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1 Tlopaaok Ta 0CHOBHI BUMOIH X0 BHKOHAHHA Po0OTH

3 pospiny “Craruka” CTYAEHTH BHKOHYIOTH ~ ORHY - PO3PaXYHKOBO-
rpapiuny abo KOHTpOsbHY poboTy 3aiaui sKoi, 1% BilNOBIZHOTO HANPAMKY
niarotosky, BuGupaiots 3 Tabnumi 1. CtysentH 3aounoi Qopmi HasuaHHs:
BHOMPAIOTH BapiaHT CXeMH (PUCYHKH) 3a JBOMA OCTaHHIMU [dpamu 3anikoBoi
kHKKH (gip) 3 Tabnuui 1, a gani Ans po3paxyHKy — 3a OCTaHHLOI HUPOIO
wudpy 3 Tabauus, WO nNpuBeieHi B 3aBAaHHAX. Bapiantu 3aBnauus s
CTYAEHTIB ieHHOT hopMit HABYAHHS BKA3Y€E BUKIIANAY.

TaGumit |

Hanpsamu nigroroBku ‘
6.090200/6.092100|6.092200/6.092300, 6.0905000-22 0000

(.090700

ape e C.7 C7 ‘ C6 | C7 4 | C.3 C3

29 109, 39, 69, 99 "
30 100,30, 60, 90 C38 C38 C7 C8. c7 .4 C7

Bap. Wingp

Crynewtn  siennoi  QOpMH  HaBuaHHS OOPMIRIOTH  PO3PAXYHKOBO-

lpa(blqne 3aBJaHHA Y BiANOBIAHOCT o nuolmx craugapris €CK(2.105 i
2,106 ans rekcToBUX KOHCTPYKTOPCHKHMX noxymemm Ta 2.104 — ns OCHOBHHX
nammcm)

CTYIIEHTH 3a04HOi (JOPMH HABYAHHA BHKOHYIOTh 3aBIaHNA B 30UIMTaX.
Ha THTyIlelH cTopmux Joutitra nkasyen,csl HOMEp KOHTponbHoi poGoTH, Halsa
JHCLHMITIHY, DIPi3BHWE Ta iHillianu cryuema uniehp, (bakynbre'r rpyna i
JIOMalLHg ajipeca.

Po3B’a3aHHA KOXKHOT 3aaaui nmpnGHo nounHaTH Ha po3aopon 3otunta (3
AiBOi cTOpilKM), TaK, wWo6 po3paxyHkoBa cxema Ta Bianosindi it Qopmysn,
JHaxogMHCk nopan. Ha nouarky cTopiHky NUIIETLCS HOMEP 3aBAaHHA, BapiaHT
i NpUBOAMTLCA KOPOTKAa yMOBa 3ajavi (IO BifOMO Ta WO NOTPiOHO 3naiiTh).
Po3spaxytkoBi cxeMd (PHCYHKH) BHUKOHYIOTLCS 38 JOMOMOFOI0 KPECIAPCHKHX
npunamis. Pospaxynku HeoOXIHO CYOpOBOIKYBATH KOPOTKHMH [TOACHEHHAMH.
Ha koxuiit cTopitii 3anHWalOThes MOMA ANA 3aYBAKEHb PEUCH3CHTA. Stxano
pofoTa BHCHIAETHCA Ha TIOBTOPHY TepeBipky (Npu BHMKOHamHi {i y mpyromy
J01HTi) 0608’ 43K0BO NPHKIANAETHCS He3apaxopana pobora.

Micas 3apaxyBanust ycix 3agay CTYJEHT MOBHHEH [0 iCMUTY 3aXHCTHTH
poGoty. Cpadik npuizny CTYAEHTIB HA 3AXKCT ITAHYETHCA [1EKAHATOM.



- 2 Kontpoaoui sagpamus -

C.1 3Gimna cncrema cna - ,

Ha cxemax (puc. 1.2-1.4) npiseseni sapianty nizmicj‘nixtapn Baroio Q.
3uaifti sycunns y Tpou BC Ta crepxui AB. lani ann pospdxvuky npnBeuem B
tabamui 1.1, : :

Tabnuna 1.1

Bapiair % A,rpan “|. B, rpan Y, rpan
i 50 30 45 30
2 40 30 60 45
3 60 00 30 1700
4 30 30 120 -j.- 175
5 45 I 30 60 15
6 60 30 60 30
7 - 70 00 30 45
8 w30 e 60 - 15 60
9 80 30 60 - 75
0 150 60 30 45

1.1 ipuxnan BUKONANNS 3ABARMNS
Jano: cxema nizmicy Jixraps (puc. l.])' Q=I6SH a=60"; f=45"; y=150".
Pou a3anna. Po3rnmieM0 pisnosary 6noxa D (pm 1.5). 3ycunns B

Kka0esti Ha AKOMY BUCHTh JiXTap AOPIBHIOE Ba3i jixTaps Q (1exrvemo TepTAM
kaGens no Gnoky D). Binkupaemo crepxens AB rta Tpoc BC -i ix nito

Pucytiox 1.1



(L L Ll L LLLLLLLLL

Pucynok 1.2




ST

PucyHOK I‘,3‘ .



Pucysok 1.4
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Re e Q. -
45° Ra
- <
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X :
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PHC_YH(;K 1.5

3aMIHIOEMO CHIAMH R R 0 O 3 AKHMH BOHH AiloTh Ha 010k D.

lpit uBOMY BpaxoByemo, WO TPOC NPALLOE TiAbKH 1A pozmnaamm a
Tsira OA (CTEPHEHh) MOKE K CTHCKATHCD, TAK 1 PO3TArYBaTHCSL.

flia ziewo cuctemu cua § R, R..Q.Q"} 6ok D 3HANOAMTHCA ¥ PiBHOBA3I

(R, .R. 00 } ~0). npuyomy _Q Q 3amimeuo plBHﬂmm plBHOBaFH a1 cua,
110 nprKIaaeHi 1o 6aoka D.

PiBHsiHHS piBHOBaru
TFe=00 QO -cos45°+ Ry - cos 30°—Re - cos 60° =

YF =00 —0+0 -sin 45+ R - sin 60° + Ry - sin 30° =0
3BiOCH 3HAXOAUMO: -
o1=sin4s - cos 45-1g60
~ sin30+c¢0s30-1g60

R, = =-7640H _.

R,.=Q cosd45+R, COSJO=—100,30H.
’ cos 60

Bianosias: Ra=-76,85 H: Re= 100,21 H.



C.2 Naocka cicreMa napajaebiHx cHil

Banka  (puc.2.1-2.6)  3aBauraxeda cunoo  F,  posmoainennm
HABAHTAKEHHAM IHTCHCHBHICTIO q Ta Naporo cvi 3 MoMeHTom M. 3naiitn
peakuii 8’s3eit. Jlani 415 po3paxyHKiB npueeacHi B Ta0mHui 2. 1.

Tabnuus 2.1

Bapiant , M, F, - Q, LA, ; b, c, d.
| kHM kH kHM | M ' M M i M

| 1 5 4 2 . 2 | 3 4 72

2 L6 3 1 3002 s 01

3 i 5 2 1 2 4 . 3

4 4 I 2 2 3 51

5 6 8 i 3 2 1 4 2

6 3 5 2 1 3 5 2
T4 16 I 2 3 4 1
8 5 7 2 3 2 5 2

9 6 : 8§ ! P 2 4 2

0 1+ 5 | 3 2 2 0 3 3 3

2.1 MMpukaaan BUKOHAN U 3ABAAHHS

Hpukaao 1: Ons daakn (Puc 2.7) 3HaiiTH ONOPHI peakuii, axwo F=3 kH.
q=IkH/m.

1%75%7 ) B
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Pucynok 2.7
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Poze AIAHNA. Poar-mneuo 6anky AB, wo 3Haxomrrbcsi y pisnoBasi
(cnokoi).

Y % V,
? T
e X
AY
werelg)
F : :
Pucynok 2.8

Ha 6aiky AiloTb akTHBHI CHIH: 30CEpEiKEHa CHNa F Ta Po3NOiifieHe
HABAHTAKEHHA IHTEHCHBHICTIO ¢, IKE EKBIiBANENTHE 30Cepe/KeHiil cuniQ

O=g3=1.2=2%H.

*

Jlivo uwaingpuukoro waphipa A Ta pyxomoro B 3amitioemo ix
peakuismu Y, ,X R, (puc. 2.8y Jlaa BpiBHOBAKEHOI CHCTEMH CHI
{F.X ,J‘,,Q.R,,}sco 3aNHILEMO piBHANHS PiBHOBArK:

Y F.=0; X, =0,
Y mF=0; F1-0-3+R,-4=0,
Y m,F=0; F-5-¥,-4+0-1=0.

3miaku otpuMyemo: Rp = 0,75 kH. Y, =4,25 kH, X, =0. .

JloCTOBIpHICTL OTPHMAHHX pCS)"IhTaTIB MOXHA nepempnm JanucasuH
1UE OZHE PIBHAHHS:

.5 =0;—F+F,—Q+R,, =0,
: -3+4,25-2+0,75=0. '
Bianosiae: Rg= 0,75 kH; -Ya=4,25kH; X,‘= 0.

Hpuxsiao 2: [\ns xonconsHoi 6anku (pnc 2.9) 3Haiim peaxuu ;icopcncoro
JaUIeMICHHS, AKWIO F = 2xH M SkH

| 4 'ﬁ“

1A _ a s '.1:3:“
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PucvHok 2.5
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""" Posa’nzannn: Ha Ganky AB  aiioTe: axTuBHA cuid F, napa cun 3-
MOMEHTOM Af; {i pYXY NEPELIKOMKAE B SI3b — JKOPCTKE 3ALIEMIECHHS B TOML A.
Bizkuzaemo B’s13b.B TOULI A, | HA MiACTaBi akCiOMH 3BUILHEHHSA BiA B'sA3el, i
110 3aMIHIOEMO Cl{_.rlamnﬁ)—f Ta MOMeHTOM A, (puc. 2.10).

‘)M
P

Pre———— ¥
r

PucvHok 2.107
JanuuemMo YMOBH PIBHOBAMH A1 CHCTEMH CHi (V.Y

V/-.. =0, =0
X =0 k=0

S, = 0=, + M e

3BIAKH 3HAXOAHMO:

Bionogios:

C.3 Mhocka dosinvia cucmema, cua

finocka pama (puc. 3.1 — 3.5) snaxoaurscs nix aieto cun Fy, Fy i napy cuit
3 momeHtoM M. Hanpsamox:cun Bu3HauaeTbea kyramu B i ¢, a reomeTpuqm
pozvupu napameTpam a, bcdih

Pama ™axpinneHa 10 HepyxoMoOi OCHOBM 3a. JOMOMOIOK) -.ILTOCKOrO
mapHipa A, a 8 Touui B TOHKHM crepsrnem, S

Jlani aas polpaxyHkis 3HaxoasThesa B Tabamui 3.1, e cuam MaioTs
po3MipuicTs B H, MoMenT — B H-M, po3Mipu B Metpax, KyTH B rpazycax.

