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HHEPEIMOBA

[inecrpsiMOBaHi aHTPOITOTEHH] Aii HAa MPHUPOIY 3yMOBIIOIOTH HE TLIBKU
NO3UTUBHUHN BIUIMB, ajie i MPU3BOATH 10 HETaTUBHMX HACHIAKIB. BaxnnuBoro
XapaKTEPUCTUKOIO Tally3l MPOMUCIOBOCTI Ta MOKA3HUKOM HAayKOBO-TEXHIYHOTO
piBHS ¥ KyJIbTypH BHUPOOHHMITBA € CTYIIHb EKOJOTIYHOCTI pPOoOOTH i
HiANPUEMCTB. AHTPOIIOT€HHA Mirpaiis XiMIYHHUX €JIEMEHTIB CTajlla OCHOBHUM
dbakTopoM 3MIHM HABKOJMIMHLOTO cepemoBuina. HaaxomkeHHS XiMIYHUX
CJICMCHTIB B HABKOJMIIHE cepefoBuie Outplie HDK y 100 pasiB mepeBuIrye
NPUPOTHUI TIPOIIEC.

B 3B’s13Ky 13 301IbIICHHAM BUPOOHHUIITBA €JICKTPOCHEPrii, TO0OyBaHHS U
nepepoOku HadTH, Ta3y ¥ BYTi/UIs, BUPOOHMUIITBA METaJlIB, IIEMEHTY, JOOpUB Ta
IHIIUX TMPOAYKTIB XIMIYHOI IPOMHMCIOBOCTI JyXK€ MIBUAKUMH TeMIIaMU
3a0pynHIOeThCsl atMocdepa. [llopiuyHo B CBITI cHaMtOeThCs 7 MIIPI. T YMOBHOTO
nanuBa. [IpoMHCITOBUMH, EHEPTEeTUYHUMU Ta  CLIBCHKOTOCTIONAPCHKUMH
KOMITJIEKCAMHM IIOPOKY BHKHIAETHCS TIOHAM MUIBSIPJ TOHH 3BaXCHUX 1
ra3onoAiOHNX JOMIMIOK, IO 3aBJal0Th EKOJIOTIYHHMX 30HMTKIB JOBKULIIO Ta
€KOHOMIYHMX BTpaT CycHnuibcTBY. 3a octaHHi 100 pokiB B aTtMmocdepy
notpanuiao 1 MaH. T kpemHito; 1,5 miH. T Mumr'sky; 0,9 MiH. T KoOanbTy Ta
Oarato 1HIIMX MIKIJJIUBUX PEUYOBHH. 3apa3 B aTMoc(depl 3HaxoauTbes Maixe 20
MJIH. T 3B@OXEHHUX YacTHHOK. [Ipm crmanroBaHi TajawBa 3BUIBHSETHCS 3HAYHA
KUIBKICTh TEIUIOTH, SIKa PO3CIIOETHCS B HABKOJHUITHBOMY CEPEJIOBUIII 1 CYTTEBO
3MIHIOE TEMIEpaTypHUI PEXUM Ta JUHAMIKY TMPOIECIB, IO MPOTIKAIOTH B
atMocdepi. 3HayHa 3a0pyAHEHICTH aTMOc(epu MPU3BOIUTH 1O 301IBIICHHS
3aXBOPIOBAHD JIFOJICH Ta 3HIKEHHS 010J10T1YHOT aKTUBHOCTI (jiopu il payHH.

HaiteekTuBHIIIMM ~ METOJIOM  3aXHCTy TOBITpSHOrOo  OacedHy  Bij
3a0pyIHEHHS WIKJJIMBUMH PEUOBHMHAMH € BIPOBA/HKCHHS TEPCIIEKTUBHUX
OE3BIIXOAHUX pecypco- U eHeproz0epiraroumx TEXHOJIOTIYHUX TMPOIECIB 3
3aMKHYTHMH BUPOOHHYUMH IUKIAMH. Taki TEXHOJIOTii JO3BOJSIIOTh BUKIIIOUUTH
a00 CyTT€BO 3HM3UTH BUKHIM IIKI[UIMBUX PEYOBUH B armocdepy. Aje Le He
3aBXKJU TEXHOJIOTTYHO MOXJIMBO M €KOHOMIYHO JOLUIbHO. ToMy i OUIBIIOCTI
HiANPUEMCTB OUMIIICHHS T'a31B € OJHHUM 13 3aX0/1B 3aXUCTY aTMOC(EPHOro NOBITPS
B1J] 3a0pyAHEHHSI.

3HauHa PI3HOMAHITHICTH JpKepen 3a0pyIHI0OBav1B aTMOC(EPHOTO MOBITPA,
10 BIJIPI3HSIOTHECA 3a TPHUPOJOI0 ¥ KOHIEHTPAIIEI0 MIKIIIUBUAX PEYOBHH,
TEMIIEpaTypol0, THUCKOM, TMEPIOJAMYHICTIO ¥ YacoM BHKHJIY BH3Haudae BHUOIp
palioHaJIbHOTO OOJIaHAHHS JJISl OYHMINEHHS Ta30BUX BHUKHIIB. 3aJ€KHO BiJ
TUIy 3a0pyIHIOBAYIB Ta iX ()I3MKO-XIMIYHHMX BIJIACTUBOCTEH BUKOPHCTOBYIOTH
pi3HI METOIM OCAJKEHHS TBEPIUX YACTHHOK, aOcopOIiiiHe Ta aacopOiiitHe
OUHWINIEHHS Ta3iB Bil Tapo- ¥ ra3onoAiOHMX 3a0pyaHEHb, KaTaJiTUYHE,
TEpMIUHE, CJICKTPUYHE Ta MAarHiTHE OYMIICHHS Ta30BUX BUKUIIB. BupimieHHs
aKTyaJbHOI MpPOOJEeMU — 3HUKEHHS 3a0pyIHEHHS aTMOC(EpPHOro MOBITPS 3a
paxyHOK  TIABMUINEHHS  €()EKTUBHOCTI  OYHUIIEHHS  BEHTWIALIMHUX 1



TEXHOJIOTIYHUX Ta3iB TMepell BUKUIOM iX B arMocepy — MONKIMBO 4Yepe3
3aCTOCYBaHHS HOBOTO TEXHOJOTIYHOTO OOJaJHAHHS, JOIIBHICTH SKOTO
MMOBUHHA OYTH €KOHOMIYHO OOIPYHTOBAHA.

[IpoGiema skicHOI MIATOTOBKM (haxiBI[IB 3 TEIJIOTa30MOCTadYaHHSI M
BEHTWIAIT U1 CHEelialli30BaHUX MPOEKTHUX, OYyaiBEIbHO-MOHTKHUX W
eKCIUTyaTaI[liHUX OpraHizamiii 3HaXOAWUTbCA B TICHOMY B3a€EMO3B'SI3KY 3
OTPUMaHHSIM HUMHU 3HaHb HIOJ0 BHUOOPY pAaLlOHATBHOTO OOJAaTHAHHS IS
OYHMIIIEHHS ra30BUX BUKHUIAIB. P03B’sA3aHHA 1i€l 3amayl BMMAara€ BIIIIOBIIHOTO
METOJMYHOTO 3a0€3MeUeHHs] HABYAIBHOTO TPOIeCy, SKke O JT03BOJISLIIO
OTPUMYBAaTH HABUYKH W YMIHHS BHpINIYBAaTH CKJIATHI 1HXKEHEPHO-TEXHIYHI
3amayi 3 3aXUCTy HABKOJHUIITHHOTO CEPEIOBUINA BiJi HETAaTUBHHUX HACIIIKIB
aHTPOIIOTEHHOI /11 Ha HHOTO.

B HaByanpHOMY MOCIOHHMKY HaBEJACHO OCHOBHI TEOPETHYHI IMOJIOKCHHS
OUMIIEHHSI Ta 3HEIIKOJKEHHS ra3oBHX BUKHIB. HaBeneHo kmacudikaiiito Ta
OCHOBHI KOHCTPYKTHBHI OCOOJIMBOCTI 3ac0o0iB MJisi CYXOoro HW MOKpPOIo
MUJIOBJIOBIIIOBAHHS, OYMINEHHS Ta30BUX BHUKHUAIB (PUIBTpYBaHHSAM, 3aco0u
a0bcopOIIiifHOTO, aACOpPOIIMHOr0 ¥ KaTaJITUYHOTO OYHIIEHHS BIiJ Iapo- W
ra3onoiiOHuX 3a0pyAHEHb, 3acCO0M TEPMIYHOTO 3HEIIKOJKEHHS BUKHIIB.
BuknameHo METOAWKH TEXHOJOTIYHUX ¥ KOHCTPYKTHBHUX PO3PAXyHKIB
HaWMOIIMPEHIIINX TEXHIYHUX 3acO0IB JJIsi OYMILECHHS ra3oBuX BUKWUIIB. [Ipu
BUKJIQJICHHI MaTepiajly HaBYAJIbHOTO TMOCIOHMKA BUKOPUCTAHO pE3YyJbTATH
HAyKOBUX JOCIHIPKEHb Ta MPAKTUYHUN JIOCBIJ MPOEKTYBaHHS W EKCILTyaTaiii
TEXHOJIOTITYHOTO OOJaJAHaHHSA i1 3aXUCTy AaTMOC(EPHOro TMOBITPS  BIJ
3a0pyHEHHSI.

Marepian mnociOHMKa BpaxoBye cCHenu(pIKy MporpaMm JAUCIUILIIH, 10
BUKJIaJAIOTHCS npu M ArOTOBIN (axiBIliB 31 creniajgbHOCTI
“TeruiorazonocrauyanHs W BEHTWIALIS® W TNPU3HAYEHUN  aKTHUBI3yBaTu
CaMOCTIHHY pOOOTY CTYJIeHTIB. B 3B'I3Ky 3 UM OKpeMi TCOPETUYHI MOJIOKCHHS
MarTh crHenuiyHy METOJUKY BUKIAJaHHS, SKa PO3'SICHIOE TEOpil0 Ta CYTh
MUTaHb, 10 PO3TIISIAIOTHCS.

Astopu: Parymnsk I'. C. npodecop Mixkaapoanoi Kaaposoi Akagemii Ta
akageMik Akazaemii OydiBHUUTBA YKpaiHu, jaypeaT Mepuioi MIHICTEPChKOi
npeMii “3a JIOCATHEHHS B HaBYaJIbHO-BUXOBHIM Ta HAyKOBO-TIEJArOT14HIM
po0oTi”, BigMIHHUK OCBITH YKpaiHW, HAYKOBI 1HTEPECH SKOTO HaIlpaBJEHI Ha
po3poOKy eHepro- W pecypco3Oepiralouux TEXHOJOTiM, MEeTOJoJIorii Ta
TEXHIYHUX 3ac001B 3 pallioHAILHOTO BUKOPUCTAHHS MPUPOIHOTO CEPEIOBUIIIA,;
JIamox O. I'. nmouent, CopoBChkuil cTurneHmiaT Ta ctunenaiar KabGinery
MIHICTPIB YKpaiHu, TPOBOJAUTH HAYKOBI JOCIHIKEHHS 3 HANPSIMKY YIPaBIIiHHS
MPOCKTaMU €KOJIOTTYHOI O€3MeKu B OY/IBEIbHOT TaTy3i.

[Ipyu HamucaHHI HaBYAJIBHOTO TIOCIOHMKA BpaxOBYBAaBCS  JIOCBIT
M ATOTOBKH 1HXEHEePi1B-0y/1IBEIbHUKIB 31 CHeriajJbHOCTI
“TennorazonocrtayaHHss ¥ BeHTWIILis® Yy BiHHUIBKOMY HalllOHAIBLHOMY
TEXHIYHOMY YHIBEPCHUTETI Ta B 1HIIIMX MPOBITHUX BUIIMX HABYAIBHUX 3aKJIa/1ax.
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ABTOp BASYHMI PEIICH3EHTaM 3a MOPAJH Ta 3ayBaKEHHsI, BpaXyBaHHS SKHX
CIPUSJIO TIOKPAIIIEHHIO 3MICTY HABYAJIBHOTO IMOCIOHHMKA, & TaKOXK CIIBPOOITHUKY
obuncoBasibHOrO LeHTpy ['BapmisH C. 1. 3a komn'toTepHuii HaOIp Ta BEPCTKY.



13ACOBM OYNIIEHHS I'A30BUX BUKU/IIB CYXUMU
IINJIOBJIOBJIIOBAYAMUA

1.1 ®i3u4Hi 0CHOBH TEXHOJIOTIYHUX MPOIECIiB MAITOBJIOBJIIOBAHHS

TexHomoriuyHi MpoIleCH OYMIICHHS Ta30BUX BHUKUAIB TIPYHTYIOTHCS Ha
G13MYHUX Ta XIMIYHMX BJIACTUBOCTAX 3a0pyJIHIOBAa4YiB Ta BHKOPHUCTaHHI
OCHOBHUX (I3MYHMX 3aKOHOMIPHOCTEH, BHACIIIOK SKUX BiJ0YyBa€eThCs
MUJIOBJIOBIIOBaHHS. BujaneHHs muionoaiOHUX YAaCTHMHOK 3 Ta30BUX IOTOKIB
B1JIOYBAETHCS 3 BUKOPUCTAHHSIM CYXUX Ta MOKPUX TEXHOJIOT1H OYUIIICHHS.

VY nockoHalIeHHsSI TEXHOJIOTTYHUX TMPOIECIB Ta po3poOKa HOBUX Mayo- U
0€3BIIXO/IHUX TEXHOJIOTIM NUIAXOM CTBOPEHHS O€3MepepBHUX 3aMKHYTHX
IpOIECiB, IO JO3BOJISIIOTH BIIOBIIOBATH # yTHII3yBaTH Ta30Bl BIAXOJH,
0a3yeThCsd Ha BUKOPHUCTaHHI OJHOTO ab0 JCKUIBKOX MEXaHI3MIB OCA[KEHHS
3aBUCJIMX B ra3zax 4acTMHOK. OCHOBHMMM MEXaHI3MaMU OCA/’KEHHS 3aBUCIIUX
YAaCTUHOK € [ CUJ TpaBiTallii, 1Hepuii, qudy3ii, BIALEHTPOBUX CUJ Ta CHUII
3a4eIJICHHS.

OcakeHHsT T JII€I0 CUJT TrpaBiTailii (cenuMeHTallis) OOyMOBJICHE
BEPTUKAJIbHUM OCIJJaHHSM YaCTUHOK BHACIIJIOK JI1i CUJIM Bard IpH MEepeMIILIECHHI
X yepe3 ra3004YMCHUM arapar.

OcamkeHHss Mg €0 BIAIEHTPOBOT CWJIM  BiIOyBaeTbCs  IPHU
KPUBOJIHIHHOMY PYCl a€pOJMHAMIYHOTO MOTOKY, KOJIM BUHUKAIOTh BIJIIEHTPOBI
CHWJIH, TTiJT JI€F0 SIKMX YACTUHKHU MUY BIAKUIAIOTHCS HA MOBEPXHIO amapara.

[Hepiiiine oca/KeHHs BIIOYBA€ThCS Y BUMAAKY, KOJIM Maca YaCTUHKU abo
HIBUJKICTh PyXy HACTIJIbKMA HE3HAYHI, [0 BOHA BXE€ HE MOXKE PyXaTUCS Pa3oM 3
ra3oM IO JIiHIi Tedii, 10 OXOIUTIE Mepenkoay. Hamararouuch 3a 1HEpIIEIO
NPOIOBXKYBAaTH CBii pPyX, YaCTMHKH MWJIYy CTHKAIOTHCS 3 TMEPEIIKOA00 1
OCaJIPKYIOThCS Ha HIH.

HudysiiiHe ocaKeHHs BiAOYBae€TbCA BHACHIIOK TOro, IO JApiOHI
YaCTUHKHM TMWJIy 3a3HalOTh Oe3nepepBHOT [1ii rasiB, Kl 3HAaXOIAThCS B
OpoyHiBCbKOMY pyci. B pe3ynbrari 1i€i B3aeMojii BiOYBAa€ThCS OCAKECHHS
YaCTUHOK Ha MOBEPXHI OOTIYHUX TLT 200 CTIHOK MHUJIOBJIOBIIOBAYA.

OcamkeHHS YaCTUHOK 32 PaxyHOK 3a4eIUIEHHS CIOCTEpIraeThCs, KOJIU
BIJICTaHb YaCTUHKH, IO PYXa€TbCs B Ta30BOMY IOTOIIl, BiJ] OOTIYHOTO TiJIa HE
nepeBUILye ii pajaiyca.

KpiM OCHOBHMX MEXaHI3MIB OCa/PKEHHS 3aBUCIUX YaCTUHOK B
TEXHOJIOTIYHHUX  MpOIlecaX OYMIIEHHS Ta30BUX BHUKHUIIB  BPaxOBYIOThH
tepmodopes, nudysiodopes, Gorodopes, BIIIUB €NESKTPUIHOTO I MArHITHOTO
MOJIIB Ta PAAIOMETPUYHUX CHJL.

Tepmodopes — 11e BIITOBXYBaHHS YACTUHOK HArpiTUMH TLIaMH.
BiamToBXxyBaHHs BUKIMKaHE CHJIAMM, IO J1IOTh Ha HEPIBHOMIPHO HArpiri
YaCTHUHKHU ae€pO30JIiB, SIK1 3HAXOAATHCS B Ta30MoAiOHIN ¢a3zi. MexaHi3M IUX CHUJI



CYTT€BO 3aJIEKUTh BiJl BIJHOIICHHS PO3MIPYy YACTHMHKHU 1 CEPEAHBOI JOBXKHUHU
BUIBHOTO TIPOOIry Tra30BUX MOJIEKYII.

Nudysiodopes — 1e pyx YaCTHHKH, IO OOYMOBJICHHH TpajliEHTOM
KOHIIEHTpAaIlli KOMIIOHEHTIB ra30BOi CyMIIll, SIKHA MPOSBIAETHCA B IMpOIEcax
BUIIAPOBYBAHHS Ta KOHJIeHcallli. ['pa/iieHT KOHILIEHTpallli nmapy, 110 BUHUKAE TpU
BUIIAPOBYBaHHI, € MPUYUHOIO T1IPOJUHAMIYHOI TeUil Mapora3oBoi CyMilli, IO
BIJTUBAE HA OCAPKEHHS YaCTHHOK.

