHHUX TEXHONOTIHN.

Crastuif OCBi) PUCYTHOCTI OKPeMOTo iHPOPMATUBHOIrO TPeAMETY B HABUANBHUX TUTAHAX 3 KIHIA
1980-x pokiB MatOTh Taki KpaiHW, K YkpaiHa, I3pairs, llonema, JiurBa, CrnoBawumHa, Kinmp. Y mkonax
GaraTeoX KpaiH NPOTArOM TPHUBANOrO vacy iHpopMarvka aGo He BHKIaJalach B3arajii, aGo Mana BHTIS
BUOIPKOBOTO TPEAMETY, COPAMOBAHOIO Ha OBONOAIHHS Ga3oBUMHM iHGOpMALIMHMMHU Ta KOMYHiKauiltHUMU
TEXHOJOTiAMY. Y [edKHX Kpailax IapaiensHO icHyBala MOXNHBICTE 00paTH MOTTHOIeHHM Kype
TIPOTPaMyBaHHS.

[MlincymoByrouM aHamiTH4HE OfPAUOBAHHS [IHAPOKOTO CHEKTPY Marepiaiis HAUiOHATBHMX
CTZHIApTIB IUKITBHOT OCBITM IHOJO CTAHY T4 KEPCTICKTMB BUBYCHHA [PEAMETY IH(OPMATHKH MOXKHA
copMyIIOBATY HACTYTHI BUCHOBKY.

° 3anexso BiA ocoOnuBOCTEH HAIOHANLHMX CHCTEM TIKINBHOI OCBITH, MPEAMET Moxe OyTH
OKpeMHM Uy iHTerpoBaHuM, OOGOB'I3KOBMM a0 BuOGipkoBMM, IMOBIpHO 3 pisHOIC peatizauicto Tiel
BApiaTHBHOCTI Ha PI3HUX PiBHsIX OCBITH.

] Y Oinbmocri KpaiH, AKi OHOBMIOBANM CT4HLAPTH -OCBITH OCTAHHIMA  pOXaMu,
CrocTepiraeMo 3MilleHHs Bil CyTo NMPUKIAIHAX BMiHB BHKOPWCTOBYBATH IPOrpaMHi 3acofH 1o rimbuoro
PO3yMiHWg TIPHANINTIB poOOTH Ta pO3pOOKY IPOrpaM Td CUCTEM.

. Pobuthes BaxiMBHEM Haroloc Ha BiANOBiZanbHe Ta Oe3nevHe BHKOPUCTAHHA
indopMauifiHuX TexHOJNOTiH, a Takoxk pO3YMIHHS MOTEHIIWHUX IEpeBar Ta PHU3HKIB iX MOIIHPEHHA Ta
BAKOPUCTaHH: 3 PI3HUMM LLISIMA.

Bunyckrnk wxosm XXI cromiTrs noBMHEH GyTH KOMICTEHTHHM Y4acHWKOM iHdopmauiiiHoro
CyCHiIhCTBA, YCBIAOMTIOIOUM HOro 0COOMMBOCTI, NPHHUMITA (byHKuiouyBaHHﬂ IepeBarn Ta PH3HMKU
HIBHAKO3MIHHUX indopMauiffaux TeXHOMOrH, a TakoK BMITH TBOPUO pO3B’s3yBaTd mpobGieMui-CUTyanil 3a
A0HOMOro0 NMPOBUX IPUETPOIB T4 HPOrpam».

Hama ysara sx ininiatopis BUAaBHMHOrO OCBITHBO-HAYKOBOTO HPOEKTY IO IIKITBHOI CKIJamoBOI y
cucTeMi UMGpPOBOI rPaMOTHOCTI YIEHIB CYy4aCHOTO iH(OpMAanifHOro CycIinbcTBa € LITKOM 3aKOHOMIPHOIO.
AJvke, 1IKinbHa OcBiTa 3aknanac GyHmaMeHT K A 3706yTTs BUIIOI OCBITH, Tak i 3araioM MOAANBIIOTO
cycrmiisHoOro 6yTTa.

B yMoBax ¢TaHOBIEHHA Ta CTPIMKOTO PO3BHTKY CYyCNLIBCTBA 3HAHB i HU(POBUX HABHYOK HEBIABOPOTHOIO €
sikicHa 3MiHa ninxonin 10 BU3HAYCHHS 3Mic1y BUIIO{ OCBIiTH, METOAIB 1 (OPM OLIHIOBAHHS SKOCTI MiArOTOBKY
axisuis, HabyTTa xpanidixamii, Axa sianosizana § sumoram crelfixxongepis. OcrobHe npoTUpiyyA CygacHo!
CHCTEMHM OCBIiTH CNiJl TPaKkTyBaT¥ #K MPOTUPIYYS MiX BUCOKMMH TEMIaMM TIPUPOCTY obcsris 3uanp i
0OMEKEHRMHE MOXUIUBOCTAMH iX CHPUMHATTS Ta 3aCBOEHHS 0COO00, WIEHOM LBOTO % CYCHUILCTBA 3HaHb. Lle
TIPOTHPIYYs HEBiIBOPOTHO NPHMYIIYE SK TEOPETHKIB, TaK i  IieHaroriB-IpakTHKiB BIXMOBHTHCS Bil
ineansHOro obpasy yceGiyHO pO3BMHEHOI 0COOMCTOCTI i mepeity A0 HOBOro izeansHoro obpasy ocobu 3
MaKCHMAalhHO PO3BHHYTHMH 3/i0HOCTAMH, SKa BIOCKOHANIOETHCS IMISXOM CaMOpPETYIAIil Ta caMOOCBITH
BIPOIOBK BCHOTO XHTTS. IHTerpariis BMINoi ocBiTH VkpaiHM y CBITOBY OCBiTHIO CHCTEMY € 00'€KTHBHHM
IpOLECOM, KR CYTHICHO TpaHCcGOpMye HAIOHATEHY CUCTEMY BHILOI OCBITH, KIIFOYOBHMH CKIAIOBUMHU AKOT
CTAlOTh OCBITHI NPOrpaMH Ta KOMIUIEKCH BiXNOBITHHX CTYIICHEBHX KOMIETEHTHOCTEH. KoMIeTeHTHiCHUI
HiAXiA A0 noby0BH OCBITHIX IporpaM y BHINiM WIKOM, 0 peanizyerses B YKpaiHi BifnoBiaHo a0 crparerii
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pedopMyRallis HAIOHAABLHOLO OCBITHBOTO MPOCTOPY CKJIANAE OCHOBY CTYACHTONSHTPOBAIOIO HABUAHHSL
6a30BHM | CHCIEMO TBIPHHM ©IEMEHTOM SIKOTO € CTYICHT, CITyXad, YUeHb, 10 IIPardyih HabyTH HOBUX 3HaHb,
YMiHb Ta HABHYOK.

IndopmaTuHa OCBITa YHIBEPCHICTCHKOrO PIBHS B IIbOMY KOHTEKCTI He € BHKInoyenHsm. CaMe Taky
[apajiirMy MY [parHeMo peanizyBaTd B paMKaX JpyToro eTairy NpoeKTY BUAAHHS KHHI OCRITHbO-HAYKOBOT
cepii KOMIT'FOTHHI'.

VY Bumii# mxos YkpaiHu 3 2016 poky iMIIIeMEHTYeTbcs HOBa HOMEHKJIATYpa raiysel 3HaHb Ta
crienianpHocTe. B xoHTekeTi Ha-mMX npodeciiHUX 1HTepeciB MoBa Hze rpo raiyss 3HaHb 12- «[Hdop-
mauiini TexHosorii» 3 micTbMa cretiaipbHocTIME: 121- nporpaMua imxeHepis; 122 - koM 1oTepHi HayKu;
123 - xoMITtoTepHa iHmxe-Hepis; 124 — cueremumil anasmis; 125 — xiGepGesneka; 126 - indop-mauiiini
CHCTEMH Ta TEXHOJIOTI].

YacoBHii BIATHHOK, LIO IIPONIIOB 3 MOMEHTY BHXO/Y ¥ CBIT MepLIOi KHHIH OCBITHBO-HAYKOBOT cepii
KOMITIOTHUHI" xapakrepusyerhess OYpPXIMBHMH IPOLSCAMH CTAHOBJICHHs, (OPMYBAHHS Ta CTPIMKOIO
3pocTaHHs iHQopMaUifHOTO CYCMULCTBA ¥ BCIX Oe3 BHHATKY HampsiMax, npoduisx Ta acnexrax. He e
BUKJTIOUEHHSAM B [IbOMY IIOTOIN i OCBITHS raiy3b, y siKii BigOyBacTbCs aKTHBHHA TOIMYK HOBHX NapajitrM,
KOHLIEMiH, miaxoais. ko Haupuwiti 2010 poky B YKpaHOMORHiH «OCBITHIH» JITEpaTypl Ta «HAYKOBHX)
ny6aikaninx Habys nonyasprocri peromen IKT (anri. ICT), skuit He 30BCiM KOpekTHO OyB NpHBHECEHHH B
VKPATHOMOBHE TEpMIHOJIONUHE CEPefOBHIlle K  iHOpMaliHHO-KOMYHIKAIIMHI  TeXHONOTI  3aMicTh
OPHTIHANLHOIO TOJAHHS, #Ke CIij MepewxtanaTd sk «indopMalifini Ta KOMyHIKaliiHi TeXHojIori (AuB.
HEPINOIDKCPENO, B AKOMY BIISpLIE BUKOPHCIAaHO KOHIENT), To Aa KiHIs 2017 poKy XapakTepHOIO O3HaKOIO
Ta 0cOBNMBICTIO €BPOIEHCHKOIO OCBITHLOIO NPOCTOPY € HOBE «HAPO,DKEHHS» Ta 3aMPOBADKEHHS A0 OCBITHIX
CTaHJapTiB Pi3HUX OCBITHIX Ta OCBITHBO-KBANIQIKAIIAHNX PIBHIB rajy3i KOMI IOTHHIY TEPMIHOJIOITYHOIO
woruterry TIC (amrmIST), simil TpakTyeTbcs K TeXHojorii iHdopMauidiHoro cycninbersa (information
societies technology).

Hapithb nepiuuii NOGHKHUI IOFIISA HA 3aBATOCS 6 HE3HAUHI «KOCMETHUHI» VTOUHEHHS TPAKTYBaHHS
TOH#TH TA KOHIENTIB HAIITOBXYE HA JYMKY IOA0 iX TrIdGHHHOI TEKTOHIYHOI TPHPOAM Ta CYTHICHMX
METOJIOJOFIYHMX 3MiH, $Ki 3a 1IMM HEeBIJBOPOTHO NOCIHiZyoTh. 3BepHy yBary lllanossoro Uwraua na
OpHHUHMAOBY iHHOBAWiiHY osHaky komuenty TIC (amra. 1ST), B sxomy indopmaiifnt rexHonori
MEPEBOAATHCS JI0 PO3PSIAY 3arafbLHOMOACHKHX Ta 3araibHO IHBimzaliinux. IIpopoue GaueHHS BUAATHOTO
ykpaincekoro sueHoro B.I. BepHaxchkoro mo10 BHCOKOTEXHOIOIIMHOI'O NUITPYHTS HOOCdepHOIO 1Iapy
CVUACHOTO CBITY 3HAXOAATH CBOE METOOIOITYHE, HAYKOBE Ta BHPOOHYHO-TCXHONOITYHE BTUICIIHS.

OcCHOBHHM  3aBJaHHSIM, SIKC CTaBUThCA  INEpejl BHAAHHSIMH  OCBITHbO-HayKoBoi  cepii
KOMITIOTHUHID Ha apyromy (HMHIIIHBEOMY) €Tali i1 pO3rOpPTaHis, € SKOMOTa MOBHIIIE, 3MICTOBHINIE Ta
sckpapime TmogaHHs Hamoi Tpodeciiimoi razysi KOMITIOTHHIY B tpaxrysammi - TEXHOJOITH
IHOOPMA-LIMHOI'O CYCIIIBCTBA, posyMilouH, Mo TakuMH TEXHOIOMSMH Y CYUaCHOMY CRITi € came
KoMI'IorepHl 1HdopMaliiiHl TexHonorii. lle#l npouec LinkoMm BIANOBLAAE HUHILIHLOMY TPEHIY, SKHH
dikcyerses fOSBOIO TAKHX 1HOOPMALIHO-TEXHOMOITYHAR IHHOBaUiH, MK ¢ xMapui obuncnentst (Cloud
Computing), iureprer peucd (IoT), posymui micta (SC), posymui perions (SR). cucreMu pIryuHoro
1HTEeNeKTy, TexHonorii kibepGesnekn Ta Beaukux 3a obcsrom jJanux (Big Data). a Takok HOBOTO OCBITHHO-
HaykoBoro Hanpsmky «Hayxkd nupo gami» (Data Science), skuil NOKIMKAHMH OIHKATHCS JOCIIDKCHHAM
ApOLECIB aHAIZY JaHUX Ta 3HAHb.

Hope «anmxanus», ke oTpumye iHinidoBanui rpynowo webaiinyxux IT  daxisms, - ocBita,
GizHecMeHIB, HAayKOBLIB BuaaB-HUuM# 11poextT cepii KOMITIOTUHI™ mae naaifine TBopue miarpyHrst Ta
Nobpy BepHdikoBaHy yacoM Tpaanuio. baxato Tobi Jllanosuuit Unrauy e TpuBaiamii yac MaTi MoTpedy Ta
MOMIUBICTE VCMIDIHO posBHBaTHeh B raiy3i KOMITIOTHHIy, akruBHO oupauhoByrou# Bee HOBI i HOBI
BHJIaHHS Hi€i 6e3 nepeOUIbIIEeHES YHIKATLHOT 0CBITHBO-HAYKOBOT cepil.

3 enuboxor neeazor, 0.m.1., npogecop
Borodumup Iaciunux



BctynHe crnoeo aBTopis

YucenbHl METOAH — METOIM HaOMMKeHOTo ab0 TOMHOrO po3B’A3YRAHHA 3afay MPUKNEIHoL
MATEMATVKR, SKi TPVHTVIOTHCS HA TOOYMORI TOCTINORHOCTI Aifl WAl CKIHUEHHOK MHOKWHOK
yucen [76-79, 200-209, 211]. 3riaso OCHOBHIAX BUMOT YMCENLHI METOAM MarOTh OyTH CTIAKHMY Ta
ABIKHUMU ”ﬂﬁ 107, ll(ﬂ UnceneHi MeTOIW HaZzMBAKOTE 0IKHUMH, 9KIIO PeYNETATH IPIMYIOTE

1O TOYHOTO PO3B’s3aHHA 33jadl [pU OPSAMYBaHHI NapaMeTpiB YHCENBHUX METOAIB O TEBHUX
rpanruHuX 3navenn {113, 121-124]). OcHoBHe MUTAaHAS TEOPil TUCEFHHUX METOJIIR OTPHMAHHS
YMCeNbHUX METOAIB, AKi 3aJ0BONBHAOTH BUMOIM BHCOKOI TOMHOCTI, CTIMKOCTI Ta eKOHOMIMHOCTI.
OTpuMaHHd YMCENbHUX METOMIB, IO 3aJ0BOJIEHAIOTE LUM BHMOTaM, € CKIAQHOW 3alavero
onruMizanii yucensHux MeTomiB [116-134, 137]. CratucTidHe onpamioBaHHA eKCIePUMEHTATBHHX
JAHUX 3a3BUUAll TPYHTYETRCA Ha TPAHWUHMX TeopeMax Teopii HMOBipHOCTel Ta oOuucIeHHi
MOPIBHAIBHUX OLiHOK [88, 92-93, 108-109, 113-114, 140-151, 184-185]. Ogxak, And NiJBULICHHS
AKOCTi OIHOK HeoOXijHa BeNHKa KilbKicTh AaHUX, 00’eM OOYMCIEHB MOXE BHABUTHCA IYyXKe
BEAUKUM [160-164]. UucenwHI MeTOm¥ HalIEHI Ha CKOPOYEHHS O00’€My OOYHCIEHb TIpH
36epexeHni skocTi pesynprarie. o HafiGimem edeKTHBHHX YMCENBHMX METONIB B Wil ramysi
BiTHOCATBCS MeTonH, SKi 3aCTOCOBYIOTh WIBKIKE MEPETBOPEHHS Oyp’e. [Ans po3B’s3aHHA 3aad

arrmArcuIMaIiy  Ta R IOTIALIITAa e lnn v wmacin 3ACTOCOBYVIOTL - UMGeN: i AT T
uuy\u\vu acliais Ta O0ouMClicHEx Yy CanadLel yn 3HHEX AJGVIAD  JAVIULVUD YL SOV H s R G T RO P § 34

{HTEpPIIONMIOBaHHS, HAliMEHIIMX KBAJAPATiB, OPTOroHaNi3auii, BPiBHOBAXKEHHA 3HGYEHL, YMOBHOI
Minimizanii Tomo [135-136, 168-176]. Hali6inp akryansHHMH € METOAM KyCKOBO~MHOTOYIECHHOI
Ta pallioHANbHOT CILTaiHOBOT aMpOKCHMalil, 4 TakoX afarTuBHOl anpoKcHMALil Ta HeliHIRKOT 32
napaMeTpoM anpokcumaiti [64-65, 71-80, 152-159, 177-182, 210, 212, 220-230].

YucenpHe iHTErpyBaHHA Ta AudepeHilitoBaHHR MOYMAACTHCHA i3 BH3HAYEHHA BiINOBIIHMEX
onepauiit. Onnax, 3 ypaxyBaHmsaM HeoOxinHocTi exoHowmil 06’emy oBuHcaeHb Ta 3 ? YPaXYBAHHAM
HEKOPEKTHOCTI 3a/adi depeHILiFOBaHHS 3’ ABNAETRCA BEMVKA KilBKICTh YMCEAbHMX METOMIB A
pizHnX kiaciB GYHKLIH Ta pi3sHOro POAY BUXIIHVX JAHUX,

OCHOBOIK) YHCEIBLHUX METONIB pO3B’A3yBaHHA 0AraTbOX KNAaciB piBHSHE € JHCKPETH2AMis
3aflaui 3 HAcTYTHWM 3BENEHHSM OTPWMAHUX HENiHIHHUX piBHSHB JI0 MOCAiZOBHOCTI CHCTEM
amrebpaiynuX piBHAHb, Y 3B’A3Ky 3 UMM YHCeNbHI METOTH MOXHa TNOMIMMTH 3a CIocoSoM
TUCKpeTH3alii Ha TPOEKUilHi, CKiHYeHHO-pi3HWLeBI Ta MPOEKUilfiHO-Pi3HULEB], a 3a crnocoGoM
pO3B’A3yBaHHA NHIHHOT CHCTEMH — Ha NPAMi METOAH, iTepaniiini MeTomm Ta koMGiHOBAHI.

Po3B’f3aHHs pisHUX KnaciB PIBHAHL Ta GaraTboX iHINMX 3amad 3BOMMTHCH A0 3aAad MiHiMizanii
dynkiii Ta ¢yHkuioxanis 3a HaieHocTi abo BimcyTHoctTi oOMexeHs. UucenpHi MeTowM
pO3B’A3aHHA 3a1ad MiHiMizauil BHIUIMBAOTH i3 MeETOAIB WIBMAKOrO CITyCKYy IIO MOBEpXHI
(minimizawis QyHKLIT MeTH), HaNpUKIal, METONH LHBHIKOrO CIIYCKY, FPafi€HTHOro, 3aralbHoro
[PafieHTHOro Ta HANIIBHAIIOrO CIYCKY, METOAY MOXIMBMX Ta CNPSXXKEHUX HANpPAMIB TOLIO.
YucensHi METOAM BHKOPMCTOBYIOTB B OCUMCIIOBaNbHIM MaTeMaTwli 1A po3B’s3yBaHHA
BiANoBiAHOro TUMy 33aa4. OGYHCIIOBANBHA MaTEMAaTHKa — PO3/Li7 MATEMATHKH, L0 BKIIHOYAE KOJIO
AMTaHb, AKi TIOB’A3aHi i3 BUKOHAHHAM OGYUCIIEHb | BUKOPMCTaHHAM KoMIT'totepiB. Tounime
ofuncmoBaTbHA MaTeEMaTHKa — TEOPis YHCETBHUX METOIB PO3B’ I3yBaHHA TUITOBUX MaTeMaTUYHHX
3azau. Kiacu 3aj1a9 uncenbHUX METOLIB Ta 0CUKCIIIOBATEHOT MaTeMAaTHKY TTOIIAIOTS Ha:

1) po3sB’s3yBaHHA JIIHIHHAX PiBHAHb,

2) 3HaXOMKEHHs BIACHUX 3HaUY€Hb TA BEKTOPIB MATPHIIL;

3) 3HAXOKEHHs CUHTYJIAPHUX 3HAYEHb | BEKTOPIB MaTpUILi;

4) uucenbHe po3B’A3yBaHHA HeNiHIHHUX anreGpaiuHUX piBHAHB Ta IX cUCTEM;

5) uucenbHe pO3B’A3YBaHHS CUCTEM HEMiHIHHMX anre6paldHuX PiBHAHE;

6) uucenbHe poO3B’A3yBaHHA AudepEHLiaNbHUX PIBHAHb Ta CHCTEM (AK 3BUYaHHMX
nudepeHLianbHUX PiBHSAHD, TaK | pIBHAHD 3 YACTHHHUMY IOXiAHUMN);
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7) uncesble po3B’I3yBAHHI CHCTEM JU(EPeHINANLHIX PIBHAHD,
8) uncenmbHe pO3R’43yBaHHA IHTETPAJIFHUX PIBHAHE,

9) 3ajmawi anpokcuMaini QyHKIH;

10) samaqi iaTepronsmi by HKIii;

11) umcenbHe iHTErpYBAHHS T4 OOYUCICHHS 1IOX1THOT;

12) 3ajmaui exCTpaIosini,

13) 3apmawi onTuMizamnii;

14) obepHeni 3amavi.

OcHOBHa BIIMIHHICTh OOYHCIIOBANbHO! MaTeMaTHKH LOJISITAE B TOMY, IO TIPH PO3B’ I3y BAHHI
o0YMCINOBANBHUX 3ajiad JIOJMHA ONepye MalIMHHHME HHCIaMH, WO € IHMCKPETHOK MPOEKILEIo
JificHUX YucesT Ha KOHKPETHY apXiTEeKTypy KOMIT'IotTepa. 1oMy BaXIJHBY poib B OOUHCIIOBATLHIH
MaTeMaTHIll BIUTPAIOTh OIHKH TOYHOCTI alTOPUTMIB Ta iX CTIHKICTh O MO JIaHHS YHCeN Y HaM STl
KoMi'toTepa. Hanpuiotaz, mmg posB’s3yBaHHS JHIMHOI cHCTeMM alreCpUUHMX DIBHAHB PLIAKO
BHKOPDHCTOBYIOTH OOHUHCICHHI OOCpHEHO! MAaTpHLU, TdaK AK el Merojx Moxe MPHBECTH JIO
IOMICIKOBOTO DPO3B’SI3YRaHHS V BHIAKY 31 CHHIYJDIPHOIO MaTpPHIECKD. A DPO3IOBCIOKCHHE Y
JiHiHHIN anreGpi MeToJ, SKHi 3acHoBaHHM Ha OOMHCIICHHI BH3HAYHUKA MATPHI Ta il JO10 BHEHHS,
BuMarae Habarato Oulbllle apudMerVdHMX onepauiif, HiK Oyap-sikuil CTIHKHH MeToJ]
pO3B’I3yBaHNA JHIMHOI CHCTEMY pIBHAHL. UHCETbHI METOJM . Ha3MBAIOTh CTIMKMMY, SKIIO
Pe3yIbTaTH HeePEPBHO 3aleXaTh BIJ BXIJHUX JaHMX 3ajadl abo Ko MoXHOKa OKPYIVICHHS, IO
[OB'SI3aHA 3 Pealli3ali€lo HYHCENbHHX METO/IB Ha KOMITIOTEpl, 3ajIHIIAacThesi OOMEXEHOW IIPH
3alaHAX MeXax 3MI1HH [1apaMeTpiB YHCEIHHUX METOJB.

YuceTsHI METO M IO MUBIOTHCSA HA HACTYITHI KIACH 3a/1aY.

1. UmcensHi MeToH anreOpu.

2. YucenbHi METO/IH aHATIBY.
3. YucenpHI METO M pO3B’ A3y BAHHA 3BUHAHHNAX JH(epeHIIaATbHUX PiBHIHD.
4. YpmceapHI MeTOMM pO3B’M3yBaHHS AUQEepeHlladbHHX PIBHIHb 3 YaCTHHHUMH

OX1{HUMH.
5.  UwucenpHl METO/IY MaTEMATHIHOT CTATUCTHKH.
6. MaremMarndse nporpaMyBaHHS:
6.1. MeTo a1 onTHEMIzALL].
6.2. Jlocmi pKeHHs onepaiiii Ta Teopls irop.

CrowaTky juis posB’a3yBaHHS MaTeMaTHMHHX 3aJiad ICHYBaJId Ta HaOyIJIH 3HAYHOIO PO3BHTKY
AHAIITHIHI METO/M, IKi peallisyBaTh Ha KOMIFIOTepi He GyJIo MOKIMBOCTI. A BCi pesyabrarTy, ski
MOXHa OyJI0 OTpUMATH Ha KOMITIOTEpl, OyiM HMCIOBAMM. 3 IIOSBOIO CHCTEM CHMBOJLHOL
matemaTuku (Eureka, Reduce, SciCalculator, MathCad, MatLab, Mathematica, Maple, Derive)
CTalla MOMKITHBA KOMII FOTEPHA Peaizariisi CHMBOJIbHIX METO/IB. Bei MHCIOBI MeTO I HOILASIOTHCS
Ha 2 K1acH — aHaJTHYHI Ta YHCENbHI. SIK OAHI, Tak i ApPyri HOJAUIIOTH HA TOYHI Ta HAOIHKEH.
OcHOBHy YacTHHY BCIX OOHHCIIOBANBHUX METO B CKIALAIOTh HAOIMKEH] YMCETbHI METO IH.

ZlocBiz posB’a3yBaHHS HayKOBO-ZOCIIIHAX i NPUKIaIHUX 3a]a4 TIOKa3ye, MO HEe3aNeKHO Bif
iXHBOI CKIANHOCTI KIHIEBOI METH HOCATAIOTH IOCTAHOBKOIO EKCIEpHMEHTY abo MeTosoM
MaTeMaTHYHOTO MOojemoBaHHd. KoxkeH 3 1MX MeTOJIB Mac HepeBard i HeJOMIKH. 3a JOMOMOTOK
EKCIICPUMEHTY PO3B’SI3yI0Th HaBiTh JAy’Ke CKIAAHI 3akadui, OPH 1bOMY JAOCTOBIPHICThH pe3y.IbTarTin
THM BUIfa, UM pPETENbHINE BIIIpallboBaHa METOMKA eKCIepuMeHTy. BojHouac 3100yTi
pesynbTaTH  BIAHOCSTBCS JIMINE [0 YMOB IIPOBEJEHHA EKCIIEPUMEHTY, BHACHIZIOK YOO
y3arajlbHEHHs PE3yNbTaTiB Ha IHIN YMOBH € HEKOPEKTHHM. TaKo BpaXoOBYIOTh €KOHOMIiUHHI
BaXXLIb HOCTAHOBKH CKJIAJHOIO €KCIEPUMEHTY. B IIbOMY BUITAAKY Kpamli MOXIJIHBOCTI Ma€ MeTO]
MaTeMaTHIHOTO MOJIEMOBAHHS 3a JIOIIOMOTOI0 KOMIT I0Tepa, KOJH aHATIZYIOTh He PeallbHy 3a/ady,
a ii MojienbHe nofaHHs. [Ipolec MaTeMaTHIHOTO MOIEMIOBANHS [0IAI0Th Y TaKil MOC)I JOBHOCTI:

*  (di3uvHA TOCTAHOBKA 327241,



MaTEeMaTH4Ha NI0CTaHOBKa 3anayl;
MaTeMaTUYHe IOCHiKeHHS 3a1a4i;
aHania Ta OCMHUCIIEHHS MaTeMaTHYHOTO PO3B’I3KY;

L]
[ ]
L4 HOpiBHXHHX p03B’ﬂ3Ky 3 CKCTICPUMEHTOM.
Pozrnsunemo ﬂﬂK}!a’T“""“ MATEMATHUHY ITOCTAHORKY i MaTeMaTU4He ‘CH!"}KL‘HHE 32‘.)1"“!i

MaremaTHuHa OCTAHOBKA MOJNATAE y d)OpMyBaHHl MaTeMaTH4YHOI MOJENi I CJIIJDKYBaHOl 3anaq1

aya 2RUWUATHO £ CHUCTEeMOND niBTaUL RIA'T‘P\,!Q"I"IUHI\I @l'zﬂvu (“nlr"\Pnnp ¥

gxa 2BMYAFHC € CHCTEMOIO pPIBHMSHL vatiunel dizuxy (mudepenni
iHTerpanbHo-AudepeHLianbHIX).

MareMatyune AOCHDKCHHS 3aadi BIACHE 3BOOMTBCA [0 PORB’AYBAHHA CUCTEMU DIBHAHE |
aHanizy 3m00yTuX pe3ynbTatriB. JInd MOPIBHAHO MPOCTUX 3afad BOAETHCA PO3B’SA3aTH CUCTEMY
PiBHSHE i PO3B’A30K NMONATH y BUITIAAL 3anekHOCTel, AKi BUpaxeHi Yepe3 eneMeHTapHi Ta iHui
Bizomi QyHKUil. SKIIO e MOXKIIMBO, TO FOBOPATH, 110 3HAWASHO aHANITHUHMH (To'{}mﬁ) poza’xzox
3aga4i. OfpaKk nepepaxua GiNbIIICT TPAKTUHHO BAXKIIMBUX 33184 aHAITHYHHX PO2E’A3KiB He Ma
Jo Takux Hanexarb, HaMpUKIak, 3ana4di OyNiBHWIITBA: BU3HAUCHHA HarpyKeHO- ﬂe(popmosaﬂoro
CTaHy TUIACTWH, TIAWT, QYHIAMEHTIB; 3aladi CTifKOCTi, TETUIOTNPOBIAHOCTI A TBEPAUX Till;
HanpaMIIeHo! AuQysil Tomo. Y IMX BUNaIkaX BUKOPHCTOBYIOTh YHCENbHI METOMH, AK1, ONepyIouH
CUCTEMOI areSpalgHnX PIBHSHEL (aHANOTIB PIBHAHL MaTeMaTW4HOI (i3UKH), JAIOTb MOXIHUBICTE
nodyayBaTi nesKy MOCHIAOBHICT apHPMETHYHUX OTepalili, 30iMbIIeHHs KiNBKOCTI SKUX 10

CIAAVAIILIATITYAATT  nans moawrriaii manndanas Opveiorovers Ha T aTerTrTY TTEATIYATAMY  ATAITITAYIYIYS 1ITIATIA
HECRIAYCHROCTT 46T TOHHNY PUSD ASUR., WURLIDRY N Lpakiviil 3AHCHIOIOTH CRIAYCHHE HUlIO

KpOKiB (omepauiii), To 3Haliinenuil po3s’s30K € HaOMMKEHHM. A Hepe3 Te, Mo OGYHCHIOBA/IbHI
omepalii BHKOHYIOTh HAll YHCIIaMU, TO BiANOBiIHI METOAM AiCTAH HA3BY YHCENIEHUX.

Haitbinemmore po3BUTKY YMCENBHI MeTOAM HaOyiIli OCTAHHIM YacoM 3aBASKM 3aCTOCYBZHHIO
KOMIT I0TEPIB, 10 MatOTh BHCOKY MIBRAKICTH OOYMCHEHb 1 BENWKUN 00’eM omeparyBHOL mam sTi.
[Mpote ocHOBBa poiab THPU ULOMY BiABOMMTHCA, 3BMYAitHO, MOIMHI, AKAa NOBUHHA BMITH
cOopMyTIOBAaTH | TNOCTABUTH 3dfady, ONMCATH 1 MaTeMaTHYHUMH 3aleXHOCTAMH (CTBOPUTH
MareMardyHy Monenb 0€’€xTa), CKIECTH anropuTM po3B’A3yBaHHA 3akaui Ha KoM IOTepi,
HaildcaT! [IpOrpamMy Ha aliopUTMidaili MOBI, po3B’A3aTu 3azady i ouisuTi pesynbratu. [lpu
OUiHIOBAaHHI pe3yNbTaTiB po3paxXyHKy [CeIHAHHA YUCEIbHUX METOMIB Ta KOMII'FOTEpa OTPUMYIOTh
OTIepaTHBHO e(pEKTHBHUIN pe3ylsTaT, BapitoloUd HalCyTTERIN mapaMeTpH po3paxyHKOBOI CXeMH
3aaui 3 HACTYITHUM YHMCENLHMM aHAi30M BIUIMBY 1X Ha KiHIEBWH pesynbrat. Lle umcembHuit
eKCTIepHMEHT, OCKLIBKY YMOBH 3allakti MOXKHA SMiHIOBaTH Oarato pasis [186-190]. Hespaxaroun Ha
BIAIMIHHOCTI B METOHOJIOTIT, IO YMCENLHOIO EKCIEpHMEHTY WIiNBHO JOTUKAtOTh (i3HuHMI
eKCTIepPUMEHT/ IOCTiKeHHA, e HeoOXinHa oniHKa ToCTOBIPHOCTI 3100y THX pe3yabraTie [191-198].

Maremariyna Moaesb 06°€KTa — 1e Ta CYKyTHICTb piBHAHB, 33 JONOMOIO0 AKOT AOCTIIKYIOTh
peanbHi ¢izuuHi 06’exTH (ponecy, sBuINa). MaremaridHa MOJeNb He TOTOXHA JOCIiKyBaHOMY
06’€KTY, a € nUIlE Horo HabIMKEHUM OMECOM, OCKINbKY 11 OyIyIOTh 3 AEAKUMM CIIPOICHHAMY Ta
ineamizanieto [1-63, 66-70]. V Mopeni BpaxOByHOTh HallBa)XIMBili MOMEHTH i B3a€MO3B’A3KH,
HalfxapakTepHili JJii X0CIiHKyBaHoro peabHoro o6’exta [81-87, 89-91]. Pazom 3 TMM BHACIiZOK
3aMiHM peajbHOrO 06’€KTa BiANOBIZHOIO HOMY MaTeMaTAYHOI MOJEIUIIO CTaj0 MOXIIHBMM
copMmynoBaTH 3ajady fAK MaTeMaTHyHy i CKOpUCTaTHCs IUIA 1i po3B’A3aHHA THM 4YM iHLIMM
MaTeMaTH4HUM anaparom [94-105, 111-112, 115, 152-159].

AnroputM — uUe 3posyminuii i TouHMH mnpumuc (BKasiBka) BWKOHABLEB{ 3AiNMCHIOBaTH
TIOCNIOBHICTE M, O CIIPAMOBAHI Ha TOCATHEHHS 3a3Ha4eHOT MeTH abo PO3B’A3aHHA NOCTaBIeHOT
3amaui [138-139, 165-167, 183, 199]. TounicTe po3B’sA3Ky — 1e Mipa OTH3BKOCTI HMCENBHOTO
PO3B’A3KY A0 aHATITUYHOrO. 301KHICTH pO3B’43KY — Lie HOCTYHOBE HadIMkeHHS HOTO 0 TOYHOTO.
IMicns Bubopy MarematuuHoi Mozaeni o6’exra i onmcy 11 Ha anrOpUTMiuHIM MamUHHIA MOBI
3iACHIOIOT YHCENBHY peatizaliro 3agaqi Ha komn’orepi [213-221). Tlpu peanizauii npakTHYHHX
3afiay 34e0iNbIoro 3acTOCOBYIOTh KOMIT FOTEPH, 110 BUKOHYIOTH Bill KITBKOX COTEHb 0 MiJbiOHIB
onepauiii 3a cexkynay. HaliGinemoro 3acTocyBaHHs B IHXKEHEpHMX poO3paxyHKax Habynm
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KOMIT'IOTEPH, $KI MalOTh He TIUIBKM BHCOKY IOBHAKICTH OGYHCIEHB, CYYaCHE NPOIPAMHE
sabesleueHns, ane H PO3BHHYTY CEpBICHY WaCTHHY, $Ka Ja€ MOKIMBICTh OIEPaTHBHO
JIaTHOCTYBaTH NOXMOKH, TIpadiuHo BLoOpaxkaTd pesyjbTaTd o0UYHMCHEHb, 3HCHIOBATH
PO3PaxyHKH B PeXXHMI A1aJIOTY.
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Po3ain 1. Maremariybe MOJCTIOBAHAA

Po3ain 1.
MaremaTuuHe monentoBaHHg

¢ UYucenLui MeTOAM Ta BHKOPHMCTAINL NEPCONANLIOrC XoMm'loTepa Ansd
PO2B’43yBaHHs NPUKIAIHAX 337124
¢ Habmwkenuit anamis. JDkepena Ta kiacubikauis moxubox
¢ O6uucmoBansHa 3a1aua
o AmHani3 NoCTaHOBKH 3a1adi
o Ilpuknazy 11ocTaHOBKH 3aJa4i 0OUHCIEHHS
YncenbHe po3s’a3yBaHHA KOPEKTHUX 3a1a4. CTPYKTypa IIOXHﬁKH po:m "S3KY

»>

—~ MNErrrmrrr AT YrA naTatra 1l Aavrrfrers
o CORNCIUDWIbLIA SA4490. 1 ORAUA

o IToxubka 3a0KpyriIeHHs
o [IMToxubka dyHkIil

¢ KOHTpOJIbHI TUTAHHA

¢ 3apnadl 2ng caMocTiliHol poSdoTu

B posgini posrasEyTo OCOOIMBOCTI Ta mMepeBard BUKOPHWCTAHHS MaTeMaTHYHOIO
MOJILMIOBAHHS LA AOCHiDKEHHS ABMIL Ta mpodeciB [1-64, 66-70, 81-87, 89-91, 94-105,
111, 1i5, 138-139, 146, 171-191, 195, 212-230]. Busnauero ocoGumBOCTi aHatizy
pezyabTaTiB MOAENOBAHHS Ta OUiHIOBAaHHS NOXUOKY UMX pesyiasTtaris [65, 71, 76-80, 88,
92-93, 106-110, 113-114, 116-133, 137, 140-145, 147-151, 161-164, 168-169, 192-194,
196-197, 201-209, 211]. Monemosanss (anri. scientific modelling, simulation, Him,
Modellieren n, Modellierung f, Simulation f, poc. MoxemupoBanue) — uHe MeTon
JOC/IUKEHHS SABHILL i npoueciB IO IPYHTYEThCA Ha 3aMiHi KOHKpeTHoro o06’ekrta
JOCHIKeHb (OpUTiRANy) IHIMM, IO MOAIOHWHE N0 HBOrO (MOAENT0). MoJemoBaHHS B
IIMPOKOMY CEHCi — le ocoOnuBMil Mi3HaBalbHUM NpoOUEC, METOA TEOPETUYHOrO Ta
NIPaKTHYHOTO ONMOCEPEJKOBAHOTO Mi3HAHHA, KOMM Cy0’€KT 3aMicTh Ge3mocepeiHboro
06’exra nizHaHHa BUOUpaAE UM CTBOPIOE MOZIGHHMN i3 HUM AONOMIXKHHIE 00’ €KT-3aMiCHHK
(Mogens), focaimkye iforo, a 3000yTy iH(GOpMaUiO NEPEHOCHTL HA peanbHUit mpeaMeT
BUBYEHHS. MoziemoBanas — 1e NpoLec CTBOPEHHA Ta ACCHIIKEHHS MOJeNi, a MoJens —
3acib, popma HaykoBoro mizHaHHA. [1ix Momenmo po3yMitoTh 06’ ekt 6y ab-AK0i NPUPOIHU
{onyMki yaBieHa abo Mmcpm.n'ﬁhu peajiizoBaHa CHCT&Ma), sKuH, BigoOpamkaioun H
BiITBOPIOIOYM B NEBHOMY CeHCi 00’€KT HOCHIiieHHs, 30aTHUN 3amilmaTu Horo Tak, 1o
BIIBYCHHA MOACHi jJae HOBY iadopmaiirc npo of'ekt. Mogenosands 3a3Buyail
BUKOPHCTOBYIOTh B JOCTIIKEHHI CHCTEM pi3HOI TPHPOIH, ale OCOOIWBOTO 3HAYEHHSA
BOHO HabyBac B COLiaILHOMY yNpaBIiHHI, B pAMKaX METOAONOTIT CUCTEMHOTO IMiAXOAY.

MogzenoBaHHs — OIHA 3 OCHOBHMX KaTeropiit Teopil misHanHsa. Ha imei Mogemosanus
OasyeTbes OyIb-siKMA METOA HAyKOBOTO HOCIHimkeHHs, OCHOBHI BUIM MOJENIOBAHHS —
(i3uuHe i MaTtemaTuyHe. XapaKTEPHOI PUCOK PO3MJISAYBAHOIO METONY € MOXIHUBICTb
Bi[TBOPEHHS MOJEJTIO BiANOBIAHO A0 3aBAaHb NOCIIIDKEHHS THUX YW iHUIAX iCTOTHHX
BJIaCTHBOCTEH, CTPYKTYpP AOCHIKYBaHOIO 00’ €KTa, B3aEMO3B’43KiB 1 BIZHOCHH Mix fioro

17



YucepHI METOH B KOMIT IOTEPHHX HAyKax

eneMeHTaMu. B mpouieci Mi3HAHHA MOJIETh € HACTYIHOO 38 00 €KTOM, € HOro KOMmi€xo, a'y
BIATBOPCHHI, KOHCTPYIOBAHHI, HABMAKH, 00’ €KT € HACTYHHMM 33 MOJCILTIO, KOIHIOKOH ii,

Mounens dikcye iCHYIOUHI piBEHb MI3HAHHA TIPO JOCHIKY BaHui 06’ ekT. Hemoxnneo
CTBOPUTH VHIBEPCANBHY MOJCHb, fAKA MOMIa © BIAMOBICTM HA BCI 3alMTaHHA, L0
BHMKIMKAIOTh IHTEPEC; KOXKHA 3 HUX A€ JIMIEC HAOIWKCHMM ONMMC ABMINA, NPHYOMY B
PI3HUX MOJCIAX 3HAXOAATh BIAOOpPAKEHHs PpIisHi MOro BaacTMBOCT. MOJACTIOBAHHA
AOPEYHO BHKOPHCTOBYBATH, KOTH JOCIIIHKCHHA PEATBHOTO 00 €KTY 3 YCICIO CYKYTHICTIO
JOTO BIIACTHMBOCTEH HEAOLWIBHO, HE3PYYHO 400 HEMOKIIHEBO.

MopnemosaHH1 — Le MeTOA, a MOACIb — (hOpMa, 3aci0d HayKOBOTO TM3HAHHA. MeTon
MOJICTIOBAHHA BOJOJIE 3arallbHICTIO, OCKLUTHKH 3MOAETIOBATH MOXHA Oy Ab-AKMii 00 €KT:
TaKa MOMUIMBICTb DPIBHO3HAYHA BH3HAHHIO NPMHLMNOBOI iX mizHaBaHocTi. Ilepesipxa
JOCTOBIPHOCTI MOACTIOBAHHS — MPOLIEC BUSHAYECHHA, YK MOJACb 200 BUKOHYBAHA IMITALIS
TOYHO € JCTATbHMM KOHLIENITYANLHHM OITHCOM, NPUIHATHM po3pobmosavem. [lepesipka
JOCTOBIPHOCTI TAKOX OLIHIOE CTYIHB BIAMOBIAHOCTI Moaemi abo imitamdi 3micty i
TIPOBOAMTLECA 3 BUKOPHUCTAHHAM NPUHHITHX METOIIB TEXHONOIT MPOrpaMy BaHH:.

Ilepesipka npaBHIBHOCTI — BU3HAYCHHS, YM 3A€THCA MOAETH ab0 IMITALIs PO3YMHO0
MOAAM, O J00pe iHGOpMOBaHI MOA0 CMCTEMHM NPH ii AOCTIIKEHHI, 33CHOBAHOMY Ha
eKCIUTY aTalMHMX MoKasHuKax mozeil. el npouec He posrasaae mporpamumii koa abo
JIOTIKY, & CKOpIIIE PO3IVILAAE BXOAM | BUXOM /Il TAPAHTII iX YABHOI peamicTHuHOCTI abo
riokasHocTl. lle mpouec Bu3HA4eHHA CTYTICHA TOYHOCTI, 3 SIKMM MOJCHb abo imiTalia
BiA00paXkae peabHUH Y1 CTBOPIOBAHMI CBIT. DI3HUHE MOJETIOBAHHA, TIPH AKOMY MOJCIb
1 007 €KT, 10 MOJCIIOETLCS, MAIOTh OJHY 1 TY 3K (M3UYHY MPHPOLY.

MaTemMaTHuHe MOJCTIOBAHHA — MOICIIOBAHHS, NMPH AKOMY MOACHb € CHCTCMOTO
MaTEMaTHYHUX CIBBIJHOMICHD, IO OMUCYIOTh TICBHI TEXHOIOTTYHI, CKOHOMIYHI YH 1HIII
npouecH. HaluacTinie 3acTocOBYIOTh JBa CrOCOGH MITEMAaTHYHOTO MOJCTIOBAHHS

®  aHATITHYHMH, IO nepeadavac MOMJIIHBICTb TOYHOTO MATEeMATHYHOTO OMHCY
CTPOTO ASTCPMIHOBAHHMX CHCTEM,

® UMOBIDHICHMH, IO JO3BOJLIE OTPMMATH HE OJHO3HAYHC DIICHHA, 4 HMOTro
IMOBIDHICHY ~XapaKTEPHCTHKY (HANPHKIAZ, MapamMeTpiB TEXHOMOTIYHOTO
NPOLIECY ).

MaremMaTHuHEe MOJETIOBAHHS 3aiMa€e TPOBIAHE MICLIE B CUCTEMHOMY AHATI3I, a TAKOXK
HIUPOKO 3aCTOCOBYETHCA ISl OTHCY TEXHOIOTIUHUX MPOLCCIB.

Maremartuyae  MozemoBaHHA  (POC.  MOACIMPOBAHME MATEMaTHYCCKOS,  AHII.
mathematical simulation, Him. mathematische Modellierung f) — Metox mocmiwkeHHs
npoLeciB a0 SABMI HUIIXOM CTBOPEHHS iXHIX MATEMaTHYHUX MOJCICH i AOCIIUKEHHS
WX Mozened. B oCHOBy MeTomy mMOKIaJACHO I1ACHTHYHICT (OPMU  pIBHAHB i
OZHO3HAYHICTH CITIBBITHOMEHL MDK 3MIHHMMH B PiBHAHHAX OPUTiHATY 1 MOAEI, TO6TO, iX
aHa1oriio. MateMaTHaHI MOAEII A0CIIDKYIOTHCA 3@ AONIOMOTOIO KOMIT FOTEDIB.

Ha noyarky 60-ux pokiB po3pofIeHO 0aMH 13 METOIB MATEMATHYHOTO MOACITIOBAHHS
— KBA31aHATIOTOBE MOJCTIOBAHHA. Ll METOA Mossrac B JOCTIIKECHHI HEI0CTi Ky BAHOTO
sBMINA, a sBuma abo npomecy iHmOl QI3MUHOI OPUPOIM, INO  OMMCYEThCH
CTHBBIJHOMICHHSMH, SIKi CKBIBAIEHTHI BiTHOCHO OTPUMYBAHHX PE3V/IbTATIB.

Maremaruyne MozemIOBaHHS 3a3BMMAil 3aCTOCOBYIOTH BCI TIPMPOJHMYI 1 CYCIIIbHI
HAVKH, 110 BUKOPHCTOBYIOTh MATCMATHYHMH amiapar 1Jis1 OACPKaHHS CAPOUICHOTO OMMCY
PCanbHOCTI 33 JOMOMOTOK) MATEMATHYHMX TOHATh. MaTeMarvdHC MOACTIOBAHHS
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Pozgisi 1. MareMariHune MOISTIOBaH

J03BOISE 3aMiHUTU peaibHuil 06’eKT HOre MOJEIIO | TOTIM JAOCHIAATH OCTaHHIO. SK 1y
pasi GyAB-9KOT0 MOMENIOBAHHS, MaTeMaTHUia MOZE/b HE OIUCYC SABHIIE abCOTOTHO
47eKBATHO, 11O 3aJMINAE AKTYadbHHM IMTAHHS TPO 3aCTOCOBHICTh OTPMMAHUX TaKuM
IISIXCM AaHUX. MaTeMaTi4He MOJEMOBaHH A IIHPOKO 3aCTOCOBY€EThCS B iHpopmaTnLi.

wOpMaJana AJlaun\yU\aHiﬁ MOnEHEH TPYRTYETBCA Ha MaTCMaTHIHUX SaCO\JaA, [y

BHKOPUCTOBYOTh /ISl DO3B’ A3y BaHHsI OCTABJIEHAX 3aka4. Po3pisHsioTs MoAeni:
1) miwiiHi 200 HemiHIAHT MoJlen;
2) 3ocepelxeHi ab0 pO3NMOAINEHI CUCTEMM;
3) nerepMiHOBaHi abo CTOXacTU4HI;
4) cratuyHi a60 TUHAMIYHI.

Icnye e JeKinbka migxonis. PazoM 3 TiM, KoxHa noOynoBaHa MOZEND € J'IIHIHHOIO
a6o HeNiHiliHOW0, JeTepMiHOBAHOK a0 CTOXACTHYHOI. 3BMYalHO, MOXIHMBI # 3Mimani
THIA: Y OJHOMY BiJHOLIEHH! 30CepeiyKeHi (3a YaCTMHOI NapaMeTpiB), B IHUIOMY —
posnoginedi Moxeni Tono. ‘

1.1. YucenbHi MeToau Ta BUKOPUCTaAHHA KOMM’loTepa Ans
po3B’sI3yBaHHA NpUuknagHux sagav

Posrngpatouy  mumemamuynuy  ananiz  Aeuwa K NPHKIAN  Meopemuynozo
excnepumenmy, i3 3aralbHEX Ta JOCTaTHbO TIPHPONHWX MipKyBaHb Mpoiec
MAMEeMamuyHo20 MoOeo8ants PO3BHBAETLCS Ha JeKibKa €Tanis:

e @dopmMyIWBAHHA MATEMAaTHYHOI MoJeJIi IBHUIA.

MateMaTnuHa MOAENL OYHB-SIKOTO SBUMINA, IO JOCHKYETBCS, uepes HOro
HA3BHYAliHY CKIIAJHICTh, MTOBMHHA BK/IIOYATH BaXIIMBi CTOPOHH MPOLECY 7 3a1adi, 1o
PO3TIISAAETRCA, HOrO ICTOTHI XapakTepHUCTHKA Ta dopMajtizoBaHi 3B’43KH, sKi NOTPiGHO
BpaxoByBaTH. STk NPaBUIIO, MameMamuyrd Mooens JAOCTiIKYBaHOTO (Qi3HYHOTO sBUINA
(bOpMyJI}OCTbCﬂ y BUTASAL pisnans mamemamuunoi ¢izuxu. Ha nill cranmii amanisy ue
CYTTEBO HeMiHifiHi, GaraToBMMIpHI CHCTEMH PIBHSHb, fAKi MalOTh BENMKY KilBKICTH
HEBiIOMHX Ta napameTpis. SIKIO Mamemamuyna Modeib HELOCTAaTHRO JETalli30BaHa, TO
sxi 6 MM He 3acTOCyBand METOAM AJIs ONANbLIAX PO3PaxXyHKiB, OTPUMaHi pe3yNbTaTH
OyIyTh HeHaOitiHUMY, 3 B OKpEMUX BUTIAJIKAX i 30BCIM HeGIDHUMU.

e TlpoBexeHHs MATEMATHYHOIrO JOCTDKeHHs OTpPHMaHOi Mojedi Ta
OTPHMAaHHS BiIMOBITHOT0 PO3B’SA3KY.

Ha upoMy eTami MOMENIOBAaHHS, B 3aEKHOCTI Bil CKJIaTHOCTI MOJENi, IO
PO3TIIAAAETHCS, 3aCTOCOBYIOTh Pi3Hi IiAXOAM AN i JOCTiMKEHHS Ta BKIAZA€ThCs PisHHiA
3MIiCT B TIOHSTTS pO3B’S3KY 3aj4aui. J{OBEEHHs TeopeM iCHyBaHHA Ta €NHOCTI Y
BU3HAUYEHOMY CEHCI pO3B’si3ye 3amauy, ajle, BOHO YacTO € HEKOPEKTHUM Ta He A03BOJIAE
BUPIIUTH MpoBGNeMy MOCIiIKEHHS SKiCHOI MOBENiHKM pillIeHHS Ta OWIHKH #oOro
KiNbKiCHUX XapakTepucTuk. [N HaiOinpur 3aranbHuX, GOpMaibHHX Ta HECKIaIHUX
MojieNlell BIAEThCA OTPHUMATH iX aHANITUYHMI po3B’s30K. Bukopucrands 3acolis
CHMBOTbHHX po3paxynkiB Ha IIK (MATHEMATICA, MathCAD, MatLab,
iHTENEKTYalbHI KAIbKYISTOPH TOIIO0) CYTTEBO TOKpAIly€ Ta MPUIIBHAIIYE PO3PaXyHKH,
HiX TpaAuiiliHe mojie AisIBHOCTI Ha manepi 3 OJiBlEM.
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YucelrbHi METOIM B KOMIT IOTEPHMX HavKax

JAns Oinpmr TOYHHX Ta CKIAZHMX MOJCTCH AHANITHMHMIM pPO3B 30K BAAETHCA
OTpHMaTH TOPIBHAHO pigko. [Ipm TeopetuuHoMy aHamisl 3ajadi, B Takii CHTyaLii,
3a3BMMAi BUKOPHUCTOBVIOTH HAOMWDKCHI MATeMaTH4YHI MCTOMM, HANPHKIAA, PO3KIAN 3a
MATHM TAPaMETPOM, YCEPEAHEHHS, JOCIIIKCHHS PI3HUX acCUMTOTHMK Tomo. Lli mpuiiomu
JO3BOJISIOTE TOAaTH HaOIVDKEHME PO3B SI30K B aHAIITIHIN ()opmi Ta 3a HOro JONOMOroio
OTPUMATH 3aJO0BUIBHI 4WCEIbHI pesynbTard. Hapewrri, mns HaMOIBID TOYHMX Ta
CKIAJHMX MOJACIECH OCHOBHMMH METOAAMH DPO3B A3YBaHHA € YMCEIbHI METOIH, AKi
BUMAraroTh MPOBEACHHsA BEIMKOro 00’eMy pospaxyskis Ha ITK. Lli Mmeromu n03B0nMOTH
OTPHUMATH XOPOLINM KUILKICHUH 1 HABITh SKICHHUIA PE3YNbTAaT y ONMUCI MOAEII. AJle € y HUX
1 MPHHLAIIOBI HEAOMIKM — sIK NPABWIO, MOBA MIAE PO PO3LAAA ACAKOTO YaCTHHHOTO
pO3B’A3Ky. Y 3BA3KY 13 HOAUIOM METOIB Ha TOYHI Ta HAOMMKCHI AOLIIIBHO BBECTH:

1. Tloxubxa 3amadi, TOOTO MOXMOKA BXIIHMX AaHUX (YMCIO 7, €).
2. ToxubOka mMeToxy (IHIiue Mt HAOMKEHMX METOIB).
3. TloxuOka 3a0KpYyIIICHHA.

J1s1 HaOMIDKEHHX METOIIB BUKOPHUCTOBYIOTSH TIOHATTS 30DKHOCTI.

Merox HasuBaeTBCS 30iXCHUM, AKINO TIOCAIOBHICTS HAOMIKEHb OTPUMAHHMX LM
METOAOM € 301KHOW. Y IpaHMYHOMY BHNAAKY 30DLKHHM HAOTIOKCHMM METOA JA€ TOYHHUH
pesynbTar. MeToa HasuBaeThCA CMIlIKUM, SKIIO HEBEIMKA TMOXHMOKA BXIAHMX MAHHMX
BHK/TMKA€ HCBEIHMKY NOXHMOKY BUXIAHMX JaHUX. METOX HA3HUBAETHCA KOPEKMHUM, SIKIIQ
BiH € 30DKHHM Ta CTIMKUM, 1 115 PO3B A3YBAHHSA 331a49i BUKOPHMCTaHI BCI MOYATKOBI JaHi.
Jina gocmimxeHHs 301KHOCTI Ta CTIMKOCTI BHKOPHCTOBYKOTH YMCIOBI O3HAKH, a CaME,
POTNANAITE abconiomuy Ta GioHocHy noxubxu. [lepen TuM, sSK NEpeMTH 10 PO3rTALY
KOHKPETHHX METO/IB PO3ITIAHEMO MOHATTS MATCMATHYHOTO MOJCTIOBAHHS, v

MaremMaTiHuHa MOAEIb — LIS ONKC TOTO Y THINOTO ABHIA (TIPOLECY) 33 ZOTIOMOTOK)
MaTeMATHYHUX TepMiHIB, (QopMmyn, piBHsHb (anreOpaiuHux, AUQEpeHLIaIBHUX,
inTerpaasix). b1 Toro, mob po3s’szaTv IOBUIBHY 3a4auy HEOOXIAHO MPOBECTH TaK
3BaHMH “‘o0umcmroBanpHMM ckcriepumenT . Llel TepmiH riepeabadae Tpu cxaamosi (puc.
1.1). Haeemena cxema Ha puc. 1.2 wyacTkoBO BiZoOpakae B3a€EMO3B’AI3KH €TaliB
MAaTeMaTHYHOTO MOJEITIOBAHHSI.

____|MaTematuuna | MeTog 777+I oD S
. Moaens ‘ (anroputm) ! Mporpama

| i

1 L

?

Puc. 1.1. Cxema npotiecy MaTeMaTUMHOI'O MO/ISIIOBAHHS

r MartemTuuHe aocrigxeHHa moaeni |

L

AHanTuyHi Habnwxeni 4 . YucenbHe
WeenbHi MeToan 3

MeTogu MeToamn piwenHa MK

i Iy 3

1

| D

; i AHanmuuHe -

‘ pituesHs P . v

! \\\ BignosigHicTe

CWUMBONLHI MoAeni (augnis

po3paxyHku Ha MK pesynbTaris)

Prc. 1.2. Cxema npoliecy MaTeMaTHUHOTO JOCIJPKSHHS MOAETH

20



Poszaia 1. MartemaTiaHe MO IEIIOBaHHS

Koknnii 13 eraniB  MaTeMaTHYHOTO AOCITUDKEHHS MOJCH OB A3aHHMH 13
BUKOPUCTAHHAM YUCEJBHUX MEeMOOi6 Ta OTPUMAHHAM YUCEAbHO20 PO36 H3KY 3aa4l.

e Apaniz BiImoBiZHOCTI 3anpomouoBasoi  Moje, TOOTO  OCMMCICHHA
PE3yAbTATIB PO3B SI3KY, CIIBCTABICHHA OTPHMAHHOIO PO3B SI3KY 13 HAsIBHUMH TaHUMY
dizpunoro excricprmenty. Ha mpomy ertami pose’sasyerbcst IMTAHHSA  BIAIIOBIIHOCTI
MaTCMaTUYHOI MOZCIl Ta TpoBeAcHOrO aAocmimkenHa. «Jlo6pe» y3romkeHnsa 3
CKCTICPUMECHTOM 3BMYHO 3aCBIIMYE MPABWIBHICTL BHOOPY MOACHL. Y IHILOMY BHIIaaKy
HCOOXIAH1 JOJATKOBI YTOYHEHHs, 3MIHM TOINO, IOBTOPEHHS TNOMEPEIHIX ETamMiB
gocakenHs. Bukxopuctanns [IK B npoueci mareMardyHOro JOCTIMKEHHS Mojen
BUMArae crictivHuX, YUCCTBHUX METOAIB, TOOTO Takoi IHTEprpeTauii MaTeMaTHIHOI
MOZETl, sKa MOXKE OyTd peanmizoBaHa HA KOMI'IOTCPI ~ HA3BEMO il OuCKpemuow
(06uriciosanvroio) moaemmo. Tax sk KOMIT HOTEP BUKOHYE JIMUIC apUPMETHYH] Ta JIOTIHHI
orepauii, TO M peamsawi ofuucHosaibHOi  MoOeni  HeOOXIAHO  PO3POGACHHA
BIANOBIAHOTO  0Ouucaoeanshoco arzopummy. llomanpiia nOCHIOBHICT AlH — uE
NPOrpaMy BaHHs, PO3PAXYHOK Ha KOMIT FOTEPI, ONPALFOBAHHA PE3YIbTaTIB PO3PAXYHKY.

B pamkax nekwiHHOrO Kypey 3YIMHMMOCS Ha OKPEMHUX IPOOIeMax YHCEIbHHMX
MCTO/IB NIPH aHANI31 TIOPIBHSIHO NMPOCTHUX TA KIIACHIHIX MaTeMaTH4HUX MOJC/CH.

1.2. Habnuxenun aHanis. [hkepena Ta knacudikauis
noxnook

Yucaosl pos3s’s3ku Oviab-skol MareMarwdHOl 3a3adi, K MPaBHIIO,
HIKOTM TOYHO HE CIUBNAAalOTh 3 1i TOYHUMM PO3B A3KAMMU.
OAepKyIOTECS PE3YIBTATH 3 TIEKD YH 1HIIOK TOYHICTIO.

Qsuauennst 1.1, Bioxunenns mouno20 po36 a3Ky Mamemamiudnoi
3a0aui 6I0 HAOAUNCEHO20 PO36 AKY HAZUBACMLCA NOXUBKOIO PO38 43KV
3adaui.

BunukHeHEst TOXUOKHM 06YMOBITIOETHCS HACTYITHUMH NP HHAMH!
Puc. 1.3. Konmanns 1) matemaTudHMH ONMMC 3ada4l € HETOYHMM (HANpUKIaji,

MajTHYKa BUXIAHI JaH1 3a4aHO HETOYHO );

2) MeTom, WO 3aCTOCOBYEThCS /Ul PO3B A3aHHS MaTeMaTHYHOI 3aja4l €
HCTOYHMM, 00 TOYHO PO3B’3aTH, AK IPABWIO, MAaTeMaTH4HY 3aJady
HCMOXKJTUBO,

3) npwu BBOJI TAa BUBOAI JAHHMX 3 KOMIT KOTEPA BLAOYBAETHCA 3a0KPYITICHHA YHCEIL.

Tomy BiANOBIAHO MOXKMOKA 3aayl CKIANAETHCA 3 TPHOX MOXHMOOK:

1) seycypHa noxmbka abo noxubka MareMaTUaHOT MOJETI;

2) rmioxubka HaOI¥DKSHOTO METOIY;

3) obuMcnoBanbHa ITOXHOKA.

PosrnsHeMo HaCTYITHY MOAENILHY 3a0a4y.
[Ipnkaan 1.1. Maremamuunnii mastauax (puc. 1.3.). Hexait Mmaemo maremaTiMuuid
MAasiTHUK, IO TIOYHHAE PYX B MOMEHT /={; Tpeba 3HaWTH KVT BIAXWICHHS @ =@(f) B

MOMEHT 4acy >,



YHcenbHi MCTOMIH B KOMIT FOTEPHEUX HAVKEX

Po3¢’nzox. MareMmarTpdaolo Moxewmo ¢ jdepeHlifine pIBHSHHA KONMUBaHHS
MasTHUKa [76-79]

d2¢ dﬂ

, v (1.1)
o(t)=0i ¢'(6)=0 (1.2)

zie [ — NOBXHMHA MasATHUKA, g — IPUCKOPEHHS CUIN THXKIHHSA, 4 — KoedilienT TepTs.

HeycyBHa noxu0ka MOsICHIOETECS THM, 1HO:

a) 1, g u ts, ¢(ty), ¢'(t,) BU3HAYCHI HETOYHO (MPRIAAM HE MOXYTh A6COMOTHO
BUMIpIOBATH (i BETHINHK);

6) wmomens (1.1) HeToyHa, 60 TePTA 3aNEXWTh Bl INRUIKOCTI, B3arani KaxyHw,
HelliHifHo. V Hac niHiliHa Monens. Ii MoxkHa mokpamyTy, skmo (1.1) 3aMisuTy Ha

Zd—(/) Fi{p )flﬂw—gsinfﬁzﬂ (1.3
ar’ dt
SKE eKBiBalIEHTHE CUCTEMI
(1) =- -Esing- “9) »(1).
/ ! (t.4)

TloxuGka merony BmEMkae 3aminow (1.1), (1.2) na inmy 3agagy (1.3), (1.2), 6o
piBasuHs (1.3) TouHO He po3B'ssyeThcs. PiBHsmHES (1.3) po3B'A3yeThCs, HanpHKaj,
MmeronoM Eftnepa [76-79].

D, =@, +hV¥, +o(h*).

-~
[
un

—

)=(p ()T . y(l)
O(f)={p(t), (1)) ;Y(t)=D(t)= o) |
(, ( ()y) () () 8. /(f)y(t)

—SsSmme—
T )

OGuncioBabHa OXUOKA BHHUKAE 33 PAXYHOK 3a0KPYITIEHHS GUCEN y KOMIT 0TEpi.
Onnwemo GopmansHo ui noxubku. Hexail 4 — TouHe 3HaYeHHsS KyTa @{f) y bisumuHOMY
pEanbHOMY MasTHUKY; A — 3HAa4eHHS LBOTO KyTa B MaTeMaTW4Hili Mogeni (B JaHOMY
BUNANKy po3B’si30k ¢(¢) 3amaui (1.1), (1.2)). Zh — po3B’s130k 3amaui (1.1), (1.2), ko
po3B’si3yBaTd HabmbkeHAM MetomoM (1.5). Z,: — HabNUKeHHS, IO OJEPKYEMO INPH
obuncrenni Ha koMn’totepi. Toxmi S, = A-4 HeycyBHa noxubka; g, = Zh T noxu6Ka

ok ~ ~% .
MeToay; By = A, — A, obuucmosanbHa nioxubka. [ToBHa moxubka S, = 4, — A nopisHIoE
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Posgia 1. MareMaTnune Mo JCIIOBAHHI

PI3HHLI MDK pPCAIBbHUM Ta TOYHMM PO3B A3KOM 3a4a4l BIAXWICHHS MAasgTHMKA Bif
MIOJIO’KSHHS PIBHOBAry. 10,

Po=5+ P+ B (1.6)

V Gararbox BHMMaAKax 3py4YHO TPakTyBaTy He pisHuui A, f,. /[, a mesxi ix Mipu.

B= IZ‘A'Qﬂz = '/th ~ A p, =4, - 4, Ilpu TaKUX

Hanpuwran: By = iZ,: - A

nosHayeHWIX 3, < f + £, + f;. To61o noeHa noxubka OLIHIOETHCH CIPABA.

1.2. O6umcnoBanbHa 3agaua

1.2.1. AHani3 nocTaHOBKU 3aaavi

3BHUAHHO 3a1auy OOYMCIICHHS BEJIMMMHM ) 33 BlAOMOIO BEIMHMHMHOKIO X 3aIMCYIOTh i3
BPAXVBAHHSAM JOCIIIPKYBAHMX TIPUYUHHO-HACIIKOBHMX 3B I3KIB Y BUIIIAIL

y=A(x), (1.7)

ac vel, xe X — CiIeMCHTH BIANOBITHHX (DYHKLIOHAIBHMX IPOCTOPIB (AKIIO HE
o0yMoBIIeHO, T0 X, Y, s mipaBwino, JiHifiHi, HOPMOBAHI, ROEHI, TOBTO 6aHaxo6i TIPOCTOPH),
A — onepaTop (paBwIIo), WIO peartizy € O0UHUCIIEHHS.

[NepiuoueproBo AOCHIKYIOTh KOPEKTHO MMOCTABIEH! 3a1a4l PO3PaxyHKY.

Osnauenns 1.2. Obuucnosansha 3a0aua v = A(X) € KOpekmHO ROCHABACHOIO, SKIO
01 BYOb-SKUX 6XIOHUX OaHux i3 0eAK020 KAACY po3s A30K 3a0a4i ICHYE, €OuHUil ma
CHITIKUTL 30 XIOHUMY OaHUMI (MOOMO HENEPEPBHO 3ANEHCUIND 810 6XIOHUX OAHUX 300a4]).

B cdopmMyasoBaHOBaBY TOHSTTL KopexkmHocmi TOCTaBAeHOI 3adavi (3a Agamapom)
BPAXOBaH! AOCTATHLO TMPHUPOAHI BHMOTH, AIMCHO. 100 YUCEIBHO PO3B s3yBaTH 3a1avy,
HEOOX1AHO OYTH BNEBHEHMM, WO il PO3B’A30K icHye. Tak sK JOCTIIKEGHHA HOCHTH
MPUHLMIIOBO HAOMYDKCHMI XapakTep, TO AIA KOHKPETHHUX VMOB 1 BUMOIH €OHOCHI
PO3B 43Ky HeoOX11Ha BUMOTa cmilikocmi Po3s s3Ky. 3pobuMo ASKLIbKA 3ayBAKEHD MO0
cmifikicmi. Tobto, un po3s’sisok v 3agaui (1.7) sianosimae sxiaHmM jganuM x. Maemo
HETOYHI BXIJHI JaHl 13 moXuOko A , To6TO X + & 1 3HAXOAUMO PO3B 30K

y+oy=A(x+&). (1.8)

List noxubka BXiZHUX JaHHUX TIOPOIKYE HEYCYBHY NMOXHOKY PO3B SI3KY
Oy = A(x+ &) — A(x) . (1.9)

S0 Po3BSI30K HETICPEPBHO 3aICKUTh Bl BXIAHMX JaHHX, TO

|8/ — 0 sapxzam npw ||| — 0 (1.10)
1 3aga4a (1.7) e CTIMKOKO 33 BXiJHUMM JaHUMHU.
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YuHcenbHI METOOH B KOMIT FOTEDHHX HAYKAX

BincyTHicTs crilfkocTi o03"adac, IO HABITH HEBEIMKMM [OOXMOKAM & MOXYTh
BiUOBigaTM BemuKi ToxuOku ¢y, To6TO TOGYnOBAHHME pPO3B’A30K TPH BUKOHAHHI
00uuClIeHs CHIIBLHO BiIPi3HAEThCA BiJ icTMHHOrO. 3aCTOCOBYBAaTH 6€3M0cepeiHL0 A0 Takoi
HecTilikol 3aJa4i 4YHACENbHi METOIN HeMae ceHcy. Asie i He BCAKY (OpMalIbHO CTiHKy
3a/1ady 3py9HO BUPIIIyBaTH PaKTUYHO. HeXal Mae Miclie oLiHkKa

I

N
—
—
—
=

Hall o~ Naft ~
!!OV! (O !OJC!! . aJI€ C — BCJIIUKC.

3amava (opmanbHO cTilika, ane Heycysna noxubxa po3B’sa3Ky Moxke OYyTU BEIUKOFO.
Ile Bumanok nozanoi obymoenenocmi abo crabkoi cmitikocmi 3afadi OOYUCIECHHS.
HagseneMo nmexinbka mpukiafiB MOCTAHOBKU 3a0aui obouucaenns (1.7).

1.2.2. Mpuknagu NocTaHOBKU 3aaa4i o64UCNeHHs

Hnwomvwar 179 Damarra NITOWATAIAAYIITST  IAARAIIIN  TIN TIIITARAYT DAnTrrarronss Traarersir
ASPEIINVEIGRY  Boedws FOALAG TG JIGAAUMAVILIEN MUPVAIID  MIUVALIIUNLY e L UOLIZAUVING SV R LR

NION{HOM CTETIEHS 1 B TaKOMY BUT/IAAI (cTapmuii koedinieHT piBHUH OaMHMLI):

p.(x)=x"+ax" +ax" +. +a,_x+a, (1.12)

3 KOMTUIEKCHUMH Koedinientamu (a,,x € C). HeoOxigHo 3HaiTH Horo kopeHi.

Poze’azor. Hexait E” — n-MipAwi, koMInekcEuH eBkiIigoBHit mpoctip. Ipumycremo,
MO KOMIIOHEHTYW JEAKOTO BEKTOpa Z ={Z,,Z,,...,2,} LBOTO IIPOCTOPY € KOPEHAMH

nonisoMy p,(x), o610

p(z)=0,i=Ln. (1.13)

Tomi, srizHo Teopemu Bedy, MokeMo p,(x) 3amucaTH 'y BUIIIAAL

() =x"+ax"" +ax" .. 4a, x+a, =
n (1.14)
=(x=z ) x=z,)fx~2,)= I_[(x—z,.)
i=1
3Bigcu oTpuMaeMo BigoMi ¢opMyim Bierra:
| a, =(-)*o, k=1n, (1.15)

Je O, — eleMeHTapHi, CHMETPUUYHi BiTHOCHO Z;,Z,,...,Z, OAHOpiAHi QyHKuii k-ro

NOpAZIKY (KOXKHE O, Mae C,’f JOJaHKIB):
O, =2+2,+..+2,

O, =212, + 2123 % .+ 212, + 2523 + ..+ 2,12,

(1.16)
Oy = 2,25...2,,.
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Posain 1. MaTtematTHuHE MO ACTIOBaHHS

Taxum ynHoMm (opmynu Bierra (1.15-1.16) criBcTaBastoTs KOKHOMY BEKTOPY z € E”
BEKTOp d =1{a,.0,,...,a,} € E” TOro x mpocropy, TOOTO BH3HAYAIOTh BiIOOPAKCHHA

V. E" = E" npocropy £” Ha cebe. 3a nonoMoror Lporo BigoOpaxeHHA F 3azaya
BU3HAYCHHS KOPCHIB NONIHOMY P, (X) QOpPMYIHOETBCA HACTYITHUM YHMHOM:

st 3a0anozo sexmopy da 3uaiimu eexkmop Z € K" makuil, ugo

V(Z)=a. (1.17)

BiaobpaxkeHus V' e3aemHo oOnoanaqu ma 63acMHO Henepepene, ToOTO 3amada (1.17)
€ KOPEKMHOIO.
HMpukaaa 1.3. OcHoBua 3anaga Jiwiiinoi amredpn. Hexall 3agano marpmino

i |7 . . . .
4,4 :Na’,H Ta OBa CBKILIOBUX mpoctopu #P Ta £?. BuzHaueno BizoOpaxKcHHA
) il

Al > E?.ye P Xe E?, (X ,¥ — CTOBILY BiAMOBLIHIX PO3MIPHOCTCH).
Poze’sizox. Ocnosna 3adaua aimiinoi areeGpu monarac B ToMy, o0 3a 3afaHUM

BekTOpOM /€ 27 smaifru BekTop ¥ € £¢ Takwii, mo
X=] A¥=f. (1.18)

3amaua (1.18) monsArae y 3HaXOMKEHHI PO3B A3KY cucmemu JHIHUX aieebpaidnux
pisnsne (CJIAP). 3amaua suaxomkenHs po3s’s3ky CJIAP meransHO JOCTIKYBanach B
Kypcl ainifiHoi aneedpu:
1) axmo p=g¢ Ta detd=0, 10 3amaga (1.18) mocrasncna xopexmuo (il
PO3B 30K 3HAXOAUTHECs 3a (hopmyamu Kpamepa);
2) skwo cucrema (1.18) cymicna (rangA =rongA’), 10 pO3B A30K He

equHMid. B imnoMy Bumaaxy pilueHHs 30BCiM BiacyTHe, 10010 3amada (1.18) B mpx
BUTNAJKAX HEKOPEKIMHO ROCMABIEHA.

Hpukaan 1.4, 3axaua Kowi pna 3Buvaiinoro audepenuifinoroe pisasiinst. Hexan
HCOOXIAHO BHAMTH pilCHHA 3BuyakHoro audepenuiiinoro pisnauus (3MP), sxe
BLANOBIAA€ NOYATKOBIHM yMOB1 W 0)=b: '

ay
= <
» f(x,y), a<x=sc, » (119)

Ha)=b,

1e a,b — 3aaawi umcna; f(x,y) — susHaueHa Ha Biapisky C ={(x,y);a <x=<c;y € (~w0;0)}
ta C 3aJ0BOIbHSE YMOBI TEOPEMH PO HeTiepepBHicTb pose si3ky (1.19) na Biapisky [a;c].

Po3¢’a3z0k. TlozHaurMo uyepes Ry MHOXKHMHY BCIX MOMIMBHX O3B si3KIB 3azaui Komri
(1.19), mo BiINOBIJAOTH pPI3HMM 3HAYCHHIM I0YaTKOBOI yMOBM b. BusHaummo

BipoOpaxenHs K | K, = R', BpaxoByroum, mo

K(y(x))=y(a), VyeR,. (1.20)
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UpicentbHi MSTOAK B KOMIT FOTEPHMX HAYKaX

Toni po3s’s30k 3axaui Komi ang 3P (1.20) moxna chopmy noBaTH Tax:
3a 3a0anunm wuciom b snatimu gyuryio v(x) maxy, ujo

K(y(x))=5b. (1.21)

B lcypci dugpepenyivinux pisnsre Gyno 0osedero kopexmuicmp 3aaadi (1.20).

i nn i omr, AARTITaVTTY INUKETA T B )nAn1:7 nﬁ VACNeHS MOKHA Aurna 6 n
AUILKICTS PUSLAAN Y 1A uprisiaadin Jui/usi QowuCacis MOXKHA Uy 10 © S5

OBMEXMMOCS POIFTITHY THMI MIPUKIAZaMI TIOCTAHOBKH 3a0ayi 06YUCTEHHA.

1.3. YncenbHe po3B’A3yBaHHA KOPEKTHUX 3aday. CTpykTypa
noxXuoKu po3B’A3KYy

1.3.1. O6uynucnioBanbHa 3anava. [Tloxmbku
3BepHEMOCH 3HOBY 1O 3a0ayi obyucnenns (1.22)

y=A(x). (1.22)

B posraseytux npwkiagax (1.12)-(1.21) sigmosimzHe vpasmnmo A, mWo peamisye
OBUKCIEHHS, 3a[aKe SBHO HEKOHCTPYKTHBHO. MoBa iifie mpo 3HAXOMKeHHs O0epHeHnX
omepatopis V', 47, K - Toumime mpo uMcenBHy peanizaunito  ofepHeHOTO
pigoOpaxenns ans (1.12)~(1.21). Taka curyanis Tunosa Ta 3alBHi pa3s TMOKa3ye, 1O, K
TPaBHIIO, 3HAXOIKEHHs 0GEPHEHOTO OnlepaTopa He Moxe GyTH peani3oBaHe TIpocTo. 1100
YCYHyTH i cknagHocTi 3anady (1.22) 3amiHIOIOTS iHIIOK, G1M3BKOIO [0 HET 3a/1a4ero, ale
siKa JIETKO PO3B’A3yEThes ncenbHo. [Ipn koMY B eIy 4epry aHawisyloTh NUTaHHS PO
BHECEHES NOXUOKM B pO3B’#30K MOCTABICHOT 3a1a4i.

€ YOTHPM OCHOBHHMX JKepena MOXuOKM pe3ynbTaTy OOYMCHCHb: MamemMamuyHa
MoOeTs, nouamkosi Oauwi 3a1avi; HabaudceHuil Memoo Ta noxubka npu peanizayil
obqucnenns ( 30KpeMa noxubxa 3G0KpY2IEHNA).

1) 8,y — noxubka mamemamuynoi Modeni, WO TOB’s3aHa i3 GisMIHUMU
MPUNYIIEHHSAMH Tpu BUGOpi MaTeMaTH4HO! MOJENI; Ha aHami3i uiel MOXUOKM AETaNbHO
3yNKEHATHCS HE OyAeMo;

2) 8,y — noxubka exiOnux Oanux, WO MOPOIKYE HEYCYEILY NOXUOKY PO36 3Ky

0,y = A(x+dx)— A(x); (1.23)

3) 8,y — noxubkxa memody. Bupaz A(x) He Moxe OyTH NPOCTO UMCENBHO
peanizoanuit. 3agady y = A(x) 3aMiHIOIOTE OJIU3BKOIO 3aa4et0

y = A(X). (124

TMepexoanMo fo iHmmx GyHKUioHambHMX npoctopiB X,Y = X,V , eNEMEHTH SKHX
[03BOJISIOTH MOPIBHSHO NMPOCTY YMCENbHY peaniauito. BiAnoBigHUM YHHOM 3MiHIOETHCS
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Posgin 1. MareMaTHYHE MO IS IOBAHBS

it BimoGpaxenns A = A . [lpu upoMy mpupoaHbo BuMmaraTH, mob6 3azaua (1.24) Oyna
Kopekmua Ta Wod po3e 30k ¥ OyB Onu3bkuM 10 po3s ssky V. Beanunna

Oy=y-y=Ax)-A(x), (1.25)

€ TIOXMOKO10 MeTOonYy.

4) S8,y — noxubka obuucnens, [lpu wvmcenbHIA peamsawii }, MOXKIHMBO
OTPMMAIOTh €IEMEHT ) , TaK K MPOMIXKHI Pe3yJIbTatH 3a0Kpy rmoBanuce. Toai noxubka
o6uucens MOXe OyTH 3aMcaHa v BUNIDL

-

S v=y-y=A(X)-5. (1.26)

Kopucro Bimpasy ok c(OpMYXOBaTH JACAKI CMIIPWYHI TNPaBMiIa, KOTPHX
JOTPHMYIOTLCH [P peanizanii 3aia4i po3paxyHKY:

I52y

1) [Tpu rposescHHi OBYMCIEHD MOTPIOHO JOCATHYTH TOrO, W00 MOXHOKa
metony &,y Oyna 6 B feKiabKa PasiB MCHILOIO 32 HEVCYEHY NOXUGKY PO3B’AKY O, .

|~ (2+5)8; 5] >>

5.3 - (1.27)

2) Hoxubka obuucieny &,y moBuHHA OYTH ICTOTHO MCHIIOK HIX BCI 1HII
MOXHOKH PO3B’A3Ky, TOOTO OOUMCIeHHs NOTPIOHO BECTH 3 TAKOIO KUIBKICTIO 3HAYYIIMX
dp, w06 noxubKa 3a0KpyrcHHA 6yI1a ICTOTHO MEHIIOK HK BC1 1HIIN TIOXHOKH.

Tenep MOKEMO LIE pa3 OKPECIMTH KOJO IMTAaHb, IO PO3INAJAOTLCA B pPaMKax
FEKLiMHOTO Kypey «UuncenbHl MeToau B 1HGOpMaTHLI» — LIE

1 no6y noBa duckpemioi (abo obuucmoBanbHOi) Moge {X X, A},

2) pO3poONEHHA Ha 1l OCHOBI BIANOBIAHMX AITOPHUTMIB  PO3B A3KY
HabnvxeHoi 3aaaui obuncneHs ¥ = A (%) : ' '

3) aHam3 moxubKkM Meroday J;) Ta YaCTKOBO OOYMCIIOBANBHOI MOXMOKM
8, AIropuTMY, IO peati3ye 0OUHCTICHHS A4,

IlpeaMeT nexuifHOTO Kypcey Moxe OyTH 1 OUTbIN 3MICTOBHUM Ta BEIIMKHM, ale €
OOMEKCHHS, IO BU3HAYAIOTHCs CELM(iIKOK0 HABYAIBHOTO IU1aHy AMCUMIULIHY.

1.3.2. NoxubKa 3a0KpPYrneHHs

3yIMHAMOCH JETaNbHO HA AHATII3L 06uuciiosanshol noxubku O,y ., AKka ICHy€ 4epe3
MOXMOKHM 3a0KPY INIEHHSA IPH Peatizauii MMCe/IbHOTO aIrOPHIMY.

1. MoxuGka 0 JMHUYHOrO 3A0KPYrJienns. B cydacHMx KkoMIIOTepax JiHCHI 4MCcIa
N0AI0Th Y (POPMI 3 MAAEAI0HOI0 KOMOIO, TOOTO YHCIIO @ B TIOZULIHHIH CUCTEM] YUCTICHHS 3
OCHOBOIO F 3aNUCYBIOTH ¥ BUCIAAL #-0r0 Apody

a=signa(a,a, ,.aa,,a.,4_,..), =

r

| “, a. (1.28)
=signala " +..+ar+a, +%+—;2‘—+...),

2
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HicensHi METOZM B KOMIT IOTEPHIX HaYKaX

TOAI Taky (opMy 3amucy HMcia g HasuBalOTh MUOAKHAM 3 (IKco8ancto Komow. TyT
a, e {L.5(r=D}, Tobro r-i umcaa (r=2 B nBilikoBiIA cHcTeMi YnceHHs, r=8 — y
BicimMKOBi#, =10 — y mecaTKOBiil, =16 — y IiCTHAIUATKOBIH TOLIG).

Ioxauus uncna a y GopMi 2 nrasarwuorw komow ado Hopmanizoéane noOarHs O3HAYAE
AOT0 3aMmic Y BUIISAL

~

h
‘:L| o

(bb )
G

\ Oy~
w,m

ien a-r?

~
-
2
N
N

. 1
Ae p — mopsIok uKcrna (uine); M — MaHTHca yMcla a, npudoMmy —< M <1, To6T0 nepia
¥

r-a uudpa y 3anuci MagTHCH b, HepiBHa nymo.

B cyyacHUX KOMII'IOTepax B SIKOCTI OCHOBH CUCTEMK YHCICHHS » BUOUpaeThCs 1BiliKa
(r=7)v Toni awmo g RATUCY MAHTUCH RITROIATRCA TITREY ¢ TRIWKORTY po';qu!inl T T8
J03BOsE 13 aianasony (MM, =M 0“1] (n7st ZOAATHIX YMcel) 3aMucaTH NgIle CKiHYeHy
KIJIBKICT palioHanhAUX Yyces, a Bel 1HMmi AilicH] yncna niAgsaratoTb 3a0KpyIIEHHIO TIPH
ix nmomani B Komn 1orepi.

TounicTs IMOJAHHA uucla g 2a  JOHOMOIQR  3a0KPYTNIEHOro  yucnia  d
XaPaKTePU3YETHCS BITHOSHOO TOXHOKOKO 3aoxpymeHHﬂ

-2 - T;I (1.30)
I

Tpu npocToMy crocoOi 3a0KPYTIeBHS YeikarnHAM, KONU BCl 3aiiBi po3psau ManTHCH
MPOCTO BIAKHAAAIOTHCS, MOXKHA HErKO OTPUMATH ONiHKY BENMYHHYU BIAHOCHO! MOXUOKHA O,
OMHMYHOro 3a0Kpyrilesns. JlificHo

1{ 1 ‘\
l'+1 P, —Hpt \
o +...|52 p L1+ —+.. i_2 . (1.31)
.4 L L /

f
!

|a a| 27

TyT npy ouixni Bei ABilikoBl LHGbPYU B 3aIUIUKY 3aMiHEH] OAMHULEIO

b, <1, k>t+]. (1.32)
3 inmoro 6oky ! 2 / ). Mu npunyckaemo =0, nmpu i>=2; a=1 3aBKaH.
TakviM 9HHOM Il TOXAOKH OOWHUYHOMO 3a0KPYTAECHHA OTPAMAEMO
=1 p=t
- a~a; A 2 (1=
g, == r =27, (1.33)
lal o 27

Binpm Toynui croci6 3a0KpYyIrNeHHS Jae M8 TOXHOKM ONMHUYHOrO 3a0KpYyrNEeHHS
BJIBiUi MEHILY OUIHKY YEPE3 MAUUHHUL eNnCUIOH

5, <27 =¢,. (1.34)
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Posia 1. MateMaTuane MOAESIIOBARHS

O3uavenns 1.3. Biduocua noxufixa nodanus uucia 3 NIABAIOHOI0 KOMOIO HA
KOMR IOMEPT GUSHAUACILCA YUCTOM PO3PAOI6 MAHMUCY, WO He nepesuyye €, =27

Crmparouucs Ha ouinky (1.34) moocemo BBakaTH, IO caMe YMCIO @ Ta HOro
380KPYJICHE 3HAYCHHS ¢ TIOB 13aHI BITHOLICHHIM

d=fMay=a(l+e,), (1.35)

&q

Ac

<&, =27 Ane 3ayBaXUMO, WO LIS YUCEN |a] <M B pe3ynbTaTi 3a0KPYTIICHHS
otpumaemo a =0 ,Ta ws uMX yucea £, = —1.

Osnauennus 1.4. Apudmemuunuii  npucmpiii  (AIl)  cyuachux Komn lomepie
CKOHCMPVHOSAHUTI  MAKUM — YUHOM, Wo OY0b-aka apupmemuyna onepayia  npi
HGCIMYRHOMY 3A0KPY2IeHHI 0ae 8IOHOCHY ROXUOKY He Bintbite &), .

JUisi OWHKM BIUIMBY TOXMOKH 3A0KPYIJIGHb Ha PE3YJTaT TOTO YM 1HINOIO
PO3Paxy HKOBOTO AJTOPUTMY KOPHUCTYKOTHCS TPHITYIUCHHAM, INO pe3yibmdam 004uCaeHb,
cnomeopenuii ROXUBKOIO 300KPY2IEHHS CRIBNAOAE i3 Pe3YIbMamoM MOUHO20 POPAXYHKY
30 MAKUM HCe QR2OPUMMOM, e 3 THuuMY — X, exionumu oarumy. Taxum YuHOM,

y=A(%), (1.36)
Sy=y-7=A@-4®). | (1.37)

{le MpuNymeHHs J03BONAE TIOB A3aTH AHANI3 POPAXYHKOB0T nOXUDKN &, 3 aHATIZOM

cmiitkoemi ancoput™my A 3a 6xiOHUMU OGHUMYU.
Hpuk.azx 1.5, PosrsiHeMo 3aaady NMpo 3HAXOWKEHHs 100y TKY 77 CITIBMHOXHHMKIB

z,=[]n (1.38)
k=1

Hexait oGumcienss peanizoBadl 3a a1roputMoM A HacTyITHHM YHMHOM:

ka = Vi Zgas k=ln (1.39)
zy=1.

Po36’s30k. [1puryCTUMO, IO B PE3y1bTaTi 320KPYIICHHA 3aMICTh TOYHOTO 3HAYCHHA
Z, | OTPMMAHO 3HAYCHHA Zj,_; . 10l 3aMICTh BEIMYHHH Z; OTPHMAEMO BEITHYHHY

e (1.40)

Ze = IV 2o )= T+ 6,)s 5

Takum urHOM OTprMaemo anropurM A

l

Ny

e =V 2y, k=Lln (1.41)

!

S

ty
il

0
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GucenbHi METOIM B KOMH’TOTEDHHX HAyKax

CTpyKTypa OTPHMAHOTO ANrOpUTMY A TiNTREpIKYe chopMyIBOBaHE MPUNYIHCHHS.
Ouinumo pezyneTyrody BifHOCHY ITOXUOKY

ﬂ“—ek)yk

2{ n ni:|k=1 I<(l Ek) —'l—nu\j 0(84‘5/): (142)

abo, He BpaxOBYO4M NONAHKM JPYroro Ta BUILMX NOPSKIB 32 &, , OTPUMAEMO

5, <ngy. (1.43)

Vi

1.3.3. illoxudka PYHKUIT
VYV DnpakTHYEMX 3aJadaX BHHHKAE Taka npoﬁneMa IHyxana Benuumua y=A(x) €
(byHKILI€I0 apIryMEHTIB X=(Xy, Xy,... X, ), TOOTO

Y=A(x,X%5,00X,), (1.44)

fie xe G E”. Bumaraethes ofepkard HaGIiokeHHs J10 Y Ta OMiHWTH MOXUOKY.
Osnavennsa 1.5. Hexaii V — Habruoicene snavenra senuvumnu y. moodi 2DaAHUdHON

abcomomnow noxubkoio A (y)nasusaroms naiikpawy oyinky nOXubKU GeNuuuMu Yy
MAKOMY POZYMIHHI
A(Y) Esup]y~)7i. (1.4%5)
xeG

Osuavenns 1.6. Ipanuunoio 8ioHOCHOI nOXUGKOI0 HA3UBAIOMb GENUYUHY

5(7)= 40) (1.45)
y

Teopema 1.1. Hexait 3agano

1) n-BuMipnuit napaneneninen G = {xe E" Ix - X ji < A(; ihj= L_n} ;

[ SN
-3

) 3aJaHO HaOMDKeHi BEMUMMHA ¥ = A(X;,X,,....,X, ), Ax). %, j=Ln

G

Toni

v(x)-7|< 4,(F) =Y BARF), (1.46)
J=1

30



Posaia 1. MaTeraTHuHe MOACTIOBAHHT

B, =sup 2 ‘ (1.47)
T G a(xj_)]
-5 26 =32, (1.48)
Wx)-y < )= ) =—HAX)). .
| | = 3(x1)| K

Hosedennn. 3a dopmynorw Narpanxka nng dyakuil GaraTeox 3MiBHIX MaEMO

Y=y =3 b,6)(x, - %), (1.49)
J=1

b;(f)): ay(xl +0(xl _xl)a"':xn +9(xn -_xn))’o <f<1. (150)

n
2 (1 &0\ mumrnrinan (1 AGY Tinrmamons A — 1( A2/ N TTawimem Qy_(_x) aaaaaaaaaaaa
7 \l JU,’ DFritllJiriDac \1 -l'\l}. LU DI IVEY P == : Ay \/\/J) L EULA #lll 11»11»‘.)&}}1:111
V/:I a(x/)

3a ymosoro 2. Tomi B, =lbj(t9)'+()(,0). Jde Bupa3 x =y +o(p)pO3yMIEMO TdK, IO

(x—3) >0 npr p— 0. Takum unroMm, A, ()= ZO(J_/) +0(,0), To0TO Maemo (1.48).
0

Hacigok 1.1. I'paununa aGcomotHa nmoxubka cymu abo pisHULI ZOpiBHIOE CyMi
abcomoTHUX MOXMOOK NOAaHKIB

AG) =4, =A"(P) = AGF) + ...+ AF,), (1.51)
AN =A(X) +..+ A(X,). (1.52)
V=X Xy et 1%, ¥, €4=141, j=1n. (1.53)

Hosedennn. Hexall 3HaeMO NOXMOKM apTryMEHTIB A(X;). Y naHoMy BHTajKy
b=y, |bj(9)lsl. Tomy 3 (1.50) orpumaemo (1.52). A OCKiIEKM aBCOMOTHONO

NOXKOKOIO Ha3uBalOTh Oyab-Ky OLiHKY Ans y -y, To (1.46) nae oxmpasy (1.51) abo
(1.52).

Hacnidox 1.2. I'panuuHa BifHOCHA moxubka X00YTKY ab0 YacTKH HAOMMKEHOrO
JOPIBHIOE CyMi MpPaHHYHHX BiIHOCHHX TNIOXHOOK.

Hosedennn. Hexat y=x{"-..-x2", ne p, e{-1,+1}. Toni ans 6yap-axoro j -—-f,—ﬁ:
b, n 5]

X .
J

AP =4'3)=Y|p,

7 IAGE). (1.54)
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Yuceapil METONH B KOMIT IOTEPHHUX HayKax

Hicns aureHHs Ha l?! ONCPIKUMO

AD) _A°D) 15 185D _ Sz Isce
L= Y P == ) |PI6(X;). (1.55)
K E JZ“ 7| ]xj| ;‘ J. .

3B1KM MATUMEMO JOBESACHHA HACTIAKY 2.
Hpukaan 1.6, Hexait y=x'";% =5 =1;A(F,)=10"". 3uaitn A(3); 4,(7); 4" (5).

Posze’szok. ¥.=10x".6(1)=10. B= sup [10x°|=10(0,999)" =10,09.
Jx-1/=107
A= sup |x°-1<0,001° ~1=0,010045,...

[xe-l=107

Toai 4,(¥)=B-A(x)=10,09-0,001=0,01009,...; 4°(¥)=[p(0)A(Z)=0.01.

1.4. KOHTpOSibHi NUTaHHA

JlaiiTe BU3HAYCHHA MaTCMaTHYHOI MoAeTlL.

Ko 06yHcTIOBATbHA 321348 V=A(X) HAa3MBACTBHCS KOPEKTHO TTOCTABICHOIO?
II{o 03Hauae BiACYTHICTb CTIMKOCTI? :

HageiTh MpUMKIaaM MOCTAHOBKHY 333491 O0UMCTICHHS.

Hazsith OCHOBHI IKepeaa IOXMOKH Pe3yIsTaTy 004YHCICHD.

B uomy monsrae oCHOBHA 3a1a4a JIHIHHOI anredpu?

SN S e

1.5. 3apayi Ansi cCamoCcTiMHOI poboTH

3axaua 1.5.1. JloseccTH, mo rpaHMyHa abCOTIOTHA TMOXMOKa A(¥) wminiMagbHa mpH
Y, +7,
V= s

, ¥, =inf y(x,%s.....x,,) Josectn Ay (F)~ Ay =0(p); A'(3)~AF)=0(p).
Jagaua 1.5.2. 3maitn A(3); A,(¥); A’ (¥) mns dymxuii y, fKka 3azaHa HEABHO
F(y,a.a,,...,a,)=0.

3anaua 1.5.3. 3azaHo HaOmwkeHHA V 10 KOpeHs piBHsHHA f(Y)=a. 3HalTH HOro
TIOXUOKH. ‘ :

3anaua 1.5.4. OuinuTu noxubky kopews pishsuHa F(y,a,a,)= y +ay+a,=0 npn
sajaHux ., d,, (@), A(a,).

3asaua 1.5.5. 3 K00 TOUHICTIO Tpeba 3a1aTH 3HAYECHHS APIYMCHTIB &y, ..., d, (yHKwi
y = A(@,.4,....,a,) , mob noxubka A(@,.d,,....a,) He NCPEBHILYBaAIA 3a4aHOT BEIMIHUHH
g7

3anaua 1.5.6. 3HaifTi rpaHUYHY BITHOCHY MOXMOKY LT Y = ¥,X, +¥,X; +..+7,%, (32

O3HAYCHHSIM).
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Posmia 2. EnenicHTY TEOD HOXWOOK

o TlocraHoBka 3afgayi 3HaXOKEHH IOXUOOK

o Illpuxnany 3HaX0KeHHS abCONMOTHOT Ta BIZHOCHOT TTOXMO0K
¢ [Ipsma 3agava Teopii moxuGox

O AHai3 IoCTaHOBKM 3a/1ayi

o Ilpuknann nocTaHoBKM NpsimMoi 3a1aui Teopii noXuGOK
¢ OO6epHena 3azaya Teopii Moxu6ok

¢ Anariz neocrapopxy ofepuenol 2anani teonit noxnGox

o [lpuKiazy ocTaHOBKH 00epHEHOT 3a1a4i Teopii HOXUOOK
¢ KOHTpOJBHI IMTaHHSA
¢ 3azadl A1 caMoCTiiHOI poboTH

B posnini poariisiHyTo OCHOBHI elleMeHTY Teopii moxubok [65, 71, 76-80, 88, 92-93,
106-110, 113-114, 116-133, 137, 140-145, 147-151, 161-164, 168-169, 192-194, 196-197,
201-209, 211]. Bu3snaucHo nOHATTS aGCOMOTHOI Ta BiXHOCHO! MOXUGOK, OpAMOT T
oCepHenoi 3ajaul Teopil noXuOOK. PO3rISIHYTO MPUKIANN 3HAXOMKEHHS abCoMOTHOT Ta
BifiHOCHOT MOXNGOK, Mol Ta obepreHol 3aaa4 Teopii MOXUOOK.

[Tix noxudkoro 6yaeMo po3yMiTH BENUYKHY, IO XAPAaKTEPH3YE TOUHICT pe3ynbTarty.
HoxuOkw, 110 BUHAKAIOTE PH PO38’ A3yBaHHI 3a1adi, MOXHA TIOAITUTH Ha TPH IPYITH:

1) HeycysHa noxu0xa;

2) mnoxubka Metoxy;

3) moxubka 0GUHCIEHD.

Heycyena noxubka € HacizkoM:

a) HETOYHOCTI BXilIHUX JIaHAX, 1[0 BXOASTh 10 MAaTEMATHIHOTO OTMCY 3ajaui;

6) HEeBIANOBIAHOCTI MaTeMaTH4HOI MOJeli peanbHill 3aa4i (IHKOAM 1O MOXHOKY
Ha3UBaKOTH MTOXMOKOIO MaTEMaTHIHOI MOZE).

Tloxubxa memooy MOACHIOETBCS THM, WO IUIS PO3B’A3yBaHHS MaTeMATHYHOI 3anaui
AOBOAMTLCA BHUKOPHMCTOBYBATH HAONMXKEHI METOIW, OCKUIBKM OTPUMAaHHS TOYHOIO

; ) N s X e
pozB’s2Ky HeobMexeHo! a60 RenpHEHATHO BeNUKOT KINLKOCT] apu$MeTHIHEX onepalill €

CKIIaJIHKM, & B 6arathox BHNAAKaX HPOCTO HEMOXKIUBHM.

Hoxubra obuucnen BwHUKae Tpu BROMI-RUBOMNI namwx 1o TIK Ta mpu Rukouawwi
MaTeMaTH4YHUX Onepawiif.

OcHoBHa 3amaya Teopil MOXUGOK — 3HAXOMKEHHS OONACTI HEBH3HAYEHOCTI
pe3yIbrary.

PosriisHemMo npouec 3aokpyrieHHs uncent. Skimo yncno x=4,167493 i fioro notpi6uo
3a0KPYTJIHTH 10 T’ATH JECSATKOBHMX 3HAKIB ICIS KOMH, TOo OymeMo Matd x =4,16749.
Tobro, sikiuo cTapmmit po3psi, MO BiAKANAETHCS MEHIIE 5, TO TOTMepexHs wadpa He
3MiHIOETbCs. SIKmo x=4,167493 noTpi6HO 320KPYIIMTH 10 HOTHPHOX 3HAKIB MiCIS KOMH,
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YuceabHi METOM B KOMII IOTEPHHX HayKaxX

10 x —4,1675. To6To, AKINO CTApuIvEi PO3PAL, IO BiAKMIAETHCS JOPIBHIOE a0 Olbuic 5,
TO ToTepeHs M(pa B UKCII 301LTBIIY€TLCA Ha 1.

3aysadicens. | HXOTH BBAKAIOTD, AKIIO CTAPUIMEA PO3PAL, IO BIAKMIAETECH JAOPIBHIOE
5, a norepenHAa uu(bpa MapHa, TO BOHA HE 3MIHIOETBCS, SAKIIO XX MOTIEPEAHA widpa
HEMNapHa, TO BOHA 30LIbIIY€TCA HA OIMHHULIO.

PosrsaHeMo NpUKIaaM 3a0KPYTIICHHS YHUCET.

x=2,8497621 x=3435,453275
x =2.849762 x =345,45328
x =2,84976 x'=345,4533
x =2,8498 x =345,453
x =2,850 x =345,45
x =2,85 x =345.3
x =28 x =345
x =3 x =3.510°

x =310

BU3HAYMMMO, 1O [PH 330KPYTJICH LIJIOTO HKCIA BLAKMHYTI 3HAKW HE MOXKHA 3aMIHATH
HyJLIMM, @ TIOTPIGHO 3aCTOCOBYBATH MHOKCHHS Ha BIATIOBLIHNI crernnb 10.

2.1. AGCconoTHa Ta BiJHOCHa NOXMOKN

2.1.1. MocTaHoBKa 3agayi 3HaXOMKEHHS NOXMOOoK
Hexail x — TouHE 3HAYCHHS ASAKOL BEJIHMMMHH, & x" — ii Bigome HAOIWKCHE 3HAYCHHA,

ok * . R * *
SAkmoe x <x. To x Habmwkac x 3 Hegoctayer. Akmo x >x, TO X HaOmwKae x 3
HAUTUIIKOM.

Abconiomnor noxubkelw uucia X HA3WBaETboA deska eenuduna A(xX), o
300080TbHAE YMOG]

.x*—x1£A(x*)‘ 2.1)

Abo mja a600m0TH0}o NoxuOKoK« A(x") HAOIWKEHOTO YMcia X  PO3YyMIKOTh

a0COMOTHE 3HAYCHHS pl3I{PIH,l TO‘IHOFO 1 HAOMMIKEHOTO 3HAYCHb.

Bionocnoio noxubkoio wiucia x Hazueacmscs 0eska 6eauduHa 8(x"), g0 3a0060.16HAE
YMO6i

- |

X A5, (2.2)
X X 100%< 5.
X

. . * .
AGo mia BimHOCHOK TIOXMOKo0 S(x") HaOGmMWKEHOro 4YMCiIa X  PO3YMIOTH

BiHOIMICHHS aGCOMOTHOT MOXMOKH 4O MOy I TOMHOTO 3HAYCHHs yMcaa. HacTo BlAHOCHA
NOXubKa BUMIPIOETECA BIACOTKAMH TOYHOTO 3HAYCHHsA. Biaomo, wo OVab-5IKC UUCI0

34



Pospin 2, Enenventu teopil noxibok

Moxe OyTH HOJaHe y BHIIIA LeCATKOBOro Apofy, ckiHYeHOro a6o HECKIHYEHOT'C.
HabsmoxeHi 4eCSTKOB) Yuciia BUPAXatOTECS THUIE KiHIEBUMH JeCATKOBUMHU IpoGamu.

3 (2.1), 2.2) BUIIIMBAE, IO A(x")20 Ta S(x")20. BimsaauMo, mo TouHicTH

Pe3y/ibTaTy Xpallle XapakTepusye BifHOCHa moxubxa. IHdopMauito npo abcomoTHy Ta
BiIHOCHY NMOXUOKM MOXHa BUKOPHCTATH HJist HACTYITHOTG TOJaHH YHC/a X:

2.3)

ne wicna x, A(x") Ta S(x")3a1aH0 3 OHAKOBOIG KiNBKICTIO 3HAKIB MiC KOMI.

Ilpuxnax 2.1. Hexait x = 0,20819940. Sikio - A(x") = 0,00003, 3maiity mianaszon
3Mind x .
Pme’azok. Toni 020816940 < x* < 0,20822940 .

Osnavenns 2.1. Suauywpumu yuppamu wucaa nasusaromecs: 6ci yudppu 8 tiozo 3anuci,
HOYUHAIOYY 3 Nepuloi HeHYNIbOBO! 31i8q.
Mpuicnan 2.2, 3uaiity 2uauyni mudou,
Po36’a30k. 3uauymuMu Un(ppaMu BiJIOBIIHAX YACe €
1. x=4,570345 — Bci unbpy B 3aNKCy HLOTO YKHCTA 3HAYYIUI;
2. x=0,007614 — 3Hauywmi tudpy Tineky 7,6,1,4;
3. x=0,03105600 — snauymi nudpu 3,1,0,5,6,0,0 (18a ocTanki Hyni B 2anncy
YECIIa € 3HAYYLIHMU);
4. a) x=3750000 — Bci undpu 3HaTymi;
6) x=3,75-10° — 3uauyii undpn Tinsku 3,7,5.

Osnavenns 2.2. 3uauywy yughpy Hasusaiome 6ipHoto, AKWO AGCONIOMIA NOXUDKA
yucia He nepesuujye 2 ooumuyi pospady, wo eionosidac yii yugpi. Inui yugpu
HA3URAIOMb CYMHIBHUMIU.

Osnavenus 2.3. Hxwo eci smauywyi yugpu 6ipui, mo 2060psme, wo wucio
3ANUCAHO 3 YCiMa BIPHUMU Yudpamu.

T'oBopsTE, WO 7 NepmuX 3HAYYIIMX UHGBP AECATKOBOTO YHMCIA € @ipnumu, SIKILIO
abcomoTHa MMOXWOKa WUBOTO wMCNAa He TIEPEBHILYE MONOBHHY OAMHHII pO3PSAY,
BUPXKEHOT0 #1-10 3HAUYILOK HU(POIO, paxyroun 3j1iBa HaIpaBo, TOOTO AKILO

A(x™)= ’x* -x

< %.mm—m, (2.4)

TO 1 wudp BipHi.
Hpuxnan 2.3. Hexaii x" =0,0208; A(x")=0,000003 . 3xaiita BipHi undpy.
Po3p’si30k. Toxi x 3amucaso 3 yciMa BipHAMU mdpamu.
Ipnknan 2.4. TlosicauTy 3anuc x = 0,02081994 +4-107°.

Po3e’azok. 3anuc cnin posymita 0,02081994-4.107° < x <0,02081994 +4-107°.

Hpuxaapn 2.5. Tosicana 3amucu x =1,0208(1+£0,003) a6o x =1,0208(1£3-107%),
a6o x =1,0208(1+0,3%).
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YucenpbHl METOIH B KOMIT IOTEpHMX HayKax

Po3e’s30k. 3anvcu o3HauaoTh, mo (1-0,003)1,0208 < x < (1+0,003)1,0208.
Ilpy npoBeacHHI PO3PAXVHKIE 3 HAOIWKCHMMM YUCHAMY CJLA_Tam STaTH Ta

KEPVBATUCS HACTYIIHUMUW RPUSUNGMU

1.

KinbKiCTh BIDHMX 3HAKiB YMCTa BIAPAXOBYETHCS Bia Nepmol 3Havymoi umbpu
ypcna 0 mepmoi 3Hawymoi imdpu ioro abcomoTHoi noxubku (3a
O3HAYCHHAM BipHOI L(PU YHCIa).

V MaTeMaTHUHMX TaGNMLPIX BCI YMCIa 3a0KPYIVICHI 1O BIPHUX 3HAKIB,
NpuHOMy aGCOTIOTHA MOXMOKA HE MEPEBHIILY € TIOTIOBUHU OJMHNLI OCTAHHBOTO
pO3psAY B 300paKCHHI YUCTA.

Mpukaax 2.6. Hexait & =2,718 . 3uaiitv abcomoTHy noxudxy & .
Pose’szok. Toxi A(e) = 0,001/2 = 0,005=0,5-10".

3.

4.

YV NpOMIKKOBHMX pC3yIbTaTaXx OOYMCICHb, #K NpaBuno, 3bepirawote 2-3
CYMHIBHI 3HaKM, 00 HE HAKOMNMYYBAIHMCA TIOXUOKH Bi 3380KPY [JICH.

V KIHLEBHMX PE3y:IbTaTax OOYMCICHD 3ATMINAKOTE, KPIM BIPHMX 3HAKIB, OJMH
CYMHIBHUWH 3HAK.

|lpaBwi10 JOMOBHEHHA TIPU 320KPYITIEHHI: SIKINO repma umppa, wo
BiOKHIaeTHCS, Ginbuia abo JOpiBHIOE 5, TO ocTaHHA uM(ppa, mo 30cpiracTbes,
301IBIIY €THCS HA OJUHHLIO.

Tpu A0AaBaHHi T4 BiAHIMAHHI HAONMKGHMX HKMCET y PE3YIBTATI TOBMHHI
J6cp1rarmc;1 CTINbKM BIPHUX PO3PAMIB, CKUTBKH iX y HaWMEHII TOYHOTO 13
JO/IAHKIB.

IpaBir10 6 33CTOCOBYIOTH Y BUIAZKY ONICPallii MHOKCHHS 1 ALICHHS.

Y Bunamky oOrepamii TNiHECEHHs JO CTCTCHA Cria 30epiraTv CTUIbKH
sHagywx Lpdp, CKUTBKH IX Ma€ OCHOBa CTENeHs.

[lpasuno 7 3aCTOCOBYIOTE 1 Orepami BUA00Y BaHHs KOPCHSL.

. B ycix mpoMikkoBMX pesyabTaTax PO3paxyHKiB ciia Opatu Ha OHY-B1

upgpu Ginpme. B ocTaTOMHUX PE3y/IbTaTaX BOHU BIAKMAGIOTHCA.

. Sxwo gaHi MOKHA OpaTd 3 JOBUIGHOIO TOYHICTIO, TO st OTPUMAaHHA

pesynbTaTy 3 k BipHuMM Ld)paMu BUXIAHI JaHi 1L OPaTH 3 TAKMM 4MCIOM
BipHuX udp, mob oxepxary k+1 BipHy mud)py B pe3yabTati.

2.1.2. NMpuknanu 3HaxopKeHHA abCONIOTHOI Ta BIAHOCHOI
noxubok

Hpuknag 2.7. Hexaii x =14,537 Ta BigOMO, IO A(x)=0,04. Ckinpxu BIpHAX
SHAYYIUHX LD MAE YHCIO0 X *

Posze’azox. Maemo A(x )>0,5-107 i A(x )<O 5-107". Opke y umcna x" BipHEMM 6YaYTH
sHauvinl umdpu 1,4.5, a Lm(bpn 317 - Cy‘VIHlBHl

Hpuxkax 2.8. Hexaii x =8,677142 ta A(x)=3-10". Cxinbku BipHMX 3Haqymmx mudp
Ma€ 4ucao X 7

Poze’szok. Ockimpku A(x")=0,3-107<0,5-107, 10 X Mae BipHi TPM 3Ha4ymi umbpu
MC.I KOMH, TOOTO BIpHHMH Oy Ay Th 3HAMY L1 Lm(bpn 86,7.7.
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Po3aia 2. Eneventr 1€0pil noxubok

Hpumma 2.9, Hexait x'=0,046725 ta A(x" )=0,008. Cxinbky BipHUX 3HAUYIIHX UHOP
Ma€ THCTIO X 7

Poza’azex. Maemo A(x')=0,8-107>0,5-107. Omxe y umcna x* Bei 3Hauymi oudpu
CYMEIBHI.

Tlsawevamans ¥ 10 Dovndo.

Llpl’ll\JlZIA eV IIlAK

KiJbKICTE BipHUX HQD.
Po36’a30x. Ouesuano, A <—-107%. Vi mudpy usoro uncna sipHi.
2z

Hpukaan 2.11. 320KkpyrauTH HaCTyMHi WHCNA HO HOTHPBOX 3HAUYIMX UHP,
BU3HAUUTH abcomOTHY A i BiIHOCHY § TOXWOKM OTPUMAaHUX HAOIIDKEHHX MHKCen
A4=625,51; 4,=0,0039227.

Po3e’azox. Orprumaemo a,;=623,5; a,=0,003923;

A =| 4 -a|=]625,51-625.5=0,01;

A, :iAz ~a, | = =0,0000003;
o = ,A' | -100% = 001 -100% =0,0016%;
'Ai I UL.) .)}
S, :_AZ . 100% 29_09_0_(_)_@% 100% = 0,0076%
|4, 0,0039227

Ilpuknao 2.i2. BusHamutn abcomotdy noxudky HaOMKEHOro yucla 3a HOro
BIAHOCKOI0 MOXHOKOT0: ¢=20,725, & =1%.

Po3é’az0k. Macmo & =-é—-100%; A :él_a_!_; A= wizo Z1.
A 100% 100%

lipuxian 2.13. Ba3HauuTH KiNBKICTh BIPHUX 3HAKIB YKCeN g i g, AKIIO BiZoMi ixHi
abcomoTHi moxubku A, i A,: @ =293,452; A, =0,1; a,=-0,00576; A, =0,1-10""

Po3e’azok. Yucno a; mae Tpu BipHi 3Havyuti uudpu g, =293 +0,1. Yucno a, Mae 18i
BIpHI 3Hauywi undpy, ockinbku A, =0,00001, a, =0,0058+0,00001.

Ilpuxnan 2.14. BusHauuTH KijdbKicTh BIPHMX 3HAKiB 4@cla g, KGO BigoMa Horo
BifHOCHA oxubka & : a=9,6589; &=0,1%.

0,1%-9,6589

Po3s’azox. 3Haxoqumo A = —W =0,0096589 ~ 0,01. Tomy a mae aBi BipHEX
o

uugpn a=9,710,01.

Mpwinan 2.15. Jlani wucna a, =1,137 i a, =1,073 3 aBcomoTHUMK mOXUGKaMH
Ay=4,=0,011. OuinuTy BigHOCHY MOXUOKY iX pisHALi a =g, —a, .

Po3eé’azox. Maemo a=1,137-1,073=0,064; Aa=A,+A,=0,022;

]
6=9—0—2- 100% =35%; &, 20011 100% =1%; &, =m100% 1% .

a

‘0,064 1,137 1,073
Taxum unHOM, BinHOCHa moXMOKa pisHuLi B 35 pasiB Ginbina BiZHOCHUX MOXHUBOK
BUXiIHUX JaHHX. Pe3ynbTaT He Mae XOAHOI BipHOT U pH.
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UpcelbHi METO/IM B KOMIT IOTEpHHX HayKax

Ipuxiag 2.16. O6umcmuru o = G % , BBAXKAKOYH, IO BCI YKMCIa JaHi 3 BIPHMMM
a4 4s
sHakamu: a1=3.2; a-=356,7; a:=0,04811; a,=7,1948; as=34,56.
Po3e’s3ok. Haiibinsury BiaHOCHY MOXHOKY Mae 4Mcio a;=3.2:
0
O = ’025 -100% =1,6%.

2
ToMmy BigHOCHa MOXMOKa Ppe3ybTaty CKmage Takox npubmmusHo 1,6%, T00TO
pesysbTar Gyae micTHTH ABi BipHi LM(pH. 36epexreMo y BUXIIHMX TAHHX O TPH BIpHI

mdpu (OAMH 3amacHUi 3HAK), OJCPKUMO a=M=O,22I. AGcoaoTHY

7.19-34.6
HOXKUOKY PE3yIBTaTy OOUMCIHOEMO 3a HOT0 BiTHOCHOIO TOXHOKOKO
_S,ra _16-0221 00036

0 100% 100

3a0KpYITIOEMO PE3yNbTAT, BLAKHIAIOYH 3aNacHUM 3HAK, OXEPHKYEMO a=022 3
abcomoTHOP noxubkow A, < 0,005

Npukaax 2.17. 3Haiity cyMy HaOMWKCHHX Wycen a=a +a,+a;+a,: @=0,146;
a=321.5; a:=78 27, a,=39,1. Yci paHi 3HAKH € BIDHUMH.

Poze’szox. Haitblibmy abcomoTHY NoxubKy MarTh yucna ao=321,5 1 4=39,1. Tomy
MOKHA BB@XaTH, WO abcomoTHa noxubka cymu ckimagae A =2-0,05=0,10.
3a0KPYTIIOEMO JOJAHKM 33 3Pa3KOM > 1 G4, 30€PekeMO OUH 3aMacHHE pO3psa

a=0,15+321,5+78,27+39,1=439,02.

B oCTaToOuHOMY pe3yTbTaTi 3aliacHWil 3HAK Bimkmzaemo, oaepkmmo a=439,0. [lo
abcomoTHoi moxubku A=010 pomaemo moxubky oxpyrrenns A, <0,05. Tom

Apa= 0.10+0,05=0.15<0,2 . Taknm unHOM, a = 439+0.2.

2.2. Npsima 3agaya Teopii NOXndok

2.2.1. AHani3 noCTaHOBKM 3apaui

B gesxiii ofnacti (4 #-BUMIPHOTO MPOCTOPY — POSIIAJAETHCH  HETICPCPBHO-
andepenitionana pyuriis y=fx,, Xa,..., x,). HeobxigHo obumcruru 3HaueHHs L€l
dyuxuii B Touw (X1, X2,..., X,)€G. Bizomi Tinbku HaOMIWKEH! 3HAYECHHA Xy 4 X pes X, TAKI,

mo Touka (X,X5,.,X,)€G, Ta ix mnoxmubku. OGUMCTMMO HAOMIDKEHE 3HAYCHHA
* L3 * * . . ~ '
¥V = f(x{.x5....,x) Ta OLIHAMO $0ro abCOTOTHY TIOXHOKY .
Buxopuctosyrouu Gopmyny Jlarpamwka, oTpumMy eMO

A(Y) :lf(xﬁx;,‘..,x:)— F(x,,%5,...%,)

< BAKX))., (2.5)
J=1

38



Poziii 2. Eneventu Teonil noxinbok

- i
107 ,x2,...,x,,,)i_ (2.6)

& -
(,I oxj

B npaxtiHaHuX po3paxyHkax okpiM ouinku (2.5) BUKOPHUCTOBYIOTB OUiHKY

. * * *
oy [0FGT x| o
Ay IS ) {A(X.]), 2.7}
= ox; [’
J=1 = |
#KY Ha3UBAXOTh AINIUHOIO OYIHKOW NOXUOKU.
Buxonsuu 3 ouinku (2.7), 3HaiineMo BigHOCHY MOXHOKY:
| - ] * |
Of(x], X500 X)) .
o agh |3 o,
IR Y e B J (2.8)
Jj=1 !){(xl axza'“sxy,) j=1

Sy x5 X)) ‘
i |
Bukopucrosywoun dopmym  (2.7), (2.8), BH3HAUMMO HOXUOKA pe3ynbTaTin

MaTeMaTH4H}X onepauii.
Iloxu6xa cymn.

Y= L x) =X+ x,, x,x, >0, (2.9)
Ockineka f, {(x")=1, 703 (2.7) orpuMyemo

A ) = A+ Ax) . (2.10)

a3 (2.8) sinnosijino

X | "
5(y") = P 5(x)+| {J(xz) @2.11)

2

’1 2%

AHANOr4YHO 3HAXOAMMO MOXMOKM JUTs {HILIX MaTEMAaTHYHIX ONepaLii.
IToxu6ka pizauui.

Y=f(x,x,)=%-%,, X >x>0. (2.12)
A(Y") =AY +A(;), (2.13)
5(y") = xlf)(x.z+x2§(x2) (2.14)
Nox; o
Iloxn6xa MHOXEHHS.
Y=f(x.x)=x-%,, x,%,>0. (2.15)
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YuceIbHI METOH B KOMIT IOTEPHUX HavKax

A(Y") = 1| A + x)|A(xS) (2.16)
5= 8(x) +8(x2). 2.17)
Tloxubxa mineHHs.
y=r.x)=x/x, Xx,x>0. (2.18)
X5l A + %] 1A,
A(y*)J A <]>*|71| () o1
()
8(3")=5(x1)+3(x3). (2.20)

BigzHauumo, mo s cyMd Ta pisHMUl aGCOTIOTHI MOXWUOKKM JOJAIOTHCS, a i
OrepaLiii MHOKCHHA Ta IUICHHS CKIAJAI0THCH BixHOCHI moxubku. 3 dopmymm (2.13)
BHAHO, OIO SAKINO BIAHIMAOTLCA ABA ONH3BKHX YUCTIA, TO BiJHOCHA TOXHOKA pe3y:IbTary
MOXE 3HAYHO 3POCTH. A MPM AUCHHI HA JOCHTb MAJC MKCIIO MOXKCE 3HAYHO 3pOCTH
abcosmroTHa MoXKOKa. Po3rIsHeMO ASAKl NPHKITATH.

2.2.2. Mpuknaau NOCTAHOBKM NPSAMOT 3agavi Teopii noxmbok

Npoician 2.18. 3a0kpyrmioi0MuM  HACTYIHI 4MCIa 10 TPBOX 3Hayymux Ludp,
BH3HAYMTH aOCOIIIOTHY Ta BIAHOCHY MOXUOKM OTPUMaHMX HAOIMIKCHUX YMCEIL:
1)0,1545; 2) 17343, 3)-37275.
Poze’sazox.
1) x=0.1545. 3aokpyracHHs n0 TpeOX 3Hauymwx uudp mae x - 0,155, Toai
A(x)=0,0005=5-10"", a BizHoCHa noxuGKa
8(x)=5-10""0,155~0,32-10"".
2)x=1,343. Tomi x =134, A(x)=| x — x/=0,003. BianosiaHo BigHocHa moxubka
) ng*)-=3-10’3/1,34=2,2-10'3.
3)x==372,75. Toaix ==373, AMx )=0,25, a
8(x")=0,25/373=6,7-10 "%,
Npuxaan 2.19. BusHauumy KinbKiCTh BipHHX L(p B 4MCITi X , AKINO BIAOMA HOTO
BIJHOCHA MOXHOKA:
1) x'=22,351, 8(x)=0.1:
2)x =9.4698, o(x )=0,1-107;
3)x"=47361, o(x)=0.01;
Poze’szox.
D O6umcanmo abeomoTHy moxubky A(x )=x 8(x)=2.2351. Tomi Maemo, WO
B YHCTl X BIPHOK € TUibKM Ludpa 2, To6T0 oaHa BipHa wudpa.
2) OB6umciumo abcomoTHY NOXHUOKY
Al )=x"8(x)=9,46980,1-107=0,0094698.
Toxi B umcai x Oy ayTh BipHuME 181 Ldypu 9 Ta 4.
3) Ab6coutoTHa noxutka Oy e A0PIBHIOBATH
A(x)=47361-0,01=473,61.
Omxke Buucni x 6y 1y Th BipHuMu 181 Ldipu 4 Ta 7.
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Po3ain 2. EnemeuTy Teopil Doxubok

BusHauumo, mwo mnoBeaiHka OOUMCITIOBATbHOI MOXMOKH 3a7CHKHTE BiJ NPABHIL
330KPYTIICHHA Ta ATTOPUTMY HHCSIIBHOTO PO3B A3y BAHHA 3a1ayi.

Hpuknan 2.20. Ha rinoretiaromy ITK 3 MaHTHCOKO J0BKHHK YOTUPH 3HAMTH CYMY

§=0,2764+0,3944+1 4754+26,46+1364
@) CYMYFOUM BijJ] MEHILOTO AOAAHKY A0 OiTBHIOTO;
0) cyMy:04HM Bix OLIBINOTO AOAAHKY O MEHOIOTO.
Poze’s30k.

a) Maemo 5,=0,2764+0,3944=0,6708, S;=5,+1,475. BupiBHIOIOYH MOPAAKH Yy LHX

JBOX J0JaHKiB OyaeMo matH S3=1,475+0,671=2,146. Ananoriuso nam
S;=5:+26,46=2,15+226 46=28 61,
S5=85=8,+1364=29+1393.
0) Maemo S,=1364+26.46=1364+26=1390,
S5=85>+1,475=1390+1=1391,
S4=84+0,3944=1391,
S=95=8,+0,2764=1391.

Bpaxosyroum, mo Tounc 3HaueHHs S=1392,6058, Gaummo, mo cyMyBaHHS NOTPIOHO
MPOBOJUTH TOYWHAFOYM 3 MCHIIUX JOJAHKIB. B IPOTMISKHOMY BMMAAKy MOKE MAaTH
MICLIC 3HAYHA BTPATa 3HAYY IUX L.

INpukaax 2.21. OuisuTH 1oxubky o6upcneHHs QyHKL{i
2

Xz
./‘(xayaz):—T;
y

sxmo x=0,15+0,005, 3=2,1340,01, z=1,14+0,007.
Pose’szok. 3riawo 3 Qopmynoro (2.6), ans abComOTHOI MOXMOKH PE3yabTaTy
OTPUMAEMO

E !(Za . ®\ D . S
A(f")= 2*, ~AG") + 367z A" )+ (x*)3 A(Z") = 2——*01., L14 0,005 +
vy ) ) (2.13)°

. 5)2 . 2
+ E—Md‘ 0,01+ (0.15) -0,007 = 0,00017695 + 0,00003738 +
(2.13) (2,13)°

+0,000016298 ~ 0,00023=2,3-10"",
(0,15)*-1,14

Suasinemo [ (x*,y".2%) = —0,0022265429
Mo f(x",y%,2") 213y
. . 23-107
Tomi (/) =—=10_ _0,08665.
oai o/ )= 00265425 =

Npuxnan 2.22. Bucota / ta pagiyc OCHOBM LMiTiHAPa BUMIPAHI 3 TouHicTIO A0 0,5%.
Slka BiHOCHA MOXMOKA MPH OGUKMCACHH! 06’ €MY WTIHAPA, KO 77 =3,147
Po3é’si30k. V = 7Rk . Binbw TouHe 3HAYEHH 7=3,14159265, otike A(rz‘)=0,l6-10’2,
a &7 )=0,16-10"/3,14=0,0005=0,05%. Toai, srizso ¢opMyan BIAHOCHOI NOXHOKH
J00YTKY OTPHUMYEMO:
SV =8(x")+20(RY+8(h)=1,55%.
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Hpuxiaax 2.23. Pe6po ky6Ga Bumipsse 3 Tounicnio 1o 0, 02 cM. aopisHIOE 8 cM. 3Hafm/1
a6COIMOTHY Ta BiTHOCHY TIOXUOXH 1Ipy ofumcnenti 06’ eMy kyda.

FPoze’ssok. Tlozuauumo ctopony KyOa uepes a. Toni V = a, Vv '%v(a*)j’f =512 oM.
3acrocoBytoun GopMyIy (2.7), OTPHMYEMO
AV*)=3(a") - A(a”)=(3-820,02)cn’=3,84cm’, a 6(V") =(3,84/512)=0,0075.

Ipuxaan 2.24. BuzHayuTy BiTHOCHY [OXMOKY YMCIa, IO 3anyCaHe B IIK B cucreMi

qicHien s f Ta JOBKHHOI0 MaHTHCH 1.
Po3e’azok. Yucno x MoxHa 3amucary B 11K y Burmsai

X' =2d 7 +dy B4 A d B

ne £ BU3Hauac MOPAAOK wHMcha, d; — uim, npudomy 0<d, <B-1, 4, #0. Hexa#f TouHe
3HaueHHs yaca fopiBHioe x” = £(d, B +d, B +..+d B + d. B ),6’“ . Toni

X _xl = dr+1ﬂl_t—l - di. i_<_ d < d =ﬂ1 -1 </3;1 1
x. . dp +d, 7 +..+dp”dp T B ,3

- Spot a1t
Orxe, oflx )< /p
Ko K d¥cia BBOAATECS 33 TIPABWJIAMHU 3a0KpyrmeHms, To d,,, <058 i TOAI

oTpuMyeMo, o §(x") < %/3 -

2.3. ObepHeHa 3apava Teopii noxubok

2.3.1. AHani3 nocTaHoBKM o6epHeHoT 3aaayi Teopii Noxubok

o 7 T et 7
uucpn ¢Ha 3a/ia4ia 1cupu TMOXHAVOK

10JITAE B HaCTyIHOMY: 3 AKOIO T GHICTIO uUlplUnU
L

H 0
3a0aTH 3HAYEHHS ApPIyMEHTIB  X;, Xy,...,X, OQYHKLIT f(X,X5..%,), o6 mnoxubxa

snavennd Gynkuii f(xy,X;,...,X,) He IepPeBULIYBaNa 3a/[aH0l BENHIHHH &.

Jlns dymkuii ommiel aminnoi y=flx) abcomoTHy NOXHOKY MOXHA HaOMKEHO
o0uMCIATH 32 opMy NIOFO:

' *
>
~
~
*
~—
e
(el
~
ro
(]

Tas dymkuii neximbkox aMiHHMX Y= f(X;,X;,..X,) 3adada pO3B’A3yeTHCA 33
JOMOMOTOI0 HACTYIIHUX PEKOMEHIAIlii:
a) npunyun  pigHux  eniusis, TOOTO  BBaXaemo, MO BCi  JOmAHKA

¢ = l@f / 8x,.|A(x; ), i=1,n pisni Mix coGoro. Tolti aGCOMOTHI TOXMOKH BCIX apTyMEHTIB
BU3HAYAKOTHCH (HOPMYJIOIO:

42



Pozxis 2. Fiementd Teopli noxubok

AV T (2.22)
o

ox

A =

n

i

0) esaucacmo 6ci NOXUOKU PIBHUMU, TIPUYOMY MAKCHMAILHO MOMKIHBHMMH, TOOTO
MOKJIZEMO

A=A == A(x) =5, (2.23)

e o=gl(c,+c,+...+¢,).

2.3.2. Mpuknaau nocTaHOBKN 00epHeHOI 3aaatii Teopil NOXMbokK

Hpuknax 2.25. CropoHa xBagpary IOpIBHIOE 2M. 3 SKOKW TOUHICTIO ii mOTpibHO
BHMIPsTH, 106 NOX1MOKa 3HAXOUKCHHS IUI0NI He nepeBuIy Bana lom™?

Poze’sizok. [To3HauuMO CTOPOHY KBaApaTy 4epes X; S=x*, $'=2x. Tox 3a dhopmy oo
(2.20) otpumaemo

A(x™) = L Nocem
2-200 4

Hpuxnan 2.26. 3 sx0r0 KITBKICTIO BIPHUX 3HAYYINHX IHADD TOTPIOHO B34TH BLILHMIA

YJICH KBAAPATHOTO PiBHAHHS
: x*—2x+1g2=0,

w06 OTPUMATH KOPEHI PIBHAHHA 3 YOTHPMa BIDHUMM 3HAYY ILAMH La(pamu’?

Posg’sazok. Jlns xopeHiB piBHsSHHA Maemo X, =1+ 1-1g2 . x,=1- \‘flTIgZ .
Ockinbkm 1g2~03... Tom x, ~18..., x, ~0,].... Omxe, 3a 3micTom 3aga4i X; MOTPiOHO
BrsHaunTH Tak, wob A(x[)<05-107, a ama x, mo6 A(x))<0,5-107*. INosHaummo

z=In2 Ta posrmsremo dyrkuito f(z)=1++/1-z . 3’ acyeMo, 3 SKOK TOYHICTIO NOTPIGHO

* -
obuucourn z B oxomi Toukm 0,3, mob Af(z) = . BuxopucToByroun Gopmyiy

1
2Vl-z

1

(2.20), otpumyemo

A(z*)<0,5-107 5 =0,000299 .

5
3BiacK poOHUMO BHCHOBOK, IO A7 3HAXOKEHHS KOPEHs X) NOTPIOHO obOuucuTH /g2
3 TPbOM@ BIPHUMH 3HAYYLMMH LypamMu mcias komu, Tobro /g2=0,301.
AmnanoriyHo, posrisgaoyd  Qyuxio - f(z)=1- Ji-z , OTPHUMAeEMo, 1UO i
3HAXOOKCHHA KOpCHA X, 3 Toudictio 0.5-107* notpiGeo oGumcomru /g2 3 yYoTpMma
BIPHMMH 3Ha4Y IWMMH Ldpamu nicsist komu, Todto /g2=0.3010.

INpuknan 2.27. B m'sarusHayHux JIOTapUgMIMHEX TaOMUIX JAHO 3HAYCHHA
necATKoBUX Jtorapudmis 3 TousicTro 10 6=0,5-10°. OwimuTH BenMMMHY MOMKITHMBOI
MOXHOKY TPH 3HAXODKEHHI YMCITA 38 HOro norapudMoM, K0 CaMe YHCIO0 3HAXOIUTHCH
mik 300 Ta 400.
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YiicempHi METOAM B KOMM IOTEPHNN HAVKAX

Po3e’n3ok. HosraunMo y =1gx, x €[300;400]. 3a ymoromo 3ataui A(y*)<0,5-107
. . . 1
T2 NOTPi6HO 3HalTH A(x"). Maemo y' = Tnlo” Togai 3a dopmynor (2.20) oTpuMyemMo
AX"y=x{In10}-A(3") £400-2,30-0,5-107° = 0,00046

u

Ot1xe, x MOXKHa 3HaAliTH NpUHaiMHI 3 TPbOMA BipHMMU 3HAYYLIUMHU LUHAQpaMy michs

f\ J'H
A

2.4, KOHTPOMLHI NUTaHHA

Hasgits rpynu noxu6ok, U0 BHHUKAWOTh [Pl p03B s3yBaHHi 3amadi.
Ko BUHUKAE noxubra obuucieny?

HaliTe eR3HaYEHHs ahCONIOMNIT ROXUOUI.

Halite BUBHAYEHHS 8IOHOCHIT nROXUOYL.

Ipu axiit yMoBi 3radyula nudpa HA3UBAECTLCH BIPHOIG?

B "omy nossirae obepnena 3adaua meopii noxubox?

Aol

2.5. 3agaui gna camocTinHol poboTu

3aoaua 2.5.1. 3a0KpyTMIOIOYN HACTYTIHI YKCiaz 0 TPLOX 3HAUYLIMX MMp, BU3HAYUTH
abCcoOMIOTHY Ta BIZROCHY NOXHOKH HAOIMKEHIX Yncel:
1) 3,2523
2) 0,17153

3)  0.02103
4) 1,445

5)  —0,0035392
6) 583,71

7y 0,004966
8) 31555

9) 71,534

3adaua 2.5.2. BuzHauaTy KinbKicTb BipHEX Hudp B ydchi x, AKIO Horo BigHOCHA
nmoxubka:

1) x=2,7981, §(x)=0,1-107%
2) x=12,8370, 8(x)=1%;

3) x=0,3328, 8(x)=0,2:107%;
4) x=372.8, 8(x)=2%;

5) x=23,652, 8(x)=0,1;

6) x=17261, &(x)=1%;

7 x=0,03575, &(x)=0,5-107%
8) x=0,22453 , 8(x)=10%;
9) x=0,000335, &(x)=0,15;
10)  x=6,3495, §(x)=0,1%.
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Po3jisi 2. Enements teopii noxubox

3aoaua 2.3.3. BuzHaunty, sika PIBHICTL TOYHIILA;
1) 6/7=0,857, J4.8=2.19;
2)  221=0,095, 22 =4.69;
3) 7/19=0,895 , /52 =721:

4)  49/13=3,77, J14=3.74.
3adaua 2.5.4. Sxkorwo Oyae BiaHOCHA TOXMOKA, SAKIIO YMCIO 7T HAOMM3UTH YHUCIOM
3,147
3adaua 2.5.5. 3armcatd YHCIO T 3 M SATHbMA BIPHMMM 3HauyIIMMHM LM(paMH Ta
BU3HAYUTH BIAHOCHY MOXHUOKY OTPUMAaHOrO HAOIMDKCHHS.

3adaua 2.5.6. 3naittu /3,02 - V33 TPbOMa BIPHUMU 3HAYY IUMH LH(ppaMH.

3aoaua 2.5.7. Tlpu sBumipi pamiyca xona 3 TouricTio 10 0,5 oM, oTpumanu yucrio 14
cM. 3HalTH aOCOOTHY Ta BIAHOCHY ITOXHOKM 1Py 0OYKCIIEHH] TUIONI KOJ1a.
3adaua 2.5.8. Koxue pedpo xyba, BaMipsne 3 Tounictio 0,02 cM BHABWIOCH PIBHUM
15 cM. 3nairi abcoaroTHY TA BIIHOCHY TIOXMOKH IPU OOYHMCACHH] Mol Ky0a.
3aoaua 2.5.9. BusHauuTu BIZHOCHY NOXUOKY OGUMCIEHHS MOBHOI MOBEPXHI 3PI3aHOIC
KOHYCa, sIKWO pagiveu Woro ocHos K 1 7 Ta TBIpHA { BHMIpsaHI 3 TouHicTIO 10 (0,01 oM,
pisHi: R=23.64 cm, r=1731 cm, £=1021 cm.
3adaua 2.5.10. O6uucavty 3uaveHus (vHkuii /. 3Haliti abCOMOTHY Ta BIAHOCHY
NOXMOKM Pe3yIbTaTy. BBAXKAIOYM BCI 3HAYYIII LIM(PH BXITHYUX JaHUX BIpHMMH: [ (x1,X2)=
x1* x,, ae
1) =549, x=76;
2) x=15,1, x=2,543;
3) x=0,03, x=12,5.
3adaua 2.5.11. O6uucnuru 3HavcHHs yukuii /) 3Haiity abCOMIOTHY Ta BIAHOCHY
MOXMOKH PE3yNbTAaTy, BBAKAKOYM BCI 3HAYyIH UM(QPH BXIJHUX [JAHUX BiPHUMH:
JOee00)=x*x0¥xs, e
1) x=381.56, x=06157, x3=0,0053;
2) x1=0,147 ; x,=653, x3=76,3;
3 x=1,28, x=6,3, x3=2,173.
3adaua 2.5.12. O6uncnute 3HaueHHs (ywxuii /. 3HaliTH aOCOMIOTHY Ta BIJHOCHY
MOXMOKH pe3yIbTaTy, BBKAIOYM BCl 3HAUyU( LM(PH BXIAHUX JAHUX BIPHUMH, f=X; X+
Cxoxs, ge x=2,104 . x=1,935, x3=0,845.
3adaua 2.5.13. O6uucnury 3uaucHus ¢yHkuii /7 3HakTH aOCOJIOTHY Ta BIIHOCHY
NOXUOKK Pe3y;IbTaTy, BBOKAIOYM BCI 3HAYYIIl LM(PH BXITHUX AaHHX BIDHUMH: [=X1/x;
D) x=526,677, x,=829,
2) x1=745,8371 , x,=3362;
3) x1=6,3, x;=449;
4) x1=5,684 , x,=5,032.
3aoaua 2.5.14. O6uncnury 3HaucHus (QyHxui /1 3Haiith abCoOMOTHY Ta BIZHOCHY
[MOXUOKW PE3yNbTATy, BB@KAOMM BCI 3HAYVIN LM(pH BXIZHUX JaHWX BIPHUMH:

F=In(x, +x3), me =093, x=1123.
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YricenkHi METOAM B KOMI HOTEPHUX HavKax

3adaqua 2.5.15; OGuncnity 3navenHs ¢yrknii £ -3uality abcomoTHy Ta BiAHOCHY
MOXHGKH pesyibTaTy, BBAKAIOWH BCi 3@adyuli muQpM BXIHAX JaHAX BIpHUMH!

f:
X3

3aoaua 2.5.16. Ouinny abcomoTHy Ta BiiHOCHY NoxubKku o6uncIeHns GyHKLII:

L2
5% e x=3,15, %0831, x=1,123.

Y £ 2y =) )/ e - )
1y jx,y,z)=m—,npu
z .

2) f(x,y,z)z\/-)f}i,npn x=0,757+0,001, y=21,70,05, z=1,8420,05;

3) y,z)—‘/_” npn  x=410,1, y=320,05, 2=1+0,08;

7z

4y f(x,y,2)= lnkxy += ) , mpu x=1,0240,01, y=2,35%0,02, z=3,040,01;
) X

=0,65+0,02, z=1,1753+0,0002;

TV0L, 272,00 AP VAYS »

Fly 1 v, ) = QM mou x =5 8§+0.01
VAR LY -y IPH A TO,B U

(9]
N

N

2, L 2vra 1Y o2
6) flxyz)=E *‘“‘EV ' y))2(22 D % npu x =27,5140,001, 1=21.7820,003,
X+ v

z=32,5%0,06;

1 /‘__ T c _
7 fixy, )——ézr\,x ,Ipu x=36,5+0.01, »=26,35+0,005, =n=3,14.
3adaua 2.5.17. 3naiity Mexi aGCoMOTHOI Ta BIAHOCHOT HOXMOKHM apryMeHTiB, fKi
. . ) X, +X5
JI03BOJISEOTH - OGUMCIATA 3 4OTHPMa BIpHMMHM 3HaKamu QyHKmilo [ =——=, 2

-
K]

x=2,10415, x,=1,93521, x5=0,84542.
3aoaua 2.5.18. Oumnm MOXMOKY B BH3HaueHi kyTa x=60° 3a I'ATU3HAYHOIO

TaOMMLEI0 CUHYCIB.
3adaua 2.5.19. 3 5x010 KiNBKICTIO BipHUX 3HAUYINX LHbP 110Tpi6Ho B3ATH 3HAYEHHA

apryMERTY X, o6 oGuHCINTY 3Ha4eH A hyHKuii f(x) = x*sinx 3 Tousictio g0 0,1:107°?

3adaua 2.5.21. 3 sx010 BiTHOCHOW MOXUOKOH Tpeba BUMIpsTH BucoTy A =0.5 M Ta
paziyc ocHoBn r=10 xus Toro, mo6 BifHOCHA Moxubka OGYUCICHHS 06’eMa KOHyca He

nepesunrysaia 0,1%?
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Po3aia 3. MeTo i po3B’ a3y BaHus MHIHEX anreOpUYHAX PIBBSHD

Pozgin 3.
MeToau po3B’sa3yBaHHA NiHiINHUX
anred4paiyHux piBHAHb

A4
A4
*

YucenpHe po3B’sI3yBaHHs CUCTEM JIIHIHHUX anreOpaiuHuX plBHAHbL
OcHOBHI NOHATTS Ta KJIACH(IKALISL CHCTEM JIIHIMHUX anreCpaidHux piBHAHD
OCHOBHI MOHSATTS T2 OCOOIHBOCTI MATPHILIb

o Omnepauii Hag MATPHISIMH
o KsagpaTtHa matpuus i CyMiXHI BUSHAYEHHS
o Buactusocti Matpuip
o OO6urcnenHs 0OepHEHOI MATPHLIL
Meron Kpamepa
O AHaJi3 OCTaHOBKH 33144l
o Ipuxnanyu po3s’s3yBaHHs cHcTeMHu 3a popmynamu Kpamepa

Merozn 06epHeHOT MaTpHLil
OcobnueocTti metony Fayca

O

o]

AHaJi3 IOCTaHOBKHM 3a1aul fuist metoay [ ayca

Merton [Nayca (MeToa 3aMiHHU 3MiIHHHX)

YacTkoBUil BMIIAIOK 3aCTOCYBaHHA MeTody layca 3 MmOC/TiZIOBHHUM
BUKJTIOYEHHAM HEBITOMHX

Merton I'ayca 3a cxemoro Xaneupkoro (meton LU dakropuzadii)
Meton ["ayca 3 BUGOPOM rofioBHOTO ejieMeHTa

Meron [Nayca 3 oquHMYHEMY KOedILIEHTAMKA

Merton I'ayca-Kopnana

[Tpuxmagu po3s’si3yBaHHSA cCUCTEMH MeToA0M [ayca

HecywmicHi cuctemu. CucremMu 13 3araiibHUM po3B’ s3koM. YacTKOBI
PO3B’A3KM . -

Crniocobu 3HaxokeHHs 00epHEHOI MaTpHLIl

3actocyBaHHs Metony [ayca 1o oOuucIeHHs] BUSHAYHHKA
3actocyBanHs MeTony I'ayca 1o 1HBepcii MaTpuii

¢ Merox npocToi iTepati

O
O

AHaJT3 TOCTAHOBKH 3aa4l
[Mpuxtany po3s’si3yBaHHS CUCTEMH METOZOM MPOCTOI 1Teparii

¢ Merton I'ayca-3efinens (MeTon nosmrueHoi irepacyi)

O
O

AHaNI3 NOCTAHOBKU 3371241
[Iprixnanan po3e’ a3y BaHHsS CHCTEMH METOOM 3eiiesis

¢  Oco0aMBOCTI TPHOXAIArOHAILHOI MATPHLIE
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UinicellbHi METOIM B KOMIT IOTEPHHX HaVKax

o OG6uucaeHHs JETEPMIHAHTY TPHOXAiaroHanbHOI MaTpHLL
o Metox npOroHKU NI PO3B’S3yBaBHA TPhOXAIarOHAEHUX CHCTEM
TMiHiHUX pIBHAHB
¢ AHaJi3 YMCIOBUX METOAIB po3B’ s3yBanHs CJIAP
O 3arampHa- XapaKTepUCTHKA METOMIB  PO3B’A3YBaHHJ - CHCTEM
ninifiHux anre6paiyHux piBHIHE o o
36i%HicTE METPUYHOI FeOMETPHYHOT IpOrpecii
36LKHICTE METOIY TIpOCTOl iTepatiii
36ixHicT MeTOMy 3eiinens po3s’s3yBanusa CJIAP
o 36ixknicTe MeTOzA 3eiiaend 3a eneMeHTaMI MaTpULl
¢ Meroau po3p’s3yBaHHA MOBHOI MpOOGNEMM BIACHUX 3HAYEHb 1 BIACHMX
BEKTOPIB
o HaBnuxene RHAXODKEHHS RTACHUX RHAUEHR MATNUIT
o Imest meroxy JlaHUIEBCHKOTO
o OGYHCcIeHHS BIaCHUX BEKTOPiB MeTOI0M J{aHMIEBCHKOTO
MCTo4 BCBUBHAYCHMK KOChIRicHTIB
0 3arajibHa IIOCTAHOBKA 3aJadi MeTOAiB pO3B’A3yBaHHA IOBHOL
npo6iIeMy BIACHHX 3HAYEHD i BIIACHUX BEKTOPIB
o MeTtoa HeBu3HaueHMX KoeQiUi€HTIEB pO3B’A3yBaHHS NOBHOT
npo6eMH BIACHHUX 3HAUEHD i BIaCHUX BEKTOPIB
o Mertox iHTeprnoOniOBaHHS pO3B’S3yBaHHA MOBHOT  mpobnemu
BJIACHUX 3HAUCHb
[Ipuknaay po3s’A3yBaHHs CHCTEM JTiHiHHNAX anreOpaiyHuX pIBHIHb
KoHTposHI TUTaHHS
3anayi A caMoCTiliHOT poOoTH
3aBaanHs 10 JabopaTopHOi pobOTH

g823avs 80y

O o C O

L R R R 2

[HXeHepy YacTO AOBOAMTECS PO3B’SI3yBaTH anrebpaldHi Ta TPaHCUEHASHTHI PIBHAHAK
{ cHCTeMHM piBHSHB, IO MOXYThH SBIATH cOOOIO CaMOCTiiiHy 3afady (Hampukias, aHamiz
piBHOBAaru CHJI B JKOPCTKiH cucTeMi Gajlok abo IOCTiIKEHHS YMOB Ta TNapaMeTpis
piBHOBaru xiMigHOi peakuii, Tomo), abo wacTuHy OiNbLY CKIAJHMX 3a1aq. B obox
BUMAZKaX MPAaKTAYHA WiHHICTb YMCEIBHOTO METOAY B 3HAYHiM Mipi BH3HAYaEThCS
WRUIKICTIO TA eDEeKTUBHICT) OTpUMAHHS DPO3R’A3Ky. Posrmswemo Ha#binbur migomi
uMcenbHi  MEeTOAW Ta edeKTHBHI anropuTMHM  pO3B’S3yBaHHS CUCTEM  NiHIWHUX
anrebpaiunux pinsHb [65, 71, 76-80, 88, 92-93, 106-110, 113-114, 116-133, 137, 140-
145, 147-151, 161-164, 168-169, 192-194, 196-197, 201-209, 211].
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Po3ain 3. Metoau po3s’sizvBadHs JUHIHHAX anreOpUIHHX DIBHSIHD

3.1. YucenbHe po3B’sAA3yBaHHA CUCTEM FNiHIMHUX
anrebpaiyHuX piBHAHb

Hexaii pano cucteMy s niHIMHMX PIBHsAHL 3 # HEBIAOMHUMH. CHCTCMOIO JIIHIHHMX
anrcopaiunux piBHsaHb (CJIAP) Ha3UBAXOTh CUCTEMY BHIIIAAY:

ay X Ha, X+ ta, x, =b;

n
a21‘x1 +a22'x2 +...+a2n'x :b:,

" 3.1)

an11x1+an2'x2+"'+ann'xn =b

ne

e x;. (i=Ln) — wesizoMmi; b;, (i=1,n) — BinbHI wicHU cucTemy; a,, (i,j=1n) —

kocitieHTn cucteMd. HeobxiaHo 3HAMTH po3e 230K CHUCTEMH, TOOTO Taky CYKYIHICTS

3HAYCHb HEBIAOMMX X, X2, ..., X, , K4 IPH IACTAHOBLI B L0 CHCTCMY MEPETBOPIOE BCI
PIBHAHHA Y TOTOXHOCTI. 3arumemo cucteMy (3.1) y maTpuusii dopmi
A-X=B, 3.2)

ne A={a,,,ay,..4a,,} —marpuws xoediwentis CJIAP npu vesiaomux; B ={b,.b,,....b,}
~ BEKTOP-CTOBMEUb BLILHMX 4ieHiB; X ={X,X,,...,X,} — BEKTOD-CTOBIICLIb HECBIJOMHX.
Bomu MaroTh BUIIISA;

Gy Gy o Gy b, X
a4y Uy o Oy, b, X, .
A= ;B = (A= . 3.3)
L anl an 2 ann _bn xn

Po3s a3kom cucmeMy THIHUX aneeOpaiunux piensHs (3.1) Ha3uBarOTh - BEKTOpP X,
xoopauHaTA sAkoro X ={x,,X,,...,X,} TPH IIACTAHOBLl Y CHUCTEMY, AKY PO3B A3YIOTb,

NEPETBOPIOIOTH KOKHE PIBHAHHA CHCTCMH B TOTOXKHICTh. SIKINO JeTepMiHAHT MaTpuiy A
BifpisHseTbea Bia Hyns, 10010 .det A #0, To marpuisi A € HEOCOONMBOKO 1 CHUCTEMa
miHiHEX piBHsiHb (3.1) abo (3.2) Mae eauHUE PO3B A30K.

3.2. OcHOBHi NOHATTA Ta Knacudikauia cucrem NiHiNHUX
anre6paiyHux piBHSAAHDb

Jins poss ssysauss CJIAP Ha xoMImTHOTEpl TPaMIIHHO BUKOPHUCTOBYIOTh JIBI TPYITH
YHCEBHUAX METO/IB, 10 MPESACTABICHI Ha PUCYHKY 3.1.
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YiicenpHI METOIH B KOMIT IOTEPHUX HayKax

~
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. Mooy Daves 5 mibonom
. TOOBIIOI CACMOHTY

Meron Payea-sKapiaa

Sterog Favea-Xanouern g

Puc. 3.1. Knacugikauis 4uceIbHAX METONIB

MeToan YMCeNbHOTO pO3B’I3yBAHHS CHCTEM JiHIHHWX anreOpaivHuX piBHIHL

NOAIISAIOTHCS HA [Bi TPYIH:

1.

Touwni (npsMi) METONM, SKi J03BOMSIOTH ONEPKATH PO3B’A30K, AKIIO BiH ICHYE, SIK
CKIHYEHHY KiNBKICTh MaTeMaTHYHUMX ONepaliif (Hanpuknay: Meton [ayca, MeTox
[ayca 3 BuOOpPOM TOIOBHOrO €IEMEHTY, MeToA I'ayca 3 ONMHUYHOIO MaTpHLEIo,
meton I'ayca 3 NepeTBOpEHO MaTpucto, Meton I'ayca-Xaneuskoro, meton I'ayca-
Yopnana, meron Kpamepa Towo). Jo TOYHMX METONIB BiAHOCATb METOMH, Ski
[O3BOJISIOTH OTPHMATH TOUHME PO3B’s30K cucTemu (3.1) Yepes BiAMOBIAHY KiIbKiCTh
onepaliii nepeTBopeHHs 6e3 ypaxyBaHHs MOXHGOK 3a0KPYIIICHHS.
Ha6amxkeni (iTepaniitai) MeTomy, sIKi Z03BONSIOTH OIEpXKaTH JHIIE HaOmmxeHi 10
KOpEHiB 3HAYEHHS i3 MeBHO MOXMNOKOIO (HAalpHKIIa, METOA TIOCTiZOBHAX iTepalif,
meron Tayca-3efizens, MeToJ BekTOpiB 3MilieHn). TouHMH pO3B’S30K MOKHA
OTPUMATH SK PEe3yJibTaT HECKIHYEHHO 30DKHOTO mpolecy AOCTIDKEHHS abo
ekcriepumenTy. {0 TaKUX METOZIB BiHOCATE METOX MPOCTOI iTepallii, MeTox 3einens
ta iH. “Touni” MeTonH BHKOPHCTOBYIOTB NPH po3B’s3ky Ha IIK cucteM HEBHCOKOIO
l'IOp}U.IKy (n<10 , I€ n — YKMCHO JiHifHMX anreOpaldyHUX PpIBHAHB CHCTEMH).
l‘ldUJlld)KCHl METOAH BﬂKUpM&lUByR}lb M CUCTEM BUCOKOI'O llOp)U.le ﬂ"l(\ls 1U6
IlepeBaru HabmikeHOro ‘VICTO)Iy (mpocTux iTepauiif) Han Tounnm MmertogoM (Tayca)
HaCTYIHi:
o Yac o0uncieHs MponopLifiHuii »’ Ha iTepailito, Tofli Ak Ans Merody I'ayca —
Slkmo Ans po3B’A3Ky NOTPIGHO MEHINe HiX 7 iTepalii, TO BTpard
MAIIWHHOTO Yacy OyIyTh MEHILi.
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Po3ain 3. Metomu po3s’ g3veaHis UHIABEX anreSprRYHuX DiBHAHD

o Slk nmpapnio noxubkM OKPYTICHAS [IPX ITEpaiiHOMY METOXI BINMBAKOTH Ha
OCTATOYHI Pe3yNLTATA 3HAUHO MEHIle, Wik MpH MeToxi I'ayca, OCKiTbky TipH
HOTO BUKOPUCTAHKI NOXUEKN He HATPOMEIKYIOTHCA.

o IrepauiiHu#i MeTOA crae OCOBNHBO 3pyHUHUM npu pO3B’sI3yBaHHI CHCTEM,
NepesaxHa KiIbKICTh KOC(plLllCHTlB AKX A0piBHIOE U. PiBHsHH#, sxi
OTPUMVIOTh, HANpUKNA, TPU PO3B’A3yBaHHI KpalOBUX 3a/1a4, RiZHOCATHCH

CanMe nn '"Lf\r‘f\ wiacy

vanae Voaav gy

HenonikoM itepattiffnoro mMertomy € Te, Mo BiH He 3amxku 36iracThes. [Teparniiui
METOAM [J03BOJNISIOTE OAEPkKATH MPUONU3HMII PO3B’A30K CHCTEMM 3a CKiHYEHHE YHUCIO
HabmwokeHb (iTepaniit) i3 3ajmaHor0 moxubkow pesynsTaty. Jlo HaGNIKEHHX METOLIB
BIJHOCSTE METOIM, sSKi J03BOJSIOTH OTPHUMATH O3B A30K cHcTeMH (puc. 3.1) y

BUITIAZI IPaHUI NOCTiZOBHOCTI BeKTopiB Hm{X° X' X? . X"}, sxa 306iractscs
ko0

II0 TOYHOI'O DO3B’SI3KY CHCTEMH, [€:

- ; 7 —
l'xfo) { xY ! x{™
o I T . X
X'= - ;X =| Sl X :i . 3.4)
(9) m |
£ [x] B

KinpkicTe HeBigoMuX 7 B cHCTeMi Ma3mBaloTh nopsckem CJIAP. CucTeMy miHiMHKX
anreOpaiYHnX PiBHAHD HA3UBAOTH CYMICHOM, SKILO BOHA MAF X04a 6 OJMH HEHyJIbGBHIl
po3s’szok. B mportunexuomy Brmanky CJIAP  HasuBaroTe wecymicuow. CIIAP
Ha3UBAETBCA BU3HAYEN010, SKIO BOHA Mae TiNbKi OJRH PO3B’S30K (BUNANOK, KOMH m=n).
CucTeMy Ha3UBAKOTH HEEUSHAEHOI, SIKUIO BOHA Mae Ge3miv po3s’s3kis (m=). CucreMa
HA3MBAETBCS  6UPOOXCEHOI0, AKIIO TONOBHMH BU3HAYHMK CHCTEMH NODIBHIOE HYIIO.
CucremMa Ha3MBAETHCA HEBUPOOXICEHOX, SKIGO TONOBHMI BH3HAUHHK CHCTEMH He
HOpIBHIOE Hyo. JIBi cCTeMy HA3MBAIOTCS exeisaienmuuMy, SKIIO i CHCTEMH CYMiCHi,
BU3HAYEHI i MalOTh OfHAKOBWH po3s’ssox. CJIAP MoxHa PO3B’s3aTH Ha KOMMIoTepi
YUCeTbHUMH MeTONaMY, SKIIO BOila CyMicHa, BU3HAYEHa, HEBHPOIKEHa.

3.3. OCHOBHI NOHATTA Ta occGNUBOCTI MaTpULlb

Mampuys — matematuanmit 06’€KT, 110 3aMUCYETHCS y BUTIAI IPAMOKYTHOI Tabmuwi
gucen (abo eneMeHTiB KinbLs), - i gomyckae anre6paiuni omepawii (zomaBaHms,
BilHIMaHHs, MHOXEHHA TOIIO) MK HUM Ta iHWHMMH moni6sumMu 06’ekramu. IlpaBuia
BIKOHAHHA Ollepauiii Hal MaTPULAMM BH3HA4Y€Hi Ui 3pY4HOCTI 3alMCy CHCTEMH
NiHIAHEX anrebpaiyaux plBHHHL 3BMYAHO MaTpPMIIO TO3HAYEIOTh BENHMKOK OYKBOIO
NaTHHCBKOTO anaBiTy # BUAIISIOTH KPYTIMMM JIyXKKaMH (...) (3yCTpidaeThes Takoxk
BHJIi/ICHHs] KBAJpaTHUMK AyXKaMH — [...], MogBifiHUMH npsMum# midismz — ||...[)). A
4ncia (eNEMEHTH MAaTPHLI), H03HAYAIOTh Tiero xe OYKBOIO, WO ¥ caMy MaTpHIio, ane
MAJICHBKOI0. Y KOXHOTO €lleMEHTa MaTpHlii € 2 HIDKHIX iHgexcH (@) — mepummit «in
TNO3Ha4Ya€ HOMEP PAAKA, Y AKOMY nepefyBae eneMeHT, a APYTuil «j» — HOMEp CTOBIIIIA.
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UncellpHi METOIH B KOMIT IOTEPHHX HAayKax

3.3.1. Onepauii Haa MaTpUUAMHU
Hexaii a; — enemeHTH Matpuiti 4, a b; — eneMeHTH Marpviwd B.

i. Muoxenns matpuii A Ha uucno A (MOZHAYCHHA AA) noasrac B noOynosi
MaTpuLl B, €JIEMEHTH AKOi OTPHMAaHI IULTXOM MHOKCHHA KOXKHOTO CIICMCHTA matpury A4
HA TIE YMCII0, TOOTO KOKEH €7EMEHT MATPHLI B 10pIBHIOE:

b, = Aay . (3.5)
2. Jlonasaisi MaTpuis A+B — oneparis 3HaxomxenHs Marpuu C, BCI €TEMEHTH AKOi
NOPIBHIOIOTH MOMAPHIH CyMi BCIX BIATIOBITHMX GIEMEHTIB MATPHLIb A i B, T06TO KOXKEH
eneMeHT MaTpuui C ZOPIBHIOE:

c; =a;+b. 3.6)

Hanprxnan:
20 -1
AR

i3 0

1 G
23

3. Pismmus matpymm A-B BHBH@uAETHCS AHANOTNYHO NOJABAHHIO, L OmepaLys
auaxoxeHHs MaTpull C, SICMEHTH AKOI BU3HAYAIOTBCA K.

¢, =da, —b,. 3.7

JloaaBaHH ¥ BIAHIMAHHS JOITYCKAETHCA TUIBKK JULA MATPHILL OZTHAKOBOTO po3MIpy.
4. Icrye nynboBa Marpuus © Taka, WO ii J0AABAHHA 10 iHI0l MaTpuLi A He 3MIHIOE
A, Tobto

A+©=A. - (.8)

Bci eneMeHTH HyIbOBOI MaTPHLl PIBHI HYHO.

5. JlobyTox Matpuub (To3HaueHHA: AB, pimme 31 3HAKOM MHOKCHHA AxB) —~
onepauis obumcrienHs matpul C, ICMEHTH AKOi JOPIBHIOKOTh cymi 00y TKIB CICMCHTIB
v BUATIOBIIHOMY PAXKY MEPILON0 MHOMKHHKA i CTOBIILU APYTOTO.

¢y = agby . , (3.9)
I3 .

V nepioMy MHOKHMKY TIOBUHHO OyTH CTLTBKM JK CTOBMLUB, CKITBKM DAIKIB ¥
apyromy. Skmo marpuust A Mae PO3MIPHICTE M X 72, B — nxk . TO po3MIpHICTE iX
n06yTy AB = C € mxk. MHOXEHHS MaTpHLb HC € KOMYTAaTHBHOIO onepauicro. Lle
BHJHO X0ua 6 3 TOTO, ILO SKIIO MATPHIL HE KBAJIPATHI, TO MOMKHA MHOMHTH TIbKM OJHY
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Po3gisn 3. Meroan po3p’a3yBaHHs JHIMHNX anreOpEYHIX piBHAHD

Ha iRy, aje He HaBNaKy. J{1s KBaJPaTHUX MAaTPHIlb PE3YIbTAT MHOKEHHS 3aJeXUTh Bil
HOpAAKY CI"IBMHO)KHHI\IB Hanpuxaz:

to Hi 3
AR =T x|
[N N

SRR
g vt

23408 2414
] i

i
Moo
-3 kg

2 338114
i <] 1 S IO ! ‘ .
a4 GRS Y [EES ST - g M= 57
4 53 EON e {,% vd 2 1 } kS ki { { i tfts
N 2 I3y [R-242-1 8.0 I8 6y
L S L 3 L L E

1ii{HOCHTH 10 CTeNneHs MOXHa TillbKH KBaApaTHi MaTpuui.
.o PR T . -
6. Tpancmonysanus MaTpuui (mosmauenns: 4') — omepalis, Opd AKifl MaTpuus
BiloOGpaxa€eThes BiIHOCHO TCIOBHOT Aiaronani, To6To

al=a. . (3.10)
Sxmo A — MaTprus poaMipy mxn, 10 A’ — MaTpuus po3Mipy nxm.

3.3.2. KBagpaTHa MaTpuuf ¥ CYMiXHi BUSHaYeHHS
SlKwo KinbKicTh PANKIB MaTpULi XOPIBHIOE KiNBKOCTI CTOBIINIB, TO TAaKa MaTPHLS
HA3UBAETLCS K6aOpamHow. JiA KBaPaTHUX MATPULb iCHYE OJMHMYHa MaTpuls K Taka,
10 MHOXEHHS Oy Iib-s1KOT MaTPUILi Ha Hel He BIIFBAE HA PE3yNIbTAT, a caMe:
E4=AE=4. (3.10)

B onumiynilf Marpuli OfMHMUI PO3TAIIOBAHI TiNBKY MO J(iaroHAMI, IHILI eNeMEHTH
JCPiBHIOIOTH HY.JIKO

1 0 ... 0)
01 .. 0

E:l (3.12)
!\O 0 .. i)

JiA Jeskux KBaApaTHMX MATpHilb MOXHAE 3HAlTH TakK 3BaHy OGEpHEHY MaTpHIIO.

Oteprena mampuys A™' € Takorw, 110 SKIIO TOMHOKUTH MaTpHIIO Ha Hel, TO OTPUMAEMO
OJAWHUYHY MaTPHLIO

A4 =E. (3.13)

ObepHena MaTpulisl iCHye He sawkiad. Marpuil, 1 skdx oGepHEHa iCHYE,
Ha3UBatOTLCS Heeupodofcenwwu a s SIKUX He icHye — gupooscenumu. Matpuls

. .
rvaTTT oS o o Trvevy 1 ¥rvy ~ Ty ooz Traarevrs v Ay

HEBHPOLKCHA, AKIIO BCi i PAAKH \ulGnuul} naidiftao HesanexHI AR BEKTOpH.
Makcumanste 4HCNO JiHIHHO HE3aNEeXHWX PSAKIB (CTOBIIB) HA3UBAETHCS PAHEOM

mampuyi.  Busnaunuxom  (IE€TEpMiHAHTOM) Mampuyi Ha3UBAETHCS  HOPMOBAHUI
KOCOCHMETPHYHMH NiiHifHuH dyHKUioHan Ha psakax Marpuui. KsagpatHa Matpuus Haj
YHMCIOBUM I10/IEM BUPODKEHA TOAI M TiBKM TOZi, KOMM 1i BU3HAYHHMK JOPIBHIOE HY IO,
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UncensH METOIH B KOMII FOTEPHUX HayKax

3.3.3. BnacTuBocTi matpuub

Po3rystHEMO OCHOBHI B1aCTHBOCTI MaTpmus B (3.14)-(3.21).

A4+(B+C)=(4+B)+C, (3.14)
A(BC)=(4B)C, | (3.15)
A(B+C)=AB+ AC, (3.16)
(B+C)A=B4+CA4, (3.17)
A4-0=0, (3.18)
1-4=4. (3.19)
i
Ay B, =C=c; = ab, . (3.20)
k=1
(a7} = 4. (3.21)

Keaopamna matpuis Mae oOepHEHY TOJI ¥ TUIBKM TOMI, KOJM BOHA HEBUPOUKEHA,
TOGTO il BM3HAYHMK HE AOPIBHIOE HymMO. [T HEKBAAPATHUX MATPHUB | CHHTYJISIPHUX
MATpULB 0OEPHCHUX MaTPULIL HE ICHYE.

det A7 = — (3.22)

det A’

(4By'=B1-4". (3.23)

SIKIO HEOOXiTHO PO3B’A33TH CUCTEMY MIHIMHUX PiBHAHB AX = b, 1€ X — IIyKaHWH

Bextop, 1 sxmo A7 ickye, o x=A4'b. B npoTwiexkHOMY BUMNAJKy PO3MIPHICTH
MPOCTOPY PO3B sI3KIB OLIBIIC HyIA. :

3.3.4. ObuncneHHs o6epHeHOT MaTpuLi
Hexati 3anaHo marpuigo

4y Gy . Oy
a a a
21 p o
A= ( o (3.24)
La, Gpn .. a4,

Matpyus A~ Ha3MBAETLCA OOCPHEHOKO A0 3a4aHOL MATPULL A, AKIIO i MHOMCHHS SIK
37iBa, TAK 1 CIIPaBa Ha 33/aHy MATPHULIO JA€ OJMHMYHY MATPHIFO, TOOTO

Al A=4-4"=L. (3.23)
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Po3jis 3. MeToau po3s’d3yBaHHS MIKIAHKX anreOpWHRNAX DIBHAHD

OnnsuyHa MaTpULs Ma€ BUTHAL

(1. 0 01
0 1 ol

E=| ) (3.26)
oo .. 1]

Hecbxinnowo i gocTaTHROIO YMOBOIO iCHYBaHHS 06epHeHO! MaTpHLi € HeOoCoBIUBICTE
BUXiIHOI Mannm Marpuust Ha3suBa€eTBCS HeocobIUE00, AKILO JeTepMiHaHT MaTpuui
BiIIpi3Hs€ThCS BiX HY NS, TO6TO detA #0.