Jl1g 3anaHol KOHCTPVKLIT pamu, npH yMoBi ii plBHOBal‘l‘l 3HaliTH ONMOPHI
peakuii, moOyaveaty rpadiku JajexHOCTel WHX peakiili Bia 3MIHHOrO KyTa,
AKkiA nomivenuii B Tabnuui 3.1 3ipouxoio (*). Bkasarh 3HaueHHs 3MIHHOTO KyTa
3 TOUHICTIO O OJIHOIO FPajyca NPy AKOMY MOAYJI ONOPHHX peaxuiii MaoTh
HalOInL1IE | HARMEHIU] 3HAYCHHSA,



iTaGnuuaS.lA U

“Bapi- FL i F, M [ a | b | ¢ d «hl o 3§,
| aHr | RN i '
1l (15420064 0 6 0 3 4 2 3.0 * T30
2 811224 s 8 ' 3 1 3 2 160 x|
3Tl 16 13 | 4 3 6 2.1 3 * 1y

4 20 157 40 | 3 2 6 1 8 1 115 | *

L5 4] 2T 481 9 5 3 021 4 0 x 120
6 116! 204 76 |° 5 7 4 L2 3 75
7 12010 L3214 6 8..0-3:1 2 1 * 145
8 '20 ] 16 | 22 |8 4 | 6 | 4 2 [ 30 | *. ¢
L9 1415 138 4 7 75 i 6 * s
0 (10 [ 18] 80! 3 -3 ¢ 8 | 5 6 | 20 % *o |

3.1 lpukaan BHKONAHNS 3aBIAHKRA
s : ' ,

Inocka pama , w0 300pakeHa Ha pUC. 3.6 3HAXOAMTLCA B PIBHOBA3 hm
aiero cua Fi=10 H, F, =20 H i napu cun 3 \1UMCI{TQM M= 60 kH . Kyt (D =
30°, kyr r=0 ‘- ?60" P03M1pu MAIOTh 3HAYeHHs: a=5M, b= 8 M. C=
Onopavu . pamn € B TOMLI A - Hepwomml  LAOCKHiA mapmp B mqm B
- pyXOMa_ onopa ., : : )

3naiitn peaKun onop A i1 B, a TaKOII\ noGynvaaTu rpadyxu
SAeKHOCTEH UMX peakuilt Bi 3HaueHHs 3\41HHOI’0 KyTa. BKa3dTH npH AKHX
kyTax y peaxuu MAIOTh EKCTPEMANLHE 3HAYEHHS.
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Po3s s3anus. PoITallioByeMo  3adaHy ‘pamy ‘B cHCTEMi  KOOPAMMAT 3
NoyYaTkOoM B TOUUi A, K MOKa3aHo Ha puc. 3. 7. Bkasycvo peakuii . uio
BUHHKAIOTb B omopax . B Ttouui A peaxitiro posmdnawo Ha cknazosi X 4
1Yy, a B TOYL B peaxum RB Hanpanneua nepnelmmwnﬂpuo 40 OHOpHOI
FLTOLHHH. e

Y, B ./ Rz

b
A A v M
clZ W PND 4
[ 5 _é
2 2
af B
A - .
Xp T
LR, -
VA
Pucvrok 3.7
CRAa1a0M0  PIBHANISL  PIBUOBANKM LM ILIOCKOT JIOBLIBHOT CHCTEME
CHi '
EXi=0, LY, =0, IM4, =0,
TX,=Xq+Frcosy+F cos@-Rg=0, TGy
LY;=Ys+Fsinv-Fising=0, o B %) )
EMay;=-Facosy-Fracosg -F(b/2)ysinp+M~+ E\B(a EXD i (): v (3.3}
3 pisesHHs (3.2) 3naxX0aHMO Y,
Yyi=Fising-Fosiny. . . o (34

3 piBusnnsa (3.3) 3naxomumo Ry

Re=(F;acosy + Fia cc')sk;p +IVF‘,V (b /2)sin o-M)i(a+c) ' ( :

(7]
RO |

3 pissauns (3.1} 3HaxoanMo X 4

A=RB-F206SZI-F-! éOS . . ' - ‘ ‘ 3.6

ro
tha



Moay.b. pc&xuii B TOYUI A 3HAXOIMMO. 33 (OpMYIOIO

WEXSEYS B 37

'..Biué(macmo nepeBipky . 3alaya po3B’A3aHA NPABILILHO, SKIHO
BHKOHYETbLCS YMOBa!
IMp,=0.

CxnaaeMo L€ PIBHAHHA , KOPHCTYIOUHMCH PHCYHKOM 3.7.

S Mp=-Yab/2+Xsa-F2b/2siny +M+Rge. . 38

3a Qopmyaamu (3.4) - (3.8) cknanaemo nporpaMy Ha MoBi BASIC i

poaumMo ii B EOM. [laai mpusoautbes po3apyk nporpamu “CI7 i gesxi
Pe3syilbTaTh  PO3PAXyHKIB .

I0REM " (I

M NDt-1 14
DAV BN S N B 3

30 FI1=10

40 F2=20

S0M=60..

60 FI=P1/6

70 S1=SIN(FD)

80 CI1=COS (F1)

90 A=3

100 B=8 :

110 C=3 ' N
120 FOR G=0 TO 360 STEP 30

130 S2=SIN (G*P1/180)

140 C2=COS (G*P1/180)

150 YA=F[*S1-F2*82

160 RB= (F2*C2*A+F I *C1*A+F1#S1*B/2-MY (A+C)
170 XA=RB-F2*C2-F1*Cl

180 RA=SQR (XA"2+YA"2)

190 MD=-YA*B/2+XA*A-F2*$2*B/2+M+RB*C

8

B
210 PRINT KYT G="G '
220 PRINT "XA="XA,."YA="YA, "RB="RB, "RA="RA
230 PRINT " . MD="MD
240 NEXT G
250 END

KYT  G=0

XA=-15.74924 YA= 4.997701 RB=12.9{234 RA=16.52319

26



MD= -7. 629395E-06
KYT""‘Q (_]— 30 " 3}&)12?(@’:5, 3’.7
XA=-14.74543  YA=-4.99770] RB=|123932 RA= 15[,5693<
MD= 3. 814697E 06 o

KYT  G=330"
XA=-14.73346 YA=15.04823 RB~11219_>6 RA 2106001
MD -| 144409E-os K SRR
KYT G=360 R LR
XA=-15. 74921 YA=5.061403 RB=12.91228 RA=16. 54253
MD=-1. 525879E-05 Dt

3a onepxannmyu aanumi Gyayemo rpadik sanexHocTeid OTOPHUX peaKLiH
Bix kyra y. 3anexnocti Ra(y) i RB(V) xoopax(euo Ha puc 3.8 . ne
BiAMiueHi MaKCHMabHi Ta MiHIMaJIbHI 3Ha'-l€HH5l

A R R, (H)

30+ | Ry mer
R,(v)
20 - A : LNl
10- o /Izsmﬂ. :
: e
104 < (rpaa)
- Rg(v)
-20 R;:@ ‘ :

Pucyrok 3.8

[ns Toro . e BH3HAUMTH 3HAYEHHS KyTa 3 TOMHICTIO 10 OJHOrO’
Fpazyca B CKCTPEMAIBHHX TOHKAX, noTpibHo B nporpami “ C1 "B crpiuii
onepatopa UmKna’ fill HOMEepOM I20 3a71aTH ' KpOK plBHMM ommmu ;

AHaAI3 MOKA3YE . WO ; o I

Ra =R aman™ ‘26487H n’pw «{-248“

"Ry= RAm,,, - 0983” Copuiy=166°, T
Re=Rson=12910H 'mpu y=0°; "~
Rp =Rgumn =-12,087H npu v=180°.

27 .



C.4 Po3paxyHoK Ta nocTiKens nhgcnco’:' hepmu

Mnocka depma (prc. 4.1. — 4.10.) nepeGysae nis BILIMBOM aKTHRHHX
30BHIlUHIX HAaBaHTaXeHb Py 5. AKi MPHKIaeHi 40 BY3B, HANPAM AKHX
BRaszyeTbes KyTamu o (j=1,2..5). I'eomeTpuunuit po*.\.xp depMu BHIHAYAETHCS
BEMUMHAMH ;. 82, by, by, hy, ha.,

3uauenns cun P;, KVTIiB 0 Ta reoMeTpUHHI p03M1pv1 HasesieHo B Ta0u. 4. l

Oauu i3 KyTis @ € 3MIHHOIO BeJIHUMiIolo ({0ro nosHaueno cuMBolIoM “*7) B
Mexax Bia nyis 10 360°.

Tabumus 4.1

| Bapi-ejie 7 i !
| anT *Cma -,'FK H o Pogmipu . M ’ ;
ipl Pzipxipz Ps axiﬁ:?bzibzlgh:ih:' u\‘Bi

2 13,0 054345 Bk ;()oizol

3743100051210 T212 2] 60, 901 0 |

3 3_406 o< J4354 B *"(J(i
IS 610 O§4.§2_8§5%_'2"2,'6 1 60| * 30 45
56;7:1 o'go{1§2,§2j3*»_352,2*545 | 530 30
C7 T8I0 0T2 0T 20 b2t 1601451 0
T8 TS0z 0 i 1315 3,2 ¥ 430 |0
Ty 0TS I6 0 0 3 3T 1.2, 2 600457 0
O e T 0 T 03 22 1,3(3045] *1 30

3af1e/m{0 Bi 3MiHHOTO KyTa (B Ta6rmul 4.1 nomivueno (*)) 3 kpokom 30°
3HairH:. . .
a) ornopHi peaxun (pepmu »
O)sveuuis B CTEPHKHAN (epMH . MeETONOM Bnplsamm vam fpH
3ahiKCOBAHOMY 3HAYCHI 3MIHHOIO KYTa:
1) moGyaysatu aiarpamy Makcnema-eronn
2) nepeBIpHTH 3YCHILIA B TPLOX CTEPXKUAX MeToaoM Pittepa:
3) 3HaiiT BIAHOCHY MOXHOKY OOUMCAEH)H MiX AHAITHUHHMH T4
rpidivHUM METOJAMH.



AKHX BKa3zyeTbesd 3a uonoworono KYTiB u;
CHJTH PUBELCHI B TaGJmm 42. KYT 0ty — wummu “

Ta6mluﬂ 4.2

4.1 Hpukaan suxonanun 3ABlldlli~iﬁ ;
®epma (puc.4.11) nepedysac: ﬂlll Jiero '3OBHI[I]H!\ e Py Ps- Hanpsv
20, Te eowerpmm posmipn depmn Ta

,
&3
“
-
P

oy

k,

U b,

7
E

3.576,373 "3

iplipzipsfaliaz‘!'bi'ib:ihlfhwialiagl(X;';P;!P_ag(x“(x;f

(V%]
o
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s

. .
o
<

I

|

Busnaunri:

OMOPHI peaKuii aHATITHYHIM § rpaq)mmm criocobamii:

JYCUANA B . CTEPIKHSAX (])epM METO10M BnpudHHn BY mm (pos 30K

NEPEBIPHTH aHAAITHYHOY. .+ . R

NEPeBIPHTH HAUEHHS VCHh v crepx\usw L’lBO‘( CepE;IHiX naHe:teil MeTo/10M

Pitrepa npu oz = 30: o j i

JYCHAUIA A5 BCIX CTEPXKHIB (bepMH 3a zxonowororo marpawm Makcaema -

Kpemonn: 3HaueHHs ONOPHHX peakuifi Ta 3yCH.uis B CTepKHAX (hepMH NpH
o =10°,20°,30°,....360 k)

JOCAIANTH Ha CKCTPEMYM - T4..nolyavearH rpa([)m ~3YCHILISL OAHOMO 3

BUOPAHHX CTEPXKHIB, SK (PYHKLUIIO 3MIHHOIO KVTA Uz,
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Po3¢’A3aHHA: BUKOHYEMO PHCYHOK (puc 4.12)depmu 3rinHo 3 TabanunuMu
JaHMMM i 30epiraloun  COiBBIIHOWEHHS  MIK SIHIAHUMH p03MipaMH
TlepeBipseMo reOMETPHYHY. HE3MIHHICTb _ (EpMH, Ta HYMEPYEMO CTePIKHI.
Honepenﬂbo npuAMaEmMo a3—30° ®epma reOMETPUIHO HEe3MIHHA | CTAaTHYHO
BU3HAUEHA, AKILO BHKOHYeThes ymosa: k= 2n-3, &€ X, N - BiINOBIAHO 9HCIO
crepxHiB i By3nis (epmu. Crepxens BE Oynemo BBaxatu onopHuM CTEPIKHEM,
roxi By31iB n =8, uucno crep;KmB k =13: x =2:8-3=13. Omxe. depma cTaTuyHO
BM3HAUCHA 1 FEOMETPUUHO | H63M1HHa

4.1.1 Aﬂa.rlim"me 3nax0m|<¢mm onopHux peaxuiii pepmu

Kpecnumo depmy (puc. 4.12), posmiuieHy- B CHCTEMi KOOPAMHAT XAy.
TlokasyeMo 30BHIlHI CUITH | peaKuii B onopHuX Toukax A i E.