®otodope3 — 1 pyx YACTHHOK aepo30JI0, IO OCBITICHI 3 OJHI€]
CTOpOHH. XapaKTep MO0 SBUIA BH3HAYAETHCS PO3IMOAUICHHSM TEeMIIepaTyp B
OCBITJTIOBJIbHINA YaCTUHIN, SIKE€ 3aJeKUTh Bl (GOPMU 1 PO3MIPYy UYACTHHOK,
MIPO30POCTI Ta TTOKA3HUKA 3aJIOMJICHHST MaTepiainy. SKo cTopoHa, o 3BepHEeHa
JI0 CBITJIA, Tapsyillla, HK 3BOPOTHA, TO YaCTHHKA OyJie BIAJIAIATUCS Bij JHKepena
CBITJIA.

B TexHonoriunomy oOnamHaHHI ISl THAJIOBIOBIIOBAHHS B OLIBIIOCTI
BUIAJIKIB OJHOYACHO OEpyTh Y4YacTh B OUMILEHHI Ta30BOT0 MOTOKY JEKiJIbKa
b13UYHUX TporeciB. AJie, YacTilie, TUIbKA OJIMH 3 HUX € JIOMIHYIOYUM MpHU
OCaJDKEHHI YaCTUHOK TMeBHOro TuMy. IIpu mNpoeKkTyBaHHI TEXHOJIOTTYHHX
MPOIIECIB 1 KOHCTPYIOBAHHI T'a300YKMCHOTO OOJaJHAHHS HEOOXITHO B TIEPIINY
Yepry BU3HAYUTU TUI PEYOBUHHU, 10 BUAAISIETHCS 3 Ta30BOrO MOTOKY, il 00'eM
ta napameTpu. OCHOBHMUMH MapaMeTpaMd € MIBUIKICTh Ta30BOTO TMOTOKY,
TeMIiepaTypa i CKJiaj ra3iB, IpUpoia KOMIIOHEHTIB, [0 BIUIYy4alOThCA 3 Ta30BUX
BHUKU/IIB, Ta HEOOX1THUN CTYIIHb OYHIIEHHS.

1.1.1 I'pasiraniiine ocax:KeHHSI YaCTHHOK

['paBiTariiitne ocaj>kKeHHS 3aCTOCOBYIOTH JIJIsl TPyOOT0 OUHMIIEHHS Ta30BUX
BHUKH/IIB BIJl 3aMMJICHUX YacTHHOK po3MipoM 0,3...10 MM Ta Oinbiie.

I'paBitamiitne ocapkeHHs (CeaMMEHTallis]) BIIOYBA€TbCSI BHACIIIOK
BEPTUKAJILHOTO OCIJIAHHA YaCTHHOK ]I JII€0 CHUJIM Baru MpH MPOXOJKEHHI X
yepe3 razooudcHuid amapar. [lpum magiHHI YacTUHKA MWy 3a3HA€E OMNOPY
cepefoBumia. Ko 3HEXTyBaTU TYpOYJICHTHICTIO MOTOKY Ta KOHBEKIIHHUMHU
TEU1SIMHU, TO CUJIa OMOpPY, IO JII€ Ha YACTUHKY MpH ii pyci, MO’)KHA BU3HAUUTH 3
PIBHSIHHS

F=ESupaVal/2, (1.1)

ne § — xoedilieHT omopy, 10 3aleXKUTh BiA KpuTepito PeitHombica, sSKHii
BHU3HAYAETHCS 3a (PopMyIior0

Re = Vll d‘l pr / Hr y (12)

e Su — IIoIa mepepizy YaCTHHKH, 10 NEPIECHMKYISPHUN HAIPAMKY PyXYy, M2
V4 — WBUIKICTh PyXY YaCTUHKH, M/C;
pr — I'YCTUHA ra3y, KI/M>;
du — giamMeTp YaCTUHKH, M;
Pu — TYCTHHA YaCTHHOK, KI/M>;
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Wr— IMHAMI4Ha B A3KICTh Ta3iB, [la-c.
Xapaktep 3aleKHOCTI Koe(illieHTa OIMopy CEpeIOBHINA BHU3HAYAETHCS
PSKUMOM PyXy KyJIenoai0Ho1 yacTHHKY (Tadu. 1.1).

Tabmums 1.1 — 3HayeHHs1 koe(illieHTIB OMOpy cepegoBHMINA BiJ pexXUMY
PYXY YACTHHOK

Pexxum pyxy 4acTUHKHU

Kpurepiit Pelinonbaca

3HaueHHS KoeIIlieHTa
OTIOpY CepeIOBHIIA

JlaminapHuit Re <2 E =24/ Re
[Mepexinuuii Re <500 ¢ =185/R.
TypOynentuuit Re> 500 £=0,44

Y BUNaAKy KyJlbOBOi (POpMHU YaCTUHKH KpuTepiit PeiitHonbaca

R= quqprlur,

ne Oy — giamMeTp YaCTUHKH, M;
W — IMHAMI4Ha B’SI3KICTh rasiB, [la-c.
[Ipu namMiHapHOMY PEXHUMI PyXy YacTHHOK cQepuuHoi (GopMHU OIIip

cepeaoBUIIa BIIMOBIAHO /10 3ak0HY CTOKCAa CTAHOBUTH

F=3mdy uVs.

(1.3)

(1.4)

VY Bumajky, Konu pos3mip dactuHok Uuy= 0,2..2,0 MM, Ipu BU3HAYEHHI
OTIOPY CepEeIOBUINA BBOJUTHCS MOIMpPABKA, 1110 BPaXOBYE MiJBUIIECHY PYXOMICTb
YaCTHUHOK, PO3MIp SKHX aJIeKBaTHUW CEpeHId JIOBXKHUHI BUIBHOTO MPOOITY

ra30BHUX MOJICKYII.

Toni omip cepeoBuIla pyxXy 4YaCTUHKHU OyJie

F=3 7 du wVi/ Cx,

(1.5)

ne Cx — mompaBka 3a MiJABUILEHY PYXOMICTh YAaCTHMHOK, 3HAYEHHS SKOI ISt
TIOBITPS TIPW HOPMAJIBHUX YMOBaX HaBeneHi B Ta0. 1.2,

Tabmuug 1.2 — IlonpaBka HA NiABHIIEHY PYXOMIiCTh YACTHHOK

Jlametp acTikit | o g03 | 061 | 903 | 01 | 03 | 1.0 | 3.0 | 100
dq, MKM
TMonpaska Ci 900 | 245 | 79 |29 |157|1.16|103| 10

[Ipu BIACYTHOCTI OMOPY CEPENOBUIIA MIBUKICTh PyXY YACTUHKH IiJT A1EL0
CHUJIM Baru OyJie 3MIHIOBATHCS 3aJIC)KHO BiJl yacy, TOOTO 32 3aKOHOM

Vll:gll'ctl,

JI€ Ty — Yac OCAaHKCHHS YaCTUHKH,
Ju — IPUCKOPEHHS YaCTUHKH .

B 3B’s3ky 13

30UIBIIEHHSIM  IIBUIKOCTI
30UIBIIYBAaTUCh BeNMMYMHA omnopy cepenouma (F) i

11

yacTUHKA (V4

(1.6)

) Oyne
BIIMOBIAHO Oyjie




3MEHIITYBaTHUCS  MNPUCKOPEHHS YacTMHKA (QJy). B pesymprari  Takoro
CIIBBITHOIIIEHHS CHUJI YacTHMHKA OyAe pyXaTHUCA 3 TOCTIMHOI IIBUIKICTIO.
BenmnuuHa 1i€i cTanoi mBHAKOCTI BU3HAYAETHCS 3 PIBHOCTI CHJIM Baru ¥ CHJIM
OIIOPY CEPEIOBHIIA

3nduptr s = (pu-pr) gumd®/ 6, (1.7)

JIe s — MBHUIKICTh BUTAHHS (0CAKCHHS ) YaCTHHKH, SIKa BU3HAYAETHCS 13
CHIBBIIHOIIIEHHS
@5 = Qudu?(Pa- pr) / 18 = gutp , (1.8)

ne Tp— 4ac peslakiii YaCTUHKH.

[IBuaKiCTh OCaMKeHHS (BUTaHHS) YACTUHKHM BU3HAYAETHCS 3 PIBHOCTI
OTIOpPY CEpPEIOBHIIA Ta CHUJIH Bary.

Jliarpama Jist BUBHAUEHHS MIBUIKOCTI OCA/IP)KEHHS YaCTUHOK HaBeJIeHa Ha
puc. 1.1.

Mg, M/C

N
w

103

st Py = 2000 xkr/m3

/
____is Pa= 8000 kr/m?
— it Pa = 4000 kr/m?
[ w1 Pu = 2000 Kkr/m°
T~ s P« = 1000 kr/m®

2
\
\
102 TypOynenTHuit >(

PEKHUM A\

-
10 / 4

]

7

ANVIVL ]

N

i\l

\
>
7

NN
NNV

VAR 4 ¥ / X
/T
10 / ,/ —| §§
/ / 1
1072 / JlaminapHuit
A / PEKUM
/ / /
-3
10 A / dy, mxm
5 10 50 100 500 5000

Pucynok 1.1 — [iarpama i BU3HAYEHHS HIBHIKOCTI 0OCA[XKEHHS
YaCTHHOK B MOBIiTpi: 1 — mijx miero cuiu Barw; 2,3,4 — i €0 CHITH, IO
nepesutrye cuiny Baru B 10, 100 ta 1000 pa3is

1.1.2 InepuiiiHe 0CAAKEHHS YACTUHOK
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[HepIiifine oca/yKeHHSI YaCTHHOK 3aCTOCOBYIOTH JIJISi TPYOOTO OUYHMIICHHS
ra30BUX BUKHUJIB BiJl 3aIIWJICHUX YaCTHHOK po3Mipamu MeHIe 25...30 MKM mpH
IIBUJIKOCTI pyxy razis 10...15 m/c.

[Hepiifine ocamkeHHs BiIOYBA€ThCS 3a paXyHOK TOTO, 11O TIPU OOTIKAHHI
TBEPJOTO Tijla 3alMlWICHUM IOTOKOM YacCTHHKH, BHACIIJOK BEIUKOI 1HEpIIii,
MIPOJIOBXKYIOTh PyXaTHUCS MOTIEPEK 3ITHYTHX JIiHIT Tedii ra3iB i 0CamKyl0ThCs Ha
noBepxHi Tina (puc. 1.2).

A
>

Hampsamok

MIOTOKY

ﬁ&

Pucynok 1.2 — InepuiiiHe ocajKeHHS YaCTHHOK HA KY.JIi:
— pyX rasis; - - - pyX YaCTUHOK

KoedimieHT e(eKTUBHOCTI 1HEPLIMHOTO OCaKEHHS BH3HAYAETHCS
JaCTKOK YaCTUHOK, BUJIAJICHUX 3 MOTOKY MPU OOTIKAaHHI HUMH TiJa.
TpaexTopist pyxXy 4aCTUHOK B ra30BOMY MOTOILIl ONUCYETHCS PIBHSIHHAMI

P, S =p,V, TR 19)
1e Wa— 00’ €M 4acTUHKH, M,
T —dac pyxy, C;
pu— I'yCTHHA YACTHHKH, KI/M>,;
(T)q , \_/r — BEKTOP HIBHUJIKOCTI, BIAMOBIAHO, YACTUHKH TWJIYy Ta Ta3iB B MICII

3HAXOIKEHHS YaCTUHKU, M/C;
F.— iHepiiitna cuia, sika /i€ Ha YaCTHHKY.
BignomieHHss 1iHepIiiHOI CwIM, SKa Ji€ Ha 4YacTUHKY, J0 CHJIH
TIPaBIIYHOTO OMOPY CEPEIOBUILA XapAKTEPUIYETHCS IHEPLUINHUM MapaMeTpoM,
kUM € Kkputepiit CTokca

St =d5p4VrCy /18p 2R (1.10)

ne Np— AMHaMivHa B’SI3KICTh rasy, Ila-c;
R — xapakTepHuii po3mip o0TiuHOrO TiNa, (pamiyc Kyii abo MUITiHApPa); M
Ck— mompaBKka, sSika BpaxoBYe€ IiJIBUIIEHY PYXOMICTh YaCTUHOK, PO3Mip

SAKUX TOPIBHIOETBCS 3 CEPEIHBOI0 JOBXKHHOI BUIBHOIO MpOOIry Tra30BUX
MOJIEKYI.
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Kputepiit Ctokca uucenbHO PIBHUM BIJHOIICHHIO BIJICTaHI, IO
IpOXoJuiia YacTHMHKAa 3 T[OYaTKOBOIO IIBUAKICTIO V| TpU BiJICYTHOCTI
30BHIIIHIX CHJI TIOKH HE 3YITUHUTHCS, 10 XapaKTEPHOTO pO3Mipy OOTIYHOTO Tija,
AKUM MOKe OyTHm miamerp Kyii abo mwmiHapa. Bimcranb, mo ii MpoXoauTh
YaCTUHKA, BU3HAYAETHCS 32 (HOPMYJIIOI0

2
|, =diV p /18pp . (1.11)

[Ipu cramioHapHOMY pycCi Ta30BOTO MOTOKY, KOJHM YAaCTHHKU HACTUIBKH
MaJIi, 0 JUTsI IHEPIHOT CHITH, SIKa JTi€ Ha YaCTUHKY, MO’KHA 3aCTOCYBAaTH 3aKOH
Croxkca, piBasHHS (1.9) MOXKHA MOJaTH B BUTIISII

d’p p
2S5y, ——+—=0,, 1.12
tk d‘l'g 81:0 0 ( )

ne P — 0e3po3MipHa KOOpIWHATA YACTHHKH, TOOTO BiJHOIICHHS PaJliyc-BEKTO-
pa yactunku (Fy) 10 xapakTepHoro po3mipy ootiunoro tina (R);

®o — Oe3po3MipHa MIBUIKICTh, IO BU3HAYAETHCS SK BIAHOIIECHHS BEKTOPA
IIBUJIKOCTI T'a31B B MICI[I 3HaXOKE€HHs 4acTUHKY (V) 10 HIBUIKOCTI Ta3iB, sKi

BiJaseH1 BiJ 0OTIiYHOTO Tija (Wos);
To — 0€3pO3MIpHUI Yac, 0 PIBHUN
T,=0,T/R. (1.13)
SIKImo YacTHMHKa pyXaeTbcsl Ha JUISHLIL, 1€ 3akoH CTOKca HE MOXKHA
3actocyBatd, To B piBHsSHHS (1.12) BBOAHWTHCS mMOMpaBKa, SKa BpPaXxOBYE

BIIHOILICHHS T1MICHOT CUJIM OMOPY 10 CTOKCIBCHKOTO OTOPY,
48 S 25 do
uw 4P dp_, (1.14)
&‘{ Req d‘l'(z) dT

ne & — KoedillienHT, o 3aIeXKHUTh BiJl KpUTepito PefiHonbaca i yacTHHKA (Rey),
Res = dupa (g — Vi) [ pr . (1.15)

Amnami3 piBastHHES (1.14) cBigunTh, 1m0 npu Stk = 0, KOJIM YaCTUHKHA MalOTh

0€3MEKHO Mally Macy,
wo=dp/dtq . (1.16)

ToOTo0, B IIbOMY BUIAIKy YACTHHKA PYXa€ThCS TOUHO IO JIHIT Teuii 1 He
JIOTUKAETHCS JI0 MIOBEPXHI 00TIYHOTO Tijia. Take siBUIlle TaKOXK Oyjie
B1JI0yBaTUCS MIPU IOCTATHHO MAJIMX 3HAYEHHAX KpuTepito CTokca.

[Tpu neBHOMY MiHIMambHOMY 3Ha4eHHI kpurepiro Ctokca (S'w) iHepiis
YAaCTUHKU € JOCTaTHHOIO, MO0 MepeOopoTH 30UTBIIIEHHS MMBUIKOCTI i Ta30BUM
oTOKOM (Stk> S'tk ) 1 BOHA JI0CsATa€E TOBEPXHI OOTIYHOTO TiJIa.

AHaJi3yloud TpoIeC IHEPLIMHOTO OCAaPKEHHS YacTMHOK Ha KyJi
(puc.1.2), MOXHa JOOCHIAMTH BIUIMB PEXKHUMY pyXy TIa30BOro IOTOKY Ha
iHepuiiiHe ocamkenHs. [Ipu naminaphiii Teuli noTtoky (Re< 2) edexTuBHICTH
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THEPIIMHOTO OCaH)KEHHS HE 3aJICKUTh BiJl KpuTepito PeliHOMbaca MOKH MOXKHA
HE BpPAaxXOBYBaTH ICHYBAaHHS MPWJIETJOr0 O OOTIYHOTO TuIa IIapy MOTOKY
(B’s13Ke OOTIKaHHS).

[Ipu mepexoni 10 TypOyJIEHTHOTO PyXy IMOTOKY, IO XapaKTEePU3YEThCS
30UIBIICHHSIM 3HAYEHb KPUTEPit0 Re, HA MOBEPXHI OOTIYHOIO TiJIa YTBOPIOETHCS
NPUJIETTIUI 11ap, TOBIIMHA SKOTO 3MEHIIYETHCS 13 30UIBIICHHSAM KpUTEPiO Re.
Sxmo 3naueHHs kputepito Peiinonbrnca Re > 500, To miHil Tewii cumbHilIe
BUTHHAIOTHCS (IOTCHITIMHE 00TIKaHHS) 1 OOTIKAIOTh TiJ0 Ha OJM3BKIA BIJICTaHI
BiJl HROTO. B pe3ynbpTaTi €PeKTUBHICTD 1HEPIIIHHOTO OCAKEHHS YaCTHUHOK 6yz[e
BUIA. 30UTBIICHHS €(PEKTUBHOCTI OCaIKEHHS Oye TPOJIOBKYBATHCS 13
3MEHIIICHHSIM TOBIIMHHA TMPUJIETIOTO (JIaMiHAPHOTO) J0 Tila Imapy, ToOTo i3
30UIBIICHHSAM KpuTepito PeiHomnbca.

1.1.3 BigneHTpoBe 0ca:KeHHSA YACTUHOK

BianentpoBe oca/pkeHHS YAcCTHHOK 3aCTOCOBYIOTH JIJIi  OYHUIICHHS
3aMUJIEHOTO MOBITPS 3 TeMiiepaTypoto 10 S00°C Big 4aCTUHOK PO3MIPOM O1LIbIIe
5 MKM IpH IIBHJIKOCTI pyXy rasis 2...5 m/c.