Obeprena mampuys A”' 0GUMCIIOETHCH Tak:
1. 3HaX0AMTBCA BU3HAYHUK (ASTEPMiHAHT) 3a1aHoi MaTpuIli 4

| Ay G . Gy |
Ay, Qyy ... 4
deta=| 2 "2 . (3.27)
I ves “ve "o e
| anl Ay e Ay l

2. O6yucmooThCA amrebpaiyni JOTMOBHEHHS 10 eJeMEeHTIB ay marpuui (3.24) 3a
tbopmynor

_ i+j
4,=(-1)""M,, (3.28)
e MU — MIHOp €eneMeHTa gy, TOOTO BU3HAYHMK MATPHL, WO 3aTHIIAIACS Micis
BUKPECTIOBaHHS 3 JaHOI MaTpuLli 4 I-ro psaKa Ta j-ro CTOBMIS.
3. Cxnazaetbes MaTpHus A , eeMEHTaMU SKOi € anrebpaiuHi JONOBHEHHS
A, A, ... A,
~ |4y Ay ... 4,
A= 21 22 2n (329)

Ay A, .. A

nl nn

4. TpaHcmoHyeThess MaTpuns A (MaTpuild, y sKOi pSAKMA HOMiHSHI Micuamu 3i
CTOBILSMH, HA3UBAETECA MPAHCHOHOBAHOW)

N A,,ﬂl
A’! A’!’V X An’Y

c=|f An 2| (3.30)
Aln AZn Ann

5. O6UHCITIOIOTECS elleMeHTH 06epHeHoT MaTpuli A~ IiNeHHAM eneMeHTIB MaTpuii
C Ha JleTepMiHaHT IOYATKOBOI MaTpuui
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UncelbHE METO/TH B KOMII FOTEPHHX HayKax

Al] A’zl Anl -}
det4A detd det A
» C 4 4y A
A “ oA | detd  detd detA |- (3.31)
Aln Aln Ann
| detA detA det 4 |

Y TpaBMABHOCTI OOWMCICHHS OOCPHEHOI MATPHLi MNEPCKOHYHOTHCS, BUKOHYIOHH
nepeBipky 3a gopmy:toro (3.25).
Npuknan 3.1. 36alTH MaTPULEO A", obepueny 10 3a1aHOi

(1’ 23
A=13 2 1}].
Ll 1 2
Poze’sz0x.
1. O6uHCTIIMO BUBHAYHHK MaTpHLl A
1 2 3
detA=[3 2 1|=1.2.2+3-1:3+2-1:1-3-2-1-3-2-2-1-1-1=—4.
11 2

2. 3Haiizemo anredpaidsi JOTIOBHEHHA A, .

4y = (“ 1)]“ .lf ;. =3 A,= (“ 1)”2 : i ;’ =3 A :‘(” ])“3 : :])) T‘ =1;
Ay, :(_])ZJrl 'I? :;t o “(—l)ﬁ'z . ; :;J:_l A :(—1)243 . i ?{: :
4y :(_1)3751 ’ i i\ =4 Ap= (‘l)3+2 : :13 :; =8 Ay :(”1)3:3 : ; j‘=—4-
3. Cxi1aaeMo MaTpHiio 3 atreOpaiuHiuX JONOBHEHD A
3 -5 1]
A= -1 -1 1|.
-4 8 -4
4. TpaHCIIOHY €MO MaTPHILIO A
3 -1 —4]
C=;-5 -1 8.
1 -4




Posnix 3. MeTonn poss’s3veanus JHIRHKX aire0pHIHNX DIBHAHE

5. 3anuiemo oSepreny MaTpHUILO

|
<

h

li

SR

Wy

oL
o
wh
-

]
<
[
h

I
fom)
NN
W

|

— DD

Bukonaemo neperipky ofuncnenn
o2 31[-075 025 1] 1 o 0]
4-4"=13 2 1 125 025 -2(=(0 1 0
1 2][-025 025 1] |0 0 1

3.4. MeToa Kpamepa

3.4.1. AHani3 nocTaHOBKM 3apaui

o
-n OMWY 3 KVDoY MaTm
nyi s

AS1A0M
TEOPETHIHOMY HHdH! IpoTe ONHMM 3 Hallibll 06’eMHUX NpU NpakTHuHil peanizanif,
TOOTO BAMArae 3IiHCHERHS Myxe BETWKO! KiIbKOCT apUOMETHIHNX olleparii, Xoua mo
3amucy Ta olepauisx Ioyxe npoctuif. Merton BUKOPUCTOBYETBCH AJI1 BU3HAYEHHS
CYMICHOCTI YU HECYMiCHOCTI aireGpaivnnx pisusub. Hexall 3ajana cyerema THIHMX
PiBHSHb:

o .
ATTE T n ~ TrYVY n

. Wianeam - - 1ratirrin N ami -
\S Ay L\HGJVALHQ < AT YLIVA 2 I'lullll[)\J\.«l HUA D

Ax=b, (3.32)

ay...qy, ) x ) b,
=1 | B=|:|. (3.33)

ka,ﬂ ...a,m/| ‘L.xn/‘ kbh)

Cucrema (3.32) Mmoske 6yTu 3anncana B PO3rOpHYTOMY BUITIS/A HACTYNHAM YHHOM:

ra“x1 tapX; +...+a,x, =b
----------------- (3.34)
X +apnX, +.. +a,x, =b,
ICHyBaHHF Ta €IUHICThL pO3B A3KY, BIACYTHICTb pPO3B’A3KY a60 * HASBHICTE
HECKIHYEHOT KIIbKOCK O3B’ si3KiB MOXHE 3" ACYBATH 33 A0OMOI0K Metouy Kpamepa.

x =B (3.35)

Ie i —1 n A=detd, A =detd . Bemuunna det A, yrtBopeHa 3 Marpumi 4 IIAXOM
3aMiHH /-T0 CTOBIYMKA CTOBITYMKOM BiTbHHX WieHiB.
) Sxmo A#0, A,#0, 10 icHye enunuit po3p’130k; cucTeMa (3.32) cymicha;
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UpcelIbHI METOIU B KOMII JOTEPHHX HayKax

Sxmwo Az0, A, =0, T0 po3B’ 430K HYTLOBHH,

2) SAxmo A=0, A; 0,70 po3B a3KiB HEMAE, CHCTCMA (3.32) HecymicHa,
3) Sixmo A=0, A, =0,T0 icHye Ge3id po3s’s3KIB; CHCTEMA (3.32) HeBU3HAUCHA.
3HaueHHa HeBimoMuX X; (=1, 2, ..., #) 0aepxyt0Th 3a hopmynamu Kpamepa:

det A,

X, =
7 v
detA

(3.36)

ge detA - netepminant mMatpui 4; det A, — geTepMiHaHT MaTpuul 4;, Ky OACPHKAHO 3
MATpHLi A IIIAXOM 3aMIHM /-FO CTOBIILIA HA CTOBIIEL BUTLHHX YJICHIB.

3.4.2. NMpuknagu po3s’s3ky cucremu 3a oopmynamu Kpamepa
Hpuxsiax 3.2. Po3s’s3aTy cucTeMY JTiHIMHIX piBHsHb MeToa0M Kpamepa
9%, +3x, +x3=2
dx; +2x, +x3=1 .
18x, + 6x, +2xy =3
Poze’azok. 3uaiinemo det A

9 3 1
detd= {4 2 1[=9-2.2+3-1-18+4-6-1-18-2-1-4-3-2-9-6-1=0.
18 6 2

Busnausuk 3aBku Oyae pisHuit 0, KO NPUCYTHI 0HAKOBI a0 KpaTHI PsAKK UM
croBrumMkd. B rmpuxnam 3.2 rnepmmii  PAIOK  KPaTHMHA  TPETHOMY. Hasite mpu
TPAHCIIOHYBAHHI MATPHLI a00 TICPECTABIAHH] PANKIB MICLIIMH BH3HAYHHK Gy ae pienuit 0.
Kpatsi psiaks abo CTOBMUMKHM MOXHA Bumyuaty 3 matpuwu. Cuctema THHIAHWX PIBHAHD
PO3B’A3KIB HEMAE T € HECYMICHOK0.

9 4 18

detB=13 2 6/=9-2-2+3-1.18+4-6-1-18-2-1-4.3-2-9-6-1=0.
11 2
4 2 1

detC=19 3 1|=4-3-2+2-1-1849.6-1-18-3:1-6-1-4-9-2-2=0.
18 6 2

Hanpuxian, and

3x, + %, +9x; =2
dx, +x, +12x5.=1.
5x, +x, +15%; =3

TaKOK BU3HAUHMK Oyae pisHuii 0
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Poanist 3. Meroan po3s’si3yBasHa TiHIHAX aireGpUUHNUX DiBHIHE

B 19
detd= |4 1 12/=3-1-15+4-1-9+12-5-1=5-1.9~12-1-3-4.15.1=0,
5115
TVanzann e = Y Do) s —rn s ces el M cr e T s w rme e T e o
ARpPRNJAR J.J. TUSB ASatn Linuitmy JIRIRHBA Pisndanb MCIOAUM Npamcpa

X +2x, —4x; =2
< 3X =Xyt Xy =1,
- ~ PO |
2X; +2x,—x, =3

Poze’nzok. 3uaiinemo det 4, det 4,, det 45, det 45

[ 2 -4 |2 2 -4
detd= [3 -1 11=-23 detd, =|I -1 1|=-14
2 2 -1 |3 2 -1
1 2 —4| o2 2
detd, =3 1 1]=~22; detA3=}3 -1 1=-3.
2 3 -1 2 2 3
Toni
i - etd, -22
=AM o087 o, =98 2224 gses:
detd -23 detd -23
o v, =3 =3 61504,
T odetd =23

Ilpuxaan 3.4. Poss’s3atu cuctemy MiHiiHEX piBHSHB MeToxoM Kpamepa
X +2x, +x3=5
J 3x; +4x, +x, =11 .
|72, +2x, + 5%, =21
Po3e’a3ok. 3Haitnemo det 4, det 4y, det 45, det As:

21
detd= 3 4 1/=20+14+6-28-30-2=40-60=-20=0.
7 2 5,!
[s 2 1
A1 1 1
x=—t=-—11 4 1|=———(100+22+42-84-110-10)=——(-40)=2.
A 20 20 20
21 2 5
A 1l > 1 1
Xy=—2=-—3 11 l|=——(55+35+63-77-75-21)=——(-20)=1.
A 200 20 20
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UncenbHI METOAM B KOMIT IOTEPHHAX HAYKAX

A ‘1 2 5 1
x3:—3=—-i3 4 11:—i(84+154+30—140-126—22):—-—(—20)=1.
oa0p 20

1

Hrist TOro, 106 3aCBOITH L0 MACTHHY HEOOXIJHO BMITH PO3KPHBATH BU3HAYHHKM «IBA
Ha 1Ba» 1 «TPH Ha Tpw». CriouaTKy JOKIAaHO PO3rIAHeMo Tpasuno Kpamepa as cuctemu
ABOX JTIHIMHUX PIBHSHB 3 1BOMA HEB1IOMUMH.

Hexait iHoni, ane sycTpiuaeThcs 3aBJAHHA — PO3B A3aTM CUCTEMY ABOX IIHIMHHX
PiBHAHbL 3 1BOMA HeBizoMuMuM 3a (opmyramu Kpamepa. Kpim Toro, mpocreii MPUKITAT
JOTOMOXKE 3PO3YMITH, K BMKOPHCTOBYBATH MpaBwio Kpamepa mis 6imblu ckIagHOTO
BUIIA/IKY — CHCTEMHM TPbOX PIBHAHb 3 TPhOMA HeBLIoMMMU. KpiM TOTO, iCHYIOTH CHCTEMH
JIHIAHMX DIBHAHb 3 ABOMA 3MIHHMMH, sKi JOLLTBHO BUDINIYBATH CaMC 3a NPaBHIOM
Kpamepa!

PosriasHeMo cucteMy pIBHAHE
ax+by=s, (337)

a,x+b,y=s,.

Aneopumm Kpamepa.
_ a b
Kpox 1. O6umcnury co106Hud 6usnaunuk cucmemu BABHAYHME A = bl
a0,
Kpox 2. flxmo A =0, To crcTeMa Mae HECKIHUEGHHO GaraTo poss’s3kiB a60 HECYMICHA
(He Mae poss’smski). YV wpoMy Bmmaiky mpasuno Kpamepa He zomomoske, OTPIOHO
BUKOPHUCTOBYBaTH MeTOA ['ayca. Sxkmo A#=0, To cucrema mae eamHMiA po3s’a30K, i it

s, b
) ) Y
3HAXOMKECHHA KOPECHIB HEOOXIAHO OOYMCIHTH IIE ABA BU3HAYHUKA A, = Ta
5, by
o s | ,
A, = . Ha mpaxTuni BHmEBKAa3aHI BM3HAYHMKM TAKOX MOXKYTh MO3HAYATHCH
a, s,

JATHHCHKOIO JIITEpor0 1) .

. A, A,
Kpox 3. Kopei piBHsamHs 3Hax0mM0 33 QOpMyTamMu; X = X\ Ta y= hA"— .

306a + 666 = 2315,1;
66x+11y=3923.

Posé’azok. KoediuienTn pIBHAHHA [OCUTH BETMKI, B TPaBiil uacTUHI MPUCYTHI
ACCATKOBI  IpobW 3 KOMOK, fKa PIIKO 3YCTPIMAEThCH y TNPAKTMYHUX 3aBJAHHAX 13
marematiky. {06 poss’ssaTu Taky cucteMy, MOKHA cnpobyBaTH BUPA3ZUTH OJHY 3MIHHY
4EpPe3 IHITY, A€ B LLOMY BHITAIKY BHHIYTb APOOH, 3 AKUMH BKPAii HE3PYYHO NPALEOBATH.
Mo:xHa noMHOKHTU ApyTe PIBHSHHA Ha 6 | POBECTH MO CACMCHTHE BLIHIMAHHSA, ajC i
TYT BUHUKHYTh Ti % JPOOMH.

Y noxibHux BUNaTKax i MPUXOAsTE Ha domiomory dopmytu Kpamepa.

Hpukiian 3.5, Posg’s3aty cucteMy NiHiMHMX piBHAHB
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Poszain 3. Metoau po3s’s3vBanis JUHIMHIX anreOpHYHEX DIBHSHb

a b |506 66 v
A= = =500-11-66-66=5566-4356=1210 =0,
ja by |66 11
OTKE, CHCTCMAa MA€ EAUHUI PO3B A30K.
ls, b| [23151 66 <
A, = = =2315,1-11-3923-66 = 25466,1 — 25891,8 = 4257 ;
s, by 3923 11
a, 5| 506 23151 ;
A, = = =66-392,3-66-2315,1=198503.8-152796,6 =45707,2 ;
a, S |66  3923|
g=fe TIDT 35 5 B 437072 ~3777.
A 1210 A i210

Toai a~-035 ta b~3777. Obunsa xopeHi 3HalACHI HAGMKEHO, WO LIIKOM
NPMHAHATHO A/ 3aBJaHb CKOHOMCTPUKH. KoMeHTapt TyT He noTpiOHi, OCKIILKM 3aBAAHHS
PO3B A3Y€THCA 32 BIIOMMMHU (POpMyITaMH, OJHAK, € OJuH HIOAHC. KoNu BUKOPHCTOBY€Te
AaHuK McToA, 060B sI3K0BMM (hparMeHTOM O(OPMIICHHS 3aBIAHHA € HACTYMHE: “#()
3HA4YMTh, CHCTEMA MA€ €IMHMM PO3B A30K ~. 30BCIM HE 3alBOIO Oyae MepeBipka, AKy
3PYYHO NMPOBECTH Ha KaJIbKYJATOPL MIACTABIsIeEMO HabmwokeHl 3HaueHHI a~—-035 Ta
b~37777 B mBy 4acTHHY KOXKHOrO 3 DIBHAHB CHCTCMHM. B pe3yabTati 3 HEBEIHMKONO
MOXMOKOIO IIOBHHHI BHITH YUCHA, K 3HAXOAATECS B NPABUX YACTHHAX.

Iepexoaumo 1o posrasgy npaBmia Kpamepa mnst cuctemm TppoX piBHSHbL 3 TPHOMA
HCBIIOMHMH:

ax, +bx, +ox; =5,
ax, + byx, +cyx; =5, (3.38)

ax, + b5, + 0% =85,

a b Cx!
3HaxoaMMO TONOBHMH BM3HAYHMK cuctemu: A=la, b, ¢|. AxmoA=0, T0
a, b, c
CHCTCMa@ MAa€ HCCKIHYCHHO OaraTto posB’sskiB abo HecyMicHa (HE mae€ po3B askiB). Y
LBbOMY BHNAAKy npasiio Kpamepa He mormomoske, mOTpiGHO BMUKOPMCTOBYBATH - METO
I'ayca. Axiuo A =0, To cCcTeMa Ma€ €JMHHI PO3B’A30K 1 /I 3HAXOLKCHHS KOPEHIB MU
TIOBUHHI OOYMCIINTY 11C TPH BU3HAYHHKA,
s b ¢ a s q a b s

A=ls, b, o), A =la, s, ¢, Ay=la, b, 5.

s; by o a, Sy G a, by s
. . A, A, A,
1, Hape1Ti, BiANOB1AB OOUMCITIOETHCS 38 (POPMYTAMHU: X, = e X, = > Ta X3 = 2

Sk BUIHO, BUTIAOK «TPH Ha TP MPUHLMIIOBO HIMMM HE BiAPI3HAECTHCH BiA BUMAAKY
«7ABa Ha ABa», CTOBNELb BUIBHHUX WICHIB §,S,,S; MOCIIIOBHO 3UMTYETHCH 31iBA HATIPABO

o CTOBIMIHMKAX MONTOBHOIC BU3HAYHHKA.
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HuceribHi METOAM B KOMIT IOTEPHUX HAYKax

Tipuxiaazg 3.6. Po3B’s3aTh cicteMy 3a bopmynamu Kpamepa:
p y
3x —2x, +4x, =21,

]3)51 +4x, —2x%; =9,

Po3ze’asox. Po3s’spxkeMo cucremy 3a fopmyinamu Kpamepa.
3 -2 4 '
=13 2' =3 !
2 S

-3-(—4—2)+2-(-—3+4)+4-(—3—8)=—]8+2-—44=—60#0,
0T:Ke, CUCTEMa Ma€ eQUENH PO3B’A30K.

1 -2 4|
i la —» lo —9 l9
A=19 4 -=-2/=21 |+2~| +4- =
-1 -1 "o -1 10 -1
- -1 -1
=21 {—4—2)+2-(=5+20)+4-(-9-40) = —126 + 22 — 156 = —300,
3 21 4 \
I o -2 B -2 BB 9
A, =3 9 -2/=3| +21 +4. -
| - glO —II 2 -1 |2 10
2 10 -1
=3-(-9+20)~21-(=3+4)+4-(30-18) =-33-21+ 48 = 60,
3 -2 21 '
4 9 -2 21 -2 21|
Ay=3 4 9]=3. -3 +2. -
F1o10p -1 10 T4 9
2 -1 10 -
=3.(40+9)-3-(-20+21)+2-(~18-88)=147-3-284 =—60
x[_al -300 5;x2:A2=60 —1;x3=§3-="60=1;
A =60

A —60 A -60
Toni x; =5; x, =—1; x5 =1.
P03B’s130K 3HAXOMUTHCS 338 TOTOBUMHU opMyiaMut. AJie € IeKibKa 32y BaKeHb.

ayeascenna 3.1. ByBac Tax, 1[0 B pe3yabTaTi OOYUCIEHb BUXOASTE «IOTaHi» ApooH,
£

o I v
SIKi He CKOPOYYIOThCS, HAMPHKIAL: X, =17 PexoMeHIyIOTh 3aCTOCYBaTH HacTyMHUH

&NropuTM. JIKLIO Nijl pyKOXO HEMAE KOMIT I0Tepa, YAHUMO TaK:

1) MoxnuBo, nomymieHa IOMHIKa B oOuHClIeHHSAX. SIK TINBKM 3iTKHYIMCH 3
«ImoraHuM» OpoboM, Bipasy HEoOXiZHO MepeBipuTH, UM TIPABUIILHO IEPEMHCAHO YMOBA.
Slkmo yMmoBa nepenycaHa 6e3 NOMHIOK, TO HOTPIOHO IepepaxyBaTd BU3HAYHHKY,
BHKOPHCTOBYIOUYY PO3KIAH IO HIIOMY PSIKY (CTOBIILIO).

2) Sxmo B pe3ynpTaTi TepeBipkd TOMMIOK HE BHSBIEHO, TO HalliMOBipHilue,

JONyILeHa MMOMUIKAa B yMOBi 3aBHaHHS. B LbOMY BHIaAKy pO3B’S3yE€MO 3aBIaHHS 0
KiHIA.
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Poszgin 3. MeToam po3B’st3yBaHHS HHEIAHNX a/neOpUMUHEX PIBHSIHL

Mpuxaazx 3.7. Poss szatu cuctemy 3a hopmynamu Kpamepa.
Tx+y=23,
{— Sx+3y=1.
Poze’siz0x. Poss’spkemo cuctemy 3a gopmynamu Kpamepa.

7

A= ‘ =21+5=26 =0, oTke, cUCTEMA MAE €XMHHUI PO3B’A30K.

26 137

23 A
=7+115=122, y=—2= 1226l
1 A 26 13’

231
= —69-1-68, x=2: 6831
13 A

Tomi x=-3. ;=81
X YT

Ilepesipra. TlinctaBuMO 3HAMACHME PO3B 30K B JIIBY YACTHHY KOYKHOTO DIBHSHHS

CHUCTCMM.

1y 734,61 238 61 299,
13 13 13 13 13
3 534,360 170 183 13,
13 13 13 13 13
OT1puMano BIATIOBLAHI IPAB1 YACTHHH, TAKMM YHHOM PO3B’ A30K 3HAHICHO NMPaBWIHHO.
3ayeancenisn 3.2. Jlexonu 3VCTPIYANOTECA CHCTEMH, B PIBHAHISIX SIKMX BLACYTHI ACHKI
IMIHHI, HATIPUKIIAT!

3x, +4xy =21,
3x +4x, =9,
2x —x, —x, =10

TyT B mepmoMy piBHAHHI BIACYTHS 3MIHHA Xj, V APYIOMy — 3MIHHA X3. B Tammx
BUMAJKAX AyKE BOKIMBO MPABWIBGHO 1 VBAKHO 3aIMCATH TOJIOBHUM BU3HAYHUK (Ha MICIH
BIICY THIX 3MIHHMX CTaBJIATBCA HY.I1):

0 3 4
A= 4 0]
2 -1 -

BusHauHWKM 3 HYJIIMM paLiOGHATEHO poslcpusam 0 TOMY PSIIOKY (crosr[mo) B SIKOMY
€ HyJIb, TAK K 00OYUCIEHb BUXOAUTh 3HAYHO MCHILC.
Hpuxaan 3.8. Poss’s3aru cucremy 3a popmynamu Kpamepa.
(2x-3y+z=2,

2x+y—4z=9,
6x-5y+2z=17.

Po3s’sizox. Po3p’sxemo cucteMy 3a dopmystamu Kpamepa.
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YuicenbHi METOAM B KOMIT ICTEPHEMX Haykax

2 -3 1] ‘
1 -4 2 - p
A=p 1 —4=2. 30 1 =
,6 s 4| b3 2|7 2|7l -3

(@)
1]
W
[\W)
H
<o

=2-(2-20)+3-(4+24)+1-(-10--6) =36 + 84 -1
OTXKe, CHCTeMa Ma€ €HHUA PO3B’A30K.

jz -3 1
1 ) 1 -4 |9 -4 19 1
A, =19 1 —4=2- 5 2i+3-117 5 +1~il7 4=
ll? -5 2
=2-(2-20)+3-(18+68)+1-(—45-17) = -36 + 258 - 62 = 160,
2 2 1 N
.9 -4| ‘2 —4 |2 9|
617 2| 172k 20k
=2-(18+68)—2-(4+24)+1-(34-54)=172-56-20 = 96,
2 -3 2 |
1 9 P ol _|2
A,=2 1 91=2: +3. +9. |=
57 e 117l -5
6 -5 17 '
=2-(17+45)+3-(34~-54)+2-(-10-6) =124 -60--32 =32,
A, 160 A, 96 A, 32
faand “‘:———:5;)}:——::-——:; = z:———:l;
A 32 A 32 A 32

Tomi x=5; y=3; z=1.

Jlts Bumagky cucTemil 4-x piBHsHb 3 4-Ma HeBigomumm ¢opmyau Kpamepa
3aMHCYFOThCA 3a AHANOTIYHNMM UPWHLATOM. SHIDKCHHA TNOPSAAKY Bi3HAYHIKA - IATh
BU3HAYHHKIB 4-T0 TIOPSAKY WilKOM TpHAATHI AN PO3R’ A3y BAHHS.

3.5. MeTtoa o6epHeHOi MaTpuui

MeTop o6epHeHoi MaTpHui - L€, 10 CyTi, OKpeMHUil BUIaJOK MaTPUYHOTO PiBHAHHS.
Jina BUBSCHHA UbOTC Naparpada HeobXinnoc BMITH pOSKPHBATH BH3HAWHWKH, SHAXONHTH
oGepHeHy MaTpHIIIO T2 BUKOHYBAaTH MaTpHYHE MHOXEHHs. Binnmosinui nocunanus 6y1yTh
nanausi B npoueci noscHens. CructeMa minifinyX piBHAHb 32lHCAHA Y MATPUIHOMY BHTNgzi

B (3.2). Po3B’a3yBanHd MaTPUYHOTO PiBHSHHS 3BOAUTLCS 10 3HAXOMKCHHA o6epHeHoi
marpuni A™' i HacTynHOro MHOXeHHS ii Ha MaTPUIIIO BibHUX YneRnis B, To6To

X=A".B. (3.39)
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Posgin 3. Merow po3B’13vBaHHg IHIHHIX a/reGpUYHNUX PIBHSHL

Hpukaan 3.9. Poss s3atu cucteMy MaTpHUHMM METOIOM
(3x, — 2%, +4x, =21,
3x +4x, —2x, =9,

2% —x, —x; =10,

Po3z¢’az0k. 3amauemo cuctemy B MatpudHoi Gopmi: AX = B, ne

3 -2 4 %, 21)
A=3 4 -2|,X=|x,,B=|9
2 -1 -1 x; ) 10

S1xOu B piBHAHHAX Oy.aM BIACYTHI ACSAKI 3MIHHI, TO Ha BIATOBITHUX MICLSIX B MATPULI
notpibro Oyno mocrasuTH Hymi. Pose’asok cuctemm 3Habizemo 3a  (hopMyIIoRO

X=A'-B. Bignosigno 10 dopmMyTH DOTPIOHO 3HANUTH 3BOPOTHY MaTpuio A ' i
BUKOH2TH MaTpmuHe MHOXeHHsd A ' B. OGepHeHy MaTPHLEO 3HAMACMO 33 GOPMYIION:

31~ ~ . .
A :C{‘AF ,a¢ A" - TpamcmoHoBana MaTpULE anreOpalyHUX JOTIOBHCHD BlATIOBLAHUX
I
caeMeHTIB MaTpHLl, Criouarky posrIsHEMO BU3HAYHUK:
3 -2 4
| 4 -2 3 -2 3 4
A=A=3 4 -2/=3 +2- +4. =
-1 -1 2 -1 2 -1
2 -1 -1

=3(A4-2)+2-(-3+4)+4-(-3-8)=-18+2-44=-60=0.
TyT BU3HAYHMK PO3KPUTHE TI0 NEPIIOMY PAAKY. SIKIo }Ai =0, To obepHEeHA MaTPHIIA

HE ICHYE, 1 PO3B’A3aTH CHCTEMy MAaTPHYHHM METOJOM HEMOXUIMBO. B LpoMy BHITaKy
CUCTCMA DO3B SIBYETBCS METOJOM BHKIIOYCHHs HEBinomux (metogom [ayca). Termep
noTPI6HO 06UMCTHTH 9 MIHOPIB 1 3aITMCATH iX B MATPUIIFO MIHOPIB

My M, M,
M=\M, My, M,;|.
My My My

B mpoueci po3s’sa3ky MIHODH Kpamie pO3IMCATH AOKIAJHO, XO04Ya, MPH MEBHOMY
JOCBIAI iX MOXHA IPUCTOCYBATUCA PAXyBaTH YCHO.

4 -2 3 -2 3 4

M, = —4-2=—-6; M, = =3+d4=1M,= =-3-8=-11;
-1 -1 2 -1 2 -
-2 4 3 4 3 -2

M, = =2+4=6; M,, = =3-8=-11;M,, = =-3+4=1;
-1 -1 2 -1 T

~

2 4 3 4
M, = =4-16=-12 .M, = =-6-12=-18;
4 2 3 -2

3 -2
= =12+6=18
3 4
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iicenbHi METOiM B KOMIT IOTEPHUX HAYKaxX

TlopsnoK pO3paxyHKy MiHOpiB abCOMOTHO He BaXIMBHM, TYT obyuciaero 31iBa
HaIpaBo 1o psnkax. MoxHa po3paxyBaTH MiHOPH MO CTOBIUMKAX (L€ HABITH 3pyUHiLE).
Taxum 3rHOM:

( -6 1 -1 1\
M= } 6 —11 1 |-MaTpuus MiHOpiB BIANOBIXHMX €NEMEHTIB MaTPULl 4.
\—12 -18 18
-6 -1 -11)
A= -6 =11 -1 J — MaTpuls anrebpaidHuX JONOBHEHb.
-12 18 18
-6 -6 -12)
A7 =1 =1 =11 18 | —TpaHCroHOBaHa MAaTPHLL aIreOpaivRUX JONOBHEHbD.

-1 -1 8

Temnep 3amucyeMo o6epHEHY MaTpULIO:

/7 P -~ 1 AN r - 1A\

1 _ 1 -0 -0 -14' 1 (o] o] 14
A—1=|74-A7‘=—E6 -1 -11 18 1:35 1 11 -18}.
| -11 -1 18/‘ 1 1 -18)

1 " .
He BHOCHMO % B MAaTpulio, L€ CECPUO3HO YCKIaJHHMTH noxajiblul OOYUCTEHHS.

Jlinenss motpi6Ho Gyio 6 BuxoHaTH, AKOM BCi yucTa MaTpUu pinanucs Ha 60 6Ge3
3ANMIIKY. A BHECTH MiHYC B MAaTPHLIO B JAHOMY BHIAJKy AyXe HOTPIOHO, e, HaBlaKy —
CTIPOCTHTE MOAANbLI OGUICIEHAS. 3aMIUNIOCs IPOBECTH MATPUIHE MHOXKCHHS.

(x (6 6 12121 (6.2146-9+12.10) (300 (59

X=|x|=4"B=—|1 11 -18 . 0 |=L{1.21411.9-1810 |=—| =60 |=| 1
60 60 60

L%, 111 -18)(10) ~ (11-21+1-9-18-10 60 ) (1,

3BepHiTh yBary, mo AineHHs Ha 60 BUKOHYETHCSA B OCTAHHIO 4Y€pTy. Inoni moxe i He
posainaTHCca 6e3 3aMMuIKy, TO6TO MOXKYTh BUHTH «norai» ApoOH. Illo B Takux BUMNagkax
po6uTH TIoAaHo B po3aini mpo npasuio Kpamepa. Otpumami x; = 5; x, ==1; x; =1

Ipuxaan 3.10. Po3s’s3aTi cHCTEMY NiHIAHUX PIBHSAHD MATPUYHUM METOIOM.
((x +x, +2x, =—1
L £ 3

2%, — X, + 2%, =—4.
14x1+x2+4x3 =-2

Po3e’a30k. TToqaTkOBa MaTpHLUs KOe(ili€HTIB MPY HEBIJOMUX M€ BHITIAA!
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Poaain 3. Meromu poss’sizyBadst JiHIHAX almeb6pUYHIX DIBHSIHL

{112}
A=12 -1 21|

414

3Haitaemo obepreHy marpuipo A
-1 -03333 0.6667]

Al=| 0 -06667 03333].
1 0.5 -05

Toxi npu po3s’ s3yBaHHI CUCTEMH OJICPIKMMO;

-1 -03333 0,6667][-11 [ 1]

X=| 0 -0,6667 03333|-|-4|=| 2|.
1 0,5 —O,SJ -2 -2

Taxkum unnom, x, =1, x,=2; x;=-2.

Npukaan 3.11. Po3s’s3aTu cucTeMy 3a J0NOMOTOR 0OCPHEHOT MATPHLL.

2x-3v+z=2,
2x+y—4z=9,
6x-5y+2z=17.

Po3e’a30k. 3anmmemo cucteMy B MatpuuHi (hopmi:

AX=B.pe A={2 1 =4, X=|y|,B=|9]|.
' 6 -5 2 17

by

~ Po3B 130K piBHAHHS wyxaeMo v BUraam X = A 'B. OGepHEHy MaTpHIEO 3HaHIEMO

. = ) 1 ~ ~ : N i
3a (dopmviorw A IZMAI , ne A — TPAHCIIOHOBaHa MaTpuLs anrebpaiuHux

AOMOBHEHb BIAMOBIHUX €IEMEHTIB MaTpHLil 4 .

23 1 -4 -4 o1
— — L
A=a=2 1 -4:2-’ +3- +1 I:
‘ - 6 2 6 -5
6 -5 2

=242-20)+3-(4+2)+1-(-10-6) =36 +84 -16 =32.
(—18 28 16
M :L -1 -2 8 |- Marpuni MiHOPIB BIANOBIAHUX €IEMEHTIB MaTpUIl A .
11 -10 8
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YsicelIbHI METOAM B KOMIT I0TEPHHX HayKax

~18 -28 -16
A= 1 ~2 —8 | — marpuus airebpaiuHux AONOBHEHD.
11 10 8
(-18 1 11)
AT =] -28

-2 10l

'\-1 -8 8)

Tenep 3anucyemo o6epHEHY MaTpULIO:

— TPaHCIIOHOBaHa MaTpHUIs anre6paigyHUX JOMOBHERb.

(@)

-18 1 11
at=LtaroLiag _a 10

|47 32
-16 -8 8

TaxkuM YHHOM:

-18 1 11
X=A"B=—|_28 -2 10/
32
)\

-18-2+1.9+11-17 160 5
Wz—l—(—28-2—2-9+10-171—L[961:(3].
\—i6 -8 8 )\i7) 32\—16-2—8-9+8-17) 2\32) (1)
3Bigcn, x=5;y=3;z=1.
Ipuxaan 3.12. Po3s’s3aty cucTeMy 32 JOIOMOroto obepHeHol MaTpHi.
X+2y+z=5,
3x+4y+z=11,
(Tx+2y+5z=21.

Po36’a30K. 3anuIleMo CUCTEMY B MaTpu4Hi Gopmi:

(1 2 11 x} (5]
AX=B.ne A=|3 4 1|, X=|y|,.B=|11}].

7 2 5) . la

Po3p’ 30k piBHxHHﬂ urykaemo y surmani X = A”'B. ObepHeHy MaTpULIO 3HaiIeMo

3a Qopmymoro A4 = | | A", ne 4" — TpaHcrmoHoBaHa Marpuus anreGpaidHuX

JIOTIOBHEHD BiATIOBIJTHUX €JIEMEHTIB MaTpULli A.
o P
1 21

|[4=a=[3 4 1=1-f 1—2-2 1}+1i f:

7 2 5! |A 5] ’I 5| 'I Al
=1-(20-2)—-2-(15=-7)+1-(6 - 28) =18 =16 — 22 = -20.
Iy :|4 1‘=18-M P 1l=8 B 4I=_

"2 s ’12r75"372’
u ‘2 1\ 8. 1f 1 1’ 5 _ 2‘=_12_
A7 8 TR s B 7 2 ’




Po3ain 3. MeTto i posB’ i3y BaHHs HHIHHYX alreOpHYHuX piBEAHD

Mﬂ:'z ]1:—2:/\/137:1 :—2;M33:1 =-2
| 3 3 4
18 8 -22
M= 8 -2 —12|- MAaTpHLs MIHOPIB BiNOBIXHUX CIEMEHTIB MaTpuil A .
-2 -2 =2
(18 -8 -22
A= L -8 -2 12 | — marpuus anrcOpaiuHUX JOTIOBHCHD.
-2 2 =2
-18 -8 -2
AT =| -8 -2 2 W — TPAHCIIOHOBaHA MaTPULIA aIreOpaiyHaMX JOMOBHEHD,
-2 12 -2 |
Tencp 3anucyemo 00epHEHY MATPHILEO:
-18 -8 -2)
PRSELEy (S I J
|4| 20
-22 12 -2

18 -8 -0 (s Ho ¥ Molo(s
X=a'B=—L|_8 —2 2 |l11 = % /0 ‘%0 J11 =
2005 12. -2 .LZI 1y A %0 21
‘(/_%)-H%) 11+y0"21 (_45+44+2% 2%) 2
Ao SJf/o 1+ 21 )= (ZOHI"M/
\ /0 5+ 11+/0 21 4 (55 - 66+21/ 1%0 1

3Biacy, x=2;y=1z=1.

[a—

Haiibimemr yHiBepcanmbHUM CIOCOOOM PO3B A3yBAHHA CHCTEMU € MCTOJ BUKITIOUCHHS

HeBiTomux (metox [ayca).

3.6. OcobnmBocTi meToay Mayca

Hai6imemr Bigomum 3 TouHux mMetomis poss szanus CHAP (3.1) e meron Tayca. cyTs
p \ A

AKOr0 MONATAE B TOMY, IO CHCTEMA pIBHAHD, KA PO3B A3YETECA, 3BOJUTHCS [0 |
CKBIBAJCHTHOI CHCTCMH 3 BEPXHBOKO TPHMKYTHOK MATpHLCIO. HeBiaoMmi 3HAXOAATHCA

NOCTIOBHMMY  TTiACTAHOBKAMH, IOYMHAIOMH 3 OCTAHHBOTO DIBHAHHA. MCPCTBOPCHOI = -
cuctemu. AnroputMu [ayca CKIAgarOTBCH i3 BMKOHAHHA OHOTHITHMX ONEpaLiii, sKi -

nerko (oopmanizyrotecsa. OgHAK, TOUHICTh pe3yasTaTy H BUTpAaueHMit yac y Ginbwocti
BHIA/JKIB 3Q1€KMTh B a1ropuT™y (hOPMYBAHHS TPHKY THOI MATPHILI CUCTCMH.
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HyicesibHi METOLM B KOMIT IOTEPHMX HayKax

V saransLHOMY BUNAJAKY anropuTMy [ayca cKIanaroThes 3 JBOX €TaIlB!

1. MNpamwuit xixg. B pesyasrari sxoro CJIAP (3.1), 1O po3B’A3YETHCS,
TePeTBOPIOETECS B €KBiBAJICHTHY CHCTEMY 3 BEPXHBOIO TPHKYTHOIO MATPHIEHO
KoediuieHTiB BUAY:

{au X Fay X oty X, = by
10-X, +ap X +..+ay, X, =b,;
4( (3.40)
l(0~3c1 +0-x, +..+a,-x,=b,

_t\.)

3BopoTHilf Xix Z03BONSE BU3HAYUTM BEKTOP PO3B’A3KY MOYHHAIOUA 3
OCTaHHbOro piBHsKHS cucteMy (3.1) LULAXOM HiJCTAHOBKW KOOPJAMHAT BEKTOpA
HEBIZIOMHUX, OTPUMAHKX HA MONEPETHBOMY KPOLIi. .

Meton Tavea - 11e ipocro. Rinowuidt wiMennxuit martematux Woranw Kann Opianix
T'ayc nie 33 )KUTTA OTPHMAB BU3HAHHS BHI2THOIO MaTeMaTHKa BCiX 4aciB, reHis i HaBiTh
HPI3BUCEKO «KOPOMsS MaTeMaTukny. Merox I'ayca npoctuii THM, 10 Ay HOTO OCBOEHHSA
JIOCTATHRO RMITH JIGNIARATH | MHOXUTH. He BAMAIKORO METO TOCTITORHOTO RUKTHIUEHH S
HEBiIOMMX BUKJIAJaui 4acTo pPO3rIAAAlOTH. Alle y CTyJAeHTiB MeTond ['ayca BUKNHMKae
Halibineud Tpyanour. Bes cnpaBa B MeTOAMII i B JOCTYDHIE @opmi po3nmoBiMo mpo
AJITOPUTM METORY.

Cno¥aTky CHCTEMATH3YE€MO 3HAHHA TIpO CHICTEMM IiHIHHMX piBHAHB. CHcTema
STHIAHTX piBHABL MOXKE:

1) MaTu €1uHRI po3B’A30K;

2) maTy HecKinueHHo 6araTo po3B’A3Kis;

3} He MaTH po3B’a3KiB (6yTH HECYMICHO1O).

Meroa "ayca - Hai6iIbII NOTYXHAI 1 yHIBepCaIbHUH IHCTPYMEHT ISt 3HAXOLKECHHS
pO3B’A3KY OYIb-AKOI CHCTEMU NiHIKHUX piBHAHB. [Ipasuno Kpamepa Ta MaTpHUHUN METOX
HenpuAaTEi B THX BHNAIKAX, KOJH CUCTEMa Mae HECKIH4EHHO Darato po3B’s3kiB abo
HecyMicHa. A METOX TIOCHiIOBHOTO BUK/IOYEHHSA HEBIAOMHX B Oylb-iKOMY BHIAIKy
npuBese [0 Biamosidi. B mpoMy posmini posrmssemo Merox Iayca s sumaiky |
(eaMHMH pO3B’S30K CHCTEMH), S BUIAAKaM 2, 3 IPUCBSYEHHH HacTymHMH pO3ALT:
HECYMiCHI CHCTEMHM i CUCTEMH i3 3aTalbHIUM PO3B’A3KOM. 3ayBaKMMO, L0 CaM alTOpHTM
METO[y Y BCIX TPhOX BUINIaAKaX IIPAUIOE OJIHAKOBO.

BigoMo gekinbka pi3HUX aJTOPUTMIB OTPHMAHHS €KBiBAJIE€HTHOI CHCTEMH 3

BEPXHBOI TPHUKY THOK MATPHIEH0. PO3IBIHEMO HaHOIIbIl BIAOMI 3 HAX.

A A -~ -
1. ARAJiis 11UV

2 Mmsvm o
]

3.6. / aycCa

Meron T"ayca 3acTOCOBYETBCS ANIsl PO3B’SA3yBaHHS CUCTEMM JiHIMHUX anrebpaiuHux
piBusHb (3.1). V marpuunit dopmi us cucrema mae Burasa (3.2)-(3.3). Bukopucraemo
T0# (axT, 110 PO3B’A30K CHCTEMH HE 3MiHIOETHCA MPH BUKOHAHHI KOXHOI 3 HACTYITHHX
onepariii:

~ a) mepecTaHOBKA JABOX PiBHSAHb MICIAMH;
6) MHOXEHHS OZHOTO 3 PiBHAHB Ha YUCIO, SKe HE JOPIBHIOE HYIIIO;
B) BiHIMaHHS OJIHOTO PiBHAHHS, TOMHOXEHOTO Ha JIEesKe YiC0, Bil iHIIoro.
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Pozain 3. MeTos pose’i3yRadHs NiHiHHEX 817 c0pHIHAX DIREAHE

Skme a;;=0, NOMiHAEMO MIiCLIME nepuie PIBHARES 3 j-M DIiBHSHHAM, TAKAM, ILO
@, #0. Tenep koeQiuienr y nepmwoMy piBHSHHI MpH NepIIOMY HEBIIOMOMY, BiIMiHHWH
Bin Hyns. [Tosnaunmo fioro uepes aj, i OydeMo HA3UBATH 6edyuurs ereMenmoN Tepioro

Kpoxy. [JoxiimMo nepitie piBHAHHS Ha Beay4uii eneMent. IToTiM BignimMenmo Horo Bix k-2o
PIBHSHHS (k=2, 3, ..., n) OTpPMMaHOI CHCTEMH, MonepesHbO NMOMHOXKUBIIN HA d 3. Tlichs
TaKux nepeTBopeHL nepmrm CTORMYHK KOE(ILiEHTIB PiBHAHL Oye CKAaNaTUCS 3 OTMHNII

NCPLIOMY MiCIii i n'y.;un Ha iHIHHX Mic

Poarnsnemo orpumani piBHSHHS 3 HoMepamil 2, ..., n. BoHn yTBopiowoTh CUCTEMY 3
(n-1) piBHAHHAMHE 3 (n-1) HeBiZOMUME. BUKOHAEMO 3 Ii€l0 CHCTEMOIO Ti K omnepaii, mo i
3 IONEpeHbOIO (Apyruit kpok metony I"ayca).

Hactynauit kpok BUKOHY€EMO JUIsl OCTAHHIX (1-2) PiBHSHE i Tax maii.

AKINO Ha KOXKHOMY KpOUi BAAEThCS BHOpAaTH BeZydHil eNeMeHT, TO MICHA Py
NEpeTBOPEHb CHCTEMA PiBHSHb HabyBAa€ TPUKYTHOTO BUITIALY:

X tanXx, tapx; +..+a),x, = by
" ” LM,
X5 +a23x3 +...+a2nxn =0;,

(3.41)

3 OCTAHHBOTO DIBHSHHS MOKHA OTPHMATH 3HAYEHHS HEBIIOMOTO X, . IHIM Mokifa
3HAHTH, MOCNINOBHO MIACTABASIOUM 3HAYEHHS X, ¥ DIBHAHAA 11—, NOTiM 3HauenHs X, i

X,-; ¥ PIBHSHHSA 3 HoMepoM n—2 ra iH. Alle Kpaile HpPCXOBXHTH oOYMC/IeHHS 3a

HAaCTYNHOI CXeMOKW (3s8opomnuil xid memody I'uyca). BigniMeMmo octadHHE piBHSHHS
cucremu (3.41), noMHOXeEHe Ka ay,, Big k-To piBHAHHS (k = I,_nTl) [lotiM adanoriugo
BUKJTIOUMMC HEBIAOME X,_; 3 mepumX (#—2 ) pisHsss. [Ticns pany riéperéopeﬂb CHCcTEMa
(3.41) Oy e 3BeseHa 1o BUTTDALY X, = by —1 n.

Posrnsnemo BUMazox, KON Ha HEProOBOMY KpONi He BHAETHCA BHOPATH Belyuwit
enemedT. Lle BinGynerscs B TOMy BUMajiKy, KOJIH Ha YEPrOBOMY r-My Kpomi Bci
KOedIUiEHTH TIPH HEBIOMOMY X, Yy DIBHSHHSIX 7, r+1, ..., 7 BHSBIATBCS PIBHUMK HY IO,
WO € HACHiAKOM NiHIHHOT 3anexHoCTi pﬂ,IIKlB BUXiJHOT ManHHl A. Y upoMy BHNAgKy
MOXHa YMOBHO BB&XaTW BeIY4HH eleMeHT a(k) HYJIbOBUM 1 TIPOJOBKUTH 3BEIECHHS
DIBHAHE 10 TPUKYTHOTO BUTIATY. Otpumani piBugHHg 6VT'VT!> Binpi3HATUCS BN PiBHAHE

nib> O 1P AL PRAE innhRa

(341) TMM, mO B REAKMX MiCUAX Ha AiaroHani GYIyTh CTOSTH Koe(I)mleHTn AKi
JOPIBHIOIOT HYIO, 2 He OTMHUII. BiIsHaunMo, 10 B IEOMY BHMAIKY DiBHSHHS ( 3.1) abo
HE MaloTh PO3B’A3KiB, 800 MAIOTh HECKIHUEHHY MHOXUHY PO3B’SI3KIB.

Meron 'ayca BiTHOCATE 10 Knmacy TOYHMX (IPSMHX) METOJIB, ajle He 3aBXIu LeH
METOA N03BOJIAE OTPUMATH TOYHMI po3B’30k. Ha mpakTuui koedinientd npyu HeBimoMux
MOXYTb GyTH pe3yIbTaToM eKCIEPUMEHTY, TOMY 6yTv HabmmxeHuMH unciamu. JIii Hay
HabIKCHUMH YUCTIaM¥ BUKOHYIOTBCS 3 OKPYTJICHHSM. B pesyNbTaTi po3B’S30K CHCTeMY
Oyzie TaKOXK HaOIHXEHUM.
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UpncebHi METOIM B KOMIT FOTEDHHX HayKdx

3.6.2. MeTtopn Mayca (MeTop 3aMiHu 3MiHHUX)

Iie#t MeToa MONArac y IMOCTIAOBHOMY BHKTFOUCHHI 3MIHHMX 3 KOXHHMX HACTYIHHX
PIBHSIHD | MPUBEICHHI 33/1aHOT CMCTEMU JIO TaK 3BAHOIO “TPHKYTHOTO BHLIALY -

Slxmo 3agana cuctema Ax = b (3.32), To BHACTIAOK TOTO, IO HAJ BEKTOPOM BLIBHHUX
YIEHIB 3MIMCHIOIOTLCA TAKi K AITOPUTMIYHI MEPETBOPEHHA, fAK 1 Haa KoedilieHTamu
MaTpuil A, ii 3B01ATb 10 TOTIOMIKHOI MATPHIN:

ayx, +apX, .t ax, =b
----------------- (3.42)
Q% + Xy .+ a,,X, =b,
ay) - ay,by
A= (3.43)
a,...a,b

Metoa Tayca moAis#eTLCA HA ABA CTAllM — MpAMUil Xi0 [ 360pomuutl Xxio. B

pesyabTari npamozo xody cuctema (3.32) 3BOAMTBCS 10 HACTYIHOI cuCTeMH AX =bh .
ITpsMuit Xi4 CKTAaAA€ThCs 3 # KPokis. Ha mepimomy kpoil, mpuITy CKarou al‘?) # (), mepue
piBmstHEA cucTemu (3.32) ainsTe Ha €IeMEHT @) DB pesyapTaTi OTPMMAEeMO 3BCICHC

PIBHSHHS

x +a (m,

1n

()]
‘Xn - al,nH

Xy Heta (3.44)

3ayBaxMMO, WO BCPXHIN IHAEKC BHM3HAYaTHME HOMEp Kpoky. CTOBMUMK BLIBHMX

WIEHIB TIO3HAYAETHCA K a,,, cToBmuMK. Sxmo uepes A =4, To xoedimienT a; , Ha
MepLIOMY KPOLL:

(0)
v
af?)

) _
@ =

j=2n+1 (3.45)

Jlng BWIydYCHHS 3MIHHOI X; V BCIX IHIDMX DIBHSHHAX, 3BCACHE DiBHAHHA (3.44)
MHOaTh Ha KOe(ILIEHT @;], MG 40ro HOro BIIHIMAIOTL BiA i~TO piBHAHHA. B
Ppe3yALTaTi OTPHMAEMO MATPHLEO:

(3)
Loy ay
6] 2)
A(l) _ 0 a3 - (3.46)
(2)
O an2 "'an,nH
a? i= _2—.}:1
) _ 0y Tl (V) o, 1 Bate
ap =y —dy = sy dy (3.47)
ap j=2,n+1



Po3zgin 3. MeToan po3s’s3yBaHss NiHiinuX aIreOpHYHIX DiBHAHE

Ha npyromy kpoui 3aiuinaroTh He3MiHHEMU nepiuit CTOBNUHK i nepury crpiuxy A",

AHaJIOTIUHI NepeTBOPEHHS MPOBOASTE 31 CTpiukaMy MOUMHAKOUM 3 2-1 i 3aKiHYYIOUH 1-i0

Mpy YMOBI, IO a,, # 0. Ha k-omMy kpoui pospaxynxosi dhopmymm (3.45) 1 (3.47) d6ynyTs
MaTH BUTJISLL;

(k-1

A6 g L%y J=k+lntd (3.48)
R A /R ) N T— At
bl ukk ’ = 1,}1
(1) i=k+1n
a y 1 S Pl
at) = gV _af,f*l)_’g;__ly =al Vgl .a® | jokrin+l (3.49)
u k=Tn-1

3ayBaxumo, mo dopmymn (3.48) i (3.49) € saransHEMEH mIS OyIb-KOT0 KpPOKY.
Ipore, sixiuo popmyna (3.48) mpauroe 171 BCiX KPOKiB, TO dopmyna (3.49) npaitioe imuie
Juid BUNIAAKiB £ =1,n—-1.

B pesynbTati npsmozo xody memody I'ayca OTPEMaNH CHCTEMY JHHIHHEX PIBHAHB
BEPXHBO! TPUKYTHOI (OpMH, B sKill eNeMEHTH TrONCBHOI AiaroHani piBHI OAMHMII, a
NiARiaroHanbHi eMeMEHTH — HY L.

’/1 Qi Gz . Oy, al,n+l)

6 1 a e a a

A(n) =| 23 2n 2.1+l ] (350)
LO 0 0 .. 1 a,..

3eéopomnuii xio weromy Tayca monmsrae B ToMy, o X, =a" onpasy X

n.n+l
TPAPIBHIOETECSA OCTAHHIN KOOpARHATI BUbHUX tuneHis. 1le o3Hadac, Mo Ha OCTAaHHbOMY
Kpoui npamozo xody Merony I'ayca wamu Gyna oTpuMaHa oCTaHHS KOOpAMHATa BEKTOpa
HesifoMux. OcTanHi# kpok nMpsmoro xoxy metoxy Iayca € NePIIMM KPOKOM 3BOPOTHOTO
XOJly bOTO METOSY.

)
X, =al, 35D
X tal) - x, =alh, (352
-1 -1

Yo =al, —ah x, (3.53)

n —

k k
xkza,(c,n)ﬂ—- za,;.)~xj, k=n,l (3.54)
J=k+1

®opMyna (3.54) € 3araibHEM BHIASIOM (GOpMYIT (3.51)-(3.53). o dopmyny y
IporpaMyBaHHI MOXHA NPUMMATH SK 3arajibHO NPUIMHATY YMOBY: SKIIO HIKHIM iHmekc
CYyMHU TEPEBHILYE BEPXHIl, TO 3HAYEHHA CyMH BBaXKA€ThCs PiBHUM Hymmo. Jas peanisauii
merofy I'ayca pospaxynkorumu € dopmymu (3.48), (3.49) i (3.54). ITpu peanizanii
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YucelbHl METOIHU B KOMII’IOTCPHHX HayKax

IPSIMOTO X0y 3POB/ICHO TPHITYIICHHS, IO JArOHATBHKH CIEMEHT ay OyB BIAMIHHMM
Bia Hy1a. SIKIUO % LE eneMeHT A0piBHICE (), TO B LIbOMY 3 A-My CTOBITIMKY, [IOYHMHAIOUH
3 k+1-ro eIeMEHTa, MYKAEThCA BiAMIHHHMM B Hy/a eleMEHT. SIKIO Takuii cleMeHT € 1
mae nomep / (ay #0), To 3ailicHIOETEC MepecTaHoBKa Koeditientis -1 1 /-i cTpiukn. Ak
BI0OMO, FIEPECTAHOBKA PIBHAHL CHCTEMM MICLISIMH PO3B 3Ky HE 3MIHIOE.

SIKIIO K BCI €NEMEHTH A-TO CTOBIMMKA BMMIyTh piBHMMM 0, TO L€ CBIIUMTHL TIPO
HCCYMICHICTE CHCTEMH. B LIbOMy BUNamKy MPOLIEC 3yTHHAIOTH i TEHEPYIOTh BIATIOBIAHC
nosigomicHus. JlocmimkeHo, mo A1i peamisauwii merogy [ayca moTpiGHO BHKOHATH

2 - . .
npudIU3HO §-n3 apupMETHUHUX OTiepaii. BuCHOB0K: 11 CHCTEM PO3MIPHOCTI Olibiue

1000 meron Fayca 3aCTOCOBYBAaTH HE CITiJl, TOMY IO MOXHOKA 3a0KPYTIeHb (V BHIIAAKY il
HEBJATOr0 HAKOTIMYEHHA) MOKE OYyTH 3aHAATO BEMHMKOIO,

3.6.3. YacTKkoBUI BUNaaoK 3acTtocyBaHHs MeToay [ayca 3
MOCNiAOBHUM BUKITHOYEHHAM HEBIJOMMX

Merox Tayca 3 MOCTIIOBHUM BHUKTKOUEHHAM HEBIZOMMX (6a30BHi METO) 3aCHOBAHO

Ha AMTOPUTMI, B OCHOBI KOTO JEKHTh MOCILIOBHE BUKIIFOUCHHS HEBIIOMMX BCKTOpA X 3
YCIX PiBHSHB, MOYUHAKOYH 3 (7+1)-ro, MUIIXOM EICMCHTAPHHUX MEPCTBOPCHB! MHOMKCHHA
060X HaCTHH PIBHAHHA HA OyIb-AKE YHMCIO, KPIM Hy:Isl, I0AaBaHHA (BiIHIMaHH:) 10 060X
YaCTHH OJHOrO PIiBHSAHHA BIATIOBIIHMX YaCTHH APYTOTO PIBHSHHSL, TIOMHOMXKCHUX Ha Oy b
ske uucao, kpiM Hyns. CyTe anropurMy PO3IIHEMO HAa TPMKIAM CUCTCMM, sKa
CKJTAQaeThes 3 TPHOX JiHIMHUX anreOpaivHuUX PIBHSIHB 3 TPHOMA HCBIIOMMMH.

Gy X + GpXy + a3 = by

Aoy Xy + Uy Xy + 03Xy = by (3.59

Q3% + A3 Xy + Q33X = by

1) TlepeBipumo, mo6 nprHaiiMHi 0aAMH i2 KOSDILIEHTIB @), ¢y, d3 HC AOPIBHIOBAB
Hymo. Sxmo, manpukian, ¢, =0, Toal HEOOXIJHO NEPECTABUTH PIBHAHHA Tak, wWod
Koe(ILIEHT NPH X; Yy NEPIIOMY PIBHAHHI HE TOPIBHIOBAB HY.TIO.

2) OOUHCITHOETHCS MHOYKHUK!

M, =21 (3.56)

an

3) Hepwe piBrsmus cuctemu (3.55) MHOKUTBCA HA M, 1 BIAHIMAETBCA BLI APYTOTrO
PIBHAHHA CHCTEMH, AKa OTPMUMAHA IUCIsA ICPECTAHOBKM DPIBHAHL (SKIIO FMEPECTAHOBKA

Hyaa HeobxigHa). Pesyabrar 0OUKCIEHHA Mae BUITIAL

("21 "Mzan)xl + ("22 —sz‘lz)xz + (aza “Mzala)’% =b,~Myb, (3.57)
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Pozain 3. MeToan po3R’$3VBadHS JiHIGHEX aIreOpUYHUX PIBHARE

a,
ay = May, =ay —| = jay; =0. (3.58)
i

Toni x, Buxmo4aeTses i3 Apyroro pisusHAL. [To3Hauumo HOBi koedinieATH:
Ay = dy = Maay; doy = a5 — Myayy; by =by — Mo, (3.59)
Toni npyre piBasnAs cucremu (3.55) nabyBae Burnaay:
AyyXy +Ayxy = b5 (3.60)

Hani HeoOXigHO 3BiNbHMTHCS Bif KoeillieHTa s, NPH X; B TPETbOMY PpiBHAHHI
cucTeMi (3.55) 3a aHaNOriYHUM aNTOPHUTMOM.
) OGUHCTIOETECS MHOKHUK JUTS TPETHOTO PIBHSHHS:

M=% (3.61)

ay

5) Tiepuwe pisnauns cuctemu (3.55) MHOXHMTBCS HA M, i BiiBIMaeTbCs Big TPETHOTO
piBHsiHHA. KoedinieHT npy x; cTae HyjeM, i TpeTe piBHsHHS HabyBac BUTTALY:

a3Xy +agx, = by, (3.62)
a3, = ay, — Maay,, (3.63)
4y = Gy — Myays, (3.64)

;= by — Mb,. (3.65)

IleperBopeHa TakuM YUHOM CHCTeMa PiBHSHE (3.55) HabyBae BATISIY:
Xy +aypX, + X = by
' ' _
0-x; +a5,x, +apx, =b; (3.66)
' ' N
0-x; +az,x, +aj;x;, = b

Lls cucrema piBHSHb eKBiBaJleHTHa TOYAaTKOBIf 1 Mae meBHi Tiepemarw,
OCKINIEKH X, BXOAMTH TiIBKH 10 MEPIIOTO piBHAHHA, CIIpoGyeMO Telep BHKIIOUHTH X, 3

5 arrey ~m o T d e
PiBHSHHA TaK, 106 a,, # 0. Inakine cicTeMa BUpOIKeHa | Mac 6e3aid po3B’A3KiB
7) OGUHCTIOEMO MHOXKHUK
a
r_ 32
M =—=, 3.67)
ay

8) Hpyre piBHsHHA cucteMn (3.63) MHOXMTBCS Ha M) i BimHiMaeThCs Bim 3-ro
PiBHSHHS:
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YucenbHI METO/M B KOMIT IOTEPHHAX HayKax

ay, —Mal, bo, +(ay —Mias; Jx; =by —M3b). (3.68)
3 >

Ilpu pomy koediwient Oinst X, HOPIBHIOE HYIO:

dly ~ Myaby =0, (3.69)
ayy = dyy —Mias, (3.70)
B! =B~ Mi.b). 3.71)

asxy = by . (3.72)

SaminvBumM B cucteMi (3.66) TpeTe piBHaHHA Ha (3.72), OTPUMAEMO CHCTCMY PiBHSHb
BUAY
X + Xy + X = by o
0., + dhyxy + ahyxy = 5] o (3.73)
” N '
0-x +0-x,+afx, =b]
Taky CUCTEMY HA3HMBAKOTh CUCHEMOI 3 MPUKYMHOI0 Mampuyeio Koediyienmis, mo

exsipasentHa CJIAP (3.55). [lpouec 3HaXOKEHHA TaKOI CHCTCMHM HA3UBACTLCS HPAMUM
xo0om [ayca. 3uaiiTn po3B 30K Takoi CUCTCMH IIPOCTO: 13 3-TO PIBHAHHA 3HAMTH X;,

MiACTABMTH DE3YIBTaT y APYre 1 3HAWTH X,, IILGCTaBHTH X, 1 X; B l-1I¢ pPiBHAHHA
cuctemu (3.73) 1 3Haiiru x; 3a GopMynamn

Xy = bj . (3.74)
thy

x, =22 (3.75)
)

X = b —ayx; — ai3X, ' : (3.76)
oy

Ilpolec 3HAXOMKEHHA BEKTOpA PO3B I3KY CHCTCMHU (3.55) HasUBaIOTL 360POMHUM
xo0om memooa Iayca. Ha puc. 3.2a nokasaHa cxema anroput™y mcroza layca 3
NIOCIT AOBHUM BHIJTIOUCHHAM 1 PO3B A3AHHA CUCTEMH 13 NV PiBHSIHb 3 /N HEBIJOMHMH.
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Pozpia 3. Meroau po3s’s3veands TiHIHHEX anreGpuuuux DiEHIHb

« St endene -
. Heemson 3

ModaTok

GOanii s I ]
Cy, Oy, di=1

I OBbuncniosaHHA }’]
Cx1

0

k<l+1

1
OBuncriioBaHHA I ]
Dg

1
l QO4YUCNIINERHHA i ‘
Y4

a) Kiesse D 6) Kineue

Puc. 3.2. Cxema anroput™y po3s’A3yBaHHs CHCTeMM JHIHMX anrebpaiyHMX piBHAHD METOAOM
Tayca: a) 3 moc1iTOBHUM BHKIIFOYEHHAM; 6) 33 CXeMOI0 XalnelsKoro.

Ll cxeMa BiNOBiZa€ PO3TNSHYTOMY aNTOPHTMY i Moe GYTH BHKOpHCTaHa HpH
pospodui nporpamu. baok “TlepecranoBka piBHSHb Tak, wob a,, # 0 ” o3Havac pesKuit
aJITOPUTM, KU ae 3MOTy He JOTyCTHTH TIOMUNKM “inenHs Ha 07, Ko npsaMyBaTH 10
MOXMBOr0 3MEHLICHHS TOMHUIIOK OKPYIJIEHHSA, TO MOXXHA BHKOPHCTATH aJrOpUTM 3
BHOOpPOM ronoBHOro enemeHTa. IIpu3HaueHHs iHIeKciB B cxemi anroput™y (puc. 3.2a):
k —HOMep piBHSHHS, sKe BiTHIMAcThCS BiA iHIMX, a TakoX HOMep HEBILOMOTO, SKe
BUKIIIOYAETBCS i3 Kk PiBHSHB, SKi 3a/MIIHIACH, | —HOMEP piBHAHHA, 3 SKOTO B JaHMM
MOMEHT BUKJIHOYAETHCA HCBi)J.OMC;j — HOMED CTOBLI1EA.

Hpuxaax 3.13. Poss’ssaTv chcTeMy 3a JONOMOTOK Merogy layca (mpukian 3
niapo3uiny npo meron Kpamepa).

X+2y+z=5,

3x+4y+z=1],

Tx+2y+5z=21.
Po36’a30K. 3annmeMo CHCTEMY B MaTpuuHi Gopmi:
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UpicennbHI METOIH B KOMII FOTEPHHX HayKax

1 2 1) x 5
AX =B,ac A={3 4 l‘,X: yv|,B=|11
7 2 5) z 21,

LS I

( 2 1] 3 ( 1] 5 1 1] 5) (1 15
W @ (3)
4 1111150 =2 =2 -4 >0 -2 =2 -4/>0 1 112,
l\7 2 5)21) o —12 —2|-14) (0 0 10 [10) 0 0 T]L

(1) Tlepwmii PSAOK MHOXKMO Ha -3 Ta J0JAEMO A0 APYroro paaka. THouyaTkoBUM
MCpIIMiA PAAOK MHOKMMO Ha -7 Ta JOAAEMO 10 TPeTROro psaaka. Ilepmmii psgox
nepernucyeMo 6e3 3MiH, a HACTYTIHI ABa PAAKA — 31 3MIHAMH.

(2) Jipyruii pAaOK MHOXMMO Ha -0 Ta J0J1a€MO A0 TPEThoro OTPHMAaHHI PE3yNbTaT.
Tepiupii i ApYTHit PAIKHU NIEPEITACYEMO €3 3MIH, 3 TPETii — 31 3MIHAMMU..

(3) Tperiii pazok ximmmo Ha 10, Apyrui pazok ALTHMO Ha -2, a EPIMH NMePerucy eMo
6c3 smin. Tomi z=1; y+z=22y=1; x+2y+z=5=>x=2.

3.6.4. MeTopq Nayca 3a cxemoro XareubKoro (meton LU
drakTopu3auit)

B iitepaTypl LEH METOA INE HA3MBAETBCH CXEMA Xaneyvkozo abo memoo LU
paxmopuzayii. AmropuTM METOZY BKJIFOMAE TAKOK npsiMuid 1 3BOpoTHIH Xix. Kinuesor
meroro mpsivoro xoay € otpumanns CJIAP, sxa eKBIBAJICHTHA 3a]aHli, 3 BEPXHBOIO
TpukyTHOW Matpuueio koediuientis. CyTh OO MCTOMY IPYHTYETHCH HA HACTY MHIH
Teopemi anrebpu. Jl1s wboro MaTpHIRO koe(iLIEHTIB OYATKOBOI CMCTCMH PiBHHb A abo
iHaKue AOBLTbHY KBAAPATHy AIHCHY MATPHLEO PO30HMBAIOTH HA JB1 TPHKYTHI:

A=L-U, C (3.77)

76 MATpULst L — HIHs TPMKYTHA MaTpHis;, [/ — BEPXHA TPHKY THA MATPHLLT 3 OAHHIMHOIO
rosioBrOKO AlaroHammo npu /, =0 (i< j), uy = 0 (i>j)Tau,;=0:

L, 0 0 Vo, g 1y,
Iy 1, 0 .. 0 0 1 uy ..o Uy,

L=lly 1y Ly .. 0L U={0 0 1 . wu,l (3.78)
_]rll [,12 1H3 lnn a 0 0 0 1

Ilpore Takuii poskiaa repeabadae Ge3niy poss’askis. Tomy, mo0 BUIIMTH 3 LKX
PO3B’13KiB OMH, HEOOXIHO B OaHik i3 MaTpuub L Ta U sadikcyBaTu Oyab-sIKy CTPIUKY,
CTOBITMMK M iaroHanb. TakAM YMHOM, HEOOXIZIHO BHU3HAYMTH HCHYJTHOBI GICMCHTH 1IMX
MaTpHLb. JI1s LHOTO CKOPUCTAEMOCH TPABMIOM A0OYTKY ABOX MATPHILb:

a, = Ly ij=Ln (3.79)
k=1
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Po3aia 3. MeTom po3e’ A3VEaHHS TiHINHYK aireSpluaHNK DiBHAND

npu ; =0, Vi<j; u, =0, Vi>j, u, =1.
Po3znuinemo cymy y QJopM}/ni (3 79) Ha TpH CKNAJO0BI 4ACTHHY HACTYIHAM YUHOM:
E:lmub +lu, + };z*ub (3.80)
k=j+1
j=1
v g RS | —_— 1 o BE <R AN
L,ku,g., izj,i;=a,, i=Ln (3.81)
=1 o
3anuwemo dopmyay (3. 79) B iHIIOMY BUIJISIAL:
i=1 n
i=2,n
a, Z%%+W%+Z%%’. (3.82)
k=1 k=itl Jj=2,n+1
i-1 \
P B N T 2 S ;=9 . (1 272)
By TGy T Lty (s = ey ey, j=2n (3.8
=

Orxe, 3a nonomororo dopmy (3.81) i (3.83), B 3anexuocTi Bix CﬂiBBiI{HOLHCHHﬂ MiK

ihA CAMH i La_/ MOXKHa uu'1cy1 OBO UU‘11’1L,J1IUD&1Y1 CJACMCHTH Mcupyuit Utio CTOBITYHUKEX.,
3anuumemo cucteMy NiHIHHNX piBHSHE (3.77) y BI/H‘J’[S{JII

LUx=5 | (3.84)
=

¥y

Moznaunmo Ux = ; . Tomi, BpaxoByrouu, 1110 MaTpuIs L — HWKHS TPUKYTHA,

Ly=5b (3.85)
i1 -
yi=(b, =Y Lyl i=Ln. . (3.86)
k=1
(h 0 ( @
Ly L, 0 .. )
by 1, Ly .. t . (3.87)
an lnz lnS Zn n
Bpaxosytoun BBenere mossauenns Ux=y, i Te, wmo Matpulls U € BEpXHBEOK
TPUKYTHOIO, TO MOWHAG OTPHMATH KOODAMHATH LIYKGHOIO BEKTOpP-pO3B’A3KY,
CKOPHCTABIMCE METOAOM ['ayca y 3BOpOTHOMY HOpAAKY
ouy wy e ouy, ) (X Y
0 1 uy o oy, ||, Vs
0 0 1 . ouy|ix|=|y|. (3.88)
0 0 o0 1 X, Vu
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YuceIbHI METO M B KOMI JOTEPHHX HayKax

Xp =Y, = D Xy (3.89)

k=i+]

npu x, =y, Tai=n-11
IcHye neBrmit 38”30k Meroay LU-paxtopusauii 3 METOZ0M layca, Tak K B LBOMY
METO MPAMUE X7 peanisyerses epes 0OUMCICHH 3HAUCHD Iy uy; y;. Tlpy upomy cmj

3ayBaKHTH, IO J; MOXKHA OGUHCIIOBATH OXHOYACHO 8 [y Ta 1ty
O64HuCICHHA X; TIPEACTABIISE CODOK 3BOPOTHIM X1 METOAY LU—d)aKTopmaLul
Lieit METO/1 3pyHO BUKOPHCTOBYBATH Ul OGUMCIICHHS ACTEPMIHAHT

detA=detLU:detL'detU:detL:Hli,. (3.90)

i=1
detA=0< Vil 20 (3.91)

SIKIO KOMIIOHEHTH /,; € BIAMIHHI BII HyJs, TO MOMKHA 3poOUTH BHCHOBOK PO
CYMICHICTb YM HECYMICHICTb CHMCTEMH, 1O HE BMMArae JOTIOBHIOKOYOI MEePECTAHOBKU
CTPIUOK.

AZIrOpUTM BH3HAYEHHA KOC(ILIEHTIB MaTPULED L. 1.

1) OGuMCIIOETHCS TIEPILMIA CTOBNCLb MATPHUIN L, nepuinii psiaok matpuii U Ta y; 3a
dopaynamu:

lq=a;, i=l,—n; u, =1, uy :ﬁ, 1':2-,; ' (3.92)
an
=2 (.93)
' Gy

2) OGUHCIIOIOTECS ETEMEHTH APYTOro CTOBTILS MaTpuil L:
l,=a,—au,, i=2n, (3.94)

©ICMCHTH JAPYTroro paaka MaTpuil {/ Ta €NeMEHT ), |

1o, — Loty
Uy, = G — bl ) | (3.95)
Uy '
by, -1,y
y, = G2 Thah . (3.96)
dy '

3) O6UHCITIOI0Th EIEMEHTH TPETHOTO CTOBIILS MATPHL L:
Iy =a, sy ~ Lty ). i =2,n, (3.97)

€JICMCHTH TPEThOTO Psiaka MaTpHiy [) Ta CAEMEHT 3!
ay — (L, + Lty

", = : (3.98)
133
y :b3 *([31)/1 +132y2) (3.99)
F3 133 N
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Po3tist 3. MeTtom po3s’ i3y BaHus THIHHHX ajJreGpUUHNX PIBHIHD

1T.0.
Cxema anropurmy merona ['ayca 3a cxemoro Xaneupkoro nokasaHa Ha PUCYHKY 3.20.
3aransHui BHNLIR GOPMYN 4515t OOUMCIICHHEA /y, Uy, Vi enemenTi matpuub L, U1 Y:

uii:l;llli:&;lﬂ:ail;i:ia_;ylzi' (3.100)
an an
ly=ay - L, k=in, i=2,n (3.101)
j-1
i
Ay —Zlijujk
ul.k:———“’;l—, k=i+Ln (3.102)
b, _z]ijyj
y, = —1;1 . (3.103)

Metoxn LU-(axropuzaiii BOIOAIE KPAILIOKO CTIMKICTIO OPIBHARO 3 MeTOA0M ['ayca mo
) 3
BIAHOMICHHIO [0 HAarpoOMaDKeHHs TOXMOOK o0umcrieHb, a caMe, BHMKOHye /7 A

apuMeTHUHMX orepawiii. Buxomsuu 3 mporo, MeTox ['ayca J0LITBHO BUKOPUCTOBYBATH
JMINEG A8 CHMCTeM posMipHocTi He Oimpmie 100, Tak sax B iHmIOMY BHUIIAAKY TOXMOKa
3A0KPYITICHHS MOKC OYTH HCNOMIPHO BEIMKOI, [0 B3araal NPHM3BOAMTL 10
HCTIPABWILHOTO PE3YJILTATY.

3.6.5. MeTog Nayca 3 BUOGOPOM ronoBHOro eneMeHTa

Izes uporo MeTony BHHHKIA V 3B 3Ky 3 THM, o koediientu CJIAP e napamerpamu
pCaTbHUX IHKGHCPHHX CHCTEM Ta B OUIBINOCTI € HaGMMKCHUMM 3HAYEHHIMH, TOMY 1LO
OTPMMAaHI B PE3YJIbTATI BUMIPIOBAHHA a0 SK CTAaTHCTWHYHI AaHi. J1S TakMX CHCTGM
PIBHAHB ITPHU OOYMCICHHI MacIUTaOHOTO MHOKHHKA

M = ik

dyy

(3.104)

MOXK/IMBA CHMTyallis TNpPH BU3HAYCHI (I, IO MJUICHHM HAOIIKCHOTO 4HClIA g, Ha
JOCTaTHBO MAlC 4YHCIO (fjy BEAC A0 PI3KOro 30UIbIICHHA NoxuOku meroxy. Tomy mis

TOro, o0 He 301IbLIy BATH NOXHOKY PEe3yIbTaTy HEOOXI(HO BUKOHYBATH Taki Aii:
1) B cuctemi (3.34) HeoOXiaHO 3HAMTH B A-My CTOBITLI HaMOLIBIIMHM 32 abCOMFOTHHM
3HAYEHHSM KOEDILIEHT ¢y

2) nepecTaBUTH kK-T¢  DIBHSHHA 3 PIBHAHHAM, Yy SKOMY 3HAXOAUTECA LCH
MaKCHMAbHHI KOS(IIIENT;
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MUCCBHI METOAM 8 KOMIL HIICUREA fidy RdA

3) MacmTabHui MHOKEUK Oyle OOUHCTIOBATUCH 3d dopmynoro (3.104), me ay —
MaKCHMaNbHUl Koedimient, a .ioMy noxubka poss’ssysanns CHAP y pesyabTari
apudMeTHIHKX onepaliil e 36LIbIYy EThCS.

Cxema airoputmy Mmerona Tayca 3 BuOOpOM TOJNIOBHOrO ejeMeHTa (MpsMufi Ta
obepHenuii Xin) roka3aHa Ha puc. 3.3a.

[ S Py amee=uaz samam aem = = Y 1 7]
i

ayca 3 OfHWiHIMI KOEpildicHTamu

o
=
o

Lo 3 ~
9.0,
B npoMy McToAi 3poSicHa crnpofa 3MCHUIMTH HCAGNIKM ICPUIHX ABOX MCTOHIB, AKi

Y
TOB’13aHi 3 6araTOPA3OBMM JiNEHHSM OLHOTO HAGMMKEHOTO YHCHA Ha iHme. Jlns 0»oro
Tiepe] BBEICHHSM MacIuTaGHOTO MHOXHUKA k-Te PiBHAHHS CUCTEMH JITUTHCS ONMH pa3s Ha
TiaroHaNbHIH eMeMeHT ay, TaK, mob koediuiesT mpu x, =1, a MacITabHUA MHOKHHK

M i 6}’216 JIOpiBHIOBaTPI ay - Pe3y.1’IBTaTOM MpAMOIo X0y € CUCTEMa, sKa eKBiBaJeHTHA

CITAP (3 34) R OAVHRUHUMUT wr_xer_birgiqn'raMu HA TonoR|IN giarowam RUIY-

[1-.‘41 +ay Xy +etay, X, =b;

lo-x1 +1x, +..+ay, X, = by}
> ; (3.105)

0-x, +0-x, +..+1-x,=b,.

111 cucTeMa cxoxka Ha cucTeMy (3.40), sixa OTPUMYETBCS B PE3YJILTATI MPSMOTO XOITy
6azosoro Merony l'ayca 3 MOCHINOBHUM BRIyYEHHAM HEBINOMUX 1 BiapizHAETECA Bia Hel
TiTsky miaroHaeumMy Kkoedimicrtamu. JIIs OTPHMaHHS TAKOI CHCTEMH HEOOXiIHO
BHKOPHCTOBYBATH /irOPKUTM, SIKHit BKIFOYaE B cefe HACTYITHI eTamy:

1. Opranizanis uukay no Beix piBHsHHAX Bin 1 o N-1 (k=1,2, ..., N-1).

2.B KOXHOMY k-My CTOBIUi BH3HAYA€TbCS HOMEP /-0 PIBHZHHA 3 [OJOBHMM
eneMeHToM (TOOTO HOMeEp /-TO DIBHSHHS, B SKOMY 3HAXOMWTHCA xoedimieRT TpH X, 3i

BCiX PiBHSHb, MOYNHAIOYH 3 k-TO 10 N-T0).

3.Skmo HOMep LBOrO piBHSAHHA/He [OpiBHIOE k ([<>k). TOxi HeoOXigHO
TIepPECTABATH MiCIsIMH [-€ PIBHAHHS 3 k-M.

4. HopMyBaHHs k-ro piBHsHHA, TOOTO HiNeHHS BCIX Koe(illieHTiB A-ro  piBHSIHHS
Ha g, (TONOBHHUH €JIEMEHT NIPH X, ), BKIFOYAIoUH b, .

ARananuns anToBUTMOM 1 avea 3 METOKC OTPHMMAHHA SKBiBasie
UAoUpriv a/JarUpriviun 1 ayva o5 Muivio Viprianrna vabipasivil

TPUKYTHOK MaTPHIIEI0 KoedilieHTiB.

6. Kigeny, muxny no &

DVIAD AL AV

dopMyJa 3BOPOTHOTO XOIY IS CHCTeM BHAY (3.105) cripontyeThest i Mae BUrIAA:
X =

(3.106)
X, =b,—a,,x

n®

x =b —a,x,—a,x,.
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Posgin 3. MeTom po3B’si3yBaHHs JIHIHHAX areCpUYHNX PIBHAHb

|'/‘ Floasres } i Floamok )
i :
/ iwég K
B AE
Mﬂ»< ket et )m_mm

ABAKA ol b

AMARR i, TR

wkad n

AN o

A Lk 3
_—’»\ kb }——

TR Y ]

o

O % i SO
Buarssmnansrnssannannd

E - E E

5 1 ) oy

JU 4

a) 6) B)
Puc. 3.3. Cxema anropurmy Metoaa ['ayca: a)3 BHOOPOM I'GIOBHOIO eleMeHTa, 0) 3 O AMHIMHIMH
xoedinienTamy, B) l'ayca-Koprana.

Cxema amropurmy metoxy [ayca 3 OZMHUYHMME JlarOHATHLHUMH Koe(iLieHTamu
HaBE¢/CHA Ha PUCYHKY 3.306.
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YucenbHi METOAM B KOMIT FOTEPHUX HayKax

Hpuxnaa 3.14. Po3s’sizaty cucTeMy 3a AONOMOTOK METGAY l'ayca 3 ONMHHYHMMM
koediuieHTaMu.

J9x +3y+z=13,

dx+2y+z=17,
[x+y+z==3.
Poz8’q30%. 3anuIeMo CHCTEMY B MATPHUHI GopMi:
(9 3 1) { x 13
AX =B, ne A=|4 2 1.J,X= yl,B=|7
111 z 3

(9 3 1'13\(1)/—-36 -12 -4|-52 (2\/—36 —12 -4|-52
0 6 5 |11

4 2 1171- 36 18 9 >

K111|3J\1 1 1|3)kl 1 ]|3/l
(=36 -12 -4 l —52] -36 -12 -4 ,—52)

)] } ~ RIS o . -

- 0 6 5 1i 1= 0 -24 —20|—44
LO 24 32 56JLO 0 12[12/

(1) Hepumii psjok MEOXKUMO Ha -4, a ApyTuii Ha 9.

(2) Mo apyroro psiika JOAacMo TEPIIUH PATOK.

(3) Tepumit psmox MEOXMMO Ha 1, a Tpetili Ha 36. [lo TPeTbOro psixa JI04AEMO
Tieplii pSaoK.

(4) Jlpyruil psaok MHOXMMO Ha -4, a Tperid Ha 1. Jlo TpeThoro psixa 10aaemo
Ipyruit pAnoK.

Tomi 12z=12=>z=1;

—24y+20z=-44=>-24y+20=—-44= 24y =-24=> y=1;

—36x—12y—4z=-52=>-36x-12-4=-52=-36x=-36>x=1.

3.6.7. Meton Nayca-XopaaHKa

[IpumycTMO, WO NAHO CHCTEMY 3 TPhOMa DIBHAHHSAMM, TPbOMA HEBiIOMHMHU 1
3anycana il po3lMpesa MaTpuls
" k% *\
*

* *|*
'l
I

* ok ok | ok

V Hali6iTbil MOMWXPEHOMY BUTIAJIKY BHXOISTh CTAHAAPTHI CTYTEH! BUTIIAMY:

* % ok | % *x 0 0| *
0 * *|*|ago|* * 0]*],
0 0 *|=* * %k | %)
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Po3ain 3. Meroau po3s’a3ysaHis JHIHHIX ayreOpUYHUX DIBHSIHD

OpUMOMY OCTAHHIM a0COMOTHO PIBHOLIHHME 1 MOXC OyTH HE3PYYHHM TUTHKM 4Epes
cy6'exTvBHE cpukHATTA. JKopaaH 3amponoxHysas po3s’a3yBaTy 3a1a4y TAKOTO THIY 03
31 3BOPOTHOTO X0y I'ayCIBCBKOIO alrOPHTMY:

10 0%
01 0f*
0 0 1%

Meroa ['ayca-’Kopaana € moauikauiero metony ["ayca.
OcobamsicTio MeTona Nayca-)Kopaana € nepetsopentis cuctemu (3.34) (npsvuii xix)
JI0 CKBIBAJICHTHOI 3 OJJMHMYHOIO MATPHULIEIO koe(illieHTIB BUIY:

Loy +0-x,+..40-x, =b,;

0% +1-x,+..+0-x, =b,; (3.107)

O +0-x,+..+1-x,=h,.

TOOTO CHCTCMM, SIKA MICTHTh TUTbKH OAHHHYHY JiarOHANb.

Jna orpuManss Takol CHCTEMH O NPSIMOTO XO4Y anropurMy 0a3osoro metoay [ayca
(3 MOC/TI ZOBHHM BHUKITIOUCHHSIM HEBIJOMHUX) 0MATKOBO BBOITLCA HACTVITHI A1l

1. Opranizawis wpkiy 1o £ o Beix piBnanHax Big 1 o N-1 (k= 1,2, ..., N-1).

2. Tlpoueaypa BubOpy rOJOBHOIO CISMEHTY B KOXKHOMY A-MY CTOBIL IPH X, .

3. Tlpoueaypa HOpMyBaHHS k-TO PIBHAHHS CHCTOMH, TOBTO B A-My DIBHSHHI KOXCH
KOG(DILUEHT &) ; POSAUTHTH Ha d;, , BKITIOYAIOUM b, . Tak, mob xoediient ay, =1.

4. IlepcTBOPCHHS BCIX PIBHSIHbL CUCTCMHM, MOYUHAOYM 3.1-ro 10 Ny BIATIOBIAHOCTI 3
GazoBum anroputmoMm [ayca 3 METOK OTPUMATH E€KBIBAJICHTHY CHCTEMY 3 OAUHUYHOIO
JaroHaUno. B upoMy BUIAAKY I PO3PAxXyHKY KOC(biuieH;iis @; BUKOPHCTOBYIOTBCA TI
caMi hopmyau, wo 1 B 6azoBomy anropurmi [ayca:

M=ay. a,=a,-M-a,; b =b-M-b,, (3.108)

1)
ane BMKOPHCTOBYIOTBCA BOHM /Ul BCIX PiBHsAHB 3 l-ro 10 NV kpiM £-ro, B. AKOMY
3aNMMIIAETHC KOCMILUEHT 7)), PIBHUM OAMHMLI.

5. Kinews upky 1o £.
3BoporHumii xix meroay [ayca-Kopaawa ay»xe DpocTHi i BHKOPHCTOBYE HACTYITHI

tdopmynu: x, =b, , mpu k = 1,n. Cxema anropuTy noaaHa Ha puCYHKY 3.3B.
Npuxiax 3.15. Poss s3aTu cuctemy 3a aonomorowo Metoay I ayca-Kopaana.
9x +3y +2z=13,

dx+2y+z=7,
x+y+z=3
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YicenbHi METOAM B KOMIT FOTEPHUX HAYKAX

Pose’azox. 3anumieMo CHCTEMY B MaTpy4Hi ¢opmi:

3 1 x 13
AX=B,ne A={4 2 1|, X={y|,B=|T7/|.
1

(9 3 1]13) (-36 -12 -4]|-52)
iy \«) (O3
i411|7|'—>i36 18 9| 63| 0 6 5 ni—>
\1113)\111'3JL1113/
(=36 -12 -4 —521 -36 —-12 -4 |=52
3) (4) (&)
- 0 - 0 =24 -20|-44|>
0 24 32 J 0 0 12 | 12
_—— 2\
s u Z
o736 —12 -4 | - 521(6) 1 36 {36 451/36 o
S0 -24 201 44I 54 »/24—+
. _
|

0 0 i

1)@01\1)

112 4/ | 52/ ) ‘

i Y6 /36| 736 | |1 © /36 /6](9) 10 o0jt

S0 1 o |0 slo Sloot o1l
| 1 0 1

» ‘ 1 1
0 0 }Loo.ﬂ Jo 1

i

AN

(1) Tiepmmii psEOK MHOXKMO Ha -4, a Apyruii —Ha 9.

(2) o npyroro psaka J0A2eMC TIEPIIAH PAROK.

(3) [lepmmit psmok MHOXHUMO Ha 1, a Tpetilt Ha 36. [lo TpeThOro psuka NOZAEMO
nepmmi PAZIOK.

(4) HApyruit paoox MHOXHMO Ha -4, a TpeTiii — Ha 1. Jlo TpeTboro psmxa JOHAaEMO
JOpyTR pAZIoK.

(5) Tperilt psaok ainumo Ha 12.

(6)Tepummit psizok KimuMo Ha 36, a apyruil — Ha 24 (3amMIuaemo JpoGamu)

(7) 3rizwo dopmynn (3.95) M =ay, =20/ 5 a,,=ay, = M-a,; by=by —M-b;.
(8)3rinH6¢)opMym/l(3.95)M=a12=1%6; a, =a,~M-ay;; b=b-M:b,.
(9) 3rimmo gopmymn (3.95) M =ay, =% ay, =a, —M-as; b =b-M-b;.

Tomi z=1; y=1; x=1.

3.6.8. Npuknagu po3B’a3yBaHHA cuctemu metoaom lNayca

Marpuns CHCTEMH — L€ MaTpHIs, fKa CKNIaJacThcsl TIMBKM 3 KOEQillieHTiB Ipu
HEBiJOMHX, B faHoMy npukiani CJIAP:

Ix—y=—5,
\2x+y=-7,
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Pe3xin 3. Metow po3B’g3yBanng JHIAHEX aireOpUUHHEX PIBHSIHDL

1 -1
)
PosmeeHa MaTpyiud CUCTCMH — LIS Ta XK ManI/lHﬂ CHUCTCMH Ta CTOBICLDB BiJII:HHX
YWICHIB, B JAHOMY BUITAAKY:
1 -1|-5
[2 1 —7}

Bynap-siky 3 MaTpullb ANM CTHCIOCTI HA3HBAKOTH NPOCTO Matpuuero. Ilicas 3ammcy
POSLIMPCHOI MAaTpHLl CHCTEMM HEOOXIMHO BHKOHATH JAedKl Aii, sAKI HA3WBAKOTH
eIEMEHTapHUMM NICPESTBOPEHHAMH. [CHYIOTh HACTYITHI €/IEMCHTAPHI TIEPETBOPCHHS:

1) Psixcwt Mmatpund MoskHa nepectasismi Micismyi, Hanpuknan, B ik MmaTpuii MoxxHa

NCPECTABHMTH MEPUIVH 1 IPYTHIA PAIKH:
-5 2 1 1-7
e d .
-7 I -17-5

I -1
(2 1
2) fAxwo B Marpmu € (abo 3'stBUIMCH) rrponopumm (K OKpeMHMIl BMIAIOK —
OTHAKOBI) PSIAKK, TO CIILJA BHAAIWTH 3 MATPHLI BC1 Ll PAAKK KpiM oaHoro. Posrassemo,
HATPHKIIA] MATPHULEO

MAaTpHLA CACTCMM — LIC

1 2 3 415
01 -1 2|3
01 -1 213
02—24.6

\
VY uifi MaTpuil OCTaHH] TPU PAAKH NPOTIOPLEEHI, TOMY JOCUTH 3a;MIIMTH TUIBKU OTHH
13 HHIX:

(1 2 3 415

01 -1 213 1 2 3 415
4 .

01 -1 2|3 01 -1 213

0 2 -2 416

3) Sxmo B MaTpull B XOJl TICPSTBOPCHD 3'BHBCS HYJIBOBA PSLIOK, TO HMOTO TaKOXK
He0OXiAHO 3HUIMTH. HyTboBHIA PAIOK — LIe PSAOK, B AKOMY TLTBKH HY.Ti.

4) Pagok MaTpyLl MOXKHA MOMHOXMTH (NOoAUTMTH) Ha Oy Ib-AKE YHCIO, BIAMIHHE Bi[
Hya. PosrisineMo, HaNpUKIan, MaTPHLIO

-3 9115
05 0|25/
TyT ROLIIBHO NEpLKl PSIAOK PO3ALUTHTH Ha -3, a APYTHH PSAIOK IOMHOXKUTH Ha 2:
-3 915 1 -3|-5
—> :
05 0]25 1 0 5

Lla ais Zy»’e KOPHUCHAE, OCKUTBKH CIPOTILY € HACTYITHI IICPSTBOPCHHS MaTPHILY.
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5) Tle nepeTBOpeHHS BWKIMKAe HaliGinpuii TpyaHOWi, ame HacnpaBu — Hi4oTro
ckiagHoOTo Hemae. JIo psAnka MaTpHui MOKHA JOIaTH iHIMH psmok, HOMHOXEHMH Ha
YKCII0, BiAMIHHE Bi Hyst. PO3rISHEMO MATPULIO 3 NPAKTUYHOrO ipHKIANy:

-
2 1 |-
CLOYATKY POSUAIIEMO HEPETBOPCHHA AOKIAUHO. MHOXUMO UEpUIMi PRUOK Ha —2:

i -1]-5 ( 2 2| 10)
=)7L )
i A0 Apyroro psipgKa [ogaeMo ﬂCpHIHH pSOOK IIOMHOMKEHMI Ha —2:

1 -1 —5}_{ 2 2 i(;}_{oz ililfJ

2 1 |-7) {2 1

e e .
PR IR \A}J IlUlJlJ_U/lIl }JIJAUI\ lVLUIl\l‘lCI. IJUQA.IJIIIIII \\JIIUDJ // Ilu ket w

[1 -1 -5} (—2 2 10} ( 2 2|10} (1 -1 ~5j
e d .
2 1 ]-7) {2 1]|-7)7{0 3{3) 710 3|3

Ak Gaunre, PAAOK, AKUH HOJaBATM — He 3MIiHMBCA. 3aBXAM 3MIHIOEThCS PAAOK, A0
SKOrC RonafoTh. Ha mpakTHli Tak JOKJIAJHO, 3BMYAHHO, HE PO3NHMCYIOTh, a HMHIYTH

KOPOTILE:
(1 - —5\ (1 -1 l—a)
2 1 Lo 33 )

Ille paz: oo apyroro psaxa AoJand Hepmnn PENOK, MOMHOXKEHUR Ha -2. MHOXarh
PSZIOK 3a3BM4ali yCHO ab0 Ha YepHETI, IpY UBOMY YSBHUH Xill po3paxyHKB MPHOIU3HO
TaKUii:

1. Tleperucy oTh MaTPULIO 1 HEPENUCYIOTh NEPIIHI PIROK!

f’l -1 —sj [1 -1 | —5\]
- .
2 1| -7 * ok *
/

2. CriouaTKy Tepluwii CTOBMeUb. 3HU3Y NOTPiOHO OTPUMATH HYJb. TOMY OIUHUIIO
Bropi MHOXaTh Ha -2: 1-(-2)=-2, K0 APYToro psjxa AOJArOThH mepmry: 2 + (-2) = 0.
3anucyroTh pe3ybTaT y ApYroMy psiaky:

(1 -1]-5) (1 -1 -5)
—>
2 t|-7) "o = )
3 Terlep gpyrm“a ToBnens, 3mepxy -1 moMuomuTH Ha -2: —1.(=2)=2. Jlo npyrof

+ 2 =3, 3amucylo pe3yssTar y ApyromMy psaxy:

1 -11}-5) 1 -1]-5
- .
2 1| -7 J 0 3 *
4. | Tpetiif cToBneus. 3Bepxy -5 MHOXaTh Ha —2: —5-(-2)=10. Jlo apyroro panxa
JIOZAI0TE Hepmuit: -7 + 10 = 3. 3anucyrorh pe3yabTar y JpyroMy psaky:
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Po3zais 3. Metou poss’ 3y BaHHsl JTiHIMHNX aJreOpIMHEX PIBHSAHD
1 ~1t -5 1 —-1|-5)
- .
2 1 =7 0 3 3

HeoOxiano pertenpHo ocMmucanT Le# Npuiias i posipaTvch B TOCIT JOBHOMY
anropuT™i ofuucIeHb. KO Le 3po3yMmiao, To MeToa [ayca MPakTHUHO «B KHLICHD».
Arne, Haa MM NICPETBOPCHHSM TIOTPIOHO MOMpPALEOBATH.

Enemenmapni nepemeopennsn ne sminwiome po3e’nzky cucmemu pieHanp.

PosraanyTi All He MOKHA BUKOPHCTOBYBATH, AKIO BaM 3amponoHOBaHO 3aBAaHHSA, AC
MaTpHILi 1aHO «cami mo cobi». Harpuknaz, npu «KIacuYHMX» MisX 3 MaTPHISMM [OCH
NCPECTABIIATH BCEPEANHI MATPHLb Hi B IKOMY Pasi HE MOKHA.

Ipuknan 3.16. Po3s’s3atu cucteMy 3a A010MOror0 MeToaa layca (3aMiHH 3MIHHHX).

x-y=-3,
2x+y=-T7.

Poss’azox. Ha nepmomy erani (mpsmmii xig meroxy [avca) moTpiGHO 3ammcaru
PO3IUIMPCHY MATPHLIO CHCTCMH;

1 -1|-3
2 1 |-7
3arMiuemMo pO3IIHPCHY MATPHUIEO CHCTEMHM 1 33 JAOTIOMOTOK  CIEMEHTAPHUX
NEPETBOPEHb NPUBEACMO i1 10 CXIA4aCTOTO BUTIIARY
I =1 {-5YO1 -1 | -3\®(1 -1]-5
— —>
2 1 | -7 0 3 3 0 1 1

(1) Ho apyroro psiika I0Jamy NEPLUHH DPSAAOK, TOMHOKEHHH Ha -2. | 3HOBY: YoMy
MEPIUMH PAIOK MHOXKHUMO came Ha -27 Jist Toro mo6 BHM3Y OTPUMATH HyJb, 4 3HAYUTD,
1030y THCS OHIET 3SMIHHOT Y APYTOMY PSLIKY.

(2) Minuvo apyrmit psimok Ha 3. MeTa eneMEHTapHMX MEPETBOPEHb ~ TPUBECTH
MaTPMLEO J0 CTYMHYACTOr0 BHITIANY (ria ronoBHONW AlaroHawto Bei 0, a JiaroHame
ckitaaeHa 3 1):

1 -1 -5
0 1 1
B pesynbrari * €ICMCHTAPHMX MEPETBOPEHb OTPMMAHA CHCTEMA PpIiBHAHB, 5K
CKBIBA/ICHTHA O BUXITHOI (TI04ATOK 3BOPOTHOTO XOY ):

rx_y:—sz
{y=l.

Tenep crucTeMy MOTPIOHO «PO3KPYTHTH» Y 3BOPOTHOMY HAIPAMKY — 3HH3Y A0 BEPXY,
LieH [POLIEC HA3KUBAETHCS 3BOPOTHHM X0I0M Meroxy ["ayca. Y HWKHBOMY PIBHAHHI ¥ HAcC
BXC FOTOBMH pesynprar: y =1. PosrmaHemo mepiue piBHAHHA CHCTEMH X— V= -3 i

MACTaBUMO B HBOTO BXKE BiAOME 3HaYeHHA V=1 x—1=-35 1a x = 4.

Toat poss’szok CJIAP x=-4 1a y=1.
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UyicesibHI METOIV B KOMIT FOTEPHHX HaAYKAX

Posrnapemo Hailbinbin DOIMMpeHy CHTyanilo, koau Meronom [ayca noTpiCHO
PO2B’A33TH CHCTEMY TPbOX MIHIHHAX PiBHSIHB 3 TPHOMA HEBIIOMIMHM.
Tpuxaan 3.17. Po3s’s3atu cHcTeMy 3a 00OMOTOr0 MeTona [ayca ( {3aMiHU 3MiIHHUX).
(5x+2y z=-1,

i2x— y+3z=13

= Q
=7.

>{
l\)

L y—z=2
Po36’a30K 3a04IIEMO PO3LLMPEHY MATPULIC CHCTEMHU!

3 2 —si—l\i

2 -1 3 |13}
1 2 -11].9
i /
Merta — 3a JOIOMOIOIO €IEMEHTApHHUX TICPETBOPECHD TpUBECTU MaTpPUUio 10
cTyniHgacToro RuUrnsay. Criouatky MWRUMOCS WA nire repxwe g, =3 Y BHimkmocri

BUIAIKIB TYT MTOBUHHA 3HAXONMTHCS ONMHMIIA. Baarani xaxywd, siawtye i -1 (a iHOMI i
immi umcna), ane AKOCh TAK TPAIMUIHO CKIANOCH, LBIO TyI¥ 3a3BuYail NoMillaloTh

OTTULIITIN A Anramisvnary nmoaomia?  Mupunaco wa mmeniuid  ocToBreny — 1oTOBRA
UARMALIU. 710 ul_uc.uu.n_yuuuu SAMRELIC ! AnsdamUuca nid  uvpaanead  Vvivusutuo 1ViIVLa

OMHUIA y Hac ¢! [lepeTBOpEHHS Tepuie: MiHIEMO MICUAMM TepPLINi i TpeTiit paaKA:
3 2 -5 | -—1\l T2 -1 | 9
| P 4
2 -1 3113p->|2 -1 3 |13
§ ]
[ R R —s | _
2 -1j9) 3 2 -5;-I
Tenep nepwuit psaoK y HAC 3aJIMIIUTLECA HE3MIHHMM JI0 KIHUSA PO3B° A3y BaHHI.
OnuHULA B J1iBOMY BEPXHBOMY KyTKy OTpuMaHa. Tenep moTpiGHO OTpuMaTh HYTi Ha dy

Ta @,, (To6TO B MEpIIOMY CTOBMI Tl FOTOBHOO AiarOHALIO). Hyni orpuMyemo came 3a

ZONOMOTOKO (BAKKOTO) NIEPETBOPEHHS. Croatky po3Gupaemocs 3 IpyTuM psakom (2, -1,
3, 13). 1ilo motpi6HO 3poduTH, 10O Ha TepMWil HO3ULT OTPUMATH HY b7 floTpidro no
JPYroro psjKa A0AaTH Mepiuuil psitok, ToMHOKeHUH Ha -2. [Togymxn abo Ha YepHeTI
MHOXKHAMO TepIni psimok Ha -2: (-2, -4, 2, -18). I moCmizoBHO TPOBOAMMO (3HOBY XK
IIOAYMKH a60 Ha YepHETI{) A0ABAKHA: 10 APYroro psaKa J0JaeMu MEPUIRH PAIOK, BKe
TOMHOXEHMIA Ha -2:

0 -5 5 -5
ol

-2 -4 2 -18
2 -1 3 13

PesynbraT 3aucy€eMo y IpyroMy psaKy:
3 2 =5]-1) (1 2 =19 1 2 -1]9
2 -1 3 [13|>]2 -1 3 |13|>]|0 =5 5 | -5
1 2 -1|9 3 2 -5]|-1 3 2 -5 -1
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Po3aia 3. MeToaM posB’ s3yBalHs JiHIMHUX afireGpHiHEX DiBHIYE

Axanoriuno pes6upaeMocs 3 TpetiM psagkoM (3, 2, -5, -1). 1L{o6 otpumaru Ha nepuiii
MO3ULil Hy b, NOTPIGHO O TPETHOIO PIKA JOXATH TP PsIOK, OMHOKEHHH Ha -3.
onymky abo Ha YepHETHI MHOXHMO TNepiuuif psaok Ha ~3: (-3, -6, 3, -27). I 1o Tpersoro
PALKa A0Aa€MO NEPLIM pALOK, MOMHOXEHUM Ha -3:

v -4 - L — 40
I
-3 -6 3 =27
+ 4+ o+ 4
3 2 -5 -1
Pesynbrar norpibHo 3amucat B TpeTilt pALOK:
(32—5—1"12—1912_19‘(12-19‘
12 -1 3 13]~>[2 -1 3 1319(0 -5 5 —5]—>|0 -5 5 ‘ -5 |
\t2 -t)9) 3 2 -5]-1) (3 2 -5|-1) [0 -4 -2]-28]
Ha nipakraui ui aii 3a38u4aif BAKOHYIOTECS YCHO 1 3alTMCYIOTHCS B OJMH KPOK:

/1 ~ 1‘ (\\
[t 2 =1 g

(3 2 -50-1) {1 2 —1i )
2 -1 3 113 ->l2 -1 3413 —-)'0 -5 5 | =5

L1 2 -1 9) (3 2 ~-5|-1) {0 -4 -2]-28
He mortpibHo paxysarm Bce Bigpasy # ozxHouacuo. [lopsimok ofuucsiest i

«BLVCYBAHHS» PE3YNbTATIB ITIOCIIACBHUM 1 3a3BUYalf Takuii: CIIOYATKy IEPENHUCYEMO
nepumii psok i pyxaemocs HOCHIZOBHO ta YVBAXKHO:

1 2 =119} (1t 2 =19 (1 2 =119
* %k % *__)0* x* *_)0_5* *__)
L . S %k k% * * * * * %k
I 2 =119 12—1|9 12 -1]9
—>10 -5 5 -0 -5 5 ~-5|->/0 -5 5 | -5|—>
% * * * * * * * 0 % *® *
1 2 -1] 9 1 2 -11]9 1 2 =1] 9
—{0 -5 5 | -5|=>|0 -5 5 |-5|{>{0 -5 5 -51.
0 -4 * | ] lo -4 -2]=*] lo -4 -2]|-28
/

VaABHU# Xif po3paxyHKiB BKe posSIAHyTO Buiie. Jai noTpiGHO OTpHMATH OXHHALIO
HACTYMHOI «CXONMHKM» a,, (OAMHMUI Ha rONOBHiA iaronani). B uboMy npuxmazgi ue
3po6HTH JIerKo, APYruil pAAOK AiMHMO HA -5 (OCKiNBKM TaM Bei YMcnia AinsAThes Ha 5 Ges
3amuuiky). JlimaMo TpeTiit psaook Ha -2, ajke YAM MEHIIE YWCiIa, TM ITPOCTIilHi
PO3B’S30K:
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32 -5]-1 1 2 -179 1 2 -1 9 12 -1}9
(2 -1 3 13{—>12 -1 3 13|->]0 -5 5% -5|->(0 1 -1]1
l 1 2 -119 32 -5]-1 0 -4 -2 -28 \0 2 1 |14

N

Ha saxmouHoMy eTami e1eMECHTapHUX NEPCTBOPCHL MOTPIOHO OTPUMATH LUEC OJUH
HyJb Ha d5, . I LbOoro 10 TPETHOro psijika AOAAEMO APYTHI PSIIOK, MIOMHOXKCHUH Ha -2:

32 =5]-1) (1 2 -1]9) (1 2 -1] 9
2 -1 3 131-»2-13 13—>L0-5 50 -5 |-

12 -1]19) (3 2 -5|-1; (0 -4 -2]-28
12 -1]9 12—1‘9\ 12 -1]9
5101 “1 1|01 1] 1]t 1 —1]1]
02 1 |14 003|12 00 1|4

CrpoOyiire po3idparH L0 AIF0 CAMOCTIMHO — ITOIYMKH TIOMHOJKTS JPYTHH PIOK Ha -2
i npoBeiTh AoAaBaHHa. OCTaHHA BUKOHAHA i — [IPUBEICHHSA PE3VIIBTATY . AUTMMO TPETIi
psimox Ha 3. B pesynbraTi CICMCHTapHMX IICPCTBOPCHb OTPUMAHA CKBIBAJICHTHA O
BHX1JHOI CHCTEMA JTIHIHHUX PIBHSHb:
xX+2y—z=09,
y—z=1
z=4
3acTOCOBYEMO 3BOPOTHMHM X1 MeToay |'ayca. PIBHAHHS «PO3KPYUVIOTBCS» 3HM3Y 10
BEpXy. Y TPETbOMY DIBHAHHI Y HAC BXKE IOTOBWM pe3ysbTar: z =4. [luBumocs Ha apyre
piBHHIA:. y—z=1. 3HaueHHsA Z BXkE BIOOMO, TakuMm yuHoM: y—4=1 ta y=5. 1,
HapemTl, Mepiie PIBHMHHA: X+2y—z=9. Jlpi 3minml Bigomi, gam: x+2-5-4=9;
x+6=9 1a x=3.Tom: x=3, y=5, z=4.
Sk Bke 3asHavamocs, At OVAb-AKOI CHCTEMH PIBHSAHb MOXHa 1 MOTPIOHO 3pO0HTH
MEPEBIPKY 3HAWACHOrO PO3B A3KY (e HECKIAHO 1 IIBHIKO).
Ipuknan 3.18. Po3p’sa3atu cucteMy MHIMHUX pIBHAHB MeTOAOM [ ayca:
x+2yv+3z=1,
2x - y+2z=06,
x+y+5z=-1

Pozé’s30k. 3armmemMo po3IHPEHY MATPHLIO CHCTEMH 1 33 JOTIOMOTOK €IEMEHTAPHUX
MICPETBOPEHB 3BEACMO ii 10 CX114aCTOr0 BULIIALY .
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Po3gin 3. Metoai posa’ s3yBaiis JIHIMHEX alreOpUdHNUX DiBHALD
(1 2 3'1) (1 2 3|1\_(1 2 3i1\,
) {0 -1 2
| A A
\1 1 5 —1/; 0 -1t 2 -2 ) 0 5

{3
-2{—>

_4)'

(1 2 3 I 1 ] (’1 2 3 1‘]
3 (4)
N 1 S ~ [Nl “ 2

|
>V Tl L | Tz |THvY 1 —'1..!
0 0 14]-14) Lo 0 1|

BukoHaHO eneMeHTapHi epeTBOPEHHS:

(1) mo apyroro psifika fonaty Nepulnii panoK, ToMHOXeHWH Ha -2, JIo TpeTboro pagka
Jonany mepuit psanox, NTOMHOXeHUH Ha -1. Moxe BHHUKHYTH OaxKaHHs Bill TPEThOIO
psAKa BiTHSTH TNepmnii, ane e He PEKOMEHACBAHO — CUJIBHO MiABHMILYETHCS PH3HK
TIOMIJIKH.

{9\ Y pavurennsas aamey anrra i nrrar {r e arrsse oo ma -1 TInvraii § ToeTilt nanyy
ey ¢ ApPYIUNY PaAR) SMilidiiad Jhar \(GUMICAGLED UG “a . mapy s o TPeTiL PAaxid

HOMIHSTH MicusaMH. 3BEPHITh YBary, II0 Ha «CXOAWHKAX» HAC BIAIUTOBYE HE TINBKH
OIMHMUA, ane uie i -1, 1o HaBiTh 3pyuHiLIe.

() TIn TheTLoro naTrya TOTATH TAVTHH NaTny ITOMINraumil wa §
\2) 440 TPOTROTC pAIXA AoHalM APYTHH PANCK, HOMHEHOXKCHNY 2.
s

(4) YV npyroMy psanky 3MiHAIM 3HaK (HOMHOXUIH Ha -1). Tpertilt pagok po3xinvin Ha

14.
z==1,1a y=2z=22y+2=2=>y=0,1i x+2y+3z=1=x+0-3=1=x=4

Tonmi x=4, y=0, z=-1.

Cnin 3a3HauuTH, WO OAUH Xii PO3B’#3yBaHHA MOxe He 30irTHCS 3 HIIAM XOXOM
PO3B’S3yBaHHS, 1 e — 0cobMMBiCcTE MeTony ['ayca. Ane BigmoBiZi 00OB'$3KOBO MOBUHHI
BUHTH OJIHAKOBUAMM.

Hpuxaag 3.19. Po3r’a3atu cucteMy NiHiffHEX piRHIHEL MeTOHOM I ayca:

[4x+2y-z=1,
i5x+3y—22=2,
3x+2y-3z=0.

Po3e¢’a3ok. 3anumweMo poemnpe}ly MaTpuLo CUCTEMHA iza AOIIOMOr o0 eHeMeHTapHHX
NEPETBOPEHDL 3BEAEMO il mo CX]H‘-I&CTOI‘O BUTJLIAY:

4 2 -1]1
53 -2 21.
\3 2 -3]0)

"nny\u\r‘o Ha JRY REeNXHID UCXODMHKY». Tam v wac nopumgua 6HvTL

rie AVWaA Ta A5y SepaAnsy NLAULNHTN J aaav AGA ) ada RARANGARS

ITpoGnema monsrae B TOMY, IO B TepuIoMy CTOBNII ONWHHUEL HEMaE B3arajti, TOMY
IIEpECTAaHOBKOI PAAKIB HiUOro He BHUPIMIMTH. Y TaKWX BUIAAKAX OAUHHIIO HOTPiOHO
OpraHi3yBaTH 32 JONOMOIOI0 €JEeMEHTApHOro IEepPeTBOPEHHS. 3a3Buuail e MOXHa
3pobUTH JIeKinbkoMa criocoGaMu. '

(1) Hanpukman, no nepmoi psigxa AOJaEMO APYTHH PSAOK, IOMHOXEHMi Ha -1.
To6To, MOXYMKH IOMHOXMIM JIpyruil psaok Ha -1 i BHKOHANW NOJABaHHSA IEPHIOTO Ta
APYTOro psaaka, NpH LbOMY APYTruil psIoK y Hac He 3MiHHUBCAL
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Ypce bl METOJM B KOMIT JOTEPHUX HAYKax

4 2 1|1 (1)(—1 -1 1 | -1
5 3 -212|-»5 3 =22}
32 -3lo) |3 2 -3]0)
Temep 37TiBa Bropi «MIHYC OJZME», IO HAC winkom Bramrye. 1lo6 otpumatn +1,
MOJKHA BUKOHATHU JOJATKOBO: TIOMHOMKMTH MEPLIUA PSAOK HA -1 (3MiHMTH 3HAK). Ham
AITOPIATM TIPALFOE BKE SIK PAHILIC! s
“1ny (-1 -1 1 —1\(2) -1 -1 1] -1

42 M (3
53 _212|>5 3 22> 0 -23 -3|-
32 -310 32 3]0 0 -1 0]-3)

-1 1) (1 1 ~1ll 11 ~-1]1
| (4

3 (%)

-0 1 0 3150 1 0 [3|=>/0 1 0 |3}
0—23-3JL0033)\001]

(2) Ho mpyroro psiaka Jonand [epIIHiA PAI0K, MTOMHOXKECHMI Ha 5. Jlo TpeThOrO psiaKa
7101a/11 TISPIIKE PsAI0K, IOMHOMKCHHH HA 3.

(3) Tlepumii psIOK MOMHOXHMIM Ha -1. Y TpeThOro psiAKa TAKOK 3MIHIIM 3HAK i
TIePECTABUAM HOTO Ha APYTE MICLE. TaKkuM YMHOM, Ha APYTil «CXOAMHIL» Y HAC 3'ABITACA
noTpiOHa OJUHMLIL.

(4) lo TpeThOTO pAAKA JOAATH APYTHH PsIOK, TIOMHOIKCHIH HA 2.

(5) TpeTi# pAROK PO3ALTITN HA 3.

[loraHoK O3HAKOK, IO CBiTIMTh TPO TIOMWIKY B obuucreHHsx  (DLAKO PO
JAPYKAPCLKY TOMMIIKY), € «TOraHui» HykHIHM psaaok. TodTo, KO V HAC BHU3Y BUHIIIO

A ) 23
MOCh HA KIUTAIT (0 0 11 | 23), i pignosigno, 11z=23 z:ﬁ, TO 3 BEITHKOK

WMOBIPHICTIO MOXHA CTBCDIKYBATH, IO JOIYIICHA TIOMMIka B X0Jl €IEeMCHTapHMX
rnepeTBOpeHn. [IpOBOAMMO 3BOPOTHHH xiz, B O(OPMICHHI NPHUKIAJIB HacTo BHKC HC
MEpenuCYIOTh CaMy CHCTeMY, a piBHsHHS «DOepyTh TPAMO 3 HAaBCACHOI MAaTpPHEL»
(3BOPOTHMEA X1J1 MPALIOE 3HU3Y 10 pepxy ). OTpumyemo:
z=1.y=3Ta x+y—z=12x+3-1=1>x=-1.
Tomi: x=-1; y=3:z=1.
Mpuxaaz 3.20. Posp’sasatu cucTeMy MiHIHUX piBHAHL MeTOOM ['ayca:
8x+7y+3z=18,
~Tx—-4y—-4z=-11,
~6x+5y—4z=-15.
Pose’s30k. el npukian fist CaMOCTIMHOTO PO3B’ A3y BAHHS, BIH TPOXH CKITaJHILIHH.
JamvIneMo POSMMPEHY MATPHLEO CHCTEMH 1 3@ AONOMOTOK) CIEMEHTAPHKMX TIEPCTBOPCHD
3BEACMO 11 A0 CX114aCTOTO BUITIALY:
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Pozain 3. Metons noss’g2vBaxss jiidi

f_mﬂx anf-é«ﬁmnnx DiBHAED
— '.. »_ 7
(8- 73 ! 18\!0”{1 1 1! 7 jm![i 3 -1 ,):(3)
|-7 -4 -4 | milJ—>§-7 -4 -4 l _Ilielo 17 -11 | 38>
\-6 5 ~-4]-15 L—s 5 -4{-15) {0 23 -10 27|
'13-1'7'r'13 —117\ 13—1'7 
3 (4) | |<5) . (6)
-0 17 =11 i 38 |"—‘r:G -1 -14 [ 71 |‘—)|O -1 —}.4 i 71 |—>
o6 1 f-n)los 1 |-1) (o0 -8]as)
13 -1 7
(6)
{0 1 14 | =71}
00 1 |-5)

BuxoHaHi nepeTBOpeHHs:

(i) o uepuioro psiaka HoAamd APYTHiA, TakuM UHHOM, opranizoBara TOTpiOHa
OJMHMIA Ha JBIH BepXHiM «CXOaMHII».

(2) To apyroro psaxa foxanu nepuiuii pagok, momaoKeHul Ha 7. Jlo TPETHOTO PAAKA
AojaIM MepulMilt pAAoK, TOMHOXEHWH Ha 6. 3 Apyroi «CXOZMHKOWO» BCe Tipiue,
«KaHZMAATH» Ha Hel —uncna 17 1 23, a naM notpi6Ha abo +1, abo -1. [lepetBopenns (3) i
(4) OynyTh CIpSMOBaHI Ha CTPUMAHHS TOTPIGHOT OAHHIHI.

(3) Ho TpeTboro psaxa Iogand APyTHil, TOMHOKCHMH Ba -1.

(4) Mlo apyroro psika pogamu TpeTil, noMHEOKewui Ha -3. Iorpibae Ha npyriit
CXCAMHLI OTPHUMAHO.

(5) Ho TpeTboro psaxa joaani ApyTHH, TOMHOXeHUIT #a 6.

(6) Hpyruit psnok MOMHOKERHM Ha -1, TpeTill paAok pos3aimiiy Ha -83.

3BOpoTHIH Xig: z=~3;

y+l4z=-T1=y-710=-T1=y=1;

X+3y -z=T=x-3+5=7T> S.

Tomi: x=5, y=1, z=-5.

&

Posrasinemo nesixi ocobrzusocmi anzopummy I'ayca. Tlepua ocobausicTs momsrae B
TOMY, IO {HOAi B PiBHAHHAX CUCTEMH BIACYTHI NesKi 3MiHHi, HampUKAaz;

2x+y—-2=0,
3y+4z+6=0
PR | i
L.A.‘r'a-—x. :

Y posummpeniit MaTpHIi CHCTEMH HA MicIli BiICYTHIX 3MIHHUX CTaBHMO HY Il

(2 1 -1} 0"
03 4 |-6
l101 1

Ho pedi, e IOCUTE Nerkuit MPWKNAJ, OCKiIKA B EPLIOMY CTOBITI BXKe € OQUH HyTb,
| HeOOXiAHO BUKOHATH MEHILIE ellEeMEHTAPHUX TIePeTBOPEHb. Jlpyra 0co6auBiCT monarae
0Ch y HOMy. Y BCIX PO3IISHYTUX MPUKIAZaX HA «CXOAMHKW» MH po3Mimmamu a6o -1, afo
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UpncerbHl METO M B KOMII FOTEPHHAX HAYKAX

+1. Yu moxkyTh Tam OyT iHmi umcna? Y JCAKMX BMTIAIKaX MOKyTb. Posrmsimemo
CUCTEMY

2x-3y+z=2,
2x+y—4z=9,
6x-5y+2z=17.

TyT Ha 7iBil BEpXHill «CXOAMHLI» y HAC ABiHKA ANE Bi3HAYMMO, ILO BCI YHMCIA B
MepIIOMy CTOBIIH ALIATHCA Ha 2 Oe3 3anmiuky: i iHwa 2, 1 6. | asiiika 3niBa Bropl Hac
BramTye. Ha nepmomy etari He0OXiZHO BUKOHATH HACTYTIHI NEPCTBOPCHHS IO JAPYTOTO
pAIKa JOJATH TEPIHMHA PAIOK, TOMHOKECHUI Ha -1, 10 TPETHOrO psjKa AOAATH TICPIIMH
pAAOK, MOMHOXCHHMH Ha -3. TakuM YMHOM, MU OTPUMAEMO noTpibHI Hy:1l B MEPILOMY
CTOBMUMKY . AGO mie Takuii YMOBHMIM NPHKIANL!

L2 -7]4
0 3 -1|17

0 12 2 1

TyT Tpiiika Ha APYIUil «CXOTMHLI» TEXK HAC BIAIUTOBYE, OCKLTbKM 12 (Micue, A¢ Ham
MOTPIGHO OTPMMATH HYIb) AUTHTECA Ha 3 Ge3 samwmurky. HeoOXiAHO MpOBECTH HACTYITHE
[ICPCTBOPEHHS: [0 TPETHOrO PsKA AOJATH APYTMH PIOK, TIOMHOXEHMI Ha -4, B
pe3ymbTati Yoro i Oy e OTPMMAHO MOTPIOHMI HaM HYIb.

Mertox I'avca yHiBepcanbHuii, age € OAHE OCOONMBICT. BreBHCHO HaBUMTHCA
PO3B’SI3yBATHM CHUCTEMM IHIIMMM MeTojaMmu (MeToaoMm Kpamepa, MaTpiiHMM METOI0M)
MOXHA 3 TEpIIOrO Pasy — TaM AYKE JKOPCTKHM aaroput™. Ajc OT mOG BICBHCHO cebe
nouyBaty B Metomi [ayca, ciia po3s’ssatu xo4a 6 5-10 cuctem. Tomy crioyaTky MOKIIUBI
MIOMWIKHK B OOMMCICHHAX, 1 B LIbOMY HEMA€ HIMOTO HE3BHYaMHOTO.

Mpuknax 3.21. Po3s’sszatu MetogoMm layca cucremy JiHIAHKX PIBHAHD 3 YOTHPMA
HCBLAOMUMU:

' (2x+5y+4z+1=20,
x+3y+2z+1=11
2x+10y+9z+7t =40,
3x+8y+9z+2r=37.

Po36’s30k. Take 3aBIAHHS HA MPAKTHLI 3yCTPIMAETHC HE TAK BIKE M PIAKO. AJIrOpHTM
PO3B’A3yBAHHA TAKOI CUCTEMU IHTYITHBHO 3pO3yMianid. [IpUHLMIIOBO BCE TaKe i, POCTO
;i Gimbmre. Bumagku, KOMM CHCTEMa He Mae PoO3B’sskis  (HecymicHa) abo Mae
HECKIHUCHHO 6arato po3s’ A3KiB, POSTJIAHY Ti B ITy HKTI PO HECYMICHI CHCTEMH 1 CHCTOMM 3
YACTKOBHM PO3B A3KOM.

JanMIeMO MATPHLEO CHCTEMH 1 3@ JOIIOMOTOI0 €IEMECHTAPHUX NEPCTBOPCHb 3BEACMO
if 10 CX1A4aCTOTO BUITIAY
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PO3}]i.ﬂ 3. Mertoun po3s’a3vsatis AiHiHEX anreGpHIHEX DIBHAHD

2 5 41 A21{111321|11
13 21 o2 4 1]20@0 -1 0 -1]-2|®
[21097 40 21097‘40 0 4 5 5 |18]
3 8 9 2(37) (3 8 92|37 {0 -13 1] 4
(1 3 2 v 1) (132 1)) {132 1]n)
@0 -1 0 -1 -2[wo 10 1] 2]®o 10 1]2]
oo s 1w Jootro|l2[loo 1 0]2]f
L0030 6J005]10J 000T1]|0

BukonaHi nepeTBOpeHHS:
(1) Ilepumit i apyruit psAKK MOMIHSIN MiCLSMA.
(2) Mo zmpyroro psaka Jonami MepIIMi psAOK, NOMHOXeHWH Ha -2. J[o TpeThoro

psaKa ToAaM Mepiuil paaoK, TIOMHOXKEHHH Ha -2. JIo 4eTBepTOro psijika AOAAIM NepLinit
pALOK, NTOMHOXEHHH Ha -3.

(3) Ho tpeTsoro psmka Jojand Apyruif, MOMHOXKeHHH Ha 4. J[o 4eTBepTOro psika
JoJaju IpyTuit, MOMHOXEHUH Ha -1.

(4) Y apyroro psinka 3MiEXIM 3HaK. YeTBepTHil PANOK PO3MIIMIM Ha 3 Ta MOMiCTUNH
3aMiCTh TPETHOTO PAIKA.

(5) o ueTmepTero psamxa KOIaNK TPETilt pAIOK, TOMHOXKEHNUIT Ha -5.
3BopoTHIf xim: t=0; z=2; y+1=2=>y=2;

X+3y+2z+1=11=>x+6+4+0=11=>x=1.

Tomi: x=1; y=2;z=2T1at=0.

Ipukaan 3.22. Posp’s3aty cucreMy 3a onomororo Metoay I ayca-Xopaana.
[3x+2y—52=—l,
\2X—y +3z-13,
|x+2y—-2z=9.

Posg’azok. 3anumeMo cucteMy B MaTpuuHi (opmi Ta 3BeAEMO O CXigYacToro

BUIIIAAY:
-1 I 2 -1(9 I 2 -1 9
3(=>12 -1 3 |13|>(0 -5 5 | =5|->

1 2 =11 9) 3 2 _‘—5]—1) \V -4 =2 | -28)

(1 2 =119 (1 2 —=119Y (1 2 =1]09)
—>01-11—>01-11—>01-11\.
02 1 |14 00 3 |12 0014)

Temep 3aMicThb 3BOPOTHOTO XOAy BHMKOPHCTOBYEMO HOIATKOBI eleMEHTApHi
neperBopeHHs. Crio4aTky HeoOXiHO OTPHUMATH HyIi Ha MIiCLSIX, @;; Ta d,;, 4 NOTIM Ie

OJIMH HYIIb HA g, . [neanbHuil 3 TOYKK 30py IPOCTOTH BANAAOK:
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YucenbHi METOIM B KOMII FOTEPHHX HAayKax

12-«19“)12013(2)'1003
01 -1]1{=0 1 05|50 1015
0 0 1 /4] (0 0 1] 4 0 0 114

(6) Jlo apyroro psaka moaand TpeTid pszok. Jo nepmioro psaaKa AOAanH TPETIH
PAAOK.
(7) Jlo nepmoro psjKa A0AANU APYTHH PANOK, TOMHOKCHHMH Ha -2.
[TiacymxoBa cucTeMa:

x =3,
y=3,
z=4.

3.6.9. HecyMicHi cuctemu. Cuctemu i3 3aranbHUM PO3B’A3KOM.
YacTKOBiI pO3B’A3KMu

TIpoJOBKY€EMO PO3IIANATH CHCTEMAMM JiHIHHMX piBHsHb. Jlo wMx nip ue Oymm
CHCTEMH, 5Ki CYMICHI 1 MaIOTh €MHMM po3B 130K, Taki CHeTeMu MOAKHa po3s a3atH Oy Ib-
KM crIoco00M: METOIOM THACTAHOBKH, 3a QopMyraamu Kpamepa, MaTpHYHUM METOAOM,
metoaoM [ayca. OnHak Ha MPaKTULL IIMPOKO MONIMPEHI IE 1BA BUMAIKHU,

- CucreMa wecymicHa (He Ma€e O3B S3KiB);

- Cucrema cymicha i Ma€ HECKIHYEHHO 6araTo po3s’ A3KiB.

3ayearcennsi. TepMin «CyMICHICTB» O3HAYa€, IO y CHCTEMH- ICHYE XOY OIHH
pO38’si30K. Y ST 3aBAaHb NOTPIOHO NMOMEPEAHBLO JOCTII JUTH CUCTEMY HA CyMICHICTb. Jlist
VX CHCTCM 3aCTOCOBYIOTh HaMOLibul' yHIBEPCATIbHUI 3 YCIX CnocobiB O3B s3yBaHHA —
meron [ayca. YV Bumiii MareMaTHui NPUHHSTO BHKOPHCTOBYBATH TIayCIBCbKMH MCTOA
MOCITiIOBHOrO BUKIIOUEHHS HeBizomux. CriOuaTky pOSIIAHEMO Tapy MPUKIAAIB, KOIH
CHCTEMA HE Ma€ Po3B A3KIB (HECYMICHA).

Mpuxnan 3.23. Po3s’s13aTi CHCTEMY THIHHUX PIBHAHB

[4x, =3x; +2x; —x; =8,
3%, =2x, +x3-3x, =7,
5x; =3x, +x;-8x, = 1.

Po3e¢’szok. B it crucTeMl KUTBKICTh PIBHAHB MEHIUA, HUK KUTbKICTB 3MIHHMX. SIKuio
KIZIBKICTh PIBHSAHL MEHINA, HDK KUTBKICTH 3MIHHMX, TO BLIPa3sy MOXHa CKas3aTH, L0
cucteMa abo HecyMicHa, aBo Mae HECKIHYCHHO Oararo pos3p’saskiB. | ue 3anuMmmiocs
Tinbku  3'sicyBari.  [lowarox  pose’sAsyBaHHs abCOMIOTHO  3BHMAMHMIA:  3aITMILICMO
POSIIMPEHY MATPHLEO CHCTCMU 1 32 JOMOMOTOX0 EJIEMEHTAPHUX TIEPETBOPCHD 3BCACMO ii
J0 CXi4acToro BHITLAY:
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Poagin 3. Meronu po3n’s3yRaHHs NiHIRHNX anreOpHUYHX PIBHIHE

4 -3 2-118) (-1 0 1717 (-1 0 1 7]7)
o) 2) | (3)
3 -2 1-3|7|> -21~-3| 0 -2 418‘28—)
. |
5 -3 1 -8 -—8|1 0 -3 627 36)
N i J
(-1 0 1 7 ]('1017'7"]
3 (4
> 0 -1 2 9 |40 -1 2914}

Lo 1 —2—9'12} Lo 0 00]2)

(1) Ha niBiit Bepx#nit cxonuHui HaM noTpibHO oTpuMaTH +1 abo -1. Takux uucen B
TepIIOMY CTOBNLI HEMAae, TOMY IIEPEeCTaHOBKA pANKiB Hiuoro He Aactb. OIMHULIO
JIOBEleTbCS OpraHi3yBaT¥l caMmocTiliHO, i 3po6uTH Le MOXHa KiTlbKoMa cIocoOami.
Pobumo Tax: Jlo nepuoro psaka JoZaeMo TpeTii psaaok, TOMHOXeHHH Ha -1,

(2) Tenep otrpuMyeMo ABa Hyni B mepruoMy cToBmif. Jlo Apyroro psaka IORaEMO

V3 3
TTONTITIITI  rarnny raAeITANv ATt  rra 2 Tn mrnarr Ara VA TNATIaMAEA  TTArmITIIITE namav
MVPMGIEL  PAAVINy  UVIMMIUMVILEIIL W O AW APV IRV rux,qnu AV ALY LWL AN,

MOMHOXEHHUIA Ha 5.
(3) Micns BUKOHAHOTO TIEPETBOPEHHS 3aBXIX AOLIIBHO IMOJUBUTACH, YH HE MOXHA

!‘ni‘\(\l"l"’l"l"i'l (‘I’!‘Y\TX\[Q“! I’\C’TTV'I T\/fr\wua NANVTITAIR Y T[Y\‘IT‘TXTI NAaTHY Tl"T'I’\'I\lI\ ua F) 330

ViUV L L ANMGNL paan AN, UGSV, LA PAAVR Aiariidy DG e

-

OTPUMYIOUH TOTPIOHY -1 Ha APyrilt cXOAKHII. TpCTlPI PANOK AinAMoO Ha -3.

(4) Ho TpeTboro psiaxa 10JaEMO IPYIHil pAACK.

HanesHo, 3BepHyiM yBary Ha paANOK, SIKWH BHUAILIOB B pe3ysbTaTi eleMeHTapHUX
ePETBOPEHD: (0 00 0'2). 3posymino, mo Tak Oyty He Moxke. JlilicHo, liepermimemMo
OTpHMaHy MaTpHLIO Ha3al B CHCTEMY JiHIHHUX PIBHSAHb!

/7 ]
{ -1 0 1717
0 -1 29
0 0 00]2

ZIKiO 8 pE3yib G CAEMERMAPHUX RNEPEINBODERD  OMPUMAHO p)’iaOK Gi,i@y
(0 0 .. Oll, Oe A - uucno, iOMiHHe 8i0 HYIA, MO cucmema HeCymicHa (He mae

p038°a3Kig).
Sk 3anucaTy KiHelb 3aBjaHHsA? B pe3ynbraTi eneMeHTapHUX MEpEeTBOPEHb OTPUMAaHO
PANOK BUAY (0 0 .. 0|Z), ge A#0 1 BiamoBiAb: cucTeMa HE Ma€ pO3B’SA3KiB

(necymicHa). Skuio x 3a yMOBOIO n0Tpi6Ho DOCHIDKYBaTH CHUCTEMY Ha CYMICHICTb, TOAI
HEOGXITH-TO Od')OI’)M’MTW nO3B SROK R IH TTOM’V (‘TT/TTII l'i R4 TI'V‘IP'HT-TWM THOHATTS naHFV MHTpHHi
i Teopemu Kpoaekepa-Kanenm. 3B€pHITB yBAry, 1O TYT HEMAE HisKOr0 3BOPOTHOTO XOJIY
anroput™y I'ayca — po3B’s3kiB HeMae i 3HaXOANUTH IPOCTO HIYOTO.

IIpuxnan 3.24. Po3s’s3ati cucreMy JiHIHHUX PiBHAHE

Ix—-2y—2z=2,
6x—4y—5z=3,
x+2y+4z=>5.

Po36’a30K. 3anUIIEMO PO3IIAPEHY MATPUIIO CUCTEMH i 32 JOMOMOTOI0 €lEMEHTAPHUX
TIEPETBOPEHB 3BEAEMO ii A0 CXiTUACTOTO BUTIISLY.
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YsiceJIbHI METO M B KOMIT IOTEPHHX HAYKAX

7—2—12\ 2 415y (1 2 4'51245

2 @
6 -4 -5 3—)6 -4 -513|->/0 -16 —29J~27——>O -16 -29 1} =27\

1 2 4 5) 7 -2 -1]2) |0 =16 -29|-33) |10 0 0 | -6

BukoHaHO €1CMEHTAPHI TICPETBOPCHHS,

(1) Tepumii 1 TPETIH PSLIOK NOMIHSIIN MICLUIMMU.

(2) Ho ppyroro psyika Domanv HepLiMy psaoK, MOMHOxkeHuH Ha -6. Mo Tpetnoro
PANKA ZOAATH TICPIIMHA PIIOK, TIOMHOKCHHMH Ha -7,

(3) Jlo TpeToro psnka HOAANM APYILHIA PAJOK, MOMHOXKEHMH Ha -1. B pesynbraT
SIICMEHTAPHKX TEPETBOPCHb OTPHUMAHO PAXOK BHIY (0 0 .. OM), ne A # 0, 3HauMTH,
CHCTEMAa HECYMICHA.

Biarnosias: po3B’s3KIB HEMAE.

3HOBY HAramy€emo, MmO Bam XijA PO3B’ A3y BaHHS MOXKE BIAPI3HATHUCS B LBOTO XOIy
PO3B A3YBaHHA: v anroputMy Iayvca Hemae CWibHOI <oxopetkocT». llle oana TexHiuna
0COONMBICTE, €IEMCHTApHI TIEPETBOPEHHA MOXKHA TIPHUITMHATH BIApasy K, K TLIbKH
3'IBUBCA PAIOK BHAY (0 g0 .. 0 /1), ae A=0.

PO3rasHEMO YMOBHME NPUKIAN, MPMITYCTHMO, MO ITCIISL MEPIIOTO X NEPETBOPEHHA
BUHIILTA MATPULIA

1 6 3 =213
012 -9 8 |3
0 3 -1 1 i
00 0 0]7)

Martpuust me He TPHBEAEHA [0 CTYMIHYACTOTO BHINLY, 1€ B NOJANBIIMX
€ISMEHTAPHMX IEPETBOPSHHSX HOMAE HIAKOI HEOOXIZHOCTI, TOMY IO 3'IBHBCS PAIOK

BUY (0 0 .. 0|/"i), ge A #0. Caix Bigpazy maTe BiATIOBiAb, MO0 CHCTEMa HECYMICHA.
Konu crcTeMa niHiMHMX PIBHAHL HE Mae PO3B’ SI3KIRB - LIE MAIDKE MOAAPYHOK, 3 ONIAIY HA
T€, IO BMXOAMTh KOPOTKHM pO3B’ 30K, 1HOAI OvksaabHO B 2-3 mii. 3aBJaHHsA, B AKOMY
CHCTCMa Ma€ HECKIHYCHHO 0araTo po3s’s3KiB — JOBIIC.
Mpuxaan 3.25. Po3s’ 33T CUCTEMY JIHIAHHX DIBHSIHB
2x+3y—z+f =1,
8x+12y-9z+8t =3,
4x+4y+4z-21=3
2x+3y+9z-Tt =
Poszé’szok. Tyt 4 pisHanns 1 4 Hesimomi. Takum 4MHOM, cucTeMa MOKE Maty abo
€AMHUH PO3B’ 930K, ab0 He MaTH PO3B’ A3KIB, a00 MaTH HECKIHYEHHO 6arato PO3B sI3KIB.
Meroa ['ayca B Oyap-KOMy BHINAAKy NPUBEAE AC BIANOBimi. Y mpoMy Horo i

VHIBEPCATbHICTE. [I0Y4TOK 3HOBY CTAHAAPTHHNA. 3arqIICMO pO3IUMPEHY MATPULEO

CHCTEMM 1 3a JOTIOMOrOK ©IEMEHTAPHMX IMECPETBOPEHb 3BEJeMO il 10 CXiAYacToro
BHULIAY
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Po3ais 3. Meroau poss’sisyBanHs IHIMHEX anTeOpIHMX PIBHAHb
2 3 -1 1 |1) (2 -1 1 1
8 12 -9 8 31M0 4 -11@(2 3 -1 1 1
- -> -
4 6 3 213 0 5 -4 1 0 0 5 —-4.1
‘2 39 =713 0 10 -8 2

(1) Bel uncna B nepmioMy CTOBMUI AULITHCS HA 2, TOMY Ha JIBiH BEPXHIM CXOIMHLI
HaC BIAWITOBYE 1 ABIHKa. Jlo APYroro psaka A0Ja€MO MEPIMiA pAXOK, IOMHOXKECHHMIA Ha -4.
Mo Tperboro psamka foaaeMO MEpiIMIA PAXOK, MOMHOMEHMH Ha -2. Jlo 4eTBepTOro psaaka
J0A3€EMO TICPILMH PSIOK, TOMHOMXKESHMH Ha -1.

Moske BUHMKHYTH CIIOKYCa 3 Y€TBEPTOIO PsjAxa BIAHATH nmepiuwmil pagok. Tak poburu
MOKHA, al¢ He MOTPIOHO, AOCBIA NMOKasye, IO HWMOBIPEICTb MOMMIIKM B OOMMCICHHSX
30LTBINY €ThCS B ACKITbKA PasiB. TLIBKK 101AEMO: A0 YETBEPTOTO PAAKA JA0JAEMO MEPILMIA
PAJOK, TOMHOKEHHMH Ha -1 .

(2) Ocrannl TpH psakM NPONOPLUMHI, ABa 3 HMX MOXKHA BMIATMTH. [loTpiGHO
3’ACYBaTH, UM AIHCHO PsAKM Tporiopuiiini? Jins mepesipku  He 3alBUM Oyae Apyrid
PAAOK MOMHOKWTH HA -1, a YeTBCPTHI PSOOK PO3ALIMTH HA 2, OTPUMABIIM B PE3YJLTATI
TPH OJHAKOBl PsAAKMA. | TUTBKM IHCIA LLOrO BHUOATUTH aBa 3 HuUX. B pe3ym>TaT1'
CICMEHTaPHHX NEPETBOPEHD PO3ILUPECHA MATPHLA CHCTEMHU MpHBEACHA 10 CTYIMHYACTOTO
BUITISIAY

wh

fac i e 2 — V]

(23 -1 1|01
LO 0 5 —-4]1
IepernuminemMo BIANOBIAHY CHCTEMY PIBHAHL:
2x+3y—z+t=1,
5z—-dt=1.
«3BM4AHHOrO» €IHHOrO PO3B AKY CHUCTEMHM TYT HE BUAHO. «lloramoro» psaxa
(0 0 .. ()|/L) TEK HEMa€. JHAYMTb, LIE 3ANHIUKBCA TPCTIH BHMAJOK — CHCTEMa MAC

HECKIHYEHHO Oarato po3s’si3kiB. lHOMI 3a yMOBOK MOTPIOHO AOCHILKYBATH CYyMICHICTD
cucTeMu (TOOTO Z0BECTH, 1O PO3B 30K B3ara iCHye). AJie MOKH PO3ITISHEMO TaKe:

Heckinuenny muooicuny pose’askie cucmemu KOpomKko. sanucyioms y BUSNAOT MaK
36aH020 3a2AT6HO20 PO36 A3KY cucmemi.

3aranbHuii pO3B°A30K CHCTCMH 3HaMIEMO 32 JOMOMOrOK) 3BOPOTHOTO XOAY METOLY
layca. Cnouarky nmoTpiGHO BHM3HAUUTH, fKi 3MIHHI y HAC € 6a3ucHumu, a SKI 3MIHHI
GLIbHUMY. ICHYIOTH Tak 3BaHI GA3UCHT SMIHHI | GLIbHI 3MIHHI,

basucni sminni 3a6xcou posmiugeni cmpoeo Ha cXoOUHKAX Mampuyi.

B maHomy npuxiiaz 6asMCHHUMH 3MIHHMMU € X1 2.

Binori sminni - ue BC1 1HUN 3MIHHI, TS AKUX HE 3HAMILIOCH CXOJMHKH. Y HAMIOMY
BUNAAKy iX ABL. Y,/ — BUIbHI 3MiuHi. Tenep ToOTpiOHO BCi Oa3UCHi 3MiHHI BUPA3UTH
TUTBKH YSPE3 GL1bHI IMIHHI.

3BopoTHME X173 anroputMmy [ayca TpaauuiifHO Tpaigoe 3HM3Y A0 BEPXY. 3 ApYToro
PIBHSIHHS CHCTCMM 3aITMCY €MO BasuCHy 3MiHHY Z

52—4[z1:>52z4t+]:>z=%t+%.
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YuceanHi METCAM B KOMII'FOTEPHHX HayKax

Tenep IOuBMMOCS Ha fepine piBHsHHS: 2x+2y-—z+i=1. Cncyatky B HbOro

. . N 4 1
HifCTaRIsgeEMO 3HalICHUN BUpa3: z = gt + gz
”~ /4 n 1\ " 1
2x+3y—(—=t+—)+i=1
5 5
- 3afALIAIOCH 3aIicaT Ga3iCHy 3MiHHY X 4€pe3 BUIbHI 3MiHHL Y, ¢
4 1 4 1
2x+3y—_t-_+t=1; 2x=1-3y+—t+——1t;
5 5 5 5
6 1 3
2x =-3y——t+—; =—=y——f+—.
5 27 10 5
V pesynsTati BUMILIIO Te, 110 MOTPiOHO — Bei 6a3uCHi 3MiHHI (x 1 z ) BUpaXKeHi JMILe
T 1 3 4 1 .
yepe:z BiNbHI 3MIHHI Vv.[: x= —Ey—-——t+—— Ta z =gt+z, 3araneHuil  po3R’F30K
TOTOBMIA:
! ,3_“_4“1.4
——y - s Vsl T, |,
k 5, b 5 5 3 )

SIk nMpaBWJBHO 3alUCaTH 3aranbHMi p03B’ﬂ30K? BinpHI 3MiHHI 3aNHCYIOTHCA B
3araJbHAN PO3B’ 30K CTPOTC Ha CBOIX Micusx. B qanoMy BUTAnKy BiTbHI 3MiHHI y,! CIX
3anMcaTH Ha Apyriit i weTBepTii nosuuii. OTpnMaHi x BUpasu 115 6asuckHux amMinaux (x i
z), OueBHIHO, TOTpiGHC 3anmcaTd Ha mepmilt i Tperilt mosuuil. Hamaroun BiibHEM
3MIiHEUM V,f JIOBINBHI 3HAuYEHHs, MOXHA 3HalTH HeCKiHYEHHO 5arato YacTKOBUX
po3B’s3kiB. HalimonynspHIlUAMA 3HAaYeHHAMHM € HyJi, OCKUIBKM YacTKOBI pPO3B’S3KM
BUXOAATE Haitmpocrime. [TinctaBnMo y =0, =0 B 3arajbHUE po3B’I30K:

(——O——(M%;O;O-s—%;OJ=

(i;o;l_;ow — JaCTKOBUI1 pO3B’S30K.
> )

THIIEME TIOTTYJISPHUMHM 3HAYEHHSMY € OIWHHULI, mifcTaBuMo y =1,/ =18 3aranbHu#
PO3B’530K:

(— 1;1;1;1) — 1I€ OJMH YaCTKOBUI1 PO3B’A30K.

Jlerko mMOMITHTH, IO CHCTEMA PiBHAHB Mac neckinueinio bazamo poss asxie (TaK K
BUIBHIM 3MIHHUM MU MOXEMO HaJlaTH 6y1b-sKi 3HA4EHH).

Kooicen 4acTKOBHII PO3B’SI30K Ma€ 3a]OBONBHATH KookcHe DPiBHSHHA cucremu. Ha
IEOMY 3aCHOBAHA UIBMIKA» MepeBipka NMPaBMIBHOCTI PO3B’si3Ky. BisbMiTs, HalpUKIAL,
YaCTKOBHU pO3B’A30K (——1;1;1;1) i migcraBTe Horo B By YacTMHY KOXHOIO PiBHSHHS
BUXIZHOT CHCTEMHU:
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Posjin 3. Metoan po3s’ 43y BaHHs JHIAHAX anreOpHUHUX PIBHIHE

2x+3y-z+t=1,
8x+12y-9z+8t =3,
Adx+4y+4z-2r=3,
2x+3y+9z-Tt =3.
Bcee noeuHHO 3tittucs. 1 3 Oy Ab-SKKMM OTpHMAaHMM BaMH YAaCTKOBHMHM PO3B A3KAMH TEHK
BCE MAE 31MTHCA. AJIC, CTPOTO KaKy4M, IICPEBIPKA 4aCTKOBOTO PO3B S3KY € OMAHIMBOIO,
TOOTO SKUUCH TACTKOBHMI PO3B 30K MOXE 3aJ0BOJIBHATH KOXKHC PIBHAHHS CHUCTEMM, a

3arajIbHAN PO3B’ 30K HACTIPABl 3HANWICHWN HeBIpHO. Tomy OUIBLI TPYHTOBHA 1 HaIiHHA
NEPeBIPKa 3arailbHOro po3s’si3Ky. Sk nepesipuTn orpnMaHe 3araIeHUH PO3B 30K !

-

3 1 3
(~~—y———t .v—t+ t)

2 10 57
Ile HeckmagHo, ale AOCHTH Mapy IHO. HOTpi6H0 B3SITH BHPA3U 6a3UCHUX 3MIHHMX, B
3 1 3. 1 . . . .
AAHOMY BMIAIKY X = —Ey—ﬁt+7 1z :gl+g, 1 IMJACTABMTH IX B JIBY YaCTHHY
. 5 ’

KOXHOFO PIBHSIHHA CUCTCMH. Y JIIBY YACTHHY IICPIIOTO PIBHSIHHSI CHCTCMU:

2x+3y~z+t:2(~§—y~~l——r+§-j+3y—(%t+%J+t:

2 10 5
1 6 4 1 6 .1
=3y——t+—+3y——t——+t=———=1.
' 5 5 4 5 35 535

OTtpuMaHO MpaBa YaCTHHA BHX1AHOTO PIBHAHHSL. Y JIBY YaCTHHY PIBHSAHHS 2 CUCTCMM
8x+12y-9z+8r=8 —Ey———l—f+3 +12y-9 iI+l +8r=
2 10 5 5 5

:—12y—£t+2ﬁ+12 --3ét—2+8r—2i—2=3.
5 5 5 5 5 3

OTpumMano mpaBa YacTHHA BUXIAHOIO PiBHsHHA. | Aami — B JIBI YaCTHHH TPETHOIO 1
YeTBEpPTOro piBHsHHA cuctemu. Lle noBime, ane 3are rapaHTy€ CTOBIACOTKOBY
MPAaBHIBHICTb 3aratbHOro pose’sisky. KpiM TOro, B JCAKMX 3aBIAHHAX BHMAararoTh
TIePEBIPKY 3arajbHOIO PO3B A3KY.

Npuxmoax 3.26. Po3p’s3atu cucTemy JIHIHHUX PIBHsIHD MeTomoM [ ayca. 3HalTH
3aralibHAN PO3B’SI30K 1 JBa YaCTKOBHX. 3POOWTH TICPEBIPKY 3aralbHOTO PO3B s3Ky. TyT
3HOBY KUIbKICTh DIBHSAHb MEHINA, HDK KUIBKICTh HEBIAOMHUX, a 3HA4uTh, Biapasy
3pO3yMUIO, mo cHcTeMa Oyae abo HECYMICHOK, ab0 3 HECKIHYEHHOK MHOXKHHOIO
PO3B’SI3KIB.

—x, +2x, +x; —4x, +3x; =1,
2x, =%, =3x;+ X, — X =4,
3x,+2x, —x;-2x, —5x5 =1.

Po36’s130K. 3armMuieMo PO3IMMPECHY MATPULIEQ CHUCTEMH 1 3@ JI0TIOMOrOX0 €ICMCHTAPHMX
TIEPETBOPEHD 3BEACMO 11 0 CX1AYACTOrO BHITISILY
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YncenbHi METOAM B KOMIT IOTePHHX HayKax

N

-1 2 1 -4 3| 1) (-1 2 1 -4 3| 1,
2 -1 -3 1 -1 —4"9 0 3 -1 =7 5{-2|->
3 2 -1 -2 -5/ 1, {0 8 2 -14 4!4
-1 2 1 -4 3 1Y (-1 2 1 -4 3 i 1"}
(2) : (3)‘ (4)
S0 3 -1 -7 5 [ -2/5/0 -1 5 7 -11{10|=>
0 -1 5 7 -~1i]10 \‘o 3 -1 -7 5 —2‘J

“ -1 2 1 -4 3 1 (S)(l -2 -1 4 =3| -1
>0 -1 5 7 =1t|10l->l0 1 =5 -7 11| =10}
0 0 14 14 -28128/ o o0 1 1 =2| 2

Bukonani nepeTBOpeHHS:

(1) Jio apyroro psiixa gomanv MepuInit psaoK, MOMHOXEHUI Ha 2. IO TPETBOTO psAaKa
Jofanu TMepIiuii psaok, MoMHoxenudt Ha 3. Ha apyrilt cXoaunui Hemae OQMHMII, i
IepeTBOPEeHHs (2) ckepoBaHe Ha ii OTpUMAaHHS.

(2) Jo TpeThoro psjka Toganu Apyruit psaaok, IOMHOXEHNH Ha -3.

(3) Jipyruit psaoox 3 TperiM MOMIHSITH MicUSMH (TIepecTaBAIM OTpUMaHy -1 Ha Jpyry
CXOZIMHKY).

(4) Jlo TpeThoro psAKa HOAANH APYTH PEAOK, TOMHOXEHUHA Ha 3.

(5) Y nepminx ABOX DPAOKAX 3MIHUNY 3HaK (NOMHOXWIM Ha -1j, TpeTid paiok
po3niminm Ha 14.

3BOpOTHIH Xix. X,,X,,Xx; — OazucHi 3MiHHI (Ti, gki Ha CXOAMHKAX), X,,Xs — BIJBHI
3MiHHi (Ti, SKUM He AiCTamics CXOAMHKH). 3alnieMo 6a3icHi 3MiHHI 4epe3 BillbHi 3MiHHI.
3 TPeTEOrO PpIBHSHHS: X3 +X, —2X5 =2=>x; =-x, +2x5+2. PosrnsgHemo apyre
piBHsSHHS: X, —5x;—7x, +1lxs =—10. TligcTaBumo B HBOro 3HaliaeHudl BuUpa3

Xy ==X, +2x5+2:

Xy —5(=x4 +2x5 +2)=Tx, +11x5 =~10

x; +5x, =10x5 —10-7x, +11x5 =-10

Xy —2x, =10+ x5 =~10

CXy = 2%y~ Xs _

PosrisiHEMO Tepule DIBHAHHS: X, —2x,—X, +4x, —3x; =—1. IlizcraBuMo B HBOTO
3Hal/IeHI BUPA3H: X, = 2%, — X5 T4 X3 = =X, +2X5 +2:

X, —2(2x, —x5)—(=x4 +2x5 + 2)+4dx, —3x5 = —1

X, —4x, +2x5 +x, —2x5 =2+ 4x, —3x, = ~1

X +x,-3x5—-2=~1

X, ==X, +3x5+1

3arajbHUN po3B’A30K: (— Xq+ 3% +152x, — X55=x, +2%5+2; x4;x5).

3HafileMO JBa HYACTKOBMX po3B’sakd. Skmo X, =xs=0 To (1;0;2;0;0). Sxmo
X, =xs=1 TO (3;1;3;1;1). Toni BiAIOBINE: YacTKOBI PO3B’SA3KH: (1;0;2;0;0) , (3;1;3;1;1) , a
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Po3ain 3. Merom po3s’ a3y BaHHs JTiHIMHNX anreOpUIHIX PIBHIHE
3araipHMH  PO3B 530K (=g +3xs + 122, —x51-x, + 25 +2; x4;x5). Ilepesipka:

MiICTaBUMO 3HAHACHHH PO3B A30K (OasucHl 3MIHHI: X, = —X, +3x5+1, x, =2x, —x5 1

X3 ==X, +2X5 +2) B JIIBY YACTHHY KOKHOTO PIBHSHHSA CUCTEMH:
—x; 20, 4, =4y +3xg = (=2, +3x5 + 1)+ 2(2x, — x5 )+ (- xy + 255 +2)-4x, +3x; =
=X, =3xs —1+4x, —2x5 —x, +2x5+2 —4x, +3x, =—1+2 =1,
25, = X, = 3% + X, — x5 = 2(— x, +3x; +1)—(2x4 —)cs)—3(—x4 + 20 +2) 4+ x, — X5 =
=-2x, +6x3+2-2x, +x3+3x, —6x; -6+ x, —x;=2-6=-4,
3x,+2x, —x3—2x, - 5x5 = 3(~ Xy +3x5 + 1)+ 2(2x, —x5) (=2, +2x5 +2)=2x, —5x5 =
=-3x,+9x, +3+4x, - 2x, +x, -2x;-2-2x, - 5x; =3-2=1L
OTpuMaHO BiANOBIAHI MPaBI YaCTUHM, TOMY 3aCaTbHUIN PO3B’ 30K 3HAHICHO BIPHO.
PosrnsaHemMo npyKIaaM TS 3aKPITUICHHS MaTeplany.

NDpuxnan 3.27. Pose’sisatd cucTeMy JHHIMHUX pIBHAHb. JSIKINO CHCTEMAa Mae

HeckiHIeHHO 6araro po3s A3KiB, 3HAWTH JBA YACTKOBUX PO3B 3KH 1 3pOOHTH MEpeBipKy
3aranbHOI0 PO3B SI3KY.

x+3y—2z-2t=-3,
—x-2y+z+2t=2,
—-2x—y+3z+1t=-2,
—3x-2y+3z+3t=-1.

Po36’s130k. 3ammmemo po3IIMPEHy MATPHLIFO CHCTEMM 1 33 JOMOMOTO0 €IICMEHTaPHUX
MEPETBOPEHD 3BCACMO 1l 10 CX1J4acTOTO BHITIAIY

1 3 -2 -2 -3 1 3 -2 -2 -3
1 =2 1 2]l 2l®wo1 -1 0] -1|®
-> -
-2 -1 3 1 |-2]10 5 -1 -3 -8
-3 -2 3 3 |-1) {07 -3 -3[-10
1 3 -2 -21|-3
(1 3 -2 -21]-3
@01 -1 0 | -1|®
SN S001 -1 0 | -1}
0 0 4 -3]-3

00 4 -3]-3
00 4 -3}-3

(1) Ho paaxa 2 pomaemo psamok 1. [lo Tpersoro psikxa A0JAEMO NEPHIMHA PANOK,
NMOMHOXCHHH Ha 2. Jl0 4eTBEpPTOro paaka A0HAEMO MIEPLIMH PAJOK, ITOMHOKCHHUH Ha 3.

(2) Jo 1peTthoro psAaka A0JaEMO APYIHA PSAAOK, IOMHOKEeHMH Ha -3. Jlo yeTBepToro
pAAKA A0JaEMO APYTHI PAIOK, TOMHOXKEHMH Ha -7.

(3) TperTiii 1 4eTBEPTHM PAAKH OJHAKOBI, OAMH 3 HUX BHAATIAEMO.

~ Basuchi 3MiHHI 3HAXOQITBCA HA CXOAMHKAX, TOMY X,),Z— OasucHi 3MiuHl. Binena

3MIHHA TYT BCBOTO OJHA: [.
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HucernibHi METOIH B I\()M]'I EOTepHHX HaYKax

3BopoTHIl XiZ. 3anumeMo GasucHi 3MiHRI qepe3 BiNIBHY 3MiHHY. 3 TpeTbOIO

3 :
piBHSHHA: 4z-3t=-3=z= Zr—%. PosrngHeMo JfApyre piBEAHHS @ y-—z=-1 i

: . . 3.3
nifcTaBuMO B HEOrC 3HalineHul Bupes z= ! -
4
L (3.3 . 3.3 J.3.7
el el el Rl I ——it—=-1, =i
SR VAY YTy VA
PosrisHeMo mepiue piBHSHHS x-+3y—2z—2¢=-3 i NiACTABMMO B HHOTO 3HaWAEHI
BUpA3H y = 31—— iz= 3t—§-'
PR Y= YT
3 7 3 3 9 21 3 '3
x+3(-—t—— =2 —=t——|-2t=-3; X+—f——=—= 1+==-2t=-3;
4 4 4 4 4 . 4.2 2
5 21 3 5 3
——f-—+==-3; X=—t+—.
4 4 2 4 4
33 73 3
Takum YMHOM, 3araidbHAN pO3B’A30K: '——t+ —t——;—t—=;t|.
4 474 474 4
BinpHa 3MiHHA { 3HAXOOWTHCA HA CBOEMY 3aKOHHOMY 4eTBepTOoMy Micui. OTpuMaHi
5 33 7 j 3 . . .
BUpasn 1A Oa3UCHUX 3MiHHHX —t+Z Zt Z 4 e TeXk 3afHATH CcBOI TOPSAKOBI
micng. Biapasy BHKOHaeMC TIEpeBipKY 3aranbHOro pose’siky. IlizcraBiasemo
5 33 73 3
Zt+—;—t——;~t—— BBy 9aCTHHY KOXHOTO PiBHSHHS CUCTEMH:
4 474 474
5 3 3 7 3 3
x+3y—22—-2t=——t+—+3(—l————]—2(—t—— -2t=
A A A 4 A4 4}
5 3 9 21 6 6
=t e ——t+——2t =3,
4 4 4 4 4 4
5 3 3 7y 3, 3
_x—2y+z+2t=—(—-t+—— =2 —t——|+—=t-—+2=
4 4 4 4) 4 4

5 3 6 14 3 3
S —tt— =42 =2,
4 4 4 4 4 4

| —77{'—»\)-4727—}—1"-’)(-—)‘4—3\ (—3:-1———— —4—'4(-—1—-—-—\4—1—-
4 4/ 4 4) 4 4)
i0 6 3 7 9 9

= f—— =t — =t =D,
4 4 4 4 4 4

—3x-2y+3z+3t=-3 ét+-3- -2 it—z +3 it——3- +3t=
4 4 4 4 4 4
15 9 6,14 9 9

=ttt ——+3t=—1.
4 4 4 4 4 4

106



Po3xin 3. Metoam po3B g3y BaHES MHIMHNK a)reOpHUIHIX PIBHIHD

OTpyMaHO BIAMOBLAHI MpPaBi YACTHHH PIBHSAHb, TAKHM YMHOM, 3aralbHUH PO3B 30K
. . . . , 533 73 3
3HAWACHO BIpHO. Terep 13 3HaWACHOIO 3arajibHOrO PO3B A3KY | —/ +Z;Zt— Z;Zt_?t

OTPHUMAEMO /1BA YACTKOBUX Y€PE3 EJHHY BUIBHY 3MIHHY /.

{

Hexait /=0, Tom L—z—;-%,—% 0) — yacTkOBU#M po3B’ssok. Hexaw (=1, Tomi
(5 33 73 33
S+ oo -2 1 =(2:-1:0:1) — e 0AMH YaCTKOBHMIH PO3B’A30K.
L4 4°4 44 4 J ( ) P

. . . . , 5 33,73, 3 . s
Bianosiap; 3araibHuii pO3B 30K | —f+—,—1—~—;—f——f |, 4aCTKOBl PO3B A3KM:
4 474 44 4

3.7.3,
(4;4A e j (2:-1,0:0).
Mpuxaan 3.28. 3HaiiTy 3arabHUN PO3B°SI30K CUCTEMU TITHIMHMX PIBHSHD.
x-2y—z+3t=2,
~2x+v+3z-2t=-3,
2x—y=2z+t=2,
3x-3y-2z+3t=3.
Po36’s130k. 3arMuieMo poO3IMHMPEHY MaTPULFO CHCTEMH 133 JOTIOMOTOKO €IEMEHTapHUX
MICPETBOPCHD 3BEACMO il A0 CXiA4acTOTO BUITIAIY |
1o-2 -1 3 2) (1 -2 -1 3 ]2

2 1 3 —2|-3m0 -3 1 4| 1]|®
— —>

2 -1 -2 1 2 0 3 0 -5]-2
3 -3 -2 3 ' 3 60 3 1 -6)-3
1 -2 -1 3 2
1 -2 -1 3 2
@0 -3 1 4 1™
— -0 -3 1 4 1
0 0 1 -1] -1

0o 0 2 -21=2 kO

(1) Jlo apyroro psaka AOJAEMO IICPIIMI PANOK, NOMHOMeHuMH Ha 2. Jlo Tperporo
pAIKa AOJAEMO MEPILMH PSAOK, MOMHOXEHMM Ha -2. Jlo 4eTBepTOro psmka AOTAEMO
nepIMi PAAOK, TIOMHOXCHIH Ha -3.

(2) Jlo TpeTboro psaka AOAAEMO APYrHid paAaok. [lo 4eTBepTOro psAka I0JaEMO
OPYTHHA PAAOK.

(3) TpeTiit i YeTBEpTHIt PsAAKH TIPOTIOPLIHHI, OJMH i3 HUX BUTATAEMO. X, Y,z — 6asucH
3MiHHI, / — BiTbHA 3MiHHA. 3arMIIeMo Ga3UCHI 3MIHHI 4ePe3 BLTbHY 3MIHHY:
z—t=-1>>z=1-1;

5
—3y+z+4t:l:>—3y+t—l+4t=l:>y=§t~§;
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YicenbHl METOAM B KOMITIOTEPHUX HayKax

o , 5 2% 4 1
'x“~2y—z+3t=2:>x——2(§-r—-j—-(t—l)+3t:2:>x:=—t——.
' . ; 4 15 2 N
3aranpHult po3B’A30K: | —f ——;—f——;f -1}t |

3 373 3 )

epeBipKa 3aTalbHOTO pO3B’S3Ky Bke 32pobieHa, BIANOBINI MOXHA HOBIpSATH.
Harierno, MOXHA NOMITUTH HEMPUEMHUE MOMEHT B DO3B’S3YBAHHI: AYXe YacTO TIPH
3BOPOTHOMY XoIi MeToxy ['ayca noBenocs MaTH cnpaBy 31 3BU4aliHMMHU Apobamu. Ha
TMpakTHLi 1e ZiHCHO Tak, BUNAIKH, KOMH ApoOiB HEMae — 3ycTpidaroThCs 3HAYHO piAlue.
3yMUHUMOCS Ha JEAKUX OCOOIMBOCTAX PO3B’SI3yBaHHS, siKi He 3yCTpiJIMCA B MPUKIAnaX,
IO PO3B’A3YBAMCE, Y 3araJbHUN PO3B’S3 CUCTEMU iHORI MOXe BXOAUTH KoHcTaHTa (abo
KOHCTaHTH), HanpHKIam: 5;:—2;7t+3;t). Tyr omHa 3 Ga3uCHUX 3MIiHHUX JOPiIBHIOC
mocrifinoMy uncny: x =5. OueBUAHO, 1O B JaHOMY BuUmaaky Oyxb-skuif uyacTkoBmit
noar’g20x Avne MictuTy N'gTipKy Ha Mepmilt wozunii, Pinko ane RycTniuanTRECT CUCTEMH,
B SIKUX KLIbKICMb pigHsaHe Olivuwia xitexocmi sminnux. Merog Tayca mpanroe B pizHMX
YMOBAaX, CJiJi TPHBECTH PO3LIMPEHY MATPUIID CHCTEMHM IO CXiJ4acToro BHIISAY 3a
cTAHmAPTHUM  anroputMoM. Taka cuctema Moke OyTH HecyMIiCHOI, MOXe MATH
HecKiHYeHHO Gararto po3B’sA3KiB, 1 MOXKE MaTH €XUHUI pO3B’ A30K.
Jlaa merony Tayca-Kopnana € xapaxtepduMu cneuldivyni npulioMu Ta He3pydHi
oS CIIeHHSL.
Hpuxraa 3.29. Poss’a3atu cucremy 3a 4ontoMoror merony ayca-Kopaana.
(x~ By42z~-9i=6,
ty—4y-z=5t=2,
1—-3x+2y+8z+51=4,
|5x+2y +2z+3=12.

Po3g’azok. 3anuiieMo cucreMy B MaTpHuHili dopMi Ta 3BeIEMO AO CXiAYACTOro
BUTTAILY:

7 /7

(1 -8 1 -9]6) {1 -8 1 —9'6\l 1
1 -4 -1 -S| 2|00 4 -2 4 1 0
“3 2 8 5040 -2 11 -22] 22|00 -2 1 -2|2
5.2 2 3 12J ¢ 42 -3 48 |-18) \0

/4 o P ol 0 /4 o 4 ol N\
3) -8 1 -9y ¢] @ -8 I =Y o]
5002 -1 2 [~-2{={0 2 -1 2 [-2}f

oo 6 2|8) {00 3 1]4]

(1) Jo mpyroro psaka AoJand NepluMid psmok, MoMHoxeHud Ha -1. Jlo Tperboro
psAmKa JOHaTH Mepiuit psaaok, moMHOkeHui Ha 3. Jlo 4eTBepTOro psaAka Joany Mepoinit
PAOK, TOMHOXEHHH Ha -5.

(2) Apyruii psAgox po3qiday Ha 2, TpeTiii psaook po3ainumd Ha 11, yeTBepTuit psaok
po3aimy Ha 3.