Y _
ar b1 b2 ,PZ az
Prog 2 Ol I viC
10 -
SO 4 N\ ;‘12‘ B Py
1 Y NS Vi 4

A g 87 F & , X
N R
= ;7)

B .

Pucyhoxk 4. 12

B rouni E peaKum Rp HAMPAMIICHA 33 CTEPXKHEM BE, a B HepyxoMmoMy
II0CKOMY apHipi. A peaxuio. posmanaeMo Ha cxi1anosl Xa it Ya. [Tokasyemo
na puc. 4.12 xyti B Ta y, 3HAXOAUMO iX (bym(u_u Bl FEOMETPHYHHMX PO3MIpIB:

Sinp - (ar-by) Via+by + hit = 6/36+36= 6/6N2=N2/2;

cosf} =h; x/(a, ~by)~ht =\ l-sinzﬁr,:\/ 1-172 = \/2_‘/2;
siny: Ay Vi - hP-31 N9+9= 1N2=\2/2; 4.1
cosy ay vai -t -3 N18=N2/2;

tgy hya 1.
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Bukopucrosytoun puc. 4.12. ckrazacmo PIBHAHHSA PIBHOBATH 15 TLI0CKOI
J0BITBLHOT CHCTEMI CHIL

TX = OXA+RBsmB+P1+P~L0s(x—O S Cos e
Z Y 0 \l .\4' RBCOSB P* P Sln(x - 0 H (;"" : m'.*i‘ S :;3:(4.‘2)

Rg = [Py-hy+Ps-sina ai+b,+b7+d=)+P -COSOX- h +P (al+b;+b>)]/(a|+b|) .LosB

Ya = =P, + Pssina - Rg cosf: - i ey (4 ‘)
Xy= 'RB smB Py - P;Losu. , L O T TP PR

ﬂl'lcrdmm()lm B PO3B A3KH (4 _3) JaHi YMOBH 331a4i, OTPUMYEMO ONOpHI
peakuimpu o =30% . . . e

Xa=-25.79 kH. Y, =-9.6 kH. Rg = 24.89 kH.
J11s JJ0CTOBIPHOCTE PO3B A3KY CKAZIAEMO l'lepCI‘iipVO'-lHe'piBHﬂHHﬂ piBHOBaril.

T M, =0, Pras~ Yatayrbtrbatas) + Xaohy

- Rg cosfs (batas) 4 Rg-sinf-hy = 0. e (4
13 Bpaxy BAHHAM OTPUMAHHX JTAHHX TA YMOBH 334341 MACMO;
5 3 +9.6:12 25793 -24.89.- 2= ‘F -6 +24. 89‘/— =.3.81-10°

Tdmm lmHO\l onopm peal\uu 3Hauleno llpaBHIleO

412 Tpadiuie suaxorxenus onopuny pe.u\n i depmu 1
210110MOT 010 CHIOBOTO T3 BiPHOBOUNOTO GATaTOKYTHIKIB

Kpeciimmo ¢epmy B BnOpanomy macwradi (pue 4.13) 6e3 vymepauil
crepxHiB. Bubnpaemo Macuural cut: 8 1 e — 2 kHL

ercm\w CHAOBHIT MHOFOKYTHHK (pHc. 4.14). Tlapasienbuim neperocom
BIAK1212€MO BCKTO]’)H cua I AP Ix Kivins cram’ nponommo AiRi0 i
CHIH R, HANPAMICHOI [ldpdfle,aleo onopﬂou\ c.rep)xmo BI:. Bukopucroavmo
BIPBOBOHHMIT MHOFOKYTHHK 3HANO;DKCHHS TOUKH. ¢ MICTMTLCSA KiHCUb BCKTOPA
R,.. PeakuisM R, 1 R, OpHCBOWEMO BiInoBi1Ho Homepn 4 i 5. JloBiabHo
subpany  rouky O (pue. 4.14) 3'caHyeMo BLIpRKaMH. 8K HAIHBAKTHCA
HPOMEHAME. 3 BCPUIMHAMH  CHIOBOTO  MHOTOKYTHHKA. Hassu npomuiB
BIAMOBIAQIOT {MASKCAM CHIL. 1O BXOIATH } BEPIUMHY i BUNOTH 3 wel. Jlis
Jo0paskerux Ha puce 4. 14 cui1 HPoBOAMMO BLUTOBIIHO npomeHi 1-2, 2-3. 3-41 5-
1. I3 Toukn A (puc. 4.13) TOYKH NPUKAICHIS PEaKHil HEPYXOMOro HapHipa.
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(TR

APOBO;MMO Mpomikk S-1 10 TiepeTuny- 4 Ainicwo i cuan T (Touka 4,).

forpnuauox TOUKH ’\x NpOBOIHMO npoming 1-2 10 nepeTuiy. 3 ainicio i cian

Fo. 13 10MkH A = HpOMiHb 2-3 A0 liepernuy 3 iHie i crin 7 (1ouka As).
i1 ToukM 'A: < nNpoMiHb 3-4 10 mepeTHHY 3 Ainicto il cuan R, (Touxa Aj).
Touky-Aj 3 CAHYVEMO 3 TOUROW A, Bipisok:Ayy ¢ 3aMUKaabHHIT npoMits 4-5,
SumkHYTA 1avana AiHig AA A AALA Ha puc.4.13 cTopony Sxoi € npoMeHsyn
-1 1-2.02-3. 3-4. 4-5. nasuBaeThea BipbOBO‘iHH.\l MHOTOKYTHHKOM.
[Tapaseabhum nepeHocoM Oyvayemo npomids 4-3 13 Touku O (puc 4. 14). Touxka.
1€ TIPOMiHb 4-3 miepetHHAcThes 3 CUHiel0 Al o R, - KiHenn Bekropa R,
[O44TOK BeKTOpa R4 3 OTPUMAHOT TOUKH FIPOBOAKMO NPOMIHB B NOYATOR CHIH
P1. 3aMKHYTHI MHOrOKYTHHK, noOy10BaHHil Ha BEKTOpax /). Tﬂ.F R,AR, axui
300pareHo Ha puc 4.14. Ha3sHBACTbCA CHAOBMM, BUMIPIOEMO TOBKHHY BeKTOpiB
K, Ta R,. deper Macmimad CHI MEPeBOIMMO B OJHBHIU CHIH | OTPHMYEMO
R —77‘H\H R, =246kH.
" 3piBHIOEMO OJEPKaHi PE3V.IbTATH 3 JAHHMHA aHATHYHOTO PO3PAXVHKY.

Beauunna &, 3HaiineHa 3 mnoxubkow

2489 - 240
MR, )= m 100% = L]"?'o,

-~
i

4.1.3 Po3paxyHoR 3ycHb B CTEP:KHAX METO10M BHPI3ANNS BY31IB

Po;r.mnamo (epMy.  Ha - AKY  AAIOTh  JOBHILIHI  HABAHTLKCHHS

T Tak, sKnokazan Ha puc 4.12. PopaxyHOK 3VCHIL B CTEPIKHAX
HOYMHAEMO 13 TOFO BY344. 1€ CXOAATHCS TiAbKH ABA CTEPXKHI. BV HyMepyemo
TaK. sk 300pakeHo Ha puc 4.12. CHan i peakuii cTepkHiB, WO MPHKIAIEH] 10
BY3.14. YTBOPOKOTh 30DKHY T110CKY CHCTEMY cu. Taka cnctema cuit nepedysae
B PIBHORA3I. AKINO BHROH\IOIM.&! yMosiy ‘

A .l

Y v, =0, Sy =0

ITpu cxaananni piBHAHL pmuondru BY3/1IB KOXKEH i3 HHMX 300paxacMo
OKPEMQ PA30M i3 3YCHILIAMH, LIO 3aMIHIOIOTH CTEpIKHI. PO3PAXYHOK 1HOUHHACMO
H Bysaal, 1 AKOro CKIA12€MO pmm{mm piBHOBaArH.



Pucyuox 4.14

43




[l
]

Ay |
s
AT, X
‘>,v- V“ DR B V}
L S,
YA -
A y
4S9
M Sy X
«—i >
Ay
Pl ] SZ ‘ X
Y ; s
. |  / Sio
S S

Byzon I

. ZX, =XA +S8 +S1COS}/=0;

DY, =Y, +8siny =0.

3BiIKH OREPXKYEMO

S, =-Y /siny; 4.5)

Sg=-X S cosy. (4.6)
Byzon 11

ZXi:_S8+S7=0; A

DY =8,=0;

S, =Sg R CY)

Sy =0. (4.8)
Byson I

> X;=-S,cosy+Sjgcosy+ P +8S, =0
ZYI ==§siny ~ Sy + Sjpsiny =0,

. SlO = "‘Sl - Sg /Sin;/ = O, (4.9)
S, =(S; = 8;0)/cosy — B =0. (4.10)
Byszon IV

> X;=-8;-S)gcosy + Rgsin f+S¢ =0;
DY, =Rgsinf+S,siny + 8,5 =0.

S =~Rycosf—S;ysiny; @.11)
Sg =8, +Spc0sy —Rgsinf=0. (4.12)
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A " L Bysor Vo
’ X, =8, + 8 +Spcosy =0
2 Y == =~ Spysiny =0.

Siz =8y /siny; o (413
S3‘=S2 —?Slz COS}/. (4.14)

‘ y Byzon VI
Si2 Si3 S > X;=-8s—S;cosy+Sscosy =0;
> Y, =8psiny +8; +Sssiny =0.

Ss =Spp+Sg/c087; (4.15)
- 83 =85 +8p,)siny. C 0 (416)

A
'Y . ... . Bysonvil -
> X;=-84—Sscosy+Pycosa=0;

Y Y, =-Sssiny - Pysina =0,

.<A§/;

Ss Py S, =B cosa— Fcosy. 4.17)

®opmynamu (4.5-4.17) OTpuMaH6 3yCUILIA. AN BCIX CTEpkKHIB (epMi.
Tligcrasnsoun B ui GpopMynu Benuyuad X4, Y, Ta Ry, 3HAX0AUMO 3HAYCHHA
3ycuns Sy....Sy; (kH) npu o= 30°; '

CSEBLST S;I6y S8k S8 Se424

Sg=-11; S=162 - S=162  S=0; - . Si=13,5T;
'AS”=-8; N .513?11,3‘1; SD:—'S\ . R :
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Ha ocrannboMy By3mi VII BuxoHyemo mepesipky. CknanaeMo nns HbOro
PIBHSIHHS PiBHOBArk:

f 1Y
| : B P .
; S3 St ¥
Si3
Byszon VII
Z)(,':-Sj-s_;:(),'
2Y=-P>-S8;3=0.

TliacTapnsioun B i PIBHAHHA 3HAMACH] 3yCHIUIS, IEPEKOHYEMOCSH B TOMY,
wo S31 Sy3 OTpUMati BipHO.

4.1.4 Po3paxyHox 3ycHab B CTe[:KHSX (epMH METOZOM HACKpPi3ZHHX
po3pisis (PiTTepa)

Posrnauemo ¢gepmy, 306pa>xceﬁy Ha pnc 4.12. Hposeaemo p03p13 yepes
crepskHi 2, 10 ra 7. [oxakemo nivy yactxy hepmH Bia Takoro po3pisy Ha

puc. 4.15.
P Sz,
_ S0
= Ya ‘
i Sy
XA a ?_ b |0

Pucynox 4.15

Peakuii pospizaunx crepxuis 2, 10, 7 Hanpasnsemo 3a crepixuamu. Cum
Pi, Xa, Ya — BisoMm, a S;, Sy¢ Ta S7 BBakaemo Hesimomumu. [Ing Toro mob ix
3HAHTH , TOTPIOHO CKAACTW TPH PIBHAHHS PIBHOBAIM JUIS TUIOCKOI AOBLTBHOI
cHCTeMM cuii. 3amada CNpPOLUYETHbCS, AKWIO HEOOXINHO 3HAMTH TINBKH OfHE
sycusuis Sp. Jng ubOro CKIamaEMo pIBHAHHA MOMEHTIB BiIHOCHO TOUkH O,
Taxa Touka HasuBacTbCH TOYKOIO PiTTepa, BOHA BAKNIOUAE 3 PIBHAHL PIBHOBATH
HeBigOMI 3ycuast Sy Ta S

i
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Y Mo (1) = ‘YA (ar *bl) Pl hy - Sz hl =
3BIOKH

Sz =-(- YA(a1+b ) P] h] )/hl— +(9 6 6+9)/3 16 2 I(H

JUIn 3HAXOMKEHH 3yCHIA S7 TOUKOIO Pixtepa 6y11e TotKa 07 - Toqxa ne
NEPETHHAKOTLCA : 3YCHINIA" S2, Sio Ta cuna Py, o6 3Haum 3ycmmx ‘Sio,
HEOOXiJHO CKNACTH Take pmusmxm B SKOMY chmnncx "6 aycmmni’ S 13 S,.
Ockinbku S7 12 S;3 napanenbm TO pamonanbuo cxnacm pmmmm npoexuiH Ha
sice OY. Buxozaun i3 Takux MlpKyBaHb cxnanemo pmmuma piBHOBaru:

2 Mp(F) =-Yaa+Xa h1+57 hl-

YYi=Y4 - Sisiny =0; :
3BIIKH MAEMO:

S7=(Yaay - Xachy Y In—( 9.6-3% 25.79- -3)3= 16 2 KH

Si= Ya/ siny =-9. 6/(\/2/2)=-13 58 kH.