Haii0Oinpiero mnomupeHHs Ui OYMIIEHHS Tra3lB B IMPOMMCIOBOCTI
OTpUMaIM LHUKIOHU. BUIUIEHHS My B UUKIOHAX BiAOYBAa€ThCS i JIEIO
BIJILIGHTPOBUX CHJ, IO BHUHHUKAIOTh

7 I or /6 5 BHACJIJIOK OOepTaHHs Ta30BOi Tedii B
\ ] Kopryci amapata. OCHOBHI YacCTHUHU
i ' : R, - LUKJIOHY, HE3aJIEKHO BIJI ix
S > KOHCTPYKTUBHHX 0COOJIMBOCTEH,
1|~ ) |1 3obpaxeni Ha puc. 1.3,
(\—:/) V1 Pucynok 1.3 — IlukJion:
! 1 — numiHapuYHa obeyaiika

KOpIyca;

2 — KpHIlIKa 00euaiiku;

3 — KOHYC KOpITyCa;

4 — muno301pHUK;

5 — IIeHTpaJibHa TpyOa JJIs Bif
BEJICHHS OYMIIIEHOTO ra3y;

6 — maTpyOOK IIEHTPAIbHOI TPYOH;

/ — TaHTeHIIAJIbHUIA TaTpyOOoK
JUTSL BiABEICHHS Ta3y.

|
|
|
|
|
I
| 3anwieHni Tra3 HAAXOAWTH B
: ITUKJIOH 1o TaHTCHITIaTbHOMY
| narpyoky 7, B pe3yiabTaTi 4oro BIiH
: orpumye obeproBuit pyx. Ilicns
l T BUKOHAHHS JIBOX YHM TPHOX OOEpTiB B
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KUTBIEBIM HIUIMHI MK KOpIycoM 1 Ta HEHTpaJbHOIO TPYOOI 5 BUTKOIOIIOHO
OImycKaeTbcsi BHM3. [IpuduoMy B KOHYCHIM YacTWHI 3 amapara BHAacCIHiJIOK
3MEHIIIEHHS JllaMeTpa IMBUIKICTb 00epTaHHs Teuli 301abinyerhes (V2> Vi), Ilin
JI€I0 BIAIEHTPOBOI CHJIM YAaCTUHKM TWJIY  BIIKUJAIOTBCA JI0  CTIHOK
IUKIOHY. 3aBlIKU I[bOMY OCHOBHAa Maca YaCTUHOK MY 30CEPEIKYEThCS B
Tedil razy, IO pyXaeTbcs Oe3MocepenHbo Oulsd CTIHOK amaparta. lleit moTik
HaIPaBJISETHCS B HIDKHIO KOHIYHY YacTUHY Kopryca 3. YacTHHKM Wy Mpu
[IbOMY TOTPAIUIIOTh B MWiI030ipHUK 4. OuuieHud ra3 Miciasl BUKOHAHHS
KPYTOTO PO3BOPOTY IO IEHTPaNIbHIN TPyOl 5 BUBOJUTHCS 3 amapara.

Takum dYMHOM, B LHMKIOHI BiAOYBAIOTHCSA CKJIQJHI aepoJUHAMIYHI
IPOLECH, BiJ JOCKOHAJIOCTI SKHUX 3alIeKUTh EQPEKTUBHICTE POOOTH ILHX
armapariB.

IIpu po6oTI IIMKIIOHA HAa YACTHUHKY, II0 PYXA€ThCA B IMOJ1 BIAIEHTPOBUX
CWJI, JIIFOTh TP CKJIAJ0BI1: BIIIEHTPOBA, CHJIa OMOPY Ta CUJIa Bard.

Biaunentposa cunia, 1o BIAKKAIAE YACTUHKY /IO CTIHKHU ITUKIIOHA,

P,=(mo?) /R, (1.17)
CHJIa OIOPY PYXY YACTHHKH B PaiabHOMY HAIPAMKY
Pr = 3m-0r: du-p , (1.18)
CuJia Baru YaCTHHKHU
Pg=m-g , (1.19)

JIe M — Maca YaCTHHKH, KT
®r —TaHTCHIIlaJbHA CKJIaJ0Ba IIBUIKOCTI YaCTHHKH, M/C;
R — paniyc Big 1ieHTpa 10 YaCTUHKH, M;
MR — pajJilaJibHa CKJIaJ0Ba MIBUJIKOCT1 YaCTUHKH, M/C;
du — giamMeTp YaCTUHKH, M;
L — TycTUHA cepenosuina, H-c/m? (B'I3KiCTh).
Yactunka Oyne pyxatucs B pajialbHOMY HaIpsiMi, SIKIIO BUKOHYETHCS
BUMOTa
P,>Pr . (1.20)
HexTyroun cwiiol0 TSOKIHHS YaCTHHKH, OCKIJTbKM BOHA Iy)KE€ Malia, Ta
BUKOpPUCTOBYIOUM piBHSAHHA (1.17) MoXkHa 3anucatu

(m(DTZ)/R - Bn'wR‘dq ‘uno. (121)
Maca kyneno1i0HOT YaCTUHKHU:
m = td3pu/6 , (1.22)

e Pu — FyCTHHA MaTepiady YacTHHOK, KI/M>,
IBUAKICTH PyXy YACTUHKU B paJialbHOMYy HAIPSIMKY, SIKIO ITiJCTaBUTH
(1.21) B piBusanns (1.20), nopiBHIOE
R = (de®@%-pa) / (18u-R) . (1.23)
HeoOxigumuii 4Jac ocigaHHS YacTUHKH, IO MAae€ MOJ0JaTH BIJICTaHb
(R2— R1), craHOBHUTH
Toc = (R2 — R1)-0r = (- (R2%-R12))/(du?-o01%pu) | (1.24)
ne Ri, R2 — BiAMOBIAHO pajiiycy LIEHTpaJIbHOI TpyOH Ta 1ukiioHa (puc. 1.3), m.
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3a npyroi yMoBH, HEOOX1THUM Yac OCIJJaHHS YaCTHUHKU:
Toc — (ZR‘R'n’) / Qr , (125)
ne N’ —9ucio o0epTiB, MO POOUTH YaCTHHKA B ITUKJIOHI (N'= 2... 3).
I3 cymicHoro pimenHs piBHsSHb (1.23 Ta 1.24) BU3HAYAIOTH
HaWMEHIIUHN JlaMeTp YaCTHHOK, K1 OC1JJal0Th B IUKJIOHI 3a Yac OCiAaHHS Toc

(1.26)

CrymiHb BIOBICHHS YaCTHHOK, JiaMeTp SKkux (Ox) MEHIIe MiHIMaJIEHOTO
(dmin), TopiBHIOE:

Nx = dw? / dmin? . (1.27)
HeoOxigauii 06'eM MUKIIOHA IS OUMILIEHHS 00’ €My Ta3y 3a 4yac Toc
Wu = WrToc ) (128)

ne W; — 00’eM ounIneHoro rasy, M°/c.
Jlist oniHKM €(PeKTUBHOCTI poOOTH IIMKIOHA BUKOPHUCTOBYIOTH KpUTEPii
Dpyna
Fr=o:/Ry. (1.29)

['apaBaiyHUi oMmip HUKIOHA TOPIBHIOE:
AP, =§(pra?) /2 , (1.30)

ne & — KoediIleHT T1IpaBIigYHOrO OMOPY IIUKIIOHA;
pr — T'yCTHHA Ta3iB, KI/M>,
KoeditieHT rigpaBiaigHoro onopy Jijisi pi3HUX TUIIB IIUKIOHIB N= 4...25.
[Ipu 30inblIEHHI KOHLEHTpalli NWIy B Ta30BOMY MOTOLI KOE(IL€HT
T1APaBIIYHOTO ONMOPY UMKIOHA 3MEHIIYETHCS.

1.1.4 Iudy3iiiHe oca:KeHHS YACTUHOK

HudysiitHe ocakeHHs IpIOHMX YaCTUHOK Ha MOBEPXHI OOTIYHUX TUT a0
CTIHOK amapara BiJOyBae€TbCS BHACIIJOK TOrO, LIO0 I YaCTUHKU 3a3HAIOTh
Oe3mepepBHOI 11 MOJIEKYJI Ta3y, sKl 3HAXOASATHCS B OPOYHIBCHKOMY PYCI.

[lepemiteHHs: 4acTMHOK mpu AUGY3IMHOMY OCAJKEHHI OMHUCYEThCS
piBHsHHIM EifHITeiina

AX? = 2DyTr ' (1.31)
ne AX — BelMdYrHA 3MIICHHS YaCTHHOK, M;
Du — xkoedinieHT nudy3ii YaCTUHKH, IO XapaKTEPU3yE€ IHTEHCUBHICTH

OPOYHIBCBKOTO PyXy, M%/C;
Tr — abcomoTHa Temneparypa rasy, °K.
Ko posmip uactTuHOK (dy) OUTBIIMI CEPETHBOTO MUIAXY MPOOITy
mosiekyn ( li ), To6to du > i , xoedimient nudysii € QyHKIIE PO3MIpy
JaCTHHOK
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Du=C,KgTy/3mp,d, , (1.32)

ne Ck — mmonpaBka, sika BpaxOBYE ITiIBUIIEHY PYXOMICTh 4aCTHHOK (Tabi. 1.2.);
K — nocriiina bonbimana, mo pisaa 1,38-1023 JIx/K.

Komm posmip dvactuHOK (Oy) MEHIIUH CEpeAHBOTO INUIIXY MPOoOiry
monekyn (i ), To6To dy < li, koedimient nudysii 3HAXOTUTHCS 32 PIBHIHHIM
Jlanrmropma

Dy = KB T R, T, , (1.33)
3RdiPr TM,

ne Rr — yHiBepcanbHa rasoa ctaina, piBHa 8324 Jx/kmomns°K;
Pr — aGcomroTHmii THCK rasis, [1a;
Mr — Maca ogHi€l KUIOMOJISI, KI/KMOJIb.
Koedimienr maudy3ii BxoguTh B  0€3pO3MIpHHI  KOMIUIEKC, IO
XapaKTepu3ye BIIHOMICHHS CHJI BHYTPIIIHBOTO TePTs A0 Audy3iiHux cui. Lei
KOMILJIEKC XapakTepu3yerbest kputepiem Llmiara

Sc= P, /pDy=v,/D, , (1.34)

1€ Vr — KIHeMaTu4Ha B sI3KiCTb, M2/C.

Kpim kpurepito Hlmigra S¢ B mpaktumi AuQy3iHHHX pO3paxyHKiB
BUKOpPUCTOBYIOTh Kputepii Ilekie Pe, 1mo xapakrepusye BIJHOIICHHS
KOHBEKUIMHUX CHII 10 TU(]Y31iHUX

Pe=ReSc= V,I/Dy, (1.35)
ne Vr — MBUJIKICTb Ta3y, M/c;
| — BU3HAYANBHUH JIHIHHMI TapaMeTp 00TIYHOTO TiJa.

3HadeHHs koediiieHTa AuQy31i YaCTUHOK I HOPMAJIbHUX yMOB, IO
oOuucieni 3a ¢opmyrorw (1.32), ta 3naueHns kpurepito [Iminra Sc 3aexHO
BiJl PO3MipiB YaCTHHOK HaBejeH1 B Tabu. 1.3.

Tabmuug 1.3 — 3navenns koedinienTa qudysii ta kpurepiro HImigra

Po3mip yacTHHOK, MKM 10 1,0 0,1
KoegiuienT qudysii, m%/c 2,4-1012 2,710 6,1-10%°
Kpurepiit Hmigra 6,4-10° 5,6-10° 2,5-10*

Hani Ttabn. 1.3 cBiguath, mo 3Ha4YeHHS KoedimieHTa audysii pizKo
30LIBIIYEThCS 13 3MEHIICHHSIM po3Mipy 4acTHHOK. IIIBuakicte nudysii HaBITH
CYOMIKpOHHHMX YaCTMHOK HaJITO Majia OPIBHAHO 3 IIBUJKICTIO MOJIEKYJ ra3y. Lle
O0OyMOBJIEHO TUM, 0 KoedimieHT nudy3ii 4YaCTUHOK Ha JEKUTbKAa TOPSIKIB
MEHILIHH.

PospaxyHok mudy3iitHOro OCa/pPKeHHS YaCTUHOK BHKOHYIOTH 32
dbopmynamu, 1m0 ojiepKaHi Ipu PO3TIIAIaHHI MTPOIIECIB MOJICKYIISIpHOT nuy3ii.
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MacoBy MIBHAKICTh YacTHMHOK (KI/cC), 10 AUGYHAYIOTH Ha KYIIIO,
00UYHCITIOIOTH 32 (HOPMYIIaAMHU:
a) Ao kputepiii Peitnonsaca Re < 3 i kpurepiii migra Sc = 10°, To

Wy = D40 Cy Re3SM3 | (1.36)

ne dx— miameTp Ky, M;
C. — KOHIIEHTpALlisl YaCTUHOK B HOTOLI, KI/M;
0) sKIIo 3HaYeHHs KpuTepiiB Re = 600...2600 i Sc= 105, To
W4=0,8 1t Dy dCy Re¥3S:2 ; (1.37)

B) AKIIO 3HaYeHHs kpuTepii Re = 100...700 i Sc= 10°, o
Wq:0,95 T Dq dk Cll Rellz Scll3 . (138)

EdextuBHicTh audy31iMHOTO 0camKeHHsS YaCTUHOK MPH 00TIKaHHI Ta30BUM
MOTOKOM KYJI1 PO3PaxoBYIOTh 32 (POPMYII0I0

No=2~/2 /(Pdi)¥?, (1.39)

ne P.— kpurepiii [eke.

EdexTuBHicTh nU(yY31HHOTO OCaKEHHSI Ha LWIIHAPI OOYMCIIOITH 32
dbopmynamu:

a) npu B'A3KOMY OOTIKaHHI LIWJIIHIpa

Mo =2,92/ (( 2 — InRe )3 P23) , (1.40)
0) Mpu NOTEHLIMHOMY OCa/I’KEHHI
Mo =3,19/P. . (1.41)

Ananiz ¢opmyn (1.39 —1.41) cBiguuth, 10 ePEKTUBHICTL AUGY31ITHOTO
OCAJIPKEHHSI YACTUHOK 0OEpHEHO MPOIOpIIiiiHa pOo3MipaM YaCTUHOK Ta IIBUAKOCTI
ra3oBOr0 MOTOKY.

1.1.5 OcagxkeHHSI YACTHHOK 32 PAXYHOK 3a4elJIeHHS

BaxxnuBe 3HaueHHS NpU 3aXOIUTIOBAHHI YAaCTUHOK 32 PaxyHOK JIOTHUKY
MOBEPXHI OOTIYHOrO Tifa Mae ix po3mip. OcaKeHHs YaCTUHKHU BiJOYyBa€ThCA
TOJl, KOJU ii TPAEKTOPIs HE MEPECIKAETbCS 3 MOBEPXHEI OOTIYHOrO Tija, a
TaKOX y BHUIAJKYy MPOXOKEHHS JIiHII Teyll Ha BIACTaH1 BiJ MOBEPXHI TLIA, KA
NOpiBHIOE 11 paniycy. ToOTo, KOJMM BIACYTHE I1HEpLIMHE OCAJKEHHS, TO
e(peKTUBHICTb 3a4YEIUICHHS BULIIA 32 HYJIb.

Edext 3auernuieHHs XapakTepu3y€eThCsl apaMeTpoM

R=dd/ d: (1.42)

ne dy, dr — BiAMOBIAHO JiaMeTPH YACTHHOK 1 OOTIYHOTO Tija.
[Ipu moTeHmiitHoMy OOTIKaHHI Tija, KOJIM BeludynHa mapamerpa R
HACTITPKM Majla, IO MOXKHAa 3HEXTyBaTH CWJIaMH 1Hepini, e(eKTUBHICTH
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3aUeIJICHHS! CTAHOBUTH: NP 00TIKaHH1 Kyl Nr = 3R, a npu 00TIKaHHI LUJIIHIpA
nrR= 2R.

VY Bumajaky, KoJM 3a paxyHOK CYTTEBOTO 3HAYEHHS 1HEPLINHUX e(deKTiB
TPA€EKTOPIi OCIIAI0YMX YACTHHOK TMPSAMOJIIHINHI, €()EKTUBHICTbh 3adyerICHHS
cKJajae: npu o0TiKaHH1 Kyl Nr =2R, a npu oOTikaHH1 utiHapa nr = R.

TakuM dYMHOM, TpPH TMOTEHIIHHOMY OOTIKaHHI Kyli €(eKTUBHICTb
MEXaHi3My 3a4eIUIeHHs 3HAXOAWThCS B Mexkax (2...3)R, a mpu moTeHIiiHOMY
obtikanHi mumaapa — (1...2)R.

EdexTuBHICTh OCa/)KEHHS YaCTHMHOK 3a PaXyHOK JOTHKY MPHU B'S3KOMY
0OTiKaHHI MITIHAPA BUBHAYAETHCS 32 POPMYJIaMU:

nr = R%(2 - In Re) , (1.43)

nr= R? Re 00% (1.44)

Ananiz piBHsHb (1.43, 1.44) cBiguuTh, WO €(PEKT 3aYEIUICHHS CTa€
CYTTEBUM TIIpU OCAKEHHI YacCTMHOK Ha cdepax 3 MajuM JlaMeTPOM.
OcamKeHHs] YaCTUHOK 32 PaxyHOK 3a4eIUIEHHS 3HAYHOIO MIPOK BU3HAYAETHCA
PEKUMOM Teuli ra30BOT0 MOTOKY 1 HE 3aJIEKUTh BiJl IIBUAKOCTI T'a3iB.