Posis 3. Meroju poss’ a3y BaHHs JTIHIRHUX areOpyMHUX PIBHIHL

(3) Hpyruit i TpeTik psaaky MponopLiiiHi, 3-# pagok suaanuwiy. Jlo yetsepToro psaxa
JIOJAIM APYTHMN PASOK, IOMHOMXKEHUH Ha -7

(4) Tperiit psiaoK poO3AIIHIM Ha 2.

OucBHAHO, IO CHCTEMA Ma€ HECKIHYEHHO 0arato po3B’si3KiB, 1 3aBJaHHA — IPUBCCTH
il po3ImMpeHy MaTPHLEO A0 BUTIIAILY

1 0 0]*
01 0|*|.
0 0 1 |*

3HAXOAMMO HAWMEHINE CITTBHE KPaTHE YKMceN TpeThoro crosmmuka (1, -1 1 3), Tobro -
HAUMCHLIC YKCTI0, ke 6 ALmnoca 6e3 sanumky i Ha 1,1 Ha -1 1 Ha 3. B 1aHoMy Bumaaky,
L€, 3BUYAITHO K, «Tpiiika». Terep B TPETHOMY CTOBILI HaM MOTPIOHO OTPUMATH OJTHAKOB
10 MOJYITEO YMCIA, | CAME TaKi MIPKYBaHHsA 00YMOBUIIH 5-€ NEPETBOPCHHS MATPHILL:

(5) llepmmit paI0K MHOKMMO Ha -3, APYTHI PSAAOK MHONKHMMO Ha 3. Ilepmmii psizok
MOYKH2 GYJI0 NOMHOXKHTH TeXK Ha 3, ane ue Oyno 6 MEHII 3pyuHO I HACTYTTHOT /Iii:

I -8 1 -9 6\,_ -3 24 -3 27| -18 -3 24 0 28| -14) _
) ®) D
0 2 -1 2 |=-2|»0 6 -3 6o -6l 0 6 0 7| -2|->
0 0 3 1 | 4 0o 0o 3 1 4 0 0 3 1 4
Q73 24 0 28 -14 o3 0 0 0 -6 @ 1 00 0 2
S0 -24 0 28| 8 |[>[0 -24 0 =288 |50 10 7 -1
0 0 1 4 ) 0 3 1 4 1 4
3 ¢ 001 Y% %
(6) o apyroro psaxa nozand Tpetid psajok. [lo mepiioro psiaka aomanm TpeTid
PSAAOK.

(7) YV apyroMy CTOBNLI [Ba HEHY/IBOBHMX 3HaueHHA (24 i 6) i 3HOBY noTpibHO
OTPUMATH OJHAKOBI TI0 MOJY/IO Yucra. B maHoMy BMNaiKy BCC CKJIAIOCSA AOCHTH BJANO:
HaiiMeHIIC kpaTHe 24, 1 Halie(DeKTMBHILIC TIOMHOKUTH APYTUH PAAOK Ha -4.

(8) o mepmioro psiaka goaanu ApyTuH.

(9) 3axTroMHME WTPHX: MEPIIHIA PATOK POSIUIWIA HA -3, APYTHH PAOK PO3AUIHIM Ha
24 i TpeTiit psnox posaimwu Ha 3. U nis Buxonyerscs B OCTAHHIO YEPTY. Hisxnx
npobis xouacHo! :

B pesymbrari eIEMEHTADHMX TEPETBOPCHb OTPUMAHA CKBIBATEHTHA JO BHXIIHOL
cucTeMa:

x=2,

)+Z[—-__l

J’ 6 - 37
1 4

Z+—t=—.
3 3

ENeMeHTapHO 3ammicy €MO 0a3MCHI 3MIHHI Yepe3 BUTbHY .
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x=2,
=T, 1
PRI Ty
1 4
Z=——t+j.
3 3
) . , (.7 1 1 4
1 3aMMACY EMO 3arajibdMu po3B H30K: kz;— gt‘ b E;—-gl bl E;IJ.

VYV mnoni6HUX mNpHKIafaxX 3acTOCYBAaHHS pPO3MISHYTOTO alirOpHTMY HaluacTiiie
BHIPAaBIAHO, OCKIJIbKM 3BOPOTHWI Xig Metoxy ['ayca 3a3Buyail BUMAarae TPyJIOMICTKUX i
HenmpHeMHUX oOumcieHb 3 apobamu. I, 3posymino, HeoOximHa nepeBipxa, ska
BUKOHYETHCH 32 3BHYAMHOIO CXEMOI, sKa po3risjanach INonepenHso. Tak, s
3HAXOUKCHA Sa3iCHOTO PO3B A3KY 38 LONOMOTOKo CICMCHTAPHAA HCPpCTBOPCHD

(2x—3y—z-T7t+5v=4,
lx—Zy—3z+l—-4v=—5,
|-5x+4y+62+60+5v=4.

Take (OPMYTIOBAaHHS 3aBIaHHS Tepenbauae BHKopucTaHHs Merony ['ayca-Kopaana, i
MaTpuns UIPUBOIUTECS A0 CTAHIAPTHOTO BULIAAY 2 0a3MCHUMHU 3MIHEAMMU:
/ N
| 100 * *! *)
01 0 * *
Onnak, 3aKIu TpUMaiiTe Ha yBasi, 0 B AKOCTi 0a3UCHAX MOXHA BUOPaTH U iHLM

aMmingi. Tak, Hampwknan, sKIIO B MNEPUIOMY CTOBMI TpOMI3AKI d9HCNia, TC MiNKOM
JIOTTYCTHMO TTPWBECTH MATPWLIFO JO BUTIALY

*

* 1 0 0 * l *
(6azucHi 3MiHHI Y, 2,1 ), ab0 40 BUIY
( *r 100 | *\
* % 010 *1.
001 | */
(Oa3ucHi 3MiHHi 2,1,V ), a00 HaBITh 10 BUAY
*x | % 0 0 |*
* 0 * 1 0 *
¥ 0 * 0 1%

3 6a3MCHUMY 3MIHHHMH V,1,V .
IcHytoTs i iHII BapiaHTH, HanpuKiaz,
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Posuia 3. MeToay po3s’ s3ysanus JiHiHHIX anreSpHIHUX PIBHSHL
/

(0 * 1 % 0=
0 * O % 1 £
* * | * !
1 0 0 J
BTim, OyBae Bakko BTpUMATUCH BiJl HETHIIOBOrO GaskCy, KONM Y BUXiIHiH MaTpmui,
CKaXiM0, B 4-M CTOBILi € JBa rOTOBHMX HyHs. SIKIIO B PO3MHMpPEHiit MaTpulli JaHuX

V\r\n\n'v\;B BATITAM TTTARTAATIAC TIama TITITITIA N0 TTANWTIIY  Mmervrss
PUSMIPIE PailiUht saas.aalibla uapa JHI

NPHUBECTH A0 3BUYHOTO BUTISOY 3 0asCHUMHU 3MIHHUMU X,y

n T W oonim sTmafvnam
uy Jailmiiny PAAKIB, TO 1 SR VAU y D ki

1 Q0 * * k|

0 1 * % %[k

3.6.10. Cnoco6u 3HaxomkeHHA o6epHeHOT MaTpuLli

KBajipatia MaTpuid Ma€ OGEPHEHY TOAI i TiNbKW TOAIL, KOJA BOHA HEGUPOOJCENA,
T06TO il BU3HAYHHK HE JNOPiBHIOE Hymo. [N HEKBaJAPaTHUX MATPHIb i CHHTYISPHHEX
MaTpUlL 0OEepHEHNX MATPHLE HE iCHYE.

det A7 =

1a (AB)"' = B 47",
det 4

Ao HeoOXiIHO PO3B’sI3aTH CHCTEMY NIHINHUX PiBHSHL Ax = b, le X — ITyKaHuit
BekTOp, i sAkmo A'icrye, T0 x=A"'b. B TIPOTHIEKHOMY BUHAOKY PO3MipHICTh
npocTopy pe3s’M3KiB Oinbiie HY .

JKIO MaTpuls Taka, (MO0 MOXUIMBO 3HaiiTy OGepHeHy, TO NS 3HAXO/UKEHHS
o0epHeHol MaTPHili MOXEA CKOPHCTATHCA OHYM i3 HACTYIHHUX CIIOCOGIB:

1. Meron I'ayca

I lommmemo 10 marpuni 4 ofMHMYHY MaTpumio E Takoro % poamipy mo i A.
Onepxumo 6JIOKOBY MaTpHLIO (A|E). Ipusenemc 6ok A4 10 ONWAWYHOI MaTpPUUi
merofoM layca, ane BUKOPUCTOBYIOUM TilbK{ omepauil Hap psakamu. Ilicis 3BenenHs
Boxy A 1o E, E 3sexethes 10 obepHEeHoT 10 A. Mu ofepskumMo (A|E):> (E |A'1).

IL. BizemeMo 1Bi MaTpuili: caMy A i oxuenyHy E. 3BeIeMo MaTpuIio A 10 OMHHAYHOL
matprui Metonom [Fayca. TTicna sacrocyBanHs koxHoi omepauii 1o mepuioi marpuui
3aCTOCYEMO Ty % omepauiro g0 Apyroi. Konn 3BefeHHs mepiuoi MaTpyii 1o oZHHUYHOTO
BUTIAY Oyle 3aBEpIIEHO, Ipyra MaTpHLsL BUSBUTHCS 3BeJeHa 10 BUTHSAY A~ .

Ilpyu Bukopuctanni Metoxy ['ayca nepuia MaTpuis 6yie MHOXKHTHCS TiBOPYY Ha OJHY
3 elIEMEHTapHUX MaTpuls A, (TpaHCBeKUilo abo JiaroHaNbHY MaTPHLIO 3 ONHHALAMI Ha
TONOBHil fiaroHanmi, xpiM ommiei mosuuii): A;-...-A,-Ad=Ad=E=>A=4" Jlpyra
MATPHIS TICIIsl 32CTOCYBaHHS BCiX onepalilt crane piBHOIO A, To6TO 6yj1e myKaHo¥.

AJaroput™m

1. BuGupaerscss nepmmii CTOBIYUK JMBOPYH, y AKOMY € XOY OIHE BiIMiHHE Bin HyIs
3HAYEHHS,



YucenbEi METOMA B KOMII IOTEPHAX HAayKax

2.

w

o

SIKmo came BEPXHE YHCIO B LbOMY CTOBIMHMKY € HYlb, TO MIHSETHCA BCCh repInUi
PSAOK MATPHLI HA HIUVIA PAJOK MATPHLU, IC B LIbOMY CTOBITIMKY HCMA€ HyITA.
Bei eJeMEHTH NCPLIOrO PAAKA ALATECS HA BEPXHIM €ICMEHT 00PaHOr0 CTOBITYHKA.
3 psAKiB, MO 3ATMIUMINCS, BIAHIMAETHCS MEPUIMH PAIOK, FMOMHOKCHUM Ha TIepIIMA
eICMEHT BiAMOBIAHOIO PAAKA, LE0O OJCPKATH NICPILVIM CIIEMEHTOM KOXHOTO pAAKA
(KpiM TEePIIOTO) HYJIA.
Jlani mpoBOAMMO TaKy K MPOLEAYPY 3 MAarpULCIO. MO OTPHMYEMO 13 BHX1AHOI
MaTpPHL TCIA BUKPECTIOBAHESA MEPILOTO PS/KA # MEPIIOTo CTOBILL.
[Ticnst NOBTOPEHHS Lil€i NPOLCAYPH /-1 pas OACPKYEMO BEPXHIO TPUKY THY MATPHLEQ.
BigmiMaeMo 3 TEpPGAOCTAHHBOTO pSAKA OCTAHHIM DPANOK, TNOMHOXKCHHA Ha
BiANOBiAHMI KOe(ILUEHT, 1A TOTo, IN0O y MEPCAOCTAHHBOMY DPAIKY 3aTANIATACA
TiabKW | Ha FOJOBHIM AlaroHam.
[loBTOpIOEMO TOTICPEHIE KPOK i HACTYIHHX psaaxiB. B pesyibTari omepxyeMo
OMMHMYHY MATPULEO 1 PO3B’S30K HAa MICIi BUTBHOMO BEKTODPA (3 MM HEOOXIIHO
IIPOBOIMTH BCi Ti 7K TICPCTBOPECHHSA).
Tpuxaan 3.30. Po3s’13aTh HaCTYITHY CHCTEMY PIBHSHB!

a+b+c=0,

4a+2b+c=1,
9a+3h+c=3.

Po3e’sr30k. 3anmumenmo ii y BHrIAai MaTpund 3x 4, ¢ OCTaHHIH CTOBICLE € BLTBHHM

YJICHOM:

2) 3)
_ _2 -3 3/ 1 _1
S0 =2 =31 50 1 2 A-»
—gl3] oo 1] 0

S

tjoy (1 1 110 11110

O B
r2
p—
e

[
1/
S L0 0 fro0 )

IRV 2
-0 1 0 /2—>0 1 0 /2|
kO 0 1 0

W
o
W
S
=
|
[

HpbBeneMO HACTYIHI A1

(1) a0 Psaaxa 2 moaamo: -4*Pstok_1; no Piaka_3 nomamo: -9*Panok 1

(2) a0 Psaaxa 3 poaamo: -3*Panox_2; Panok_2 JUTUMO Ha -2

(3) mo Psiaxa_1 momamo: -1*Psinox_3; mo Pamka_2 xonamo: -3/2*Pagok_3;

(4) 10 Paiaka_1 somamo: -1¥Psizok_2. Y rpaBoMy CTOBIILU OZCPHKYEMO PO3B 430K:

1 1
a=—b=——c=0
2 2
2. 3a 101OMOI0I0 COXO3HOT MATPHIL

DopMy1a [T 3HAXODKEHHS 0OCPHCHOI MaTPHLUL:

Al = deltA Y, 3.110)
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Poanin 3. Meroan po3p’#3yBauys minileuX anreCpudHnx PiBHAHE

] R ‘ o

ne ' — coro3Ha MaTpuus; (L ) — MaTpullsg, OTPHMaHA B pe3yJIbTaTi TPAHCIIOHYBaHHS
. . S

COIO3HOI MaTpHui; oTpuMaHa matpuus 4~ i 6yae o6epHeHOr0.

Coro3na MaTpuns — MaTpuls, CKiageHa 3 anreOpaidHuX JONOBHEHb N0 €EMEHTIB
BUXITHOT 3 i

\
A
PN
(5]
AN

: (3.111)

ne A,.j. — airebpaiyHe JOTMOBHEHHSL.

Anrebpaiunum n0NOBHEHHAM €leMEHTa a; MaTpuli 4 Ha3MBAETLCSA YHCTIO

4, =(-1)"4,, (3.112)

7

Ae M, — MIHOp, BA3HaYHUK MATPHULi, IO OTPUMYETHCS i3 4 BUKPECTIOBAHHAM i-TO PAIKa

i j-ro cToBmIIA.

BaactuBocTi MeToxy 3HaxoXkeHHs 06epHeHOl MATpUUi Yepes COIOZKY.

1. Hasga «anrefpaidne 1ONOBHEHHs) MOB’f3aHa 3 QOPMyNamMu po3kialy BU3HAYHUKA
MatpHuUi 1o psaKy (M0 CTOBIIIO):

det A=Y a,d, = a,A, . (3.113)
j=1 =1
2. Jlema mipo danbumimBril po3knag BU3HAYHUKA CTBEPLKYE, IO
Zai,jA,zj =Za,ﬁAﬁz -0. (3.114)
J=1 i=1

3. 3 uMX TBEPIKEHb BHUIIMBAE [PABUNBHICTh ANTOPUTMY 3HAXOMKEHHS OBGepHEeHO!
MaTpuIli:

1) 3aminuTi KOXHHH eneMeRT Ha Horo anreGpaiyne HonoBHeHHs (Y pe3ybTari 6y e

OTPUMAaHO COIO3HY MAaTPHIIO);

2) TpaHCIOHYBATH MATPHIIO;

3) PpO3MITMTH KOKHUN eNEMEHT Ha BU3HAYHMK BUXiAHOI MATPHIL.

BusHaunuk a6o JerepmMiHaHT — 01HA 3 HAWBAXK/IMBIIIMX XapaKTEPUCTUK KBAJPATHUX
MaTpuub. BU3HAYHUK MaTpulli po3MipHOCTI #x# JOPIBHIOE OPIEHTOBAHOMY #-MipHOMY
06’eMy mnapaneneninesa, sSkuif HaTATHYTO Ha ii BeKTOpd psakiB (abo crosmuis). [
MaTpHULi 7 X # BU3HAYHWK BHPAXA€ThCA Y BUTISIAL GaraTousieHa CTyMEHs # Bij eeMeHTIB
MaTpui, o ABJse cobor0 cyMy T0GYTKIiB eleMEHTIB MaTpHLi 3 Pi3HUMH KOMOGiHamisMu
HOMEPIB, 110 BiPi3HAIOTHCS, PSAKIB i CTOBIILIB, IPUYOMY B KOXKHOMY 3 JOOYTKIiB €TEMEHT
i3 Oyap-sikoro psmka # Oyms-sIKOro CTOBNIA piBHO ofuH. KoxHOMy mo0yTKy
NPUITHCYETBCA 3HAK IUOC abo MiHYC 3aleXHO Bifl NMApHOCTI MEPECTaHOBKH HOMEDIB.
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UncenbHl METO M B KOMH’IOTepHI/IX HavKax

SKINO eNCMEHTAMHM MATPHII € YUCTA, TO BH3HAYHUK — LE TE/K 4YMCO. Y 3aralbHOMY
BHINAJAKy BU3HAYHMK MOKE OyTH (DYHKLIOHAIBHMM, BEKTOPHHM TOLIO, TOOTO TOJaHHM
{HIDMMHM BHpa3aMy, IO CKIAZCHI 3 eNeMeHTIB. BusHauHWK MaTpull # X7 330a€ThCH

copmyii010:

an G o Gy

dot(A)=|A| =] B BN sy ay,ay,, (115)

a, U, .. d

nl nn

ae det(A) 1 \AI — TIO3HAYECHHsS BM3HAYHMKA, K, — i-Ta NCPCCTAHOBKA NOC/II0BHOCTI
k, =1,.,n, 100610, k{; = J | p(J) — KUIBKICTD IEPECTAHOBOK Map HOMEPIB Y NOCHIIOBHOCTI

10 K, . . AKa HEOOXiAHA JUTA TOTO, MO BOHA MEPETBOPUIIACS B TIOCTIOBHICTH k.,

17>
a6o opMyna At OGUMCICHHA BUSHAYHHKA 10 3aJaHOMY PANKY MaTpHL:

det(4)=|4 = i(— ) ay M, (3.116)
i=1

e i — HOMEp pAAKa MaTpuLi; M, — J0JATKOBHH MIHOD; & — HOMCP CTOBITLA MAaTPHL.
3ayeasicenns. MokHa BUALTMTH HacTynHi ocobnusocTi nodyiosu BUpPA3iB I

BM3HAYHUKA MATPULU 7 X 71

e  BHpAa3 € CyMa WICHIB, KOYKHHH 3 AKMX CKJIaJA€ThCA 3 /7 CITIBMHOKHUKIB,

e  KiNbKICTH JOJAHKIB y CYMi ZOPIBHIOE KiILKOCT] TIGPECTAHOBOK /7 HOMEPIB, T00TO, 71!,

e HOMCDM PAIKIB 1 CTOBIIUB CIEMCHTIB, OLI0 BXOXATh B OAMH JOJAHOK, HC
TIOBTOPIOIOTHCS;

e 0JaHKW BXOAATh V¥ CYMy abo i3 rumocom, abo 3 MIHYCOM, 3al€XKHO Bil [apHOCTL
TIEPECTAHOBKH;

e  107aHOK 3 CACMEHTIB FOI0BHOI TiarOHaM MaTpHL, TOOTO, @) dy;... @, € 13 TUIOCOM.

det(4)=|d| =" | = ayan —apa. (3.117)

ty Uy

ap dp Oy
det(A)=iA1 =1Uy Uy Uy = Ay yplzy +dypUydy) +dy3dyds — (3.118)

a3 dyy Uy

= AUy Uyy — 3l sy — AUy,
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Po3ain 3. Metonu po3s’43yBaHRsA NididHUX anreOpUYHMAX PIBHAHL

3.6.11. 3acTocyBaHHsa meToay Mayca o obuncneHHn
BU3HAYHUKa MaTpuui

Just o6umcnenHs BUSHAYHUKIB MATPHLb 3aCTOCOBYIOTH [Ba MiIXOMH:
* DPeKYpCUBHMH pPO3DAXyHOK 3a IONOMOIOX) PO3KJIANEHHS MO DPAOKY YH
CTOBIIIO;

ARTIATIATINIG 1T0A AAITAT MY arinTa wAT seamaa [ awvsn

s UU‘1Y1\/JI\A’XDII na UUHUD} ll}]ﬁl\d\}lU AUA)’ Mwliuda L ﬂ] va.
Ilepwuii cnocib TpyHTYEThCS Ha BUKOPHCTAHHI Ti€l BIacTMBOCTI BH3HAYHUKIB, 110
BU3HAYHUK MaTPHIL DOPIBHIOE CyMi HOOYTKIB €ieMeHTIB Oy Ip-AKOTO PSAKa Yk CTOBIIA
Ha ix anreGpaiuHe JOMOBHEHHS, TOOTO:

det(4) = S a, A, ,Vi=ln. (3.119)

J= 1
R rrvs At ATYIT N ATITTATA YINTTATYTYTITS T~ AT rrTTAYY v
won u.1unun \JAA]U! AV unquu‘uuru\u n—xw JJ\IIJIIAI\J QDUAII 1 D\.lll AU ]JUJP“AJ lll\J re

BU3HAYHMUKIB nopsaky n-1. Peanmisyerbcd pmaumil cmoci6 3a JOMOMOTOK peKypCii.
PexypcuBHuii crioci6 3py4HO 3aCTOCOBYBATH o BIAIHOILEHHIO /10 PSAZIKIB YU CTOBIIUIB, IIO

MAIOTEL BEIUKY KINLKICTDL IIVIILOBUX Trrreren w1 IIVvILOREX ATTORIATTTITY X7 110rvnnvv
MAQIVLD DUIIFINY RUJIBDRIVI D 11y IDUDKA CJCMEIITIB. iLl\u.g\J /v Y UDUDFIA DUIUNMCUIL5 j Mdlprini

HeMae abo Ay)ke Malio, TO 3aCTOCYyBaHHS LbOTO crnocoly € Bkpail HeedexiurHEM,. Jmx
BU3HAYHHKA 7 MOPAAKY NOBEAETHCS PO3paxyBary »!/2 BUBHAYHHKIB APYTOro HOPSAKY.

Jpyauil cnocib TPyHTYETbCS Ha METOMI, MO 0a3yeTses Ha alropuTMi TMPSIMOTO XOAY
MmeTona ['ayca, BUKOPUCTOBY€E BIACTHBICTA BUIHAYHMKA TPHUKYTHOI Martpuui. Jlas takoi
MaTpHULi BU3HAYHVK JOPiBHICE J0OYTKY €lEeMEHTIB TO/M0BHOL AlaroHai.

Jnst oGunciiensst BU3HAYHHKA BUKOPHCTOBY€ThCS AMTOPUTM TTOOYAOBY OCHITOBHOST
varpuns AV, AV, 4P, 4™ npsamoro xomy metoma ayca 3 Tiere BiIMIHKICTIO, 10 TP
MEPECcTaHOBLI PsAKIB YW CTOBILIB 3H4K BHU3HAYHMKA 3MIHIOETbCS Ha MPOTHJIEKHUIA.
3HaueHHs BU3HaYHUKA PO3PAXOBYETHCS 38 (hOpMYJIOLO:

det(4)=(-1)"-a%y -aly -...-a™V, (3.120)

nn

A€ m — KiJIbKiCTh NIEpPeCTaHOBOK.
Lleit MeTon X03BOJIsE OOUHCIIOBATH BU3HAYHUKY MATPHUB BEJMKHX MOPSAKIB,
Jtst o6uncIeHHs BU3HAYHNKA MeToIoM ["ayca BUKOPHCTOBYIOTE GOpMY JIH:

A(o) = (0) ,A(l)

.................................... (3.121)

Ipunnun BHGOpY rojioBHOro (BeIyuoro) ejeMenTa. Uacto OyBae, o0 Ha ZEAKOMY
k-omy xpoui metony ["ayca enemeHT a,(c';‘l) IOpiBHIOE ab0 HaGMKEHO AOpIBHIOE Hy MO, B
TaKOMy BMIAAKy MAOLITBHO B IOMY CTOBIYMKY 3HAlTH HalOimemmii 1o MOIYIIO
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YycenbHl METO M B KOMIT IOTEPHHX HAyKaX

€ICMEHT, SKMM, Hanpukiai, Oyle 3HAXOAMTHCH B p-1f CTpiuul, A¢ p>k, i 3aMiHMTH
€IEMEHTH A-0i CTpIYKH eneMeHTaMu p-oi. Lle mpusoanTs 10 TOTO, IO:
1) VHUKAEMO 3arpo3H AUICHHA Ha HYJIb;
2) NMOXHOKA B PE3V/IBTATI AUICHHA CTa€ MIHIMATIBHO MOKITMBOIO.
SayeasiceHHs: B3arami Taky NPOLEAYPY (3HAXOMKCHHA HAUOLTBUIONO MO MOZY.IO
elIeMeHTa) BapTo Oyi10 6 MPOBOAMTH HE TUIIE B K-OMY CTOBITYMKY, 4 CEPCA BCIX €/ICMEHTIB
MaTpuLil
Hpuxnan 3.31. O6UMCIUTH BUSHAYHHMK 18 MATPULI

(9 3 1 1
\4 2 11
4 4 3 3]
LZ 1 2 2
Po3e’s30k. 3armiueMo po3s’a30K yepes anreOpaiuHe JONOBHEHHA
9 3 11
det(A):4 2! 1=9-A“+3-A1~+1-A13+1'A14 ne A, =(-D" M,
4 4 3 3 - ’ Y v
21 2 2

211 Mo o2 421
det(4)=9-14 3 3]-3-l4 3 3[+1-[4 4 3j-1-4 4 3=

122 222 P12 P12
=9.(23-2+4-2-141-3-1-1-3.1-4.1-2-2-3.2) -
_3.(4-3.244-2:141-3-2-1-2.3-2.3-1-4.3.2)+
+1-(4-4-242-3-244-1--2-4-1-4-2-2-1.3-4) -
“1-(4-4-2+4.1-142:3:2-2-4:1-4.2.2-1.2-4) =
=9.0-3-2+8-8=6.

3.6.12. 3acrocyBaHHa MeToay layca no inBepcii maTpuui

TosHaummo ofepreny Marpuigo depes X = A~ npudomy [A| # 0. Haranaemo dopmy
obeprenoi Matpuul AX = £ . BisbMeMo 3 £ avmie nepiuHii CTOBIMUK 1 3aMMIIEMO MepLry
THACHCTEMY:

Xy + Xy + . a X, =1
: (3.122)

Ay + Xy + o+ %, =0

APYTY TACHCTEMY
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3B’A3YBaUHA HiHIMHKUX aIre0puysux piRHAHE
(G, %15 + GrpXyy + .t 3, X, = 0

.

LGlxn t Xy e Ay, X, =0

(3.i23)

Sk BURHO, 3aCTOc013y10qH el mixxin »# pasis, MOXKHA 32 OZUH UPAMUH TPOXiT METORY

rﬂ\l(‘ﬂ 06[{"0]‘1}711 pn’xn 2K nm\' n TII’TPT/T("T‘P"AA' non }:H!JHGHL aKi MAWTE ('\T"JJI(

HYHE, 9Ki aKORYV TRV
JaCcTUHY i BlﬂplBHﬂK)TBCﬁ JMIIE [paso0.

J oo =
Zakxk]—é', 10#] i, j=1, (3.124)

B

3anucyeMO PO3PaxyHKOBi GOPMYITH, IPUBEAEHI A0 OXHIi€T CHCTEMH 3 # PIBHAHD, A
Bunaaky cucremu (3.69), i BpaxoByeMoO, IO IS po3lHMpeHoi Marpuii 6yjae MaTpHiy
PO3MIDHOCTI 24, 1ie TpaBa HOJIOBWHA - ONWHIYHA MATPULIS:

{
| 10
n ¢ 1 .. 0
A=! . (3.125)
00 .o
|
N M /
I \ ——
W Ay 0 j=k+L ,
e (3.126)
G k=14n
() j=E+1,2n
/1N r4) ( Y N Ar —_ T S S
ai\’n):ai(jx—l)_al\; x}a;;} __a\]n ”_az\/: U—ch T j-.-:k+_]’,nJ . (3127)
' ‘ ' ik —
_ k=1,n-1
a("“l). J—
_ Ynn+j .
X, =~ j=1n (3.128)
N S i=1n
x,=al, - Yallx, 77" (3.129)
k=il i=n-11
() ]219_’7
xy=al), - Yally,, (3.130)
k=i+1 L"—'-n'—l,l
detd#0o Vil #0. (3.13D)

Tomy, mepesipsioun £;; Ha piBHiCT HyMO NpH YMOBi, mo ¢, #0, Ha MOYaTKy
MOXHa Biapa3zy 3poOHTH BHCHOBOK NP0 CYMICHICTh YM HeCyMicHiCTBH cucTeMu (LIO He
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YucesnpHi MECTO/U B KOMH’IOTCPHPIX HAyKax

BHMAra€ AOTIOBHIOKOYOI MEPECTAHOBKU CTPIYOK). BiAmopijiHl TCOPEMH AOBOIATH Kpaury
cridikicte MeTony LU-(axropusauii (axuii JeTanpHO ONWMCAHHI Jami B LBOMY PO3.LT)
MOPIBHAHO 3 MeTOAOM ['ayca no BIAHOMICHHIO JO HATPOMAUKCHHS MOXHUOKM OOYMCIICHD.
Ismi mpsaMi METOAM PO3B A3YBAHHA CUCTEM JIIHIMHWX PIBHAHb DPO3PAaxoBaHl Ha ix
CrieLiAMBbHMI BUITIAA, 4 CaMe. METOA KBAaAPATHOTO KOPEHS U1l TaK 3BAHUX PO3PLIKCHHX

MaTpHLp.
Ipuxian 3.32. 3uaitru obepHeHy MaTpuLio MeToaoM Iayca
111
4 2 1]
9 31

Pose’szok. 3ammnemo ii y BUOIAQI MaTpi 3Xx 4, 1€ OCTaHHIN CTOBICLb € BIIbHUM

YICHOM!
1 1 1]1 0 0) (1 1 1 100,(111 1 0 0}
1) (2) (3)

42 1/0 1 0/50 -2 =3]-41 0/-l0 -2 -3{-4 1 0|>

9310010-6—8—901L0013—31
0/-=2 3 -1 (2 0o o1 -2 1) (1t 0 0]05 -1 O’ﬂ

(3) (%) 1 (5)

>0 =2 01 -8 3|-/0 -2 05 -8 3‘—>0 1 0|25 4 -15/

00 113 -3 1 0 0 1(3 =31 {00 1|3 =3 1

(1) Tlepumii psagok MHOXHMO HA -4 1 AOJAEMO PE3YNbTAT AC JAPYTOrO PsiuKa.
TlouaTkoBi 3HAYCHHS MEPLIOrO PSAKA MHOXKHMO HA -3 1 J0JAEMO PE3yIbTAT 0 TPETHOro
panka. [Neprmii psaok nepermcyemo 6e3 3MiH, @ HACTYITHI ABA 31 3MIHAMM.

(2) Jpyru# psiaok MHOKHMMO Ha -3 Ta AOAAEMC PE3YNbTaT IO TPCTBOTO psaKa.
[Tepuumit Ta ApYTHH pAAKM TIEpETACYEMO O€3 3MiH, a TpeTid 31 3Minamu. Orpumany Hyl
TH/1 TOAOBHOIO JIarOHALTIO. Terep MaeMO PyXaTHCs 3BOPOTHO TaKMM KE UMHOM.

(3) Tperiit psiaok MHOXMMO Ha 3 Ta pe3yibraT AOAAEMO 10 apvroro. Tperi psaaox
(TrouaTKOBI PC3VIIBTATH, OTPUMAHI IICPEA KPOKOM 3) MHOKUMO Ha -1 Ta gozaemMo 10
nepiuoro psaka. Tperidt psaok mepermcyemo 6e3 3MiH, a 1HIN ABA — 13 OTPHUMAHUMU
pe3viIbTaTaMH.

(4) llepmmii psiAox MHOXMMO Ha 2 Ta JOAAEMO IO PE3yIbTAaTy APYTHH paaok. Tperiii
Ta APYIUid PAOKH TICPETHCYEMO 0€3 3MIH, a TICPIIHH — 13 3MIHAMM.

(5) Hepmuit pgaox aummMo Ha 2, a APYrHd psaaok Aimumo Ha -2. OTtpumaemo 3misa
OJMHUYHY MAaTPHLEO, a CITpaBa — 00CPHCHY MATPHLEO JO MOYATKOBHX AaHmx. [lepesipka:

I 11 05 -1 05 (1 0 0
4 2 1{x|125 4 -15|=/0 1 0|
9 3 1) ({3 -3 1 ) 0 0 1

JUtt 3HaxomkeHHs 0OCpHEHOI MaTpuLl METOAOM [ayca BMKOPUCTOBYIOTh, [0 CYTI,
metoa ['ayca-XKopmana. Koporkwii 3micT maMOyTHIX Aiit: CHOYaTKy CHlJ 3amuMcatu
KBaJpaTtHy marpumo A B TaHgemi 3 oauHH4HOK Matpuueo: (A|F). [lotim 3a
JOTIOMOIOI0 E€JIEMCHTAPHHUX [ICPETBOPCHb HEOOXIAHO OTPUMATH OAMHMMHY MAaTpULIO
3N1iBa, MPU LUBOMY (HE BIAIOMHCH V TCOPSTHYHI MOAPOOHLI) Nnpasopyd Buiiae obepHEHA
MaTpHi. CXeMaTUUHO PLLCHHA BUTISIAAE HACTY [THHM YHHOM:

118



Po3gin 3. MeTomit po3s’ A3vBAHHS JiHIHANX anTeOpUMANX DIBHIAHE
(A|EY—> .- (E|A™).
(3po3ymine, We 3B0POTHA MaTpHULS NIOBUHHA ICHYBETH)

Ipaxnax 3.33. 3nality obOepHeHy Marpunipo MeroaoMmM [ayca 3a AomnoMoror
eNIeMEHTapHUX [iepeTBOPEHb AT MATPHLL.

1 2
A=, |
\3 4
Po3g’az0k. JIns uporo 3anuuieMo ii 3 OAUHNYBOIO MaTPULEIO:

1 2]t 0yofit 2|1 0Y@(1 0]-2 1\®
(41E)= - 1= -
3 4|0 1 0 -2,-3 1 0 -2{-3 1
(s)(1 ol—z 1 J E| A
4 3/ 1 = .
U2
(1) llo mpyroro psaaka Jonany nepunil paaok, IOMHOXEHHM Ha -3,

(2) o nmepinoro psaaka Zofany Ipyrrit paaok.
(3) Hpyruii psaok po3niIuiu Ha -2,

Bi i A--l (_2 1 \} l(—‘l- 2}
{AFTOBINk: = 3 s IRVt i .
/2 /2 ) 2 \ 3 -1
"pﬂKJlaI( 3.34. 3naiTu oﬁepHeHy MATpHIO 3a JCHOMOIOHY EICMEHTapHUX
HEPETBOPCHSL

4 2
-1 -3
5 1

Pozg’azox. TprenHanu oMMHUYHY MATPHULIO i TOYWHAEMO BUKOHYBATH EPETBOPEHHS,
JOTPHMYIOUHCH aITOPUTMY «3BHYaiiHOI'O» MeTomy I ayca:
(3 4 2i100 1 5 1100

I 1) 1(25
(AE)={2 -1 =310 1 0|o{2 =1 =3|0 1 0|>

— N2 WS

15 1]001 3 4 2(100
1 5 1]oo0o 1Y (1t 5 110 0 1
(2) 3)
-0 -11 =5]0 1 —2—>!0 -11 =5{0 1 =2/
lo -1t -1{1 0 -3/ lo o 4|1 -1 -1

a2 s

(1\ TTamrrrirss H Amid ooy rranrirramrr arderransrr ETa rmasrrrvadt srammar  TrasaamalraRIes
1 j 1ACPHINY 1 TPCTiM PAAKH MOMIHALKA MiCLiAMM. ria OCPIiiikk OOTJHAL, IiCPCCTaHOBRA
pHJIKiB 30a€ThCA HEJICTANIBbHOI), alie HaCHpaBJIi IEPECTABIATH ix MOXHA, aIXe B
pesymstati (E|A™') 3niBa Ham MOTpPiGHO OTPUMATH OAMHWYHY MATPHIJO, @ PABOPYY

«TIPHMYCOBOY BUIE caMe MaTpuusa A~ (He3anexHo BiJ TOro uu GyHEMO MepecTaBisTH
pPSOKM B XOAI pO3B’SA3yBaHHSA 4M Hi). 3BEpHITH yBary, mo TYT 3aMiCTh IE€pecTaHOBKU
MOKHZ OpraHi3yBaTy «wicTku» B 1-My cToBnui (HaiimeHme crinbie kpatHe (HCK) uncen
3,21 1). Po3s’sizyBaru uepe3 HCK oco6m1Bo 3pydHO, KOMM B EPIIOMY CTOBMII BiXCYTHI
COVHULLI».
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UncenbHl METO M B KOMIT IOTEPHHX HAyKax

(2) Ho 2-ro 1 3-ro psiakis gogany 1-i psaaok, MOMHOXKESHUM Ha -2 1 -3 BIATIOBIAHO.

(3) Jlo 3-ro psiaka xoganu 2-# PAIOK, OMHOMKCHHE Ha - 1.

Jpyra uactvHa PpO3B’SI3yBaHHA IIPOBOJUTECA 3a BKEC BIJOMOIO 3 TIOTIEPEAHBOTO
naparpada CXEMOKO: TNEPCCTaHOBKH PAAKIB CTAOTh OEIDIYy3AMMH, 1| MH 3HAXOIMMO
HaWMEHIIE CIUIbHE KpaTHe uwcen Tperboro crosrumka (1, -5, 4): 20. IcHye ctporuii
anropurm 3HaxomkeHHs HCK, axe Tyt 3aseuuail Brctavae madopy. Hisoro crpamsoro,
AKIHO B3ATH OUIbINE YHCII0, SKe IUTUThCA 1 Ha 1, 1 Ha -3, | Ha 4, Hanpuknaa, yucao 40.
BiaminnicTs Oyae B Outbln rpomizakux obuucneHssx. Omke:

(4) TpeTi#i psAamOK MHOXKHMMO Ha 5, APYTMi PsAOK Ha 4, mepmiuii PAaoOK Ha «MIHYC
ABAILEITHY:

o 15 1 0 0 1)(4) -20 ~100 =200 0O -20 ® -20 =100 0 ’5 -5 =25 o
-0 -11 =510 1 -2 0 ~44 -20{0 4 -8 0 -4 0 |5 -1 -13|->

0 0 4 1 -1 ~1J 0 0 20 | 5 -5 -5 0 0 20i5—5 -5

-4 =20 0' I -1 -5 o —44 =220 0| 11 -11 =55 ©
- 0 44 0 -5 1 13 0 220 0| 25 5 65

0 0 471 -1 -1 {0 0 4|1 -1 -1
(4 0 0| 14 6 -10y (44 O
-0 4 0|51 13 0 44
0 0 471 -1 -1 0 0

-4 0 0’—14 -6 10
o

0 220 0| -25 5 65>
0 0 4] 1 -1 -l
14 6 -10 ’

an

-5 1 13 |-

C
0
4111 -1 -u

14/ 6/ _10
a1 00 /14 /@4 ¥ 44
) s o
S0 10 e Y /]4/4 =(E| A
o0 1|1y 1/ _]
Yaa Vas Vg

(5) Ho 1-ro ta 2-ro paakies Jomamy TPETiH PAIOK.

(6) Nepurii 1 TPETIH PAAKK PO3JIWIH HA 5, APYTHHM PATOK NOMHOKHIM Ha -1.

(7) HaibimeHine crinbHE KpaTHE HCHYIBOBHUX MHMCEN Apyroro crosrmymka (-20 i 44)
oxue — ne 220. INepmmii pssaox MHOKMMO Ha 11, apyruit pagok Ha 5.

(8) Jo mepuoro psaaka 10Aany APy THI PAAOK.

(9) llepmmii psNOK NOMHOMXKMAM HA -1, APYTHIA PAROK PO3ALTAIH «HA3aa» Ha 5.

(10) Tenep nHa ronoBHIM AiaroHam JriBOI MaTpUill JOULIBHO OTPUMATH HaMMEHINE
CIiIbHE KpaTHe uucen aiaroHan (44, 44 1 4). Linkom 3po3ymino, mo ue yucno 44, Tperiii
PAAOK MHOKHMMO Ha 11.

(11) Kosxen psiaox ainuvo Ha 44. Lst 1ist BUKOHY €THCS B OCTAHHIO YCPTy.
Taknm vynuHOM, 00CPHCHA MATPHLIA:

1444 %4 '1%4 14 6 -10
A“=~7, » l% “Als 13

44 1 4
1/ _1 _1 1 -11 -11
Va4 44 44

BHeCCHHS 1 BUHECCHHA ) 44> B MPUHLMI, 3aiBl Aii, ame TOrO BYMMAra€ MpPOTOKOI
oOPMIICHEHS 3aBAAHHSL.
Hpuxnag 3.35. 3xaiitu 06epreny mMaTpuLo MeToaoM I ayca-XKopaaua.
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Poszxin 3. Mero 1 po3s’a3vBadig MHMHHNX aJreOpUYHUX pIBHAHD

1 2 4
A=|5 1 2|
3 -1

Pozé’sizok.  OOcpHeHy  MaTtpuino  3HAWZCMO 3@ JOTNOMOrOI  GIIEMCHTAapHHX
NCPETBOPCHB!

— b

L2 410 0], (-15 =30 -60|-15 0 o‘,z)
L
(AlF)=15 1 2|0 1 0|> 15 3 6 0 3 0>
3 -1 1(0 01 15 -5 5|0 05
(=15 =30 -60|-15 0 0) (1 2 4 1 0 0
(2) (3 ! 4)
- 0 =27 -54|-15 3 0|>{0 9 18 5 -1 0 |-
0 =35 -55|-15 0 5} 07 1113 0 -1
1 2 4 | 1 0 0 1 2

_ 4 01 0 0
(4 (5) : 1(6)
-0 63 126 | 35 -7 0|>{0 63 126 35 -7 0l>..
0 -63 -99(-27 0 9 |0 0 27 8 -7 9j

(1) TMepwuwmii psgox moMHONWAM HA -15, OPyrHil psgoOK TOMHOXHMAM Ha 3, TpeTid
PAIOK MOMHOMXUIM Ha 3.

(2) lo 2-ro 1 3-r0 psAKIB A0 1aMM NEPIIHIA PSIOK.

(3) Iepmumii paaok pos3ainMiy Ha -15, apyruil psaoK po3AUTMIM Ha -3, TPeTid pPAnoK
PO3JLUTHIN Ha -3.

(4) Jpyruii psiiox IOMHOYKIUTH Ha 7, TPETIH PANOK NOMHOXKIITH Ha -9.

(5) Jlo TpeTrorO psinka JOAANIH APYTHH PSIOK.

o[V 2 411 0 0 127 54 108 | 27 0 0
H X }
—{0 9 18/5 ~1 0O|>]0 54 108 | 30 -6 0 |-
|
0 0 27|8 -7 9 0 0 —108|—3‘2 28 -36
27 54 0 -5 28 -36) (27 0 0[-3 6 O
(8) () (10)
-0 54 0 | -2 22 -36|>{0 54 0 |-2 22 -36|->

0 0 -108]-32 28 -36 o 0 27| 8 -7 9}

7 0 0}-3 6 0

(10) 2 ’ (1 1 ‘ /7 /27 0

S0 27 0 -1 11 -18|=]0 /27 1 =18 =™,
()0278—790147_%7%7
A
(6) Hpyruii psaok po3auiim Ha 7.

(7) Teprumii psiaok MOMHOMXKIK Ha 27, ApYTUil psAOK MOMHOXKMWIM Ha 6, TPETIH PAIOK
TIOMHOKHITH Ha -4.

(8) Jlo mepmioro 1 Apyroro pAAKiB AOAATH TPETIH PAIOK. -

(9) Tpertitt psaok posaimunn Ha -4. Jlo mepioro psaaka AOJATIH APYTHHM PsIOK,
MOMHOKCHUWM Ha -1.

(10) Apyruii psaok posmnmm Ha 2.

(11) Koxen psinok posautunu Ha 27. B pesvm—;ra'n OTPHUMaIH:

—_ O
<o O

<
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Yyicenbai METOAM B KOMIT IOTEDHAX HayKax

(-3, %, 0 (38 0 )
a_t 1 1y s/ ol _
Al = f§7 8 fé7 ==L 1 18|
8 7 9 8§ -7 9
/27 /57 /27

Ils cxema, skwo i He cama, ToO onxHa 3 HalfHapmiftHimmx. IHomi OyBae 3py4HO
RMKOpVTCTORyRaT‘W KOpOTﬂIWﬁ « MO)’Ie,pHi CTCR'K‘T/Tﬁ)) pOSR ’ TI0K; KU TIONATAE R

HACTYTTHOMY: Ha IepPUIOMY KpOIil BCE SIK 3aBXAH
L I S * ok %k

0***#*
O*****

Ha npyromy xpoui simomum mnpuifoMoM (uepes HCK wmcen 2-ro croBmus)
OpraHi3oBYIOTBCS BiJpa3y /Ba HyJi B APyTOMY CTOBIILI:

*0*'***\
O*****
OO****
\ i J

1, wapeilTi, Ha TPETBOMY €Talli TOYHO Tak OTPHUMYEMO IOTPIOHI Hysli B TPETHOMY

CTOBII:

N
*00'***‘

0 * 0
Oo*i***/

Ipuxaag 3.36. 3Haiitm 3aragbHUA  pPO3B’SI30K 3a JOMOMOTOK  €JIEMEHTAPHUX
NepPEeTBOPEHD

* ok ok

2x—=3y—-z=-Tt+5v=4,
x-2y-3z+t-4v=-5,
—Sx+4y+6z+06t+5v=4.

Po36’a30xk. 3anunieMo po3IIMPeHY MATPHIIO CUCTEMH i 3@ JJOIIOMOTOO &IeMEHTapHKX
MepeTBOPEHb OTPHUMAEMO 3arajibHUM pO3B’A30K!

(2 -3 -1 =7 4\@(1 -2 -3 1 -4} -5
I -2 -3 1 -4|-5|5/2 -3 -1 -7 5
L— 6 7 5| 4} L- 6 7 5| 4]
-2 -3 1 -4 1 -5 l(3) 1 -2 -3 1 —4i -3)
50001 5 -9 131450 1 5 -9 13|14
0 -6 -9 -2 -15|-21) (0 -2 -3 4 -5
1 =2 =3 1 -4]-5) (1 =2 =3 1 -4]-5
(4) (5) (6)
S001 5 -9 13|10 1 5 -9 13| 14|>
o0 0 7 -14 21)21) {0 0 1 -2 3|3

(2)
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Poanin 3. Metomu posk’ 93y BaHysl NHIMHMK alreOpHIHMX PIBHIAHL

® 5 =10 =15 5 -20|-25 @ 5 -10 0 -25 25 201
-0 -3 =15 27 -39|-42|—>0 -3 0 -3 6|3
o )

®)
_)

0 15 -30 45 0 15 =30 45| 45
1 -2 0 -5 1 -2 0 -5 5| 4
)] 9) 10
-0 1 0 1 -2|-1—- 4| =2|>
0 0 1 -2 1 313
1 0 0 -3 1|2

(10) an
-0 2 0 2 —-4|-2{={01 06 1 -=-2]-11

001 -2 31| 3 001 -2 3|3

(1) Tepiuwmit 1 ApYTUE PAXKU TIOMIHATH MICLIAMH.

(2) Ho mpyroro psgka AOJand TEPHIAM PSAOK, TOMHOXEHME Ha -2. Jlo Tpetboro
psiaKa A0Jalld TICPIIHK PSAOK, MIOMHOKCHHM Ha 3.

(3) Tperiii psaok po3niawiu Ha 3.

(4) o tpeTboro psiaka JOAANH APVIHA PSIOK, TOMHOKCHMHI Ha 2.

(5) Tperiii psaAOK po3ALIHAK HA 7.

(6) Haimenma xparae umcen 3-ro crosous (-3, 5, 1) aopismoe 15. [epmuii psaox
TIOMHOKHITH Ha 3, APYTHI PAIOK NMOMHOKHITH Ha -3, TPETIH PSAAOK NOMHOXKHIM Ha 15,

(7) o mepworo psiaka noxanu 3-1# psigok. Jlo apyroro paaka poaanu 3-1# pAIoK.

(8) Tepmumii psaOK pO3AUTHIM HA 5, APYTUMA PAIOK PO3AUTAIH HA -3, TPETIH PAIOK
posaimumm Ha 15.

(9) HatiMeria xpatHe HeHyJIbOBHMX ymcen 2-ro crosousd (-2 1 1) omue: 2. JApyrw
PSLIOK TIOMHOMKIIIH Ha 2.

(10) o nepuroro psiaka 1oJamu APYTHi PATOK.

(11) Apyruit psinok po3auTaae Ha 2.

Jarmremo GazuCHI 3MIHHI X, V,Z 4€Pe3 BUIbHI 3MIHHI [,V

x=3t+v=2 x=3t-v+2

y+Hit-2v=—l=y=—t+2v-1

z-2t+3v=3 z=21-3v+3
Bianosias: 3aransHuii po3s’ssok (3 —v+ 2~ + 2v— 1,21 - 3v + 3.1, v).

Npuknax 3.37. 3uaiitu OOCPHCHY MATPULEO 3a JOMOMOIOK CIIEMCHTapHUX
MEPETBOPCHD

N

23 2 2
-1 -1 0 -1
A= .
~2 -2 -2 -1
3 2 2 2

Po3eé’siz0k. 3ualinemo o6epueHy MaTpuigo metozoM [Tayca-Kopaana:
(1) Ho 1-ro ta 4-ro psaaxis gogamu 3-1i paaox.
(2) 1lepmuit 1 yeTBEPTHLE PAAKH ITOMIHATHA MICLITMH.
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iU K ,‘_ii} 3-10 PR ORS00 PRAUR, SHOMITOX cridy
Ha 2

(4) 1o 310 pIAKA NOAARYW S-¥ PASOK, TOMHOKEHNHR Ba -2. 110 4-T0 pgaxa Acaand 2-i
A fa ]"' el (2}

{5y Ho 170 1 300 pRAKE 40580 4-8 PAROR, TOMHOMCHER Ha -1
{6y [pyrait peaox GoMBOXZNY B2 -1, TOSTI pAiok po3ainuig na -2.
A
TR T R S I O TS (01 S s | B U B R
VEPIT a2 <o 01 0| -2 =2 -2 =1(0 0 1 of
L32220001 1001]0011
1 0 0 1]oo 1 1) (t o 0 t}feco 11
@ -1 -1 0 -1{0 10 0{®»0 -1 0 6{0 1 1 1|®
> - -
-2 =2 -2 -1/0 0 1 0] |0 -2 -2 10032
0o 1 0o tfrot1o){o 1 o tj1010)
(6)
Lo o 1fo o 11) (10 0 0f-1 -1 -1 OY
@o -1 0 00 1 1 1{®e -1 0 00 T 1 1
- i -] -1
00--21’0—210 0 0 -2 1]-1 -3 -1 -1
00 0 1|1 1 21j0 ¢ ¢ 11 1 2 1
1000 -1 -1 -1 0
®0 10 0] 0 -1 -1 -1 (14
) VAV VAR VA R
¢ 0t ’i 2 72 /2 2
o001l 1 1 2 1
<7 ﬁﬁe-rnn I ANTAT IToNnal |i"
Waf x 3WR Bl I!PVUIUI Ilbpﬂq

3.7.1. Axani2 nocTaHOBKW 3aaaui

Jlis ofuuCnenHs poO3R’S3Ky CHCTeMH NMHIMAUX piBE > RemuKo! pow YAOCTI WL aMi
METO/Y BUKODHCTOBYRaTY HeJOLLBHO. ToMy 3acToco8ycn0 Habuweni 1.21000, AKi B
pazi X 30IKHOCTI vpw HeokiHYSHHIM KimeKocTi omepsiidt (Wpoxig) Aes0Th TOUMHHA
pe3ynnTaT. PORMSIREMO CUCTEMY

Ax =b.

Metoa npocTol 1Tepaliil 3aCTOCOBYEThCS IS CUCTEM THILY

,-
j#8]
—
j¥e)
1)

N

F=fF+0% ¥ = fB+ax, (3.133)
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Posaiz 3. Mertoau poss’ 43V BaHHs JIHIMHNX anreOpydHMX DIBHSHb

X A al]"'aln\
x| 5 | A X1+ X2
e x=| ", p=l""l.a=
xn ﬂn anl"‘armJ

Cuctema (3.132) 3soaurscs mo (3.133) tak:

1-it cnoci6 nepeabavae B KONKHOMY /-My DIBHAHHI 3ATHLIMTH [-WH CJICMEHT B JIBIH
YaCTUHI Ta NCPECHECEHHs B MPaBy YACTHHY BCIX HCBLIOMMX Pa3’oM 3 iX MEpPEeTBOPCHUMH
koeimientamu. TakuMm YMHOM, CIUBBIAHOIICHHS MDK KOG(IIIEHTaMHM CHCTEMM
BUP&KAIOTHCS! YEPE3 TaKl BlAHOIICHHS:

P . (3.134)

i b3
2-it choci6 ncpendadae pozOUTTS ¢, Ha ABL YACTHHH ; = a(l) + aQ) B SIKOMY OJHY 3

HaCTHH ,HOIIUIBHO BH6I/IpﬂTPI y BI/H‘J'IHI[I I.[lIl()I‘O uciaa a EL T()]_I,l HOL[LIII/IBIHI/] i-Te

PIBHAHHA HA @, , TIOTPIOHO MEPCHECTH B MPABY HACTHHY BCl HCBIAOMI BKITFOMAKOMHU X,

PazoM 3 MepeTBOPEHUMH KoediLieHTaMH a? 28

i

b, at” a,
i _ %
pi = i A =——4> % =——y (3.135)
n i i
JIpyruii crioci6 3HauyHO c()eKTUBHIMMIA, TaK SK YHHUKAE AUICHHA HA HYNb 1 Ja€ 3MOTY
3MCHINMTH TIOXHMOKY 330KPYIJIEHb MpPM JUTCHHT ¥ 3B S3KYy 3 BHOOPOM 3HAMECHHHKA V
O
-(0)

=(0) _ lz

BUITISAL LILTOTO yKrcaa. bepemo X ~ mouatkose Habmwkennst. Toai Oy 1y emo

(0)
xn
HACTYTHI HAOIWKEHHS Y TAKOMY BHUIJIAAL:

ﬂ+ —CO)

,[7’+ooc)

_(’7) -

(3.136)
6D Z gy o ®

Jlerko moBect, WO B pasi 30DKHOCTI L€ NPUBOAMTL OO TOYHOTO PO3B’A3KY

’:]%im x® =x* _ [lepexoasuum A0 FPAHHTHOTO BUTIAIKY Oy IEMO MaTu:
-0
}nn AL llm(ﬂ+ax(“) /5'+0:11m 0 x¥t=frox* (3.137)
—»0

3amumemo (opmyiy (3.122) y posropuyTii opmi:
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YucesibHi METOAM B KOMIT IOTEPHHX HayKax

= g4 xP (3.138)

/=1
BispMeMo xy‘) piBHE BIAMOBIAHOMY CTOBMYUKY BifILHUX WIEHIB. YMOBOIO 3yNHHKH

. . k
npu BHkOHaHHI (3.138) MoXKHa BUKOPHUCTATH Vl:.xf +”—x,(")‘<E. [{o6 BHBecTH

J0CTaTHI YMOBHU 301KHOCTI MeTOJy MpOCTOI iTepauii, BBEAEMO MEBHi MO3HAYEHHS, LUO
CTOCYIOTBCS €BKJIIIOBUX HOPM.

el =max S e, = S, I IRCALD

=l j=I

el =

Teopema. SIKIO OHa 3 €BKITINOBMX HOPM MaTpulb || < ¢ <1 i moBinbHO BUGpaTH

NOYaTKOBUH BEKTOp 7, to MeTon mpocToi iTepattii € 36ixHUM lim ¥ =X *, npuyomy
n—r0

x*= f+ax* iuel po3B 130K €AUMHUH.

= - — - - —(0)
Y = Brox®, x = frax

~@ = =) = = = _ -
x  =f+ax :ﬂ+a(ﬂ+ax(°’):(E+a’ﬁ+a2x(°),...

»

f(k+l) :(E+§+52 +‘”+-a‘(k))ﬁ+a(/(+l)5c-(0) (3]40)

Bizomo, 1o aKkuio “a]l <1, 10 lima* = 0. Ipu npamysanni k — o BHpa3s B KpyIJINX
ko

nyxxax ¢opmynn (3.140) siBise cobOl0 aHANOr HECKIHYEHHO CNAjHOI FEOMETPUUHOT
nporpecii, fika, sk Bi1oMo, 36iraeThbes, TaK sk il 3HaMmeHHHUK. Tob6TO “a" <1.Toni
E

E+a+a2+...=ﬁ=(E—a)“ (3.141)

[lepuie TBEp/DKEHHS € CINpaBe/UIMBUM, TOMY IO TPAHMLS HECKIHYEHHO CIIamHOI
reoMeTpu4HoOi nporpecii icHye. JIpyre TBEpIKEHHS PO €HICTh TA iICHYBaHHS PO3B’A3KY
BUIIMBAE MPY pAMyBaHHi BiHOIEHHs (3.141) 10 HECKiHYEHHOCTI.

lim ) = (E-a)'f+0 =>x*=(E-a)'p |-E*zmisa, (3.142)
—x
(E-a)e*=B, X*-ax*=f, ¥*=f+ax*.
BUXOAAYH 3 TOrO, 1[0 YMOBM TEOPETHYHO € AOCTATHIMU, FOBOPUTH, AKUM OyJie METOX
Ha“ <1 posbixHum uM 36DKHUM € OesmigcraBHuM. ToMy Ha NpaKTULi, KpiM

3arabHONPUAHATOT 3y ITHHKU Hx”‘*” - x(")n < E, Tpeba BUKOPHCTOBYBATH ILE JOAATKOBY

YMOBY k> k.. .
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Posain 3. MeTou posp’ a3y BaHHs HHIMHUX areOpHUHEX PIBHAHD
3.7.2. Mpuknagn po3B’A3Ky CUCTEMU METOAOM NPOCTOI iTepauii

Cuctemy NIHIMHMX pIBHAHDB, WO 3armcaHa v Qopmi (3.2), HEOOXIAHO NPUBSCTH 10
BUIIISTY

X=C-X+F. (3.143)
TaK, W00 BUKOHYBATUCH YMOBHU 30DKHOCTI ITEPALIHHOTO IPOLIECY
maxZ)CU.|l<1; i=12,..n (3.144)
i |
max Y |C.. i<l j=12,..n. 3.145
: Z| <t s (3.145)

YV MOBM 3aKIHYEHHS ITEPALIIHOTO TPOLECY

1

maxl D ® | <e, (3.146)
Je € - 3aJaHa TOMHICTh HAOIPDKCHHS 10 KOPEHS.

Npuknag 3.37. Pose’ssatu cucteMy JIHIHHKHX PIBHAHB METOAOM TPOCTOI iTepari,
mpuitassmm £ =0,005.

3x,+x, —5x, =10
4x, +x, —2x, =8
X —5x, +x;=-10

Po36’s130K. Jlerko noMITHTH, AKIIO 3 IEPIIOTO PIBHAHHSA CHCTCMH BHALUTHTH HEB1IOMC
X3, 3 APYTOTO — X1, @ 3 TPETHOTO — X2, TO YMOBH 30bkHOCTI (3.135) Oy AyTh BUKOHYBATHCH.
CnouaTky mepie piBHAHHA MOALMMO Ha 3, npyre Ha 4, a Tpete Ha 5. JlijicHo,

x; =0,6x, +0,2x, -2 5

X = -0,25x,+0,5x;+2 ,mpu F'=| 2
2

x, =0.2x +0,2x,+2

Martpuua C cucremu (3.143) Ta yMOBH 301KHOCTI MArOTh BUIJIA:
06 02 0 )
=1 0 —025 051 maleCiJ;l:O,S<L
10,2 0 02 o

3a HyJbOBE HAOTMKCHHS KODEHIB CHCTCMH NpHiiMaemo sekrop ' (tabn. 3.1 npm
0 . . -
K=0), Tobto xl(o) =2, xg') =2; xgj) =-2 . TligcTaBaseMo oOTpuMaHi 3HauCHHA F vy

- . 2
CHCTEMY PIBHAHB Ta OTPMMAEMO HOBI 3HAYCHHS xl(l) =035 xg“) =2; x§3) =-04:
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YucenbHi METOAH B KOMIT IOTEPHUX HaYKax

|‘ xV =-0,25-240,5-(-2)+2=0,5
(x50 =0,2:2402-(-2)+2=2

[ #'=0,6-2+0,2-2-2=-0,4.

X

IlincTaBnsroun O'I‘pI/IMaHJ noaHi B TOY4TKOBY yYMOBY (cucTeMy piBHSHDB) 3HAXOIATH

navre maATUsrenma waneoin 1 Tay mami {(Tabn ‘1 1Y mavwr we AQume TALArUVUTA narauy
HP Y LW HACIHKEHHA AUpLIn 1 Taxk Jajl AU Tl fy AURK 0OV U AV AUWALOY LU Sdual

TOUHICTh HaONUAKEHHS 10 KOPEHS & . Pe3ynbraTi po3s’si3yBaHHS HaBeleHO y Ta0m, 3.1,
Tabauys 3.1

K x1 x2 x3 £ = maxix (k+1) (k)‘

0 2 2 2

1 05 2 04 1,6 > &
2 1,3 2,02 A3 ‘ 0,9 > g
3 0,845 2 0,816 0,484 > &
4 1,092 | 2,0058 | -1,093 0,277 > &
5 0,9521 1 1,6998 1 -0,9436 0,1494 > g
6 1,0282 | 2.0017 | -1,0288 0,0852 > &
7 109852 1,9999 | -0,9827 0,0461 > &
8 | 1,0087 | 2,0005 | -1,0089 00262 > g
9 10,9954} 19009 | -0,0947 00142 > £
10 | 1,0027 ] 2,0001 | -1,0028 0,0081 > ¢
11 0,9986 | 2,0000 | -0,9984 0,0044 < g

Bimnosigs: x'V =0,9986 x{'V =2,0000 xi'V =-0,9984.

3.8. Metogp Mayca-3efigens (Metop noninuwexol itepauil)

3.8.1. Adani3 nocTtaHOBKM 3afaui

Meton 3eiifens € yHOCKOHAJIEHMM METOJAOM MpOCTOi iTepawii, SKWM MONArac B
3HAXOKEHHI PO3B’A3KIB CUCTEMH PiBHAKD Ta 3aCTOCOBYETHCS [T CUCTEM TUIY

X=pB+dx,
LR+ P (k) v(k)
XU EA ronX Tt oX,
x D =g, +a21x1k—r1) ta 2x(kl o oy, Xy
x = B o x*D 4,1 4L+, x Y
3Bincu
XD = (kD)
: ﬂ+Z (3.147)
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Posnia 3. MeTou posB’ 43y BalHs M AHNX aireOpIIHAX PIBEAHD

Hespaskarouu Ha OLbII rpoMisakmit sarmc Gopmyn (3.147) y NOPIBHAHHI 3 METOOM
npocToi iTepauii, mporpamua peanizauis uiei dopmymu € Ginmbuwr npoctoro. Tak sk wi%
metoxy mpocroi irepauii B IIK notpibHo dopmysatn asa BexTopu (Macuem), sKi
BiANOBIAATHMY T TIONEPETHLOMY 1 HACTYIHOMY HAOMIKCHHIO, a B METOM 3eHzens
AOCTATHBO BMKOPWCTOBYBATM JIMIIC OAMH BCKTOP (MAarpuiio) /i HACTYIHOTO
(k+1)
J
OB’ si3aHi 3 YMOBOIO 3aKiHUCHHs PO3PAXyHKy METOIY, BUMAraTUMEThCS BBCJCHHS HOBHX
IMiHHMX, 5K Oy[yTh CTY)KMTH AK O3HAKAa yMOB 3aKimueHHsi anroputMy. Cami ymoBu
3yTIMHKK aHATOTIYHI 0 THX, L0 € B MCTOJI MPOCTOI iTepaitii. AHANOMIYHE TBEPIKCHHA
Ma€ MicLe np GOpMy THOBAHHI JOCTATHIX YMOB 301KHOCTI MeTOIY 3eraens.

Buxodsud 3 TOro, M0 YMOBHM JOCTATHI, MOJUIIMBI Taki BMIIQAKM: METOA IPOCTOI
iTepauii 36iraeTbes, a METOA 3eiiners He 30IraeThCs 1 HABMAKH, T06TO

nabmvoxenrst. [Ipore aomoBHIOOYM X' ~THMK 3MIHHIMM Ta aHATI3yIO4H TIEPEBIPKM, 5K

“x‘ik”i' - x<’”|| <E o Vi !xf’”“ - xf’f>| <E (3.148)

a) £, =E;

) E, #E,

Jlns Meroxy 3eiaerns yMOBa 30DKHOCTI MOKE 1 HE BUKOHYBATHCh, SKILO MATPHLA O
mae Tak 3BaHy HopmanbHy Qopmy. To, axa 6 He Oyma Hopma, metox 3eizens Oyne

s6iratuck. Lle cTBepmkye omHa 3 TeopeM atrebpu. Marpuipt A Mae HopManbHy Gopmy
AKIO!

1) BOHA € CUMETPUYHOK A = A" (aij = aﬂ.);
2) ii kBaapaTruHa (POPMa € TOCTATHLO BUSHAYCHOIO
non
ZZa,jxixj =y X e X+ 200,500 + 203X + ... > 0. (3.149)

i=1 j-l

Teepmkenns. Sxmo cuctema A% =b wmae marpuigo A HOpMaibHOI (QOpMH, TO

THCIA 3BEACHHA ii A0 BHIIALY X =B+a>? OJAHMM 3 BHILEOMMCAHMX CIIOCOOIB, METOX

3eiiacns Oy e 36iraTich MPU JOBLILHOMY BHOOPI NMOMATKOBOTO HAOTIDKEHHL.
3anMmaeThcs MOKA3aTh CIoci0, sIK CHCTEMY Zi =) nNpUBECTH 0 TAKOrO BUITSIAY,

o6 A maza HopmatsHy dopmy mpu det 4 # 0, ATax=A"b | A=AT4,b=4"b:

Gy = apa, =Y aa, (3.150)
[ R
b= ayb, . (3.151)
k=1

Jlosenemo, wo MaTpuus A, saxa obuuciaena 3a dopmyoro (3.150), mae HopmanbHy
dopmy.
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UnicennHi METOM B KCMIT I0TEPHAX HAYKax

HA=d" np_n

A =L Ay= A" (LY =4 4=1, (3.152)

2) La,,x‘x] >0.

i=

3.8.2. MNpuknaau po3B’si3yBaHHA CHCTEMU MeToAOM 3enaens

Ilest Merox e mommdikamicro Mertomy npoctoi itepauii. IHomi BiH Mae OGinmbray
IIBUAKICTL 301KHOCTI pe3yIbTaTiB y NOPIBHAHKI 3 MeTofoM mpoctoi itepauii. CyTs Horo
mojdrae B TOMY, INO AN pospaxyHKy (K+1)-ro HaOnnmxeHHS KOpeHs X;.; onpasy
BUKOPHCTORYIOTHCS IOMHO 3Halneni (K+1) HaOmkeHHs NMoNepeaHiX KOPeHiB X, YMOBH

2GixmocTi TI % cami a0 i @ MeToni npocTol iteparii,
Mpuxnax 3.38. Pose’s3atu cucTeMmy IiHiffHUX piBHSHE MeTogoM 3elzens,
npuitassya € =0,005.

Po3e’azox. Tlepertopumo cucteMy #no wurismy (3.143). Tleperipmmo yMoBu
30ixmocTi (3.144). 3a "ynsoBe wabmmkeHHS TpuiiMeMo BexTop £ . Tomi oTpuMyeEMO
nepuii HabNFKeHHS KOPEHIB!

xV =-0,25-2+0,5-(-2)+2=0,5;
' =0,2-05+02-(-2)+2=17;
x{V =0,6-0,5+0,2-1,7~2=-136.

Orpumane 3Ha4€HHS X; )

3 HEPLIOro PIBHSHHS I1JCTABISEMO B APYIE PIBHAHHA Td
OTpUMaEMO 3HaueHHs X, . Tak camo OTpUMAHE 3HAYEHHS x;’3 TEPLIOro PIBHAHHA

MACTAaBIAEMO B JpYTe PIiBHSAHHA Ta OTPMMaeMo 3HaueHHs x| . Jlani BMKOHaeMo apyre
HaOMKEHHS, TpeTe Ta iH. Pe3ynbTaty po3s’s3yBaHHs 3aHeceMo y Tabm. 3.2.

Tabnuys 3.2
LG )]
K | xt | 2| 5=max|x§ PP
0 2 p) )
1 05 | 17 | 138 18 > ¢
2 | 0895 | 1,907 |-1,0816 0,395 >
3 |og825]1,9802[-10145] 10,0875 > £
4 | 09977 | 1,996 | -1,0020 00165 >
5 | 09998 1,996 | -1,0002 0,0029 <e

Bignosizge: x(s) =(,9998; x§5 ) =1,9996; x§5) =-1,0002.
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Po3nin 3. MeToay po3B’A3yBaHHA NiHIHHIX anreOpHYHUX PIBHAHL

3.9. OcobnuBocCTi TpboOXAiaroHanbLHOI MaTpUlli

3.9.1. O6unucneHHnA geTepMiHaHTy TpbOXxAiaroHanbLHOI MaTpuui
TpboxaiaroHaabHO MaTpHLero a6o MaTpuileto Ako6i € MaTPHLA TAKOro BUTSAY:

a, a, 0 .. 0 0 0
Ay, Oy Gyy e 0 0 0
0 a5 ay .. 0 0 0
A= . oo | (3.153)
0 0 0 . a,5,5 4., 0
0 .. Qyin-2 Guein-1 Dy
o .. 0 Ay o a

nn
N

Ie y BCIX MicIsX, OKpiM TOJIOBHOI AiaroHamni Ta JBOX CYCiAHIX 3 HE0, CTOSTH HYII.
TproxniaroHanbHI MaTprLli PO3rNSIAIOTHCS PUHAKMHI 171 7 2 3.
His obunciieHHs eTepMiHaHTa MaTpHlli A BHKOPUCTOBYEThCS hopMmy.ia:

By =D = 111 A k= ﬂ s (3.154)
A=ay, Aj=1, (3.155)
detA=A,. . - (3.156)

Bupenenns uiei GopMymu 3MiHCHIOETBCS NOETANHO 3 PO3KIAKOM JeTepMiHaHTa
MaTpulli 4 TO OCTaHHI#l cTpidlli Yh OCTaHHBOMY po3kiany. dopMymH BUMAararTh
BBEZICHHs [IEBHUX [TO3HAYEHb uepes A,_j, A, _,.

JloBeneHHS 3AIHCHIOETLCS METOAOM MATEMATUYHOT 1HAYKUiT:

D IPHITY CTUMO CIIpaBeINBicTh GopMyn (3.156) npu n = 2:
A, = apay —apay - 1=det 4,,,,

2) TIPUITY CTUMO CIIpaBeNuBicTh popMynH (3.156) anst n = m;

3) J0OBeeMO crpaBenauBicts Gopmynu (3.156) mnan=m + 1.

Hosenernss dopmymu (3.156) nns n=m+1 3OiHCHIOETBCS 3a PO3IKITANOM TEPIION
cTpiuku abo NepIoro cTOBIUMKA. Brakaemo, mo A, A, Bxe 0049HcreHi.
Sk BuaHO, pekypeHTHa ¢opMyna (3.154) mae 3HauHu# edexT NpH TeBHIHA KiALKOCTI

. - . . 2 3,
HCHU il TNy MHOXCHHA, BiAHIMaHHsA (MpubnusHo 45 onmepamii << En ).
ITpoTe pe3epByBaTH OnepaTUBHY MaM’siTh Ui Matpuli (3.154) B TpaguUiiHEX cHCTEMax
nporpaMyBaHHs Bce ogHO HeobOximHo. [TokaxemMo, sk aMinuTa dopmyay (3.154), mob B

omepaTHBHiM maM’ATi  pesepByBaTM He A°  €IEMEHTIB, a 31 eNeMEHTIB:

3nzn+(n-1)+(n-1). Qg uporo Marpuro 4 nogamo y Buriszi (3.157):
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UuncelbHI METOAM B KOMIT IOTEPHHX HAYKaX

s w 0 .. 0 0
L sy u, .. 0 0 0
0 L s .. 0 0 0
A= . . o | (3.157)
0 0 0 .. s, u,, 0
0 0 0 . L, S, U,
0 0 0 .. 0 l s

Sk Gaunmo B (3.157) Mu BUKOpHMCTANHM 37-BUMIpHI MPOCTOPH [.5.7 . 3anuiaeTses
BCTAHOBHUTH BIATIOBIAHICTL MUK afi, j| 1 LIIMH BEKTOpaMH.

s,=ay, i=Ln, L=a,, ,k=2n,u=a,,,, ] =1,7n—-1T100TO

l, = ay Uy =0y
Iy = a3, Uy =dxy
Ta
ln = an,nAl uir—] = an—l,n

Ay =50 1, LA, Ta A =5, Ag=1, k =2.n.

3.9.2. MeTo4 NPOroHKN ANl PO3B’A3yBaHHA TPbOXAiaroHanbHUX
cUCTeM JiHINHUX PiBHAHb
SIKIIO MATPHLIT CUCTEMH € PO3PLLKEHOI0, TOOTO MICTHTb BEJIUKY KIBKICTh HYTBHOBHX

CIICMEHTIB, TO B TAKOMY BHIIAAKY 3aCTOCOBYIOTH IIC OXHY Moawpikawio meroxy layca -
MET0/] IPOrOHKH. POSITIHEMO CHCTEMY PIBHSHb TAKOTO BULILIIY

Ax=b, (3.158)
sy, 0 0 0 0
L5 0 0 0
0 L s, .. 0 0
A= .. e (3.139)
0 0 0 .. s, u,, 0
0 0 .. Ly S U4
0o 0o 0 .. 0 l s

3armvmiemo i-Te pisHsaHHa cuctemH (3.158) Bpaxosyioun rojanss (3.159)
Lx,  +sx,+ux, =b,i=0n, ly=u,=0. (3.160)
I1651 METOAY TPOTrOHKM 6a3y€ThCs HA TOMY, IO B PE3YIIBTATI [PAMOTO XCAY METOAY

Favca Bia cuctemm Buay (3.138) mepexoaMMo 10O CHCTOMM, ¢ MAaTPULK A Oyae martu
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Poagin 3. Metoay po3e’ s3yBaHHs JHHIMHIX anreCpUYHAX piBHMHE
BUIJISJ BEPXHBOT TPHKYTHOI MaTpuili 3 CAMHIYHOK Aiarorano. lle o3Hauae, o B i-My
piBHAHHI OTpMMaHa cucteMa Oyae MICTHTH HeERiZOMi Xx,,X,,;,..,x,. OUeBHIOHO, WO
IIISXOM NiHiHHMX KoMOiHauifl Ui piBHSHHA MOXHA TIEPETBOPUTH TaK. 1100 B KOXKHOMY i~
MY 3 HUX 3QIMIIUITACE X; Ta X,,, HesimoMi. SIKIIO mpU X, HEBIACMOMY CTOITH KoehilieHT
1, To IpH X,,; HEBIIOMOMY CTOITh HEeBU3HaUCHU KOe(hillicHT.

priﬁyc TUMO, 10 OGUHCHCHHA im0f KOOpLAMHaTh HIyKaHOIG pO3B )13:\} 311 IMCHIOETBCA
qyepes +1 k KOOpAUHATY 3a JONOMOTIOKO CreniaisHo BBEICHOT d)opvynu

X = 0 Xy + By, 1=0,n-1. (3.161)

VY ¢popmyni (3.161) ¢, i B, € HeBH3HAUEHUMH Koe(blmeHTaMH SIKi TTOTPIGHO 3HAKTH.
Ilepenmuimemo (3.161) 3amiHrorouw i Ha i-1:
xo=ax+f (3.162)

ta migcraBuMo (3.162) B (3.160) mpu upomy o6’enHaeMo koediuieHTH npu x 3
OIHAKOBUMH iHIEKCaMH

L{ax,+ B)+sx; +ux,,, =b, (3.163)
(do; +3)x, +ux,,=b -1 (3.164)
3BOIUMO OCTaHHE CHiBBIHOWIEHHS 10 BUTNARY (3.161), B pe3ynbTaTi CTPUMAEMO:
U, b -8
X, =- X, {(3.165
o la s, " La+s, (3.163)

7 1

lopiBHroroun xoedinieHTH B ocraHHill HepiBHOCTI 3 @, 1 S

1

kX
iy

~1B
—, fa= “hh i=0,n-1. (3.166)

a —
La, +s, Lo, + s,

=

Has opranizauii BuBeaenns dopmyan (3.165) neobximni 3navenns a, i f,, sxi
MOXYTh OyTH 3HalileHi BUXOISUY 3 3alHUCY TIEPIIOTO PiBHIHHS

loxo +upx, = by, (3.167)
-t =t g B (3.167)
ly ly ly Iy

Taxkum 4MHOM 37IHCHHANK Tpolec aHaNoriyHuil mpsMoMy Xomy Meromy layca. [ns
peanizauii 3BOPOTHOI MPOTOHKH BUKOPUCTOBYEThCH (opmyna (3.161), mus skoi TtpeGa

3HalfTH ocTaHHi# eneMeHT X, . J{JIs IbOro 3aMUCYEMO OCTaHHE DIBHAHHS CHCTEMH
lx, +u,x,=b,, (3.168)

X, =0%, + B,. ‘ (3.169)
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YUncesrbHI METOAM B KOMIT FOTEPHHIX HayKax

TlincTaBnsemo ocrauHe crigeiasonients (3.169) B (3.168) ta orprimMaemo

~LA
x_bn ln[n

= . (3.170)
lLa,+u,

He 6yneMo NpOBOAMTH OKPEMO aHAII3 MOXKITHBOCTI BUHMKHCHHS ALICHHS HA HYIb,
MPOTE NEPEBIPKY Takoi CHTyauli B IPOrpaMi AOLIBHO MPOBOIMTH.

3.10. AHani3 uncnoBux metoaiB po3s’sizaHHs CJIAP

3.10.1. 3aranbHa xapakTepucTUKa MeToaiB po3B’a3yBaHHA
CUCTEM MiHiIWHKUX anrebpaiyHuX piBHAHb
Hexatt 3ananHa cuctema miHikaux anrebpaiunux pisasaHb(CJIAP)

Ax=b, (3.171)

pe xeR"; A={a}. ij=Ln; a; el b=(b.b,,..b) eR".
Sxmo A=detA4, Tont

A (3.172)
X, =—=, i
A
Onnax, npu seukux 7 Gopmynu (3.172) NpakTHYHO HE BUKOPUCTOBYIOTHCS. Tpy AHONI:
1) Bigomo mo
A= (-D)@sta a6, (3.173)
xe I(a,,a,,..,a,) — ximbkicte IHBepcid Muomamu  (L2,..n), (a,a9,,..a,) -

nepectawosku. Toai rmpu #=3( KiAbKICTH OnEpauiii Ha KOMITIOTEpl Wi OOUMCIICHHA
onHoro Bu3HaunMka A gmopiBmroe N=30!, a mia ofuwmcnennss 31 Bu3HayHMKa Ha

xommrotepi 3 1 wmapaomep/cex Heodximmo ~10'° pokiB (uac iCHyBaHHs BCiei
TanaxTyku).
2) Jlye BIUIMBae 0OUHCIIOBaNbHA TIOXUOKA NP 3a0KPY IICHHI HA KIHLICBHH
pesyabrar. Tax, ansa n=30 y 32 GiToBoMy NOJaHHI YKCIa NPU OOUMCICHH] OHOTO
noaaHky y (3.173) moxyTs GyTH aBapiiiHi 3y UHKH ( >1).

B 3anexHocTi Bia nopsaaky cuctemu (3.171) meToam po3s’si3yBaHHS MOAUTIOTLCA Ha:

a ia;

1) Toumi (#<10%): wmeron Tlayca, MeTOA KBagpaTHOrO KOPGHS, METOA
OPTOrOHANI3ALHI TOWO;
2) Irepauiiini (n<107): merox npocroi itepauii (MITI), meton 3eitaens (M3),
METO TPAAIEHTHOTO CIIyCKY TOIIO;
3) PIMOBipHiCHi Metoau (n>107).
Touri meToau poss’ a3auna CJIAP posrmsaanucs B Kypel Buiioi anrebpu.
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Po3aia 3. MeToau po3B’a3yBaHHsA JIiHIRHKHX anreOpUYHUX PiBHAHD

3.10.2. 36iXHiCTbL METPUYHOT reoMeTpMUYHOI Nporpecii
Hexaii 3a1aH0 MaTpUYHUH Pl

E+A+A 4. +A"+..., (3.174)
1 0 0
01 .. 0 —
ne E= ;AE{GU.};I',_]'ZI,I’Z;GU»ERQ
0 0 0 1

TpaLroemo y NiHiHOMY HOPMOBAHOMY MPOCTOPI BEKTOPIB X € R” 3 HOPMOIO

I, (Z‘ [J J<p<o. (3.175)

[pu pisHux p =1 B cuny CKiHUEHHOCTI IPOCTOPY BCi 1l HOPMH €KBIBaNEHTHI.
PosrnsHeMo 3 Hopmu:
1) . YebULIOBChKA Ul P = O

.| = max|x (3.176)

1<j<n

2) Coepuuna qna p =2

Y
||x||z:(2\x,,\J =(x,%); (3.177)

3) OkTtaenpuuHa uit p =1
Ix[, = Zl: |, (3.178)
=
Bu3HauMMO HOPMY MATpHLI A4, IK HOPMy JiHilHOro oflépaTopa:
.
I4], = (3.179)
W,

Skuo A — cuMeTpU4Ha, Toai I]A“ = max

1<ign

A (4)

FoBOpATS, 1110 HOPMH ||X|| Ta ||A|| y3roJDKeHi, KO |ﬂ| S”A"

3aysaxcenna 3.10.1. Sxmo Ax=Ax, TO € y3romkeHictb HopM, 60

[ 4lllx] = 2] = 4[] . rosro |2] < 4]
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YucesabHl METO/IM B KOMIT JOTCPHHX HayKax

3ayeasicenns 3.10.2. Hiokue BCI TBEPUKCHHS MAIOTh MICUC JULA BCIX TPBOX HODM.
Byaemo mucatu “0“ , 60 HOPMH CKBiBAICHTHI.

. . . k k .
[oBOpATh, WO MOCTIAOBHICTb BEKTODIB {x* z(x]k,x2 R )} 36iraeTses 10

BEKTOpA ¥ = (xl,xz,.‘,, x") 3@ HOPMOIO, AKILO “xk - r“ -0 (k —> oo). L5t 36IKHICTD HE
3AEKUTH BiZ PO3MIPHOCTI NPOCTOPY (CKIHUCHHOTO ab0 3MYEHHOro). ANe AKIIO npocTip
R" wmae posmipHicTe 7, TO 30LKHICTH 332 HOPMOIO Ta 30LKHICTD MOKOOPAMHATHA
PIBHOCHIIbHI ([8],0.31).

Jlema 3.10.1. im A” =0 roai i TiAbKH TOAL, KOJTH

m--»x

A(A)<Li=12_.n, (3.180)
[4.(4)

Josedenns. Bizomo, mo VA 3 a,€R icnye C (det C #0) Taxa, wo BuXigHA

matpuii A4 Mae npeacrasieHHs [12]
A=CIC™". (3.181)
1:[121,12; 1’*]. (3.182)

ERRRE I &

maroHanbHa MaTpuLs 3 Kmitneamu JKopaasa nopaaxy £ =1,2,....7, ak,2,,..., A,— BlacHi

AHAUEHHs MaTpuLl A; 7 — KUTbKIiCTh JiHIHHO-HE3aNC/KHMX BIACHUX BEKTOPIB matpuui A.
Kaituna YKopgaHa Mae BUITTL

A 0 0 0
1 4 0
IL(2)={0 1 4 .. 0 0|i=Lr (3.183)
00 0 .1 4

1

Sxmo dim A =n, Toai n:Zt,.(ﬂi). Orpumaemo A” 3 (3.181):

i=1

A" =CICT'cICT . .cIC =CITC . (3.184)
Tosi 3po3yMINMii TaHLIKOKOK CKBIBATIGHTHHX TBEPDKCHD
[hm A" = o} o[nm "= o] = [hm I"(4)=01=1, } (3.185)

O6uuncnumo cTeminb kKTiThHr JKopaaHa



Pu3zin 3. MeToau po3e I3veandy IiHiiEnx a.uu»unu HHE CIRFTD
,L ¥ ] ] u i
ily(/:t’”' )iz} 5 I () () ':) ! s oh Y
: | (3.180)
. | I ) 1 . ) H
I"{Ay=1 (A" ;” —{ir \,‘1’ AT Q oo
b AT AR EAN
|
i ( R i (1 N 1 JURNIE ‘ N ‘
R R Ly ERUTT SRRy
A= ) (t=2%7 ) (r 3}"” J A A
A 11e I0RaHHA Pa30M 3 TBePKEHHAM JAFOTh JIAHIIOKOK
[Am - O:I & {11m I (/1 ) O:] Pt ‘ZI (A)| <1, 110 i gozomuTh nemy 1.
m-dc0
Jlema 3.10.2. SIxuro ”A | <1, 10
lim A” =0. (3.187)
M=o

Joeedenna. Lle BUNINBAE 3 OY4EBHIHUX PIBHOCTEN ”A - U'I = "A" “ ii I

Jlema 3.10.3. [Ins Oyav-sxoi gmificHol Matpuui 4 waemo CIIBRIJHOIIEHHS MiX

BIIACHUMH 3HAUECHHSIMH i HOPMOR!

12 () <]4].i=1,2...n. (3.188)
Loseden;isi. Ve >0 nobynayemo MatpuLio
= A (3.189)
4]+
3Bix SHECMI0EMO Oy Ib-AKY 3 TPhOX HOPM
4
|18]= <1 (3.190)
4]+
BracHe = uueHHs /( ’1) BUSHAYAETBCA 3  XAPAKTEPUCTHHHOTG [ +'5Pd 33
O3HAYEHHAM _
det(A-E-A)=0. (3.191)
Hesenenmo, mo
4 (4)
- i=12,..,n (3.192)
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Yuce IbHI METO A B KOMIT IOTEPHHX HayKax

iticno, A{B) susnauaerscs 3a o3uaueHHsM (3.191) 3 XapaKTEpUCTHYHOTO PiBHSHHS
>

| A(A) A } ( I } )
s marpui B det( -E— = det{ EA(A)—A)=0. Tobro
e ) e, )

/"L(B) oo obumcnene 3a Qopmymoro (3.192), € za osHauennsm (3.191) smacHmm

sHaueHHam Matpuil B. Toai 3a nemoro 3.10.2 3 ”B” <1 matumemo lim B =0. Jlema

m-->w

3.10.1 mae MOXIUBICTL CTBEP/KYBaTH, WLIO iﬂ,.(B)l <1, a 3a o3HayeHHAM MmaTpuui B
[4(4))
4]+ &
g >0 matumemo |l, (A)i < ”AH

Teopema 3.10.1. JIna 36ixuocTi Matpuduoi reomeTpudHO! mporpecti (3.174)
HEOOX1HO 1 JOCUTSD, W0

(3.189) ue osmauae <1, Tobro Iﬂi(A)l <1|AH+&" Ase 3 A0BLIBHOCTI BHOOpY

|4.(4) <1, i=12 .7, (3.193)

TIPHIOMY ‘:H(E—A)“1 s (E—A) Ta

Sar=(E-4)", (3.194)

m=0

e A" =E.

Hoeedenns. Heobximmicts. Hexalt MaTpudHa TCOMETPUYHA Tporpecis 30iraerscs,
To6T0 3aranbumii wien lim A™ =0 . Toxi 3a aemor0 1 Maemo '/1,. (A)l <Li=L2,.,n.

m—ow

Jlocramsicre.  Hexait |4,(A)|<1. Jloseaemo (3.194). Crouatky rmoxaiemo, wo
HE-A)", i sxwo det(f~A4)# 0. Jloseaemo crovarky, mo A(E—4)=1-A(4).
Hexait A A) — Bracwe smaucrs A, o610 A(A) sanosombrse det(E-A(A4)-A4)=0.
Toai det] (1~ A(A))- E—(E—A4)|=det(£~FE-A(4)-E+4)=
=det(A-£-A(4))=(~1)"det(A(A)E—A4)=0.Tobro 1-A(A4)- snacuc suauckms
i matprd £ — A . Ane |A(A)| <1, toxi |1(A4)]#1, mo srsmauae det(E-1-4)#0,
Tax s Tinbxn mpu [A(4)| <1 maemo det[ A(A)-E—A4]=0. 3naunrs I(E-4)" 3a

O3HAYCHHSIM,
Hosenemo (3.194). QOueBHaHa MaTpHYHA PIBHICTb!
(E+A+ A+ +A"WE-A)y=E—~A"". TlomMHOXHMO cNpaBa [0 pIBHICTH Ta
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Posnin 3. Metonau po3e’A3yBaHHsA HIAHUX anreOpAuHUX PiBHAHD

(E-4)". Toni ONIEPKUMO

E+A+. 4+ A" =(E-A""YE-A)" =EE-A)"—A4"(E-4)". 3a nemowo |

3arajkHUA 4ieH MaTpuuHoi reoMerpuunoi nporpecii lim 4™ =0, 6o H (A)‘ <1 32
m—30

20
P : ~1
NPUNYIEHHSM JocTaTHOCTI. TakuM YMHOM N 4= ( E-4 /\
=0

—
Hacainox 3.10.1. Hexait ”AH <1, Toxi OYEBHIHO, o

7
Rz

Jani posristHemo itepauiitauii npouec 3HaxoAkeHHs po3s’a3ky CJIAP (3.171).

[(B-a)" ~(E+a+..+a7)|<

3.10.3. 36ixHicTs MeTOQY NPOCTOI iTepauii
Hexaii 3agana CJIIAP

Ax=b, (3.195)
mexeR, A= {ay eR.i,j= f;z} . Onepxumo cxsisanentay CJIAP

x=ax+ . (3.196)

Jiema 3.1¢.4. Slkmo A=C+ D, detC =0, 10 (3.195) exsisanentsa (3.196) 3

a=D"(D-A);f=D"-b (3.197)
Hoeeoennn. Nosenemo, o 3 (3.196) sunmusace (3.195). Hiiicuo, nigcrasnmo (3.197)
y (3.196), TPHYOMY BPaxyemMo D=A4-C i

x=-C'Dx+C'h=-C" (A - C) x+C7b. 3pigkn x=-C'Ax+C'Cx+C'b, mo
exsiBanentae —C ™ (Ax —b) =0, a 3HauuTh exkBiBaneHTHE (3.195).
Mertoj npoctoi itepanil (MIIl) MmoxHa noGyAyBaTH HACTYIHUM YHHOM

Y =™+ B k=0,1,2,..52° = B (3.198)

Hexait x™ po3s’ssok CJIAP (3.195) (a60(3.196)), To6T0 Ax =b (x‘ =ax+ ﬂ) .
Teopema 3.10.2. Jns 36ixunocti MIIT (3.198) ons poBineHO! movaTkoBOI iTepatii
()
x’ eR:

lim =y (3.199)
Heobxiano i qocuts, mol
|2 (a)|<1. (3.200)
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YncebHL METO M B KOMII FOTEPHHX HayKax

Hosedennsn. Heobxizmicts 3 iim =y tpeba mosectr (3.200). Ouesmani

—0
PIBHOCTI: x =¥ = (ax* + ,5) - (ax“"’” + ﬂ) —a (x* - x““”) -
=a’ (x* - x(kmz)) =.=a (x* - x(o)), 10610 %" — X" = F (x* —x(m) . Ko nepeiTy

S .k ox (0
A0 TPaHMLI 37iBa 1 cmpaBa mpu K —> o0, To omepxemo; O =lima (x —x )). Asne

kw0

x =% %0 3uauers lima* =0 . Toxi 3a nemoro | Maemo ‘/1(0{)| <1.

k—o0
HocratsicTs. Hexait ll(a)l <1, nosegemo (3.199). Oaepsxumo A-Ty itepariiro uyepes

x(o) .

=N g a(cxx(k’zj + ,B) +B=a’ 5" o+ p=

= o5 +(E+a)ﬁ: o (afx(H') +ﬁ)+(E+a)ﬁ:

=’y +(E+a +a2)ﬂ:..4:a"x‘~”) +(E+a+a:2 +...+a""‘)[;’.

3a nemomo 1 3 ),(a)‘ <1 Bmﬂnsae~ limak =0,

K >0

. oq- . - . 2 _ - -1 £l
Toai limk® =lima*x® +11m[E+a+oc“ +..+af I]ﬁ':(l;—oz) P=x, ana
k—o

o k—»
(0 . > k . -1
vx'” € R . Buatimnu dopmyny aas obumncaenns TouHoro poss’asky X = (L —-a) .

3aysaxumo, mo mpobiema 3Haxoukenns CIIAP 3penacsa 10 MpobieMu 3HAXO UKCHHS
00epHEHOT MaTpuL.

Teopema 3.10.3. S ||| < 1,70 lim ¥ =x"
. i =%

Joeedenna. 3a nemoro 3 Maemo iﬁ(a’)| < ”a“ <1. Toni Teopema 2 cTBEpIKVE, IO
limk" = x", vx” e R".
k—o0

Hacninok 3.10.2. Jlocratsimu ymosamu 36ixHocTi MITI € yvosu:
Z ‘aif
Jj=t

Lle BUIUIMBAE 3 O3HAYCHHA HOPM MAaTPHIIb.
Hacinok 3.10.3. Slxuo HopMa @ y3romkeHa 3 HOPMOKO X , TOHTO Ha . x|| < “a”ﬂx“ Ta

<lii=Ln abo Zn:‘ag'<l;]:1—:ﬁ. (3.201)
: i=1

”a" <1, Toi MITI A v e R 3a1a€THCA HEPIBHICTIO

- =

1= e
Hosedenns. Jliticro, maemo ¥ = limx' = (E—oz)ﬁ1 £ = (E+ a+..+at+ )/5’

300 ¢

Ky »
X x +

=]
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Po3zia 3. Meroau po3s si3yBaHBs THIFHIX anreOpHYHIX PIBHSIHb

Ta 3 JOCTAaTHROI  VMOBM  Teopemu 2 Kk-Ta  ITepamiss  Mae€  BHIIAAL

=g Y (B +a +.+aHp Toxi x — xmn = “ af +at+ . ),B—ockxm
<(fed el .18+ hef NX(O) | <l [+ 18l -l /(1= e
el 1l

e sumuusae 3

Hacaigox 3.104. Sixwo x'*' = f, Toxi ”x"-x

1=[e]

nosenenHs Teopemu 3.10.2.
Hacainox  3.10.5. Hoxn6xa 1HOJI KOHTPOJIOETHCH OYEBUIHOK  HEPIBHICTIO

H,.(,k)“E v __xlk)“_ i 1)‘

3.10.4. 36ixHicTL MeTOoay 3enpenn po3B’asyBaHHA CJIAP
Metoa npocroi itepauii (3.198) 3anmuemMo MOKOOP IHHATHO

i i1 n

(k1) (k) _ (k) (k)

x = 2 ax,;”+ 3= E ax; + E ax;’ +f. (3.202)
J=l 7= 7

Toxi MeToaoM 3eittens (M3) Ha3MBAETHCS HACTYTTHHI 1TCPALIHHUI NPOLIEC

‘ MITI moxHa MOIUQIKYBATH.

i-1
XED = gl +Za 4B i=1,n. (3.203)
B =1 .

MeTozom 3akaens OTPUMAEMO HAOIDKCHHS
TE RIS LIS S e S Ay § (3.204)

R e IS R
SIKIIO BLAOMO

- . \ C
x(k+l) x(L,kH') x(k+1) xkk+l) (k) (k) x( ) (3205)

1 272 LRSS B LRI B , AT IESEET R
Jlema 3.10.5. Merox 3eiinens (3.202) exsisanexrauit MJ11 (3.203) 3 marpuuero

a' =[E-H]'F, (3.206)

H={a, h, =0,i< jorii,j=1n}, 207,

F={a,|h=0,i> jorsi,j=1n}.

Jlosedenns. 3posymino, mio 3 BpaxyBaHHsM Bupasy {1 1 /' marpuis o mae
TIPCACTABIICHHSA a=H+F. Tom M3 (3.203) CKBIBATCHTHHIA

0 = B L e ® 4 B ro6ro [E-H T = Fx® + B Ane det[E-H]=1#0,

suauwTs icnye (K —H) ' . Toai noMuoxmmo o cuctemy Ha [E — H 1" ., B pesynsrati

OICPKUMO

141



Yucensai MeTOAM B KOMIT'FOTEpPHHX HaAyKaX
[E-HT'QE-H* =x*Y =[E~H]"'Fx® +(E-H)' 8,  (3.208)

o i A0BOAUTE (3.206).
3aysasncenna 3.103. T'eomempuunuii smicm M3. Merog mpocToi iTepamii

n
noxoopauHarHo 36iractecst XV =Y o, XM+ p.

TlosHauuMo yepes h= a x® ~p =0, i=1,2,..,n — rinepnioumHy.
t/aad i it >

IlIpu oTpumansi Ha6nnx<eHHx (3.204) 3 mnabmmxenHs (3.205) mnpoxoauTh
nepeMilleHHs HabmokeHHs (3.205) mapanensHo o Bici Ox; 10 MEPETHHY 3 INIOLIWHOK

L, . Ha puc. 3.4-3.6 npoimoctposano Bumagku mis n=2, komd M3 36iraeTscs,

posbiraeTbes, 3aunknroeTbes. ITopisHsiHHs puc.3.4 Ta puc.3.5 mokasye, mo 36ixHicTs M3
MOJXe 3MiHIOBaTHCS NPU NIEPECTAHOBII PiBHSHA.

Teopema 3.10.4. Meron 3eiinens 36iraetses lim x™ = x" roxi i Timekn Tomi, xomm

H—yo0

|/?~,i <1, oel- XapaKTepUCTHYHI KOPeHi piBHAHHS
det{F+ A(H - E)]=0. (3.209)

Hoseoenna. 3a TeopeMoro 2 HepiBHICTH iﬂ,(a)l<l exBiBadeHTHa 36i1kHOCTI

limx™ =x" . Slxwo sactocysatu TeopeMy 2 1o M3 (3.203) 3 a ={(E-H)'F, 10

h-—>0

BJIaCHE 3HAYEHHSI

A(E-H)'F)|<1.
x2 T ( (#22) ylhs 21)

g
(x](kd)’x;t))

L £ gk))
S

N\

hzx et (8+42) (k4 xl
), 0) (9 X

Puc. 3.4. Bunanok, konm M3 36iraeTbes

o
v
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Posxia 3. Meroay po3Bs’ a3y BaHEs THIMHX areOpIMHUX PIBHAHD

22 h L
“ -’C3(M}~xcz”) (xf"‘".xﬁ"’i’
i

T\ - (x}k+?):x§kt21)

i ~

N (k42) (ki)
i = - )
— \ I R

i x1

Puc. 3.5. Bunapok, konu M3 posbiraerbes

o]

Puc. 3.6. Bumaok, xoau M3 zanuxinoersed

Baachi sHavenss warpuui (E—H)'F  BM3HAMAOTBCA 3  XapaKTCPHCTHYHOIO
PIBHSIHHS det[AE—(E-H)'F1=0 \ sIKE CKBIBAJICHTHE
(-1 det((E~H)'F—AE)=0. Iomuoxumo wo pisuicts Ha det(E£—H)#0. 3a
BIIACTHBOCTAMM BU3HAYHUKIB MAEMO:

det(E —hydet(E~H)Y 'F - AE) =
=det| (E~H\E~-H)'F - ME-H)E |=0,
mo exsiBaneute det(F+ A(H — £)) =0.

3ayeascenns 3.10.4. MITl se € cksiBaneHTHMIA M3,
JiiicHO, 3 0qHOT0 OOKY:
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YucebHi METO/IM B KOMI'FOTEPHIX HayKax

“ -
oy =4 Aoy, .. Aa,, Ay,

-

Ay,  Qp—A .. Aoy, Aoy,
F+,2,(H—E)= 21 22 2,n-1 2

\ Aoy Ao, o Aa,,, @,—4 )
4 3 1H1W01ro QUKY
(=4 @ . @,
a Oyy — A a
21 22 2
a—-AE= 8
— A
anl an2 e ann A

Taxum urnoM, det(a — AE) # det(F + A(H — E)), a ue i T0BOXHTH TBEPIKEHH , 60
KOpeHi XapaKTepHCTMIHUX PiBHAHB He CIBIAZaloTh (XapaKTepPUCTUYHI PiBHSAHHS Pi3Hi).

Hacaigok 3.10.6. Sxuo H(E ~-H)'F ” <1, To M3 36iracTres 1kim x*D = x",
Hosedenna. 3a neMoiro 3 BUIUIHBAE: i/?,((E ~-H'F | < ”(E -H'F H <1, Tomi

. *
imx* =x".

—>0

A(E-HY'F )! < 1. 3uaunTh, 3a TEOPEMOIO 3 MaTHMEMO 301KHICTh lk

AJle Ha TIpakTHIi YMOBH HeapyuHi, 60 Tpeba mykaty (£ —H )"

3.10.5. 36ixHicTL MeTOAa 3eifens 3a eNnemMeHTaMn MaTpuui
Ilosedemo, w0 3GikHICTE M3 MOXHA XapakTepH3yBaTH eJeMEHTaMH OCHOBHOI

matpuui CJIAP Ax = B, sixuto MaTpuus A € MaTPHLEIO 3 IOMIiHYIOUMMY eleMEHTaMH.
Osnauenns 3.1. [iczonansui enemenmu mampuyi A=(a.)’

;)i Oominyioms 3a
PAOKAMU (CMORNYUKAMU), AKUYO

n

§,|ag,- <la,|, i=1,2,..m (3.210)
j=l

J#

n

Zaﬁ!<iaﬂ%, i=12,..,n (3.211)
e

J#i

Jema 3.10.6. fxmo piaronamshi enemeHTH A =(a,)AOMIHYIOTh 32 pSAKaMH
(croBnuukamu), Toxi det 4 = 0.

IoBenenns expipanentHe TBepmkeHH0 npo CJIAP Ax=0 i Mae TpuBianbHUH
038’530k x = (0,0,...,0,).
> 2

Bio  cynpomuegnozco: Hexaii detA#0,
HETPHUBiaNTEHUN PO3B’ 30K

ane cucreMa (3.210)-(3.211) wmae
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Posxist 3. Metoi: poss’ a3yBaHHs JiHIHHMX anreOpIIHEuX PIBHIHD

V=0V Yasos ) 0. (3.212)

Cepea x00paMHAT Y, ..., ¥, BI3hMEMO MaKCHMAbHY 32 MOAYJIEM:

wlzly, =12 i-Livl o n. O (3213)

IMincraeumo (3.212) y cuctemy (3.210)-(3.211) Ta sarmiueMo i-T€ PIBHAHHA:
ay,+..+ay,+..+a,y, =0. (3.214)

3 iHworo 60Ky

|a,]yl +..4ay, .. ta,y,

=la,y,~| -y ay; |2 (3.215)

zla..v

i

Y

n
{azil_Z]aijl >0.
=1

n n

- Z%J’J 2 la,-,»y,-l—2|a,ijj| =
J= J=1
Ji

J#i |
1o € npoTuptuysim (3.214).
Teopema 3.10.5. /[ns 36ixuocti M3 (3.203) aocraTHbo, m06

(&
max| ;jalg = | <1, (3.216)
Nz

}‘:ti

lsisn

n
max Z
l<j<m Py

Josedenns. 3 (3.217) BurnuBae HEpIBHICTD

ay.|)z||a”<l. | (3.217)

| ﬁ]a,.j|<1, i=1,2,..,n. (3218)
gl )

JloBeaeMo, mo A , 415 AKOTO .l‘ >1, He € KOpEHEM PIBHIHHA

det(F + A(H - E))=0. (3.219)

Jloseaemo Bin cynpotusHoro. Hexait A Take, mio 11’21 € KOPEHEM PIBHAHHA

(3.219): det([’dr/i(b’ —E))=0. Po3rasHeMO CyMy €JE€MEHTIB /-0 psaka 0e3 i-1o
€IEMEHTA

a Ao A+ o Ava, +aml<

i,i-1 Li+l o -
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Uyicenbii METOAM B KOMIT IOTEPHHMX Haykax

<l |14

+|a]2||/1~‘ +otle, ] |2i +|e,

i,i+1

. ~7 L
+ota,| < {ﬂlzlla,.jl =
J=

Ji

lﬂlliia l-l%l! A=t} ==l |2 | <
\ =i J

~

!/1-—01,,|—}a' , i=12,..,n

Toxi enementn Matpuui F + A(E— H)MaroTh IOMiHYIO4i €leMEHTH 3a psakaMH. 3a
eMoro 5 (F+A(H-E))#0 upmn |ﬂ~.}<1. A Ttoni 3a Teopemoro 5 M3 36iraeTncs.

Nosenenns it (3.217) ananoriune, Berarosumo moxubky M3,
Tannama 3 10 6, gtnnn ang BV imeoy nuvrpnnn 4CITADP {’Z ')03

A ivaca s

al<lal, i=1,2,..n, (5.220)
;l IJI ! 7| )

J=i
1o M3 3biractecs meuame xix MITL
Hoseoenna. Posrnspaemo CJIAP Ax=b, sKka ekBiBaleHTHa Xx=ax+ [, &e

|

o, =—=; =8, a,=0, i#j.3naunts, < 1. TlokoopauHATHO PO3TTIAHEMO

ZaU §">+Za,, XD+ p, i=ln, (3.221)
a TOYHHI PO3B’ 30K x" 3agosonbuse CIAP, (3.171) mokoopanHaTHO
i—1
x = Z %-x; +p. (3.222)
=1

Tozi oueBWIHi MOKOOPANHATHI HEPIBHOCTL;

xf-—xf“lﬁZ!a. L~ k>|+ V|a,j| }x, —x* 1)‘ (3.223)

lf! [
Jj=1 -7-]

i

x(")'

. (3.224)

ne M = rlrsllegcl_A —Zla,jl 7, = |a,]l

Jns MITI nerko oxepxatu
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Pozaii 3. MeTons po3s’ a3yBaHHA MiHIMHEX anreCpitHUX DiBHIHb

sM}

x = x), (3.225)

Ix - x(k)l
i

o 13€ “x* —x(k)u < Mkl

n
* 0 ( .
x —x' )“ , V22 e R, ne M =max Zlaijl < 1. 3posywmiino,
P

I<isn &
n
< o, (-y -w)
IOy l/v i —ar o < A A1 Qrrafimanen minmIrrn Az Loy —— o d - }/‘ S yl B EA N 4 |
L l » lM” l - 'V , ' w, - AVI N 1. SUAQXIEVIVID })lJlll’l‘lJ‘l\) ] 1 WI 4 — P V.
Enaal} v o —_
J=i L=y =%

, " i
3HauyuTh Max ( 2 +(o,)> max ——, tobro, M > M . Ile o3nauae, mo M3 36iractbes
i -V
4

wsuae 3a MITl y Bunagkax AOMiHyBaHHSs €lIEMEHTIB MaTpHLli 4.
IcuyroTs iHmi iTepauiiini metonu poss’s3anns CJIAP [1]-[8].

3.11. MeTtoau po3B’si3aHHA NOBHOI npobnemu BacHUX
3Ha4YeHb i BNacHUX BeKTOpiB

3.11.1. HabnvxeHe 3HaXOKEHHS BNacHUX 3Ha4YeHb MaTpuLi

CyKyTHICTh BAACHMX 3HaYeHb NilicHO! KBaJpaTHOI MAaTpUlli Ha3WBAKOTh il cnexmpom.
ToMy BiATMOBiNHA 3a1a4a HABMBAETLCS CREKMPATLHOIO 3a0aYel0.

Ax=b, (3.226)
Ax =0. (3.227)
IcHyBaHHS Ta €QuHicTh po3B’s3ky (3.226) exBiBAaJeHTHI iCHYBaHHIO Ta €IMHOCTI

TpuBianbHOro aGo Hyn1boBOTO Po3B’s3Ky (3.226). IIpote Bigomo, mwo (3.227) Moxe MaTH
npu det A=0 Geaniy HeHyThORMX pO3B’s3kin. ToMy B anrebpi € AKTYaNRHOK 331a4a

3HaXOMKEHHA BIAaCHUX 3HaYeHb MaTpuli. Bnackum 3Havenssime A#0, x#0 y

A% = %, (3.228)
(4-AE)x =0, (3.229)

a,—A a, .. l

G an=4 } _0. (3.230)

la,ﬂ ......... a,, — ﬂ'

Mopmyna (3.229) 3somuThes A0 po3p’s3ysBaHHs (3.230), B sKkiff niBa YacTUHA
Ha3WBAETbCH XAPAKTEPUCTHYHHM BH3HAYHHKOM. 3 HHOro OTPHMYEMO DiBHSHHS,
PO3B’A3aBIIK SIKE, MAEMO 1 BIAaCHUX 3HaueHb. g n=2 :

-1 : :
D(’l) = i 2 = (a“ - ’1)(“22 - /1)_ a0y =0,

as ay-4
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2 =
B = May, +ay,)—apay +a,ay, =0.
[Mo3HauuMo Oy =ay; +ay,, O, =10y — Ay, O3 =det A. Tofi XapakTepucTUdHe

piBHsiHHS HaGyne surmagy A°— Ao, +0,=0. [IpoBoadun aHanorifo Ans BUMAiKis
n=23,... MoxsHa no0ayuT¥, 10 POIKPUBAIOYM XBPAKTEPUCTUMHMHA BH3HAYHMK,

OTPUMAEMO TIONIHOM R-TO CTeTeHs, B skoMy mpu A" Gyne crostu ( —1)" .
p()= (Y| o v o = (1), =0 (3.231)

JlocnimKeHo, o o, ABIsge co60r0 CyMy BCiX AiarOHANbLHUX €l1EMEHTIB

o =) a4y, (3.232)
|G Oy .
o= 1, (3.233)
i 4 4y
L |9 Yy G
oy= Y la, a, agl, (3.234)
i<j<k
Ay Ay A
o, =det 4. (3.235)
MoskHa miipaxyBaTd KiJlbKicTh BCiX [iaroHadbHUX MiHOpIB
M=C +C}+C.+..Cl =2" -1, , (3.236)
Zc,", =2". (3.237)
i=0

IMpu ¢ikcoBaHOMY #n IporpaMHa peanizauis popmyn (3.232)~(3.235) He € CKIagHOW.
Sxuio % n 3MiHHA BEIMYMHA, TO B IPOrpaMHil peatizauii cTUKaeMOCs 3 Opraizaniero cym
BUTIIALY

)W (3.238)

i=lip=l o d,=l

Jie KiTbKiCTh LMX CyM Hamepen HeBizoma. Lle o3Hauae, o He OyaeMo 3HATH CKiIBKH
ornepaTopiB umkiay tpeba 3amucaTd NP AOBINBHOMY 3HaueHHi #. Po3rmsaHyTHit Meron
HAa3WBAETHCS MPAMHUM METOXOM PO3rOPTAHHA XAPAKTEPHCTHYHOrO BH3HAYHHKA 32
JONOMOTOK0 JiaroHaleHWX MiHOpiB. J(Bi MaTpHui Ha3HBalOTbcs MOJIGHMMH, SKINO

icHye Taka MaTpuus S, ska € He BHpO{keHowo, TobTo ii det §# 0, Toxi B=S874S.
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Pozain 3. Meroam po3B’si3y BaHHs NI RHUX aJireOpMYHUX DiBHSHD

Bigomo, mo aBi moxiOHi MaTpuil MaKOTHL OOMH i TOM e CrieKTp, TOOTO OJHAKOBI BIACHI
3HAYCHHS.

det (B - AE)=det (S~ 4S - AE). (3.239)
det B =det ($745)=det S~ -det A-det S =det 4 , (3.240)
c=detS = detS'=t_detd. (3.241)

C

B nesxnx MeTomax 3 BUKOPUCTAHHSIM TCPETBOPEHHS MOAIOHOCTI MaTpHILl 3BOAATh JI0
TAKOro BUINIAAY, IO PO3KPHMBATH il XapaKTCPUCTUYHMI BU3HAYHUK HE € CKAAXHMM. [HmI
&K METOAM THUM JKE& IIGPETBOPCHHAM INOMIOHOCTI 3BOMATH 10 AlarOHAILHOTO abo
TPMKYTHOTO BHIISY, IPU LI5OMY BHKOPUCTABIIM BIAOMHUH (PAKT: CrEeKTpoM ab0 BAACHUMMU
3HAYCHHAMY MATPULI € CaMi JarOHAJIbHI €ICMEHTH.

dy...0 )
D=| " (3.242)
0.. d,
det (D~ AE)={d,, — ANd» — A)...(d,, - 7). (3.243)

3.11.2. |lpes metoay [laHuneBCLKOro

lnest metony MHammnescpkoro mnepeadadae 3peneHusa 3amanol matpuui A 10 Tak
3BAHOTO HOPMATBHOTO BUIIAAY Ppobeniyca. Jesaxka maTpuist P HA3UBACTBCS MAMpPUyeio
@pobeniyca, KO BOHA MA€ BULTAL

Py P Par Pa
1 0 0 0 0
0 1 0 0 0
P= (3.244)
0 0 1 0 0
0 0 0 1 0

INeperBopeHHs MOAIOHOCTI BHKOPMCTOBYETHCA TOMY, INO MOIOHI MaTpHul MAarOTh
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YnrcenbHI METOAM B KOMI IOTCPHHX HAYKax

P-4 Py Py o Puy P
1 =42 0 .. 0 0
) 0 1 -A .. 0 0 .
det(P — JF) = , i (3.243)
0 0 1 .. 0 0
0 0O 0 .. 1 =2

Posroprarouu BUBHAYHUK [0 MICPIIIH CTPIYLU, OTPUMAEMO

P - AEDTEDT = (D) (A
+p3(—l)""3(—/1)”~3 +..+p, = (*1)”[;:1 -~ plﬁ”"l —p, A —...—p”]: 0
KoedienramMy xapakrepucTHYHOIO BU3HAYHKWKA A0 mampuyi Ppobeniyea e cami

xoeditieHTH ii K MEpoi CTPIMKM 31 3HAKAMH TUHOC 4HM MIHYC, B 3aICKHOCTI BiI iX
MIAPHOTO YU HETIAPHOIO 1HACKCY. PO3B sHKeMO PIBHAHHSA

D(A)=0. (3.247)

(3.246)

Marpumo A motpibuOo (n-1) nEpeTBOPEHHAMH MNOMOHOCTI 3BECTH OO0 BUIIIALY
mampuyi @pobeniyca. lng 1pOT0 HA NEPIIOMY KPOIU NHINHAMHM FMEPETBOPECHHAMU
NPUXOAATh N0 Takoi Marpuig (', B SKOI OCTaHHA CTPIUKA Ma€ TAKHM K¢ BHMrisa fAK 1 B
matpuui P. Lle o3Hauae, mo HaM noTpiOHO mimiOpaTu Aesky Marpuio M, |, Taky mo

detM, , =0 . Toai Oyae matu micue opmyna

-1
C=M, AM, ,. (3.248)
3anuIemMo MPOXOMKCHHS TIEPIIOT0 KPOKY
1) axmo @, ,, , # 0, 10 (n-1)-¥ cTOBIMINK MaTPHLI A ALTHMO Ha LCH CIICMEHT,
2) mia Toro, mob B wiit Marpuul 4 B OCTaHHIN CTpiuwi 3a BHHATKOM (72-1)-i

no3uii Berogu Oyiau Hy: 1 HeoOxigHo Bif j-ro crosrmumka ( j =1,7-2) sigaaru (n-1)-it
CTOBITYMK MOMHOXCHHI Ha CNEMEHT ¢, . Toal oTpumaemo MaTpuino A , B AKiH OCTaHHs

CTpIMKa npuiiMe OaxkaHui BT, SIK BUAHO B MPOLECI MEPETBOPEHL BUKOHYBAIM TUIIS
onepauii JUICHHA Ha KOHCTAHTY Ta BIAHIMAHHsA CTPIYOK, IIO SABIAIOTL COOOK NiHIMHI
MEePEeTBOPEHHs MaTtpuwi. B Teopii MaTpuip A0BOAMTECH, IO OyAb-fKl  JIHIMHI
MIEPETBOPEHHS  CKBIBANCHTHI TAKMM )K€ TNEPETBOPEHHAM, fAKI NPOBOAATLCA Haf
OJMHMYHOI0 MATPHULICIO 1 HACTYIHHM ii 3acrocyBaHHaM y (opmymi (3.248). Maemo
OJUHUYHY MaTPHLIO:



Po3saia 3. MeTo 1 po3B si3yBanHs TiHIMHMX aiureOCpUTHHUX DIBHAHb

1 0-0 .. 0
1 0 0
01 0O 0
E={0 0 0 .,M, = L (3.249
]nnvl,l ‘mn -l,a-1 mn—],n
0 0 1
0 0 0 1
a,
m, | =——", (3.250)
an,n—l
1 .
mn-l,n—l = (3251)
n,n-1
3a popmynamu (3.250) 1 (3.251) BusHauaroTs enemeHTH MaTpru (3.249):
detM, | #0=3IM, (3.252)
1 0 0
M) = , (3.253)
a,, an,n—l an,n
0 1
MM, =E. (3.254)

3po6uBniu MEpIIC NEPETBOPEHHs! MOMGHOCTI, APYTe NEPETBOPEHHS MOAIGHOCTI BiKE
3 MiBCHIOEThCA Haj MaTpHuero C, MHOKEHEAM if aiBa Ha M, icnpasa —Ha M, .

C=M'(M, ,, , (3.255)
C=M,".M," AM, M, ,, (3.256)

CMV = MM MM AM, M, MM, (3.257)
C" Vs g ) AED =M;—1-i‘4(i>Mn—z ) (3.258)

IosToproroun ueit mpouec (#-1) pasis, OTPUMAEMO MaTPULEO, Aka Oy ae MoiGHOI A0
marpui 4, To6TO iXx cCrmekTpu OyayTh CIIBNAJATH. 3QIMIIWIOCS  PO3KPHTH
XapaKTePUCTUYHMM BU3HAYHUK MaTpuig C "D sxa mae Burnay ®poberiyca Ta 3HaHTH
KOPCHI BiZMOBIAHOTO XApaKTEPUCTHMHOrO piBHsAHHA OTike, Ha NEpWOMy Kpoll 3a
dopmynamu (3.250) Ta (3.251) 06uncmorOTECA EnEMEHTH MAaTPULL M, ;.
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3.11.3. O64nCNEeHHN BNacHUX BEKTOPIB METOAOM
HdaHnneBckKoro

Posrnanemo cuctemy piBHsHb Takoro BUrISIY

Py=y (3.259)

mpu A#0, y#0. BizomMo, mo oaHOMy BJAaCHOMY 3HAYCHHIO MOXE BiATIOBIizaTH
CKIHYCHHa a00 HCCKIHYEHHA CYKYIHICTb BIACHMX BEKTODIB. 3 HMX MOXKH@ BHILTHTH

HOPMO6GHUE BEKTOD — LIC BEKTOP, TOBXKHHA SIKOro nopismioe 1. Hexait ogne 3 A 3HaiiacHe
MeTO10M JlaHWICBCHKOTO, TOMI PiBHAHHA (3.259) MOKHA 3aTTMCaTH Y TAKOMY BHIISLI:

pl pZ p3 pn-—l pr/

1 0 0 .. 0 0

0o 1 0 .. 0 0

P:

0 0 1 .. 0 0

0 0 0 1 0

(P-A)y=0. (3.260)
(P =n+py,+..+p,y, =0
W =AY, +..=0

(3.261)

Yz ——’)‘yn»l =0
ynvl—ﬂ’ynzo

Cuctema (3.261) € 0aHOPIAHOIO, | TOMY MOMKE MaTH JIMIIE HyJHOBMH PO3B 530K 260
6esm1iu HeHy ThOBHX PO3B’si3kiB. [0 TOro, OB Cepea HeHYTBOBUX PO3B’I3KIiB 3HAWTH OJUH
HCOOXIHMH, MOTPIOHO OAHE 3 HEBIIOMMX OFOJIOCMTH BUTBHHMM, TOGTO 3adikcyBatd i
TICPCHECTH B MpPaBy 4acTHHY. Tom orpumaeMo (#-1) piBHsHHS 3 (#-1)-UM HCBIIOMMM.
[Ipu BIIOMMX yMOBaX Taka CUCTEMA OyA€ MATH JTHILC €(MHMI HEHYJILOBMM pO3B s130K. Sk
BUITHO, B OCTAHHIN PIBHOCTI € JIMIIIC ABA HEBII0MI, a TOMy BUOHparoun v, =1 oTpumyemo,

MoV, =

V=1
,V;; =4
.y = ;LZ
-2 (3.262)
Vo= e
= Vi
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Po3pgiz 3. MeToms po3s’s3yBaHHs NiHINHUX aireOpHYHEX PIBHIHE

3.11.4. MeTop HeBU3HauYeHUX KoedilieHTiB

Pozrasnemo cuctemy piBHAHb TAKOICQ BUITLY

AX =Ax, (3.263)
ae X # 0 mpu
det(A—EA)=0. (3.264)

osamo xapakrepyCTHYHUN BUSHAYHUK Marpuini 4 y BUCIsii:
DAY=+ p A7+ p, AP 4+ p, = det(AE — 4) . (3.265)

Y odopmyni (3.265) koeginientd py, pi,e., p, € HeBuznaueni. o6 ix 3ualith,
3HAXOJATh 3HAYEHHS NToNiHOMa (3.265) NpH » Pi3HHX 3HAYEHHAX A.

Hexad A =0,n—1. [LACTaBUBLUKM HOCIILOBHO A B {3.203) 0rpuMaemMo
p, =det(—4)=D(0) . (3.266)

(74 p "™ 4+ p,1° = D(1)
2"+ p 2" 4+ +p,2° =D(2)

(3.267)

n=-0"+p (=" 4.4 p,(n-1)"=D(n-1)

Cucrema (3.267) 1m0 BiHOWICHEIO IO €NEMEHTIB  py, Py,....p, € HiHiIfHOIO.

IpencraBaMo 1150 CHCTEMY Y BHTTIAI 3pYUHOMY JUIsl TOAANBILIOTO 3aCTOCYBaHHS B paHilie
BuBHeHoMy metoni (Kpamepa, T"ayca, 3eiimens).

{pll"_} + .}721"-2 +..+ pn—l11 =D()-D(O)-1"
P2 4 p 2" 44 p, 2 = D(2)- D(0)-2"

(3.268)
p(n=1)""+p,(n-1""7 +..+ p,,(n=1)' = D(n-1)- D(0) - (n-1)"
TTogamo cucremy (3.268) y MaTpuyHOMY BHTISIL;
Cp=d, (3.269)
b
5=| P2 |, (3.270)
Pua
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D) DO)-1"

l/
a=| b@)-bO=2" | (3.271)
e
\D(n=1)-DO)~(n-1)"
/O 1 1\\|
; 21 =2 |
C= : (3.272)

L(n—])""l n-)"? .. n-1

BizoMo, 110 s MaTPHILS, SKA HOCHTh Ha3By mampuyi Bandepmonda, Mae HeHy TbOBUi
BU3HAYHUK, a Il¢ 03HAuae, [0 CHCTeMa JiHiWHuX piBHAHB (3.269) Mae po3B’d30K i uei
po3B’s130K Oyje eauHuii. ik Oauumo, B Marpuui C xoedilieHTH Matpuui 4 He OepyTb
y4acTi, Ui koedilieHTH HESIBHO BXOASTH y BEKTOP BIIBHMX HIEHIB. A TOMY Uel MeTox
JOCHTB 3pYYHO BAKOPHCTOBYBATH Il BENMKOI CYKYMHOCTI PI3HHX MaTpHIlb OJHiel i Tiel

% poamiprOcTi. SIxmo detC = 0= 3C™', Toni
p=C7d. (3.273)

JamMiiacTbes JHIIE ONMH pa3 oGuncauTy eneMeHtd Matpuui C, 3Hality 10 Hel
o0epHeHy i mopaxyBaTH # BU3HAUHKKIB BUTTIALY:

D, =de(kE—~4), k=0,n—1. (3.274)

3.11.5. 3aranbHa NOCTaHOBKa 3a4ayi MeToAiB poO3B’A3aHHA
noBHOI Npo6neMu BNacHMX 3HaYyeHb i BNaCHUX BEKTOPIB

n

Hexait 3amano niticay Matpumo 4 =(a,); .3 g, €R, dimA=n.

Osnauennn 3.2. Bracnumu snavernnamu A€ C (komniexcnol niowunu) mampuyi A
HA3UBAIOMBCSA MAKi A , Npu SAKUX cucmema

Ax =Ax. | (3.275)

Mae mpueiansHull po3e 'a30K.
Sk Ha MPaKTHUi 3HANTH BIACHE 3HAYEHHS A 7

Ax=Ax & (A-AE)x =0. (3.276)

Cuctema (3.275) Mae HeTpuBiaIbHUIT po3B 30K x # 0 ToAi i TiNBEKHA TOI, KOMIH
p(A)=det(4—-AE)=0. (3.277)
Osnauenna 3.3. p(A) Hasusaemvcs XapaKmepucmuyHuM MHO20UNEHOM 0N Mampuyi

A, a pienanna (3.277), sike exgisanenmue (A -AE ) =(=1)"det(1E~A) =0, nassemo

XapaKmepuCmuyHUM DigHAHHIM 012 mampuyi A.
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Pozgin 3. Metoam po3p’a3yBaHHs NiHIMHUK anreCpHuHUX PiBiAHE

Sxmo poskpuTH Bu3HaYHKK (3.277), To oTpuMaeMo anrebpaiune pPIBHAHHS 3 TOYHICTIO
10 3HaKa:

AT+ p A+ p AT+ p A+ p, =0, (3.278)
1 2 n-1 n

a, a,
L4 Y . .
! ', ... p,detA.  OGuucmenmns xoediuienrin

n
Ae P==Zaw Pz:z |
i=1 i<j i a]j|
Pi> Pys-r D, €KBiBalleHTHE obuucnennro Ch+C: +..+C! =2"~1 BU3HAURMKiB

pisHMX mnopsaxkiB. lle TexHiYHO BaXka 3ajaya HAaBiTh NPH HAABHOCTI Cy4acHHX
indopmaniiinux TexHonorifl. ToMy icHYIOTH CHELialNbHi METOAM 3HAXOMKEHHS

Dy> Pyseees P, 0€3 OOUHCICHHS MIHOpIB MaTpulli 4, a came, METOX HEBH3HAYEHHX

xoedilieHTiB, MeTox iHTepnomoBanHs, Meron Jlerep’e*-Daneesa, metonq O.M.Kpuiosa
Ta Bararo immux [2] — [14] [17] [7.3]_ Porr'azvraTu anreﬁpa'fnni DIRBIHAT MO)eMO
METOJOM IIOJIOBUHHOIO AIJICHHS BiApi3ka, e 3HAXOAMTHCH KOpiHb, METOLOM CiMHUX,
KOMOiHOBAHHM METOAOM NOTHUYHUX, METOXOM Mapabon Tomo. KMo {p;, Py.... p,} € C

Y O AT IS TR AN E AT Tt ae F R R B i [ e [E——— U €1 T I Y o |
TO 34 OCHOBHOI TEOPEMOIO aireOpH icHYE n KopeHis {4, 4,,...,4,} .

Osnauenna 3.4. Bracnumu eexmopamu {xV,i=1,n}cC", saxi sidnosioarome

BNACHUM 3HAYEHHS {/?.i,i =1, n} , Ha38emo po3e ‘azku C/AP

Ax=Ax, i=1n. (3.279)

O3unauennn 3.5. 3uaxooowcenns ecix enacnux snavenv {4, 4,,., A4,y cC ma ecix

enacnux eexmopie {x",i=1,n} CC" nazeemo noenow npobiremolo GNACHUX 3HAYEHb i

gexmopig (III1B3). 3a0aua 3Hax00iCeHHs: OeKiNbKOX BIACHUX 3HAYEHb MAMPUY HA38EMO
4QCMK0B0I0 NpobeMoIo enacrux 3Haueny (H11B3).

Posp'szatu I11IB3 — ne o3Havae 3Halitu n KopeHiB anreGpaiudoro pisusaus (3.278).
[IMIB3 exsiBaneHTHa po3kpuTTio BusHauxuka det(AE — A) =0, To6TO 3HAXOMKEHHSA

po=L ps..; p,

3.11.6. MeTop HeBU3Ha4YeHUX KoepilieHTIB po3B'A3aHHA NOBHOI
rpobnemid BlacHWX 3Ha\eHb i BIiacHKWX BeKTopis
Tlotpi6Ho Bix

p(A)y=det(AE-A4). (3.280)
[epeTn 1o
pA)=A"+p A" + p, A" +..+p, A+ D, (3.281)

T06TO 3HAWTH Py, Py, ..o P, 7

n
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3aysaxumo, mo p(A) susHauaetses i V. e C, 60 06nacTh BusHaweHHA (yHKL]

p(A)e Bes mommaa €. Toxi sowa psHaueHa i wia A=0,1,....n—1 3ammuemo ii

SHaAQ4YCHHA
p, = p(0),. (3.282)
'+ pl™+ +p, 1+p,=p), (3.283)
2"+ p 2+ 4+ p, 24 p, = PQ2), (3.284)
(n-1)"+p, (n-1)"+ ..+ p, (n-1)+p, = p(n-1). (3.285)
Toxi CJIAP (3.285) exsiBancHTHa PO3B’A3AHHIO MATPUMHOTO PIBHSHHS

D, p=d, (3.286)

e p=(Pi Posos Pat) s
d=(p(1)- p(0)-1; p(2)- p(0)-2";..; (3.287)
p(n=1)-p0)—(n-1)")"; p, = p(0) =det 4, (3.288)

a p(t)=detiE - A),i=12,..,n-1;

1 1 o1 w
271 )
: } (3.289)

(n=1" (n-1)"" .. n—lJ
D, #0, ax eusnaunux Banoepmonoa™®. 3naunth icHye eaunuii po3s sizok CJIAP

(3.287). Chopmy:1r0€M0 pe3yasTaT y BUIIIAL TEOPCMHL.
Teopema 3.11.1. Sxmo A=(a);;,cC 1O p =D'd, ac pd,D, , -

BrsHaueHo(3.288).
Baypaennsi 5. D sanewurs Timeke Bix mopaaky detD,',. Omxe, moxHa

-1 . .
obuucnuty D, Ha KOMIUIOTEpPI MPM PI3HUX 7, SKIO MAEMO CHPaBy 3 MAaCOBUM

PO3KPUTTAM BU3HAYHHMKIB st MaTpuii 1D, | 0ZXHAKOBOroO NMOPAMAKY.
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Pozain 3. Metoan po3s’s3yBatts JTiHIAHEX alreOpiyHBX DIBHAHE

3.11.7. MeTopa iHTeprnontoBaHHA Po3B'A3aHHA NOBHOI NpobrieMu
BNAaCHUX 3Ha4YeHb

Bnachi 3HaueHHS {/'ij,lSj Sn} st A 3HAXOUATBCS SIK  KOpPEeHi PiBHSHHSA

p(i) =A"+p A+ p A"+ pa A+ p, =0, ne p, p,, ..., P, NOAIOTECS Yepe3
enemMeHTH Matpulli 4. Teopist iHTEPIONOBAHHS Mae Micle i IS KOMIUIEKCHUX YHKIIIA.
3naunte dysknis p(A)sushavena i a1 A =0; A4 =1 4 =n 3amumemo (n+l)
susHauHuk p(i) = det(iE — A),i=0,1,..., n. Cknazemo TabIuuUIO CKiIHYEHHUX Di3HHLD
Ta 3amumemo popmyiy HeroToHa Briepen:

1 2 n
= Pur g Progoa Puz 307 1=
p<(4)=p(0)+ . A+ 2!1(/1 D+..+ g AA-1) (3.290)
. Pl
= p(0)+§!_—!22(/t—1)...(/1—i+1),

e R (A)=0.

[Tosnauumo koediuientn C, ;m =G;i =f—r_1, Py PO3KPUTTI JOOYTKY y dopMmymi
(3.290):

=D (A—-i+] L

A4 )_!(’1 i )=Zcm,/1’". (3.291)
I m=0

Togxi Mae Miciie TBEpIKEHHS:

Teopema 3.11.2. Jlna A=(a,); ;> a; c C' XapakTepuCTHYHWI MHOTOUYIIEH Ma€

BUTJIA

p(A)=p(0)+ me Vi (3.292)

m=1

n
i
ac p,= Zcmip; , M= 1, 2, veeny M.
i=m F]
n4
3ayBa)KHMO, IO METO iHTepHOﬂIOBaHHﬂ BUMArae ~ —3- MHOEeHb Ta ,HiﬂeHB.

3.12. Mpuknaau 3HaxXOMKeHHA PO3B’A3KY CUCTEM MNiHINHUX
anrebpaiyHux piBHAHb '

Mpuxiaag 3.12.1. 3gifficaioloun TPEKYTHHI posknaag MmerojoM ['ayca 3 BuGopom
BEJYYOro e€JleMEHTA B CTOBITUMKY, 3HalTH pO3B’ 430K cucTemu Ax=b,

157



YucersHl METO M B KOMIT IOTEPHHX HayKax

2 -4 -1 1
ae A={-2 3 =21|,b=|1
4 -11 =13 10
Po3é’szox. Beegemo po3niMpeHy MaTPULIO CHCTCMH
2 -4 11
A=\-2 3 =21
4 ~-11 -1310

P03B’ 13y BaHEs CUCTEMH 3aITMIIEMO Y BHITISAL IISPETBOPEHHS MaTPULli A MHOKCHHAM
HA MaTPWLi TNEPeCTAHOBOK PAAKIB /) Ta Ha MaTPULI BHKTIOHEHHS HeBlZOMWX M .

Maemo
4 -11 -1310

00 1
P={0 1 0;P4=-2 3 =2|1}
1 0 0 2 -4 1|1
1 00 4 -11 -13/10)
M =| 05 1 0|;4=MPA={0 -25 -836
-035 0 1) 0 15 355|-4
1 0 0 4 -11 -13] 10 )
M,={0 1 0| A =MPA=|0 -25 -85 6
0 06 1 0 0  04]-04)

3 OCTaHHBOI TPUKYTHOI CHCTEMH OTPUMYEMO PO3B A30K CHCTEMM:
-04 6-8.5 10-13+11
——=-1,x= —=1.x=- =
0,4 -25 4
Tpukiax 3.12.2. O6uYMCIUTH BUSHAYHHK MATPULL A NOTepeaHboi 3asa4l.
Poze’azok. Buxoasin 3 TpMKYTHOTO po3Kiasy MaTpuui 4, Maemo:
det A= (=1) -y, 145 -ty =—4-(~2,5)-0,4 =4,
ae | — KiIbKICTh TIEPECTAHOBOK PAKIB [IPH TISPETBOPCHHI MATPUL A.
Npuicaan 3.12.3. 3natimu matpuigo oGepHeHy 10 MaTpui A 3agaqi 3.12.1.
Po36’s30k. Wlykara matpuist C = 4™ 33/10BONBHSIE MATPUUHE PIBHSIHHS

2.

Xy =

1 00
AC=B=;0 1 0/.
0 0 1

|3 mpaBMMM 4YaCTMHAMM LHEl CHCTEMM BMKOHAEMO Ti CaMi TCPCTBOPEHHSA, IO 1 3

MaTpuigero A B 3amaui 3.12.1:
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Poziin 3. Meroau po3s’A3yBaHHs iHIBHUX anreGpUGHIX DIBHAKE

00 1) 10 1 ) (e 0 1)
FB=|0 1 0|, MBB={0 1 05 BZ—MZPZ_MIE’]BziO 105 |
Ll 00 00 —O,JJ 0 06 -02)

Posw’sisyrouin Matpudne pisHsidis  A,C =B, (10670 Tpu CACTEMH 3 TPUKY THORO
MaTpHLEIo A4, ) 3HaXOAUMO
~1525 -1025 —2,75
C=| -85 -55 —1,5J.

2,5 L5 -0,5
Ipuxaan 3.12.4. MeTozoM KBaJpaTHIX KOPEHIB 3HAUTH PO3B’ 30K CHCTeMH Ax = b,
( 4 2 2 2 ( 8
e 12 -3 -1 -1, -6
HeA=4 = [, D=1 L

2—1-4»2i -9
2 -1 -2 3 sz

Pos36’azok. 3rinno 3 hopMynaMK METOLY 3HAXOXMMO PO3KAAN Marpuui A= S"DS,

(1 0 0 0) fz 11 1)
o -1 0‘ 21 1!
e D= [, §= l,
0 0 -1 0! 0 0 2 1]
0 0 0 1J 000 2)

S™— MaTpuLs clpsbkeHa ( TpaHCTOHOBaHa ) 10 S.
Po3B’s3yroun cucTeMy 3 HIDKHBOIO TPHKYTHOK Martpuuero S'Dy=bh, 3Haxomumo
n=4, »=5, y;=4, y,=4. Po3B’a3yrodu cucrTemy 3 BEpXHBOIO TPAKYTHOIO MaTPUIIEIO

Sx =y, 3axomumo x, =2, x,=1, x,=1, x,=C.

Ilpuxnaz 3.12.5. O6unciuTH BUZHAYEAK MATPULI 4 NOMepeNHbOI 3aKadi.
Po36’az0k. 3rinHo 3 po3kiagom matpuii 4 3anadi 3.12.4 Maemo

det 4 = ﬁd,.,. . f[sg =256.
i=1 i=1

Ilpuknan 3.12.6. 3paliTi MaTpuwio 0SepHeHy 10 MaTpulli A 3axa4i 3.12.4.

Po3é’a3ok.
45351
256 128 64 32
3o de s 0
4| 128 64 32 16
S 5 .3 1y
64 32 15 8
1 1 1 1

32 16 8 4
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Uucennbhl METOM B KOMIT IOTEPHHX HAaVKax

Hpuknan 3.12.7. 3Haiiti po3s’a30k cucteMu Ax=b ,

3,00 1,00 -100 -2,00
e A=[600 201 000 |:56=-2,01
3,00 Lo02 3,01 1,99

merogoM [ayca, BHKOHYIOYM OOUMCIICHHS] 3 YOTUPMA 3HAYYIMMU LU(ppaMu.
Po3¢’s130K. 3armmemo TOC i I0BHICTh NMEPETBOPEHL PO3LIMPCHOT MaTpuLl 4 cHCTeMH
meToa0oM [ayca 3 BUOOPOM BEIYHOTO €IEMEHTA B CTOBITYHKY |

010 6,00 2,01 0,00]-2,01)
P={1 0 0;P4=/300 100 -100-2,00]:
0 0 1 3,00 1,02 3,01 1,99
1 00 6 201 0]~201
M,={-05 1 0|; 4=MAP =0 5107 1|— 995 |:

(-05 0 1 0 1510 301 2,995
' (6 2.01 0]-201
lo 1,5-107% 3,01 2995
N

0 -5-107° —1{-0995

P=l0 0 1| PA=
0

10 0 6 2,01 0 | 201
M,=0 1 0};4=MAP, =0 15107 301| 2995 |.
0 03333 1) 0 0 3-107°(3,2-107°

\

3Bigcu x;=1,067, x,=-14,47, x=4,511, mo ayxe BIAPI3HACTLCA . BIA TOUHOTO
poss sy x=(0,—1.1). :

Npnxnan 3.12.8. Poss’ssatu 3azauy 3.12.7, BUKOHYHOUM OGUWCICHHS. 3 I ATBEMA
3HAYYIUMH LH(pamu.

Poze¢’sizox. Ha Bimviny Bix nonepem{bol sagaqi o6qﬂcnemm Ha OCTAHHLOMY KPOLIL
AA0Tb '

o 0 6 2,01 0 2,01 )
M,=|0 ] 0}; 4,=[0 135107 301 | 2995
\0 033333 1 0 0 331073310

3sincu x;=1, x,=—1, x; =0, mwo 306iraeThCs 3 TOUHAM PO3B A3KOM CHCTCMH.
MNpukaaa 3.12.9. Busuauury ymcio o0ymosieHocTi matpu 4 i3 3aaaui 3.12.7.
Po36’a30k. BukopucToByr0um 3HaiaeHl B 3axavi 3.12.7 marpuu P, M, maemo

2240-10°  —1492-10° 7.447-10°
A —6,687-10°  4.455-10° -2223-10° |.
| 333100 -22.10° L1110’
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Posain 3. Meto iy po3B’ i3y BaHHs JHIAHNX aJleOpHYHMX PIBHSAHD

3sizen 4] =L121-10°, 4], =801, cond,(4)=8.979-10°. Tawm menvman:

yucI0M 00YMOBIEHOCTI TIOSCHIOETLCS BIAMIHHICTE PO3B si3Ky 3agad4l 3.12.7 Bia TouHoro:

T
- 1, k- wnenapue
INpuxnax 3.12.10. 3uaiity po3s’s30k cucteMu Ax =5,
{ 3 1 -1 + 22,01
pe A=16 21 0 |, b=|+2]15-107

3 115 19999 ~0,8499

BHUKOHYIOYH OOUYHCIICHHS 3 YOTHpMA 3HauyImMu tppamu. [osicHumy pesybTar.
Poze¢’nzox. B cvny npuryieHb, 3aMiCTE CHCTEMH, 1O 331aHa, PO3B I3y E€ThCS CUCTEMa
3 HAOTKCHO MaTPULICIO

301 -1
Ad=|6 21 0
3115 2,000

Arne BOHA BUPOKEHA, OCKUIbKH detd = 0. B o uac sk detd =-3-107° .

BupomkeHicTh  MaTpHLl A 00YMOBJICHA TIOXHOKOIO 3A0KPYIJICHHA CIICMCHTA
a33=1,999922.000. [ns Toro mo6 ojepxaTH 3aXOBUTBHMH pE3yJBTaT, TOTPiOHO
301MBIIMTH KIIBKICTh 3HAYY UMK (P 1pu 00UHCACHHAX,

Po3s’sokiTe LM NpMKIAK 3 I AThbMA 3HAYYIUMMH Lidpamu. TouHHH DPO3B H30K:
x=(0.1-1).

Npuknax 3.12.11. Sxy noxuOKy B PO3B’SI3Ky CHCTEMH JIHIMHMX anrebpaivHux
piBHsiHb Ax =5, 1

1 a ... 0 0
0O 0 ... T @ -
0 0 0 1

cpuumMHse roxuOKka £ B KOMIOHCHTI b, Bextopa b(h, =b,+¢)! Slki BractusocTi
Matpuii A 00y MOBIIFOIOTH L0 TIOXUOKY

Po3¢’si30k. OCKIIbKM PO3B’A30K CHCTEMM MOJKHA 3HAWTH 33 PCKYPCHTHUMH
dopmynamu x, =b,, X, =b, , —ab, ..., TO HE BAKKO JHANTH, IO MOXUOKH B X; €

X, ,—%,,=b,,—ab,-b,_,+ab, =-ac,

X ,-x, ,=ac,.., % -x=(- 1Y 'a" s
SAxmo ¢>1, To 1A noxmbka LIBUAKO 3POCTAE 3 PocToM 1. Matpui 4 npu LeoMYy €
NIOraHo 00y MOBJICHOIO, 1O 1 CIIPHYMHSE BESTUKY TMOXHOKY PO3B SI3KY.
Npukaaz 3.12.12. 3Hakitv OLIHKY WBHAKOCTI 30DKHOCTI METOLY MPOCTOI ITeparii
Vi =By, +b
7151 CUCTEMH TiHIMHUX anreOpaivHHX PIBHAHB
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UucennbH METOM B KOMII IOTEPHHX HayKax

x=Bx+b,
16 B - MaTpuLs pO3SMIPHOCTI /7, PHYOMY BLIOMO, HIO AN ASAKOI HOpMHU [[BH =p<l.

Poze’szok. Sxmo x* — poss’msox cuctemu, To X =Bx"+b. Tomy Mmaemo
x"-y, = B(x" - y,H). 3Bigcu ”x* -V ” < pﬂx* - yk,,lu <..< pk"x* - ,Vou~ Ocxinbku
X =V =V~ Vet B(X* - yk--l)a TO HX* - yk—l“ = nyk - }’k~-1“+”5”"x* - J’HH Ta

k
“x" - yk_]“ < L | = Yea| . Octarouno maemo: “x* - yk” < l—p-—" ¥ — Yo| . Ocximbru
-p -p

—> ()., mo 03Ha4a€ 30DKHICTH MCTOY.

p<l,10 M1 k — o0 “x*—yk

TMpukaax 3.12.13. Jlocaizuryu 36DKHICTb iTepauiiHoro mpouecy V., =By, +b 3

MaTPHLAMH:
(=35 3/5Y C(1/10 4/5
2 B"{z/s 1/5)’ 6)]3_[3/5 —1/5]'

‘ y2
Poze’sizok. a) "B"oo =6/5>1, HBHE = LZbUZ} =423 / 5<1, mo o3Hayae 301KHICTB
iy

n
iTepaniiiHoro npouecy B Hopmi || = (Z x‘J , AIKA Y3TO/DKCHA 3 MATPHYHOK HOPMOIO

Ulypa ”B HF :
0) ”B” =9/11<1, mo o3Ha4ae 36GiXKHICTL ITEPALIMHOTO MPOLECY B HOPMI Hx“w

OnmmovacHo a1 wiei Matpuui B, = /21/20 >1.

Marprusa Hopma lllypa Hasusaerbcs Taxoxk HopMmoro Epxapaa— Ilmiara ado
HopMOto Dpobeniyca.

Tpuxaan 3.12.14. Hexaii MaTpuLys CUCTEMM TiHIMHMX anre0paiunux pisisHb Ax = b
Mae alaroHajapHy nepesary, To00To

n
S <do

J*l
4 TAaKOXK € CHMETPUYHOI 1 J0JATHBO BH3HACHOK. JlaTh OLiHKY IBHIKOCTI 30DKHOCTI
MeToay Jeiaens.

izl,_n,0<q<1,

g’ , _ |-/
Poze’sazox. [Ins noxubku z, =y, —x = (‘.k );.J MaeMo

auzl\:ﬂ —Za,, }cjﬁl za Zp ) Ta \a |z(’) Zlay ‘21(414\1 _,_Zlal_jllzl((j)i.
A i

Fi Jei
l
el < 2jalizeale + 2a

(10

A
1%kllc *

- “Zk’ - Tom Tofy i igf

J<iy FESN
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Posain 3. MeTo iy poss’s3yBaHHs JIHIABUX alreOpUYHUX PIBHAHD
.

“Zk+1“C’ s Z v / oy | Z ”ZkHC '

J<iy J>ig

KopucTyrounch yYMOBOIO 1arOHATIBHOIL IIEPEBArH, MAEMO
a

z iof < qlaiDIO - Z <4 aiuio 1 Z
RESDY J<iy J<iy
. k+1),,
R L I
Npuknan 3.12.15. JocmianTy 36DKHICT METOAY TPOCTOI iTepauii Ta MeToy 3ekaens
J71s cUcTeMu Ax = b, ae

a. a,uj

|
i

iy

10670 ||2,. .4

L op
A= ,I p' <T.
p 1
Po3é’sz0k. 1106 3acTocyBaTv METOA MPOCTOL ITopaLii 3BEIEMO CHCTEMY 0 BHITIALY
(0 p)
x=Bx+tbh, pgeB=1-A= .
p 0
BuracHi 3HauMEHHA MaTpuil B BM3HAYAIOTHCS 3 PIBHAHHS

|B—ﬂ|=(_: ";}:f—pzzo.

3Bizcu A =1p|A = p <1. lle o3Hauae 36bxHicTs MeTOay. I3 KpuTepiio CimbBecTpa

maemo A" =A>0, 6o det(an): 1>0, detd =1- p* >0.Tomy MeToa 3eifmens Takox
30DKHUU.

3.13. KOHTpONnbHi NuTaHHA

1. Jlalite BUBHAYCHH:A NOHATTI «MATPHLID).

2. Slxi onmepauii BUSHAYCH] HAX MATPHLIIMH?

3. Koau MarpHLs € HEBUPODKCSHOIO?

4. JlaiiTe BU3HAYCHHS PAHIY MATPULIL.

5. B uomy cyTs 380poTHOTO X0Ay MeToay I ayca?

6. Sk Bu3HawaeTLCA anreOpaiuHe JOMOBHEHHSA!

7. HassiTe yMOBY NOMOHOCTI ABOX MaTPHLIb.

8. Slka Marpuis HasuBaeThes Marpureio Opobeniyca?

9. SIKy CHCTEMy HA3HBAIOTL CHCTEMOIO JIHIMHMX anreOpaiuHuX piBHSHb?
10. Lllo HasuBaeTbea poss sskom CJIAP?

11. SIka cMCTEMA HA3MBAETBLCSA CyMICHOIO 1 HECYMICHOIO?

12. Sika cucTeMa HA3HBAETHCS BUSHAYCHOK 1 HCBU3HAYCHOK?

13. SIxa cucTCMa Ha3HBAETHCSA BUPOKEHOO 1 HOBHUPOIKCHOIO?

14. Sxi cCHCTEMM HA3UBAKOTLCS CKBIBATICHTHUMU?

15. Sxy CJTAP moxHa pose’sizat Ha EOM?

16. SIki METO 1M BIAHOCATH 10 TOUHMX (AT O3HAYCHHs TA TIEPETIMUTH METOIH)?

163



YucernibHl METOJH B KOMH’IOTGDHI/IX' HayKkax

17.
i8.
19.
20.
21.
22,
23.

24

Sxi Meroau BiEHOCAT A0 HAOMWKEHUX (JaTH O3HAYCHHsA Ta MEPCIYMTH
METOIH)? '

B gomy cyTs anropur™is meroay ['ayca?

B uomy cyTb mpsMoro xoay B metogax I ayca?

B 1oMy cy Tk 3BOpOTHOTO X0y B MeToaax I'ayca’?

Jlis uworo B Meroal ayca 3 TOCHIZOBHUM BUKTIOYCHHSM CJICMCHTIB
BBOAMTBLCA MHOMKHMK M | MEPECTaBASIOTHCS PIBHSIHHS?

Ypm BiAPISHAIOTHCS AITOPHUTMHU METOAIB I'ayca 3 OCTIIOBHUM BUKITKOYEHHSM
€/IEMEHTIB 1 BUOOPOM TOJIOBHOTO E€IEMEHTY !

Yum  BiapisHMOTECA anmroputmu MertoxiB l'ayca 3 BuOOPOM TOJIOBHOIO
ENEMEHTY 1 3 OAMHUMHOIO J1aTOHALTIO?

UuM BiAPI3HAIOTECA AITOPUTMH METOAIB [ ayca 3 OAMHMMHOK [aroHawLIo i
Tayca-XXopana?

. B yomy cyTs MeToay I'ayca 3a cxemoro Xanenpkoro?
26.

Slky cucTeMy OTPUMAHC B pe3yabTaTi mpsMoro xoxy weroxy [ayca-
Kopnana?

3.14. 3agayi Ans camoCTiNHOT poGoTU

3a0aua 3.14.1. Pose’ssatum  cuctemy 3a  (dopmynamu  Kpamepa. Bimmosias
NpEeACTABUTH B 3BMYAMHMX HENPABWIBHUX Apobax. 3poOuTH NepesipKy.

J7x+y=23
|=5x+3y=1

3adaua 3.14.2. Hexali BekTOpHaA HOPMA Nx“p BM3HAYAETHCA (POPMYIIOKD

X”w = max xkl .

I<k=<n

i, = (S} o

JloBecTH, WO AN y3roDKEHWX HOpM Marpyid A4 = (az.ky; -

7o |,
MAarOTh MICLIC Takl (OPMYIIH:
o maYla O ma el w = Jmaa4).
Yosl =

ae )-V(A*A) — BracHe 3HaucHHsA Matpuii A A .

3aoaua 3.14.3. [losecTy Taki HEPIBHOCTI:

1 _, _cond_A4

) -l <4, <l ) s Sl

1
6) —\/7",4

nd, A
1 condi A4
cond, A

<Ml < |4

2 r)

k)
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Po3xia 3. Meto 1 po3s’ 3y BaHks JIHIHHIK anreOpUIHIK PIBHAHb

ne cond, A=A 147" — umcmo o6ymoBaeHOCTI MaTpHII A.
i k " Y D

3aoaua 3.14.4. JlosecTy, mo MaTpuLa o0epHEHa 10

1l a ... 0 0O
A=
0 0 1 a
0 0 0 1 J
Mae BUTIIAL
( 1 —a o -a& (- a)"_l
0 0 -a & (- ct)m2
A=
0O 0 0 0 -a
0 0 0 0 1

i MaTpuus A Ma€ YKuCI0 00YMOBICHOCTI

cond, A =(1+a)

a1
a—
Iligpaxysatu uucno o6yMosieHocTi a1 #=20 , a=5.
3adaua 3.14.5. Jlatv BIANIOB1 Al Ha 3ATMTAHHSA
a) Sk 38’ s3aHi Mixk COOOK YHCIO 00YMOBICHOCTI MATPHLI Ta ii AeTepMiHaHT?
6) Un 060B’ 13K0BO TOTAHO OGYMOBJIEHA MATPHLI MAE Mali BIACH] SHAYCHHSA?
3aoaua 3.14.6. Jlosectn, mo aetepminaet Marpyud Ko

(Y
K, = La,- +bjl,j1

JOPiBHIOE )
-1 n o, n-1 n " i
detK, =D, = H[ H(ap —aq)J-H{H(b,—bs)_l H{ (ai +b,)}=
p=1! g=p+] r=1 Ls=r41 _J =1 | j=1 ’
, -1
- T-a)e b{ 10 +bj)J .
1gi<jin Isi<j<n
3adava 3.14.7. 3waitrn enementn marpuni K :(by)::j:], aka € OOCpPHECHOW M0
Matpruy Ko ' -
K, ;( ‘ ] .
a;+b; i
3adaua 3.14.8. 3uaittu cnemewty Matpuii  H,' == (ay)iij:l , sAKa € 00CpHEHOIO 0

marpuud [1ns0epra



UpnceTbHI METO T B KOMII JOTEPHAX HAYKAX

o=()
Jri=b

3adaua 3.14.9. Josect, wo ( aus. 3agauy 3.14.7)

maxia| == (V2 1)+ 0 ).
L (2 +1)"(+ o)

- (27[)3/2 2l
1 maTH OLIHKY 4mca 00ymosaeHocTl marpruy [msbepra H, .

i MoKazaTH, WO @; — LW YKCHa.

|,

3aoaua 3.14.10. Tlpusectn mpukiagm cHCcTeM AX=h, XIA SKMX METOX MPOCTOI
rreparti € po30iKHUM, ale 301racThCs MCTOX 3CHICIS Ta HABITAKM.
3adaua 3.14.11. OGUNCIUTH HOPMU Matpuul A:

D | S
71

1isn

2) ”AH2 = max)nj(A*-A), ae /iI(A) BITACHI éﬂaquHﬂ marprui A, ne A -

1<i<n

MaTpHLA cripsukeHa 1o A ;

5l -max( S|

3.15. 3aBgaHHsa o nadoparopHoi po6oTun

Tepuuii pigetiv.
Peanisysatu OCHOBHI ouepalii Hax matpuisimy, Marpuig Opati posMipHOCTI #> 3.
[lepeipyuti OCHOBHI BJaCTHBOCTI MaTPHLIb.
Hpyeuii pigeto.
PeanisysaTi 3HAXOMKEHHS BH3HAYHWKA MATPHLI Jji1 MaTPHIb PO3MIPHOCTI #7>3.
3HaiiTi 00CpHEHY MATPHLIO A1 HEBUPOLKCHHX MaTPHLIL POSMIPHOCT 7> 3.
Tpemiit pises.
1. Pose’szaru CJIAP, suxopuctoByroun oOepHeHy marpuipo. Marpuu Opatu
PO3MIPHOCTIL 7 > 3. 3ICHUTH TIEPEBIPKY OTPHUMAHOTO PO3B SI3KY.
2. Peamszysatm Meron layca poss’ssysanus CJIAP. Marpmy Opartu
posmipHocTi 7 >3, 3Haktu aHamiTaunuil poss’sasoxk CJIAP. 3aiiicHuru
TIEPEBIPKY OTPHUMAHOTO PO3B A3KY.
3mict 3BiTY 110 J1abopaTopHoOi poboTi:

1. Mera poboTtu
2. ANropyTt™ po3B’A3yBAHHSA 331341
3. TekcT mporpamMu 3 KOMSHTAPSIMU.
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Po3ain 3. MeTom po3B’ 43y BaHHs TiHIAHMX anreOpHaHUX PIBHIHE

4. Pe3y nbTaTi BUKOHAHHS NPOTPAMH. |

5. BucHoBkn.

Bapiantu 3aBaanb

Tabmuys 3.3

Ne Marpunus A Bektopb | Ne Marpuis A Bekrop b
2 4 17 0 -4 -8 25 -18 -19 22 -16) 14
—9 19 -14 -13 25 7 6 21 19 -3 8 | 6
1 9 21 25 15 -2 18] |-19 22 -17 -4 18 | 13
-4 -8 -4 20 -7 13 2 -2 22 -1 8 | 19
6 -12 22 10 -4 17 -10 1 19 4 ~8/| 16
1514 13 -7 -6 "8 (2 -2 6 -9 6 18
v 25 9 0 9 7 0 20 -18 20 11
2 1 19 24 25 -5 3 9| |-8 7 -0 -7 - -8
-16 0 19 16 -2 13 -1 -17 0 -6 24 20
\-5 12 20 5 -2 8 5 05 15 -11 2 16
-4 13 5 19 6 16 2 4 2 8 -8 12
-10 21 1 =13 -2 9 19 12 15 2 2 -5
3] |-15 -20 14 21 -12 2 20 ]-15 12 0o 15 7 -2
21 -6 =18 19 13 -3 7 16 0 -4 -18 -1
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Posain 3. Merto po3B’23vBaHHs THIAHNX aJreOpyUSHUX PIBHAHD

4 4 =5 139 19 21 14 24 16 18 -6

24 -17 -18 ~16 24 0 17 -4 =10 0 13 4-2
w6l]1-3 3 11 11 -3 1 33 17 28 7 -2 -7 7
-4 -19 17 11 . =15 19} -2 3 19 18 -13 119

(19 13 12 -8 5 17 9 -4 -8 -16 22 -1

-15 8 17 9 -17 13} 30 0 7 11 7

12 -1 15 4 -12 3 9 7 9 -1 4 -9

17 0 -9 -16 4 -10 -6 0 2 2 0 0 | 6
-10 13 -19 19 8 -2 5 -25 0 6 15

4 1 16 -20 7 -4 1 9 7 8 —3J -7
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Po3snia 4. Po3B’g3yBaHHA HeliMiMHIMX pIBHIHD

Po3ain 4.
Po3B’A3yBaHHA HeNiHIMHNX
PIBHAHbL

*
L4
L4

3arajpHa MOCTAHOBKA 3azaui
MeToan po3B’i3yBaHHSI HEJITHIMHUX PIBHAHb
Po3B’si3yBanHHsS QyHKLIOHANLHUX PIBHIHb 3 OJHIE 3MIHHOK
o TlouaTkoBHii eTamn: BiIOKPEMJIEHHS KOPEHIB
o BinoxpemiieHHs KOPEHs TPAHCUEHAEHTHOIO PIBHSIHHS
o BimoxpemenHs TificHUX KOPEHIB aireGpaiYHOro piBHIHHS
o Teopemu npo YMCIO KOPEHIB
o Hpyrwi erart. yTOUHEHHSI KOPEHIB
ITepariinl MeToau Y TOYHEHHS KOPEHIB CKANAPHUX HEJIHI MHUX PIBHIHb
o [Lnmes iTepanifinux MeToaiB
o 3acrocyBaHHS MPUHLUNY CTUCIUX BIAOOPaKeHb A0 JOCITIIKEHHS
1TepaLi iHUX TIPOLECIB
o llousiTTs opsnky iteparyi
MeTon AlIeHH MPOMIKKY HaBrii (MEeTOR AuxoTomii, Mrojuiepa)
o AHajli3 MOCTAHOBKH 33124l
o T'eomerpuuna iHTEpIpETALISI METOIY
o Ob6uucnenHs noxudKH
Merton xopxa
o0 AHa3 OCTAHOBKH 331a4l
o T'eomerpuuHa IHTEpOpETALIS METOLY
o O6uucneHHs NOXUOKH
Meron HeroToHa (METOI NOTHYHKX)
© AHai3 NOCTAHOBKHY 3a7a4l
o T'eomerpuuHa IHTEpIIpeTALliS METORY
o O64ncneHns HOXHOKH
o InTepmperaris MeToay AOTHYHHX Yepes3 iTepauiiHui npouec
o Moaudikosanuii meron HetoToHa
Kombinosanuii MeToA XOp 1 JOTUIHUX
© AHan3 NOCTAHOBKH 3a1a4l
o T'eomerpuuna iHTeprIpeTaLlis METOY
o ObuucneHHs MOxXubKH
MeTon ciuHMX
o AHaTi3 MOCTAHOBKH 33134l
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UucelnpbHi METOIH B KOMIT IOTEPHUX HayKax

o T'eomerpuuHa IHTEpHpETALsT METORY
o Ob6uncieHHs OXubxkn
o InTepnperaiis METOMY CIUHMUX Yepes3 iTepauiiiHui MpoLec
MeToa NpocToi iTepauiii abo MeToA MOCIOBHUX HAOIMMKEHD
o AHai3 NOCTaHOBKH 3azaul
o T'eomerpuuna iHTEpIpeTaLls METOLY HpOCTOl iTepauii
o Ob6uucneHHs NOXUOKH
o Brums ofuncmoBanbHOi MOXUOKM Ha 301KHICTH iTepalliiHOro
NpoLIECY
Meron penakcaiyi
o AmHaJi3 NoCTaHOBKH 3a7aul
o TeomerpuuHa iHTEpIIPETALlis METOTY
o OO6uucneHHs MOXUOKN
Mertoz mapabon (Meton J{. Mromiepa) 3HaXOKEHHs KOPEHIB MHOTOUJIeHa 3
KOMILIEKCHUMH KOe(1IlEHTaMH
o AHani3 NOCTAHOBKU 3a7adi
o ObuncneHHs TOXUOKH
Po3B’ s13yBaHHs CUCTEM HEJHIUHUX PIBHAHB
TMpuknany po3s’ A3y BaHHsl HEMHIHHAX PIBHIHb
KoHTpOJIbHI NUTaHHS
3anaul Ui caMoCTiMHOI poboTH
3asnanus no nabopaTopHoi poboTH

<

L 2

L 4

¢ & & & @

Po3p’sisyBanus OararbOX IHKCHEDHMX 33134 3BOIMTECS J0 3HAXOMKCHHA KOPCHIB
OJHOrO HETIHIMHOTO PiBHAHEA aG0 10 PO3B’SA3YBAHHA CHCTCM HEMiHIMHMX piBHAHB [65,
71, 76-80, 88, 92-93, 106-110, 113-114, 116-133, 137, 140-145, 147-151, 161-
164, 168-169, 192-194, 196-197, 201-209, 211]. B o6ox Brmamkax HemiHiHHI
PIBHSHHS, W0 YTBOPHIOTBECA, MOMKHA MOJUIMTY HA OBa TAIM — aileebpaiuni Ta
MPaHCYeHOCHMHI, Aﬂzeﬁpazqmwu HA3MBAIOTh PIiBHAHHS, IO MICTATH JMiUe anreOpaiuHi
dysxiii  (iim, pawioHaneHi, ippauioHanbHi). HemiHi¥mi pIBHAHHA, MO MICTHTH
TPUrOHOMETPHYHI, ;IOrapu(MIdHi, MOKa3HUKOBI, CTCIICHEBI 4K irumi crierianbHi ¢y HKLi,
Ha3UBAKOTb MPAHCYCHOCHMHUMU.

Po3mIsIHEMO 32734y 3HAXODKCHHS KOPEHIB piBHsHHA f{X) =0, xe f{x) — 3amana QyHKuis
miHcHOT 3MiHHOI. Po3B’ s3yBamms wi€l 3a1a4l MOYKHA PO3KIACTH HA ACKITbKA CTArlB!

a) JOCTIKCHHs PO3TAlIyBaHHA KOPEHIB (Y 3arajbHOMY BMITAAKY — Ha KOMILIEKCHIIA
IVIOLIMHI) Ta iX KPATHICTD;

6) BIIOKpEMICHHs KOpEHiB, TOOTO BUALICHHs OGNACTCH, IO MICTATH TUIBKH OAVIH
KOPIHb;

B) OOHMCIICHHA KOPEHS 3 3a[AHOK0 TOYHICTIO 32 ZOMOMOTOI0 OJHOTO 3 iTepaLiiHMX
AIrOPMTMIB.

Jlani posrIAZAOTHCA iTEpalliiiHi [poLecH, IO JAOTh MOXIMBICTE NoOyTyBaTH

YHCIIOBY MOC/IiOBHICTS X, KA 361racThesl A0 WYyKaHOro Kopes X, pisHanHA /{x)=0.
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. Po3aia.4. Po3p’g3yBanns HeaiHiHHEX PIBHIHD

4.1. 3aranbHa nocTaHOBKa 3aaavi

Posrnanemo 3amauy 3HAXOMKCHHS KOPEHIB plBHHHHﬂ Heminiline piBHsHHA MOXHA
TIOJAaTH Y Takux (opmax 3armcy;

J(x)=0, 4.1
abo

Pp(x)=g(x), 4.2)

e flx) — sanana QyHKuis micHOI 3MiHHOI, T06T0 f:R' > R'.

@ynxuii, mo Bxomath 10 (4.1), (4.2), BU3HAYCHI Ta HEMEPEPBHI HA MHOXHHI X, 10
HA3UBAETHCS OONAacTIO BU3HA4YCHHS PIBHAHHA. CyKYMHICTH 3HAYCHBL 3MIHHOI X, TIPW SIKKX
piBHsiHHA (4.1) un (4.2) HEPETBOPIOETBCA HA TOTOKHICTD, HA3UBAIOTH PO3B A3KOM LBOTO
PIBHSHHS, @ KOKHE 3HAYCHHI X 13 LI€i CYKYITHOCTI — KOPEHEM PIBHAHHAL.

Kopeni moxyTh OyTH AliicHivMu ab0 KoMmruiekcHuMuU. KpiM Toro, aeski 3 HUX MOXKYThb
OyTH KpaTHUMH, TOOTO KiTbKa KOPCHIB MOXKYTh 30iraTucst. Slkwo dynxuii fx), ¢(x), g(x),
IO BXOAATE 10 piBrsib (4.1) 1 (4.2), TpaHCUEHACHTHI, TO L PIBHAHHA MOXYTh HE MaTH
KODEHIB, MATH CKIHUCHHY KUIBKICTD iX a00 HECKIHYEHHY MHOXKHHY.

Y OGaraTeoxX 3amayax, Sk MPAaBWIO, PO3B BYKOTh atrebpaiui a0 TPaHCLCHACHTHI
PIBHAHHA 31 CKIHYEHHOK KIUTBKICTIO AIACHMX KOPEHIB, TOMY Aam 6yaemMo pos3risgaTd
TLIBKH TAKI HEJIHIMHI PIBHSHHAL

Cepea anrcOpaiyHuX DPIBHAHL OCOONMBE MICIC HANECKMTh DIBHAHHAM, IO MICTHTH

MOJIIHOMM BHAY Z:azx"’1 . Lii piBHAHHSA 3aNMCYIOTH TaK:
i=0

ax" +ax" +ax" + +a, x+a,=0, (4.3)

AC 1 — HAaTypaabHE YUCTO YM HYNb; do, i, Uy, ..., 4, — Koehiuientn nogiHoMa (Oyap-sxi
AUACHI YKCTIa).