3ycunns B c-repncﬂxx 6 T2 12 MOXKHA ; 3Haum 3a,, I0TIOMOT OO . nepeplay,
MPOBEMIGHOTO YEpE3 crepikai 3; 12,1a 6 (puc 4.12)., Poamsmemo npaBy Bill
Tepepisy HacTHuy depmu i moKasxeMo ii Ha pnc 4. 16 TS

EY

y

Pucynok 4.16

Jlsis 3HaXOMKEHHS 3YCHITh S; Sg i Si2 OTPMMYEMO TaKi PIBHAHHA PIBHOBATH CUWIL.
Y Mo (I)) =~ Pyby~ Pysina-(b; + az) = Se'hy =0; -
> Mos (17})'= Syh; — Py-cosa-h, - Pysinaa; =0;
Y Y= Syp-siny-Py- Prsina=0; :

3BIAKH MAEMO:
S(,~ -( P;-by~ Pysinoe (b2 + ay))/ h|—~-(5 -3+6- 0 5:6)/3 =-1 lkH

= (Py-coso-hy + Pysinaay)/ hy== (6 3-0.866+6-0.5-3)/3 = 8.1 kH;
S[g = (Py+Ps-sina)/ siny= (5+6-0.5)/0.0707 = 11.31 kH.

4




1.1.5 3naxoxmenns 3yciab B crepRusx Gepmu rpadiunum
METOAOM (noﬁuona m.u p.wu \lakcncmm - l\pewomn

raKy nuumomc\. N
“af ) BHK()HV(\K) pnwum\ (bnp\m mmwm um 10 1T TEOMCTPHYHIX PO3MIpIB
(puc 4 l7) '

)nosuaqamo 06acTi Mik 303mmumu CHJIAMH! Q B. \ D. P

r) no3HavaeMo BHyTpilHiI obiacti: K. L. M, N, O. T:

1} I03HAYACMO BYIH pUMCLKUMH undpamu: [-VIII:

€) BUONpaemMo 00Xia 30BHILHIX CHT 1 BY3iIB (Ha pic. 4.17 noxasaHo fforo
HAIPSAM 3d TOAHHHUKUBOK CTPEIKOK):

) BKasyeMo Mactutad cHit (B 1aHoMY BHIAAKY 8 1 ¢m - 2 kH).

Bvayemo miarpamy Makcseania - Kpemounu (puc. 4.18). KpecanMo MHo-
FOKYTHHK 30BHIILHIX CHJI BIAMOBIAHO 10 BUOPAHOro obxony. Lleit MHOrOKYTHIK
HO3HAYAEMO  BIAMNOBIAHMMH BEAMKUMM - OVKBAMH. MDK 30BHIINMH CHAaMU
(])ep\m suaxoaatbes obnacti Q, BV, D. F 1 Q. OmepsyeM0 MHOCOKYTHHE
30BHIILHIX cu1 gbvfdg  a aiarpami.

To0yA0BY 3yCiTh B CTCPRIBIN QepPMi HUOMHHACMOU i3 B 5,04, AC CAU: 1 b
1Ba CTEPXKHI. Takumu BY31aMHM Ha pHC. -1 17 MOEKYTh (\Tu Bvian LVIIL
Posriszaemo Bviosn |

TTpu o06xoai By3aa I v BHOpaHOMY Hdnpm\m\ BVCTPIYAIOTHCS 00: racti Q. K.

i Q. Ha aiarpami noGyiosannii siapizos gf. qenu ToukY ¢ (puc. 4.18)
npoumu\m HPSIMY . IAPWICIbHY LH.p)I\HK) Ioa uepes touky - upsmy.
NApaIIbHY CTepaHio 8. Hu NepersHi UK HBOX HPAMUX OJACPIKYEMO TOUKY T,
MHorokyTHHK gKI{Q - MHOPOKYTHUK ¢l fpMKARIeHnx 10 Bysia | Crepiaio |
BLAMOBIZAE 3VCHIIS (K. & CTEPXKHIO § - 3V et K

[lpu-obxoai sysaa Il sycrpivatothes oOaacti F, K. L i F. Ha aiarpawi
3HAXOIMMO  BiiIPIsoK K. uepes TOuKY Kk MPOBOIMMO TPAMY. TIapafesnhHy

e
, e R AN
/ ! /1, " s 't 4 Vi
7 1
— N M o|T Y
Vg 10 |11 N\ |18 /5 A7
3 KL N Y,
\'-, ,/‘ 4 D //
4 ld BT Ay oy

R

Pueviok 4 17
crepkmo 9. a wepes touky  f -npamy. unapateasuy ctepxuio 7. IX Touxa
iepeTHHy / Blanosiaac 00aacti L 1a 36iractbes 3 Toukoro K. MHOIOKY THHK CILI
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IS BY3A8 I - (]nrwpdﬂ{lf um noxa;de Ha uarpq 8 :lpnmm kf. OU\HM\H
TOURH K1/ 36IrakThest. 10 svean A 0. Toai CTEpPIKEHb 9 - Ry, AbOBHIT
Tepexoanmo 1o By3aa [1. Cuau, wo JioTh Ha tel By307, po;.\icmou_vm'Tb
06:acti L.K.Q.B.M i L. Tlicas uodyiaosm 3ycicis Bysnis'| i‘a 1 syewus ko kg
ra b ritomi. Tosu qepes TOYKy & IpORO; MO TIPSMY, napaknhnv CTEPXKHIO 2

4 HEpE3 TOUKY [ — UPAMY, THaPaiCiibHY crepinio 10, X nepernn nae vouky m.
w10 Binosizac o6uacti M. Muoroxyripk cit s sysia U — lkgbml. .

- AH&TOTIUHHUMH 1100YA0BAMH _3HAX0AMMO, \morm(ynmnu CHI ,msx vam
10, 3L MIHIIHCH ‘B Takiil noc:1iA0BHOCTI: IV VIL. VL. 11e. MHOrOKYTHHKH. 118
pvita [V — dflmnd. ana sy3aa VIII - divd,  2as Byina V! bvtob. 3aaminuance
ABa ocTaHui By V ra VIL ' T ' g

EAR _ S

veot-

Pnéﬁ{OK«‘l]S S

Jdas odepxanusg’ MHOTOKYTHHMKIR €Ul v/ BY3.1ax- V- ra VH - 1ocTatHbo
TEAHATH - TOURI. O 1 -1 (puc.4‘|8). Shictio BLAPIZOR - 0n. Dyae 11ApAseIbHIY
crepkH 120 10 iarpama  nodYI0BaHA  TTPABHIBHO. ()'ltp)l\\’(\l() CHAOBI
MHOPOKYTHHKY: ambon — 1as By3aa.V i-notdn - aas sysaa- VUL Hobyaosa
HArpaMH 3aKiHueHd. .

_Ortpumana niarpaMa Makcsestia - !\peMouu (pu(.4 18) 1ae IMOrY
BlJlﬂ\’l\dTll 3HAUCHHA 3yCUIs B OV Ab-IKOMY (.Tep)KHl ([)cp\m a Takow Horo
3HaK. MoAY:Ib BUMIPKOETHCS OBKHHOKY BlJpHKd i nepwo:lom i uepes Md(.lln a0
8 OJMHHLL CHIH, 4 3HAK — HANPAMKOM Bmpums Ha Jiarpami. B

Mpukaax. Posragsemo cn.pmeub Al Humepom I G piic. 4 171

Fveuaaa uboro cnpmm npn 00\0:.11 lV Hasuadnbm mn - 3}m\0;1u\10
Ha aiarpami (. puc. 18) HanpscHIsi m1pnm\ mn R \smuo HEPEHOCHMO

nanpav mA 3 puc. 4.18 na puc.d.17 10 sy3aa IV, Bu\mp AT HanpaMieHHit
10 Byaaa 1V, Slkuio JVCHAAS CHIPAMOBAHE 10 BY 313, TO CTEPAEHD 111 HOro JIici0
cTickyerbes. Toxi crepreds H crucnytaii 1 3HaK 3veHug N, B el
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e,

ﬂl\lll() 3VCHLIA L (\’ Ab-HKOYO lHUl()l”() L’le)KHﬂ Ll]pHMOBdHC Bia BV, TO
ldl\HH LI'CP)KCHb p(){lﬂlHCHHH i HOI‘O 5\’(,14'!'”! 'l(hldee h mdrpauu Ha puC.
y H

A S:=ob=48:
‘ 8: : oo Se=dn= 108
S;=fl=16: S¢=kt=16; Sy =kl =0:
Sw=ml=-13 6 S“,—nm——78 Su—on“ll.'_’.

OcTaro4na NepeBipka BUKOHYETLCH APH (IOPIBHAHHI 3YCHIb B CTEPIKHSAX.
SHARNIEHHX JBOMA METOJAMM: BUPIiaHHA BY3MB 1 giarpavu Maxcseria -
Kpemoin. AGcomntoTHa noxudka cranosuts B kH: A, = Ay, = 0, 03;A:=0.1: A4 =
Agy=A;= A= Az = A =0,2; As=0,24: An—o 1Ay = Ay =10.

To HaiiGirbiiii abcosmoTHIN MOXKMOUI 3HAXOAMMO BIAHOCHY (OXMOKY
O0UHCCHD!

424-4

AN, )= =22 1 100% = 5,8%
Va4 -

4.1.6 3naxomwennusn onopuux pearuiii Ta 3ycu.ib b crepansx gepvn

npH IMIHHOMY 3HAYEHHI KYTa O

Tipu 3mini Hanpsasy Aidii Aif cuan P, 3HaueHHs ONOPHIN peakiiii Ta
3VCHIIh B CTEPARHAN (PEPMH 3MIHIOCTHES. IX KOHKPETHI SHAYCHHS BU3IAUIMO 2
JonoMoeroto EOM. ckaaum 1py UBOMY IPOFPAMY. HAIPHKIAIL. HA MOBI
BASIC. Axropars Lt nporpamus ¢ Qopmy.n (4.3). (4.5) - (4.17). 3uauenns
KNTQ O 3MIHIOEMO B Mexkax iz 0 20 360° 3 kpokom 30°,

Hasezemo reket nporpamu, e NOPAAKOBHUMIL HomMepamMu 10— 710
HO3HAYEH] ONepaTopH Ta MOSICHEHHS /10 KOXHOTO orgparopa.

10 -30 — komeHTapi, AKi ApVKYIOThea EOM, wit€ He 00podisiorbes:

40-120 —3aia0ThCH 3HAYEHHS HOCTIAHIX CHIL TA PO3MIDIB:

130-160 - sarmcani (l)opm m (4.1), 3a TOTIOMOLOK) AKHX 3HANOIATLCH
dvHKLI RYTIR B R Kl : :

180 — nowarox MKy, e BKA3VETHCH, U0 KVT o (nosHauedo )
IMiHIOeThes Bi 0 10 360° 3 Kpokonm 30°; ; o '

190-200 - Bi:ANOBI:IHO 3aNNCAHI 3HAYEHHS SN | COSAL B patiaHHiii Mipi:

~ 210-590 — 3anucani QopMyIi, SIKHMH BH3HAYAIOTHCH ONOPHI peakuii 1a

3VCHIA B CTEPARHSX: ‘

280 — nepesipounuit MmomeHT (£ Mc(F)).