1.1.6 E¢exTuBHICTH OUYNIIIEHHS Ia3iB Bi MUY

OuwuiieHHsT TOBITPsI BiJ MUy 3a €(EKTUBHICTIO € TpyOe, cepeaHe Ta
ToHKe. ['py0e ouuieHHs mependavyae 3aTpUMaHHS MAaKCUMalIbHOI KUIBKOCTI
nuiIy (B MPOIEHTaX A0 MOYAaTKOBOIO BMICTY MHIIY) 1, TOJIOBHUM YHUHOM, MUY
Benukux (pakiiit (200 mxm Ta Outbiie). Take ouMIleHHS BUKOPUCTOBYIOTH SIK
MOTIEPETHE JIJIsl 3aMIJIEHOTO TMOBITPs Mpu OaraTocTyreHeBOMYy ouwMileHHi. [Ipu
CEpEeIHbOMY OYHUIIEHHI 3aTPUMYETHCS TWJ, IO MICTUTh JpiOHI dpakiii
(10...100 mMkm). B mpomy BHMaaKy MOYaTKOBAa KOHLIEHTpalis HE IOBHUHHA
nepesuirysatu 150...200 mr/m%, a kinnesa — 30...50 mr/m°. ToHKe OUMILEHHS
XapaKTepU3yeThCsl HEOOXITHICTIO BIJIOBMIOBaHHS mwiay (MeHme 10MkM) i
JOBEJICHHSM OCTaTO4HOi KOHIEHTpanii muy 10 1...2 mr/m3. TToyaTkoBuii BMicT
MY He TIOBUHEH NEPEBHIILYBATH 3...5 Mr/M™

Cryninb ouunieHHs (Koe(illleHT KOPUCHOI JIii) € BIAHOIICHHSIM KIJIBKOCTI
BJIOBJICHOTO Marepiajly 10 KUIbKOCTI Matepiaiy, sSIKHi HaJIWIIOB B Ta3004UCHUMN
amapaTr 3 ra3oBHUM IOTOKOM 3a TIEBHUM mepion 4acy. Po3pi3HsIOTH 3arajibHHiA
CTYIIHb OYMIIIEHHS TTOBITPS BiJl MUY, IKAW BIIHOCUTKLCS JI0 BCi€i Macu YaCTUHOK,
Ta (PpakIfHUI CTYIIHb OYHUIIEHHS IS KOXKHOI (PpaKIlii OKpeMo.

3aranbHUM CTYIIHD OYHWIIEHHS € BITHOIICHHSIM MacH MUITY, IO BJIOBJIEHA
B amapari, 0 Macu Ty, [0 HaAIWIIIAa 10 HHOTO 32 OJUH 1 TOM caMuil mepio
qacy

ns = 21=52 10096 = ©2=C2 10095 - (1.45)
Gy C
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ne Gi ta G2 — MacoBl BUTpATH YaCTMHOK IMUITY, IO BMIIIYIOThCS B raszax, siki,
BIJIMOBIAHO, HAIXOAATH B arapar i BUXOJATh 3 HbOT0, KI/C;
C:1a C; — KOHIIGHTpAIlll YaCTUHOK MIITY B raszax, 110, BiJIMOBIIHO,
HAJIXO/ATh B allapaT i BUXOIATH 3 HbOTO, KI/M°,
B Bumagky, KOJIM CIIOCTEpiraeTbcs 3MiHa 00'eMy Tra3y 3a paxyHOK
M1JICMOKTYBaHHS, €(EKTUBHICTh OYHINCHHS CTAHOBHTH

N, = 1 - Ku (C2/C) ; (1.46)

ne K — koedilieHT macMOKTyBaHHS.
EdexTuBHiCTh oOuMINEHHS JUISI YaCTUHOK MMIUIY PI3HUX PO3MIpIB
HEOJHaKoBa. SIKIIO0 BiAoMHI (paKIiiHUN BMICT ATy

D +Dy,+ D3+ Dy +...+ D, =100%; (1.47)

ne ®©q,D,,..., D, — IPOLIEHTHUI BMICT NMIITY AaHOI PpaKIlii;
TO JOLIJIBHO KOE(IUIEHT OYMIICHHS Ta3iB BU3HAYATH 3a (PpaKUIAHOIO
e(hEeKTUBHICTIO, TOOTO CTYNEHEM OYMIIECHHS Tra3iB BiJ] YACTUHOK BHU3HAYEHOTO

po3Mipy.
@pakuIiHUNA CTYIIHb OUYNLIEHHS:
N = [Pax — Do (L—M)] ; (1.48)

ne ®,,, P, — BMICT Ppakiiiii B razax, BIIMOBIHO, Ha BXOI Ta BUXO/I1 3 anapara, %o.
3Haroun (ppakUIiHUN CTYIIIHb OYUILEHHSA I'a31B N1, N2 - Ndn »
3arajbHy €(eKTUBHICTh OUHUIIICHHS T'a31B BU3HAYAIOTH 32 (POPMYIIOLO:

_No1'®1 Moz P NonPr (1.49)
100 100 100

TexHosoriyHa cxeMa OUYHUIIEHHS ra3iB Bij MUy OyBae OJHOCTYIIEHEBA Ta
OaratoctyneneBa. OJHOCTyNEeHEeBa — SAKIIO HEOOXIMHUM e(EeKT OYMUIICHHS
JOCATAEThCSI B OJHOMY THJIOBJIOBIIOBadi. B  Bumagky, komu edexT
OJHOCTYTIICHEBOTO  OYMWIIECHHS HEJAOCTaTHIN, YCTaHOBJIIOIOTH TOCIiOBHO
JeKUJIbKa THUIIIB MNUJIOBIOBIIOBaYiB. CyMmapHMl CTyMmiHb OYMILEHHS TIa3iB
JEK1IbKOX TIOCJI1JIOBHO BCTAHOBJICHUX allapaTiB BUZHAYAETHCA 3a (OPMYJIIOHO:

n=1-(1-m)-1-nz)-..-(I-mpn) , (1.50)

1€ Mq1,MN2,-.,Nn — CTYMIHb OYUIIEHHS T'a31B Bl MUY B MEPIIOMY, APYTOMY 1

N3

N-My amapari.
3 caHiTapHOI TOYKH 30pY BaKJIMBa HE YacTKa BJIOBIIIOBaHHS MUIY T, a
4acTKa MPOIYIIEHOTO, 10 BUPAXKAETHCS Y BUTIISI KOS]IIIEHTA MPOCKOKY:

P=1-7 ; (1.51)
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Kinnepuit Bmict nuiny (C2) B TMOBITpi, 10 BHUXOIAUTH 3 amapara,
BCTAHOBJICHUH TPAaHUYHO-JOMYCTHMOIO KOHIICHTpAIli€I0 MUy B poOodiil 30Hi
npuMitieHHs (Tabu. 1.4).

Ta6nuis 1.4 — JlonycTUMHA BMICT Iy B MOBITPi, 110 BUKUIAETHCS
B aTMOc(epy 3 MUI00YHCHOT0 anapaTa
['paHnYHO-TOTTyCTHMAa KOHIICHTPAITIS TTHITY ol2 4la 6 OinpIua
B MOBITPi pOOOYOT 30HU NPUMIILECHHS, MI/M° o 6

JlommycTuMa KOHLIEHTpalls MUy B MOBITPI, 30 60 80 100
10 BUKUJAETHCS B aTMOCheEpy
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1.1.7 Knacudikamisi TeXHOJOriYHOTro 00JaJHAHHS IJIsl CyXOro i
MOKPOI0 OYMIIEHHS ra3iB BiJ ATy
B 3B’43Ky 3 1HTEHCHMBHUM PO3BHUTKOM IMPOMHUCIOBOCTI 301JIBIIYETHCS

3a0pyaHeHIcTh aTMOocepHOTO MOBITPs. Tomy mpobOiemMa OUYUIIEHHS Ta30BUX
BUKHJIB BiJl MUy Ta ra30mnojiOHUX KOMIIOHEHTIB € aKTyaJlbHOIO, TaK SsK
BAXKIIMBUM TIOKa3HUKOM KYJIbTYpH BHUPOOHHUIITBA € CTYMHIHb €EKOJIOT1YHOI
po0OTH MiANIPUEMCTBA.

3 METOI0 SIKICHOTO OYMINIEHHS aTMOC()EpHOro MOBITPS BiJ HIKUIJIUBHUX
IHTpaJi€eHTIB HEOOXIMHO HE TUIBKH BIOCKOHATIOBATA MAaJOBIIXOMHI Ta
0e3BIAXOAHI  TEXHOJIOT1YHI  TPOILIECH, aJieé TaKoX  BIPOBAKYBATU
BHCOKOE(EKTUBHI Tra3004MCHI yCTaHOBKH. [lOBHOTa TEOpETHMYHHUX YSBICHB
npo (i3uyHI mpolecH, sAKiI BiIOYBAIOTHCS B Ta3004YMCHOMY oOJIaJHAHHI, B
3HAYHIA MIpl BU3HAYAIOTHCS iX KOHCTPYKTUBHUMHU OCOOJUBOCTSMH, a TAKOX
€KOHOMIYHICTIO ¥ €(QEeKTUBHICTIO €KCITyaTarli BiANOBIJHUX TEXHIYHUX
3ac001B OUMIICHHS I'a30BUX BUKHUIIB.

BumaneHHs dYacTMHOK TWIy 3 Ta30BHX IIOTOKIB 3 BHUKOPHCTAHHIM
rpaBiTaIlifHOTO, 1HEPIIMHOTO, BIAIEHTPOBOrO U AUGYy31HHOIO OCAIPKEHHS Ta 32
PaxyHOK 3a4€IUICHHS Peali3yeThCsl TEXHOJIOTIYHUM OOJIaHAHHSAM JUIsI CYyXOTO
ab0 MOKpOT0 MUJIOBJIOBIIIOBaHHS, KJIacu]ikallisl IKOro HaBe/leHa Ha puc. 1.4.

Knacu@ikaniss nuIOBIOBIIOBAYIB 3a iX €(EKTUBHICTIO 3aJIEKHO BIJ
JMCIIEPCHOCTI MUJTy HaBeAeHa B Tabi. 1.5.

Tabmuug 1.5 — Kinacudikanisi n1/10BJIOBJIOBAYIB 32 IX e()eKTHBHICTIO

Kiac Po3mipu HuxHst rpaHuist epeKTUBHOCTI 3aJI€AKHO
IIAJIOBJIOB YaCTHHOK, 1110 B1JI TUCKPETHOCTI MUY
-JIIOBAYiB e(PEKTUBHO rpyna JuCKpETHOCTI €(EeKTUBHICTb

BJIOBJIIOIOTHCS, Ty , %
MKM
: V — nyxe npiOHOAUCTIEPCHUN <80
I Oumbme 0,3...0,5 | 1y 6 hommenepcnii 99.9...80
. IV — npibHOguCcnepcHMiA 92...85
I Olmbime 2 III — cepegnpoAMICTIEpPCHUN 99.9...92
: [II — cepeanpoAUCTIEPCHUI 99...80
i Olbimie 4 IT — BenukoauCIIEpCHUM 99.9...99
v Sinnme 8 IT — BenukoaucniepcHUM ) 99,9...85
[ — my>xe BeTuKOIUCTIEpCHUMN >999
\ oupiIe 9 [ — ny>xe BeTMKOAMCTIEPCHUIM >99,9

XapakTepucTUKa BHJIIB TEXHIYHOTO OOJIaHAHHS JJIs 3HEIMUJICHHS,
00JlacTh HAWJOIUIBHINIOTO WOr0 BUKOPUCTAHHS 3JIEKHO Bl JUCKPETHOCTI
Uy Ta Omip HaBeneH1 B Ta0. 1.6.

23



Tabnuis 1.6 —XapakTepucTuKa BUAiB MWJIOBJIOBJIIOBAYIB

Knac Oo0nacrtp
Bu Tum TAJIOBIIO HANIOLIBHIIIIOTO O
A BJIFOBAYA BUKOPHUCTAHHS 3a b
[TAJIOBJIOBII 15050) (0 .
3a rpyraMu JUCIEPCHOCTI 5
oBaya BJIOBJIFOBa4a KI/M
e(dexTuB Uy
HICTIO | Im | uar | v | v
['paBiTariit
Ho HHnoqcaszy vV + + _ _ _ 20
BaJIbHI KaMepu
OCaAJ[KEHHS
LUKJIOHUA v — + + — — 200
BIJILICHTPOBI v B + + B B 100
cKpyOepH
yIapHO-
1HepIIIH1 I11 - - + - - 120
cKpyOepH
[nepuiiine -
CTpyHHI ) _ + + -
OCaKECHHSI POTOKJIOHH II 350
111 - - - - 135
MIBAIKICHL _ _ _ _
ra3onpomM1Badyi - * 350
Berrypi |- | -] - |+ ]+ 1000
digpTparis .
TKaHWUHHI
3a paXyHOK | 4 \Y + - - - - 80
b1abTpH
3a4erUICHHS
. 111 + + - - - 60
[nepmiiine
7 BOJIOKHMCTI I - - + + - 150
mudysiiine | GubTpU
OCaIKCHHS 1 - - - + + 250
o MTOPOKHUCTI,
JTIaH(bygmHe HACaJIKOBI Ta
. - MiHHI 11 - - + + - 200
IHCPUIMHE o OBTOBTIOBAY
OCa/UKCHHA | .
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TexHoJOT14HE O6H3.,HH8.HH5[ AJI1 3HCIIUJICHHA

TKAaHUHHI

BOJIOKHHCTI
——  Oimerpn 3EPHUCTI
HACHIIHI
AKOPCTKI
MAJI00CA/KYBAJIbHI KaMepH
1HEpIIIHI TUIOBJIOBIIIOBAY1
Amnapat ’KaJTI031MH1 TUJI0BJIOBIIIOBAYl
CyXOro
LIUKJIOH!
3HEIMUJICHHSA
BHUXPOBI MMJIOBJIOBJIIOBAY1
NUHAMIYH]1 OAJIOBJIOBIIIOBAYl
MOPOKHUCTI Ta30MPOMHUBAY1
HACAKOBI ra30poMHUBayi
IMHHI TMJI0BJIOBIIOBAYl
Anapatu
MOKpPOTo MeXaHiuHi Ta30BJIOBIIIOBAYi
[THUJIOBJIOBJIFOBA
HHA yIapHO-1HEPIiitHI CKpyOepu

ra3onpoMuBadi BIAIEHTPOBOT dii

IIBUJIKICHI ra30MpOMHUBaYl

Pucynok 1.4 — Knacudikauis TeXHOJOTiYHOr0 00JIaJ{HAHHSA JIsI
CyXOro ii MOKpPOro OYMIIEeHHS ra3iB BiJl MUY
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1.2 IInnoocaaxyBajibHi Kamepu

[MunoocamxyBalibHI KaMepH 3aCTOCOBYIOTH JJIsl TPaBITAlIHHOTO rpy0doro
OYMIIICHHS Ta30BUX BUKHU/IIB B1Jl YaCTHHOK Mty po3MipoM 30...100 MxMm.

[Tpuniun poOOTH MUIIOOCAIKYBAIBLHUX KaMep I'PYHTYETHCSI HA BUBEICHH1
YAaCTUHOK WY 3 Ta30MUJIOBOTO MOTOKY MIJISXOM iX OCQ/KCHHS MM JIEI0 CHIIH
Bard. IX 3acTOCOBYIOTH JUIS YJOBIEHHS BENUKMX 4YACTWHOK CHPOBHHHHUX
MaTepianiB Tmicis O0OEpTOBUX IIEMEHTHUX Te4eH, Teder isd OoOmaroBaHHS
Mar"es3uTy 1 J0JOMITY TOIIIO.

[TepeBaroro mMIIOOCAKYBATBHUX KaMmMep € TMPOCTOTa BUTOTOBIICHHS.
MartepianoMm st iX BUTOTOBJICHHS € IIerJia, 30ipHUI 3a1i300€TOH, CTalh Ta
JIEpeBO JIJIsl XOJOIHUX Ta3iB. [lepeBaroro Takox € He3HAUHUM T1paBIIYHUNA OMIp
50...100 ITa.

Henonikom mnumiioocaKyBalbHUX KaMep € HHU3bKa €(EKTHUBHICTh
nusoynoieHHs (40...50%), 0co6a1MBO Mpu BIOBJICHI JPIOHOIUCIIEPCHOTO MY
(d<20 MxM), a TaKOX TX TPOMI3IKICTb.

[IpyHIMIIOBa KOHCTPYKTHMBHA CX€Ma IWJIOOCA/UKYBaJIbHOI KaMepH
HaBejieHa Ha puc. 1.5.

LK 1
3
Va
3
2
l AT l AT
Pucynox 1.5 — Ipunnunosa KOHCTPYKTHBHA cxema

NMUJI00CATAKYBAILHOI Kamepu:1l — kopnyc; 2 — OyHKep; 3 — mTyuep st
BUJIAJICHHS TIIITY

3a KOHCTPYKIIIEI0 TMUJI00CAHKYBAJIbHI KamMepu OyBalOTh MOPOKHUCTI,
nyctoTini  (puc. 1.5), 3 ropusoHTadibHUMH mnojuusmu (puc. 1.6, a), 3
BEPTUKAIILHUMH Tieperopojgkamu  (puc. 1.6, 6, B), 3 JAHIIOTOBUMU YH
JTPOTSHUMH 3aBicamu (puc. 1.6, r).

[IpoIyKTUBHICTh MHUIOOCAKYBAIBHOI KaME€pU BU3HAYAETHCS IUIOMICIO
MOTIEPEYHOTO TIepepi3y Ta MBUAKICTIO OCIaHHs muity. J{s Toro, o0 yacTuHKa
MUJTY BCTHTJIA OCICTH Ha JTHO KaMepH, TOBKMHA OCTaHHBOI Lk moBWHHA OyTH

Lk =Hk (or/ os), (1.52)

ne Hk — Bucota kamepu, M;
®r — MWBUJIKICTh PyXy ra3iB B kamepi (3Buyaiino 0,2...1,5 m/c);
@B — IMBUIKICTh BUTAHHS YaCTUHOK 33/IaHOTO PO3MIpPY, M/C.
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Pucynok 1.6 — KonceTpykuii nu100cazKyBaJIbHUX KaMep:

27



1 — monuii; 2 — meperopoaku; 3 — JaHIIOroBa ado APOTSIHA 3aBica
MiHIMaabHUM PO3MIP YACTHMHOK, $KI OyayTh IOBHICTIO OCaQ)KCHI B
KaMepi, BA3HAYAETHCS 32 3aJICKHICTIO

4= 18Qum,

= — (1.53)
9 pyLk By
ne Qr — Butparu rasy, m°/c;
Wr — IMHAMI4YHA B’SI3KICTh, [la-c;
J —IIPUCKOPEHHS BUILHOTO MAiHHsA, M%/C;
P4 — I'YCTUHA YaCTHHOK, KI/M>;
Lk — moBKMHA KaMepH, M;
Bk — mmpuna kamepu, M.

HasBHICTH JIaHITIOTOBOT 4YM  JIPOTSHOI 3aBiCH, BEPTHKAIGHUX YU
TOPU30HTAIIFHUX BIAXWISIOUMX TEPErOopoJIOK JO0 TpaBITAllIHHOTO €PeKTy J0/1a€e
edeKT I1HEepIIMHOrO OCa/HKeHHSI MPU OOTIKaHHI Ta30BUM IOTOKOM Pi3HUX
nepemkos. B pe3ynabrari  4oro  30UIBIIYETHCS  €PEKTUBHICTH  POOOTH
MHIO0CAKYyBATbHIX KaMep.