TlopiBHsaHO 3 TpaHCueHACHTHMMM anrcOpaiuml HETIHIHHI DPIBHAHHSA MalOTH 13
NepeBary, WO Harepea BIAOMA TOYHA KUIBKICTh iX KOPEHIB, a OTKE, BiIOMO, KOJIHM CHiZ
3aKIHYMTH TIOIIYK MPU JOCIII DKEHHI anrebpaitHoro HEAIHIMHOTO PiBHAHHS.

1. AnreOpaiure piBHsHHS 72-T0 TIOPSAAKY Mae 7 KOPEHIB, AKI MOXKYTh OYTH THCHUMH
ab0 KOMITUICKCHMMH.

2. KinpkicTp A0JaTHHX AIHCHMX KOpEHis 0piBHIOE (a0 MEHINA Ha Line 4KMCIO)
KiTbKOCTI 3MIH 3HAKiB y TIOCTLIOBHOCTI KOS(ILIEHTIB d;.

3. KinbkicTe BiX’eMHMX AiMCHMX KOpeHiB AOpiBHIOE (a0 MEHA HA LiTe YMCIO)
YMCTY 3MIH 3HAKIiB ¥ TIOCILAOBHOCTI KOS(ILIEHTIB ¢; TIPH 3aMiHi X Ha — X.

CyxyIHICTh KiTbKOX PiBHSHB 3 KiTBKOMA HCBIIOMHUMH HA3MBAIOTh CHCTCMOKO PiBHSHD.
CucteMy 7 PIBHSHB 3 77 HCBIIOMMMM MOKHA 300pa3UTH Y BUNISA
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YuicenpHl METOAR B KOMIT IOTEPHUX Haykax
S1(x,%5,..%,) =0,
fz(x17x2:"'axn) = O;

f;z(x],xz,...,xn) =0,

PO3B’SI3KOM CMCTEMM HENIHIMHMX pIBHAHb HA3WUBAIOThb CYKYIHICTH 3HAUCHb
HEB1AOMMX, 5iKa NIEPETBOPIOE KOKHE 3 PIBHIHB Ha TOTOXHICTh. Hanpuknan, cuctema

2_ .
x +x; =3,

(44

xl2 +x,=3.
Mae po3B 130K x;=1, X;=2, OCKITbKM MY LMX 3HAYCHHAX HEBIJIOMMX PIBHAHHA CHCTCMH
MIEPETBOPIOIOTHCA Ha TOTOKHOCTI.

MeTtoau po3B’s3yBaHHA HETIHIMHMX PIBHAHB NOAUISIOTE HA MpAMI Ta imepayitini.
Tpsmi 4aI0TH 3MOTY OTPMMATH PO3B’A30K BE3T0CEPEIHBO 3a TOTIOMOTo0 (GopMYT i TOMY
3a0e3MedyI0Th TOMHI 3HAYEHHA KOPEHIB. Sk NpPUKIax MOXKHAa HaBeCTH (OpMYyIHM Ans
BU3HAUCHHA KOPCHIB KBAJPATHOTO Ta KyOiuyHOro piBHsHb. I[CHye Takox criocif
00uHCICHHA KOPEHIB anrebpaidHOro PiBHAHHA YCTBCPTOIO MOPSAKY (7 = 4), MpoTe BiH
HACTLTBKM CKIAHMIA, IO MPAKTHYHO HOTO HC 3aCTOCOBYHOTb. '

Jnst TPaHCUCHACHTHUX PIBHSAHL TA4 CHCTEM HETIHIHHMX DIBHSHD IPAMHX METOJIB
00YUCTICHHA KOPCHIB HE ICHVE. TOMY Ha MPaKTHL{ HAHHACTIIIC 3aCTOCOBYIOTh HAOIIKEHI
METOA¥ PO3B A3YBAaHHA LMX PIBHSHB, sKi AalOTh 3MOIY 3a JOTIOMOIOK CKIHYEHHOTO
Habopy apupMETHUHMX OmepaLiii 00YMCIUTH KOPSH] OyAb-KOT0 HENIHIMHOIO PIBHSHHA
YW CHCTGMM HCHIHIMHMX PpIBHSHb 3 AOCTaTHLOKW TouHiCTHO. OcobmuBo edexTHBHI
HabmmieHi Metoau mpn peamizauii Ha I1K, OCKiIbKM BHMKOPHCTOBYBaHI I LBOTO
AITOPMTMHU € NPOCTHMH, 3Py YHHMMH, JIETKO IPOTPaMyFOTECS. _,

Hab1rbKe HUM 3HAYCHHSIM KOPSHS X HENIHIMHOTO PIBHAHHS 3 TOUHICTIO 0 € BBUKAIOTH
Oy Ab-SIKC YMCTIO MUK @ 1 B, TIPH AKOMY BHMKOHY€ETBCS yMOBa b—a<e. Yucnaaib ~ e
HabGIVWKEHI 3HAYCHHA KOPEHSA X BIAMOBIAHO 3 HEJOCTAYCIO 1 3 HAUTMIIKOM 3 TOYHICTIO & .
Hanpuxnaa, skmo Kopib Nexwurs Mixk umcmamu 1,133 1 1,134 10 33 Habmwkene
3HAYCHHs KOpeHs 3 TouHicTIo 10 0,001 MOKHA B3sTH 6y Ab-KE YUCIO Y MEKAX MDK LIAMH
4YHMCITaMU, Hampuitag uueio 1,1335.

YHiBepcanbHi anropuT™Mu OGUKMCICHHS KOPEHIB HEIIHIHHMX PIBHAHB IPYHTYIOTHCA HA

TOMY, IO BHXOZATh 3 Oyb-SKOTO BIKE BIIOMOTO HAOIMKCHOIO 3HAYCHHA x“ oamoro 3
hopemB SKIIO PO3B 5[3y€TbC$l ofHe piBHsHHA, a60 3Haueb x,, X7, 2,0, sxmo
PO3B A3VETHCA CUCTEMA PIBHSHD (17 — MOPsinok cucteMu). Lli 3sHaueHHs ,uam yTO‘iHI-OIOTbCﬂ
IO 3aJaHOTO CTYTEHA TOYHOCTI. [1pu 1IsOMY HECYTTEBO, K 3HAMAEHO MOYATKOBE 3HAYCHHA
o0umcaroBadoro kopeHs (xopewi). Yacto mnouaTkoBe HAONIKCHHA OTPHUMYIOTH 3a
JOTOMOTOK0 TPYyOOro IMOTEpPeIHbOro mapaxyHky, rpadika abo. axamisy ¢isuuHOi CyTI
3agadi. AJropurM HaOMMKEHOr0 OOYMCIEHHS KOPCHIB  HCMIHIMHOTO — PIBHAHHA
CKIIaJa€Thes 3 BOX CTariB!

1. 3HaxomKEHHS AOCTATHLO MATWX BiApiskiB (IHTEPBaTiB), YV KOKHOMY 3 AKHX
MICTHTBCS OJMH 1 TUIbKH OAMH KopiHb. Llelt eran Ha3WBAIOTH BIJOKPEMICHHAM KOPCHIB
(a60 BH3HAYEHHAM BIAPI3KIB 130JIAILHI KOPESHS).



Posin 4. Po3s’ a3yBanmst HeIlHIMHIX PIBHSHD

2. OOuHCICHHsT KOPEHs 3 HAnepea 3aJaHOK TOYHICTIO €, SIKINO BiAOME HOro aedke
Mo4aTkoBe HAOMWKEHHA B IHTCPBAil, IO HE MICTHTh IHIMX KopeHiB. lled eran
HA3MBAIOTh YTOYHEHHAM HAOIMKECHUX 3HA4YCHb KOPCHIB.

Bigokpemuty KOpeHI MOXKHa KijibKOMa criocobamu — rpadivyuuM, aHaiTUMHUM abo
METOIOM MOCIIA0BHOTO repebupants. OctanHil METOA 3pyyHMiA npy BUkopucTanHi [TK.

4.2. MeToam po3B’A3yBaHHA HeNiHIMHNWX PIBHSAHDb

3HAXOLKEHHS KOPEHst X Ui piBHstHHA (4.1) MoskHa po36utu Ha 4 3amaui.
1. Po3B'si3aHHs MUTAHHA iCHYBaHHs KOpeHiB piBHanHsA (4.1) B R,

2. Bigoxpemmenus kopews. B R' Buminaemo: X, cR', i=1k, UX,-CR‘, ne
: =]

o; € X; — enuHuid Xopidb piBHaums (4.1) B X, (f(¢;) =0).
3. AJNTOPHTM 3HAXOKCHHS KOPSHA ¢, i=Lk, 3 JOBIILHOI TOMHICTIO &

3MIMCHIOETHCA 3@ JOMOMOTOK ITepargitHoro merony. Bin (4.1) mepeiiaemo xo
€KBIBAJICHTHOTO PIBHAHHSA

x=p(x). (4.5)
Byayemo

x,=¢(x,_).n=12k. (4.6)

npy 3agaHoMy x, €R'. [lpuaomy limx = o

-0
4. BHBYCHHS SIKOCTI AITOPHIMY 3HAXOKCHHA KOPEHS & 3 TOYHICTIO & >0,
B maremartuii HeTHIMHI PIBHAHHA MTOJUIAIOTECS HA areOpaitHi Ta TPAHCUCHICHTHI.
‘1. [locranoBka 3apaui xs po3R’si3KY anrebpaiunnx pisnsinb. T1ia anre6paitHuvu
PIBHAHHAMH Oy ACMO PO3YMiTH CTENEHCBI PIBHAHHA BULATY

ax"+ax"" + . +a,=0. 4.7

o  TpaHCUECHICHTHMX PpIBHAHB BIAHOCATH  JIOTapU()Mi4HI,  IPpPALUOHANBHI,
TPUTOHOMCTPHMHYHI Ta IHINL. 3PO3yMUIO, IO TUIBKA OKPEMi THIM TaKMX PiBHSHb
HiANA0TECS TOYHOMY ab0 aHAMTHYHOMY pPO3B s3yBaHHIO. Cepell TPUrOHOMETPHUHMX
PIBHAHb INEC MCHINE PIBHAHb IMAJAIOTHCA TOYHOMY PO3B’A3yBaHHIO. TOMY IHPOKOTO
BUKOPHUCTAHHS Ha0YJIY METOIM HAOMIKEHOTO PO3B’ I3y BAHHSL.

. Posrnanemo piswmma f(x)=0, ae xe[a;h]. HeoGXiaHo BH3HAIMTH NMPOMIXKOK, HA

AKOMY PO3B 30K ICHYBAB Oy 1 OVB €aMHMM, TaK AK MOM/IUBI TAKi BHITAIKH:

/V“"" (A |
/ > U U S

Puc. 4.1. ITpuxnaan rpadidsoro mo faHHs HemiHIMHUX PyHKOIA
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UncesbHI METOIH B KOMIT JOTEPHMX HayKaX

ToMy mnepca THM, fK 3acTOCYBard OZMH 3 HAOIIIDKCHMX METOXIB, HEOOXIAHO
JIOKANI3YBaTH TaKWi 1HTEPBan [a,b], Ha SIKOMY CITPABEAIMBI YMOBH 1CHY BAHHS Ta €JUHOCTI
PO3B SI3KIB PIBHSHHS:

1) ¢yuxiisn f(x) HenepepsHa Ha [a,b];

2) £ (x) npuitvae Ha Kinmsx mpoMizkky pisHi sHaku f(a)- £(6)<0;
3) S'(x)<0 abo f'(x)>0;

39 f7(x)<0 abo f"(x)>0.

SIKIO BHKOHYIOTBCA YMOBH 1)-3), TO MOKHA FOBOPWTH MPO ICHYBaHHA 1 €IMHICTh
po3B’s3Ky Ha npoMiKKY [a,8]. Axwo inrepsan [a,b] Hanepea He 3aKaHMi, TO AOBUTBHHM
YMHOM HA AIMCHIA OCI BHOMPAIOTh JOCUTh BCIIMKHMH, ajJ€ CKIHYCHHE TPOMDKOK, SKHA
JUISATh HA 7 YaCTHH 1 TaOyHOIOTH 3HAYCHHs (PDYHKUIT Y By3IOBHX Toukax. [lpu upomy sk
TUIBKM 3YCTPIMAETHCSA 3MIHA 3HAKY (yHKUI, TO LeH NpoMiKOK abo iX CyKyIHICTS,
BUOLSHOTE U1 HACTYITHOIO JOCHIDKEHHS HA €AMHICTh. Takuil Miaxix OTPHMMAB HAa3By
Meroay nepebopy. Anle MOBHOI rapaHTii Ha JOKan3alio MOTPIOHOro THTEPBAIy BIH HE
A€, TOMYy IO 3aleXWTh Bl MHPUEM maiHtepsamy. llle mpoctimmM crniocoGom €
rpadiunmii crocid BUIITICHHsI KOPEHS I HOT0 BUKOPHCTOBYIOTH rpadiuHl perakropu
abo cuctemu komm roTepHOi anrcOpu. Ilicms Toro, sk IHTCPBaN ICHYBAHHS KOPCHSA
JOKaNI30BaHUM, HOro HEOOXIAHO il AOCIIAWTH ab0 THM XE METOAOM mepedopy, ado
THMH K CHCTEMaMH KOMIT FOTEPHOI anreOpu Ha MPeaMET €AMHOCTL.

Ilpy BHKOHAHHI BKA3aHMX YMOB PO3B SA3yBAHHSA PIBHAHHA JOMYCKAE BHKOPHCTAHHS
HaOIKEHHX 00UHCIFIOBAIBHUX METOMIB IO SKHX HAIEKATH. METOX XOpA (ClYHMX), METOA
JOTUYHHUX, MCTOJ MPOCTOT iTepanii, rpaiieHTHI METOAM (METOAM HAHIIBHUAIIONO CITYCKY),
1H(OPMALIMHO-CTATHYHI METO I TOLLO.

ll. IHocranoBka 3azaqi A5l  PoO3B’S3KY  TPAHCHCHICHTHMX  PiBHSIHB.
Tpancyenoenmui pieHaHHs — UE Taki, IO MICTATH TPUTOHOMETPHYHI, ITOKa3HHKOBI,
CTCMEHEBI ¥u 1HIH cricuiansHl GyHKLL, s ix po3s’sa3asHs HeoOX1AHO HACTYIHI Aii.

3amano ¢yuxuiro (4.1), e f(x) neska byHKIS apryMeHTy X, IO BHM3HAaYCHA HA
wrepsani  [a:p]. Kopenem pisusuus (4.1) HasuBaerscs Besike umcino 5 € [a,b], mo
neperBopioe Pynkuiro  f(x) B Hyms, ToOTO f(5) = 0. 3amaya nomryky KOPEHs PIBHAHH
TIOINAETECA Ha JBA CTAIH. o

1. BigokpemiaeHHs KOpeHs, TOOTO BHALICHHI BIAPI3KY, Ha SKOMY PO3MIILIEHO
TIbKH OJMH KOPiHb. [IpH LpOoMy OAMH 3 KIHLAB BIAPI3KY abo HOTO cepeaury
BUOMPAIOTH 3a MOYATKOBE HAOIMKEHHA.

2. VTOYHEHHs KOPEHI — L€ 3BYIKEHHsA [PAHUL BHALUICHOTO BIAPI3KY I130.sLil
KOPEHA 3a AOMOMOTOK) OJHOIO 3 METOAIB JOTH, [MOKH JOBXKHHA BIAPI3KY HE
CTAHE MEHILIOKO, HIK HACAMIIEPE/1 3a1aHa TOUYHICTS &.

B Garateox BMmazkax BiIINEHHA KOPEHsA MOXHa rnpoBecTH rpadiyHo. Bepyuu no
yBAry, WO AIMCHI KopeHi piBHAHHA (4.1) — 1e Touku neperudy rpadika dyukmi f(x) 3
Biccro abcumc. aocTatHLO OOy ayBaTy rpadik f(x) 1 siamiTuTu Ha ocl Ox BIAPI3KM, sAKI
MICTATH OAMH KkOpiHb. [loOyaoBy rpadikiB 4acTo BRAETECH CHIBHO CIPOCTHTH,
3amiumBIUM piBHsHHA (4.1) piBHOCHMIBHMM HoMy PpIBHAHHAM ¢O(x) = y(x). B mwomy
Bunanky OyayroTecs rpadixu dyuxigi ¢(x) 1 y(x), a moTiM Ha oci Ox BUALUBIOTE BIAPI3KH,
K IOKATI3YIOTE a0CLIMCH TOYOK MEPETHHY [MX Tpadikis.
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YMOBA iCHYBAHHSI KOpeHst
1. Skmo HernepepsHa Ha Biapisky [a;b] dynxuwin f(x) mpuitmae Ha HOro KIHUAX
3HAYEHHsI PI3HHUX 3HaKiB, TO6TO f(@)f(h) <0, TO piBHAHHA (4.1) Mae Ha LBLOMY
BLAPI3KY MO MEHILIM MIp1 OJHF KOPiHb.
2. Sxmo ¢yHkiis f(x) cTpOro MOHOTOHHA, TO Ha [a;h] KOpIHb €auHHIL.
Tpukaan 4.1, Buainumy kopeni ans pisssanns e* +x —2 =0 (puc. 4.2).
1

¥ y=¢

i'\i -

0 a b X

Prc. 4.2. I'padiunc nogasHs GYHKIII ans npukiafgy 4.1
Poze’sizor. s dyuxui q)(x) =e”* , TO0TO y (X) = x — 2 BHU3HAUYUMO:
a=03; f(a)=-0,35014; 5=0.8; f(b)=1.0255.
- Omxke. KopiHb icHye Ha mpomikky [@:p]. JlocTarHs ymoBa — MOCTIMHICTH 3HAKY
noxianol Ha [a;b].
' BusHaueHHs TA 0CHOBHI BJACTUBOCTI ONYK/IHX QynKniii
Busuauenns. Hexaii /:S > E,, ne S — nenopoxus onyiia Muoxuxa B £, . Tom
dyHruia f onykia Ha S, AKIO

S + 4= D<A () + (- D) f(x,), (4.8)

A1 Oy Ab-AKMX XX, €5, 1 A€ (0]1).

Oyuxans f cmpoeo onyrna wa S, SKILO
SV + (= Dx < A () + (= ) f(x,), (4.9)

Oyuxiia /S — F, Ha3sMBaeThCs BBITHYTOIO (CTPOro BBITHYTOIO), SKIMO f — OMykiaa
(ctporo omykna) Ha S. PO3MIAHEMO ICOMETPHUHY IHTCPIIpCTaLiio copMyIbOBaHUX
noHsTs. Hexait x; Ta x, — ABi pizHi Toukw i3 o6nacti edexriBrOCTI f. PosrnsaHeMo TouKy
A+ (1=-Ax,, pe  Ae(0]). 3Baypaxmo, mo A (x)+(1-A)f(x;) aae
CepeIHbO3BANKEHE 3HaYeHHA (yHKIH f(x)) Ta f(x2),a f[Ax, + (1 - A)x,| nae sHaueHua f
B cepeauiit Touui Ax; +(1-2)x,. Takum 4mmoM, ansa onykinoi ¢ymxuii 3HaueHus [ B
TOUKAX BiPI3Ky, MO 3 €JHYE X] TA X», HE TICPEBUILYE CEPEAHBOZBAKCHOTO (3 THM XKe A )
3HaueHHs BeruMH f(x)) Ta f(x2) . Hactymmi dyHxwii € oy kianmu:
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Yucennui METOAM. B KOMIT IOTEPHUX HAyKax

i) =3x+4,
S (x)= x|,
f(x)=x% - 2x,

1 (4.10)
fa(x)=-x2,x20,
S 06,x,) =27 + x5 - 2x,x,,

Je(xy,x5,x3) = xf‘ + 2x§ + 3x32 —dx; —4x,x;.

Moctasumo y simmosiamicTs Qymxuii f muokumy S, ={xeS:f(x)<a}, mo
3a3BuMaii Mae Ha3By MHOdCUHA piens. HacTyrma nema nokasye, mo S, omyxia npu 6y fb-
AKOMY JAIUCHOMY O .

Jlema 4.1, Hexait § — nenopoxkus orykna MHoxwna B F,, f:S—FE, — onywia
dyuxuia. Tom muoxmua S, ={xeS:f(x)<a} onykra npu OVaB-IKOMY AIHCHOMY
3HAYCHHI Y .

Jloseoenns. Hexait x;,x,€8,, T00T0 X,X,€S8, TAa f(q)sa, J(x)sa.
Bisbmemo Gyab-sike A€ (0,1) Ta posrmanemo Touky x=Ax +(1-A)x,. I3-3a onyKIOCT
S Touka x Hanexuts S. Tak gk QyHkig fonyxia, To

FOZA)+A-Df(x)Sda+(-Da=co. 4.11)

BianosiaHo, x € S, , T00TO S, — OMyK/ia MHOXKHMHA.

Henepepenicmy onykaux (yuxuii. Baxmpoo BIaCTHBICTIO OIyKIIHX hyHkg# € ix
HETICPEPBHICTL BCEpeMHI 061aCTi ¢leKTHBHOCTL.

Teopema 4.1. Hexaii $ — HEMopoOKHs ONyKIa MHOKUHA B F, f:S—E —onykna
yHkuis. Tom f HemepepsHa y BHYTPIIIHIX TOYKAX MHOXUHH S.

B 6araThoX BWMAaKax NPMITYIICHHSA TIPO OMyKTICTb (yHKIii Moxe OyTw 3aMiHCHO
BibIN CIaGKMAMM TIPUITY LICHHAMM TIPO KBA310MY KIICTh YHM NICEBAOONYKIICTE (yHKILI.

Hexaii $ — Hemopoxms onykna mMuoxkuHa B £, . Kaxyts, mo dysxwsa f:5 > £

KBA3iOMyK71a, AKIO A7 BEIX X, X, € BHKOHY €THCA HEPIBHICTD

1% + A= 2)x, ] <max{f(x), /(x,)} . (4.12)

npu 6y ap-sxomy A € (0,1) .
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I
|
(a) (b) (©)
Onykni Ta 8RirkyTi ¢pyHKLUII. a - onykna
pyHKUis;b - BBirHyTa (yHKUis;C - PYyHKUIA, Wo
He € Hi ONYKMOoIo, Hi BBIrHYTOI0.

P — —— ——
b — — —
b — — —

Puc. 4.3. I'padiune 1o aHas Oy KIIHX Gy Hxii

(I)§m\um / cTporo kBaszionykia, SKIIO HEPIBHICTh BUKOHYETHCA SK CTPOTa IPH
S(x) # f(x,). SIxwo * HEPiBHICTb BUKOHY€TCS K CTPOTa ANs Oyab-AKMX X, # X;, TO
KaXKyTb, [0 / — CHIBHO KBasionykia ¢yHKLis.

Hexait S — HemopoxHsa BiakpuTa omykna MHOKkuHa B £, . Kaxyrs, mo ¢yHkuis
f:S—E, - mncesmoornyxna (yHKII, AKIMO MU OyAp-AKMX X)X, €5, TaKuX, WO
V£ (x,) (x, —x;)> 0, Buxonyerbcs mepiBHicT [(x,)> f(x;). Slkmo ans Gyab-sikux
pisHux x, Ta x, i3 S, Takmx, mo V/f(x;)" (x,-x)>0, crpasesmuBa HEpIBHICTH

f(x,)> f(x;), T0 f — cTPOro nceBaOOIyKIa (yHKITs.

(a) (b) {c)

KeaauonyknicTb Ta NceBAconyknlCTL. a - (hyHKLIA KBA3MOTyIa Ta NCeRAOGNYKNA; b - hyHKuIA
KBa3MONyKNa, ane He NCEBACONYKNA; ¢ - (DYHKLIA He KBAIHOMYKNA | He NceBROONYKNa

Puc. 4.4. I'padiune nosaHHs KBa3i0IyKIOCTI Ta ICEBAONYKIOCTI by HKIM
Haseaemo KOpPOTKI BIZOMOCTI B@XIMBMX BIACTHBOCTCH DI3HMX THIIB Oy KIIHX
dyukuiid, Berom tyt S > E, Ta S — HEnopokHs ONMykJia MHOKMHA B [,

Cmpozo onyxni ¢pyHkuyii

1. ®yuxuis f HenepepsHa B intS .

2. Muoxuna {(x,y):xeS,y> f(x)} onykna.

3. Mnuoxuna {xeS: f(x)<a} onykia mis KOKHOTO THCHOIO o .

4. Jndepeuitiopana ¢yHkmia [ CTPOro OnMvKIa Toml 1 TUIBKM TOAl, KOIH

f(x)> f(®)+ V/ (%) (x - ¥) npu Beix pizHux x,T€ S .
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bl S

R

Hexait / NO/BIIHO mudepeniiiiosana. Toal, skmo marpuus ['ecce H (x) mosuTuBHO
BM3HAUYCHA I KOKHOTO x € §, Toal f— crporo onykna vk Kpim toro, axuo f
cTporo onvkia, toa marpuus ['ecce /(x) NMOZUTMBHO BM3HAYEHA I KOIKHOTO
xes.

Koxuuit nokanpHui MiniMyM ¢QyHkgl / Ha omykmi MHOkMHI X C.S € eamHuM
rno0anbHUM MIHIMY MOM.

Sxmo V/(¥)=0, 10 X - eauna Touxa rnobaasHoro MiHimymy ¢yHkifi /[ Ha
MHOKUHL S .

®yukuis f aocarae MakCHMMyMy Ha KOMITAKTHIM OaratorpanHiii muoxuui X S B
CKCTPEMAIBbHI M TOYLI Lil€] MHOMKHHY,

CTpora onyknicte |

. — Onyknicrte b
AundepeHuirasanHna
Crpora "
nceBgoONyKNicTb [vdpepeHuiloBannn
el MceBaoOnyKnicTb
CunbHa
KBasnonyknicrb
Crpora

KBasuonyknicTo

HaniBHenepeBHicTE 3HU3Y

KBasiionyknicTe |

38’5304 Pi3HUX MUNie onyraecmi
Puc. 4.5, CxeMa 3B°3KiB THIIB Oy KIuX QyHKIH

Onyrni @pynxuii
Oyukuis [ HeriepepBHa B int S .
OyHkuia oy Ki1a Toal 1 muiue Toi, Koiu MEokuHA {(x,y):x €S,y > f(x)} onyxra.
Muoxuna {xeS: f(x) <o} omyxia aast KOKHOTO JIHCHOTO X .
JIudepcHuitiopana  QyHxkuwis  f  omykaa  Toml 1 TUTBKM  TOMl,  KOJH
f(x)z f(x)+ Vf()?)r(x —X) npwm BCIX pi3HMX X, X € 5.
[loagiiino audepeHLitioBana (yHKLA / OMyKIa TOAl 1 JIMIIE TOAL, KOJH MAaTpULIA
Tecce H(x) MO3UTUBHO BH3HAYCHA AJI BCIX X E S .
KoxHuit 1oxanbuii MiHIMyM QYHKII / Ha orykiiii MaokuHlI X C S € rmobaasHum
MIHIMYMOM.
Sxmo VF(X)=0,T0 X — Touka rmofansHoro MiHiMy My $yHKL / Ha MHOXHHI S .
OyHxuis f JocATaE MAKCUMYMy Ha KOMIIAKTHIN OararorpaHHiii MHOXMHI X C S B
EKCTPEMAJIbHIM TOULI L€l MHOKHHH.

Hcegdoonyxni dynxuii

Muoxuna {x €S8 f(x) <o} onykna A KOKHOTO JIHCHOIO & .
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Posxin 4. Po3p’s3yBanss HEIIHIAHKX PIBHIHD

2. Koxuui NOKaIpHME MiHIMyM (GyHKIG f/ Ha ONyKIii MHOXKUHI X C 8 € rnobatsHuM
MIHIMY MOM.
3. Sxkmo Vf(X)=0,T0 ¥ — Touka r1o6aIbHOTO MiHiMyMy (yHKii / Ha MHOMXHUHI S .
4. Oynuig f gocArae MakCUMyMy HA KOMIAKTHi OaratorpanHii Muoxumi X .S B
EKCTPEMAJIbHIH TOYLY L€l MHOKHHH.
Keazionyxni dynxuyii
|. O®ynuxuis f xBaszionyxaa TOAl 1 TIIbKM TOM, KOaM MHOXMHA {x €S f(x)<a} omywia

15 6y Ab-SIKOTO JIHCHOTO o .

2. O@ymHKuis f 10CAra€ MaKCHMMyMy Ha KOMIIAKTHIH Gararorpansid mMuoxmHi X CS B

EKCTPEMATLHIM TOYLI L€l MHOMKHMHM. ‘

3. Judepenuiiiopana QyHkuis / Ha MHOKMHI S KBa3ioImykiia TOI 1 TUTbKH TOAL, KOH i3

X,x%, €8 ta f(x)< f(x,) suuuBae, mo Vf(xQ)T (x, —x,)<0.

JlokanbHuii MIHIMYM CTPOTO KBasiomykioi ¢yyHKLI Ha omykmiii MHOxuHI X C § €
Takok ToGaneHMM. SIKImO, KpiM TOro, (PYHKIGA CHIBHO KBA3lOMyWId, TO MIHIMYM
gocATacThCd B eamHiA  Toumi. Skmo (QyHkwis f € 1 CTPOro KBasilOMyKIOK i
HAITBHCTICPEPBHOIO 3HM3Y, TO BOH@ KBAa3iONyKna, Tak INO BOHA BONOJIE BCiMa
NepepaxOBaHUMH BIIACTHBOCTAMH.

4.3. Po3s’a3yBaHHA (hyHKUIOHAaNbHUX PiBHAHb 3 OAHIEI0
3MiHHOIO

Y 3arameHOMY BMTIAI ()Y HKUIOHATLHE PIBHAHHS 3aITHCY €THCA Y BUIITAL
F(x)=0, (4.13)

mc F(x) Bu3HaucHa | HETIEPCPBHA Ha CKiHYeHOMY iHtepmam |[a.b]. Ywcno ¢ (kci)
HASUBAETHCA KOPEHEM # KPaTHOCTI, SKINO BOHO 33I0BOJIBHSAE PIBHSIHHA:

F(O)=0, F(O=0, ..., F'(=0, ' (4.14)

OoHOKpAaTHUM KOPIHb HA3UBAETHCS MPOCTUM.

Jsa pisrsaans F(x) Ta G(x) HA3UBAKOTHCA PIBHOCHABHUMH, SKIIO Oy Ib-AKUHA PO3B 30K
KOYXHOTO 3 HHX € PO3B’SI3KOM 1HIIOTO. : :

OyHKLUIOHATbHI  PIBHAHHA — MOAUBIOTBCS — Ha  anrcOpaiuni  (HanmpHkIaj:
x* --3x +10 =0 Ta TpaucueHaeHTHI (Hanpuinaz: sin(2x) - lg(x/3) =0).

AsnreGpaiuni pIBHAHHS € JTHIWHI T8 HSTIHIMHI.

[InaxoM anreOpaivHMX MEPETBOPEHb 3 Oy Ab-1x0ro anrcOpaidHOro PIBHSHHA MOKHA
OTPHMATH PiBHAHHSA Y KaHOHIHIN dopML:

P (X)=ax" +ax" + . +a,=0, (4.15)

Ae n - cTymue anrebpaiunoro pisHsHHs. Kokxe anreOpaiuHe piBHAHHS Mae Xo4ya 6 oauH
AIHCHHI KOPIHD Y Mapy KOMIUICKCHHX.
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[lpw 3BeaeHHI anre6pa'1'lmoro PIBHAHHA A0 KAHOHIYHOI (POPMM OTPUMAEMO TI K
KOPEHI, IO | A/s TOYaTKOBOTQ PIBHSHHA, anc Py UBOMY MOXYTbH 3 SIBUTHCS CTOPOHHL
KopeHi. Hanpuknan,

V2t —1+x=v2xt +1-1=7x* +12x% + 2x% —4x 5. (4.16)

Axmo ¢yuaxuis F(x) we € anreOpaiu”oro, To piBwsiHHA (4.13) HazuBaeThCH
TpancucHacHTHUM. Hanpuxotaz,

1g(2x) =cos(0,53-x). 4.17)

YV JesKdX BMITAAKAX pPO3B AVBAHHA TPAHCLICHICHTHMX pIBHAHbL 3BOJIUTHCHA 0
PO3B 13y BaHHs aareOpalaHumx.

Osnauennn 4.1. 'V meopil wucenvHix Memodie po3e A3amu DiGHAHHA — HAYUMDb
BCIMAHOGUMMN, YU MAC 60HO KOPeHi HO 8KA3QHOMY NPOMINCKY, 3 ACY8AMU KIAbKICINb
KOPeHi6, 6iOULYKamil 3HAYEHHS 8CIX GUABNEHUX KOPEHI8 i3 3a0anol mounicmo (KopeHi
MAroms 3HAX00UMUCA Y € -OKOT MOYHO20 PO36 A3KY).

3agaua YMCECIBHOTO 3HAXOMKCHHA MIMCHMX 1 KOMIUVIEKCHHX KODEHIB DIBHSHHA
3a3BUYAl CKIAJaeThCs 3 TBOX OCHOBHMX CTaIlB: »

®  GIOOKpeM/IeHHS KOPEHi8 — 3HAXOMLKEHHs JOCTATHHO MATMX OKOMIB V 3ajaHiH
0671acTi, B KOXKHOMY 3 AIKHX 3HAXOUThCH TUTBKH OJWH KOPIHb,

® ymounenns Kopenié — 0OYMCICHHSA KOPEHIB 13 3aJaHMM CTYIICHEM TOYHOCTI
€ B aesKoMy okoul (& -oxomi).

Jlns 3HaxOmKeHHA AlMCHMX KopeHiB piBHAHHA (4.1) 3acTocoByerTsCs psil METOAIB,
Cepe AKHX HAaW4acTilie BUKOPUCTOBYIOTh Takl YHMCE/IbHI METOIH:

® rpadiyHOro PO3B'AZKY;
MCTO NOIOBHHHOTO AineHHs (bicexiii ab0 NoAiI HaBII);
METOI XOP;
METOJ CIYHUX,
meTox noTraHKx (HeroToHa);
METO[ MPOCTOI ITepati (iTepariit),
o koMGiHOBaHUIA (XOPA 1 AOTHIHHX).

Bci MOSKITMBI BUNIAJKHU TIPY yTOYHEHH] KOPEHIB MOKHA KIaCH(IKyBaTH 32 JOTOMOIO0

Tabmuwd 4.1.

Tabauys 4.1

Hy.mose
HAGMDKeHHS X,

z

CXEMA S | SB) | (x| f(x)

Memod Memoo
xopo QOmu4RUX

yT,a M » - + + + a b
of 7 b X
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T~z b .

11 0 a \j )? + - - - a b
yn

11 0 ;\? b ; + - - + b a

Hocranoeka 3anadi. JaHo pisHAHHS f(x)—O ae fix) - HeMepepBHa (bymcum Mo Mae
B |a.b] iuTepBani Henepeme 1 3HAKOCTAII TOXiAHI BEPLIOTO 1 APYroro ropskis. KopiHe
£ izonpoBaHMit 1 Bimminenwit Ha [a,h], To6TO BUKOHYyeThCSL ymoBa f(a)- f(b)<0.

Heo6XiaHO yTOUHHTY KOpiHb £ 0 3a8aHOrO CTYIICHS TOYHOCTI € .

PosrisgHEMO nepIuMii OCHOBHMM €Tall' 3HAXO/DKCHHS KODCHIB - 8I0OKpeMaeHHS
Kopewnis..

4.3.1. MoyaTkoBKI eTan: BigOKPEeMNEHHS KOPEHiIB

BifokpeMicHHA KOPEHIB TOJIATAE V BCTAHOBJIEHH] TICHUX MPOMDKKIB, KOWEH 3 AKHX
MICTHTb TUILKHM OJWMH KOpPiHb, HalmpocTimmii anropuT™ BiJIOKPEMICHH KOPEHIB TONArae
¥ HACTYIIHOMY:

[TpoMIXKOK, Ha SAKOMY IIYKAlIOThCS PO3B A3KM, AULATb DPIBHOMIPDHO HAa HCBCIIHKI
BIAPI3KHM, Ha KIHLLIX KOKHOTO BiAPI3KY PO3PAXOBYIOTH 3HaueHHs (yHuni. Sxmo QyHxiisa
Ha KIHIMX BiAPI3KY 3MIHIO€ 3HAK — BiAPI30K MICTHb KOpPiHb (3HAYCHHs MOYATKY 1 KIHLSI
BIAPI3Ky 3aIMCY€ETHCA LIS TOAANBILOrO OXPALFOBAHHS), IHAKIIC!

® KOPEHIB KIJIbKA 1 BIAPI30K ALTATH HA MCHIII BLAPI3KH,
® KOpPEHs HA BIAPI3KY HEMAE i BLAPI3OK HE PO3IIIAJAETHCA.

‘Benuuuna BigpiskiB moary 3anexkuTh Bix Koediuienta riankocTi yHkumi. Y
po3paxyHKOBO-rpadivHiit poboTi MOxeMo npuiHiaTH h=|b—a|/10. Jl1a BU3Ha4YCHHA
BiAPI3KY, IO MICTUTH OJUH KOPIHb, MOXKEMO CKOPHUCTHATHCS HACTYITHOKO TEOPEMOTO.

Teopema 4.2. Slxmo ¢yukuis y=F(x) HeriepepsHa Ha inrepBan [g,6] 1 sxmo F{(a) Ta
F(b) MaroTh MPOTHICKHI 3HAKK, TOOTO F(a)- F(h) <0, T0 F(x) Mae x0ua 6 0aun miicHuUk
KOpiHb Ha iHTepBani [a,b]. SIxmo mpu wsomy F(x) Mae riepmy 1 APYry MOXITIHI, WO HE
3MIHIOIOTb 3HAK Ha IHTEpBai [4,5] (KiTbKOX TOMKAX IHTCPBANY ), TO KOPIHb €OUHUIL.

BapianTis posTanryBaHHs (yHKIGi Ha BLAPi3ky MOxe OyTH KuUtbKa (puc. 4.6):

D) f0)- f(x)<01a ['(x)- f'(x,,) >0 (puc. 4.6a);
2) Sy f(xn)<0Ta f(x)- f(x,0) <0 (puc. 4.66);
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3) Sf(x)- f(x.)>01a [(x) (%) <0 (prc. 4.68);
B fx) [ <01 () [(5.)<0 (prc. 4.6r).

pATS

A 2

B) r)
Puc. 4.6. BapiaHTh BiAOKPEMIICHHS KOPESHIB PiBHSIHHIL
B zanexHOCTI BiA peanmizamii anroOpMTM BiIOKPEMIICHHS KOPCHIB MOxe OyTH
Mozaupikosanmii. Tak y 6inbmocTi BMNEAKIB, KOIH HEMA€ OTHO3HAYHOTO PIIEHHS PO
BIAKMIAHHs MOTOYHOTO MPOMDKKY (BMNazku O6-r Ha puc. 4.0), HOro miaiTh Ha KiTbKa
MEHILMX MPOMIKKIB.

4.3.2. BinokpeMIneHHs KOpeHst TPaHCLeHAEeHTHOro PiBHAHHSA

Posrmsnemo pimsnas (4.1) fix)=0 , ne feC ! ((a,b)). 3aoaua 6i0OKpeMAeHHS
nomsrae y simwykansi imrepsanis(a,,b,), a, €(a,.b;), (a,b,)e(a,b), B xoxHOMY 3
SIKMX JISKMTH OJIMH KOPiHb ¢, , puaomy (a;,b, )ﬂ(aj,b’j) =, i#].

1271

HaitnpocTi M MUIAXoM BiIOKpEMIICHHs KOpeHiB € rpadiunmii meton (puc. 4.7). Bix
3amaHoro pisrsHus f{x)=0 MEPEeXOAMMO A0 CKBIBAJICHTHOTO PiBHAHHSA

p(x)=w(x). (4.18)

TOq aOCLMCH TOYOK MCPETMHY LMX ABOX (pyHKIiH ¢(x)Ta w(x)OyayTh KOPEHAMH
BUxigHOro pisustHus (4.1) (puc. 4.8). '
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KA

f

6
3

¥

B
>
X

»
\,

v
ba

4 A
b [2) (N : .‘)5 -,

Puc. 4.7. BapianT BijokpeMICHHS KOPEHIB TPAHCIIEHICHTHOTO PIBHSIHHS
14

L
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Prc. 4.8. BapiauTy BiJoOKpeMIeHHS KOPEHIB TPaHCIICHJSHTHOI'O PIBHSIHHS
Hpuxaan 4.2. 3HalTH KOPEHI PIBHAHHS

x-sin(x)-1=0. {4.19)
Poze'azok. Big (4.19) nepexonumo 10 EKBIBAICHTHOTO PIBHAHHS.
sinx =—, (4.20)
x

e gp(x)':sinx, y/(x)z—. Oxpemo Oyavemo rpadiku (puc. 4.9), abcomcu TO4OK
X

TICPCTUHY i Oy 1y Th AIHCHMMK KOPEHIMM BUXIIHOTO piBHsHHA (4.19).

i ( 1
\
i 7/
/ \\\ ’)’Q\\ / \\\\
o B / \ B
T\ / \ \
"\ / \L\:‘ /(I/ \ ll'/
\.,\ / \\_\ / .
\
|
s ] K ]
10 -5 1] 3

E 10
Puc. 4.9. BapiauTtu BilOKpeMICHHS KOPEHIB PIBHSIHHS

Jnst senmuiux & >10 xopeHi Ha rpadiky He 300paxeHo, ane o, ~ k. YTOUHAMO iX
3HAYCHHA:

a, =7wk+eg,, 42D
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UpicenbH1 METOAH B KOMIT IOTePHHX HayKax

ac &, >0 — neckinucHno mam. Tenep (4.20) MaTnve BUTIAL:

”k+8kr—sin(7rk+ék)~ e —(~1)"sing, =0.
1 1

~— . 3HaYUTH
7zk +&, 7k

.

Ane ann mammxg, >0 Bigomo, mo SINg, =g, Toai

. k
L - (1)
—-c ( I) ~0, wo naeg, ¥-——. Takum ummom, o, ~7k+
7k wk
TMPOIOBIKMTH Y TOUHEHHS KOPCHIB.

3aypakenust 4.1. (10  6i0oKpeMmAeHHIO KOpeHi8 MPAHCYEHOCHMHO20  PIGHAHHA
f(x)=0). Hexan fe(’([al, ,]).}Imuo f( ) f(b)<0 10 Ha (a,;,b, ) icHye xo4a 6
O/IMH KOpPiHb.

Baysamenns 4.2. fxwo £ (@) f(5,)<0 i f'(x)>0(<0)ams Vxe(a,b,). To

¢, €IMHKA KOPiHb.
Jaysakenns 4.3. Hexaii f(x) ananituuna Qynxuis Ha [a,b], Tom

Moxkna

) sxmo f (a)f (b)<0, TOo Ha [a,h] 3HAXOAUTBHCA HEMApHA KUIBLKICTh
xopeniB (4.1):
2) skuo f ((x)' f (b) >0, 1o Ha [a,b] aGo memae xopenis, ab0 mapHa

KIIBKICTh KOPCHIB.
3aypaxkenns 4.4. fAxkmo

f(2)=0, ZeR, (4.22)
ae z=X+1y, 1o f(z) =0 eksiBaneHTHE

p(x,y)+i-y(x,y)=0, (4.23)

ae @,y — QyHKIi AICHUX 3MIHHMX (X,)) € R2
3uauuTs piBHsHHA (4.23) cKBIBATEHTHE ‘cucTemi plBH}IHb ane 3 gUCHUMH (PYHKITAMH

JUACHUX apryMCHTIB
{(p(x, ¥)=0,

w(x,y)=0.
Orpumaemo rpadiku kpuBux ¢(x, ),y (x,y) B mwomuHi XOY. [x Touxu neperuny

JAFOTH ALACHI Ta yABHI Y4ACTMHH KOPEHIB [ (z) =0.
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Pozain 4. Po3s’s3yBanns HelHIMHEX pIBHIHD

4.3.3. BipoKpeMneHHs AinCHUX KopeHiB anrebpaivHoro piBHAHHA
PosrisireMo piBHAHHA

f(2)=az"+az"" +. . +a, z+a,=0, (4.24)

U151 IKOTO iCHY€ 77 KOpeHiB, axmo «, ¢R', i=0,1,..,n

Teopema 4.3 (MeToa 3HAXO/UKEHHSI MCK PO3TAIIYBAHHS KoOpeHiB). PosriaHemo
piBrsiHHA (4.24). Sximo no3HaYMMO

a= max{|a1 Jasl,.la, }
X (4.25)
a :max{‘ao|,ial N }, .
TO BCl KOpeHi piBHaHHA(4.24) 3HAXOAATHCS B KLIbLY
e FEr s (4.26)
a +|a,| a,|

Moseoenns. 1. JloBeaemo, mo IZI < z,. Axumo |f(z)| >0 mpu |z| >z, T0 |f(z)l =
pu |z] <z, Sxmo mnosHaummo uepes A=a,z"; B= az"'+. . +a, z+a,To0

MAaTUMEMO (IA + B| > \Al - 1Bl)
|/ (2)|= 1aoz”| —~ lalz””l +..+a, z+ an\. (4.27)

Jins ( z) > 1 3po3yMiIHiA NaHIGOKOK HEPIBHOCTEH

1alz"’1 +az2" . ta, 2 +an] < a(|z|""1 +|z|w2 +..+2] +l) =a -1 (4.28)

- Bpaxoytouu (4.28), sepiBHicTb (4.27) TLTBKM MOCHIUTECS

£ (2)] > ;z|l

e
A
= a2 -a) >0

Aruo ]ao”ZI“'aOl—a >0, To If(z)‘ > 0. Taxum unHom f(z) =0 mpwu

3HauuTh |f(z)| > 0, sAK TiTbKH Ia

> 0 ipu Iz] > 1, Tom

|z!<1+‘a0| z,.
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YpceIbHl METOIA B KOMII JOTEPHHX HayKax

2. Jlosenemo apyry HepiBHICTb (4.26): Z, < ‘z} 3ayBaxMMO, 110 PiBHAHHA

a,+ay+..+ay’ =0 (4.29)

. 1 .
Mae KOpiHb y =—, A€ Z - PO3B 530K piBHAHHA (4.24).
z .

3a Teopemoro 4.3 myHKTy 1 BUKOHY€THCSI HEPIBHICTD } yl <1 +a—, Toal |—|{ <1 +-9—,
|zl a,
a 3HAYUTH izlz-*li"l-—z z,. Hami npymyc;mo, mo 'a,. €R,i :1,2,“,‘n, Ta a,>0.
a +la,|

3HaiiemMo Mexki JiMcHUX KopeHis piBHanHsa (4.24). QueBuano, mo Tpeba MaTH METOAM
3HAXOHKEHHA MEK A0AATHHX KOPCHIB, 60 poOIAIM 3MiHY X Ha —X , MATMMEMO DIBHAHHS,
KOPCHI IKOTO Bi API3HAIOTECA Bi KOPESHIB BUXITHOTO PIBHAHHA 3HAKOM.

Teopema 4.4. (MeT0/1 3HAXO/KEHHS JOJATHHX KOPeHiB). Sxmo

1) a,>0; |

Da= max{lai,i el k< n}laz. < O};

3) [losHaummo  uepe3 m  IHAGKC  Nepmoro  Bix'emHoro  xocdiuieHra
{a,>0,a4,>0,..,a,,>0,a,,<0,..a,< 0}, To

(4.30)

3aysaskenns 4.5. Slkmo Biax'eMHMX KOCQILUEHTIB HEMA€, TO HEMAaE 1 JOAATHMX
KOPCHIB.

Joeedenns. B pisnsHHi (4.24) 3amiHMMO JOJATHI KOC(IINEHTH, TOYMHAOYM 3
APYTOro, HYJISIMH, a BCI 1HINI Ha d

a,=0,a,=0,..,a, =04, =-aa, =-a,..a, =-a

Toai mpu X >1 BUKOHYETHCS HCPIBHICTD

f()=ax" +ax" + +a, x+a,>ax —a(x"" +x"" 4 +x+1)=
n-m+l1 n~m+1 n-m+l
e i 1 i (4.31)
=a,x" N, S N a,x" —a ad =2 (ax™ ' (x=1)-a).
x-1 x-1 x-1
3 (4.31) Burumsae f(x)>0 mia x> ja/a,+1, 60
— — m-1
apx™ (1)~ > ayp—| 1+g— | -d>0.. (4.32)
a a,

Hepisaicts (4.32) o3navae, mo f (x) <0, 10670 Mae micue (4.30).
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Posain 4. Po3sp’a3yBaHng HeTiHIMHKMX pIBHSHE

Teopema 4.5. (meroa HuoTOHA 3HAX0AKEHHS] BEPXHBOT MEKi JT0JATHHX KOPEHIB).
Axaio

1) a,>0;

2)mpr x =c¢ > 0 marots micue nepirroeti f(¢)>0; f(c);...; f™(¢)>0, 10
c:sup{x,.>0,i=il,...,ik,k£n|f(x,.)=0}. (4.33)

Hazaoaemo: Icaax Heroron (04.01.1643 — 31.03.1727) — renianeHuit aHrmMCBKUi
¢izuk, MEXaHIK, aCTPOHOM i MaTeMaTHUK. ABTOD AU(CPEHLIATBEHOTO Ta IHTErPATbHOTO
yMCJICHHA. BBiB METOA JOCTIKEHHS (PYHKLIN 338 JONOMOTOI PAMIB.

Hoeedenns. 3a popmynoro Tetinopa s Vx > ¢ maemo

f@ﬁ=f@}wx—df”@0+u+u—cflfgg>0
ni

Toxi He icHye xoaHOro Kopess, Ouibmoro Hik ¢, To610 Vx: f(x)=0 surumusae,
mo x < ¢, tobto mae micue (4.33).

Hpuxnan 4.3. 3HalTH HUGKHIO MEKY J0JaTHUX KOPEHIB piBHAHHA (4.24).

Poze¢’sizox. Hixna Mexa nogarHEX KOPEHIB MOxe OyvTH 3HaMacHa 3 piBHaHHg (4.29)

. ]
3a teopemoro 4.5. Hexaii [ - Bepxus mexa piBusHug (4.29), Toai — 6yac HIDKHBOKO

MEXKEIO J0JATHUX KOPCHIB BUXIAHOTO piBHsuuA (4.24),
Teopema 4.6. (MeT01 3HAXOKEHHS JTOAATHUX Ta Bi T cMHNX KopeniB). Hexait
) f(z)=a,"+az" ' +. . +a,_z+a,

n(2) =21,

4

D {0.()= /(-2),
o) =2 (-0,

4

3) Nj,N,N,,N;, — BepxHi MeXi [OJaTHUX  KODECHIB  MHOTOWICHIB

{f@}:{a@}:{n():{e ().
. { I ( 1 } _ . o
Toal z' ——,NOJ;Z e|-N,,—— |, me z nosHayeHO AOJATHI KOpeHi, z —
N, L N,
Bi1 emHI1. JlOBEACHH MOXKHA 3HAWTH Y Oy Ab AKOMY MHAPYYHHKY 3 BUIIOI anrebpH.
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4.3.4. Teopemu npo YUCNo KopeHis
Teopema 4.7. (Teopema JeKapTa fipo 4icsI0 J0IATHAX KopeHiB). Axmo:

f(z)=0; (4.34)
Ta {ak} = {ao,a,,aZ,...,a”,_l,an, 6e3 spaxyBamua 4@, = 0,i=1i,...i,.k Sn}, TO YHCIIO
fojatHux koperis N' nopiBHIOE umciy S 3MIHM 3HAKIiB Y TIOCTIIOBHOCTI {an} , T00TO0

N =5¢a}).

Hazaoaemo: Jlexapt Pene (31.03.1596 — 11.02.1650) — dpanuysexmii ditocod,
MaTeMaTHK, (pisuk, Bi3ionor.

Tpukian 4.4, 3HalT 4MCIIO BiA €EMHHX KOPCHIB MHOTOWIEHa (4.34).

Poze’szox. Slkwo 3actocysatu Teopemy Jlekapta ao mmuorouneHa f(-z)=0, 10
OJEPKMMO YHCIO JOJATHHX KODEHIB, SIKE PIBHG 4HCIY BiX €MHHMX KODEHIB BHXITHOTO
MHorouwreHa (4.34).

Teopema 4.8. (Teopema LliTypma npo umc/ao AilicHNX KopeHis Ha BiApi3ky [a,0]).
Hexait piBasHus fix)=0 :

1) He Ma€ KpaTHMX KOPCHIB;

2) MOCIAOBHICTD

S A3, £,(X) (4.35)

o0y J0BaHa TAKMM THHOM:

J T I A e ST S A 6 ST £
5()
F) L) = 4.3 + 5 () £ =—r(x); i 2 f,(x) = const.

Toai uvco AikicHUX kopeHiB pisHaHHA f{x)=0 Ha [a,b] TOPIBHIOE YHMCITY 3MIHU 3HAKIB
y nocaigosrocti (4.35). N =S8(a)-S(b).

Hazaoaemo: Ultypm Kam I[lapns Opancya (22.09.1803 - 18.12.1855) -
(ppaHLy 36KHMIT MATEMATHK.

Ilpnknan 4.5. Binoxpemuru xopeni Muorowniena f{x)=0 3a A0MOMOroI0 TCOPEMH 4.6.

Po3e’s30k. Hexail KpaTHUX KOPEHIB HEMAE.

1. BH3HAYMMO MCXi, € 3HAXOMATHCS HifiCHI KOPEHI, AU 4Oro po3i®’emMo Biapizok

[a,b] Toukamu a@ =, <04 <A <..<Q, <&, =b.

2. 3a reopemoro llitypma Ha [ai,am] BH3HAYAEMO 4MCIIO KOpeHiB. Sxmo N >1,

TR/ o+, % T
TOH] ———— 13HOBY Ha | &, O, + s +a,Q, 3aCTOCYEMO
2 . 27 2 2 2 i i+1 J
teopemy Hltypma.

3. Po3sburms BiApI3KIB TNPOJAOBXKYETHCS, TIOKM Ha [ai,a’m] HEC OTPMMAaEMO IO

0JHOMY KOPCHIO.
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Mpuxnax 4.6. BigokpemMuT JIACHI KOPEHI V PIBHSIHHI 4y’ —2x* - 47c 3=0.
Po3é’sizox. [loby ayemo pan typMma :

f(x)=4x -2x* —4x-3

() =3x8 —x~1
f,(x)=26x+29
Ao =-1.
' Tabruya 4.2
sign x —oo | O 112 | 400
sign f(x)| - {-1-|*t *
sign fix) | v |-ttt
sgn 0| - [
sign 0| - |||
Kimpxicts kopenis | 2 {2 | 2| 11

4.3.5. Qpyrun eTan: yTO4HEHHA KOPEHIB

VTOUHEHHs KOPEHIB TOMraE B OOYHMCICHHI KOPEHIB V 3aJaHux rpanuiuix [o,b] i3
3aJaHUM CTYTICHCM TOYHOCTI £ Ha KOKHOMY BIJIOKPEMIICHOMY ITPOMDKKY, SIKMH MICTHTB
OJIMH KOPIHb (TaKl MPOMDKKKA OTPUMAEMO HA MONCPESIHBOMY erar). Mertoau yTouHeHHs
KOPEHIB MAlOTh AITOPUTM HAOIMKCHHA KOPCHS 13 331aHOK TOYHICTIO Td YMOBY BUXOAY 3
ITepaLiMHOro (MOKPOKOBOre) mpoLecy. PO3rsIHEMO NesIKi 3 MEPETIYCHMX BHILC MCTOIB.

4.4. ItepauinHi meToAn YTOUHEHHSA KOPEHIB CKaNiApHUX
HeNniHINHUX PiBHAHb

4.4.1 lpen itepauinHux metoais

PosrystHeMO piBHSHES

f()=0, (4.36)
SIKE 3BEACMO O CKBIBAICHTHOTO PIBHSHHA
x = @(x). (4.37)

Hexaii ana x = 8 maemo  f(fS)=0, 10610 S & (a,b) - eawmuii KOPiHb piBHSAHEHS
(4.36) (Meromamm 3 posainy 4.3 Bizoxpemmoemo kopib [). Bepemo 10BinbHE

x, € (a,b) i 6yayemo MocIiA0BHICT {xk} < (a,b)

X, = @ (X, %, %, ), (4.38)
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TaK, wob }cim x, = . 36ikuicTe 3a0e3medyeThca BUOOpOM (yHKLilH (), 1 NOYATKOBOTO
—»0

HAOJIVDKCHHA X, .

Osuauennsi 4.1. Imepayiiinuii npoyec (4.38) nazeemo necmayioHapHum, Ko 6iH
sauexncums 6i0 f{x) i nomepa k.

Imepayiiinnii npoyec

X, = QX 1, % 5 %) (4.39)

HA36EMO CIMAUIOHAPHUM, AKWO 6IH He 3anedcums €10 k, a 3aiedcums 6i0 novamKosux
MO8 X, X,,.... X%, k=121

Osunauennsn 4.2. Imepayiiinuii npoyec (4.39) naseemo I-xpokoeum.

3ayBaxuMo, 10 OyAEMO BUBYATH ITEpaLi ikl TPOLECH

X, =9(x, ), (4.40)

X, = @(x, ,,%, ;) (4.41)

AKI HA3BEMO BIAMOBIAHO OTHOKPOKOBUM i ABOKPOKOBHM 1TEPALUMHHM MPOLIECOM.

4.4.2. 3acTOCYBaHHA NPUHLMNY CTUCNMX BifoOpaxeHb A0
AOCTiAXEeHHSA iTepauilHUX npouecis '

Hexaii 3agaHo MeTpuunmii npoctip R=R' 3 emementoMm xeR i omeparop
A:R—>R.

Osuauenns 4.3. Onepamop A 30iiichioe cmucie 6ido0paxcenns Ry cebe, akuo
icnye Oiticne yucno o € (0,1) mare, wo Ona dosinsnoi napu OiiicHux uucen x ma ¥y
BUKOHYCIMbCS HEPIBHICMb! .

plAx, Ay) < - p(x, ). (4.42)

Teopema 4.9, (MpuHIMN CTUCHUX Bilo0paxKess ). ko
1) R - MOBHMI MCTPUMHMIA NPOCTIP;
2) ans onepaTopa A BUKOHY€ThCs HepiBHICTb (4.42), TO
a) piBHAHHA X = AX Mae eauHuii po3s’s3ok 5
b) }113”11 X, =pf, xc x, =dx,_;, x,€R.
JoBeacHH: Y By ab-1KOMY MAPYYHHKY 3 (DYHKLIOHATBHOTO GHATI3Y.
I1pHBEAEMO TBEPDKEHHS, SIKE YTOYHIOE MPHHLMN CTHCAMX BiIOOPaXKeHb.
Teopema 4,10, Hexaii
1) §= {xe R,y, e R|p(x,y,) < r};
2) BM3HAuCHO omepaTop crmcky A B S Tak, mo VX, y € D icaye uncno o €(0,1) i
BHKOHYIOTBCS TaKl HEPIBHOCTI!

plAx, Ay) < a-p(x,y), (4.43)
p(Ax, Ay)<(1-a)r. (4.44)
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Posgia 4. Po3p’g3yBaHns HETIHIMHEX DIBHAHL

Toai B S icHy€e €xuHME po3B’A30K Ax =X, i ililaz x, =B,(B=4P) Vx,eS§.
Josenenns Teopemu 4.10 Gasyersest Ha ocHoBl Teopemu 4.9. TloTpibro aoBECTH, WO
okin S={xeR,y;eR|p(x,y,) <7} € MOBHMUM METPHYHKMM ITPOCTOPOM.

1. Criouatky nosezemo, mo orepatop A sizoSpaxae Sy cebe: o610 A: 5 —> S
Hikicro ana Vx € § BUKOHY€ETBCS

p(Ax, y,) < p(Ax, Ay,) + p(Aye, ¥,) <
<ap(x,y)+(-a)r<ar+(-a)r=r,
3uaunte Ax €S, mo osnavae 4.5 —> 5.
2. HepiBHicTs (4.43) o3Hauae, mo 4 — orneparop cTucky. JloBenemo, o S € NoBHMM,
T06TO METPUMHMM TIPOCTOPOM 3 THM Ke TOHATTIM Bimmami pP(x,y). Bepemo mia

dyHaamenTambHOT MOCTiAOBHOCTL {y,.n>1} < S cR rpammigo lim y, =y €R. [loBeaemo,
n—yo
mo yeS. Couparoumcs Ha myHkt 1, moxemo samucatu  P(Y,,¥,) <F,Toal

lim p(y,,yo) = p(m(y,, y,)) = p(¥, ¥o) < 1, 10610 y €S

Orxke, ama S BuUKOHaHO YMOBH Teopemu 4.9. 3aCTOCY€MO MPHHLIMIT CTUCIHMX
BigOOpaKeH» U1 HAOGMKCHOTO DPO3B A3YBaHHs HeniHiHOro piemsHHa (4.36), ske
exsiBaneHTHo (4.37). To6yayemo 1TepaLiiHmif mpouec

X, = (X, % €R (4.43)
Tt mo lim 3, =, /(5) =0
Teopema 4.11. (npo 36ixuicTsb iTepaniiinore nponecy). Hexai:
1) nst pisssHb (4.36) (abo (4.37)) icHye KOpiHb B oKkOM S = {x € R"x— ﬂ| < r};

2) pyuxuis @(x) 3agosonbmse ymoBy Jinumua Vx, y € S

9<K <l (4.46)

lp(x) - p(y)| < K|x—y
Tom
1) lxr}l X, :li_{n o(x, ) =B Vx, €8,
2) |x, - Bl<K"lx, - fB],Vx, €8

Hazadaemo: Jlimmms Pynonsd (14.05.1832 — 7.10.1902) — HiMELbKHIA MATCMATHK i
(hizux. Yuens K.©. Iayca.

Hoseoenns. Tepesipumo ymoBu Teopemu 4.10.

1) CykymHICTE TOYOK S YTBOPIOKOTE MOBHHI METPHYHMEI ITPOCTIP, AKIIO BUIHAYUTU

plx,y)=|x—y|,¥{x,y} < 5.
a) |x—y|=0, mamo |x=y

b) |x-yl=ly-x

>

£l
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c) |x—y]§ |x——z|+ly——zi,
Muosxuna {xn,n > 1} < S € ¢yHIaMCHTATBHOIO NOSIIOBHICTIO, 00 il rpaHds
xels. Hivicho, A=p(x):S - S,Vxe S, 60
PP, ) =|p(x) - B =lp() —p(B)| s K|x~fl<r,  spimm @(x)€S, mamo xeS.

Tomy |x, —,B] <r, 3Hauurp lim lxn —ﬂl = llim X, —,B’ = Ix—ﬁl <r,a ue nae
R-p0 n—row

lim x, =xeS. Takum yuHoM, A0BENH, WO S — MOBHHUIM METPUYHUEA TIPOCTIP.

H-yo0

2) ¢(x) -~ crucne BizoGpakenss: Vx,y€S  oucBMmHA  HEpIBHICTH
Pp(x), p(¥) =|p(x)— (M) < K |x— y| =K p(x,y),0 <K <1. Jloserm, mo ymosmu

teopemu 4.10 BukoHaHo, a 3Haymts lim X, =x= £, Vx, e S;x=FeS.
n-ywo
Ilyuxr 1) Tcopemu 4.11 goeeneno. [loeaenuss nmyHxTy 2) nonsrae y BHKOHAHHI

JAHLEOKKA HCPIBHOCTCH
Xy _ﬁl = \(p(x” 1)*(9(ﬂ)| < len~] _[))l SK|¢(xn72)—¢(ﬁ)\ <K’ X _/))I :

3Biaku X, —> [ 31 IBUIKICTIO reoMeTpuyHOI niporpecii 3i suamenrukom K € (0,1).

Bou

X, —pBl<.<K”

Teopema 4.12. (icHy Banssa xopens pisnsaHs (4.36) (abo 4.37)). Hexait:
1) dpyrkuis @(x) BusHayeHa B oxomi S = {x € R’ 1x— xol < r};

2) 3HaYCHHS
Vx,yeS:|qo(x)—(p(y)lSK|x—y ,K €(0,1); “4.47)
3) w1 X, €S BUKOHYETBCH HCPIBHICTb
%, = @(x,)| < (1-K)r. (4.48)

Toai B okomi S pisusitus (4.36) (abo (4.37)) mae eauHuil Kopinb X = [, MpudYoMy Is
irepawiitoro mpouecy y, = @(y, ). k=12,..,Vy, €5, lljg =p.

Hosedennsn nonarae y nepesipii yMoB Tecopemu 4.10.

1) 3naucHus
V() €51 p(@(x).X,) = [0(%) = %, | = [@(x) = P(x) + P(%,) = %, | < |p(x) = p (x| + (%) — X, | <
£K|x—x0[+(l—K)rSr,
o610 0.5 > §.

2) Binobpaxenns @(x) € crucaum. JidicHo

vx,y €8 p(p(x), p(¥)) = |e(x) —@(»)| < K |y — x| = K p(x, ).

3HauMTh BHKOHaHO yMOBH TeopeMu 4.10, sAKI rapaHTyrOTh ICHYBaHHI €IUHOTO

poss’sisky [ pisHauHA X = @(X), npuwaomy [ = 11(2130 V.oV, €8
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"Pozxin 4. Po3B’s13yBaHHs HEXiHIAHHX PIBHSHb

3aypaskenns 4.6. Ymosa JliMuums BUTTIMBAE 3 TIPUITY IUCHHSL ICHY BAHHS HETICPEPBHOI

, moxigroi  ¢@'(x) ‘B oxom -.-,S KopeHa X = [ |qp’(x)| <K <1. Tom 3a Teopemoro

Nawrparoxa: |p(x) — @(y)] =
MAaIOTh MICLIC.

Oznauenns 4.4. Ozmoxpoxospm CTaLlOHAPHUHN 1mpaummm npouec X, =@(x, ),

a 3Ha4MTE 1 Teopemu 4.11 ta 4.12

n=12,., Vx, € R HaszuBaeThca Memooom npocmori imepayii.
3aysasennst 4.7. Yum menwe K, THM MBHAKICTH 301KHOCTI BUILE.

4.4.3. NoHaTTa nopsagky irepauii

Posrnsmemo piemsiaas (4.36), sxe exsiBanentHe (4.37). TlobGyayemo itepawuiimmi
rpoLec

xn = 99(x)1—1 )’ (449)
Vx, eS8 = {xe R"x-ﬁ| < r}, takuit, mo lim x, =g, 1060 @(B)=p (abo
f(B)=0).
O3nauenns 4.5. Itepauii (4.49) Mar0Th TIOPAAOK 77, AKILO

By =9"(P)=..= " (B =09 (B)#0.. (4.50)

Hexait ¢@(x) B oxom Touku [ Mae HENCPEpBHI MOXiAMI 10 mM-TO NOPsAky. 3a
dopmynoro Teitnopa B oxoni f MOXKHA 3amMcaTv

o)~ B=(x-B(p)+ E=BL ﬁ’ PP+t

(x B 1 Un i) (x ﬁ)m (m)
By ©).
ae & 3 oxomy Touku .

Slximo itepauii (4.49) MarOTh NOPAROK M, TOOTO BHKOHY€Thes (4.50), T0 (4.51) Haby ne
BHIJIATY

4.51)

o)=L ey @52)
Skmmo 3mificHUTY ITepatiiHmi npouec (4.48), 1o 3 (4.52) MaTuMemo:

o5, ) - = T =P oy,
m

& 3 oxony Toukn f. Takum unsom, X, —fF =

( — ﬂ) (m)(g)~
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UncellbHI METO/IH B KOMII FOTEPHHX HayKax

ognaummo M, = max{gp(m)(x)|, TOI1
xes§

M m
—Bs—x - p" k=12 . (4.53)
m!
3armmuemo (4.53), nma k—1,k—2,..,1:
M, M, "
=Bl x - B x - Bs—=|x, - A" (4.54)
m! m!
3BOpOTHA MIACTAHOBKA 1aCTh
m M M” m?
- = m | ’
- ﬂl ml(m!)" =2 ﬁ[

T0OTO

m* —71

A O I S Y

\m!
[ J|xo ﬁ’m 1 !xo ﬁ]m ;l/.m rl

TaxuM YMHOM, JOBETH HACTY ITHE TBCPIKCHHS.
Teopema 4.13. fxwo @(x), ¢'(x),...,¢"" (x) memepepeni B 8. |x,—fB]<1 i

(4.55)

mt-1
-1

M -
a)z—lxo ,B|<l mo |xk ﬁ|<a) , WO Ja€ WBHAKY 30DKHICTE X, 10 [ mpm

k — 0.

4.5. MeToa aineHHA NPOMiXKY HaBnin (MeTtoa AMXOTOMIl,
Mionnepa)

4.5.1. AHanis noctaHOBKMW 3aaaui
[Tprinyctimo, wo ¢y Hxwis F(x) Ha BiAPi3Ky [a,b] HenepepBHa 1 piBHaHHA F{(X)=0 Mae
Ha LbOMY BiApi3ky enumumi xopinb, Hexaét feC(Cfa,b], f(a)f(b)<0 1 Bimomo, mo

pipusaus (4.1) Mae exvnuit kopinpb X, € [a,b]. [oxnagemo ay=a, bo=b, xo=(ao+bo)/2.
Axwo f(x,)=0,T10 X, =x,. Axmo f(x,) =0, To BizsbMEMO

o %, mxmo sign f(a,)=sign f(x,). 4.56)
" a,, mmo sign f(a,)#sign f(x,), "



Posain 4. Posp’ g3y Banns Hemoiinux p1BHAHL

, X mano sign f(5,) = sign £(x,). s
" \b,, axmo sign f(b,) =sign f(x,). '
X, :_‘%h, n=012,.., (4.58)

1 obumenmumo  f(x,,,;) . Axmwo f(x,,;) =0, TO iTepaLiiHMii MpoLec 3ynMHUMO 1 Oyaemo
BB@XKATH, WIO X, ~ X,,,. Axmwo f(x,.,)#0, To IOBTOPrOEMO pO3paxyHKH 3a (opMmynaMu
(4.56)-(4.58).

3  dopmyn (4.56), (457) BumHo, wo  sign f(a,.,)=sign f(a,) i
sign f(b,,,)=sign f(b,). Tomy [f(a,,)f(b,,)<0, a oDKe myKkaHuH KOpiHb X,
3HAXOMUTBLCA Ha MPOMIKKY [a,.1,8,,;]. [lpu oMy Mae MicLe OLiHKA 301KHOCTI

1xn -x,|<

- [0}
T (4.59)
3B1ACHM BHIUIHBAE, IO KUIBKICTD ITCPALi. sKi HCOOX1AHO MPOBCCTH 1S 3HAXOKCHHSA

HabmmwkeHoro kopews piBraHes  {(4.1) 13 3a1aHOK TOYHICTIO € 33J0BOJIBHSIE
CITIBB1AHOIICHHIO

n> [log2 b "} . (4.60)
L g
ae j¢| — wina yacTrHa Yucna c.

Cepea mepesar uporo METODY CHLA BIA3HAYMTH MPOCTOTY peanizauli Ta HaAlHHICTb.
[MocmaoBHICTE {x,} 30IracThCs X0 KOPEHs X, ISl JOBUILHUX HerepepBHUX (yHruii fx).
Jo HeIo:TIKIB MOKHA BIAHECTH HCBUCOKY IIBHUAKICTD 301KHOCTI METOAY Ta HCMOKIIMBICTh
0C3M0Cepe AHBOTO V3arabHCHHS CHCTEM HETHIFHHX PIBHSHB,

4.5.2, TeoMmeTpuNUHa iHTepnpeTayia metoay

Hexait pimsams (4.1) ma Biapisky [a,0] Mae eavHMiA KOpiHb i (DYHKIIS Ha HBOMY
HenepepsHa. [loautnmo Biapizox [a,6] nononam Toukow c=(a+bh)/2 (puc. 4.10).

&
& ‘
i | farb
A | I
| | L2
il |
o } > »
T »
¢ '!/ ¢ b : fle) !
a) o)

Puc. 4.10. I'padiuna 1nreprpeTanis METoLy JUXOTOMIT

196



YwceIpHI METOZIA B KOMIT IOTEPHHX HayKax

Axmo f(c) # 0, To MoxuBI ABa BUmaaxy (puc. 4.100):
e abGo f(x)sMiHroe 3Hak Ha [a.c],
e abo f(x) sminroe 3Hak Ha [c,b].

Tobo feCla,c], f(a)f(c)<0 abo feClc,b], f(c)f(6)<0 1 mam ALIMMO
oOpaHuii BIAPI3OK, BUOMPAIOMM B KOKHOMY BHITQJKY TOW 3 BIAPISKIB, Ha AKOMY (hyHKIIisA
aMizo€ 3HaK. [1pooBKyrOYM MPOLEC MOALTY Jai, MOXKHA JIHTH JO CKUIBKHM 3aBIOIHO
Majioro MPOMDKKY, IO MICTHUTH KOpiHb. Ha KOKHOMY KpOIl IPOLISCY MOIOBHHHOTO
IIAEHHS BIAPI30K 3MEHILY€ThCS BIBIUI,

4.5.3. O0uYMCIIeHH] NOXUOKHN

[Tepauiiinuit IPOLIEC MPOAOBKYEMO JAOTH, MOKH JOBXHHA BIAPI3KA HC CTAHES MEHIIE
334dHOI TOMHOCTL & !

la-bl<e. “4.61)

Sk pos3s’asox mpuitMaemo nisy (a) uu npasy (b) rpanuipo ixtepsamy. Axmo Ak
BLAMOBIAL OOpAaTH TOYKY B CCPEAMHI MPOMDKKY, TO TOYHHMH DE3YIBTaT HE MOXKE

BIAXWISATHCS Bi1 Hel OUIbll HDK HA %, TOMY JUTS JOCATHEHHS 3aJaHOi TOYHOCTL &

NOTPIOHO BUITH 3 ITEPALUMHOTC MPOLECY, KOJIM BUKOHYETECA YMOBaA | ~b|<2 & .

4.6. MeToa xopa

Merox Xopa — OAMH 3 TMOWMPESHUX ITEPALIMHMX METOIB. Horo me nasusaoTh
MEMOOOM JiHITIHOZ0 THMEPROTIOGAHHS , MEMOOOM HPOROPYItiHUX HacmuH abo Memooom
xubHoz0 noioxcenns. [lpu BAKOHAHHI TONEPEAHBOTO METOAY OL1bII patioHATEHUM (V.10
6 minuty [a,bh] He HaBMI, a MPOTOPLIHHO 3HaueHHO GyHKLT B Toukax a Ta b. B mpomy
BMITAAKY TOYKA MOALTY BiApiska Oyzae 3HaxomuTcs Ha niepetvHl xopau AB 3 Biccro Ox.
Ines Metoay Xopa B TOMy, IO Ha JOCHTh MAaloMy BIAPI3KY Jyra KpuBoi y=f(x)
3aMIHIOETLCS XOPAOK, 1 abcupca TOYKM TEPEeTHHY XOpAH 3 Biccio (Ox € HaOIIDKCHUM
3HAYCHHAM KOPCHS.

4.6.1. AHani3z nocTaHOBKM 3afavi

laest METOAY XOpA MOArde B TOMY, IO Ha AOCTATHBO ManoMy NPOMDKKY [a,b] myra
KpMBOi y=f(X) 3aMiHIOETBCA CTATYIOHOMO ii x0paor0. LlykaHuit kopinb piBHAHHA f(x)=0
¢ abcmmca Touku nepertuHy rpadika Qymxwi  y=f(x) 3 Biccro Ox. Lsa Touka Ham
HEB1I0Ma, aJI¢ 3aMICTh Hei MM BI3bMEMO TOYKY X nepeTuHy xopm AB i3 Biccro Ox.

Po3srnsHeMo BMINAZOK, KOAM TEpIa i Apyra MOXigHi MawTh OHAKOBI 3HAKH, TOOTO
() fT(x)>0 (puc. 4.11a). YV [KOCTI Hy:IbOBOr0 HAOIM/KCHHA KOPCHA B IaHOMY

BUTIAAKY NPUUMAETLCS J1iBA MEXKA IHTEPBATY 130JIbOBAHOIO KOPEHS, TOOTO Xo=a.
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Pospin 4. Po3p’g3yBanns HeliHIMHAX PIBHAHD

¥y , j/‘
Y B A

fibi fal

a) 6)
Puc. 4.11. T'padiana inrepnperaiis METO Ly XOp/

[lepiue, apyre Ta 1HI HAOTMKCHHS KOPEHS 3HAXOAMMO 3 (POPMYIH, SIKY OTPHUMYEMO 3

piBHsHHS XOpau. PiBrsaHHSA X0pau AB 3aNHMCYETLCH AK PIBHAHHA MPSMOI, 1O IMPOXOAUTE

yepes OBl TOYKY 3 BIIOMUMH KOOPAMHATAMM

x=a__y-[(a)
b—a j®)-[f(a)
3HaYeHns X=Xx), K11 AKOro y=0, ToOTO TOYKA MEPETHHY XOPOW 3 BICCIO alCLWC,

PO3TALIOBY €TbCS ONMOKME O TOMHOrO 3HAYEHHSA KOPEHs, HLEK Xo=d, 1 BHU3HAYAETLCS 3
BUpasy

(4.62)

b-a
HORMGON

O6uuc.imo 3HaucHHs f(x7). ['eomerpudno f(x)) — A0BKKHHA MEPIICHIUKY 1IPA A0 OCI
Ox, NMpoBeOCHOro 3 TOYKM A0 KpuBoi f(x). Mkmio ffx;)<0, To My 2HaimM Olism
BY3bKHMIA IHTCDBAT iCHyBaHHs KopeHs |X;,b], ockimbku 3Haxst f(x) i f(a) 36iraroTscs.

Tenep xopiHb 3HAXOAWTHCS Y CEPEAMHI BlAPIZKa | X, b]. SIkimo 3HAYCHHs KOPCHA X HAC

X =a-fla) (4.63)

HC BJIALITOBY €, TO HOr0 MOXKHA Y TOYHHTH, 3aCTOCOBYIOUH METO XOPJ J0 BiAPI3Ka | X, b].
Tobro O6yayemo xopay 418, 3amucyrouu i PiBHAHHS Ta BU3HAYAIOYM TOYKY TEPETHHY X,
xopau 418 13 Biccio abcuuc

b-x

ORNICHN

X, =x— f(x) (4.64)

Ta iH,

1. Slxio marots micue Bapiantu 1 i Il (tabn. 4.1), Tomi f'(b)- f"(x) >0 na siapizky
[a,b], To HaOMWKCHI 3HAYCHHS KOPCHIB X, X,,...,X, OYAYTb 3HaXOJUTHCA BCCPCIUHI
BIAPIBKIB [, 6], [x,,b], ..., TOOTO HepyXxOoMUM KIHUEM Biapiska [a,b] Ovae Touka b, a
HAOMIKEeHI 3HAUCHHS KOPCHIB OY 1y Th 3HAXOIUTHCS 32 (POPMYIIOH0
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_YncesibHi METO/H B KOMII'IOTEPHUX HayKaX
b—x
x, = f(x,)——2——. (4.65)
J®)- f(x,)

npu LoMy X, = a (puc. 4.11a).

2. Sxwoe marots Micue Bapiaatu 11TV (Taba. 4.1), Tomt f'(a)- /"(x)> 0 na Biapisky
[@,b], To HAbMWKCHI 3HAYEHHA X, X,,..., X, KOPCHIB OYJAyThb 3HAXOIUTHCH ycepeauHl
Biapiskis [x;,al, [xy,al. . ., TOGTO HEPYXOMMM KiHLIEM BinpiSKa [a,b] 6yae xineus o,

2 MAGIVIKEH] THAMCHHS KOPOHIB Gy Iy Th JHAXOIATVCA 33 HOPMYIoI0

-

/e )f( ) =7@)

(4.66)

npu uboMy X, =b (puc. 4.116).
Bu6ip tix abo iHmux QOpMYT MOKHA 341 HCHUTH, KOPHUCTYIOYHCE MPOCTHM /PAGIHIOM.
HCPYXOMIM KIHIIEM BiApI3Ka € TOW, AUl AKOro 3Hak (yHKIAT 36iraeThCs 31 3HAKOM APy roi

MOXiAHOI, 4 HyIbOBE HAOMDKEHHs X() BUOHDAETHCA BIATIOBLIHO 10 YMOBH

S(xg) [ (x)>0. 4.67)

[Mpouec nocni,:loBHoro HaOMIDKCHHA 10 KOPEHs CITiJ IPONOBKYBATH JIO0TH, MOKH HE

Oy e BUKOHaHA yMOBA |< £. 1€ £ - 3a0dHa TOYHICTh, X, 1 X, , - HaOMIKCHHA,

n -1
OTpuUMaHI Ha #-My Ta (n—l) -My Kpoxax. [Ip# HpOMY YTOUHEHC 3HAYECHHA KOPEHA

mpuiMacTscs & =x, €.

4.6.2. FleomeTpuUHa iHTepnpeTauis metoay

JlaHuit METOA TPYHTYETHCS Ha MiHIMHIA 1xnTeprnonsumi ¢ywxmi (4.1) mo msox
3HAYCHHAX, 1O MAKOTh MPOTHIICIKHI 3HaKkM y 3HaueHus f(a) ta f(b) (puc. 4.12).
[ 3

SO e, Lexi=0

T MRty

F3 ]

Puc. 4.12. I'padiuna iHTEpIIpeTarisa METOLY XOpH

Hexait motpi6Ho 3Haiity kopib piuauHsa (4.1) Ha mpomixky [a.b], 1 Bigomo, WO
F(x) merepepsHa Ha [a,b] Ta f(a) /(b) <0. Kpim Toro, nepma F'(x) i apyra I"(x)
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Posnis 4. Po3B’s13y BaHHs HeXIHIMHIX DIBHSIHL

noxiaui Qymxuii #'(x) 36epiraroTh Ha mpoMmikky [a,b] cBib 3HAK. 3aMiHMMO (hyHKLIO
£(x) niikizor0 QyHKUIE0, TKa IPOXOAMTE yepe3 By3noBl ToukH (a, /(a)) Ta (b, f(b)):

fi/b;f if()a) ) Z:f, =PE)=y=/(a)+ ; :Z(f(b) - f(a)). (4.68)

JliniHa dysxmsa P(x) Ha kiHWix Biapisky [a,b] npuiiMae Taki » 3HAUCHHA, K i

dyuxwist F(x)=0. B sxocTi nepmoro HaGMKEHHs NMPU 3HAXOPKCHHI KOPEHs (yHKLLi
F(x)=0 Bi3spMeMO TOUHE 3HAUCHHA KopeHsa PyHkuii P(x) =0, To6TO X|, AKC BU3HAYNMO
3 PIBHSHHA:

x —_—

LB - f(@)=0=x, =a~ fa)—2=

R - @

(4.69)

4.6.3. O64ucneHHs NOXnoKu

Ilpn nopanemomy nocnimkeHHl Biapiskie [a.x)] Ta [x),b], Bubepemo TOH, Ha AKOMY
dyrxuia sviroe 3nak. Ha puc 4.12 takum Biapiskom € [ax|. s o6pasoro Bigpiska
nobyayemo miniiitne HabnwkeHHs (yHKIIi Ta BUKOHAEMO PO3PAXYHKHM KOPCHS I
miHiHHOTO HabmwkeHns 3a Qopmynow (4.69). B pesyaerari pospaxyHKiB OTPMMAeMo
KOOPAMHATH TOYKH X,. ITepaiiiizu npowec 3akiHuyemo, ko | F(x,)|< e .

Ipuknax 4.7. 3uaditu kopinb piBHsHES x° —122x° +7.45x+42=0 Ha BIAPI3KY
[10, 12].

Poze’szok. Obumcmoemo  3HaweHHs  ¢yHKUii WA KIHIAX  BLApI3Ka:
S10)=-103.5; /(12)=102.6. Ocximeku ["(x)>0, TO 3a HyIbOBC HAGIIKEHHS
puiiMaemo xo=10 rta obumcaeHHs 6y xemMo nposoauTH 3a hopmyoro (4.25).

b- -10
X =%y = [(xg) —0 2104103502710
f(®B) = f(x0) 102.6 +103.5
Cropucraemocs cxemoro ['opHepa ais o6uucIeHHA 3Ha4YeHH notiHomMy /(x) y TouLd

x1=11.

14§-122] 745 42

11 11.0 | -13.2 | -63.25
1 -12 1 -5.75 | -21.25
Omxe, f(11)=-21.25. Lle roBopuTs TIPO Te, IO ICTUHHUI KOPIHb PO3TAIIOBAHMIA B

inrepsani [11,12]. [loBToproous NpoLec 111 BUSHAYEHHS APYIOTO HAGTMAKCHHS KOPCHS,
oxcpxuMo x, =11.17, nns sxoro smauenws dyuxuii f(11.17)=-3.55. Tenep xopiub

3HaxoAuTeCA B iHrepBani [11.17, 12]. Hapewrri, Tpere Habmmxenns nae x; =112, ans
sikoro f(11.2) =0 . Taxum umbom, x5 =& =11.2. To6T0 B LBOMY MPUKIAI HA TPCTHOMY
KpOLU MM OTPHUMAa/TH TOYMHE 3HAYCHHS KOPCHSL.
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YuceapHl METOAM B KOMI IOTEPHUX HayKax

4.7. Metoa HbloTOHA (MeTOo4 AOTUYHMX)

4.7.1. AKani3 nocCTaHOBKM 3apavi

Merton HeloToHa 3acTocoByeThcs A0 poss’asysamus 3amaul (4.1), ge flx) ¢
HeriepepsHO-audepeHiiiosanoo  ¢yHkiero. Ha mouarky obuucnens BHOMpaeTbCA
MOYATKOBE HAOMMKEHHs Xo. HacTy i HabmbkeH st 004HCITIOIOTECS 3a (OpMY IO

S(x,)
— n
Xppl =X =5 »
S Gx)
3 rCOMETPHYHOI TOUKH 30Dy Xy} € SHAUCHHSIM a0CLUCH TOYMKH NEPETHHY JOTHUHOI 10

kpusoi y=fx) B Touwi (X,, Ax,) 3 Biccro abcuuc. Tomy Mmeron HeOTOHa Ha3uBarOTH
TAKOX METOAOM AOTHIHHX.

Teopema 4.14. Axmo f(x)e C*[a,b], f(a)f(B)<0, a f"(x) He 3MiHIOE 3HAK Ha

[a,2], TO BuXOZAYM 3 MOYATKOBOre HAaOMKCHHA X, €[a,b], MmO 3a00BONBHAE YMOBI

n=012,., [(x,)#0. (4.70)

S (x)f"(xy)>0, moxua obumcnurn MeTomoM HploToHa €1MHHME KOpiHb X, PIBHAHHA
{4.1) 3 6y AB-AKO¥O CTEIIHHE) TOMHOCTI.
Teopema 4.15. Hexaii x, — npocTwii JikcHui kopiss piBrsauaa (4.1)1 f(x)e C 2(S),

e S={x:]x~x, S(S},
0<my =min|f"(x)}, M =max/"(x), (4.71)
M,\x, - x,
g=—-——x1. (4.72)
2m,

Tomi o x, €S Meroa HbroToHa 30iracThCs, NMPUHIOMY 1A MOXMOKM CHIPABCIHBA
OLIHKA

-1
|xn — X, <q |x0 - X,

: (4.73)

3 ownxu (4.73) BuaHo, mo MeTon HplOTOHa Mae kBaapaTHuHy 30DKHICTB, TO6TO
noxubka Ha (n+1)-i iTepauii nponopLikHa KBaapaTy NOXHOKY Ha #-H ITeparyi.

4.7.2. FeomeTpusHa iHTepnpertauia metoay

1 aest MeTOIy MOTIATAE B MOCIA0OBHIM 3aMiHi AUISHKH KPUBOI f(X) JOTHYHOK B TOYII C,
WO HANCXMUTHL BIAPI3KY [@,b] 1 meperuHae Bick Ox B Touwi X;. Touka ¢ BUOMpAEThCH 3
ymoBH: f(¢)*f**(c)>0, sxa rapanTye 36bxHicTs npouecy. Ilpy upoMy HeoOximHO, mob
e f(x)=0 mano eauHuMii xopinb Ha [0,b];
e f(x) Oyna HenepepsHa Ha [a.b].
e f'(x)1 f(x) He 3MIHIOBaTU Ha HBOMY 3HAK.
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Po3gin 4. Po3ss’a3yBanng He/IHIMHUX DIBHAHD

& ¥y

N7 e
Sxii} :
JXa) prmnmmmm e e

; >
¢ X5 X xo=h

x

»
L

flajt....

Puc. 4.13. I'padivna iHTepHperanis METONY AOTHIHUX
Teomempuuno meron HprOTOHA ekBIBAICHTHHE 3aMiHl HCBETHMKOI JyTH KpPHWBOI
v = f{(x) A0TUMHOMW, AKA MPOBSACHA A0 ACAKOI TOUKM KPHBOI, Hanpukiai, Touku B (puc.
4.14). Touxa NEpeTHHY L€l AOTHYHOI 3 BICCIO abCLMC Ja€ HaM MepIUC HAOMMKEHHA Xi.
xopens & . PiBustius 1oTHuHOL 10 KpHBOi Y TOYLL B Ma€ HACTYITHUM BHITIA

Y= J(xg) = S ) x ~ xp). (4.74)
Bpaxkaroun y =0, 3Haxoaumo abCumCy X; TOUKH [CPETHHY L€l JOTHYHOI 3 Biccro X:
1= X —&- 4.75)

S(x)

y#

Puc. 4.14. Ipa(plqua IHTepIpeTaIist MeTO/ly AOTHIHUX
3HauCHHA X, NPHMMAEMO B SIKOCTI MEpmIOro HabmwkeHHs kopewst &. B roum x
BU3HA4aEMO 3Ha4YeHHs Py HKi f{x). TeoMeTpHuHO — L€ JOBKMHA NEPIICHANKY J1APa 0 0ci
Ox, BITHOBIICHOTO B X JIO MOTO MEPETHHY 3 KPHBOK V= f{x) B TOuLl B
[Ipouec NpoIOBKYETLCA TAKMM YMHOM: TIPOBCAEMO JOTHYHY O TOYKHM £ 1 3HaineMo
TOYKY NEPETHHY L€l JOTHYHOI 3 BICCIO a0CLWC X;. TOUKY X; MPUHAMAEMO B SIKOCTI APYTroro

4

HAOJTIBKEHHS KOpCHA ¢ . HpOI_ICC TIPOACBKYE€TLCA A0TH, TIOKHA MHU HE OACPKHUMO 3HAUCHHS
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YucenbHi METOIM B KOMIT IOTEPHUX HayKax

KOPEHA 3 3aJaHMM CTYIICHEM TOYHOCTI. bynab-sixe  (n+1)-mie HaOmwkeHHS KOpeH:
BU3HAYAETHCS PIBHICTIO

%, = x, ~LCu) | (4.76)
JS(x,)
Bubip Hy 1,0B0TO HAOIFDKCHHS KOPEHS Xo 3A1MCHIOETBCS HACTYITHUM YHHOM:
o saxwo f(a) - f"(x)>0 nalab], 0 x;=a;
e sxmwo f(b)- /(x)>0 Ha(ab], 10 x,=06.

4.7.3. O64YuCrieHHA NoxuoKu
Uy GisIblile YMCEIbHE 3HAYCHHS MOoXiaHoi f'(X) B OKOJII LIbOrO KOPEHA, THM MEHIIA

noxubka, Ky HEOOXiZHO BpaxoBYBaTH B #-My HaOmwkenHl. Tomy merox Herortona
0coOAMBO 3PYUHO 3aCTOCOBYBATH TOMI, KOJM B OKOJI LBOro KopeHs rpadik (yHKigi Mae
BEIMKY KPYTH3Hy. SIKILO YMCENBHE 3HAYCHHS TMOXIAHOI OLI# KOPEHsS Malie, TO NMOXHOKH
Oy Ay Th BETUKHMMM 1 IPOLIEC YTOYHCHH KOPSHA MOXKE BUSBHTHCS TPUBATUM. SKio kpusa
no6nu3y TOYKM MEPETHHY 3 BicCr Ux Maibke rOpU3OHTANBHA, TO 3aCTOCOBYBATH METOX
HE10TOHA HE PEKOMEHIYETHCA. TOUHICTL HAOIMKEHHS Ha M-MY KPOLI OLUHIOETBCS TAKHUM

<g”.

YMHOM: AKILO | X, — X, | ’ <g,T10 ‘g’ -x,
Npuxnax 4.8. Merogom aotuuHux yrtourmty g0 ¢ =0.001 xopiHp & piBHSIHHA
x* =3x% =3 =0, saxuii po3TaluoBaHuii Ha Biapisky [-2. 75, -2. 5].
Pose’sizox. 3aymosow f(x)=x" —3x” —3 . Busuauaemo apyry moxizny /’(x):
[(x)=3x"+6x; [T(x)=6x+6.
Taxum unnom, f(-2.75)- f"(x) >0, Tomy x,=-2.75.
BusHayaeMo 3HAUEHHsI TIEPIIOT OXIAHOL Y TOULH X!
S(x)=f'(-2.75)=6.1875 .
J1st 3py4HOCTI MoJabIIl O0UHCAEHHS 3BOJHMO B Tadm. 4.3.
Tabauys 4.3

n X, x,’ %, 3x,” J(x) ‘g%%%
0 |-275 20797 | 7.5625 | 22.6875 L1 0.179

1 }-2571 |-16994 | 66100 | 19.8300 0.164 0.026

2 |-2545 | -16484 | 64770 | 19.431 -0.053 0.008

3 |-2537  |-16329 | 64364 | 19.309 0.020 0.003

4 |-2534  |-16271 {64212 | 192636 0.007 0.001

5 |25

Ocrarouno ogepxumo & =—2.533+£0.001.
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Pozain 4. Po3p’sisypanns geliHIHHAX PIBHAHD )
4.7 .4. InTepnpeTauia MeToay AOTUYHUX Hepe3 |Tepau|m-mu
npouec

Teopema 4.16. (Mero;1 HbioTona). Hexan

1) x = f xopiub piBusaus f(x)=0.

2) fECZ(S)an;I xeS={xeR||x-FK2};

3) noxigsi mepmoro Ta apyroro mopaaky Gymkuii f{x) HE 3MIHIOWTE
suaxy f'(x) > 0(<0),f'(x) > 0(<0),Vx €S;

4) f(Xo)f“(Xo >0)
—Bl<ex, €8

Toai

1) mpuiy(x) = sutst piBusHEg X = X — /(X) f(X) meTox iTepain# npuivMe BUITIAA

%ﬁalfﬁ“)_} cs,

limx, = B,Vx, S,

X%

1
')

2) Ta moxubka 064HCICHb

x, - B < —;\%ixnl - ,B|2 , (4.78)

1

ae M, = max lf"(x)l,m1 = min]f‘(x)‘.
xeS xes

Jlosedennsn. 1) 3aysaxumo, mo X = € XOPEHEM PIBHHHA (4.2). MiiicHo,

/B BN & VACS BT AL VIO R
pep- g e J()=0. Oimme g T
¢'(B) =0 . BukonaHo ymosu teopemu 4.11, |(0'(X)| < K <1. 3uauurs 3a Tcopemoto 4.10
limx, = g '

>0

2) 3a ymoBu 2) Teopemu 4.8 3a (opmynowo Teiiopa B OKOml X, MaeMo

Fx)=1f(x,)+(x,)x—x,) +%f "(E)x-x,), ae &3 oxomy Touku X, . ITincrasivo B

1o piuicte X = B: 0 :f(Xn)+f(xn)(ﬂ—xn)-kéf"(f)(ﬂ—Xn)z. 3BiaCH BUILIHBAE
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YuceabHl METOJIH B KOMIT IOTEPHHX HAYKaX

1 ‘
~ [ EB-x,)
2 e p L) w9
Sx,) fx,)
Irepauisinmii mpouec (4.77) npu x,=x,+; Haby xe BUrIAAY
hee S
PP ey

1 f"(é’)(
2 1)

Hacniook. 4.1 (2eomempuunuii 3micm Memooy Oomuunix). I'eOMETpHMYHMI 3MicT
MCTOAY AOTHMHMX ITOJIATa€ B TOMY, IO 3HAYCHHA {xn,n > l} (4.77) ¢ abcumcorw TouKU

3Bigky 3 (4.79) BuruuBace X, — F = - f)°, mo nosoxuTs (4.78).

neperuny 3 Biccro Ox gotuunoi fo kpusoi V= f(X) B1ouw (X, ,,f(x, ;) (puc. 4.15).

o AN 5 2
o ShnllF ity

l e Bl el

[
=\

et g

¥ N v
g Talel] ) FRBG IR e

thedé dotf ’ Py

N
Ny

-

a

Puc. 4.15. I'padiuna iuTeprperanis irepaiifHoro npoLecy MeToy TOTHIHHUX
[Mosedenns. 3armnieMo piBHAHHA JOTHYHOI B TOMLG (X1, fXn1)):

S -1(x, ) =1(x,  )x-x,,),

ae noxmaaemo X = X, , £(x,)=0( x, — Touxa nepeTuHy noTuyHoi 3 Biccio Ox)
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Posxia 4. Po3s 93yBanng HeJIHIMHAX PIBHAHD
_.f.(xn—l) = f‘()(;74'1 )(Xl’l_ Xn*] ) ‘

. _ f (xn—fl)

3Bimkyn X, =X, | —— .

S(x.0)
Baypaxennn 4.8 Merox HeioToHa iTepalgiiHMii METOA APYTOTO MOPSAKY 3

P'(B)=0,9"(p)#0.

4.7.4. Moaudikosanui meron HoloTOHa

Leit METOA aHANOTIMHMI METOTy AOTHYHHUX 33 OJHI€IO BIAMIHHICTIO — KOJKHA JOTHYHA
GyIyeThCs 3 TOYATKOBOI TOuKW. SIKIO noximHa f7(x) Mano 3MIHIOETHCH HA BIAPI3KY
[a.b]. TO AT% CHIPOMIEHHA OGUMCICHD MOXKHA BUKOPHCTOBY BaTH (JopMyI1y

x ., =x, - L)
A T (%)

TOOTO 3HAYEHHSI TIOXiAHOI B NOYATKOBIM TOMLI JOCTATHBO OOYHCINTH O/IUH Pa3.
Teomempuyno 1e oO3Ha4ae, WO NOTHUHI B Toukax B, (xn; f(x,)) 3aMirsemo

n=012,.., (4.80)

MPSAMMMM, SKI MapanenbHi 10 JOTMYHOI, 10 TMPOBEJCHA A0 KPHUBOI v=f(x) y Touw
B(xo;f (x, )) (puc. 4.14). Metoa n03B0msie He oGumcmOBaTH MoOXiady /'(X) Ha KOXKHIA

iTepanii, a OTIKE i MO36YTHCH MOKIMBOIO AieHHA Ha Hyiab. OJHak, LCH aTropUT™ Mae
TIABKY MiHIHAY 36DkHiCTh. KiTbKICTb iTepauiii, siki moTpiOHO BUKOHATH VT 3HAXO0IKEHHS
po3B 3Ky 3amaqi (4.1) 3 TOYHICTIO £ 33JOBONBHAE HEPIBHOCTL

ln(\x0 - X,

/&)
(/) +1}+1. 4.81)

n= logzL

4.8. KomGiHoBaHui meToa XxopA, i JOTUYHMX

4.8.1. AHani3 nocTaHOBKM 3aaavi

MeToan XOpA i AOTWMHUX AI0Th HaOIWKEHHA KOPCHs 3 PI3HUX CTOpiH (Outbuie abo
MCHIUE ICTMHHOTO 3HAYCHHS KOPEHs), TOMY IX YacTO 3aCTOCOBYKOTb OJMH 3 OJHWM, 1
VTOUHEHHs KopeHs BiabyBaethca meumme. Skmo f'(x)- f"(x)>0, To MeToa x0pA Aae
HAOMWKCHHS KOPEHSl 3 HEAOCTAYerd, a METOJ JAOTHYHMX — 3 HaATHIIKOM. SIKmWo x
F(x) f7(x)<0, TO METOZOM XOpA OJCPHKYEMO 3HAYCHHA KOPCHs 3 HAITMIUKOM, a
METOAOM JOTHMHHUX — 13 HeJocTauero. [1poTe B yCiX BUMaIKax iCTUHHE 3HAYCHHA KOPCHS
3HAXOIUTBCA MK HAGTFDKCHMMH 3HAYCHHAMM KOPEHIB, IO OTPMMYKOTHCSA METOI0M XOpa 1
METOAOM JOTHHHHX.

Hexait x,,; 1 Xp-1 — HaOMYDKEH] 3HAYCHHS KOPCHS 3 HEJOCTAUCIO 1 3 HAUTHIIKOM.

1. Axmo f(a@)- f"(x) >0 ua [a.b] (mpu wsomy x, =a, X,=b), 10
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YucenpHl MCTOIH B KOMII)I(YX‘GPHHX HayKaXx

J(x) o ~X, ,
. CF - f(R)—n e 4.82
xnrl X’n f( ) nrl f( )](( ) f( ) ( )

2. xmo f(b)- f'(x)>0 nalab] (mpu usomMy X, =a, X,=b),T10
- X, _ f() :
——— =X, T 4.83
A )f( e TR TG, 45
'yn.

Puc. 4.16. Fpa(piqi{a IHTepIpeTalist METO Iy JOTHUHHX

4.8.2. FleomeTpuYHa iHTEepnpeTauisa metoay

Hexaii x = f € (a,b) exurmit kopiHb piBHAHHSA (4.1) Ta BUKOHYIOTBCA YMOBH TEOPEM
f@) . _af(b)-bf(a)
F@ T fb)-fa)

. 3HaunThL, MOJKHA HAOTKATHCS 1O

41 1a 42 fAxmo f(a)f(a)>0, m x,=a-

J®) . af(b)-bf(a)
b) fi(b . TO X5 = b— 24 =
FOE®)=0.70 % =0 = O = 5~ F(@)

KOpEHs, HanpuKIaz, 31isa MetoaoM HeroToHa , a cripasa MeTo10M CiuHuX (puc.4.17):

wribo 7

X, =%, - f&'ﬁ—)— (4.84)



Posaia 4. Po3s’ga3yBanns HeAIHIMHAX PIBHSAHD
X — x2n*2f(x2n41)_- xzn—lf(x2n72) n= 1 2 (4 85)
sl s ,2... 82
" f(xZn--l ) - f(xzn—z)

Ouesnano, mo S e€[x,,x,,]i limx,, =limx,, , = 8.
x>0 X—»0

72 "n-1

4.8.3. O6yucneHHs NoxXmbku
Tporec 06UKCAEHs TPUNHHSETHCS, K TUIBKK Oyl BUKOHYBATHCS HEPIBHICTD

Xy =Xy

o 1 =
<& . 3HAUEHHA KOPEHS, IKHI1 € YTOYHEHUM, Oyae & = —2—(x,, +%,).

4.9. MeToa CiuHMX

4.9.1. AHani3 nocTaHOBKM 3apavi

MeTto ClYHHMX MOJIOHMIA O METOLY XOPJ, TUILKU TOYKH 3 KOOPAUHATAMHE (X, (X))
ta (x,,#(x;)) B3ami 3 OGHOrO OOKy Bix KopeHs piHAHHA F(x)=0. Meroa CIYHMX
OTPHMYEMO 3 MeTOAY HBHOTOHA 3aMIHOIO TOXLAHOI Ha PO3NOALICH] PI3HMIN:

1, x, )= f("x—):’i(ﬁ—l) . (4.86)

n anl
OTpHMy€EMO anropuT™M
X =X f(x) xn—xn—l

ntl T T f(xngxn—l) % f(x,,)— f(an]).

Ae X,.X; — 3agaHi. B pesyibTarti OTPUMAHO ITepaLiiHIKi METO HA ABA KPOKH.

S&,) n=12..., (4.87)

4.9.2. leoMmeTpuyHa iHTEpPNpETaLia MeToay

I'eomeTpudHa iHTEpIIPETALIs METOAY NoJaHa Ha puc. 4.18.
4 B

o)

Sixy

Fixs)

Xz R X7 xo=h
Puc. 4.18. I'padiuna iHTEpIIpeTanis MOTOAY CIUHUX
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YucenbHl MeT OJH B KOMH’IOTBPHHX HavKax

Sk mouarkoBe wHabmwkeHHss obmupaemo ToukM (X, F(x,)) Ta"'(xl,F (), o
pO3TAIIOBAHI Bl Kpaw BIAPI3KA, HAMPUKIAA, Ha ,%0 ¥oro momxuuu. Uepes ToukH
(x4, F(x,)) Ta (x,,F(x,)) npoBomumo ciuny A0 rpadixy ¢yHKIfi, AKa nepeTHHaE BICH X B
Touui (x,,0). IlepesipsteMo BukoHaHHA YMOBH | f(X,)|< &, AKIO BOHAa HE BUKOHYEThCA,
TIPOBOAMMO CluHy depes Touku (X, /(X)) Ta (x,,1'(x,)), 3HAXOAUMO TOYKY NMEPETUHY

CcivHOI 3 BicCro x (Touka (x5,0)) 1 nepesipseMO BUKOHAHHS 4eproBoi yMoBH | f(x;)|<¢ .

4.9.3. O64yucneHHa NOXMOKM

ITepauii MPOAOBKYEMO A0 BMKOHAHHA YMOBM BHXOXY 3 ITSPALIHHOTO MNpOLECY,TO0TO
| f(x,)|< ¢ . 3aranbua dopMy1a 11 3HAXOLKCHHS TOUKH NMEPETHHY CIYHOI 3 BICCIO X:

I 9 C A )
n+l n ( ) f(x,, 1)

4.9.4. InTepnpeTauisa MeToay CiYHMX Yepes iTepauintHuin npouec
Hexait x= [ xopiub piBnanna (4.1), To6ro f(B)=/LF ¢ymxuia y € C(S), zme
S={xeR||x- Sk e}. Toai exsiBanenTHe piBHAHHA (4.2) PUEME BUIIIST
x=px)=x-y@fx). (4.89)

i Takoxk Mae kopiub X = . JlikicHo, mactasumo B (4.89) x = 5.

B=p-w(P(B)=F

(4.88)

Teopema 4.17. Hexait:
1) x = £ xopins pisrsras f{x)=0;
2y Vxe S feC*(S),

3) moxigui mepmoro Ta Apyroro mopsaaky ¢GyHkuwi f{x) HE 3MIHIOKTH 3HAKY:

S '(x) > 0(< 0),£'(x) > 0(< 0);
4) f(x,)f'(x,) >0 Bobmacri |x, - B <&,x,€8,8>0.

Toai:
1) ans

X—Xx,
w(x)= m (4.90)

Jns pisnguus (4.89) MeTox iTepaLiii MaTHME BUITISL

¥ = X f(x,.) =%, 1 f(X,)
* J(x,) - f(x) ’

(nanam uazeemo (4.90) METOIOM CIMHHX), NPUYOMY

n>2. (4.91)
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Po3ain 4. Posp’a3yBanns HeliBIMHHX pIBHSHD

limx, = B;Vx,,x, €8, ne f(xo)f(x)<0 (4.92)

X0

2) BipHa OLUHKA

= B =

m=min|/ '(x)l . (4.94)

(4.93)

Hoseaennsi. Hexait x = f xopins piBuanns (4.1). Iliacrasumo (4.90) v (4.89).

X—Xx, _ % S (x)—xt(x,)
f(x)—1f(x,) 700 S —1flx,)
[lpn migcrasosiy S B ripasy wactudy (4.95) maemo

xo J(P) - P (xo) -
=/, =0.
Fh—fgy PO

JoseaeMo, mo suzHaucHa 3a (4.91) noc:1igoBHICTS {xn, n> 1} 301raerscs. 3

x = @(x) = x—- w(x)f(x) = x— (4.93)

omuoro Ooky ariaHo (4.95):

[x0./'(0) — fx)][f ()~ £(x0)] = £ 1) %/ (%) - Xf(xo]

709 (7690
3BiAKH
4 (XO);()(S_X” =9'(p). (4.96)
3 ismioro 6oky, 3a (i)opMyHOE;) Teﬁnopa
109=108)+ 6= P1H) + L o) 497)
Toai W5 X=Xo OAEPIKYEMO
F6x) = B-x )0 = B @98)
Tizcrasumo (4.98) v (4.96):
go'(ﬂ):(xo ;’ff 2;{) ©) (4.99)



YucenpH MeTOA# B KOMIT IOTEPHUX HayKax

Sxuro Ixo —,B! <eg, ‘(p'(ﬁ)l <K <1 3a nenepepsricio @'(x)B 5. 3a Teopemoro
4.10 orpumaemo 1{{2 x, = . Hani, 3a reopemoro Jlarpamxa f(x)—f(5) = (&) x- B),
wo am x=x,, me  f(x)=f(B)x,~f). Samo m=min|f
]j(x")’ > m|xn ~ﬂi, 10670

TO

|x, - Bl < s, ( )’ (4.100)

Hacniook 4.2 (rcoMeTpuqHMI 3MICT METOAy CIYHMX). [ cOMETpHMYHMM 3MICT MeTomy
CIYHMX TOATAE B TOMY, IO 3HAYCHHA X, € a0CL¥Ca NCPETHHY MPAMOIL, IO MPOXOIUTH

uepes Toukn (X, f(x,)) 1 (x,,f(x,)), 3 Biccro Ox. Tomy we# meton (4.91) HasuparoTh
METOA0M cluHuX (puc. 4.19). :

IIpukaan 4.9. Onepxatu dopmyny (4.91) i3 reoMETPUIHUX MIPKYBaHb.

Po3e’si30k. Iposenemo npamy depes Touku (X, f(x,)) 1 (x,,f(x,))

x-x, _ f)-flx,) (4.101)

X, =% fx,)-fx)

Ipsma (4.101) nepetre Ox B Touwi X,,,, 16 f(X,,,) =0, 2 (4.10]1) Habyne
BUITISTY

an ~x0 _ f(XO)

X, -x, fx)~1f(x,)" L

3B1aKH MatuMemo (4.91).
Mpukanax 4.10. Hokazary, mo Merox (4.91) € MeTOaOM JTiHIMHOT IHTEPIIOTALL.
Po3zs’sizok. 106y nyemo muorounen Jlarpamxa 3a Toukamu (X, f(X,)), (x,,f(x,)):

L(x) = f(xo) 4 f(x,)

xof(xn) X f( 0)
f(xn)_f(XO)

X=X,

n_ M0

Jlerko GaumrH, mo X, , € KOpeHeM MHorowicHa Jlarpaska

L,(x), mobro L(x,,,)=0.
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Po3xin 4. Po3p’ a3vBanns HeliHIMHHX DIBHIHb

o n
AN s P v ANt st
. Rt ot
P Vg
£ ol
é . v
X A
el
i
i Ffitd g}
P b it i AN A
5 FEH i
Py ol
N 5 ¥,
\ x -
N ? "
X k4 b ¥
il
gt : St

Puc. 4.19. I'padivna igreprnperanis METONy CIIHAX

4.10. MeTtopa npocToi iTepauii abo meToa NOCniA0BHUX
HabnuxeHb

4.10.1. AHani3 nocTaHOBKM 3apaui

MeToa mpocToi iTepailii 3aCTOCOBYETBCA A0 PO3B SI3yBAHHA HENHIMHOTO PiBHSIHHA
BHIY

x = p(x). (4.102)

Ilepeitru Bin pisHanna (4.1) no piBusHus (4.102) moxsHa Garatema criocobam,
HATPUKIIa, BUOpaBOIM

p(x) = x+y(x) [ (%), (4.103)

ae w(x) — AOBiIbHA 3HAKOCTATA HETICPEPBHA (Y HKLUA.
Bubpasmu Hynb0oBe HaONWKEHHS X), HACTYMHI HAOMKEHHS 3HAXOAMMO 3a
hopmy oo

X, =(x,), n=012,.. (4.104)
Hageaemo 1ocTaTHi yMOBH 36i5KHOCTI METOAY TIPOCTOI iTeparui.
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UncesipHl METOIH B KOMIT IOTEPHUX HayKax

Teopema 4.18. Hexaii it BUOpaHOTO NMO4aTROBOr0 HAOMMKEHHA Xy HA TIPOMKKY
S=fe:fx—x|<6). (4.105)

¢dyHxws ¢(x) 3an0B0IbHIE YMOBY Jlirmmmuris

lp(x)~ (x| < g’ -x"|, x,x"eS§, (4.106)
ne 0<<g<1, 1 BAKOHY€ETLCS HEPIBHICTh
|¢)(x0)—x0|£(1,—q)_6. (4.107)

Tomi piBusmms (4.102) Mae Ha MPOMDKKY S €IMHUM KODIHb X,, IO AKOro 30iracTscs
nocmaoBHICTD (4.104), pyuaoMy MBUAKICTE 301KHOCTI BU3HAYAETHCA HEPIBHICTIO

!xn -Xx,

< -E——q—l(p(xo) ~x|. (4.108)

3aysascenns 4.9. sxwo GyHKIOA ¢(X) Mac HA TPOMDKKY 5 HENEPCPBHY IMOXIIHY
@'(x) , AKa 3a00BONBHAE YMOBI

lp'(x)| <q<1, - (4.109)

1O (pyHKLIA @¢(X) Oy IC 3aTOBOABHATH §i§/l03i (4.106) Teopemu 4.18.
3 (4.108) Mo%Ha OTPUMATH OLIHKY KLUTBKOCTI ITCpar{ii. skl MOTPIOHO MPOBECTH AIA
3HAXOUKCHHA Po3B A3Ky 3a1a4i (4.102) 3 Hanepen 3a1aHOKO TOUHICTIO &

v e e e

1P Go0) = x|
nsld=a)e | | . (4.110)
- In(1/q) ' A

Haseaemo aie oaHy OLUHKY, sika XapakTepu3ye 30DKHICTh METOAY MPOCTOI ITepaLyi:

..x*

[,

<L ix -x, . (4.111)
1-¢
4.10.2. leomeTpuYHa iHTEpNpeTaLUis MeToay NpocCTol iTepauii

Posrnsnemo piswsuus (4.1), sxe exsiBamenrde (4.2). Hexait noGyzaosaHo
itepawiiiuii npouec (4.49). Toar B 3an€XXHOCTI Bif 3HaKy MOX1AHOL {p'(x)} MaeMo Ha
puc. 4.20 ta Ha puc. 4.21 reoMeTpUuHY KapTHHY 30DKHOCTI IIPOCTOI iTeparyi.
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Posaia 4. Po3B’si3yBaHHs HETiHIMHAX DIBHAHD
o
¥

Puc. 4.21. Fpéfpiqﬂa iHTepipeTalia MeToAy itepauil npu (—1< -K <¢@'(x)<0)

[COMETPHYHO MOKHA NOBAYMTH. MO AKIIO B OKOMI KOpeHs X = 3 HEpIBHICTH
0<@'(x)<K <1, toai mocaiaosHicTs { X, n= l} 361raeTeCs A0 KOPEHS, MPHIOMY 3
TiEi CTOPOHM, 3 #AKOi pPO3MINICHO TMOYATKOBE HAOMIDKCHHA Xo. Y  BMIIAZKY
“1<-K<@'(x)<0 mnocnigoBHi HAGMMKEHHA PO3MINICHI TNOYEPIOBO 3 DI3HUX
cropin. TOYHICTE HAOMVIKEHHA AT LIBOTO MCTOAY 1"% -p } <ix, — xn_ll <eg,Ve>0.

4.10.3. O6uncneHHs NOXMOKK

1A 3aCTOCYBaHHA METOAY iTepauii (TaTHHCbKE "fineparfio”™ — TOBTOPEHHS) BUXIOHE
piswsmns  f(x)=0 ( f(x)~ HenepepBHa (yHKIs) HEOOXIAHO, TO-TICPHIC, 3AMACATH Y
BUCIAAl X = @(X), Mo-Apyre, BUAUTHTH inrepBan [a,b] 307141 KOPEHS HBOTO PIBHSAHHS i
no-TpeTe, oOpaTM Hy1bOBEC HAOMIDKCHHS KoOpeHs Xo. [t onepxkaHHs nepmioro
HAGTVIKCHHS X, B IPABY YACTHHY PIBHAHHA X = @(X) 3aMICTh X MiJCTABISEMO Xo, TAK LIO

X =(x;).
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YuceibHI MCTOM B KOMII I0TEPHHUX HAyKax

HacTymHi HabispKe ks YTBOPIOIOTECH 33 CXEMOIO
Xy, = (X)) %3 = @(xy); 0%, =@(x, ) (4.112)

Takum UMHOM, ¥ PE3yJIbTATI 3aCTOCYBAHHs ACAKOTO OJHAKOBOTO MPOLIECY OyayroThCs
TI0CT1 IOBHI HAOMIKCHHSA X, X{, X5,..+, X,

5 Xy
Ipwm 1pomy MOy T Oy TH ABa BUTTAIKH!

1) mpouec Moxe 36iraTuch, TOOTO HOCTIIOBHI HaOMKEHHS NPSMYIOTb A0 JSAKO1
KIHICBOI MEXi £, 10 € KOPSHEM PIBHSIHHS,

2) npouec Moxke OyTd po3OLKHMM, TOOTO KiHUEBAa Mexa M00yI0BAHMX
HabnwxeHs He Oyae ICHYBaTH; i3 LBOTO HE BMIUIHMBAE, INO PO3B A30K
BUXIJHOFQ PIBHAHHA HE ICHVE, TOOTO BUABMIOCH, IO MPOLEC NMOCITAOBHUX
HaOIMKCHB 00paHuMii HeBAANO.

301KHICTD TPOLECY ITEpaLii BUSHAYAETHCSH HACTYTHOIO TEOPEMOIO.
Teopema 4.19. Hexait inrepBan [a,b] ¢ intepsanom xopeHs piBHsAHHA X =@(X), a

sHaucHus p(x)€|a,b].
Toai, SKIO ICHYE NpaBWIEHUE ApI0 ¢ , Takui, mo [gp’(x)[ <g<l,To0:
9] npouec itepauii x, =@(x,,),(n=1,2,...) € 30pKHUM He3anc>xno Bl IIOYATKOBOTO
3HAUCHHA X, €[a, b];

2)  rpaHWyHe 3HaYeHHs & = lim X, € €AMHMM KOPCHEM DIBHSHHS X = @(X) Ha BLAPI3KY

0
[a.b].
HabmmkeHHst X, X|, X, ,..., X,,,... CIl1 OOMHCIIOBATH AOTH, MOKM He Oyae BMKOHAHA
HCPIBHICTb ' o e AP LIRS P -
' £(-4q)
'xn - X, S—q—, (4.113)

Je £ — 3agaHa rpaHMyHa abCoNoTHA NOXHOKa KopeHs & .

Ao |g0’(x)§q<1| 1 @'(x) AoATHA B OKONI KOPEHs, TO MNOCIIIOBHI HAOIMKCHHA
x,=¢(x,,),(n=12,..) 1 x,€la,b] 30iraoTecsi A0 KOpPeHs MOHOTOHHO. Ko x
noxigna ¢'(x) Bia'eMHa, TO MOCTIICBHI HAOIMKEHHS KOTHBAOTECsI OUISL KOPEHS & .

Mpuknan 4.11. Merogom itepamiii vrourury 3 £ =10"" xopinp pisHsHHA
5x* —20x + 3= 0. i30npoBanuMii Ha Biapisky [0, 1].

Pozé’sizok. 3seaemo piBHsaHHA 10 BUDIIAYy X =@(x). Lle MokHa 3poOUTH TakuM
YHHOM:

1) x=x+(5x" —20x+3), Toxi ¢ (x)=5x" —19x+3;
5% +3 5% +3

2 x=—"-—=_T0mdl P,(x)=
) 30 Toal @,(x) 0

o
—
N



Posain 4. Posp’a3yBanss HediHIHHAX PIBHAHD
BusnaumMo, Ky 3 oTpuManux (yHKUiH cmig Bm(deCTO BYBATH. 3HAXOAMMO:
o} (x)] = 115x2 - 19{ >1 wma[0,l];
15x%| 3

_ 2.2
>0 _4x <1 wmal0,1].

Omke, MOKHA BUKOPUCTOBYBATH (DYHKLGIO @, (Xx) 1 HIyKaTH TIOCIIA0BHI HAOMKCHHA
3a (popMyII0r0

o5 ()| =

5x,, +3
Xy =~ -
20
" BusHAWMMO, SKOK NOBHUHHA OYTH PI3HMLE MK JBOMA ITOCIJOBHMMH HAONMIKEHHIMH
0.0001-(1-0.75) _ 0.00003.

0.75
O6uucricHHA 3py4YHO BECTH 3a A0IOMOro Tabm. 4.4

b, = x,4] <

Tabauys 4.4

No irepari X, xn3 X, =¢(x,)
0 0.75 0.42188 0.25547
1 0.2555 0.016777 0.154144
2 0.1541 0.000565 0.151413
3 0.1514 0.005443 0.151361
4 0.15136 0.005442 0.151361

Mosxna BBaskaTi, wo & =~ 0.1514 .

4.10.4. Binus 06uyncnioBanLHOT NOXMOKN Ha 36iKHICTb
iTepauitHoro npouecy
Hexaii piBusans f(x) = 0 exsiBanentre X = @(X) [loOyayemo itepampitauii tpouec
{x,,nz1}cS= {x eR! lx—ﬂ| < r} X, =e(x,,), VX, € kY,Ligx,x =0, f(B)=0.

AJte TIpu 330KpPYTIICHHI HA KOMIT 10Tepi Maemo X, i moxke 6yt , mo im X, # £,

X0

Teopema 4.20. Hexaii Vx,ye S = {x eR||x—p|< r} BUKOHY €ThCA

lo(x) - ()| <K|x -y, 0<K <1; (4.114)

|x0 —(p(xo)l <(1-K)r-p,;x,€85,0< p, <(1-K)r;, (4.115)

X =@ )+ p,, mpmaomy X, =X, €S, x—x0| <rnx1, (4.116)
ae p,~ noxubka obumcaenna @(X, )

lo.l < " (0<q<]). (4.117)
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Yuce1pHI METO/M B KOMI IOTEPHUX HaykKax

Toni ,
%, —x,|<p, (K’H + K" g+ +Kqg g ), : (4.118)
lim#, = 8. 4.119)

[oseoennsn. 1) Teepwrenns (4.118) moseneMo 3a ZONOMOTOK0 METOMY MaTEMAaTHYHOI
inayxuii. Axkmo X, € §;x, €S, 10
|5~ x| =|e(xo) + o, — x| <|@(xo— %) + o | < A-K) 1= p, + p, <.
Ina n=1 BuxoryeTscs HepiBHicTs (4.118):
|5 — x| =[@(x,) + o, — 0x,)| = |p1] < o

Hexait (4.118) Bukonyersea s m, x, € §,X, €8
|, x| < p (K" + K" g+ + Kq™ 7 +q™"), (4.120)
Tokaxemo, wo X, ., €S xus n=m+1. [ikicso

X1~ X+l

= |PE,) + Pt — P(x) = X | <|p(R,) — (x| +

*‘Ipmnl"'lgp(xﬂ)"xo‘ S Klim—xo|+p0q”’ +(1-K)r-p, <

Sr+p0(qm —'I)Sr.

3Biakm X, ;€5 a3Ha4uTH

)2 l_xm""l = (p(inn)—w(xm)+pm+‘1 '<‘K im_xm +p0qm <

m+

Sp(,(K”’ +K" g+ .+ Kg"! +q’”)

3siacu mae micue (4.118) ama n=m+1, To0T0 HEpiBHICTH (4:71 18) ﬁdééaé'ﬂa‘
2) OueBHIHO, IO

‘;(”—)BIS Xn_ﬁ

< p, (K"‘"' +K" g+ +Kq" + q”'l).

< +K"r<

+ K" <

in_xn + in_xn xo—,B hS ﬁn—xn

Hacridok 4.3. Sxwo 0<g<1, 1o X — f| < K"r +np,(max(X,q))"", 3BIAKH MaeMO
4.119).
- 1-X" P
Hacnidoxk 4.4. Slxmo g=1, 10 X — B|<K"r+ <K"r+-2-.
q | B o 1K 1-K
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Po3zgin 4. Po3B’s3yBaHEs HENiHIMHUX PIBHAHD

TakuM YMHOM TIPH ¢=]1 He MOKEMO rapaHTYBATH OOUMCIICHHS KOPEHS 3 nOXUOKOI0
Po
1-K

MCHILIOKD 3a

4.11. Metop penakcauii

4.11.1. AHanis nocTaHOBKM 3apavi

Jlna 36ixHocTi iTepauidHoro mpouecy (4.104) cyTTese 3HaueHHA Mae BUbIP vk
@(x). 3oxpema, axkmo B (4.103) Bubparm w(x)=7 =const, TO OTPMMAEMO Memoo
penaxcayil

X, =%, +7(x,), n=012,., 4.121)
SIKHM# 301raeThest IIpU
-2<7"(x)<0. (4.122)
SIKIO B NEAKOMY OKOJi KOPEHA BUKOHYIOTHCS YMOBH
f(x)<0, 0<m, <1f’(x)|<M1, (4.123)
TO MeTOX peakcanii 36iractees npu 7 € (0,2/M,) . 36ixuicTs Oy Ae HAMKPamIO0 TPH
=Ty, =2/m+M). (4.124)
Tpu TaxoMy BUGOPI T 1uist IOXMOKH z,, = X, — X, OyJIe MaTH MicLe OuIHKa
|z,| <q"|z0), n=012,... (4.125)

ae g =(M, —m)/[(M,+m).
KineKicTb iTepanii, sKi NOTPIOHO MPOBECTH AN 3HAXOUKCHHA PO3B A3KY 3 TOMHICTIO

£ BH3HAYAETHCA HOPIBHICTIO

Inl|z,|/

nz\:—qffii) +1. (4.126)
In(l/q)

3ayeascenns 4.10. Sxmo sukoHyerbes ymosa [f'(x)>0, To iTepauiiHui METOX
(4.121) noTpibHo 3anucaTH y BUDIAAL X, =X, — 7 (x,).

JleTanbHO PO3IIIIHEMO METOA TIPOCTOI iTepauii Ajis PO3B A3YBAHHA HEJIHIHHOIO
PiBHAHHA. PO3IIAHEMO HEMIHIHHE PIBHIHHS

x=p(x). (4.127)

Sxwo B piBHsarHI (4.127) MOXHA BHAUTMTH X, TO HOTO 3A/MIIAEMO B JBIH YacTuH, a
peurra nepeHoCHMO B IPaBy
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YucenbHi METOTH B KOMH’IOTepHHX HaykKax

f{x)=0. (4.128)

Sxwo Hi, To piBHsHHA (4.127) MHOXKATh Ha YMCIO X 1 JOAAOTH A0 000X 4YacTHMH
PIBHSHHS X'

of (x)=0, a#0, x+af(x)=x. B ' (4.129)
o(x) ‘

Bubip o (BEIMKMM Y1 MATHM, J0JATHIM Y4 Bia EMHIM) 3aIEKHUTh BLA TOFO, ki YMOBW
OyayTb HaknaneHi Ha (yHxiio @(x) ana 3abesneveHns 36pkHOCTI MeTony. Bubupaemo
JCsIKE AOBLIBHC NMOYaTKOBE HaOMmKeHH X, € [a.b].

x; =p(x), Xy = (X)), o0, Xy =p(x, ), k=012, (4.130)

Itepautiinmii mpouec (4.130) otpumas HasBy Memody npocmol imepayil. Ko BiH
361racTbCsl, TO TPAHULICIO € TOYHHM PO3B 30K, }h(mo dyHKIOA @(X) € HEMICPEPBHOKW), TO B
nipoueci (4.130) MokHa NMpUiTH 10 TpaHMLl

%= lim x,.., = iy (x, ) = p(lim x,) = o(x") (4.131)
Fe-yoo- k-»o0 ko0
Teopema 4.21. Slkmo ¢(x) € HemepepBHOO 1 AMDEPEHUIHOBAHOI HA ACAKOMY
npomikky [a,6], a x,, ¢(x,)ela,b] i |¢'(x,)<g<], To rpanuus ]l(im x, =x* icHye 1
o
x* €nvHMA Po3B’ 30K PIBHSHH Ha [, b].

Hoeeoenns.

x, =lx, ). e e (4.132)
3rigro (4.130) - (4.132)
‘kal - xkl = '?’(xk ) - plx, )l =
BUKOPHCTOBVIOUH TeopeMy Jlarparka, c€[x, ;,x, ]
=" Py — x| < afxe —x].
[1poBoastam npoLec & pasis OTPHMAEMO
e =% < xy —x,]. (4.133)
Posrnsuemo psia
Xo+ (0 —xg)+ (0 —x )+ A+ (g — X))+ (4.134)

30LKHICTD psALY O3HAYAE 30DKHICTD MOC/IIAOBHUX YaCTHHHHX CYM.
Omxe, 301KHICTb MOCTIAOBHOCTI X, 3BOAMTHCA A0 AOBEACHHS 301xHOCTI psiay (4.134).
361KHICTh OCTAHHBOTO AOBOJUTLCS 3ABAAKH 30DKHOCTI JCSIKOTO MAOKOPAHTHOTO PSAY.
3aminumo paz (4.134) MaKOPAHTHMM PAIOM, BUKOPHCTOBYIOUH CITiBBLAHOWEHHA (4.133):
o] + |y = x| + gy = x| + 6% %, = x|+t g*x, - xO} +..=

, 4135
:ixo}_"lxl‘x()"(l+¢[+q2+....)‘ ( )
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Poiiin 4. Po3p’s3vBanHs HeNIHIMHHX PIBUSAHDL

Bupas B OCTaHHIX AYKKaxX € CIIAJHOK EOMCTPHUUHOIO mporpecieto, 6o g <1, Tomy
JOBEACHA 301KHICTD PAAY.

4.11.2. FeomeTpuyHa iHTEpPNpeTaLia meToay

Hexait 0< (p'(x)< 1, Tak sx x= (p(x)‘ Po3B’s13k0M PIBHSIHHSA € TOYKA MEPETHHY IBOX
miockux kKpusmx (puc. 4.22a). Hexann -1< go'(x) <0, TOm PpO3CJSANAIOTH BAPIAHT,
s06pakeHmi Ha puc. 4.226. Slxmo ¢'(x)>1, Toai posraaaaoTs BapiaHT Ha puc. 4.22B.

O(x)|-- -~

o(x) |-~ 3¢ -

a) X2 X1 Xp 6) X*1X3 X3 X3 Xp ) 7 X2 X1 Xp
Puc. 4.22. padivna igTepHpeTalis MeTo Iy peiakcalii
4.11.3. O64ncrieHHA NOXNOKK
Beexemo no3uaucHHA: v/(x) =X - ¢(x) , IPUYOMY (//’(x)zl - q)’(x) , TAK K ‘qo'(x){ <1,

TO — 1¢’(x) >1. Shano y'(x)> 0, To Hexait w'(x)>1-g . Posrasmemo OLiHKY:

;ixk - xk—l‘ :ka - 'P(xk)‘ = }(P(xk)| =
Bigomo, mo
x=@(x) .
=0. 4.136
x*—q;(x*):o}W(x) ( )
Tomi owinxa
=) -y O]l @) -5 =l = @ - x7 eelrx]
» 1 i
ka = x| = | = X S [xp — X<
1- ; 1-
#'(©) ) 1 (4.137)
< Ii]q |xk —xk_lis Sl—q_—q’x1 - x0|

3a3HaYMMO, MO 3HAIOYM BEITHYUHY ¢, AKA MPHUOIH3HO BUOMPAEThCA SAK g = maxiq'(x)l
xelab)

MOYHA OLIHHTH 4HCIIO ¥, TOOTO KIIBKICTH KPOKIB, 5Kl MOTPIOHO MPOBECTH METOAOM
ApOCTO] ITepalti, o6 NOCATHYTH HANEPS 3a1aHOI TOYHOCTI &,

1854
o
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YucenbHI METOJM B KOMIT' JOTEDHUX HayKkax

3 HEpIBHOCTI

!

<y —x| (4.138)
l-¢

1
npu g = 3 OTPHMAEMO, IO

{xk«x*'slxk—xk_1|<e. (4.139)

Sk TIMBKM X, BIADI3HAETBCA BIA X, , HA & TO L HAOAMKCHHA i BiJ TOYHOIO

PO3B 3Ky BIAPI3HAECTHCA HA BETUYMHY <E.
Slkmo g Bubpane moBinbhe, ane 0 < g <1, To K TinekU

|xk—x,(41|<1:]—q£:>|xk—x*|<g. | (4.140)

Ymoa (4.140) 6e3 ocoGnuBux 3MmiH MOxke OyTH 3armcaHa sk YMOBa& 3YIMHKHU ¥
BUIIIAAL ]xk - xk,ll <&, ae & — J0CTaTHBO Maia abCOMOTHA BEIMYHHA,

B cuny Toro, mo royatkoBi HaGMIDKCHHS B NEBHIM Mipi MOXHA BHOMpATH AOBLILHI
(nanpuknan 6), To MeToa HalyB BIACTMBOCTI CAMOBHIIPABICHHSA, TOOTO AKIIO IO AKIHCH

IPYMMHI 3AIHCHIOETECA O0YMCIIOBAbHA TIOXMOKA, TO NMPH CIIOTBOPSHH! 3HAYEHHs X &

BOHO MOXe OyTv BuGpaHe y PO HOBOTO MOYATKOBOTO HAGIIKEHHS, @ MPOLEC rrepauii
BCC O/IHO MPMBEE TO TOMHOTO PO3B A3KY. MOXKHA ACIIO NONETIMTH YMOBH TEOPEMH, 06
TOYATKOBC HAOMWKCHHs X04a 1 BHOMPATH JOBLTBHUM, alnc 3 ACIIO BYXKUOTO IPOMIKKY, a

came sxumio [a,6] po3durn Ha Tpu wacTumm & @ B b Tom a:a+—§(b~a) Ta

ﬂ=b+%(b ~a). Slxmo x, € [ex, B], 7o Bei p(x.)ela,b].

4.12. MeTtoa napa6on (metoa 1. Mionnepa) 3HaxomKeHHsA
KOPEHIB MHOro4sieHa 3 KOMMNIeKCHUMHM KoedpilicHTaMu

4.12.1. AHani3 nocraHOBKM 3agaui

Meroa napaon npusHaueHMit 1A 3HAXOMKEHHA BCIX KOPEHIB anreGpaiuHoro
MHorouneHa (meroxn J{. Miosepa) '

P(z)=a,+a, z+..+a,z",a,#0, (4.141)

3 KOMIUICKCHMMH Koe(ilienTamMu Ge3 3HaHHs ix HabmmkeHmX 3HaueHs. Lleit MeToa nerko
peani3yBaTH Ha KOMIT KOTEPI: BiH 3a6e3reuye XOPONIY MIBUAKICTE OGUHCIACHD Ta TO3BOISE
BH3HAY4TH MPOCTI KOPEHI MHOTOYNIGHA 3 BUCOKOIO TOYHICTIO. KpaTHi 1 6memexi xopewi
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Posin 4. Po3p’g3yBanHs HexiHIHHEX PIBHSHD

3HAXOIATHCA ACHIO TIPLIC, HK MPOCTL, ae TOYHINIE HIK IHIMMMM METOAAMH. Bci xoperi
MHOTOUIEHA BUSHAYAKOTHCS TIOCHI1JOBHO OIMH 33 OXHHM.

36iKHICT METOQy Mapabon y 3araibHOMY BHIIAAKY HC JOBCACHA, anc B TIPAKTHII
OGUMCIICHD HEBLIOMO JKOJHOTO MpuKiasy, kKoau 6 uei metoa He 36iraecs abo 30irascs
MOBLIBHO.

OcHoBHa ifes MeToy Tojsrae B HacTyrHoMmy. Hexan 3a7aHi TPY JOBLIbHI NOTIAPHO
pi3HI KOMITIEKCHI 4MCna Zo. Zp, Z2. 3a MMM 4YKMCTAMM K BY3IaMHM IHTCPIIOJIFOBAHHA
Oy AyeThCS THTEPMONALUAHMIA MHOTOUICH Narpamxa ams P,(z). Le Oyze pesxui
MHOTOWIGH IPYTOro MOPAAKy 3 KOMIUTICKCHMMH kocQimenramu. 3HaxXoMATECA 0OMaBA
#ioro KOpeHi 1 3a z3 OepeThCs TOH 3 HOro KOpCHIB, SIKMH PO3TAmOBaHMH Omiwk4e 10 73
Hacryrva Tpiiika wmucen Oyae z;, zz, Z3 3a UMMM 4HMCIaMM 6yay€eTbCsi HOBMH
{HTEpIONALIHHHMI MHOTOWIEH, 1 3a Z4 HepeTses HOro KOpiHb OmwKumii 10 Z3. OTpuMaeMo
HOBY TPIMKYy 9MCEI Z3, Z3, Z4 TOLIO.

TMocnimOBHICTH TOUOK, AKa NMOOYAOBAHA TAKHUM THHOM, 361racThCs 3aBXKAM A0 JCAKOTO
xopeHst MHorowieHa (1ei (akT BCTAHOBICHMHA emmipuanuM musixom). Ilicns Toro, Ak
OGUKCICHO OTHMH 3 KOPEHIB, BIH BMAUISETLCA 1 ATl 3HOBY 3aCTOCOBY€EMO e METOA, 0
MHOTOUWIEHa MCHIIOro cTerners. [1puBeaemo anropurM Metoay. [1pumycTivo, mo BLIOMO
sHauyeHHst MHOTOWIcHa P,(2) ¥ TphOX MOMApHO PI3HUX TOYKAX Z;. 2, Zi1, 1 Z;. 32 1MMH
TOUKaMU Y Iy ETHCA THTEPIIONSLIHHMHA MHOTOWICH Jlarparwka A PL(2).

(-2) z—z, Xz z-Z, K22 z—2z, { Kz-2,
L (Z):E’(Zi“z};(‘_v ))EZ :lz) )ha(ZH}(Z( -z, i((; —3) )HL(Z"\h(—r_a_l)(z ——; 2))
274 NE2T 4 i L NS T2 i L NG AL . (4142)
Breaemo HOBI MO3HAUCHHS
h=z-z, h=z-2, h.,=z,-z.,,
h h 4.143
A=—, A=——, 6,=1+4, i=23... ( )
h. h

H i-1
Slxuo miactasury (4.143) B (4.142), T0 0pepAMMO
L) = 125;1 [P, (;:,.,2)/112 ~P(z, VAS, + P (z)A]+
A8 Pz, ) A2~ P(z,,)6] + P2 XA+ 6+ P, (z)
SIKIe TPUPIBHATH L2 () no wyns i poss’s3aTH UE PIBHAHHA BIIHOCHO A, TO
onepxmmo Gopmyy

_2Pn (zz' )(SJ

A= .
g, 48’ —4P(2)5 AP,z )4 ~ B, (2,.,)8,+ P (2)]

(4.144)

Tyt
g, = Bz, )4 ~P,(z,)8 +P(z)(A4 +9)
3 IBOX MOJK/IMBUX 3HAYCHb A OEPeThC HAMMCHIIE 33 MOZYICM 1 Jani OOUHCITIOETBCA
;“i\] = ﬂ,’ h;‘+1 = /1 h[: Zi+1 = Z,- +h,'+1~ (4145)

i+1
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HucesibHi METONHM B KOMIIHOTEPHHUX HayKax

Ha usomy moxuna 6yno 6 3akiHuuTy npouec OBUMCIEHHS HAaCTyMHOro HabjHMeHHs
KOpeHs, ane st Binbloi rapanTii 36ixHOCTI i wIa NogonaHHs TPYAHOLIIB, IO MOB’A3aHi
3 MOABOIO BEJTMKHX YHCEJ, IPOTIOHYETHCA IONATKOBO 3pOGUTH HACTYTIHe.

[epesipsieTbes BukoHauHs HepiBHOCTI

Ihal= R = 4|P(2) (4.146)

1
Ja|
SIKIIO e BUKOHYEThCSA, To A GepeThes piBHUM OIIMHHILI, 1 MPOBOAUMO OBYUUCIIEHHS 32

dopmynamu (4.145). Skwo HepisHicTh (4.146) He BHKOHYETBLCH, TO i A He 3MiHIOEThCH.
[licna uporo nepesipaeThca BUKOHAHHS iHIIOT HEPIBHOCTI:

P(z,, )1 <10

P(z)|. (4.147)

SKIWO U HePIiBHICTb He BHKOHYETBCH, TO A 3aMiHIOEMO Ha /2 , 11epepaxoBYOTLCA
BenuyMHN (4.145) i 3HOBY nepesipsierhes (4.147). 3amina A wna A/2 i nepepaxyHoK
(4.145) 3nifiCHIOETBCA OTH, MOKH HEpPiBHICTS (4.147) Bnepure He BuKOHYeThCs. OcTaHHE
OTpHMaHe z;,; GepeThcs 3a HACTynHe HaGnWkeHHS 1O kopeus. [licns usoro zamicre
TOYOK Z,.2, Z;.;, Z; 6€PYTBCA TOUKH 2,.;, Z,, Z,.; | IpoOLEC MIOBTOPIOETHCS.

TakuM YMHOM, OTPHMYETBCH MOCIIZOBHICTL TOHOK {zp}, fiKa 3aBxam 36iraeThes o
JEAKOro KOpeHs MHorowieHa P, (z) .

Meton n03BosIs€ BU3HAYMTH NHLIE OAMH, B3arai KaXy4u, BUNAJKOBUH KOPiHb, TOMY
AIA 3HAXODKEHHS HIIMX KOPEHIB MOTPIGHO KOXKeH 3HaineHmil KOpiHb, 3a CXEMOIO
lopuepa [13] Buninuty i nani 3acTocoByBaTH MeTO 10 MHOrOWIEH MEHIIOTO CTENEHS.

I'nobanbua 36ikHicTs MeTony napabon ne JAOBe/ieHa, ane Ha OpakTHUI OO4YHUCHEeHb
HEBIJIOMO JKOIHOTO BUMANIKY, KONH 6 Leil MeTox He 36iraBcd, abo 36iraBcs MOBiNBHO.

HocninuMo nokanbHy 36iXHICTE MeTOy. Bynemo BBaxat, wo inTepmomsuiiiuuit
MHorowileH L(z) mae ctenine # > | 1 NOYaTKOBI TOYKH Z0sZise +sZm B3ATI HOCHTH OJIH3BKO 0
KOpeHs z* MHorounena P, (z). Hexaii p-kpatHicts KopeHs z*, mpuuoMy p <m. Maemo

_ P Py
L(z)-]’”(z)+mg(z z). (4.148)

Jie Touka ¢ HaNeXXHTh HalMeHImii omyxnii o6acTi, HIO MiCTHTD Z0yZiseeusZm 5 2. TAK AK
L(z,,,) =0 T0 3 (4.148) BUnNNBaAE

R)(m-&l)(é:"”- ) m B
P"(zm,)+-(-m—+l)_!'L‘O[(zm+I -z)=0. (4.149)

bes obMexeHb 3aranbHOCTi, MOXxHa BBAXATH, WO MOTPiOHHI KOpiHb Z,., UBLOrO
PIBHAHHS PO3TAalIOBAaHMI GilKYe iHILMX KOpPEHIB 10 TOYKH z . Hacnpasni, 3i 36ixHocCTi
METONy napabos BHILIMBAE, WO Ha AESKOMY Kpoli z, Oyae Gmmxue q0 z° , HIX z,
ZiyeeisZmy. Skmo z° — NPOCTHH KOPiHb, TO KOPiHb Z,,.;, HAUGINBI 6IH3LKUI 1oz 6yne
isonboBanum. ToMy ueit kopinb 6ye HAHGLTBII 6IH3BLKHUM 10 z,, . B 3aransHOMy BHnNajgKy
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Po3ain 4. Po3B’s3yBanus HeMiHIMHUX DiBHAHD

Ul BUKOHAHHA [LOrO TBEP/DKEHHS, MOXIIHBO, MOTPi6HO BUOPATH Zp: HE HaHGiINbLI
GITH3BKYM JI0 2, 2 3 HAHMEHIINM 32 MOJIYJIeM 3HaUeHHIM MHOrOWIeHa Py (2)-

* P .
[NosnaunMo &, =z, —Z 1 3anUlIeMO B OKOJI Z PIBHAHHA (4.149) y TakoMy BUrfsl

ID”([’)(Z*) * o P+
p' ((Zm+1 -z )p +0(lz,,,+1 -z ))+
})"(m+l)(za) . m . )
(m+1)' +0(‘§m+l_z |) li:.l[(zm+l+z )‘(Z,+Z )]:O

3Bizcu OTpUMYEMO
AUC YR el

p‘ mal (m+1)' ];;[[(gm-;-] +£i)+

+O(I€m+l .p“ )] + 0(|§m+1 - Z' |)1ﬂl(8m+l - gi) = 0

(4.150)

OuiHAMO BENMYMHY MIiHIMAIBHOrO 3a MOIYJEM KOPEHA &m1 LBOIO piBHSAHHA.
OUYEBHIHO, IO Emii TUIBKH 3MEHIUHTHCS, AKIIO P,™(z" = 0. Hexait P, N(z") # 0. [Ipu
MaNMX £ MiHIMAIBHI KOpeHi piBHAHHS (4.150) 3 TOUHICTIO 10 HECKIHYEHHO MaJioi BHLIOTO
nopaaKy 6yayTh CliBNafaTH 3 BiANOBIAHUMH KOPEHAMH PiBHAHHSA

() (" m+l o XN m
G L B P o,
p! e (m+ D) s
BeeneMo HOBY 3MIHHY
1

AR
(m+ DI (2"

Tomi 7%, + [ [ 00 =71, =0.
i=0

[lpu n,=0,i=0,1,..., m, ue PIBHSAHHS Ma€ p-KpaTHU# HyJIbOBHUi1 KOPiHb, 8 0OYTOK
iHmMx xopeHiB piBHuI — 1. BinbHuil WieH MHOrowuieHa 3 TOYHICTIO A0 3HAKy piBHUMH
106yTKy Beix ioro xopeHis. Tomy, BUALIAIOUH KOpEeHi 32 MofIyJieM GiH3bKi 10 OJMHML,
OTPHMAEMO, IO 3 TOYHICTIO O HECKIHYEHHO Majol BULIOrO MOPANKY [OOYTKY p

m
HalfiMEHIOMX KOpEHIB piBHHMI I |(—77,.). HajiMeHIIHM 3a MonylieM KopiHb Oyne He
i=0

77,,,+1lp < H(n,.) . ByieMo 3HaxomauTH [, 1|3

i=0

GLIBLINM 3a cepeiHe reoMeTpUdHe , TOOTO

m
. . P . .
piBHOCTI I)]mﬂl = I l (n,). Tlpu UBOMY |#,m- ;| MOXKE TifIbKH 3GLITBLIYBATHCA. [Mo3HauumMo
i=0
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UucesbH1 METOAM B KOMIT' FOTEPHUX HayKax

y,=In In,[, i=0,1,..,m+1. Jlerko NOMiTUTH, IO BETUYUHH Yi 3aJI0BOJIBHAIOTH JIiHiliHE
Pi3HHMLEBE PIBHAHHA -V, . =V, +V,_ +...+ Y.
3rigHo 3aranbHOT Teopii po3B’s3yBaHHA UMX PIBHAHb OYAEMO MaTH
Ve = [Qp_,(k+l)+o(a"”)], (4.151)
ne |of <1, &, — MAKCUMaJIBHHMIA 32 MOLYJIEM KOPiHb XapaKTEPHCTUYHOTO MHOFOWICHA
P ()= p-t"™ =" =" — ], (4.152)
Op.1(k) — MHOrOUJIEH cTeneHs p-1.

3 (4.151) 3naxomumo y,,, =, v, [l+o(a")] i mani

a,, =1
R
(m+1)IP(2)

*

z,—z

.
|2k+! -z

| :
Sl +0 lzk—z

) (4.153)

Teopema 4.22. CripaBeuinBe Take TBepmkeHHs [76-80]. SIkiwo B piBHAHHI
x"=bx"'—..~b =0 (4.154)

BCi b, > 0,7 = 1,2,...,n, a inAeKCH ROAATHIX b, MaKOTh HAHGINBIINIA CIIILHU JIUTBHUK
I, To piBHsAHHA (4.154) Mae enuHMit NpocTHil AONATHMI KOPiHb 7 i MOJyMi BCIX IHIINX
KODEHIB MeHlii .

B cuny uiei Teopemut o, 6yne aiicHUM NOAATHUM HYUCIIOM.

MHorouien @, (1) He Mae kopeHs piBHoro | mis p<m, TOMy CYMYWUYH iioro
OCTaHHI 4IEHH SIK TEOMETPHUHY NPOrPeciio, OTPUMAEMO:

" (pt—1-p)+1
t)= .
@0y (1) —
. 1+ p
3Bigcu Ta 3 (4.152) BCTaHOBIIOEMO, WO 1<amp <———, TaK K @, (1)<0 mns
p

ps<m,a @u((1+p)/p )>0. Kpim Toro, cniBBinHOMIEHHS
Prnsrp ()= t¢’mp -1 P, p+1 )= Prp - !
JO3BONIAE 3pOOUTH BUCHOBOK, IO Gy, pit < Ump < Cprel p -

Omxe, Bei wMcna a,, > 1, ToMy 3 dopmynu (4.153) BHLIMBAE, MO MeTOx napabon
3abesnedye JokanbHy 3GDKHICTb, AKIIO TUNLKM BCi pisHMUi z; — 2 Ha NOYaTKy Nnpouecy
Oynu nocratHbo Maiti. OpHak, WBHAKICTe 3G1KHOCTI He NEPEBUILHTE KBAaIPaTHYHO! B
CHJIY TOTO, IO O, <2 AN BCIX m i p.

30kpema, TMpH BUKOPHUCTAaHHI iHTEPHONALINHOIO MHOrOWIEHa JPYroro cTerneHs,
OTPUMAEMO BIAMOBIXHO NP OJHOKPATHOMY | JBOKPATHOMY KOpEHi z
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Po3aia 4. Po3r’13yBaHHs HEJIiHIAHUX PiBHAHB

0.42

o P"(z") epse s
Zoa—Z Sl % +o\|z, R
6F,(z)
mo ot 923
o P"(z) e I
Zea—Z S 1o & +ol{z, —z .
6P/ (z)

PosrnsiHeMo nesiki OCHOBHI XapakTepucTHkH Metoay [l. Miosuiepa.

4.12.2. O64YncrieHHA NoxXuoku

Meron mnapabon € ogHuM i3 HalGimBLI MpPOCTHX i 3pyYHMX MeETOAiB BHM3HAYEHHS
KOpEHIB MHOrowieHa. Foro 3py4HicTh nosrae He TiBKH y NPOCTOTI OGYMCIIOBANBHOL
CXEMHU Ta BENHKOI LIBMIKOCTI poGOTH, ajle i B TOMY 11O Ha KOXHOMY KpOL BiH BUMarae
0GYMCIIeHHs TiIbKM 3HAUEHHA MHOrowieHa y meskiil Todwi. Ll BIacTHBiCT METOMY CTa€
0COBNMBO BaXJIMBOI y TOMY BHNAiKy, KOMM MHOTOWIEH HE 3aJaHui ABHO, a 3a/laHHi,
HANPMKNAJ, Y BUIIAAI XapaKTEpPUCTHYHOrO BH3HA4HMKA. Tofi iHuii METOOM NMPaKTHYHO
Maiike He 3aCTOCOBHI, a METOJ ITapabon MOXHA YCITILIHO 3aCTOCY BATH.

L{ikaBo BiI3HAYMTH, IO XO4Y i MOXKHa MOOYRyBaTH 6araTo aHAIOTIYHMX METOIIB,
BUKOPHCTOBYIOUH iHTEPHONAUIAHI MHOrOWIEHH GiNibIi BHCOKOrO MOPsAKY, poOuTH ue
HemouinbHo. [lo-mepnie, Ans BH3HAUeHHd IapaMeTpa A  JIOBEAETbCS 3HAXOIUTH
HaliMEHIIMHA 32 MOXYJIEM KOPiHb MHOIOWIEHa OUTHIN BHCOKOrO MOPAAKY, AL HOro
noTpibHo 6yne 3actocyBaTd Heski cneuianbHi MeTonu. Ilo-mpyre, sk Oyno mokasaHo
BHILE, LIBMAKICTH 30GDKHOCTI BCE ONHO He MEPEBULINTb KBaipaTHuHOi. UHcna an, i3
pocToM m mOye WBUAKO 30iraloThCs 10 CBOEI TpaHMll, TOMY JOCTAaTHBO
BUKOPHCTOBYBATH MHOTOWIEH APYTOro CTENEHA.

Lleii MeTon 03BOJNAE BHU3HAUMTH TUIBKM OIMH KODIHb MHOrOY€Ha, TOMY i
3HAXOIKEHHS IHIUMX KOPEHIiB KOXHHUI 3HAMACHMN KOpiHb MOTPiOHO BMAINATH i aai
3aCTOCOBYBaTH 1€ METON [0 MHOTOdWleHa MEHWoro crenens. llpy wboMy s
3MeHIIIeHHs BILTMBY NMOMMIIOK sIK i B {HIUMX MeToJax KOpiHb NOTPiOHO YTOUHHTH Iepe]
BUALUIEHHSAM 32 BUXiTHUM MHOro4IeHOM. [1ouaTkoBUMHM By3JIaMH 17 yTOUHEHHs OymyThb
ocTaHHi Tp¥ HaGnwkeHHs. [loyMHATH Hpolec MOXHa 3 OYyAb-SKUX 3HAYEHb Zo, Zj, Z2,
Harpukian, zo =-1,z,= +1,z; = 0.

TTopiBHIOIOUM iHIII METOAM 3 METOAOM Mapabon 3a WIBMAKICTIO 30DKHOCTI MOXKHA
3pOGUTH BUCHOBOK, LIO OCTaHHi# 36iracThcs NOBiNbHille (3a YMCIOM iTepauiit) s
IIPOCTHX KOPEHiB, ale WIBU/IIE U1 KPATHHX. SIKIIO 11 KOpeHs z* KpaTHOCTi p BUOpaTH
mapamerp 3 HamiBiHTepBany (0,p], TO B IHIIMX METOAX MOXXHA OTPUMATH KBaJpaTHYHY
36ibkHicTs. [T0Ka3HHK LIBHAKOCTI MeTomy napabon He mepeBUuUTH uucino (1+p)/p, wo
MEHIIe IBOX JUIA p > |. 3HaueHHs MOKa3HUKA 301KHOCTI Ayp ANNA PISHUX m i p IPUBENEH]
y Tabauui 4.5.

BepyuH 10 yBaru Te, 10 MHOTOWICHH € UIBHIKO3POCTalOUMMH GYHKUISMH, 3HAYEHHS
P,(z) HaBiTh JUIA He ayXe Benukux n Ta z; (mopsaaky 10-20) cTaroTh HacCTilbKH
BEJIMKKUMH, L0 TEpPeBUILATh MAKCHMATIBHO JOMyCTHME y KoMl toTepi uucio. Came x 4,
AKe 064UCTIoEThCs 3a hopMyJioto (4.144), Malike 3aBXKIU € MATUM YUCIIOM.
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YrceTpHl MCTO/M B KOMIT IOTEPHHX HAYKax

Tabnuys 4.5

3uavenns mokasuukie 36iKHOCTI

pxm 1| 23|45

1,618]1,839(1,928]1,966]1,984]1.992)
— [1,234]1 3491, 410]1,4451 464
— | — [1.1261,199]1 243]1 271
— | — T.o79)1.13001,163
— | — | — | — 1,051,092
— | — [ — ] — ] —= 11040

D[R |W N =
|

o6 n036ymcsz LbOT0 HEAOIKY, MPEACTaBUMO P, (z;) HacTymHMM umbOM: P,(z;) =
Z; R(z,) ae t; = 0, R(z) = apz,” + a;z"" +. .+ an, saxmo |zi<l, 4 = n,
R(z,)= a(ﬁa,a,’] btz ", akmo |z> 1. 3natoum 1, R(z;) i BiAHOmWEHHS umce z;
Zi.1.Zi.2, JICTKO 06m4cm«rm /., 6e3 NOsABM BENMKMX uMCeNl. AHANOTIMHO CIig TSTH i mpu
obuncnenti R; sriano (4. ]46)

4.13. Po3B’A3yBaHHs CUCTEM HENiHIHKUX PIBHAHL

Posrnanremo cucteMy HeMiHIHHMX piBHAHD

06, %,,..,x)=0,i=1n, (4.155)

1. Memoo imepayiii posze’nixy cucmem cneuianvnozo suz2isdy. Hexail cuctema
(4.155) exsiBancHTHa

5=, X x,) D=, @156)

a cuctema (4.156) 8 obmacti G € R” mae eanmwif po3s'sisok x; = oy, 1= 1

Ha V" e R, i=1,n, Oy ayemo iTepauiiitmii npoec

) 0
(1) 401( (0) lgo), , ()) .

1 1
()’_@(xl(),xz EN (>)

(4.157)
xi(kuj @( (k) xék), , x;k) ,
Ie 11mx( ) =a,i=12,.,n
Busnaummo oneparop
= Ax, (4.158)

Be V1=01(X,X2,.... Xn) =AX, X,y €R", XZ(X1,X2,..., %), V=(V1.V20r s V).
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Poaain 4. Po3p’ 13yBaHAs HEJiHIMHEX DIBHSHD

Teopema 4.23. Hexait

1) 0={x € R"|p(x, @< r}, a=(01,a3..,0 an'
2)| 9fx) — o:(x")|<K p(x'x");

3) plofx) — (xS K p(x'x"), 0 <K <l.
Toai

D vx®@e Q! - Ax® limx” =a

i pe™, )<k’ px"”, a).

Josedennst BAILIUBAE 3 IPHHIIAITY CTUCTIMX BigoGpaxeHs (teopema 4.7).
Teopema 4.24. (11po €AUHICTH PO3B "SIBKY).

Hexait:

1) O=fx € R": p(xy )< 1), 19 ¢ R" - (ikcoBaHuii BEKTOP,

2) ¢i(x) 3aIOBOABLHSIE YMOBY Hlmnmvl

3) v 1(0) € O mac micue p(Ax®, (0)) <(1-kez.

Tomi cuctema (4.156) Mae epHuMi O3B A30K lim x( )=, mpm vixle R .

X—rw
Jloeeden st aHATIOTIYHO 10 CKATPHOTO BHITANKY .
Teopema 4.25. (nocraTHi yMOBH 30LKHOCTI).
Hexain:
Dox)e C(G),1<i<nac G;

2)9"f—@ec7((;),1gi, j<n.

Tomi a7s 361KHOCTI METOAY 1TEPALlii AOCTATHBO, 1106 BACHI 3HAYCHHA MATPHLI

- {max Q—‘ﬂ} i j=Tn. @158)
G ﬁxj

331080, bHTM yMOBY A (M)|<1.
Moeedennn. Sxmo = o)« G, 10

op.(pi
Y —a, =p(xX'NH-p(a)= Z o )(x ~a;), (4.159)
:_ﬁ, pﬁk"'l) _ jesika TOYKa BiAPI3Ka MPAMOI, 110 3'€AHY € TOUKH xV i o [No3naunmo
(") onm”)
ox, S ox,
M, = . (4.160)
8(/),7(191“) o9, (1)
ax, x




Ynce 1bHl METOIH B KOMIT IOTePHHX HAYKAX

Toai 3a (4.159) maemo x¥ — a= M, JTC s a), 3BIJKH, ITEPYIO4H MPOLIEC, OAEPIKHIMO
x¥ — =My M. M, My(x” — a).

3uaunts it x4 o oxepxumo imx™® = o | sxmo M My —>0.

X0 k->o0
Hoswaunmo M, = max %ﬁ , Tomi ”Mk;]Mk;Z...M]MO“ < HM”_>U, 60
G x"- k>0
A<
2. Memoo Horomona. Hexaii
Silx1,x2,...,) =0, 4.161)
X=(X 1. X2, X ) € R™.
TNosHauumo
S &) = fi00), [2 ()., fo (), (4.162)
7041 (4.155) npuitve Bursin
fx) =0, f: R" — R". (4.163)
Teopema 4.26. Hexaii:
D) fe Ci(G), aeac G={x € R" [pfx, a)<r};
2) maTpuis
( (@) Ui (@)
|
ox, ox,
S Aa)= . (4.164)
o, (a) o, (a)
&, ox,

HE BUPOMKCHA, TOOTO det f; (x) £ 0 .
Toaticnyeokin Q = {x € G: p(x, )< 3 <r} < G makuii, o ¥ x" ¢ R"

X"V = d(x") =2 - £ () f () e (4.165)
Hoeeoenns. Hexait :
x=ox)=x-f" ®)f(x), (4.166)
TOI KOPiHb 0, cucTemu (4.163) € koperem (4.166). 3ayBaxumo, mo (4.165) exsiBanenTHe
J(x ) xmr ) —x ()= _pe(m)) (4.167)

3a Teopemoro 4.17 BuKoHYETHCH YMOBa ”M “ <l, mo exBiBanentHe A(M)<1,

10610 limx™ = . Omxe, imx™ = ¢ kopeHeM (4.166), a, omxe i kopenem (4.163).

X 00 X—a0
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Posain 4. Po3B a3y BanHS HeXTHIMHEX PIBHIHD

4.14. NMpuknaam po3s’A3yBaHHA HeniHiINHUX PiBHAHDb

Npukiaa 4.12. Poss’s3aTu piBHAHHA
x+sinx—1=0. (4.168)

. . . . 74

METOOM ALTCHHS MPOMDKKY HaBIII 3 ToyHicTIo 6=107
Po36’s30k. CriouaTKy 3HAMAEMO MPOMIKOK, HA SIKOMY PIBHSHHS M€ €MHHI KOPIHb.
Ockinbky ToxigHa QyHkuii f(x)=x+sinx -1 He 3MIHIOE 3HAK, TO KOPiHb y PiBHAHHI

(4.168) 6yze ommH. Jlerko moGauury, mo A0)y=-1<0,a [ (—,2{] =Zzt—> 0. Omxe, KOPIHb

HATSKUTb TIPOMDKKY [O,—g]. Bubepemo a, =0, bo:%- 3rigHo  GOpMyIH (4.60),

OTPHMMAEMO, IO L 3HAXODKEHHS. KOPCHA 3 TOYHICTIO 107 meobxigHo mposecTy 13
IHTErpaLin. BinnosiaHi 3HAYCHHS X, HABEACHI B Ta6;mu 4.6.
Tabuuysa 4.6

n Xn Jox)

0 0785398E+00 0492505E+00
1 0392699E+00 022461 7E+00
2 0589049E-+00 0144619E+00
3 04908 74E+00 0377294E- 01
4 0539961E+00 0540639E - 01
5 0515418E+00 0831580E-- 02
6 0503146E+00 0146705E-- 01
7 0509282E+00 0316819E- 02
8 05123 50E+00 0257611E- 02
9 0510816E+00 0295467E— 03
10 0511583E+00 0114046E— 02
11 0511199E+00 0422535E-03
12 0511007E+00 0635430k - 04
13 0510911E+00 0116016E- 03

[Ipuknaa 4.13. 3uaiitu goAaTHI KOPCHI PIBHAHHSA
X—x-1=0 (4.169)

MCTOZOM TIPOCTOI ITEpaiii 3 TOUHICTIO =1 0.
Poze’szok. Tpadiute AOCTIKECHHS DPiBHAHHS (4.169) mokasye, WO ICHYE €AMHUH

AificHUM J0AaTHIH KOPIHb LbOTO PIBHAHHSA 1 BIH HANCKHUTh MPOMUKKY [1,2]. Ocxinbku Ha
LOMY NPOMDKKY X # (}, TO PIBHAHHA (4.169) MOXHa MOJATH y BUTTIS

1
x:\i—+l. , (4.170)
X

A% | -
To3uaummo @(x) = (— +1| . IlepeBipuMO BUKOHAHHS YMOB TCOPCMH TIPO 301KHICTD
x

MeTO,Ty TIPOCTOi iTepawi. Bubepemo xo+=1.5, toai 5-0.5. Posrisanemo



UniceTbHl METOIHM B KOMIT IOTePHUX HAayKax

, 1
QD(JC)Z——“3
2Vx  +x

—; max|p’(x)| = 2\1/5 ,

1<x<2

1
T00TO ¢ = —F=.

242 |
Toni 1¢(x0)—x(,|:1/-§+ ~1,3= 0,205, (1—q)5:o,5-(1—~2—lﬁ)z0,3232,

a omke, ymosa (4.107) suxonyersca. 3 dopmyian (4.110) Maemo, Mo KUTBKICTB ITCpaLii,

AKI HEOOXITHO MPOBECTH I 3HAXOMDKCHHSA KOPEHA 3 TOYHICTIO £=10 *  noBuHHA

3a70BOABHATH YMOBI # > 8 . Bianosiaui 3HaueHms x,, Ta X,~p(x,) HaBe ek B Tabn. 4.7,
Tabnuys 4.7

n Xn Xp— dxa)

0 0150000E+01 0209006E+00
1 0129099E+01 0411454E-01
2 0133214E+01 0901020E— 02
3 0132313E+01 0193024E—- 02
4 0132506E+01 0415444E- 03
5 $132464E+01 0892878E—- 04
6 0132473E+01 0191927E- 04
7 01324711401 0417233E- 05
8 0132472E401 0953674E- 06

3 mepieHocTi (4.111) i oOTpUMaHMX PE3yNbTATIB BUAHO, IO A1 JOCATHCHHA 3aJaHOI
TOYHOCTI AOCTaTHLO OY,10 TpoBecTH 3 iTepamii (#=3). Baaram cmia 3asHauMTH, 0IO
anoctepiopHa owiHka (4.111) € Ginbi TOYHOIO 1 i1 BUKOPHCTAHHS MOKE 3A0MIATAUTH ACTKY
KIIBKICTh 00YMCIICHD.

Tpukian 4.14. Merogom penakcauii 3HaiTH HaMMCHIUMA 33 MOIYNIEM BiX €MHUIA
KOPIHb PIBHAHHA 3 TouHicTIO £=107"

X’ -3x-1=0. (4.171)

Po3e¢’sz0x. Criouatky BuALTMMO KopeHi piBHSHHA (4.171) KOPHCTYIOUHCH HACTYTIHOO
TalIMLICIO:

Tabnuys 4.8
x -4 -3 -2 -1 0 1 2 3
signf{x) - - + + - + + +

3 TabauMui BMAHO, MO PIBHAHHA MAa€ TPU KOPEHI, WO PO3TAINOBAHI HAa MPOMIKKAX
[-3:-2], [-1:0]. [0;1]. Byaemo 3HaxoauTH xopiab Ha npomikky [-1;0]. O6umcruBmIM
sHaueHHa f{—0,5)=~0,375 MOKHa Y TOUHHTH POMDKOK ICHYBaHHsA Kopens [—1:-0,5].

MosHaunmo f{x)=x"—3x"—1. Toxi f'(x)=3x>+6x<0, xe[-1,-0,5] i € MOHOTOHHO
spocTaouoro PyHxuiero Ha [—1;-0,5] (ockinpku f"(x)=6x+620).

Tomy my = mm |f(x)| If( 05)’ 2,25,

;—0,5]

M, = xegllgs]lf @] =|/-1)|=3
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Posaia 4. Po3s’ a3y BaHHs HeJIHIMHEX PIBHAHD

Toai, ariano dopmyn (4.124) 1 (4.125), piBHAHES MaTUME BUITISLY
Xy =X, + T, () +3x2 =1) . (4.172)
Bubpapiuu 3a novyarkoBe HAOMMKSHHA TOUKY Xo=—0,5 oTpHMaEMO OLUHKY |Zol <05, a

KUTBKICTB iTepaiiif, sKi MoTpiOHO MPOBCCTH ISl 3HAXOKCHHs PO3B A3KY 3 TOYHICTIO
&=10"* 6yxc nopismioatn 5 (4.126). B Tabn. 4.9 HaBeacHi BiANOBiAHI JaHi iTepaliiHOi
MOCI1A0BHOCTI:

, Tabnuys 4.9

n Xz Jocn)

0 0500000E+00 0142857E+00
1 0642857E+00 0985700E— 02
2 0652714E=00 0105500E— 04
3 0652704E+00 0596046E - 07
4 0652704E+00 0000000E00
5 0652704E+00 0000000E+00

I3 HaBeAEHMX JaHUX BUIHO, IO HEODXIIHA TOUHICTE AOCATacThes paHime S-i itepawii.
Le nocHTh XapakTepHO TS anpiopHux oHOK Uy (4.126).
Hpukiaa 4.15. Merogom HeroToHa 3Hatimm HaWMEHIIMI JOAATHIN KOPIHb PIBHSHEHS

X+3x7-1=0. (4.173)
3 TounicTio e=107", v
Pozée’azox. 3 tabn. 3 sunso, mo pisusues (4.173) Mae equnuii noaaTHii KOPIHD, WO
nanexuts npomikky [0;1]. ofuucmmmo f0,5)=-0,125. Tenep 3Haxoanmo KOpIHL Ha
npomixky [0,5;1]. Hexait fx)=x"+3x"~1. Toni
[(x)=3x"+6x>0, [(x)=6x+6>0, xe[05].

my = min | /()] =|/(05)]=375.