600-650 — OUEPaTOPH BHBEICHHA PE3VIILTATIB 10 APYKY:

700 — 3aKIHYEHHA LHKY. m AKpHrOro oneparopon 180:

710 = Kineus 11POrPaMH.

Micas mup\ KOBAHOI npmpd\m FHANQHTLCH  (PPArMeHT pcn Ibraris
PO3PAXYHKIB,
10 REM PO3PAXYHOK I JIOCKOT ®EPMH
20 REM 3PA3KOBHH MPUKAT 11POI'PAMU

N
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30 REM BUKOHAB CT.T'P. 1b-00 IBAHOB L. [. -

40 P1=; L

50 P2—3
60 P3=6
70 Al=3
80 A2=
90 Bl=
100 B2=3

110 Hi=3

120 H2=6

130 S=(A1+B} VSQR((aHBl Y 24+H242)
140 C=SQR(1-S"2)

150 SN=H1/SQR(A1"2+H1"2)

160 CC=SQR(1-SN"2)

U Lo

170 LPRINT TAB(20Y*____ PE3Y.IbTATH PO3PAXYHKIB

180 FOR U=30 TO 360 STEP 30

190 U1=SIN(U*P1/180)

200 [12=COS(LFPI/IROY .

210 RI=PI*HI+P3*UI*(AI+B1+B2+A2)
© 220 R2=P3*U2*HI+PI*(A[+B1+B2)

230 RB=(R1+R2V/((A1+B1*C)

240 YA=P2+P3*U/1-RB*C

250 XA=-RB*S-P1-P3*1}2

260 M1=P2*A2-Y A*(A1+B1-B2+A2)+XA*H1
270 M2=-RB*C*(B2+A2)+RB*S*H]

280 MC=M1+M2

290 S1=-YA/SN

300 $8=-XA-S1*CC

400 $7=58

500 $9=0

510 SD=-$1-S9/SN

520 $2=(S1-SD)*CC-P1

530 SO=-RB*C-SD*SN

540 S6=S7+SD*CC-RB*S

530 SW=-SO/SN

560 $3=52-SW*CC ..

570 S5=SW+S6/CC.- =

580 TS=-(SS+SW)*SN ., .

590 S4=P3*U2-SS*CC
600 PRINT TAB(6) ™ ="

610 PRINT TAB(6) “XA=": XA: TAB (17} "YA=":
YA:TAB(28)'RB="RB:TAB(40)"MC="MC

620 PRINT TAB(6)"S1="SLTAB(17).7S2="
$2:TAB(28)°S3=":S3: TAB{40)"S4=":54

RN




630 PRINT TAB(6)"S5=":SS:-TAB(17):"
"S3="S5:.TAB(28)"S7=":ST.TAB(40)"S8="S§
640 PRINT TAB(6)"S9=":S9: TAB({17)."SD=""
SD;TAB(28)"SO="_SO:TAB(40)"SW="SW
645 PRINT TAB(6Y'TS="TS

650 PRINT

700 NEXT U

710 END

PE3VJIbTATH PO3PAXYHKIB

U=30

X A=-2570422 Y A=-9 508076 RB= 24 88743 M(=-2 814697E-06
S$1=13.57373 $2= 16.19616 S3= 8.196156 Sd= 8.196156
S5=-4.242644 S6=-11 S7= 16.19615 S8= 16.19615
S9=() SD=-13.57373 SO=-8 SW= 11.31371
TS=-4.999998

U=120

XA=-17.89 YA=-7.70 RB= 25.30
S1=10.88 $2=12.39 $3=2.20 S$4=2.20
$5=.7.35 $6=-15.39 S7=10.20 S8= 10.20

U=360

XA=-21 YA=-7.000001 RB=16.97056 MC= 3.814697E-06
S1=9.899497 S2= 11 S3= 6.000003 S4= 6.000002
S9=08D=-9.899497 SO=-5 SW=7.071069
TB=-4.999999

N
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C.5 Po3paxyHoK Ta 20¢i1AKenH-30ipHoT KoHCTpyRuii

Maocka pama (pue. 5.1-5.10) CKAAIAETRCA 3 ABOX YACTHH. AKi 3¢ 1HaHi
napuipom C. Ha pamy aitoTh cuan Py i P, i-napa cin 3 momentom M. Jlo
OKPEMHX HACTHH PAMH, npumduwe po‘;no,u,[we HaBaHTa)l\eHHﬂ THTEHCHBHICTIO
g FeomeTpnqm po3MipH pamn BHIHAYAIOThCA Nap: reTde d b ¢, h. akyri ¢,

i ) BKA3VIOTb HAUPAMOK i cun Py i Py,
1

3a JaHuMH p()'iMldeM i LHJ‘I()BHMl BaHTaJKEHHﬂ\Hl '¥HdHTH
a) Oﬂ()le peal\un pamu i B!\d’SaTH, aﬂC)KHlCTb Bia 3MIHHOFO R¥YTa:
0) llOOVll\’BdTH rpa(bucu 3dﬂe7KHOLTeH OHOpHH\ pcaxum BIII 3IMIHHOTO

KVTa. 3
© B) BH3HAYUTH ;Toqmwro A0 1 rpagyca 3HaueHHA IMIHHOTO KyTa, 1pH :
SKOMY BEPTHKATbHI CKAA10BI onopum peakuiit pisHi Mix codot0: ;
T') BU3HAYUTH MAKCHMANIbHE 1 MIHIMANbHE 3HAYCHHS peaKun onop AiB B
'wle)mocn Bin 3MIHHOTO KyTa: o g - o S

3HaueHHs CHIOBHX HABAHTAXKEHD pownpm 1 KVTIB B38TH 3 |a6.rmux 5 i,
w g Y (
KV T. noMiuenuuil = * 3MintoeTbes gin 0 a0 3607

f

Tabauus 5.1,

anr  kH .‘--.I\‘l".]'\l:KH-I‘\I{_‘._’ U w T'pat

R i | 5
ST TR T s 3 1% a8
RRAEE ST SN B R SR B s’ S 60
R A 53 6 k) 3 2
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. - 5.1, [IpnKAa] BHKOHAHNSA 3aBAARNA S

_ Jlano: flnocka paMa. MO CKAQZACTBCS 3 UBOX YACTHH. 3 €IHAHHX
wapnipom C . 3o0pakeHa Ha puc’S.Hl, . :
“ Y t :
b /2
Y
: <
(g
1

: Pué}ﬁnw 511
BeHuiHi CICIOBHX HABAHTAKEHD,: POIMIPH 1 KYTH MAlOTh 3HAYCHHS |
Pi=9kH. P,=4xH. M=I10kHwm, 1q=0.5kH/M. a=Twm, b = 4m.
c=3w, h=2wm, ¢,=15° Kyr ¢3¢ 3miHHum . @:={ O 3607
3naitte onopni peaxiii Ry i Ry 3riauo 3 nynktamu | -4 3apaHus .

Pose’azanna; - Ha puc. 5.12 300pakacMo paMy. B TLIOCKIiT cHCTeM
KOOD/IMHAT 3 HABAHTAKCHHAMH I peakuisMi® B onopax.
; ¥

Do,
<
N
8
v X
- X,
S
Pucvuok 312
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O0uaBi onops paMH € HEPYXOMHMH mapmpa\m TOMY peaxuu Rai RB
HORa3yeMo v BUOAAE cknagoBux X, Ys i Xa. Yg. oo
CkianacMo pIBHSHHA PIBHOBAMH 115 IL10CKOT TOBIALHOT CHCTEMH CHI
IX,=0. Y, =0. IM., =0
3rizino 3 pucynkom 5.12 BOHM 3anMILyThCH |
X, =Xa+Prcosp,-Prcospy+Xg= 0, (5.hH
LY, =Ya-qb+Pisintp-Pssing,+Yg =710, - (3.2)

IM=-Yya-Xstga+tM-q b? 2+ Py sin ([5 ib+

+YB(b+c)+Xgih+chosqygh.4Pgsi11<p3(h+c)=0. (5.3)

Lli Tpu piBHSHHS PO3B’A3aTH HEMOXKIHBO, TAK AK B HHX € 4OTHPH HEBIAO-
M, Buxopuciaemo In s nepesipku possasky.  [loctaBiieHy  saauy
PO3B'AKEMO METONOM pO3unieHyBaHHA. Po3riissacmo pamy no  uyacTHHax .
pos‘camasut i no wapnipy  C . Yactuna  AC 30ipHoi KoHCTpYKLU,
jobpaskena Ha puc. S.13. 7 : -

A
!

¥
Xy
s M
| ¥,
8
: - X X
{450 C “e
! a
,f—_. X

Pucynok 3.13

X, =Xy Xe=0. - ' (5.4)

LY =Ya+tYe=0. . h oo (3.3
CIMy = M+ Yeat+Xeagdsi®=o0, (53.6)

PO3IB sr3aHHs UHX PIBHAHD TAKOXK HEMOKIHBHIA. 60 B HHX 4 HEBLIOMUX.




Posrasaaemo . vactuny, CB.; - mo- 300pakena Ha puc. 5 5.14. PiBHOMIpHO
PO3NOLIICHE HABAHTAKEHHS urrenumum;o q- TIPHBOAHMO- 10 30CEPEILKeHol
can Q ;- siKa J0piBHIOC: - :

Q=qb=0.5xkH/M4nMm =2kH ..
JY

1|
R

Pucynox,5.14
X, =X+ Ppcos @+ Xa-Prcos =0, T
EYi=-Yc-Q+P;Sin(p,+Y5-Pgsill(p;:;0; : (5.8)
EMB,=Y(-(b+c)*X(h+Q(c+b:’£)'-P;sin<p,c-
-Py cos ¢ h+ P;cos (p32h:_=0 -89
PiBHmu@ (5.6) 1 (5.9) po3s’asvemo V'sncic\:)u‘crfémy. 3BUIKH 3HAXOAHMO
‘((—(K;+M(b+(\/a\/(h (h+g)tg45 ). (5.10)
Yo=-M/ia-Xewdso: G110
€ MO3HAuEHO |
K,=P,(csin(p,+hcos<p,)——éPghc05(p3—Q(c+b/2).

Toxi 3 piBasb (5. 4). (5.5) 1 (5.7). (5. 8) 3naxonumo
cknanosi peakuifi Ra i Rp

Xi=-Xc. : - (5.12)
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Xg= X¢-Picoso,+Picos s, L '\'(JS'.M)
Yo =Y¢+Q-Pysing, +Psing.. B A L)

Moayai peakuiii Ry i Ry Gy’ﬂy;Tb PIBHI :
Ra=VXy+ Yy . Re=VXg' + Yy . - (5l6)

[lepesipka. Omnopni peakuii 3wuaiizeui BIDHO, SAKINO BUKOHYIOTBCA
aHANITHYHI YMOBH DIBHOBAar# 1is AOBLIbHOI MUIOCKOI CHCTEMM cuil, To6TO,
piBHsHHA (5.1) - (5.3 ).

3a dopmyramu (5. 10)-(5. 16). a aas nepeulpku 3a( 1)-(5.3),
Ckianaemo nporpamy “ RAMA™ na mosi BASIC i sukonyemo po;pd\mKu
na EOM.