1.3 InepuiiiHi NUJI0BJIOBJIIOBAYI

[Hep1iitH1 TUIOBIOBIIOBAY1 3aCTOCOBYIOTH JIJIsl TPYOOT0 OYHUIIICHHS CYXUX
ra30BHX BUKHJIIB BiJl YACTUHOK Ty po3mMipoM Big 30 g0 100 MxM.

[Mpunmun fii  iHEpPIIAHUX amapaTiB IPYHTYEThCS Ha BUKOPHCTaHHI
IHepIIMHUX CUJI Ta JOJATKOBOTO MOMEHTY pyXy BHM3. SIKIIO B amapaTi 3a
HANpsIMKOM PYXY ra3y BCTaHOBUTH IEPENOHY, TO Ta30BUM MOTIK OTMHAE i, a
TBEpJIl YACTUHKU 3a IHEPIEl0 30epiratoTh TMOMEpeaHId HaAmpsIMOK pPyXy.
HamroBxyrounch Ha IEPENOHY, BOHU BTPAYyarOTh IIBUIKICTb 1 BUMAIal0Th 3 TEYil.
EdexTuBHICTh NUIIOBJIOBICHHS 30UIBIIYETHCA, SKIIO YaCTHHII  HAJaTH
JI0JTAaTKOBOTO MOMEHTY PYXY, BEKTOP SIKOTO HAIlPaBJICHUN JTOHU3Y W 301raeThCs 3
BEKTOPOM I'paBITAlIHHUX CHUJL.

[lepeBaroro iHEPIINHUX MHUIOBJIOBIIIOBAYIB € HEBEIHKI TrabapuTH, IO
3a0e3reuyoTh MBHAKICTH pyxy Ta3iB 10..15 wm/c. JlocTaTHRO BHUCOKHIA
rigpaBmiynuii omip 200...300 Ila 3abe3neuye cryminb ynoBieHHs 0 65-80%
YaCTUHOK po3Mipamu MeHiie 25...30 MKMm.

3a KOHCTPYKIIIE€I0O HAWMPOCTIII 1HEPIiHI MHIOBJIOBIIOBaYl OyBalOTh
(puc. 1.7) 3 BepTHKAIBLHOIO MEPEropoaKor0 (a), 3 IEeHTpallbHOW TpyOoro (0), 3
OOKOBHM IITYIIEPOM (B) Ta 3 TOPU3OHTAIHLHUMU €IEMEHTaMH (T).

XKanro3iiiHi MUJIOBJIOBIIOBaYl BUKOPUCTOBYIOTHCS Ui PO3JLICHHS
ra3oBOro MOTOKY Ha OYMIICHUN Ta 30aradeHuid MuioM ras. B kamro3iiHUX
MAJIOBJIOBIIOBaYaX MUJI BUIUISETHCS 3 TA30BOr0 MOTOKY I AI€I0 1HEPUIMHUX
CUJI MPU 3MiHI HaNpPSMKY PyXy ra30BOTO MOTOKY 3a JOIMOMOIOI0 KaTI031MHUX
miactiH  abo  kimens. IIBuakicte pyxy rasiB  gocsirae 10..15  w/c.

28



KoHCTpyKTHBHA cXeMa JKaJIF031iHOTO MHUIOBJIOBIIOBaYA 3 IJIACTUHAMH HaBeIeHA
Ha puc. 1.8.

JKamro31HUN MWIOBIOBIIIOBAY JIIJIATH Ta30BUM IIOTIK HA JBI YAaCTHUHU.
OcHoBHMi1 ToTiK Q1 B 3HAYHIN Mip1 OUUIIICHUHN B1JI MY

Q:=(08..09 Q , (1.53)

ne Q — cyMapHHi Ta30BUM MOTIK, 10 OYHUIITYETHCS.
A npyruii TIOTIK, HaCHMYEHWUW MWJIOM, W€ Ha IMOJANIbIIC OYHIINCHHS B
[IAKJIOH

Q:=(0,1..02) Q. (1.54)

EdextuBHicTh oummieHHs cTaHOBUTH 80% Ta OuIble UISI YaCTHUHOK
po3mipoM 20 MKM.

a) 6 }ar
I or T or
3 ! .
| |
| |
/ |
! L]
1 X ™
| |
l 1T1JI l ITNAJI
B) T or r) l 3T
i i
i .
i /jzr N~
= / 3 —
@ P
| e
i — 4 —
i i
! !
lHI/IJ'I 101"
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Pucynok 1.7 — Konerpykuii iHepuiiiHuX MUJI0BJIOBJIIOBAYIB!
1 — nmeperopoaka; 2 — neHTpajgbHa TpyOa; 3 — O0KOBUH MITYLED;
4 — ropu30HTAJIBHI CJIEMEHTH

for
TT 1
Q. :
—~ U\
= - }/‘\/ \ _ar
Q1 Q

Pucynok 1.8 — KoHCTpYKTHBHA cXeMa KaJaK3iiHOr0
MUJIOBJIOBJIIOBAYA 3 IIaCTHHAMMU: 1 — Kamro31iiH1 IUIACTHHHU, 2 —
LUKJIOH

Jlns  3MIHH HamnpsMKy pyxy Ta30BOTO IIOTOKY 3aMiCTh IIJIACTUH
BUKOPHUCTOBYIOTBCSI TaKOX KUIbIlA (puc. 1.9). AnapaTu BUKOHYIOTBCS y BUTJISII
KOHYCIB, 110 CKJaJCHI 3 OKPEMHUX KIJICIlb, K1 3HAXOASAThCSA HA MEBHIM BIJCTaHI
onHe Bix oxHOro. Bucora komycHoro kimeiig 10..20 MM, a BiacTaHb MIX
ejeMeHTamMH 2...20 MM.

Bunyckarore iHepmiitHi nmonoBaroBaui  IT1-100, II1-150, II1-173,
IT1-200, I11-300, IT1-350. [{udpa nozHavae giameTp BXiAHOTO OTBODPY.

=
)

| |—or

3T TN 4
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Pucynok 1.9 — KoHCTpYKTHBHA cXeMa KaJr03iiHOro
NMUAJIOBJIOBJIIOBAYA 3 KiJbIAMH: 1 — KUIBI, 2 — IIMKJIOH
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JInst ouuileHHs 3HayHUX 00’€MIB Ta3iB 3 OKPEMHUX amapaTiB CKJIaJaroTh
Oarapeiini iHepiiviHi nmunosnostoBayi (BIIT).

B sxamroziitHux nusoBioBmoBadax rinpasmiunuit omip 400...500 Ila mpu
KOHLIEHTpawii nuiy 2 r/cm®,

XapakTepuctuka (pakuiiHOTO CTYNEHS OYMINEHHS Ta3iB BiJ MHIY 3
KOHIIEHTpAII€l0 2 I/cCM® B jXKaII03iMHMX MHJIOBJIOBIIOBAYaX HABEAEHA B TaOll.
1.7.

Tabnui 1.7 — 3ajekHicTh cTyneHsl yJI0BJEHHs Bijl liaMmeTpa 4aCTUHOK

MUY
JliameTp 4aCTUHOK, MKM 5 (10 |15 |20 |25 |30 (40 |50 |60
Crymniab ynoBieHHs, % 25 |47 |63 |75 |86 |91 |95 |96 |98

[To3UTUBHUMHU SKOCTAMH >KaJIO31MHUX MHJIOBJIOBIIOBAYIB € Majaui
TIAPABIIYHUN OMIp Ta MOPIBHAHO HEBENMKI po3Mipu. Hemomikom € MIBHUIKHIA
3HOC IUIACTUH YU KiJelb 0COOJIMBO MPHU BUCOKIM KOHUEHTpalli Pppakiii nuiy 13
3HAYHUM J[1aMETPOM YACTUHOK.

1.4 IukJIoHU

1.4.1 3arajbHa XapaKTepUCTUKA KOHCTPYKUiil IMKJIOHIB

Cepen 3ac001B CyXOTo 1HEPIIHHOTO OYHUIIIEHHS T'a30BUX BUKUIIB B1J TTHITY
HaWOUTBII MOIIUPEH] UKJIOHHU, SIKI 3aCTOCOBYIOTHCS ISl BUJIJICHHS 3 TA30BOTO
MOTOKY YaCTUHOK MOPIBHSAHO BEJIUKOTO pO3MIpy. 3aJIEKHO BIJl IKOCTEH MUY 1
HOro JMCIEpPCHOro CKJIaay Ta BHUMOT JO OYMUIEHHS Tra3y LHMKJIOHH
3aCTOCOBYIOTHCS SIK arapaTy MEpIIoro CTYIMeHsl OYUIEeHHs a00 B CIOJYyYEHHI 3
IHIIMMU TWJIOBJIOBIIIOBaYaMU. BOHM e()eKTHBHO BIIOBIIOIOTH 3 Ta3y YaCTUHKH
Uy AlaMeTpoM 5 MKM 1 Ounbmii. JlomycTuma nmoyaTkoBa KOHUEHTpALS MUY B
NUJIOra30BOMY IMOTOL, IO OYUIIYETHCS B IMKJIOHAX, 3aJCKUTh BiJ SKOCTEH
3a0py/IHEHUX ra3iB, KOHCTPYKIII # po3MipiB UKIOHA. B cepenHboMy BOHA HE
nosunHa nepesumrysatu 400-107° kr/ve,

[TepeBaroro IUKIIOHIB €:

— BIJCYTHICTh PyXOMHUX YAaCTHH B anapari;

— HajliiHe QYHKIIOHYBaHHS NIPH TeMIieparypax raszis maitxe 10 500°C;

— MOJIMBICTH BIIOBJIIOBaHHS aOpa3WBHUX MarTepialiB TMpU 3axXUCTI
CreliajJbHUM NOKPUTTSIM BHYTPIIIHBO1 TOBEPXHI;

— TMPOCTOTa BUTOTOBJICHHSI KOHCTPYKIIIi,

— HEe3aJIeXKHICTh poOOTH arapara BiJl TUCKY ra3sy;

— HE3aJeXKHICTh (PaKIiiHOl e()EKTUBHOCTI OUYHUIIEHHS BiJl 3pOCTaHHS
3aITMJICHOCTI Ta3iB;

— BHUCOKA MPOJYKTUBHICTH MPHU MOPIBHIHO HU3bKIN BapTOCTI.
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Henonikom € Te, mo 3HauHwil rigpaBiaigyaui omip 1250...1500 Ila
BUCOKOC(DEKTUBHUX ITUKIIOHIB MPHU3BOJIUTH /10 MOTAHOTO BJIOBJICHHS YaCTUHOK
PO3MIPOM MEHIIIE 5 MKM.

Kiacudikariiss 1MukiIoHIB 32 KOHCTPYKTUBHMMH O3HaKaMU HaBeJieHA Ha
puc. 1.10.

B pi3HUX ramy3sx HTpOMHCIOBOCTI 3aJIeKHO BiJl YMOB BHUpPOOHHIITBA Ta
BUMOT OYHIIICHHS BUKOPUCTOBYIOTh THmu ItmkioHiB: [[H-11, [IH-15, ITH-15Y
(“Bxopouennii”’), [IH-24 xonctpykmii H/[IOra3y. [{udpa o3Hagae KyT po3ropTku
MDK TAHTCHLIAIPHO TPUETHAHUM BXIJHUM TNAaTpyOKOM Ta IMIIHIPUYIHOIO
YaCcTUHOIO IUKIIOHA. [Tpy HebOe3mner HaaunaHHs mapy MUy B KOPITCi Ta 3HAYHIN
a0pa3MBHOCTI NIy BUKOPHCTOBYIOThCS cripanbHO-KOHIUHI 1ukimonn CK-1{H-34,
cnipanbHo  joBrokoHiuni mukiaonn CHK-IIH-33. [udpu 34 Ta 33
XapaKTEepU3YyIOTh BIJHOIICHHS J1aMETPiB BUXJIOMHOI TPYOW N0 HMUIIHAPUYHOI
YacTUHU Kopmyca. BukopuctoByroThcsi nukioHu koHctpykuin BITHUNOT,
CHUOT, UKTU, I'unpoapesnpoma (YLI-38).

KoHcTpyKIlli 1UKIOHIB

Tun xopmyca [TiaBig 3anuieHoro razy

2
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Pucynok 1.10 — Knacugikaunisa nuukia0oHIB

TexHiuHI XapakTEPUCTHKU CY4YaCHUX 3aKOPJAOHHUX Ta HaWOLIbIIe
MOIMPEHNX Ha VYKpaiHi 3aco0iB 1HEPIIMHOTO OYMINEHHS Ta3iB BiJ MUY
HaBeneHi B Ta0. 1.8 Ta tadi. 1.9.

Tabmuns 1.8 — TexHiuHi XapaKTePUCTHKHU 3aKOPAOHHUX NMWJIOBJIOBIIOBAYIB

Tun [TpoayKTHUBHICTB, [iapaBaiuHuit EdexTuBHiCTH
MHJIOBJIOBIIIOBAYA M3/TO omip, [Ta ounIieHas, %
TU-MIY Tombma 800...10 000 1350 92
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TGL Himeyunna 800...5 760 1200 90
SGA Yexisn 800...10 000 1650 91
SHA Amnrmnis 800...10 000 1730 91
TOSHIBA Snownis 800...10 000 850 94

Tabmui 1.9 — TexHiuHi XapaKTepUCTHKH NOLIHPEHUX HA YKPaiHi HUKIOHIB
Tun [TpoayKTHBHICTB, Koegiuienr EdexTuBHicTh Cryminb
LUKJIOHA MS /FOI[ riapaBJII4YHOTO OUMITICHHS, % BI/IHOCOy nmuiy,
OIIopy Yo

IMH-11 600...45 000 6,1 74 1,00
I1H-15 700...50 000 7,6 72 1,05
L[H-15Y 650...45 000 8,2 67 1,26
I1H-24 1500...10 000 10,9 65 1,35
CHOT 1500...10 000 6,0 73 1,05
JIMOT 1500...12 000 4,2 68 1,23
BIIHUMOT 130...7000 9,3 73 1,05
VYI1I-38 2 200...14 400 10,2 98 0,78
“Marpemika” 200...8000 7,1 58 1,62

1.4.2 IlukjI0HH 3arajJibHOro NMPU3HAYEHHSA

3HauHe 3aCTOCYBAHHS JUIsl OYUINEHHS MPOMHUCIOBUX Ta30BUX BUKH/IIB
orpuManu nukioHu kKoHcTtpykmii HAIOrazy I[H-11, IIH-15, [IH-15Y, [1H-24.
Mudpu 11, 15, 24 BiANOBIAAIOTH KYTY PO3TOPTKUA TAHTEHIIATLHOTO MPUETHAHHS
BXIJIHOTO MaTpyOKa J0 HWIIHAPUYHOI YACTUHM HUKIOHA. [HAekc “Y” B Ha3Bi
uukiona [{H-15Y no3navae “BkopoueHuid”. Taki NUKIOHH BUKOPHUCTOBYIOTHCS
B MICIISIX, JI€ YCTAHOBJIEHHS I[UKJIOHA JIIMITOBAHO BUCOTOIO.

KOHCTpYKTHBHI CX€MU Ta THIOBI PO3MIpU HUWIIHAPUYHUX W KOHIYHHUX
nukioniB H/IO ra3y naBeneni Ha puc. 1.11.
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Pucynok 1.11 — KOHCTPYKTMBHI ¢XeMH HMJIHAPUYHHUX () Ta

KOHiuHMX (0) nukiaoHiB H/AIOrasy

Hnsa nwukinoHiB koHCTpykuii HJ/(IOrasy npuifHATO psii BHYTPILIHIX
niametpis D, mm: 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1200, 1400,
1600, 1800, 2000, 2400 1 3000.

KoHCTpyKTHBHI po3Mipu HMIIHAPUYHUX Ta KOHIYHUX IIUKIOHIB O€pyThCS
B YacTWHAaxX BiJl BHyTpimHbOro miamerpa D (tabn. 1.10). Jdns mumiHAprIHUX
LIMKJIOHIB Il CITIBBIHOIIIEHHS TaKIi:

3aranpHa Bucota nukiona H = (3,31...4,56) D;

BucoTa mumHapuanoi yactuan Hy = (1,51...2,26) D;

BucoTta koniunoi yactuan Hg = (1,5...2,0) D;

niamerp BuxisonHol Tpyou d = (0,22...0,34) D;

miameTtp nuoBumnyckHoro orsopy di = (0,3...0,4) D.

Tabmuns 1.10 — Bignocni  po3mipu muxuioniBs Tumy I{H sik yactka nmiamerpa

Kopiyca
L[I/I?(Jl/igHa a, rpan a ht H]_[ Hxk hs H
[1H-11 11 0,48 1,56 2,06 2,00 0,3 3,38
ITH-15 15 0,66 1,74 2,26 2,00 0,3 4,56
[MH-15V 15 0,66 1,50 1,51 1,50 0,3 3,31
ITH-24 24 1,11 2,11 2,21 1,75 0,4 4,26

Konctpyxrushi po3mipu 1uksioniB [{H-11 ta [{H-15 naBeneni B Tabi.1.11.

Tabmuug 1.11 — OcHoBHi po3mipu nukioniBs [IH-11 Ta [{H-15, mm
Hiametp
uHKJ[I)OHa, d a b ds ht | Hy | Hk H |

Maca,
KT

Huknon tuny [H-11
400 240 | 192 | 104 | 120 | 624 | 832 | 800 | 1862 | 240 66
500 300 | 240 | 130 | 150 | 780 | 1040 | 1000 | 2300 | 300 | 88
600 378 | 302 | 164 | 190 | 982 | 1310 | 1260 | 2870 | 378 | 248
800 480 | 384 | 208 | 240 | 1248 | 1665 | 1600 | 3615 | 480 | 391
Huknoun tuny I[[H-15
300 172 | 206 | 86 | 105 | 522 | 678 | 600 | 1368 | 180 | 208
400 230 | 274 | 114 | 140 | 696 | 904 | 800 | 1824 | 240 | 2/0
500 290 | 340 | 140 | 175 | 870 | 1130 | 1000 | 2280 | 300 | 385
600 350 | 406 | 166 | 210 | 1044 | 1356 | 1200 | 2736 | 360 | 515
700 410 | 472 | 192 | 245 | 1218 | 1582 | 1400 | 3192 | 420 | 660
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800 470 | 538 | 218 | 280 | 1392 | 1808 | 1600 | 3648 | 480 | 875
900 540 | 604 | 244 | 315 | 1566 | 2034 | 1800 | 4104 | 540 | 995
1000 | 590 | 670 | 270 | 350 | 1740 | 2260 | 2000 | 4560 | 600 | 1185
1200 | 710 | 802 | 322 | 420 | 2088 | 2712 | 2400 | 5472 | 720 | 1890
1400 | 830 | 934 | 374 | 490 | 2436 | 3164 | 2800 | 6384 | 840 | 2155

Huknonn Ttuny I[H pekoMmeHmyeTbCsi BUKOPUCTOBYBaTH 3a YMOB
HaJIMIIaHHS Iapy MWy B KOPIYCl, a TaKOXX MpHU MiJABUIICHIA aOpa3uBHOCTI
nuity. Huxinon tuny [{H-24 BUKOPUCTOBYIOTH [IJIsi TPyOOTO OYMIICHHS Ta3iB 3
po3mipamMu 4acTUHOK Oinbine 20 MKM. /[ TOHKOTO OYMINEHHS Ta3iB Bij
YaCTUHOK aiaMeTpoM 5...10 MKM e(eKTUBHUM € BUKOPUCTAHHS LIUKJIOHIB THITY
[IH-11.