M,= xEII‘I"»llfl—)g,Sﬂfv(x)’ = If”(l)l =12.

Butepemo xo=1, Toai |x, — x,|<0,5 . 3 dopmynu (4.72) maemo
1200 o84
3,75

2 .
TobTo BCl YMOBH TeopemH Mpo 30DKHICTL MeToay HeroToHa BukoHaHi. 3 dopmynu
(4.81) maemo, WO UIA JOCATHEHHS 33aAaHOI TOYHOCTI JOCTATHBO [POBECTH 7 ITEpaLii.
Biarnosiani obuvicnenss HasexeHi B Tadi. 4.10.

Tabnuys 4.10

it Xa Sy

0 01000000E-+01 03000000E+01
1 06666667TE-00 0629629TE+00
2 054861 11E+00 06804019~ 01
3 05323902E-+00 01218202E- 02
4 05320890E+00 04395228E- 06
5 053208895100 04230802E— 07
6 05320889E+00 04230802E-- 07
7 05320889E+00 04230802E_07
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UnceapbHi METOIH B KOMIIT IOTEPHHX HayKax

4.15. KOHTpONbLHI NUTaHHA

1. Sxi QyHKUOHATBHI PIBHSHHA HA3UBAIOTh anreOpaiuHumMm?

2. SIxi QyHKLIOHAIbHI PIBHAHHS HA3UBAKOTH TPAHCLICHACHTHIMM?

3. lllo o3Hauae po3B’sA3aTy 3444y YHUCEIBHHM METOI0M? _

4. Sxi erarm € o0OOB’A3KOBMMM [UId 3HAXOIDKCHHA BCIX KODCHIB
(yHKUIOHAILHONO PIBHAHHS HA 33 aHOMY TTPOMIKKY ?

5. B uoMy monsArae CyTh AairopuTMy peanisamii eTary BiTOKDEM/ICHHS

KOPEHIB (PYHKLIOHANBHOTO PIBHAHHS Ha 33JaHOMY HPOMUKKY

6. B 4yoMy cyTb METOY MOJOBMHHOTC ALICHHS!

7. Sk oGMPAETLCA OCTATOUHE 3HAMEHHA PO3B 3Ky METOJOM AUXOTOMIT?

8. B uyomy cyTs MeTOIY X0pa? :

9. Slka yMOBa BHXOJy 3 ITEPALIHHOTO IPOLECY. PO3B 3Ky METOAOM XOpa?

10. B oMy CyTh METOAY CIMHHX?

11. Yum MeToA CIMHUX BiPI3HAETHCA B1I MCTORY X0pa?

12. B yomy noaiOHICTE METOMIB CIYHMX Ta Xopa!

13. Bix sxux ()akToOpiB 3aNCKUTh IIBUAKICTS 301KHOCTI METOIY CiaHMX?

14. B 4omMy rosirae CYyTh METOAY AOTHYHUX !

15. B yomy momsrae cyTh Metoay HetotoHa?

16. B yomy nonsarae ¢yt Moaudiikosasoro Metoay Herotona?

17. lo sixoro BMrnsgy HOTPiOHO MpHMBECTH (JVHKLIOHATLHE PIBHAHHS, MO0
MPOBECTH PO3PAXYHOK KOPEHS 38 METOAOM MPOCTO] iTepantii?

18. Ski ymoBM 36ixkHOCTI METOAY mMpocToi itepami 1 sk iX BpaxyBaTH Npu
PO3B’ a3y BaHHI ()Y HKIIOHANBHOTO PIBHAHHA?

19. B uomy nonsrae cyts koMOiHOBaHOTO MeTOIY !

20. B yomy nosisirae CyTh METOLY periaKkcarii?

4.16. 3agayi Ana caMmocTiMHOT poGOTH

Zanaua 4.1. BusHauTe, CKUIBKM KOPCHIB Mae HKLUOHA/IHE — PIBHAHHI
p Y P
sin(x)—x’ =0 na rpomixkky [-3,3].
3apaua 4.2. 3HaiiaiTe po3B’A30K (PYHKLIOHATPHOrO PIBHAHHA x?~2=0 ma
npomikky [—1,1], sxuii OTprMaHKii B pe3yabTaTi BIAOKPEMICHHA KOPCHIB.
3anaua 4.3. 3uHaliaiTe po3B’3KkM  (PYHKLIOHATLHOTO PIBHAHHS x*-0,5"=0 ma
npomixkky [-5.5]. [Tepesipte oTprMani po3B’ a3k# rpadiaHoO. _
. . - . ‘— .
Bamaua 4.4. Po3s’sokiTh (yHKLIOHATHHE PiBHAHHA sin(x)* > =0 METOAOM MPOCTO
itecpaini Ha mpomikky [0.53.5]. Ilepesipre oTpuMaHi PpO3B A3KM, CKOPHCTABIIMCEH
METOAOM MOJOBUHHOTO ALTCHHSL.
3anaua 4.5. BraxiTh npoMikok, Ha SKOMy posB’s3ku piBHaHA 0,57 -0,1=0
METO0M XOpA By e HeehekTuBHIM, samo £ =107
3a1aua 4.6. logecTu, IO HyIl MHOTOWICHA
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Posgia 4. Posp’g3yBanng HemmiHAX pIBHSHE
P, (x) = X"+ax™ 4.+ a,x +a,,
asa,#0; {a.i=Ln}cR' 32 MOAYIEM HE MEHIIC €IMHOTO A0AATHOTO HYJIS MHOTOUICHA
P (x) = S Hal™ .+ |anx — an.
3amaua 4.7. Hexait {dp,d,,..., d,j (0,+ =) r[ppl d, > |ajld nitaold wa.t |auld o
JoBectu, mio Hyi MHOTOWICHA P (x) = & +ax™'+. + a,x + a, He NEPCBHILYIOTH 3a

MOAYICM
d = max{ / ’ }
n 2 n 3 (r

3amaua 4.8. Hexaii py> p, > pr> Hosecty, wo y OJHEI{HOMY Kol
Ix] <1 HE MICTHTH HI OAHOTO HY’IS MHOTOYJICHA P (x) = po+pixt . pax™ M px”

3amaua 4.9. BuxopucroByioud Teopemy Ponns, 3HaliTh yMOBM TOro, IO KOPEHI
piBusHEA X7 + px” + 1 = 0 € KIUCHEMM YUCTAMA,

3anaua 4.10. 3uaiiTi 101aTHI KOPCHI PIBHSHHS X = 1g X 3 TouHicTIO € = 107,

3amaua 4.11. Buxopucraru Mmeron HetoToHa 115 pO3B 3Ky PIBHSAHHS

¥ —N =0 1ms oOUMCICHH -\/—]V .

3amaua 4.12. OOuucaury 3 I #TbMa 3HAKAMM [BAa HAWMCHIIMX JOAATHMX KOPCHI
PIBHSIHHS

cosxchx=1.
3agaua 4.13. 3Hanm 3 T IThMA JCCATKOBUMM 3HAKAMH PO3B 30K CHCTCMH PiBHIHB
sinx=y+132; cosy=x-10.85.
3anaua 4.14. 3uaiity 3 0’ ATbMA ACCATKOBHUMHM PO3B 430K CUCTEM PIBHAHD
X5+ 1510=0; 3 -3x%-105=0,

AKIIO Xg = 2, Yo=3.

3apaua 4.15, 3mality oxHMM 3 ITCpalHHMX MECTOMB MIMCHI KOPEH1 PIBHAHbL 3
TOUHICTIO & (Hanpukiax 6=10"%).

PiBusinus Ne PiBasnny

Ne

b3 —5x% +4x+0,092 =0 25| x+sinx—12x=0,25
2 0 3 4t 7x+13=0 26 | 3x+cosx+1=0

3 et —6xT +20x-16=0 271 x* +4sinx—1=0

Yl X hsine—12x+1=0 28| ¥ _3x?—17x+22=0
51 X -10x% +44x+29=0 29| 3x—cosx—1=0

6 | x*=2x>-374x° +818x-3,48=0 301 (x=1*+05¢" =0

71 x*—-10x° +4816x% +108,08x+70.76 =0 | 31 | »* +4sinx =0

8 | x*-3x’+20x* +44x+54=0 321 ¥ -3x? ~14x-8=0
9l x*— 2+ 2% = 2x+1=0 33| x? 4 dsinx =0

10 3 25 x41=0 34| 3% _cos’mx =0

I 2 i6x?+9x+2=0 B0 —x-1=0

120 (x=1)? =sin2x =0 361 X +4x-6=0




YucebHi METOAM B KOMIT'FOTEPHHX HayKax

No PiBHsiHHA Ne PiBusinus
Bl x*v2x2—6x+2=0 371 xS +x-3=0

141 ¥ —x?4+x-3=0 38 x*lgx—1=0

51 x°—5x+2=0 39 e —2(x-1)2 =0
161 57 46x-5=0 01 ' 14x-2=0
171 x* 42x-2=0 AL 3> _x241=0
18 X =3x*+1=0 42 " +x+4=0

191 ¥ 352 4 x~1=0 Bl x4 2x-1=0
20| (x=1)>-0,5¢" =0 M2 4 x2—115=0
21| x?cos2x =1 Bl e yxr-2=0
22| x2-3+0,5° =0 46| x2 ~10sinx =0
231 53 42x2 —15x~6=0 47 | shx—12thx-0,311=0
241 33 1 4x% —12x2 ~5=0 B % +5c0sx=0

4.17. 3asaaHHA no nabopaTtopHoi po6oTH

BapiaHT 3aBranns 1 Ta 2 cnig o6patH 3rigHO NOPS/KOBOTO HOMEpa B CIHCKY IPYIH
(6ionosioanshum € cmapocma epynu). Meton u1s peanisaiii oGMpaeThes SK: 3aTHIIOK Bil
ALTEHHs MOPANKOBOTO HOMepa Ha 6. Ilepea MOYAaTKOM TECTYBaHHA MPOrpaMy HEOOXimHO
MpoBeCTH rpadivne AOCHiMKeHHs (YHKUIT 3 METOK BHIINEHHS MPOMDKKIB, HA SKHX €
AificHi kopeHi piBHAHHA. [TporpaMHa peanizailis MOBHHHA 3a6e3redyBaTH 3HAXOMKEHHS
NUwe 00H020 3 KOPEHi8 PIBHAHHS, B 3AJIEXHOCTI Bifl IOYaTKOBOTO HaGIMKEHHS,

B pesysnbTati TecTyBaHHs nporpamu noGyayBaTH HACTYTIHY TaGIULIO:

N —

TounicTn 3HaYeHHnA KOpeHs KinbkicTs iTepanii
e=10"
£=107
=107
e=10"*

3micT 3BiTY M0 J1aGopaTopHOY poboTH

Mera pobotu.
[HauBinyaNbHE 3aBAaHHS.
3. Anroput™M po3B’A3yBaHHA

meopemuuni gioomocmi).
4. Texecr nporpaMu 3 KOMEHTAPAMH.

wn

PesynbTaTi BUKOHAHHS IPOTPaMHu.

6. BucHosku.

3aayi

(6nok-cxeMma,

TOOTO anzopumm, a

He



Po3gia 4. Po3B’si3yBaHHs HeiHIHHUX PiBHAHD

BapianTn 3aBaaHus 1 (piBHAHHS AJ1s1 po3B’I3yBaHHSA)

Ne PiBHsiHHst No PiBHsiHHS

Dol x*=3x3 +20x? +44x+54=0 | 16} x¥* —x—1=0

2 | e’ —6x7+20x-16=0 17| x*+4x-6=0
3] X -10x2+44x+29=0 18| x°-3x2+1=0
4 | 3x*+4x’-12x7-5=0 191 e —2(x=1)"=0
51 x?-3x7-17x+22=0 20| ¥4 x2-2=0
6 | x*-3x?-14x-8=0 21} x* +4x-2=0
7 553 +2x=15x-6=0 22 | x* 42x-1=0

8 X +sinx—12x+1=0 | X¥*-x*+x-3=0
9 | ¥*-4x*-7x+13=0 24| ¥ 1x-3=0
10 | %% 42x>—6x+2=0 25| x"+x+4=0

I P+ 6x2+9x+2=0 26 | 2" 4x*—1,15=0
121 3¢ 3x? 4+ x-1=0 27| 3% —x2+1=0
31 (x-1)’+0,5¢" =0 28 | x*—5x+2=0
141 3 2x2 4 x+1=0 29| x"+6x-5=0
15 x*—2x3+x2-2x+1=0 30| x*+2x-2=0

Bapiantu 3asianns 2 (piBHSHHSI 15 PO3B’SI3yBaHHS)

Ne PiBHsIHHSA Ne PiBHsiHHS
1 | In®(x=1)=3cos2x+1 2 | ¥25-x* =arctg2x
3 %cosx = eo""zarccthx 4 | sinxv81-x? =Sxarctgx
5 | 10e™ =2 +sinx 6 | arctg2x—02(x~1)* +sinx=0
7 | Y2 (x=1)e™* =10 8 | sin3xv64—x? =5xe®"
4
9 | V36—x”lgx =sin4x 10 arctg2x—(—)£5i+sin25x:0
10 .
1 1+ x2 =2sin2x+x 12| 10" =27+ x +sin2x
+x
13 | sin4xv81-25x> = Sxarctgx 14 | sin?3xv16—x? = Sex®**
2
15 10x2 =2sin2x+x 16| X —4:\/;6);5;“
1+x x? +1
17 | arcsinx —sin5xV1-x* =0 18 | 4xtg(0,59—x* =10sin3x
2 —_ .
19 ___L:4_x_ — 3[x3 +460053x 20 Zx—l__ - 4jx4 1+ 4650 2x
x?—4x+8 x'=2x+2
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YucenbHi METOAM B KOMIT'IOTEPHHX HAyKax

10x-2

x2=9

21 = 2cos2x+4/x 22 = x? 4 ]etsx
3+x x2 -4
2 — .
23 | V64 -x" log, x =sin3x 24 xz T = Jxe*sn
x’ +
25 | 10 =2+ x? +x* +3sinx 26 | 4xtg(0,5V9 - x*)=10sin3x
27 | 53" )+1=+/3x +sin2x 28 | arctg2x—(x—0,1)* +sin>x=0
29 57”005 2x =30 arctg2x 30 | sin?xv81—x2 =5
13
31 | V64 -x* log, x =sin3x 32 arctgzx—%+2sin25x=0
-— 2 pa—
3| X j =2cos?3x +Yx? +2 34 | X216 i emreos
2+x x2+4
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YucenbHi METOJIM B KOMIT IOTEPHHMX HaAyKax

Po3ain 5.
3apada iHTepnonsauii Ta
HaOnNMXXeHHA PYHKLUIN

¢ OcHOBHM Teopil IHTEPIIOAIOBAHHA Ta YUCJIOBOTO AUdepeHUiOBaHHS

O
o
o
o]

o

3aranbHa [MOCTAHOBKA 3a4adi IHTEPHOIOBAHHS

3araibHa 3ajJa4a JIiHIHHOro iHTePNoMOBaHHA

[MoctaHoBKa 3afa4i iHTepnoJALLT GYHKUIT OAHIET AIHCHOT 3MIHHOT
[lonivomianeHa  tHTepronsuis. ICHyBaHHS Ta  OAMHHWYHICTD
IHTEPNOJIALIHHOTO MOJIIHOMA

Tunwu iHTEpHOMIOBaHHS

¢ InreprionauiHuii nosinom Jlarpanxa

o]

O
O
O

e}

o

AHani3 3arajibHO1 MOCTAHOBKH 3a/iayi

Intepnonsiuiiina popmyna Jlarpamxka. YacTkoBHi BUNAA0OK
[To6ynoBa iHTepnonsuifiHoro MHorouneHa Jlarpanxka
[HTepnionsuiinuii  MHorouneH Jlarpawxka 3 piBHOBiAAaNEHUMHU
BY3/1aMH

Intepnonsuitina cxema O. EiiTkena

IMoxubka iHTEprnONOBaHHA [Jis IHTEPNOMALIKHOTO MHOrowieHa
Jlarpamxa

¢ Bubip By3iB iHTEpNOMOBaHHA

O
O
o

MHuorounenu Yebuiuera. BaactusocTi
Bubip By3J1iB IHTEpTIONIOBaHHA
[ToreniHka MoXHOKM Ha IHTEPBaJli iIHTEPIOIOBAHHSA

¢ [HTepnonauifinuii noninom Hetorona

©]
®]
O
O

o]
o]

AHaJi3 3arajpHOl NOCTAHOBKHM 3aJaui

[HTeprionsAuiitHUiA MHOTOWIeH HbloToHa

[MoxineHi pizHMLi Ta iX BJIACTUBOCTI

InTepnonsauiina popmyna HeroToHa 3a MOAUICHUMH PISHULAMH Ta
HEpIBHOBIIAJICHUMH BY3J1aMH

CKiHY€eHHI pi3HKULI Ta iX BJaCTHBOCTI

®opmyiia HetoToHa Bniepe] i Ha3al 3a CKIHUEHHUMHU PI3HULAMH

¢ UYucnose nudepeHuitoBaHHS

O
O

Uucnose audepeHLiloBaHHS /I HEPIBHOBIAAAIEHHX BY3J1iB
®opmynud uucnoBoro audepeHUIFOBaHHS U1 PIBHOBIAAANCHUX
BY3J1iB

PopMysiM YMCIOBOro AUdEpeHIiOBaHHS METOJOM HEBH3HAUYCHUX
KoedIilIEHTIB
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Posain 5. 3aava inreprionai Ta HabmkeHHd Gy HKIUH

*

PanionansHa iHTepHOJSILI S
THTEpIIOTIOBAHHS (Y HKIIH KOMIUIEKCHOT 3MiHHOI
TaTepnionoBanHs QyHKLIH Oararbox 3MIHHUX
o TpynHouu iHTepniomoBanHs QyHKLIH 6ararboX 3MIHHHX
o IoGynosa iHTEpIONAALIAHIX GOPMYIT 32 TOAIIEHUMH PI3HULIIMH
361KHICTb 1HTEPIOJISLIIFHOTO MPOLECY
InrépnionrosanHHs cruialiHaMu
[MTpyuxnanu po3s’sa3ky 3a1a4l 1HTEPHONNT GyHKIL
KoHTponbHI MUTaHHS
3anmaui ans caMocTiiHOT poboTH
3asnanHs 00 Jab0paTopHOi poboTH

* &

* & & ¢ ¢ o

Inteprionsigs — B OOMMCIIOBABHIM MaTEMaTHIN CMOCI0 3HAXOHKCHHA TNPOMIKHHX
3HAYEHb BEIMYMHM 34 HAsABHMM AWCKPETHMM Habopom Bimomux 3HaucHb [65, 71, 76-80,
88, 92-93, 106-110, 113-114, 116-133, 137, 140-145, 147-151, 161-164, 168-169, 192-
194, 196-197, 201-209, 211].

BarateoMm i3 THIX, XTO CTUKAETBCA 3 HAYKOBUMH T IH)KEHCPHUMH PO3PaxyHKaMH 4acTo
TOBOAHTLCS ONMEPYBATA HADOPAMK 3HAYCHD, OTPUMAHUX CKCTIEPUMCHTATIBHUM LUIIXOM M
METOAOM BMNAAKOBOI BHOIpKW. Sk Tmpasuio, Ha mACTaBl wux HAOOPIB MOTPIOHO
o0y ayBaTe ()YHKILGIO, 31 3HAMCHHSIMH AKOI MOTJIH O 3 BUCOKOIO TOYHICTIO 30irarucs iHmii
OTpUMYBAaHI 3HAYCHHA. TaKa 3a7a4ya HASUBAETHCA AMPOKCUMAIIIEO KpUBOL. [HTepromsiiero
HA3WBAKTh TAKMK DISHOBM/ ampoKCHMauil, mpu skié kpwBa mnobymosaHol ¢yHKmi
MPOXOJMTh TOYHO YEPE3 HASBHI TOYKM AaHMX. ICHye Takok Onusbka 1o iHTEpmomAail
3agdua, 1O 0JIAra€ B anpoKCHMMaii axoi-HeOy ap criraaHoi (PYHKIUI 1HIIOK, NPOCTIIION
dyHakuiero. Slkmo aeska (YHKIOA 3aHAXTO CKIAgHA i MPOLYKTHUBHHX OOYMCICHB,
MOKHA CIIpOOYBAaTH OOYMCITMTH il 3HAYCHHS B JCKLIBKOX TOYKAX, a 33 HUMHU MO0y ayBaTH,
TOOTO IHTEPNOMMOBATH, IPOCTINLY (DVHKLIIO. 3pO3YyMITI0, BHKOPHCTAHHA CIPOIICHOI
(Qyuxuii HC AO3BONAE OACPIKATH Taki X TOYHI PE3yNbTaTH, Kl AaBana O IOYaTKOBa
dyHksA. Ane, A1 ASsSKMX KIaclB 3aqad, JOCATHYTHMH BHIPAall ¥ TPOCTOTI 1 INBMAKOCTI
00YHCIICHD MOKC TICPEBAXXHUTH OTPUMAHUI OTPIX y Pe3yIpTaTax.

BapTo Takos 3ragaT i 30BCIM iHINMM PI3HOBHA MaTeMaTUYHOI IHTEPIOMALL, BiAOMY
33 HA3BOK «IHTEPNOsUiA oneparopisy. Jlo xracuyHux poOIT 3 IHTEpnOIALL OmepaTopis
BigHocsATLest Teopema Pucca-Topuna (Riesz-Thorin theorem) 1 Teopema MapumHkesrya
(Marcinkiewicz theorem), mo € 0OCHOBOK A1 6araThbOX IHIKX POOIT.

5.1. OcHoBM Teopii iHTepNONIBaHHA Ta YNCITIOBOIO
aucpepeHuiroBaHHA

5.1.1. 3aranbHa nocTaHOBKa 3afavi iHTepnonBaHHA

Ilpu posp’sasyBaHmi Oarathox 3ajaq (I3UKM Ta TOXHIKH B JSAKI MOMCHTH Hacy
0JepAY€EMO 3HaYCHHS (PyHKINI, sl 3BoAsATH ¥ TAbm. 5.1
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UpceTpHl METOAH B KOMI FOTEPHHX HAyKax

Tabruya 5.1
Xy X ) - Xn-} Xy
S) | J(0) J(x) JGx,) J(x,)

AnarituyHoro Buragy QyHkmii f(Xx), Ak npaBwio, He 3Haemo, ane Tpeba 3HAMTH
3HauCHHs el Qynkmi f(x) ans x#x,, j:(),—n, X; ela,b] = R'. Sk noctyrmmm?
Hanpuioiaz, cnig noOyaysaTi SKHMOCh YHHOM HOBY (yHKUIFO @(X) | gxa B TOMy uM

iHImOMy Po3yMiHHI G1H3bKY 10 ryKkaHoi dyskmii J/ (x), ane Tax mo6

p(x))=f(x,), j=0,n, G.1)

10670 38 y™MoBH, mo |P(X) — [ (X< g x#x;, j=0,n,1¢ £ >0 wmare.

5.1.2. 3aranbHa 3agava niHinHOro IHTepnonBaHHA
Hexait zagana ¢ymxuia f(x). 3 geaxoro xmacy y([a,b]), x€|a,b], Ta igomt ii
SHAYCHHA

fi=/(x,), xelab], j=0.n. (5:2)
Bisbmemo éncreMy (n+1) - miHikMHO-HE3aNEKHMX Ha [a,b] dyHKIIH
{p(0),i=0.n}, (5.3)

Harmpuxnaz: {@,(x)}={1,x,x°,... X"} : {p,(x)} ={l,e™* ™" e a, # o}

73]

Puc. 5.1. [Tpuknaj 3axawi TiHIHHOTO HTEPIONIOBAHHS

{p,(x)} = {l,sin n,cosn,...,cos%n} .

Y1Boproemo HOBy yHkmio ¢(x) 3 kmacy y([a,b]) 3a 3akoHoM
P(x) = ap,(x), (5.4)
i=0

ae a; € R' noxu mo Hesizomi napamerpy, @, € ¥(fa,b]).
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Po3ia 5. 3aaua 1arepnonsnii ta sabmukenns by

Canaveunst S.1. Qyuxyia @(x). wo 3a0ana opmynoio (5.4), nassemo ysaeaibrenum
MuocouAenom 3a cucmemoio yuryit {p,(x),i=0,n} .

Buwnuxia sagasa nobymysarm  ¢(x), nigbmpaoum « €R', i =0,n Tak wob
@(x)= f(x) v AesKOMy PO3yMIHHI , ane 3a yMoBH (3.2).

Erarm ii po3s’si3aHHs HACTYITHI :

1) Bubupaemo nosizeHi (#+1)TouoK 3 [a,b]:{x,,%,....X,. X, #x,,i# Jy cla.b], axi

MRS Rde 3

Ha3BCMO BY3J1AMH IHTEPIIOJIALIL;
2) 3azoBuibHsemo ymoBy (5.2) fKa exBiBaICHTHA

> ap(x)=/(x,). j=0.n, (5.5)
1=0
AKa NPEACTABIAE COOOK0 CUCTEMY MHIHHMX anrebpaiunux piensHs(CJIAP).
3) Poss’ssytoun (5.5) matmmemo a, € R', i=0,n.

Osuavenns 2. Vsaeanohenuii Mrozounen @(x), skuii éonodie eracmusicmio (5.5)
HA3UBAEMbCA  VY3A2QNbHEHUM  THMEPROIAYITIHIUM  MHO204AeHOM 01 Qynkyii  [(x) 3a
cucmemoro 6ysnie {x,,x,...x,} <la,bl, a cama ymosa (5.2) (abo 5.5) nasusacmwvcs
YMOB010 iHmepnoaoeants Gyukyii f(x).

[lo6 cucrema nimiiimyx anreOpaiummx piBHAHL (5.5) Mana eauHmi Po3B 30K
JOCTaTHEO, OO rOTOBHMI BU3HAa4HUK (5.5) HE HOPIBHIOBAB HYJICBI:

i‘/’o(xo) P(x0) . @)

o) @(x) . @,(x)

A= £0. (5.6)

l¢0 (xn ) @1 (xn) e ¢;1 (xn )

Osnauenns S.3. Cucmema HIHTUHO-HE3QIeHCHUX dvuxryiii
(0o (%), 0, (x)...., ()} C ¥([a,b]), saka szadoeonsuse (3.6), HAUBAEMBCA  CUCTEMOI0
dynryinn Yebruosa. ‘

Uebumor [MaduyTiii Jlssosey (16.05.1821 — 08.12.1894) — pocitickkuii MaTeMaTHK,
MexaHik, 3acHoBHMK [letepOypsbkoi Maremarwunoi mxomu. Axazemik I[letep6ypspkoi
AH. Astop mowan 70 wHaykoBHX mpaip 3 Teopii HabmmbkeHs (yHKIGM, Teopii
HMOBIPHOCTEH, .

Oncpxumo BHrIAN y3araabHEHOro MHorowneHa (5.4), sxmo B sxocti (n+1) -
TMiHIHHO-He3aneKHMX GyHKuiH {@,(x),i = 0,1} B3aTu (n+1)-niHilHO-He3aneKH Dy HKLHT

{x',i=0,n {xi,i :O,l,...,n}
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Yrice bHl METOIA B KOMII JOTEDHMX HAYKAX
5.1.3. MocTaHoBKa 3apaui ||-|Tepnonﬂu,u cpyHKu,u o.u,mel nincHOI
3MiHHOT

OOMEKMMOCH PO3IIIAAOM 3a1a4l imepnonxuii ana QyHkoil. Hexall Ha MPOMKKY
a < x<b 3a7aHa HEBUPOIKCHA CITKA @

D ={x, =a<x <x,<..<x,=b}
Ta B ii By3nax Bigomi 3HaueHHs ¢yHki y = f(x):
S =y () =y f(x,4)= YVoru S(x,)=Y,.
B sazaui iHTepmomsmii HeoOXigHO TOOYAyBAaTH IHTCPNIOMALIHHY (yHko —
iHTeprionsHTy g(x) Tak, mo ii 3HayCHHs criBnany 6 31 SHaUCHHIMH dyuxmi f(x), mwo
IHTEPTIONMIOETHLCS!, Y BY3IAX CITKH @ , TOOTO

g(x)=y,1=0,n. (5.7

Tlpy UpOMY OCHOBHA METa IHTCPIOIAINi — OTPUMATW LIBUAKMH Ta €KOHOMIYHUH
QIrOPUTM PO3PaxXyHKy 3HaueHp (yHKWI g(X) mIA 3HAUCHD X, skl HE MICTSTHCS B

NOYATKOBIH TabnuLL, T06To xefa,b] Ta x; #x,. Sk oOparn IHTCPTIONAHTY g(x) Ta iK

OLIHUTH l'[OXI/IﬁK} IHTEPIIONALIT H f(x)- g(x)” (8 aeaxii dopmi)?

BigmoBijaouu Ha Ii IMTAHHA, MM OOMEKMMOCH pOSTIIIOM 3amadul TIHIHHOI
inTepnossLii (BianocHo Gasucrux dynkiii @, (x)), TOGTO POFIIHEMO CUTY LU0, KOJIH
intepnosuiiina QyHkuis  g(x) OyAyerbca y BMIIALL JIHIAHOL koMOIHALIT  ACSIKHMX

n
SasucHux Qgyuxui {D, (x)} B CBOM0O ¥EPry AOCTAaTHBO CIIEMEHTAPHUX g(x)= chCD LX),
k=0

ae {®,(x)} — dixcosari, TiHIHHO HesanexHl QyHKWI: ¢;.¢p,....C, — HEBU3HA4CHI MOKH

i

xoediuientn. I3 ymoB inTeprionsuii (3.7) otpumyemo cucteMy (7+1) pisrsaHHA BIJTHOCHO

n R
xoe(iuieHTis {c;}: chCDk x)=y,i=0,n.
k-0
[punycrumo, mo cuctema ¢ynkuid  {P,(x)} Taka, mo npu Oy Ab-AIKOMY
HCBMPOKCHOMY BHOODI BY3/IB CITKM @ BLIMIHHMH B HY/1s1 BU3HATHHK.
Dp(x)) Py(x) - (ij(x'ﬂ)l

Dy(x) Di(x) . @, (x)

AD,, D, D,) = £0.

q)O(xn) ®1(xr2) C’Dn(xn)
Taky CHCTEMyY IHTEPHOLGMHMX (YHKINH HA3MBAIOTL YCOMIICBCHKOK CHCTCMOK
iHTeprionsAwitHux QyHKIH, B LpOMy BMIAmKy Ha AaHiKA CiTWl @ 3a BLIOMHMH
SHAUCHHAMM V,, i=0,7 OIHO3HAYHO BH3HAMAOTHCH KOC(DILIEHTH IHTEPIOSISILEHHOTO

ararouneHa {C,§, .



Posain 5. 3ajava iHTepoasini ra vabmmwke s dy KL

Teopema. [laa possasasma 3amaui miHiHHOI iwTeprionsuii HEoOXiaHO 1 JOCTATHBO,
wod cucrema Qymkuid {®,(x)} vrBoproBana Ha [a,h] uebumieBchKY CcuCTeMY
IHTCPTIONALIHHMX. ()Y HKLIH.

B saxocTi cucTem AiHIMHO HesaneKHMX iHTepriomsLiinmux ¢yHkuili {®@, (x)} wactime
BCLOTO 06MparoTh crencHesi abo nomiHoMiambHi GyHxuil @, (x) = x* ; TpuroHoMeTpuHHi

cos(/cx)} ) <k
dyrxuii O (x)=< ; nokasHukoBl pyHkii O, (x)=r" Towo.
sin(kx) |

O6MEKMMOCA PO3TTIAIOM BUITAAKY TIOIIHOMIATHHOT IHTEPHOIALL.

3ayearncennsn. Tabdnnuruii croci6 nogawua dymxiii 3= f(x) Ta citui xe€® Ta
NOB'A3aHa 13 UMM HEOOXIAHICTH iHTEpriomawli (yHKIH Halbinew XxapakTephi A
MPCACTABICHHA PE3Y/IbTAaTiB (Di3HMHOTO CKCIIEPHMEHTY Ta TS OIUCY AMCKDPCTHOI abo
obuncmrosaibHoi moacm Ha ITK.

3anaua inTeprionsuil, sk 3aga4a nepeGy108H TabmuLp 3HAYCHL DYHKUIT 13 OAHOI CiTKM
Ha IHIIY, € XapaKTCPHOKO 33a4CI0 ONPALEOBAHHA JaHUX (M3MIHOTO CKCIICPHMCHTY .

B noaamsmomy MM BHKOPHCTOBY€EMO PO3B 20K 3aAaui imTepriosuiiii mpy no6yioei
HaOMIWKCHMX ~ MCTOMIB  PO3PAXyHKY IHTErpamiB; TNpPH  DI3HMUEBIA  anpoKCHMALyi
AnepeHLIATHUX PIBHSHD HA OCHOBI 1HTEIPATBHUX TOTOKHOCTCH, B 334a4ax MiHIMI3arii
Ta MPU PO3rAAAL IHIKX muTank. [locTaHoBKa 3azayi iwreprnonsii B Gopmi (5.7) He €auHO
MOXIHBa. MOXIMBI ¥ IHOI MOCTAaHOBKM 33134l 1mepnon;1u11 HANPUKIAZ, 331444
rrepnosigi Epmita Ta iHmi Buam 3azavi iMrepriondAwii. 3azava IHTopI'IOJ“I}H_Ill EpmiTa
NOBSA3aHA 13 IHTCPHOMALIEID PVHKIUL 38 BIZOMUMH 3HAYCHHAMM ()YHKLYI Ta 1 MOXIAHKMX 10

#1-r0 MOPAAKY BKIKOYHO, 32 aHAMH B ACAKIHM TOUW X = X, .

5.1.4. NMoniHoMianbHa iHTepnonsauisa. ICHYBaHHSA Ta OAMHUYHICTL
iHTepnonsAuinHOro noniHoma

Hexa#t sximHoro indopmaiiero mas HAaC € MHOKMHA TOYOK | (xgv,Jr’k)}k:@.

[HTepromsaHTy g(x) mIyKarTs v BUNTAAL IHTEPIOUIMHOIO TIOJIHOMA

g =B (0= x". (5.8)
k-0

Y mosu tnreprionsauii (5.7) g(x;) =y, NPUBOIATE A0 CHCTEMM JIHIHHMX anreOpaidHux
pIBHsHD L1 KoediLieHTiB {c, }:
Co+ Xy +..+C, X5 =Y,
23 n —
Cotax +..tex =W
lCo+ax, +..+c,x, =V,

BusHayrmk i€l cuctemMu (BM3HAYHWMK BaHzepMoBza) BiAMIHHMM Big HyIs Ha
JOBINBHIA HCBHUPOLKEHIM CITLH &



Urce ipHl METo 1M B KOMII IOTEPHUX HayKax

- 2
-~ Xg Xo Xo
2
1 x X X
A= -
2 n
!1 xn—l_ xnfl xn 1
2 n
~ 1 Xy Xn Xy

=(x, = X, 1) (%, = X)X,y =%, 2. (%, 0 = X)) (3~ Xp) = H(xk -x,)#0
Osm<k=n
TuM cammm, cuctema (yHKIGH {x*} - ucOMmCBCHKA CHCTEMA IHTCPTIOALIHHIX
¢vHxuiE Ha [0,b] Ta cripaBeATHBA HACTYIIHA TEOPEMA.

_Haramaemo Bawnnepmona Onexcawap Teodin (Llapae Orwoct) (28.02.1735 -
01.01.1796 ) — (})panuve.bmiix matematuk, yreH Iapusbko AH (1771), yyachuk Benwnkoi
()paHLy3LKOT PCBOJIOLLI.

Teope‘ua. InTepriomsHmii nomHoM (3. 8) icHye Ta eaunui. Ane IHTCPNOIALUMHHMA
noTiHOM Moske GyTH 3aIMcaHmi B PisHIH opmi.

5.1.5. Tunu iHTepnontoBaHHs
Hexaii ¢yvuxuia y=f(x) 3azana TabauyHO, TOOTO Yy BMUIVIAAL MHOXKMHHM TP 4MCC
(x;¥.).1=0L.,n, mwmo OTpMMAaHi B pPE3y/bTaTi CKCIICPMMEHTY, aic HEeBLI0Ma
AHATITHMHO, TOOTO!
c |l ow | e | e | e |
Y | Vo ‘ N | 2 I | Vi

Anpoxcumytouy dyHkuio ¢(x) 6yaemo Oy ayBaTH TaKMM YHHOM, o6 ii 3HaucHHS B

Toukax {x,,i= 0,7} CHiBMaiaTH C TAOTMYHMMK SHAUCHHIMH 331aHOT dvuxuii fx):

P(x) =Yo. @)= 3. . (x,) =Y,

Takuii crioci6 BBEACHH:A aNPOKCHMYKOUO! (DYHKLii HA3MBAIOTH INMEPROAAUicH 34
Jlazpanscem. Anpoxcumyroua (yHKUis @(x), WO 3a70BimbHAE ymoam Jlarparwka,
HASUBACTBCS (HMEPNONAYilHolo QyHKyico. 3HaueHua {x;, 1:0,;;} B JJAHOMY KOHTCKCTI
HA3UBAIOTh BY3/IAMH IHTCPIOIALI.

Slkio  3HauCHHs APryMCHTY Pa3TaiioBaHo BCepeanHi  inTepBary XX, ].
SHAXOMICHHS HabmwkeHoro 3HaucHHs (QYHKUI f{x) HasuBawOTh [HmMeEpRoAsAUico,
SAKILO ANPOKCHMYIOMY (DY HKIIIO 3HAXOASTH 3a iHTepsanoM  [X,,x,], To Taxuii mpouec
HA3HBAIOTL eKcmpanoasyicro. TIOX0KCHH IHX TCPMIHIB TIOB A3AHO 3 JATHHCHKUMH
crnoBaMu: infer — MX, BEPEAMHL, extra — 1osa, pole — Byson.

Jlns 3HAXOXKICHHA ((x) HEOOXIAHO 3HAMTH KOC(ILIEHTH TOMMHOMa dg, ay, ..., 4y llpH
LbOMY iHTEpTIONSiLia Oy 1¢ HA3MBATHCA 2106AILHOI0, SKIIO TIOTIHOM ¢(X) 3aCTOCOBYETHCA
Ha BCbOMY IHTEPBATi 3MiHH X, TIPH LIHOMY CTCIIHb MOMIHOMA CTIBTIAJAE 3 KITBKICTIO TOYOK

5 Tabnuu i xochiieHTH g, @), ... 4, BU3HAYAETBCH 3 PO3B A3KY CHUCTCMH TILIHBITHUX
PBIBHSHb!



Po3nin S. 3a1aua iHTepuomsiyi Ta HadwKeH s by HKIHHA

- — |~ :' H g e i)
P(x)=dy +ayx, + ax; +...+a,x; =¥,
N 2 no_
p(x)=a, +ax +ax +...+a,x =y
P(x,)=a, + X, +aXxs +...+d,x5 =y,

2
o(x,)=a, +ax, +ax; +-+a,x, =

Poss’ssyioun cucremy s+l piBHAHB 3 #+1 HEBIZOMUMH BiZHOCHO ap «) .., dp,
OTpUMAEMO (OPMYITY A8 IHTEPIOALUMHOIO NOMHOMY ¢XXx). PO3B’A3yBaHHA Takum
YHHOM CHOPMYITBOBAHOI 33434l MA€ HEJOMIK: SKIUO HAABHA BEIMKA KiTbKICTH TOUOK, TO
OOBOAMTLCH PO3B A3YBATH CHCTEMY Ay’KE BEIMKOI po3mipHOcTi. Tomy npu poss’ssyBauHI
33734 robanbHOI HTCPIOMALII BAKOPHCTOBYIOTH OLTBIN MPOCTIIN JOTIOMDKHI 3a1adi.
[HTEPrOIALIS HA3MBAETBCS JMOKAABHOM, SKILO IHTCPIONALINHI MOMHOMM OYIyIOTHCS
OKPEMO /UTA PI3HMX YACTHH HAABHOTO 1HTEpBany 3MiH x. [Tpy oMy cTeniHb noniHOMY €

MEHIIIOIO Bl KIbKOCTI POSLIIHYTHX TOYOK. Y 3B A3KY 3 LM Pa3Pi3HAIOTH Pi3HI MOIX0IH
A0 ToOynoBw IHTCPHO/SIMUMHEIX nonmiHomis. Jlig  pose’sisky 3azad  raoSanbHoOl
IHTEPTIONALII NOTPIOHO POIVISHYTH Psi/t JOTIOMDKHMX 3a7a4, HANPUKIAA, HeXal v By3aax
iHrepromaii gyuxigs f(x)=y, =0 y BCIX TOUkax, KpiM oaHiei i=k, a B LiK TouL}

“ . n, i= K,
fIPMAMaOTh 3HAYCHHA, piBHE 1 (pHC. 4), TOOTO BUKOHYETLCS YMOBA Y(x, ) = |

0, izk.
2 T T T T T T
Y
i ,‘ 15 _
f(x) i '!4
y(1) i e 1
€8s L} ¢ /,d”“'v&—--var ------ B a‘{ —
H
l i
\;f 1
-1 L l ! L I !
-2 0 2 4 6 8 10
Xt

Puc. 5. 2a Jlonomincna ghyrryia
Heobxiaxo nobyysar Takui momHoM V,(x), mob y,(x,)= f(x,). Sdkmo nosisom

v, (X) MpAMye IO HyIA B TOMLI X, TO B HBOMY MPHCYTHIH MHOXHHUK (x—x,). Takum
YUHOM: yk(x): c{x— xo)(x —x, fx— xz)...(x— x,, Kx— xM)...(x - x) ae ¢, -—cranl

koe(ienTy. 3HaAEMO 3HAUCHHA TMOMIHOMA B TOMLI X,, BPaXOBYKOuM, mo 1=y, (xk).
OTPUMAEMO: ‘

ro
~
w



Unce TpHL METOIH B KOMIT JOTEPHMX HavKax

1= Y (x})zck(xk - xO)(xk - X Xx:e - xz)' "(x/( _xkAI)(xk - xk)l)"'(x;z _x,i)

= (xk _xG)(xI: - xl)(xi - xz)' (xk - xn).

TTiacTaBuMO 3HaiixeHuH Bupas C; y dopmyiy ams Y, (X):

R (Y PR e (o ) = S
! (x, —xo)(xk - X, (x,( —xi)...(x; —-xk_l)(xk —xM)...(xA_ —x,‘) ﬁ(Xk . )

Hexali Termep B TO4YLl X, MOTIHOM NPHAMae 3HAYEHHS v,, @ B PCUWITY BY3max
inrepnonauii BiH, ax i padime, 6yae pisrmii 0. Heobxinso robymyBatd nomiHoM V(%)
takwii, mo y, (x,) = f(x,) . Buxomsniu i3 po3s’s3Ky NOMEPCIHBOT 3a1a41, OTPHUMAEMO!
= yk :

' (xk - x())(xk - 'xr)' . ‘(x:.- - X, 1)(xk - xkﬂ)‘ . '(xk _xn)“

(Jn<x—a

=0, =k

Vi (x) =V (X) =y 57—

H (xj - xk)

FT0, jFk

c

Jl1s1 po3B s3ky 3aranbHOl 3aa4l IHTeprnonsuii HeOOXiAHO 3HAHTH MoniHoM 7, (x,)=v,
T06TO PO3Bs13aTH 17+ ] FOTOMiKHUX 3ana4, Aonyckaroun, mo Y, =0 oxpim & = 0, /1, ..

7, TOA1
1
L,()= v, )y, + 2,6y, + .Gy, 442, (v, = vy,
k=0

[lizcTaBsmous niykaHi sHaueHHa Y, (X) v dopmyay ans L,(x) , 6yacmo maru:

_l;[i(k B xj)
L)=3 (5.9)

k=0 H (xk -X )

=0, j%k

s sasavoi Qvekuii flx) noOya0BaHMiA TakuM 4MHOM moOyiHOM Oyae €amHAM.
MominoM, nosarmit dopmynow (5.9) HA3UBAETBCA IHMEPHOAAUIIHUM  NOTIHOMOM
Jazpansica. 3oxpema, npu 7 = | OTPUMAEMO AIHIUHY iHMeEPnONAUilo

(x— ) (X X )
L{x)=y d
x(t) }() (-x:0 _x1)+}/1 ('\' x ) (510)

3]
$a
[



Pmm 1 S. 3ajiaua iarepnoasmi Ta HabnwkeHas GVHKIY -

I[Mp n = 2 oTpumaeMo kaadpamuyny iHmepnoasyiro. B takomy BUmanky
IHTEPNOIOKYOH (pyHKiner Oy e napadoaa. Pose s30k:

0=y, (x x for— x) (x—»c)(x x) (x x Nx—-x,) 51
T e ) e ) e e )

3 JOTOMOTOK0 THTEPIIOIISLIAHOIO TO/HHOMY MOYKHO 3HAMTH 3HAYCHHS HEBIAOMOT (by HKLAT
Sx) B HOBLIBHUX TOYKAX, IO HE SIBIAKOTHCH By3naMu ivrepriomosanss. [Toxisom Jlarparka
€ 3PYYHWI THM, DIO BY3/IM IHTEPIOSIUli MOXyTh OYTH pa3TamioBaH JOBUILHUM MHHOM.

M puxnan 5.1. Hexaii dyuxwis y = f(x) 3a3ana TabimdHO:

X | 0.5 i 0.6 ! 0.7 | 08
Y l 1.6 | 1.8 | 2127

3asoamnn:
1) mobv ryBaT mHIMHWI roiHoM Jlarparka Ha siapisky [0.5: 0.6];

2} moOyayBaTy KBaapaTUIHWIH 1105iiHoM Jlarparoka Ha Biapisky [0.6; 0.8];

3) mobyaysatu nosiHoM Jlarparka TpeThoro crenchs Ha siapisky [0.3; 0,8]:
4) 3 10NOMOrorO JIHIMHOT iHTepnoasauii 3Hadtu 3{0.53) ;

5) 3 nonomororo kBaapaTuHHOiL iHTeprioysayi 3HaiTu 31{0.75) ;

0) BCl PE3VIBTATH NOJAATH YV rPadiyHOMY BHIJIIL.

Poze’szok: 1. [Ing nody a0y TIHIHHOrO 1HTEPIIOISLIRHOTO rosiHoMa Jlarparmxa Ha
siapisky [0.5; 0.0] BusHauumo: xp = 0.3, x; = 0.6 - By3/n iHTepnonﬂuii" yo =106y, =
1.8 — 3HaucHus (yHKi B 1Mx By3nax; k2 = x; — xp = 0.6 = 0.5 = 0.] — xpok ,
x-06 +18 x-0.5

IMACTABUBIIMA BKAa3aH! 3HAYCHH opmyiny (5.10 =16 s
y top (310): L) =165+ 18705

MOTIM CTIPOCTHBINK BKA3aH! BUPA3H:

1.6(x=0.6)  18(x=05) 1

L(x) = = (=1.6(x —0.6) + 1.8(x - 0.5)) =
Y ¥ o7 Lo —0.6)+ 1.8 )

= ﬁ(—l O6x+096+1.8x-0.9)=10-(0.2x+0.06) =2x+0.6

— MHIMHUHA IHTepHoALiHui nomiHoM Jlarpawka Ha sigpizky [0.5; 0.6].

2. st mo6y a0BHM KBaAPATHYHOTO 1HTEPIIOIBILIMHOTO nofiHOMY Jlarpamwka Ha BIAPIZKY
[0.6; 0.8] BusHaummo: xy = 0.6, x; = 0.7, x; = 0.8 — By3am iHTEepnonsii; yo = 1.8, v; = 2.1,
V2 o= 2.7 — 3HaucHHA (VHKIII ¥ BY3/TaxX IHTEPIOIBIIL; 22 = Xa — X; = = X; — Xy = 0.1 — KpoOK,
MACTABMBUIK 3HAUCHHS y (opmyay (5.11):



UncenbHl METOJM B KOMII I0TEPHHAX Haykax
- - - - c— -0.7
L(5)=1.8— (,xT 0.7 (x—-0.8) 9] (x=0.6)x—-0.8) 27 (x=0.6)(x—-0.7) .:
- 0.6 -0.75(0.6-0.8) (0.7-0.6)(0.7 -0.8) {(0.8-0.6)0.8-0.7)

' —07x-0.8x+0.56 x2—0.6x-0.8x+0.48 X —0.6x-0Tx+0.42
=18 +2.1 +2.7 =
0.02 ~0.01 0.02

:_0101(70» —1.5x+0.56)—2.1(x" —14x+048)+—(x ~1.8x+0.42)) =

=15x* -16.5x+63
— KBaApATHYHMIA iHTCpTIONALIMHMM noniHoM Jlarparka na siapisky [0.5; 0.7].

3. na no6ynosu L;(x) cmig BUKOPUCTATH BCI TOUKHM 3 Tabamul. [Ipy upoMy, SIKILO /7
= 3,10 (opmyaa (3.9) Haby e BUCIAAY:
x—x ¥x—x, (x—x, (x—-x ) x-x, )(x—x
- n)E-x) L Emn)E-n)r-x,) |

1“3 (x) =Yy M N
(xo - xl)(xo — X )(xo _x3) (xl - xo)(xl — X, )(xl “x3)
(x —x, )(x—x)(x—x3) (x = x ) x—x))(x—x,)
+¥, + V3
T {xy = xo )X, — X)X, — X5) (x; —x, )(r3 X )(x; —x,)

[iacraBusmy Tabmuasi gaml y Gopmyiry mia L;(X), OTPHMAEMO:
(r-0.6)(x—0Nx=08) o (F=05)x-07T)x-08)
(0 5-0.6)(0.5-0.7)(0.5-0.8) (0.6-0.5)(0.6—0.7)(0.6—0.8)
ip L G09E0E-08) . G-05)E-06-07)
(0.7 —0.5)(0.7—0.6)(0.7 — 0.8) (0.8~0.5)(0.8-0.6)(0.8-0.7)

Li(x) =

¥? =2 1x? +1.46x — 0.336 ¥t~ 2x7 +1.31x-0.28
1.8 —+

=16 +1.
—0.1(-0.2)(=0.3) 0.1(=0.1)(=0.2)
P =1.9x2+1.18x-0.24 x*—1.8x2 +1.03x-0.21
+2.1 +2.7 =
0.2.0.1(-0.1) 0.3-0.2-0.1
IR (——(x ~2.1x° +1.46x-0.336) +1.8(x*-2x* +1.31x - 0.28) -
01-02.01° 3

—2.1(x* —1.9x7 +1‘]8x*0.24)+2—"§7- (x* -1.8x*+1.03x-02]) ~

33.5x° —5.55x" +792.8x -5 — nonirowm Jlarparka TpeTboi CTEneHi.

4, Tax sik Touka x = 0.53 €[0.5:0.6], ans obuucaenns ¥(0.53) po3rmsHEMO JTiHEHHMIH
iHTeprionsugitamii moxinom Jlarpawka y =2x+ 0.6, samicTs X MACTaBMMO 3HAYCHHA

0.53: 1(0.53)=2:0.53+0.6=1.06+0.6=1.66.
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Posgin 5. 3axaua inrepnonsiii ta sadimwkenns Gy ukIpi

5. Tak sk Touxka x.=0.75€[0.6:0.8], nna suHaxomkenss 3(0.75) o6epemo xBampa-
THMHKH THTEPNOJISLI MHMI NOJIHOM, 3aMICTb X IAcTaBuMoO 3HaueHHs (.75:

v(0.75)=15-(0.75)* =16.5-0.75+6.3=8.44-1238+6.3 =236

3 3 T T T T
¥i
LIt)
ARSI 2 |
LAty
L3{t) %
iR
Iy IM | 1 |
02 04 06 08 1
Xi,t 1

Puc. 5.26. Inmepnonayitini noainomu
o6y aysaswu rpadiku (puc.5) MoxHa nodauuT, mo:
1} nomiHom L,(x) mpoxoaurs uepes A8l 3aaaHi Touku x = 0.5, x = 0.6;

2) nomuoM L,(X) mpoxoanTs Yepes ToH 3aHH Touku x = 0.6, x = 0.7, x = 0.8;
3) nomiroM L,(x) npoxoauTs yepes vel, 3a4aHi B TaOJINLl TOUKHU.

Hpurnao 5.2. Hpukiao pearizauil 3a0aui inmepnoaayii noninomom Jlazpansica
3aedanns: Beectu 3 wiaBlatypu napsi HabOpy 3HAYCHB X7 Ta Vi Wi PyHKLGT

y=fx) ¥ oOumcimrun mma el ¢yHKU 1HTEPNIOUIAUIAHKE MHOTCwWICH Jlarpaixa.
O06umcnuTi HaOMKKEHI 3HAYCHHS HAa BOMY TIPOMUKKY V 3aJaHli KiNbKOCTI TOUOK.

Cxema anmropurMy 1HTEpTIOJSILIi Liel 3ana4l mosiHoMoM Jlarparska.



UncellLHI METOMM B KOMI FOTEPHHX HayKax

i x{n—1)
vin—1).

: —. =0, ;;/—( Buxiz )
. :

P

. —

1
i e e
-
g=5 =3P
. =

Tekcm npocpamu
SyERIIS nonidoma JAarpanwa- oo --— oo oo s s
Lle *x, dcuble *v, int n, double xp)

ca “OEYLCTT N
ButtonlCl:n.ck(TOhj‘:f--L:* *Sender)

epipre RiAewIcTe BheleHnx OaHux!"); exit; }

/4 BeemsEHA Macury ¥
!/ HYBeIeHHA Macixy Y

ok le

LEiEdizl-
{ Ohe
int kT

podeHMx Todor!) ;o exio;

[
N
j)



Pozain 5. 3aaua imrepnonsini ta HabnwxeHHst QyHKINH

xbeg = x

wend =

1y;

age ("HenmpaeunepHo seenedi nawi); exit; }

I yp = lagrang(x, xt):

MemoZ->Lin > i + FloatToStrFixt, ffFixed, 5, 1) +
ffFixed, 6, 3));

clGreen) ;

e
'

}

[/ e e e e KHOmKG “BHXIp = s m e m e mm
void  fastoall T@orml::Button3Click(TGbiect *Sender)

{

Cloes (1

}

Dopma NMpocKTy 3 pe3yabTaTaMU:

HTRFTINANGHEHAR Mrarau es TIrpansa

yp=b,800
yp=8.753
yp=1(1,893
Yp=11.467
yp=12.085
yp=11,908

yp=12.000
vp=12.503

3 vp=14 O7F
30 yp=17.000

Turepuossiiinmii nosisoy H’i010Ha. PozriisHeMO PIBHOBIATAICH] BY3/TH, TOOTO. X;:;
-x;=h.i 0, 1 .. n-i Tosinom Jlarparka noJaMo y BATISAL

L, (x)= Lo(x)+ [Lix) = Lo(x)]+ [Lox) — Lix)]+ . (L, () - L, (). (5.12)

BseaemMo nosHaueHH:

AVy =3~ Vos
Ay, =1, — w5 (5.13)
AynJ = yn yn—l



YpcebHi METOJIH B KOMIT JOTEPHMX HayKax

BemmuuHy, mwo BusHaualoTeCa (Qopmynamu (5.12) Oymmo HasuBatu Kinyesumu
PIBRUUAMU NEpUio20 ROPSAOKY. AHATOTIMHO BBEACMO!

Ny, =My, - Ay

2 - A -
Ay] —'AyZ A}h (5]4)

Ky ="y -7y, (5.15)

Bempumuy, mo BU3HauaroThes Qopmyiamu (5.14) 1 (5.15) sianmosizno OyayTs
HAMBATHCH KiHuesumu pisnuuamu opyzozo i k-20 nopsoxie. Kinuesi pisHui
XaPAKTCPH3VIOTh MIBHIKICTh 3MiHU (hyHKINi HA PI3HUX IHTEPBANax OJHAKOBOI JOBKHHH.
Bpaxosyroru popmynu (5.10)-(5.11) 1 (5.13)-(5.15), orpumaemo:

—x X - X,

‘ X ” YoX
L)~ Ly () = 22y g X0y TN
X, — X X, — X ~h

L AX TN YolXy = %) _ YoXi = Yo¥ + X — 1% = YoXy + VX _
h h h

_ ,Vl(x‘xo)_yo(x"xo) - " — Vo)X —xg) =é¥0—(x—x ):
B h noo Y

(x-x)(x—x;) (x-x ) x—x)
(g —x; )(xy = x3) " ’ (3 = x6 )(x; —X3)

L,(0)-Li(x) =

1

(x-x)(x—x) = x-X po "%

2 Yo~ M=
(o, = x5)(x; = xp) Xo =% X1 — X

_ YoXT = VXX, = VoXXs + YoX Xo . ViXT = XX — VXK + Y XX,

(=h)-(-2h) h-(=h)
N VoX = YaXxg =YX = VXX, WX YeXy XX,
2h-h ~h o

1 2 2
aEYEl (VX = YoXX) = Yo XX + YoX X = 29 X7 + 2y xx, +

; 2
+ 21X, =20\ X0Xy + VX7 — VoXX — Vo XX = YaXp Xy +

4%y = X W YoX + Yox; ) — (x5 = X )Y X + ¥1X, )=
1 . 2 Azyr
= e (s =2y, + Vo X~ —xx, — XX; + XX, ) = Z!ng(x ~Xo )(x —x)).

. A
Amnamoriuno MoskHa gosectd, wo L, (x) - L, (x)= T
7l

o
wn
[N



Posain S. 3apaua tureprionsini ra HabmnKkeHHS QyHKIUH

Mipcraensioum 3uaiiacH eupazu v Gopmyay (5.12) B miacy MKy OTpHMAEMO:

Ayo
Ve (x=x)(x—x)+

Ln(x) = Nn(x) = yO +

(5.16)
A"y,

!h':(

Tonixow, HaseacHu# dopmy oo (5.16) HazUBACTHCA IHTEPNOISITIHIM 110JTIHOMOM
H’1worona. 3azsuyaii o GopMy Iy 3anucyiOTh B 1HILIOMY BHIJISAL, BBIBLIIM HOBY 3MIHHY
x_

o =20 o ) — x)) (X - X,).

L= O Tom mesixi Bemuumsy B (5.16) Haby ayTh BUTIAIY:

X=X X=X tXg =X XX, XX -1
h h h h ’

X—-x, X—x
it/ S R
h

Bukopucropyrour HaseaeHl ro3naucHust, popmyaa (5.16) naby ne urnaay:
-1 5 t-1...(¢t—n+1)
€D, JEZDne) g

ni

N (x, +ih)=y, +tAy, +

Buxopucrosytouu dopmyny (5.16) B 4acTkoBOMY  BULISAAL, MOXKHO OTPUMATH
dopMyaM s TiHiHHOT a00 KBaAPaTHYHOI IHTEPIONALIL, Y BUNAAKY PiBHOBIIIAICHHX
By3aiB. [lpu # = [ orpumaemo dopmy:y ams MHIMHOIL iHTepnosuii (1inelinuil nostinom
H’iwmona): S ' ‘

N (x)=v, +—y1;—y0(x—xo)‘ (5.17)

Hpu n = [ orpumaemo ¢opMyny KBaaparudHO! IHTCPNIONSLUL (Keadparuynui
noainom H’womona):
, Ay Az}"o
Ny(x) =y, +——{(x~-x;) 4—2—!-13 (x—x N x—x)=

h th (5.18)
2y +y
=¥, +—}-I———- (x—x,)+ 21}; =0 (x =~ X )x = x)).

Hpuxnao 5.3. BUKOPHCTOBYIOUM YMOBH 3 TONMCPSAHBOTO MpHKIany 5.1 BUKOHaTH
HACTYIIHC 3aBaHHS
1) nobyaxysatu minitinmil nominom H'rotona Ha Biapizky [0.3; 0.6,

2) noOyaysaTh KBaapaTudHuid nioninoM Hrotona Ha sigpisky [0.6; 0.8].

Pose’sizok: 1. [Inst moOya0Bu JIHIMHOLO 1HTEPNONALIHHOrO oniHoMy H’rotoHa Ha
Biapisky [0.5: 0.6] BusHauumo: xp = 0.5, x; = 0.6 — By3nau HHTepnonﬂuiI; Yo=16y =
1.8 — snauenns QyHKIGI B LWX By3nax; 7 = x; — xp = 0.6 = 0.5 = 0.1 — kpox,
I ICTABUBILM BKa3aHl 3HAYeHHA ¥ dopmyiry (5.17), otpumaenmo:

253



UncenpHl METONH B, KOMIT' IOTEPHUX Ha\ma\

Ny(x)=1.6+ 1—80-.-( —0.5)=1.6+2(x-05)=2x+0.6" -~  niiliemi

inTepronsLiHui noxiHoM H rotona Ha Bipisky [0.5; 0. 6].

2. Jinst o6y J0BH KBaAPAaTHIHOTO iHTEpIOMALiHHOro nosiHoMy H oToHa Ha BILAPISKY
[0.6; 0.8] BM3HAYMMO AQHATOTIYHO IOTIEPEAHBOMY TPHKITATY 51 Byzm 1 Kpok
IHTEpTIONSALIL, a TAKOXK 3HAYCHHS (byﬂmul B LMX By3/1aX 1 MiJICTABMBUIK L 3HAYCHHA Y
dopmy:y (5.18), orprmaemo:

21-1.8 27-2-21+18
N,(x)=18+"—(x-0.6)+ —————(x—-0.6)(x-0.7) =
L (x (£ 0.6) + T (e 0.6 0.)

=1.8+3(x—0.6)+15(x> -13x+0.42) =
=15x" -16.5x+6.3.
Po3paxyHKH TIOKa3yIOT, IO MPH PiBHOBIAJAICHUX BY3714X IHTCPIOAUMHI NOTIHOMHE

Jlarpamxa 1 H'50TOHA MONHICTIO CMIBMAJAIOTL. AJle, B AGHOMY BMINAIKY BUKOPHCTAHH
roniHomis H roToKa 6y ae nepeBakary, OCKIIBKH € IPOCTIIHI B O0YHCICHHSIX.

5.2. iHTepnonauinHui4 noniHom JlarpaHxa

5.2.1. AHani3 3aranbHOI NOCTaHOBKMU 3aaavi

Jlarpamx YKosed Jlyi (25.011736-10.04.1813) — ¢paniy 3Kui MaTEMaTHK, MCXAHIK 1
actporoM. Unen Bepaincskoi AH (1787) ta ii mpesugent (1766 - 1787 ), unen [lapusskoi
AH (1787). Teopu Jlarparka 3 MATCMATHKH, MEXAHIKA 1 aCTPOHOMII CKTaa0Th 14 TOMIB.

Ilpu nobvaosi isTepromsauiHoro nomuomy £,(x) (5.8) B3sIM B AKOCTI CHCTEMH

o k . . . .
dysxuit @, (x)=x". 3 BHZHaYCHOI TOYKM 30py OUTBbII 3PYYHOIO € CUCTCMA IMOMIHOMIB
CTYTICHA 71, WO HasuBaeThCs bazucom Jlazpaiica, {Z,ﬁ") (x)}k _i> - BU3HAYCHA 13 HACTYTTHHMX
5 (1) : . 3 . . - . —_—
MipKyBaHb: KOkeH [ (x) — momHOM # -0i CTENcHI, PIBHAM HyJIIO Y BCIX BY371aX CITKH @
Kpis £ -TO, 1€ BIH p1BHUH |
1, i=k —
(x)=4" " ik=0.n.
0, i#k
He cxaaano nobymayBaTy 1l nofmiHOMU. JIHCHO, 3HAIOYH KOPSHI NONIHOMY, MOXEMO
CTBEPLKYBATH, IO TIOJIIHOM PO3B A3V € MOCTABICHY 331ay. ‘
n
) x-x ) x=x).(x—x _ Hx~x, ). (x—Xx X—X;
lk(x):];inl(x): ( U)( 1) ( I 1)( k+1) ( n) _ ( 1)

(6, — %0 )00, = x)- 0 — 3 DO = X5q)-. (0 — X,) - o (5 —x;) .
. itk

I[NepeTBOoprMO Gazuc {l;(.”)(x)}. Beeaemo B posrasa noniHoM (7 + 1) -ro crenens

w(x) = w, (0= (e =)= x,) = [T o).
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Posaia 5. 3aaaua igrepuosiii Ta HabnwKkeHns QyHKH

3HaleMo HOTO MOXIAHY B TOYLI X = X; , OTPUMAEMO
(r+1),

M’(—\)lx\(,‘( X )= x=x, > (x—-x,)= 0\

(x, —x)(x, —x)...(x, —Xx,).
Toxi
w(x)

(x —x; )w'(x;)

L(x)=

1 € 6asmc noninoMi Jlarparoka.

3ayBakumo, mo nobyaosanvi Oasuc eauuui. J{iiicHO, AKILO ICHYE MOMIHOM 7, (x)
MPH THX JKE YMOBAX, TO MONIHOM _q('")(x):lk(x)—ik (x) € mOmHOM #-TO CTYICHS, WO
NIEPETBOPIOETHCA B HYIb B (7 +1)-ili Touwl X,,....X,. BiH TOTOXHO DIBHME HVIIO 1,
Bignosiamo, / (x) =/ (x). Temep nerko sanucary po3B’S30K 3a@i NONHOMIATLHOI
irTeprnionauii. [Noxinom y, -/, (x) mpuiiMae y By31l X, 3HAUCHHsA ), Ta PIBHUM HYTO v

BCix 1HIIMX By37nax Citkun @ (npu x; = x, ). Tom

1,(x) = Zz v =S f ) —2)

e (x—x )W (x;) (>.19)

npcACTaBnse cobol MOJNIHOM CTemeHs He Rumoro 3a # Ta L.(x)=y,, 10010 €
THTEPTIIOJIALHMM TTIOJITHOMOM.

®opmyay (5.19) xasmeaioTs iHTEpNIOAALIMHOW (hopMynowo Jlarparmka, a BiATIORI HHA
nonirom 7., (x) — inrepnonanidups nostiHomom Jlarpamka.

3ayearcennsn. HecknaaHo OLIHMTH KITBKICTh apuIMETHIHMX A1H NPH PO3PaxyHKy 3a
(dopuyoro (5.19). B ronosHOMY mOpsaKy 3a # LE € BenuHuHa ( Nn*).

5.2.2. luTepnonsuinHa ¢popmyna flarpanxa. YactkoBuu BUNaaokK

Haiibibm  3arambHo0  (OpMYIIO0 NapabosidHoi 1HTepnomAlli € I1HTepHoNALiHA
dopvysna Jlarpamka. Po3risHEMO CrOMaTKy OKPEMME 6uRAOOK 3¢0ayl napaboniunol
inmepronayii: moOy Iy EMO MHOTOWIEH p;(X) Takui, 1O pi(X,)=0 mpn j 7 i Ta mpw p;(x;) =1
G, j=0, 1, 2, ..., n). OcKinpKky WIYKAHNH MHOTOYWIEH P;(X) IOBUHEH NCPETBOPUTHCA Ha HY.Th
Y 1 TOUKAX X0, X1, ..o Xio]5 Xi 15 --p Xns TO HOTO MOKHA TPEICTABHTH Y BUITIAII

pifx)=C; (x-xp) (x-x1) ... (x-xip) (X0 5) . (X-Xn), (5.20)

ae (; — NOCTIHHWM KOe(pILUEHT.
Moxnazemo x==x; y dopmyni (5.20) 1 3 ormsiay Ha Te, WO pi(x;) =1, 0AeP)KUMO

Ci (xixp) (xixp) .. (X%ig) (XeXicg) o (XiXg)=1. (5.21)
3B1acH
. 1
i (55; —x)(x; = x;)..(x, —x,.;,l)(x‘,. ~x.).(x,—x,) (5.22)

[
W
W



YricelbH1 METOJIM B KOMII }OTePHUX HayKax

Micns miactanoBku supasy (3.22) y dopmyvay (5.20) muorowieH pifx) MATHME
HACTY IIHVM BATJIA

L (= x e —x) (- x (e —x ). (x—x,)
pi(x)= :
(x; —x)(x; = x) (%, — %, x, —x,,)..(x; —x,)
Tenep neperaeMo 0 3HAXOUKEHHST MHOTOY/ICHA P,(X), IO 33I0BONIbHAE YMOBAM
Pofc)=fxc)=y: (i=0, 1. 2, ..., 1), (5.24)

T06TO MHOrOWICH HabyBae B 3aHaHUX ToUKax X=X; (1 =0, 1, 2, ..., 1) 3a/1aHi 3HAYCHHA ;.
Jlerxo nepesipuTH, MO TAKM MHOTOWIEH Oy 1 MaTH HacTy l'IHHﬁ BUTTIAT

(5.23)

Px)= Y pily, (5.25)
-0
Titicro, npu (ixcosaroMmy j (7 = 0, 1, 2, ..., n) Maemo
Py, )= P, )y, =p,(c )y, = ¥, . (5.26)
-0

OTKE BUKOHYIOTHCA yMOBH (5.24). Crenine sxe MHOTOUICHA P,(X) He BHILE /1.
Tlinctapupmm y opmyay (5.23) supas (5.23). ozepxumo

P ) Z (c=xp)(x =% ) (x =X, Jx =X ).(x-%,)
=X )% =X )3 = X )00 = Xy 0 ) (X — X, )
Bupas3 (5.27) € inrepniosuidHoo opmynoro Jlarparxa.
3anumniemo ii B pO3ropHYTOMY BHIVISAL
Plx)=y, (x=x )(x—x )(x=x;)..(x~x,) + (x—=x)(x—x)(x= X3 )..(x—x,)
(’Lu X )00 =X, )00 =3 ) Xy = X, ) T (06 = X )= X )% — X3 ) (0 — X,)
Cay (x—xo)(x—x). (x—x  JE—-x)..(x—x,)
e = xy M =X )~ X )% = X ) (X - X,
v, (x—=x )(x—x ) (x—x,)...(x-x, ;) .
ey )y — 1), — X {5y~ )

3, (5.27)

X—Xx X=X,
[pu n=! dopmyra Jlarpamka mpuiimae surnan P (x)=-———-y, + Ly i
0 =% X~ Xo
Ha3uBAETHCS (POPMY IO TiHitiHOT iHmepnoasyil.
Tpu n=2 oaepxumo QOPMYIIY K8AOpAMUYHOT IHMepnoraYii:
XX )x—x X—X )x—x X — X, )X~ X,
P )= ( Jax) | Ex)box) L Gen)Eon) s

=X )y —x,)" fx; —x, (o — x,) . (xy = X )%y — %) g

InTeprionsuidHuit  MHOrOwIeH Jlarparmka MOXHA MOOyAyBatH TIpU  Oyab-AkoMy
PO3Taiy BaHHI BY3JIIB IHTCPIOSILI.
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Pozaii 5. 3aaua igreproisiiii ta Habnwoxesns gy HEIUH

Hepepipka pesyabraris. s Toro mo6 nepeBipuT pe3ynbTaT OOYMCIICHHS,
HEOOX1AHO 3HAUTH NOXMOKY O0UHCIICHD, TOOTO 3aMHAIIKOBUH WICH.

OcKiNnbKH HaM He BIJOMHM aHATITHYHMM BUrsa (YHKIGI, € TUIbKK TaOlHIs 3HAYEHB,
TO OLUHHUTH TOXUOKY LS mTepnormmm{oro MuorowieHa Jlarpamwka O6vae Baxko. [ma
LBOr0 HEOOXIJHO 3HAMTM MOXiJHI BHIIMX NOPAJKIB 33 JOMOMOrOK 1HTCPNOLIHHUX
dopmyn Hetorona. Tomy, 0OMSKMMOCH 3HAXOKCHHAM 3QIMINKOBOTO 4YIEHA TN
IHTEpIO LI MHOTO MHOTOYICHA HiloTOHA 32 hopMy 100

- —-n)
R"(X)z ‘l(‘l 1)(q 1) A»Hl

(n+1)! Yo (3.29)

— ])(/q -2)...(q—n) Oy
(n+1)

ne & - ACAKE 3HAYEHHS MK BY3JIaMH IHTEPIONALG] Xg, X, ..., X, 1 POSIIIAHYTOK TOYKOHO X,

Oopmyna (5.29) orpumana 3 popmyrm R, (x)=h"" q9(q

n+1

3 omANy HAa TC, IHO /"1'“1)(x):}im-#—
(=1

AR MPUOIHM3HO MOJKHA  TPHITYCTUTH

ATy

SrNE = hnq

5.2.3. Nobynosa iHTepnonsuiitHoro MHorouneHa Jlarpanxa
Teopema 5.1.  Hexail {q) ; ( x) =x/, j= 0,1,...,/1} . modi icHyc €OUHUTL
IHMEPROTAYITUHIT MHOCOUTEH go( x) ond ¢ymxyil f & S([a,b]) 3a 8y3ramiL iHmePnoaayil

{xo,.xl,. , c [a 17] i sHauenHAM QyHKYIT {f f( ),x EXFJ, ] = 0,],2,...,}1}

, AKUIL 3GRUCYEMBCA Y 6USAAOT

@(x) :ialx’ s a, :%‘ (5.30)
3=0

Hoseoenns. lykatiMeMo IHTCPUO/SILUMHUI y3aranbHeHuii Muorowien (5.4), mo
3a/10BOABHATHME YMOBY iHTepriontosanns (3.5) :

Zoa,xj =f.i=0l..n. (5.31)
Busnaunuk cucremu (5.31) ana oGuuciacHHs 141,,1 =0,1,.. } € BH3HAYHHUKOM

BanacpmoHaa:
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UncennbHl MeT OJIH B KO’MH;}OTCDHI/IX HayKax

ST

Lox, x )
1 x x .. X

A= £0. (5.32)
1 x, x .. x

AKILO X, # X, 3 [a,b]; i#j;i,7=0,12,.,n. Tom 3a dopmynamu Kpamepa CJIAP

. A,
(5.31) Mae eauHWME poO3B 30K ai=X‘,l=0,l,...,n, MO 3 YpaxyBaHHIM BUITALY

ysaransHeHoro Meorowtena (5.4) mae (5.30).
Teopema 5.2, Hexaii:

1) {f, z»f(xj)};i =0,1,...n;
2) {(oj (x) =x/ , ] = 0,1,4..:n} - cucmema pyHryi  Hebuwosa 3a  eyziamu

THMEPNONIOBAHHSA {xo I A xn} - [a, b] .

To0i inmepnoaayitinuil MHO2OYAECH HaDYBAE MAK 36AHORO0, BULIFOY THMEPROIAYITNHOZ0
MHozounena Jlazpauica

qo(x):iaix' =1 (x):i_f(xi)d)i(x). (5.33)

CDI(x):H(x—«xj)/H(xi—xj). (5.34)
J#i J#t

Hoeedenun. IurepnomoBanys — e nodyaoBa MHOrC'WICHA N-I0 CTCIICHS (/)(x) 3a

VYMOBH {(/)(xj) =f,.J= O,],...,n} Tosnaumnmo uepes

(1, sxwgo i = j

(5.35)

J —
Z {0, AKIIO § # f

cuvox Kporekepa. Kpomekep Jleomonpa (07.17.1823 — 29.12.1891) — mimeupkwuii
marematuk. Ynen Bepninckoi AH, unen — kopecrionneHT [letepbypapkoi AH (1872).

Teepmwxenns aoseaemo, skuo nodyayemo @,(x) vy dopmym (5.33). Jns wusoro
Bi3bMEMO MEOTOUnCcHH @, (X) CTCHEHsA HE BHIIC /7 33 VMOBH

®,(x,)=6/:0j=01..n. (5.36)

Mmuorounesu

L (x) :if(x,.)*d),.(x). (5.37)

i=0
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€ urykanuMy. JliHCHO BiH MAe CTEMiHL HE BHILE #, OCKLIBKH BIH € JTIHIMHOI KOMOIHALIERO
MHOTOMICHIB CTETIEHS HE BHIIC 7. 3@IMHIACTHCS TICPCBIPHTH VMOBY 1HTEPTIOIOBAHHA

L, (xj ) = f(xj ) JlikchHo,

(%)= 2;( t)* @, (x,)= Zf(x)6 =/ (x)F £ (3)8 .

(5.38)
7 . U
+f(xj)§./ +f(*.i+1) J"1+<f(x'7) n ’f(xj)
Orxe, L Z / ( ‘ € iHTepnoJsLiHuM MHorowieHoM Jlarpamwka 3a
osnaueHHsM.  Tobro (p Za P x) € MHOTOWICHOM #-T0 CTCHEHA Ta

go(x_,.)z I, (xj):]g,jr—'o,l,.,., . Tobyayemo @,(x), a swawmrs i L, (x).
CDi(xJ_):(),i # | Toai {xj} - KOpeHl {(D,.(x)}. 3a reopemoro Biera

@, (x)=K*[](x-x,). (5.39)
Jri , R
Bier ®pancya (1540 — 13.12.1603) - dpaHLyssxuii MaTeMaTHX 1 aCTPOHOM, OaThbko
arcopu.
Jos Busnawenns K obuncinmo (5.39) y sysni x,: @, (xi) :‘Kxn(xi —x].) =1. 60

Jzi

: (Di(xi) =5/ =1. Toai K :——-i—, a sHayute Qopmvia (5.39) npuiime BUrIAN
[T(x-x)
J#i
( ) H(r_x.i)
(5.34) @, L
l—]( i ij)
i ]

Hacaizox 5.1. Imnepno PAYTUHUT MHO2OYNEH J](JPPGHO!CCI MOMNCHA 3qnucamu y eu2nsoi

1, (n)= z £(x )(ﬁ%, (5.40)

e a)n(x)Efl(x—xj)E(x—x(,)(x—xl)---(x—xn),

=0

Lle BunnuBae 3 BUrsy {(Di (x)} y dopmym (5.33).
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Uncenpmi METOJJH B KOMIT JOT CPHUX Havkax .
5.2.4. Intepnonsayiniuin MHOrou4sneH Jiarpasxa 3
piBHOBigapDaneHuMu By3namu

Teopema 5.2 cTBepmKye, MO0 IHTCPMIOMALUMHUN MHOrowieH Jlarparxka s
fe "l‘s([a,b]) 3 By3JTaMH {xi,i =0,L,...,n} c[a,b}, AKHH 106y J0BAHO 33 CHCTEMOKO

by HxLu {xi,i = 0,1,...,11} Mae BUITISA

n

p(x)=L,(x)=> f(x)*®,(x). (5.41)

i=0

o, (x)- (x—x,)(x—x ) (x=x_ ) (x-x,) (5.42)
(= x ) (= ) =,y ) (o= x,)
Teopema 5.3. Hexail :
1) Zuauenns f € 3([(1,/7]) 3a0a10 ¥ piGHOBIOOARECHUX BY3NOX
X =x,+ih, i =0,1L...n; x €lab], h>0; f =f(x): (5.43)
2) {qoi (x) =x,i=0, 1,...,n} - cucmema pyuryiit Yebuuiosa.
Toai
L (x)=1L,(x,+1h) ZA(r ) f(x). (5.44)
A(t)=(-D)"C] ﬁﬂ o, (1)=t(t=1)--(t—n). (5.45)
"(t-i)nt” "
Hosecennst . lns ©,(x), i=0,1,....n v (5.42) 3pcOunmo saminy
x_}xo =1, xefab]. (5.46)
1

OaepKUMO KOXKHUMA 13 CIIBMHOXKHMKIB ¥ YHCCIBHHMKY 1% {(T) ; (x)} 3r1JHO 3aMIHH
(5.46).
x—x, =1h;
x—x =(x=x)+(x, —x,) =th-h=h(r-1);
...................................................... } (5.47)




Po3sain 5. 3amaua trepniossimi ta HaOMwKeHAs by HKITIH

Ha:i 3 (5.46) oneprxuMo KOKHUH 13 CITiBMHOMKHHMKIB 3HaMeHHUKa Ui D, (x)

x, =x,=ih,
x, =% =(x,—x)+(x,—x)=th—h =(i-1)h;

......................................................................... . (548)
X=X =h...... X =X, =—h,
x,—x,=(i—-n)h
Omke, 3 ypaxysauwsim (5.47), (5.48) koken 3 @, (x) MaTuMe BUrIAA
th(t=1)h--(t—=i+)A{t=i=1)h---(t ~=n)h(t 1)
D, (x)= - : . =
ih(i=1)h---h(=1)h---(i—n)h(1-i) 5.49)
3.
:l(t—l)---(t—i)---(t—n)n!___(_l)mcil(l—l)---([—n):A(t)
(=) (n—i)\(t~i)n! N (R ’
OCKLIbKH
1 n! (5.50)

- =(—1 H, Cl=
(-0" V.6 (n—i)i!
WO 1 JOBOJHUTH TEOpeMy 5.3.

3aysasicennn 5.1. [lna pisHux t Ta n MOKHA OJCP/KATH 3a AOMOMOIOK KOMI KOTepa
xoedimientn A, (t), skl OyayTh OOCIyroByBaTH y BHIIQAKY pPIBHOBIALAICHHX BY3JIB
obumcrenns inTeprionauiiinmx Muorowienis L, (x)=1, (xo +1th), nan Vf € S([a,b]).

Lii Tabnuig HaBOAATHCS y JAOBIAKOBIH JIiTepaTypl MeToxaiB odyucieHs [76-80].

5.2.5. InTepnonsuinHa cxema O. EinTkeHa

Eiirken Onexcanap Kper (01.04.1895 — 03.11.1967) — anrmiicekuii MareMaTHk 1
disnx. Heaomixom IMJ1 1, (x):

e Benuka obuucnrosansHa poboTa;

e Jlna nobyzosu L (.l) HE BUKOPHCTOBYETHC iHQopMauis , wo Oyna oTpuMaHa

n+l

st oGy nosu L, (x) .

Toxai BMHMKana 3aJa4a 3HAXOMKCHHA (QyHKLi f (x), X # X,, He Burmacyroun IMJI

L,(x).
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UycepHl METOJTH B KOMH’IOTepm/Ix HavKax

Teopema 54. }Ixugo fe J([a,b]), mo IMJ1 Ln (x) dopienioe mHozouneny Eimkena
11-20 NOPAOKY:

1 oy pa X — x|
L(x)=1Loy, ,(x)= Y v [Oj’ 1 xo e (5.51)
n 0 2

2,0 n

oe iHmepno,muiﬁHuz? muozounen FEiimkena nepuio2o nopaoky 3a 06omMa  €viiami
{x X C[a b] BUBHAUAEHbCA

1 . fz X, —X
Lz‘,Hl (x) =

) R (5.52)
Xia ™% ,fm X — X

inmeprionayiiinuii  muozodaet  Eiimiena Opyeozo nopioky 3a  mpeomd  6y3iamu

- 1.
X, X,.0,X,, € [a,o] BUSHAUACMbCA

L, X, —X
iit) Ci
Ly (X)*—— ; , : (5.53)
=X b X2 A
iHmepronsyiiiHuA MHO2OWIeH FimKena mpembo2o NopAOKY 3a HomupmMa 6y3iami
X, %, X0, X3 € [a,b] BUZHAYACMbCA
1 L.y X —X
e e LS 658
X5~ X% Hanis Taa X

Nosedenns. J{as noseneHns Tpeba mepesiputy, mo MHOrowienu EiTkena (5.52),
(5.53), (5.54) € inTeprOMMUHHMMM MHOrOWICHaMH. BuKOpHCTaEMO METOA MOBHOI
MaTteMaTHuHOI 1HaykLii. JikcHo,

H L (x): J, - muorouneH EfiTkeHa HYbOBOTO MOPSAKY 32 OJHMM BY3/IOM,

2) L, (x) € MHOrowleH EifTkeHa mepimioro nmopsaiky 3a ABOMAa BY3JaMH X, X,
(aus.(5.42)).

Hexabi 1., .., 1+/<+1(x) mHorowieH Eifrkena k- ro nopsaaky 3a k+1 Bysnamu

X, X, ey Xy, TOM

1 L . (x) X, —x
Lo () e | T . (5.55)
[ R T A’JFkF]( ) x,-;,kﬂ _xi il ikl (x) X kel

To6to Maemo orpumary MuorouneH Eifrkena k+1 mopaaxy 3a k +2 Bysnamu
{1i,xh1, ka‘]} C[a,b] , @ 3HAYMTD 33 THIY KLIEO
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L n("j) =Lo1a (x].) :f(xj),j =L2,....n. (5.56)

MificHo ans xBOX By3miB Maemo L, (xj.) = f(xj ) J=Li+1:

L., (x)=—— 1 = f(x,). (5.57)

Liﬁ] (xi)z__l__ f(xl) x;'_x,+] :f(xp_])‘ . ( 4

X =% ~f(xr'*1) Xict ~ X

U
n
-]
S~

Hexaii ;s Mmuorounesa k- ro nopszky 3a & +1 By310M BUKOHY€TBCA

L:,t+1,Hk (xf) = f(xf):»j =1,1 +1>‘ wnd +k > (559)
Toxi a5 MHorowiena k+1 -ro mopsaky 3a k + 2 By3naMu MaTHMEMO
U Lo 5o |
Li,i+1....,1+k,i+k+1 (xj) = L h 1 ! ' = f(xj)’ 5 60
X et ik Xivgen 7 X5 (5.60)

j=hi+l. . i+k+1
3HauwuTh JOBCNH IO MHOrouneH FEitkewa L, ., (x) € 1HTCPHOIALIMHIM
MHOTOUJIEHOM n-ro cTenens ams Qymxuii f(x) e 3([ab]) 3a P +1 By3mOM , OCKiTBKM

3a Teopemoo 5.1 icHye exuHuMi iHTepnomsLiHAHMA MHorowieH Jlarpamxka L, (x) TOOTO

er (x) - [’0,1,2,...,11 (x) N
3aysaseuns 5.2, Iureprionsuiiina cxema Eitrkena 3poaurscsa B Tabn. 5.2. Hanpuxiax

Just f, = f(x].),j =0,1,2.3,4.

Tabruya 5.2
X\ S| %=X | L Lo | Lizios | Linnsniaia
Xo | fo | X=X |~ - - -
X | L —x | Ly (x) _ ~ —
X3 f: Xy, =X L12 (x) Lmz(x) - B

X3 f% X3 =X L23 (x) 1‘123 (x) L0123(x) -
Xo | fa [ X=X | Ly (x) Ly, (x) Ly, (x) Loyrs4 (x)
Javeaxenns 5.3. OGuncienns 3a cxemoro ENTkeHa 34IHCHIOETBCA 10 BUKOHAHHA

wwosit Ly, (X)= Loy, 4 (%) <&, 011 L, (X) % Loy 5. g (%), k+1<n, 3 ToUmiCTIO

& > 0. Cxema EliTkeHa nerko peanisyersCst Ha KOMIT FOTepi.
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UncebHL METOIH B KOMIT JOTEPHUX HayKax

Mpukaax 5.1, 3amucaty iwreprionauiinuit MuorowreH Jlarparoka ams dyHxuii
f (x) , SHAYEHHS AKOi 3aaaHo B Tabm. 5.3.

Tabauys 5.3

i o [1 [2 |3
X, o |o01[03]05
F(x)[-0570 o2l

Poze’szox.

@, (x)=""

-0, 1)(x—0,3)(x—0,5) B x*—0,9x% +0,23x-0,015
-0,1%(0,3)#(0.,5) 0,015 ’

@, (x) He obuncmoemo , 6o f(x)=01i S (x)*®,(x) e BrnuBae Ha BHrTAL
L,(x) . Jam
_x(x-0,1)(x-0,5) _ x* —0,8x" +0,05x

@, (x)=

(%) 0,3%0,2%(-0,2) 0.012

®, (x) = x(x=0.1)(x=05) _x*~0.4x* +0,03x
: 0,5%0,4%0,2 0,04 '

1
L(x)=0,(x) £, + P, (x) £, +D5(x) £ :—3—x —-30x" +Ex—5.

puxnan 5.2. Oyuxuig y = {x sazanaTabn. 5.4:
' Tadauys 5.4

X, Lo [u1 |13 [15 [Le
7(x) 11000 11032 1,091 | 1145 | 1.17

- . . . -3
3actocysasuu cxemy EATKCHa, 3HAHTH Y115 3 Tounictio £ =107,
Pozesizok. Tloxmamemo x =115 1 mobyayemo Tabnuio 5 aas iHTCPIIOMALUMHHMX

MHorouneHis Eitrkena:
Tabnuys 5.5

x, | f X, =x | Ly 1 L
L0 L0000 | -0.15
L1 {1,032 |-0,05 1,048
L3 |1,091 0,15 |1,047 | 1048
1.511,145 | 0,35 | 105 | 1,05

411,611,170 | 0,45 |1L057 | 1,057

wWiN| = o ™

baunmo, wo L (1, 1 5) =Ly, (1,] 5) =1,048, 1oxi mobymoBy  IHTCPMOIALIHHMX

. .- . . . 3
Muorounenis Eifrkena citix mpumanmTy i oknactu {f1,15 1,048 3 tounicrio £ =107,
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5.2.6. Moxubka iHTepnontoBaHHA gns iHTepnonsauinHoro
MHorouneHa Jlarpaxxa
3a TeopeMoto 5.2, AKo
S e3(a.bD{p(x)=x"i=01,..nce I(a,b]){x,.x, # Xi#jyclabl fi=(x)>

O
p(x)=L,(x) =Y [(R)D, (x), (5.61)
i=0
F)# L, (), x%x,, (5.62)
) =L, (x,), (5.63)

Axwo f(x)=P,(x), 10
L,(0)=P,x). (5.64)

3a Teopemoro 5.1 icHye exunumit muorowieH Jarpawxka £, (x) crenens 7 .
O3nauenns 5.4. Ioxubkow memooy Jlazpanica uazeemo pisniuyio

Rn ()C) = f(x) - Ln ()C) . (565)

3aysaorcennn 5.4. Tabmyuni  3HaucHHs  {X,,f;} HecyTb HEYCyBHYy MOXMOKy.

3a0KpY IJICHHS MPU OOYKCIICHHI HECY Th IOXHOKY 3a0KPY IICHHSI.
Teopema 5.5.(npo noxubKy inTeprossiiinore Muorowiena Jlarpamwxka). Hexaii

1) feC(Ja.b]);

2) "V (x) wa (a.b);

3) sa0ano snavenns gyukyii { f; = f(x;),i= ﬁ} cR';
4) x, ela,b].

T00i noxubra inmepnoaayitinozo muozourena Jlazpanica mae maxy oquv

(5.66)

e

0,(x)=(x—x)(x—x) - (x=x,),M,,, = sup [ /“"(x)]. (5.67)

xe[a,b]

Hosedennsn. 3a sysnamm {x,j=0,1,..,n} Oyayemo iHTEpPHONALIHHMIA MHOTOUIEH

Jarparoka 3a Tcopemoro 5.2. PosrmsiHemo (yHKuio aidicHoi sminnoi z € [a,b]:

p(2)=f(2)-L,(2)-Ka,(z). (5.68)

265



Unce:1LH1 METOH B-KOMIT IOTEPHHUX HavKax

Byv3nu € aiiicHuMu Hys1sMH 00
P(x) = p(0) = .. =p(x,) = 0. - (5.69)
lie BurminMBae 3 TOTO IO
D f(x)=L,(x), j=0.n,
2) w(x)=0,j=0n.
Tligbupaemo K 3a yMOBH
p(x)=0, (5.70)
ae x€(a,b). 3 (5.8) surmusac, mwo
P(x) = f(x)~ L,(x) - K (x —x,)...(x~x,) =0. (5.71)

Takum umHOM, @(z) TIEepeTBOPIOEThCA Vv Hyas Ha (ab) y (n*2) Toukax

§X05 %X 3oes X s Xop ) s X, } © (@,0) ;TO6TO Maemo (#+1) eNeMESHTAPHMX BIAPIZKIB HA oct Ox.

Puc. 5.2. Hpukia muiliHOTO IHTepl'IOJIIOBdHHH A8 IHTepnonsiiinoro Muorowiena Jlarpawka
Jlo xoskHoro 3 (n-+1) Biapiska 3acTocyemo Teopemy Pomas , To6To Akmo HenepepsHa
QvHKIiS @(x) BU3HAYCHA HA 3AMKHCHOMY BIAPI3KY [a,0], g€ C ([a,b]) , icnyve ¢'(x) Ha
(a.b) ; ¢(a)=p(b)=0. Toai 3HaiaeTsca eauHa Touka x =& €[a,b] Taka, mo ¢'(£)=0.
3HAYKMTD, SAKILO 3aCTOCYBATH 1IC TBEPKCHHS HA KOKHOMY 3 CACMCHTAPHMX BLADI3KIE |
MaTHMEMO

PEMY =g E == (EP)=0. (5.72)

VMoBa (5.72) Ta iCHYBaHH [OXiAHMX APYTOro IOPSAKY Ha IHTCpBaIax &M, (’m),

i=0,n+1, 1ae MOKIMBICTb 3acTOCYBaTH Teopemy Pors 1wt nepiumx noxigxmx. Tom

P EY =" (EP) = =" (£ =0. (5.73)

3HOBY ciA 3acTocyBard i 7 iHTepBanie Teopemy Ponma. Ilpouec mosToproemo
(n+1) pas. Toai icuye eauna Touka & €[a,b], mo L,(£)=0. Hdam obuucammo (1)
noxigHy By @(2)

P V(Y= V()= 0-K(n+1)!. (5.74)

TlizcTaBMMO 3aMiCTb Z TOUKY & 8 piBHICTB (5.74),T0M1

0= (&)= FON(E) - K(n+1). (5.75)
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Po3ain 5. 3aa9a inrepnonsimi Ta HabmmkenHs QyHKIIH

3Blaxu
(n+1)
fk ST reany, (5.76)
+!
Biamitnmo , mo 3 (5.76) Buruusae ouinka (5.67), 60 3a ymosu (5.70) 1 (5.71) maemo
(n+1) ¢ g
0=p(x)= ()~ L)~ L o (), (5.77)

(n+D!

a 3Ha4YMTB oaepiKyeMo opmyiy (5.66) mia R (x) Ta

S(x)-L (x)| M |m (x)]. (5.78)

5.3. Bubip By3niB iHTepnonBaHHA

Brmie orpumarnm, mo

F@)=L,(x)+R,(x). (5.79)
S

R,(x)=+—22 D 2,(x) . (5.80)

@, (x) = (x =X )x = x)...(x~ x,) . (5.81)

BuHukae npuponna saxaua subparv Bysmm {x,, j =0, n} C |a,b] Tak, modwm

sup |o,(x)| — min . (5.82)
xela,b]
HoBeaemo, o
1nf sup |a) (x)[ (5.83)
xr[a h]

JOCSTAETbCS Ha KOPESHsIX MHOrousicHa Uebuinena.
5.3.1. MHorounexu Yebuwesa. BnactuBocTi
Osnavenus 5.5. Bupas
7, (x) = cos[n arccos x],| xI<1. (53.84)

3UNUREMO MHOLO0YHEHOM q€6um06a H-20 CHEREHIA |
Jema S.1. Muozounen Yebuwesa (5.84) eorodic mproma eracmueocmamu:

1 ()= 2xT,(x) - 1., (%) . (5.85)
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T (x)=2""x"+Ax""+ .+ A4,. (5.86)
xm:cosM, m=ln-1. (5.87)
n

€ xopensimu 1), (x).
Aosenenns. 1) Vne R, VOe R' mae micue TPUTOHOMETPHUYHA PIBHICT
cos(n+1)8 +cos(n —1)8 = 2cos O cos né . (5.88)
[loxmanemo € = arccosx Ta miacrasumo y (5.88):
cos[(n +1)arccos x] +cos[(n —1) arccos x] = 2 cos[arccos x|cos[rarccos x] ,
3BLAKHM 32 O3HAYCHHAM 5.5 MaTumemo (5.83).

2) MeTonoM noBHOI MateMaTu4HOI THAY KT 1080auMO (5.86).

Ouesnani crussigHomeHHst: it n=0 3 (5.74) maemo 1,(x)=1; mna »=1 3 (5.74)
suniMBae 1;(x) = x. Axmo n=2 ,10 (5.85) 3 BpaxyBaursam toro, mo 7,(x)=11 7(x)=x,
Aae Li(x)=2x-x-1= 2x* —1, mwo crisnazae 3 (5.86) mpu 1=2 .

Hexaii mae micue xis n=k dopmyna (3.86). 7,(x)= AR 4, e+ 4, . Tom
sarmmuemo (3.85) s n=k+1: T, (x)=2xT (x)-T, (x)= Ax 4 4 4. +4
anst Vi <n+1 muorounen YeOumoera (5.84) € MuOrOWICHOM £-ro CTENCHS.

i » TOOTO

T (x)=2""x"+A4x""+  + A, € MHOTOWICHOM #-r0 crereHa. Tomi s
PIBHAHHS cOS[72 arccosx] =0 maemo » koperis, JixcHo,

narccosnginéd)—”e[—l;ﬂ],m:O,n—l. _ (5.89)
a 3HAYHTDH
~1<x, :cosw,m =0n-1. (5.90)
n

5.3.2. Bubip By3niB iHTepnonoBaHHA
Teopema 6 (upo Bubip By3niB). Hexaii:

D feC"(-L1); /M eC-LID;

2) £;=/(0)s dxi =0y e [=1+1];

3) {o.(x)= xi= 6,;} - cucmema Qyuxyin Yebuuieesa,
Tom

) @~ 1, 00|= R, ol o (591)
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Ode M, ., eusnauene ax cniggionousenms (5.67);

2) inf sup |a)”(x)| docseacmeoes, akwo 3a eysmu {x;} < [-1,+1] eubpamu xopewi
xel- L1

MHozourera Yebumosa (5,66):

% —cos VT 5T (5.92)
2n

Josenennsn.l) Hexaii ains mobynosu £, (x) subpaam (5.92). Toxi 3a reopemoro Biera

1,.,(x)=2"x""+Bx"+ .+B,,,=2"0,(x). 3si1ku
@,(x) = 21 7,.(x). (5.93)

Ane sup ’1n+1(x)l—l 3HavuTh

X!

sup |w,(x)|= 21 (5.94)

xel~114

Manm |R, (x)|< Mll) -0,(x). 01 3 (5.94) Burmsac (5.91).

Hoseaenus nyHkty 2) 6asyerbes Ha Jlemi 5.2.

Jlema 5.2. /lus muozousena cmeneHs n 3 cmapuium Koegiyicumom [ maec micye
oyinka

sup |F,(x)|2 (5.95)
xel-1,1]
osedennn Bin cynporusHoro. Hexau
sup |P,(x)|= sup |x" +Ax"" + 44, < —. (5.96)
xc|- L1 xef~1.1] 2
Bubupaemo 3a BY371H IHTEPIIONOBAHHA bity £ P (x) KOpPEHI
sup \In 1(x)|= sup cos[narccosx|==*1 ;ro6T0
xef-1 xe[-11]
X, =cosﬂ, m=0,n. (5.97)
n
Po3rasHeMO Pi3HMIFO
PEal 1(x)-F,(x). (5.98)
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UnceibHl MCTOIHU B KOMIT IOTCPHHUY HayKax

Ile muoOrouneH crencHa ue Oimpme (#2-1), To6TO BiH Mae piBHO (#-1) xopenis. Ane
muorowieH P,(x) npwiivae B (#+1) Toukax (5.97) 3Hauenns +1...-1 .a crapmwmii
xoedirgenr yi P, (x) aopisHroe 1.

3HauuTh, 3 apyroro 6oy, misa (5.98) maemo PIBHO #7 KOPCHIB. A MaEMO B JIHCHOCTI
(n-1) xopiub. [IpunyeHHs He BIpHe.

3 nemu 5.2 pumutuBae ToH (hakT, 1O inf sup |a)n(x)’ HaOyBae 3HaucHHA ( Ha
P(x)=T,p (x)xe-‘,[a,b]

Cm+Drx
cos——+—,
2n
3ayeascenns 5.5. Ouinky A MHOrowieHa Jlarparxa MOXKHA 0ACPKATH UL Blapi3Ka

KOPEHAX X, = m=0,n-1.

[-1.+1] zaminor0 x= %[(b —a)z+(b+a)]. icwo, sxwo xelab], TOm

i

7
&

i .
E[bc—b—a] , ana axoro ze [FLH1) dua 1, ,,(z) mae micuc Tcopema 5.0.

Kopent z,, =cos (Zmzﬂ . m=0,n nepeitayTs v
n
=16 - ayeos IV Ly . (5.99)
2 2n

a ang NOXUOKU METOAY IHTCPIIONIOBAHHA BUKOHY €THCS OLUHKA

Mn+1 (b_a)n—fl‘
(n+)t 277!

|Rn (x)[<

(5.100)

Beawuuna noxwbxu R, (x) 119 IHTEPIOMSILUHHOTO MHOTOWICHA 3MIHIOETBCS Ha
BIIPI3KY IHTEPTOIOBAHHA [a,b ].

5.3.3. lNoBeaiHka NOXWOKK Ha iHTepBani iHTepnonoBaHHSA

BusunmMo noseniHky noxubku R, (x) ams IMJ1 L, (x) Ha BUNAJoK pIBHOBIZIANCHUX
BY3JIB.

Teopema 5.7. Hxuwo euxonyiomsca ymosu nodyoosu inmeprorAYitinez0 MHOQUIEHY
Jaepanxca 1,(x) 3a pienosiodanenumu eysramu X, = x, +ih,h >0, mo noxubra R, (x)
HAUMEHUQ Y cepeOuni 6iopiska inmepnomayil , 36inbuycmoea 6ia Kinyie eiopizka [a,b/,
Haitbinbua nosa [ab] (x #x;).

[Mosedenns. Buxopuctaemo 3aMiHy X —X, =th, Togl MHOTOWICH @,(x) HaOysae
BHITIAAY

o, (x)=o,(x, +th)=h"""1{t -1t -2)..(t—m) =" p(1) . (5.101)
o) =1(t ~1)...(1 —n). (5.102)
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Pospin 8. 3amaga igTeprosuyi Ta Habmwkenss gy HKIGH

Hema 5.3. /[na mnozowsena (1) n-eo cmenens mae micye pieHicmo
P()=(D)""pn-1), (5.103)

mobmo @(t) -napua abo nenapra eionocno mouxu (M .0 3quedcHocmi 6i0 napHocmi
2

n. JlopeaenHs BurutuBac 3 osnaveHss (5.102) muorounena ¢(f)
pn—-1=n-Dn-i-1). (n—t-n)=(=)"p().
m--1
Jeva 5.4. Aiayo [0,n]=| J[i,i +1}, mooi
i=0

gu(t+l)z§—i—i—gp(t). (5.104)

Hosedennn. 3anmuemo muorounen ¢(f) 3a osHaueHHaM (5.102)

o+ D)=+ D=1 1=y =0 2 oy,
t-n t—n
Hoscaenna rteopemm BurmmBae 13 nemu 5.4 . ExctpeManshi sHaucHHA  @(7)

3MCHIUYIOTBCS TIPH IIEPEXO0/l BLA MONEPSAHBOTO IO HACTYITHOTO IHTEPBANY A0 CEPeAMHU

.. t+1 ~ )
Biapisky [0, 7] 3a paxyHOoKk TOrO IO P 1 60 i=ln € xopeHsMU
-n
— . i o T+l
pUNp(i)=0.i=0.n). Hani 3a nemorwo 3.3 ¢, (f) cumeTpuuHO 3pocTae, 60 ’t a >1,
~n

Vi=n+],.... Tloscainky @(f) 300pakeHo Ha puc. 5.3. Teopema 5.7 10BeacHa.

a)

Puc. 5.3. TTopeainka @(f) ms a) n=6 ma 6) n=35

5.4. lHTepnonsauinHuin noniHom HelOTOHA

5.4.1. AHani3 3aranbHOT NOCTAaHOBKM 3aaa4i

3pyYHMM  NPCACTABACHHAM = IHTCPMOMAWHMHONO MOMIHOMY JUIA  [PAKTHYHMX
po3paxyHKiB {0COOIHBO BPYYHY) € 3aIUC IHTCPNOSLIMHOTO MOMIHOMY (TOr0 % CaMOro) y
BHIISLAL IHTEpnoyIsuiviHOro nomuoma Herotona. Jlms uporo BBEAEMO B PO3IIIAL TaK 3BaHI
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UncenbHl METOAH B XOMIT IOTEPHUX HayKaxX

po3ainbHI pisHMLI ciTkoBOi QyHKuii {/f;} . BusHaummo ix pexypenTro. Posaineni pistmu
TNIEPLIOTO TIOPSUIKY, MO0y AOBAHI HA BY31AX X;, X, BH3HAYAIOTb HACTY THUM YHHOM
_f(xi)“f(xj)_ _f(xj)_f(xi) _

== f(x,,x;).
X; = X; X; =X

BOHU

f(xnxj)

CUMemPUYHI

PoszaineHa pisHHMLIA APYroro TMOPSAAKY HA BY3HaX X,,X;,X, BU3HAYAETBCA AK MCpIA
Pi3HMLIA BiJ{ MONICPCAHIX PO3IUICHUX PI3HHLIb

f(xz‘:xj)-.f(szxk) _ f(xj?xk)_.f(xhx ) .

X, — X, X, —X;

J(x,x,%.) =

SIkmo BigoMi po3giNeHI pizHMII A -ro MOPAAKY, TO po3aiteHi pishumi (k +1) -ro
TOPSIKY HA BY3aX X;,X ;. 1,...,X,, ;) BUSHAYALOTHCA AK

f(x]:"'3xj+k)—f(xji—l""’x_]#kfl) _

xj - x]+k4]

_ f(xj+1>"':x_]'+k-‘])_f(xj:"'sx]#k)

xj+k+1 - xj

f(xjrxjﬂ9“~=xj+k+l) =

3ayBakMMO, N0 TPH PO3TAAAl BBEACHHUX IOHATH CYCLACTBO BY3IIB CITKKM HE
06OB I3K0BE, BAKIMBA IX KUTHKICTB. I PO3ALICHOI Pi3HMIU £ -ro mopsaaky — (K +1)
By3o1. Jlani GyaeMo pO3IIAmaTH PO3AiNEH! PI3HMIN, SKi CKIAJCHI HMILE 33 CYCIAHIMM
By3namu. Buximma tabmuug suaueds dymxuii {f(x;)} A03Bonse moOyayBaTH HACTYIHI

PO3IUICHL PI3HULI BKA3AHOTO THITY |
Tabauya 3.4

pisHHIi 0-ro 1-ro 2-10 (n—=1j-ro 7-10
X S (%)
f(xO!x])
X J(x) S(xo,x,%,)
JACSY)
Xy S(x) S(x,x,, %)
S (X5 X 1)
FACTNS )
S(xx,)
Xoq | S X) J(x05%, 15 %,
S(x05%,)
v, | s |
L Kin-te | (#+1) n (n-1) 2 I
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Posain 3. 3ajaua inrepnossini ta HaGmmxenns ¢y HKIHH

3ayBaXUMO OCOOIMBOCTI LMX' PO3/IIIEHMX PL3HMII
l. Sxmo Tabmua Qymxkuis cama cofOK € TOTIHOMOM #-0TO CTeMEHsd, TOOTO
J(x)=P,(x)= p(x), 10 ii Mepiira po3AiNeHa PI3HULIT
)= P~ p(x)
X=X,

p(x7 xO

€ TNOAHOMOM (7 -~1)-ro cTemeHs, Tak K B YUCENBHUKY APODY 3HAXOAUTHCS TONIHOM,
PIBHMH HYJTIO TIPH X = X;,, TOOTO ALIMTHCA HALIIO Ha (X —X,) .
2. llpyra poaincHa pisHuis
p(x, x) — p(xy, %)
X=X

p(xvxf):xl) =

€ NOMHOMOM (#—2)-r0 CTeNEHs, Tak AK B YHCENBHUKY MOMHOM (#—1)-ro crenews,
PIBHWH Hy/IIO B TOMLI X = X, .
3. Taxum unsHOM (72 +1) posaineHa pi3HMILT M8 MONIHOMY 7 -TO CTCTIEHA TOTOXHBO
PIBHA HyI0. I3 BUBHAUCHHS PO3IINTEHUX PI3HULL OTPHUMAEMO;
p(x)=plx)+(x —x) p(x,x,)
Plx,x,) = p(x, %)+ (x = x) p(x, x0, %),

PO, x,.3) = plxg, %, %) + (x — 62} p(x, X%, X,)

P, Xg,%,X, 5) = p(xo>x1:x2>~~~>xn..1)+(x_ x, ) p(x, Xgs X1 Xg50ea X, 1) 5
p(x7x07x1)xnv ]) = p(x07x13x2!"”xn) + (x_xn)p(x?x(bxl:xg:"'sxn) .
=0
3A1CHIOIOYH 3BOPOTHY TACTAHOBKY (PEKYPEHTHO) 3HAMACMO
p(x)= p(xo)+(x—x0){p(x0,x])+ (x—xl){p(x(,,x],xz)+(x—x2){p(xn,xl,x2,x3)+
ot (= x, PO X X050 X, )+ (0= x, M (P(X. X, X%, + O]}
Tomi

P(x) = p(xg) + (x = x0 ) (g, %)) + (= x )(x = %) px, %, %) +
+ (= x ) x =X W x = x,)p(X5. %, X5, %3) + ... +
+ (0= X)) = )% = x5 ). (X = X, ) PG, X0, X5 X, )
+ (= x )0 =X )X = xy ) (= X, 5 WX = X, 1) P(Xg, X5 Xg0s X, ).
3anvmIoch BPaxyBaTH HACTYIHE: KO p(x) - iHTEproONALHHMM MOJIHOM and
bynxi f(x), 0o p(x;) = f(x;) i oTpumaemo HaouHy GOpMY 3aMUCY IHTCPHIOIALIMHOIC
OararousieHa:
N, (x) = [+ (x = x0) [ (3g,5%) + (= )(x = %) [ (%, %, %) +
+ (0 = x)(x = 2 )(x = x3) (X, X, X0, X3) ...+
+ (0= x ) )(x = x)(x —x5). (X =X, ) S (X0, X, Xy sees X,y )+

+ (0 =X )(x = X )(x = xp). (x = X, 0 M — %, 1) S (g, Xy %2005, ).

(5.105)
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YuceTbHi METOIM B KOMIT JOTEDHHUX HayKax
5.4.2. InTepnonauiniuin mHorouneH HoiotoHa -

Bynemo urykati MHOrowWIcH P,(x) cTeneHs #, mio 3a10BONbHAE YMOBAM V BUIVIAAL

Pulx)=ay+a;(x—xp)tax(x—xg)(x-x1) ...~ a,(x—xg)(x—x)... (x-:-x"_ A (5.106)

A€ Xg, Xy, ..., X, - 3aJaHl SHAYCHHA APTYMCHTV X; X;—X;.; =h=const, (i =0,n ); xoediLieHTn
dy, Ay, ..., 4, HEBLAOML. :

Busnaummo HeBizomi xoeditientu ag, gy, ..., a,, BUX0asuu 3 ymos (5.24). Toxnazemo
y dopmymi (5.106) x=x,. Tomi P,(xg)=ay. Ommak, y cuay ymos (5.24), P(xy)=y, Omxe,
ap=Yp. JAns BU3HaYCHHs ¢; MOKIageMo v dopmy (3.106) x=x;, nic/1a4oro oAepKHUMO

Pulx) = ag+ aifx; — xy). (5.107)
3 oraay Ha Te, Wo P,x;)=V, do=Xp, X;—Xe=H, MOKCMO 3ANTMCATH V; Vot a;h, 3 1BOTO
V=¥

BUPA3y OTPHMAEMO @, == . Oanak, yi-vo=Ayy — Kinyeea pisnuys 1-ro mopsaky,

h

A .
oTXKE, ¢ = ——]};)9 . Jam, noknageMo x=x;, 0aepKUMO

P,,(x;):am a;(XJ"XQ)+(Ig(erO) (xg—xl). (5108)

. A
Ocxinbku Po(x3)=vs, ap=vo, @) = % » X7-X9=2h, X;-Xp=h, MOXKEMO 3armcaTu

Vo= Yo + Aj:”' 2h+a,2hh, (5.109)

- Sy — - 2A
3BIACH U, = J‘—)i)-;—ﬁ.

2h”

) Ay
Ane AYo=Y-Vp, TOMY Vo V- 20V 0=VrV-2(V1-Vo) =V 2y1*+'y0:A2yg. Orxe, a, = 5 - 3 .

Ananoriyi nojanbmi OGMHUCICHHA (3 ypaxyBaHHAM (JOPMYIIH, MO BHUPANKAE PI3HMIIL
PI3HHX NOPAAKIB YEPe3 3HAYCHHS (y HKLIT) A03BOAOTE 3ArMCaTH 1HIH KoediLieHTH:

a0 Ay Ky A
TR At e T T
MMiacrasuBimy 3HakneH! BUpaxeHHs koediuentis y hopmyny (5.106), oaepxumo
Ay, Ay
I’,,(x):y0+—l’—°(x—x0)+ 2,}2 (x = xp)(x~x;) +
X ! i (5.110)
Ay Ay
+—2 (x—x ) x—x ) (x—xy)+ ...+ },? (x=x)(x—x)...(x—x,,).

3143 n'h
Le i € inmepnorayiima gopmyra Huvomona. Ii moxwa MOJATH B TPOXH IHIIOMY

o X— X, .
BUTISIL, OUIBIN 3pYYHOMY IUTs MIPAKTHYHOTO BUKOpUcTaHHs. [TozHaunmo ah—c =gq. Tom
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Posain 5. 3aaua igrepnondiii Ta HabmwkeHHs dbyHKUINH

(x~x1):x"(xo+h) g-1; *- xZ:q—Z;,..;mZQ"_”+l
h h h g

1 Ppopmyaa (5.110) npuiimae Bursia

c/(qz D 4 Yo+ 4q(q— 13)!(q~ 2) Ay, +

L9@-1)@g=2).(g-n+1) A
n!

P.(x)=y,+qAv, + ot

(5.111)

MO

GDopmyny (5.111) nouiIbHO BUKOPUCTOBYBATH A1 IHTEPIONILIT (€KCTPANIOIFOBAHHS)
dvuxkini v+ f{x) B OKOIHLI TIOYATKOBOTO 3HAYEHHSA Xp, O€ ¢ Maje 3a abCOIIOTHO
seanumHOw. Sxkmo y dopmym (5.111) nmpubinaru n=1, ogepxxumo GOpMyITY JIiHIHHOT
inmepnonayii: - Pix)=yotgAy,. llpu n=2 Oymemo wmaru dopmyny rapaboniunoi

4(q '— D Ve

(keaopamuunoi) inmepnonayii: P, (x) =y, +qgAy, +

[pwm 3actocysanH1 nepioi iHTeproaiiHOl Gopmy. 1 HeroToHA 3pyHHO KOPHCTATUCH
TOPHM3OHTATLHOK TaOIMICK KIHUEBHMX PI3HHIb, OCKUIBKA TOMI HCOOXIAHI 3HAYEHHS
pi3HMLb VHKIGT 3HAXOAHTHCS Y BIANOBLAHOMY TOPU3OHTANBHOMY PSAKY Tabmui.

Crerunp » muHoTOWIEHA P,fx) Ha mpakTuil Oaxkano BUOMpaTH Tak, w00 KIHUERI
pisnuii A”y; Gy MPAKTHYHO TOCTIMHKMU. 3a TIOYATKOBE 3HAYEHHA X MOYKHA NPHUUMATH
Oy Aib-AK Tab;1MMHE 3HAYCHHS aPTYMCHTY X.

5.4.3. MNogineHi pisHuui Ta TX BNAacTUBOCTI
Has feC(la,b]) icnye IMIL L, (x), npraomy eavHmi. OnepkuMo iHIMMH BUITIAA
1HTeproNsiLiHOro MuorowicHa Jlarparka £,(X) 3a IOIOMOTOK0 PO3ALICHMX PI3HHLIb.
Hexai ¢ynxwis f(x) 3amasa tabmmano

f[i=7G), j=0n. (5.112)

Osuauenms 5.6, Tlodinena pisnuys  uyavosozo nopaoky [ (x,) cnienadae 3

suavennsamu Qyukyii  f(x,). Ilodinena pisnuya nepuiveo NOPAOKY 3u 080MA 6V3iamu
x;,x; €|a.b] susnawumo pienicmio

SGx,x;)= w (5.113)

J 1
Hooinena pisnuys 2-20 nopsoky y 3a mpboma eysnamu x;,x,.x, €[a,b]

f(xjvxk)_./l(xiij)

X =X

S(x,x,,x)= (5.114)

o
~J
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YucenpHi MeT OJU B KOMII' FOTEDHHX HayKax

Piznuyio k- 20 nopaoxy eusnauuso 3a pishuyeio (k - 1)- 20-nopsaoxy

f(x.,. ) k) f(xz £ 1+k)—f(x13"'7xi+k—]) )

Xivk — X

(5.115)

3ayeacenns 5.6. Mominexi pisHULI 3pYYHO 3arkCy BaTh v BUrIiAl 1ada. 5.6.

Tabruys 5.6

x| /()] - - -

x| SO | S (xou %) - -

X | S G| S (e x0) | S (g, x7.) -

x5 S Ce) | S (e, x3) | (e, %3) | f (3, %, %0, X3)

"Teopeva 5.8 (momamsHst nogijieHMX pPi3AMNL A-TO NOPSAKY 34 3HAYCHHSIMH
Qyuxuii). Axugo maemo mabauyio 3nauers QyHkyil. mooi KoKCHy nooileHy pisHunio k-eo
NOPAOKY MONCHA NOOAMU Yepe3 MAbIUYHI 3HAYEHHA QYHKYIIL 30 MaKoio Qopmyaon.

itk (JC )

S % X)) = ZH( (5.116)

X, —x)
J#i
JMosedenns. oseacHHS NPOBEAEMO METOIOM MATCMATHYHO! IHAYKIUI.
His  A=0 maemo fo(xj) =f, i=0n. Jtn k=1 3a o3maucHHam 5.6
f(x X, ) j(xul) f(x) f(xz) f(le)
v i1 X X X x;+1 X;
k<l-1. losenemo m1s k=1 Jamumemo /-Ty pishvio 3a o3uaucHusM (5.115), a motim
Ans (I-1)-ix pizHue 3actocyemo dopmyny (5.116):

. Hexaii dopmyna (5.116) mae micue ams

f(x H] R ’;4/) = .f(xi+1 z+2‘ : 1+[) /(x *xprla 5x”1.1) — l %
X =% X — X,
1
X{f(\’m]’ x+2‘ ‘3 1+I) f( : 1’ =xl+1—1)}:_~_jx
i+l T i
% ( f(x:—t-l) +. 4+ ./(xx—l—-l)
L(xnl X)X =%, ) (X —X) CAPRES A0 B CAPREE ).
f(x) I )

+ +
( ,w)( w1 H-x)~~(xf+1_xm) L(xr“xm)(xi ,+z) ( X1 — ;}1,1)

N JACH) . () }}
(xl"rl _x;)~~(xn1 e ”H) (xul—l "xf)(xum m) ( Xiern ™ Hl—Z)



Posaia 5. 3agaga inTepmosini Ta HabmwkeHHS Gy HKITiH

3VCTPIMAIOTEC MO ABa pasu. KoxkHy 3 IMX map MEpeTBOPHMO HACTYTHMM YHHOM,AKIIO
j=i+l.. . i+l~-110

l f(xj) _
X, =X | (x, —xpl).,.(xj =X )0x, = x,0). (x, —X,;)
) /(x) _ /(x)
(x, =x)..0c, —x, )0, =) .00, =%, | () =X, (x, =X, )

] 1 1
X— - =
(x, =x,,)..(x, =x,, %, — X)) { X, =X, X, ~X }
J(x)
(X, =x)®(x, =x,,)..0x, = x, )x; =x,,)..(x, =%, ) O(x, —x,,) .-
Takum unnoM, oaepxkany (/-2 ) noaaskis 3 f(x,,,)...., f(x;,;) . 3HauuTH
N [
O =20) 06 =X ) (K = X)X = X0 (5 — X)) (5.117)
JS(x)

(xhk - xl)"‘(xi+k - xi*k* l)

f(xx;xirl:'“;xnk) =

+..+

Maewmo (3.116) ms xosxroro k=0, 1, ... .».
Hacninor 5.2, [Tooinena pisnuya 6i0 niniiinol xomOinayii Qyukyiit € AHiHG0
KOMOIHQYico nodineHux pisnuye yux Qyuxyii , modmo

(aiﬁ + a2.f2)(xi7x1+l >"'7xi+k) = alfi (xi7x7+1 ='“vxz+k) . (5 11 8)
Hacninok 5.3. ITooineri pisnuyi € cumempuuni ynxyii ceoix apzymenmis, mobmo
JOx s X )= LR X X 1) = S (X X g1 X)) - (5.119)

JloBeacHHs HAacaLAKiB BUILiMBacE 3 opmyau (5.116).

5.4.4. luTepnonsuiinHa coopmyna HeroToHa 3a nogineHnmm
pPi3HMUAMUK Ta HEPIBHOBIANANEHMMU BY3NnamMu

Jas inrepnossiuiitaoi gopmyaum Jlarparmka
L, (x)=>®,(x) f(x). (5.120)
OTPUMAEMO 1HILY (POPMY 3aITHCY .

Teopema 5.9 (iwrepnossiuiiinmii  Muorowien Hbloroma 3a  nogiieHnvu
pisHmusivm). Hexaii:

) feC” ([a,b]);ﬂf(”‘” (x)Vxe(a,b);
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UpceabHl METOIM B KOMIT IOTEDHHAX HayKax

4)f=f( ) 7:01,..., .

Toat cTBEPKYE€TCA:
A) muozounen Jlazpanxca 3anucyemopca 3a nodinenumi PisHUYAMU

L(x)= 1 (x)+(x=x,) f (x5 ) + (x =%, ) (x— ) (X% %)+ .+
(= W= ) (=, ) S (0325000 ,)
B) noxubra memody inmepnol0eants npuime euanao
R, (x)=f(x%,%5..:%,)@,(x);
C) snauenns gyuxyii j(x) Vv 6Y0b-aKiil mouyi X € [a, b] QOpigHIOE

f(x)=L,(x)+R,(x). (5.122)

Mosedennsn. -A) Tlobyryemo (n+l) iHTeproNALiMHKMIA  MHOTOWICH Jlarpamka

(5.121)

{Ln (x)},k =0,1,...,n. Jlificro, 3riaro Teopemu 5.2 icHylOTH f, (x) sKu# nobya0BaHO

3a By371aMH {xo, X5 xk} . Toxi inreprioaiiHuit MHOrOwIcH Jlarpawka L, (l) MOKHA

=L, (x) ~1~[L1 (%)= Lo (x) [+ L, (x)- L, () ]+ +[ L (x)- L, (x)]  .123)

Jns k=1,....n samimemo pisHumd [, ( ) L, 1( ), SIKi € MHOPOWICHaMH £-I0

CTCTICHS 3 KOPEHAMH X, X, ,..., X, |, OCKUIBKH [, (xl ) =L, (x,) :f(xl),i =01, k-1

3a YMOBM IHTCPIOTIOBAHHAL.
Tozi 3a BieToM KOXHY 3 Pi3HHLB NOIAEMO Y BUITIATI A00YTKY ABOUICHIB

L(x)=L (x)=A4(x—x)(x —x)..(¥x~x_).k=12,..n. (5.124)

V (5.124) niacraBumo X = X, , TO

Lo(x )Ly (x,)=A(x, —x,) (% —x)..(x, — %) (5.125)
Ane L,(x,)= f(xk) , 3HAYUTD
A= f(xk) _

(= x) (e — X))
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Posain 5. 3ajaua inrepuondnii Ta HabmmwkeHHs &y HKITH

o (xj—xo)...(xj—xﬂ)(xj—xﬁl)...(xj—xH)
f(x,) L= :
ot (x) c—x ) (= x ) (e x) ~ (5.126)

¢ ) (x —xj)(xk —xj)...(xk -x) -

k /(x) :
= = f(X:%0..5%, )
D3] oy T o ey B ey
Sxmo mactasuru 4 3 (5.126) y (5.124), To MaTuMEMO:
L(x )L (x)=f (x;x5..5x5) 0, (x),k=12,.,n. (5.127)

Pozrumemo (3.127):

Ly(x)=f(x,):
L (x) =Ly () = 1 (%3 % )0, ()

.................................................................. , (5.128)

Lo(x)- L, (x)= f(xsi%:0x,) o0, (x)

MMigcraumo (5.128) v (5.123), wo mae, Tak 3BaHy, IHTCPNOALUHHY (opMyTy
Herotona (5.121) 3a moauieHHMH PISHHLIIMH.

B) 3ammmemo nomiieHy pisHMEO f (x;xo;xl;;.:'; xﬂ) 3a dopmynoro. 3:116- 3a

3HAYCHHAMM (y HIcL] f(x),f(xo),f(xl),..,,f(xn)Z

e /() /(%)
S ) G ) ) (e (e (%) (5.129)
S(x,)
0w () ()
JIOMHOKHMO PI3HICTD (5.129) 3J11Ba 1 cripaBa Ha

, (v) = (x - xo)(x— X, )(x — xn)Ta BPAXOBYIOYM  TNPEACTaBIeHHI 1, (x) 3a
dopmyoro Jlarparka oaepiuMo

f(x)=L,(x)=f(xx;..5x,)0,(x) =R (x). (5;i30)

mo AoBo uTh NyHKT B) 1 C).
Hacninox 5.4. 3a ymoe meopemu 5.9 maemo (opmyny nooanus nooiieHol pistuyi

(n+1) nopaoxy ois eysnie X, X,,...,X, € [a, b] vepes (n+1)-noxiony Vx e (a, b)
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UpiceIbHI METO/IH B KOMN IOTEPHIX HayKax

) 1E)

X; = 5.131
Fxxsxix, (nr1)! (5.131)
Joeedennsn. 3a reopemoro 5.5 Maemo
f(x)-L,(x)= 7 ,(x)=R,(x). (5.132)

(ne)

Ane 3a myHKTOM B) Teopemu 5.9 Maemo iHWHMEM BUrIsA NOXuUOKM Yepe3 MOAIICHY
pistmipo (n+1) nopaaxky, Ae mopsa 3 yciMa By3laMmu {xo;xl;...;xn} Mae Micue

Vx e [a,b]

f(x;xo;xl;.‘.;xn)ERn(x). (5.133)

Criscragmsmoun (5.132) 1 (5.133) oaepskumo Bupas (72+1)-0i NOALICHOT PI3HULE YePS3
noxiady nopsaaky (n+1) (5.131).
Hacainok 5.5. Ha npakmuyi pe3yavimamom 8uMIplosats € HeycysHi noXubKu {17}

mobmo fi* = f, +17,. Tooi 3a ghopaynoio Jlazpanica

= i.ﬁq’f (x)+ im@z (x). (5.134)
i=0 i=0

Hexaii 8i10M0 Mexi {17,} , To0TO |77i| <n.Toxi

‘g|5 Zorliq‘)i(x)

s moxubxa Moke OYTH BETHKA.

< ni]d)i (x)). (5.135)

5.4.5. CKiHYeHHi pi3HuLi Ta IX BNAacTUBOCTI

Hexait ({yHKLIS fe S([a,b]) 3a1aHa TAGAUYHOKO y By31ax
X, =X, +ihi=0,1,.., 1 3i sHaucHHsMU f, —:f(x,)

Osnauenus 5.7, CKiHyeHHOIO pisHULEI0 HYIb0B020 NOPAOKY HA36EMO

f=f=r(x). (5.136)

Osuaucnus 5.8. Ckinuennoio piznuyero 1-20 nopaoky 3a eyzaamu {xi,xm} e [a,b]

HA36EMO pl.iHHZ{IO C}(’IH‘IBHHM)C‘DZSHHL{Z: HY/Ib08020 nop}z()kv i ROSHAYUMO

f V=50 -1 (5.137)

Ji+l
it
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Po3saii 5. 3a504a iHrepronsiui Ta HadImwKeHHA Oy HKITiH

Hemnapui  cxinyenst pisumig (2k+1)-ro nopsiaxy Bu3Haummo uepe3 mapHi, Ta
rosHauumo (k+1) :

g 51

Tabmuya 5.7

X, ﬁ” fil ﬁz ,r33 | f

=~
[

S
[ 8]

.

5]

}w\l
N
-
[ RN

X Js : 5

xn -2 /nfl

[ SRR
[ 35
5
%
w

xn— 1 f )1 1

5, |/, :
P R A
2 VAR I IV A B
TTapHi cKiHUEHH] Pi3HHLI 2£-T0 MOPSLIKY BU3HAYMMO uepes HenapHi (k+v )

f;Zk 2k f ‘}'Zk_l, ) (5139)

= O -,

CxiHyeHHI pi3HMLI NPUPOIHO 3BOAMTA B Ta0. 5.7 CKIHYCHHHX PI3HMLIb.

Jema 5.5. V mabauyi CKinvenHux pizHuyb CYMa YHced KOXCHO20 CIMOBRYLUKA 00PIBHIOE
PI3HUYT KPATIHIX YUCe] RONEPEOHbO20 CHIOBNYUKA.

Josedenns npoBeaeMo TPUBIATBHOO TICPEBIPKOIO!

N+ firet £y = (== R et L= L) (= o) = S Sy G140)

2 2

AHAIOTIYHO NEPEBIPAETHCA JieMa 3.5 WTsl IHIMX CKIHYCHHUX PI3HULIb.
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YpyicesIbHI METOJHU B KOMIT IOTEpHHX HayKax

Teopema 5.10. [Todinena pisHuys k-20 nopaoky nooacmucs 3¢ 00nOMO2010 CKIHUCHIX
Ppistiyb k-20 nOPAOKY ¥ 6UNGOKY DIGHOEIOOAACHIX 8Y31i8 X, = X, +ihh>0,i=0,1
HACTYRHOWG (POPMYI0I0

S (X% X)) =% (5.141)
/I08eden s IPOBOIMMO METOACM MATCMaTHIHOI THAYKIN.

£

- Sliawo k=0, 10 f(x,)= T
S
),fli]aﬁ T

- Axmo k=1, 10 X5 X = R
£ x,—-x UK

i+

) : ; _fll
- Sxiwo k=2, 10 [ (x,:x,, Hz)"f(x,-ﬂ.x,ﬂ)—f().l, Hl) wop

— i)
X, =X, 2-h-h 21h°

Hexait (5.141) cripaspicyersca ana k </, nosegemo cripaseamsicts (5.141) am
k=1+1. diticuo,

-/ -/ +1+1
f, =S /+11
) Hrlri it [Ta

R . (Y1+l ~~~~~~ Xivt 1) f(" . 5 (5.142)
St ) =2 o %, T AR (15 A

Jema 5.6. (xinvena pistuys k-20 nopaoKy nodaemsca uepes snauekin QYHKYil 3a
dopmynoio

)
=30 (5.143)

Tom oy
v Q 2

Jlosedern st MCTOI0M MATCMATHYHOT IHIY KU1,
0
o Shamo k=0,10 f; = f;:

e gxmo k=110 f;:—]-_'Hl fi= X( 1) (n Frut

e aKkiuo k=2, 10

F=f =S = fa = = = fn=2f 4 f =S ()l

P

2 v-0

Hexaii (5.143) cripapmiyersca ama [>1: f) Z( yc; fz

v=0

Josenemo, 1wo

(5.143) cripaspkyerbes ana k-1



Pozuiix 3. 3ajaua inrepnonamii Ta Habnmkenas GvBEKIH

fl :.f _f| Z( l)(j\/ilj"Z( I)Cfl‘lrv‘*{f_;1_

1
i+t
) 2 22

U PO WGy et N
" 22 2 2

!
2

O e e -
2 22 22 2 7
{-i

| ~ -
=S~ 1.1/ L Lt (= DMC;ilf L, +o (=D ,11 Z (fl:lfnl_u_v
2 2

Ty '_7 v=0
Je  Ha noneponﬂbom_\ KpoLyu plsHocTeu BHKOpUCTATH (PopMyny KOMOIHATOPMKH

(vm + (‘vnirl — (vm{]

7 141 -
Hacnijox 5.6. ko f =@+ g, mo fF =g +g"
Hacuinor 5.7. (¢f); =¢f".

i
Hacninok 5.8. Skuo B(x) = ijx’ ,mo Pl =b; P’ =b; P’ =0, npuj>l.
J=U
HoseneHns sunnvBaioTh 3 popmynu (5.143).

5.4.6. ®opmyna HbloTOHaA Bnepen i Ha3ag 3a CKiIHYEHHUMU
pizHuUa MY

Teopema S5.11. Hexaii euronyiomsca yamosu meopemu 5.2. Todi mae micye popmyna
Hvwomona eneped yepes ckinvenni pisnuyi

( [( _1) _"( (}’l 1)) I (5.144)

e .

L(x)=1,(x, —th)= fy+t- f]

m\\

Aosedennn.  TlobByavemo  inrepronsuiinmit muorowieH Jlarpamka [, (x) 3a

FIOAUICHMMM PL3HHLSIMHA

L, (x)= () +(x=x) f(x:x)+(x—x)(x—x) f(x:5:%, ) +...+ ‘
= )= ) (=, ) £ (3050, - G145

3pobumo 3aminy = —— iz , TOal
x=x,=h(r-i),i=0,1,..n. (5.146)
A 3a (5.141) ans 1=0 moxHa 3anucaTy
A
f(xo;xl;...:xn)zk!;?k. (5.147)
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YuceapHl METOAHU B Komil’ IOTCPHHUX HdVKdX

ThigcrasuBim (5.146) 1 (5. 147) y (bovam Jlarpamka (3.145) 3a noaineHum#H
PISHMILAMM, OACPKMMO iHTepnosiuiiny (Gopmyay Heroroda snepen (5.144) ucpes
CKIHUEHHI PI3HULIL

Ha(;rligox 5.9. Hexaii  cnpaedocyiomeca  yMosu meopemu  3.01.  a  eyziu
x, =x,—ih>0,i=01..,n Tooi mac micye popuyra Hoviomona nasao sa

CKIHYEeHHUMIL pl3Hil’i{}lMﬂ

L (5) = I (o~ th) = f,+1- f1 t(l‘—*l) fz+m+l((+l)...—(t+(n—l))/;‘ (5.148)

1 R
2! ni

Josedenns. Tlobvayemo IHTEPrOMALUAHUNA MHOrouncH Jlarparxa [, ( x) qepes

IOQUIEHI PI3HHULN

L, (x) = [ (5 +(x =) f (3033 =)+ (=) (x =) £ (300, =i, ~2h)+..+

(5.149)
+(x=x, ) (x=x) o= x, ) £ (%00, = Bix, —nh)
Bpaxvemo BUDA3 TIOAEHNX PI3HALD YEPE3 CKIHMCHHL PISHULI
S
S, —hix,) = f(x:x,~h)= l!(—jh_).;
S(x, = 2hx, = hx, ) = f{(x: 2, —hx, =2h) = !(/__]”2; : (5.150)
!
Sz, —nhsx, —hx)) = f (% x, — i x, —nh) = H’Zk;t)
x—x,=t-hx—x, =(1+i)h. | (5.151)

[hizcrasasoun (5.150), (5.151) & (5.149) onepxumo (5.148).
Hacnigor S.10. (mpo sanmmipxoBuii vaeH inrepnoisitiiinoi gopmyan Herwrona

. {n+l) £ 0 . . . :
prepen i wasan). Jxuwo nenepepeua f ) ( x) MIHIOEMBCS ROGIALIO Ha inmepeani (a,h),

mooi -oas opmyau Hotomona eneped (35.144) 3amnukosuil dien maemo cmpykmypy
3aeanvHo20 YaeHa Goparymu (5.144)

: 1 N
R,(x)=R,(x, +th)~ [, (r (n)+l()| ), (5.152)
a o ghopmyau Hetomona nasao (5.748).

. o (r+l) (r+n)
B> e =y

(5.153)
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Pospin S. 3ajaua inTepnonsmi Ta Habmwxennd Gy HKIH

) 1 . . N . . .
HMosedenns. Sxio nenepepsna f (x) 3MIHIOETHCA TIOBLIBHO HA i1HTepBani (a,b),

TOAi TIOBUIBHO 3MIHFOIOTBCS IMOAUICH! piskmil (7+1)-ro mopsiaky i, BpaxoByroum (5.148),
MaTHUMCMO

frH—l

nl

f(x;xo;-.-;xn)zf(xo;xl;--.;xm)=(7+1)2!hw - (5.154)

Orxe, R (x)~ f1 I_(I;(I)T()II:_Q Amnanoriyso s opmynn HeroTona Hasan
i n+1)l

mae micte (3.153).

5.5. Hucnose andepeHuitoBaHHA
5.5.1. Yucnoge audepeHuilOBaHHA ANs HepiBHOBIAOANEHUX
By3niB

Imea wuwncnosoro  pudeperHuioBamHs noasrac  y  nodyaosi L (x) st

fe Ccri ([Cl,b]) . T00TO
S (x)=L,(x)+R, (), (5.155)

re L, (x) = Zn: f (xj )CDJ ( x) - iurepnojsamiiina Qopmyna Jlarpamwka AI8  BY3JUB

120

{x,,xi X0 = 0,1,...,11} i {gq (x) = xj} -- cuctema Yebuiiena, i =0.1,... # .
Sxmo fe (! ([a,b]) , TOII 3pO3yMiJia PIBHICTH [T HOXITHMX
FOx)=17(x)+ RV (x). (5.156)
J=1.2, ...k, BUILIMBAIOTH BIATIOBLAHI HaOIImKeHI (POPMYIU A7t OOMMCICHHS MOXIZHOT A-T0

TIOPAJKY.
Teopema 5.12 (npo 3navenns k-1oi noxianoy). Hexaii o, = x - x;,j=0.1...n. Tooi

SO =R (i xiecx,)+ (o +o ot o) f(xgixox,, )+

o0 o+ o0 ) [ (X X0 ) b F (R o O Oty )xe (315T)



LII/ICGYH)HI MCTOIH B KOMIT_ OTEPHMX HaYKaX

l k

R® (x):ZC,’(ﬁ B ) ST O ) Z(A 1)' XX, .
L. ; k! {r+it1) k--i b o
Kgaeees X, )—dA]‘ -i ( ) ;Ju 1)‘(77+Z+1) (bl)a) (JC)

g"le(x',x”),x': inf {x,,x,...x,}. (5.159)

Hosedenns. 3a teopemoro 3.10 v pisHocTi (5.155) IMJT L, (x) i R, (A) HalyBaOTH

BUTTTATY
L (x)= f(x,)+aof (%, %)+ o f{x,x, %)+ +ae. a,f(x,.x,.,X,)+
tetaty. o f (%, X, X0 X, R, (X = oo o, (X%, 5,0, %,)

@opmy:ay (5.157) orpumaemo 3a IHAYKLIEK: akmo =0, To maemo (5.143); sxuio k=1:

S(x) = [ (x5, + (2, -H)tl)f(xo,xl,xl)+.A.1’-(():061';‘..(1H toa,..a, | )x

R _ i E (5.160)
X f (Xge X aeaX, )+ o (x)f(r Xoo Xpaon X, )+ 0, (x) c{f(x.xo.:,,....x,r)
e
Onepxumo
4 (x.xo,‘.;,x =lim f(x Yoo -/ (X ) = llmf(x X, X, ,x”):f(x‘,x,xo,...,x”)
dx ¥y x'—x Aox /

Jlami merko zakivMprTH 10BEICHHs TeopemMu 3.12.

5.5.2. DopmMmynu YyucnoBoro andepeHuitoBatHa ANs
piBHOBigOaneHux By3niB
Jdema 5.7. Tepuii mpu noxiowi oas ¢popmymu H WOmMoKa  enepedi  CKINdEHHUMI

pisHuyAMu Mcawoms eu2iad (3.162).
Hosedenns. Hexait

F(9)=f (5o ih) = 1, 17 +’(’2_11—)f3-+...+I("‘”])“'El_("_lﬂ/;5+1e,,(x). (5.161)

~ Toai maemo B pesynrati 3aminm X =X, -+1-/4,h> 0 pignosi i noxigHi

di dr 1] 376142, 4P 18442216

. -1,
R - ——— —_ —_ I — + R R —
/ (\) dt e }?Lfl 21 S 3! 'f'f 41 :

Y 1] . 66—6 . 126 -36t+22
7 (x):ﬁ{fl AT S . fj+...],

. 1 ~3 21-36 <4
J ”'('Y)ZF{'/Z " ’4! /2 +]

(5.162)

2806



Pozxia 5. 3agaua iHrepnonsnii Ta HabHmwKeRHs QY HKIL

Host X =X,

' ,_1 'l___l_ 2 l 3_1 4 1
f (xo)“hlrf; 2f1 J'Bf,; 4fz +-~~J.-

. .
f'(xo,):h_lg[ff -/ +%f2 _J

2

SIKi10 BUKOpUCTATH No3HaueHus f,., — f; = f', = A, Tomo, To
1+

wl

d \NH ) )
(hgl Slx)={n[1+a]}" 1 (x,). (5.163)
e 1n(1-+-A)=A_f\:_+_A_;__“_
2 2

5.5.3. ®opmynu yncnoBoro gupepeHuUilOBaHHA METCA0M
HeBu3HaveHux koedilieHTIiB

Hexa#i [ € y(la.b]) 3anaua Tabnuvew {f, = f(x,),i= _U;} LISt 4KOT ICHY € TIOX1aHa & -

ro NOpAAKY. 3HAX0AMMO i1 st x e(a,b) yeuenaoi:
FACOEDNV(ENE | (5.164)
i~0

Koedimentu {c,,i =0,1...,n} subupaemo Takmm qm{or\k, wob dopmyna (5.164) 6yna

TOUHOI 714 MHOTOYJICHIB HQI\;DSPIHIOI‘O CTCIICHA!
i
J 5
D ax’. (5.165)
j=0

By aemo Bumaraty, wob gopmy:aa (5.164) 6yna Tousoro s (3.165):
Zaj(xf)(k) = =ZciLZajx{J. (5.166)
J=0 i=0 J=0

ot roro, mo6 PIBHICTD BUKOHYBANACH I KOKHOTO MHOTOWIEHA M-r0 CTCIICHY
HeoOximmo 1 gocuth, W6 kociuieHTM NMpH @, B Mpasiik Ta mMBIK yacTMHaX Oyiu

piBHUMH. Bpaxosyrouu, mo noxiaHa £-ro mopsaaKky Mae BUIILL,

()Y = j( =D G~k =D,

PIBHICTH BIAMOBIAHMX KOE(ILIEHTIB JACTh

JU=D =k +DEY* = ex!  j=0.m. (5.167)

=0
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HucenpHl MCTOIH B KOMI{’IOTCDHI/IX HavKax

Sikmo m =rn—1, TO KUTLKICTS PIBHSHE AOPiBHIOE KinbkocTi Fesizomux. Ockigbku
BUSHAYHMK DBaHacpMOHZA BIAMIHHHM BLY HY/D, TONl OJHO3HAYHC  OJCPKMMO
{¢,}.i=0]1,.n

BucnoBok. 3aBxau MokHA TIO0Y,1yBaTH HOPMYJIY HUCIOBOTG AH(CPSHLIIOBAHHS 3a /1
BY3/1aMH, s1Ka TOMHA U MHOTCHICHIB cTenens #1—1.

5.6. PauioHanbHa iHTepnonayin

Hexatt f e 3(la.bh]) ma {/, = f(x,)}. i=0,n. Toxi nabawkeurst 10 f(X) mykaemo
v BHITISI Al pawioHaabHol By HKL, 10610 :
a, +a,x+..+a x°

r 1
ptyg+i=n
b.\\/ - bl-x«- T e quq

F) = R(x) =

I3 crigBigsomenrs f(x,) = R(x;); j=0,...,n sunuksae

axl — f{x )ijxir’ =0,i=0,n. : (5.168)
G

(ngh

J-0

Cuctema (5.168) mae (#+1) He3aneaKHUX PiBHSHL BiIHOCHO (n+2) HEBIAOMUX.
Taka cucTema 3aBKAM MAC HCTPHBIAIBHHU PO3B H30K, TOMY MIKHA 3HANTH xoedilueHTy
{a,b.} . Ovuxmia R(x) moxe 6yTH 3anucana y SBHOMY BUIISAL AUTst BUOAAKY HCTIAPHOFO
N Al p=¢ TAaDAPHOTO 1 Wi p—g =1.

Jas mporo tpeba obuncarTi O0SPHEHI [O/{IICHT PISHUIIL, IO BU3HAYAKOTLCH ¥ MOBAMHU

. X, —X
R . k. (5.169)
n ./((x1)"",/ (x,;)
Ta POKYPCHTHMMH CIUiBBI,THOICHHIMHA
£ xx,) . (5.170)

=-— = - - ..
f (xk—rl*“'7x/)_—f (xkﬁ""x{»»l)
TareprionsiviiiHa panionannHa PYHXLIA 3aTHCYETLCH Y BUMTISIAL JJAHLEOTOBOTO APOOY

1= f(x,)+ .

X—X

-1 )
X,1%,)+ e
7 —

.
f (x()"“ﬁ'v,‘)
Buxopucranus panioHanbHOl IHTEPIIOALIi 3a BAaM0 BHOpPAHMMM BY3IaMH 4acTo
Oinpin eheKTUBHIIIEC 1HTSPIIONHLIT MHOTOWIcHaMH [76-80].

AR ERE A E
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Posnin 5. 3anaua inTepnosimi Ta Habnwxernd Gy Hki

5.7. lHTepnontoBaHHA cbyHKuiv“l KOMINIeKCHOT 3MiHHOT

33,13‘18 IHprl'IOJ'IIOBﬂHHﬂ JIIs (j)wﬂ(um KOMIUICKCHOI 3MIHHOI MOXKHA PO3B ’sI3aTH
TAKHM YHHOM. "

Teopema 5.13. Hexail:
1) 3a0ana ananimuuna yuxyia  f(z) KommrexcHol 3miHHOT Ha npocmomy

samxnymomy koumypi T € C i 6cepeduni yboeo xormypy z € Ur
2) mysm {z} cU,j=0,L..,m;
f,=1(z,),7=01..n

3)  sadamo 3HaueHHs QYHKYIT

Toa
f(2)=L,(2)+R (2); (5.171)
L(z)= S“f ‘”—() (5.172)
0z, Xz~ 2,)
v 0,(2) S , ”
R,(2)="2 l a;n(g)(f—z)df’ | | | (5.173)

w,(z2)=(z-2z,(z—z)..(z2—2),i :\/—_].

oe

Hosedenst. PosrisHeMo il—rrerpm

P(2)= j (G (5.174)

3 oxHOro OOKY

I &), o.(z g . <
p@)=o [P0 O[T oo iy R ). sa79)
271.&—z 24 7w, (ENE - 2)
¢ TiepIuui iHTepsan 3a gopmystoro Komi pisrumii ().
3  apyroro Ooky  posrisHemMo — miginrerpamsny  ¢Qyuxuiro B (5.174)

gD(é:) :ﬂq_(f)_wn(z) .

o, (£)(E - 2) f(£) Us dpysxuis mMae nomocu Z,, BOHa aHamiTH4HAa Ha 1 Ta

BeepeauHi kourypy U . ‘
3a (hopMyI0r0 TIPO 3HAXOHKEHHs THINKIB [ 76-80] omeprximo:

2 P(2) = [ pEMIE =27y, Res[p(&), 2,1 =2y lim plEXE~2) -
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YuceIbH1 METOJIH B KOMIT IOTEpHIX Hay Kax

: a’/ r ) 6(}(")
fnZ _l),d,,.‘ L poe-z)" ]A—zn?“o e —ed T Gory

AC (X, -KPATHICTH Z, -ro mojroca. Toal, crpsMyBasmm & Z,; , MaeMo

Zf( )w(w)((z) )—=Ln(z). (5.176)

Skio (5.176) niactasury 8 (5.175), caepsxumo dopamynu (5.171), (5.172), (5.173).

5.8. IHTepnontoBaHHA PyHKLiN BaraTbox 3MIHHUAX

5.8.1. TpyaHoiui iHTepnontoBaHHA byHKLUIW 6aratsox 3MiHHUX
Tpyauouwi iHTepriomoBakHs (yERKuUii 6araThOX 3MIHHUX PO3IJISHEMO Ha NPUKIAl
(hvHKUI] TBOX 3MIHHHX
u=[(x,y). (5.177)

fx,y.zy R, (x,y) <G, ne (i - zamkrena o6nacTb.

3anawo sHavenns wel Qyni v, = /(x.,y;), j=0.n
CrasuThCs 3a7a4a; 3HAWTY aHaiTHYHME Burasd gyhxdi (k. y). bynemo myvkatu
Y J X : 3
¢yaie (X, Y)Y BUIIAA MHOTOWICHA /7 -T0 CTCTICHS:
1.2
B (x. 1) = dgg + ax V' +agx’y' +a, o axyT e

(5.178)
+..+a

i

X"V ay,x Y

Hassemo cykymmicTs (X e ¥.) By3aamu intepriomosanna. [l noGynosr MHOroWwiCHa

P (x.y) MCTOAOM HEBM3HACHHUX KochI€HTIB, Tpeba BHUMaraTy, nodu
Pm(xul't}"j) = f(szyj) . (5179)

Ynmosy (35.179) nazeemo vmoBow inTeprniomosadus. Cuctema (5.179) piBHOCHIBHA
CUCTEMI:

|~ m —_ a 7 —-—~——
Ay + X, +ay Y, +a) XV, +.+a,, Vi =7, j=0,n. {(5.180)

Cykynuicts pisrocTe# (3.180) € cuctemoro iHIAHKMX anreOpaiuHux piBHsHE (721+1) —

(m+D(m+2) . . . .
ro nopagky 3 ——————— HeBlzoMumH. CucteMa JIHIHHEX anrcOpaluHiX. PLBHIHL

2
MA€ €IMHMM PO3B 230K, KOM KiIBKICTh PIBHAHL CNIBIIAAAE 3. KUTHKICTIO HEBIAOMMX 34
VMOBM BIAMIHHOCTI BiZ Hyns OCHOBHOro BusHaunuka [70-80]. Tony 1pymmommi
IHTCPNOMIOBAHHS TMOIATAK0TE B TOMY, LIO MalOTh BUKOHYBATHCh Takl YMOBM:
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I.  Cucrema nimidivux  anreOpaiunux  piBHaHs  (5.180)  3avknena, . sKINO
(m+D(m+2) . . .
n+l= -~———"2—~, a koe(ILIEHTH TOl 3HAXOAWMO 3a (opmyiaamu Kpamepa
. A,
a,=—,A#0.
A

. By 1HTCPTIOMOBAHHS ‘(xj., y].) HE MOXyTh pPO3TAIIOBYBATHCH . JAOBLIBHO.

Horememo:
1) KO KiAbKICTh BY 2B AOPIBHIOE TPbOM 1 BY3NY{ PO3TAIIOBAH] HA OAHIH

npsmiit, To A, =0

2) #KIO BY3MB WHCTh i BY3IM 1&KaTh Ha JOBLTBHIM KPUBIA JpYroro
riopsiaky, 10 Ay =0

3)  SKWO BY3IB GAMHALITE 1 BY3/H JICKaTh Ha MOBCPXHI APYTOTO MOPSIKY,

70 A, =0,
11, TpYAHICTh TONArac B OLUHUI 3anuIkoBoro wicHa. Teopema Pomia TVT He Hi€.
TOMY 118 (PVHKIIH 0araTe0X 3MIHHHX OLIHKY HC MPOBOAUMO. Y 3B’sa3Ky 3
BKA3AQHKMH TPY AHOIAMH IH'I‘CpHOJIIOBaHHSI dyHrui ABOX SMIHHHUX POSTISIHCMO

TTHIIE 9ACTUHHI BUIT4AKH.

5.8.2. Nobynosa iHTepnonsauiiHux opmyr 3a nogineHnmu
pPisHUUSIMU
Hexait ymians ¥ = f(X, V)3agaHa v By3/1ax IHTEPIOTIOBAHHA.
(x( n) (X],J/”) ----- ( ;1 } )
(x5, 1), (%3, 1 )es (X, 10 . (5.181)

(xl}sym)a(xl).ym):“':(xnaym)J

TOOTO 33aHO 3HAHEHHA Py HKLIT f(xj,yk ),j=0L..,mk=01..m
Teepema 5.14 (1po no6y 108y IHTCPIOISINOI0 MHOFOWIEHA IBOX 3MIHHNX). Hexail
FeC™({a,bllc,d]). icnve e C"™ (a,b),(a,b)).Tooi:

f(x, J)) = me (x._l-’) + Rn,m (x: y) : (5 1 82)

L) =YY (), D0 )3 S Ty 180

i=} j-l

/‘(&,.v)#’d-)i T - 2a) T e (5184)

o, (x) &
(m _+1>' 6)/”11—1 J A (ﬂ+l '(m+1)| n\ﬁHl&ud

]), a n+l

R _(x,y)=—2"

n.m(' 2

5761 € [a7b13ﬂ7771 & [C"d]'



YurceIbHl METOM B KOMIT I0TEDHUX HaVKaX

Hoeedenns. 3acrocyemo inTepnonauidiny (opmyay HeoToHa 3 MmoZiICHUMM

PISHULSIME 33 BY3naMd 1Y, V,,..., ¥, } C ¢, d ], npu dixcosarnomy x e{a,b].

L, (%, )= 106, 06)+ (= Yo ) (6, Yo, Y+ (V= Vo) ¥ = Y 1) X (5.185)

X6 Vs Viseoos Y )+ (V= 0o (3 = 1,0 (3, Vs Vs Vi V).

Hani 3actocosyemo dopamyay Hewrona g0 f(x,y,,,...,5,)00 X 3a Bysnamu
1x,,x,...x,} Cla,b]:

.f(x>y07y1"'7yn):f(x(nym"'9yn)+(x_xO)f(x[)=xl:vy()’y]"‘*}’,n)—}_
ot =X e =x) . (x~x,_ ) (%, X, %30V Y, ) + . (5.180)
+(x-x(l)(x~x‘.)'“('x >—xn).f(xo7xlr"'7'xn;x;y()ayl"'ayn)’n:0:]>-'~m~

IMiacrapmmo (5.186) B (5.185) ozepxnvo dopmysu (5.182), (5.183). 3ayakumo, 1110
aHATIOTIYHO MOYKHA 3HAMTH BHImsil moxubkun K, (x, 3) .

1,10

5.9. 36ixkHicTb iHTepnonsAuinHOro npouecy

Hexaii 3a1aHa TPHKy THA JTiMEHHA Marpuis

(0)

x§ )

x(g]),x](l)
2 2) (D

5700 (5.187)
(n)y _(m (1)

Xo s X) e X,

msskoi {x7, 021, j 21 < [a,b].
Jas [ e3(la.b]) Oysyerses NOCTHAOBHICT, IHTCPIOMALIMHIX — MHOTOWICHIB

{L,(x),n=0,1,2.. .}, axi vazeemo iHTeprossiLiiHum npouecom. Toa

JxX)=L,(x)+R. (x). (5.188)
7 H(x_xj)
L(x)= f(x)< . (5.189)

[T -xp
Jwi

R (x)-v—‘f(ﬁl:)(g) (x=x)(x—x)..(x-x ‘
()= ; DX —x).(x-x,). : (5.190)
(n+13

[
D
N



Pos3ia 5. 3aiaua inrepriosiiti Ta Habmwxeusst Gy HKIH

Ee(a,b). g nobynosu L, (x) BHKOPUCTOBY€EMO BCi cileMeHTH MaTpuit (3.187).
Osuauennisn 5.9. Inmepnonsyitinui npoyec naseemo 30ixckum & mouyi x € |a,b] . axupo

l‘imm‘ L, (x)= f(x). v (5.190)

Osuauenns 3.10. [wmepnonayiiinugi npoyec HA3UBAEMBCA PIGHOMIPHO 3OIHCHUM, AKUO
6in 3bicacmoes 61 Vx €la,b], modmo euxonvemves (5.181) Vx €la,b]. i ye 6yoemo

nosHaYamM
L(x)= f(x). (5192
Teopema S.15 (Teopema Pabepa). fns doeirenol 3adanoi mampuyi evinic (3.187)
iz, j2l cla,b] icnve feC'([a,b]) maxa, nocidoenicms inmeprosyiix

muoeowienie {1 (x), n =1} .wo 36izacmben pienomipro
U >

L(x)% f(x). (5.193)
Teopema 5.16 (Teopema beprmreiiua). Hexail sadana Qvixyis
Ffx)ax,vxel-L+1]. (5.194)
Hiwo  nobyoveamu oas f(X)  inmepnonsyiiinuii  smocounen  Jlacpanxca sa
pisnosiodaieni gyziamu X, =—=1+ih,h> 0. maxu o X7 =—1x" =1, mo we
cnocmepizacmivbes 36incocmi 0o f(x) :lx mobimo
hmZ, (x)# x|,¥Vxe (-L0)w(0.1).. (5.195)

n—mn

3po3vMLIO, IO NHTAHHIO 3G1KHOCTI IHTEPTOMSLIHHOTO MPOLICCY MPHCBSYEHO 6araTo
JITEPATYPH 3 3aCTOCY BAHHAM TOHKHX METOAIB MATEMETHYHOTO aHamizy. ToMy po3riaHeMo
HAUMPOCTIIMMH BUNAOK LikX QyHKIiH f.. .

Osuauennss_S5.11. @yuxyio R > R' naseemo yinow. sxwo i vodcra

npedcmasumi y 6URA0T CYMU cmeneHesoeo paoy:
)= a(x-x). (5.196)
i=0
akuii 36izacmoves 011 Yxe R, {a,} c R’
Teopema 5.17. o ¢yvruxyis [ R' - R yina Vx €{a.b],106mo npedcmasnena y
gueanoi (5.196), mooi L (x)= f(x), sxmyo IMII nobyoosano 3a Oositbhoio

inmepnonayiinoo mampuyero (3.187).
Hoeedenns. 3aysanumo, mo f € C”([a,b]). Toni BipHa owuitxa
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| f(x)-L (%)< = ””) (h-a)". M, =sup | f"V(x)]. 6o |@,(x)|<(b-a)",
xefa,b) )
ae{xY cla,b),i,j =01, . ,n
Sxmo npu 17 —> oCnpasa yactTuHa NpsAamye a0 O, 6Y ICMO MaTH TBEPIKCHHI TCOPEMHU
mp np
5.17. OueBHaHA HOPIBHICTH
L o<+ a,, [Hm+2)n+1).2]a, , || x—x, |+

n+l

ok nrk =D kla,, l|x—x, [ <mr Y a2 a,, |l x-x, 1+
o n+ kY a, N x-x
ne Buxopuctay repisnicts (1 +Kk)(n+k—1). k <(n+k)™"
n+k k-1
Skmo (——)" = (1+——=)" <", 10 Maemo
n+l n-+
lf(’nun <, | +la, e — o)+, e - xg )+ (5.197)
()" 1 S [ R o) Fo il X = X .

Muosxino (3.197)na S™' = (e(b —a))"", 3pigku

+1 Mn+l ntl g

z N < S“ K* =0 5.198

(n+l)!( (IZ+ ™ (e(>—a) Pl n+|]ak| ¢ )
(’7ﬁ 1)77}'

K =sup{s$, ma.x(elx--x0 D}.e” (5.199)

(n+1)
3 (5.198) mwummae lim | /(x) - L, (x)[= 011 Vx ela.b], Tobro L (x)= f(x),
vx'ela.bl.

3ayeaycenns 5. 7. Bumora toro, o gynkuis [ € 100, qyKE BAKIUBA.
Hexabi wis x e[-—-1,+1]

,

1
f(x)= = X200 £ e CT (RO, (5.200)
0,Vx<0;

Ao sudpatu x, €[—1,0), Toai L, (x) = 0. 3siaku sunausae L, (x) # f(x) an
v,>0.
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5.10. [HTepnonBaHHsA CNNanHamu

Hexait [ e 3([a,b]) samama tabmmuero {f, = f(x,)}. x, €[a,bl,i=01. N
Jaminow x=(h—a)t+a, samxm Moxua 3sectn [a.b] mo [0,1]. Tomy Gyaemo
posrsmati  sumanox [ € 3([0,1]). Posburra 0= x, <x <X, <. <Xy, <Xy =]
FIO3HAYMMO uepes A.

Ozuavenns 5.12. Hassemo crmaiinom ST (f,x) nopamxy m (yHKIfIO, dKa €
AKX » o 2

MHOTOUWIEHOM CTEMNEHsI /7 HA KOWHOMY 3 BLAPI3KiB [X, ;, X, ], T0610

ST xy=Po (xX) = +a,x+..+a,x", x, | Sx<X n=1N. (3.201)

71— nz

n=1.2...,Ni axuil 3a10BOIBHSAE YMOBAM HCTIPEPBHOCTI MOXiAHMX 1opasky (m—1) B

TOYKAX Xj,..., Xy |
PO y=PF(x,), k=0,m-1 5.202
B (xn/_ n<1(xn)7 - 3”7_ . (3 )
Beworo maemo (0 = N{(m+1) Hepizomux Koe(iwieHTiB @,,. @ CIUBBIIHOLICHH:
(5.202) yvreoprorots CJIAP 3 (N —1)m -piBrsmmavu. [HoO math 3amkHCHY cucTeMy Tpeba
N0aTV PiBHSHHSA KOS(IIEHTIB 3 YMOBM HAOVDKCHHSI CIUTANHIB 710 (yHKILH:
an(xnvl) = f(xn—l): h= l,N ~1

— (5.203)
})nm(xn) = /(xn): n= LN -1

OnaepKuMO ABa BHITAAKH.
D) Umx ymos (5.203) noctatHbo, Akmo (N —1)m +2N =N(m+1) 10010 M = N.

2) m#N . Toai 3 yMOB NCPETBOPEHHS B HyJlb HA KiHIAX X,Ta X TOXIZHAX

{(m —1) - TO MOPAAKY MATHMEMO

P(m—-l) (xo) — 0 . P(M*l)(xN) =0 ) (5204)

nm mmn

v 1 . .
Lipuxaax 5.1, [obyaysatu crnaitn 1-ro nopsaxy S, (f,x) 3a yMOBH CriBIaziHHA
ix 3HauCHD 13 3HaveHHsivu Qyuiudi £, f,..., fy -

Pes’ssok. Hexaii m=1, toai S'(f,x)=f(x)=P,(x)=a,+a,x,n=012_,N, a

nl”

3HAYUTDb

P (x)= = +
{M( e (5.205)

Poa(x, )= f(x, )=y + %, 4
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Maruvemo 2N wesizomux {a, }, j =0,1

a, =L S &) (5.206)

X, X,
Ay = jf(xn) - ~f(xn>xn4 )Xn . (5207)
BucnoBok. Mruorounen P, (x) =S, ' J(f,X) € iHTEpHOMALIHHMM MHOTOUTEHOM
TICPIIOro CTYTICHs 3 BY33aMU IHTCPTIOMOBaHHA {X, ;X }.

Hpukaax 5.2, Io6yaysatu cnnaiin Slg(f, X) . sxmii cniBnazae 3 f(X) y Bysmax
Xp, X, Xy (m=2),x, =x, +ih,n=0,1,2, ., N.
Po3e’sazox. Hexalt m=2, Toal mykaemo
SH(fx)=Pa(x)=a,, +a,(x—x, )+a,(x-x, ), (5.208)
P.(x, )=f(x, D)=a,n=1..N-L
J =I5 v (5.209)
l})n’_‘(xn) - f (xn) - an(;‘ +an]h + anzhh

3siaku matumenmo 3N wmesizomex {a,}, j=0,12.

Cuctema (5.209) € cucremow  mHIHHEX — anreOpaiyHuxX  PIBHIAHL 3
N ~1+N~1=2N -2 pisaaunsamu. B Touni X = x maemo

PR (x,)=P%.(x,). n=LN, (5.210)

PR =0, P8 (x)=0, n=LN-1. (3.211)
Tobto Bekoro 3N —1 pismans (5.209), (5.210), (5.211).

. - ’)‘ o~ s . 3
Hpuxnaa 5.3. Mo6yaysatu crinaitn S ( f,x), swmit cnisnagae 3 f(x) y By3max

Xy, Xy, Xy, X, = X, +ih.

Poe¢’sizox. [ykaemo
Sl (f x) = Pn} (X) =dpg + a»z}(x - xn—l) + Gy (x =X )2 + anf"(x X )3 (521 2)
3 4N nesizomumn {q,}, %, | <x <x, Taxum quHom,
Pn3(xn) = fﬂ =y + anlh + aml‘h2 + a}12h3
P,nS(xn):P'nJrl.}(xn)?n:LN_I . (5213)
P 5ix,) =", 5(x,), n=1LN -1

a,=P,(x, y=/f n=12.. N-12N —2uesidomux).
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Tpeba 3a1aTh me YMOBHM Ha Kinnax, To0TO B TOUKax X, Ta X, , (4N-4 HeBlIOMMX

xoediuientis {a,} ):

 Plyslxy)=0)" .
P = :
Pt =0, | (5.215)

Py (x,)=0.]
Benoro 4N mesizomux xoeimientis {a,},j=0,1,2,3 ta 4N piBrinb (5.213),

(5.214), (5.215).

5.11. Mpuknaau po3B’A3Ky 3agaui iHTepnonauii PyHKUil
Ipuxaax5.11.1.  3a  gomomororo  dopmynu  Jlarpawka — noOymysaru
iHTeprionAuiiHMiA MHOrOuNeH s yHKLi, 1o 3axaHa Tadn. 3.8, OOuMcnUTH 3HAYCHHS B

Touin x=0).5.
Tabauys 5.8

x; 2 3 0 ] 2
£ 3 N 1 3 13

Pozg’s3ox. 3a dopmynoro Jlarpamka
L+ Dx(x—-Dix-2) i (x+ x(x—1}x-2) 1 (x+2)x+D(x—1)}x-2) .

L.(x)

0 (=DE2XE3)() (=D(-2)(-3) 2-1(-D(=2)
43 (x+D(x+Dx(x-2) 13 (x+2)(x+Dx(x--1) ‘

3-2-1-D 4.3-2-1

Ham

1,(05)=3 1.5-0,5-(--0,5)(-15) 1 2,5-0,5(-0,5)(-1,5) . 2,5-0.5-(-0,5)-13) .

(-D(=2)(-3)-4) 1(=1)(=2)(-3) 2-1(-D(=2)
3 25-1,5-0,5-(-0,5) I3 2,5-1.5-0.5(-0.5) _ 23 1438,
3:2-1(~1) 4.3.2-1 16

Npuxiaz 5.11.2. [ToSyaysaTs iHTEpHOT#LUIHHMA MHOTOWICH 33 dopmyor HeroToHa
ist Py HKLGE, o 3a1aHa TabaMuero (x), Ta oGumMcanTH 3HadeHrs B o4 x=0.5.
Po3e’s30k. Tabanud posaiIeHUx PI3HUL T LMX AAHUX Ma€ BUTIIAL

Tabauys 5.9
Xi L
3
-4
-1 -1 2
i 0 0
0 -1 2 -1
4 4
] 3 -10
=16
2 | a3 )
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Toai 3a dopmynoro Herorona
Li(x)=3-4(x+2)+2(x+2)+0(x + 2)(x + Dx—1(x + 2)(x + Dx(x - 1) .
Ham
L,(05)=3-4-25+2-25-1,5-2,5-1.5-0,5(-0,5) = 2—2 =1,438.
Hpukaaz 5.11.3. 3a xonomororo iurepnomsawii oGumcantu ¢, Ko
Tabanys 5.10

x; 0. 0.1 0.2
X

et 1 1.10517 1,22140

OwiHury noxubKy.

Poze’snzok. Tlosmaumvo f(x)=e". Toal Tabmuis po3IiACHUX PI3HHLL AT JaHUX B
TabNML Ma€ BUIIA
Tabauya 5.11

Xi fi .
-0 1,0
1,0517
0,1 1.105187 0,553
1.1623
0,2 1,22140

Tomy
L (x)=1+10517x+0,553x(x-0,1),
L,(0.15) =1+0.10517 +0,00415 =1,16190.
Ouinxa ams noxubxu Gy e MaTu BUrasn

( | 2
ac M, = max ’f@)(x)[ =" Tomy
1ex20,2

\%015 0,05-0,05=7,63-10".