IO REM " RAMA

20 PI=3.14

30P1=9

40 P2=

50 M=10

60 Q=2

70 A=7

80 B=4

90 C=3

100 H=2

O F1=PI/12

120 S1=SIN(F1)

130 C1=COS(F1)

140 FOR F2=0 TO 360 STEP 30

150 S2=SIN(F2*P1/180)

160 C2=COS(F2*PI/180)

170 KI1=P*(C*SI+H*C1)-2*P2*¥H*(C2- Q*((‘+B”)
180 XC=(K1+M*(B+C)/A)/(H- -(B+CYTG(PI/4))
190 YC=-M/A-XC*TG(Pi/4)

200 XA=-XC

210 YA=-YC

220 XB=XC-PI1*C1+P2*C2.

230 YB=YC+Q-P1*S1+P2#*S2

240 RA=SQR(XA2+YA2)

250 RB=SQR(XB"2+YRB"2).

260 WX=XA+P1*C1-P2*C2+XB

270 WY=YA-Q+P1*S1-P2*S2+YB

280 K2=YB*(B+C)+XB*H FP2*C2*H-P2*S2%B+(C)
200 MC=-YA*A-XA*A*TG(P1/4)+M-Q*B/2+P 1S | #*B+K2
300PRINT " KYT F2="F2
JI0PRINT " XA="XA."YA="YA."RA="RA
320 PRINT "XB="XB, "YB="YRB, "RB="RB

67

e




330 PRINT " TEPEBIPKA"
,40 PRINT "WX="WX."WY="WY. "MC‘-”MC
350 PRINT - vesmemmmomecsmm oo cm e e o e
360NEXT‘F2V'
370 END
KYT F2=0 : o
XA=4.185969 YA= 1428572 RA=4.423025
XB=-3.076733 YB=-1756789 °  RB=1.828672
[IEPEBIPKA
WX=0. wy=0 . S MC=0
KYT. . F2=30 I
XA=-5256704 YA=1428572 RA=5.447362 o
XB=2.769423E-02 YB=2.422913  RB= 243869
NEPEBIPKA R
WX=0 wWY=0 CMC=
KYT F2=330
XA=-5269472 YA=1428572 RA=5.459685
XB= 0340786 YB=-3.766894 RB=3.767048

NEPEBIPKA
WX=0 wY=() M(C=-9.536743E-07
KYT F2=360

XA=-4186009  YA=1428572 RA=4423063

XB=-5.076333 YB=-1.769553 RB=1.840909
IEPEBIPKA

WX=0 wY=0 MC=

20

10

- | | —
90 180 270 360
Pucytiok 5.15

Y

3 pucyuka 3. 15 3Haxo1MO: o _ '
Ramin = SKH, npu 0= 0, Ragay = 19.2 kH. npu o = 1727
Remin = 0. npit & = 45°. Rpmay = 8 kI L 11p a0 = 198",
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C.6 PiBnoBara cii 3 BpaxyBanHsiM 34enIenis (repra cnokoio)

Bizuaunru kpmm{ﬁe 3HaYeHHst chnu P (MiniManbue ab0 MakcHManbHe).i
peakuii orop cHCTEMH, WO 3HAXORMTHCS B CTaHi CROKol0. CXeMH BapiaHTin
nokasani Ha prc. 6.1~ 6.10, a HeoGxiaui anst pospaxyuky naui 8 Tabn. 6.1.07

3uerutenns  (TEpTA  CIOKOIO) - BPaxyBaTH TINBKH MDK  raibMiBHOIO

KononKolo Ta GapabaHoM, a TAaKOXK B ABOX OMOPHHX Toukax Tina pardw G.
Slkuwo ranbMiBHA KONOJKA He 300paxeHa y BHDJIAMI WITOKA, TOii.TOBIUIMHY

npuiimari e = 0,05 M.

Tabnui 6.1 .' ‘
Bapianr | G | Q A ] B o] f
KH ) M | _rpan

1 2,5 22 0,5 0,5 45 0,25 -
2 8 18 .5 . 30 0,35
3 1. 16 0,1 0,15 45 0,3
4 1,5 14 3 0,5 60 0,35
5 28 | 20, 0,4 0,1 30 0,25
6 3 25 3 0,6 45 0,4
7 2,6 30 0,15 0,25 60 0,5
8 5 35 4 1,2 60 04
9 2 15 04 0,4 . 45 0,2
0 3,5 10 3 1 30 0,3

6.1 llpiknann BUKOHANEA 32BAAHNS

Ipuxnaol. Jano: G=2 xH; Q=20 kH; f,,=0,1; a=20°, a=10cm; B=20cM
(puc.6.11). BusnauuTi kpHTIMHE 3HaueHHa cuii P i peakuii omop O, A, Bi C.

Pucynox 6.1
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Poze A3ann. Po3r1smeMo cucreMy Bpmuosa)xeﬂm CHy O MpHKNa-
' neni 110 Tina sarqro, O, (puc.6.12). Ha TiNO Oi0Th
enna BarH, Q,, peaxum Ti Hopuanbna peakum
N,.“ T S .
HE\,"MO‘{PI _ p03MlpaMH : po3rr19Heuo
: )aocwmyéaue mno K Mareplanbuy TOUKY i
;.- CKJaaeMo piBHAHHA PIBHOBArM BKA3aHHX CIUT:

. -2 X,=0; Qcos45°-T =0, BN (H))
,,,,,, \\x Y =0 N, -0, sin45°=0, - T (6.2)
e 3Bmcu
PicyHok 6: 12 T =0, cos45° =20-0.707 = 14.4xH:

N, =Q,sin45°=20-0.707 = 14.4xH;

IToTiM po3rIsHEMO PIBHOBATY CILL NPHKIAIEHHX 10 6apabana (puc.6.13):

> X =0 —N:sina+Féucosa+T'f,\’(,=O; - N (6.3)
Yy, =0; - N cosa+Fysina+¥,-G=0; S (64)
Y MF)=0. -TR+F,-15R, =0 ; (6.5)

de F,— cuia 3uwenieHus (ciia -Teprs - cnokow). [=-T (G10x C-
izeatbhnit).

Pucytok 6.13 e PucyHok 6.14
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Pucynok 6.1
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@ AC=b. OA=2/3b,AB=12)
~ AD=DB,AK=1/4AB. DN=NB

£

Pucynok 6.2

~I1
]




b
1,6 b
BN=ND
DK = AK

R
AB -

Pucynok 6.3

re



R-~a,r=3M4a

“~y

: B

L] -

Q

ol

AB=a, AX -KD=DN=NB B
CO=a

Pucynox 6.4
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BD=b,AB=15b
KN=NM=MO=0D
; A;T : : . S

R=a

AC=CD
DN = NB
AB=106a

PHcynox 6.5

~J
(1]




BC=a. AD=DD

. iAK-KD, DC=CD

OA =3/4 AB

Putynok 6.6
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Pucynok 6.7
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OA=13b.

DB=b, BK=KD, DC=CD

Pucynok 6.8
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AB=a
AC=2CB

" OK=KD=b

R=2r=bt/4

AB=a, BO=1M4a
OA=13a, AK=KD, DC=CB

R=b
AD=1/5b
AB=BC
CK=KD

Pucynok 6.9

19




LERET R=a.r=1Ra,
AK=b. AD=2DK.

DK=KL={L.M=MC .
DC =a.0A =1.5a.

Pucynox’ 6.10
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B craui rpaununoi pisnoBaru cuma P MiHIMabHa, a CHna: 3uerIeHHs

(TEpTs CNOKOW) MK [&ibMIBHOI KOMOHOW | GapabaHom -_Bu3HauaeTLCA
piBHICTIO ' o '

‘.‘r
4

Fu=f. + Na. - ) L 76.6)
3 pisnsnb (6.3)- (6.6) oTpuMaemo ; .

Fu=TV15;  Ny=Fy /fu:
Xo=-T - Fyycos @ + N, sin & ;
Yo=-Njycos & +F, sina +G.

Jlns Bu3HaueHHs MiniManbHOrO 3ua}erH‘x cwiin P 1 peakuiii.onopu A i B
(i peakLuii NEPTICHANKYIAPHI HANPABMOUNM A | B, TOMY L0 TEPTAM B TOUKAX
A 1 B HEXTYEMO) POIIIIsHEMO PIBHOBArY CHIL, MPHKTANEHUX 110 HITOKA
r&IbMIBHOMO TIPUCTPOIO (puc: 6:14): : a '

2 My(F)=0; F,-a+Ry b=0; (6.7)
2 Xo=0; - Nz -P =03 L (638)
2 Yo=0; Ra+Rp-F,=0. (69)

Po3s’s3yroun oTpuMani piBHAHHS , MaEMO : -

RB=-F‘3‘I'a/b; 'Pmih=N‘2; . RAZ-RB+F"£‘I‘

- Pucynok 6.16 .

Pucynok6. 13
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BanOBle'{I/l 3a,11aH1 B yMOBl YHCJIOBI 3HAYE€HHA, OTpUMAEMO:

o O =14, wiH CF, = 943xH
MRN8 3kH ;X = 9,25kH ;
Xy =-89,6xH; RB=—47KH

R, =14 14xH ; P = 94kH .

Jlns nepeBipku HOCTOBIipHOCTI pO3B’sI3KY pPO3IMSHEMO ' piBHOBAry cu,
npHKnaneHux no GapaGaxa Ta nToxa AK €AUHOI MexaHigHoOI cucTeMy (puc.6.15)

> X; =0 R, cosa+ Rpcosa +Xy+ T~ Psina =0, (6.10)
Z}_’,zO; 4 RAcosa+RBsma+Yo G+Psing=0; 6.11)
ZMO(F)'=0- RA(15R+a)+RB(15R+a+b) T'.R=0. (6. 12)

Tak, nanpuxiag, 3 Bpaxy BaHHAM 3HAHICHHX 3HAUCHB RA, Ryi X(, 3 q)opMy-
Jm (6.10) maemo:

14,1c0s20°-4,72¢0520%+9,25+14,14-945in20°=-0,01.

J[ina Bu3naveHHa peakuii onopy C ZOCTATHBO CKIIACTH PiBHAHHA PiBHOBA-
I cuiI, NpHKIIanenux no 6ioka (puc.6.16)

X: =0, . -T+T'cosd5+ X =0; . (6.13)
1 K
Y =0; Yo —T'sind5°=0. -« (6.14)

Po3s’s3ytoun pissuas (6.13) i (6.14), sHaxonumo:

X =T=T'cosd5° = 414xH;
" Yo =T'sin45° = 10xH.

Hpmamo 2. IIaHo G= IKH [=0,4; a=6m; 6=2m (pnc 6. 17) Bmﬂa'mm
amdtenns cuu P i peaxuii B Toukax A,B,D i E npu kputHuniii- pmnosam KOHC-
TPYKLii.

Po3e’azanna. PO3rIAHEMO 3 OYATKY cucmmy BplBHOBa)KeHPIX CHJl, NIpH-
knanenux no tina saroto G (puc.6. 18) Jo Tina npuksianena cuna Baru G, cuna
P, HOpManbHi CKIaf0Bi peakuil N D iy 'p» A TAKOXK JNOTHYHI CKIANOBI CHH 34e-

TLICHHA F;.,( ol F, £y (CWIH TEPTH CIIOKO10).
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Pucynox 6.17 , PucyHox 6.18
Cxnanemo TpH piBHAHHA PIBHOBATH BKa3aHUX CHi'(puc 6.18):
Lx=0; ~Fyuor - Py +P=0; (6.15)
2 Yi=0; Np+N;~-G=0: (6.16)
LMp(F)=0; . -G-b/2+Ngb-P-b/4=0. (6.17)

Yy Bymanxy rpaHu4Hol pisroBaru P =P, .Y uwMy BHIIA/IKy CHIIH
34€MUIeHHA ( UM TEPTA CIOKOI0 ) IPHAMAIOTE eKCTpeMalhHi 3HAYeHHS, a
cucTema piBHAHL ( 6.15) - (6.17 ) :

Fapy=fs + Np; _ (6.18)
Faugey =f s « Ng. (6.19)
Po3s's3yioun cuctemy plBH)IHb (6. 15 )—( 6 19), orpumaemo :
= fzq ' 5

NE—(G/2x1+os-m);
Np =(G/2)1-05- f,).
3BilIKP] s 3 BanyBaHHﬂM YUCIIOBHX IlaHPIX MaeMo :

Pox =04xkH; Neg=0,6xH;
Np=04xH; "~ Fuye)=024xH;
3q( [)) 0 16 kH.
CyKymncrb Np i Fl.,( py» Nt i Fuou, CTBOPIOIOTE BiANOBIAHO

onopsi peakuii B Toukax D i E . Posrusinemo pisHosary Tina AB (puc. 6.19). -

Jlo yporo npuxnaneni peaxui'f B'aseil RA, Xy, Yy, HopManbHi ckianosi
peakuii N'p'i N'i, a TaKOX L[omqm cxnanom CHIH HENIIeHHs Fau Dy i
F mw(E) -
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N'p=-Np;

— _}_7’ W= -l N(]))’ :
S Xe. 7 Np=-Ng
b \“['_','N(E)'=_ -F M)

Pucyuox 6.19

CrlaneMo TpH PiBHAHHA PIBHOBArK BKA3AHUX CHI.