Jlis ouMILeHHsl Tra3iB BiJ BYTUJIBHOTO THIIY, 30JId Ta 3JIUIJIOTO TMHITY
BUKOPHUCTOBYIOThCS cripanbHO-KoHIYHI 1ukiaonn CJAK-IIH-34 Ta cnipanbHO-
noBro-koH1yH1 nukionn tuny CJIK-ITH-33. I{i nukioHn MaroTh MOJOBXKEHY
KOHIYHY YaCTHHY Ta MUK aiameTrp BxigHoro matpyoka. Hudpu “33” ta “34”
MO3HAYalOTh BIAHOLIEHHS JlaMETpIB BHUXJOMHOI TpyOM 10 LMJIIHIPUYHOI
yactuHu kopmycy (0,33 # 0,34, BianmosinHO). CoipaJIbHO-KOHIYHI LUKJIOHU
NopiBHAHO 3 uukiaoHamu tunmy [HH nmpu ogHakoBi NpOAyKTUBHOCTI MarOTh
Jeno  Oulbllli  PO3MIpHM  Ta  MIABUIICHUN  TiIpaBIiYHUN  omip, aje
XapaKTEPU3yIOThCS OUIBINIOI0 €PEKTUBHICTIO OUUIIECHHS.

KOHCTpYKTUBHI pO3MIpH CHIpaJbHO-KOHIYHUX IIUKIJIOHIB HaBEJEHI B
tabi. 1.12 1 xapaktepusyioTh: d — miamMeTp BUXJIONMHOI TpyOH, di — HaHMEHIIU
JiaMeTp KOHIYHOI YacTHHH, & — JiaMeTp BXIZHOro marpyOka, b — moB:kuHa
BXiZHOrO marpyoka, hi ta hz — BiANMOBIAHO, AOBKHMHA BHUXJIONHOI TpyOU B
KOpIycl LHMKJIOHAa 1 30BHI Kopmyca; Hi Tta H2 — BianmoBigHO BHcOTa
HUJIIHIPUYHOT 1 KOHIYHOI YaCTUHM KOPITyCca IIUKJIOHA!

Tabmuusg 1.12 — Bignocni po3mipu nukionis tuny CK-IH sik yactkn
AiaMeTpa Kopiyca

Tun 1uKIoHa d ds a b hy | ha | Hi | H,
CK-11H-34 0,34 0,23 0,25 |0,214 0,515 2,11
CK-1JH-34M 0,22 0,18 0,40 (0,18 (0,40 |0,30 (0,40 |2,60
CK-1I1H-40 0,40 0,20 0,38 (0,15 (0,40 |0,30 [0,535 3,00
CJIK-11H-33 0,33 0,535(0,264 10,535|0,25 1,20 |2,2
OpakiiiiHa €QeKTUBHICTh OYHUIIEHHS MPOMUCIOBUX Ta3iB BIJ MUY

nukiaoHamu koHetpykiii H/IOra3y naBeaena B tadm. 1.13.

Ta6nuig 1.13 — dpakuiiiHa eeKTUBHICTH OYUIIIEHHSI IPOMHUCIOBHX Ia3iB
Bil mnuiay nukjaoHaMu KoHcTpykuii HAIOra3sy

Tum nmkIiona

Ctyninp ounilieHHs, % Mpu AilaMeTpi YACTUHOK, MKM

2

5

10

20

50

100

CK-11H-34

70

92

98

99,8

99,9

99,9
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CAK-I1H-33 65 90 96 99,4 99,9 99,9
I1H-11 — 75 92 98,8 99,8 99,9
I1H-15 — 60 87 96,0 99,7 99,9
ITH-15Y — 58 85 95,0 99,5 99,9
[1H-24 — 52 80 92,0 99,4 99,9

JIisi  OYMINEHHS TPOMHCIOBUX Ta30BUX BHKHUAIB BUKOPHUCTOBYIOTh
UKIOHU 3 po3umpeHuM koHycoM koHcTpykiii BIIHUMOT. IlepeBaroro 1ux
IUKJIOHIB € BIJICYTHICTh IIIJICMOKTYBaHHsS TIOBITpS B OYHKEp 3a pPaxXyHOK
MEPEKPUTTS LIEHTPAIbHOI 30HU PO3PIIHKEHHS] BHYTPIIIHIM 3BOPOTHUM KOHYCOM.
Bonu HaniiiHO MpalioTh MPU OYMILNECHHI ra3iB 13 3JMIUIMM MHJIOM, CTIMKI J0
3HOCY a0pa3uBHUMH yacTUHKaMH. [IIBUAKICTH 3a0pyJHEHOTO ra3y Ha BX1THOMY
naTpyoxky craHoBuTh 14...16 m/c. Brpara Tucky B 1ukiioHi gocsrae 1250...1650
[Ta. KOHCTpYKTHBHI 1 TEXHIYHI XapaKTEPUCTUKHU LIUX LIMKIJIOHIB HAaBEJEHI B TaOJI.
1.14.

Tabmuusg 1.14 — KOHCTPYKTHBHI Ta TeXHiYHi XapaKTepUCTUKH HUKJIOHIB

BIIHUHAOT
IIponyckHa Ry
CHpOMOI;)KHiZTB, m3/rox, Bryrpisii TaGapuTi, MM
Ne IIPH IIBHIKOCTI MTOBITPS A1aMCTp, MM Maca,
| Ha BXiIHOMY NaTpyOKYy, | waitina- | KOHiUHO KT
m/c puYHOT i BHCOTA | IIUPHUHA
14 15 16 YaCTUHHU | YaCTUHU
1 130 140 150 100 165 1020 250 20,6
2 290 302 314 150 247 1280 375 35,4
3 525 563 600 200 330 1540 500 54,2
4 880 900 920 250 412 1800 625 73
5 1170 | 1250 | 1330 300 495 2060 750 97
6 1790 | 1395 | 2000 370 610 2424 925 136
7 | 2620 | 2810 | 3000 455 750 2866 1137 192
8 | 3500 | 3750 | 4000 525 866 3230 1312 | 2448
9 | 4375 | 4687 | 5000 585 965 3542 1462 296
10 | 5250 | 5625 | 6000 645 1064 3854 1612 352
11| 6130 | 6565 | 700 695 1146 4114 1737 | 401,6

Huxnonn xouctpykmii CUOT He MarwTh UUIIHAPUYHOT YaCTUHH, a
BXIJTHUH MaTpyOOK BUKOHAHO y BUTJISI IITyIepa TPUKyTHOT Gopmu (puc. 1.8).
[{ukiI0HM HAMIWHO MPAIIOIOTH MPU OYHUIICHHI MUJIOTA30BOi CYMIII BiJl CYyXOTro
HE3JIMIIJIOTO Ta HE BOJOKHUCTOTO THIY. 3a €()EeKTUBHICTIO OYHUIICHHS BOHH
HaOmmKkaroThesd 10 mukiaoHiB [[H-11 Ta I[H-15, ame nmpu ogHakoBHUX 3 HHUMH
MPOAYKTUBHOCTI M TipaBiIiyHOMY OMOpi NepeadadaroTh s PO3MILIEHHS B
2...2,5 pa3u 611101 TUIONII.
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[lepeBaroto nukioHiB koHcTpykiii CHUOT e ix menma Ha 30% Bucora
nopiBHsHO 3 nukiaoHamu [[H-11 ta I[H-15. KoeditieHT onopy, 1110 BiTHECCHHMI
JIO IIIBUJIKOCTI Ta31B HA BX1AHOMY IITYLIEp1, HOpiBHIOE 4,2. MaKkcUMaIbHUM THUCK
B nukioHi 70 5 klla. OCHOBHI TeXHIYHI W KOHCTPYKTHBHI XapaKTEPUCTHKU

[IMKJIOHIB HaBeaeHl B Tadi. 1.15.

[ukmorn KOHCTPYKIii ['mmpoapeBnpoMy Npu3HAUEHI ISl BIOBICHHS
BIIXOZIB  JIEPeBOOOPOOHOI  MPOMHUCIOBOCTI. BOHHM  BUKOHYIOTBCA  JBOX
moaudikamiii: Tunma I # Twma VYI[-38 (puc.1.15 Tta 1.16). llukmoHm
XapaKTePU3yIOThCSI TMOJJOBKEHUM KOHYCOM Ta CerapaTropoM, IO BCTAHOBICHHIMA
BCEpeNMHI IUKJIOHA Ha IEHTpaibHI TpyOl. LIMKIOHM MOXYTh BHTOTOBIISITUCS
JUTSI BCTAHOBJICHHS HA BCMOKTYBaJIbHIN a00 HAarHITANBHIN CTOPOHI BEHTUIISTOPA.

Bun 3Bepxy

J

H O

<

d

Pucynok 1.12 — Iukaonn koHcTpykuii CHOT: 1 — BxigHuil natpyook
3a0pyHEHUX ra3iB; 2 — pO3KpydyBaud; 3 — maTpyOOK sl BiABEACHHS
OUMIIEHUX Ta31B; 4 — KPUIIIKA; 5 — KOPIYC Y BUTJTISI KOHYyca; 6 — maTpyook
JUTSL BUJTQJICHHS TTAJTY
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Pucynok 1.13 — Hukaon I'mnpoapesnpomy tumy Ll: 1 — konyc; 2 — ce-
naparop; 3 — Kopiyc; 4 — BXiIHUN MaTpyOoK; 5 — KpHIIKa; 6 — KOCHHKA;
7 — 30HT

Bun 3Bepxy
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Pucynox 1.14 — Hukaon M'anpoapesnpomy Tumy Y11-38:

1 — marpyOok mojaui 3a0pyJHEHOro razy; 2 — martpyOOK Ui BHIAJICHHS
OYMIIICHOTO Ta3y; 3 — KpuIlka; 4 — meHTpaibHa TpyOa; S5 — mumHAp;, 6 —
oropa; { — KOHYC.

KoHcTpykTUBHI ¥ TEXHIYHI XapaKTEPUCTUKU IUKIOHIB TumiB L # VI[-38
HaBegeHi B Tabin. 1.14 ta 1.15. Koedimient ouunmenus pocsrae 98%.
KoeditieHT TigpaBaidHOTO OMOpPY, IO BIAHECEHUM 1O IMIBHAKOCTI Ta3iB Ha
BXIJTHOMY MatpyOKy, B mukjaoHax tumny Ll ckmamae 5,40, a ans tuny Y1[-38
ckamagae 7D (D — nmiamerp mukiona). IlBuakicTe ras3iB Ha BXiZHOMY
natpyOKy s nukiaoHiB Tumy Ll mocarae 20 m/c, a nns uukioniB YI1[-38 —
12...16 m/c.

Tabmuusg 1.15 — KoHCTpYKTHBHI il TeXHIYHI XapaKTepUCTUKHU HUKJIOHIB
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I'unpoapesnpomy Tuny I

Mapxka :
LHKJIOHA ;i?{?g;, Poswip, mum Maca
(m;h:f)Tp’ ac.m¥ron | D1 | d | H |Hi|H2 | A| B | r .
1 2 3 4 5 6 7 8 9 10 11
11-250 0,5...0,7 150 | 100 | 1150 245| 600y 340/ 130 | 65 | 18,2
11-300 0,7...1 185 | 110 | 1380 525| 700| 390| 165 | 75 | 26,3
[Tpomoxenus Tabmmmi 1.15
1 2 3 4 5 6 7 8 9 10 11
101-375 1..1,5 225 | 135 | 1720 635| 900|470 | 185 | 95 36
11-450 15..2,2 270 | 160 | 2035/ 765 | 1050550 | 225 | 115 | 53,8
11-550 2,2...3,2 | 330 | 200 | 2505| 935| 1300|650 | 270 | 140 | 71
11-600 | 2,6..3,25 | 355 | 220 | 2755| 1020/ 1440 730 | 300 | 150 | 80
-675 3,2..45 | 400 | 250 | 3053| 1130| 1600|810 | 325 | 170 | 103,4
I0-730 | 3,85...4,8 | 440 | 270 | 3345| 1240, 1750 865 | 365 | 185 | 106,5
11-800 45..6,6 | 480 | 300 | 3650| 1360/ 19001 970 | 400 | 200 | 165,6
11-870 | 5,45...6,85 | 520 | 320 | 3980, 1480| 20801040 | 435 | 220 | 184,5
11-950 6,6...95 | 575 | 350 | 4335| 1625| 2250{1080| 490 | 235 | 207,5
I1-1050 | 7,95...9,95 | 630 | 390 | 4815| 1785| 2520/ 1283 | 525 | 260 | 247
II-1150 | 9,5...14 690 | 420 | 5255| 1950| 2750{1300| 560 | 275 | 322,5
11-1325 11...13 740 | 460 | 5635| 2100( 2960(1406 | 617 | 310 | 333
11-1320 | 12,55...13,7 | 790 | 490 | 6045| 2240 317011508 | 660 | 330 | 462,5
11-1400 14...20 840 | 500 | 6395| 2370] 3350| 1550| 700 | 355 | 460
11-1500 15...23 900 | 550 | 6865| 2540( 3600( 1650( 750 | 370 | 516
I1-1600 | 18,4..23 | 960 | 590 | 7335| 2750 3840 1740/ 800 | 400 | 573

Tabmuus 1.16 — KOHCTpYKTHBHI il TeXHIYHI XapaKTepUCTHKU UKJIOHIB
I'unpoapesnpomy tuny YII-38

Ne | Hiamerp| IIpomyk- Posmipu, MM Maca
LIMKJI| IUKJIOHA| THUBHICTB, ’
oma| DM | mue.m¥ron| d | di | A | H | Hi | h | hy | hy KT
9 900 2200...2900| 340 | 190 | 229 | 3400| 2500| 1090 | 700 | 450 | 163
10 1000 2700...3600| 380 | 210 | 254 | 3800| 2800( 1175| 800 | 500 | 202
11 1100 3260...4350| 420 | 230 | 279 | 4220| 3100/ 1260 | 900 | 550 | 245
12 1200 3880...5200| 560 | 250 | 304 | 4550| 3350| 1300 | 950 | 600 | 280
13 1300 4580...6100| 490 | 270 | 329 | 4980| 3650( 1390 | 1050| 650 | 331
14 1400 5300...7000| 530 | 290 | 354 | 5300| 3900| 1425| 1100| 700 | 380
15 1500 6050...8050| 570 | 310 | 379 | 5720| 4200| 1510 | 1200| 750 | 441
16 1600 6900...9200| 610 | 330 | 404 | 6150| 4500| 1600 | 1300| 800 | 496
18 1800 8700-11600 | 680 | 370 | 454 | 6800| 5050| 1725| 1450| 900 | 624
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120 | 2000 [10800-14400| 760 | 420 | 504 | 7600] 5600| 1850 | 1600|1000| 745 |

1.4.3 IpaMoOTOYHI HMKJIOHHN

OcoOJMUBICTIO IIMX ITUKIIOHIB € MPSIMOTOYHUMN, TOOTO O€3 3MIHHM HaIpsIMY,
pyX ra3oBoro motoky. BXim Ta BuXiJ ra3iB B TaKUX amapaTax BiJOyBaeThCs 3
OpOTUNICKHUX  KiHIIB. [lepeBaroro MpSIMOTOYHMX IMKJIOHIB € MaJluid
TiApaBIIYHUAN OTIP Ta MOXJIMBICTh BUKOHYBATH (PyTEPOBKY 3CepearHU Aiabazom
a00 KaMiHHUM MarepiajioMm, IO MiABHIIYE iX 3aXUCT CTHPAHHIO aOpa3uBamu.
Henonikom € mana e)EeKTUBHICTh OYHMIICHHSI. TOMYy iX BHUKOPHUCTOBYIOTH SK
MEPIIAA CTYIiHB JUIsl TPyOOTO OYHMIIEHHS Ta31B B BEIMKUX YACTHHOK THITY.

3akpydyBaHHS Ta3y B NPIMOTOYHUX IMKJIOHAX BIIOYBAEThCS SK 3a
paxyHOK TaHTCHIIIAJILHOTO BBOJY 3alMJICHOTO Ta3y, TaK 1 3a pPaxyHOK
BCTAHOBJICHHS HANpSMHHUX amapariB y BUIVISLAL  po3eTok. HaiOunbiia
edeKTUBHICTh POOOTH MPSIMOTOYHUX IUKJIOHIB TMIPU OUHMIIEHHI Tra3iB 3
BEJIUKOJUCIIEPCHUM MWJIOM Ta MOXKe OyTH 30UIbIlIEHa LUISIXOM MiI00py
ONTUMAJIBHOTO BIJTHOIIIEHHSI PO3MIPIB OKPEMHUX BY3JIiB Ta JeTajneil. SKio BMicT
MIJTKOJUCIIEPCHOI (a3u B Tra30BOMY IMOTOIl HE3HAYHUM, TO MPSMOTOYHI
[IUKJIOHU MO>KJIMBO BUKOPUCTOBYBATH SIK CAMOCTIHH1 MTUJIOBIIOBJIIOBAYI.

[IBuAKICTH TA30BOTO MOTOKY B arnapari 5...6 m/c.