Ilpuxaan 5.11.4. 3a 3HaYeHHAMY COSX B TOUKaxX X = (), 7/4, 7/2 3naiitu cos(z/5) .
OuHUTH MOXHUOKY .
Po36’az0k. Tabnuus po3AiICHUX PiBHAHD MAE BUFIA
Tabnuya 5.12

Xi f;

0 1.0

(V2/2-1)z/4
/4 Nor) 0 —2)/ (/4 (x2)
~V2/2/(z/4)

72’/2 0
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Mpuxaag 5.11.5. Ckinbky 4eOMIICBCLKMX BY3/IB IHTEPNOMALIT HEOOX1AHO BUOpaTH,
mo6 noxubka inTeprionami a1 Gymxwii f(x)=In(1+x), x€[01] ve nepepuirysana
e=10". -

Po033’5130K. 3 OLUHKM 3QTMIIKOBOTO YI€HA IHTEPIONALIHHOI opmy T MaEMO

M, M M 1
n+1 EJ',AX). = nt+l ntl

R (x)| £ —F— T,‘roau x)<— .
1R, 5) (n+1) (n+ 1) i )l (n+1) 22"

Ham
J('(rl+i)(x) — (_1)n+l n
(1+x)"
Tomy # mykaeMo 3 yMOBH
1 a
R (x)| € ————<107".
R, ) (n+ )27
[liacTaHOBKOK 3HAXOAUMO, IO
1
6211

Taxum urHOM TpeOa rRUOpaTH 6 YCOMIICBCHKHMX BY3IIIB.

Npuxusan 5.11.6. Jani no THCKY BOJAHIO Ha JIHI HACHYCHHA HaBejieHl B TalOyuilL
oGy ayBary inTeprionauiimi Gararownenu Jlarparoka i Hetotona i OLIHMTH iX MOXHOKY.
By3HAYMTH TUCK BOIHI) [IPK TeMIiepaTypi Hacuuerrn T=12.5; T=15.4. T=17.7.

' Tabnuya 5.13

~8-107° <107,

Ry (x)] <

T.K 10 11 12 13 14 15 16 17 18

Pumprer | 1.93 ] 562 { 139 [ 30,2 | 588 1003 }-161,1 | 246,0 | 3603
Po36’s130K. 3HaucHHs THCKY TIPH TeMIIepaTypi, sika aopisutoe T=12.5K, otpumane 3a

TOTIOMOTOI0 IHTEPIIONSAIIHOTO MHOTOWIeHa Jlarparika 3a HopMyI0k0, CKIaaac

’ — 25 — 5 —yx -y -
(_1%_5 x())(l"’s x])(lz‘s x}'*l)(]“"D xt-rl)"'azs xn)y‘:20524

8
P=P(125)=)

pary (X, = %) —x).. (xz - xf::})(xz - 'J‘?if-l ) 5 —x,)

i sa jgonoMorolw imTepnonsALiiiHOro MHorownesa Herotowma 3a  dopwyior, ne
x—-x, 12.5--10 . .. i ) _ B
q= 7 = =2.5 . a KIHLCB] PI3HMLI TIPEACTaBACH! B Ta0:1.7.1, Takoxk CriIajae
h

P,(12.5)=1.93+2.5A), +

_— -~ q - ) -
_2;%_1_)‘&},0&.5(% 31')(2-5 2 Ny, 4

S—1)(2.5-2)..(2.5-
£ 2225 ])(2‘8' 22378 455, 20,524 0m prcm.

3HaUCHHs THCKY TIPH TeMIepartypi, sixa gopisHroe T=15 4K, oTpuMare 3a 10MOMOroto
iHTepnoALIiHOTO MHOrUwICHa Jlarpamka 3a hopmy ok, cklanae

P=P,(154)=

8 54_ A y —y ) oy .
354 5545 (1545, )154-2).0545) )00
i=0) (xz - xO)(xt _xl)"'(x/ _szl)(xi _le)"'(xi — X
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Yuce:bHI METOH B KOMIT IOTEPHUX HAYKaxX

1 3a JOTOMOrol0 IHTCpHOIAUiiHOrO MHorouteHa HbooToma 3a  (opmynow, ae
x~-x, 154-10 ) o i )
q= = =54, a ximueBi piswMui npeacrasneri B Tabm. 5.14, Takox

h 1

CKI1amae

P,(15.4)=1.93+5.4Ay, +

. 54(5.4-1)(5.4-2)

3 A3y0 +ot

0

S4GA-D o
2 )

L5464 -1)(5/;— 2)..(54-8) s

Vo =121.847 smi. pm.cm.

Tabruys 5.14
Tadimus Kinesux pizHuibL

x ¥ Ay A:'v A} % Aty A 1% Aé,v Ay A%y
10 i.93 3.69 1459 | 343 | 0,85 -4,53 14,01 | -30,89 | 57,27
11 5,62 8.28 [ 802 {428 | -3,68 | 948 | -16,88 | 2638
12 13,9 163 | 123 0,6 5.8 -7.4 9.5
13 302 ] 286|129 64| -16 2,1
14 58.8 41,51 193 4.8 0.5
15 | 100,3 60.8 | 24,1 53
16 | 161,1 849 1294
17 246 | 1143
18 | 3603

3naueHHs THCKY npu Temmeparypi pieaoi T=17.7K, oTpumanc 3a 10moMoroio
IHTEPIONALLMHOrO MHOTOWwIeHa Jlarpamka 3a (JOPMy IO, CKIIa1ae
P=P,(17.7)=
3 i (7.7 -x)17.7-x)...07.7-x,_ )17.7-x,,)..(17.7-x,)
i=0 (= X ), =) (3 = X)), = X)) (x; — x,,)
I 3a JOMOMOror IHYCpnOmMHHHOro MHorowicHa HuoToHa 3a  QopMmynow, ae

x-x, 17.7-10 . . . . <
q = = =77, a xiHUeBI pi3HMUI mnpeacTasneni B Taba. 5.14, Takox

¥, =320.895

7 1
cKJiagae
AT =193+ 778y, + 27T o, TTAT=DAT22) 6
2 ’ 3 :
77(7.7-1)(7.7=2)..(7.7 -
1707-D0722).07 S)Agyo:320.895Mm.pm.cm.

8!

A1 BH3HAYEHHS 3A7MIIKOBOTO YICHA CKOPHCTAEMOCS TAOIMLCI0 KIHLCBUX Pi3HHLIL

(TaGn. 5.14). 3HalaeMO 3aMMIIKOBMI “WICH, AKMH OTPMMATH NPM OGUMCICHHI nepuoi

3anaHoi  mpomiknOi  ToukW, ToGTo T=12.5K. J[lan  meoro  smalizemo ¢
_x-x, 125-10

h 1
macTasuMo v popmyy (3.29):

5, a Takoxk 3 TaONMIl KIHLEBUX PisHHLE BisbMeMmo A'y=3727 i



Posain 5. 3a1aya inTepnosisiii Ta HaOmwKeHHS QyHKITH

R, (12.5)~
252.5-D25-2)25-3)25-4H)(25-5)(25-6)2.5-N(25-8)
ol
TakuM 3ac000M 3HAMAEMO 3ATHIIKOBUMA YICH IA JBOX IHILMX 33JaHHMX IPOMIKHUX
154-10 15.4-10

57.27=~0.048.

touok. J{na Touku T=135 4K 3Haxonmmo q = 1 = =354 Ta mAaCTaBISEMO ¥
(hopruysty (5.29), onepayemo:
R,(154)~
_SAGA-DGA-DGA-3)54 —;4!)(5.4 ~5)EA=OGA-TCA=8) o ho (s
Has touku T=17.7K sHaxoaumo q = 17'71_10 = 17.7-10 =7.7 Ta MACTaBIAEMO ¥
thopmyiy (5.19), onepixyemo:
R.(17.7)~
< 77077 -D(7.7-2X7.7-3)(7.7 —;l!)(7.7 =-5)(7.7-6)7.7-T7)(7.7-8) 5727 ~—0.78.
35911\1!:)1: / 17,1,
300 320 805
250 ' '
200
150 ,/15 T
100 21 847
30 12.%;
0 +—e—atTlL, TR

9 10 11 12 13 14 15 1617 .18 19 .

Puic. 5.7. I'padiune 306paskeHss pe3yIbTaTiB IpHKIaia 5.6
..Ha monasomy rpadixy-MOH .0GauvTH By3TH IHTCPHONALL, @ TAaKOXK TIPOMDKHI
ToukH, o MaroTh mmuck. Lle#t rpadik Bimobpaxkae Ty 3aneXHICT, o Oyna nmomaHa y
rabmuui. JluBnsuvch Ha rpadik, BUIHO, WO 3HAHICHI SHAUCHHS (dyHKII BXOZATh ¥ LFO
3aICKHICTh, TOOTO PO3B 130K OV 10 3HAMACHO BIPHO.
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Uncenpdl METOIH B KOMIT FOTEDHHX Haykax

5.12. KoHTpOnLHi NUTaHHA

R

o

10.

11.
12.

13.
14

15.
I6.
17.
18.
19.
20.

21.
22.
23.
24
25.
26.

27.
28.
29.
30.
31.

110 HA3MBAETHCA IHTEPMOTIOBAHHAM Ta YUCIOBUM IHU(EPEHIIIOBAHHM
Po3kpuTtH 3araibHY MOCTAHOBKY 33441 IHTSPIIOIOBAHH.

ULlo HA3MBAETHLCA 3aAAUEIO JIHIHHOTO IHTEPHOMIOBAHHA?

PO3KpUTH MOCTAHOBKY 3aJad4i iHTepriosiLii ¢y HKii 0xHiel JHCHOI 3MIHHOL

[Ilo Ha3MBaeTbCA TMOMIHOMIATHHOW IHTEpHOsAUierd? Poskpur icHyBaHHA Ta
OJMHHMYHICTD iHTEPIOIALIHHOTO [TO;TIHOMA.

11lo Ha3MBaETHCA IHTEPTIOTALIHHUM MOTIHOMOM Jlarparpka?

TIpoBecTu aHami3 3araabHOI MOCTAHOBKM 33a4l Il IHTEPIIONAMIHHOTO 101iHOMA
Jarpamxa. '

Poskazatu npo Inreproasmiviny ¢opmyny Jlarpamwxa. Hasectu wacTkouii
BUIAJI0K.

B uomy nomararoTh 0COONMMBOCTI MOOYAOBH IHTEPTOMALIMHOIO MHOrOYICHA
Jlarparxa?

Lo HA3HBAETHCS IHTEPIIO. TSI HHUHA MHOTO'ICHOM Jlarpamxa 3
PIBHOBIAJaICHUMH BY31aMK

1o HaszuBaeTbCst iHTEprios AL HHOKO cxemoro O. Elitkena?

Sk OOMHUCTIOETHCA NOXMOKA IHTEPIIOMOBAHHA [7isl IHTEPIOIALUHHOIO MHOTOYWICHA
Jlarparxa?

Sk 31MCHIOETBCA BUOIP BY311B iHTEPNOMIOBAHHS?

Ufo Ha3zuBalwOTECA MHOTOwIcHaMu YeOumesa? SlkiMp BOHW  BOJORIOTH
BIACTUBOCTAMH

SIK 3MIHIOETBCS TIOBETIHKA MOXMOKH HA 1HTEPBAIT IHTEPIIOMOBAHHS ]

1o Ha3mBaeTLCA IHTEPHIOAALIHHMM NOTiHOMOM HeroToHa?

[IpoBecTu aHami3 3arajibHOI MOCTAHOBKH 3aa4l.

Sk ocobnuBocTi iHTEpTIONSALIMHOTO MHOTOWIeHa HbtoToHa?

SIki € moaiIcHl PI3HMLI Ta iX BAACTUBOCTI?

PoskaszaTu npo iHrepnoaauiiay (popmyiy HeroToHa 3a N0 MIIeHUMU PISHHLAMY T4
HEPIBHOBILIAICHMMH BY 3IaMH.

il{o Ha3uBAIOTLCA CKIHUEHH] PI3HML Ta fKI iX BIACTUBOCTI?

Poskasatu ipo dopMy ity HeroToHa Bricpe 1 Ha3an 3a CKIHYSHHHMH PISHULIIMH.
11lo HAa3MBAETECA YUCTOBUM AuEPESHITIOBAHHIM 7

1110 Ha3MBaETHCA YHCIIOBUM TU(EPCHLIIOBAHHAM I8 HOPIBHOBIUTANTCHMX By 3I1iB7
Slki € hopMyTH HHMCTOBOTO AU(EPEHLUIOBAHHS TS PIBHOBIINAICHHX BY 3T1B7

Sxi € dopMyau uucroBoro AU(EPCHIHIOBAHHA METOJOM HCBH3HAYCHHX
xoedimenTin?

Lllo Ha3UBAETHLCA PALIOHATBHOKO IHTCPIOILIED?

Po3KkpHTH 0COGAMBOCTI 1HTEPIIONFOBAHHA (DYHKLIH KOMILICKCHOI 3MIHHOI.
PoskpuTi 0co6AMBOCTI 1HTEPTONIOBaHHS (hyHKLIH 0ararsoX 3MIHHHX.

SIki € TpyaHOImi iHTeproMOBaHHs ()y HKLIH 6araTb0X 3MIHHHX?

Sk Oy Iy eThCs IHTEPNOAALIHI (OPMYIH 3a TIOAUICHAMHM PISHULGIMH?
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Posain 5. 3anaua inrepnosiii ta Hadnwkenns dyHKyi

32. Po3kpuTi 0cOBIMBOCTI 30LKHOCTI IHTEPIOIALIHHOTO MPOLIECY .
33. 10 Ha3MBAETHCA IHTEPIIOTIOBAHHAM CIUIAMHAMK?

5.13. 3apaui Ans camMoCTiMHOT po6oTH

3anaua 13.1. Hexaix:
) {p@icC(ab]), i=0.n
2) Bpouckian
Po(x) @ (x) .. @(x)

2 A . e
W[.(p07¢19“':¢k]: 0 : *

¢O,k:0,—n

“u>¢mu>m o ()
Jlosectu, wo {@,(x)} - cuctema dynxuii Yebumena.
Janaua 13.2. (y3araabHena teopema Posuis). Hexal BUKOHYIOTBCS YMOBH 1) Ta 2)
sanaui 13.1, feC"'(la, b]). JloBects, mo ToAl icHye Touka ¢ €[a.b] Taka, wo

[(100 >q)n7f]
= :0
nrl[f” W[ O’ ,(Dn] .

3agaua 13.3. anpncaHHx dopmymu  mudepeHuroanHa  Heiotona Hasax 3a
CKIHMECHHIMU P13HHULEMUA,

Bagaua 13.4. Axmo P,(x)=x"+..# T, -2 ", TO JOBECTH HEPIBHICTH
max| £, (x) > 21”" ~

3anaua 13.5. Y npoueci obuucnenrs 7, (x) = cos(n-arccosx) oTpUMaHo TO* =1,
10 =2l =1 + 6,
ae &, - noxubka 3a0KpyricHb. JloBecTu
sin((N +1—k)arccos x

10~ Ty(0)=3 4 J
N N ;k -\ﬁ—x“

3ajaua 13.6. OtpymaTs 3a ymoBoro Bipaey 13.5 omiHKy noxubku

¥ ] l
g Y —_——
|1 (%) INtx)!Sg;cg.OkINmm(N’\/l‘_xz)'

3anaua 13.7. [Tepesipury, mo B Hy X MHOrowIeHa YeOumesa

Qm+D)x
X,, =COS~—————
2N
. ot N
cripasenmMBa PiBHICTD | 13 (X,,) |= — .
1-x,,
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Yrce1pH1 METOAH B KOMII IOTEpHUX HayKax

3anaua 13.8. Jlosecty, mo BEKTODH, AKI YTBOPEHI MHOTOYJICHAMH T =7 (x)- 2

n<N,ge N - dikcosanc, B Hymsx 1, (X) YTBOPIOIOTH JeAKy op'mroaanbﬂy CHCTEMY, a

N
327’1(75(2;+1)) [m(ﬂ(2]+l)j 5
NS 2N

came:

o 0<n, m<N-1.
3anaua 13.9. BukopucroByrouu ¢opmyny 3azaul 13.8 nokasatu, mo MHOTOWICH 3

BY3/IaMH B HYJIAX MHOTO'WICHIB UeOunieBa 3ammcy eThCst Y BULIIsIAL
n—1

- a 2 7k +D A1
L(x)= E aJIj(x)Z1 sy = E f(xj)Tj((T)-)z] .
7=0 k=1

3anaua 13.10. Jlosectu, mo na [-1, 1] mBa muorowiena YeOumosa B3aeMHO

. 1 .
OPTOrOHATBHI 3 Barow (x) = J:T (nmigkaska x =cosd).
v1-x~

Jagaua 13.11. Hexait x,<x <..<x,, m!f(x,’,...,x,_v_m)=f("’)(g‘i),_ X, <&

[ossaumo M, = sup m!| f(x;....x M™ = sup | /™ (x)|. Josectn, mo

k+m|7

1gk<n-m [xg.x, |
M, -M™ |<M™'h, = max (x,.,,—x).
1<k<n-m
3anaua 13.12. Hexa#t flx) inTepmomoerscs 3a Bysnamu X, =( j—Dh, hz(—ll—)
n.__

2?1
—1 n-1. JosecTtu, 1o max}t(x)>const-- ae A(x) = ZCD (x).
O=x<] \/’.
i=0
3azaua 13.13. JlosecTn, WO AKIIO BY3IM IHTCPHOMIOBAHHS CIUBIAJAIOTh 3 HY/LIMH
Yebumena, To max | A(x)|[< const-lnn.
-1l

3anaua 13.14. dosecty, mio mid JiHIAHOT iHTeprosii noxubka. fka € Haci KoM
3a0KPYIIICHHS 3HAYECHD ()Y HKINM, HE TIEPSBHILLY € TIOXMOKH LIUX 3HAYCHb.
3anaua 13.15. Skmo x i f nos’sasani cruBeiAHOmICHHMMH x =+ f (o =0), 10

1 x.—pB
.f(xi~-*'7xi+k):—kg(tiv"'tti,vk):ne gt)y=flat+p), 1, =

3axaua 13. 16 JlosecTu, wo moineH PI3HMII TIOPAAKY # B1JA MHOTOU/ICHA CTCIICHA /1 €
KOHCTAHTAMHY, a pisHuid OLTBII BUCOKOTO CTETICHS JOPIBHIOKOTH HYJIHO, TOOTO AKINO

. b,, I=n ,
P,(x):ijx- ,A<n, P(x,%,...%,) = ansg on,xl,...,xne[a,b].

0, I<n

=0
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Po3zain 5. 3ajgaua inrepnonsimi Ta BabimxeHEs byHKITIH

5.14. 3aspaHHs no nabopatopHoi poboTu

Metonom Jlarpawka Tta meronom HetoToma anpoxcuMmyBaTtH (QYHKIGI, 3aJaHY
tabmano. KimbkicTh TOYOK anpokcHMarii AOPIBHIOE 1CTh. ADCLHMCH TOYOK 15 BCIX
BapiantiB npuitsrry pisaumu: 0; 0.5; 1; 2; 3.5; 4; 6. Macus opauHar npejcTaBIcHUH B
tabz. 5.15. Tlo6yayeatu rpadikx orpvmanol ¢yskuii Jlarpamka, Ha rpadiky Big2HAYHTH
3a7aHl TOUKM anpokcuMauii. 3Haiith sHauerns Qyrxui Jlarparka ta dynxui Heiotouna
mpu x=5. TlopiBusty pesynsratd. [lpoBecty IMCPEBIpKY PpE3YIbTaTH, 3HAMIIOBIIM

Tabruys 5.15

MOXHOKH.
Ne | 1vouxa | 2 rouxa | 3rouxa | 4 touka | STouka | 6 Touka | 7 Touxa
1. 1.213 2.125 -1.345 0.001 5.756 9.019 11.345
2, 12.234 9.239 8.567 -1.098 5.756 7.345 5.678
3. 1.947 0.345 -2.456 -4.569 -1.941 3.938 6.709
4. 23.391 12.562 9.268 12.981 16.528 20.284 19.318
5. -2.37 -4.592 -6.937 -3.297 2.895 7.981 11.625
6. 7.382 9.271 23.744 34.561 22.128 14.795 15.345
7. 34.589 45.871 67.081 53.901 22.456 12.459 20.017
8. -23.016 | -34.802 | -27.391 -9.701 0.24¢ 15.23 13.906
9. 23.691 12.459 21.345 34.671 61.091 72.321 113.935
10. | -34.469 | -56.207 | -63.208 | -50.109 | -10.34% ; 0.381 12.391
11. | 12,619 7.380 3.018 0.682 3.947 15.378 10.026
12. | -30.492 | -19.014 | -9.012 1.309 -2.305 -6.820 -15.271
13. ] 173.601 | 121.039 | 97.391 56.729 19.823 56.501 43.467
14. | 46.701 67.204 84.291 56.390 47.713 35.716 43.503
15. | -372.09 | -281.17 ; -161.28 | -54.801 -67.91 -123.41 -93.173
16. | -17.801 | -34.812 | -45.839 | -28.917 | -1.572 15.571 9.348
17. § 81.35} 56.728 14.824 29.381 45.727 33.628 19.429
18. | -15.351 1.396 34.206 82.917 57.901 98.128 123.178
19. | 7.238 -11.817 | -27.924 | -23.581 -12.482 | 2.381 27.906
20. | 71.082 83.915 88.301 101.451 | 74.120 56.297 60.168
21. | 5.781 -12.836 | -45817 | -98.104 | -56.927 | -23.752 { 0.129
22. 1 678237 | 561.908 | 482.931 | 394.781 | 501.937 | 643.183 | 754.928
23. ] -56.392 | -44.906 | -28.504 | -0.581 -12.948 | -31.736 | -67.938
24. | 77.031 48.406 32.731 16.072 -0.837 6.935 28.052
25. | 141.367 | 192.549 | 145.671 | 98.238 56.719 101.361 | 120.385
26. | -141.27 | -83.148 [ -34.301 -23.906 | -31.391 -12.471 -3.518
27. | 2417 7.517 12.471 6.329 5.715 9.271 15.371
28. | 37.257 72.167 92,152 67.403 24.610 38.208 34.928
29. § -3.719 -7.108 -10.281 -4.201 5.921 14.072 11.492
30. | 91.302 139.391 | 103.491 | 87.201 78.037 98.983 102.491

(%)
s
W



Usicensil METOAM B KOMIT IOTEDHUX HavKax

Ne | 1vouka | 2 Touka | 3 rouxka | 4 vouxa | Srouxa | 6 Touka | 7 rouxa
31| -7.303 -34.801 -57.928 | -89.003 | -76.938 | -67.940 | -15.929
32. | 82914 102,491 | 172,301 | 281.908 | 202.791 | 159.072 | 187.951
33, -3.037 9.281 23.972 23.027 8.238 12.731 18.271
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Po3xin 6. OcHOBHI BiIOMOCTI IIPO METO I aXIPOKCHMAITI

Po3nin 6.
OcHOBHi BigoMoCTi Npo meToau
anpokcumauil

* & > o

DopMyaIoBaHHs MPOOJIeMH aPOKCHMALIT JaHHUX
®opmyoBaHHs 3a1a4l HaOvoKeHHs QyHKLIH
ArnpokcHUMaLis MeTOA0M HaHMEHIUHX KBAJIPaTiB
Iousitrst CrutaifH-anpoxcuMarti
O AHanlTHYHE IOJAHHS CTUIAFHIB
o Anpoxcumaitist Ky OlYHUMH CrulaiHaAMH
Po3p’ 23y BaHHs 3324 PIBHOMIPHOTO CIUIAMH-HA0IMKEHHS
o O3HaueHHs T4 BIACTUBOCTI PIBHOMIPHOTO CIUIakH-HAOMMKEHHs
o OnHOpiAHE craiu-HAOIMKEHHS 3 33[aHOI0 TIOXHOKOK
o Tlobynosa HEOTHOPIAHE CTUTANH-HAOIIDKEHHS
MeTozii 069HCIEHHS pIBHOMIPHOTO (MIHIMAKCHOTO) HAGmKeHHs QyHKIIH K
o0 3arajbHa OCTAHOBKA  33/a4l - HAMKPAIIOro MIHIMAKCHOrO
HaOvskeHHs GyHKIIHA R
o AnNpoKcHMAUiitHI 3aJIEXHOCTI
o JloBemeHHs Npo Hailkpaie piBHOMIpHe HaOMmKeHHs ByHKIIH
Meron € 5. Pemesa
o 3araisHa nocTaHoBka 3amaul cxemu €. 5. Pemesa
o MiniMaxc. BusHaueHHs napaMeTpis MiHIMakcHManbHOI Momen 3a
anroputmoM €. 5. Pemesa
Merton Bamne-Ilyccena
o 3aranbHa NMOCTaHOBKA 3a7a4l
o AunropurMm Bajute-Ilyccena
3acTocyBaHHS ~ MeTOAy ~ HaliMEHWIMX  KBaApaTiB  0araTroBHMIPHOTO
DErPECIAHOrO aHATI3y B EKOHOMILY
o 3aranpHa MOCTaHOBKA 337adi
0 3HaxXOMKEeHHs TAPaMETPIB JIHIMHOrO MHOXWHHOTO DIBHSHHSA
perpecii METOJIOM HalMEHIINX KBAApaTIB
CrannapTHa NOXMOKa OLIHKY 3 PIBHSHHSAM
Koediuient nerepminauii i kopemsuii
Bubipkosa noxutka xoedilieHTa MHOXKHHHOI perpecii
Bubipxosa noxubka MHOKHHHOI perpecii
TMoxubka 1HAMBIAY ATbHOI OLIHKYA MHOXHHHOI perpecti
Bubipkosa noxubka koedilieHTa MHOKHHHOI KOpessLii

O O O O C O
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UrcespHI METO/IH B KOMII IOTEPHIX HAVKax

o UYacTkoBa perpecist Ta KOpesLis
o Ilpuxnan pospaxyHKy MoTpe6 pPHHKY Ha OCHOBI MHOKUHHHX
piBHAHB perpecii '
o Ilpuxnan pospaxyHKy mOTpe6 PUHKY HA OCHOBI EKOHOMIYHOI
OLIHKH
o Ilpuxnan nocnimkeHHs: Ha OCHOBI 6araTOBHMIPHOT'O PErpeciiHOro
aHams3y
¢ KoHTposbHI nuTanHs
¢ 3anauil s caMoCTiiHOT po6oTH
¢ 3aBnanns 10 JaboparopHoi poboTH

Maremarukn MHHYIOr0 NOeAHyBaTM B CBOIX POGOTAX BUBYCHHS SIBMIL TIPUPOAH,
OTPUMYBATH iX MATCMATUMHMH OTMC (MaTeMaTH4HI MOJeNi) Ta JocmimkyBamM ix. Ha
CHOTOHIMHIN JACHL XapaKTCPHUM € POSMMPEHHS [01aTKIB MATEMATHKM, O TIOB S3aHE 3
OYPXIMBUM  PO3BMTKOM OOYHCITIOBAIBHOI TCXHIKM, a[Ke [MBUAKICTH Oreparii
Po3paxyHkiB cTana npocto (anractuuHow. [IpoTe, aymxa mpo BCEMOIYTHICTH CYYaCHMX
O0YMCTIOBAIEHUX MALIMH MOPOIKY€E Mid), IO MaTeMaTHKu no30ymcs BCix mpobmeM,
TOB S3aHMX SIK 3 YMCCTBHMM PO3B 3KOM 33784, TAaK i 3 PO3POGKOK) HOBHX METOMIB iX
PO3B s3yBaHHA. Ale LE He Tak. MoKEMO CrOCTepiraT¥ MaTeMaTH3ALMO | HITHX po3ainis
HayKu: Ximii, CKOHOMIKM, GLOJIOTIi, TCHXOIOrii, MEIMIHHH Ta KOHKPETHHMX PO3ALTIB
TexHiky. [Iponec MaremaTusauii nossrae B oGy A0BI MATEMATHMHIX MOIC/CH TIPOLICCIB 1
ABHIL, @ TAKOXK B PO3p0OOLI HOBUX METOAIB iX J0C/IDKECHHA Ta MoaemoBanHs | 1-64, 66-70,
81-87,89-91,94-105, 111, 115, 138-139, 146, 171-191, 195, 212-230].

B ¢isuii un mexanini, mobyaoBa MaTeMaTHYHUX MOAGHCH IS OTIHCY PI3HMX SIBWILL(
IPHPOM | BHBYCHHSA 1IHX MOACICH 3 METOK TIOACHEHHS CTAPHX M nepe0a4eHHA HOBUX
chekTiB ABMIN € TpamMuiNHOW0. [lPMKIAZOM VCINIIHONO BMBYCHHS MATCMATHIHHX
MOZENeH B MOEAHAHHI 3 OTIPALIOBAHHSAM PE3YJIBTATIB CIIOCTEPCIKECHD, 3aA0BIO 10 NOABU
O0UMCTIOBANTBLHOT TEXHIKH, OyJI0 BIAKPMTTS HEBIAOMOI KOTMCh TIIAHETH — Hentyn. Ane
po60Ta B HBOMY HAMPSMKy MPOCYBANACh TIOBIIBHO, 60 HC BAABAIOCH OTPHUMATH PO3B’A30K
TICBHMX MaTCMATHYHMX 33734 1 JOBOMIIOCHE 0GMEKYBATHCH PO3ITIAAOM GiNbLI IIPOCTIIIMX
MOZEnAeH. 3acTOCYBaHHA OOYMCTIOBATLHOI TOXHIKM 3HAYHO 30LTBINKTO MOMKIMBOCTI B
HANpsAMKyY OOy Z0BH 1 OCTILKEHHA MaTeMATHIHUX Moaencit. Bee uactimie pesyabraTti
PO3PAXYHKIB JI03BOISIOTh 3HAXOAWTH | MePeIBayBaTH HOBI ABMIIA, IO 13€ MONIHMBICTD
TOBOPHTH IIPO MATCMATHYHHI EKCIICPUMEHT. B NeAKMX HAmpsMKax 10Bipa 10 pe3y sTaTis
UMCENBHUX  PO3PAXYHKIB Taka BEMHKA, IO TPH pPO3OLKHOCTI MDK pe3yIbTaTaMu
PO3PAaxXyHKIB TA CKCNCPHMEHTAMM B MEPOIY HEPry INYKAIOTH MIOMHWJIKY B PE3yNIBTATax
eKcriepimenTiB. CyqacHi yCTixy y BUPIILEHH TAKMX BAMCTHBHX [UTs CyCITIbCTBA 321a4 SIK
aTOMHI, KOCMIYHI, CKOHOMIYHI, He Oymu 6 MOKIUBI 603 3aCTOCYBaHHS CY4aCHOT
OOYHMCITFOBATEHOI TOXHIKM, KITACHYHMX T4 HOBITHIX METOIB OOYHCICHD 165. 71, 76-80, 88,
92-93, 106-110, 113-114, 116-133, 137, 140-145, 147-151, 161-164, 168-169, 192-194,
196-197, 201-209, 211].

HoTpe6a uwcensHOro po3e’sky HOBHX 33134 MPHU3BENA 0 TOABM BOITHKOI KUTBKOCTI
HOBHMX METOMIB. TeOpeTHYHI AOCTIKEHHS B ranysi YHMCETBHMX METONIB TPYIYIOTLCH
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Po3aia 6. OcHOBHI BiZOMOCTI PO METO 1M AIPOKCHMAINT

HABKOJIO YHCETBHMX METOMIB PO3B'3KY TaK 3BAHMX THMMOBHMX MATeMATMMHUX 3a1ad, 10
SIKMX BITHOCATS 1 anpoxcnmam}o (HaOmokeHHsA) qaHmx [72-74, 159, 212, 220}

Heobxiamicts B anpoxcnmauu (nabmwkenni) QYHKLIH BUHMKAE IIpU nposezleﬂm
TEOPETHMHUX J0C/TKEHB 1 NPAKTHYHKX PO3PAxy HKIB B 0araTeox. obnacTsax texHiku. s
(vHKII, KA 3a8aHa Y BAMTsLH TabIMLE, LE MEPI 32 BCE MOB s13aHO 3 O@KaHHAM OTPUMATH
AHATITHYHMI BUDA3, TAK AK HOTO MPOCTIIUE JOCTIAMTH Ta IHTCPIPUTYBATH. Y BUIAIKY
AHATITIYHO, 33JaHO1 d)VHKLm YacTO KOPHCHO 3aMIHMTH OY’KE CKIaAHMH BUpa3 OLTbII
MpoCT¥M Tak, moes oCHOBHI BracTHBOCTI ByHKIHI 30epiranucs.

Oxpemmii iHTEpeC MPEICTABLAOTh HAOTWKCHHA (YHKUIM, AKI € NMPUIATHUMH U
PO3PAaXyHKIB i3 3aCTOCYBAHHsM obunCIoBaIbHOI  TeXHIKH. B ISOMY  BUNAIIKY
ampPOKCHMYFO4a dyukuis moxke OyTM OTpHMaHa, HANPUKIAL, Y BHUIIAlL MOTIHOMA,
PALIOHATLHOTO TIOMHOMA HENMHIMHOTO BHIy, PEKYPEHTHOI (itepauisinoi) dopayviy,
TMOTIYISIPHOKO CTaNa CIUTAMH-aIpOKCHMALILS, TOMIO.

3amaya 3HAXOKEHHS HaMKpamoro (ueOMILIOBCHKOr0) pPIBHOMIPHOTO HaOMMKCHHS
BHMHMKAE, HATPHUKI1A, JJIS.

®  NPOCKTYBAHHA KOHTPOILHO-BUMIDIOBATLHMX IPHIA/IB, 30KPeMa MpOMETPiB
ab0 TepMOMETPIB (IPaayIOBaHHsL, JTIHCAPH3ALIA CTATHIYHHX XaPAKTCPHCTHK);

® INpPOCKTYBAaHHA DIHOMAHITHMX ()YHKUIOHATLHUX TIICPSTBOPIOBA4IB  (OMHMC

© pLInOBiAHKHX (DYHKIIH);

e Dpeamizaiis  ATOPUTMIB  OOYMCICHHs  CrCIaTbHUX  QyHKOiA  Ha
BMCOKOTIPOAYKTUBHMX TPOLECOPAX OMNPALIOBAHHA JaHUX = (ampoKCHMaLlis
CKTaTHUX d)y}muionanbmx 3QNCKHOCTCH  TMPOCTHMH - aHATITHIHUMH
BUPA3aMH), ‘

¢ mo0yn0Ba MATEMAaTHYHUX MOJAEICH plSHOMﬂHlTHHX HETIEPCPBHUX MPOLECIB Ha
OCHOBI IMCKPETHUX BUMIPIOBaHb 1X 3HAYCHB,

e B MamMHOOYIyBaHHI AN TPEACTABICHHS KOHTYPIB TIPOCKLUM JCTalcH 3
CKIATHMMY TEOMETPUYHUMHU (DOPMAMH, a TAKOXK AHATITHYHOTO TIOAAHH:
KPMBHX, SIKI 33JAl0Th TPAEKTOPIIO PI3ajbHMX IHCTPYMCHTIB B BEpCTaTax 13
MPOTPAMHHMM YIPABIIHHAM, TOLIO.

KpiM TOro, anpoKCHMAwild JOCHIAHMX JaHHX, JOLLIBHO 3aCTOCOBYBATH Y
PI3HOMAHITHMX 3a7a4aX VIMITBHCHHS MAacBiB PE3y/IbTATiB BAMIPIOBAHb, WO MICTATH
MCTOAMYHY TMOXMOKY y BiZOMMX Mexkax (e moxe OyTH TeaeMerpiyHa iHdopmaris abo
MACHBH reo(pi3uaHMUX Y CCHCMIYHHX BUMIPIOBAHB).

Topsaa 3 KIaCHYHMMH TOTIHOMAMH M PALiOHAIBHMMH HAHKDAIIMMH PiBHOMIDHMMH
HAOMIKCHHAMMU, BCE YaCTINIE PO3ISIAAETHCA HAONMKCHHA HEMHIMHMMU BHpasamu. Lle
TMOSICHIOETBCS THM, IIO (PIsHYHI MPOUECH 34COLTBUION0 MAKOTh HCMHIMHUE XapaxTep 1 Ans
Giipll AIGKBATHOTO IX TPCACTABICHHS BUKOPHCTOBYIOTBCS BIANOBIAHI  OTPUMaHi
TCOPETUYHO ab0 IHTYiTHBHO MOOYAOBaHI HEMIHIHHI 3JIEKHOCTL. BuB4arOTHCS Takox
MOJTUBOCTI BMKOPHMCTAHHS PiBHOMIPHOTO HAOMWKCHHA (PYHKIIW 11 MPEACTABICHHSI
pO3B’A3KIB  AM(PCPEHLIMHMX Ta IHTCIPAIBHWX PIBHsHB, POJMJANAOTECA M  iHIA
MOJKJTMBOCTI 3aCTOCY BAHHA TAKOTO HAOIMOKCHHS.

B 6araTh0X TEXHIYHMX 3a7a4aX 3aCTOBYEThCS CIUIaiH-arnpoxcuMauis (yHkii. Ipu
ubOMy HEOOXinHO, mOo6 abcomoTHa 1 BIGHOCHA MOXMOKM Hi B OJHIH TOYMI HE
EPCBUINYBANM HArlepe] 3aJaHoi BEMMYMHM. Lle NMPH3BOIMTBL 10 3a4a4l 3HAXOMDKCHHS
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UpiceTpHI METOAH B KOMIT'IOTEPHHX HAVKaX

napaMeTpiB YeOUIOBCHKOTO HaOMIbKEeHHs. SKIIO Ha KO)HOMY iHTEpBai (TaHUi cryTaiHy)
MakCuManbHa TNOXMOKA HAOMDKCHHS OJHAKOBA, TO TAKe HAOMIDKCHHS HA3MBAETHCA
PIBHOMIDHMM CIUIAMH-HaOMDKCHHAM. Y BIIOMMX BHIAIKaX PIBHOMIPHE HAGIMKCHHS
CILIAMHOM € ONTHMA;IbHUM B TOMY CEHCI, IO HPW BHOOPI rPaHMIb NaHOK (BY3IiB) i3
YMOBH PiBHOMIPHOCTI HAOTMIKCHHS TP 331aHIH KLIbKOCTI TaHOK OTPUMY €MO MiHIMAIbHY
NIOXMOKY, a NMPHM 331aHIH NMOXUOLI — MIHIMATBHY KiTBKICTE aHoK [76-80, 88, 92-93].

Takvv vuHOM, TOpYY 13 HasBHMM mporpamHum 3abesneuensam (Maple, MathLab,
TOIO), AKTYalbHOK € pO3poOKa NPUKIAZHOTO 3abe3reueHHs i [ePCOHATBHMX
KOMITIOTEPIB, SKE € OPIEHTOBAHC HA pO3B’A3YBaHHA 3a4a4, IO 3BOJATBCA [0
3HaxOKeHHA HaOmwkeHHA (yHkuiH Take mporpamue 3a6e3neucHHA I ICPCOHATBHUX
KOMIT'IOTCPIB MOBMHHO TPYHTYBaTMCA HA aHamisi 3azauy 3 HabGmwkeHHs (QyHKUH i
BKJIIOYATH HOBI TCOPETHYHI H MpakTidHI po3pobkum | 76-80, 88, 92-93].

6.1. DopmynioBaHHAa npoGnemu anpokcumauii JaHnux

ITpo6nema 3anaui anpokcumarii yHKLIM BUHMKAE B HAMPI3HOMAHITHIIIMX TCXHIYHMX
3aa4ax. PI3HOMaHITTA MCTOAIB HACTIIbKM BEIMKE, O 1HOAI BUHMKAE HACTYITHC ITHTAHHA.
Moske HasgBHICTE BETHMKOI KUTBKOCTI PI3HHX METOAIB HAG MIKEHHs NMOSACHIOETHCA TPOCTONO
BIACYTHICTIO HAyKOBOIO IJAXOTy A0 TNOCTAHOBKH 1 po3B ssyBaHHs mpobiemm? Sk6u
TAKMH MAXIA ICHYBaB, TO MOXKE BIATOCH OM 3alPONIOHYBATH OAMH OMNTHUMATBHHIH Crioci6
Habmwkerusa? Caix BU3HATH, IO BAGIP METOAIB HAGTMKCHHS BHKIMKAHO PI3HOMAHITTAM
NOCTaHOBOK MpoGrem. PisHl po3aiim teopli HaGMVDKEHb, HATIPHKIAA IHTCPIOIABAHHA,
anpOKCHMAIii, MOXKHA PO3ITISAAATH K BUBYEHHS MOBEAIHKM a0CTPAKTHUX MO,ICICH.

OyHkigi A1 OMUCY MAaTEMAaTHMHUX MOJEIEH MOKYTh OVTH 3aJaHi AK aHATITHYHMM
criocodoMm (Popmyror0), Tak 1 TAOMMYHMM, TP AKOMY (DYHKUiA BIAOMAa TLTBKH TPH
BU3HAYCHUX JUCKPCTHHMX S3HAYCHHAX AarpyMeHTy. Ko ()VHKUIOHANBHI 3a1eiKHOCTI
orpmvxani B pesyanaTi pospaHyHKis SKl TIPOBCACHL 33 AOTIOMOTOK O0YMCTIOBATLHOI
TeXHikH 800 B 1pouEci excnepyme}mB TO BOHH 33JaK0THCS Came TabIMMHMM CITIOCOO0M.
IMoBipHO, mO Ha mpakTHil BUHMKHE MOTpea B iH(OpPMALI MPO 3HAUCHHS (bym(uu B
IHINWX TOYKAX, BIAMIHHHX BiJ THX, IO HaseacHi B Tabmmmi. | oTpuMary Taki 3HAMCHHS
MOKHA DIIAXOM CKIAJHMX PO3PaxyHKIB a00 MPOBEACHHIM IUEC PAAY CKCICPHUMEHTIB, AKi
3abepyTh Oararo uacy i pecypciB. TakmM YMHOM, T 6KOHOMII Yacy 1 KOIITIB, JOLITBHMM
€ 3aCTOCYBAHHA DI3HMX 33734 anpoxkcuMaifi (yHKIH TPM AOBIIPHOMY 3HAYCHHI
apryMEHTa HA OCHOBI HABHUX TAOIMYHMX JAHKMX.

Skmo BIATBOPCHHS 3HaueHHs (yHKLii BiAOYBACTBCH 33 TOYHUMH 3HAYCHHAMH TO
3aCTOCOBYHOTh mmepno ayiio.

Taxa 3anaua poss’sisyerbes, Hanpukian, 3aminor PyHkuii fAx) 6imem NPOCTIMOW
dyHKIED @(X), SIKY HECKIAAHO 3HAWTH NPH JOBUILHOMY 3HAYCHHI AapIyMCHTY X Ha
saganomy iHTepBati. Habmwkenns dyuxii x) Ginpiu npocTimomn PYHKLIEHD HA3UBAIOT
anporcumayicio (B11 TaTMHCHKOI approximo — HabmkaTucs). APOKCUMY 04y (hyHKLIEO
@(x) OyayrOTh TaKMM YHMHOM, W00 BIAXHWICHHH Bia f{x) Ha 3aaHOMY TIPOMIKKY OyII0
miHiMansaaM. [Tpu upoMy QyHKLMIO @(x) Oy 1y Th HasUBaTU anpoxcumyiouoio (puc. 6.1).
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Posaia 6. OcHOBHI BIIOMOCTI IIPO METOIW ATIPOKCHMALl]
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Puc. 6.1. ¢(x) — anpoxrcumyroua Gy HKLIA

Po3s” a3yr0uu 3a3a41 anPOKCUMALLi, OTPIOHO BPaXOBYBAaTH:

e Bubip By31iB anpoxcuMmarii, (OpPMyBaHHA IOYaTKOBOTO BY3Ia X, BHOIP
FIOCTIMHOTO KPOKY /. PO3PaxyHOK yCiX HACTYTHHX BY3:1iB (HANPHKIIA, AKIIO
xp = =03, h = 035, o x = (-03; .0,2; 0,7,...); OpH ILBOMY .3 METOIO
3MEHUWEHHSA TOXMOKM anpOKCHMALli BY3IM 00YHCIIIOIOTECA 33 CHCLIANEHHMHE
thopMymamy; v

o  mabip anpokCHUMyroUOoi QGYHKLIT (X), HAIIPHUKIIA/ MTOTIHOMOM

P(X)=a, +ax+ax" +..+a,x". (6.1)

B TaxoMmy BUMAAKy anpokcHMalis Oyae HasMBaTucs nojinomiaivhor. Koedimentu
NOMHOMY dg, ..., d, 1 HOTO CTEMiHb # BUOHPAOTHCS TAKAM YHHOM, OO 3a0e3nmevnTH
HalMCHIIC BIAXWICHHA anmpoKcHMyro4oi (hyHkiii Bin 3azanoi. Kpim Toro, HabnmxermHs
(yHKIiH Moke OyTH TPUTOHOMETPHYHWM, CKCTIOHCHLUMHMMY, JOTapU(DMIMHHMHU Ta
IHINMMK BHPa3aMH.

Sxmo  Qyskmis  Ax) 3a7a€ThCA  AHATITHMHMM  BHPAasoM, TO Tpu  nolyaoBi
anpokcuMy(ouoi (PyHKWI NOTPIOHO AOTPUMYBATHCA MIHIMATBHOTO BIIXWICHHA OJHIE]
dyHKiii BiA iHmMOI Ha JesKil HerepepBHiM MHOKHHI TouoK [a,b]. Taka anpoxcumanis
Oyae Ha3MBaTHCA Henepepenolo abo inmezpanvHom. TeopernuHo mns HakBAaIIOro
HaGmwkeHHs ToTpibHO, mo6 moxubka Ha YCIX TOYKAX BLIPI3KY  BLIXMIICHHA
anpokcuMy 040l PyHkuii ¢(x) Bia pyrxuii Ax) Oyaa MEHIIO Bia 3a7aH01 BeaMuuHK £>0

| f(x)-p(x)<e, a<x<h. (6.2)

B TaxoMy BHIAIKy KaxyTh, mo QyHKLIA ¢(x) pieHomipro nabauscye Gyrxuno fx) 3

TOYHICTIO £ Ha BIAPISKY [a,b].

Takox, AyXKS YacTO 3aCTOCOBYIOTh METOA CEPeOHbOKEAOPAMUUHO20 HADIUNCEHHS,
AJ1A AKOTO HaMEHIUE 3HAYECHHA Ma€ BCTHYVHA
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UwnceapHl METOAH B KOMI FOTEPHIX HAVKAX

. b :
M = [Lf () - () el (6.3)

J1151 OTpUMaHHA TOYKCBOIO CEPEeAHBOKBAIPATHYHOrO HabmwkeHus (yrxuii fx), ska

3a1A€ThCs TabIMYHO, aAMPOKCHMYIOUY (yHKLiFO ¢(x) OyayroTh BHUXOASYM 3 YMOBH
MIHIMYMY BETMYHHHY:

S =31y~ eI (6.4)
=0

ae ¥; — 3HadeHus @y HKUMH f(X) B TOUKAX X;.

Bemmumna S stsiise cobol cymy KBaapariB BIAXHICHb alPOKCHMHUPYROUOT (BVHIKII ¢(x)
Bix f(X) Ha 3amaHiil MHOXUHI TOYOK XpX ... X, ¥ BUTIAZKY HAOIKEHHS MOIHOMOM,
KOCOIUWIEHTH Gy dp. ..., @ IIOHPAIOTECH, BUXOASYM 3 YMOBH, IO BEIMYUHA S €
MiHIMaTbHOK. Takuil MiaXia A0 ampoOKCHMAL[i HA3UBAETHCH MEMOOOM HANMEHIUX
Kkeéadpamig. B upoMy BUIIamKy He 000B’I3KOBO, OO AMPOKCUMY¥0ua (hYHKIGA MPOXOAMIA
uepes By31M. Henomikom cepeHbOKBaAPATHIHOIO HabIvsKeHHs € Te, 1o QyHKini ¢(x) Ta
J{X) B OKpeMHX TOYKaX MOXYTb CYTTEBO BiapizHaTHcs. Haltuactime CPEAHLOKBAAPATHIHE
HaOTIDKEHHS 3aCTOCOBYETBCS JUTSL OMPALIFOBAHHS SKCIICPUMECHTATBHUX JTAHKX,

Ille omsuM cnOCOBOM TOYKOBOI ANPOKCHMALII € IHMEPRONIGAHHN, 33 SAKUM
anpoKCHMYIOUa ()yHKLIA NPMIMMAE B 33JaHMX TOUKAX X; Tl 7K SHAYCHHS };, IO 1 (Y HKLSA
Sx), Tobro: @ xi)= y, i=0,1,..., n, NPE LBOMY TOYKHM X; HA3MBAKOTHCA syziamiu
inmepnonayii. Ha puc. 6.2a i puc. 6.26 nokasaHo rpad)ik iHTEpromsLiiHOI (yHKLi i
PC3YNIBTaTH CEPCAHBOKBAAPATHYHOTO HaOmumxeHHs. Toykamu Ha rpadixy mapkosani
TabuuHI 3HaueHHs (yHkii f{x)

N

T
LB L B L B

T T

Q) T T T .1Tr|||/6) AL e B B B s A B e e e s

Puc. 6 2. a) llpukian inTepronoBalss Ta 6) cepe {HbOKBAAPATHIHE HAGIKSHHSL

6.2. ®opmynioBaHHsA 3aAa4i HAGNMKEHHA YHKLIN

Hoctanoska 3agaul HaGmwkeHHA (PYyHKIIK BuHMKae B 6araThox CHTyauisx. Pishi
po3aiam Teopii HaGa¥KeHb, a caMe IHTEPNONALNI, MOKHA POSIIAIATH AK BUBUCHHS
abCTPaKTHHX MOJCICH ACAKHX PEaTbHUX KJIaCiB Mpobuem.

a) Hadnpoctima 3amaua, IO NPUBOIMTG N0 HaOmWkCHHA (DYHKIGH monsrac B
HACTYTHOMY. B 1CKpeTHI MOMEHTH uacy Xi,...X, CTIOCTEPIraeTscst 3HAUCHH (Y HKLUI £X).
[ToTpiSHo BiAHOBMTM i 3HAYEHHA TPM IHIMX X. AHAJIOTIYHA 3a1aud BUHMKAE B
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Po3ain 6. OcHOBHI B1JIOMOCTI IPO METOIH alpoKCHUMaii

HAaCTYIHOMY: B  XOAI OOYMCHCHP B KOMITHOTEPHMX PO3PAaXyHKax AOBOIUTBCA
faraTopa’oBo OGUHMCTIOBATH OAHY 1 TY XK CKIaAHY (PVHKLIIO B PI3HMX TOUKAX. 3aMiCTh ii
Oe3MocCepeAHBOIC PO3PAXYHKY 1HKONHM ZOLIbHO OOMMCIIOBATH ii 3HAYEHHA B OKPEMUX
TOYKaX, @ 3HAYCHHSA B IHIIUX TOYKAX OOUMHUCIIOBATH, BHKOPHCTOBYIOUM iH(OPMALIIO MPO
BI1IOMI TOYKH.

Jexonu 3 nmeBHMX JOZATKOBHX MIPKYBaHb BLAOMO, IO (YHKIGIO, ska Habmmkye,
JIOLIJTLHO IIYKATH B BUTIISIAL

Fix)=g(xa,...,a,) 6.5)

Sxmo napaMeTpH qj,...qd, BU3HAYAKOTHC 13 VMOBM CriBHaaiHHs f{x) 1 HaOIOKaI090l
({hyHKIUI B TOUKAX X4,...X;,

G i,y = f(x)), J=Ln. (6.6)

TO TaK¥H croctO HaOMIDKCHES HA3HBAIOTE IHMEPROIAYICIO.

SAwmo @ NeXUTh 33 MEKAMM IMPOMUKKY IHTEPIONIOBAHHA, TO TaKe HaOIWKEHHA

HA3UBAETHCH EKCTPANOJISHIICIO. '
"~ 6) Yacto Gysae BLioMO, WO (YHKLis JOOPS HAGMIWKAETHCS (DYHKLIAMM MEBHOTO
BUIIISLAY, HAMPUKIAX MHOTOWICHAMM, alle HE 3pO3YMLNO, SK Kpame BCLOTO BHOPATH
CTeIHb MHOTOWICHA, 10 Habmuwkye. [Ipobnema yCKIaAHIOEThCA, KON 3a1aHi 3HAYCHHS
(yHKI MICTSTb BEITUKI MOXHOKH.

B) B s3azawax nnanyBaHHA eKCIICDUMEHTIB BHMHMKA€ HacTynHa mpobiema. Bizommuii
surnag, QyHkmi, mo zobpe HaOmwkye, Hampukiag, vk go0pe HabmwKyerses
MHOTOMICHOM JAPYTOTO CTCICHS. B TOM sk€ 4Yac 3HaYeHHs (PYHKUIL, 10 BHUMIPIOIOTHCS,
MicTATh Bemuki moxuOku. IloTpiGHo oTpumartu  Hakpame HaOIDKCHHS NpH
MIHIMANBHOMY YHCTI BUMIDIOBAHMX 3Ha4cHb (QyHkuii. Taka 3anada BHHMKAE Ipu
TUIaHYBAHHI CKCIICPUMEHTIB B O10510111, XiMmii, ¢izuii, reorpadii Towmo.

TopkHeMocs nOKTagHIIe IVIAHYBAHHA CKCIICPUMCHTIB Ha XIMIMHHX IMANPHEMCTBAX.
Hanpriknan, copT KanpoHy BU3HAYAETHCA LWIMM PAAOM MapaMeTpiB, HacTHHA SKHAX
3aJCKUTH BiJ BJIACTHBOCTEH CHPOBMHM, $KAa [OCTYIAE, a 4YacTWHA MiAAacThCA
VIIPABIIHHIO, NOTPIOHO MAKCPIMAILHO [iABUILUTH BUITYCK KAlPOHY mepuioro copry. s
LBOTO TIOTPIOHO MATH B PO3IOPSUDKCHH! (VHKLIIO, IHO BiXOOpaXKae 3aJ€KHICTh BUXOLY
NpoayKLIi BiA BCIX LMWX mnapameTpis. Po3risHEeMO BMIIAIOK, KOMM I (YHKWA €
MHOTOWICHOM apyroro crereHsa Bia 10 mapavetpis. Taxuit mMHOrownen mictuts 66
KOChILIEHTIB, TOMY I iX 3HAXOUKCHHS MOTPIOHO oHakMeHe 66 BumipioBats. Koxue
BUMIDIOBAHHS MICTHTb CYTTEBY BUNAAKOBY MOXMOKY 4Epe3 HAABHICTH PAXY
HCKOHTPOJIBOBaHMX (hakTOPIiB 1 (PAKTOPIB, IO HE BUMIPIOIOTECS, TOMY [UTA NOHHIKEHHS
BIUIMBY BMIIaZKOBOCTI HCOOXiZHO 30LIBMIMTH YMCIIO BUMIPIOBAHL. B TOM e yac KOKHE
BUMIPIOBAHHS OOXOOUTECS BIJHOCHO . AOPOro, 00 TMOTPeOye 3MIHM pPESKHMY poOOTH
PEATBHOrO IMAMPUEMCTBA, A0 TOTO K Taki BUMIPIOBAHHA YacTO NMOTPEOYIOTh TPHUBAIOrO
MPOMDKKY Yacy, TOMY IHO TIANPHEMCTBO MOBMHHO BMWTY HA CTALHOHAPHUI PEXKUM
pobotr. B pesymbrati aHamizy BCIX LMX MPOTHPIML | BHHUKIA Npof;iema HaOIMKeHHs
(yHKLIH, PO Ky HILTA MOB BHILIE. B
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UrcelbHi METOIH B KOMII KYTepHUX HAVKaX

r) 3amaua HaGmwKeHHs 3'SABIAETECA TIPM  HATMCAHHI CTAHIAPTHUX IIPOTPaM
PO3PAXyHKY CICMCHTAPHHX 1 CrIeLja;TbHHX (bVHKuii/’I 3BuuaiHO Taki ()VHKLII BOIOAIIOTH
crienianbHUMHU BIIACTUBOCTSAMH, SKi JO3BOSIOTH 3HAYHO 3MEHIMUTH O0CT PO3PaxXyHKIB.

Ilpobnema, mo BuHMKae, Moxke OyTH CHOPMYIBOBAHA TaK. PosraszaroTeCsa BCi
¢y HELUT g(x), PE3YNBTaTH PO3PAXYHKIB SAKHX 3aMUCYIOTBCH B A KOMIPKAax KOMIl KOTOPA,
Taki, IO JACsIKa HOPMA MOXHOKH H f- g“ HC MECPCBMILMTE £. 31 BCIX TakMX (JyHKIOH i
BUOpaTH TaKy, pO3pPaxyHOK K01 MOTPeOye MIHIMAIBLHHX 3aTPat 4acy.

B zamexnocTi Bia 0OCTAaBMH HOpPMa MOKE BHOUpATHCs rMo pizHoMy. B nepesaxwiii
OinpmrocTi BHNaAKiB GepeTees “ S/ “ = sup|f I Ha MIPOMDKKY |a,b], Ha SIKOMY HAOMHKAETHCS
¢yHkuig. JlocuTs HacTo NOTPIOHO TABMILMTH TOYHICTh B OKpeMMX Toukax. Hampuknaz,
0/a 31 CTAHJAPTHUX [POrpamM sin(x) 3abe3rneuye mOXUOKY B HOPMI:

“f[l = sup‘o%1 ]p(x)f(x), p(x) =min(10?,x"). (6.7)

BeeaeHHst MHOKHMKA p(X) BHKIMKAHC BUMOrO0 MiHIMyMy BiZHOCHO MOXMOKH
sin(x) MpY MalUX X. TakuM YHHOM MOXKYyTh [O-PI3HOMY TIYMAYUTUCH BHUMOIH
MiHIManeHOocTl 3atpar uacy [IK. 3arpard moxyTh 3ameskatd BIX TOYKH, B AKiM

BUpPaxOBvVeETsCs 3HaueHHst (yvexigi. [loswaummo ix uepes l(x). Axuro  BLACYTHS
1H(opMaLUs TIPO TE, 3 SKOK YaCTOTOK BUPAXOBYIOTHCS 3HAYEHHA (DYHKINI B THX M 1HIIMX
YaCTHHAX BLAPI3KA, TO AOLLIBHO B AKOCTI CIIILHOI MIPH 3aTPAT MPMIHATH:
1" =sup, 1(x). (6.8)
SIxino Taka 1HpopMaLis €, TO MOKHA TIPHHHATH.

T = Mi(x). (6.9)

A) Axmwo ¢yHKUIA 3a1a€TECA rpadikoM abo CKIaTHMM aHATITHYHAM BUPAa3oM, TO
BUHMKAIOTh BaplalyiiHl 3ajavl iHIHX THmB, Hanpuwrax, Hexait BMpILICHO po3duTH
BLAPI3OK @b HA [ 4acTHH:

[a,].a] i=lL..0, a,=a,a,=b
1 HA KOYKHOMY BIAPI3KYy [ 150, ] Ha6JIH)Kal()TB (1)\71-11{111}0 MHOTOWICHOM
Slx)=glx Z apx*

ab0 Apo6OBO—pPaLIOHATBHOK (JyHKLIO

1) = g)= 2%

Dk (6.10)
Shie
Cepen Takux crioco0iB HabIMKEHHA MIYKAOTh ONMTUMAILHE B TOMY YM IHIIOMY CEHCI.
HaityacTinie Hanepe HAKIAAAXOTHCSA YMOBU 71, =...=H#,, M, =...=m,;, (PIKCYETHCS YUCIO

BiAPI3KIB PO3OHMTTA / 1 MPOBOAMTHCA ONTHMIBANISA METOIY 110 &y ,...,d; , H 171
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Po31in 6. OcHOBHI BiIOMOCTI PO METO /M alpoKcUManii

B oxpemomy BUNAaky, KOiW /=1, BHHWKaE 3axauya HAMKPAanloTo PIBHOMIPHOTO
HabDKCHHS MHOTOMICHAMU YU IpO6OBO—paLiOHATbHUMH (PyHKLIAMU HA (DIKCOBAHOMY
BIAPIZKY .

e) Burasn HaGmmkaro4oi (yHKLET CyTTEBO 3aUISHKMTb Bid MCTH, 3 AKOKO 3AIHCHIOETBCA
HabmokeHns. TIpUnycTIMO, WO 3 AEAKOX0 TOUYHICTIO (yHKuis MOxe OyTH HabnuxcHa
MHOTOYACHOM 10-To ctereHa abo BMpasoM « SIN WX+ a,sinw,x. AKmo OTpuMaHe

HaOJIWKCHHS BUKOPHCTOBYIOTh B TEOPETHMHMX AOCILUKCHHAX IS PO3B A3KY 3a7adl Ha
MOICTIOKUOMY fIPUCTPOT YM B TEXHOIOTIMHOMY MPOLICCi, TO Apyra dopma 3anucy € binbi
3pyuHOK0. Anic sximo 3HaveHns (yHkuii Bupaxosyerses Ha [1K, o apyra ¢opma sammcy
norpedye npu cBoiii peatizauii OLIBILOTro YKcaa apudMeTHIHUX oriepartiit [76-80, 88, 92-
93}.

6.3. AnpoKkcMMaLis MeToA0M HaWMeHILUX KBaapariB
Hexail y pesybTaTi GKCIIEPUMEHTY OJEPIKaHO 3aeKHICTh, 306pakeny v Tabn. 6.1.

Tabmuys 6.1
Buxizni jani

S 7S A R S IRV R I B

e € e e e e

y Yo gl Yo | 7 M TR

Heobxiano  3Haiitu  aHamitvuny  Qopmyay  y=y{{), sKa  anpoKCHMye€
CKCTICDHMEHTATTBHY  (Tabamyry) sanexHicTs. BuGepemo samexsicTe (/) |y . BUITIAAL
TICAIHOMY JPYIOTO CTYTICHS, TCOTO

Vy=ay+a,-1+a,-t". (6.11)

Y Bupasi (6.11) xoediuientu @p, @;, > MUIATAIOTh BHU3HAYCHHIO, TPHYOMY Ll
kocGiuieHTy noBvHHI OyTH MAibpaHi TakMM YMHOM, OO 3aneKHICT V(f) HaMkpame
HAOMMXKATIA CKCTICPUMCHTABHY 3aTCKHICTb. HasseMo sidXuiiennssm O BIAMIHHICTb MIXK
TabAMIHKUM 3HadeHHsAM (/) v TOYL #; 1 3HAYCHHAM Y TiH camiii Touwl, To6TO

bl

o, =y () -ye) =y ()—ay—a, -1, —a,-1,7]. (6.12)

3rinHo 3 MetogoM Havvenmux keaapatis (MHK) "waiixpampnu” koediuieHTamu
sanexnoeti (6.11) OyayTs Ti, Ams AKMX CyMa KBAaApATIB BlIXMICHL Oyae MIHIMANbHA,
TO0TO

®(ay,a,a,)= Y 0] —>min. (6.13)

BHKOPHUCTOBYIOUM HEOOXIAHI YMOBH iCHYBaHHsI GKCTPEMYMY UTA (yHKLUI ACKUIBKOX
3MIHHHX CD(aO,al, a,), 3HAAEMO PIBHSAHHA AT BHSHAYCHHs KOCRMLIEHTIB 3aj€HKHOCTI
(6.11):

[95]
—
W



YucenbHi METOJIH B KOMIT IOTEPHUX HaykKax

9P g 9% 2%, (6.14)
oa, da, da,

3 yMOB (6.14) 01epKHUMO HOPMATBHY CMCTEMY JHHIMHKX anreGpaivHUX PiBHAHD

.
{ D N A S A 3 e N R T
k k k k

i a, St +a, -%t,eraz-%t,i:%t}(-yek; (6.15)

K

f d 'ZIIE T4 'ZII? +a, 'Ztlj = 2113 Ve
Lk I'4 k k

Po3s ssaBum cuctemy (6.15), smaiinemo xoediuientu a,, @,. a, aNPOKCHMYIOUOi
3azeskHocTi (6.11).
fipnxsian 6.1. 3anexHICT TEMICPATYPH AOCHKHOTO TiEPerpiBy piamu 7 ms PisHHX
3HaYCHb TUCKY P nogaHa y Tabn. 6.2.
Tabauys 6.2
3aeKHICTD TeMOEPaTypH 10CSEKHOT0 neperpiny piaun T, 1ast pizsHux
3HAYCHL TUCKY P
T.’C 36,5 ) 783 | 100,1 } 114,0 | 1228 | 131,5 | 138.2

P.Mila [ 02 1098 ) 200 | 3,04 | 392 | 500 | 6,00

HeoOX11HO y3araTbHUTH eKCICPUMEHTANBHI JaHl Y BUMBLAL aHATITHYHOI 3ANEAHOCTI
P=AT).

Po3e’szok. Jlin NpoBeieHHA aHamily BMXIIHMX NaHMX 3 METOI BMOOPY BMIISLAY
anpoOKCHUMY0YOT0 MHOTOWIEHA MOAAMO Y BUIVILAL rpadiky €KCIEPUMCHTANbHI JaHi 3
Taba. 6.2. T'padix wapencmii Ha puc. 6.3. V pesyabrati aHamisy JaHHX BubepeMo 3a
AnPOKCHMYI0YHMM MHOTOUJICH 11apadosty, AKa 3a4aHa 3aICKHICTIO

Paox) =agtax-tax’. (6.16)

P, ML

T,C
0 = . T T T T T 1
30 50 70 90 110 130 150

Puc. 6.3. Excriepumentanbya saiexuicrs P=f{T) npukiazy 6.1.

Hns ciporuesHs 064HCICHb 3pOBUMO HACTYTIHY 3aMiHy
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Po31ia 6. OcHOBHI BLAOMOCT] PO METO /I AIIPOKCUMAII]
bo=P(x) x =t - (6.17)
S [10]
JLnst BHBHAuCHHS KOe(DILIEHTIB ¢y, d;, d; HEOOXIAHO 3aITKCaTH CUCTEMY PiBHAHE (6.15).
JUts1 CKIQAAHHS CHCTEMH 3PYYHO CKOPHUCTATHCS JaHMMHM, HABSICHUMH B Tabn. 6.3.

Tabauys 6.3

JlonomizkHi AAHI 10 CKIATAHHS CUCTEMH JIHITHUX a/reOpaiunyx piBHSHb LTSt

BHUIHAYCHHA KoediuicuTis mapadoiiunoi anpoxciManii

i T; X; Y; XY X7 XY, A X

0 36,5 | 0,365 1 0,20 | 0,0730 | 0,13323 | 0,02665 | 0,04863 | 0,01775

1 783 {0,783 | 0.98 | 07673 | 0.61309 | 0,60083 | 0,48004 [ 037587

100,1 | 1,001 | 2,00 | 2,0020 | 1,00200 | 2,00400 | 1,00300 { 1,00401

114,0 | 1,140 | 3,04 | 3.4656 | 1,29960 | 3,95078 | 148154 | 1,68896

B lw N

1228 1 1,228 | 3.92 | 48138 | 1,50798 | 591128 | 1.85179 | 2,27401

5 1315 | 1,315 | 5,00 | 6,5750 | 1,72920 | 8,64613 | 2.27393 | 299020

6 138.2 | 1,382 ] 6,00 | 82920 [ 1,90992 | 11,45954 | 2,63951 | 3,64781

N=7 b 7,214 | 21,14 | 25,9887 | 8.19804 | 32.59921 | 9,77846 | 11,99862

BUKOPUCTOBYIOUM JaHi, sIKi HABEACHI y OCTAHHBOMY PsAKy Tabum. >6.3, CHCTEMY
piBHsHb (6.15) sarmmemMo y BUIIsAL
Ta, +7214-a, +819504-a, = 2114;
7214-a, +819504-a, +9,77846-a, = 259837: (6.18)
819504-a, +9,77846-a, +1199862-a, =32,59921

YV pesyastari poseasyBaHHs cuctemu (6.18) 0ZepKHMMO HACTYMHI 3HAYCHHA
xoediuientis a,=1,82743; a;/=-6,89062; a,=7,08440. Omxe, urykaHui anpoOKCHMY UM

MHOrOuYIeH Mae surasan )y =182743-689062- x+7,08440- x*. 3a gonomorow (hopmyi
(6.16) nepeiineMo A0 BUXIAHHX IO3HAYECHD Ta OCPHKHMO

-

P—1827-6891 - +7.084
100 10000
Ticns cripoteHHs BUpasy
P =1827-0,6891-T +0,0007084 7> (6.19)

OtprMana aHAMITHYHA 3aNCKHICTS (6.19) y3aranpHIOE CKCICPMMEHTANbHI J1aHi Tab1.
6.2, Jlnst OLUHKY MOXMOKHM ampOKCHMYIOHOI 3a&ICKHOCTI CKIAAeMO Tabauio 3HaveHb P.
Jlsi uporo Bu3HauvmMo THCK P 3a hopmyroro (6.19). Pesyasratu 3anecemo 10 1a61.6.4.

Tabmya 6.4
Pospaxyuxosi 3nadyenus P
7| 365 | 783 | 100,1 | 114 ] 1228 | 131.5 | 138.2

P£10256 0,775 | 1,953 | 3,179 | 4,049 | 5.072 | 5.835
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YucenspHl METOIH B KOMI FOTEPHHX HayKax

JUst oLiHKYM TOYHOCTI rapaboivHOl anpoKCHMaLii HeOOX1THO TIOPIBHATH 3HAYCHHA P
3 1abn.6.1 1 Tabm6.4. Moayns pi3m4ui BIATIOBIAHKMX 3HaucHb Aae AP-moxubky
anpoxcuMarii, 3Ha4eHHs AKOi noxaHl B Tadm. 6.5. Y Tabnuiui HaBelcHa TAKOXK BIIHOCHA
rioxubxa OP, sxa nopisHioe BiqHomeHHI0 AP a0 P.
Y adwuﬂ 6.5
AO0COIOTHA TA BLIHOCHA HOXMOKH anIpoKciMAaii
T 36,5 78,3 | 100,1 114 122,8 | 131,5 | 138,2

AP | 0,056 | 0,205 | 0,047 | 0,139 | 0,129 | 0,072 | 0,165

&P, % 28 21 2.4 4,6 33 L4 2.8

TopiBHANbHME aHani3 MOXMOOK TOKa3ye, IO OTPUMAHA AHATITHYHA 3alCKHICTH
33JI0OBLTBHO Y3arajbHIOE BUX1HI EKCIICPUMCHTAIbHI JaHI.
Jlna iHTerpanbHOT OLIHKH anpOKCHMALIT MOKHA CKOPHCTaTH GopMy Ty

n
2
2.0

n+1
Ha puc. 6.4 wHaBeseni aBa rpadiku, OJMH 13 AKMX INOOYJIOBaHMM 3a JAHUMH
arpoxcuvauii (Tabn. 6.4), a apyruit — 3a BEXIAHUMK AaHuMH (Taba. 6.1).

P, Ml

1 4 Pexcn

0+ . : .
20 60 %0 120

Puc. 6.4. Kprsa anmpokcrManii 1 BUX1JIHI JaH npukiagy 6.1.

[MopiBmioroun 1w rpadiku, MOKHA TaKOK BII3HAYMTH 3aJ0BUIBHY 30DLKHICTBH
TCOPETHYHUX Ta CKCTICPUMEHTAIbHIX TaHHX.

Tpuxaan 6.2, 3anexuHicTs TermoemHocTi (p dropuay MarsHilo BiA Temneparypu 1
noAanHo B Tabn. 6.6. HeoOxiaro anpoKCHMYBATH Ll AaHI MHOTOYIEHOM 1 OLUHUTH TIOXHOKY
anpoxcuMaLii.

Tabnuys 6.6
Buxigni xaui
T 300 400 500 600 700 800 900 1000

Cp { 70,35 | 75.38 | 80.53 | 85,81 | 91,26 | 96,83 | 102,53 | 108,27

Po3ze¢’sa30k. L5 BOOPY anpOKCHMYIOUYOr0 MHOTOYICHA JOUIIBHO 100y Ay BaTH rpadik
3anexuocti Cp=f{1) 1 npoanamsysaru #oro (puc. 6.5).
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Pozaii 6. OcHOBHI BIIOMOCTI PO METO M aNIPOKCHMAITi

!7“5 1 Cp, Ir/nmuas K
]

105 + N

95 .

.
85 L
e
75 L]
. T,K

65 - T T T i
| 200 400 600 800 1000

Puc. 6.5. Buxiani jaHi npuxiany 6.2

AnNpoKCHMYeMO fAaHy TabmuuHy 3aiEKHICTE MHOTOWICHOM ICPINOrO  CTYTICHIO
(niniiiHa anpoKcIMALIA)

P;(x)=ao+a1x. (620)
11{06 He onepyBatw 3 BEMKUMM YHCIIAMH, 3pOOMMO HACTYTIHY 3aMIiHy
7-300
= (6.21)
100

Oyrkigro (p nossasumo y. JU1a BusHaueHHs KOSDILIEHTIB dp, ¢; HEOOXIAHO CKIaCTH
CHUCTEMY PIBHsIHB

n n
agn+ay X, =Y ¥
i=1 i=1 E
n n n
2 _ B PRI i
(lole +alz.ri _inyi'
i=l i=1 i=1

o6y ayemo Tabn. 6.7, 1O MICTHTb JOTIOMIKHI JaHi /UTA CKIaNaHHA CHCTEMHU PIBHSIHB.
Tabnuys 6.7
JlonoMizKHi JIaHi 10 CKJIAIAHHS CHCTEMR NiHiHUX anrebpaiunmx pPiBHSIHb 15t
BpH3HAYEHHS KoedimicHTIB JHRiHOT anpokciManii

<1 (6.22)

1 T; X; Vi x/ X
1130 {0} 7035 0 0
2| 400 1 75,38 1 75,38
3] 500 12| 8053 4 161,06
41600 | 3 85.81 9 25743
51 700 | 4 | 9126 16 | 365,04
6] 800 | 5| 9683 | 25 [ 484,15
71 90 | 6 | 102,53 | 36 | 615,18
811000 | 7 | 10827 | 49 | 757.89
z 28 | 710,96 | 140 | 2716.13
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YucenpHl METOJIH B KOMH’IOTEDHI/IX HavKax

[MigcTaBuBmM gaHi 3 OCTaHHLOro psiaka Ttabia. 6.7 B cucteMy piBHaHB (6.22),
OJCPKUMO:

8-a,+28-a,=710,96,

(6.23)
| 28-a,+140-a, =2716,13.
3uaiizeMo ay 1 a; 3a dopmyamu Kpamepa.
710,96 28‘ 8 71096
2716,13 140 28 2716,13]
ay=—————"=69389, a =—————=542.
g8 28 8 28
28 140 28 140
Omxe, mykaHuii ampOKCUMYKMMI MHOTOWIEH MA€ BUTITAN
y=6989+542-x. (6.24)
3a nonomororo dopmyau (6.21) nepetineMo a0 BUXIAHUX No3HAYCHb, OxepkuMo
C =69.89 +5,42 1-300
b 100
ICIA ICPETBOPCHD
C,=53,62+542-10°7. (6.25)

®opmyma (6.25) € aHaMITUYHOKO 3ANEKHICTIO, [HO Y3aralbHIOE EKCTIEPHMEHTAIBH]
nanl Tabn. 6.6. Jlna oLiHKY JIHIMHOT anpoKcHManii HeoOX1JHO MOPIBHATH 3HAYCHHS V; 3

Tabm. 6.6 31 3HAYCHHAMH, AKI OTpHMaHl 3a opmymoro (6.25) ans seix Touok (1=1, 2, ..., 8).
Pesynpraty nopisusmus nogarl B Tadn. 6.8.

Tabruys 6.8
A0co/I0THA TA BiTHOCHA HOXUOKHM anpokciManii
i 1 2 3 4 5 6 7 8
x; 0 1 2 3 4 5 6 7
»i 70,35 | 75,38 | 80,53 | 85,81 | 91,26 { 96,83 | 102,53 | 108,27
ananim. 2arexciicms | 69,89 | 75,31 | 80,74 | 86,16 | 91,58 | 97,00 | 102,43 | 107,85
abe. noxubka 046 | 0,07 | 021 | 035 | 032 | 0,17 | 0.10 0,42
&, % 0,65 | 01 0,3 0.4 0,4 0.2 0,1 0.4

Ipoanam3ysasim & 3 Tabn. 6.7, moxkHa 3poOHMTH BHCHOBOK, mo dopmyna (6.25) €
AHATITHYHOI) 3ICKHICTIO, sIKA Y3aralibHIOE eKCIIEPMMEHTANbHL JaHi Taon. 6.6. Ha puc.
6.6 maBcaen rpadik dysxiii (6.25) 1 Buxiami gaHi. [lOpIBHANILHMA aHAMI3 MOKA3VeE
3a70BUIbHY 30LKHICTh TIHIMHOI anmpoKCUMaLi.
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120 1 ¢p,
Jharmons K
100 -
Cpexcn
80 +
60 - T T T T -
200 400 600 800 1000

Puc. 6.6. ['padik THIKHHOIO apOKCHMYIOUOTO MHOTOWICH 1 BUXI/HI /IaH]

6.4. MoHATTA cnnanH-anpokcUumawii

6.4.1. AHaniTuuYHe NoaaHHA CnnauvHie

Sxmo ¢yexmia fx) 3agasa CBoiMM 3HayeHHsMH B (#7+1) — Touwi, TO i MOKHA
aNpOKCHMMYBATH IHTEPIIOALIMHIM nostiHoMoM Jlarparka abo Herorona £,(x) creneHi # .
Ane TIpy BEIWKMX 7 BHHWMKAIOTh IMyJbcauii rosjiHoma P,(x) MDK By37maMM, OCKLIBKH BIH
MA€ TOYKH MAKCHMyMY 1 MIHIMYMY V AIMCHHMX HVJISX NOXIZHOI. YCYHYTH LIE MOKHA
3MCHILCHHAM CTENEHI TOIHOMA, IHTEPIIOIIOIYM TUTPKM YacTHHY TOYOK — Tak 3BaHa
“kyckoBa iHTeprioysiuis. Toai s BCi€l MHOKHMHHM TOYOK OJCPXKYETBCA PE3YNLTYIHOUA
“amwmra” abo “‘CKieeHa’ KpWBa, sIKA HCTICPEPBHA HA BCbOMY IHTGpBAIl, ane y By3lIax
“CKNCIOBAHHA  OKPEMMX KPHMBHX 1i TIOXIAHI MaTuMyTh pospue. [loxubka Taxoro
HaONWKCHHSL MOXKE BUABUTHCS 3HA4HOIO. KpiM Toro, Take HaOMWKEHHA HEMOMKIIUBE Y THX
BUIAKAX, KOIW BAKIHUBE 3HAYCHHS MacE IIaAKICTh alPOKCHUMY U0l (yHKIUT.

[TobymoBa mOMIHOM@ HEBHCOKOI CTENEHI AMA BEAMKOTO 4YKCIa TOYOK METOAOM
HalMEHIIMX KBAJAPATiB HE 3abe3nedye 3aJ0BUTBHY BiAMOBIAHICTh KPHBOI 3a1aHHM TOYKaM
(cyMa KBaJpaTiB PI3HMLL MiXK 3HAYEHHAMMA MHOTOYIEHA i PyHKUIT B JaHHMX TOYKAX- X044 1
MiHIM@JIbHA, ane 3HavHa). [liABMImEeHHs X CTereHI MHOTO'WICHA MMPUBOAUTE IO 3HAYHOIO
yCKIaaHEHH B o0umcnenHsx. ToMy OCTaHHIM 4acoM B Teopli anmpoKCHMAaLii IIHPOKOTO
BUKOpMCTaHHs Haly:im crnaitnm  (spline), sxi AO3BOMSIOT, B JACAKIH MIpI YCYHYTH
HEA0MKH KAaCHYHHX METOIIB HAGTMIKEHHSL. .

Y zaraisHOMY BHIIAZKy CIDIAMH sBiae coboro dyHxwio, sky "ckieeHo' 3
V3aradbHEHUX MOMIHOMIB TAKMM YHHOM, IO B TOYKAX "CKICHKW" Ixwi 3HauenHs ma
SHAUEHHA ROXIOHUX 00 0esK020 NopsioKy 36izaromeca. Halibinbin mpocTHMM € KYCKORO-
MOMIHOMI A7TbHI CILTIAMHK, J719 AKHX 32 OasucHl yHKii OepyThea ancebpaiuni noinomu.

CriiaiiHM  INMPOKO 3aCTOCOBYIOTBCA B PISHMX KOMITEOTEPHMX TEXHOJNOTIAX: B
ABTOMATH3ALIT POESKTYBAHHA 3 JOTIOMOTOK0 O0UYKMCITIOBAILHOT TCXHIKH, ¥ KOHCTPYOBAHHI
KPHMBUX 1 TIOBEPXOHB, B OTIPALFOBAHHI M MCAATBIIOMY MMOAAHHI reoMeTpyyHOI iH(opMarii,
a TAKOXK Y MPUKIATHIA MaTEeMaTHLi — y TeOpii anpoKCUMarii, YHCEIEHOMY 1HTETPYBaHHI
M Au(epEHLIFOBAHH], PO3B’ A3y BAHHI AU(EPEHLUATHHUX 1 IHTCIPATBHUX PIBHSHB.

CrinaifHy BOJIOAIIOTE PAJOM IIEPEBAr Y MIOPIBHAHHI 13 KIACHUYHOIO IHTCPIIOLIELO!
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YuceabHl MCTOJH B KOMII' IOTEPHHUX HayKax

v mpocmoma peanizayii na I1K;
v’ 3abesnevenns 6ucokoi mouxocmi anpoxcuMauii ogHodacHo Qymxmi Ta i
MOX1/THUX;

v/ CcIUIalHM JO3BOILIIOTH OTPMMATH HAONWKCHHA 3  MIHIMQIBHO  MONCIUEOIO

noxubK0I0I0 3aJaHOTO KIacy (DYHKIHM y MOPIBHSHHI 3 1HIIMMM METOAAMH,

v/ CrmaiiHM MOXKHA 3acTOCOBYBaTh AT HalOmwKeHHs (DyHKWIH, y AKMX CmyHinb

2100K0Ccmi HEOOHAKO6A Ha PI3HUX JUTIHKAX BiAPI3Ka arpoKCHMarii.

v/ CIUIaifHY NMOPIBHAHO TPOCTO V3a2albH0I0MbCA HA 6AaraTOBUMIpPHI 3a4a4l.

Hazea crinaits (ar:1. Spline - rHy4ka KpeciApchbKa HIHKA) OXOAMTE Bl TEXHIYHOTO
Kpeciaenns. A NMpOBeJeHHA IMaJKUX KPHBHX H€PE3 CHCTEMY TOMOK Y KDECAAPCHKIH
NPaKTHLl BMKOPUCTAKOTh THYYKl MHIMKH-JCKAna. [x arumarore Tak, mwo6 Bomu
HabGIIOKAIHCs 10 33JaHMX TOYOK 1 MIC/Is LIbOTO MPOBOIATH JTIHIIO.

Hexait Ha Bigpisky [a;b] 3anaHo Habip By3miB A:

a=xo<x<x<.. <x,=b. (6.26)

Tom mo3HayumMo:

- Ca:b] — mmoxuna (QyHKUIM, WO HenepepsHa Ha BLAPISKY [a:b] 1 Mae
HEMEPEPBHI TOX1THI £-TO TIOPSIKY:
- P, — MHOWHA NOJIHOMIB CTCTICHS HC BULIC H.

O3nauenns 6.1. OYHKIIA HASUBAECTBCA NOMIHOMIAIBHUM CHAAUHOM CTENCHA 1 3

MHOXHUEM £ (1 <k < #) 3 By3:1aM# Ha CITI A, AKIIO:
ok - . - .

o S'(x) € Pux)Vx € [xixn] (=012, n-1),

o SF(x) e CMap).

Habip £ 3a1a€ rmaakoCcTh CIVIAHHY v By3JIax 1 03HA4ae, mIo:

o ymxuis S*(x) Ta ii moxizHi 10 (1-k)-ro NOpsAKY € HenepepeHumu va [a;b];

e  mOXigHa opsaky (n-k+1) moxe 6yTH pospusioio B Toukax x; (i = 1,2,..., n-1).

Sixmo =1, TO 11 CTIAiHIB MHOXMHH & MOHA 381aTH NOSHAYCHHS 3,,(X).

Byaemo posrisaaTH CruiaiihM sk anapar HabmwkenHs Qymkuii f{x), mo 3agaHa Ha
AVCKPETHO-334aHIH MHOXKHMHI TO4OK. Jlna crmalHiB - HenapHoeo —cmenens  By3nd
iHTeproNALll BUOMPAKOTH, SK MPABMNO, y eyxiax chiaiiwa. Hexait wa simpisky [a;b] ¥

. . . N
By31axX CITKM A 3ajami sHauenns Qymxuii fix)=y; (¢ = 0, 1, .., n). Cmmaiin S, (x)
HA3UBAECTbCA IHMEPROARiTiHNAM, KO BiH 33 A0BONBHAE YMOBAM IHTCPTIONALIL:

S§n+1 (xi) = f(xz') (, = 0:1523"':}1)- (627)

JIns BU3HAYEHHs NAPAMETPIB CrulakiHa HeoOX1AHO 3aJaTH YMOBH IHTCPIIOMOBAHHA Ha
J01aTKoBl Kpaiiosi ymoBM. [ CrunaiHiB napHozo cmeneHs By3dW 1HTEPIIOIOBAHHSA
BUOHPAIOTE SIOMIHHUMY 610 €)371i6 CRAIHY, TOMY IIO 1HAKINE MOXE BUABMTHCH, IIO TIPH
JCAKMX YMOBAX CIUIAMH HE iCHye afo jk mporec 004HCICHHS IapaMeTpiB cruiainy Oyae
HecTiMxuM. PosrnsHeMo criocodu aHatimuynezo npedcmagiienis CRAQHIé 3a51CHHO Bl
BUOOpY OaskcHMX (hyHKILGH.

KyckoBo-noniHomianbue noxanns. CrualiH Ha KOKHOMY BIAPI3KY [xixi] (7
=(),1,....n2-1) MOKHa MOJATH'Y BUITISLIAL
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a) MOJTIHOMA B1THOCHO 0YAMKO801 TOUKHM BlApI3Ka:

Sk =) a,(x-x) , x € [xaxul, (6.28)

=0

) NOTIHOMA BiTHOCHO KIHLEBOI TOUYKHM BiPI3Ka:
n
x L '
SE()=> by(x—x.,) ,x € [xxal. (6.29)
-0

Nobyaona cnaaiiny wuepes yciueny cremenesy ¢yHkuilo: yciuena
cTeneHeBa (PYHKINA Amst 3MIHHOI X 1 NEn BUSHAYAECTHCA AK:

N
v_jx s x20;
x, = (6.30)
0, x<0;
i € CNIAHHOM Ccmenens 1 MHOKHHH & 3 BY3710M B TouLl x=0.
. . . / 5 .
AHanoriuHo ycivena cmynenesa QyHkyia (x —x].)f , IO 3B°sI3aHAa 3 BY3J1aMM CITKH A
(puc. 6.7), € HEeMEPEPBHOIO B TOULI X=X; Pa3oM i3 CBOIMHM MOXiAHMMM TOPAAKY A0 N-1.
OmKe BOHA € CIUTANHOM CTCTICHS 7 MHOKMHH K 3 €XMHAM BY3JI0M X;.

1+ (x- Scl)lf
0,5 -
Xj X
0 T 1 T i
0 0,5 1 1,5 2

Puc. 6.7. Yciuena crenenepa pyukuis (X — ¥, ¥ npnlv=3, x=1
Oyuxuii x; mpuy =017 1 (x—x) mpum =N -k +L. N i= 1,2,....n-1 ¢

JHHIMHO HE3QICKHMMH Ha BiApisky [a¢;b], ToMy ix MokHa MpuiHATH 3a Gasmc. 3Blacu
OTPHMAEMO CIUTANH Ha BiAPI3Ky |a;h] v BUIIsL yCIMCHHX CTeNeHeBUX (PYHKLUA.

N n—1 N
S(x)=SEx) =D ¢ (x=x) + . D a,(x—x)] xelab], (6.31)
r=0 i=1 j=n=k+1

SO, 1SV +0)- SV - 0)]

2 [J J,!

pospuBrKX v By3dax; r = 0,12, N:i=12,.. n-1;j=N-kt1, . N
JloseeHo, o Taka rolyaoBa CIUTAMHY € €0uHa.

e ¢, =

¥

' BEMIMYMHA PO3KMAY HOXIIHHUX,
r!
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6.4.2. Anpokcumauin KybiyHuMmM cnnanHamm

Ha mpakxrui Hai0inein mmpoke 3aCTOCYBAHHS OTPHUMANM IHTEPNOJILUNHI KVOiuHi
cnaaitny. Lle 06yMOBIEHO TUM, 1WO:
® [IOJTIHOM TPETHOTO CTENEHSA - UE HAMMPOCTIIIA KPUBA, II0 MAE TOYKY 3IHHY, 5IKa
3a0e3neqye HOro HeoOXIAHI IHTEPIOALIMHI MOKIKHBOCTI
o KyOiyHi CIUTAMHU MaiOTh Ha BCHOMY BIAPI3KY AIPOKCUMALIL HenepepeHi noxioni oo
opveoeo nopaoky. Taka THajgxkiCTe 3BHMYAHHO BHSIBISIETBCA IOCTAaTHLOK UTS
OLIbIIOCTI 3aBAAHY,
® HCBHCOKHH CTCIMHL TOJIHOMA B KyOIYHOMY CIUIaMHI CHPOUIy€E OOYHCICHHS Ta
3MCHILY € OOUMCITIOBAIBHY TTOXUOKY .
Hexait pyuxuis fx) 3agana Ha BLAPI3KY [a;b] y By3max citku A a =X, <X <x; < ... <
x%,= b sHavenrsmm f(x;) = y; (1 =0, 1, ..., n). PO3rasaHemMo crutaliii TpeThOro CTEIICHS.
Oyuxana S3(x) HazUBAETLCS KYOIUHUM CRAQIHOM, WO 1HTEpTONOE PyHKLi0 fix) v
BY371aX CITKM A, AKUIO!
® HA KOXKHOMY 3 BIIPI3KIB [x;; x] ( = 0, 1, ...,n-1) BOHA € MOTIHOMOM HE BHUILC
TPETBLOTO CTEINCHS:

Si(x) € Ps; (6.32)

¢ S(x) e HeriepepBHOW Ha [¢;b] pasom 31 CBOIMM TIOXIAHHUMH IPYV2020 ROPAOKY
BKJIFOYHO, TOOTO!

v 2 i~y
Si(x) eClab]; (6.33)
® Vv BY3/1aX CITKH (hyHKI{ S3(X) 3aX0BOIBHSE YMOBAM 1HTSPITOJISALII:
S3(x) =Lfx) ¢ =0,1,2,...,n). (6.34)
CkopucTaeMoCs KyCKOYHO-TIOMIHOMIAMBHUM HogaHHsM (6.28) xyOiuHoro crinakina Ha
BLAPI3KY [X;; Xi1]:
_ 2 3.y 5
S3(x) = a0 + an(e-x) + an(e-x;)” + an(x-x,)’, x € [xix01]. (6.35)
3aBaanHs noOGymOBM CIVIAMHA TIOJATAE V  3HAXOMKEHHI VCIX  KOS(IIIEHTIB
(mapameTpiB) @in,0n,0n,03. [IpU LBOMY Ha KOKHOMY YaCTKOBOMY BiApisKy [x;; Xi]
KyOluHUIl CIUTAfH BM3HAYAETBCS 38 YOMupMa napamempamit (Qwp,di,din,d3), Ha BCOMY
BIAPI3KY [a;b] KiNbKiCTL mapaMeTpis Oyne piBHmM 44,
JUts BU3HAYCHHS NAPAMCTPiB CIUIAMHA MOTPIOHO CKOPUCTATHCH:

s (n+1)-m yMoBoOrO 1HTEpIO AL (6.32),
e  VYMOBAaMHM HETICPSPBHOCTI CIUIAHHA V BHYTPIILHIX By3/1aX:

Sy(x-0) = S306+0) (= 1,2,... .n-1). (6.46)

® YMOBaMH HEMCPEPBHOCTI MOPLUOT i APYTOl HOXIAHMX CIUTakiHa y BHY TPILIHIX By3.14X:
S5 (x-0) = S5’ (6 +0) = 1,2,... ,n-1). (6.47)
S5 (x-0) = 85"(x+0) (F = 1,2,... .1-1), (6.48)
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SarajibHa KibKiCTh 3BS3KiB (yMOB) Mae Burisxm (n+l) + 3(n-1) = 4n-2. ma
PO3B’A3KY 3a1aui HE BHCTA4a€ ABOX PiBHAHb 3B'A3Ky. BLICyTHI M1 OXHO3HAYHOTO
BU3HAYCHHA CIUIaiiHa MBIl YMOBH 3A[AOTHCS AOAATKOBO Y BUIIAAl OOMCHKCHHS Ha
SHAYCHHS CIUTaiiHa abo MOro MOXiAHHX Hd KIHIEIX Biapiska [@,b], sanexHo BijJ (izudHOTO
3MICTY KOHKPETHOro 3aBiadHA. Haiifinblue 4acTo 3aCTOCOBYIOTH HACTYIHI KPQiio6i
YMOGU!

a) 85'(a) =1(a), 55'(b) =1 (b); -

6) 83" (a) =["(a), 5" (b) =" (B);

8) 53 (@)= S5 (b), r = 1,2 (yMOBa NePIOAMMHOCTL);

D) 85 "(x-0) = S5'"(x+0) (¢ = 1.2,....n-1) — nomaTKOB1 yMOBH HerepepBHocTl, xe S5 (x;-
0)1 Sy "(x+0) - Bi,AMOBiAHO, MpaBi ¥ /1iBa 04HOOIUHI MTOXIAHI TPETHOTO MOPAAKY B TOYL X;.

JU1st BH3HAYMCHHSI APAMETPIB Ky OIMHOr0 CIUIAHHY 3a1aMO HACTYTIHI [TO3HAYCHHS!

hi=xi —x;(i=0,1,... n1) (6.49)
=83"(x1), (6.50)
m;=8(x;) (@i =0,1,2,... 1) (6.51)

Beanuuua M, Ha3MBAETbCA MOMEHMOM CRAQTIHA B TOHLL ;. BeawdnHa m; Ha3sUBAETHCH
Haxurom cnaaina B toumi X;. Ockimeku S3(x) - ky6iuHa (YHKLIA, TO HAa KOKHOMY
4aCTKOBOMY BiADI3Ky Apyra moxizwa S;”(x) Oyae nimifinoro dynkuiero Bin x. Tomy mas
X€ [%;x:+1] 3@ GOPMYIIOIO NTHIHHOTO 1HTEPNIOHOBAHHA 3aIAIIEMO:

S5 (%, =85 (%)

Sy (x)=85 (x;)+ (x-x)=
, T 7% (6.52)
=M, s Mia =M, (x—x;).
- h,
[IpoinTerpyemo aBiyi (6.52):
S3,(x)=S;(xi)+M,(x—xi)+—%L—i(x x )% (6.53)
M
Sy(x) =y, +5; (x Wx-x; )+—’(x x,)* +— z(x x,)’. {6.54)
Miacrasumo v (6.54) x =x;:
' Mi 2 Mi+ _Mi 2
Vi = ¥ +85 (x)h +—2-hi +—-617i—'h;3, (6.53)
5 (0 zy_}_?i _%(21\4,. +M,,). (6.56)

i

[iacraBumo Bupas (6.56) y dopmy:n (6.53), (6.54):
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S3(x) =y, + l’ilh—_y—"—%(zM,.+M,,l) (x—x)+
: (6,57
i Mos M,
S;(x):—“z”—lh;&—%QMi +M )+ M(x-x)+
M M’ (6.58)
z+£h z(x x)

ae xelx;xm] (7=0,1,2,.. n-1). Gopmymu (6.57) i (6.58) supaxarots kyGiuHMi criTaiiu i
HOTO NepIly MOXiTHY Ha BIAPI3KY [Xi:X:1] uepes sHaueHHs (yHKLUIl 1 MOMEHTH Y BY310BHX
toukax. 3 (6.57), (6.58) MoxHA BU3HAYMTH MapaMETPH CIUTAHHA HA KOXKHOMY IHTEpBani B
KYCKOBO-TIOJHIHOMIaIbHOMY BHIJIAL:

Qio = Vs
a, = Yiel — Vi .
hl
M, (6.59)
2 2 >
_ A’{z+l _A/[i
BT ¢ I, .

Hns BH3HaYeHHA MOMCHTIB M, M, BHKOPHCTaEMO BIACTHBICTH HENEPEPBHOCTI
nepmoi noxiaxii. s pOro JOPIBHAEMO BUpPa3s NEPUIOi TOXiAHOI IPaBOPYY 1 TBOPYY Bij
KOKHOI rpaHn4HOi Kpark. [Tic/ nepeTBopeHs 0aepKuMO /-1 PIBHSIHHS BHUTIALY

a,'M_] +2M, +ﬂM+] = d,’, (660)
Ry 6.61
v 6.61)
LS (6.62)
" hi+h P '
g =S \XT¥h ViT¥el =12, (6.63)
ho+h | h A

Jna BU3HauUeHHA MOMCHTIB M, y BCIX By3iax HeoOX1aHo 2o cuctemu (6.60) goaatu

me 06d pi6HAHHA, MIO BHILIMBAIOTH 13 KpakoBux ymMoB. MoxkyTh OyTH 3amadi HacCTVIHI
KpaHoB1 YMOBH:

a) Y KpaHoBHX TOYKaX 30ITar0TECA Nepiii NOXiAHl criaiHa i ¢yHkLji:

S3'(a) =1(a). $5'(8) = f (). (6.64)
JoaaTkoBi PIBHAHHA MAIOTh BUTIA;
2M0 +M1 = do, (665)
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M+ 2M,=d,, (6.66)
dy =79(M-f'<a)} (6.67)
70 h()
6 Vo Vot |
d =— fi(b)-2nl | 6.68
§ hn—l (f ( ) hn—l J ( )

[li kpaiioBi YMOBM MOXHA BMKOPMCTATH, KONH BiAOYBAacThCS CITTaMH-aIpPOKCUMALI
sanaHoi aHatiTHyHOI (yHKii. Criocid HeMpWAATHMI AT arPOKCHMALL] TabaMIHO3aTaHHX

(yHKLUA.
6) V kpaiiHix Toukax 36iraloThCs Apyri mOXimHi hyHKL 1 CTUTaiHa:
83" (@) = f"(a), 55" (B) =1"(b). (6.69)
OcKITBKM APYra MOX1AHA — 1E ITyKaHHH MOMEHT, 1€ O3HA4ae, WIo.
M, = f"(a), M, =1"(b). (6.70)
OcobnuBocTi:
v yMOBA TAKOXK BMKOPHCTAEThCA Ui anpokcuMamii (yHKInH, 3azaHux

AHANTHYHO,
v sxmo € macTtasu BBaxatH, mo f(a), = f'(b) = 0 (10010 Ha Kpasx € TO4Ka
MeperuHy), Te LeH crocid npuaaTHui Ui anpokcuMauii  TabaInuHuX
(yHKLi;
vy mpoMy cnocodi And 3HAXOKCHHS MOMEHTIB JOCHTH po3B s3atTH h-2
PIBHAHHSA.
r) Criaits - nepioawdHmii 3 nepionom (b-a). 3HaueHHsA CIUIAHHA 1 HOTO TEpuIOi u
APYTOi MOXiAHUX Y KPaMHIX TOUKax nomnapHo 30irarocs:

857 (@)= 55 (b), r=1,2. (6.71)
Kpatiosi yMOBH: )
M, + By + onM, = di; (6.72)
LMy + M F2M, = dy; (6.73)
Mo=M,. (6.74)

Lieit croci6 BUKOPHUCTAETLCA:

- 13t anpOKCHMAaLi nepio X (y HKLEH

- JUTSL anPOKCHMAITi (Y HKIIH, IO yTBOPIOKTH 3AMKHEH] KPHBI.

1) YBOZATHCSH AONATKOBI YMOBHM HETICPEPBHOCTI - PIBHICTH MOXIAHUX 3-T0 [OPAIKY
nPaBOPYY i TIBOPYY BiJl BCIX BHYTPIIHIX TOYOK:

S5(x-0) = 85"(x+0) (7 = 1,2,...,n-1). (6.75)

Kpaiiosi yMOBH:
(1 + )M+ (B - on)Mz = prron; (6.76)
(1P Mz + (14 WMy = Griha; (6.77)
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m, =Yz aM, (6.78)
A,
M, = Mua =By My (6.79)
[24

n-1

Y pesyawTari BUXOOMTh cucTema 3 (#-1) mimidHWX anrebpaivmHMX piBHAHL i3
TPBOX/IIArOHATBHOK) MATPHLIEIO, 3 TIEPEBaroK TOJOBHOI AiaroHani. BHACTiZOK IBOTO
MATpHiLl CHCTEMH Oy A€ HEBMPOKCHOIO, IO CBLAMMTE PO €IMHE PINICHHA CHCTEMH. JlBa
MOMEHTH, IO 3aTMIIHIACS po3paxoByroTh no piHsHHAX (6.78) 1 (6.79). Liei MeTox MOXKE
OyTH BUKOPHCTaHMI 111 TOGY A0BH CILTAHH-aNPOKCUMALT TaGTHIHIX (hyHKUjH.

st poss”asanss cuctemu (6.60), (6.76), (6.77) BUKOPHCTAIOTD METON TIPOTOHY, SIKMiA
Y LBOMY BHIAAKY € 0Co0muBO eextuBHIM. OCKinbkM B Matpuii koedilieHTIB €
AlaroHalbHa NepeBara, POLICC NMPOTOHY € CTIMKUAM MO0 TIOXHOOK 3a0KPY [NICHEHS,

llpu  KyCcKOBO-MOMHOMIATBHOMY TPEICTABICHHI CIUIaHa TOTPIOHO B  mam’sTi
KOMII F0Tepa (IKCYBATH: BY3IH CITKM X;, 3HauCHHS (yHKLIi V;, MoMenTu M, (i = 0,1,...n).

Ipuxnax 6.3. [Tobyaysatn cruaits i rpadix crmabu-anpoxcumMarii s Tabnuunoi
¢dvrxwi (Tabn. 6.9)
Tabruys 6.9

BxigHi naui gns npuxmaay 6.3
x]011]3[35]|5] 6
v, 11216165635

Poszs a30x.
a) Busnauntu MmomeHTH CruraiiHa. 3a kpaiioBi Buxopuctaemo ymorH (6.78). PoGouuit
apKyIU MPOCKTY NPEACTABICHIH Ha CKPIHMIOTI (puc. 6.8

Puc. 6.8. CrnaiiH-anpoxcuMariist
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0) 3axaTy BUXLAHI AaH] - 3HAUCHHA X;, }y;

B) v komipkax D3-D7 BU3Ha4MTH 3HAYCHHA /] q)op\l} na xomipku D3: =B4-B3. Hani -
KOIMIOBAHHS Ha BECH J1aIa3oH;

r) B xomipkax E4 - E7 BusHaumti 3HaucHHs mapamerpiB a mo dopmyai (6.61).
®opmyna komipku E4: =D3/(D3+D4). Jlani - koriioBaHHA Ha BECH J1aMa30H,;

1) B xomipkax F4 - F7 BusHaumtn 3HaucHHs mapamerpis f mo dopmym (6.62).
®opmyna komipku F4: =1-E4. Jlani - KormiroBaHHA Ha BECH A1anasoH;

¢) B xomipkax G4:G7 BusHauMTH 3HAaueHHs napameTpis d 3a Qopmynoo (6.63)
®opmyna xomipku G4: =6/(D4+D3)*((C5-C4)/D4-(C4-C3)/D3). Jam - kOMIIOBaHHs HA
BECh J1aNa3oH;

x) B koMipkax Al1:D14 cTBOPHOEMO CHCTEMY PiBHSHbL T BUSHAYCHHA MOMEHTIB M,
- M, 3a signosizmumu dopmynamu. DOPMYIIM HCHYIBOBUX KOMIPOK HaBeicHl B Taba.
6.10.

3) y macusi komipox H4:H7 Gyayemo po3s’ssyBaHHA cucTemu piBHaHb A1 My - M.
®opmyaa macusy: =MYMHOX(MOBP(A11:D14).E11:E14),

Tadnuys 6.10

DOpPMY TH HEHY TBOBMX KOMIPOK JUI% CUCTCMH PIBHAHB CTitakiHy (puc. 6.8)
Kowmipka | PiHsAHHS HCHYTbOBOTO CIEMSHTY Dopmyiia KOMIPKH

All 4 =1+ A 1 F4

Bl11 an= - o =F4-F4

Ell bi=f-x =E4*F4

Al2 ay = O =E3

B12 (122:2 =2

Ci2 an=/h =F§

El12 by_ = dg =035

B13 ap =03 - =E6

Cl13 ap =2 =

D13 a3q = B3 =F6

El3 by=d; =G6

Ci4 ag = O~ =E7-F7

D14 44 = 1+a4 =1+E7

El4 by= fyds =E7*G7

i) B xomipui H3 BusnauwmTv 3HaueHHs MomenTy My mo dopmysi (6.67). Qopyyaa
komipku: =(H4-E4*H5)/F4;

k) B komipwi H8 BuiHaumtu momenT Ms mo dopmyai (6.68). ®opmysa KOMIPKH:
=(H7-F7*H6)/E7,

1) B koMmipui 13:17 BusHauuTH KOS(ILUEHTH Gy A1 KOXKHOTO 3 ianasoHis. PospaxyHok
BUpobseThes 3a hopmynowo (6.59). Gopmyra komipku [3: = C3. Jlani xomroemo Ha BECh
J1ara3oH;

M) B komipxax J3:J7 BusHauatd koe(iL€HTH ¢ TS KOXKHOTO 3 Jlama3sOHIB.
PospaxyHok BupobnseTses no Gpopmyii (6.59). @opmyna xomipku J3:
=(C4-C3)/D3-D3/6*(2*H3+H4). [Tani KOMIKOEMO Ha BECh AiaNa3oH;
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u) B komipkax K3:K7 BusHauutu koediuieHTH @ 118 KOKHOIO 3 JIaTia3OHIB.
Pospaxyrox Bupobmserbes o dopmymi (6.49). ®opmyna xomipkm K3: =H3/2.
CkormiroBaTy Ha BECh A1dna3oH; s

0) B koMipkax L3:L7 BusHauuTH KOC(ILUEHTH @3 AT KOKHOTG 3 JAlanasoHIB.
Po3paxyHOK BHKOHYETBCA 3a (opmyoro (6.49). Dopmyna xomipku L3: =(H4-H3)/6/D3.
CxomiroeBaTy Ha BeCh A1ana3oH;

) Jaii BUSHAYWTH 3HAYCHHA CIUTAMHA B KOXKHOMY 3 J1ana3oHiB. Y 1a11a30Hi 3HAYCHB
x Bin 0 10 1 pospaxyHok- o gopmy i xomipxu B17:
=$1$3+3J$3*(A17-$A$17)+$K$3*(A17-SA$17)2+8L$3*(A17-$A$17)"3

CxomiroBaTd Ha niamasoH no B22. Asanoriyeo 3poOUTH PO3PAXYHOK TA 1HIIMX
AlanasoHiB; )

p) mo otpyManiii Tabmuiy nody ayBaru rpadix crnaiiua (puc. 6.9).

8 7

e

g+ v — Y
D 2 4 . <]
Puc. 6.9. ['padik crinatiH-anpoxcumaltii
MeTtoa HaOIMAKEHHS CITIAMH Ma€ 3HAYHE YUCTIO MOMUDIKALIH, y TOMY YHCIT - METOX
3MJIAUKCHUX CIIIalHIB, CMMOI03 METOAY CIUIANHIB | HAUMCHIIMX KBaAPATIB, IO JO3BOIISE
Oy avBaTH rmagki anpokcuMauii ckragHux ¢y Hxuii 3a JAHUMH 3 IOXUOKAMHU.

6.5. Po3B’AA3yBaHHA 3a4a4 PiBHOMiIPHOro cnnaunH-
HaOnuxeHHA

3ajga4a PiBHOMIPHOTO CIUlaiH-HaOMWwKeHHs HenepepsHoi (yukwi f{x) Ha BiAPIIKY
[o..f] monsrae B 3HAXOMKEHHI piBHOMIpHOTO HabawwkeHHs f{X) ACKLIBKOMA OKPEMHMM
BMpa3aMu Ha YaCTKOBMX rimiHTepsanax [#. (). i=1gq. { =, 1= f, slapisky o, B].

[i HabmwkeHHS MiAOUPArOTBECA Tak, WOO MoXubKa Hi B OAHIH TOYLI Ha BCbOMY BiADI3KY
[o.] He mepeBwmityBata Hamepea 3axaHOi BEMHYMHM. JIOHUTBHICTE Takoi IOCTAHOBKH
sajaul 3 PO3ALTBHWM  HAWKpaMM DPIBHOMIPHMM HAaOIMKCHHAM HAQ  OKPEMHX
nigiHTepBanax BiApisky [ow,3] MOSCHIOETHCH MOMXUIMBICTIO OTPUMAHHA NMOTPIOHOT TOYHOCTI
HAOIIDKEHHA TIPH HEBEIMKMX 3HAYECHHSX KUIBKOCTI MapamMerplB HaOMWKatO4MX BHPA3iB.
KyckoBO HENEpPEepBHi anpoKCHMAaLil BHKOPHCTOBYIOTBCA, 30KpEMa, Y BUMAJKY, KOIH
HaO1wKyBaHa (YHKLIS Ma€ OCOOMMBOCTI B ACHKHX TOYKAX, SIKI CNIPMYMHAIOTH TIOTaHY
AMPOKCUMALIK) Ha BCHOMY BLIPI3KY.
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6.5.1. O3HaueHHA Ta Bnacmsocn piBHOMIpHOro cnnanx-
HaONMKEeHHS

PosrsHeMo cruiais

S()=F, o fea)s <x<t,. =14, L (6.80)

B SKOMY KOXCH BHpas F| (x a )) =1,....¢ € HalKkpamuM PiIBHOMIPHMM HaOIVOKEHHAM
¢dyuxmi fx) Ha BILAPI3KY [,, :»1] 3 Barco w(‘c) Touxu ¢ji=1,..,q9+1 HA3MBAKOTH
BY3JaMHM CILIaiHa, a Bupas m(x " ) IO 33/1a€ SHAYCHHS CIVIAiHA Ha BIAPIKY [t IM]

i-TOKO NAHKOXO CIUIAlHA,

Axkmo (, — 3HAYCHHA TOXMOKM HAOTWKECHHA Ha i~TIH JAHLH, TO TIOXHOKOMO
HabIKEHHS! CTUIAMHOM HA3UBAEThCA BelMuMHa G, sKa plBHA
G =max(;. (6.81)

I=i<g

Crutaitem (6.80) TOELHYIOTH TIO3MTUBHI BJIACTMBOCTI HAMKPAmIOro PiBHOMIPHOTO
HAGMWKEHHS OAHHAM BHMPa3oM (HEBEIMKA KUIbKICTh MapaMeTpiB) i HaOIKeHb
KIaCHYHMMU CrulakHaMu (CTiMKiCTs pu obuucnenni) [179]. ’

PisHoMipHe  Cru1aiiH-HaOMIKEHHS XaPAKTCPHU3Y €TbCA  (PYHKLIOHAILHUMH
BIACTHBOCTHMM 1”4 cnocoGou n06y;[05n 3a LI)ymmonaanmn BTACTHBOCTAMH
BHITAJIKY HenepepBHuX crutaiv- Haﬁnmker-rb HA KOKHIA naHin Oyayerhes Hamcpame
piBHOMIpHE HAGIKEHHS 3 ICBHMMM J0JATKOBMMHU yMOBAMM; AKI HepeBaH(HO BU3HA%AIOTh
sHaueHHs roxubxu y Bysmax. Llx noxubka moxke OyTH PIBHOKO. HyJ0 af0 BU3HAYATHCH
JOMYCTUMOKO  MOXKMOKOK — cruraiH-HaOmwxerHa. HcoOXimHICTE  posrisagy  KyCKOBO-
HEMCPCPBHIX CrnaiH-HaOWKCHb BU3HAYAETBCA 1X 3aCTOCYBAHHAM, HANPUKIAL, TpH
OIMCI CTaTHUMHHMX XapaKTCPUCTHK mpmonepemopronaqns abo amapaTHIH peamsaun
obumcaeHHs (yHKLIH [179] I1py po3B’s3yBaHHI TAKMX 337a4 JOIyCKAETHCSA POIPHUBHICTD
anpokcumMyouoi (yHKLT, nvme 6 noxwbka HabmwkeHks 6y1a J0CTaTHBO MaIOK.

3a crocoGoM noby A0BH PO3PISHSIOTH OOHOPIOHI ¥i HeoOnopioni craittm [179].
OOnopioni crnakHu — 1¢ CIUTAWHM, B SIKMX JIAHKH MPEICTaBIAIOTHCA HAOIIKEHHMU
BMpA3aMM OJHOTO M TOTO K BWAY, a HEOOHOpIOWI — U CILIAHHM, B AKHMX JIaHKH
MPEACTABISAIOTECA plSHHMPl HabmwkeHIMH  BHpasaMH. MOXIMBICTE BHOOPY PI3HMX
HaBTIKEHUX BUPA3iE HAa OKPEMMX JTaHKAX CIVIAHHY JO3BOJIAE AOCATaTH OLIBIN TOUHOTO
NpeACTABICHHS  (DYHKWIM HA  BOJMKMX  IHTEpBanax. Heoamopiasi  cIutadHm
BHKOPHCTOBYIOTHCSl TP OOYMCICHH! criemiambHux (yHKIGH 1 MOJCTIOBAHHI ACTKMX
npowuecie [179). Crutaiinu pos3pisesmoTh e # 3a criocofoM BuGOpy By3niB. byBaroTh
CITAiHM 3 OJHAKOBOK AOBXKHMHOIO NaHKK ((PIKCOBAHI BY3NIH), TAK 1 3 PIHOK JOBXKUHOIO
(noBineHi By3nH). [loGya0Ba CruraiHiB 3 0AHAKOBO JOBXKHHOI JIAHKH I10 CYT1 3BOAHTBCA
20 TOC/TiIOBHOTO 3HAXOLKCHH PIBHOMIPHOTO HAGIMKEHHs A1 BIAOMKX TTi AIHTEPBAIIB 1
TOMY Aali PO3INAJAIOTECA TUTHKA CIVIAMHM 3 AOBITBHMMH Bysmamu. B CIUTabHax 3
JOBITHHMMM BYy3TaMM JOBXMHA JAHKH BHM3HAYAEThCA B 3AEKHOCTI BLI YMOB
OIMTUMATBLHOCTI [179] T06TO BH61p BY3JIiB TPM 33/aHiM MOXMOLI HAOIIKCHHA MOBHHCH
3a6E3MEMMTH MIHIMATBHY KUIBKICTh JTAHOK, 4 TIPH 3a/@Hii KiIBKOCTI JJAHOK — MIHIMANbHY
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noXwuOKy. 3yCTPI4alOTECA TAKOXK 337a4i, B SKHX JOBXKHHH JTAHOK BU3HAYAIOTHCS TICBHAMMU
3a/IEKHOCTAMH, HANMPUKIAA, 00 NOBXKMHA TaHKH Oyia KPaTHOK CTeneHl Asidiku [179]
TOMLIO.
Cepen 3amad Ha 3HAXOKEHHS PIBHOMIPHOTO CIIIaMH-HAOMMKECHHA PO3PIZHAIOTH
3ajadql, oo 3BOAATHCS A0 3HAXOLKEHHS:
- OﬂHoplﬂHOI‘O CruraiiH-HaOmokeHHs, wo 3abesmevye 3agaHy mNOXMOKY TIpu
HAWMEHILIN KUIbKOCTI JTAHOK;
— OMHOPITHOTO CIUIAMH-HAGIMKCHHS 3 3aJaHOI0 KUTBKICTIO JAHOK, IO 3abesmeuye
MIHIMaJIbHY MOXUOKY HaGIMKCHES,
— HEOJHOPUIHOTO CIUIaWH-HalawKeHHs, WO 3abesmedye 3amaHy TOXMOKY IpH
HAHMEHIIH KUTBKOCTI JIAHOK,
— HEOJHOPIAHOTO CIUTaMH-HAOMIKEHHA 3 3aJaHOK0 KIIBKICTIO JTaHOK, WO 3abe3neuye
MIHIMAJIbHY NMOXUOKY HAOIMKCHHS.
Jna 3py4aHOCTI MpUBEACH] BUIIE 3a4a4i CKOPOUCHO TO3HAYaTumeMo S, Sh, Si Sy
Ii s3azayl XxapaxTepHi #K IS KYCKOBO- HCTICPEPBHIX, Tak 1 HCTIEPEPBHMX CIUTaiiH-
HaOmwKeHb.

6.5.2. OpHopiaHe cnnaiH-HaGNUXeHHs 3 334aHO0 NOXUBKOD

oGy a0Ba 0AHOPIAHOTO CTITAMH-HAGTIKEHHS 3 334aHOK0 MOXUOKOH (3azada ;)
NOJIAra€ B 3HAXO/UKCHHI HAMKPAIOrO PIBHOMIPHOIO CIUTAMH-HABIMKEHHS BHPa30M
Fep (a;x) ¢vukuii f{x) Ha Buapizky Clo,f}] 3 Barowo w(x), ke 3abesmedye 3aAaHy
noxubky G, npu HafiMeHIIIN KUTBKOCTI nanok. Po3p’s3yBaHHS Liei 3amadi MONATaE B
TakoMy BHOOpI By3mB /,j=1..g+] CrulafH-HaGMMKCHHA, MPU SKOMY NOBXKHHH BCIX

JIaHOK, MOXIIMBO, KPIM OCTaHHBOI, € MAKCUMATBHO JCIYCTUMMMHE IT1 33AaH0i TIOXUOKM
HabmwkeHHa Gy.

Hexaii G(f Y R0 A ) ~ NoxuOKa HAHKpAImOro PIBHOMIPHOTO HAOIMKEHHS

dyHkmi [ (x) Bupasom £, (x; a) wa BiapiKy Cla,,a, ] 3 Barow w(x)

/&) w(’; 5” (x a){. (6.82)

Hani, Hexaiti TOUKH X,(;) CHIBNAJAIOTh 3 BY3NTaMH CIUIAlHA t (x,-(]»):tj,

G(f,ﬂ_m;al,az)z min max

A4 ay<xsay

J=12...,9+1). Toni By31m tj(j =2, gl =X =0l = Xy = ,B), SIKI € PO3B’A3KOM 3a1adi

OIHOPLAHOTO CIUIAWH-HAOMIKCHHS 3 324aHOI0 MOXMOKOK0, 3310BOTBHIOT YMOBAM:

Gl Fp X %)) < Gl =L (6.83)
Gl Fyps %oy )> Gosd = Loong =1,

Crmadn-HaOmwkeHHsA, sAKe € pO3B’siskOM  3agaui S, OyzeMo Ha3uBaTu
PIGHOMIpHUM CRIIQUH-HABAUICCHHAM.
Anropur™ 106y J0BH OAHOPIAHOTO PIBHOMIPHOTO CIUTAHH-HAOIMKEHHA 3 32aHOIO

NOXMOKOK MOIATae B TIOCHIIOBHOMY BM3HAYEHHI NPOMDKHMX BY3TiB CrUiaiiny f i

(%]
2
o
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Jj=2....9. =, forr = = f. Cnodarky BU3HAYA€THCA NPaBa IPAHULL {, MEPINOL JTaHKH

[t,, tz], noTIM - xpyroi 1 T.4. Li BY3nu BUBHAYAIOTHCS 1TEPALUMHUM CIIOCOOOM, IPH AKOMY

YTO4HCHHs TPOOHOTO 3HAYeHd Bysna [, TIPOBOAMTECA B 3AIEKHOCTI Bia noxubxu

HAOIKCHHS HA BIAPI3KY lt stk ].J BIJTIOBLAHOL TOTOYHOI JIAHKH 33 (DOPMYJIO0:

L. =X j=2.,9,r=12.., (6.84)

Jr+) Ti rel

Ly =1 +l( i - J)N}GO/G .l (6.85)

t;, -r1-TC HaOIMKEHHA N0 ]-TO BY371a CTIakHy; X, - TOYKA MHOXHHM X , AKa CIBMAajac 3
v )

J -MM BY37OM CriTaiiHa {; (t =X ); [ ]- KBaJpaTHl AyKKU O3HAYAIOTH LTy YaCTHHY BIX
BMICTHMOTO; (- noxubka crutaiit-nabmwkenns; G, - noxubka HaOTWKEHHA TIPU 7-1H
ITepauii Ha j-18 maHui lt FRTL J»J; M - KUIBKICTh HEBIAOMHUX MAPaMeTPiB B HAOIMKAIOUOMY

BUpA3i; /; , - HOMEP TOYKH X B MAMHOMKKHI X, AKa BiANOBIAAE 7-MY HAOMMKEHHIO J10 j-I0

BY3JIa CIIakHY .

Qopmyna (6.85), a1a BUBHAYCHHA HOMEPA TOYKH YCPrOBOTO HAONDKEHHS A0
IIVKAHOIO BY3Jd, OTPHMYETHCS 3 (HOPMYTH Ui HAOHMIKCHOTO 3HAYCHHSI TOXHOKHU
HAOMKEeHHS PIBHOMIpDHUM crutaitHoMm [179] B mpumymeHHl, mo Touku X, i=/.. n»
PIBHOBIAAANCHI.

Hoyarkose npoOHe 3HaueHH1 By3na !, MOXKC BU3HAYATHCh, BHXOLTIM 3

MIHIMAJIBHO AOMYCTHMOI JOBKHMHM JaHKH, a00 321aBaTHCh KOPUCTyBadyeM. llouarkosi
TMPOSHI SHAMCHH /I PEWITH BY3THB /. ( j=3,.. ,q)- MPUHAMAIOTHCA PIBHMMHM JOBXUHAM

TIONEPEAHIX JIAHOK, TOOTO: 1, = Xi > AC 1, = 2 =i,

V Bumagky, KoM IpU JesAKOMY ! ;3 SIKMXOCh NPMYMH HE BJAIOCH 3HAWTH

HaHKpalEe PiBHOMIPHE HAOMDKEHHA Ha BIIPI3KY ’_l t J, TO 3a HACTYIHE 3HAYCHHA

-1

[.fm BUOMPAETHCS CYCLIHS 311Ba 4O ! ;j, TOYKa MHOXHMHH X - (xv o =X ,,1), IpH YMOBI,

wo i, —/-i ,;>m+/. llpu Bubopl HACTYMHOTO 3HAYECHHA [, = MOXHa

BHUKOPHCTOBYBATH M iHmH CTpaTerii, HANMPHK/IAL MOKIAJAaTH HOTO PIBHUM CEPEIHBOMY
3HAYEHHIO MIXK TPAHMYHO AOMYCTHMUMHU. 3afa4a S; mpu HaOIWKEHHI TabaMIHO 3aaaHHX
(YHKLIN HE 3aBKAM Mac PO3B A30K. BOHA HEe Mac PO3B 3Ky, SKINO HA OJHOMY 3
I AIHTEPBATIB [ Xy, X;;ny ], 7 =1.2,....4 MIHIMATBHO NOTlyCTUMMMM A1 HAOIKDKAIOHOTO
Bupasy 3 m (i(j+1) — i(j)=m) nmapamerpamMu AOBXHMHM JIAHKH, OTPUMYEThCH INMoxubka G,
6inpwa Big sananoi Gy(G >G,). MoxmBuil me TAKOXK BHIAJOK, KOJH HE BAETHCA

3HAWTH HAOMIDKCHHA HA OJHOMY 3 IAIHTCPBANIB | X,

i(7)» %(jo1)] H€PE3 HEBMKOHaHHsA

JOCTAaTHIX YMOB HOIO 1CHYBaHHS.
SAxmo mpu MoGy0BI PIBHOMIPHOTO CIUTAMH-HAOIIKCHHS 3 3aJaHOI0 TTOXHOKOH0
BCEC TaKM HA BAANOCA 3HAWTH HAOIWKCHHS 4CPe3 HCBHKOHAHHA HCOOXITHUX YMOB HOro
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icHyBanmHa a0 oTpumyBazack Oibia Bin 3agaHoi MOXMOKAa, TO B 3aNEKHOCTI BIA
KOHKPETHOI 3ajaui MoskHa BuOpatw HaOmoKalouMii BUpa3 3 OUTBIIOID KiTbKICTIO
napameTpis ab0 36LTLIIMTH MOXMOKY HabmyukeHHs. B TakoMy BHNanKy MOXKIMBL ¥ IHIUi
piLlICHHS, HANPUKIIAJ, B IPOTIOHYIOTH HA MiAIHTEPBANaX, HA AKMX HAHKPAIIE PIBHOMIPHE
HABIKCHHS HE BAATOCA 3HAWTH, BUKOPMCTOBYBATH IHTEPIIONALUIO THM CAMHUM BHPA3OM
abo HaOmwkaroTh noniHoMoM [166-167]. TIpu mporpamsiii peazauii UpOro anropuUTMy
KOPUCHO TiepeAfauyMTy MOMJIMBICTD 3aJaHHA 33 MOOaKAHBAM KOPHCTYBaya NOYATKOBOI
JOBKMHHM TIEPINOi JTAHKH, a TAKOXK OTMEPATMBHE KOPMIYBAHHA NMPOOHMX 3HAYEHDb BY3IIiB
crutaiiHa. B mporeci yTOMHEHHs By3NiB CIUlaiHy OakaHO BMBOAWTH TNOBIIOMICHHA IPO
IyKaHUH BY30J1, OTPMMAHY HA JaHid JIAHI] NOXHOKY M HacTyIHE NMPOOHE 3HAYCHHs IS
Byana. Taka iHopMalis I03BOIMTb KODHCTYBAuCBI BU3HAYMTH CTaH DPO3B A3VBAHH
3a7ayi ¥ npu noTpebi OTIEPATHBHO CKOPUTYBATH IM0JABIIEH HOTO X1J1.

6.5.3. MobyaoBa HeoagHOpigHe cnnaH-HabGNMXeHHA

ITpu mobyaoBi HEOJHOPIAHOTO CrUIAHH-HAOMIOKCHHA HAOIMWKAOYl  BHPA3M
M AGHUPAIOTHCA OKPEMO TSI KOXKHOI JIAHKK 3 ACAKOI M AMHOKUHH V), (Vm <V). Tomy npu

rnobyJ0Bl HCOAHOPIAHOTO CIUIaMH-HAOMMKCHHH 3 33JaHO0 NOXMOKOK  HEOBXiaHO
TOTEPEAHB0 BH3HAYMTH AOTYCTHMY ITMHOKMHY HaOIMDKAIOUMX BHPA3iB, AKI MOKYTh
BUKODMCTOBYBATMCh /Ul anpokcHMauii Ha OKPeMHX JaHKax. SKImo JomycTuMa
MIIMHOXKMHA HAOMIDKAIOUMX BUPA3iB HE 3a1a€ThCA KOPHCTYBAYEM, TO PO3IBLIAIOTLCA BC
MOYCIMBI BHPA3M 3 33aHOK0 KUTbKICTIO mapameTpis. [lpy upoMy MoXHaA repeabaunTy me
i 337aHHA TPIOPUTETHOCTI 3aCTOCYBAHHA HAOIMKAIOUMX BUPA3iB HA OKPEMHUX JIAHKAX.
[NouaTKOBe 3HAYCHHSA NOBKHMHM MEPILO] NAHKM MOKE BM3HAYATHCH TaK, 5K 1 MPH 100y 10B1
OJHOPIAHOTO CTUIAMH-HAOIMDKCHHA 3 33ZaHOI0 MOXHUOKOK0.

[To6ynoBa HEOAHOPIAHOTO  CIUIANH-HAOMMKEHHY 3  3aJaHOK0  TOXUOKOK
BiADI3HAETLCH Bid TOOYJOBM OJHOPIAHOrO CIUIAMH-HAOIDKCHHA THM, IIO MIiCHA
3HAXOUKCHHA ONTHMAJbHOI JMOBKMHH JIAHKWA [PH HAONMKCHHI OJHMM 3 JOITyCTMMMX
BMPA3iB MEPEBIPAETHCA MOXKIMBICTS 30LIBINEHHS {i JOBXKMHM TPH BUKOPUCTAHHI 1HILIMX
Habnwkarouux Bupasip. [lpy LOMY MIHIMAIBHO JOIYCTHMA JOBMKMHA TOTOYHOI JTAHKH
NPUAMAETBCA HA OJHY TOYKY JOBILOK Big OTpuMaHOi orrumanbHoi. Taxwmit BHOIp
MIHIMAJIBHO JOIMYCTHMOI JOBKMHW JT@HKW TIPU arnpoOKCHMALii IHINMMMM JOIMYyCTUMHMH
BHMpPA3aMM JO3BONAC 3 MEPIIOi CIIPOOM BH3HAMUTH, UM MOXIMUBE 30LIBINCHHMA A0BKHHU
MOTOYHO! TaHKH.

SIKINO MPIOPUTETHICTL HAOIMKAIOYMX BHPA3iB HE BCTAHOBICHA, TO NMPH MEPEXOAl
A0 TOIIYKY HACTYITHOI JIaHMKM 3@ MOYAaTKOBMM BU/ HAaOMMKAXHOTO BUPasy NMPUHMMAETLCH
BUPA3, AKKM 3a0¢3MCYMB MAKCUMAJTbHY JOBKUHY HA MOTICPEIHIH MaHM].

[lp# nporpamHuii peamizawii LBELO aIrOPWIMY JOLWTBHO —mepeadauuTw
dopMyBaHHA WIAXOM BHOOPY OakaHoi MIAMHOKHHM HAaOTIDKAIOMMX BUPa3iB, a TaKOX
MOJK/IMBICTL ONCPATHBHOTO KOPEKTYBAHHS LUEl ITiAMHOXKHHH B IIPOLECI PO3B A3YyBAHHA
sagaui [72-73, 152]. B mpaui [152] naBeaeHo upwkiaz anpOKCHMAL{i HOMIHATBHOI
CTaTM4HOI XapakTepPHCTHKM TEpU OMapH /s Alaria3oHy KPIOIEHHUX TEeMIEparyp 3
HEOOXiAHOK TOUHICTIO. B pesybrari anpokcumaiti 1st OIHCy 3a7TCKHOCTI TEMIEPaTypH
BiJ Tiepenajgy Hanpyrd Oylo OTPMMAHO PIBHOMIpHE CruiaifH-HaOmpkeHHd 3 12-Ma
napabomYHUMM JTGHKAMH.
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6.6. MeToau o6UYNCNEHHA PiBHOMIPHOro (MiHiMakCHOro)
HaGNMXxeHHA (hyHKLin

6.6.1. 3aranbHa NOCTaHOBKA 3a4ayvi HaNKpPauWoro MiHiMakCcHoOro
HaGNUMXeHHN PYHKLIN

Po3rasiHEMO IMCKPETHHMH BHNAA0K 3a4a4l PIBHOMIPHOTO (MIHIMAKCHOTO) HaOIMIKCHHA
¢yuxwi. Hexait Clo, B] — mpoctip HenepepBHux Ha Biapisky [o,B] midicHux dyHxii 3
HOPMOIO:

|/ = max If(X)} (x)e Cla. 4. (6.86)

1V< C[a, p ] — HEITYCTHH M ATPOCTIP BUPA3IB
F(x:a)= F(x;a,,a,,..a,). (6.87)

Bix miicHux mapametpiB a (a € A, A<R™ , me R™ — eBxaigosuii m- MipHUE MPOCTI
paMeTp p np PJ..

Hexait Tabnuuno 3amana Qysiis fx) BU3Ha4YeHa 3HAYCHHAMH [ = [ (xk) k= N
Ha MHOMHHI TOYOK: -

X=fr<x <x,<.<xy <f} (6.88)
1 Barosa yHking w(x) — BiaMiHHa BiA HyIa Ha [0, B].

* - .
Osnavenns 6.1. Bupas Flx;a ), ang sxoro Haiibuibnie 3HaueHHA abCOMOTHOI
BEIMMHHHM 3BAKECHOI NOXUOKH

o &Y o
G(f,F)= max|f(x)”P("’“ (6.89)

Xy EXSXy,

Jociarae Ha MHOMH] X HAMMEHUIOTO 3HAYCHHS

f(x) F(x a)
)

HA3MBAETHCA HAHKPALLMM PIBHOMIPHIM Habmwxerav Qymani fx) supasom F(x:a) Ha
MHOXHHI TOYOK X 3 Baromw w(x) Tipu poMy semmumny G(/F) (6.89) nHasuBaroTh
MOXMOKOI0 HAMKPamoro piBHoOMipHOTO HaOmwkenHs ¢yHkwii f{x) Bupasom F(x,a) Ha
MHOXHHI TO40K X 3 Baroro w(x). '

Omxe, METO PIBHOMIPHOTO (MIHMIaKCHOTO) HaONYDKCHHS (hy HKLIH MOIATae B TakoMy
BUOOpI HEBIIOMUX KOE(IIIEHTIB aNpPOKCHMMYIOUOTO BUPasy, IpH AKOMY HaMObIa
abcomoTHa noxubka HabTKeHHs HaOyBa€e HAMMEHILOTO 3HAYCHHA:

max |(/ (x)- Fx;a))/ w(x) - min. (6.91)

G(f P) min max

A x<x<xy,

(6.90)

ANpOKCHMALIII0 3 TaKMM KDHMTCPIEM BH3HAYCHHS HCBIJOMHX TApamMeTpiB  IE
HA3UBAIOTb HAUKPAUUM e BUMIOBCHKUM HABTUNCEHHAM GO0 MIHIMAKCHUM.
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Hait6inbin nowmpeni piBHoMipri Habnwxenus 3 sarow w(x)=1i wlx)=f (x). V.
BUTIAIKY w(x):l Bupas F(x;a’) HA3MBAKOTh HAMKPALMM DIBHOMIDHUM HAOIMKEHHAM 3
abCOMIOTHOIO TOXMOKOIO, a Y BHNAIKY w(x)= f{x) -~ 3 BimHocmow noxmbkorw. Ha
TIpaKTHLI 3yCTPIMAKOTHCS M iHI BaroBsi (yHKOii, HaMpUKIaL:

wix)=1-/"(x). , (6.92)

3anaya 3HAXOKCHHS MIHIMAKCHOTO HAONWKCHHA BMHHMKAE, HAMPUICIAA, TPU TaKHX
pospodkax:

MPOSKTYBAHHI KOHTPOILHO-BUMIDIOBATLHUX IPWIaAiB, 30KpeMa TepMomeTpis  abo
mpoMeTpiB (rPafyrOBaHHs, TIHEAPHU3ALIA CTATUIHUX XapaKTEPHCTHK),

NPOEKTYBAaHHI PI3HOMAHITHUX ()YHKUIOHATBHMX MEPETBOPIOBAYIB (ONHMC NEPEAATOMHUX
dyHrLi);

peamizaiii anropuTMiB OOUMCICHHS CICHIATPHUX (YHKIINH Ha BHUCOKOMPOIYKTHBHHMX
MpoLecopax  ONMpALOBaHHs — JaHMX  (anpokcHMauis —CKIamHuX  (hyHKULIOHATbHEX
3aIEKHOCTEN MPOCTUMHM aHATI THIHMMHU BUPA3aMH), ‘

noGy 0Bl MaTeMaTHYHMX MOJETEH DI3HOMAHITHMX HENCPEPBHUX IIPOLECIB HA OCHOBI
JUCKPETHUX BHMIPIOBAHB IX 3Ha4CHb,

B MAIIMHOOYIYBAHHI 171 TPEICTABICHHSA KOHTYPIB NPOCKLIN ACTaleH 31 CKIaIHUMH
FeOMETPHYHHUMH (JOPMAMH, a TAKOK AHATITUMHOTO NPCACTABICHHA KPUBHX, sKi 331ai0Th
TPAEKTOPIO Pi3aNbHUX IHCTPYMEHTIB B BEPCTAaTaX 3 MPOrPaMHUM Y TPABITIHHIM.

KpiM Toro, piBHOMIPHy anpOKCHMAIUKX) J3HMX JOLIIBHO 3AaCTOCOBYBATH Y
PI3HOMAHITHMX 3a7aYaxX YIUUTBHCHHS MACHBIB PE3yJbTaTIB BHUMIDIOBAHb, WO MICTATH
METOAMYHY TIOXMOKY y BinoMmux mexkax (e Moske OyTH TeaemerpuwuHa iHdopmaiia abo
MaCHBH reo()i3MMHKMX YK CCHCMIYHUX BUMIPIOBAHb TOILO).

OctaHHiM 4YacoM TOPSAd 3 KIACHYHUMH MHOTOWICHHMMHM ¥  PalLiOHAIBHWMH
HAMKPALFMH PIBHOMIPHMMM HaOJWKEHHAMM BCE YACTILIC PO3IIBLIAKOTECA HAOIMKEHHA
HEMHIMHUMHA BupazaMu. Lle noAcHIoeTbCs THM, WO (BisudHl IpoLecH 31¢01NBIIOro MaKTh
HCMHIAHMH xapakTep 1 118 OLIbII afneKBaTHOrO iX NPEACTABICHHA BHUKOPMCTOBYIOTBCHA
BIAMOBINHI TECOPETUMHO OTPUMaHi ab0 IHTYITHBHO MOOYJOBaHI HETIHIHHI 3aJCKHOCTI.
BHB4aIOTLCA TAKO# MOMKIMBOCTI BUKOPUCTAHHs PIBHOMIPHOTO HaOnvoKeHHA (yHKLUH 115
NPEACTABICHHS PO3B A3KIB AMEPEHIIATBHUX Td IHTCTPAIILHUX PLBHSHb, PO3IIIANAIOTHCA
¥ 1HIII MOXJTHBI 3aCTOCY BAHH: PIBHOMIDHOTO HAOTIDKCHHS.

TakuM YMHOM, AKTYQIBHOK € PO3po0Ka NPHURIAAHOTO MPOrPaMHOTro 3a0e3MCUCHHS
Ans NEPCOHATBHMX KOMITKOTEPIB, sIKE OPIEHTOBAHE HA PO3B A3yBaHHA 3amad, IO
3BOAATECS [0 3HAXOMKCHHS HAWKPAOro piBHOMIPHOTO HabmwxeHHs GyHkiik. B cBii
yac a7 Maun. cepii MUAP 1 CM-4 6yiu po3pobiicHi nmakeTH mporpam it po3B’ 3y BAHHS
JeAKMX 3amad 3 PIBHOMIPHOI anpokcumarii (yHkia#. Take mporpamHe 3abe3neueHHs
6y10 Takok pospobieHe i 3a KopaoHOM. Po3poOka Takoro mporpaMHOro 3ade3neycHHs
I NEPCOHATBHMX KOMIT IOTCPIB  TMOBHHHA IPYHTYBATUCh HAa AaHAmI3l 3amad 3
piBHOMIPHOTO HaOMWKEHHs (YHKIGHA 1 BKIIOYATH HOBI TEOPCTHMHI W [PaKTHYHI
PO3poOKH.
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6.6.2. AnpoKCUMaLiAHi 3areXHOCTI

IMignpocTip Ha0IWXKaOYMX BHpasiB V' B 3aralbHOMY BHMIAAKY CKI3Ja€ThCA 3
CYKYTIHOCTI BUPA3iB;

F(x;a)=F(x.a,a,,..a,), m=mym, i= ik, (6.93)

KOKCH 3 AKUX 3aNEIKUTh BiJ NIMCHHX NMapaMeTpiB g, sikl B CBOK) 4EPIy € SIEMCHTAMH
mavuoxuan A (@€ A, A<R™, ne R™ ~  ¢BRIZOBHA m-BUMIPHUM ITPOCTIp).
BinoGpaxeHus F,(x;a) CIIBCTABAAE KOKHOMY enmemeHTy @ € A oany (yHKLIO
F{x,a)e Cla, B]. Hami xomxpetne F,(x;q) wHasmBaTmMeMO BMIOM HabIMKAXOMOTO
BUpa3y. 3BMYAMHO PO3PI3HAIOTP MHOTOWICHHI, paLiOHambHI W HEmiHIMHI Habmuwkaroui
BMpasu. Bupasu 01HOrO BHAY BiAPI3HAIOTHCS OJUH BiI OJHOIO KIIBKICTIO MapameTpis
(danpukiian, cremeHeMm nomHoma). Habmkarounit BMPas BB@KAETbCSA 3aJaHMM, SIKILO
3a4aHO MOTO BHA 1 KUILKICTH mapameTpis. Jyist mo3HaueHHA HaOIMKalOuoro BHpasy A—ro
BUAY 3 771 apaMeTPaMH BUKOPUCTOBY BATUMEMO 3amuc F; (x:a).

A 1mWo % J0 NMpakTHYHOTO BUOOPY BHpasy # (x; a), TO BIH MOBMHEH OYTH ITPUIATHIM

110 SKOMOTA TOMHIIIOTO BiATBOPEHHS MOBEIIHKM HaOmwkyBaHoi GyHKuIi f{x) Ha BIAPI3KY
[c,B]. Konxperusytoun BHOsig Hadmwkarouoro supasy F (x;a), MOTpIOHO B MEBHHX

BHMIAAKAaX BPAxXOBYBATU (PYHKLIOHATBHI BIAacTMBOCTI f{X), a came: TapHICTk,
MOHOTOHHICTh, ACHMMNTOTHKY. Jlekoiau BuOIp HAOIKArOMOTO0 BHPa3y 3YMOBIHOCTHCS
YHCTO TPAKTHYHMMHK BMMOramMHd. Harpukiaza, 3yCTpIMaroTLCs 331a4l, B AKMX MO0
ANPOKCHMYIOHOTO BHpAsy CTaBlAATBCS BHMOTH 10 3a0€3MEUCHHIO 3pYYHOCTI TIpH
AHATITUYHUX TIEPETBOPEHHSAX HAX HMM. B TakOMy BHIAAKY AOLIIBHO BHUKOPUCTOBYBATH
anrebpalyHl MHOTQUICHIL

P (x:a)=a, +ax+ax” +..+a,x". (6.94)

MHOroWwICHHI HaOTWKCHHA 3PYYHI TAKOX NMPH OOYUCICHH] 3HAYCHb T KOHKPCTHHX
X, IX HECKJIAAHO TEXHIYHO PCani3yBaTH B CJICKTPOHHMX MPpHIaaax.

[lpu po3s’s3yBaHHI peaTbHMX 3aia4 sK AIPOKCHMYHOUI 3aICIKHOCTI Ciial. BUOMpaTH
Bupazd 1 (x; a), sKi BLATOBINAIOTH OYIKYBAHIM MNOBEJIHLI BiANOBLAHMX (i3uMHUX
npotiecis. Hanpuknan, ansg Onucy 3aTyXar4uX MpPOLECIB JOIMIBHO BUKOPUCTOBYBATH
EKCTIOHEHLI ATbHI MHOTOYWICHH BUAY

l*fm(x;a)=§_:a1 exp(—ﬂv,-x), (6.95)
ne A; — GikcoBaHI KOHCTAHTH, a TIPH TCPIOAMMHUX IPOLECAX — TpI/II‘OHOMéTpH'-IHi
TOJIIHOMH:

1, (x;a) =a,+ Z(ai cos(i-x)+b, sin(i - x)), (6.96)

i=1
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YriceanHl METOH B KOMI KOTEPHHUX HayKax

Tomo. Ha IIpaKTI/HJ,l B 3agaiax HaGJ’IPDKeHHH Hamacnme BHKOPDUCTOBYHKOTH Bnpa:m B AKHX
HEBLIOMI TIapaMCTpH BXOIATh HIH]I/IHO TOOTO KBA3IMOTIHOMM:

F(x;a)= ap(x)+ a0 (x)+ ...+ a,p,(x) (6.97)

ae’ @, (X) — JHIHHO-He3a1exH1, HenepepsHi (yukuii Ha Cla,B], saxi 3a10BIIBHAOTE YMOBI
Xaapa. Cucrema QyHKLIH @, (x) Ove 3a10BUTbHATH YMOBI Xaapa, KU BUSHAYHHK 77-TO
TIOPSIAKY

|¢S(x,.)|, i<i,s<m (6.98)

HE TICPETBOPIOETHCS B HY/Ib Hi JUIA AKOTO HAOOpY PI3HEX MDK COGOK m TOUOK X Ha
Biapisky [o,f]. Cuctemu (pvHKUIHA, M0 3aA0BLIBHAIOTE YMGBI Xaapa Ha3sMBalOTL mic 1-
cucremamu abo ueOmmoBcokumu cuctemamu  Qyukwii. Hanpuknax, ymosi Xaapa
3aJ0BUIBHAIOTH TaKl CHCTCMM (DY HKLIH:

¢i(x)= x' i = cosli- x )= exp(- A,x), 6.99)

e A —3amaHl KOHCTAHTH Ta THII.

Ane, HOKab, THIWHI MIOA0 HAOMIMKAIOYHX IMAPAMETPIB anpoOKCHMALii, 30KpeMa M
MHOTOY/ICHH, HE 3aBXTH BIAMOBIJAIOTE Xapakrepy HabmwkyBaHMX maHux. MHOrowieHu,
HaTMpUMKIIa/, MaOTh IE U TaKy MOTaHy BIACTHBICTb, IO iX 3HAYEHH: IUBHAKO 3POCTAE MPH
i.x| —> 00, IO HABITH HECKIAAHY (BYHKLUFO

o) =1/(1+x) (6.100)

MHOTOWICH IIOTAHO ATPOKCMMYE HA BCIMKHX BLAPI3KAX. [HIOMM LIMPOKO BKWBAHWAM
BHOM 3a7I€)KHOCTI B1J KOC(ILIEHTIB € PALiOHATBH] BUPA3H:

m 1-1
R, (x:a)=Y ax' /| x'+ Y bx' |, (6.101)
i=0 . i=1

AKI THYYKillle IPUCTOCOBYIOTHCA 10 ffX) y BHMITAAKY, KOAM KpakHA TOYKa BIAPI3KY [o,f]
COIBITAJAE 3 TOUKOID BEPTUKATLHOI AOTHUHOI.

Buspsietsest, 1o B 0araTb0X BUMAAKAX BHKOPMCTAHHA 3aMICTh IIOJIHOMIB
PAaLIOHATEHUX BHPA3iB NMPH TiK JKE KUTBKOCTI [IAPAMETPIB N03BONSE JOCATHYTH Kpalloi
TOYHOCTI. TOOTO TOHIDKYETHCS 3HAYCHHA MAKCMMANbHOI MOXMOKW. AHANOrIYHO [0
KBA3IMOMHOMIAThHOI  sanekwocti  (6.101), Ha npakTvii  BHMKODHCTOBYIOTH i
KBa3ipaLlOHATbHI BUPA3H, B SKMX HA MICLI (PYHKIIH X' BHKOPUCTOBYIOTh <,"oi(x).

Hexomu porineHo Habmwkath He QyHKUiO y == f{x), a cnewansHo muibpany yy).
[Tpu upoMy HamararoThCs Tak riaidpaTs GyHKUIO 1Y), WOG 3aNCKHICTE BiJ apryMEHTa X
OMMCYBaNach TPOCTILOK (YHKIUEI, HANPUKIAA, MHOTOWICHOM. AJie Toml CIi
nam’ATaTd, IO OTPUMaHe HabmwkeHHs uHe Oyae At QyHkuwii y=f{x) Hadkpammm
PIBHOMIDHHM, BOHO OyJ¢ HalMKpamyM PIBHOMIPHMM HAOMWKEHHAM TiUTHKH AIs (yHKLG
1{}). Bizomo, mo y BHUMAaKy BUKOPHUCTAHHS CHUCTEM (BYHKIGHM, AKi 3aJ0BINbHMOTH YMOBI
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Posxis 6. OCHOBHI Bi;IOMOCT] IPO METO,M aIPOKCHMAIlii

Xaapa Haitkpame piBHOMIpHE HaOIWKCHHs iCHye 3aBiciu. PaLjoHanbHl BUpasH YMOBI
Xaapa 3aJ0BUIbHAOTE. _ .
Binpil CKIAMHI 3a7aui BUHUKAIOTh TIPH BMKOPHMCTAHHI HEMIHIMHMX HAOMDKaroumMx
Bupasis. Haiikpame piBHOMipHe HAOMMKEHHS HCTIHIMHMMY BMPa3aMM HE 3aBXKIM ICHYE.
Heniniiisi BMpasy B 3araJbHOMY BMTIAIKy HE 3aJOBLIBHIOTH yMOBI Xaapa, 1 ToMy ix
BMKOPMCTAHHSA BUMATAE JOCIIDKEHHSA ICHY BAHHA T KOKHOTO KOHKPETHOTO BHIIAIKY .
JIOCAIKEHO BIACTMBOCTI HAMKPAIIOTO PIBHOMIPHOTO HAOMIKEHHS M PO3POGICHO
BLATIOBIHI AMrOPUTMM 1% OGUHCIICHHS X 1APaMETPIB TAKMMHU HETHIHHMMY BAPa3aMM:

ia,x’ ialx{
A-x= e (6.102)
D ax'+4-e" p#0; (6.103)
i=0
S 1457 x> 0.p % ke = 0m) (6.104)
i=0
Za,—xi + A4 -1n(x+ p),p >—X; (6.103)
=0
> ax' + A-sh(px)x>0,p>0; (6.106)
i-0
Y ax' +A-ch(px)x>0.p>0; (6.107)
i=0
Za,xi+A-(.x+q)p,q2x,p ¢k(k=ﬁ} (6.108)
=0
a,+a,-e” +a,-e™. (6.109)

3suuaiino, Bupasu (6.102-6.109) He OXOMMOITH BCIX MOIUTMBMX HETIHIMHMX
PEACTABNCHD, SIKi BHKOPHCTOBYIOTHCA IS HAOMIKCHHA CKCTICPUMCHTATHHHX [AHKX,
ToMy WO (i3EHi 4 XIMIYHI TIPOLICCH MOKYTh OINUCYBATHCH Oy Ab-AKMMH aHATI THIHUMH
3AIEKHOCTIMH, 3ICOLTBIION0 BHI HAOGIKCHHA BUOMDAETHCS, BHXOMTYM 3 (MI3HYHMX
npeacTaBicHs ab0 eMIIPUYHMX JOINyIICHb, i, BIATIOBLAHO, HEBIAOMI IIAPAMETPH LiMX
HabJIDKEHb MAKOTD NEBHUH ()i3UMHMI 3MICT.

Cepea 3amay 3 HabmwkeHHS (YHKINH, KpIM 3HAXOKCHHA HaOmwKkeHHs yHKLUT
OJHMM BHPAa3OM Ha BChOMY Biapisky [o.,f], 3ycTpivaioThes me 3aiaul 3HAXOKCHHSA
HAO/MWKCHHA JCKITPKOMA OKPEMMMM BHPA3aMM HA YacTKOBMX MimiHTepBamax [f; fi],

i =1,—q, ty=a, {,,=p, BiIpi3Ky [o.B]. 1li HabnwkeHHs miaOMpaOThCA Tak, wWoOO

noxubka Hi B OJHIM TOULl HA BCHOMY BiAPI3KY HE TMEPEBHILYBATa HAMCPiA 3aNaHOI
peavumHi.  JIOLLIBHICTH TAKOI TOCTAHOBKM 3ajadi 3 PO3AUIbHMM  HAHKpaIlmM
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YuceapHi METOJAH B KOMHO IOTEPHHX HAayKaX

PIBHOMIDHMM HaONWKCHHAM HAa OKPEMMX I iHTEpBanax Biapisky [o,f] moscHioeThCs
MOJKITMBICTIO OTPHMAHHA INOTPIOHOI TOMHOCTI HAOMIKEHHS TMPW HEBCIMKHX 3HAYCHHSX
KUTBKOCTI mapaMeTpis m. KyCKOBO-HenepepBHi anpoKcHUMalii BUKOPUCTOBYHOTHCH,
30KpEMa y BHITaAKy, KOJIHM HaOmKkyBaHa QyHKLIsA Mae OCOGIMBOCTI B ASAKHX TOUKAX, SKi
CIIPHHMMHAIOTE NOraHy- afPpOKCHMALII0 HA BCbOMY BLApI3kY. B 3anekHOCTI Bij HAKIaASHUX
Ha HaOIIDKAOYMM BHPa3 YMOB PO3PI3HSIOTH TaKi 3aa4i 3HAXOKCHHA HANKPAUIOTo
PIBHOMIPHOTO HaGIMIKEHHS OJHAM BUPA30M HA BChOMY BiJPi3Ky:

‘e HaOMIKCHHS 33XaHUM BHPAa30M,

e  HaOMIDKEHHA NICBHOCO BUAY 13 33JaHOK0 MOXHOKOI M HAHMEHIIOK KLTBKICTIO
MapamMeTpiB;

e  HabmwKCHHs 13 3aJaHOK0 KUIBKICTIO MapaMeTpis, mo 3ebesneyuye HalMeHNIy
NMoXMOKY Cepe BCIX HOCTYIHHMX BHAIB HAOIVOKCHHS,

e HaOmMDKEHHA 13 3aJaHOI0 MOXMOKOK ¥ HAMMEHIUOK KITBKICTIO TMapaMmecTpis,
mo 3ebesneuye HaliMeHmy noxubky Cepen  BCix JOCTYNMHHMX —BHIIB
HaOTKCHH.

Jiis 3py4HOCTI I} 33241 NO3HAYATHMEMO BLANOBLIHO 4epes P, Py, P, P

3amaya P - 1€ KIacHYHA 3aja4a HaAMKpaloro piBHOMIpHOro HabmwkeHHs. Hexait Ha
MHOxumHI Touok X (6.88) samano dynxwii fx) (fix) € Cla, B]) 1 wix) (wx) € Clo, B],
w(x);t 0 ma [o,] ) i 3amano Habnikarouwmit Bupas £, (x;a) 3 m (m < N) napamerpamu.
Tomi 3agawa P, mnonsrae y BM3H@4YEHHI TAKMX 3HAYCHL HEBIIOMMX IAPAMETPIB
a; (i = LZ,...,m) HabmwKaIoro BUpasy #; , (x:a), ans sxux

“f(x‘)_}fé‘;”i(x;a*lu=“’?i“x‘i%’a‘f(x)"w?ii(x;“)i> 6110

e H" — Hopma B nipoctopi C,

Posp’asok 3agaui Py npu HaOmwkeHH! HeNepEePBHUX (YHKLIM BMpasaMH, sIKi TiHIHHO
3a71€XKaTh BiJ MapaMeTpiB, a TAKOXK PALIOHATBHUMU BUPA3aMH, 3aBXKIH icHye. Y BUNagKy
HETIHIHHUX HAONMKAKOYMX BHUPA3IB iICHYBAHHA HAMKPAILOTO PIBHOMIPHOIO HAOGTKCHHS
BU3HAYAETbCA KOHKPETHAMHU YMOBAMH.

6.6.3. [loBegeHHA Npo Hankpaile piBHOMipHe HaGNMXeHHA
pyHKLUINA

Posrmsmemo macTymHy 3azauy. € eneMEHT f MHIMHO HOPMOBAHOrO mHpocTopy R.

n
[loTpibHo 3HaiiTh ¥Horo Halkpame HAOMWKEHHS JUHIMHOK KOMOGiHaIero ch.gi AAHHX
- =l
JIHIMHO-HE3ANEKHUX  CIEMCHTIB  g,..g,€R. llec o3Hadae: 3HaliTM  eneMeHT

1

0 " .
Zc, £, TakuH, 1wo:
i1
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Po3xin 6. OcHOBHI BIIOMOCTI IPO METOIH allpOKCHMalii

l. (6.111)

—-ic?gi —Zn:c,-gil
i-1 i-1

SKkme Takvil EIEMEHT ICHYE, TO BiH Ha3MBAEThCS CIICMEHTOM HAMKpAILOro
HAaOMHKCHHSL

Teopema 6.1, EniemenT HAKPauIoro Hab nmKkeHHs iCHYE.

Jlosenennsi. BHaci 10k CriBBIAHOMICHD

r-Yegl- - Zc g
i1

=A=mf |f

RS DR (6.112)

i=1

(dyuxis

Fy (e ,) -—-uf—ic;.gi (6.113)

=l
€ HerepepBHOK0 (DYHKLI€I apryMeHTiB ¢, TpH Oyab-skomy feR. Hexah ||cH
€BK1i10Ba HOpMa BekTopa ¢ = (¢;....c,) . PyHKuia

Fo(epc) =lleig + 4¢84 (6.114)
HETICPEPBHA Ha OJMHHYHIN cepi "c”:l 1, BIAMOBIAHO, B Aesikid it touni (C,..C,)

nocsirae  coei  mwkHboi rpammui  F  mo cdepi. F#0, Tak sk piBHICTB

=() CyncpeyMTh JiHIMHIN HE3&IOKHOCT SIEMEHTIB &i,...,&,. s

Fleg +.-+.2,

By AB-SIKOTO € = (C),..C, ) # (0,. ..,0) cripaBeuTMBa OLIHKA

ey g+ + €2, = Folernc,) =[] ( T U-ucnf (6.115)

HfH

Hexait . Qymxuist £,(¢;,..€,) HENICPCPBHA B Kyl "c”< ¥ 1, BIOMOBIAHO, B

mesaxid touwi () ,...cn) jocsrac cBoei HwkHpoI rpammimi mo kym F,. Maemo
F'< Ff(O,...,O)z Hfll . Nozsa wiero kyicKoo

||fH

Fi(eyc)2]cg +. e8|~ |- F= == 1/1= F°. (6.116)

Taxim ymHOM  F((C),..0,) 2 b= ¥y (¢/,.c)) mpu Gyap-skux c,.c,. leopema

foBeacHa. EieMeHTIB HaMKpamoro HabKeHHs MOXKe Oy TH KiTbKa.
Teopema 6.2. SIkmo npoctip R CTporo HOPMGBAHMIA, TO €JIEMEHT HaKkpamoro
HAD/IMKCHHS €/{UMHUH.
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YncesapHi METOM B KOMIT JOTEDHHX HAVKax

HAoseaenns. [purycTumo npoTwiekHe, TO6TO, IO ICHYIOTH 1BA CICMEHTH f, # /5,

i-1

Ji=J =15, xpim Toro,

n
J; :Zagg, TaKi, wo ||f—f1H=“f-f2||=A. Ouesnano, A#(0, ToMy mo iHakme

~ _f _ |
‘f_ 1 2_:”f f]+f f2|| |f f” A. (6117)
2 2 2 |5 2 2
| .

Ockinbku / 42'f2 € THIHHO KOMOIHALIEIO CICMEHTIB g),..., &, TO ||/ —L—%l:'— >A
BHACTAOK BM3HA4CHHA A, Pa3om 3 mnomepe HiMd CIBBIIHOMEHHIMH LE 03Hauac, Lo
1—_]’1 +H ”f i f _2f2} BHacoizok ApHIYWEHHS CTPOroro HOPMOBAHOIO
MPOCTOpY f ;fl =af _2f 2 Sxmo %1, T0 f= Si-af | o:ﬂ , /€ niHiiiHOW xOMGiHALIED

£,-.-.8, 1 Tomv A=0. TIpu a =1 maemo f1=f2 1 TPUXOOUMO 10 MPOTHPIYYA 3
JOOMYIIECHHAM f] # f5.

Skuo HOpMa B TIHIMHOMY HOPMOBAHOMY MPOCTOPI BM3HAYAETHCS HE Yepes CKaISIpHUI
A00YTOK, 3HAXOKEHHs EICMCHTA HAMKPAIOTO HAGNMKEHHS CYTTEBO YCKIAMHIOETHCA
[76-80, 88, 92-93]. Hexait R — npocTip 06MeXEHHMX PeUOBHX (DYHKLIH, BUSHAYCHUX Ha
BLAPI3KY [a,b] midicHoi oci, 3 HOpMOIO:

I71= sup | f(x)]. (6.118)

llykaemo Hafkpaiue HaONMIKEHHS BUTIATY
0,(x)=> a,x'. (6.119)
J-0

3rigHo Teopemu 6.1 iCHye eleMeHT HAMKPamoro HaGIWKCHHS, TOOTO MHOFOWICH
QS (x) Taxwmii, mo

()=|r-0l

<|7-ol (6.120)

. . - 0
1pu Oy Ab-sikomy MHorowieHi (J, (x) crenewi # Takwii mMuorowten Q' (x) HasMBacThCs
MOIHOMOM PiBHOMIPHOTO (MIHMaKCHOTO) HabmmwkeHHs [76-80, 88, 92-93].
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6.7. Metop €.4.Peme3a

6.7.1. 3aranbHa noctaHOBKa 3apnavi cxemMu €.4.Peme3sa

[lpy 3HAXOMKEHHI MIHMAKCHOTO HAOIMKECHHS HaW4acTImIE BHMXOPHCTOBYIOTHCS
anropuTMH, mo nolyaoBaHi 3a cxemor Pemesa, abo amapaT JiHIMHOTO ¥ BHITYKSIOTO
NporpamMyBaHHs. DBHKOPHCTOBYIOTh H IHII MNiAXOAM, HANPUKIAN, 3HAXOMKCHHA -
HaMKPaIIOro PIBHOMIPHOTO HABIKCHHS PEai3yeThes IMUTAXOM MOCTIA0BHHMX HAHKPAIMX
HabnwkeHb B METPHULI NpocTopy L,. Lle# miaxia IpyHTy€eThCs Ha TOMY, IO B TPAHUYHOMY
BUMAJKY TPH P —> % HaWKpame PIBHOMIDHC HabIWKEHHA — LC HAOMAWKCHHSA B HOPMI
npoctopy £. [lpu 1omy Halikpaiue HaOMWKCHHS B METPHMLI L, 3BOAATD 10 3HAXOLKCHHSA
3BAKCHMX CEPEIHBO-KBAIPATHYIHIX afPOKCHMALIH.

Anropurmam, axi no0yJoBaHi 3a cxeMol0 Pemesa, B TOPIBHAHHI 3 IHITMMH METOaMH,
BIACTHBA OUMBI MBMAKA 30LKHICT,. Bonm 30iraroThCs 31 INBHIKICTIO TEOMETPHYHOI
nporpecii. [lpaxtuuna edexrusHicts Metomis Tury Pemesa mnepesipeHa  BETMKONO
KITBKICTIO 4MCCHBHHX peatizaiiil. TeoOpeTHYHOI OCHOBOK LMX METOMIB AJA BHIIAKY
MHOTOMICHHMX HAaOIMKeHb € XapakTepuctuyna teopema Uebmosa. Posrisiremo ymMosu
iCHYBAaHHS 1 BIACTMBOCTI HAWKPAIHMOTO.  PIBHOMIPHOTO HAOMIDKEHHA B 3araabHOMY
Bumasaky. Hexait miampocTip Habmwxaroumx Bupasis ¥ (6.115) sanoBinbHae Taxkum
BILACTUBOCTSIM:

e A — BiaKXpMTA TTiIMHOKHHA /-BUMIPHOTO GBXKJIIOBOTO MPOCTOPY TAPaMETPIB d;, i

=1,..,m;

e xomnaktHa migMHokema X (2.1.3) cknamaerhea He MEHIM HDK 3 m+] Toukd i
dynkuii F(x:a) - HenepepsHo-mdepeniiosri no a(ac A) Tax(xe X ).
[oBopsate, mo Bupas F(x;a) Ha miaMHOXHHI A 3a00BUILHAE JIOKATBLHIA YMOBI

Xaapa, K110 A5 KOKHOTO @ g € A ) niHikiHa koMOiHaLIs KOMIIOHEHTIB IPpajieHTa

dF(x,a)  dF{x.a) (612D
da, ~7 da ‘

m

3a70BiMbHSE KTacwuHiii ymMoBi Xaapa npu x(x€ X ), ToOTO mniHilHA KOM61Hal_[1$1

KOMIIOHEHTIB BekTopa (6.121) Mae na X He Giapme (m-1)-ro xopens. 7
Bcranosnieno, o koM At Bupasy [ m(x @) BUKOHY€TECA JOKaTbHA yMOBa Xaapa i

nns Gy Ab-AKKMx mapaMeTpie a 16 3 A dynkiis Pkm(x a)-F, . (x:b) Mae ma X me Ginbiue

(m-1)-ro xopens, To A1 Oyap-skoi yHxi f(x) (f(x) € Cla, f]) Ha MuOXHHI TOHOK X
(6.88) icHy€e eauHE HAMKpaIIC PIBHOMIPHE HAOMIDKEHHA BUPA30M ka(x a) 3 Barow wix)
(wx)eCla,fl. wx)# 0 na[a f)).

Bizomo Takoxk [76-80, 88, 92-93], mo xomm ama dpymcull fx) (fixleCla, ﬂ}) Ha
MHOkUHI To4oK X (6.88) icHye €auHe HaMKpale PIBHOMIPHC HAOMKCHHA BUPA3oM
k}c,m(x;a) 3 Barowo w(x) (wx)eCla,f], wix)#0 Ha [of]), TO ¥Horo mnapameTpu

3a70BITBHIOTH CHCTEMY P1BHAHB!
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YpiceabHl METOH B KOMIT JOTEDHUX HAYKAX

Sz)-Flzza) (1) u, i=1...m+1 | 6122)

wlz,)

1€ Z; — TOYKH YCOMIIOBCHKOTO AMTCPHAHCY , @ 77 — NOXUOKA HAOTIKCHHA. -

3riHO 3 €0 BIACTHBICTIO icHy€ (m+1) Touka Ha MHOkHHI X (6.88), B sxpx moxubka
HaOTVOKEHHA Ha6y13ae HAMOLILIIOro 32 AGCOMIOTHOIO BEIUYMHOK 3HAYEHHS, | TIPH LIOMY
ii 3HaK MOYEProBO 3MIHIOETBCA B CYCIAHIX TOUKAX, TOOTO:

Cu= max |G(/,F: xx G(f,F:z)=-G(f.F: zi), i=1,..m,
X 2XSXy,
CG(fF ) f(x) Fax)
O

Bractusicte (6.122) Ha3MBaOTH XapAaKTCPHUCTHUHOKO BMNACTHMBICTIO HAHKPAILOro
piBHOMiIpHOTO HabmKeHHs (YHKIIH a00 KpUTEpieM YeOMIIOBCHKOTO ATbTCPHAHCY .

Sxmo BiZOMI TOYKH 4GOMIIOBCHKOTO anbTepHaHcy zii=l,..m+l), TO 3HAYCHH:
napaMetpiB @; (i=1...m ) HAHKpaLIOTO PiBHOMIPHOTO HAONKEHHS MOXKHA BU3HAMMTH 3
CHCTEMH PIBHSIHB (6 122). BusHaueHHs HaOMWKAOYMX TNAPaMETPiB  HAHKPAWOro
PIBHOMIPHOTO HAGMIKEHHs 3 CHCTEMHM PiBHsiHb (6.122) HA3MBAIOTH PO3B A3KOM 3anaui
YeOMIIOBCHKOT 1HTEPIIOSLIL.

Omxe, A1a 106y 10BM HAWKPALIOTO PiBHOMIPHOTO HAOIIKCHHS HEOOXIAHO BU3HAYUTH
TOUKH 4EOUIOBCHKOTO aTbTepPHAHCY. TOUHE IX 3HAYCHHA MOXKE OyTH BU3HAUCHE JIMIIC B
KOHKDCTHHX BMIAJkax, fAki Biiomi me 3 4yacip Yebumesa. [l11 BUBHAYCHHA TOYOK
4eBUIMOBCLKOTO  ATBTCPHAHCY BHKOPUCTOBYIOTh ITCpailieEMid meton Pemesa, saxui
TIOJISIrae B nocninom—mMy pO3B’A3yBaHHI 3a1a4 4eOMILOBCHKOI IHTEpTIONAi 114 HabOPiB

TOYOK z b (=1,..,m+1; j=0.1,.) — HaOmKeHb 10 TOYOK ATBTCPHAHCY. 3d METOAOM
Pemcsa BU3HAYCHHA NapaMeTpis HabMKeHHA IPOBOAMTLCA 3@ TAKOK CXEMOHO:

1) Bisememo j=0. 3 muoxkurm Touok X (6.88) BUOMpAETHCS NCBHUM HYHHOM
ITL IMHOMKHMHA TOYOK:

¥ = {ZZ-(”J =L...m+1j.