X - 0 ' X - Flugy - Fhg = 0: (6.20)
Y- 0; Ri-Nbp Ny =Yg 0; 6.21)

SMp(l) - 0 Ry~ Npfa2-b2)+ Nef@2-b2)- 0. (6.22)
Poss’ ﬂ3yl0'~lH (6 20) -(6.22), orplwyemo i

Ry < (Npla- h2- NL(a b) 2) 2;
Ve - - Ry ND }V
XB "( [ 2i(Dj '.: 3!1([‘))

3BIAKH:
R; 0467 KH
Y/g -0.533 KH
Xp= -O 4 gH>

I[m TO]‘O wod BNEBHUTHCH B IlOCTOBlpHOCT! po3s’ sm(y, poamﬂuemo
pmnosary cucremn cvm IQ, X,; Y,, G s ,[ P,m,\ ,npnmaneﬂux ,uo Beiei
cucremn (prc. 6.10): .

i

Yo Xy Poas O | (6.23)

Mty 0: ' Poahd - Gb2- R, a-0; (6.25)

Po3B’s3ytoun piBHAHHS (6.23)—(6.25) OTpH:MvaEMOZ

.)(1‘ = '} mass .
G2 P b4)a
YB- G- Ry

3pinky BHCBHIOEMOCb Y- BlpHOCTI OTPUMAHHH YHCIIOBHX 3HAYCHD 11A Ry, Xy
1a Yp: L e g e Er o . ‘
3 HdBCI!CHldX npuwlams MO)KHd 3p06ym4 BHCHOBOK mo . pO3B’$ ﬂsauux”,
3a4a4i MOXKHA MPOBOAMTH 3a Aonomororo _pisHMX nmxoms ToGTo " MO3KHa
PO3FAATH PIBHOBATY OKPEMMX CKIALOBMX KOHCTPYKUIii abo pisHoBary oamiei
YACTHHH KOHCTPYKLUT 1 BCIET KOHCTPYKLUT. '
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|C.7 Po3paxyHok onopHux peauiii npocTopoBoi KOHCTpyKuil

Ho neparomoti xxopetroi naTH ABCD(pm. 7.1-7:5). npukﬁaneui cHan F L F, - |
i napa cu1 3 MOMEHTOM M W i€ B nAOmAHI NAMTH . Onopamy nantu € : B T. 4
- IPOCTOPOBHIi WApHIp , BT. B - uH’IlH:lpPI‘-IHHH wapHipisT. C crepikenn OC.

HaHC)KHlCTb cm £, F, 10 (I0WHH BKa3y€Tbc;1 Ha pHCYHKax 3a BaplaHTaMH

)
a ix Hanpwox i Hanpwox CTepKHs OC BI/I3Ha'-Ia€TbCH _KyTamu viBiog.
I'eomerpuuni poawpu TIMTH | ﬂO’IO)KEHHﬂ TOUYOK anKnaﬂaHHﬂ CHJI BKA3YEThCH
posmipamua,b,c,d. '

Haui nns poapa\)HKm rlpHBOﬂﬂTbLﬂ B Tabnuui 7. 1, e cuan 3agaHi B H,
MomeHT B Hm, KyTH B rpagycax, a posmipu B CaHTHMETpaX

3naliTh Moayni peakum omop B TOUKax A, B C npu plBHOBasl NAuTH i
nokasatd Ha rpadiky ix 3aJ'IC>KHlCTb BiZ 3MiHHOrO KyTa, 1O NOMiveHuit B
Tabnuti 7.1 (*), skuit 3MiH0€THCA B Mexax 8ia 0° g0 360°.

@

Tabanus 7.1
BapianT F | F M A b C d v | B @
b s | 206 | 4| 2331} =*]45
2 6 | 8| 188 513 21 * [15]20
3 12 |14 14 | 10| 3 1| 4 75| % |60
4 s {3 o] s |35 e
5 7 1 8115, 9 | 8 | 4 |21 * 1217
6 Il 190 14| 6 | 2 | 3.160]*]15
7 4 12410 |10 | 8 | 4 ["3 J15].75] *
8 10| 714 1617 51 21]=*160]30
9 8 s e | 1 s | 33 3] * |2
0 9 6 | 17| 15| 8 ool 2 L2045 *
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Fy < ennydd " Fy- & nnypAz, Fy-6 nnxdz

Pucvuor 7 3
THCYHOK /.2
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Fy- enn pAz,’ Fy-=dnn xAz

Pucytiok 7.4
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¢ Fy -6 naoyAz
Fy -8 na xAz
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B ..
F-¢ nnxAz, Fre nn yAz

Pncyu:gx 1.5
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7.1 Mpukaaa BukonanHs 3aBaaNNA

Hesaroma nnura ABCD | ‘nio 306pax<eﬂa Ha PHC.7.6, SHAXOAHTLES B
piBHOBa3i nin piero cu Fy=20H i mapu cun 3 momenrom M=30H M,
wo aic 8 nnouwmni nawri . Cia’ Fi newuts B nuowmsi napaienbHii 10
nowMu - YAz i die nia kytoM ¢ 10 oci v. Poimipu mmth i
MOJOKEHHA TOYKM MPHKAAZAHHS CHIM F| BU3HAUAIOTHCA BE:IHUYHHAME : a = 6
M.,b=8Mic=2m.

¥ “ Iz Fi—-8na yAz

" Pucynok 7.6

[Liita yTpuMycTbes onopaMi : B T. A - cepHuHHM WAPHIPOM . B T.
B - wiringpuynny waphipov i B 1. C - crepwiem OC . mio Jexuth B
HJAONIMHI  MapaieisHiii 10  KOOpAMHATHOT TLIOWMHM XAz 1 ckiagac 3
BEPTHKALNO kyT B =60 .

Suaitri peaxuii oniop B toukax A, B i C B 3aiekuocti Bix Kyra o,

AKni 3miHoetbes Bia 0° g0 360° . TloSyayearu rpaiku 3anexkHocteil
Ra(9).Ra(e). Re(o). '

Posg’azanna. Ha puc 7.7 noxazvemo cuay i peakiii, o 2il0Th Ha
nauty . B onopi A peakuito R, poskiamaemo ua ckiagosi Xs. Yi. 7.
B ornopi B peakuilo Rg poskragaemo Ha Xpi Yg, a B Toyui C peaxuis
R¢ wnanpasnena no crepixmio OC - : '

., .2
z F, &,
D I
i
Z,
\ﬁ:f
A4 o
x, Yy a A
X OFi-BmayAz

Pucynok 7.7
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PiBHANHA DIBHOBATH NS DPOCTOPOBOI JIOBINBHOT CHCTEMH CHIL:
AT

t —’\\z‘ Xi'z RS 1 Z M(F) = O

i

SYi=0. .0 IME=
s7,=0, ZM(F]—\O

y anomnﬂom 3 puc.7. 7 i PIBHAHHA MAaloTh BHLAAD :

3 X;=Xa + Xp+Resin B =0, | - (7.1)
EYVi=Ys-Freoso=0. - _ (7.2)
$7,-7u+Zp+Fisng+Rocosp =0, (7.3)
M ;=Fysingc +Zga +R¢ cosBa =d, (7.4)
IMi=Fsingpb + RcceosBb = 0, (7.5)
CZMEM - Xga +F,cosmb-Rcsde*0 | ‘, (7.6)

Onepmam PiBHSIHHA pom "SI3YE€MO B Takiit rmunaumxocn (7. "H7 5),(7.6),
(7.D),(7.4),(1.3). :

YA=F, cosq),‘ , B ’ (77)
R¢ =—(‘Fv(sin(p.ti))/(bc'os'[3v):,. ' SR - o (7.8)
XB =£M-+ Ficosob - Re s'in‘Ba)t/a,-: N L (79),“:
Xy = -Xg - Resinf, (7.1
75 —-(F,s:11(pc+RccosBa)/d L i (7.11)
Zs =-Zg-Fysino- Rccos[i P o (7.12)

Moayai peaxuifi Ry 1 Rp ;Hdnngmo 3a (opMmynamu

Ra=vXa +Yy +747. - : o (7.13)
Re=vVXy +7Z4 . ‘ (7.14



3a dgopmynami (7.7) -(7.14) cxnanaemo nporpamy Ha ‘moBi BASIC i
BHKOHY€MO pospaxvuku 3a poniomorowo EOM . Mpusoanmo nporpamy 3
iM'am “ C 3% i waCTHHy pe3ynbTarTip 3HaueHb peakwiil B 3ATGKHOCTI BiJ
KyTa ¢ .

IOREM" (C3.. ¢

20 PI=3.14

30F1=20

40 M=30

50 B=PI/3

60 S1=SIN(B)

70 C1=COS(B)

80 A=6

90 B=8

100 C=2

110 FOR F=0 TO 360 STEP 30

120 S2=SIN(F*P1/180)

130 C2=COS(F*PI/180) '

140 YA=F1*C2

150 RC=-(FI*S2*B)/(B*C1)

160 XB=(M+F1*C2*B-RC*S1*A)/A

170 XA=-XB-RC*S|

180 ZB=-(FI1*S2*C+RC*CI*AYA

190 ZA=-ZB-F1*S2-RC*C]1

200 RA=SQR(XA"2+YAN2+2A%2)

210 RB—SQR(XB"2+ZBA2)

220 PRINT ™ -

230 PRINT " ' KYT F="F.

240 PRINT "XA="XA,"YA="YA "ZA="ZA_."RA="RA
250 PRINT "XB="XB."ZB="ZB."RB="R, "RC "RC

260 NEXT F
270 END
KYT F=0
XA=-31.66667 YA=20 ZA=0 RA=37.45368
XB=31.66667 ZB=0 RB=31.66667 RC=0
KYT F=30

XA=-28.09755 YA=17.32316 ZA=-6.663602 RA=33.67444
XB=45.38889 ZB=6.-663601 RB= 43 87543 RC=-19. 97244

KYT F= 60



XA=-18. 345589 YA=10,00919 -ZA=-11.54347
XB=48.29967 (ZB—II 54347 RB“ 49. 65994

RA=123.87459
RC=-34.59859

KYT F= 300
A=-1827198 YA=0053986 ZA= 1156466
XB=-11.73709  ZB=-11.56466 RB=16.47728

RA=23.80522
RC=34.66212

KYT F=330
XA=-28.05499 YA=17.29124 ZA=6.70035

RA=33.62981

XB=10.66829  ZB=-670035 ~RB=125979  RC-20.082P9
KYT  F=360
XA=-31.66654 YA=19.9999 ZA=4.246789E-02 RA= 3745353

XB=31.55634 ZB=-4.246789E-02 RB=31.55637

10

RC=0.1272867

-10 -
220

-30

-40

: _ Pucynok 7.8
Ha puc. 7 8 306pd>i<uu ;anezl\uoc,n RA( m)
no6y108aHi Ha OCHOBI OJEPXKAHHX UMCIOBUX PO3PAXYHKIB .
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C.8 Busnavenns nentpa Bary mI0CKHX Tij

Mnocka dirypa, dopma sxof 3amaeTbest Ha pucynkax (8.1-8.5), mae
beomerpuqui po3mipH, ki ‘Bumaqamﬂ;{c;x napamerpamu.a, b,.c,d 1, nm h
fpomip;i B CaHTUMeTpax);. B‘(pirvpi Bnkonaﬂo OTBIp , MO Ma€ (bova 4acTHHH
Kpyra 3 paniycom R. I[mwmm KOHTypa nnockoi Girypu 3 no3Haukoro L mae

(‘rop\ay KBaaparHoi napa60rm y =A + Bx+ C

Jina 3a1an01 roockoi Q)lrypn BU3HAYHTH:

a) QHATUYHUIN BUTAA KOHTYpY L;