[IpssmoTounuii nukiioH koHcTpykuii LIKTH naBeneno Ha puc. 1.15.
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Pucynok 1.15 — KoHcTpyKTHBHA cXxeMa NPSMOTOYHOI0 HUKJIOHA
iy IHKTU: 1 — xoHycHa uacthHa; 2 — IWIHAPUYHA YacTUHA; 3 —
TaHTEHITIAJIBHUM ITYTIEP; 4 — BCTaBKa, HABKOJIO SIKOT ra3 BUKOHYE 0OepTaHHS;
5 — pO3KpyUyBau OUMIIEHOTO ra3y; 6 — ra30Xij] OYUIIIEHOTO Ta3y

[lonepenHe oumIeHHS ra3iB B MNPSIMOTOYHOMY ULHMKIOHI KOHCTPYKIIi
[KTHU BinOyBaeTbcs TaKUM YMHOM. 3alUJICHUN Ta3 MiABOAUTHCS B IWITHAPUYHY
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YacTUHY KOpPIyCy amapara 2 TaHTCHI[IaAJIbHUM IITymepoM 3. 3aBIsaKu
TaHTEHI[IAILHOMY IITYIEPY ra3 OTPUMYy€E OOEpPTOBHUH PyX HABKOJIO BCTAaBKH 4.
BunaneHi 3 muiorazoBoro MmoTOKy YaCTHHKH 30MParOThCsl B KOHYCHIM YacTHHI
amapata 1, 3BiIKM BOHHM BHIQISIOTHCS Ha30BHI. O4YHINEHWA Ta3 MPOXOIUTH
PO3KpyTyBad 5 i BUBOJUTKCS 13 arapara razoxoaom 6.

KonctpyktuBHa cxema mpsMorouHoro nuumkioHa Ttuna HBIK 3
TAHTCHINAJILHUM MaTPyOKOM TSI TIiABEACHHS 3a0pYHEHOTO Ta3y Ta 3 KOHYCHUM
kopriycom ( o = 20° ) naBemeHa Ha puc. 1.16. OTpumani BiAHOIICHHS
reOMETPUYHUX PO3MIpIB amapara Taki: JiaMeTpu BUXJIONMHOI Tpyou Deux = 1,3d
( d — mgiamerp TaHreHIIaJdbHOIO MarpyoOka), a BimHomeHHs BucoT h/Hk = 0,7.
EdexkTuBHICTh OYHMINEHHS IIPH JABOX IOCTIJOBHO PO3MIIIEHUX IHUKJIOHAX
CTaHOBHTD: ITCIIS TIEPIIIOTO CTYIICHS OYHUIIEHHS BiJl YaCTUHOK JiamMmeTpoM 60 MKM
—95%, a micns Apyroro cTymneHs — BiJ 4acTUHOK JiiaMeTpoM 20 MM — 98%.

i IIun

Pucynok 1.16 — KoHCTpyKTHBHA cXeMa NPSAMOTOYHOI0 UKJIOHA THILY
HBI'K: 1 — rtanreHmiasibHuii matpyOok; 2 — KOHYCHHMM Kopmyc;, 3 —
BUXJIONIHA TpyOa OYHUIIIEHOT O Ta3y

1.4.4 T'pynoBi i OarapeiiHi UKJIOHH
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301IbIIIeHHS JIlaMeTpa UKJIOHA MPH MOCTINHINA TaHTeHIIaTbHINA TBUIKOCTI
rasy, U0 HaJXOAUTb, € IPUUYNHOIO 3MEHIIEHHS BIALIEHTPOBOI CHJIM Ta 3HM)KEHHS
edeKTUBHOCTI ounilieHHs. OMHUYHI [IMKJIOHU HaBITh BEJIMKUX PO3MIPIB MaIOTh
HOPIBHSHO HEBUCOKY NMPOIYKTUBHICTB Ta € TPYAHOILI IIPH iX YCTAHOBIIIOBAHHI.

['pyrioBi yCTaHOBKHM 3 JIEKIJIBKOX ITMKJIOHIB CTBOPIOIOTH IIPH OYHIICHHI
IIPOMUCIIOBUX Ta3iB, 00 €MH SKHX JECATKH Ta TUCAYl KyOOMETpIB Ha TOJAUHY.
Taxi ycTaHOBKM MalOTh CHUIBHUN KOJEKTOP IS MOAaul 3alujIeHOTO ¥ BIABOIY
OYMIIIEHOTO Ta3y, a TaKOX OJUH OyHKep i 30upaHHs nuiay. Po3minryroTsb
TPYHOBI IMKJIOHU JABOPSAAHUM crmocobomM 1o 2.8 mT abo HaBKOJO
BEPTHUKAJIBHOTO BX1IHOTO naTtpyOka o koiy mo 10...14 mir.

Po3MitieHHs TpyHoBHX IMKJIOHIB IBOPSAHUM CIIOCOOOM NO/1aHo Ha puc. 1.17.

or

—

Pucynox 1.17 — KoHCTpyKTHMBHA cXemMa TIpPyNOBHX HUKJIOHIB, sIKi
po3MillleHi IBOPSIAHMM cnoco0oM: 1- okpemi TUKIOHH, 2 — KOJEKTOp
nmojiayl 3amuJIeHOTO Tra3y 3 paBiIMKaMUd Ha KOXXHOMY IUKIOHI, 3 —
KOJIEKTOP, 1[0 BiIBOJAUTH OUMIIEHUI ra3

I'pynosi uuknonu koucrpykuii [{H-11 matote niamerpu D, mm: 400, 500,
600, 800, a Bucora BiamoBigHo 2320, 2900, 3654, 4640. IIpoayKTUBHICTH

5000...40 000 m*/ron.
Po3minieHHs rpynoBUX MUKIIOHIB MO KOJIy T0J1aHo Ha puc. 1.18.

HeoOxiaHe 4Kciio HMKIOHIB B IpyTi
n _Q , (1.55)
9
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ne Q — 06’eMHi BUTpaTH OYMILYBAJILHOIO rasy, M°/c;
§ — BUTpATH Yepe3 OJMH EIEMEHT, M°/C:

g=0,785 Vr D? ; (1.56)

Vr — MIBUIKICTH Ta3y, M/C.

[IpoayKTUBHICTH Ta TabapuTHI PO3MIPU YCTAHOBKH T'PYIOBHX ILHMKJIOHIB
koHcTpyKuii HAIOra3y naseneni B Tabm. 1.17.

CTyTiHb OUMIIIEHHSI B TPYMOBUX LIMKJIOHAX HIDKYMM, HDK B OIMHUHOMY IAKJIOH.
Lle 06yMOBJIeHo THM, IO B OJIMHIHOMY IMKJIOHI BUXPOBHH TOTIK, I1I0 PYXa€ThCs TO
cripaii BHM3, TICNI TOTO SK Jiiae A0 JHA MIo30IpHOTO OyHKepa, 30epiraroum
00epTOBHIA PyX, PI3KO 3MIHIOE HAMPSIM CBOTO PYXY JI0 IIEHTPAIBHOI BUXJIONHOI TpyOu. B
TPYMOBUX IMKJIOHAX BHACIIOK TOPYIICHHS TePMETUYHOCTI 3arajbHOro OyHKepa
3MIHIOETHCS TIIPABIYHUN PEKUM, 110 € MPUYMHOIO 3MEHINECHHS CTYIICHS OYMIICHHS
3AIMUJICHUX Ta31B.

Pucynok 1.18 — KoHcTpykTHBHA cXeMa TIpyHnoBHX NUKJIOHIB, sIKi
po3MmimnieHi mo koJay: 1 — okpeMi ITMKIOHHW, 2 — KOJIEKTOP; 3 — PaBIUKH, 1110
3’€JHAH1 3 OKPEMUMH ITUKIOHAMU

Tabmuus 1.17 — TexHiuHi XapakTepucTUKH rpynoBux HMKJIOHIB THny IIH-15

Yucno Ty — HiameTp, MM
IIUKJIOHIB : 400 | 600 | 800
) IUKJIOHIB . 3

B Ipy1l ITpoayKTUBHICTb, M°/TON
1 1450..1690 |3262..3810 |5 800...6 780
2 2800..3380 | 6524...7620 | 11 600...13 520
3 TpsmokyTHe | 4250..5073 | 9786...11430 | 17 400...20 280
4 5800..6764 | 13048..15240 | 23 200...27 040
6 8000...11 046 | 19572...22810 | 34 800...40 560
8 « - - 46 400...54 080
10 PYFOBE  "14500...17400 | 32 620...33 144 | 58 000...67 800
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12 20292 45720 81 200
14 23 640 46670 90 200
16 28 340 63 340 94 640

barapelini TUKIIOHN BUKOPHUCTOBYIOTHCSI Y BUIAAKY OYHINCHHS 3HAYHHUX
00’emiB Ta3y. [lepeBaru mepen rpynoBUMH y OaTapeiHUX ITUKIOHIB TOJIATAIOThH
y TOMy, II0 BOHU TIPHU OJHAKOBIM MPOIYKTUBHOCTI MArOTh MEHIII PO3MIpH,
3a0€31euyoTh OUIBIIMKM CTYIiHb OYMIICHHS, MAaOTh MEHIIUM TiJpaBIidyHUM
OMip, MPAIIOIOTh B 3HAYHOMY Jiiana3oHi 3amuieHHs (1o 100 r/m%). Ix Hemonikom
€ CKJIQJHICTh BUTOTOBJICHHS Ta 3HAYHA METAJNOEMKICTH amapariB. Kpim Toro,
OaTapeitHl IMKIOHU €(EKTUBHO MPAIIOIOTh TUIBKU MPHU OYHUILEHHI CyXHX rasiB
Ta MUY, IO HE 3JTUTMAETHCA.

Bucoxuii ctymiae ouniieHHs rasiB 10 90...95% nocsraerbcst 3a paxyHOK
YCTAHOBJICHHSI B IIMKJIOHAX €JIEMEHTIB MaJIoro jiaMerpa (IUKJIOHYHUKIB).
BigmenTtpoBa cwia B TakUuX ~€JIEMEHTax  30UIBIIYETHCS, OJHOYACHO
MIJBUIIYETHCST €(QEKTUBHICTh OUMIlIEHHs. baTapeliHuii UMKIOH Mae€e Bij
JEKUTBKOX JIECSITKIB JI0 JEKIJIbKOX COTEHb MapalieIbHO BKIIOUEHUX EJIEMEHTIB,
K1 MalOTh CHUIbHI KOJEKTOPH JAJIs MIJIBOJY ra3y, a TAKOXK CIUIbHUNA OyHKEp IS
30upanHs nwity. Jlo ckiamy OaTapelHOrO IMKJIOHY BXOJSTh €JIEMEHTHU
niametpom 100, 150 Ta 200 mM. OGepToBUl pyX Ta3zy B IIUX €JIEMEHTax
BUKOHYETHCS 3a PAXyHOK TaHTEHIAJIBHOTO TIABOAY, a TaKOX ILISIXOM
aKclaJbHOI 10/1a41 3a HAIIPSIMHUMHU.

st GaTapeWHUX [MKJIOHIB BUKOPUCTOBYIOTHCS IIMKJIOHHI €JIEMEHTH
takux Ttunoposmipis: P-100-25°, P-150-25°, P-250-25°, P-250-30°, B-250-25°
Tomo. bykBa BKka3ye Ha Tull HanmpsAMHOro amapara, P — poserka, B — rBuHT,
mepiie 4Yuciio — JiaMeTp amapara, Ipyre YWciIo — KyT HaxXWiy JIOMari
HaIPSIMHOTO amapara.

JUist OuMILIEHHS Ta3y BUKOPHCTOBYIOTH OaTapeiiHi LUKJIOHM KOHCTPYKIIIT
HAIOrazy tumy IIC (IIC-5-25, TIC-8-78, TIC-10-100) xonctpykmii LIKTU
tumiB b, BIIA, BT, BMYVY, I1BI] Ta ixmii.

barapeitnuii 1ukion koHcTpykmii I1C 3 TaHTeHIIaTIbHUM ITiABEICHHIM
ra3y Jio eJIeMEHTIB 300pakeHo Ha puc. 1.19.
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Pucynok 1.19 — barapeiinnii nuxiaon tumy IIC:
1 — enleMeHTH 3 TaHTECHILIATFHUMH MaTpyOKaMu; 2 — BXIJHHUIA NaTpyOoOK;
3 — KOJIEKTOp 3 BUXIIHUM NaTpyOkoMm; 4 — KOHIYHA KaMepa; 5 — JAOIIKU
IUI yTBOPEHHS KOHIUHOI Kamepu; 6 — OyHKep AJs TITY
barapeiinnii nukinod tumny [IC mpanroe TakuMm 4MHOM. 3anWJICHUN Ta3
NoCTynae uepe3 BXIAHUM mHaTpyOOK 2 B KOHIUHY KaMepy LHMKIOHA, IO
YTBOPIOETHCS AOLIKaMu 5. B Hiil BiH piBHOMIPHO PO3MOIUISIETHCS MO €IEMEHTaM
1, ra3 BXOJIUTh B TaHTCHIlIAIbHI MATPYOKH eJIeMeHTIB 1, 1e HaOyBae 06epTOBOTrO
pyxy. 3a paxXyHOK BIJILIEHTPOBUX CHJI MUJI OCIJAa€ B HIXKHIO YACTHHY €JIEMEHTIB
1, 3BiAKM moTparuisie B OyHkep 6. OuuileHui ra3 BiABOJUTHCS Yepe3 KOJIEKTOP

3.

XapakTepucTuku OaTapelHUX IHMKJIOHIB PI3HUX THUIIB HaBEJEHI B
tabn. 1.18 Ta 1.19.

Tabmums 1.18 — Xapakrepucruka 6arapeiinux nukiaonis tumy IIC3 5 ta 8
psiiaMHU B IJIMOMHY

Yucno 3aranpHa
Tom cexuii €JIEMEHTIB KinLKicTL Tprmitka
B psiLy eJIEMCHTIB B
CEeKIII
5 psais B rubuny (I1C-5)
I1C-5-25 5 25 Jlnst enementiB niamerpom 100 mm
I1C-5-30 6 30 Te came 150 MM
I1C-5-35 7 35 Te came 100, 150
I1C-5-40 8 40 ta 250 MM
I1C-5-45 9 45
8 psiniB B rmubuny (I1C-8) (s enementi piamerpom 100, 150 u 250 mm)
I1C-8-64 8 64 -
[1C-8-72 9 72 -
I1C-8-80 10 80 B OyHkepi pekoMeHAyeThCA
I1C-8-88 11 88 CTaBUTH MEPETOPOAKY
[1€-8-94 12 96 BcranoBneHHs neperopoiku
11C-8-104 13 104 B OyHKEP1 000B’SI3KOBE
TC-8-112 14 [112 YHIKEP

Tabmuus 1.19 — Tunopo3mipu 6aTapeiinux mukiaoHis BMY-M

| Tunoposmip |

Yucno

I'pannune ‘ I'pannyHe 3HaYECHHS
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[IUKJIOHA €JIEMEHTIB 10 3HAYEHHS YMCa | CyMapHOTO Tepepisy,
TUPHUHI €JIEMEHTIB, IIT M?

1x10xm 7...15 70...150 2,93...6,28
2x10xm 7...15 140...300 5,87...12,57
4x10xm 7...15 280...600 11,73...25,14
2x12xm 7...15 168...360 7,04...15,08
4x12xm 7...15 336...720 14,08...30,17
2x14xm 7...24 196...672 8,21...28,16
4x14xm 7...24 392...1344 16,42...56,31

Ta6muis 1.20 — XapakTepucTHKAa YOTHPUCEKIIHMX OaTapeiiHUX MKJIOHIB
koHcTpyKuii HKTHU

KinbkicTs . B 3/

HHMKITOHHIX 3_aran_BHa yMOBH?IPI UTpaTH rasy, M°/c,

Tunoposmip CJIEMCHTIB B KUILKICTD nep61313 NP TEMIICpaTypl

eJIeMeHTi | OGaTapelHor 135°C Ta TuHCKy

IIUKJIOHA CeKIIii . -

mo mo | e 2 450 500

rMOUHI| IMpHHi H/m? H/m?
bI]

BIIA | 4x9x10 9 10 360 18,20 72,2 83,5
BIIT
bl

BIIA 4x10x10| 10 10 400 20,20 80,2 92,7
BLIT
bl

BIIA 4x10x11| 10 11 440 22,25 88,3 102,3
BLIT
bI]

BIIA 4x10x12| 10 12 480 24,25 96,1 1114
BIIT
bII

BIA #4x11x12| 11 12 528 26,70 106,0 122,5
BLIT
bI]

BIIA 4x10x14| 10 14 560 28,30 112,3 130,0
BIIT
bII

BIIA #x11x14| 11 14 616 31,15 123,7 143,0
BLIT
bI]

BIA #x11x16| 11 16 704 35,60 141,3 163,5
BIIT
bl

BIIA #x11x18| 11 18 792 39,5 156,7 181,0
BLIT
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Tabmuis 1.21 — Xapakrepucruka 6arapeiinoro nukiaona tuny IbIJ

Mapka ITpoyKTHBHICTH KimkkicTs
P poiLy 3 | IMKIOHHHX Bucora, Mmm Maca, T
[IUKJIOHA THC. M°/TOJT )
€JICMCHTIB

I1BII-15 12...15 24 5270 4
I1BI1-25 25...30 36 5760 5
ITBI1-35 35...40 48 6 400 6,1
I1BI1-50 50...60 96 6 550 12,5

B MapkyBaHHI IUKJIOHIB MPUHHSATO TaKl MO3HAYCHHs: mepiua Iudpa —
KUIBKICTh CEKIIM, JIpyra — KUIbKICTh €JIEMEHTIB IO TJIUOWHI, M — KUIBKICTh
€JIEMEHTIB IO IIUPHHI.