TligMHOKHHA TOYOK 7 HA3WBAETBCS TOYATKOBUM HAOMKEHHAM [0 TO4OK
yeGHIOBCHKOTO ATbTEPHAHCY. Jlisi MOYAaTKOBOTO HAOMIDKEHHA 10 TOYMOK aIbTCPHAHCY
PEKOMCHIY €TECH Gparn eKCTpeMyMu MHOTOWIcHa Yebrmosa:

: :(x+ﬂ+[)’—acos((m+l—i)7z)
2 2 X m

(6.123)

/

Taxuii Bubip MOYAaTKOBOTO HAOMKCHHS A0 TOYOK ATBTEPHAHCY OOTPYHTOBYETHCS
OPI€HTALIE Ha OTPHUMAHHS HE TyKE MAJIO [04aTKOBOI MOXHOKM HAOTFKEHHA M.

Mpu nabmwkenHi TabnuyHo 3agasvx (yHKIEH Ha MHOXuHI Todok X (6.88) 3a
TMOYATKOBE 3HAYECHHs TOUOK AILTCPHAHCY TPMMMAKOTHCA BEITMYMHM 3 MHOKUHM X 10
MOXKITMBOCTI Gnusbki A0 3HaueHs (6.123), Hanmpukiax:

=x, i=1...m+],
pis i p>0 N-1_ (m+l-i)r N+1
ae ) . Ta p. = cos + s
Pin +1= U(pz =i 2 m 2
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Po3ain 6. OcHOBHI BiJOMOCTI ITPO METO A1 ANIPOKCUMAIL

KBAIpaTHi Ty’KKH | | 03HAYAOTH LTy YaCTHHY Bl BMICTHMOTO.
2) Po3s sa3yeThest 3a1a4a 4eOMoBCebKol iHTepriomnsuii ams dysxini f{x) Habmwkaounm
supasoMm 1, (x;a) ma wmmuommi Towox z¥, T06TO BM3HAUAOTHCA KOChiuieHTH

N . )
nabmokenns g, i=1,... m Ta BEIMYMHA TIOXHOKM M { 13 CHCTEMH PIBHSHB!

z(v".’\ ~-F Z(j)‘a i
f( i i](z!J)(); > )=(__1) My, Z‘=1,.‘.,m+l- (6124)

Lla cucTeMa piBHAHB 3a7IE)KUTh BiJ BUIAIY HaOmIuKarouoro supasy F (x;a). Axmo

HaO/TIpKaroY Ml BUPa3 MiHIMHO 3a1€KKUTh Bi HEBIIOMHMX IapaMeIpiB a, To cucrema (6.124)
fyne miHifHOW0. B 3aratbHOMY BMIAAKY — LG CHCTeMa HemiHiAHMX piBnaHb. Cnpobu
pO3B’sI3aTH CUCTEMY DiBHsAHL (6.124) w1s 3aranbHOro BHMaaky He Oymw ycmmuumu, Sk
CTBEP/UKYIOTH CaMi aBTOPH LwX crpo0, iM BIAZOCh OTPUMATH DO3B A30K JHmE B
4AaCTKOBMX BMIagkax. MeToau poss’sasyBaHHs 3aaadl 4eOHIIOBCHKOI IHTEPIOIAINI B
BUIAIKY MHOTOWICHHMX, PAaLiOHATbHMX, a TAKOK JCAKMX HEMIHIMHMX BHPasis, IO
3BOAATLCS 10 JTiHIMHMX, ormcaHi B {76-80, 88, 92-93].
3) BusHauaerbcs BSTHUMHA

IOj: max M s (6125)

X <xsay w(x)

TOBTO BEIMYHMHA MAKCHMATBHOI NO MOYMHO MOXuOKK HaOmwkeHHa QyHkii fx)
HaOmwxarouumM Bupasom Fy, (x;a) 3 Baroro w(x) Ha MHOKHHI TOYOK X.

4) IlepeBipsAeThCs BUKOHAHHA Y MOBH:
pi=|u. (6.126)

SIKIO 11 YMOBA BUKOHYETBCS, TO mIyKaHi KoediLieHTr a¥ HalKpauoro piBHOMIPHOTO
HabmwxeHHs QyHkuii fx) vabmwxaroyuM BHpasoM F , (x;@) 3 Baroro w(x) Ha MHOXKWMHI
TOuOK X 3HAMACHI, BOHM PiBHI BIATIOBITHO a*=a¥, i=1,...m.

Uepes HAABHICTh MOXHMOOK 3a0KPYIJICHHS B NPOTPAMHUX DEaTi3alisx anrOpuTMy
Pemesa 1F0 YMOBY 3aMiHIOIOTh IICPEBIPKOIO HEPIBHOCTI BHIY:

|
p_]_/ujgg.|#_][=

J€ £ — A0y CTHMA BIXHOCHA TIOXHOKaA.
Ha mnpaxTuili JOCTATHBO JOCATTH CHIBHAJiHHA ABOX—TPhOX 3HAYYIMX LMpp B
BeIMYMHAX ;1 ;. TobTo 3HaueHus & = 0,003 346617100 3310BUTBHE.

5) Slkmo ymoBa (6.126) He BUKOHY €ThCS, TO TICBHUM YHHOM 3JIHCHIOETHCA NEPEXiA A0
(j+1)-ro HaGmwkeHHST O TOYOK weGMmOBCHKOro ambrepHaHcy. [lokmamaemo j=/+1 Ta
MOBTOPIOEMO BUKOHAHHA LI€1 CXCMH, MOYHMHAIOMH 3 T HKTY 2.

OmiKe, 3HAXOKEHHA HAMKPAIOro PIBHOMIPHOro HabmikeHHsa 3a MeToAoM Pemesa
TIOJIATAE B ITEPALIMHOMY BMKOHAHHI ITyHKTIB 2-5 HABEJCHOI CXEMH, TIOKH HE BUKOHAETRCH
ymoBa nyHkty 4. Jl1si MPOBEACHHS 3aMiHM TOYOK AJbTCPHAHCY B OyHKTI 5, BiZOMO
Aekiaeka crocofis. B IesKuX 3 HMX NPOBOAWTHCA 3aMiHA OfHi€l TOUKM, B IHIUMX —
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HpcepH1 METOAHM B KOMIT IOTEDHMX Haykax

OCKIMBKOX abo ¥ Beix. OauuM 3 HAaWMPOCTIMIMX 1 MOIMPEHHMX CTOCOOIB 3aMIHM TOYOK
aapTepHaHcy € anroputM Bamte-[lyccena. Moro me nasusarote anropurvoM Pemesa 3
OJHOTOYKOBOIO 3aMIHOIO.

6.7.2. Midimakc. BuaHauyeHHs napaMeTpiB MiHiIMakCUManbHOI
Mozeni 3a anroputmom €. H. Pemesa

MiniMaKC — L€ OJMH 3 NPUHLMITIB ONTUMATBLHOTO BHOOpY mapamerpis. CyTh 11b0ro
MPHHLIMITY JICTKO TTOSICHHTH Ha IPHKJIAZAl ONPALOBAHHA CMITPUYHMX JaHMX [76-80, 88,
92-93]. Hexait 3a1aHi pe3yIbTaTH CHIOCTEPEIKCHHS, WO ABJATE COO0I0 TabIHLiEo 3HAYUCHb
ACAKOT (PyHKL:

Ve =), ke|0:N|| (6.127)

. "
- MoTpi6ro BubpaTH cepea BCIX anreOpaiyHUX MOIIHOMIB &(A.t)zZait’, ae
=0

A=(a,,...,a,) Takui anreOpaidHMi MOMIHOM Pn(A*,r), SIKHM HAMKpaIue arpoKCHUMY €
Tabmuiro 6.1 [76-80, 88, 92-93]. INominoM P:(a,x) HA3UBATMMEMO MiHIMAKCHUMAIBHOKO

MOJCIUIIO 3 HAHMEHIIOK abCOMOTHOK MOXMOKOK PE3yNbTaTIB CIIOCTEPSKCHHA ), Ha
MHOKHHI TOYOK X, SKIIO BUKOHYBAaTHMETHCS PIBHICTD!

n
* . * I _' - _ .
Pn(a,x):Zakx Vi, 26 k=0,N, x={x),x,...,%,};

i-0

m]flxlyk —-F, (a, x)‘ = mam m]?x’yk -F, (a, x] ) (6.128)
maxy, — £} (a,x, ] = max|y, — P, (a.x, )} (6.129)

P'{a,x) "Gy e MiHIMAKCHMATBHOIO MOJCIUTIO 3 HAWMEHILOKW aGCOTOTHOK MOXHOKOIO,
KON BHMKOHYBATMMCTbCA HepiBHICTE (6.129), 8 3 HaMMCHINOK BIJHOCHOIO, KONH
BHKOHYB4THMETBCA HepiBHIiCTh (6.128). Posrisnemo 3azauy mouryky MiHIMakcHMasibHOI
Mozeni 3 Barooro pyuxuiero W (x)=1.

JloBeneHo, WO LI PE3yNbTATIB CIOCTCPSHKEHHS, Kl TPSACTABISIOTh HCMCPEPBHI
MPOLIECH, ICHY € €1MHA MIHIMAKCUMAITbHA TOIIHOMIALHA MOJICITb CTEIICHSI HE BUILLE /7, AKa
3abe3nedye HaMEHIIE 3HAUYCHHS 3BAKCHOL MOXUOKM HA MHO)KHHI TOUOK CIIOCTCPEKCHHA.

Hexaii pesynbTaTi CHOCTEPS/KCHHS Y, OIMUCYIOTH 3aJaHMH HCTICPSPBHHH ITPOLIGC Ta
sazana saroa (ynxuis W(x)=0. Toai ans toro, mob neskuit monivom P (a,x) Oys
MOJIHOMOM, SKHM HAWMCHIUC BIAXHIIETBCS BIA PE3YNIbTATiB CHOCTCPENEHHA J, Ha
MHOKHHI TOYOK 3 BaroBoio (yHkiiero W (x) HEoOXiQHO 1 JOCTaTHRO, OO cepea TOHOK X

SHARIUIOCh MIOHAMMEHINE #+Z TOYOK, B SKHMX 3BAXKEHA MOXHOKa ro4veproBo mpuiiMana
3HAYEHHS PI3HOTO 3HAKY 1 0CAraia HAaMOUTBILIOTO 33 MOy IEM 3HAUCHHSL
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Po3ain 6. OCHOBHI BIOMOCTI PO METO M allPOKCUMATii

¥(z) - hla,z,)

ki (z) =S5 e
k

. (6.130)

Y — ])n(a’ xk)\
O<k<m W(xk) ’

Touku z, B sxuX 3BakeHa moxuOka F, npuitMae HalOinemuie 3a MOAYNEM 3HAYCHHA

En(zl):_En(zz):"' ( 1)"”2 1E ("n+2)—

HA3MBAIOTBLCA TOUKAMHE YeOUIHEBCHKOT0 AJTbTEPHAHCY.

B saranbHoMY BWNANKy MUl BHU3HAYCHHS TOYOK ANLTCPHAHCY BHMKOPHCTOBYIOTh
amopurm  €.5.Peme3a, imes AKOrO TIPYHTYETHCH HAa BIACTHBOCTI  MIHIMAKCHOI
DOIHOMIANTBHOT MOAEITI Ha MHOMHHI TOYOK X. Pemes 3anponoHyBas:

a) 3 MHOXHHH TOYOK X BUOpaTH # + 2 TOYKHM, siki HAOMIDKCHI IO TOUOK anbTCPHAHCY

Z;, 3 HAWMCHILMM BiAXMNCHHAM: Z| = x, ne k=Ln+2, I=k.nn+2 —Homep itepawui,
r+ 1, axwo P, <k,

h= P )
s Ko P - k.

)](:[N—lcos(n+]—k)7r+m+l} 6.131)

2 n 2

0) Ha Wil MHOXKHHI TOYOK, sKI HAOMWXKEHI AC TOYOK ATBTCPHAHCY, MIyKAEMO
MIHIMAKCHY THOTIHOMIQTbHY MOJENb.

w2y - Za,i”zé‘—— ©, (6.132)

y(*gjv) Za(l) kn—( 1y L@,

ze 1 — noxubka B TouKax anmpTEpHAHCY (TOXHOKU MOJE/TI, BOHA MEHIIA MAKCHMAIIBHOI
ans 1-i TOYKM ambTepHAHCY Z) ). — 4@ — noxubka mMogeri, BOHA MEHIUA MAKCHMATLHOL
g5 11-1 Toukn anbrepHaHcy z,

Po3p’a3aBiiu cucteMy, 3HAWIEMO MApaMeTpH dy, d; ..., 4,

B) BM3HAYAEMO MAKCHMATbHY NOXHUOKY p? MiHiMAKCHMATBHOT MO HOMIHATBHOT
MOJCII;

p(l) = max
O<k<m

v~ Pla®. %) (6.133)

I) NEPeBIPIEMO YMOBY AOCATHEHHs MAKCHMAIBHOI MOXMOKM B TOYKaX aJbTCPHAHCY
MIHIMAKCHUMAJIbHOI TIOMIHOMIANneHOT Mojem. SIKmo yMOBa BUKOHYETBCA, TO BOHA €
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Unce1bHI METOIM B KOMIL IOTEPHHX HavKax

MIHIMAKCHOK, AKIMO 3K HI, TO NCBHHUM YHHOM - 3MIHFOEMO HAaOMWKCHHA 10 TOYOK
AIBTCPHAHCY . '
1) TIOTICPEAHIO YMOBY 3aMIHAEMO YMOBOIO:

o _l'u(i)'SE

u(l)l, (6.134)

ae F — ponycruMa BiZHOCHA IMOXWOKA BIAXHJICHHY MAaKCHMATbHOMO 33 MOAYJIEM
3HAYCHHS NOXUOKH MOACHL BILAHOCHO MOXUOKK B TOUKAX &JIBETCPHAHCY .

SIKIO 1A yMOBA BHKOHYETBCH, TO 3HANMIEHE HAODKCHHA € PE3y/IbTYIOUHM:
Pn(a*,x):Pn(a(l),x), h S a;::a,g[), k=0,n Sxmo us yMOBAa HE BHKOHYETHCH, TO
MEPEXOAMMO JI0 NMYHKTY 0) 1 3MIHKOEMO KPOK ITepariii Ha O {uHUINO, T06T0 [ =/+1.

Asnroput™ Pemesa npu BUZHaUCHHI TOUOK AIBTCPHAHCY MOJIATac Y BUKOHAHHI [TYHKTIB
6) 1 I) A0 THX Ip, NOKM MAKCUMAIBHE 3HAYEHHA MOJENl He OyJe JOCATaTHCH B TOYKAX
anpTCpPHAHCY. AnropurMam, siki modynoBaHl 3a cxeMOK0 PeMesa, B MOPIBHAHHI 3 THIIUMU
MCTOJaMM, BJACTHBA OLIBIN LIBHAKA 30DKHICTB, BOHM 30ITalOTBCA 3 MIBHIKICTIO
reomerpuusol mporpecii. [Ipakruuna edextuBHicTs MeTOmiB Ty Pemesa mepesipeua
BCIIMKOK KIILKICTIO YMCEIBHHMX peami3auiil sk B HAmii KpaiHli Tak 1 3a KOPAOHOM.
TeopeTHYHOK) OCHOBOIO LIMX MCTOMIB /IS BUIIAAKY MHOTOWICHHMX HAOMIDKEHb €
xapakrepucTriHa Teopema Yedumosa [76-80, 88, 92-93 ],

6.8. Metoa Banne-llyccena

6.8.1. 3aranbHa nocTaHoBKa 3anavi

Amroputm Bamne-Ilyccena nepexony Bim j-ro mo (j+1)-ro HaOmmwxkeHHS 10 TOYOK
STBTCPHAHCY MONArae v HactynHoMy. Hexah yke BuxoHadl m.1-4 s3arampHOi cxemu
Pemesa, U BHABHIIOCH, IO Halbiabma no Moaynio noxubka o (6.70) mocaraerbes v TO4LH
x,, T00TO!

/)~ Fipsia)

70 , (6.135)

e p; > I H, [ MoKIMBI TPH BUMIAAKM B3aSAHOTO PO3MILICHHS TOYKH X, BLAHOCHO TOYOK

aTeTepHaHcy 2z :

N

m+ls

)
1)z <x, <z
(1
2) x, <z,
)
3) x, >z
PosriasHeMo KoKeH 13 LHUX BUIAIKIB.
1) 3naxoaumo wine uueao / Take, mo

() )
z; <x, <z
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Posaia 6. OcHOBHI BIAOMOCTI PO METOM alipoKeuMami

Sxwo sign p(x)=sign p(z{]), To BuGMpaeMc 2z} =x,, y NPOTUISKHOMY BHUNANKY
3MIHIOEMO SHAYEHHS TOMKH Z,’} " =x,.

Perura Touok ansTepHaHCy B 000X BUIIAAKAX 3ATHIIAETHCA 0€3 3MIHH.
- . 0 (j+1
2) Skamo pix)=sign A z§?), 10 Gepemo z ™V =x,, a pemrry TOuOK amkTEpHAHCY
sanumaeMo 0¢3 sMiHM. SIKINO U VMOBA HE BUKOHYETHCH, TO 3AIACHIOEMO 3CYB TOYOK
AbTEPHAHCY !

G DG o) L U0 )G

TOBTO i3 j-TO AMBTEPHAHCY BUKMIAETHCA TOUKA Zo) , @ BBOIUTHCA X, K TOUKA 2 ).

3) fxmo p(x)=sign p(z47)), To Gepemo zY =x . a pemrty Towok ampTepHamHCy

m+1

z

sanumuaemMo 0e3 3MiHM. Y BUIIAAKY, KOJM OCTAHHA YMOBA HE BHKOHYETHCS, 3AIHCHIOEMO
TaKMH 3CyB TOUOK embTepHchv:
LUt _ (D)., ) (). (J+1) =z S0
2z =2

2y l 2 = Zpi1Zmel

=X,,

TOBTO 3 j-rO AIBTEPHAHCY BUKMIAETHCH TOUKA Zo, @ BEOAUTHCA X, K TOuKa 47" .
HactynHe HaOnvKeHHs O TOMOK ATBTCPHAHCY BIAPI3HAETHCH BLA MOTMIEPEIHBOTO THM,
IO TOYKA X, BBOAUTHCA 3aMICTh OAHIET 13 HMoro morepeaHix touok. [1pu mmoMy noTpioHO

CIIAKYBATH 33 3MIHOIO 3HAKy TIOXHOKM HAOMMKCHHS B CYCITHIX TOYKAX.

6.8.2. Anroputm Banne-lflycceHa

Hdna 3MiHK TOYOK anbTepHAaHCy (BMOODY HACTYIHOTO HAOMWKCHHS [0 HHX)
3acTOCOBYIOTH anroput™ Bamne-Iyccena. 3a uyuM airopuT™MOM HAaCTYIHE HaOIMKESHHA 10
TOYOK ATBTEPHAHCY OTPUMYETHCS 3MIHOKO OJHIE] TOUKH, TOOTO B AIbTEPHAHC BBOJUTHCS

TOYKA, B AKIM JOCATAIOCH HAWOLNbIE 3HAYCHHA MOXHOKH MOICII z,({k) ,ae k=Ln+2,

/7(1) - ’,Lla)l. anITyCTI/[MO, IO MAKCHMaIbHA nioxuOKa 3a MOZYJIEM JOCATAETHCA Y TO‘ILIiZ
Iy _ { _ ()
p()—-on}ka?fp\yk—})"(a )axkl"iyr—[)n(a )7xrl’

MoskuBI TPH BUTIAZKM B3aEMHOTO PO3MINIEHHS TOYKHM X, BiJHOCHO TOYKH Z;

l. Touka x, po3ramIOBaHA MOMDX TOYOK AJIETCPHAHCY : 2P <z <20,

2. Touka X, Po3TalIOBaHa JIIBOPYY BLl TOUOK AILTEPHAHCY: X, < zf ),

3. Touxa x, pO3TalIOBAaHA MPABOPY™ Bl TOUOK AIBTCPHAHCY: X, > z,g?z.

Y nepimioMy BUIaaKy 3Ha1>i,aeMo TakMd HOMEp 4, A1 SIKOr0 BHKOHYETbCS

. 3 .
CITIBBI JHOILICHHSI Z]E,l' = X, = ZI(+1 IO‘!Ky X, BBOAMMO Sa\llCTB TOYOK ZI(L.I) 1 Zl((l+)1 , B AKHUX

OyayTh uepryBarucs 3Haku “+7 1 ‘. Bamie-IlvcceH zanponoHyBaB BBOJMTH TOYKY X,
tak, mo6 3maku “+° i “— ueprysamucs: sign(p(z{’)) = sign(p(x,)), ne 2 =x
2P0 =20 =1 n+1, i#k Sxmo 3Haku TOXMOKM z i Touka X, CHiBMAnAKOTH, TO

1 N
SMIHIOEMO TOUKy z ' SIKIIO HE CTHBIANAKTE — TOUKY Xoop : z(\x,, ae i #k.
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YnceIbHI METOIH B KOMI IOTEPHHUX HAVKAX

@

Y apyromy BUNAzkKy, NpH X, <z, 2

, KO 3HAKM TNOXMOKH y Toukax z;” 1 X,:

sign(,o(zl(”)) = sign(p(x,)), TO TOYKY X, BBOAMMO 3aMICTh TOYOK aanepHaﬁcy, a pewry

TOYOK 3ammmaeMo 0Oe3 3MiH. SIKIO L9 yMOBA HE BHMKOHYETBC:A, TO Bamme-Tlyccen

: 1+1 ! +
3anpoIiOHYBaB 3CYHYTH TOYKY X, BJIIBO! ZA(,+)—Z}()1, Zl(i b

=X,, W00 JOCATHYTH
YepryBaHHA 3HAKIB “+7 1,
(+D

Y TpeThoMy BMMAaiKy, KOIH X, > zmz, MpU BUKOHAHI YMOBH, BBOAUTBCH X, =2, 5 1

4EPTYBaHHA 3HAKIB ITPH oMYy 3abesncuyerncs. Haitbmmkay Touky A0 x, Mu 3cyBaemo, a

perira samMmaroTees 6¢3 smin. [Ipy HEBMKOHAHHI yMOBM sign(p(z(” ) =sign(p(x,)),

3AIMCHIOEMO 3CYB BIPABO, BLIKHAAIOYH [EPUIYy TOUKY: ,((l”)~",ff)]_ aec k=ln+l,

S+ _
“n+2

Bceranosaeno [76-80, 88, 92-93], mo mpu BHKOHAHHI YMOB ICHYBaHHS HaHKpamIOTO
PIBHOMIPHOrO HabmwkeHHs, anropur™ Bamne-IlycceHa ams 3aMiHM TOYOK aiIbTEpPHAHCY
301ra€ThCA 3a CKIHMCHHC 4YHCIO KPOKIB HE3QNEHKHO BIJ TOYATKOBOTO HAOIIDKEHHA 10
TOYOK aIbTePHAHCY. BIH AoCHTh e()eKTHBHMI NpY HAONIDKCHHI BUPA3aMH 3 HEBEIHKOIO
KUIBKICTIO TapaMeTpiB m. Sk rpaBwio, BiH 30iracTbca He Oimbine Hixk 3a £ iTepaLiil.

ANTOPUTMH 3 OJHOYACHOIO  3aMIHOK)  JCKUIBKOX  TOYOK  ANIbTCPHAHCY
XapakTepPU3VIOThCS JACIIO IUBMANION 30DKHICTIO B nopiBH;mHi 3 anroput™Mom Bamie-
HycceHa IO [JAETCA B3HAKM NPM HaOMKCHHI BHPA3aMH 3 BCIWKOK) KUIBKICTIO
HEBiIOMMX napaMmerTpis. [lpu o6pobii CKCTICPUMCHTAIILHHX JAHHX BUKOPMCTOBYXOTHCH B
OCHOBHOMY BHPa3d 3 HEBCIIMKOIO KUIBKICTIO MApaMeTpiB, TOMY M OOMCHKHIHMCH OIMMCOM
anropurmy Banre-[lyccena.

3a3HaYMMO, 1HO TIPH OITHMAIBPHOMY CIOCOOI 3aMiHM TOYOK ATBTEPHAHCY MOJKHA
JOOCSTHYTH M KBaapaTH4HOI 30KHOCTI anropurMy Pemesa (3a 1-2 itepaui) [76-80, 88, 92-
93]. OnTumanbHa crTpateris 3aMiHM TOYOK ATbTEPHAHCY IMPOTICHYE B AKOCTI HOBOTO
HAaOMDKEHHA A0 TOYOK ANbTEPHAHCY NMPHHMATH k+1 TOUKY 3 MaKCHMATIbHUM IO MOAYITIO
BIIXMICHHAM 1 JOTPUMAaHHAM 4YCPIYBAHHs 3MIHM 3HaKy, TOOTO BMOMpArOTHCH
CKCTPEMAITbHI TOYKM 3 KOJKHOTO IHTEPBATY 3MIHM 3HAKY MOXMOKM HaGmwxeHHs. [lpu
Takifl 3aMiHl TOYOK AIbTCPHAHCY BIAXPIICHHS BiA ONTMMATIBHOI CTPaTerii TEOPETHHO
MOXKJIMBE JIMILE TOAI, KOJW IHTCPBAMIB 3MIHM 3HAKY NMOXWUOKM HAOMWKCHHA Oiibiue HIXK
k+1 1 rpu BUOOP1 HOBHX TOUOK ATBTCPHAHCY MOMIIKOBO HE BPAXOBYEThCA (BIAKHAACTHCH)
IHTepBaT 3 HCHAHMEHIUMM 3HAYECHHAM TIOXHOKH.

X,.

6.9. MeToa HauMmeHW KX KBagpaTiB 6aratToBUMIPHOro
perpecitHOro aHanisy B eKOHOMmiui

[lpy aHami3si ATBHOCTI MPOMMCIOBHX Ta CUIBCBKOTOCIIOAAPCHKMX MiAMPHEMCTS,
0COOMMBO THIX, IO TPAWOTh B YMOBAaX OPEHIM, TOCTIMHO BUHMKAae noTpeda B
PO3B’sI3yBaHHI DI3HMX EKOHOMIYHMX 3aay. Hampukiaz, HeoOXiAHICTh MPaBHILHO
OLUHMTH MOXJIMBOCTI HASBHMX V TOCIOJAPCTBI BMPOOHMYMX, TPYJOBUX Ta 3EMETbHHX
PecypCiB, HOPIBHATH ¥ OLIHWUTH PE3yIBTaTH FOCTIOAAPCHKOI iAIbHOCTI IMATPUEMCTE 1
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palOHIB 3 TOYKM 30Dy IX PCATBHMX MOXUIMBOCTEH. [IpM rUTaHyBaHHI MMOAQTBLIOTO
PO3BUTKY OKPEMMX TOCMOJAPCTB BaXIIMBO BCTAHOBHMTH IPABMIBHY M, TO MOMJIMBOCTI.
ONMTUMATBHY iX CrCLiami3aliio, BUSHAYMTH ONTHMATLHI 3aXOAM B OKPEMMX raly3sx
rocnouapcma ONTHMATILHOTO BUKOPUCTAHHA 3EMETbHUX TIIOLY TOIO [76-80, 88, 92-93].
Jlna 3BITHOTO Ticpiody M nepiofly, IO IUIAHY€ThCA, HEOOXIJHO BMBYUTH CKOHOMIYHY
c()CKTHBHICTL PDI3HMX BHMAIB KalliTAJIOBKIAACHb Ta IHIIMX TIOCNOJAPCHKMX 3aXOiB
(pPaliOHATBHOTO BMKOPMCTAHHA SKOCTI 3EMJI, 3aTPaT BHPOOHWLTBA, TINABMINCHHSA
MaTepiaTbHOI 3aLIKABICHOCTI B Pe3y/IbTaTax poOOTH TOIIO. ).

6.9.1. 3aranbHa NOCTaHOBKa 3aaavi

[Ipy CTATUCTUYHOMY AHATI3I EKOHOMIYHHMX MOKA3HMKIB IOCIIOAAPCHKOL - MifABbHOCT
HiANPMEMCTB 3MiHa, KA AOCTIUKY €THCSL, K NPABHIIO, 3ATEKUTh Bl BIUIMBY HE OJHOTO, a
parateox (paxtopis [76-80, 88, 92-93]. Hanpuxias, BpOKXaHHICTb 36PHOBMX KYJIBTYD
3aNeXKUTh HE JMIIE BiJ CKOHOMIMHOI OLIHKM 3€MJIi, ane ¥ BlX-3aTpaT BUPOOHUIITBA, HOPM
BHCCEHHA MiHEPAIbHMX Ta OPraHiYHMX AOOpHB, HasBHHX (POHAIIB, ArPOTEXHIKM TOLIO.
[oc1ia0BHE BHMBYCHHS BIUIMBY KOMKHOIO (DaKTOpa Ha PE3yNIBTYIOUY O3HAKYy MA€ NEBHI
HEeJOTIKM. 30KpeMa, TOCTOAAPCTBA 3 BULIOK OLIHKOK 36MII MAkOTh, 5K IPABUIO, OLIbII
3arpat¥y BUPOOHMUTBA, OCHOBHI (oM Tomo. TakuM YMHOM, BHMBYAXOYM BILIMB
CKOHOMIYHOI OLIHKM 3¢MJIi HAa BPOKAMHICTH 3€PHOBMX Y TOCIOAPCTBAX 3 PI3HOKO
POJIIOYICTIO IPYHTY, 0IEPKYEMO PI3HI 3HAYCHHA YPOKAMHOCTI. OTKe, IOACHUTH PI3HULIO
y BPOXKAMHOCTI JMIUC BINIMBOM POMIOUMOCTI 3€MII MOKHA TiLTbKM yMOBHO. Lla pisHuusa
06YMOBICHA HC TUTHKH HEOAHOPIAHICTIO OLUHKH 3¢MI, age M BIUTMBOM JEAKMX 1HIIKX
{aKkTOpiB, MO KOPETAUIMHO OB A3aHI 3 CKOHOMIYHOIO OINHKOK 3emal. B 1ok ke wac
MOKA3HUKH BIUIMBY OKpPEMHUX (DAKTOPIB Ha PE3yJIbTYIOUY 3MIHHY € JOCHTBh 3HAYHHMH.

SIkuo JocnimKyBaTH BIUIHE 1HIIOrO (paxtopa (Hanpmolan, 3aTpar (Bnpoﬁﬂmmza) Ha
BPOKAMHICTH 3€PHOBHX KYJBTYD, OJCPXKHMO, TAKOXK YMOBHI, JOCHTh BHCOKI NOKa3HHKH.
SAxmo x 6yaeMO pPO3DIAAATH CIUIBHHM BIUIMB JBOX (DaKTopiB, TO NPUHACMO 10
MOBTOPHOTO PO3PAXYHKY. ' :

T1pOAEMOHCTPYEMO OCTAHHIO OCOOIMBICTL Ha MPHUKIAII ITOCTIZ0OBHOTO BUKOPMCTaHHA
rapHoi perpecii. [Ipy JOCTIKEHH] BIVIMBY PI3HUX (DAKTOPIB HAa BPOXKAMHICTH 3EPHOBHX
KyasTyp (Ha ocHOBI ganux rocroxapcts JIbBiBChkoi obmacti) 6ymo oxepxkaHo, wWo
3aTpaTy BHPOOHMITTBA HAa KyJBTYPY MOSCHIOKOTH Onusbko 35% aMcrmiepcii ypoxkadHOCTL
(koedimienT neTepminawii gopisrroe 0,35), sxicTe pinm — 53%, HopMu BHECEHHA A00pHB
— 40%, 3abe3rCuCHICT CiTBCHKOTOCTIOAAPCHKMMH Mammuamu — 17% mucnepeii
YPOKAMHOCTI 36PHOBMX KyiAbTyp. IliACYMOBYIOYM AHMCIHEPCIi JIMIUE  POSIIAHYTHX
daxropis, omepxyemo 35%+53%+40%+17%=145%. Takum UMHOM, 3araTbHa AUCIIEPCLA
Bux0auTh Oltbme HiK 100%. TlprauHu noAiOHMX NMapasoKCiB MOXTaloTh Y MOCTAHOBLY
sazaui. Pe3ynbTaTd MOCTIAOBHOTO aHalily HE MOKHA TaK 00 €IHYBAaTH, OCKUIBKH LE
NPU3BOIUTH O TIOABIMHOTO PO3paxyHKy. B CyKYITHOCTI rOCTOZapcTB, HAa OCHOBI JAHHMX
AKMX OYJIM MPOBEHEHI PO3PAaxyHKH, KOS(ILIEHT Kopemmii’ MDK OLUHKOK 3eMTl Ta
3a6€3NEYEHICTIO OCHOBHMMH (DOHIAMHU ,mpmmoe 0,19; Mix OLUHKOIO 3eMIIi Ta 3a1paTa\m
supoGuuursa — 0,41 Tomo.

BizoMo, mo HaBiTh KBami(iKOBAHMIA AOCTIIHHUK, aHATI3YIOUM (DAaKTHUHI JaHi, 3aBXIH
Zeu0 MepeOUIbIYE BAKIMBICTE AOCTIKyBaHOTO (hakTopa [76-80, 88, 92-93]. Taxum
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YMHOM, BUHHKA€E NMoTpeda B AOCTIDKCHH] BIVIMBY BCiX (pakTOpIB, M0 BXOAATH Y MOJC/b,
6¢3 MOBTOPHOTO PO3PAXyHKy. IIpu LBOMY CITIBHHH BIUIMB KiTBKOX (baxTopiB MOBHHECH
OyTu posnomiieHmii MK OKpeMUMH (DaKTOPHMMM 3MIHHHMH 3  BiATOBIIHMMH
CTATUCTMYHMMH BaraMu. Ha npakTwuli mMOBHICTIO peani3yBaTd Taky TOCTAHOBKY
HCMOXKIIMBO, OCKLTbKY (DAKTOPIB, 110 BIVIMBAIOTH HA PE3YNLTYEOMY O3HAKY, AVKE 6ararto i
BPAXYBATH iX OJHOYACHMH BITMB HEMOXUTHBO. HeoOXiaHO HA OCHOBI AKICHOTO aHaTisy i
CKCTIEPTHHX OLUHOK BifiOpaté yume Taki (axTopHi 3MiHHI, sKki HAHOLIBIN CYTTEBO
BILTMBAIOTE HA PE3yNbTyroqy 3MiHHy. Ilica Takoro oOmexeHHs wucna (akTopis MOXKHA
AOCTIANTA MMCTHH BILTMB KOXHOTO 3 HHMX Ha PE3YBTYIOUY O3HAKY 03 MOBTODHOTO
PO3paxyHKy B3a€EMHO-KOPE:1b0BaHMX (axktopis. OmuH i3 HaMnpocTImMX criocobis
pO3B’sI3yBaHHs TIOCTABICHOI 3aJayl — aHaniTUYHE (KOMOIHOBAHE) IPYITYBaHHS, 3MiAHO 3
AKAM CMOMATKY BCI OJMHMLI CYVKYIHOCTI POSMOAUTAIOTLECA 33 OJHIEK0 O3ZHAKOK, AT B
MEKaxX BHIUICHUX TaKUM YHMHOM IDYIT — 3a iHIWoW0 1 T.4. [lpu aHanitmusoMy rpyrmyBanHi
KUIBKICTh  OYIKYBAHHX TIDYN BU3HAYa€TbCA JOOYTKOM UMCIa iHTCPBATiB  KOKHOI
rpymnyroyol o3Haku. Hanpuknan, SKmo mpoBecTH IPyIyBaHHA 3a HYOTHPMA O3HAKAMHM
(BMALBOMM B - KOKHIH O 13 inTepBamiB), TO B  pPE3YNLTATI  OACPKUMO
13*13*13*13=28561 rpymy. Bhacnimok kopensmii Mik IPYNYIOYMMHM  O3HAKAME
GINbUICTE TPYT BHABHMTLCA NMyCTHMH. BimzHaummo, mo mts BUGIpOK mMamux obcsris y
KOXKHIM 13 TPYMN, SKi BHABIATBCS HEMYCTHUMH, OyJe JIMINE [0 OFHIH-ABI OXMHMLI
cyxymsocti. Cepenti 3HaYEHHS PE3yIbTYIONOT 3MIHHOI, sKi OGYMCIICH] HA OCHOBI TAKMX
MQTOYHMCEIBHUX TPy, HE OyayTs 00 €KTMBHHMMH XapakTEPUCTMKAMM TOCIIONAPCHKO
MATBHOCTI, sIKA OYiKYBaHa Bi/l BIVIUBY (DAKTOPHUX 3MiHHHX.

KopenauiiiHo-perpeciiini  Mozeni  JOCHTL 00 €KTMBHO OMHCYIOTb  COLUANBHO-
eKOHOMIYHI TPOLIECH 32 YMOBH 100pe TiepesipeHoi Ta HaaiiHol indopmawii. [pu mpomy,
SK MOJENb Y LINOMY, Tak 1 OKpemi il mapameTpu, 3aBkIM MOXKHA OLIHWTH 3 MCBHOK
MMOBIPHICTIO, IO BU3HAYAE HAAIHHICTh MOZEIT HA CTPOTO HayKOBOMY PiBHI.

Kopeasiiiini MeToau 1a0Th MOKIMBICTh KiNbKICHO BMBYATHM 1 XapaKTCpH3yBaTH
Air04l PeanbHO SKOHOMIMHI 3aKOHOMIPHOCTI Ta 38’ m3kM. Lli 3axoHOMipHOCTI MEHEDKCpH
MaOTh 3MOTY BMKOPHMCTOBYBATH Y PpI3HMX Taiy3sfX aHalidy Ta MPOTHO3YBAHHS
rOCIOAAPCHKO1 ASLTLHOCTI.

HopiBHAHO 3 IPOCTUM TPYTIYBAHHAM KOPEILIHHO-PETPECiiHI METOAM MAIOTh CYTTEBI
nepesard.

1. [lpy BMKOPHCTAaHHI TAKOro aHATI3Y KiNbKA CIIOCTCPEXKEHb 3aMIHIOKOTH TAGHL
AAHUX, 5KI HEOOXiIHI A7 BiAOOP@kKEHHA Pe3y/IbTaTis TPYNYBaHHS, MO BHKIMBO IIPU
JOCTI/UKEHHI B3a€MO3B 3Ky MK 6araTbMa 03HAKaMHM B Pi3HHX KOMOIHALIAX.

2. PerpeciiiHi MeTOOM MEHII YyTIMBI 0 PI3HMX BMMNAIKOBMX NPHMHH, K0 AKX
BigoGpaxae Buxigna indopmaris. Bonn BHABAMIOT BaUTMBI 3aKOHOMIPHOCTI y Ginmbm
3arajibHOMY, YHCTOMY BHMIVIAIL

3. Meroay MHOKMHHOI Ta 4YacTKOBOI KOpemani JarTh MOMJIMBICTE BHBYATH
B3a€EMO3B SI3KM MDK KiTbKOMA O3HAKAMM OJHOYACHO, IO MPH BUKOPHCTAHHI NPOCTOrO
IPYITy BAHH:A, 3pOOUTH HEMOMIIHBO.

4. KopemiwiiiHi METOIM Ja10Th MOXIMBICT BM3HAUMTH TICHOTY 3B’S3KY Yy Mixk

* (paxTOpamm, MO NMPH BUKOPUCTAHHI MPOCTOTO TPYITYBAHHA 3pOGHUTH HEMOMKITHEO.
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5. TTokasHMKM KOpemsiLii, AKI 0aeprkaHi Ha OCHOBI OOMEKeHOi BUOIPKH, MOKYTh Oy TH
OLUHEHI B SKOCTI BIANMOBIAHMX XAPaKTEPUCTHK YCIEl TCHEPAIbHOI CYKYITHOCTI, IO
HEMOKIIMBO 3pOOMTH HA OCHOBI MPOCTOTO TPYITyBAHHA.

OcTaHHs BIACTHBICTh KOPETALIMHO-PErPECIMHMX METOAIB OCOOIHBO BANJIIMBA TIPH iX
BUKOPHCTAaHHI 1711 MOOVIOBM EKOHOMIKO-CTATUCTHUHMX Mojaeneit. Taki mogeni, mo
OJCP/KaHO HA OCHOBI CTaTMCTHYHOI OOPOOKM JaHMX 3BITHOTO TEPIOAY, AYKE 4HacTo
BUKOPHCTOBYKOTBCS NIPH TUIAHYBAHHI Ta MMPOCHO3YBAaHHL. 3BITHMH PIK (POKH) Y LIBOMY
BMMAJKY BBAKAECTHCH BUOIPKOIO 3 JCSKOI MHOKHMHH POKIB (BKTIOMAIOYM PIK, HAa AKWH
UTAHY€TBCS ), IO YTBOPIOE TEHCPATBHY CYKY IMHICT.

HascaeMO NpPUMHHM —HEJIOCTATHBOTO BUKOPHCTAHHS — KOPCIALUIHHO-PErPCCHMHMX
METO/IIB IIPH dHANI31 CKOHOMIYHUX IPOLICCIB!

® DO3PAXYHKM KOPETALIMHO-PErpeciiiHuX MOKAa3HHKIB BHUMAraroTh BEIHKOI
KUTBKOCTI OOUWCICHD 1, MK TPABUIIO, 3 JIMCHIOIOTECS 338 ZOTOMOTOK CY49aCHHX
KOMI'IOTCPIB i3 BMKOPUCTaHHAM  TAKETIB  NPHUKIAJHMX  NPOrpaM
CTaTUCTHUYHOIO aHATIIZY;

e CKTajHI MATEMAaTH4HI METOAM 4YacT0 HEIOIWILHO BHKOPUCTOBYBATH
BHACALIOK 3HAYHMX iX HCJOMIKIB MPHM KUIBKICHOMY BHU3HAYCHHI Pi3HMX
CKOHOMIYHMX KATCrOpiM, HaNpHKIaa LiHH, COOIBAPTOCTI, YUCTOrO MPHOYTKY
TOLIO, a TAKOK YEPEe3 HAABHICTL rpyOux noxubox BUXiaHOI 1H(pOpMAaLi;

® HEIOCTaTHA INATOTOBICHICTL MEHE/DKEPIB 10 INHMPOKOTO BHKOPHCTAHHA Ha
MPAKTHILI EKOHOMIKO-MAaTeMaTHYHMX METOIB Ta CY4aCHUX KOMI FOTEPIB.

6.9.2. 3HaxomKeHHA napamMeTpiB NMiHINHOro MHOXUHHOIO
PiBHSIHHA perpecii MeToaoM HaMeHLWKnX KBaaparis

BaratodakTopHi 3B A3KM COLIATBHUX, EKOHOMIYHKX, G10TOTIMHUX ABHII HAHYacTIIE
MOIEITIOIOTHCS 3@ AOTIOMOTOK) JHHIMHOTrO piBHsHHA perpecii. PIBHAHHA, B AKE BXOAATb
O/IHA PC3YJIBTYIOUA 3MIHHA Xp Ta JOBLIBHE YMCIO (PAKTOPHUX 3MIHHHUX X1,X2,. .. Xk, ZOCHTH
n06pe BimoOpakae MHCHICTb ToAl, KOMH (PAaKTOPH 3MIHIOIOTBCA NMPOTIOPLIKHO A0 3MIHHM
pesyIbTYIONOl  O3HAkH. Ilpuuomy, KoeiLi€HT IPONOPLIOHATLHOCTI A1  KOKHOIO
daxropa mMoxke GyTH moBimbHMM. Ha mpakTuui HaluacTie BMKOPMCTOBYHOTBCH IHINHI
PIBHSIHHS perpecii 3 06MeKCHUM YMCIoM Bix 3-x 10 8-Mu dakTopHuX 3umiHHMX. Xoua
MHIMHC MHOKHMHHC PIBHAHHA DErpecii JOCHTH TOYHO OMMCYE OLTHIICTE 06 EKTMBHO
ICHYFOUHMX 3B A3KiB CKOHOMIKH, 30KpEMa, B ClIbCHKOMY TOCTIONAPCTBI TAKMMHM PIBHAHHAMM
HE MOKHA MOACIIIOBATH BCi 3B M3KH. B 3araibHOMY BHITAIKY MOXKYTb BUKOPHCTOBYBATHCS
CKIaTHIm piBHAHHA perpecii, HampukiIan napabomiuni. Xapaxrtep 3B 3Ky 1| BHOIp THITY
piBHsIHHS perpecii Heo6XiaHO OGIPYHTOBYBATH TEPET TIOYATKOM PO3PAXyHKIB. -

J1st k haxTopiB JiHIMHE PIBHSAHHS: MHOKHWHHOI PETPECI MA€ TAKMI BUTTIAIL

Xy =by +bx + by +.. + byxy, (6.136)
JC Xo — Pe3yNbTyioua 3MiHHA; bo — BLIBHWI ueH piBHAHHA perpecii; b:.ba...b; -
koeiLieHTH perpecii, x1,X2,.... X, — HaKTOPHI 3MIHHI.
Y Bunazaky il Tprox (haKTOPIB HA PE3YIBTYIOMY 3MIHHY OJCPKHMO:
X, = b, +byx, +b,x, +byxy,
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Sk mpaBmio, PiBHAHHA perpecii Mac MUIIC OXHY PE3yIbTYIOUY 3MIHHY Ta JOBLIBHE
(CKIHMCHHE) 4HMC/I0 (DAKTOPHUX 3MIHHMX. 36UTBIICHHS YHCNA PE3y IbTYIONMX O3HAK JTHIIC
Ha OJVHULEO 3HAYHO YCKIQNHIOE 33Ja4y aHAT3y ¥ NMPAKTUYHO HE posrisgactscs. Ilpu
AOCII [KEHH} CKOHOMIYHHX IOKA3HMKIB Maiike BCKO iH(OPMALIIO HECy Th, SK [IPABUJIO, TPH
— BICIM HakCyTTeBilmx (axTopis. s iX NoAambImOro 36iNbLEHHT HEOGXIIHO 3HAUHO
30IIBIUTH OOCAT BUXIAHMX AaHMX. Y .MepmoMy HAOMWKCHHI BBAXKAIOTh, IO YUCIO
OZIWMHHL CYKYTHOCTI TOBHHHO OyTv npuuaiivui B 10 pasis 6inbime Biag yucia daxTopHMX
3MIHHMX. SIKIIO O3HAKM TICHO KOPETIOIOTh MiXK COBO0, TO i JCCATUKPATHE NICPCBHILICHHSA
MCTIA OJMHML CYKYTTHOCTI HaJ YHCIOM (JaAKTOPIB MOXKE BUSIBHTHUCS HEJOCTATHIM.

ObnacTs icCHyBaHHA MHOXMHHOI perpecii BU3HAYAETHCH HAWMEHIIHM i HAHGIIHIIHM
3HAYCHHIMH (JAKTOPHMX O3HAK, WO 3yCTPIYAOTECA Y BHXITHUX TaHHX.

Hexait 00rpyHToBaso, 1110 Bl akTOpH MIHIHHO MOB A3aHi 3 PE3y/IHTYIOUNOI0 3MiHHOIO.
OcHoBHa 3a1a4a perpeciiiHOro aHATI3Y MONSTae B 3HAXOHKESHHI NapaMeTpPiB PIBHAHHS

Xo =8y +byx; +byxy +...+ B, ,

Jns  BusHaveHus mapameTpiB  bo.b),bs...,5; OVEEMO BHKODHCTOBYBATH METOX

HAMMEHILNX KBAAPATIB, CyTh AKOTO [OAMAE B 3HAXOLKCHHI MiHIMYMy (by HKLLi
2

0= i(xiO —X,,) —min, (6.137)
i=1

AC 11 — MUCIO OAMHHML CYKYNMHOCTI B KOKHIM O3HALU; Xjo — TEOpETHYHI (HOpPMaTHBHI)
SHAYCHHSA PE3Y/IBTYIOUOI 3MIHHO, 3HAHICHI Ha OCHOBI PIBHAHHA MHOKMHHOI perpecii 3
YPaxyBaHHAM 3HAYCHb (PaKTOPIB X;1,Xp,...,.Xix B I-M OJMHUIN CYKYITHOCTI.

Hincrasnsmouu y (6.137) samicTs x;o Bianosixmi 3HaucHss (6.136), JudepeHLIroIH
oaepxanui (yHKUioHan 3a mapameTpayu bo,b1,5,,...,by # MPUPIBHIOIOMM YACTHEHI TOXIHI
A0 HyJIs1, OXCPKMMO CHCTEMY HOPMABHMX PIBHAHB Ui MHOKHUHHOI JTHIHHOT perpecii:

b0n+bIZx1 +b2Zx2 +...+kaxk = Zxo;
By D % +b Y X +b, Y xx, b Y X = xon:
by % +b D xx, +by ) %3 b ) X, = xoxy: (6.138)

by Y x, +b, ) X%, +b, ) %%, oAb X =Y X

Pose’ssyroun cuctemy mimiliHMX  anrebpaiummx  piBHsHb  (6.138)  BizmocHO
b0.b1,02,....51, OXCPKUMO HEBIZOMI MAPAMETPH PIBHSHHS OararoBumipHoi perpecii. Hagani
MEXI IACYMOBYBaHHA Bix i 10 n Gyaemo omyckaTh. Sk BHXiZHY indopmamio g
no0yI0BH CHCTEMM HOPMAIBHKX PIBHAHE HA OCHOBI BHOIPKM HEOBXiTHO OGMMCIMTH TaKi
CYMH:
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DI

2 X%

BigsHaumMoO, ILO OCKUIBKH inx ;= Zx X, TO CUMETPHYHI  BCITHMYMHU
BH3HAYAKOTHCS OIMH Pas.

Teopema 6.3. HMapamerpu {bobi1,... b} C R' ocnoBHOI 3a7aui perpeciiiHoro
AHAJIZY 3HAXOAATHCSI METOAOM HAMMEHIINX KBA/IPATIB SIK PO3B 30K CJIAP (6 83).

Cucremy HOPMAUTLHHX plBH}H{b (6.138) Gyzxemo po3s ‘A3yBaTH OJHMM 13 BIOMHX
METOJIB O3B SI3yBAHHA CHCTEM JiHIMHMX aireOpaiuHuX piBHAHb (TO4HI MeToaM l'ayca,
Meroa mpocToi itepauii, metox 3eiaens Tomo). TouwicTk pospaxy HKIB TEPCBIPSIOTHL
I ICTAHOBKOIO OEP)KAHUX MAPAMETPIB y CHCTEMY HOPMATBHUX PiBHSHb.

SIKIIO CHCTEMA Ma€ GLIBIIC YOTHPHOX TIAPAMETPIB, TO Wi 3HAXOKCHHA HCBIAOMMX

apamMeTpis {b(,.b, ....b } R’ MHOKHHHFX PiBHSAHb PErPecii BUKOPHCTOBYIOTh CyHacHi

KOMITFOTEPH, a OOYUCICHHs 3MIHCHIOKTH 33 JOMOMOTON MAKETY STATISTICA abo
obomonxu MATLAB. [lns 3HaxOMWKCHH:A napaMerpus perpecii CHCTEMY HOPMATbHHX
piBHHE MO)KHA 3aIACATH HC TLIBKM HA OCHOBI CYM, CyM KBAApaTiB 1 CYM napHAX
nOBYTKIB BUXIJHUX JAHMX, 1C W B IHIIOMY BUIIAAl, HAOPUKNAX CYM, CYM KBa/IpaTlB 0
CYM MapHUX J00YTKIB BIAXWIEHbL Bl cepenmx apuMETHYHKX; AUCTISPCIH 1 KoBapiauiy;
kociLieHTiB MapHOi Kopemwii. SIKmo BUXIAHI CIIOCTCPEKCHHA (BubIpKa) 3aJAI0TECA ¥
BHIISL BiAXWICHb BiA CEPCIHIX apM(METHYHMX, TO CHCTEMa HOPMATbHMX PIBH’Hb

(6.138), BpaxoByIOUH, IO Z(xi ~X;) =0, nabyze Burnazy:
b (x, %) +b. > (%, —F)(x, = F) ot
+bk2(x1 —X)(x, —X) = Z(xo = X)(x, = X);
b (x — ¥, —y) b, D (x —Fy)
b > (6, = F)(x, — %)= 2 (0 —X)x; — %) (6.139)

blZ(xl = X))(x, — fk)"‘sz(xz X)X —X )+
+bkz (x, -%,)" = Z(xo =X )x —X%);
Poss’saytoun cuctemy (6.139), ozepkyemo KOe(ILIEHTH MHOKHHHOL perpecii.

X,
. . o~ " ~ ~ J .
BinbHuii unen b, = X, —bx; —...—b,X;, qe X, = E — ,j =012,k
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Osnauennn 6.2. 3HaxoOxiceHHs napamempie DiGHAHHA pezpecii HA OCHOBI cucmemu
(6.84) Hasueaome MAKO’C MEMOOOM GIOXUNEHD.

PosginmBrmg BCI PIBHAHHS CHCTEMH (6 139) na chzr BHOIPKH 7, OAEPIKHUMO CHCTEMY
HOPMAaIbHUX PIBHSAHb:

b,s} +b,cov,,+...+b, cOV,, =COV,,; (6.140)

,
by covy,+b,s5 +...+b, cov,y, =covy,;

by covy,+b,covy,+...+ b5 =covy,;

Z(x ‘x) fo
Z(x x)(x x) Zxx

cov; X;.

Busnavenns napameTpis perpecii 3a goroMororo cuctemu (6.140) 6y aemo Hazusatn
cnoco6om Koeapiayiii, OCKLIbKM BETMYMHY COV; Y CTATHCTHMHIM TiITEpaTypi HA3MBAIOTH
SMIMGHUM YEHMPATLHUM MOMEHMOM Opy20e0 nopsoky abo rxosapiayicio. BinbHui wien
PIBHSHHS PETpecii 3HAX0AMMO TaK CaMO, SK 1 B TIOTICPEIHBOMY BHITAJKY.

Posainmmo, HapemTi, BCI wWICHW mepmioro piBHsaHHA cuctemu (6.140) Ha 106yTOK
AUCTIEPCIH SpS1, @ APYFOTO — HA So52 1 T.A. Y PE3yNbTATI 0JCPKHUMO

Bt Bobiy + .+ Bory, = 1y

Bty + By + o+ By, = Foys (6.141)

Pk + Botoy +.+ By =1y,

Osnauenns 6.3. Memoo no6yoosu cucmem nopmanvhux pienams (6.141) naseemo
MEMOOOM KOPENAYIHHOT Mampuyi.

Posp’ssyroum cuctemy (6.141), oaepxyemMo KOGQIEHTM MHOXHHHOI perpecii
B.ps..... B, vy craHnaprusosaHoMy Buriigi. Boum XapaKkTepU3YIOTh  BUXIAHI

CTIOCTCPCIKEHHS, siKi TIOJAH] B CTAHNAPTHHMX BIAXWIEHHAX BLX BIAMOBITHMX CEPCIHIX Ta

(xj - EJ) . p
MAKTh BHIAA Z; = ——= j =01k
S .
J
Axwo piBHAHMA perpecii B MOYATKOBMX OJMHHMISIX BXKC 3HANHACHO, TO

CTaHAAPTH30BaHI Koc()iLlieHTH perpecii BM3HAYAEMO, OUYCBMAHO, 33 (DOPMYIAMH

, N
ﬁi:bj".l“;bjzﬁ.—o'
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Mpukaaa 6.4. PosrisHemo 3a1a4y 3aI€KHOCTI BPOXKAMHOCTI 36PHOBMX X B/l BIUTMBY
ocHOBHUX (hakTOpiB (EKOHOMIMHOI OLUHKM 3eMm X; 1 3aTpar BUPOOHMIITBA X7), HIO
HaBedcHl y Tabn. 6.11.

Tabnuya 6.11

BuxiaHi qaHi 7T BU3HAYCHHS BIUIUBY CKOHOMIYHOI OLUHKH 3emi Ta 3aTpaT

BHPOOHMIITBA HA BPOXKAWHICTh 36PHOBHX Ha OCHOBI1 pPi4HMX 3BITIB TOCIIO1apCTB
JIsBiBCHKO] 00nacTI

Homep HasBa BpoxaHHicTh ExonoMiusa oliHka | 3arpaTi BAPOOHUITBA Ha
rOCIo- 3epHOBUX, LI/Ta 3eMiIi, fan 1 ra, rpH.
HapeTBa X X X,

1 iM. B. HoproBona 38 27 280

2 «JipyxOa» 37 39 238

3 M. 38 27 362

10.®eapKoBHYa

4 «IIpaBna» 53 77 352

5 iM. J{. Fanuubroro 40 46 293

6 «Uymanprai 38 66 219

LITIIX»

7 «28 depBHI» 43 68 315

8 in. JI. Ykpainku 37 64 277

9 «YkpaiHa» 38 58 331

10 iM. IBana Opanka 35 58 250

11 «HeszanexuocTi» 35 72 262

12 im. B. Credanuka 43 73 265

13 iM. B. Cryca 53 74 426

14 im. T. [lleBuerka 56 63 484

14 Bceporo 584 812 4354

Po36’s130k. BposkaliHiCTh 36PHOBHX X B 1i/ra i/ IUYKATH Y BUMTLAL Xo =ho+b1x1+boxs,
7€ X, -~ CKOHOMIYHA OLiHKa 3eM, Oai; X, - 3aTpaTH BupoGrvLTBa Ha | ra, rpH.

CucTeMa HOPMATBHUX P1BHAHD MA€ BAITIA

bon+blle +b22x2 ——-Zxo;
Bo Y % by X +by Y X%, = > xox;

boz X, + bIlex2 +bzz x: = Zxoxz;

Tabnuys 6.12

Mgl x| X% | x2 | 2 | xx [ %% | x5 | X%

138127280 1444 | 729 | 7560 | 1026 78400 10640
2 1371392381369 | 1521 | 9282 | 1443 56644| 8806
3 [38]271362| 1444 | 729 | 9774 | 1026 | 131044| 13756
4 | 5377135212809 | 5929 | 27104 | 4081 | 123904| 18656
5 140]46 2931600 {2116 | 13478 | 1840 858491 11720
6 | 3866|219 | 1444 | 4356 | 14454 | 2508 | 47961| 8322
7 (43687315 1849 | 4624 | 21420 | 2924 | 99225| 13545
8 137 |64 277 | 1369 | 4096 | 17728 | 2368 76729| 10249
19 38 58 1331 | 1444 | 3364 | 19198 2204 | 109561| 12578
10{35 58 1250 | 1225 | 3364 | 14500 | 2030 | 62500] 8750
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1113572 (262 | 1225 | 5184 | 18864 | 2520 | 68644] 9170
12143 | 73 | 265 | 1849 | 5329 | 19345 | 3139 | 70225 11395
13133 | 74 | 426 | 2809 | 5476 | 31524 | 3922 | 181476| 22578
14} 56 | 63 | 484 | 3136 | 3969 | 30492 | 3528 | 234256| 27104
145841812 |4354|25016]50786|254723|34559|1426418 | 187269
145, +812b, +43545, =584
8126y + 50786b,, + 2547235, =34539;
4354by + 254723b; +1426418b, = 187269.

Po3p’asyroum ne piBHsHHa (Hanpuxaag, metoaoM [‘aycca), ogepikyeMo kKoediiieHTH
perpecii: b, =10.5344; b, =0.1424; b, =0.0737.

Sk npaBuno, OOYMCIEHHS BUKOHYKOTb HA TNEPCOHATPHMX KOMITOTEpax 3
uxopucTaHHaM makety «CTATUCTHUKA» abo MATLAB. Buxiasi mani 6axano MaTu 3
3-4 3Hauy vy mugpamy. TakuM YMHOM, IIyKaHE PIBHAHHS perpecii HalyBae BULIALY

o =10.534 +0.142x; + 0.074x,.
3 TPAKTHKA BLIOMO, IO Koe(blmeﬂm TIAPHOI T4 MHOKMHHOI PETPecii, BU3HAYCHI HA

OCHOBI OJHAKOBUX NAaHMX IS OJHI€l (baK‘ropHm 3MIHHOI, MaibKe 3aBXKAM Pi3HATBCA.
3okpema, WIA AAaHOro MPHKIAZy I@PHC PIBHAHHA DPErpecii 3aleKHOCTI BPOKAKHOCTI

3CPHOBHMX Xy BIJA EKOHOMIYHOI OLIIHKH 36MJII X; MA€ BUITIAA )70 =30.9 +0.19x;.

Koedimientn mpu x), MOKasvioTh CCPEIHINM BIUIMB AKOCTI 3eMJi Ha BPOXKAMHICTH
3epHOBHX. Y NapHOMy pIBHSAHHI koeilieHT perpecii Ha 34% Ginbnmmii 3a BiANOBLXHMIA
xoediuienr MHOXMHHOI perpecii. HeoxnakosicTs koediuieHTis piBHsHE mpocToi i
MHOKHHHOI PETrPecli MOACHIOETHCA HAABHICTIO KOPEIALIMHOTO 3B A3KY MixK (DaKTOPHHMH
SMIHHMMH. 30Kpema, i1 UbOre MPUKIAny Koc(iLIEHT KOpensauii MDK E€KOHOMIYHOK
OLIHKOIO 36MIT Ta 3aTPaTaMM BUPOOHHLTBA 71, =0.13.

Bucnook 1. Koediuient mapHoro (mpocroro) piBHauHs perpecii Bigobpaxae
YMOBHMHA BIIMB (DaKTOpa, ILIO aHAMIZYETBCS, HA pPE3yIbTYIOMY 3MiHHY. IIpruomy
YMOBHICTh BMIHMBY (DakTOpHOI 3MIHHOI MONSATa€ B TOMY, IO BOHA AOCHTh TOYHO
BigoOpaxae JHCHICTh, KOIH ii BIVIMB IHTEPIIPETYETHCA AK Pe3yabTaT Iii JaHOI O3HAKH
pa3oM 3 iHWMMH (PAKTOPaMM, KOPEMAIIHHO NOB I3AHMMM 3 (DAKTOPHOK 3MIHHOK, IO
AOCTIUKY€ThCs. [HIMMK crioBamu, KOCQILIEHT TAPHOTO PIBHAHHS perpecii Mokasye
BILTMB Jesk0i (hikcoBaHOi (pakTOpHOI 3MIHHOI HA PE3ybTYIOUY O3HAKYy NPH HAsSBHOCTI
neBHOTO «(hoHy» pemTy (akTopiB, NPHIOMY Lel «(POH» MOXKC 3MIHIOBATHCA MPH 3MiHi
aHamisyro4oi o3Haky. Hanpukian, nigsumenss sxocTi semmi Ha 1 6an mpu BianosizHoMy
NIOKPAIICHH 3aTpaT BUPOOHMITBA i IHIMMX (DAKTOPIB MOBMHHO 3a0C3MCUMTH CEPemHil
TPUPICT BpoXkakHoCTI 3epHoBux Ha 0,19 w/ra (To6To Ha KOEILIEHT NMPOCTOrO PiBHSIHHS

- perpeci).

BucHoBoK 2. KoediLieHT MHOKHHHOTO PiBHAHHS perpecii Bi106pakac YHCTUil BIUTHB
axropHoi 3MIHHO{, fIKIO perpeciiiHa MOJENb OXOILTHOE BCI (PaKTOPH, fAKI BIUIMBAKOTH HA
pe3ynieTyroMy 3miHHY. Toml Takuii BILTHB (axTopiB (PakTHYHO PO3MOMIIAETHCH MUK HUMH
3 BLA MOBIAHUMM BaraMmy, a «(oH» il xokHOro (akropa BBaXAeThCA (IKCOBAHMM HA
NICBHOMY MOCTIHHOMY piBHi. Peanbre unciao daxtopis, ski BIUIMBAIOTH HA PE3YTHTYIOUY
3MiHHY, HAaCTITBKHM BCIMKE, IO BCI iX BPaXyBaTH B PerpeciifHiii MOAEH HEMOMIIMBO.
3BUualiHO MPHIAMAKOTh, WO CepeA YCix (aKTOpHUX 3MIHHMX € Kintbka (Big 3 10 3)
HAMBOXCTMBINIMX, @ BIUIMB PEWITH (DaKTOPIB HECYTTEBMH. BiJHOCHO [0 OCHOBHHX
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daxtopis «dor» € (PikcoBaHMM, a BIAHOCHO O PCIITH ¢axTopiB, sKI HC BKIIOYEHI B
PErpeciiiHy MOJEb, BiH 3aIMIIAETHCA 3MIHHUM (33 aHATOTIEH 3 «(hOHOM» TTapHOTO
piBHsiHEs perpecii). TakuM 4MHOM, HEOOXIHO MaM’ STAaTH, WO KOS(IIEHT MHOXHHHOTO
DiBHSIHHS perpecii ormcye yMOBHO 4MCTHE BB (axTopHOi sminmnoi. Hampuxnan,
AGiIbIEHHsT AKOCTi 3eMm Ha 1 6an 6e3 J0JaTKOBMX 3aTPaT BMPOOHMILITBA NPUBOAUTE 10
CEpEAHBOTO TIPUPOCTY BPOXKAMHOCTI 3epHOBUX Ha 0,14 wra (Ha KOC(ILIEHT MHOKHHHOI
perpecii). Ce

Sxiio B GaraToBUMIpHyY PErPeCiiiiy MOAETH BKIOYHTH NI OuH (TPeTiH) daxrop, TO
CTemiHb yMOBHOCTI KoeinieHTiB perpecii sMeHmMTECA. KO (PaKTOPH B3AEMHO 3B s13aHi
OJATHBOK) KOPEALUEI0, TO B MIPY SHIKCHHA CTYNCHS YMOBHOCTI 3MCHIIYIOTHCA
xoediierTy perpecii

3aysaxcenns 1. lurepnperauis koe(iLienTiB perpecii TICHO TIOB A3aHa 3 OAUHWLAMU
pe3y IbTyI0uOi Ta (PAKTOPHOT 3MIHHMX. SIKINO 3MIHMTH OMHHLEO oxHiel un 000X 3MIHHMX,
TO BiAMOBIAHO 3MIHATHCA KOG(IeHTH perpecii. 30KpemMa, AKIIO OAUHVULEO PE3yIbTYI0U0L
SMIHHOI 3MEHIIMTH (36iIbmUTH) B & pasiB, T0 NPaBy HaCTUHY PIBHAHHA perpecii
HeObXigHo 36inmbmmTH (3MeHmMTH) B £ pasis. Skmo ok 30LTBLIYyEMO (3MeHIIyeMO)
OMMHMIIO MM OAHi€l (PAKTOPHOI 3MIHHOI, TO Ha K CTX MOMHOKUTH (TIOALTHTH) TITBKM
BIAMOBIAHUH KOS(IIIEHT perpecii.

3ayeancenns 2. I1pn nody 108 MHOKMHHOTO PIBHAHHS perpecii BuxigHy iH(poOpMAaLiIO
HEOOXIAHO NIEPETBOPHUTH Tak, 10O yei MaHi Oy/u YMCIaMH OJTHOrO MOPAAKY. Ocranne nae
MOYKTHBICTb KPAIC iHTCPNPETY BATH CKOHOMIMHUM 3MICT OKPEMHX xoe(MLIEHTIB perpecii.

OCKiTbKHM, B 3araTbHOMY BHIIAAKY KOCHILIEHTH PETPeciii HE MOXKHA CIIIBCTABIISATH, TO
T TIOPIBHSUILHOI OLIHKM BIUIMBY (DaKTopiB Ha PE3ybTYIOUY 3MiHHY ix HEOOX1IHO
MOJAaTH B CTAHJIAPTH30BAHOMY BHMIVIAL SIKINO PIBHSHHA perpecii B TOYaTKOBHX
OMHMLEIX BKE 3HAMACHO, TO CTAHAAPTH30BaHI KOC(ILIEHTH perpecii SHaTH TIOPIBHAHO
7erko. 30KpeMa, NI NaHOro IpUKIaTy Ha ocHOBI Buximuux Janux (b, =0.1424; b
=0.0737, so =6.8131; s, =71.8749) onepxyemo, mo [, =0.3393; B, =07775.Y
CTaHJApPTH30BAHOMY BUIVIANL PIBHAHHA PErpecii 3armCyeTses Z, =0.3393z, +0,7775z,,
A€ z; = x—J——i,j =12.

S ;

BinbHuii uieH piBHsHHA perpecii I0PiBHIOE HYITO, OCKLTHKH BCI 3MiHHI BUP@KEHI ¥
BIIXIJICHHAX BiJ CEPCAHIX 3HAYCHb.

Bucnosok 3. CranmaptusoBani koe(ILI€HTH perpecii NokasyloTh, Ha CKUTBKH
CTAHAAPTHUX OJMHHLb 3MIHMTBCA B CEPCAHBOMY pPE3YIBTYIOHA 3MiHHA TPH 3MiHI
(paKTOPHOI 03HAKH HA OJHY CTAHAAPTHY OJMHMLEO. 30KpEMa, 3MIiHA OLIHKH 3eMJI1I Ha 0JHY
OIMHUILIO CTAaHAAPTHOTO BIIXHJICHHA B - J1aHOMY npuknag 3abesnedye  TPUPICT
BpOJKAMHOCTI B cepearboMy Ha 03393 craHIapTHMX OJMHHMIE, a 3MiHA HA OJHE
CTAHZAPTHE BiIXWICHHA 3aTpaT BMPOOHHMUTBA 3abc3medye MpUpICT BPOXKAWHOCTI Ha
(,7775 cTanaapTHUX BIIXWICHD. ,

3ayeancennsn 3. CrannapThi KOS(ILUEHTH MHOKHHHOTO PIBHSIHHSL perpecii MOXKHa
criBcTaBasTy, J1s IbOTO MPUMKTAAY TAKE CIBCTABJICHHS NOKA3ye, WO Ha BPOIKAMHICTH
3EPHOBMX HAHOLIBLIC BIUIMBAKOTH 3aTPaTH BHPOOHMLITBA, @ HAWMCHIIE — SKICTh 3eMIIl,
OCKLITBKH TIPH Z; KOeDILHEHT € OLIBIINM, HIK TIPH Z;.
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Haperrri, po3rsiisHeMO 1HTEPIIPETALIIIO TCOPETHYHOT BETMMHHHA PE3YIIBTYICHOI 3MIHHON.
"HaiyacTinie B CTarMcTUMHOMY — aHamisi  OaratoakTopHi  pIBHSHHA — perpecii
BUKODUCTOBYIOTBCA Ul OLUHKHM PE3yibTariB poOOTH OKPEMHX OAMHULG CYKYITHOCTI
~ (roctioaapcTs, roanpuemMcTs Tomo). OCHOBHA i€ TaKOI OLIHKM TIONAraE B TOMY, IO B
CTAaTUCTHYHOMY AaHANI31 MOXKHA BpPaxXyBaTd BIUIMB HA PE3YNILTYIOMY 3MIHHY BlApasy
KUTBbKOX (DaKTOPIB, HANPHKIAA, BIUIMB IKOCTI 3¢MJIl Ta 3arpar BHPOOHWLITBA Ha
YPOXKAHHICTb JEPHOBUX. 13 CYKYIHOCTI TOCIOAApCTB, HABEACHUX v TaOm. 1, posrisHeMo
koarocn iM. B.Credanmxa. fxicte 3emmi wporo koarocmy owimroetses 73 Ganamwu, a
BUTpaTH BHUPOOHMIITBA CKIAJAIOTh V CEPSAHBOMY 265 TIpH. 3 po3paxyHKy Ha lra.
Hiacrasnsroun axTopHl piBHSIHHEA perpecii, oxepkyemo xo = 40.51 wra.

Oneprxkana BpOKAHHICTD € HOPMATHBHOX (TCOPCTHYHOIO) MPH 3aJaHMX (PakTopHMX
3MIHHMX Ta CEPEIHBOMY PIBHI iX BuxopucranHa DakrtivHa ypoxKadHICTE CTAHOBUTH 43
w/ra, T00T0 € OubLIOW Bix HopMatuBHOI Ha 43—40.51 = 149 wra. Takum ynHOM,
posrsHyT! jABa ¢akTOpH, MO BKIFOYECHI B PErpecifily MOJCNb, BHKOPHCTOBVIOTECA B
LLOMY FOCIIOAPCTBI BUINE CEPEAHBOIO PIBHAL.

B Toif camuii uac Ha OCHOBI BMKOPHMCTAHHS [ADHOTO DiBHSHHS PErpecii, B AKOMY
BPaXOBY €TbCS MOIC OAMH (hakTop (EKOHOMIYHA OLIHKA 3eMJIl), TEOPETUYMHA BPOXKAMHICTD
xo =44,77 w/ra i € Outbiror0 B1a aktruHoi Ha 44,77—43 = 1,77 u/ra. Omke, BUKOPUCTAHHS
MapHOro DIBHSHHA perpecii Mmokasye, IO PECYPCH rOCIoAapCTBA BUKOPHCTOBYBATHCH
HWKYC CCPSAHBOIO PpiBHA (BLI €MHI BIAXHICHHA (AKTUYHOI YPOXKAMHOCTI BIA
TeopeTHaHOI cTaHOBILATE 1,77 w/ra). Y Toil camuit yac 6ararodakTopHa MOIETbL MOKa3ana,
HI0 PECYpPCH TOCHOJAPCTBA, HABIIAKM, BUKOPHCTOBYBAIWCS BHMILE CEPEAHBOTO pPiBHA
(momaTHl BiOXWieHHS (JAaKTUMHHMX 3HAYCHB B mMeopemuyHux AOpiBHIOIOTE 1,49 1/ra).
Ocxkinbku OUTbII TOYHOK € OaratodlakTOpHA perpeciiHa Mozaens, To nobyaoBa MOIACHI
BPOXKAHHOCTI Ha OCHOBI NMPOCTOTO (ITAPHOTO) PIBHAHHS PErpecii 3a TaHUMH TIPUKIALY, O
PO3IBLAAETHCS, MOXKE TPUBECTH A0 HEMTPABWILHOI OIIHKH POOOTH TOCTIOAApPCTBA.

Bucnosok 4. Slxmo piBHAHHA MHOKHHHOI perpecii MICTHTH yClI OCHOBHI (haxTopu
BUPOOHMUITBA, TO TCOPETUYHEC (HOPMATHBHE) 3HAYEHHH PpE3YNBTYIOUO  3MIHHOI
XapakTepu3ye MOTCHLIAN LLOro TOCIOAapCTBA, BPAXOBYIOUH BCTAHOBJICHY opraﬁisauilo
BUpOOHMITBA. BHCOKMI TeopeTwuHMM DpiBEHb pE3yNBTYIOUOI O3HAKM CBITYMTH IO
SHAYHUMN Bnp06}mqpm NOTCHIJAT TOCIIOAAPCTBA 1, HABIIAKM, HCBEIWKI 3HAUCHHS
PE3yNBTYIOUOl 3MIHHOI CBIAYaTh NPO HASIBHICTE y TOCMOJAPCTBI HEBUKOPMCTAHMX
pesepsiB. BiaxuneHus (JakTHYHOrO 3HAYCHHS PE3yIBTYIOHOI 3MIHHOI BiJl TEOPETUUHOTO
BiAOOpaXkae pe3yibTar Aii (JaKTOpIB, IO HE BXOANTH Yy PIBHAHHA MHOKHMHHOI perpecii.
Sxmo perpeciiiHa Moaeb MICTUTE yCI (haKTOPH, WO BILTHBAIOTL HA PE3V.ILTYIOMY O3HAKY
(10610 06’ €KTHBHO 00YMOBIIOOTH PE3YILTATH BUPOGHHIITBA), TO BiIXIICHHS (DJAKTHIHHX
3HaYEHb pE3YIBTYIOUOI 3MIHHOI BIX TCOPCTHYHHMX BB@KAWTECH DPE3yNbTATOM Al
cy6’extuBHMX (opramizaiiiiemx) ¢axrtopis. TakuMm 4uHOM, BIAXWICHHA (DAKTUMHOIO
3HAYEHHs PE3VILTYIOYOI O3HAKH BiA BIAMNOBIZHOTO TCOPETMMHOIO 3HAYCHHSA, 3HAMACHOTO
Ha OCHOBI PIBHAHHA MHOXHHHOI perpecii, CBIIYMTh MPO PiBEHb BUKOPUCTAHHSA HASBHUX
BHUPOOHHUMX (JaKTOPIB TA YMOB.
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6.9.3. CranpapTHa noxubka OUiHKM 3a PiBHAHHAM

CranzapTHa moxu0Ka OLUHKM 32 PIBHAHHAM MHOMMHHOI perpecii BH3HA4Ya€ThCS TaK
camo, sIK i UI mapHoro piBHsHHA perpecii. Crioyatky 3HaXOAATL HAOMDKEHY AUCIICPCIFO:

2 D% (6.142)

8012, = >
n

¢ Xp — TEOPETUYHE 3HAYCHHS PE3yNBTYKOYOI 3MIHHOI, sAKke OOYMCIEHE HA OCHOBI
MHOKHHHOTO PIBHSIHEHS PErpecii.

Hesmimena omiska wiei amcrepcii gopiBHoe noOyTKy 3MIMIEHOI OLIHKHM Ha
BiAnoBiIHuMil koedimenT [76-80, 88, 92-93, 138, 142, 163]:

n

ok n_—(k—+_l) , (6.143)

-2 _ 2
So1,2,.& =5012,

ne k — uncno $akTopiB y PIBHAHHI MHOXHHHOI perpecii.
CrangapTHa noxuOka OLIHKH 32 PIBHSHHAM BU3HAYAETLCA K KBAAPATHHUI KOPIHb 13
HaOIWKEHOI TUCIepCii:

(xO ‘fo)z - ) -
So1,2,k = —Zn— > Son2. .k =S k- (6.144)

Ha npakTvin HaiuacTIiIC BUKOPHCTOBYETBCA iHma Qopmyaa mis OOYHCICHHA
CTaHAAPTHOI NMOXMOKH OLIHKHY 3a PIBHAHHAM perpecii [76-80, 88, 92-93, 138, 142, 163]:

= Zxo2 "bozxo —blszxl —"'—bkzxoxk (6.145)
n

2
So12,. .k =

Slxmo BiIOMI IMOKA3HMKHK KOBapiaLji Ta AUCTICPCii pesy IbTyIoUuoi 3MIHHOI, TO opmyaa
(6.142) nabyBae Burnagy

Soro.k =85 —bcovy —b,covg, —...— b covg, . (6.146)

ExonoMiMHa iHTEprIpETaLis CTAHAAPTHOI MOXKMOKM OLIHKM [UTA PIBHAHHSA PETpecii Taka
cama, siK 1 An MapHOTo piBHAHHA perpecii. Bemwuwma s,,, , Xapaxrepusye Bapiaujio
(haKTHIHMX JAHMX HABKOJIO TEOPCTHUHMX (HOPMATHBHHX), OJCPXKAHMX HA OCHOBI
MHOHHHOIO PiBHSHHS PErpecii.

Ll BemrymHa BUPaXXaeThCs B THX )K€ OAMHULIAX, IO ¥ PE3yabTyIOda 3MiHHA, Skimo
3B’430K MDK PpE3YNBTYIOHO Ta (AaKTOPHMMH 3MIHHMMH € (DYHKIIOHATBHMM, TO
Son2,. =0, SIKIWO K TakMA 3B’A30K BIACYTHIH, TO S,,, , TpHUAMac HaWOiTbuI
3HAYCHHA.

I'panmuna moxubrxa Ay, , JopiBHIOE 100yTKy CTaHAapTHOI NOXMOKH Ha

MMOBIPHICHMi KoediuienT £, :

Boro k=t pSonz ik (6.147)
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Ha ocHoBI rpaHnyHOi 1MOXuOKM BM3HAYAIOTh JOBIPYl IHTCPBAIN. HIDKHIO MEXY — 5K
PI3HHUIIO MDK TCOPCTHYHHM 3HAYCHHAM PC3YJBTYHOMOI O3HAKM | TPAHUYHOK MOXHOKOIO,
BCPXHIO — AIK CyMy JAHHMX BETHMYMH: X, — Ay, , <X, <X, +Ay,, 4.

Mpuxnan 6.5. O64HCIUTH CTaHAAPTHY TIOXUOKY 171 MHOKUHHOTO PIBHAHHA Perpecii,
o0y AOBAHOTO HA OCHOBI JaHMX npuKIay 6.4.

Poy’zox. Tliactapmooun mami  » x, =584, > x7=25016, D xx =34559,
Zxox2 =187269 v dopmyny craHmapTHOI MOXMOKM OLIHKH 3a DPIBHSAHHAM PErpecii,

3aIHCaHy 4epe3 CYMH, OACPKY €MO

D% —be > X —by Y ¥~ by ) xex, ~11.8081,
4]

Sihs =15.0285, 5,,, =3.8767 wra,

CriBcTaBnsmoYM HE3MIIUCHY CTAHAAPTHY TNOXMOKY MHOKHMHHOTO PIBHSHHS perpecii
(3,9 wra) i3 cTaHZaPTHUM BLIXHICHHAM PE3YIbTYIOUOT 3MiHHOL (5,=60.8 w/ra) oaepxyemo,
IO B PE3yJIbTaTl BHIUIIOYECHHs 13 BIUIMBY HA BPOXAMHICTh 3€PHOBMX ABOX (hakTopis
(cKOHOMIYHOI OLIHKM 3eMJIi Ta 3aTpaT BUpOOHMUTBA) HaOmwKeHa Bapiauis (CTaHAapTHE
BIAXWICHH) 3MCHILY €Thest Ha 6,8 - 3,9 = 2.9 1y/ra.

Taxum ypHOM, Ha BPOXKAHHICTH 3CPHOBHUX, KPIM CKOHOMIUHOT OLUHKH 36MJ1i T4 BUTPAT
BUPOOHHIITBA, BIUIMBAKOTL TAKOXK 1HIN (DAKTOPHI 3MIHHI, HE BPaxoBaHi B LOM MOJENI,
Cepe/l AIKKUX BAXIIUBE 3SHAYCHHA MAIOTh Cy0 €KTHBHI (OpTraHI3aliitHi ) (haKTOPHI 03HAKH.

2
So,1,2

6.9.4. KoedpiuieHT peTepminauii 1 kopensauii
Jx 1 xoediment mnapHoi AetepMiHauii, KOe(DIIEHT MHOXKMHHOI JACTEpPMIHALUT,
JOPIBHIOE BiJHOIICHHIO IMOCHEHOI AucIiepCii 5&1,2)”_]{ /IO 3arajibHOi AMCTIEpCii S, ©

52 52—t ;2

2 _ Q012 .k _So 7 S012 k4 S012,. 4

Roro o =—5"—= 3 =] - (6.148)
0 So SO

KoedimieHr MHOXHMHHOI KOpensiuii BHU3HAYAETHCS K KBAaAPATHMH KOPIHL 3
KoediLleHTa ACTEPMIHALI:

R = f1-tel2k 6.149
012k T T T 2 (6.149)
0

KQG(i;in€HT MHOKHMHHOI KOpeJAnii Mae Takl K BIACTUBOCTI, K 1 BiANOBITHMH MapHUEH
qu(bi;i_iem. 3okpema, AKIO S5y, =0, To Bci (akTuumi Jami  30iralThCA 3
TCOPETUMHHUMH 1 B3aEMO3B 130K € (PYHKLIOHANBHMM, a KOS(ILIEHT ASTEPMIHALIT ZOPIBHIOE
oauHutl. SAxmo sf,’lv_zwk=s§, TO B3AEMO3B 30K MIXK PE3VIBTYIOUOK Ta (PaKTOPHHUMH

3MIHHMMM BiacyTHiH. KpiM Toro, Ha BiaMmiHy Bix koediuieHTa MpOCTOI KOPETALL,
KOChIIHEHT MHOKMHHOI KOPEIALI HE MAac 3HAKY, OCKIIbKM B PIBHAHHI PErpecii MOXKYTb
OVIH OAHOYACHO AK JOJATHI, TaK 1 BIA eMHI koe(iLieHTH.

23
o
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Po3in 6. OcHOBHI BIAOMOCT] LIPO METO X apOKCHMAITi

IIpyn BUBYECHHI 321€KHOCTI BPOKAMHOCT! 3¢PHOBMX KyIbTYDP Bid CKOHOMIUHOI OLIHKH
. . 2 .
3cMIIl Ta 3aTPaT BUPOOHMUTBA HAaGaMKeHA AMCIICpCis s;,,=11.808, sarampHa aucrepcis

~

55 =46.418. Toni koediient nerepminauii R, ,=0.7456. Taxnm umsowm, 61u3bko 75%
BCiei auecniepcii BPOXKAHHOCTI 3CPHOBHX MOSICHIOETHCA BAPIaLGEd PONIAHYTHX (haKTOpIB:
CKOHOMIYHOIO OLIHKOK 3eMIl Ta 3aTpaTamy BUpOoOHMLITBA. Pemra 25% BUKIMKAHA Ii€H0
iHImMX (haxTOPiB, HC BPAXOBAHMX V JaHIM PErPeCUBHI MOICTI.

KoediuieHT MHOKHHHOI Kopemsii R;,, =0.863 i, sk npaswio, € GiLibmnM Bia
KOC(ILIEHTIB MAPHUX KOPCILILIM, sIKi XapakTEePH3YIOTh 3B 30K MUK PE3y/IbTYIOUOKO
3MIHHOKO Ta OKpeMUMHM (DaKTOPaMH. SIKIO MOKA3HHMKM KOBApialii BIAOMI, TO KOC(ILleHT
MHOHHHOI JeTepMiHaLli BHZHA4aeMo 3a GopMyIIor0:

2 _bycovy +bycovg,+...+ b, covy,

..... k= 2
So

, s
Bpaxosytoum, mo b; = #,—  onepxumo
i
J

5 ., CoVy, COVy, COVy,
Ry, =b ——+ b, — .t b, —— =
0 S Sy
CoVy, COVy, COV
=/p +h—=+. + f—".
So8 5082 S8k
COVy; 5

Hapewri, ockinbku 7, = ,T0 Ryyo 4= Bigy + Botoy +...+ Bity,..

508

6.9.5. Bubipkora noxu6ka koedilieHTa MHOXWUHHOT perpecii

Ksaapar crannapTHOi noxubku koediuieHTa napHoi TiHIMHOI perpecii BU3HAYAEMO 3a
¢dpopmynoro

5P =LE (6.150)
VX S;}z

AHaTOTIYHO BU3HAYAETECA KBAAPAT NOXUOKH KOS 1i€HTA MHOKHHHOI perpecii, skui
TAKOX 3AICKUTH BLA CTAHNAPTHOI NOXMOKM 3a PIBHAHHAM, TUCTIEPCii (haKTOPHOI 3MIHHOT
Ta YHCNA OMMHHLEL CYKyHOCTL. KpiM Toro, Ha nmoxubky koediiieHTa MEOKHHHOI perpecii
BIUTMBA€ TAKOX KOPEILiiHMI 387530k MbK (haxropamu. {06 BusHauMTH 3B A30K Mk
(baxTopHUMH 3MIHHEMH, B hopmymy (6.150) HeoOxiaHO BBECTH J0AATKOBHI MHOMKHHUK

1

.

F=R5 o G i
AKMH 30LTbUIYE CTAaHAAPTHY NOXMOKY NPM HASBHOCTI KOPEIALIMHOTO 3B’A3KY Mik
(axropamu. Omxe, (opmyvia 18 3HAXOLKEHHA KBAAPaTy CTaHAAPTHOI IOXHUOKH
KOC(ILIEHTa MHOKHUHHOI perpecii Mae BUTIIAN
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. s 2
2 Sy 1
by, L2, (-D(+D kT e*n 1-R>
CJ J.12

(6.151)

(Db

BC Sy 1. (j-D(j+..k — KBAAPAT cTaHAapTHOI NOXMOKH KoedieHTa MHOXHHHOI perpecti

j-ro axropa m1a i€l Pe3ybTVIOUOT 3MIHHOI Ta TPU HASABHOCTI B MOJem 1HIMX
. " . l" . R A » . N ». n .

daxropis 3 ingexcamu 1,2,...,(j —1),(j+1)....k: 551, , — KBaApaT CTaHIAPTHOI MOXMOKHU

MHOJKHHHOTO PIBHAHHA Perpecii; s; — mucriepcia j-ro ¢axropa; # '~ 4MCIO OAMHMIK

CYKYIHOCTL, RYy 5 1y (yem, & — KBAAPAT MHOMHMHHOTO Koe(iLlieHTa KOpeIALL, MpyIoMy
J-# aKTOp BBAXKAETHCS YMOBHOO PE3yIIBTYI0UOK) O3HAKOKO ((YHKINEKW), & iHIu (akTopHi
sminml 3 iHAekcamu 1.2, (j —1),(j+1),....k — aprymeHTamMH.

Slkmo j-# (akrop, ANA SKOrO BU3HAYAETHCHA KOC(ILEHT MHOXHMHHOI perpecii,
KOPEIALIMHO HE TOB A3aHMM 3 iHmmMu (3 iHaekcamu L2, (j-1),(j+1),...k)
dakropamu, TO RJZ«J,L Gongen, .k =0 1 noxubka xoedilienta MHOXHMHHOI perpecii Oy ae
HaWUMEHIHO.

Sxmo (axTop 3 IHAEKCOM j MaiKe NMOBHICTIO BHU3HAYAETHCH IHINMMH (aKTOPHUMH

. 2 . . . . .
SMIHHUMH, TO Ry, oy, 4 TPAMYyE Zo0 1 1 crannapTea noxudxa xoediuieHra

perpecii € sK 3aBroJIHO BENHMKON, a CaM KOC(ILUEHT BIPAYac MI3HABATBHY LIHHICTS, Y

2 .
IPaHMYHOMY BMIIAAKY TPU Ry, gy =0 CHCTCMAa HOPMATBHUX PIBHAHBL CTac

BHMPO/DKEHOIO 1 HE Ma€ Po3B 3Ky (TOOTO Ma€ MICIC NMOBHA MYIBTHKONIHEApHICTb). OTKE,
. 2
yuMm OlnbLie 3HAYCHHS R

1 Gongen, =0, TM Ginbia CTaHmapTHa noxXuOKa

Koe(iLI€HTa MHOKMHHOI perpecii ¥ MeHIIa HOro IM3HABAILHA MIHHICTD 1, HABMIAKH, YUM
MEHIIC 3HAUCHHS RJ2 L2, oG, g =0, ThM GinbIua mi3HaBaTbHA WIHHICTL KOC(inienTa

MHOYKHHHOI perpecii. Bia3HauMMO Takosk, WO NPy 30UIbLICHH] YHC1a PAKTOPHUX 3MIHHHX
(6inpIne 11°ATH) 301TBITY €TECA 00CAT OOYHCICHS.

MNpuknax 6.6, 3naiiTi cTauzapTHi NOXAOKH KOS(IIIEHTIB perpecli MHOKHHHOTO
PIBHAHHSA, OICPXKAHOTO HA OCHOBI AaHuX mpukiany 6.4 (5,=0,142 1 b, =0,074). s uporo
oBuncauMo s, , =15,028; 57 =16.235; 53 =71.875; n=14; 1,=0.134.

Poz¢’szok.  Iliacrapmmouncaani  sHawenss . B (6.151) 1 Bpaxosyrouu, wo
R215 ongay =T omepryeno s; =0.0673: s, =0.2595; s;=0.0152; 5, =0.1233.

Tak, sk 1 A7 mapHoi perpecii, cTaHTApTHI MOXMOKM KOC(ILUEHTIB MHOXMHHOI
perpecii BUKOPHUCTOBYIOTh Ul 3HAXODKCHHS TPAHMYHMX IOXMOOK 1 JOBIPYMX TIDaHMUb
koediienTip perpecii. ['paHuuyna noxubKka BU3HA4AETHCA AK NOOYTOK CTaHAAPTHOL
noxubk¥ Ha HMOBIpHICHMM koediwgent. JloBipui rpaHuin OGUUCIIOKOTECA IULIXOM
BiTHIMaHHA TPAHM4HOI TIOXMOKH Bia KoediwieHTa perpecii (HIKHA TPAHULE) 1 10AABAHHA
710 Koe(iLieHTa perpecii (BepXHs rpaHMLs). '
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6.9.6. BubipkoBa noxubka MHOXUHHOT perpecii

Sxmo BizoMi BHUOIPKOBI MOXHMOKHW OKPEMHMX MAapamMeTpiB PIBHAHHA MHOXKHHHOL
perpecii, To Tak came, AK 1 QI8 NApHOTO PIBHAHHA perpecii, MoxHa noOyyBaTu
BUGIpKOBY MOXUOKY Ui€l perpecii. 3 TOUKH 30py F€OMETPHYHOI IHTepIIpeTalii Le 03Hauae
o6y noBy B (4 +1) -MipHOMY npocTOpi AoBip4oi 06macTi, B sKii 3 NEBHOW (33AaHO0)
HMOBIDHICTIO 6y /IC 3HAXOJAWTHCS TiNCPIUIOIMHA PErpecii reHepansHoi cykynmocTi. [lpu
UpOMY BPAXOBYIOThCs BUOIpKOBI Moxubku sk koediuienris perpecii b,,b,,...,0,, Tak i
BUILHOTO 4ICHA PiBHAHHA b;. 1[5 3amaya piBHO3HAuHA 3a1a4i 3HAXOUKEHHs BUOIPKOBHUX

NOXMOOK TEOPETMYHMX 3HAYEHB PE3YIBTYIOMOI O3HAKHM, KA OOYHMCIEHA 3a PiBHAHHIM
perpecii.
Teopernune 3HAYCHHS PE3YIBTYIOUO! 3MIHHOT

Xy =X, +b (6 —x)+b,(x, = x,)+ ...+ b, {x, — %) (6.152)

Taxum yuHom, 3 piBusHHA (6.152) BurIIMBaE, WO BAGIPKOBA MOXMOKA X, 3ATCKHTDH
Bld MNOXUOKHM CEPEAHBOrO apU(METHYHOTO A, ¥ noxubok koediuieHTis perpecii
b,.b,,....b,.

Hexali xoedirgentu b,.b,,...,5, — nomapHO HEKOpPENbOBaHI M BHOIPKOBI MOXUOKM
0BYMCITIOIOTECA HA OCHOBI Aucriepciii. Toal, BpaxOBYHOYM TCOPEMY MpPO CYMY JMCIICPCIH,
3arajbHy AMCTIEPCIIO BBAKAEMO PIBHOIO CYMI JUCTIEPCiit moaankiB. [IpuyoMy, OCKLUTBKH B
(6.152) xoedimentn perpecii b,,5,,...,b, NEPEMHOKYIOTHCA BIATNOBIAHO Ha IOCTIHHI
BEITHYHMHH (X — A, ),(x, — A, Yoo (X —Axlv) , SIKI HE MarOTh BHOIPKOBOI MOXMUOKHM, TO TIpU
BH3HAUCHHI 3araTbHOI BHOIPKOBOI MOXMOKM AMCTIEPCii OKPEMMX IOJAHKIB HEOOXIIHO
AOMHOKUTH BIATIOBIAHO HA KBAAPAT MOCTIMHOI BemwumHu (x; —A_ ), i=Lk .

3 BpaxyBaHHsAM LBOTO KBAJPAT CTAHAAPTHOI MOXUOKM TEOPETMHMHOTO 3HAYCHHA
57, 1.2.. & » O0UHCTIOEMO 32 POpMY IO

2 _ 2 2 2, 2 2 2 2
Seodn k =Se 12 T87 00 =) #5500 —%)" + 45 (6, — X ). (6.153)
Hincrasmwmoun B (6.153) samicts s, ., ,, 8 ,.., iX BiANOBiAHI 3HAYCHHS,
o2
OJCPIKYEMO
P 2 1 (q-x) 1 .
Sy L2k =012, k] —F 3 3
h 57 1-Ri55 &
(6.154)
2 2
(xz—f':) 1 (xk'xk) 1
+ AL - +...+ 5 - 5 ,
ssn 1-Ry\ 5 & S h 1-R{ 125 ey
2 2 n
AC Son12, & =S0n2, kT - (aus. 6.8.3).
’ n—(k+1)

3BIACH, CTAHAAPTHA MOXMOKE TEOPETUMHOTO 3HAYCHHS BU3HAYAETHCSA TAKHM YMHOM
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2
5 =5 mzx) 1 +
%020k T 002,k 5
" h Sn 1- R12,2,3,.,.,k
] (6.155)
2 2 )
Xy —X X, —X l 2
+( 2 5 2)7__ : +...+£_‘k ﬁ k_)g_, : )
§h 1- Raia k 5B 1- Rk,l,z,s,_.,(k—n

I'pasmuna moxubxa A, 15 i OBUHCTFOETHCA K AOOYTOK CTaHAAPTHOI MOXHOKM Ha
WMOBIpHICHMH  koe(ilieHT ¢ ,- Heobxigno BinpisHaTy cramgaptay  moxmbky
TCOPCTMMHOTO 3HAYEHHs S, ~ (CTaHmapTHy mnoxubKy MHOKHMHHOI perpecii) Ta
CTAHTAPTHI NMOXMOKM OLIHKW 32 PIBHAHHAM S,,, ,. Bemwuuma s, ] BimoOpaxae

L2, 30,0, 200k
JTIE TIOXMOKY BUOIPKH, TOGTO CYKYIHICTE CIIOCTEPEKEHD, B SIKiE A0CIILIKY €TBCS 38”30k
MDK PE3YILTYIOUOK) 3MIHHOIO A, Ta (DAKTOPHUMM IMIHHHUMH X,,X,,...,X, . BeTmuuna
50,12...% XapaKTCPU3Y€E HEIMOACHEHY BApIaLNIO, AKA MPUCYTHSA 3aBIKIH, KOIHM 3B A30K M
3MIBHMMH A, 1 X,X%,,..,X, € KOPENAIIHHMM HE3ATIeXKHO BIA TOr0, YH € CYKYIHICTb
BUOIPKOKO, UM TEHEPATTLHOK) CYKY THICTIO.
Hpuxkaan 6.7. O64ucaurn TCOPETHYHC 3HAYCHHS Axg J7si 3HaYCHb apryMCHTIB X1 =60

Ta x,=300 m1a mpuxnany 6.4, a Takok Aosipui rpammui 3 imosipHicTIo p=095.
TeopeTrine sHaueHHS peayabTyI0490i 3MiHHOI Xy=41.25.

Po3ze’sazok. CranzapTha nmoxubxa JaHoi OLIHKH BU3HA4aeThes 3a hopmymoro (6.155).
Paniwe Oyam orpuvani smawenns n=14; x=38; x,=311; So10 =3.877. Mucnepcii Ta

KOC(UIUEHTH KODENsii (haKTOPHMX 3MIHHMX BiANOBIIHO 50=263.571; s2=5166;
R12,2 = ’3,22 = Rzz,l = I’ZZ,I =(.134. 3piaxu

1o | —

w2 2
S22 = 5012 i“‘"ix]*—zfﬁf— ! 7»+££24 ZX‘Z) - I — 1 =1,059.
o Y m Sin 1-R, 550 1-R3,

2L

Jlnst 3HaxosukeHHS rpaHMMHOI MOXMOKM MpH 3agaHMx iMOBIpHOCTI p=0.95 i uwmeni
CTymneHiB BUbHOCTI v=14-3=11 3a Tabmmpmu CT r0AcHTa 0GUHCTHMO HAMOBIPHICHHIM
xoedimient (p=0.935; v=11): 1,=2.201. I'papvuBa moxubka AJCO)LZ:tPSAw_2 =2331.

Taxum ypEOM, B roCIIofapcTBax, CKOHOMIMHA OLIHKA 36MIT AKHX CTAHOBHTH 60 Oamis, a
BUTPAaTH BUpOOHMUTBA Ha 1 ra ckiazarors 300 rpwm., cepeaHe 3HAaYeHHS YpoxkaiHocT
3CPHOBHX 3 HMOBIPHICTIO 1,95 ouikyeTbes He Hkue Big 41,25 - 2.33 = 30,92 wra i ve
Buwe Bia 41,25 + 2.33 = 43 58 u/ra. Taxuii BUCHOBOK Mae MICLIC MHINE TS CYKYTIHOCTI
FOCNOAAPCTB, 3 AKMX B3ATO BMOIPKY, TOOTO CYKYITHOCT] 3HaY€Hb, HaBeacHMX y Tab:. 6.1
NPUMOMY TIPH NEBHKUX NOTOJHUX YMOBAX, PIBHI arpOTEXHIKH, TCPUTOPIi TOLLO.
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6.9.7. Moxubka iHAMBIAYanbHOT OLIHKW MHOXWUHHOI perpecii

BubipxoBa moxubka MHOXHMHHOI perpecii Bu3Hauae BUOIDKOBI MOXMOKM CepeaHix
3HAYCHb PE3YALTYIOYMX 3MIHHMX, SIKI TOB’S3aHI 3 KOHKPETHHMM PIBHAMH (PAKTOPHMX
o3Hak. [Ipore mIs BCIX OIUHMIE cylcym—loc-ri SKI BIATIOBLIAIOTH OJHAKOBMM 3HAYCHHAM
(akTOpHUX O03HAK, PE3VABTYHOYA 3MIHHA C HEOAHAKOBOK, OCKLIbKHM PIBHAHHA MHOKHMHHOI
perpecii HC BHU3HA4Ya€ TOUHOIO 3HAYCHHS PE3Y/IBTYIOUOI O3HAKU MPU AOBUIBHIM OJMAHMLI
CYKYITHOCT] 32 33JaHHMM PIBHAMH (JAKTOPHHMX O3HAK. A TOMY, BHHMKAE HEOOXIAHICTHL
BM3HAUCHHS nosiptmx [HTCPBANIB HE Js CEPEIHIX 3HAUCHDb PE3YIBTYIOUO] 3MIHHOI, a A1
(ikcoBaHUX I1HAMBIAYAIPHMX OLUHOK. PO3IISHEMO TCOPETHYHE 3HAYCHHA {OLHHMKY)
Pe3yNbTYHOHOI 3MIHHOI /-I0 rOCNOJAPCTBA 3 TIEl MEHEPATBHOI CYKVITHOCTI, 3 AKOI B3ATO

BUOIpKy. Bimomo, mo /-My rocnogapcTsy BiAMOBLAAIOTH DAKTOPHI 3MIHHL X, Xy;,..., Xy, -

CepeaHio OLIHKY BH3HAYAEMO Ha OCHOBI MHOXHMHHOTO PIBHSHHS pErpecii:
Xo=by +byx;; +byxy +. + b Xy
Taxa OLiHKA MICTHTb HE TINbKM NMOXUOKHM BHOIPKH (rapamertpu b,,5,.b,,...,b, ), ane i
NMOXHOKY, BUKITVUKAHY HETIOSCHEHOK MHOXHMHHMM PIBHAHHAM perpecii Bapiaiiero, To6To
OXUOKY OLUHKM £ 3a PIBHAHHAM. Y ZaHOMY BHMAAKY HEOOXIOHO 00 €aHATH CTAHAAPTHY
noxubKy caMoi perpecii 3i CTAHZAPTHOK MOXHOKOIO OLIHKM £ 3a PIBHAHHAM PETpecii.
3riAHO 3 TCOPEMOIO MPO TOJABAHHS JUCTICPCIH OJEPKYEMO

! 2 2 2 2
Sead2de =012k tS51a T8y, (0 —X) +

(6.156)
2 2 2 2
+85 (0 = %) +o+s, (s — %)
3B1ACH MICAS BLATIOBLAHMX [ICPETBOPSHD MAEMO
\2
2 — <2 1+(x1i"x1) 1 n
S3,1,20 0k = S04,2, k| T ) - 3
sn I=Ri55 &
(6.157)
\
(x — %) 1 (xkz - xk) 1
+ o R +... TR ,
Sy 1-Ry\ 5 4 Skn — 8123 k-
1 (x,—x) 1
S5 1,2,k — S0,1,2 _+(hz 2 2
T n sn 1=Ris5 4
. (6.158)
(% = %,)° 1 (X, —%,)* 1 z
+ - - +o.t 5 - 5 ,
$y7 1- R213 Sk Seh 1'—Rk,l>2,3,.,.,(k—1)
PosrnsHemo Oumbli JEeTanbHO PISHMIO MK S, ~ Ta Sy, TOBTO MiK
0.1, 20,% 2x9.1,1,2,.

dopmynamu (6.155) 1 (6.158). 30uibmryroun oOcsr BUOIpKH, MOMKHA HOMOTTHCS SIK
3aBroLHO OJM3BKOTr0 30IraHHs XapakTCPUCTHK BUOIDKM Ta ICHEPAIBHOI CYKYNHOCTI, B
TOMY YHUC/Ii YMOBHMX CEPEAHIX apU(METHYHHX PE3YJIBTYIOUOI O3HAKH, K1 BLATIOBIAAIOTH
(ixcoBaHuM (HaKTOPHMM 3MIHHHM. 3BLACH TIPH A —>0 1 (IKCOBAHMX X, Xy, ..., Xy
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)
A A A . S8} ..., BSIMMUHA Sy

5 np;{Mye A0 Hy:. TakuM YMHOM, HE MOMKHA

001,24
SMCHILIYBATH Baplauuo lHIII/IBII[VaJ'[bHI/[X AAHHUX 1 TUM CaMMM TIOKPAIIHUTH IHLII/IBIJ_'[} AJIbHY
OL[IH](}’, OCKITBKH TO‘IHICTL OCTaHHBOL 3aBXAHU oo'wex(e}{a 3ATUIKOBOIO (HeHOﬂCHeHOlO)

Bapiajero. Omxe, mpu n—>cc 1 QIKCOBAHMX X, Xp,.., X5 A, A, SEo,

x;»",

BEAMYMHA S , TpAMye 10 sion Js IIOCTaTHLO BEJMKHX 00CATIB BH61pKYI Ta

0.1,1,2.....
HeBenMkMx  3maueHb (X, — A ), (6 — A, )....(x; —A, ) Amcnepeis 1mmsmvaan01

OLI HKM HABIKAETBCs A0 AMCTIEPCIi OLUHKHM 33 PiBHAHHAM perpecii. OCTaHHE TBOp UKCHHS
BUITTMBAE 31 CITIBBLAHOIICHHS

‘ 2
‘SN 1.2,k 1 (xlz ‘j"l) i
— e = —_ 3 +
5'0,1>2, 3 ” 51 n 1-R755 4 (6.159)
2 2
(x5, — %) 1 (xy — %) 1
R Fo o H — —
sin 1-R? sin ] R?
2 213,k k £1,23..,0k-1)

Sxmo obcsr BubIpKH AyKe BETMKHH (72 —> oc ), TO MpaBa yacTHHa piBHsAHHA (6.159)
IPAMYE 0 OAMHMLI W TOHHICT 1HMBIAyaNTsHOTO nepeabadeHs (MPOrHo3y) Moxe OyTH
OILHEHA 3a JOTOMOrOK) CTAHAAPTHOI TIOXMOKM OLUHKM 3a DIiBHSHHAM pPerpecii.
CraHzapTHY NOXWMOKY IHIMBIAyaibHOI OLIHKHM AOLIMBHO 0O4mcmIOBaTH 3a (hopMmyInow
(6.158), xomm BHOIpKAa AOCHTH Mala Ta SKIIO PIBHAHHSA PErpecii BUKOPUCTOBYIOTH IS
niporsosy. [TosepHemocs a0 mpukaany 6.3. Skmo inauBinyateHa ouinka A, =41.25 wra

(mpu x;=60; x; =300), o noxudka Siwm =4.019, a iHTepBaIbHA OLIHKA

4125-4,02 <%, <41,25+4,02 abo 37,23<X,, <4527

6.9.8. BubipkoBa noxubka koedilieHTa MHOXUHHOI Kopenauii

Sxmo obcsar BuOIPKM NOCUTH BEAMKHMH, a KOC(IIEHT KOpeIAlji Mamui, TO
CTAHIAPTHY MOXUOKY KOe(illi€HTa MHOXKHHHOI KOPEIIsilii BU3HAYAEMO 32 (JOPMY IO

Pl (6.160)

A€ 11 9HCTIO OXMHMIE y BMOIpL; & — 4Mc10 (AaKTOPHMX 3MIHHMX Y PIBHSHHI MHOKHHHOI
perpecii. ['panmuna moxubka KW AOBIPYl IPAHUIN BU3HAYAKOTLCH 3BMYAMHHUM YHCIOM Ha
OCHOBI HOPMATBHOIO 3aKOHY PO3NOALTY. SKIIOo 0Ocsr BHOIPKYM HEBEIUKHIA, TO 1A OLIHKK
3HAYYIOCTI KOe(iLIEHTa MHOKHHHOI KOPEIIALIT BUKOPHUCTOBYIOT BIIHOIIEHHS

(6.161)

Ae s ~ MOACHEHA JUCTICPCis, PO3PAax0oBaHa HA OJMH CTYITIHE BUILHOCTI:
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R X, —X,)°
52 EZ(_Ok_i, (6.162)

~

§7 — HCTIOACHCHA JUCIICPCis, pO3paxOBaHa Ha OJMH CTYIIHb BUIBHOCTI:

X, — %)
Z( 0~ %o) i (6.163)
n—k-1
Ticns necknaarwmx nepersopeHs dopmysa (6.161) nadyeae Burmsiay
ﬁ'ER (n-k-1) (6.164)
(1- Rk

e R — ouiHIOWOYHIA KOC(ILIEHT MHOXXHHHOI KOPE/TAL.
Kpurnuni 3HavyeHHS £, 31 CTYIICHAMM BUIBHOCTI Vi=k 1 V,=n-k-1 3Haxogumo 3a

MateMaTVMHUMKM  Tabmmuamu  F-posmoginy. Sxwmo F>F,, TO HynboBY rinoTesy

BiIXWISIOTH 1 CTATUCTMMHMM 3B’ 30K BBAKAETHCH 3HAYHMM 1, HABIAKM, KO F< F,, TO
KOPENAUIMHUIM 3B’ A30K € HC3HAYHUM.

Npuknan 6.8, OuiHuTy 3HAYYIICTE KOS(IIHEHTA MHOXHHHOI KOPENALi ams
npuknagy 6.4 mpu R, , = 0,863 (R&L2 =0,0746); n=14; k=2.

Poze’sizox. 3a dopmynoro (6.161) s3maxomumo, wo F=16.1. Hexall mna niepesipku
HYJIBOBOI rinoTesu 3agano mosipHicTs p=0.95. Tomt 3a tabmuisiMu F-posnoainy (npu

a=0.05; v;=2; v=11) suaxogumo F,=3.96. Ockinbku F>F, TO HYIBOBA TINOTC3a
BiaxmuseThea. Takuil camuii BUCHOBOK MOXKHA 3po0uTH 1 3 ¥imosipHicTio p= (.99. Ilpu

a=0.01; v=2; v=11 F, =72 1 #>F, Takum 4YMHOM, FOCTIIHKYBAHHH 3B 530K €
CTATHCTHHHO 3HAYY IIUM.

6.9.9. YacTkoBa perpecisi Ta kopensiuis

Panimie 6y70 MOKAa3aHO, IO MApHAa Perpecis Ta KOPEnaLis OMMCYIOTh 3B SI30K MIX
ABOMA PE3YIBTYIOUMMH 3MIHHMMH (PE3YNHTVIOUOIO Ta (DaKTOPHOK), @ MHOMKHHHE
PiBHSHHA perpecii — ue BriMB (HAaKTOpiB HA Pe3yabTyIOYy O3Haky. Ha mpaxTuui wacto
BUHMKAE HEOOXIAHICTH 3HAXOKEHHA 3B SA3KY MK PE3YIBTYIOHMOIO 3MIHHOIO Ta JCAKOIO
dixcosanow (HAKTOPHOIO 3MIHHOK X; 33 YMOBM, IO pemra (akTopis mocrivmi. B
3aranbHOMY BMIAAKY IBO 3a/a4y PO3B’ A3aTH HEMOXKIIUBO, OCKUIBKY (PaKTOPHUX 3MIHHUX
Moke OyTu gyxe Bararo. YV Bumaaxky perpeciiiHoi moxem 3 £ (akropaMH 3B 30K Mik
PE3YIBTYIOUOK O3HAKOK Xo 1 (DAKTOPHOIO 3MIHHOK X; NPM JCAKHX (JIKCOBAHUX
(nanpuxiaz, CepeAHiX apUhMETHYHMX) 3HAYCHHAX pemTy (akTopis 3 IHACKCAMM
L2,..,(j=D,(j+1),. .k onucyerscs piBHAHHAM 4acTKOBOI perpecii

X0,4,L 20 G-DGHY = by + b_;'xj N 6.165)

*
by =by +b X +..+b, X, +b X+ b,
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me A, LA, A, LA

17T

sy, —cepenn ((ixcoBaHi) 3HAYCHHs (PAKTOPHMX 3MIHHUX.

Hampuixnaa, 2is 3HaXO/MKCHHSA DIBHSHHA YaCTKOBOI PErpecii, ske Xapakrepusye
3B”5130K MUK BPOJKAMHICTIO 36PHOBUX X i SKOHOMIMHOK OLIHKOK 36MJIL X [IPH JSIKOMY
MOCTIHHOMY (CepeIHBOMY ) PIBHI 3aTPaT BUPOOHMIITBA X;, ¥ MHOYKMHHE PIBHAHHA perpecii
X, =10,534 + 0,142x, +0,074x, 3amicts dakTopa X, HEOOXIIHO MACTABUTH HOTO CEPeHE
sHaueHHs A, =311. V pesynbrat ogepmumo Xy, , =33,548 +0,142x,.

3HauCHHA Xg;, /AOPIBHIOE TCOPETHUYHOMY 3HAYCHHIO pPE3YIBTYIOMOI O3HAKM 3
BPaxXyBaHHAM 3aJaHOrO 3HAYCHHs Hepmoi (JakTOpHOi 3MIHHOL Ta mpu (IKCOBAHIM Ha
cepeaHbOMY piBHIL (hakTopHIN 3MiHHIK x;. KoeditieHT yacTkoBoi perpecii 30iracTbesi 3
BIATIOBLAHMM KOC(QILIEHTOM MHOMXHHHOI PErPeCii 1 Ma€ aHATOTIYHHI CKOHOMIMHMI 3MICT,
3okpema, B mpuxiam 6.3 yacTkoBui KkoedillieHT perpecii nokasve, mo 36iIbIUCHHA
CKOHOMIYHOI OLIHKY 3eMytl Ha | Oam mpu cepeanix (MOCTIMHMX) 3aTparax BUPOOHMIITBA
Aa€ TPHUPICT YPOXKAMHOCTI 3¢pHOBUX B cepeanbomy Ha 0,14 n/ra.

3ayBaXUMO, IO IMPH MEPeX0al BiA MHOKHHHOTO PIBHSHHS PErpecii A0 4acTKOBOrO
(bakTopu MOXKHA (DIKCYBATH HE JIMILE HA CEPEAHIX, &1C M HA IHIUWX AOBLIBHHX PIBHAX.
KpiM TOro, Ha BiAMIHY BlA MHOXHMHHMX PIBHSHB PIBHAHHA YacTKOBHMX Perpeciii MOKHA
30bpaxkatH y BUIAI rpadhikiB Ha TUTOILMHI.

[lopsin 13 4aCTKOBOIO PErpeci€ld pPO3MIIIAKTh TAKOK 4YACTKOBY KOPEIALUIO, KA
XapaKTepU3y € 3B°A30K MK PE3YIIBTYIOHOI0 O3HAKOKO X 1 ACAKO0 (JAKTOPHO 3MIHHOKO X;
1pu dikcoBaHux (CEPeaHIX) PIBHAX 1HINMX (JAKTOPIB MHOKWHHOTO PIBHAHHA PErpecii.
OcHoBOW0O 4718 BHBEACHHS (HOpPMyJIHM KOe(IIEHTa YAaCTKOBOI KOpensuii € KoedilieHT
TIPOCTOI KOPEALUI:

foj = 2 20
So So
(6.166)
22 2
_ |50 TS, So;
T e L
So 0

2 . . . . 2 . X
ac s, — AHCIICPCLA PEe3yJIbTYHOUOl 3MIHHOIL, SO] = AUCIHICPCIA, AKA HC IMOACHIOETHCA J-M
(axTopom.

MNonibHo a0 xoediuieHTa npocTOi KOpEmsuii 3armMiueMo BUpa3 MIIs  KBaapara
Koc(iLIEHTA YAaCTKOBOI KOPEAL T pErpeciHoi

$2 g2
01,2, GGk T 5002, (-1 D),k

(6.167)

S2 _
70,712, (G-, ke =

Koediient 4acTkoBOT KOpeismii JOPIBHIOE KBAaAPaTHOMY KOPEHIO 3 KBajApaTa
Koe(III€HTa YACTKOBOI KOpPE AL

I

1= 012 G (6.168)

B0 0.2 G DDk = 2
S0.1.20 .-Gk
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YV BUMagky NHIMHOI pPErpeciiHoi MOZEM 3 OJHIEID DPE3yIbTYIOHOK 1 TphOMa
(axTopHMMU 3MiHHMME (hopmyTa (6.168) nabyBae Burmaay:

(6.169)

Je SU.E,3 — 3AMUINKOBA JUCNICPCIA PE3YIBTYIOUY01 3MIHHOY X ITICIISI BUKIIFOUCHHS BIUIMBY

daxTopiB X3 1 X3, S);,; — BAIMIIKOBA AMCTIEPCIA 3MIHHOI X THC BHK/IIOMCHHS BIUIMBY
(hakTOpIB X 1X3.

2 . . - 2 . .
3HAUCHHA S5, ,; BIAPISHAETBCA BLA S),; BHKIIOYHO HASABHICTIO KOPEIALUl MDK

. . 2 - .
(daxropaMmu X, 1 X;, a PI3HHMLA 53’2’3 ~S80123 BLAOOp@KAE 3MECHIUCHH 3AIMIUKOBOI
TmMcriepcii BHACIiA0K TOTO, WO KPiM (HaKTopiB X2 1 X3 BPaXOBYEThCA TAKOXK (hakTop x;.

2 — .2 . -

SO §453= 55,23 Topa3 =0 1 BKMOYCHHA B MOACHb (paxTOpHOI O3HAKM X,
[OJATKOBO HE MOSACHIOE JMCIIEPCIK0 PE3YbTYIOYOi 3MIHHOI IMTC/IA BHIJTIOYCHHS BIUTHBY
(axropiB x, 1 x3. SAxmo s5,,3;=0, TO BKIIOYCHH# X BUYCPIYE BCIO 3aIMINKOBY
JWCTICPCiI0  Pe3yNbTyIou0i 3MiHHOI Ta KoeilieHT YacTKOBOI KOPEIAUil JOPIBHIOE
OJTUHHLIL.

TaxkuM YMHOM, KOS(IITEHT YaCTKOBOI KOPEIALUi Tak camo, 5K 1 KoeILI€HTH MapHoi Ta
MHOKHHHOI KOPGISLUM, 3MIHIOETBCA B MEXKaX BLJ HyJsd OO OJMHMIN, HOro 3Ha4YCHHS
XapaKkTepu3y€e IONATKOBMM BIUIMB (DAaKTOPHOI O3HAKM X Y TOACHEHHS AUCIICPCii
PC3yILTYIOMOT 3MIHHOT X NICIIA MOTICPEAHBOTO BPAXYBAHHS BILTHBY (DaKTOPIB X2 1X3.

Moy~ 0N (6.170)

Hoiz =
\/l - ”022 \/1 - rl,zz

KoeimienTy 4acTkoBoi Kopensuii MoxkyTh OyTH 3HAHICHI TakOX Ha OCHOBI
koe()iLi€HTIB YaCTKOBOI KOPEILii HAMOMIDKYMX HWKYMX nopsaakis. Tak, 4acTKOBHK
koeitieHT KOpeaLii MapHOTe NOPAAKY (OAMH (hakTop 3a KPAITKOIO B IHACKCI):

Y012 71032732 (6.171)

123~ .
\/1 "032\[1 ”137

Mpuknax 6.9. s npuxnagy 6.4 3Hadth 4acTKoBI KOS(ILi€HT KOpEnALii Ha OCHOBI
BiANOBIAHKX Koe(iLieHTIB MapHOi KopemAaLii: 7o,=0.4436; 70,=0.8234; r; ;=0.1341.
Po3ze’s30k. TliacTapnmoun 1 3uaueHHs B (6.170), onepiyemo:

o1~ 7,002 To2 — 00N
olp = = =0,5924 T2 7, = === =0 8601 .

3 aHay3y 4aCTKOBMX Koed)lmemm Kopemmn BHMILTHBAE, IO APY WA d)arc'rop (Bmpm
BHPOGHHIITBA) Mae GUMbIN CWIBHMMA YMCTHMH 3B’S130K MK PE3y/TBTYOMOK 3MIHHOIO, HiXN
nepmuit (EKOHOMIYHA OLIHKA 3€MIIL), OCKIIBKU 7, > To1,2- Lle# BUCHOBOK 30iracrscs 3

THM, AKHH Oy/30 OJEPHAHO HA OCHOBI craH;(ameOBamm koediwienTis perpecii. UacTkosi

371



YuceapHi METOJH B KOMIT' IOTEPHUX HayKax

Koc(iLUE€HTH KopenAwii MeHIl Bix Koedilie€HTa MHOKHHHOI KOpensauil ([1a Lbsoro
npuknagy Ry, =0,0863). Sxmo Mk (akTOpHUMH 3IMIHHMMM ICHY€ JOAATHI

KOPCIIALIHHMI 3B 530K, TO 4aCTKOBI KOC(DILIEHTH KOPENsUli, AK MPaBHIO, € MCHIIWMU Bid
BIANOBIOHMX Koe(illeHTiB MpocToi KOpenAuii, wo ¥ ITATBEPIKYIOTh PE3yNbTaTH
mocmixeHHs wiei 3agadi. Hapemri, posrnsanemo koediuieHTH 4acTKOBOI AcTepMiHALi.
Bizomo, mo ksazpar xoediuieHra npocToi Kopemsni  IOpIBHIOE  KOedilieHTY
Aerepminaii. OCTaHHIM XapakTepH3ye AOMIO JUCTISPCii, IO TOACHEHA 3B A3KOM MK
O3HaKaMu xo 1 x, Ksazpar xoedimienra uacTkoBOi KOpensAuii He € KoeileHTOM
4acTKoBOi JerepmiHaiji. 3aranbHy JACTCPMIHAINK HA 4YaCTKOBI JICTEPMIHALGi, IO
OB si3aHl 13 BIUIMBOM KOJKHOI HE3QUICKHOI 3MIHHOI, MOXHA DO3KIACTH 3a (OpMYJIO0
MHO>KHHHOI KOPEJIsLi).
bcovg +b,covy,+...+ b, covy,
RR,, =20t 52OV 00k (6.172)

Sy

30KpeMa AKIIO MHOKHHHA Perpecis MICTUTD 1B (JaKTOPHI 03HAKHM,TO

K2, = _ b covy, ‘tbg COVep (6.173)

So

ae R(i 12~ KOG]IIIEHT MHOXKMHHOI IeTepMiHALii (kBagpar KOC(IIEHTa MHOKUHHOI

xopenswi). BigmosizHo a0 wumcna Qaxropis mpasa uactvHa piBHAHHA (6.172)
PO3KIaAETHCA Ha IBL:

2 CoVy; Covyy
012 =03 +by—5=
Sy So

Koxnwii 3 oaep/kaHUX JOJaHKIB BUPKAE KINbKICHHM BXIaj BiANOBIAHOI (haxTOpHOI
3MIHHOI B MOSACHEHHS Baplauii pe3yabTYIOUOi 3MIHHOI.

Taxum auHOM, A7 /-01 PAaKTOPHOI O3HAKHM KOS(ILUEHT YACTKOBOI AETEPMIHALIT:
c:ov0 ;

dO]l“ k“bOJIZ &
0

Cyma 4acTkoBMX KOe(ILU€HTIB AeTepMiHalii AODPIBHIOE KOC(ILIEHTY MHOKWUHHOL
AeTepMiHaLii (KBagpaTy MHOKUHHOTO KoeQilLi€HTa KOPENsLi).

6.9.10. Npuknag pospaxyHKy NoTped PUHKY HA OCHOBI
MHOXUHHUX PiBHAHb perpecii

Y HOBMX YMOBaX PHMHKOBOTO TOCIOJAPIOBAHHA HA TNEPUIMH IUIAaH BHCTYMAOTh
3aBNAHHA 1O BAOCKOHAJICHHIO EKOHOMIYHHMX BAXKCIIIB ynpaBJIiHHﬂ, PO3IIMPESHHIO
CAMOCTIWHOCTI, TIABMIICHHIO BINOBIAATBHOCTI HA BCIX piBHAX. BIOCKOHATCHHA
CKOHOMIYHOTO MEXAHI3My OXOIUTIO€ B ICPUIy HCPIYy BAOCKOHATCHHS TUTaHY BaHHS,
(blHchvBamm A BIIPOBAKEHHA OCMOJAPCBKOrO PO3PaxyHKy. J[Is LbOro mmaHyeTses
3AIMCHUTH TNEPEeXill 10 CKOHOMIYHOI OLUHKM PECYpPCHHX TOTEHIIaTiB  TOCTIONAPCTE,
30KpeMa 10 IUIAHYBAaHHA CKOHOMIMHMX ITOKa3HMKIB Ha OCHOBI HAfABHMX Yy
CLTECBKOTOCIIOFAPCHKUX MIATIPHEMCTBAX PECYPCiB (POJFOHOCT 3eMTi, 3abe3neueHHsM
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OCHOBHMMM BHpOOHU4YMMH (poHIaMM Ta TPYIOBHUMHU pecypcamu Tomo). Lle macte
MOKIIMBICT> Ha HOPMATHMBHIM TCOPETMMHO OOTPYHTOBaHiM OCHOBI BCTaHOBMIOBATH
PIBHOHAMPYXKEHI nepmasﬂi 3aMOBIICHHS I FOCTIOAAPCTB, SKI 3HAXOAATHCA B OJHAKOBHUX
ymOBaX. Po3risHeMo Aesiki METOAMKM PO3PAXYHKY 3aMOBIEHb HA CLIBCHKOTOCTIOAAPCHKY
MPOAYKLUIO B po3p131 aaAMIHICTPaTHBHUX panoms ¥ OKpeMMX roCrosapeTs JIbBiBCHKOT
o6acTi, B OCHOBI AKMX JEKATh BIAMOBLIHI arpo- pecypcm roreHmany. [lpuaomy st
PO3PAXyHKY OCTAHHIX BUKOPHCTOBYIOTBCH SIK MHOXKHMHHI DIBHSHHA PETpecii 3aie:HOCTI
BatoBOL I‘lpOleKL[ll B1J OCHOBHHX (baKTopm (ocHOBHMX 1 000POTHHX d)onzu}s EKOHOMIYHOT
OLHKM 3eMTi TOLIO), TAK 1 AaHi OLIHKH CLTbCHKOrOCMIOAAPCHKMX YIiAb, PO3PAXOBAHKX 32
BAaTIOBOKO MPOAYKLIELO, oxym—ncno 3aTpaT Ta nn(bepemnanbﬂoro Aoxoay. 3riHO 3 L€
MCTOJMKOIO CIIOMATKy B PO3PI3i aAMIHICTPATHBHUX DPalOHIB (Moxma TAKOXK V PO3pisi
IPUPOIHO-CLIBCHKOTOCTIONAPCHKUX PaHoHiB ab0 MPUPOTHOCKOHOMIMHMX 30H) OyAylOTs
MHOKMHHI PIBHSHHSA perpecii 3aNEKHOCTI BANOBOI MOy Kifi %, Bix BIUTMBY OCHOBHHX
(PAKTOPHHX 3MIHHWX X,,X,....,X;. IIDAKTHKa NOKasye, MO Taki 3B'I3KM JOCHTH nobpe
MOICTIOKOTHCS NIHIMHMMY 6araTOBUMIPHUMH PiBHSHHAMY PErpecii BUIIAIY:

X, =b, +byx, +byx, +..+bx, (6.174)

qe X, - BanoBa MpoAyKuis (Pe3yIbTYIOMa 3MiHHA), THC. IPH. by — BUIBHMHA 4ICH,
b,,b,,...,b, — KoediieHTH perpecii; X,,%,,...,X; — (JaKTOPHI 3MIHHI, BII KX 3ATCKHUTH
PE3yIbTYIOYA 3MIHHA — BATIOBA npomxmﬂ (Y BIAMOBIAHMX OAVHULIAX).

Jlami Ha OCHOBI plBHSIHHfI perpecii (6.174) ans KOKHOTO aAMIHICTPATUBHOTO PaiOHY
BM3HAYAFOTH BiAMOBIIHI 1HACKCH arpoOPECy PCHUIX MOTCHLIAMIB!

pe— o Xoj (6.175)

7€ x; — (PAKTHHMHE 3HAYCHHS /-TO PECYPCY. HA OJMHHLIFO 3CMETTbHMX yTiAb 1A j-r0 PaHoHy;
X, — CePeTHE 3HAYEHHs /-r0 pecypcy mo obmacti, Xj; — TCOPCTHIHE (HOpMaTHBHE)
3HAUCHHS Pe3yNbTVIOUOi 3MIHHOI A/ j-ro padoHy; X, = CEPEAHIH IO 061acTl piBeHb
BUPOOHMLITBA BANOBOI TIPOAYKLLI 3 CLITBCHKOTOCTIONAPCHKHX YTIAb.

JUTs TEOPCTHUHKX 3HAYEHb PE3YJIBTYIOUOi 3MiHHOI ¥, ¥ 1HACKCIB anrpopecypeHHX
MOTCHLIATIB MOKHA OOYKMCIIOBATH Ppi3Hi HABEACHI PAHINIC CTATMCTHYHI OLIHKH.
Haii6inbiy 3auiKaBlCHICTh BUKIMKAE CTAHIAPTHA TOXMOKA 1HIMBILYaIbHOI OLUHKH
PIBHSHHS PErpecii S, ;15 ; ¥ CTAHAAPTHA roxubKa 1HIUBI Ay ATBHOI OLUHKK KOe(iieHTs

arpopecypeHOTO ToTeHLiaty S, Bpaxosyroun (6.158) maemo TaKl OLIHKH!
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—_—

2
s -3 1+(xlj_xl) 1
TL2k o012, k| T T T3 - 5
s h 1-R75
; 2 2
(3“2]' - xz) 1 (x]g' - X'k) 1
+ 2 - 1-R2 * 2 - 1_R2
Sa7 sk Sih 12,3, (k1)
¥, 1.2,k
5, =tk
i
Xo

., (6.176)

Hopmarushuit suxig Banopoi mpoaykiii € 06 €KTMBHMM ITOKa3HMKOM, OCKLIbKH
BIIOOpaKa€ MONCTHBICTS BUDOOHMIITBA BATOBOI MPOAYKIi 3 1 ra CiTbChKOTOCIO AaPChKHX
YTiAb NPH HATBHUX Y PaioHi BUPOGHMYUX PECYPCAX TA IHIIMX PIBHHX YMOB BUPOGHULITBA.

Takum umHOM, audepeHuiamis PaHOHIB 33 NOKA3HUKOM HOPMATHBHOIO BHXOY
BaIOBOI mpoAykuli BigoOpakae pisHy CTymiHb 3a0e3NE4EHOCTI iX BUPOGHHYMMY
pecypcamu. Omike, IHAGKCHM arpopecyPCHUX MOTEHLUATIB Y aKyMyJTsOBAHOMY BHITIA]
BLNOOpaXaOTh 06 €KTMBHY BIZMIHHICTH PAMOHIB B YMOBAaX TOCTIOJAPIOBAHHS, @ TOMY
NOBUHHI G€3MOCEPEAHBO BPAXOBYBATHCS MPH BCTAHOBJICHHI PiBHOHANDYKCHHX TUIAHIB
ACPXABHUX 3aMOBIICHb aIMIHICTPATUBHMM paiioHaM obnacti. Jlas aaMiHICTPaTMBHMX
pavioHiB JIbBiBCBKOT 0061aCTI HA OCHOBI JTaHMX PIYHMX 3BITIB 3a PiK KOPEIALIHHA MOACTL
3aIEKHOCTI BAOBOI IPOAYKLI{ BiZ OCHOBHUX (DAKTODIB Ma€ BHITIS;

Tabruys 6.13

PospaxyvHOK IHICKCIB arpopecyPCHHX MOTEHIHaNis Ans paiioHis JIbBIBCbKOI 06nacTi

HopmarusHi piBii BajioBoi
nponykuii 3 1 ra Cepenniit no obiacti pigenn 3naueHHs IHACKCY
Paiion CiIILCHKOTOCTIONAPCHKIX BHPOOHHIITBA BANOBOT IPOAYKLIT 3 arpepecy peHHux
yrias X, . Kp6. 1 ra cinberkorocnogapehbkux yrizib| noreHiaiis P,
. Xp KpO.

Bponisebkuit 0,5601 0,4488 1,2480
by3bkuit 0,5994 0,4488 1,3356
T"oponuubkuii 0,5306 0,4488 1,1823
JlporoGuiibkuii 0,3904 0,4488 0,8699
Kugauircekuii 0,4628 0,4488 1,0312
30104iBCHKUH 0.6889 0,4488 1,5350
Kam’ sHChKO-By3bkai 0,5847 0,4488 1,3028
MukonaiBepkuii 04118 0.4488 09176
MocTtrcbkHi 0,3732 0,4488 0,8316
Hecteporchknii 0.4699 0,4488 1.0470

[NepeMunuistHCHKHI 04198 0,4488 0,9335
PanexiBcbkuit 0,5714 0,4488 1,2732
Cambipepkuit 04367 0,4488 0,9730
CKOJBCHKHH 0,2305 0.4488 0,5136
CoKanbChKHii 0,5931 0,4488 1,3215
Crapo-Cambipeokuii 0,3788 0,4488 0,8440
Crpuiicbkuit 04981 0,4488 1.1098
TypkiBcbkuit 0.1288 0,4488 0,2870
SIBopiBCHKHi 0,2883 0,4488 0,6424
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%, =0.3065+0.0001x,70.0003x,-0.0033x; +0.0129x4, _
AC X, — BMXia BaoBOl MpoAYKUii Ha 1 ra CUIbCLKOTrOCTIONAPCHKMX YTillb, PH.; Xi, Xz —
OCHOBHI Ta 0G0poTHi (OHAM Ha | Ta CiTbCHKOrOCTIOAAPCHKUX YIifb, TPH.. X3 — TPYAOBI
pecypen (ymoBHHMX mpauesfatHux Ha 100 ra piwi); x; — CKOHOMIYHA OLUHKA 3EMIIL,
pO3paxoBaHa 3a OKYIIHICTIO 3aTpaT, baL

3 piBHsHHA perpecii BUIIMBAac, IO CepeiHidl BHXix Banosoi mpoaykuii Ha 1 ra
CLTBCHKOTOCOIAPCHKMX YTi b TABMIIYIOTH (HE3HAYHO) Taki JakTOPH, 5K 3a0e3NCCHICTD
BUPOGHHMIITBA OCHOBHMMH ¥ 060POTHIMH (DOHIAMH, 8 TAKOXK CKOHOMIYHA OLIHKA 3eMIl. Y
TOM CaMHi 4ac BMXiJ BaIOBOI MPOAYKINI 3MEHIIYETHCA B cepeaHpoMy Ha 0,33 xom. 13
po3paxyHKy Ha 1 ra yrigs npu 3OLIbIICHH] KimbKocTi mpauesaaThux Ha 100 ra pium Ha
O[HY IHOAMHY. 3HAYCHHA IHICKCIB arpoOPECYPCHHX IIOTCHINANB Y PO3Pi3l PaOHIB
JIbBiBCHKOI 06macTi HaseacHi B Tabn. 6.13. Cepemnili mo obnacti piBCHb BUPOOHMLITBA
Ba10BOI MpOAyKUil 3 1 ra CLIBCLKOroCroaapehkux yriae (X, =0.4488) Gyno oaepxkaro

IPH TAKHX CCPCAHIX 3HAYCHHAX (PaxropHux smisHuX: X, =1229.6 rpu.; x,=577.3 rpH.;
x;=31.31 = 31 won.; x,=43.6 Gamis. 3 amamizy Tabm 6.3 BurUMBAE, WO HAMBHLLMIL
arpopecypcHMii  moTemwian mae 3onmouiBcbkuit (p=1.5350), Bysexmit (p=1.3356) 1
Kan’sicpko-Bvapkmit  (p=1.3028) paifonn, Hairwkumit — Typkiscekuit (p=0.2870),
SAsopischkmii (p=0.5136) i Cromiseskuii (p=0.6424).

115t 06rpyHTYBaHHs PIBHOHATIPY)KEHOTO TUIAHY 33MOBJIEHb Ha CLIBCHKOrOCIIONAPCHKY
TPOAYKINIO 1HAEKCH arpopecypCHHMX NOTCHUIATIB BMKOPHMCTOBYIOTH Tak. [lepmr 3a Bce
NOBeAeHMM I 06IacTi [UIaH ACPKaBHMX 3aMOBJIEHb OKPEMHX BHIIB TIPOAYKINI B
HATYP@ILHOMY BHpa3i HEOOXITHO NEPEBECTH B MOPIBHsILHY (CYMapHy) MPOAYKULO 33
JOTIOMOTOI0 HOPMATHBHHX coBiBapTocTeH (), OOMHCIGHHX BIANOBIAHO A0 iX AOCATHYTOTO
piBHs (CEPEIHLOTO) 32 OCTAHAI 3-5 POKIB 1 BCTAHOBICHOI TCHACHLIT 3MIHH 3@ 4acoM:

k
N,=>.0,C;, (6.177)
j=1

1e N, — obcar 3aMOBIEHb T 00IacTi Y BapTICHOMY BHP@KEHHI, k - 3araibHa KiJbKICTh
b 3 N

BHIB TIPOYKLLi, KA BKITIOYEHA Y 3aMOBNEHHS, () — 3aMOBJICHHA Ha j-i BU NPOAYKLII B
HaTyPATLHOMY BUpaKeHH]; (; — HOPMATHBHA COOIBAPTICTh MPOAYKLUT /-TO BHIY.

IlepeBara LpOro criocody MOPIBHAHH MPOAYKLIT HEPCA METOJAaMU MOPIBHSAHHI il 3a
JIOTIOMOTOXO 3aKVITIBEABHMX LiH a00 koedilieHTIB KOPMOBHX TIEPEBAr NOJSIras B TOMY, 1110
B OJCPAKAHMX HA OCHOBI coBiBapTOCTI ofcsArax NMpoAYKLIi BiIOOpakeHl 3araibHl 3aTPaTH,
ski MOBMHHI 3aK/IaCTH PadOHM B CYCTITbHE BUPOOHMIIIBO Il BUKCHZHHS 3000B’s3aHb
niepea 3amoBHuKoM (Tabn. 6.14).

Tabnuyn 6.14

CepeaHi HOpMATHBHI COBIBAPTOCTI Ta 3aMOBJICHHS Ha OCHOBHI BHIY TTPOLY KLIT i

JIeBiBCBKOI 00N1aCTI

i ) HopwmarusHa cobisapticts 1 11 Hopmarusui 3aMOBJICHHS Y HATypaJILHOMY
PORY KIS C, xpb. Bu O;

3epHo 8.78 130000 1.

LlykpoBi Oypsiku ) 4,66 1440 Tuc. T.

J1LOH - HACiHHS 823 3400 1.
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Kaproruis ) 13.95 150000 T.
OBOUI BLIKPHTOIO IPYHTY 80,66 124000 1.
II;/IP;?O (>kMBa Bara), B TOMy IHCI| 238,53 | 158000 1.
[t (sing) 225,85 336 THc. T,
MoJtoxo 27,29 580000 T.
BosHa 1651.80 700 w1
Ulson TpicTa 48,34 173107.
Iltoam  3epHSTKOBI, KICTKOBI, 64.38 9000 THe. 1.
SO

Hacinns 6aratopiunux rpas 203,90 830 T.

Ilepemuosxyr01H TUTaHOBI 06CATH 3a8MOBNEHD Ha CLTbCHKOTOCTIONAPCHKY TIPOY KUK B
HATYpalbHOMY BHITIAM Ha HOpPMaTHBH cobiBaprocTi, 3a Qopmyrnow (6.177) oxepiyemo
TOPIBHATbHUE 00CAT TOBapHOI MPOAYKIIi B LIOMy IO OBIACTI. 30KpeMa, A mepmumx
AccaTH BMAIB mpoAykuwii Ttabm. 6.14 — 615655 Tmc. rpH. Jlani Ha3HAMAOTECH
CCPCAHBOPAKOHHA HOPMA (3 po3paxyHKy Ha 1 ra) samoBneHHs N, ax pE3ynbTaT IUICHHA
ofuncreHoro 1o o6macTi O6CATY 3aMOBICHHS Y BAPTICHOMY BHpa3i Ha TUIONLY
CLTBCBKOTOCIIOAAPCHKMX  yTiab . 3okpema, Ha 1 ra CLIBCBKOIOCTIONAPCHKUX  YTidb
N=6639.88 tuc. xp6.M. {11 KOKHOrO agMiHICTPaTHBHOrO paHOHY HOPMATHBHHM 06csr
3aMOBIICHB: ,

O, =S,N,P, (6.178)

ity
, . . , « 2 .
ae S - IIOMIA CiTbCHKOrOCTIOAaPChKHUX YTiflh j-TO paiioHy, M-. CepenxbopaiioHHa HoOpMa

3amoBIeHb Ha 1 ra cimbcbkorocriogapeskux yrige N, =6639.88 tuc. kp6. I3 dopmynu
(6.178) purnuBae, mo 3aranbHMi OOCAT 3aMOBICHB IO paHOHax JudiepeHLioBaTacs 3
BiZTIOBITHMM 1HAEKCOM iX arpopecypcHoro moteHijany. Uum Gibmie 3HAYCHHS P M
OUThIC TIPOAYKINI TPH 1HINMX OJHAKOBUX napamMerpax j-M palioH TOBMHEH IPOJATH
ACp:KaBl, | HABMAKHK. 3aBIAKH LILOMY BCI PaOHM 06IaCTi CTABIATLCA B OJHAKOBI YMOBH 32
CTYNCHEM HAIPYKEHOCTI AOBEACHHX 00CATIB 3aMOBNIeHS (Tab. 6.15).

Tabnuys 6.15

PospaxyHok HopMaTHBHEX 0GCSTIB 3aMOBNEHb HA TIPOAYKLIIO 15 JIbBiBCHKOT 0GTacTI

Pation Inowa cinbebkorocnomapebkux | Ingeke arpopecyperoro Hopmarupauit o6esr
yrize Sy, ra noTeHLiany P 3aMOBJIEHb (J;, THC. TPH.

bponisebkuit 55830 1,25 463380620
By3pkuii 48173 1,34 428616320
I"opoiunpkui 42664 1,18 334274930
JiporoGunpkuit 40586 0,87 234452950
Kunauiscnkuit 52918 1,03 361910230
3071041 BCbKHH 63882 1,54 653219960
Kam ' sHCbKO- 54657 1,30 471790690
Mukonairchuii 45904 0,83 252981550
MocTucbkuit 70149 1,03 489069980
Hecrepose bruii 33924 0,92 207231170
Iepemunisacskuit 52326 0,93 323117670
PajexiBebkuii 55613 1,27 468964820
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Paiton B I[1no1ma ciabehbKOrocoAapebkux | Injaexe arpopecypcHoro HopmarusHui o6csr
s yrige S;, ra noreniiany Iy 3aMOBJIEHb (), THC. TPH.
Cambipcbkui 63029 0.97 405949840
CKOJMBCbKHHI 5234 0,51 17724096
CoxkaJibChbKHH 88900 1,32 779176630
Crapo- 38737 : 0,84 216055380
Crpuiicbkuii 39120 1,11 288324830
TypraBchkui 19728 0,29 37984549
JIBOpiBCHKHI 55936 0.64 237701320

CTymiHe HAMPYXKCHOCTI IUTAHIB ACPKABHUX 3aMOBICHb BH3HAYACTHCA B1AHOIICHHSM
(akTMUHO OBEACHOTO TIUIAHY Y BapTICHOMY BUpa3i 10 HOPMATHBHOTO ILIaHY,
BU3HAYCHOTO 33 IHICKCOM arpopecypCHOr0 MoTeHuiany. Bakmueo makpecanrd, mo it
GLIBILOCT] PAMOHIB TUTAHH OYIM AOBEACH! ZOCTATHBO OOIPYHTOBAHMMM. B To#i camuii yac
BiZcyTHiCTh iHdopMauil PO  arpopecypeHHUH NOTEHLIAN TPU3BOAUTH J0 TOTO, MIO
OKPEMHMM paioHaM JOBOJATECSA 3ABUILEHI IUIAHH, A JCAKMM - saHwkeHi. B pesyinbTati
BUABWIOCS, IO Ti palioHH, sIKUM OyJ10 JIOBEACHO 3aBMILCHI TUTAHM JEP/KABHUX 3aMOBIICHb,
K PABIIO, iX BUKOHATH 1, HABITAKM, DAHOHH 13 HOHAIPYKEHUMH TITAHAMH TNCPCBUKOHANH
ix.

Ha oCHOB] 0BMMCICHOTO 3AMOBJICHHS U1 PO3TIISAY BAHOTO PalOHy aHATOTIMHO MOKHA
BU3HAYUTH LCH TOKA3HMK AT KOKHOTO OKPEMOTO FOCHOJApCTBA LBOTO paHoHy. [l
LOTO HA OCHOBI JAHMX TOCTIOAAPCTB JOCTIDKYBAHOIO PaoHy OyayioTh PIBHAHHA
perpecii Bursay (6.175) sanexHocTi BanoBoi NPOAYKIIi Xo Bi BIUIMBY OCHOBHUX X1. 1
060poTHUX X, (OH/IB, TPYAOBHMX PECYPCIB X3 i eKOHOMIYHOI OLiHKK 3ewil X4 Jlami, 3a
dopmynoo (6.126) po3paxoByOTh BIANOBIAHI {HIeKCH arpopecyPCHMX MIOTCHLUATIB s /-
TO TroCHOApCTBAa LBOTO paiony. |, wapemri, Ha OCHOBI OJICP/KAHUX IHAEKCIB
arpopecypcHMX MOTeHIIaNiB 3a HOPMYIIO0 (6.178) pospaxoByBanMcs IUIaHW 3aMOBJICHb
7181 KO)KHOIO TOCTIOJapeTBa OKPEMO.,

6.9.11. Mpuknag po3paxyHKy noTped puHKY Ha OCHOBI
€KOHOMIiYHOT OLLIHKU

Po3misHEMO IHIIMM [HAXLE 3HAXOMKEHHS 1HAEKCIB arpopecypeHux OTEHLIAIB
AAMIHICTPaTHBHMX paioHiB (rOCIIOIAPCTB), AKUH GasyeTbCsi Ha OCHOBI JaHUX TIPO
CKOHOMiMHy OLIHKY 3emai. JUIsi OJepikaHHsT HaHOLIbm JocToBipHOi indopmMaiii mpo
BUPOOHMYY AiS/IbHICTH Ci7IbCHKOTOCTIOAAPCHKMX YTilb MPOBEACMO CKOHOMIYHY OLIHKY
remens JIbBiBCHKOI 06macTi. JUtsi OLIHOYHMX MOKA3HUKIB OyJI0 MPUMHATO BUXiIHI J1aHi,
po3paxoBami 32 GAraTOPIYHMMM [AHMMM TOCTIOAAPCTB IS KOXKHOTO 3 OJMHAALATH
TIPUPOAHO-CLTLCHKONOCTIO AAPCHKMX paiioHiB: BPOXAMHICTs 1 BATOBMH 301p OCHOBHMX
CiIbCHKOTOCTIOAAPCHKUX  KYJIBTYpP, OaraTOPIMHUX HACAKCHB 1 DPHPOIHHX KOPMOBHX
VTi/b; BApTICTH BATOBOI MPOIY KLU semnepobcTBa; BUpoOHNMUi 3arpaty. Jia 3abesneucH s
NOPIiBHSUIBHOCTI B MEKAX KPATHH KiTBKICTS Ba7I0BOI MPOYKIU 3 OIVHMLI TUTOII IT0J]AHO B
€MHUX KAJaCTPOBHX IiHaX. EKOHOMIYHY OLIHKY 3GMENb IPOBCACHO B JBOX aCTICKTAX.
saragbHa OUiHKA Pili, GaraTopiuHMX HACAIKEHb, CIHOKATOCTCH, MACOBHIL 1 BCBOTO
CiTBCHKOTOCTIONAPCHKUX YTiflb; YaCTKOBA OLUHKA Pimm 3a e()CKTMBHICTIO BHPOILY BAHHs
OCHOBHHMX CLIBCHKOTOCTIONPCHKUX KyTBTYDP: BCHOTO 3GPHOBMX 03 KYKYDYI3H, 03uMoOi
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TUCHULU, APOTO SMMCHIO, BIBCA, KVKYPYI3H HA 3CPHO, LYKPOBMX OYPSIKIB, KapToOImii,
BChOIO KOPMOBHUX. B OCHOBY 3aranbHoi Ta 4acTKOBOI OLIHOK 3€MCIb 3aKNAACHO GOHITET
IPYHTY, AKMH € CrCLIAM30BAHOK KIACH(IKALIEID IPYHTIB 33 iX MPOIYKTHBHICTIO,
no6y A0BAHOIO Ha IM,ICTABI MPOBIAHMX MPUPOIHUX BIACTHBOCTCH IPVHTY, 5IKI KOPETIOIOTh
13 6araTopivHOI YPOIKAUHICTIO CLIBCHKOrOCTIOAAPCHKHX KVJIBTY . _

Ilpy pospobui GomiTeTy B3ATO Taki TONOBHI O3HAKHM IPYHTIB: BMIiCT TYMYCY B OpHOMY
mapi (y NPOLGHTAX), TIMOMHA I'yMyCOBOIO TOpU3OHTY (Y CaHTUMETpax), arpo(ismisi
BIACTHBOCTI IPYHTY (MEXaHIYHWIA CKNaJ, arperaTHUBHICTD i BONOTOEMKICTE). Kpim Toro,
TpU  BH3HAYCHHI ' WKanM OOHITCTY BpaxoBaHi mNOTPaBOUHI KOe(iLiEHTH Ha Taki
BIACTMBOCTI  IPYHTIB.  KMCJIOTHICTb, OIJIGEHHS,  ©POJOBAHICTE (3muTicTE 200
AehabOBAHICTD) Ta WEOCHIOBATICTS, KaM AHUCTICTS, KapOOHATHICTb, IITEHICTS.

Ha miacrasi wmaremaruunci 00pOOKM  JgHMX TMOKA3HMKIB IO OCHOBHHX
CLIBCHKOTGCMIOAAPCHKIX KYJIBTYD Y PO3pisi MPHUPOTHO-CLIECBKOTOCTIONAPCHKHX PAHOHIB
CKIageHo mikany OoHiTery rpywris y Oamax. 3a 100 Gamis 1o  KOKHil
CLTBCBKOTOCHOAAPCHKIN KyJBTYpPI OKPEMO B3ATO MOKA3HHKH HaHGLIbLI pPOAOYOTro Ta
HAMOLTBII NOMMPCHOTO IPYHTY B OLIHOMHOMY PaifOHi.

3aranbHa | YACTKOBA OLIHKM 3EMCTb  INPECACTABICHI TPEOMA  OLIHOYHMMM
MOKA3HUKAMMU:

® TNPOAYKTUBHICTIO 3GMENb IO OKPEMMX YTiLTAX, PO3PAXOBAHOK 33 BUXOIOM
BaJOBOI MPOYKLI{ POCTHHHMITEA 3 | ra B KaZaCTPOBMX iHAX TPH 3araibHii
OLUHL] 3eMeTb aB0 33 YPOXKAUHICTIO CLTBCHKOrOCTIOAAAPCHKUX KVJIBTYP B
4acTKOBIH orinut (kpb. 3a | ra ym B 6anax);

® OKYMHICTIO 3aTPaT (BaPTICTIO BATOBOI MPOAYKIIi B KAXACTPOBMX wiHax) abo
KIUIBKICTIO ii B HATYpasIbHOMY BHpasi (3 po3paxyHky Ha 100 TPH. BUTPAT),

¢ gu(epeHLUATEHEM J0XOA0M (YaCTMHOK) YHCTOTO JIOXOXY), SIKHii BHpakaB
BAPTICTh 10JATKOBOTO MPOAYKTY HA BIAHOCHO KPAIIMX i CEPEAHIX 3CMITAIX.

Ha ocHOBI omucaHux rpyn OLIHOYHMX MOKA3HMKIB PO3paxoByBaTH 1HACKCH
PCCYPCHUX MOTCHLUATIB aIMIHICTPATHBHUX PalOHIB (Tocrionapers) 06aacTi:

VP 0z PP

X - X ;
e _ i oz _ "y DD _ I
Pj - xw’ 4 PJ - xoz > PJ T YDD > (6'179)

z DD . . : . ~ N
ae PJW , P,‘-9 < PJD P _ iHzexc PECYPCHMX TMOTCHLIAMB JUIA j-rO padoHy (rocrogapcTsa)

06.1aCTi, PO3PaxXOBaHMIi HA OCHOBI SKOHOMIUHMX OLHOK 3¢MITi BiATIOBIAHO 33 BATOBOIO

MPOAYKIUEK0, OKYTHICTIO 3aTpaT 1 AM(epeHLiaTbHIM LOXOIOM, X, x7E, xPP
CKOHOMIYHI OLIHKM 3eMTi, sAKi OOYHCICHI BIAMOBIZHO 32 BAIOBOIO PO IVKLIERD,
OKYMHICTIO 3atpaT i mmdepenuiansrmv goxomom (6an), x ', x%%, x™ _

CePeAHbOOOTACHI 3HAYCHHSL BiATIOBI THMX SKOHOMIYHMX OL[HOK 3eMIIL.
Y Tabn. 6.16 waBencHi 3HAYCHHA PECYPCHMX NOTCHUaTiB, WO ObuHMCIeHi 3a
¢opmynoro  (6.179) Ta pospaxoeami npu Takux CepeaAHBOOOTACHUX  3HAYCHHSIX
. . . 1%
EKOHOMIYHMX OLHHOK semmmi; X7 =31, x%% = 64, x"P =21.
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Tabruys 6.16
PospaxyHKOBi 3HAUEHHs IHAEKCIB PECYPCHUX MOTEHLIAIIB, BU3HAYCHUX HAa OCHOBI
EKOHOMIYHO1 OLIiHKH 3eMili yist JIbBiBCBKOI 00macTi

Pation Innekc pecypchux IHJIeKE pecypeHUX Iuaekc pecypeHIX TIOTeHILAIB,
[OTEHLATIB, [IOTEHLI aliB, oburcIcHWH
afunceHK i 32 BaJIOBOIO obuncieHnit 3a 3a udepeHiiaTbHUM J(OXO0M
NPOAYKIHEO OKYTIHICTIC 3aTpaT

Bpoai Bebkuit 1,3226 1,0469 1,4762
‘By3bkuii 1,2258 1,0312 1,3333
T'opoan ubkuil 1,1935 1,0625 1,2857
Jlporobuubkui 07742 0,9375 0,6190
<M aavi BCHKH 1,0968 09531 1,0000
3onouiBchku i 1.3871 1,0937 1,5714
Kam’ stHcbko- 1,1935 1.0312 1,2381
MiukonaiBebkuit 0,8387 1,0937 0,8571
+ MoctrchbKku it 1,1290 0,9687 1,1429
HecrepoBebknit 1,0323 0,9062 0,9048
IepeMHUNLISTHCHKIH 1,0000 0,8437 0,6667
HycroMutiBebKHii 1,2581 1,1250 1,4286
PanexiBchKuii 1,1290 ) 1,0625 1,1905
CumGipebkuii 1,0323 . 1,0781 1,0476
Cxoumi BCbKHIt 0,3226 0,9687 0,2381

CoxanbChbxui 1,2903 1,0469 1,3809 B
CTap‘o-CaMGipchHﬁ 0,7742 - 0,9062 0,7143
Crpuiicbkui 0,9355 1,0625 0,9048
TypriBcbkuii 0,5161 0,8906 0,3810
SIsopiBcbEHH 0,7742 0,8750 0,5714

3a Qopmynow (6.178) 3HaxoaMMO BIANOBIAHI 3HAYEHHS JACPIKABHMX 3aMOBJIEHb HA.
CITBCHKOTOCHOAAPCHKY MPOAYKUIK Ul KOXKHOTO paioHy obmacti (rocnozapcTsa B
paiioni). 3iCTaB/CHHA 3aMOBICHB, PO3PaXOBAHMX 34 OIMMCAHOK METOIMKOK), - TAl0:
MOXTHMBICTH HAUMOLIBII 00 EKTUBHO, 3 TOYKH 30PY HASBHUX PECYPCIiB, BU3HAYUTH OOCATH
3aMOBJICHb TS pabioHiB abo rocrioxapcTs 06aacTi. 3a AOMOMOIOX HaBEACHHUX METOIAMK
PO3PAXVHKY 1HACKCIB' aFpOPECYPCHMX MOTEHLIANIB 3HAHICHO HOPMATHBHI (TCOPETHYHI) |
3HAYCHHS 3aMOBICHD  (CTOCOBHO BIAMIOBIAHMX CEPEAHBOOOIACHHX IMOKA3HUKIB), -AKI - 1
GyayTh, SK TPAaBWIO, OLIBIIMMM Bid 3aMOBICHb, 3aJAHMX IUTAHOM. SIKmO. HEOOXiHO
PO3MOALIMTH 3aMOBIICHHA MO pakoHax (rocriogapcrsax) ob6macTi 3riHO 3 HagBHUMU
BHPOOHMYMMM Ta 3EMETbHUMKM PECYPCAMH, TO TSl 3HAXOKCHHS IHICKCIB PECypPCHUX
MIOTEHIIATIB MOXKHA BUKOPHCTaTH Taki opmymu [76-80, 88, 92-93, 138, 142, 163]:
P]VP xj:PSj poz _ xS, pop xjr‘) °S;

= “n ° J IR E = “h T
N OZ ¢ DD ¢

inVPbi in s in 3
i=l : =1

ae S;, S ;= Iuoma ClIBCHKOTOCTIOAAPCHKHX YTiAb BLAIIOBIAHO s i-TO Ta j-TO PAHOHY

(6.180)
(rocrnioapeTsa) 061acTi; 72 — KITBKICTB paloHiB 06/1acTi (rOCTIoAapeTB Y AOCKY BAHOMY
paiiomi).
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llpy BHMKODHCTAHHI MHOXMHHMX DIBHAHB pErpecii, AT 3HAXOMKEHHA IHICKCIB
arpopecypcHux noteHwatis opmynu (6.178) ansa obumcienns obcATiB 3aMOBJICHD Ha
CLIBCHKOTOCTIOAAPCHKY TIPOAYKINK MOXHA TAKOXK HOPMyBaTH, AOMHOXYIOYM PE3YNILTAT
Ha HOPMyrO4MiA MHOXHMK. [Ipu mepexoni Gyab-skoro rocmogapcTsa Ha PHHKOBY
CKOHOMIKY, OPIEHTOBaHy Ha CBITOBI (MKHApOAHI) LiHM Ha BIATIOBIAHY MPOIYKIIIO,
3AMOBNICHHS HCOOXIAHO PO3PAXOBYBATH 3a ONMCAHMMU DaHIE MCTOMMKAMH HE v
BapTICHOMY, @ B HAaTyPaJibHOMY BMIi, IO JAaCTh MOMIMBICTH BIACHMKAM 06 CKTMBHIIIC
BPAaXOBYBATH HajABHI Y HUX BHPOOHMWMI, TPYJOBI Ta iHmi PECYPCH ITPH TUTaHVBAHHI 5K
3aMOBJICHb, TAK 1 3AMOBICHb Ha OKPEMI BMM TaKOi IPOAYKLLi.

6.9.12. Mpuknaa oocnimKeHHA Ha OCHOBI baratoBuMipHOro
perpecitHoro aHanisy

Oncpxants BUCOKMX Ta CTabLTBHMX CKOHOMIYHMX TMOKA3HWKIB 3aBXKIM Oyao i1
32TMIIAETECA OCHOBHOO MCTOK BHPOOHMLTBA. OHAK HA DISHMX eTamax pO3BHTKY
BUPOOHMLITBA B MOHSATTA "BMCOKMH" BKIanaBcs pismmii Bumict. Komrmeke (akropis, Big
AKX 3a1€KUTh PIBCHb BUPOOHHIITBA, Pi3HOMaHITHME. BiH micTHTs, HanpuKIaz, A8
CLTBCBKOTO TOCTIOAApCTBA, OCOOMMBOCTI HASBHOI CHCTEMH 3eMIepoOCTBa, CrIocoOu
00poOKyM IPYHTY, CTyINCHi BMKODMCTaHHsA NOGpHB, crioco6u 60poTebH 13 pi3HMMH
XBOpOOaMM Ta MIKIZHMKAMM, MOMKIHBOCTI COPTY i BiANOBiAHOCTI BUPOIIYBAHUX CODPTIB
arpoOKTIMAaTHMHHM PECYPCaM  TEPUTOPIi, eHEeproo3GpoeHicTs CUIBCBKOTOCTIOAaPCHKOTO
BUPOOHMLITBA, METIOpALis MIKpOKTIMATY (IpyHTY, noBitpst) Tomo. [poseaeni B CIUA
AOCIIDKEHHS NOKA3AMH, O B CEPEIHBOMY IMiABMILCHHS BPOKANHOCT 3CPHOBHUX KYJBTYD
B Ui# kpaiHi B 3HauHiii mipi (41%) 3ymoBieHe BUKODHCTaHHAM AOODHB; BKIAa COpTY
ckramae 27%; 3a paxyHOK 3MIH Yy pO3MIIEHHI CLTBCHKOTOCTIONAPCHKMX  KYTIBTYD
YPOxaHICTs 3pocna Ha 2% i 6aussko 30% nprmazae Ha arpoTeXHIKy Ta iHmI (aKTopH.
Omxe, BpPOXKAHUHICTL AOBITBHOI CUTBCHKOTOCTIONAPCHKOT  KYABTYPH (DOPMYETBCH Mz
BIUTMBOM CYKYIIHOCTI MPUPOTHOKTIMATHIHMX, CKOHOMIYHUX i TEXHOTOTIMHUX thaxropis.
Cryminb iX BITIMBY Ha ypOXaMHICTh € HEOJHAKOBMM, a TOMY TY>KEC BAKIHBO CBOEYACHO
BUSBHUTM LM BIUIMB Ta moegHat (akropu rak, mob 3abe3NeYuTH OITUMAIBHE
POSMIIUCHHS KyJbTYP | B DE3yabTari OJEPKATH MaKCHMAIbHMIA Bpoxai. [lpouec
BHPOOHHMUITBA B 3eMICPOOCTBI 3AIHCHIOETLCA TAK, IO HA PIBEHD BPOYKaUHOCTI BILIMBAKOTh
araro (hakTOpPIB SIK Y AOCTIIKYBAHOMY POLU, TaK i B nonepeaHi poku. Tomy BposkaiHiCTb
HCOOXIZHO POSIIANATH SK PE3YABTAT il CyKyMHOCTI pisHUX axkTopiB 3a wacom i
npoctopoM. Takubt xapaktep 3B S3Ky MiK BPOKANHICTIO CLIBCHKOTOCIOAAPCHKHX
KynbTyp i PpISHMMM (akropaMu, O BIUTMBAIOTL HA HEl, 43a€ MOJCIMBICTD
BUKOPHUCTOBYBATH [Ulst 10Oy A0BH Mozeni iHdopmaltiio, 3i6paHy 3a MPUHLMMIOM «06 exT—
pokm». BuxiaHi maHi posrasgaoTeCs sk GaraTopiusi qami MacoBOro SKCHepuUMeHTy. Y
AOCTI/DKEHHI  BPOXKAMHOCTI HA HIMPOKO 1  JOCHTh YCIIITHO  BHKOPUCTOBYKOTHCS
GaratopakTopHi perpeciitni  Mozcmi, AKi AOCHTD TOYHO B1A00pakkaoTh  ICHYIOUI
3aKOHOMIPHOCTL.  [To6ynoBy  KOpensIHHO-pErpecifHMX  MoZeneH  3aIeKHOCTI
BPOJKAWHOCTI BIA BIUIMBY pI3HMX (haKTopiB Ha PETIOHATBHOMY DiBHI, K MPABHIO,
3AIMCHIOIOTE 33 TAKOIO CXEMOIO:

l. ®opmymoersca TimoTesa CTOCOBHO Xapaktepy BIUIMBY (akTOpiB Ha
BPOXKAHHICTD.
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2. CyxymHICTh MOKA3HVKIB (BXITHMX JAHMX) AOCIILKY €ThCSA HA OXHOPLIHICT.
3riHO 3 NCBHMMM KPUTEPLAMH BiAOHPArOTHCA HAWOLIbII 3HAYY I (PAKTOPH.

4. BusHauaeTsest (hopma 3B 3Ky MIXK PE3YIIBTYIOMO0 Ta (JaKTOPHUM 3MIHHUMM 1
OyAyeTsca BIATIOBIAHA perpeciiiHa MOAenb (K NpaBwio, JiHiMHA uu
mapabomvHa).

5. AHanizyIoThCsH Ta IHTCPOPETYIOTHCA NMAPAMETPU OASPKAHUX MOJICTICH.

Bero MHOXKMHY (akTOpiB, IMO BIUIMBAIOTH HA BPOIKAWHICTH CLTBCHKOTOCTIOAAPCHKHX
KyJIBTyp, MOXHA PO3JALIMTH Ha aBa wiacu. J[o mepuworo cnia siznectw daxropw, sxi
XapaKTePH3YIOTh (3YMOBIIOIOTH) PIBEHBb KYJIBTYpH 2emiepobcrsa. Croau  BXOIATH
crniocobu 0o6poOku IpyHTY, OGopoTebu ¢ xBOpoGamMM Ta INKiAHMKAMM, O030POEHICTDH
CIILCHKOTO TOCTOIaPCTBA BUPOOHUMHMH Ta TPY AOBHMH PECYpPCaMM, BiATIOBIAHICT COPTIB
arpoKIIMATHYHMM YMOBaM, PAalLlOHATbHE BHKOPHUCTAHHS M00pWB Tomo. Jpyruit kimac
MICTHTB TMPHPOIHI BIACTHBOCTI IPYHTY Ta METCOPONOTIMHI YMOBH. 30KpeMa, BIUIMB Ha
BPOKAMHICTH BMICTY B ODHOMY ILapi I'yMycCy; BMICTY B IpyHTi (ocdopy, kamiwo, azoTy;
KHCJIOTHOCTI IPYHTY; TEMIICPATYPH TOBITPSI, KUTLKICTh OITa B TOMIQ.

PosrnsiHemo  3aexHICTD  BPOXKAHHOCTI  CUIBCBKOTOCTIOAAPCHKMX — KYJABTYP  BiJ
CYKYIHOCTI (DaKTOpIB, SIKI XapaKTEPU3VIOTh IPHPOJHY POJIOYICT 3E€MII: BMICTY B
OPHOMY wIapl FYMYCY, B IPYHTI — MOKMBHMX pevosuH (y Mimirpamax Ha 100 r rpyHTYy),
sokpeMa (ocdopy (#,0s), xamiro (K>0) 1 asoty (IV), a Takox kucnotHocti (PH) rpynTy.
Havitnpocrima nisiina 6aratoakropHa perpeciiina Moaelb TaKOl 3aJISKHOCTI MA€E BUTIIST

w

Xy =by +bxy +byx, +03x5 +b,%, + bsxs, (6.181)

Jc X, — BPOXaHHICTH CUIBCHKOTOCIIONAPCHKUX KYIBTYP, L/Ta; X| — KUCIOTHICTB IPYHTY,
%; X2, X3, X4 — BMICT BIANOBIAHO docdopy, Kamito, a3oTty (y mimirpamax Ha 100 r rpyHry)
%; Xs ~ BMICT B OPHOMY uapi rymycy, %. Taxi MHOKUHHI PIBHSAHHS perpecii He0OX1aHO
OyayBaT and CYKYIHOCTI TOCIIOAApCTB, PO3MIMICHUX HAa 3€MIISAX 3 OAHAKOBHMH M
JOCHTh OMM3BKUMH TPHUPOJHOKIIMATUMHUMM YMOBAMH. 3aJICKHO BiJ OCOOIHBOCTCH
reonori4Ho1 Oy 10BM IPYHTIB, IX penbedy, KTIMATHYHOTO Ta BOAHOTO PEXKHUMIB, XapaKkTepy
IPYHTIB 1 POCIMHHOCTI T4 TOCHOAAPCHKOI AIUIBHOCTI MOAWHM Teputopis JIbBIBCHKOI
obGuacTi posnoauteHa Ha 11 MPUpPOIHO-CLIBCHKOTOCTIONAPCHKHX PAMOHIB, AKI OXOILIOIOTh
YOTHUPH IPYHTOBO-KIiMaTHuti 30HY. OCTaHHIM BIANOBIZAOTh TAKI IPHPOIHOSKOHOMIYHI
sonu: [lonicekka, Jlicocrerniora, [lepenxapmarceka Ta I'ipebka.