6)xoopauuaru ueHTpa Bard "B BUOpaHili cHCTEMi KOOpAMHAT 3a
JI01OMOr010 PO3paxyHKIB 3a BiANOBiAHMMH QOPMYIaMK;

B) KOOPIUHATH LICHTPA BATH 32 JONOMOFOK) €KCHEPUMEHTY, BUrOTOBUBILH

MakeT ¢iryps 3 nanepy.
r) noxu6Ky B BiZCOTKAX MiXk Pe3yNbTAaTaMi AHANTHYHUX PO3PAXYHKIB i
eKCIIEPHMEHTY. '

3naueHHs po3MIPIB BIATH 3a BapiaHTOM 3 Tabnuui 8.1 :

Tabnnus 8.1
Eapiam Al b ¢ d h -] T n R
1 64136242628 | 183220/ 14
2 70148130142 1(261]301] 41|36 1.0
3 7315013213510135!0131132(40] 12
4 7 1691361251501 43 126128 146! 13
s i—, 74142124128 1.20128 392508
T 6 82137130(36(29(32(28]63] 14
7 6545270302225 33[48] 1.0
8 804812534 [30]19] 365915
9 78139126129 128120130142] 12
0 [8s]as 28| 4032 |27 29 |35 ] 09
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PucvHox 8.1
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Pucynok 8.4
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§.1 Tlpuknan sukoHaHns 3aBaanss

Ha puc. 8.6 Sa{ldlld niocka Qirypa 3 po3MipaMH B caHTHMeTpax :a=4,
b=4, ¢=6, d=5 m=3, n=25h=3; 6 1=2, 4, 3 saxoi Bupi3aHo orBip y
BUMAsAL  MiBkpyra paniveom R = I, a BuaaneHuit kouryp L wMac Q)opm'
KpagparuyHol napabomn y=A;x "+ A;x+ A.~ 3 peputHHOl B Touni K.

BusHauuTH  nonowkenus  ueHTpa Bal u sagadol (irypm 3rixHO 3
nynkramu | - 4, o Mictartees B yMoBi 3armamm

b “ e

|
» |
: SRR /
. Al
” -

le n

Pucynox 8.6

Po3e’szauna: Postamosyemo 3amany ¢irypy B cHetemi KOOpAHHAT X
Oy, sx noxasaHo ua puc. 8.7 Buminaemo 8 ¢irypi npocri enementu i Ha
KOIKHOMY 3 HUX cTaBuMmo iforo Homep : 1 - mapaG onmunu Koutyp, 2 i 3-
NPAMOKYTHHKH , 4 - TPHKYTHHK , 5 - DiBKpyr.

J

PucyHok 8.7
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Bri3nauaemo aHaniTHYHKil BUCIaL napaGony KOHTYpY L , Akuil noxaxemo
Ha puc. 8.8.

W4
N

s
RN

IEITPEN N ' .
CA PO, N .

: 035‘.,:;‘1{( K

~ Pucynok 8.8

TonoxeHHA KpaiiHix TOuOK napalony BU3HAYACTHCA PO3MIPAMM !

OK=1,  ON=h.
3uaiinemo koeditientn A;, A4, i‘A_: A 'napéﬁonfi 3araibHOr0 BUTMALY
¥ =41,J\w + Arx ~ A, (8.1)
jl.rm, rapabonn (8.1) BHKOHYIOTbCH YMOBH

1) _i;:h l'l.pva x=0,
2y v=0 npy  x={, .

3) dx/dv=0 npu x={.

3BiZKU OTPUMYEMO CHCTEMY PIiBRSHB
hed 0+ A0+ 45,
0=4a,1°+ 4, 1= 43
0*2/1//4‘443.

. 2 oo
Slka nae posw’saku: A, =h/1°, A;=-2hil,  As=h.
Toai xouryp L Mac takuii aHaniTHUHUHA BHIIAR

ve=h x0T 2hx v h=h(x 1-1). (8.2)
3uaiizemo ruowny i KoopauHaru LeHTpa Bard Qirypu, o oOmexena

KOODAMHATHUMM  ocaMu 1 kourypoMm L . Tlaowa dirypu BH3HAUMTbCA
IHTErpaioM
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1 i
s :jyd_\-: /zjrx [-1)2dv=hl 3. ; (8.3)

Lientp sarn ¢irypu 3Haxoautbes B Touni C 3 KOOpAHHATAMU X ; |
Y1, AKi BM3HAuAOTHCA opMynaMu

X = /,\.//S/ y v = [_‘-/4S/, : - (8.4
ne iwterpanu /. i /. pisHi:

! ! /
/"=[.Ycl.ﬂ' =j.r~y‘ dx =J.,\‘- hix I-1)} d.r"' =hi? 12,
a 4]

o

jo 5y2dS = 0, >jvdx_ 05 i j(\ =14 ds= w10,

0 )
Toai .X/-[_\-/.S/—[/ff, o ' .V/—]"-/S/:(),j’h. (85)
’ BusnauacMo muomi i KOOp/ANHATH ‘LEHTPA BarM OPAMOKYTHHKIB il
HoMmepamu 2 1 3

S;=(l+mj(a+h),| T (8.6)
xy=(l+m)/2,

v:=(at+h) 2.

Sg‘_—' nd,

X;={+m +n-2 (8.7)

vi—a+h-d/2,
Buskauaemo oy i KOOPAMHATH LCHTPA BArH TPHKYTHHKa 4
S;=0,5db+c-l-m-n), ’
xy=l+m+n+(b+c- I-m-n} 3. (8.8)
vy=a+h-d/3. ,
Busnayaemo nomy i KOOpAMHATH LEHTPA BACK NIBKpYra 3
Ss=0,5aR, ; o (8.9)
Beanuuny sinpiska OsCs, aus. puc. 8.7, 3HaX0AUMO AK LEHTP Baru

TBKPYra , 110 € CEKTOPOM 3 LCHTPATbHUM KYTOM PIBHMM T

0:Cs=4R/(37z), ] - 7 (8.10)
Vs=drfli-h=a.

KoopauHatu uenrpa Bard 3ananoi Qiryvpu 3uaiizemo 3a QopMynaMu ;
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_Z‘sx C_Zsyl, (8.11)
P 2.5 '
~Ze: BuydeHiauomi S, .0 S5 CTaBUMO 3 Bil'EMHMM 3HaKOM .
" B'dopmynu (8.2), (8.3), (8.5)~(8.11) mincrasnsiemo naui 3anadi i 3Haxo-
IIMO KOOPAMHATH IeHTpa BarH IUIaCTHHHU.
Ilnowa S ; i koopaunary uentpa X,Y, dirypu 1

o xc

Y =0,625x2 = 3x+3,6,

b 2,4
Sy = [y-de= [(0,625x* -3x+3,6)dx = 2,88cn’,
B O .

i / 2,4 '
I,=[x-dS=[x-y-dS= [x(0,625x" ~3x+3,6)dx =1728cr’,
wig 0 0

: ) 1 2,4
K =[05-y-dS=05[y"-dS=05 [ x-(0,625x" ~3x+3,6)dx =3,1104 o',
PR (I 0 0

I, 1,728

| == =0,6cM,
Sy 2,88
I,
Y == ———3’“04 =1,08cM
Sy 288

[lnomwi i KOOPAMHATH LIEHTPA Bark NPAMOKYTHUKIB Iij HoMepamu 2 i 3

S, =(l+m) (ath)=(2,4+3) (4+3,6) = 41,04 cm?,
x;=(1+m)/2=(2,4+3)/2=2,7cmM, '
y,=(at+th)/2=(4+3 6)/2— 3,8 cm;
S;—nd—255—125c1\4 _
X3=l+m+n/2=2,4+3 +2 5/2 =6,65¢cm,
yi=a+h-d/2 =4+3,6-5/2=15,1cm.

Towy i xoopaAuHaTH uevHTp)a Bari Tpukynmxa 4
S4=0,5 d(b+c-1-m-n)=0,5- 5(4+6-2,4-3-2,5)=5,25 em?,

X 4= Lo+ (bte-l-mn)/3=2,4+3+2,5+(4+6-2,4-3-2,5)/3=8,6 cu ,
ye=a+h-d/3=443,6-53=593 cm,

Inoma i KOOpAMHATH UEHTpa Baru MiBKpyra 5

Ss=0,5- nR*=0,5 3,14 I= 157CM

X5—b O C5
O0sCs=4R/(3n)=41/(33,14)=0,42 c™m ,
xs=b-05Cs =4-0,42 =3,58 cm,
ys=a+h-h=a =4"¢m.
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Z S Z S ¥,
ZA .i b Z S 2

Xc=(-2,880,6+41,04-2,7+12,5-6, ,65+5,25 8 6 l 57 -3,58 )/(-2 88+ “

X =

+ 41,04+12,5+5,25-1,57)=231,73/54,34=4,26 cm .
Yo =(-2,88:1,08+41,04-3,8+12,5-5,1+5,25-5,93-1,57-4)/54,34=
=241,4441/54,34= 4,44 cm .

Hlns oGuucnens  koutypy L i koopaumar LUEHTpa Baru 3amaHoi
dirypn 3a dopmynamn (8.2), (8.3), (8.5) «(8.11) moxua suxopucraru [IEOM.
Jns usoro HeoOxizno cxiactu nporpamy. anBOI[HMO TPUKNaL OPOrpamH i
Hazeow “CENTR” na mosi “BASIC ™ | PE3YNbTAaTH PO3PAXYHKIB.

IOREM “ CENTR «

20 PI=3.14 .
30 A=4

40 B=4

50 C=6

60 D=5

70 M=3

80 N=2.5

90 H=3.6

100 LPRINT “ CONTUR ©
1101=2.4

120 FOR X=0TO L STEP .3
130 Y=H*(X/L-1y2

140 LPRINT “X="X, “Y="Y
150 NEXT X

160 S1=H*L/3

170 S2=(L+M)*(A+:

180 $3=N*D N

190 S4=D*(B+C-L-M-N)12 -
200 S5=PI*R"2/2

210 X1=L/4

220 X2=(L+M)/2

230 X3=L+M+N/2 -

240 X4=LAMINHB+C-L-M-N3
250 OG=4*R/(3*P) :
260 X5=B-OC

270 Y1= 3*H

280 Y2=(A+H)2



290 Y3=A+H-D/2 -

300 Y4&=A+H-D/3 .~ T

30 Ys=A~ . -

320 SX=-S1*X1+S2*X2+83*X3+54*X4-S5*X5
330 SY=-S1*Y 1+52¥Y2+S3¥Y3+54*Y4-S5* Y5
340 S=-S1+52+53+54-85

350 XC=SX/S
360 YC=SY/S o oy o
370 LPRINT © - -
380 LPRINT “XC="XC,“YC="YC
390 LPRINT « mopmmemmeno e “
400END " =
" CONTUR
X=0 Y=36
=3 Y=1275625
=6 TY=2025
= 9000001 Y= 1.40625
X=12 Y=9
X=15 Y=.50625
=18 Y=.250001
X=2.1 Y=5.625005E-02
X=24 Y=5.115908E-14

XC=4.245305 YC=4.431079

BurotosuMo 3 uynkoro mamepy (irvpy 3a dopmoto i posmipamu
npusenenux Ha puc. 8.6. Konryp L GyayeMo 3a pe3yibTaTamH pO3APYKY
nporpamu “CENTR®, abo 3a ¢opmynoio (8.2) mpu 0<x</, ﬂpoae 1eMO
eKCTICPHMEHT, ]I LIEHTD Bar 3HAHNEMO METONOM flO/BIHHOrO HlllBIUJdeHHSl
Pesynbrari Takoro eKCrepUMEHTY JaloTh:

Xce= 4,2 cu, Veeo=44cem.
Bupaxyemo BinHocHy noxubky — MDK  pesyibraramu  3HAHACHHMH
AHAIITHYHO | CKCTIEPUMCHTANLHO

A(X()_‘]O()/) .l’(--)('(l (XI"'.X(L) 2—1424,
Afye)=100% 1 ve-ve L / (Yot yee) /2 =0,9%.

®irypa 3 LynKoro narnepy 3a€Thest pazoM 3 poGoToio.
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