Hpukian 6.10. [ToGyayBaTH MHOKHHHI PIBHAHHA PETPECi 3aICKHOCTI BPOXKAMHOCTI
OCHOBHHX CLIBCHKOTOCTIONAPCHKUX KYJIBTYP BLA CYKYITHOCTI (PAaKTOPHUX 03HAK (BMICTY B.
opHOMY 1map! rymycy, ¢ochopy, Kaio, a3oTy I KHCIOTHOCTI IPYHTY) Al TOCIIONAPCTB
Nepemumunsancekoro  padtony  JleBiBcpkoi  ofmacti.  Lle# paiton BxoamTs v
TepeMUUIAHCHKMI TIPUPOAHO-CUIBCHKOTOCTIONapChbkui pakoH (wudp 04, muoma 1863
TUC. Ta CLIbCBKOTOCTIONAPCHKMX  yrigs) 1 € HaMbusmenM vy JlicocTenosii
NPUPOAHOSKOHOMIMHIN 30HL. Y Tabn. 6.17 HaBeACHO CTPYKTYPY 3€MENb Ta OLIHOYHI
TIOKa3HMKH MO TPUPOJHO-CIIIbCHKOTOCTIOAAPCEKHX PAHOHAX.
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Tabauys 6.17
Crpykrypa 3eMe:1b 1 OLIHOYHI OKA3HUKH MPHPOJHO-CITLCHKOTOCIIONapChKUX PalOHIB
JleBiBCcHKOT 00MIacTI

. ' - Beporo Banosa

V ToMy umeni pur Jo6pus wa 1 ra pii .

3aTpart Ha |IPOAYKIis Ha 1 1a

[ ucp| Haspa [ Tnota DOHAW - . .
Beworo, Minepanbaux,(OpraiyHux, 1ra 1nocisy, noCiBY B

OcymeHnx| ! )

THC. Ta I T Kpo. KaJIacTPOBHX
01| Coxamcuiuit 69,39 | 57,89 20,66 |510,43 1,66 12,05 442,40 1438,95
02 T'opononsknit  |126,13] 90,28 38,45 (768,97 2,05 11,60 386,44 1062,11
03 Bopmosuupku#i | 86,22 | 59,99 2475 111131 2,04 11,74 500,97 137224
1
04 | Hepemuurnsuenkyii (186,31 135,11 25,10 590,58 2,20 10,96 383.47 853,39
05 SIBopiBCbKHE 93,89 | 62.25 42,41 (667,75 1,97 9.23 371,80 868.19
06 | Kam’suo-By3bkuit [146,86] 83,64 5497 |928.87! 2,32 11.90 398,14 1103,12
07 PajiexiBobKui 66,38 | 44,12 6,19 519,92 2,28 17.04 380,33 960,76
08 3051041 BCBKHE 69,97 | 50,54 17.88 |675,78 2,70 13,79 411,95 1267,63
09 JlporoGuupkui | 96,46 | 74,22 38,47 |783,51 1,75 9,65 300,64 789,89
10 Cambipenko- o) o1 | 5195 | 3020 |87435 1,82 11,29 365.45 977,01
KunayiBebKui

11 TypxiBcbkuit 106,80] 42.68 1,12 537&1551 1,80 9,40 322,01 549,21

Poze’sizok. TlepeMUIIITAHCEKUN MTPUPO.THO-CLIECHKOTOCIIOAAPCEKII PalioH 00 eqHye
3eMIl FOCHIOAAPCTB, LIO BXOAATH Y HACTVIIHI 4JMIHICTPATUBHI paiond. BpoaiBcbkmid,
3o:rouischku, JKupauiscokui, Muxonaisebkuii, Hecrepiseskuii, [lepeMUnuistHCbKA,
[ycromuriBepkuii 1 SBopischkuid. [lpudoMy BiH - MICTHTL  yCl  rOCMOJApCTBa
[epeMMIGIAHCEKOrO paiioHy 1 JIMOIE MO KiIbKAa T[OCMOAapPCTB 3 IHIUMX PaMOHIB.
[NepeMUIUTAHCHKHI . - TIPHPOAHO-CIIIBCBKOTOCTIOIAPCHKUIA  PAiOH  OXOIUTIOE  HaWOLTbII
MABKINEeHyY - (BUCOKMH - BHCOTHHMM mnosc 3axiguoro Jlicoctemy), rycto Ta rauboOKo
PO3WIEHOBAHY YaCTHMHY IlOAINBCHKOI BHCOYMHHM, Tak 3BaHe 3axigHo-Iloainschbke
rwiockorip’s. AbcomoTHi BucOTH gocararoth 350..410 M. Tomy weil paion Outbm
BOJIOTHH, 0ACPXKY € MCHIUE Teru1a. 5K 1 B YCIX NIPUPOIHO-CUTECHKOTOCTIOAaPCHKHUX paﬁonax
JlicocTernoBoi 30HH, TYT NEpeBaXarOTh orazoneHi rpyut (84% pinni). }-{CHO-ulpl Ta 01p1
OTHA30ICHI IpyHTH He Ayke mommperi (12%), Temuo-cipl Ta HOpHO3eMM OIMLA3C/ICHI
sakiMaroTh 32%, To6TO TpeTuHy pabiony. Lli rpyHTH pomoul, 100pe 3a0e3meucHi ryMycoM
1 MOXUBHUMM pevoBMHAMH. B TOM camuii 4ac omi3oneHl rpyHTH TyT OLIbLI KHCTI Ta
xomomHl; 12% 3aiiMaloTe IPYHTH, OMIeEHi MOBepxHEBO abo mo Beeomy mpodimo. Y
3B 3Ky 31 CKIQAHICTIO penbedy Ta  IHTEHCHMBHMM  CIIBCBKOTOCHOTAPCHKAM
BUKOpUCTAaHHIM Matbke 40% puuni Ha CXWIaX OXOIUIEHO 3MHMBOM. [IpOAYKTHBHICTB
3eMeJib LBOTO MPUPOIHO-CLIBCHKOTOCIIOJAPCHKOr0 PAMOHY Cepel JIICOCTCIOBHMX PAMOHIB
HaWHIKYa.

Ha ocHOBI maHuMX piyHMX 3BITIB KONTOCHB [lepeMHMILIAHCHKOTO padoHy mpo
PE3yIIBTATH TOCMOJAPCHKOI AISUTLHOCTI B 3eMNIepoOCTBI MoOyaoBaHl perpeciitHi moaenmi
3a;ICKHOCTI BPOXAWHOCTI OCHOBHMX CUIBCBKOTOCTIOAAPCHKMX KyIBTYP (3epHOBUX 03
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KYKYPY/I34, LyKPOBMX OVPAKIB, KAPTOILT TA 1H.) BIA BIUIMBY KUCIOTHOCTI IPYHTY, BMICTY
B OpHOMY miapi ryMycy, (ocdopy, kamiro U asoty. [Ipudomy BcebiuHa OLIHKA XapakTepy
B33aEMO3B S3KY MK DE3YJBTYIOUOID Ta (DakTOPHMMHM 3MIHHMMM TOKasana, o
MaTEeMATUYHO LEH 3B’ 30K HAHOLIbII HAOIMIKEHO MOKHA BUPA3UTH y BUIVIAM TiHIMAHOTO
MHOXHHHOTO PIBHAHHA perpecii. Ilicas oOpoOKu AaHMX PIYHHX 3BITIB OJCPIKAHO TaKi
PIBHSHHS PCrpecii 3ajiesHOCTI YpOKaHHOCTI X, ; OCHOBHHUX CLTbCHKOTOCTIONAPCHKUX
KVIBTYD BiJl BIUTHBY KMCIOTHOCTI IDYHTY X, BMICTY B IpyHTi hocopy xo, Kamiro Xs,
a30TY X4 Ta BMICTY B OPHOMY 1Hapl TYMYCY Xs:
® . 3CpHOBHX 0€3 KyKYpyI3u
Xy =35.5337 +3.2926x,-1.0618 x,-0.0976 x5 -1.7921 x4 -1.9418 xs;
®  KYKYDPYZ3H Ha 3¢PHO
X, =-43.3924 +8.1117x; -0.8310 x,+0.0468 x5 -0.1430 x4 + 2.7186 xs;
®  LYKPOBHUX OypsKiB
X3 = 109.6387 +67.4334x, - 7.6618 x,+ 13.8880 x3 -17.7088 x4 -66.2776 xs;
e kapTorLu
Xy, = 102.1082 +26.0755 x; - 54443 x5 - 2.7112 x5 - 4.1510 x4 - 27.4166 xs;
® 0OBOUIB
X5 =-296.2336+ 56.1439 x1 -12.0160 x; +6.8366 x3 +4.6091 x4 +26.1503 xs.
Ounepxanui 3HaYCHHA KOE(ILIEHTIB PErpecii 3py4YHO NoJaTy 'y Burisia Tabm. 6.18.
Tabnuys 6.18
3aNexKHICTE BPOXKAHHOCTI CLIBCHKOIOCIIONAPCHKUX KYJIBTYP BiJl BILIMBY (DAKTOPHUX
3MIHHMX: KUCIOTHOCTI (PyHTY b1, BMICTY B IpyHTi docdopy b, Kaniro bs, azoty bs, rymycy
b5 rocriopapets [epemuuusiHCbkOro padoHy JIbBiBChKOI 00:1aCTI

) BiapHui unen KoediuicHTH perpecii

HazBa kyneTypH b b, b, b, | b, by
329 i

3eproBi 6e3 kykypyazd | 35,534 3 -1,062 | -0,098 | -1,792 | -1,942
8,12 0,04

Kykypynaza Ha 3epro -43,392 1 -0.83] 7 -0,143 1 2,719

Lyxposi bypsxu 109,639 67,433 | -7,662 13,888 ‘ -17,709 | -66,278

Kaprorig 102,108 26,075 | -5444 | -2,711 | -4,151 -27,417

6,83 4,60
Ogoui -296,234 56,144 | -12,016 | 7 9 26,150

Buchobok 1. 3 anamsy Tab:1 6.8 BumIHMBaEe, MO KOKHMHA 3 HaBeACHHX (PaKTOPIB
KIIbKICHO BIUIMBAB HA BIAMOBIAHY PE3YIBTYIOUY 3MIHHY. 30KpeMa, KUCIOTHICTb TPYHTY b,
HAWOUIbINEG BIUIMBANA HA BPOKAMHICTh LYKPOBUX OypskiB 1 osouiB. Hampuxian, mpwu
301bIICHH] KUCIOTHOCTI IPYHTY Ha 1% O4iKy€ThCs 30UIBIUCHHS CCPEAHBOI BPOMKAMHOCT!
LyKpoBUX OvpskiB Ha 67,43 wra, xapromwm — Ha 26,07, oBouis — Ha 56,14 w/ra. Bnus
(docopy € HeraTUBHMM HA BPOKAHHICTh YCIX AOCHIDKYBAHHMX KYJIbTYD, HNPHYOMY
HaMOLIBII HEFATHBHKMM — HA BPOKAMHICTL OBOYIB 1 LIYKPOBHX Oy pSKIB.
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BicHOBOK 2. BMICT Kai0 B rpyHTi HalCHIBHINIC BIUTMBAE Ha BPOKAMHICTh LYKPOBHX
GypsKkiB i 0BOUIB, a Halicnabme — Ha BpoXkaiHicTs kapTorti. Tak, 30UTBIICHHS B rPYHTI
BMICTy Kaniro Ha 1% mpuBomuts A0 30UIbIIeHHEA BpoKaHHOCTI Ha 13,9 wra.

BucnoBok 3. 36iIpMEHHA BMICTY B IPYHTI A30Ty HEATUBHO BIUIBAE HA BPOKAMHICTH
MaiKe BCIX AOCTLMKYBAHMX KyJdBTYP, 3@ BUHATKOM OBOYIB. 30KpeMa, 30UIbIICHHS BMICTY
a30Ty B IpyHTI Ha 1% Crpuse 3MEHIIEHHIO BPOKAMHOCTI LykpoBux Oypsxie Ha 17.7 w/ra,
a xkaproruil Ha 4,2 w/ra.

BucuoBok 4. BumicT B opHOMY miapi I'yMyCy HAaMOLTbIUE BIUIMBAB HA BPOKAMHICTB
osouis. Tak, 36LIbIIEHHS B TPYHTI T'yMyCy Ha 1% cripusaruMe 30LIBIICHHIO yPOXxKalHOCTI
0BOuIB Ha 26,1 1/ra i B TOM caMmii 4aC NMPUBEAE OO0 3MCHILCHHS CEPeIHBOI BPOKAHHOCT!
Ly kposux Oypsixis Ha 66,3 wyra.

6.10. KOHTpOsbHI NUTaHHA

1. Crocobu 3aganss GyHKUIH LI OTIUCY MAaTeMATHYHHUX MOZICTICH.

2. Jlaiite BUZHAYCHHS IOHATTS ANPOKCUMOIA.

3. Slka anpoKCHMALIisl HA3MBAETHCA HOJTHOMIATBHOIO?

4. Slka anpoOKCUMALIis HA3UBAETBCA IHMEZPANbHOIO?

5. B uoMy CyTb METOIY CEPEOHbOKBAOPAMUYHO20 HAOAUNCEHHSH?

6. Sxuit MeTox HaONMKEHHS HASUBACTLCS inmepnoasyicio?

7. Slkuii MmeTOx HaGMMIKEHHS HA3HBAETLCS excmpanoniyicio?

8.  OmuumiTe METO] HAHMCHIIMX KBAAPATIB.

9. B yomy moasrae 3a1a4a piIBHOMIPHOTO CILIANMH-HAOIVOKEHHS

10. Yum xapaxTepu3yEThC PIBHOMIPHE CTUTAHH-HAOIMKECHES

11. Yuwm BiAPI3HAXOTECA OJHOPIAHI M HEOAHOPIIHI CTUIAMHM?

12. Slky anpoKCHMAL{IO HA3WMBAKOTHL HAUKPAUUM 4eOUULOBCLKUM HABAUNCCHHAM abO
MiHIMARCHUM?

13. [Mpum Takux po3poOkax BUHMKAE 337a4a 3HAXOLKEHHsI HAMKPAILOro PIBHOMIPHOTO
HalOmokeHHA?

14. YuM XapakTepu3yIoThCa aATOPUTMH, sAKi 0OV 10BaHi 3a cxeMow Pemesa?

15. OrnuuriTe cxeMy BU3HAYCHHs TiapaMeTpis HabG:IvbKeHHs 3a MeToAOM Pemesa.

16. 1o Taxe mininvarc?

17. SIxi TOUKM HA3UBAXOTH MOUKAMYU YeOUUICECHK020 AlbMEPHAHCY?

18, Sxuit anropuT™M BUKOPHCTOBYIOTh [T BUSHAYCHHS TOMOK AIBTECPHAHCY 7
19. B womy nonsirae Anropurv Banne-Tlyccena?
20. Sk BU3HAYAETHCA KOCMILIEHT MHOXKMHHOI KOPESLi?

6.:l1v1. 3apgavi ona caMoCTiMHOT poGoTK

3anaya 6.9.1. Kopuctyrouwcs ganpmy Tabnuiy, 3HaWAITH METOAOM HAHMEHIIMX
KBAAPAaTiB MHOKHHHE PIBHAHHA perpecii, KoediumeHt AeTepMiHaLii 1 BLAMOBIAHI OLUHKH
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BPOXKAMHOCTI 36PHOBHX X, (1/Ta) Bia oLiHKH 3emmi x; (6an) i BUTpaT BUPOGHMLITBA X; (kp6.
Ha 1 ra). :

Tabnuys 6.19
Bxigni gani ans 3azaqi 6.9.1

M Xo X X2
/1 IocrionapcTBo

1 «HezanexHicTey 4772 91 308.0
2 M. T. lleBuenka 45,8 69 316.6
3 «Ykpaina» 33,8 66 3159
4 M. Jleci Yipaingu 52.3 7 3657
3 «BinpopkeHHs» 46,4 69 343,1
6 M. Inana PDpanka 37.6 74 278.8
7 «bykosuHay 48,5 72 261.8
8 iM.10-pinus Hesaneskaocri Ykpainn | 35,1 72 350.8
9 iM. B. YopHoBosa 459 53 334,0
10 iM.B.Cryca 36.3 74 306.9
11 «IIporpecy 38.2 69 3145

3agaua 6.9.2. Kopuctyiouuch JaHuMH TaGIMLi, 3HAMIITe MapaMETPU MHOKHHHOIO
PIBHAHHS perpecii, Koe(IUIEHT aerepMiHamii i IX OLIHKK 3aM€KHOCTI YPOXKAHHOCTI
3ePHOBHX X, (1/ra); ouiHKY 3emi X (Gan) 1 BuTpar BupoBHumIITBa X, (kp6. Ha | ra).

Tabauys 6.20
Bxigui mam mas 3anaqi 6.9.2

Ne w/n T'ocniomaperso X Xy X

1 im. T. IlleBuenka 41,0 | 71 | 260,0
2 «Jpyxba» 46,0 | 67 | 369,5
3 iM. Iana Opanka . 423 | 69 | 2558
4 iM. 1O. QeankoBuya 47,1 | 68 | 2987
5 «HesanexHicto» 42,2 | 68 | 263.2
6 iM. YkpaiHcbkoi Apmii 40,6 | 69 | 338,1
7 «CBiTaHoK» 422 | 69| 2803
8 «Ilepemorar 38,2 | 66 | 216.7
9 «IIpaBma» 425 | 66 | 2357
10 im. B. Cryca 39,7 | 55 | 2404
11 «Y kpainay 40,3 | 70 | 2372
12 «Masix» 4277 | 63 | 176.5
13 «28 gepBHI» 393 | 60 | 2314
14 «BvKoBHHa» 42,3 |1 60 | 3169
15 iM. 5-piuus Koucrurywii | 39,8 | 72 | 269,1
16 iM. JI. Yipainku 373 1641|2574
17 iM. M. I'pymieBcbkoro 54,0 | 76 | 237.0
18 «HoBe xuTTD 50,0 | 80 | 2370
19 iM. 29 Gepesns 37,6 | 72 | 238,6

3anaua 6.9.3. Kopuctyiouncs ganvmy Tabiuid, 0OUHCIITL MapaMeTPH MHOMHHHOIO
PIBHAHHSA perpecii, koediuieHT AeTepMIHALIi, a TAKOX BCLIAKI OLIHKKA PIBHSHHA perpecii,
SKE XapaKTepHU3ye 3B 30K MK YPOKAMHICTIO 3€PHOBHX X, (1/ra) i pakTopamMu: OLIHKOIO
semii x; (6an) 1 BuTparaMu BUpoGHUUTEA X, (kp6. Ha 1 ra). 3pobite exoHOMIUHME amnani3
OJCPIKaHUX PE3YJILTATIB.
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Bxinai gaxi a4 3agaqi 6.9.3

Ne /i [ocniopapcrso Xo x) X

1 M. 10. Deapkopuua 36,9 | 51 | 480,0
2 «3anosiT T. IlleBuenka» | 26,6 | 53 | 269,7
3 iM. B. YopHoBoaa 34,2 | 53 | 290.1
4 «UyManLbKUi misx» 30,3 | 42 | 420,0
5 im. Jleci Yipainku 3241 43 | 318.1
6 «Ykpaina» 37,0 | 51| 2999
7 «BykoBuHa» 338 | 49 | 302,1
8 iM. T. IlleByenka 32,6 | 50 | 3248
9 iMm. M. BoBuka 216 |49 | 2518
10 «Kapnaru» 31,6 | 41 | 308,1
11 iM. Cryea 2472 | 41 | 2627
12 iM. I'. CxoBoponu 24,1 | 40 | 269,7
13 M. [lopea 422 1 63 1 534,1
14 iM. 0. KouasHebkol 352 | 44 | 2643
15 «Jipy>xban 26,7 | 45 1 283,1
16 iM. 1-ro Bepecns 34,9 | 40 | 4162
17 iM. IBana Opanka 30,6 | 46 | 3452
18 «Hose KuTTs» 27.5 1 49 | 2090
19 iMm. 5. 'anana 28,1 | 41 | 270.6

Taﬁﬂuuﬂ 6.21

3azaua 6.9.4. 3arMumiTe Ha OCHOBI JaHMX TaGMMLU JiHIMHE PIBHSIHHSA 3ATCKHOCTI
BPOKAMHOCTI 3€PHOBHX X (11/Ta) Bin ouinkm 3emi x; (Gan) 1 BuTpaT BUPOOHMLITRA X2 (Kp6.

Ha | ra).

Bxizmi nami urg sagaql 6.9 4

% i1/ | TocnonapeTBo Xy X x;

1 «Ilepemora» 252 1 73 | 2633
2 «IIporpec» 358 17912735
3 iM. M. I'pynieschbkoro 34,1 | 70 | 305.6
4 im. Jleci YkpaiHku 29,8 1 76 | 2953
5 iM. T. ITleBuenka 32,0 [ 73 | 316.7
6 im. 5. I'anana 322 | 73 | 2243
7 «I1paBaa» 236 | 539 | 2777
8 «Kapnatny 34,6 | 77 | 2770
9 iM. B. Ctyca 339 174 11948
10 iM. IBaHa®panka 270 | 82 | 2309
11 iM. M. Illopca 37,6 | 80 | 2768
12 «3anosit T. HleBuenxa» | 28.5 | 87 | 267,1

Tabruys 6.22

3amaua 6.9.5. OnmepxaTé METOAOM CTATHCTHMHOTO MOJCTIIOBAHHA (MOJETIOBAHHA
PIBHOMIDHO pPO3NOAINEHWX BHIAAKOBUX BEIMYHH) Xo, X1, X2 B Mexax 14.5<xy<65,
33.8<x;<52.3; 261.8< x,<365.7 mo 1l pissmx rocrmoaapcrBax s Bnpasu 6.9.1 1
PO3B’s3aTH IOCTABJICHY 3aAavy.

3agaua 6.9.6. OgcpsxkaT METOAOM CTATHCTUMHOTO MOJCTIOBAHHA (MOJETIOBAHHA
PIBHOMIPHO PO3MOALICHUX BUTAZKOBHX BEIMYHH) Xo, X1, X2 B Mexkax 21.6 < xo < 42.2;
40<x;<63; 209.0 < x,< 534.5 mo 15 i 19 pizuux rocronapersax ams Brpas 6.9.21 693 1
PO3B’A3aTH MOCTAB/CHI 3a1a41.
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Posaia 6. OcHOBHI BIIGMOCTI IIPO METO 1M aIpOKCHMATIi

3anaua 6.9.7. Ozepxxary METOAOM CTAaTHCTMYHOTO MOACTIOBAHHA (MOJCIIOBAHHS
PIBHOMIPHO PO3NOALICHHUX BUITAIKOBHX BEJIMUHH) Xg, X1, Xy B Mexax 25.2 < x; < 37.6;
70<x1<90:150.5 <x,< 350.1 mo 12 rocrogapereax st eripasu 6.9.4 1 po3s’A3aTy 3ama4y.

6.12. 3aBgaHHA oo nabopaTopHoi po6oTu

Mema: OnpaigoBaHHs eKCIIGPUMCHTANBHUX nocniaHux aaHux MHK. Onparrosasss
CKCTICPUMEHTATbHMX OCTIAHMX gaHuX. HalyTrs HaBMYOK 3 BM3HAYEHHH NapaMeTpiB
MOJEII 33 MiHIMAKCHUM METOIOM.

3a6dannsn 6.10.1. BuzHauuTH 3a METOZOM HAWMCHIIMX KBajpaTiB IapaMeTpH
MOJes1eH

a) Y, =4+ B,
6) Y, = A+Bx" +Cxe™ :

>

ne k — Homep cTy aeHTa 3a crmckoM, 4, B 1 C — HepizoMmi mapaMerpw.
B sKOCTI pe3yIbTaTiB CHIOCTCPEKEHHA BUKOPHUCTATH 3HAYEHH (Y HKLI1

f(x): 3xk + 267
BTOYKax X;=2 +i*02 nua i=1, 2,..., 10+&.
3a KOXKHOK 3 OTPMMAHUX MOJCICH:
— BH3HAYUTH 11 3HAMCHHA B TOYKAX Xx=3,975 1 x=9+£%;
— T8 KOKHOI 3 OTPHMMAHUX MOJENEH BUIHAYUTH OIIHKY CEPEIHBOKBAAPATHIHOTO
BIIXIWICHHS 3a (JOPMYJTIOK0

A=Ef-D),

J¢ % — KUIBKICTB TOYOK CIIOCTCPOIKEHHs, a £ — Cyma KBaJpariB BIAXWICHb MOJETI BiJ
PEe3VIIBTATIB CHOCTEPEIKEHHA B TOUKAX CIIOCTEPEHKCHHS

E:il(yi _Y(xi))z;

—~ noOyayeatu rpadixd Mozemedl 1 TOYKaMM Ha HHX 300pasuTH PE3yaBTATH
CIIOCTSPESIKCHHS.

3aeoanns 6.10.2. BuxoHatv anpoxcUMauiio TabMWYHMX JAHMX MOMIHOMOM JPYIOro
CTENEHsI 33 METOAOM HAMMEHINUX KBAaAPATIB
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Prc. 6.10. Anpoxcumaist TaGIHYHAX TaHMX HOJIHOMOM APYTOTO CTENCHS 33 METOAOM
HaliMEeHINHX KBapaTiB
BHKOHATH anpokeHMaItilo QyHKLH], o 3a1aBa TabHYHO, THEHHOIO 1 KBa/[PATHIHOIO QY HKLIAMH.
' Tabnuys 6.23
BapiadTs IHAMBIIY ATBHHX 3aBAAHb

o X0 0,2 0,3 0,4 0,5 0,6 0,7 08

®0 173030 | 3,142 | 3,358 | 3,463 | 3,772 | 3,251 | 3,170 | 3,665
g =01 0.2 03 04 0,5 0.6 0,7 0.8

L3314 | 3278 | 3262 | 3292 | 3332 | 3397 | 3,487 | 3,563
N2 X |20 2.1 22 23 24 2.5 26 2.7

22 11045 | 1062 | 1264 | 1172 | 1070 | 0,898 | 0,656 | 0,344
N3 X | 03 0.6 0.9 12 15 18 2.1 24

2 0T 6715 | 6735 | 6,750 | 6,741 | 6645 | 6639 | 6,647 | 6612
Nog | X L2 14 16 1.8 2,0 22 2.4 26

® T 2325 | 2515 | 2638 | 2700 | 2,69 | 2,626 | 2,491 | 2,291
s X |2 23 25 27 2.9 31 33 35

™ Ty [ 1752 | 1762 | 1777 | 1,797 | 1821 | 1.850 | 1.884 | 1,944
o XL 16 17 1.8 1,9 2.0 2.1 22

N0 T 024 | 1710 | 1,525 | 1370 | 1264 | 1,190 | 1,148 | 1,127
N7 | X 0.5 06 0.7 0.8 0.9 1,0 1 12

& 1025 | 1144 | 1,336 | 1419 | 1479 | 1,530 | 1,568 | 1,248
Ng |5 |22 23 2.4 25 2,6 27 2.8 2.9

8 175785 | 5685 | 5.605 | 5545 | 5505 | 5480 | 5495 | 5,510
No X 05 0.7 0,9 L1 13 15 1.7 1.9

® 71 4052 | 4092 | 4152 | 4234 | 4338 | 4468 | 4,599 | 4771
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Po3aii 6. OcHOBHI BIIOMOCTI [IPO METO M alPOKCHUMAii

3aeoannsn 6.10.3. s 3HaueHs Py HrUii

y =23 5ke" 3 4 of b4

Ha BIAPI3KY [(),2; 5.4 + k] OTPUMATH MiHIMAKCHY MOJENb BUITIALY

A+ Bx

Fx)=
(x) 1+Cx

3 HaliMeHmor albcomoTHOO moxwdOkor. [loGyaysatm rpagix ¢ymkidi, moacm Ta ii
TIOXHOKH.
3agoanns 6.10.4. Ins 3Hauens ¢yuxuii (3aBmanms 6.10.3) na Biapisky [0.7, 8.5]
OTPMMAaTH MIHIMAKCHY MOJEITH BUITIAAY
F(x)=A+Bx+Cx* + Dx’
3 HAWMEHIIOI BiAHOCHOK mnoxuOkoro. Ilobyaysatn rpadix ¢yHkuii, mozemi Ta ii

MOXUOKH.
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Pozain 7.
YucenbHe iHTerpyBaHHsA

INocTaHOBKA 3a0a4l YHCENBHOTO IHTErPY BAHHS
OcoOMUBOCT]I YMCENBHOTO IHTErpy BaHHs QyHKIIH
®opmyna npsMoky THUKIB. ['padiuna iHTepnperaiis
dopmyta Tpanerii
o TocraHoBKa 3amadl
o TI'padiyna inTeprnTeTais
¢ ®opmyna Cimrcona (mapabout)
o IlocraroBka 3amaul
o TI'padiuna inreprnreraiis
¢ AJITOpHUTM peasizaiii MPHUHLKMITY TIOABIHHOrO MepepaxyHKy Ta aBTOMaTHYHUH
BUOIp KPOKY IHTEerpy BaHHI
HabsiikeHe 069HCIEHHS 0araTOKpaTHUX IHTErpaliB
MeTo1 KOMIPOK
IocninoBHe IHTErpy BaHHS
Ky6arypHa dpopmyina turry CiMncona
MeToau YHUCENbHOTO IHTErpyBaHHs
o 3agauya 0GUYMCIIEHHS BU3HAYEHOTO 1HTErpana
o Tpu maxoau KBaapartypHoi Gopmym
o Inrtepnonsuiin xeagpatyphi dopmynu Herotona-Koreca
o YacTunni BUnaaxu iHTepriossuiinux dopmyn Herotona-Koreca
¢ Ksangparypsi Gopmynu [ayca HaliKpaworo cTeneHs To4HOCTI
o Ines noGynoBM KBazpaTypHHX (bopMyn ["ayca
o Meron Nayca 3HaxomKeHHs By /1B KBagpaTypHUX (opmysn
o Meron layc BuGopy koediLieHTIB
o 3acrocysanns ¢opmyi I'ayca
¢ Kspagpartni ¢opmysu urcesnbHOTO 1HTErpyBansa Uebumosa
o TlocranoBka 3agaul
o Mertox UebGHIoBa 3HAXOMKEHHS By 3/1IB KBAAPATY PHHX GOpMY T
o Tlo6ynoea xBanparypuux Gopmyn Uebuinosa
4 300UKHICTE KBaAPATy PHUX GOPMY T
¢ UncenbHi MeTOAU OOUMCIIEHHS KPATHUX 1IHTErpaiiB
o Meroau  TNOBTOPHOrO  IHTErpyBaHHAs Ui JIBOKPATHOTO
IHTErPYBaHHsA
o Merton 3aMiHH IMIHTErpaldbHOi  (QYHKII  IHTEPOJNSALIITHUM
MHOTOUYJIEHOM

* & & o

* ¢ ¢ o o
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Po3zxia 7. YncenpHe 1HTETpyBaHHS

KoHTpOJIEHI IUTaHHS

3anaui s camocTiHHOI poboTH

3asnanua 1o aabopaTopHoi pobOTH

BapianTtu 3aBaaHHs (PIBHSHHS U1 PO3B’ I3y BaHHS )

> 4 o

®OpMYIH I8 UMCENBHOTO IHTETPYBAHHS HA3MBAIOTh KBAApaTypHuUMH Qopmynanmu
(KD) |65, 71, 76-80, 88, 92-93, 106-110, 113-114, 116-133, 137, 140-145, 147-151, 161-
164, 168-169, 192-194, 196-197, 201-209, 211]. BoHu A0CHTL 4aCTO BHKOPHUCTOBYIOTLCA
Ha npaxTvul. Lle 3ymoBaeHo AekinbkoMa (paxtopaMK: Ms 0araTeOX 4acTo BIKHBAHMX
(VHKLIH TEpBICHI HC BMPAXAIOTHCs Yepe3 eleMEeHTapHl (DYHKLIi; nepsicHa QyHKIIA Mae
HAATO CKIAJHMI aHAMITHYHHMK BHMpas;, (yHkuis € 3agaHa TabiuyuHo. Y 3aranbHOMY

d
BUNagky (GOPMyIU A1 HaOMWKEHOro OOYMCICHHA IHTErpamiB J f (x)civ OTPHMYIOTh
3aMIHOKO TIAIHTErPaibHOTO BUPasy IHTEPUOILILUMHMM MuorowieHoM Jlarparmka, abo
4aCTIE HOTO OKPEMHMM BMIAJKOM /Ui PIBHOBIAJAICHWMX By37iB. PosrmaHemo okpemi
BHIAAKH, IO BWIVIMBAIOTH 13 V3araabHEHWX PE3YJIBTATIB, SIKI HA3HWBAIOTh MEMOoOaMu
npamoxymuukie, mpaneyiti, napatox [65, 71, 76-80, 88, 92-93, 106-110, 113-114, 116-
133, 137, 140-145, 147-151, 161-164, 168-169, 192-194, 196-197, 201-209, 211].

7.1. NocTaHoBKa 3a4a4i YMCENbHOTIoO iHTErpyBaHHA

Heo6xiaro sHaifTi 03Ha4eHMH IHTErpat

b
1 =If(x)dx. (7.1)

Bigomo, 1o axmo ¢yHKiis f{x) HenepepsHa Ha Biapisky [¢,b], To ivTerpan (7.1) Moxe
OyTu 3HaitaeHuii 3a dopmy.oro Herotona-Jleiibmia:

i M= FO)-F@), 0

ne F(x) — nepsicra ans dyurLi f{x).

Onnak, Ha mpaxTHii (opmyna (7.2) He 3aBKayu MOke OyTH BUKOPHCTAHA: NEPBICHA
dynxuis F(x) abo 3aHaaTO ckiiaana, abo ii 3HAXOKCHHS BUKITHKAE TPY AHOLUL; KPIM TOTO,
¢Qyuxis flx) myxe dacto 3agaetbes Tabmuuero. Tomy BenuMkKoro 3Ha4CHHs HabyBae
HaONIWKCHE Ta, B EPITY YCPTY, YHUCSIILHE IHTCTPY BAHHS.

YucenvHe inmezpysanHs — 1€ 3HAXOPKSHH O3HAUCHOTO IHTErpany Ha Biapisky [a,b],
AKWO TiAiHTerpanbHy (YHKUIK 3a7aH0 Tabmuuero. Po3i6’emo Biapisok iHTErpyBaHHs
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YuceapHl METOIU B KOMI IOTEPHIX HAyKaX

[a,b] Ha 1 pIBHMX 4HacTHH CHCTEMOIO TOYOK X; =X, +i-h (i=0,1.2. ..., »n), xo=a, x,=b,

b—a . . . ;
h = ——— Ta 06YHMCIMMO T JIHTErPanbHy (PYHKLIIO y 3HAHICHHUX BY31aX:
n | .

y=f(). =012 n. O (3)

Toni
b n
Jrlddx=3 4 7()+R. 0.4

Ae Xx; — BY3IM IHTCrpyBaHHs, A, — kocdilieHTH, 3axexHI Big BHOOpY By3mis, R —
3aNMINKOBUE wicH abo noxubka kBaapaTypHOi GopMy I,

YucenbHe BUBHAYCHHA TICBHOTO IHTErpajia Ha3HBAETBCA MEXaHIYHOKO KEaOpamypoio, a
BLATIOBITHI POPMYIH YHUCCITHHOTO IHTEIPY BAHHS — K8AOPAMYPHUMU.

7.2. OcobnnBOCTiI YncenbHOro iHTerpyBaHHA (yHKLINA

Posrnsiremo opmyay Herorona-Jlcibnia
b
1= f(xyde=Fla)-F®). (7.5)

Axkmo f{x) Mae nepsicHY, TO 3HAYCHHA IHTETPANTy 3HAXOJWTLCS 3a (hopmy:Iot0
Hetorona—JlciibHina. Ase BU3HA4YCHHSI TCPBICHOI B OiMbLIOCTI BHITAAKIB 1}m<eHepan
3a7a4 € HEMOJUIMBHUM, TOMY Uil BH3HAUCHHSA IHTCIPAIY BHKOPHCTOBYIOTH YMCENbHI
Metoad. Bel mwi metoan 6a3yrOThCA HAa TEOMETPMUHIN IHTEPUPUTALIl BM3HAYEHOIO
IHTErpany, 3HaYCHHA SIKOTO YMCENBbHO AOPIBHIOE Mo (irypH, mo oOMexcHa 3BEpXy —
rpadixom dynxwii fx), 3ru3y — Biccio 0X, 3711Ba Ta Npasa — MEKaMH IHTErPYBaHHs ¢ Ta b.
Hns sHaxomkeHHa mwoun BIAPI3OK AB po30UBaiOTH HA PiBHI YaCTWHM, AOBKHUHOK f, 1¢
h=(b— a)/n — xpok iHTCrpaANBEHOT (hyHKII.

YA
fix)

» =

0

Puc. 7.1. Ilpuxnaj 3HaX0DKSHHS 3arajibHOT IO

w
Nl
%)



Posain 7. YucenpHe iHTETPYBaHHS

1. ®opmya upsiMokytHukis. V sunamxy »=1 dysxuwiro fix) va Bigpizky [cd]
3aMIHIOIOTh IHTEPMONAIMHAM MHOFOWICHOM HYJbOBOTO [MOPSAIKY, MOOyJOBaHMM 32
3HAUSHHAM (DY HKLUII B CepeaHid Touul x = (c + a’)/ 2, 10610 yHKLIEO

F, (x) =f (E‘;q—j Ha [c,d]. (7.6)

TaxuM yuHOM,
d e N
j F(x)de=(d-c) fLC“;dJ +R, (7). (7.7)

TeOMETPHYHO [IE 03HAYAE, IO IUIOLIA KPHBOIIHIMHOI Tpaneuii 3aMiHIOETECH TUIOIICIO

. c+d .
NPAMOKYTHUKA 3 OCHOBOKO d —¢ 1 BHCOTOIO (T . 3 METOI MOKPALIEHHs TOYHOCTI
\ :

. . . d-c .
iHTerpyBaHHs Bipi3ok [c,d] po3OMBAIOTL HA /7 PIBHMX YaCTHH 3 KPOKOM A= —— 1
m

3aCTOCOBYIOTH (JOPMY Ty MPAMOKYTHHKIB 10 KOXHOI yacTHHH okpemo. Tozi

o e 2o oo

Lls GopMy1a HA3UBAETHCS V3ASANBHEHOIO POPMYAOIO NPAMOKYIHUKIG.

2. ®opmyaa Tpaneiiii. Y sunaaky #=2 ¢yHxige (x) Ha Biapisky [c,d| 3aMiHIOIOTH
IHTEPIOAALIHHMM MHOTOWICHOM JAPYTOro NOPAAKY, IOOyAOBaHMM 3@ 3HAMCHHAMH
dyHKIi B KIHLIEBUX TOYKAX MPOMIXKKY, TOOTO KPHBA 3aMIHIOETBCH XOPAOKO, WO 3°€IHYE
KIHIIEBI TOYKM KPMBOi. [HTerpan Bix IHTCPHNOMALIHHOTO MHOIOWIEHA JacThb IUIOLLY
Tpariewiii, ToMy BiAnosiaHa GOpMyna OTpHUMAa Ha3By QopMy.iu mpaneyii.

Ioma Tparnewii J0PIBHIOE

d —
-25 [1(0)+ r(@)]. (7.9)
TaxyM yuHOM,
i (@)
Jr@ae="21r(0)+ 7@+ k(). (7.10)
Viaearwnena popmyna mpaneyiii Mae BUTIAA
d
[ 7t = —d—zilyo £ 20+ 295+t 2V + Y [+ R(F), (7.11)
m
M€ Vs V1»VareeesVyy — TOCHIIOBHI OPIMHATH Y /71 TOUKAX PO3OUTTAL.
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3. ®opmyna Cimncona (napabon). Bysnamu inmepnonayii mpu n=3 06uparoThes
c+d . .
TOYKH C, N d . Yepes ui TOYKM MPOBOAMTHCS MOJTIHOM APYTOTr0 CTEHEHS — rapabosta.

IurerpyBanss piBHAHHA Mapabo;m Jae

j (o) = 4 [f(c)+4f[ j+f(d)}+R3(f). 712)

Taxum guHOM,

I S = ¢ [fo 4f[”d”+f<d)}+ze () a.13)

JIrist 1 ABMILEHHA TOYHOCTI 1HTErPYBAHHA NMPOMBKOK JOLIBHO PO3OHMTH Ha 21 PIBHHX
4acTHH. Y3aeareHena gopmyia napabos Oyae MaTH BULISIL

d
d—c
If(x)dx = 7677775 [J’o +4y, + 2y, 4yt + Ay, -};ﬁm]+R3(f)' (7.14)

7.3. PopmMmyna npsAMOKYTHUKIB. [padiuHa iHTepnpeTauin

3aMIHMMO erieMeHTapH! (KPHBOIiHIFHI) Tpanewli B AianasoHi [¢;h] npAMOKy THHKaMHU,
1 O0YMCIMMO 3araibHy TUIOIY  (PIrypH, AK CYyMY ILTOIMl OKPEMMX MPSIMOKYTHMKIB. Jlyst
BUTIAAKY a) 3HAMAEHY IUIOINY HA3BEMO IUIOIUEIO TIBMX, a T 0) — NMPaBUX NPAMOKY THUKIB.

Y & 'Y‘I
yd
//
//
]
g™ |82 Lx”._ X X
a)O a % X X; Xm D X(’))O 1 % % X %2 0 X
Puc. 7.2. Tlpuxia gy 3HaAX0 IKSHHS 33TaJ1bHOT INIOIL METO JOM NPIMOKYTHUKIB.
S a) maemo:
=S G Nx =x )+ e o, —x )t
b (7.15)
S Nx —x D=

s 6) Maemo:
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Posaia 7. YncenbHe IHTEIPYBaHHs

§%=Jlx Yoo, —x )+ S )x, —x I+t
_ N-1 (7.16)
)= 22475

G D) —x
n n N k:()

n-1

lcTHHHE 3HAUCHHA iHTErpaay OOYHCAMMO, SIK CEPSIHE apU(METHIHE 3HAYECHHA IUIOL]
. . . N
miBux 1 mpasux mpamokyTHukis: ! =($§ +§7)/2. Orpumana dopmyna HasHBAETBCA
dopMy 1010 TIBUX | MPABHX MPAMOKYTHHKIB, a60 (opmyi0r0 Tpanewsi.

b-a N N
T=""01 S+ TS (xp)]=

2N =
k=0 k=1 (7.17)
b-a, N-1
= @+ 1®+2 TS

7.4. Dopmyna Tpaneuin

7.4.1. NocraHoBKa 3apavi
ObuuncricHHs o3HaueHoro iHTerpana (7.1) TEOMETPHYHO 3BOJMTHCS A0 OOGYMCNICHHA
TI0I KPMBOMIHIAHOI Tpartelii, ska obmekeHa rpadikom miginTerpambroi dyHKuii /{x),

Biapiskom [a,b], Biccio abcimc i mpsmuvu x=a Ta x=b (puc. 7.3). aminmvo ayry AB
CTArYIOMOIO i X0p050. OepaUMo MPAMONTiHIHY TpaneLito ¢4 Bb, oy sKoi BI3bMEMO

SIK Hab/WDKCHE 3HAYCHHs IHTETpasta.
Yi
A0 %f
W
?

a b X
Puc. 7.3. 3HaxoKeHHS 3arajibHOI IO METOAOM IPIMOKYTHHKIB

J £(ekie = - )/ 21 0) .
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Ue i € dopmyna Tparenii. Jlast mABMIEHHS TOYHOCTI OGUHCICHD JOLINLHO BiAPI30K
[a.b] posminmTn ma aexinbka uwacTHH Toukamu O =X, < X; <X, <..<X,=b ra
sactocyBaT dopmyay (7.18) 10 x0xkHOro 4acTKOBOTO BiApisKa [X;, X;+1] (i=0, 1, .... #-1).

Toai yncensHe 3HAUCHH IHTErpaAia Ha BIAPI3KY [X;, X;+1] AOPIBHIOE:

X,

Tf(x)dx x i(%’i(x—‘) (%0~ x,). (7.19)

X

Ha Biapisky |a,b]
5 n-1 )
Jor e~ 2 3 L)+ £ oo ). (720)
a i=0

®opmyaa (7.20) HasHUBAETBCA Y3a2abHEHOI QOPMYI0IO mMpaneyiil.
H1s1 pOCTOTH 0GMKCIICHD 3PYYHO NUTHTH BiAPi3oK [@,h] Ha piBHi yacTHHM. Y LBOMY

b-a

BHIIAAKY JOBKMHA KOXKHOTO 3 A BIIAPI3KIB PO30OMBKM TOCTIMHA, AOPIBHIOE ——— 1
143

_ b-a

HA3UBAETHCA KpoKoM itmeepyeanns. [losaaumsmm h=-—— y = f(x,), v = f (xl),
" v
c s Y =f(xn), ae xp=a, x=x,+h, x,=x,+2h, ..., x,=x,+nh=>b, onepxumo

y3aranbHeHy (popMmyity Tpanemiil y Burisa

b

+
Iﬂﬂﬁz%%z%wh+%+mﬁmj. (721)

3amviukoBHH YeH a00 HOXHMOKa KBAAPaTypHOI (POPMYIIH Mae BUITIAL

b-a -5
R=- Ay 7.22
D ¥ (7.22)

ae A° y — cepeaHe apudMeTHHHE PISHULB APYFOTO MOPSAKY.

7.4.2. 'pacpivyHa iHTepriTeTauin

Posrasmemo iHmmii criocid moGynoBu kBaapaTvpHuX (OpMy:, MO TIOB S3aHME 3
anpoOKCHUMALIEI0 TMIHTerpaibHOl (yHKUIT IHTEPNOIAUIHHIM MHOTOWICHOM. PO3rIstHEMO
HAUIPOCTILMH BHNANOK. MeTon Tpanewiii BUKOPUCTOBYE JTiHIMHY 1HTCPTIOILILIIO, TOOTO
rpadhix dynkmi y=f(x) npeACTaBIATLCA Y BUINIANI NAMaHoI, WO 3 €auye Toukw (x.y;). B
LBOMY BHIIAAKY MUIOm@ Beiei (Girypu (KpMBOMIHINAHOI Tpanewuii) CKIajaerses 3 IUIOLI
CACMEHTAPHUX MPAMOKYTHUX Tpaneuii (puc. 7.4).
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Posain 7. UucenbHe 1HTErpyBaHAS

Y
Yy
()
(X“ -YM) /
' Y
Yia! ' l
. '
13 . : . N
0 Xis X x

Prc. 7.4, Ilpuxia g 3HaX0DKEHHS 3aTaTBHOI ITIONI METOAOM Tpalterii
Iroma xoskHOI Takoi Tpanewii JopIBHIOE J0OYTKY HAMmBCYMH OCHOBM HA BUCOTY
d - +Y;
§ =X Ty o pe103 a (7.23)
{ 2 i o i
et
[lpocyMyBaBILM 11l PIBHOCTI, OTPUMAEMO (QopMmyiy mpaneyiii s YUCETbHOTO
IHTETPYBAHHSA

b 1 7
jf(x)d(x)~5 Z h ity (7.24)

a i=1

Jlnst piBHOMIpHOT CiTkM (#;=h) s PopMyaa Mae TAKui BUTIISL,

b "
I=[f(xdx)~ h[ 2)’ + Z v, ]EI (725)

a i=1

3aIMIIKOBUI WIEH MA€E BUTVISII:

Rif1=1-1,=- L= ") C=D" rminyi 7 € (ad), (7.26)

Buxopucrosyroun Bupaz (7.26) and  3aIMUIIKOBOTO YICHA, OLIHKY - MOXMOKH
kBagparypuoli dopmymu (7.25) MokHA MOnaTH Y BUITSIAL

(b-a)

A1=|jf<x>d(x)———— (@) - b)) M

v (7.27)

2

ae M, = max

[a.b]

Ouinxa 004YuCTIOBAILHOI MOXMOKM IpH pospaxyHkax 3a dopmynor (7.25) mia
BUIMAKY , KOJTH 3HaYCHHs (PYHKIH 00UHCIeH] 3 0JHAKOBOK TOYHICTIO €, Ma€ BUITIIA

A, <

—a(8+8)=(b—a)8. (7.28)
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YnceIbHI METGM B KOMIT IOTEDHUX HAYKaX

7.5. ®opmyna Cimncona (napaGon)

7.5.1. NoctaHoBKa 3agauvi

['eometprna unoctpawis Gopmyau CiMIiCOHa MO/IArac B TOMY, IO Ha KOXKHOMY 31
3ABOEHUX YaCTKOBMX BIAPI3KIB 3aMIHIOEMO KpuBY V=/{x) KBaapaTHuHOO napabonorw (puc.
7.5). llnoma KpWBOMHIMHOI Tpanmewii NPUONM3HO JOPIBHIOE CyMi TaKk 3BAHMX
napabomiynux Tpanewi. Tomy dopmyny CimricoHa Ha3sUBAKOTL TAKOXK OPMYIOI0O
napabor.

N
i 5
AN

N

. X, X X

oo X Lo
Puc. 7.5. Ilpukian 3sHax0 UKeHHS 3aTTHHOT [IIONT METO0M Tiapado

—-a

P0316’emo Biapizok [a,b] Ha mapHe YKCIO #2 PiIBHUX BIAPI3KIB JOBXHHUA A =
n

Ha xoxHux 1BOX 4acTKOBMX BiApI3Kax 3aMiHMMO L0 QyHKUiO fX) IHTCPrIOAIHHIM
mHorouneHoM HetotoHa apyroro crenens:

S AV, ¢ 2) )
o masiapisky [xo, x2]: Py{x)=y, + T (x—x,)+ T xo ) =x,);
®  HaBLAPI3KY [x2, x4]: P, (x) =y, + é;:i (x - X, ) + Ay

A

o miapinny [ ml £(0)=, 5+ e, )+ B0 (o, Yo, ).

Toat
[ 7)o [ ek = ek (el s [ ek (7.29)

OGuucamvo IHTErpan Ha Biapisky [xo,x:]:
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Posaia 7. YuceiibHe 1HTETPYBAHHS

Xa Xy 2
jPz (x)dv = J‘{vo + % (x - xo) + Ahéi (x - X, )(x - X )}dx . (7.30)

*o

OcTtarouno, ¢opmyaa CiMIICOHA MAE BUTTIAA.
b
/
Jf(x)(bc z;[yo +y,+ 4(y1 + V3t Y+t yn,1)+ Z(y2 + Y, ot ynz)] (7.31)

3anmukosuii uneH abo noxuOka kBagpaTypHOL (POPMYITH MAE BUTILL:

(7.32)

ne Ay — cepeaHe apuQMETHYHE PI3HHULL YCTBEPTOTO HOPSIKY.

7.5.2. NpadpiuHa iHTepnTeTaUiNn

Biabmr TOMHMM METO0OM BU3HAYCHHA iHTErpany € metox napadon (CiMricoHa).

3a UMM METOIOM BIAPIZOK AB AlAATs Ha 272 PIBHMX YacTHH, TOGTO KOKCH 3 IIPOMDKKIB
JIASTh Nomo1aM. PosrisaHeMo #-MOCIiI0BHICTD TOYOK TIPOMUKKY AB, X1, X2, ..., X, , AC X<
X< X, Xo= Xyth, xa= x1+2h, x, = x;Hn-1)h (puc. 7.6). Beakaemo, mio B tmx  TOUKAx

. . . .. X,
3aaaHO 3Ha4eHHs aesaKol pyHruii fx) = y i HeOOXIAHO 3HAWTH IHTErpal I f(x)dx.
X

Y, 1)

5

|
|
|
|
|
|
:
|
i
!
|
|
!
t
I
|

-

|
|
|
|
|
|
1
1
!
[
|
|
]

gg_\_l.;

X X2 X3 % X5 g Xp1 X%, X
Puc. 7.6. [Tpukiax 3HaX0/KeHHS 3arallbHOI [DIOMI MeTO oM napadoln.
Yepes kOXKHI MOCTIAOBHI TPU TOYKHM TMPOBOIMMO rapaboy y=a+bx+cx® i

obuMCII0eEMO IHTerpan Bia (yHKLii, sKa BUpakeHa y Burism el mapabomu. ek
IHTETpal 1 BBXKAETHCH HAOMKCHUM 3HAYCHHSM IIYKAHOTO IHTETPAITY.
Posrmsinemo Tpu mepmi ToukH (x13)h), (%2:y2), (x3:)3). IlpoBesemo uepes Hux

P .
napabony: y = a+bx+c¢x” 1 00UYHUCIMMO 1HTETPAL:
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YHCeIIbHI METOIH B KOMIT IOTePHUX HAVKAX.

X5 (xz_xz ¥ —x3)
.o 2 _ ) 3 ] 3 1 (_
5] = [ (g +bhx+cx )dx—a](x3—xl)+blt—2 +¢ ——~—3 =

X, »

X3 — X Xy~ X,

=13 c (6a, +3b, (x5 + %)) +2¢, (x5 +%x, %, +x7)) = (c,x7 +b,x, +a, +

2 \
X3+ X X3+ x 2 53X
+4(C1 (-—-}-E—i) +b1( "2 ]J+a1)+clx3+b1x3+a1):——36 ](y1+4y2+y3):

h
=5 4y +s ).
IlpoBoasum napaboury Yepes HaCTYTIHI TPU TOUKH (X3.03) ,(X4:¥4), (Xs5.Vs) 1 06UMCIIO0UH
. /
IHTerpas, OTPUMAEMO: §' =—31 (v +4y,+¥5 ).

Jia oTpMMaHHA HAaOMKCHOTO 3HAYCHHS IHTErpany Mo BCiM obnacTi Bia x; 70 X,
HEOoOXi(HO 3HAITH CYyMy OTPHUMAHKX 3HAUCHD.

: _1_h
,5:‘5’1+S2+S7{)v’)v1:‘3~ (,V1+4_V2+}/3+4y4+}/5+ ..... +yn_2+4yn_1+yn):

+4 TG +2 X f(x).

[ £ Hen

Sixmo inTerpan Heo6XiaHO COMMCNIMTH 13 3aJaHOK0 TOUYHICTIO, TO HEOOXIAHO 3HAMTH /7
(MHCITO MPOMIKKIB) U i1 3a6e3ncUeHHs.

Ilpuxnao 7.1. O6umcnumy 03HAYCHMI IHTETPAT

1.5

3a (hopmynamu Tpanexiii Ta CiMIICOHA 3 OLIHKOIO MOXMOOK O0YHCIICHB.
In(x* +0.5)

Pozé’sazok. Maemo mizinrerpanbHy QyHruio  f(x)= 23 Cxranemo
x+2.

TabJMIO 3HAYCHb TMAIHTCrPATbHOI (DYHKLI Ta KIHUEBMX PI3HHIL A0 4-TO MOPSIKY

B04HO. Ofumenammo sHauweHus x; =x,+i-h (i=0,1, 2, .. n), x,=a, x,=b Ta

o6uMCIMMO 3HaueHHs migiHTerpanbHoi (QyHkuii y 3HalizeHmx Bysmax v, = f(x,).
Kinnesi pisHuii mepmioro mopsaky po3paxoBYHOTe 3a (opMynorw Ay, = V., -V,
(7=0,1, 2, .., n—1), xiHuUeBI PpI3HMLI JAPYrOro MOPAAKY: Azyi =AY, — A,

i=0,1,2, .., n-2 Tain.
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Posain 7. YnucenpHe inTerpyBanss

=3

=]

Tabruys 7.1

i ox Vi Ay Ay Ay Ay
0| 1,5] 023526 | 0,18014 -0,2034 | 01885 | -0,1698
1| 45| 04154 -0,0233 -0,0149 | 0,0187 ©-0,01706
2| 7510392097 | -0,0382 0,00382 | 000164 | 00391
311051 03539 |-0,03438 0,00382 | 0,04074
4113,5] 031952 | -0,02892 0,00546
501651 02906 | 0,01728 0,0462
611951 030788

Aly=-0,03256 A'y=-0,04925

O6umcanmo iHTerpan 3a hopMyIoK0 Tpanewiit:

195 P

[ 0s)
x+28

15

,(&Zﬁl({goﬂwgg +0,4154+0,392097+0,3539+0.31952+ 0,2906}
j In(x"+05) 4~ 612926
x+28

3aIMIIKOBUI WICH

Rep == Ay=-1 9’31 51_5 (-0,03256)=0,04884 .

O6umcammo ixrerpan 3a gopmynoro Cimricona:

19.5 2
J’ hG7+05)
x+2.8

15

-[0,23526 +0,30788 + 2 (0,392097 + 0,31952) + 4 - (0,4154 + 0,3539 + 0,2906)]

>
19.5

2
J I &x"+05) . _ 6,20597 .

Sooox+ 2.8
3anMiukoBuit wWieH
e=-bma iy 195715 0,04925) = 0,004925 .
180 180
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UycellpHi METOIH B KOMII JOTEPHUX HayKax

7.6. Anroputm peanisauii npuHUKUNY NOABIKHOIO
nepepaxyHKy Ta aBTOMaTU4HUi BUGIP KPOKY iHTErpyBaHHA

3avBaxkumo, 10 Ha puc.7.7 3HAYEHHA B TOYKaxX CTapoi HyMcpaifi BiANOBIZAOTH
MapHUM HOMEpaM B HOGIll HyMmepayii, TOMY Il 3HAYEHHSA MOYKHA HE OOUMCIIIOBATH, a
36eperTy B omeparuBHii maM’ ATl K MOAATIBINOT0 BUKOPHCTaHHA. [IpoTe BUABWIOCH, WO
JUT# HACTYIIHOTO TIOABIMHOrO mepepaxyHky 30epiraTu J0CTaTHBO JiMiIe iHGOpMAaLio mpo
ix cymy. lle oapa3sy 3MeHIIyE KiTbKICTb HEOOXIAHOI ONIEPAaTUBHOI MTaM’sITi Ta PO3PaxyHKIB
AN epepaxy HKy kBaaparypHol hopmMymu.
cTapa Hymepauia 0 1 2 3 4

otoioto]

HopaHymepauyis 0 1 2 3 4 5 6 7 8
Puc. 7.7. Ilpuknan peanizanii moBiHHOPO 1epepaxyHKy
3anumemo kBaapatypHy (opmyay CiMIcoHa, sika 3aCTocoBaHa 0 1HTepsany [a:b] 3
KPOKOM /1
h (0) 0) ) 0)
I, = 3 +207” + 200 +20; (7.33)

TNozuaumemu o = o + o | orpumaemo:

I = "; lo® + 26 + 260, (7.34)

( ) s VU +yn’ TO,J,i

“-Zxﬂ; @—Zy (7.35)

Hosnaummo o

_ ()) n 1
11_75»3-[ " 4200 1200 ] (736)

1 1 1 (1 0)
o= ps o e wals of ~o 737
3aranbHi (JOPMYITH J1s1 JOBLILHOTO KPOKY MAaTHMY Th BUITISA!

[a”) +200 1200, (7.38)

W—Zx%o (7.39)
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Po3ain 7. YucesipHe iHTErpyBaHHs

X, k=0
o) = Zy( & (7.40)
o-§" Do k>0
P =c® 1P k=0],.... (7.41)
x,=a+ih, k=0
X, =a+ié, k=1
2 (7.42)
X, =a+i—-, k=Kpox
j 5 P

YMoBa 3ymuHKK tmKsty Taxa: (£, — 1, < E.

7.7. HabnumxeHe o64ncneHHa GaraTokpaTHMX iHTerpanie
Posrnsxemo £-MipHEi IHTETpaT BULY:
=] j f(x)dx,...dx, . (7.43)
Hf—/
Y
ae x=(x,x,,...,X;) — geAKka k-MipHa touka. Jaml ais npocToTH BCI PUCYHKH OYIyTh
3pobneHi s Bumaaxy A=2 9(puc. 7.8).

y

V'

Puc. 7.8. Ilpuknan gesikol 2-MIPHOT TOUKH
Kybarypni ¢popmy/m 4u inakue GOpMyJIH YNCEILHUX KYOATYp TpH3HadeHl Aas
YMCENBHOTO OOYMCICHHA KpaTHMX iHTerpatiB. Hexail dymxuis z= f(x,X,,...,X,)
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YucenpHl METOIH B KOMIT IOTEPHUX HayKax

BH3HAYCHA 1 HENICPEPBHA B ACsAKiM oOMexeHii obmacti o . Y Wik obnacti o BHOUpaerscs
cuctema TOMOK (By3nis) M (x, ,x, ,..%, ) mpu i=LN. Jlna obuncrnenns iHTerpana
1 =II J(x.%,,...,%; )dx,...dx, TIPUOTU3HO BBAXKAIOTH:

N —

k

N
Jof Fn e x)de e, =Y A, f(x %, 0%, (7.49)
\__k.—/ =1

106 3HaiiTn koedimieHTH A;, MOCTaBMMO BUMOIY TOYHOTO BMKOHaHHsA KyOaTypHOi
opmynu (7.44) Ana BCIX MOTITHOMIB

P, XX )= DG XX X (7.45)

Loaly b tlpsn

CTEMIHb SIKMX HE TIEPCBUILYE 3aIaHOr0 4Mcia 2. s uboro HeoOX1AHO H J0CTaTHBO, MO0
! ! .
dopmyna (7.44) Gyna Tounorw ans A00yTKy creneHiB X' -xy -..-xf ({050 =0,n;

L +l,+..+1, <n). Bisememo B (7.43) f(xl,xz,...,xk)-—-xf1 -xéz . .-x,i . OTPUMAEMO:
J‘ J‘ " i hol !
L, X, =Y AxtxE e xp
=1 (7.46)
(4,15, k—’()ﬁn L +l,+..+1, <n).

Taxum uunoMm, koedimientu 4, dopmymu (7.44), B3aram Kaxy4d, MOXKYTb OyTH
BHM3HAYCHI 3 CMCTEMH TIHIMHKX piBHSHE (7.40).

JL1s Toro mo6 cucrema (7.46) 6yna BU3HAYEHOKX, HEOOX1AHO, WOO YKCII0 HCBLAOMMX
N Oyno piBHE YHCITY PiBHsIHB, Y BHIAIKY A=2 OOCPIKYEMO:

(n+ 1)(r1 + 2)

N=(m+D)+n+...+1= (7.47)

7.8. MeTon Komipok

PoarmsiHemo k-MipHm‘/'l IHTCTpAY MO  IPOCTOPOBOMY  Mapalesieresy
G(ay$x,£h, a,<x,<bh,,....,a, <x, <b,). Amnamoriuvo 10 ¢QOpMyaM CepeaHIX
MOXKHA TNPUONHM3HO 3amiHMTK (YHKIIK0 HA {1 3HAYSHHS B LEHTPAIBHIM TOYLI
napasenemnena. 1o/l IHTerpa JCTko O0UHUCTIOETBCS:
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Posain 7. ucesibHe iHTETpYBaHHs

jj S Xy X, )ty  SF(X, Xy X, s
\_\f_—d
k (7.48)

_q +b,

k
S=[]¢:-a). x = (i=Lk).
il

JUta miABMINEGHHA TOYHOCTI MOXKHA PO30MTH 001aCTh HA NMPAMOKYTHI KOMIpKM {puC.
7.9). IlpubnuzHo 00MMCIIOIOMH IHTSTPAT Y KOXKHIM KOMIpIi 32 OPMYJIOI0 CepeaHiX 1
NO3HAYAI0YH uepes S, % , %, ,..., X, BIATIOBIAHO ILTOLLY KOMIPKH M KOOPAMHATH il LEHTPa,

OICP3KUMO:
I :jj SO XX )y, = S, f(X, Xy Xy ) (7.49)
H_/k i

X2
b,

%

a; { X4

'
H '

as b1

Puc. 7.9. llpuxinaa 3aminy §yHKIN Ha ii 3HAUEHHS B IIeHTPAILHIM TOYM Hapajenerninesa

IlpaBopyuy croite 1nTerpameHa cyma. Omke, 11 Oyap-AK0i HEMEPEPBHOI
tyuxai f(x;,%,,...,%,) BoHa 30iracTeCs 31 3HAYEHHAM 1HTEIPaa, KOJIU TIEPUMETPH BCiX
KOMIpOK MpsiMyoTh J0 Hyas. OwiHpmo moxuOky interpyBanusa. ®opmyna (7.48) €
TOYHOK A f(%x,X,....X; ) =const . Ane 0€3MOCECPEIHBO IMiACTAHOBKOK) JIETKO
MEPEKOHATUCS, MO (opMmyaa € TOYHOIO 1 s Oyab-axoi mimidmol (ywkwi. Crpasmi,
posknagemo QyHKLiIO 3a dopmyioro Teltnopa:

k k

. ’ l 2

FO %0000 = [ By X+ D6 S +Ez§" S +eees (7.50)
i=] i=1

ae & =x,—-x, (i=Lk), a Bci moxiani GepyTscs B tieHTpi KOMipku. IliacTaBmaroum 1Iei
po3knan B mpaBy 1 JIBY 4acTHHW kBagpatypuoi ¢opmyau (7.48) 1 nopiBHIOKUH iX,
AHATOTTYHO OJHOBUMIPHOMY BHIIAAKY ISTKO OTPHMAEMO BHUPA3 MOXUOKM wLi€i GopMy u:

k

1 . "
R={f 7%, )i ., ﬁSZ(bi —a)’ f2, . (7.51)
—_— i=1

k pas

TOMY IIO BCI YNCHH PO3KIAAY, AKI HENapHI IMOA0 LICHTPA CHMETPil KOMIPKH, B3aEMHO
SHHIYIOTBCSL



YuceapHl METOH B KOMII IOTEPHUAX HavKax

Hexait B ysaraibheniit ksampatyphidi dopmym (7.49) CTOPOHM NPOCTOPOBOTO
napanesieIneaa po3ouri BianmosiaHo Ha Ny, N, ..., N, piBHux yactun. Toxl nmoxmbka
1HTerpyBanns (7.51) 1 o TMHUMHOT KOMIPKH A0PiBHIOE:

RN el J (7.52)

IlincymoBYIOYHM el BUpa3 MO BCIX KOMIPKAX, OTPUMAEMO TOXMOKY y3araibHCHOL
opaymu:

1 <&(b-a ?
r L L (X, X )X Ly, =
u= N, 'Lk,L i w (7.53)

=ON; >+ N5+ +N; %)

T06TO hopMyna Mae APYruil MOPSAOK TOYHOCTI. [Ipu 1LBOMY, sK 1 JIs OZHOTO BHMIpY,
MO’KHa 3aCTOCOBYBAaTH MeTox Pynre-PomOepra, ane npm oaHomMy A00aTKOBOMY
OOMEKCHHI: 30LIbIIYETHCS TyCTHHA CITKH [0 KOXHIM 3MIHHIM B 0THAKOBY KiTbKICTb Pasis.

YsaraneHuMo (GOpMy.Ty KOMIPOK HA Olmbin ckiagHi obmacti. PosrmaHemo BUnagok
k=2, Jinn miniiinol ¢yexuii f(x,,x,) ¢opmyna tumy (7.48) 6yae TouHo B o6Gmacti
AOBLUTLHOL (POpMM, AKIMO M S PO3yMITH IUiomy 00JacTi, a ma ¥, X, - KOOPIMHATH
LEHTPY BarM, W0 O0YMCIIOIOTECS 3 3BUMaRHUMU (DOPMYITaMH:

S = deldxz, xlzé [[xceay, x::—;;” xade,dl . (7.54)

‘3p0O3yMLINIO, IO MPAKTHYHY WIHHICTB LE MAE TUTBKA Wi obacTeii mpocToi dopmu, ae
IO I LCHTP BAard JICTKO BHM3HAYAETBHCA, HAMPUKIAA, IS TPUKYTHUKA, TIPABMILHOTO
OararoxkyTHMKa, Tpamewi. Are 1e 3HAYMThL, WO y3araabHeHy (opmyny (7.49) moxna
3aCTOCOBYBAaTH A0 0OIACTCH, sIKi OOMCIKEHI JaMaHOI0 JIHIEI, TOMY ILO Taky 001acTb
3aBKIM MOYKHA PO3OMTH Ha NMPAMOKYTHHUKH M TPUKY THUKH.

Jna obnacti 3 Aa0oBinbHOW TpaHuueio dopmyay (7.49) 3aCTOCOBYIOTH 1HDINM
crocobom. Hakaanemo Ha obaacts (5 citky 3 K-MipHux mapaneaeninemis (puc. 7.10). Ti
KOMIPKH CITKHM, YCl TOYKM SKHX Hanekarh OOIacTi, HA3BEMO BHYTPIMIHIMHM, AKIIO
YaCTMHA TOYOK KOMIPKM HAIGKWUTH O0NACTl, 4 4yacTUHA — Hi, TO HA3BEMO KOMIPKY
rpannunore. O0'eM BHYTPILHBOI - KOMIPKM J0piBHIOE m00yTky ii ctopid. OG emoMm
rpaHMYHOI KOMIpKH OyaeMo BBaxkaTw 00 €M Ti€l il yacTvHK, WO nonazae B cepeauny G ;
el 06’em obumcnumo npubmsao. Ui wromi miactasumo B (7.49) i o6uucaumMo iHTerpan.
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Posaii 7. UncenbHe 1HTEIpYBaHHS

Puc. 7.10. Haknapaena na obmacts G citka 3 K-MipHUX Taparenemnineis
Ouirmyo noxubky Qopmymu (7.49). V xoxsii BHY TPILUHIH KOMIpPIH MOXHOKa CKIaAa€E

N . . o . . o v . .
((N™") BIAHOCHO 3HAYECHHs IHTCTPasta TO LW KOMIPLU. Y KOXHIA I'PaHMYHINA KOMIpLi

BimHocHa moxubka € O(N '), TOMy IO LICHTP KOMIPKH HE CITiBMAIa€ 3 LUEHTPOM Baru
YACTHHM, IO BXOAMTH A0 iHTerpany. Ane camux IpPAHMYHHMX KOMIPOK mpulmnsHo B N
pa3iB MEHIE, HDK BHYTpiluHIX. TOMy NpM CyMyBaHHI IO KOMIPKax 3arajbHa NOXHOKa
6yae O(N "), sxmo (pyHKiis msiui HenepepBHO-au(epeHLiioBana; Le 03Ha4ae APyTHid
nops;iok TousocTi. O6umciieHHs 00 €My TPaHUMHOI KOMIPKM AOCHTb CKJIAJHE, TOMY IO
BHMAra€ BH3HAYCHHS MONOKCHHA TpaHwiy ycepeamdi xomipku. Mosxua oluucmroBary
iHTerpanu Mo IPaHMMHUX KOMipKax Outein rpybo abo B3aradl HE BKIIOYATH iX y CYMY
(7.49). Hoxubka npu wpomy Gyze O(N '), i ana Ginbimoi TouHOCTI 6y 1€ MOTPiGHA BibI

xiTeHa citka. Jlo obnacTti aoBiasHOT HOPMH METO KOMIPOK BXKO 3aCTOCOBYBATH; TOMY
3aBKAM OAKAHO 3aMIHOKO 3MIHHMX TIEPETBOPHTH 00IacTh IHTCTPYBAHHS B IPSIMOKY THHH
napanenerinea (U€ BIAHOCUTBCA MPAKTHMHO JO BCIX METOMIB OOYHCICHHA KPaTHHX
IHTETpaiB).

7.9. NMocnigoBHe iHTerpyBaHHA

3HOBY pO3r;IAHEMO iHTETpan Mo A-MipHid 00:1acTi, sKa Po30UTa CITKOIO HA KOMIPKH
(puc. 7.9). Horo moskHa 06UHMCIHTH NOC/TIZOBHHM 1HTETPYBAHHAM:

B by b,
1:]...{ f(x],xz,...,xk)obc]...cbckzj'Fk(xk)dx : (7.55)
a :
5 b, by
F(x) = j I SO %, 3 ) d = I]';fl(xk—l)dx/c—l > (7.56)
[} [2 7 Qpy

k-1
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YuiceapHl MeTOAU B KOMIT IOTEDHHX HayKax

'bl by .
)= I ACTEAER Y (7.57)
k=2

Koxen oavokparHuii inTerpan nerko oﬁqncmoerbcsx Ha Li# CITW MO KBaJApPaTypPHHUX
dopmynax Tumy:

Zcf(x)+R ¢ = jw,(x)p(x)dx R jr(x)p(x)dx (7.58)

HocninoBHe 1HTErpYBaHHS B YCIX HANPAMKAX MPUBOAHMTH A0 Ky6aTypHuX (hopMyIL, mo
€ IpsIMUM T00YTKOM OTHOBHUMIPHMX KBaJAPATYPHHX (HOPMY:

2t S Cxnnn), e o = e (7.59)
T ‘ i=1
Hanprxnan, npu A=2, sAKiuo mo Ko)KHOMY Hanmpsmky obpaHa yiaranbhesa qopmyna
. ) ) ) . . Y l 1
TPAreLll, a CITKa PIBHOMIPHA, TO Bara KybatypHoi gopmMynn a0opiBHIOE 771;2— =1, 2 1
zx 1x
1 2

BIAMOBITHO [UIsi BHY TPIIUHIX, FPAHAYHUX Ta KyTOBMX BY3IB CiTku. Jlerko mokasatw, mo
A1 ABIML HenepepsHo-audepenHuiosarnx GyHkuiil g popMyTa Mae Apyruil nopsIoK
TOYHOCTI 1 3aCTOCYeMO 10 Hel metoa Pymre-PomGepra. Bsarami kamyuw, ams pisHHX
HANPsMKIB MOXHA BUKOPHUCTOBYBATH KBAAPATYPHI (DOPMYITM Pi3sHMX NOPAAKIE TOUHOCTI
p; (i=1,k). Toxi ro0BHMIl WiCH TIOXUOKK MaE BULTIAT:

R=0r +h7: +..+h?). (7.60)

baxano wisn BCIX HaNPAMKIB BUKOPHUCTOBYBATH KBAaAPaTYpHi (POPMYIM OJHAKOBOTO
NOpsiAKy TOYHOCTI. Moxna migifparu Bary i TNONOKEHHA MiHIM CITKM Tak, mo6
OZHOBUMIipHa KBaapaTypHa (opMysia Oyna 6 TOYHOW0 A GaraTowieHa MaKCMMATbHOTIO
crenens, To6to 6yna 6m dopmyitoro IMayca. Toai, ans Brmnaaxy k=2

1 1 1
Cy :Z(bl —a )b, _az)%'?’]: X, :5(‘71 +5)+ ‘5(51 —a)g;,

| ) (7.61)
X, :—2—(03+b2)+5(b2—a2)§1, 1<i,j<n,

Ae &,y ~ mym Garatounewis Jlexannpa i Bianosiani saru. Lli dopmymu pospaxosai Ha
(pyHKLIT BUCOKOI IMTAAKOCTI 1 JAOTH AN HHMX BENMKY CKOHOMIKO B KiIBKOCTI BY3MiB ¥
HOPIBHAHHI 3 OLILII POCTUMH (HOPMY TaMH.

MeTox moCmIOBHOrO IHTErpPYBaHHA MOKHA 3aCTOCOBYBATH A0 OONACTI AOBINBHOI
¢hopmu, Hanpukiiaz, i3 KPUBOMIHIHHOW rpanuuero. Posrmsmemo rieit BUMATOK mpu A=2.
At boro mposesieMo yepes 06:1aCTh XOPAK, MapaebHi 0Ci X1, i Ha HUX BBEACMO BY3ITH,
PO3TaIIOBaHI HA KOXKHIM XOPAl TaK, sk HaM noTpibuo (puc. 7.11).
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Po3ain 7. Yucenbne iHTEIpYBaHHS

bzj--e---s P2(x2)

P1(X:

Puc. 7.11
[Momamo inTerpan v BUCIAAL
) by P2(x;)
1=[[rea.wdude, = [ Fee)ds, Fee)= [ 1.0 . (7.62)
G ; @ (xy)

CrnouaTky OGYHCIMMO IHTCTpaT MO X; B3AOBK KOXHOI XOpAM IO AKiK-HEOY b
OXHOBMMIDHIM KBaapatypHid (OpMysi, BHUKODHCTOBYIOUM BBeAcHI By3au. IloTim
OGUHCIIHMO IHTErpand Mo X, TyT By3IaMH OVIyTh CIyXKHMTH TIPOEKIHi XOpA HAa BICH
opauHar. [lpu oOuMcnenHl iHTerpasa no X, € ojua ocobmusicTs. Skmo obmacTs
OOMCIKCHA TTIATKOK KPMBOIO, TO MPH X, —> @, AOBKUHA XOPIM HPSIMYE IO HyId HE
MHIHHO, a K 4/ X, —a, . ODke, nobnusy wiei Toukn #(x,) ~ {/x, —a, . Te x Oyae npu
X, —>b,. Tomy iuTerpyBath Gesnocepentso F(x,) mo (OpMyIax BHCOKOTO TOPSIKY

To4HOCTI Oe3rmy3no. JouinbHo BuainuTH 3 F(X,) OCHOBHY OCOOIMBICTE Y BHITIAIL BaTH

p(x,)= \/(b2 —X,)(x, —a,) , AKii BIAMOBIAIOTL OPTOTOHANBHI GaratouwicHu YeOumesa
apyroro poay. Toai apyre iHTerpyBaHHs BUKOHy€eThCs 10 hpopmynax 'ayca-Kpuctodens:

b
¢ 2 b, —a, a,+b, a,-b, .
I= I_F(xz)dxz zz 22 yjy/( = 5 2.2 5 2 gy,), (7.63)
@ Cog=l 2
e w(x,)= Iigxﬁ; ag = cosl}ﬁjl} 1 y,~ Hynii Baru 6araToicHIB Yebumrea Apyroro
Xy n+

poay. L1106 MoxHa Oys10 3aCTOCOBYBATH LFO (])opMyJIy Tpeba opanHaTh xopa Ha puc. 7.11
3a3majneriap BUOpaTM BiAMOBiAHO A0 BysaiB (7.63). Skmo me He Oyno 3pobneno, T0

JOBEACTBCSA OOMEKWTHCA iHTerpyBaHHam £(x,) mo ysaraneHeHiH (opMyTl TpaneLiH,
npuyOMYy ii e(PEKTHBHHIA OPSAIOK TOYHOCTI B IbOMY BHIIAAKY OV/I€ HIDKYE JAPYroro.

7.10. Ky6aTtypHa chopmyna tuny CimncoHa
Hexait cnouarky o6nacTe iHTerpyBaHHsa — K-MipHMiA NpoCTOpOBHil Mapanenernmmne

R={a,<x <A;a,<x,<Ay.;a, <x, <A} (puc. 7.12), CTOPOHH AKOrO MapanesbHi A0

OCCH KOOPAMHAT.
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A4 =x, (1) (A
2 0, ) O
) (R)
D E ) ‘i
x, | P, ®
b TS .
2] X
a =X, h Xy =4
Puc. 7.12.

Koxen 3 mpomixkis [a;, 4] (i = Lk) posi6’eMo HABIILN TOYKAMH:

X, =a.% =a,+h,x =a+2h=4,i=1k, (7.64)
ac h = -—~»f»‘;—%f. VChOro TAKHM YHHOM, OACPKEMO 3° TOuOK ciTku. Maemo:
4 Ay A,
[of 7o xds. e, = [ds [do | 1%, n)dx, (7.65)
S a a @
k 1 2 3
k

3Hax0AMMO A-MIDHMM I1HTErpan, OOYMCIIOIOMM KOKEH BHYTPILIHIN IHTErpal 3a
kpazparypHoro dopmynore Cimrncona Ha BLANOBiAHOMY Biapisky. [IpoBeaemo Bce
00uMceHHs 1A BUnanaky K=2:

Hf(xl,xz)dxidxz = Id’cl -%[f(xl,x0)+4f(x1,le)+f(xl,xzz )]=
T4 ‘ B N (7.66)
= ’3: jf(x]:x(l)dxl +4If(x1.x21 )ebx, + jf(xpxzz)dxl -

3acTOCOBYHOUH [0 KOKHOIO IHTErpana 3HoBy (opmyiry CiMNCoHa, ORepKHMO:
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Posain 7. YucenbHe 1HTEIpYBaHH

17 G, =" (1 )+ 40, ) £
HA[ S x )+ 4 S (x 2 )+ fx,. %, N+ (7.67)
LS, %, )+ 4 S(x, %)+ fa,. )] |

[ 7w =241 )+ 47 ) £ D1

(7.68)
A S %)+ (%% )+ SO0 )+ [(x,,x, )]+16 f(x %, )}
Oopmyny (7.68) HasusatoTs KybarypHOI0 dopmynoro Civmcona. Omxe,
[] £ G,y e, = '759@ (0, +40, +160), (7.69)

(R)

Ie 0, — CyMa 3Ha4YeHb MmaiHTerpanbHoi gyHkini /(x;,%,) ¥ BEPLWMHAX NPAMOKY THHKA
R, 0, —cyma 3HaueHs [(x;,X,) Y CCPCAMHAX CTOPIH NPAMOKYTHUKA R, &) = f (x11 ,le) -
sHaueHH QyHKIi /' (X, X, ) B UeHTp] NpsiMoKkyTHUKA K. KpaTHOCT! LMX 3HAYEHb

nosuaueHi Ha puc. 7.12.

Axmo PO3MIpH MPOCTOPOBOTO napanc;icnesa
R={a,<x <A.0,<x,<A,;...a,<x, <A} Benuki, T0 Aml 30UIBIIEHH] TOYHOCTI
kyBarypHoi opMy T 061acTs R pO3GHBAIOTH HA CHCTEMY NAPATEICIINCAIB, 40 KOKHOTO
3 SIKHX 3aCTOCOBY(OTb Kybarypay dopmyity CimricoHa.

3HoBy posrmaHemo Bunagok K=2. Tlokmanemo, mo CTOPOHM MPSMOKYTHHMKA R MH
POSIIHIN BiNOBITHO Ha /7, 1 71, PIBHMX YaCTHH, y PE3YILTATI BUHILIA BIAHOCHO BE/IHKa
citka /1,77, NPAMOKYTHHKiB ( Ha puc. 7.13 BEPINMHM LIMX NMPAMOKYTHMKIB HO3HA4CHI
GiIbmKMH Kpyskeukamu). KoxeH 3 LMX MPSMOKYTHHKIB Y CBOK 4Cpry pO3AiMMMO Ha
YOTMpY PpiBHI 4ACTMHH. BepumeM Iiei OCTaHHBOI APIGHOT CiTKM TMPAMOKYTHMKIB
TpuitMeMo 3a By3u My kybatypHoi dopmynu.

= X, J =
a] xl[; 11 ¥13 x14 x]n—z rln—l xl,, Al

Puc. 7.13.
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YsicepHl METOJIH B KOMII' IOTEDHUX HayKax

Hexait h = A-a hy = —A—z-:ﬂz—. Tomi citka Byanmis Oyae MaTM HACTYIHI
2n 2n,
KOOPAUHATH: )
=X, +ihy (xyo =a; 1=02n), (7.70)
X, =%ty O = j=02r). (7.71)
J

J115t CKOPOYEHHS BBEAEMO MO3HAYEHHS | (xll_ ,xzj) = [y

3actocosyroun Gopmysty (7.68) 10 KOKHOTO 3 IPAMOKYTHUKIB BETMKOI CITKH, Oy 1eMO
maru (puc. 7.14):

h h‘ ¥ m
jjf(xl Xy Yy, = =2 Z Z[(.fZI,Qj Haaas P Saanpa ¥ fanin)*
W 9 Tin (7.72)

+4(Soiirny + Saivanjn + Srivizjert Sring) F 16 /500,01

3BIACH, NPUBEACHHAM IOAIOHUX WICHIB, OCTATOYHO ZHAXOIUMO'

2n 2m
Hf (33, )b, dlx, =V%Zzﬁgf,-, ; (7.73)
(R) i=0 j=0

e KOe(ILIEHTH 4; € BiINOBITHUMH SICMCHTAMH MaTPHLY

Voo , 14 2 4 2 .4 2 4 1]
416 8 16 8 .. 16 8 16 4
2 8 4 8 4 .. 8 4 8 2

x .
. 2 8 4 8 4 .. 8 4 8 2
16 8 16 8 .. 16 8 16 4
Pre. 7.14. 14 2 4 2 4 2 4 1]

Slxmo obnacTb iHTCTpYyBaHHS G — AOBiIbHA, TO OyAyemo napanenerines R Do,
CTOPOHM SIKOIO MapanieibHl A0 0cCH KoopauHaT. Po3risHeMo nonoMixHy (hVHKLHO

U(xl,xz,...,xk), AKWYO (X),%,,...,X, ) E O,

(x JXo X, ) = 7.74
S X0 %) L0, AKUo (X, %5,..., X, ) ER - 0. (7.74)

VY TakoMy BUIAOKY MaeMo:
j’(m...j S0 X, )b, . :[{R)...J' I X x, )b, .., (7.75)

— N
k k

Ocranmiii inTerpan HabaWKEHO MOXke 6YTH OGUHCIICHHH 3a 3aramTbHOK Ky6aTyPHOK
(opmymnoro (7.73). OueBuaro, mo 3acTocoByroun xkBaapatypHi (opmy:m Hiotona-Koreca
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Poinisi 7. UniceibHe iHTCIPYBRHHS

CIIOYATKy A0 BHYTPIIIHROTO 1HTETPaia, a MOTIM A0 30BHIIIHBOTO, OTPUMMAEMO. HOBHM THII
dopmyn — kybarypuuii. O0MexuMocs po3risiaom Kybarypuoi ¢dopmyiu CiMIicoHa, Ky
o0y AYEMO sl UPAMOKYTHUKA, SIKMH PO30UTHI I0BITBHUM YWMHOM HAa YOTHPH YaCTHHH
Tak, o0 IO KOXKHIN CTOPOHI KPOK IHTErpyBaHHA OyB 0HaxoBUH (puc. 7.15).

1 4 1
Y2
7|
14 4
y‘l i
T
1 4 1
Yo L

Xth1hX2

Puc. 7.15. [IpsmvoxyTHUK, po30HTHii IOBUIBHAM YHHOM Ha YOTHPH JaCTUHHA Tak, OO 110 KOXHIH
CTOPOHI KPoK iHTerpyBaHHs Oy B 0 HaKoBHM 11pu /2 5 T

Xy

feef rce ety = [Lr0e )+ 450 )+ f e =

Xo Yo Yy

= [ revdesa] fopdes [ 16,)ds | = (7.76)

h i i ' ‘
:»5[/(xo,yo>+4f<x1,.vo)+f<x2,yo>+4f(xo,y1)+
161 (e, ) + 41 (o )+ S (o 1) + 4/ (i, 1) + 41 (e 1))

3B0aMMO BC1 MOMIOHI YICHH Ta OTPHUMAEMO!

X ¥

Jae [ rx, y)a%y:%’[aowa1 d60,) T am

Xy Yo
et T ). ' (7.78)
o=t St Sot+Sn, 0= fotTot St faso0=h " (7.79)

Mexanism nobyaosu kybaryproi Gopmysm CiMricoHa ro:sirae v po30HTTI Ha NapHy
KIABKICTL MPAMOKYTHHKIB sK MO Bici abcuuc, Tak 1 MO BICI OPAMHAT, TAa MOJATbHIOMY
rPYIyBaHHI BCIX OTPUMAHKMX eeMeHTIB (puc. 7.16).



YncenpHl METOH B KOMIT IOTEDHUX HAVKaX

@&—O—@—
7/ \[/ g

OO
OG0
e
4 @ (A 1

Puc. 7.16. Hpuxnam noby goBH kydatyproi dopmynm CiMcoHa
3aranbHa KyOarypHa dopmyna CiMricoHa MaTHME BHIIAR

h’l' 2n 2m
[J7Geyedy="53"% 2,1, (7.80)
D il j1
b-a . d—c¢ : .
npu4oMy /2 = 5 17= Y. SIK BUAHO 3 CUMETPMYHOIO BHIVIAIY MaTpuul A, B T1aMATI
n m

KOMITFOTEpa MOkHA 30epiratu abo ii monoBuHy, a0 OAHY CTPIYKY, SIKA BIATIOBIZATHME
Nepii 4u OCTaHHI cTpivil Matpurd A, a0 cToBmumMKy 1iel marpuu. e maxig moxua
3aCTOCOBYBATH 1 NPH OOYKCICHHI NOTPIMHMX IHTCIPATIB, MPOTS POJIb BIAMOBIIHOL
matpuil koedimeHTiB Oyne BigirpaBaTd TIMEPKYO, MO Ma€ NPOCTOPOBY CTPYKTYPY
(aHanOTr KPUITAICBOI PEINITKH).

7.11. MeToau uncenbHOro iHTerpyBaHHs

7.11.1. 3apauya oGuUncrneHHn BM3HAYEHOrO iHTerpana

Binomo, mo tcxye nepeicka F 10 GyHKLII /; TO BU3HAYCHMH (HTETpaT

1 :jf(x)dx (7.81)
b
0O4HCIOIOTH 3a (POPMYJI0K0
I-= j f(x)dx=F(b)-F(a). (7.82)
b

Slkmo icHye nepsicHa £, ane B ©ICMCHTapHUX (DY HKIIsAX HE ICHYE, To iHTerpan PiMaHa
MOXHa Ha6.TIPDKCHO OGHHCHI’ITH 3a OSHAUCHHIM
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Po3gin 7. Uncennue iHTEIpPY BaHHS

I=[ feexy ), (78)
b i=1

Aze usg cyma 30iracrses Qy:Ke MOBUIBHO IMPH 77, IO MPSIMYE A0 HecKiH4eHHOCTI. Lle
o3Hauae, mo mst obuuncienns Gpopmyna (7.83) HenpuaarHa.
Habmwkeni MeTo A OOYHCIICHHS BU3HAYCHOTO iHTerpany / 06 eaHyoTe v GopMyy:

1= K" f(x™y=1,(0). (7.84)
i=1
Osnauenns 1. ®opmyny(7.84) wassemo xsaaparyproio hopmyroro (KO) obuncnenss
BusHaueroro imrerpany; {xV}c{a,h]c R — Bysmamu K®, (K™, ,i=Ln}cR -
xoedimerTamMm KBaaparypHoi GopMynn.
Pizamigo
R,()=1-> K®f(x")=1-1,() (7.85)
i=1

HA3BEMO HGX10K0I0 keadpamyptoi gpopmyiu (7.84).

7.11.2. Tpu ninxoau kBagpatypHoi hopmynu
1. Kpaaparyphi popmym 3 HANKPANIO0 ONiHK 010 yHKi

Hexaii fe, tom {x™} i {K™} 3maxomumo 3a ymosu, mo6 cympemiav Oys
MIHIMQJIBHUM 3 YCIX 3aJIMOIKOBUX YJICHIB!

inf sup|R, (). ' (7.86)
Jeg

Oopmynu (7.84) HA3UBAKOTLCS QopMyIamMu 3 HALIKpayoio oyiHKowo & kraci dyHkyii f,
mo nobynosal 3a ymosu (7.86).
2. Keagparypsi ¢popmy HAAKPAIIOTO CTENEHS TOUHOCTI

Bysm {x™}, (K™}, i=Ln y dopmyni (7.84) subupaemo Taxk, mob
crigpigHomeHHa - (7.84) Oyao  Toummm [ =ZK1-(”) (™) mia  muOTOwNEHA
=1

MAaKCHMMLIILHOTO CTETICH:, TOOTO
Jx)y=P,(x), m<n. (7.87)

Toai, xBampatrypua (opmyna (7.84), sxa noGymosana 3a (7.87) HasMBaeThCs
K6AOPamMypHOIO POPMYI0I0 HARKPA020 CIEneHs mOYHOCHI.
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YuyceIpHI METOIH B KOMIT IOTEPHHX HAYKaX

3. Inrepnonsiuiiini kKBaapaTypui dpomy i

Tlpu UBOMY TLIX0 I thixcyemo BY3JIH PIBHOBIAJAICHUMU
(X =x, w0k, =Ln}clab] i sHaxogmmo (K™}, Oyoyrouu  iHTEpPTIOAALIHHMI
MHOTO'IeH 3a By3namMu KO

z ; @,(x)
fﬁhhﬂw=§J(ﬂfU)(§W;?% (7.88)
@, (x) = (x = x)x - xI). . (x - x7) . (7.89)

{Ki(")} BHM3HAYAEMO TpHM imTerpyBandi {L, ,(x)}. ®opmymu (7.84), sx Oy ayIoThECH
npu 1xrerpysamnni f(x)=L,(x) HasseMo inmepnoasyiiinoio K8GOpamypHoIo popmyioio
(IK®).

7.11.3. IHTepnonsuiitHi kBagpartypHi dopmynu HeloToHa-
Koteca

OTpumaemo iHTCpRONAWIHY KBAAPATYPHY (OPMYIY ATH OOMMCICHHS IHTETPATY
I(1,1). Dikcyemo Bysmu(K®): (x| i=1n} [a,b],i+ j, npuaomy
xM=cwi-h i=1n h>0. _ (7.90)
Posraszemo asa Bunagxu;

Lha=c#x,b=c+(n+Hh=x,. (7.91)

Bigpizok [a,5] ’p036msc;1 Ha (n+l) plBHI/IX YACTHH. (DopMyny (7.90) nazsBemo
BLAKPHTOTO THITY, SIKINO BUKOHYeThCs (7.91).

cth=a=x,b=c+nh=x,. | (7.92)

Biapizox [a,b] p036HBCH Ha (n-l) YACTHHY . (DopMyny 7. 90) Ha3BEMO 3a1<pmoro THITY,
SIKINO BUKOHY€ThC (7.92).
Teopema 1. Hexaii

) feC™(a,b]); H" € C(|a,b]);
2) {x" =c+ih, i=Ln} clabl;

3) {x', j =1,n} — YeOumencoka cuctema dynxuii. Toai
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Pozain 7. YucenpHe iHTEIPYBaHHES

1=1(F)+R,(f). (7.93)
)= Z K2 r(x™y. (7.94)
koo b-a . D7 j'(" D=y, (7.95)

M g1+ 2m (1—1)'(17 DY (y-1)
R (,)_,_V — j(y .oy~ mF (P.L,.ocsm)ely . (7.96)
F(y)= flc+hy). (7.97)
{a =c+(l-m)h, (7.98)

b=c+n+mh.

Ipu m=1 opepaumo IK® Biakpuroro Tumny, npu =0 — IK® sakpuroro Tumy.

u
Josenendst. Maemo [ :I f(x)dx . 3pobrmo saminy x=c +hy, dx=hdy. Tomi Byzan
b
(n) '—iil v N n . . s "‘I (Y
(x"_ i=1n} nepeitayTs y Bysmu HOBOi oamimmoi y;=i, i=Lln. [liiicHo,
x" =c+ih=c+yh, 3BIAKM HWKHY 1 BOPXHS MKl IHTErPYBaHHA MCPCHIYTh
BimmoBiaHO: sKWO Y=a=cthy=c+(1-m), To y=1-m; sxwo x=b=c+hy=c+n+m)h, 10 y=
n+m. To6To MaeMO TabAMITO CTAPHX 1 HOBUX BY3IIB!

X Xy x5 x, a b
Y 1 2 n 1-m n+m
3Ha4YUTD '
ntm
I=h j F(y)dy . (7.99)

l-m

3a ymoBu Teopemu I: FeC"Y(l-mpn+mDi IFY, ye(l-mn+m). Toa

MOKHA 3aCTOCYBAaTH TeopeMy Jlarparka 3 pIBHOBIIMANCHUMH BY 3/1aMH

oy (=D -2 i+ Dy -i-D.(y-n)
K= - e -m F O

(D" 'C’F(z)a) W, (7.100)
—i)n! .

i=1
+(y =D =2)..(y-m)F(yL2;..5n) = Z
i=1

+o,(WF(y12....n).

ne @,(¥)=(y-D(y-2)..(y-n).
3Haiizemo A, Bpaxosyroun (7.98): b-a=c-H(n+m)h-c(1-m)h, 3Bimxu:
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YucellbHi METOAH B KOMIT IOTEpHIX HayKax

h=———. (7.101)

3aysaxumo, mo /(1) =f(x”). SAxmo niacrapuru (7.100) Ta (7.101) v (7.99), 10
Maemo Gopmyay (7.93).

Osnauennn 2. Qopmyana (7.93) nasusaerncs IK® Hreotona-Koreca.

Hachinok 1. KoediwieHrn, mo piBHOBiAZaneHi Bia KIHIIB HA TMPOMIXKKY

inTerpyBasms, pisHi Mk coboro: K =K., .

AoBeneHHs1. 32 03HAYCHHAM (7.95) MaTHMEMO!

T GV A CET) N SN ¢)
fo T (n =14 2m)(n — )G - ) I —(n+i—1)dy' (7:102)

3pobumo 3aminy y=n-z+1. Toai y-i=n-z+1-i, 3BlaKH 3HaHACMO:

y-1=n-z+1-1=n-z; y-2=n-z-1, ol y-n=-z+1.
Orxe,
n -1)'(b-a n-z)..(1-z
Ky(zm)m],m _ ( ) ( ) : J ( ) ( )da —
(n=1+2m)(n-iGi-1!,

—Z
(7.103)

DG -a) TFE-D.(z- m

= K(n\
n=1+2m¥{n-lG -1 zZ—1i
(n=142m)n -G -1t I

Hacaigox 2(Teopema Kyspmina P.0.). I'panmus ana MoaymiB HEMapHMX By3iiB
KBAAPATYpPHOI JOpMYIH 3aKPHTOrO THITY JOPIBHIOE HECKIHUCHHOCTI:

lim K"} = oo, (7.104)

m- #w
Hacainor 3.Cyma xocdimientiB kBagpatypHoi (OpMynTHM HOPiBHIOE MPOMDKKY
n
IHTErpy BaHHSL: ZKIE’Z =b-a.
i=1

i=1

" b
Hosenenns. dxuo s3stu fx)=1, Toxi ZKIE”,Q = J. fxydx=b-a.

(n)
Baysamenns 1. dox 1) = . S
—-a

{f()}c R xe[a,b], ma axux ICHY€ BH3HaYeHuUM iHTepBan (7.93).

cknageHo Tabmurl, mo oOCayroByHOTh (IyHKLUL

Cmpx 3ayBanurd, MO 11(’,',2 HE 3aneXMTh Bl BLAPI3KA IHTErpyBaHHs [a,b] Ta

i giHTerpanshoi Gymxi /:|a,b] = R'. Jlns vux HaBeaeHo iHmi Tabm.
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Po3aia 7. YncenbHe 1HTETPYBaHHS

7.11.4. YacTuHHI BUNagKkv iHtepnonauinHux hopmyn
HuloToHa-KoTeca

1. ®opmyaa npsmokyTHHKIB (n=1; m=1) — IK® BiAKpUTOro THITY
Obuncimmo K 1(,11) ={{b-11 1(11) =b—a Byvzon xl(l) 00UHMCIIIOEMO 3 BPaxXyBaHHSIM
b-1 b—a m b—a b+a
= — ' =-——_ Toa xy’'=a+-——=---—. TakuM YMHOM MAEMO TaK 3BaHY
n—1+2m 2 2 2

(pOpMyIy MPSIMOKY THUKIB:

b
1= [ o= £ -+ R(E). (7.105)

TeOMCTPHMUHO 1Ie O3HAYAE, WO IUIOMA KPUBOJIHIAHOL Tpanewii, sKa JOPIBHIOE
BU3HAYCHOMY iHMTerpary /, 3aMIHIOETBCA IUIOWECIO NPAMOKYTHHMKA 3 OCHOBOIO (b-a) 1

BUCOTOO f( b—;—q).

JayBasenns 2. BUkopucToByoThCA e POPMYIIH MPABUX 1 TIBHMX IMPAMOKY THHKIB!

b

| reods =6 -DEG) + R(). (7.106)
b |

j f(x)dx = (b - a)f (@) + Ry (F) . (7.107)

Li ¢opmysn ve € KO H

Koteca 1

ripIyi NOPsA0K TOYHOCTI.

Pnc.v7.1:7:.- 7
Jaysaxenns 3. Hexat / VeC(ab). f @ & ((a,b)). Toi 3a popmynoro Teiinopa 3
3ATMILKOBUM WICHOM Y (opmi Jlarparka maemo: '

a+b

L ath
by r-atP )+ 2. (7.108)

_gdtb o a+bqath
S =1 )+ ==
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Yuicennni MeTonm B KOMII' FOTEPHUX HAVKax

ne ¢ € (a,b) . Mpoinrerpyemo (7.108) y mesxax Bil; a ao b:

5 ’ ' )
[ 7= @-ar @) ! j( - 210y S (7.109)
3a TeOpeMOro Npo cepeaHE OTPHUMAEMO:
WM axb, (-1
R(F) = 2!(}: S Y de= M. (7.110)

ne M = sup \1(2) (x)‘
xela, b]

3aysaskenns 4(BUKOpHCTAHHA HA npakTuti fopmy npsMokyTHuKiB). [Toainmmvo

. b- o .
BIAPI3OK [a.h] Ha k yacTun 3 xpoxom H = ﬁk—q - Binpizox [a,6] noaamo y Burnsiai:

k
[a,b]:[a,a+H]u...u[a+(k—l)H,b] :U[a+(z’—l)H,a+iH]. (7.111)

i=1

- Ha xoxuonmy MPOMIKKY 3aCTOCOBY €MO (hopMy ay (7.105):

k a+iH

> [rde= If(x)dx Ht(a+ ) H]+f(a+ S+t
=0 g (i) K A

#far ) )10 ) 10 )= 110

Ae a<n <b.3Biacu BUIURAE

f ‘ b-a H 34
J f<x>dx~—,;~<f<a+3~1+f<a+~2—»>+...+

(7.113)
. 2k - (b 1) 2)
+ fla+——— n € (a,b).
S 2 H)l+ PYTE (1), ne(ab)
saranbHa (JOPMyIa MPAMOKY THMKIB, N
2. ®@opmy.a Tpaneniii (n=2 , m=0) — IK® 3akpuroro Tuny
OBuncmoemo 3a dopmynamu (7.95) koeirienTu IKO:
K@ =(b-a)? = b LK = -a)Y = b;ﬁ‘ (7114

3BiIJKY BHUILIHEBAE:
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Posia 7. YuceTbHE iHTErpY BAHHS

b
| ey = iKE?f(xf”HRz(f) =9-“2—"-[f(a)+f(b>]+Rz<f) . (1)
2 i=1

Ry =""14 j (=1~ DF(L2dy = j (x — @)(x - ) (x,a,b )b =
@) b s (7.116)
b
=L ot - SO}
12
Omxe, popmyna mpaneyiit Ma€ BUTTISLA,
b
[ 1= 01 r@+ @1+ R (D). (7.117)
. b—a 5 9
&0 =-C= s, (7.118)
I'eoMeTpHHHMIA 3MICT NOAHMEA HA PUC. 7.18.
Puc. 7.18.
3ayna>lceﬂﬂﬂ 8. Tloxubka Moxe OyTH myxe Benuxor. Tomy [a.b] posib’emo Ha &
h—
yactua: H —--——/—f 1 Voo Vo Ve Taxkl, mo Y, = f(a) Ta
k
= fla+H),.:y,=f(b), (7.119)
ne b=a+kH. Tom
j f(x)dx— D22 2y 0] -
(7.120)
b-a (
N G E IRYEIEN

e k- O =[P @)+ P E) .+ fPEIN 1 x, <8 <%, Se(ab).
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HucenbHi METO/M B KOMIT IOTEPHUX HayKax

3B1AKH MAEMO, TAK 3BAHY, y3aeaibHeHy Gopmyny mpaneyii

J-f(x)dx—-—z-z, {}Owk;zz'v}fg(f) | (7.121)

i=1

e Rﬁf)——ﬁblz,f) 1O, Eelab).

3. ®opmyaa Cimucona (popmyaa mapabos, #=3; n=0 ) — IK® 3akpuroro many

Cimncon Tomac (1710-1761) — amrmiicoxuii maremaruk. [Ipamn 3 creMeHTapHOi
MaTeMaTUKY, TPUCOHOMETPIL, aHami3y ¥ Teopii HMOBIpHOCTI,
3a gopmynamu (7.93)-(7.98) maemo:

b . .
j' Foyde=? ; a [ f(a)+ 4f(5’§3) + f(b)] +Ry(f). (7.122)
A |

N p®
R3(f)=~-~~—]3——----——-— j (y—D(y—2)y - 3)]’(}’123)61\/——(1?—2—61"] -1«9—51)-, (7.123)

ne ne(ab).

'- -‘PHC‘. 7 19.

N a+b
xf) ==

3ayBakennst 6 (ceomempuunuii 3micm). Tax ax ‘6(3) =0, =h, 10

iHTerpansHuit MHorouwreH Jlarparmka mae apyry cremss. [pooaumo L,(x) uepes Tpu
TOYKH KPHUBOI.
3avBaxkenusn 7 (y3azanvrena popmyna mpaneyii). Pozi6 emo Biapizok [a,b] Ha 2m
d—-c

vyacTuH , 10010 H = ——
2m



Posuin 7. YucenpHe 1HTETpy BAaHHS

2m a+ild

b
[reode=3 f(x)dx————[yo FAY 2y Ay 2y
“ (7.124)

i=1 ga(i-1)

5,2
b—aY /)
+2Vomn ¥4V 1+ 2Y0, )| - .
S 2m--2 Y 2m-1 y‘. ] [ 2 ) 90]7’1
®opmyny (7.124) nasuearoTs y3aransHeHO Gopmyroro CiMricoHa
IHpuxnao 7.2. 3anucaty Tabmvgo ans [/ f’fn) =0, 2<n <5 (IKO 3akpuroro Tuny).

Tabimuns 1. Ymosa 3ajaai 7.2 (m=0, IKD 3axprTOrO THUITY)
Mim|n ] Nimln I '
1 0|1 1) 3 0|3 (3) (3) (3)
1 1.0 ! 1.0 > 1 hE { 3,0
4) 4 4 4)
4 ( 1( ) l( ) Ii )

2 012 11'(’(23) . 1530) 4 10

AHAI0TIYHO y BUMIAAKY, Komu 1=k, Oyne [ 1(’5) A gko) v gko), A ,Ek(? npu k<n.

Poze’sizox. Stxio m = 0, n =0, 10 icHy€ (popmya 3akpurtoro Tany. Axmo # = 1, To He

icuye opmyu HeroToHa- KOTeca SAxmorn=2,m =0,i=1,10

hio om(z D . 2
Axmon=2,m = 0,i=2, 10
> D72 F-Dr-2) St
2 |2

1

Ume-nd o y-2

Moxna 6y10 6 BUKOpHCTATH cuMeTpHuHicTs koedimentis: 1P =71, .. Omxe,

ik

ﬂxmon 3,m=0,i=1,T10

U ) S 1)(y 2)(v 3) . 1t _
‘(*3")‘0!2!(2—1+2-0)-{ dy“Z!(y 3y + 6y =
|— 13 13

L 3“ _5)’_31 +6)"f :_1{9_l_5(9_l]+12}:l[l_1}:}_
L2 473 272 4 3] 6

-
4{3

Jasi = 2 maemo:

152(3 _1‘(’4”410

€ R N

2T mE -1+ 2- 0)

1yl .1 (9 1 4
(L; —2y/ +3y] Jm5[9—5—4(-2-—5}3(34)]:5.

OO -3y = j(y Ay 3)dy =
e

72
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UpceilbHl METOIH B KOMII IOTEpHUX HayKax

1 T4
Hns i = 3 maemo: 1;33 2183 6 Axmo n=4,m = 0, i=14, 10 11(,?)) =

1 .
- 10
& 3

()
= _8 > 4.0

| . (6)
=3 CamocrTiiimo obumcaury xoedimentu ans 1, I;f)/ ,1=5.6.

Pesvabrat 0(hopMHTH Y BUIIsLAL TaOnML 2.
Tabauig 2 (n=0, IKDO 3axpurroro Tumy)

n\] 1 2 3 4 5 6
1 - - - - - -
2 172 172 - - - -
3 1/6 4/6 1/6 - - -
4 1/8 38 3/8 1/8 - -
4 7/90 32/90 | 12/90 | 32/90 7/90 -
6 | 19/288 | 75/288 | 50/288 | 50/288 | 75/277 | 19/288

Hpuxaad 7.3. Cxnactu TaGmmo: 17, m =1, 2<n <35 (IK® piakpuroro Tumy).

im 2
Tabmg 3 Ymosa 3aaui 7.3 (im=0, IKD sakpuroro tuiy)
N lmnin 7 Nolmin !

1 11 (1) 3 113 3y g3 g3
11,1) [1,1)v 12,1)’ I3

2 1142 1}(}%) ’12’21) 4 1114 Il(,?) . Igj)’]g)’ Iﬁ)

AHanoriyHo y BUNaaKy, Komu #n=k, 6yae / 1”6) ! gkg A 303) e d ,ﬁkg mpu kK <n.
Tabmung 3 (=1, IKD Bij(kpHTOro THIIY)

n\l 1 2 3 4 5 6

I l - ; - : -

2 172 172 - - - -

3 273 -1/3 273 - - -

4 1124 1/24 1/24 11/24 - -

4 11/20 -14/20 26/20- -14/20 11720 -

6 | 611/1440 | -453/1440 | 562/1440 | 562/1440 | -453/1440 | 611/1440

Poze’szox. Koediuientn dopmynu Herorona-Koreca siakpuroro tumy m=1:

0 2 . 2
n=1i=1: Ifl]) = —w(—l)f—jaﬁ»’:iyi =1.
' lo
0

1-1+2) 2
n=2i=1:
JREST  VR {CV C) D =277 __1[1 4] :_1(_ 3.1
Wt o T3 T3] sl )
03 2
n=2i=2 1% :(:ij(v_l)dyzlglf_l__‘ :}(2_1):}_
TR 302 | 3 2) 2
o o 2 1 , 2
RN G B SN
R 11 . | . 1 5 11
n=4,i=14: [y Ton’ 157 =Toa Ly :152_?1)1 :15?1) YR 19 =1 o
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Po3ais 7. UncesibHe 1HTETPY BAHHS

7.12. KBagpatypHi chopmyrin MNayca Haukpaworo creneHs
TOYHOCTI

Kapa ®pioix Iayc (30.04.1777 — 23.02.1855) — mimeupknii Marematuk. Juceprauiro
3aXMCTHB v 22 POKM, fAKA MICTWIA TIEPIIE AOBEACHHS, TAK 3BAHOI, OCHOBHOI TEOpEMM
anrcOpu. Haykosi npatu euaaso 8 11 Tomax.

Kepagparypui gopmyian Herorona-Koreca € Toukamu it MHOTOUWICHIB. CTCTICHA #-1,
AKOIO # — MApHE YYCJ0; € TOMKAMM Ui MHOTOWICHIB CTEICHS A, SKILO # — HEMapHS
(BMmamox piBHOBLAZAICHMX my3miB). PosrmsiHeMo kBampaTypHi Gopmysin HalBHIIOTO
CTCIICHSI TOYHOCTI.

7.12.1. laess noGypnoBu KBanpaTypHux ¢dopmyn MNayca

B ¢opaymax Herotona-Koteca Byamu Gymu pisroBigaanckimu: x\ =c+ih, i=1n,
h>(0. BusBIsA€THCA, MO € MOMUIMBICTh TEBHMM YHMHOM BHUOWDATW By3IH, AIA SKHMX
kBaapaTypHi GopMyiau OYAyTh TOYHMMH sl MHOTOYICHIB MAaKCHMAaIbHOFO CTEIICHS.

Hobyayemo
b 7
[ 7Gode =Y K (<) 4R, (). (7.125)
Y i=1

Bynemo sumarary, o6 R, (f) =0 s Oy Jp-sKOr0 MHOTOUIEHA #1-TO CTEIICHS:

P,(x)=Ydx', d eR', j=0m. (7.126)
Jj=0 RS e

Slkwo migcrasurd (7.126) y (7.125) i cKOPHCTAaTHCSA BIACTMBOCTAMM iHTErpaimy Ta
CYMH, TO MAEMO:
b

S, [ Pde=Y KOS dd =S a Sk g1
j=0 i=1 7=0 j=0 =l

q

TMo3uaunmo:

b |
o= [sde, k=0m. e 7128)

a

3aBasku ToMy, WO d; € R' € nosimsHEM, TO 3 piBHAHHA (7.127) MaeMO HemiHIHHY

cucTeMy (PUPIBHIOMM KOCHILIEHTH NP OTHAKOBUX ¢ ; 371iBa | CTIPaBa):
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UncellbHl METO XN B KOMIT IOTepHMX HayKax

K 4+ K§"> +...%K,§”) = Uy}

KO+ KO 4t KO = i (7,129

K2y + KP (Y 4+ KPP = .

#

Orpumaemo cucteMy (m+1) HeTIHIMHWUX PIBHAHB AT 3HAXOKCHHA 27 HEBIAOMHMX
(K i {xf">}.' Jlas emuHOCTI PO3BA3KY HeoOxiaHo, mob m+1=2n, 10610 M=2n-1.
Cuctema (7.129) € HeQiHIMHOK CHCTCMOI), OTAE ii AOCHIKCHHA AOCHTbH CKIIA/HE.
TTpo6ricMa €aMHOCTI ¥ iCHYBaHHs PO3B A3KiB, 3HaXODKCHH JificHux poss sskis (7.129)
HAZ3BUYAWHO TPYAOMICTKAa. TOMy MOCTA€ MUTAHHA YU HEMA€ IHIIOTO, MPOCTIMOrO
nusixy ooy aysu KO.

7.12.2. MeTtoa Mayca 3HaxoMKeHHA BY3NniB KBaapaTypHUX
chopmyn \

Hagasi 6yaemo mykary Bysmd {x\”,i = [,n} < [a,b], Ak Hyai MHOrowIeHa :

o,(x)=(x—x") - (x—x), (7.130)

ae xi.(")

—— BEIYKaHl BY3JIH.
BustBrsietses, mo @, (x) 3a70BUIbHSAE HCOOX1AHY M JOCTAaTHIO YMOBY, sSIKa J03BOISE
®,(x) BU3HAYHUTH ABHO.

Teopema 2 (Teopema Layca). Jlna toro, mo6 ksagparypua dopmyna (7.125) 6yna
TOYHOIO 17151 OVIb-IKOr0 MHOTOUNEHa creneHs m-2#1-1 HeoOXiaHo # JocTaTHbO, OO ii

sy {x" x{V x"} < [a.b] 6ymm xopemsmu muorowiena (7.130), opToroHanbHOro

Ha [a,h] 1o 6yap-akoro MHOrouwteHa g, ,(x) crenens ue Ginbmie #-1, To6TO
b
j 0,(x)g, (x)dc=0. (7.131)
CryMBORIYHO 38HUCY €THCS TaK:
_ \ )
J' P (x)dx =Y KPP, (™) (7.132)
a i=1

Toai i Timekm Tomi, xomu {x”.i=1n}cla,h] € xopewaMu MmmuorousenHa @,(x) i
BUKOHY€EThCA (7.131).
Joseaennst. Heo6xianicts. Hexait Buxonyersest (7.132) 1151 JOBLIBHOrO MHOTOWICHA

crenenst m=2n-1, 10610 R, (P, (x))=0. [Tokaxemo, mo BukoHyeTses (7.131).



Po3zpin 7. UncenpHe 1HTETpYBaHIs

3a ymoBU TCOpeMH @,(x)g, (X) € MHOrouwieH crerncHs He Oubmie 2x-1, Tomy
d)opM)na (7.125) € Tounorw (mae micue (7.132)) 1 ang LBOrO MHOrOMICHA

ja) (x)g,,_(x)dx = ZK“”(U (x™)g(x"™y=0, 60 w,(x")=0.

a
Hocrarnicte. Hexaii maemo (7.131). Jlosememo (7.132) mis qOBUIBHOTO MHOTOWICHA
P{x) crenens He 6inbure 2n-1. [las msoro posaiumo P(x) Ha @, (x):

P(x) = 0,(x)g,,(x) + r(x), (7.133)

ne g, ,(x), r(x) — crenenst He Gumbe #7-1. Tenep npoixrerpyemo (7.133):

b b b b
j’ P(x)dx = J’ ,(x)g,_ (X)dx + j #(x)dx = J'r(x)dx . (7.134)
Ockinbku  r(x) -~ MHOroYJeH cremeHs He Oumsme 27-1, 10 r(X) :_xopinmoe
{HTepONALIHOMY MHOTOWICHY, O mobyroBammii 3a Byzmamm  {x” x{P . x\"y
KBapaTyPHOI dopmysn Herorona-KoTeca (Teopema 1), s AKOT
F (£
R (r)= —~—£’la) L(X)=0, 1e £ € (a,b). Taxum yurom, Macmo TouHy KO s r(x):
b n
j r()d =Y KPr(x™) . (7.135)
a i=1
Inaxme:
P(x") = 0,(x")g,, () + (). (7.136)

3piaku ummsae P(x) = r(x™), 60 @, (xy=0. Taxum umHOM
b n

[reode =3 KOB, (). (7.137)
il

a

3 (7.137) 1 (7.134) Maemo j' P, (x)dx = ZK(”)P (x™)+0, mo o3xauae R, (P,)=0.
i=1
Teopema 3. Hexaii Bukonano ymoBu teopemu 2. Toai Bysnu kBaapatypHoi hopmyu

(7L xY < [a,b] € HynsvMu MHOTOUTEHA

n! n
“’"(")=(7T)‘=;b7[( x—ay (x~bY]. (7.138)

Josejennst. TTozHaurmo
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YsicenbH1 METOAM B KOMII OTEPHUX HAYKaX

b ' - x x° -
Jo.0de = 0,601 [ 90 = 9y (). [0, (=, (). (7139

[

b
3a TeopemMor0 2 Maemo: I ®,(x)g(x)dx=0. lhakme, IHTErpvBAHHAM YaCTHHAMH
a

OJICPKUMO:

b b
Jonetde =0 B)e®) - 91(@)g(@) - [ 9,(0)g® ) = .=

=@ ) - P (gD () + .+ (- D", (x) g,ﬁ'f;”(x)]i -0,

ae suxopuctaiwm (7.132).
* 3siaxu 3a ymosw (7.139) surmmsac. mo ¢ (a) = @,(a)=...= ¢, (a) =0 . Toxmi

?1(0)g, 1 (0) - (D) (B + ..+ (-1 o, (B)g" V()= 0. (7.140)

Axmo {g, ;(x)} € Oymp-sikum MHOrOUICHOM CTernens He Ginbme #-1 g Vx €|a,b],
10 (7.140) BUKOHY€ETLCSA TOAI 1 TLTBKH TOL, KOJIH

2 0)=p,(8) = .. = 9, (b) = 0. (7.141)
3BiaKu BUILTHBAE, WO @, (x) Mae #-kpartHi kopeHi a i b. Toxi 3a hopmyoro Biera:
P, (x)=A(x—-a) (x-b)". (7.142)
3 (7.139) Bunmsae pisHicTs @, (X)= g;; p,(x), a 3 (7.142) wMaemo:
o, (x)= A i—; [(x -a)'(x - b)”]. Crany cmia miabupatu 3a ymoBu, mo koediuient mpy x”

! i
PpiBHME (72'1')7 , T00T0 A=1, 3BigKu A = (%nll .
A 71 7

7.12.3. Metog lNayca BuGopy koedpiuicHTiB

Teopeva 4 (npo Bubip xoedinicuris kBaaparyproi ¢opmyan Iayca). Hexaii
BHKOHYIOTEC yMOBH Teopemu 2. Tom koediiertu KO ofumcmooTses 3a opmynoro

(n!)4(b _a)2n+1 . B
[mF 67 - ae - op iF

Nosenennst. Posrnsmemo

K = (7.143)
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Posaia 7. YkcenbHe inrerpyBaHHs

Ve = 22 (’3) : (7.144)

ne v, ,(x) € mHoro4neHom crencus n-1. OTxe, y/,f,k(x) € MHOTOYWICHOM CTEICHs 217-2.
Tomy dopmyna (7.125) za TeopeMoro 2 € cripase/LIHBOIO 1 171st l//,i (X))

Tax sk cremHb l//ik(x) pisauit 2n-2 ((7.125) copaBeanuBuii I MHOTOYICHIB
CTCMECHA MeHme HixK 27), TOA1

f Vs (E)eke = ZK‘")WM()“’")) 21 " fi)“(x"*crs)“ kol f

6o mn(x;’))zo mpu [ #k .

[Micns eneMeHTapHUX NEPETBOPEHD OJCPIKUMO:!

jlf//,ik(x)dx

K = Wﬂi . (7.145)

MoxHa OTpuMaTu Toumimy (GopMyny Al oOUHCICHHS K,f;") riopisusso 3 (7.145).
O6YHCIMMO YHCEIBHUK IHTEIPYBAHHIM YaCTHHAMU

b 5 2 200 & :
[ = 0;(d __ 00" [ en(I0,(pd

ol i -
’(x—x,) X=X . X=X,

_op@)_0,®) | 2} 0,(X)w,(x)

a-x, b-x, x—Xx,

O6umcaumo sHaueHus o (a) Ta o’ (). 3a popmysoro Jleibnina

& - A
0,0= g S emarcenrl S e arls |
3BiaKM BiApa3y OTPHUMAEMO
_ n(n) n
o= Loy = 5 - a)'
wn(b)“—fn(b- a)' = (rnt)” (b-a)*.

(2n)! (2n)!

Taxkum YMHOM,
0,(@) _0,(b) _ (n)* (b - a)Z" 11| ) (b -a)”!
a-x, b-x,  [em] boxe—al] (x,—a)x -]
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UpncellbHI METOAH B KOMIT IOTEPHUX HAYKaX

@,(0),(x)

X=X

Jlami ¢ 3ayBaKHTH, IO € MHOTrO4JIeHOM cTreneHs 27-2, Tomy KO €

TOYHORO:

K&l of = f w2 (x)dx

3s1aKu Maemo (7. 143).
Teopema 5 (npo noxu0ky ksagparypsoi ¢opmyan Iayca). Sximo v HKLIA
1 eC™([a.b]), To noxubka 0GUHCIIOETHCA 32 (POPMYIIONO:

(no“(b—a)”""
T len el -ayd -

12K [a) (x ]Z

@' ¢ - ay™
[em)f 2n+1)

AC §E[§1’§3]7 é’l :inf{xi(n)ai:m}r ‘:L" = {x‘(m 177}

. , - \ o a+b
Hacainok 4. Kopeni pismsiHHA @,(x)=0 CHMCTPMMHI BLIHOCHO X = - 5 T100TO

R, (/)= [, (7.146)

(H—b l(n) x

s I =11

. . a+b
Josenennst, Y muorowieHi ¢,(x) MPOBEAEMO 3aMIHY x:-3—+ v .. Onepsxkumo

m |, (b-aY] L
p,(V)= —'—fLy - J . A ne osmasae, nio @,(x) CHUMCTPHYHMH BIAHOCHO

a+b
x= ; TO6TO KOpEHI @, (X) =0, CHMETPUYHI BITHOCHO LIEI TOUKH.

Hacaigox 5. Koedimientu K@ Tayca cuveTprdHi BiHOCHO cepeaunu [a,b], To610
KW=K"  1=1n.

n-i+1»

(n) o (n)

Josenennst. TIpoHyMepyEMO KODCHL B MOPAJIKY 3POCTAHHA. X <..<xm

Toxi  (x” —a)(x” = b)), (")) = (5%, —a)(x. —B)@, (x%))“ T06T0
ONEPKMMO TBEpUKEHHA HAcmiaky 5. koediuienrn mu f(x”) i f (x"..)) 6yayms
CmBl'la}_[aT]/[.

7.12.4. 3actocyBaHHsa ¢hopmynu layca

Oaepxani K@ snepme suuaiimos [ayc, ToMy # HasBaHO iX KeéaopamypHumu
gopmynamu { ayca.
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Pozain 7. UrcenbHe 1HTEIPY BaHHI

b i o
[ rGode=Y Kf () +R(E). (7.147)
u i=1 .
a+b b-a .
3aminHa x=2 5 —+ 2«7-71, nepeseae [ab] y [-1,1], Toni xeamparypha Qopmyra

MaTHUME BUITIAL!

1
. 2(nt)
Nde= > Kf (x)+— ———— f(£). 7.148
jl S =2 K () 5y /) (7.148)
ae K =2K".
Mpukiiaa 7.4. To6y ayBar kBaapaTypHl Gopmyu i PISHHX 72.

, ¢ ~ 1
Pose’sox. 1. Slxuwo n=1, 10 x" =0;KP =2:R :;fm(,f), a Ue O3Havae, Mo

kBagpaTypHa dopmyrna ['ayca ans 0AHOTO BY3/1a Ma€ BUITLAL j f(x)de=21(0)+R(T).
. -1

2. Sxmo #=2, To —x?=-x{"=0.5773502691896258; Kf?-?:Kg”:l;

R = L 79(£). a sianosizma KO: j 7 = 20K 7y + K 1) |+ Ry
-1

3. Sxmo #=3, o —x =x{ =0.7745966692414834; x{¥ =0; K{¥ =K =2
: 9
K = g; R, = ﬁ%O £9(&) Ta sinnosiana KO:
1
[ o= 2l 42+ K9 681+ KPS| Rt
]
4 Sxmon=4.10 Ry=——- [P(£) Ta

3472875
P =xY =0.861 13631]5940492 —x =x" =0. 3399810435848646 ;

K9 =K = 01739274225687284 K<“> K =0.3260725774312716 .

Jam ans n => 5 MOXKHA 3ardcaTH KOr ayca, sk 1 sarmcaHo aas #=1,2.3

64
5. Stkmio #=3,10 Ry = ———~ 0y, 0 =0, KP=""ra
0 R = eso ) &) 225

= 5 =0.9061798459386640 ; —x” = x =0.5384693101056830;
K{«” = <*> - 0.1184634425280945 ; K& = K{¥ = 0.2393143352496832 .
1

6.5 =6, R=— (12) £
o n = 6,10 Ry = oo ianeiso (c) ma
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YuceipHi METOJH B KOMH’IOTEDHHX HayKax

@ =% =0.932465142031520; — x{ = x{ = 0.6612093864662644 ;
x5 =x{ =0.2386191860831970 ; K(® = K <°> =0.0856622461895852 ;

K5 = K® =0.1803807865240693 ; K{ = K“’ =0.2339569672873455 .
2 5

Mosxwna nosectu mobyzosy K® Tayca. 3ayBamumo, mo By3au Ta koediLieHTH
HAJICXAaTh JOBLIBHIM f{x).

7.13. KsagpatypHi popMynu umcenbHOro iHTerpysaHHs
YeOuwona

7.13.1. NocTaHoBKa 3aaaui

Hexaii sHauenHa {f(x;). i=1,7} 3HaXooWTbCA INJ BILTHBOM BHITAAKOBUX MOXHMOOK

n
(HarpuxIaz, OApepKy€eMO ix 3 ekcrepuMenty). Tomi Bupas ZKi F (™Y 6yme mamn
i=1
HaiveHy sumagkoBy noxuOky amt Ki=K,= ... =K, = K. B 3p'aky 3 1mm,
[1.J1. Yebrmos nocrasus 3axauy nobyaysatu KO surnaay

1 n
[rea=KY 1)+ R, 1), (7.149)
| i=]

To6ro smaittu {x.i=1n}e[-1:+1] Ta K Tak, mob vy ¢dopmyi (7.149) R()=0, xonu
Sx)=P(x) 1OBLILHKI MHOTOMJIEH HAMBHUIIIOTO CTETNICHA 7'
P(x)=>dx’ (7.150)
j-0
" i =1,n} €[~1:+1], To6T0 BebOTO (ntl)
Hesinomux. Toai cremins f{x) e MeHumit #2. [Tiacranoskoro (7.150) y (7.149) ogepacunmo

Zd jx’dx KZ;d [ 1( “'ﬂ (7.151)

ae d € R. JliicHo, MaeMo mykanui K i Bysnu {x,

TToznauumo
1
m, = ijdx. (7.152)
-1

Hst j=0: my, = K*n, a 3Ha9uTH
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Pozain 7. YuceapHe 1HTEIDY BAHHS

. 1
m ,
K:—O,am(,:j'dx:z. (7.153)
: n
: 5
pupiBmoouM KoC(IieHTH Mpu HesiaoMMX o), j=1m, OyJeMo MaTu HACTYIHY

CMCTEMy HETiHIHMX PIBHSHD BiAHOCHO By 37iB KBapaTidroi popmymu {x”,i = 1,n} mpwm

=M T, 7.154
#= (7.154)
25" =
i=1
n (’1)

x = 4,
Z[ s (7.155)

Ozepxanu CUCTEMY HENIHIMHKX PIBHSHD U151 3HAXODKCHHS BY3/1iB {x;*”),i =1,n}. Anc

LIt CHCTEMA BIIHOCHO {xf"),i =17} PO3B AIYETHCA CKIATHO. 3AIPOTIOHY MO 1HIIMH HUTSEX

IHAXODKEHHS BY3/IB KBaApaTypHOI HopMy .

7.13.2. MeTtoa YeOulOBa 3HAXOMKEHHSA BY3NniB
KBagpatypHux popmyn
Teopema 6. {x",i=Ln}e[-1:+]1] BH3HAYAIOTLCH SIK KOPEHI MHOTOYICHA 7-OTO
CTCIICHA
o, () =x" +bx" b b, x+b,, (7.156)

ne b1 BuzHAuaOTh 3a Popmynamu (7.161), (7.164) (aus. Hokve).
JoBenennst. 3a ospaucrusam {x i =1,n} e [~1;+1] € aliicHuvu, Toai @,(x) moxamo
y Burnam A06yTKy aBOWICHIB 3a TeopeMoo Biera v
@, (x) = (e = x™)x - x{)...(x —x7) . (7.157)
3uaiigemo b,,b,,...,b, ,,b,. [oximxy @, (x) 3a(7.156) samucyemo y BUrmiAl

@, (x)=nx"" + (n=Dhx"? + (n=Dbyx" " +..+b,. . (7.158)

Inaxime noxigsa @, (x) 3 (7.157) mae Burnan
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YwcenpHi METO/M B KOMH’IOTeDHHX Havkax

n
0,(x)= Y = D By XX (By + B+ (7)) +
jo= i=]

tot (B by X 4 (YT (XYY = x4 (b m)x R+ (7.159)
+(nby +mb, +m)x" > + .+ (nb, | +nb,_m +..+bm, ,+m, ).

[MpupisHioemo BiarosiaHl koediuientu mpd x v (7.158) 1 (7. 159). Toni onepxmmo
CHCTEMY JIHIMHMX anreOpaidyHUX PIBHAHD IS 3HAXODKEHH b; mpu j =17
(nby + 14 = (n=Dhy, ]
an2+bl,u1=(n—2)b2, '

r. (7.160)
{nbnl Bttt O sty =0,
83:1%119%
bl =—H
ho=_teTHA
: 2 . (7.161)

by =by oty by, S+,
3nainaemo b,. Saysaxumo, o 3 surasay (7.157) maemo
@, 40, I+ 0,(xP)=0. (7.162)

Bpaxosyrouu suriaa o, (x) 3a popmymomw (7.156), MaemMo 3 noncpeaHbOI piBHOCTI

nb,  +b, oy 4. b, +b, =0, (7.163)
3B1aKH 0OUUCTIOEMO
bn — Hy +blnun~—1 +"‘+bn—1:ul ) (7]64)
n

TakuM 4HHOM, OTPHMYEMO Tak 3BaHWH MHOTOWICH UeOMIIOBa, 3 4KOTO 3HAXOIMMO
BY3IM KBaApaTypHOI PopmMyIn.
7.13.3. Nobynosa kBagpatypHux hopmyn YebGuwosa
3ayBaxumo, mo 3aaumkoBui wieH KO YeOumosa oaepiky €TeCA JOCTATHBO CKIIAIHO,

TOMY HaJani OyAeMO 3aIUCyBATH iX BUIIAA 063 TOBEICHHS.
Hpuxaan 7.5. [Toby aysaru xsagpatypsi hopmym Yebuiuosa ans pizHUX A.
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Pomirl 7. 1Il»lce;n»ﬂe 1HTETPYBaHHS

Poze’szox. lna n=1 maemo: x=0 npu I f(x)dx Kz f(x‘"))+R (f) dopmyna

Ci-]

UeGHmoBa Mae BATTLLL: [ F(0)dx =210+ R (F), k= J‘ dx=2, R, (f) =3 Loy
’ A ,
n=2: xﬁ—ézo, X =x» =0.577350, Rﬂ(t)_ f‘4)( ),

j Fee =27+ 0]+ 1)

°

n=3 x3—%x:0, K =0, —2? =20 =0.707107, RD) = O,

I Fede =2+ 16+ S 1O,

Oucsuana 3a aHanoriero #=1,2,3 gopmyna Yebuwmosa s #=4,5,619

n=4: x* —i x*+ -4-15 =0, -« =x{Y 20794654, —x¥ =x{" =0.187592,

R4 (t) T AeAs

42525 19®, j [ (x)dx = 2[f(x“>)+f(x"“)+f<x§‘“)+f( M@,

42525

5 )
n=5x -2 =0, —xP =x{=0832498, x{” =0,-x" =x{’ =0.53846,

6

s 10
ks(®)= 544320}r )

jf(x)dx Lrr e 1G0Y F)+ 160+ S 7).

n=6: x5~ tx=0, ~x® = x = 0866247, 5\ =x{" =0,
5 ,
—x{® = x{¥ =0.661209 ,

[ e =27+ 100+ 76+ 76+ 16+ 16 R,

n=9: x’ 0 3, 2,5 3T s, 2217 2217 x=0, —x® =x§7 =0.866247911589,
27 407 5607 22400
—x? = x® 0528762, —x¥ =% =0.167906, —x{” = x{” = 0.601019,
281 74747
R L Lor (8) £y, R.(f e (10)
()= 1959532000f ©), K= 3657830400f ().

Haseseno 03 JOBEAGHHS BAKIHMBHHA DE3y/lbTaT NPO [HMCHI KOPEHI MHOIOYICHA
w,(x)=0.
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UrcennHl METOIH B KOMII IOTEPHHAX HayKax

Teopema 7 (reopema C.H.Bepmiteiina). Muorowten ,(x)=0 musn =8, n => 10
MarOTh KOMIUTEKCH] KopeHi. Lle o3uauae mo susHavarn KO HemoxmBo.

7.14. 36ixHiCTL KBagpaTypHUX hopmyn

3a monepesHIMM MIpKyBaHHAMH OyayroTh K® mns obumcicHHs BH3HAY4CHOTO
IHTerpana

b
szf(x)dlen(f)m(f), (7.165)
L= K 1), (7.166)
izl
a R(f) noxubxa KO
REY=1-1,(/) (7.167)

€ TIOXUOKOIO METOAY YHMCEIBHOTO IHTETPYBAHHS.

[ eC(la,b]) mae micue
b
lim /() = j f(x)dx . (7.168)

Ilpu Ttakomy mpoueci MaeMO CHpaBy 31 37IYCHMMHM TPUKYTHHMH 3HAYCHHAMH
koe(iLIEHTIB Ta BY3JIB KBaApaTypHoi (popMyIm:

KY 0o . 0 PO ) B |

1 1

K@ KP 0 xX@ X0
K=< . e opma X =< L

K® KD KW X xm xm

Busraummo, sixi ymosu HeoOxiaHo HakmacTi Ha K Ta X, mo6 BHKOHYBanacs piBHICTH
(7.167).

Teopema 8 (npo neobxiani Ta nocrarai ymosu 36iknocti K®). Ilns 1 < C([a,b])
kBaapatypsa Gopmyna (7.167) 36iractecs 10 iHTErpasa Toi 1 TUIBKH TO:

1) xBaaparypua Qopmyna 36iraerbes i Oyab-axoro mMuorowieHa P(x) npu ne N,
TOOTO

b
lim 1(f)= [ /(). (7.169)
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Pozaia 7. UncebHe 1HTEIDY BAHHS

2) s Ve N
ZéK{’”!sM, M>0. (7.170)

JNosenennst. JloctaTHicTs 6a3y€Thest HA HACTYTIHIH TeOpeMI Beitepurrpace.
Teopema 9. (Teopema Beiiepurrpace).
feC(a,bl), s >0, P(x)- f(x)| <&, xe[a,b]. (7.171)

Josenenns. [ocrarnicte. Hexaii BukoHyerses ymoBu 1) 3 Teopemu 8. Jlosenemoe
ymoBy (7.168), sxka osHauae, mo ana & >0 icHye Take n€N, IO BHKOHYETHCA
HEPIBHICTD

b
:j’f(x)dx- I(Py<s. A

JloBe1eMO 1IFO HEPIBHICTH. € 3p0O3y MMM JIAHIFOKOK HEPIBHOCTEH

b b
I-1,(/)=[(f = Pdc+ [ Pdc—1,(P)~1,(/ - P). (7.173)

j S (x)de~ 1,,<f)l

(x)- P()) dx\ j P(x)dx 1 (P)

1 ia

(7.174)

+|1,,(/ -P)< gl[b —a]+¢: +eM.

Hisicro, 3 (7.171) suruiuBae, wo Ve >0 icHye n,€ N Taxe, wo mpu #n>n,
BMKOHY€ThC

b
j P(x)dx~1,(P) <&, (7.175)
|
a 3 TiHIMHOI CYMM MaeMo
I1,(f =Py < KD () =Py s M (7.176)
i=1

Heobxiguicts. Hexait suxowyetscs ymosa (7.168). Jlosenemo (7.171) ta (7.172).
HisicHo, a1 6yme-saxoi f € C([a,b]) icuye P e C([a,b]). 3posymino mo

Lip) =Y K" =M (7.177)
. i=1

Bisbmemo aesiky 3 noOy aosanux dyniii { @, (x) }, Ans ol
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JuceapHi METOJH B KOMIT IOTepHHX HavKax

ggxgoln(son,)=i¢nl (xds. (7.178)

Ane 3a BractusicTio 3) dyHxuui { ¢, (x) } Maemo:

|5 {
j.gonl ()i <b-a. (7.179)
a i

Hani 3HatineTscst Take 7, >, , wo M > 212 . Posrnsnemo ¢yHkiio

wa(x) = %_ﬂ{) " g”"zfx) , (7.180)
siKa € HerepepaHoKw, OTke,
lim [ wn,l'( X) . (x)J j’[%l ® o (x)}k (7.181)
j’{@%ﬁ?) . %22 fx)}d;; < G' " %)(b —a)<(e-1b-a), (7.182)
TOMY 3HAUACTHCH Take N, mWo A1d 7 >N‘ MaTHUMCMO
E { AN g""z(z} <e(b-a). (7.183)

Hani suaiizemo Take ny >n, >n >0, mo M >3B. TIponosxkyemo: Hexail 3HaiaeMo
N> 0. Toat icaye #> N Ttake, wo M > (m+1)(m+1)!. Tlobyayemo ¢ynxiio

v =D @ e, 0 (7.184)
I 2 (m+1)!
sika € HeriepepBHOw0. OTxke,
b
tim 7,y.) = [ W, (¥)dx. (7.185)
¥ 11 1 .
J' Vot (I <| 3+ 4t oy PO <D= (7.186)

3HOBY 3Hax0oauMO N Take, wo a1g 7> N MaeMo ]I,, (u/mﬂ)} <e(h - a) i mpomoBIKYEMO
noOyaosy fam. Takum YUHOM, OAEPHKHUMO PsI
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Po3sain 7. YucenbHe 1HTeTPYBaHHI

2 0 e, (78
I 2! (m+1)‘

Leit psa piBHOMIPHO 36iraeThes, a OTKE, HOTo cyma € HeriepepsHOw. [losHauumo ii
uepes f{x). [Togamo fx} y Burssai

k-1 o
f(x) &7(‘5:') qonk \_ ) Z (pnl (x) ‘

- (7:189
~ 1 k! _(v : )

i=k+1

[pu oMy KO, sika noby zosana aas fix) surmaay (7.189) sanosonbhse PiBHICTS

(e ™) (e ® (& @, ()
1, (NH=1, (Z} . J . (MWJJ}F 1, Li;——}f). (7.190)
Jlasi owirumo koxee 3 fogankis y (7.190). Tak sk n>N >0, 10
k-1
I, LZ q”*f )}‘fe(b a. AT
| i=1 n J

3ayBakMMO, IO OMEBHIHMH TAHLEOKOK HEPIBHOCTCH

|
|

?, (x)i 1 I 1 Lo,
\Z L ks Z i @Jii(“l?fz+(7c:2)(k435+“'}£‘ T (7.192)

li=k+1 - i=k+1 !ifl ! ‘

Ink( i o @-J\ < *lM : (7.193)

!
IRV

Hani KO sia cepeanporo aonaxka Oyae pisHa

, ‘ Y
1, iz (i)\ =2t (7.194)
A R 4 v
CriBCTaBIsHOMM CIIBBIIHOIICHHS, OJCPIKY EMO
Y Mo s 7.195
R e A O] A0
Ane M > klk, Tom
1 1
Vel — ——— | — (
Ik(f)>k./»(k| k'k) elb—-a)-k—-1-e(b-a). (7.196)

Hacuizok 6. Jlosecty, mo ksaapatypHa ¢popmyna Fayca sbiraerecs. Cria nepesipury
ymoBu Teopemu (7.172). Hidicro, (7.171) Mae micue B Culy TeopemH 2 (MHOTOWICH
o,(x)g, (x) crenens 2n-1). Slxmo B (7.165) B3su fix) = 1, Tomi KO 7,(1) € Tounoro.
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YucenbHl METOH B KOMIT IOTEDHIX HayKax

- Hacninok 7. Yu 36iraetecs xBagpatypua (opmyna Huororona-Koreca? Moskua
n '
CKa3aTH, WO YMOBa ZEK}”W <M He BUKOHYETBCS.
i=1
Haciinox 8. Jlosects, mo keagpatypuumii mpouece UYebumoBa He 36iracthes.
Iuranms opo 36bKHICTE He MOXHA CTABUTH, Tak 5K Tpu 71 = 8, 1 > 10 He icHye hopmy.
3aysaxenns 8. [lpo BukoHaHHA KBaApaTypHUX (POPMY L.
1. Sxmo fx) sanana Tabmuuro, To BUkOpHCTOBYIOTH (opmyan Huomotoma-Koteca,
layca.
2. Slxmo f{x) 3a1aHa rpadiuHO a6o Mae BUNAAKOBI TIOXHOKH, TO BUKOPHCTOBYKOTHCS
dbopmynu Yebumosa

3. Sxwo flx) mManoi rmazkocTi, TO HAUGLIBII MPaKTHHHUMEK OVAyTh V3araabHEHI
dhopMy M NPAMOKY THUKIB, Tparewii, CiMncoHa.

7.15. YucenbHi MmeToam o6UMCNEHHS KPaTHMX iHTerpanis

Hexait ans dymxuii »-smimmmx  f(P):R” — R' Busnaucno » xpatHmii interpan

I1(f)= HI S, %.., %, )dxdiy. d, . Tomi MoxHa BuBECTH, Tak 3BaHi, KyGaTypHi
G

hopmu

1) =3 K F(PY+R, (/). (7.197)
i=1

ae B.P,..BcG, P=(x"xP..,xP)eG ~ citka sysnis xybaryproi (opmymw;
R,(f) - samvmukosmit wiem kybatypmoi dopmynn; {K,}, i=ILn - xoediuieHt
KybatypHoi (opMymu. 3ayBakumo, WO pPOITAAZAOTHCH (BYHKLE 0OMeKeHi, To6TO
J(P)y<MB GcR". Meroamxy oOOGYMCTCHHS A-KDATHUX IHTEIPATiB MOKAKEMO HA
004MCIICHH] ABOKPATHOTO 1HTErpany.

7.15.1. MeTOoAN NOBTOPHOIO iHTErpyBaHHA AN

ABOKpAaTHOTO iHTEerpyBaHHA

Kparsi iHTerpant o64HMCIO0RCA NOBTOPHMM OGMMCIEHHIM TBOKPATHHX iHTCIPAB.
A obuncrenHs OIHOKPATHMX IHTCIPATIB BMKOPHCTOBYIOThCH (hopMynn HbroToHa-
Koteca, Nayca, Uebumona. Hexaii

1= J’ j £ (x, y)dxdy . (7.198)
G
G={x.»)eR%xelaplyelc,d] (7.199)
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Posaia 7. YucenpHe inrerpyBanns

J € C(G). Toat Bigomo, Mo

b d b
I={ecf rx, vy =[ Py, (7.200)
d
F(x)= I(x, y)dy . (7.201)

3actocyemo, Hanpuknaa, hopmyay Cimricona ams obuucacuns [ = IF (x)dx :

a

1:}’; (['(a) 4141~i?1) F(b)jR,(F), (7.202)
— 5 —
R(F) =L S pog - O ;’3 B L6:gy -
A (7.203)
_(b-a)’(d-0) '/, m)
2°.90 o

ge §e(ab), neled).
Hani Buxopuctaemo opmy i CiMncona aas o6YHCIACHHS iHTerpany

F(x)= j(x ,v)dy—~~~{f(ry)+4fL ]+f(x d)]m (). (7208)

d .
O O e RV e Ll a9

Axmo macrasuru (7.205) y (7.204), To MaTuMemo

/= bgi’ﬂf{f(a o)+ fla.dy+ f(b,o)+ f(b,d)+

! 4[f(a+b ’c) ' f[jé d] f( C"Ldj + f(b, ctdﬂ +. (7.206)
2 : '
16 f(‘if.l_’_ Ejéd j LR( f)}

Lo noxubky MoxHa oaepskary 3a popmy:oro Cimrcona, ae
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UricenpHi METOJH B KOMIT KOTEPHIX HayKax
b=y d-0) 3" f(&me) (B-a)d—o) & f(E,m)
2°.99 ot 2°.90 ey’

(b-ayd-c) Ff(E,n)
210 .902 5x4av4 '

R(f)=
(7.207)

ne & e(ab), ne(e,d),i=072.
Lo moxubky moxHa omepxkartu 3a Qopmynoro CIMIICOHA Ta TEOPEMH MPO CCPEAHE
3HAYCHHSI.

7.16.2. MeToa 3amiHu nigiHTerpanbHOT PyHKUT
iHTepnonAuitHUM MHOTOUYNEHOM

Hexait motpi6xo o6umc;1uru

I= j J’ £ (e, v)dixdy . (7.208)

Ha f(x,y) nobyayemo IHTEpONAIMHIMIA MHOTOWICH TaKUi, IO

S y)=Lix, y)+ R(x, p), (7.209)
L{x.y)= Z Sy (x,y) . (7.210)
i=1

‘A MHOTOYJICH L(x,y) He 3anexwrs Bix f(x,y) 1 BOIOJIE BIACTHBICTIO

rl? I = j;
L,(x;,yf)ﬁo iy (7211
N
I= jf 1 (x, v)dxdy ~ H Lix,y)dxdy ="K, [(x,,3,), (7.212)
G G i-1
K, = HL,-(x, V)dsdy . (7.213)

Hmst npocroi obnacti G obumcnennst {K,}. i=1,7, He BHKIMKAE OCOBIMBUX

npobnem. Posrmanemo mobynosy kybatypoi (opMynMm mis BMIIALY MPAMOKYTHOL
00:1aCTI IHTErpyBaHHs. PO3ITIAHEMO CITKY BY371iB, KA YTBOPKOETHCSA HA TICPETHHI MPIMHX
) b-a .
x,=a+i-h, h=——; i=0.n
n
. (7.214)
d-c —
yy=c+ldy I=-—=1 j :O,mJ
m
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Po3ain 7. YucenbHe inrerpyBanns

3a citkoro (7.214) Gyayemo iHTEpriOnALIMHY rbopmyqy Jlarparka anst QyHKINM IBOX
aminumx [ :[a,b]x[c,d] - R':

: 0,00,
Sy = Zojzof( ) G e e () () (7.215)

+R(x»J’) = L(xzy) +R(x7y):

,(x) = H(x %), 0,() = H(y ) (7.216)
=0
Iurerpyemo dopmymy (7.216) no mpamoxytauky (@ < x<b,c < y<d), B pesyasrari
OJCPKUMO
” S (x, y)dxdy = ZZ X%, ¥;)+R(f), (7.217)
=0 j=0
: o, (x) q @, ()
Kij.z.[ ,,,,, n (%) dx.J’ mY gy, (7.218)
" (x—x)o,(x;) A y-3)o, ()
bd
R() = [ [ Rz, yyaeay (7.219)
K, =@®-a)d-o)I5" -1, (7.220)

me I A (m:D _ koediuient popmynu Heiotona-Koreca BIIKPHUTOTrO THITY.

OCKJJIBKH rioxu6ka iHrepromsiuiiHoi Gpopmym Jlarparwxa R(x,y) Mae Buraszx:

R(x, y) = @, (0) f(%:%0: %55, V) + @, (V) (6 Y3 Yoi Wsenns V) = .
(7.221)

_a)n(x)(‘.’)m(.y)f(x;xo;xls ) nay7.y ay]’ 7.ym)7 R T
TO micis inrerpyBanhs (7.220) no mpsiMokyTHil obnacTi (@ < x<b,c < y < d) oxepxumo
B noxubku R(f) xybGatypHoi dopmynu (7.217).

3ayBaxumo, mo Qopmyna (7.204) e wacTuHHuM BumaaxkoM Qopmymu (7.220) s
n=m=2. [lna obumcicHHs iHTerpanis Bemukoi kpatHocTi (6itbmie 3) mpu noxmbui 6ims
15% MmMpOKO BUKOPUCTOBYKOTE METOAM CTATUCTHUHOTO MOICTIOBAHES.

Teopema 10. Jina cirkw Bysmis (7.203) dymkumiro f(x,y) MOXHa mojaTtd 3a
JONIOMOTOKO 1HTEPTIOIALIHHOrO MHOTOWIeHa Jlarpanska (opmynoro (7.216).

Hosedenns. Uykatu L(x,y)y (7.216) 6yaemo y Burnsmi -

Lx,3) =23 [ y)Ly (x5, ), (7.222)

=0 j=0
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YucennpHl METOH B KOMI IOTEPHHX HavKax

L i=k,j=1

S '(7.223)
0, i#k, j2l.k=0,nl=0,m.

Lr’j(xkv.yl) :{

Lle BumuMBae 3 ymosm iuTepmnomosaHua L(x,,),) = f(x,,y,). bvaemo ykartu
L;(x,y) y Takomy BUTIIATL
Ly (5, 9) = L)L), (7.224)

e L;(x) — muorounen cremenst #: L, (x) = A(x—xy)..(x —x_)(x—x,,)..(x—x,), ana
AKOTO

Li(x;)=0,i#j,L(x)=1 (7.225)

1
Agse 3a ymosoo (7.225) maemo A = S

AQx, —xy)..(x; = x,,.l)(x,f - x;x)i(xz —);,;) ’

L= (7.226)
(x - xi )mn(xi)
AHIOTIYHO 3HAXOIUMO
L= W) (7.227)
\y - yi )a)m (./Vz‘ )

Toxi 3 (7.224) 3a ymos (7.226) i (7.227) dywxuis (7.216) /€ R* uabyme Burmsay:

fan =3 [y ®e, () L R(x, ¥). (7.228)
i J

(x=x)(y -y, (x Yo, (v )

7.16. KOHTPONkHI NUTaHHA

JlaifTe BUBHAYCHHS TTOHATTIO YUCENbHO20 IHMEZDYEAHHS.,
SIki 0cOBIHBOCTI YHCENBHOTO IHTErPYBaHHS QYHKLIIH?
3anuIniTe V3aeanbHeHy QOpMYIY mpaneyii.
['padiuna inTeprperauis GopMyTd IPAMOKY THUKIB,
['padiuna inTepiperauis Metoay napaSon (Cimricona).
. Jlnst goro nipusHadeni kyGarypHi opmynu?
B gomy cyTb MeTOny KOMIpOK?
3anuunTe KBaApaTypHi GOpPMYIIH HAUKPAIIOTO CTENCHS TOYHOCTI,
Uu MOXHA 3aCTOCOBYBATM METOA TOCTIIOBHOrO iHTCIPYBAaHHA A0 o0OmacTi
J0BLTbHOT (hopmu?
10. B yomy monsrae iges no6y 1osu keaaparypaux gopmyn [ayca?
11. Copmymoiire Teopemy [ayca.

SR D

Ao Sl B
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Posaist 7. ucenbHe iHTErpYy BagHs

12. Copmyrmoiite TeopemMy mpo Bubip koediuieHTiB kBaaparypHoi dopmynu ['ayca.

13. Onumite Meton Yebuiumosa 3HaXomKeHHS By 3B KO.

14. Cdopmymroiire TeopeMy npo HEOOXIAHI Ta JOCTATHI yMOBH 36DkHOCTI KD,

15. B sixomy BrImaaxy BHKOPHUCTOBYIOTH (hopmyu Heororona-Koreca?

16. B sikoMy BHIAAKY BHKOPHCTOBYIOTE (hopmyau UeOumona?

17. lns axoi yHxii HaHOLIBII MpaKTHYHMMHK OyAyTh y3arambHeHi (opmysn
NPSIMOKY THHKIB, Tpanewii, Cimncona?

7.17. 3apaui Ansa camocTinHOI poboTu

(n)

1”1’

Ipuxaan 7.17.1. Cxractu Tabmumo ans 1, =0,2<n<S5 (IK® 3a1<pmofo THITY ).

Tabmus 1 Ymosa 3agaui 7.17.1 (m=0, IK® 3axpuToro tumy)

Ne|m |m I M|m|n 7

T P e

2 10 }2 ]1(%} >I(2) 4 {0 |4 ]1(%) . 1543 313(-2))’ 1(4)
AmnanoriuHo y Buraxy xkomu n==k, oyne 1(](? I go’ ,]g(ko) N b (k) mpu k<n.

3agaua 7.17.2. Cxnactu tabmamo: [, m=1, 2<n<35 (IKDO BiakpuToro Tumy).

1m7

Tabnuus 3 Ymosa 3agau 7.17.2 n=0, IKD 3a1<pmoro THITY )
N |min ! Mim|n
1 111 ]1()11) 3 113 ]1(31) , I?}) , 1(3)

2 2 g2 4 4 4 54 4
2 1 11(,1 =12,1) 4 1 ll(l>> 1&1)’131), 1( )

Awanoriyno 'y Bumaaky komu n—k Gyme I} (k) IS"'O) ,121‘3 . ],ff‘g mpu k<n.

O6umcnumu koedinientu IK® ana n=5, m=1, i =15 1a n=6, m=1, i=1,6 i pesynbrar
3BECTH B TAOIULIFO.

3a:1alm 7.17.3. OrpumaTy HacTynHl GOPMY T HAGIWKEHOTO 1IHTEIPY BAHHS

a) I«]l x% f(x)dx == Zf(cos]sin’ﬁﬂ

7

1
1-x 47 2k . 2kw
b) j; o J(x)dx - ; / (cos nﬂj sin

f(x)dx (2z+l)7r
o [T )



YricebHi METOJH B KOMII  JOTEpHHX HayKax

n

) jw/xa e 73 g cost B Jin? 27

n

e) I ;)f»f(x)dx ~ —EZ f(cos2 ;5) sin 27 .
2 X n o n

" f)  3naiiTk 30, TMIUKOBI WICHH.
3anaua 7.17.4. Ilokazath, wo (bopM\ na

[ 2+ 2-42

ferie )dx~———3—f<2 D)+ —f(° JE).
0 .
JlaTi TOYHE 3HA4CHHA, KO / (X) — MHOTOWIEH CTereHs He Olibiue 3.
3agaua 7.17.5. Ioxasaru, mo dopmyia

_ze‘xf(x)dx . fH— \/2] +41(0)+ f(@J .

JlaTu TOUHE 3HAYEHHA, AKIO / (X) — MHOTOUWIEH CTCTICHs HE Olibiue 3.
3azaua 7.17.6. O6uucIUTH HACTYTIHI imerpaﬂn

Vopd Vg Y plen, D e,
0

1+x Ol+x“ 0 1+ x* x
Dora DL 2 o0,
1+x jAln-iC{bc, ? 1+x ’
X §}
0

3 TounicTio 107 3a aomomoror Habmxenux (opmyn Tpaneuid, Civricona, Yebuwosa
(&5), I'ayca (&4).

3apaua 7.17.7. Bei Hym mHOrOuYNTeHa a)n(x):—g;; [(x -—c)"(d—x)"] € ALACHUMH 1

isHnMu X\ € [c,d] (nepeBipuTH NOCIA0BHUM BHKOPUCTAHHM TeopeM Po:ws).
: ,

3agaua 7.17.8. Oaepxatu xy6arypHy POPMYILY MPIMOKY THHKIB.
3apaua 7.17.9. Oaepxatu kyOaTypHy GopMyITy TparneLii.

7.18. 3aBgaHHA A0 nabopaTopHOiI pobGoTu

Hepumii  pisess., Hamucatu nporpamdy peanizamiio  BCIX  BHIUEHABEICHHX
KBaApaTy PHUX (POPMYT 715 HACTY IHMX (DY HKLIH:
L f)=x; 2) f(x)=4x"; 3) f(x):w/x3+r2,r>l.
Jpyruii piedsb. 3HakiTs aOCONOTHY 1 BIAHOCHY MOXHOKH OOYHCIICHD IHTCTPAITIB.
Tperiii piBens. Po3pobury anropurm po3s’ a3y BaHHs 337a4l 3TLAHO IHAMBILY albHOTO
3aBJaHHA Ta HATIMCATH NPOrpaMy. TexcT nporpamu mae OyTH 3 KOMeHTapsiMd. PesvibraTi
BUKOHAHHSI IIPOrpaMy MaroTh Oy TH 3 TIOSCHEHHAMU,
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Po3ain 7. UucenbHe iHTEIpY BaHHS

7.19.BapiaHTn 3aBaaHHA (PiBHAHHA ONsi PO3B’A3yBaHHSA)

InjuBiny asbHi 3aB1anHg 10 1adoparopuoi poboTn

Ne papianra IlipinTerpanpua ynkmis fx) a| b &
1. 3%V sin(20x") 0 | 15| 0,001
5 2770990 2x% 4+ 0,12x + 0,83)° 21 2 o001
3 1g3(0,1x)3 X" + 0,1x° + dx 21 3 {000
" 200,016 + x* log, (x* +2) 012D | 5 | 25 | 0.001
5 cos*(0.1x")(0,1x" +*'x* =3x? 410) | o | 1.5 | 0,025
6 In*(x* +2)((0,2%)"" +4x° =3x>)cos’(10x) | 2| 3 | 0.001
7 arcsin(0,1x*)(2° Fx* + 0,012x'%) 211510025
3. 7 5in® (%) (7 +3x% + 2)° 313 | 00

X 46x® -7k +8x7+8 . s

9, x®+8x* +12x° +8 sin3™) -1 2 | 001
10, 63 mEOID (7 66 L 725 4357 1) 2| 3 |ooo1
1L 7mE035x + 045" 0,012 +0125) | 1| 4 | 001
12 logs(0,001x" +0.4x° + D01 +25x) | 3| 3 | o1

13, 1g(cos® x+ 1)(x'" +0,1x* +1) 2125 002
14, 2x1%e7 4 cos (2x*)log, (x° + 0,15) 015! 001
5. (2,257 + 11 2x + 1,83)8 20" 012 20 2 | 004
16 c1g* (0,15x)3/0,01x' + 0,Lx* + 4 2| 4 | 005
17, 27D (61 4 Jog, (x5 + D)t - 0,12) 2125 o

18 cos?(0.2x}015x" +e* x* ~3x" +1) | o | 15| 005
19, log, (x* +2)(6x'" +4x> =3x* + Dsin*(10x) | 2 | 3 | 0,054
20. lg4 (sin4 X— 0,5)(x12 +31x° + 1) 2125 002
21 12(0,001x® + 4x* +1)(0,01x" +2,5x) 2] 21 00
2 77 (01352 0,462 - 0,126° +0,125) | 1 | 15 | 0.025
. 530t Mg 0L (9x" B L 735 L 3x 1) 21 3 | o001
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x4+ 6x° = 7x* +8x+8 PR

24, Tt e ey @) a2 | 001

25 8510 et (x%)(7x° +3x% +2)? a3 | 005

%. arctg(0.1°)2° +x* +0]12x%) 2| 4 |oo2s
27 *arceos (00x7)2% Fx? +0,0125x) | 2| 4 | 0025
28, 3x%e¥" 3 cos(20x%) g (x* +0,1) 0115|0001
29, 295099 (0 257 + 0,12 + 0,83)° 2| 2 ool
10 ctg (0.1x)30,001x® +0,1x° +4x 2| 4 |oooz
31, 23 (6 4 g (x* + 2)x* - 0.12) 2 |25 | 0001
30 sin*(0,2x%)(0,1x" + e x* —3x° +10) 011510025
33 In(x* +2)(6x° + 4x° —3x*)sin* (10x) 21 3 | o001
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AnppyHuk Bacunb AamoBuY — acucTeHT kacdbeapy «IHdopmaLifiHi cucTemm Ta Mepexi» IHCTUTYTY Komn'ioTe]
Ta iHhopmaLiiiHux TexHonori HaujoHanbHoro yHisepeutety “lbBiBcbka nonitexHika». B 2002 poui 3 Bia3Hakolo
YkpaiHcbKy akapemilo [pykapcTea 3a crnevianbHicTio «Komn'loTepHo-iHTerpoBaHi TeXHoMoriuHi npouecy Ta Bupot
Mpautoe Ha nocapi acucteHTa kacenpu ICM, Bege naGopatopHi 3aHsTTS 3 KypciB «Komn'totepHa rpadika», «Ci
aHanis», «MopenioBaHHs cknagHux cuctem», «Komn'lotepHi cuctemu o6pobku TekcToBoi Ta rpadiyHOi iHdgb
Mybnikye cTatri y ¢paxoBux BUAAHHSX, MPUAMAE aKTUBHY Y4acTb Y MiIKHapOAHUX HAyKOBO-TEXHIYHUX KOHG
BUCTaBKax Ta cemiHapax.

Obnactb HaykoBuMX iHTEpeciB — MaTemMaTMyHe MOAENioBaHHs, HernepepBHa Ta [nagka MiHIMakcHa
anpokcumaLyisi, koMn'loTepHa rpadika.

§ SRS G
Bucoubka Biktopis AHaToniiBHa — foueHT kadeapu «IHdopmalyiini cuctemm Ta mepexi» HY «/lbgiscbka non
Astop noHap 210 HaykoBux npalp, cnisaTop 3-x MoHorpadiit Ta 3-x HaBuanbHux nocibhukis. B 2014 p. 3
pucepraLjitdy poBoty Ha Temy «MeTogu Ta 3acobu onpautoBaHHsi iH(OPMAL|iiHUX PecypciB B cuCTEMax en
KOHTEHT-komepLyii». bepe akTuBHy yyacTb y poboTi MiHapoaHux koHdepeHuin (http://victana.lviv.ua). Yutae nekujii
Takux avcumnnin: «[luckpetHa matematuka», «MatematuyHa niHreicTka», «MatemMaTuyHa CTpYKTypHa Ta n
niHrBicTUKay, «YucenbHi MeToau», «ANropuTMisaLlisi Ta nporpamyBaHHs», «MeToau onpalyioBaHHsi NPUPOAHOT MOBY
nnarthopMHe nporpamyBaHHs Ta XMapHi cepaicu», «TexHonorii eneKTPOHHOT KoMepLii Ta IHTepHET-MapKeTUHrY», «T
CTBOPEHHS NPOrpaMHuX npoaykTis», «CCTEMHUA aHania», « TexHoNorii KOMN'IOTEPHOTO NPOEKTyBaHHs». HaykoBi it
CUCTEMU eNEKTPOHHOI KOHTEHT-KoMepLjii, MeTOAW OonpauioBaHHS NPUPOAHOI MOBW, MaTeMaTuyHa niHrsicTuka, N
TexHonorii, iHTeneKTyanbHi CUCTEMIU NPUAHATTA illeHb, TEXHONOrA NPOrpaMyBaHHA Ta CTBOPEHHS NPOrpaMHUX T
LUITYYHWIA IHTENEKT, iIHTeNeKTyanbHui aHania JaHux.

Maciunnk Bonopumup Bonogummposuy — npodiecop, AOKTOp TEXHIYHMX Hayk, npodecop kadeapy iHdop
CHCTEM Ta Mepex, IHCTUTYTy KOMN'IOTepHUX HayK Ta iH(hopmaLjiiHux TexHonorii HavioHanbHoro yHiBepcutety «!
nonitexHika». ATop noHag 200 HaykoBux npalyb, noHaa 10 MoHorpadii Ta 20 NiAPYYHUKIB Ta HaBYaNbHUX NOCIGH
POKY 3aXWCTUB KaHaMAATCLKY AucepTaLiio Ha 3000yTTA HayKoBOrO CTyneHs kaHauaaTa (iauko-MaTeMaTyHIX Hayk
cnewjanbHicTe «MatemartiyHa kibepHeTukay. 1994 poky 3axucTue guceprauiio Ha 306yTTS HayKOBOTO CTYNeHs
TEXHIYHUX HayK 3a cnewjanbHicTio «TeopeTuyHi ocHoBM iH(opMaTukuy. BiaaHaueHuit epxaBHOI0 NpeMieio YkpaiHi
Haykn Ta TexHiki. OBnactb HayKoBMX iHTEpeciB — CTBOPEHHS Ta po3pobnieHHs iHopMaLiiHUX cucTeM Ans

€KOHOMiKu, BUPOGHMYOT Ta HeBMPOOHU4OI chepu. KepiBHUK HayKoBOT KoMK 3 iHOPMALiHOrO MOAEMIOBaHHS, Cv
AaHux i 3HaHb. Mig HaykoBMM KepiBHULTBOM npocdecopa B. Maciunuka 3axuwieHo Ginble 10 gokTopcbkux Ta 6
KaHOWAATCLKUX AucepTaLin. HaykoBui pefakTop OCBITHLOI cepii miapyuHuKis i nocibHukie «KOMITIOTUHI, Bianok
pepaktop cepii «IHpopmaLliiti cuctemu Ta Mepexi» BicHuka HauioHanbHoro yHiBepcuteTy «J1bBiBCbKa nonitexHikan

Yupyn linia BopuciBHa — NpoBIAHWA cnewjanicT iHCTUTYTY KOMN'IOTEPHUX Hayk Ta iH(OPMALHUX TEXHO
«/lbBiBCbKa nonitexHika». Mpautoe y HY «JlbsiBcbka nonitexwika» 3 1979 p., nicns 3akiHyeHHs JIbBiBCbKOrO fe
yHiBepcutery im. |. ®paHka 3a cnevjanbHicTio «MpuknagHa matematika» (akynbTeTy NPUKNaaHOI MaTemMaTukv Ta
3 xoBTHs 2005 p. npaujoBana cTapiuum BuknapayeM kadeapu iHopmaLiiiHux cucTem Ta Mepex IHCTUTYTI Komn
Hayk Ta iHdopmauiitiux TexHonorik. € cniBaBTOPOM paynpono3ulii Ta BuHaxogy, noHap 60-TM HayKoBuX |
MeToAuYHMX po3poBok. Yutana nekuiitHi kypeu: «Komm'iotephi mepexi», «CxoBuwa AaHMX Ta AOBIAKOBO-iHG
toHan», «Komn'loTepHo-TexHonoriuHi 3acobu iHchopMaLyiiHoi AisnbHOCTI», «CUCTEMI aBTOMATM30BaHOrO Nepeknas)

Haykosi iHTepecy — cxoBuwa AaHux, BeG-TexHonorii, NpUknaaHa NiHBICTUKA, 3aCTOCYBAHHS UMCEINbHUX A
iHopmaLliiHUX TexHonorisX.

YupyH lioGomup BiktopoBuy — AoUEHT kadeapu «CuCTEMM aBTOMATWU3OBAHOrO MPOEKTyBaHHs» HY «
noniTexHika», kaHAWAAT TexHiYHMX Hayk. 3 2001 poky npauosae B HY «/lbiBCbka nonitexHika» B IHCTUTYTI KoM
HayK Ta iHopmaLjiiiHux TexHonoriih. Ha nocapi AoueHTa Kadeapu iHgopmaLiithux cuctem | mepex. B 2007p.
KaHaupartcbky auceprauiio 3a cneujanbHictio 01.05.02 - «<MatematnyHe MoaenioBaHHA Ta obuucnioBanbHi Me
cnisasTopom MoHorpadii  «HenpepbiBHble po6yu M KoMnnekcHble uucna». ABTop noHap 90 HaykoBux ny6nikaly
NeKUifHi Kypcy 3 HacTynHUX Aucumnnin: «CucTeMHe nporpamyBaHHs Ta onepaljiiHi cuctemmun», «OCHOBM nporpamy
anropuTMiyHi  MoBu», «TexHOMOris MpPOrpamMyBaHHA Ta CTBOPEHHA MPOTPaMHMX NpOAYyKTB», «YucenbHi W
iHopmaTmu».

HaykoBi iHTepecu - poanisHaBaHHs 06pasiB, 3acTOCYBaHHS uYMCENbHUX METOAIB B iHChOpMaLiiHUX Tex

06'eKTHO-OpiEHTOBAHe NporpamyBaHHs, BeG-TexHonorii.