3aranbpHui KOe(IilI€HT OYUIECHHS 3 BpaXyBaHHSAM PELUPKYIIALIL
- O’gnu -1

1-09n(1-n,)

e Mu— KOeQIIIEHT OUUIIECHHS B IIMKJIOHI BIICMOKTYBAJIBHOT JIIHIT;
1 — KOe(iII€EHT OYUIIECHHS B OJIMHOYHOMY [IUKJIOHHOMY €JIEMEHTI.

n3 (1.57)

1.5 BuxpoBi Ta AMHAMIiYHi NNJIOBJIOBJIIOBAYI

[IpuHuun poOOTM BUXPOBUX MHUJIOBJIOBIIOBAYIB IPYHTYEThCA Ha Ail
BIJILEHTPOBUX CWJI HA YacTUHKY nuiy. [IOpiBHSHO 3 IIMKJIOHOM Y HUX BHCOKA
edexkTuBHICTh oumiIeHHS (98...99%) rasiB Big OpiOHOJUCIEPCHUX YACTUHOK
nuny (3...5 mxM). BoHM Tako)X MOXYTh OYHMIIATH Ta3d 3 TEMIIEPATYpPOIO 10
700°C. Ix HenonikaMu € ckiagHa Oya0Ba Ta TPYAHOII B eKCILTyaTallii, a TaKox
HEOOX1IHICTh BCTAaHOBJICHHS JOJAATKOBOTO MPUCTPOIO JJIA MOJadli BTOPUHHOIO

MOBITPSL.
3a  KOHCTPYKTUBHMMH  ocoOmmBocTssmu  (puc. 1.20)  BuxpoBi
MAJIOBJIOBIIOBaY1 OyBatOTh COILIOBI () Ta JIONMATKOBI (0).
a) for 6) for
I — 71 Bisp
N —~ T
we | Y| Bropumse N5 moir
IIOBIT- MOBITPA
= . 5.7 ps
3 1
d J
3I' 3T —
=S 3030 — 4
7 ‘ ”
o o
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ITun ITun

Pucynok 1.20 — KoHCcTpyKTHBHI cXeMH BUXPOBHUX NHJIOBJIOBJIIOBAYIB:
1 — poGoua kamepa; 2 — miamipHa maiba; 3 — JonmaTKOBHM 3aBUXPIOBAY;
4 — corIoBUM 3aBUXPIOBAY; 5 — KUIBIIEBHUM JIONIATKOBUI 3aBUXPIOBAY

3anwiieHni ra3 HAIXOAUTh B poOouy KaMmepy 1 uepes BXigHui maTpyoox 3
JonaTeBUM 3aBuxproBaueM 2. JlomaTKkoBUU 3aBUXpIOBAd 3aKpydye TMOTIK.
BinueHTpoBi cuiiy, 10 BUHUKAIOTH MPU IbOMY, BIAKUAAIOTh YACTHHKH MUY JI0
CTIHOK amapaTta. 3yCTpIYHHI MOTIK BTOPMHHOIO TOBITPS, MO OJHOYACHO
HaIpaBJISEThCS B KaMmepy |, 3aKpydyeTbcs 3a JOMOMOIOK cOIioBoro 4 (puc.
1.20, a) abo kinbIeBoro JyomnarkoBoro S5 (puc. 1.20, 6) 3aBuxproBavya. Hanpsmox
pPyXy IILOTO MOTOKY B3JIOBX CTIHOK KaMepu JO03BOJISIE BIABOJAUTH BECh IUI B
cnemiagbHuil  OyHkep. BrTopuHHE TMOBITpS MOXHa 3a0WpaTd 3 TOTOKY
OYHIIIEHOT0 a00 3aIIMJIEHOrO a3y, a TAKOXK 13 30BHIIIHHOIO CEPETOBUILIA.

ITpOoAyKTUBHICTH TPYIIM BUXPOBHX MUJIOBJIOBIIOBaYiB 10 315 000 m3/rox
3aIMJICHOT O Ta3y.

OunmieHHss ra3y B JWHAMIYHUX POTAIIMHUX  MHJIOBJIOBIIOBaYaX
3IMCHIOETHCS 3a PAXyHOK BIAIEHTPOBUX cuil Ta cui Kopiodica, 110 BUHUKAIOTh
npu oOepTaHHI poOoYOro kojeca. BOHM BHKOHYIOTH OJHOYACHO (YHKIII
BEHTWISITOPA YU AMMOCOCA Ta anapara Jyisl BUAUICHHS YaCTUHOK MUJTY 3 rasy.

3a NpUHIMIOM J1i AMHAMIYHI TUJIOBJIOBIIIOBAYl AUISATHCA Ha 1Bl rpynu. B
armapaTax MepIioi TPy BiJOKPEMITIOBaHI YACTUHKHU MUY MalOTh HAMPSM PYyXYy,
o 30Ira€TbCsl 3 HANpPSIMOM pPYyXy ra3zy, TOOTO B HHUX BIJLIEHTpOBa CHJIA
HaIpaBjeHa Ha3yCTpiu MOBITPSIHOMY MOTOKY.

B amapartax apyroi rpynu 4aCTHHKH, IIIO BJIOBJIIOIOTHCS, BUAUISIOTHCS 3
MOTOKY B HalpsIMKY, TPOTUJICKHOMY HaIpsiMy pyXy Tasy.

KoHcTpykTuBHI cxemu amapariB mepiioi (a) Ta apyroi (0) rpymn mokasaHi
Ha puc. 1.21.

a) -1 6) 101“
2 3r 1
C‘ 3r * ‘ -2
A N R |
3// S oL
7 H
or
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Pucynok 1.21 — KoncTrpykTuBHi cxeMu AUHAMIYHMX
NUJIOBJIOBJIIOBAYIB: a) 1 — KOpIyC y BUIJISAI paBliMKa; 2 — BXIJHHUM
naTpyOOK 3amuieHOro rasy; 3 — IEHTpPOOIKHE Kojieco; 4 — BUXITHUMN
naTpyOOK O4YMIIEHOro raszy; 5 — muio30ipHuk; 0) 1 — kopmyc; 2 —
BIJILIGHTPOBE KoJieco; 3 — OapabaH 3 OTBOPAMH, 1110 00EPTAETHCS

B anmaparax mepmioi rpyn# BiIOKpeMIIIOBaHI YaCTHMHKH Pa3oM 3 Ta3oM
o0epraloThcs B paBiukonoAionomy kopmyci 1. Ilim nmi€ro BiAIIEHTPOBUX Ta
KOPIOJICOBUX CHUJI YaCTHHKHU BIIOMBAIOTHCA O CTIHOK Kopmyca 1 1 3BIATH
HAJXOATh B TUI030ipHUK 5. OUUIIeHU# Ta3 BUXOIUTh Yepe3 maTpyook 4.

B amaparax gpyroi TpynM Ta3, IO OYMIIYETHCS 3a JOMNOMOTOIO
BIZILICHTPOBOTO KoJieca 2, sIke pO3MIIIICHE B KOPITYCi 1, 3aCMOKTYeThCs B OapabaH 3,
110 00EPTAETHCS, Yepe3 OTBOPH Ha MOro OOKOBIM MOBEpXxHi. B mpukopmoHHOMY 11api
4acToTa 0OepTaHHS MUJIOTa30BOT0O MOTOKY JOCATAE BEITUYMHHU KOJIOBOI YaCTOTU
oOepranHsi OapabaHa. 3aBISKU 1IbOMY YAaCTHUHKU MUY, MEPEOOPIOIOYH CHIIU
aepOJMHAMIYHOTO OIOpPY Ta3y, BIAKUIAIOTHCS BiJ TOBEpXHI OapabaHa B
paziaIbHOMY HaIPSIMI.

JluHaMmivyHI TUJIOBJIOBJIIOBAYl KOMIIAKTHI, HaJIiHI B poOOTI, iM HE
NOTPIOHI J0JATKOBI CIOHYKaul razy, MOXKYTh YJIOBIIOBATH a0pa3sWBHHUMA M.
Henonikom nux amapaTiB € HEBUCOKHMM cTymiHb ouuiieHHs (80-90%) Ta
M1JIBUIIICHA €HEPTOEMHICT.

JJis OYMINEHHS Ta3iB BUKOPUCTOBYIOTh TUMOCOCH-TIIIOBJIOBIIOBAY]1 THUITY
AI1-8, AI1-10, AI1-12, AI1-13,5 3 npoayKTUBHICTIO BIAMOBIAHO BiA 8 10 55
tuc. M° rasy. lludpa nosnagae miamerp podouoro xomeca (D-800, 1000, 1200,
1350 mm). Jonyctuma 3amunenicts 100-200 r/m3, a gomycruma TeMmeparypa
ra3iB 400°C. EdexTuBHICTh BIOBIIOBAHHS MUY 3 CEPEIHIM PO3MIPOM YaCTHHOK
15..20 wmxm pnopiBHIOE 80..90%. TexHIYyHI XapaKTEpPUCTUKU JHUMOCOCIB-
MTUJIOBJIOBJTIOBAaYiB HaBECHO B Ta0. 1.22.

Tabnus 1.22 — TexHiuHi XapaKTePUCTHKH TMMOCOCIB-NINJIOBJIOBIIOBAYiB

MapaMeron Tun guMococa-ImuIIoBIIOBIIOBAYA

o All-8 AT1-10 -12 | A-135
Jliametp poboyoro 800 1000 1900 L350
KoJieca, MM
gcoﬁfﬁmm’ 8...10 14.20 | 22..35 | 35.55
lrIa(;riI;/ch/I;héla 3alWJIEHICTD 100 100 150 200
IloBHUM THCK
npu t = 20°C, kITa 1,4..1.6 21..25 3,0...3,6 3,4..4,7
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1.6 Po3paxyHKH KOHCTPYKUii TeXHIYHUX 32C00iB 115l OUMIIEHHS
ra3oBMX BUKHAIB CyXHMHU MUJIOBJIOBIIOBAYAMHU

1.6.1 BusHaveHHs1 po3MipiB NUJI00CATKYBAJIbHOI KAMEPH
Buxinni mani: BUTpaty ouumiyBanbHuX TasiB, Qor, M/rom; Temmeparypa
tr, °C; miamerp 4YacTMHOK muiry, Oy, MKM; TYCTHHa YacTHHOK MW,
pu, Kr/M3; B’A3KiCTh Ta3y mpH poboYux ymoBax, Mr, Ila-c.
Butpatu razy npu po6o4nx ymoBax

rasis

Qrr = [Qor(tr + To)]/ To

(1.58)
ne Te = (tr + To) — TemnepaTypa rasiB B podbounx ymoBax, °K;
To = 273°K — abcoioTHa TeMieparypa.
BusnauaroTh mionty JHa NUJIO0CaaKyBaJIbHOT KaMepH
18
Sn=Bk Lk = %Q”’ , (1.59)
dquF

ne Bk, Lk — BIATIOBITHO IIMPHUHA ¥ TOBXKHHA ITHUJI00CAKYBAILHOI KaMEpH, M;
g = 9,81 M/c? — rpasiTaniiina cTana.

OO4YHCITIOIOTh IUIONLY BEPTUKAIBHOTO TMEpepidy MNHI00CAIKYyBaJIbHOI
KaMepu

QFp

r

Sp =Bk Hk = ) (1.60)

ne Hk — Bucora xamepu, M;

Vr — MIBUIKICTh Ta31B B MAJI00CAKYBaJIbHIN Kamepi, 0,2...1,5 m/c.

3ajaBUIM 3HAYEHHSI BHCOTH OCaKyBaiabHOI kamMepu Hk BHU3HA4aroTh ii
HIUPUHY U TOBKHUHY

B.= 5B (1.61)
HK
S

L= -2 | (1.62)
Bk

JInst  3MEHINIEHHS JIOBKWHU THJIOOCA/DKYyBaJIbHOI KaMepu B  Hid
nependavaroTh nonuili. Lle ekBiBajeHTHO 30UIBIICHHIO TUIOIII JHA KaMepu Sp.
[Ipy HassBHOCTI N TOJMILH TIJIOIIA OJHIET MOTUIIL JOPIBHIOE

S
Sn= 7’1 . (1.63)

3HaXOI[$ITB 3araJibHy BUCOTY KaMCpPHU 3 BpaXyYBaHHAM pO3MiIHCHH$I IIOJINIb
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H; = n-hn (1.64)

ne hn — BigcTanp Mk moaumsamy, 0,2...0,3.
Bu3HauaoTh 3MEHILIEHY JOBXHHY ITHJIO0CAKYBalbHOI KaMepH 3a
PaxyHOK PO3MIIIIEHHS TOJIHIIb
S
Lx3= —n . (1.65)
Bk

1.6.2 TexHoJioTiyHi po3paxyHKH HUKJIOHIB i BHU3HAYeHHs iX
KOHCTPYKTHBHHMX PO3MipiB

BuxinHa ymMoBa: HasBHICTh JKepesia MUy 3 OMUCOM TEXHOJOTIYHOTO
IpoLIECy; BUTPATH OYMIIyBalbHUX TasiB, Qr, M°/rox; Temmeparypa rasis,
tr, °C; mucnepcHumii cxnayg iy, dso, MkM Ta |g Oy; TycTHHA YacTHHOK MHITY,

Pu , KI/M>, MHAMIYHA B’A3KICTh Ta3y IPU HOPMAIBHUX yMOBaX ir; IyCTHHA

rasy Npd HOPMAJIbHUX yMOBaX, Pr, Kr/m% samwienicts rasy Cr, r/m>

aTMoc(epHuii Tuck, Pa, Ila; HeoOxiaHa ePEeKTUBHICTH OUHUIIIEHHS Ta31B, N.
3a1af0ThCSl THIIOM ITUKJIOHA T4 BU3HAYAIOTH ONTUMAJIbHY IIBUIKICTH Ta3y
B arnapati Vor, M/c, i1 po3pipkeHHs B Hbomy P’, Tla.
Butparu ra3y npu po0o4nx ymoBax

T
Qrp = Qrltr +To) : (1.66)
To
['ycTrHa ra3sy mpu po0ouux yMOBax
TO(Pa - P')
= , 1.67
DI Pr B (T, +1,) (o0

ne Po= 101300 I[1a — HopmanbHUIT aTMOCPEPHUIA THUCK.
JluHamiyHa B’SI3KICTh Ta3y NpU poOOYHUX yMOBAX

TO +C TO + tr 3/2
=ur- , 1.68
Wre = pr ((T0+tr)+C)( T, ) (1.68)
ne C = 124 — xoHcTaHTa.
BusnadaroTh HEOOX1HY IUIONTY Mepepi3y MUKIIOHA:
S = Qrp : (1.69)

VOF

OOGYUCITIOITH JiaMeTp UKJIOHA

4S
Dy= |—2+ (1.70)
T
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OOuwnciieHe 3Ha4YCHHS JiaMeTpa NMUKIoHa Dy OKpyTristoTh 10 BETUYUHU
CTaHJApTHOTO 3HAa4YeHHsS IWKIOHA D. JSIKmo po3paxyHKOBUH JTiaMeTp
MIEPEBUIIyE MaKCUMaJbHE 3HAYCHHs, Mepea0adaroTh BCTAHOBJICHHS JICKIIBKOX
napaJieJIbHUX ITUKJIOHIB.

3a BHOpaHMM 3HAYEHHSM JllaMeTpa IHUKJIOHA 3HAXOJATh JIHCHY
MIBUIKICTH Ta31B B [IUKJIOHI

Vir = 4Q2FP | (1.71)
DN

ne N — KUTbKICTh BCTAHOBJICHUX, 32 HEOOX1THOCTI, TapaJIeTbHUX IUKJIOHIB.
JlilicHa MBHAKICTh Ta3y B LMUKJIOHI Vjar HE TMOBUHHA PI3HUTHUCS 3
onTHUMAaJILHOIO Vor OuIbIIe, HiX Ha 15%.
O64HCITIOITH KOSDIIIEHT TPABIIYHOTO OMOPY IIUKIOHA

¢ou = K1 -K2 -pup + K3, (1.72)

e @up — KOEQILIEHT TiIPaBIIYHOrO0 OMOPY OJMHUYHOIO BIAMOBIAHOTO THUITY
nukiaoHa aiamerpom D, 75...3000 Ila;

K: — mompaBkoBHil KOE(IUIEHT Ha BIUIMB JlaMETpa BiANOBIIHOTO THUITY
nukiaoHa, 0,85...1,0;

K> — nonpaskoBuit koeilieHT Ha 3anUIEHICTH rasy, 0,75...0,99;

K3 — xoedirienT, sikuif BpaxoBye J0JATKOBI BTpaTH THUCKY, IMOB’S3aHi 3
KOMIIOHYBaHHSM LIUKJIOHIB B rpyny, 30...60 I1a.

3HaXOAATh BTPATH TUCKY B IIMKJIOHI

AP =0,5- Nu- pre- Var . (1.73)

3HaueHHsS KOEQIIIEHTIB OMOPY pI3HUX IUKIOHIB Mu Ta BIIMOBIIHI
nonpaskoBi koedirmienTn K1, K2 ta K3 naBeneni B tadin. 1.24 — 1.26.

Tabmuis 1.23 — [lapameTpu, 0 BU3BHAYAKOTH e(peKTUBHICTH POOOTH HUKJIOHIB

Cepemniii | Crymimn Koedirient FII[};_?:JIIIIHOFO oropy,
Mapka po3Mip | momiaucnep
. be3 nomatkoBux 3
LMKJIOHA YaCTUHOK CHOCTI N .
T IIPUCTPOIB BUX1JHUM
dso, MKM g on M 0
1 1500 T 11500 PaBINMKOM
[IH-11 3,65 0,352 245 250 235
[MH-15 4,50 0,352 155 163 150
OH-15Y 6,00 0,283 165 170 158

52



1{H-24 8,50 0,308 75 80 73
CJIK-11H-33 231 0,364 520 600 500
CJIIK-ITH-34 1,95 0,308 1050 1150 -
CIK-IIH-34M | 1,13 0,340 - 2800 -
CHOT 2,6 0,28 - 1400 -
BIHIIOT 8,6 0,32 - 75 -
I 4,12 0,34 - 210 -

Ipumimka. KoedilieHT TriapaBIigHOr0 OMOPY JIsl TOOJUHOKUX ITUKJIOHIB
I[IH-11, I1H-15, [IH-15Y, 11H-24, CIK-11H-33, CJIK-11H-34, CJIK-11H-34M
HaBezeHo it giamerpa 500 mm. Innmexc “M” o3Hauae, 110 LMKJIOH MPALIOE B
TipaBIiuHii Mepeski, a “O” — 6e3rocepeHil BUITYCK OYMITICHHX T'a3iB B atMochepy.

Tabmuusg 1.24 — 3nadyeHHsi mompaBkoBoro koediumienta Ki 3aiexkHo Bin
AiaMeTpa HMKJIOHA

Tliamerp, Mapka umkIiioHa
MM ITH-11 [IH-15, [IH-15Y, | CAK-11H-33, CAK-11H-34,
[IH-24 CIK-1IH-34M
150 0,94 0,85 1,0
200 0,95 0,90 1,0
300 0,96 0,93 1,0
450 0,99 1,0 1,0
500 1,0 1,0 1,0

Tabmuis 1.25 — 3HayeHHsT monNpaBKoBOro koediumienra K> 3anexxkHo Bin
3alUJICHOCTI ra3iB J1Jis1 HUKJIOHIB giameTpom 500 mm

Mapka 3ammenicts rasy Cr, r/m®
UKJIOHA 0 10 20 40 80 120 150

[IH-11 1 09 | 094 | 092 | 09 | 0,87 | 0,85
[IH-15 1 093 | 092 | 091 | 090 | 0,87 | 0,86
[H-15Y 1 093 | 092 | 091 | 0,89 | 0,88 | 0,87
[IH-24 1 09 | 092 | 092 | 09 | 0,87 | 0,86
CAK-1I1H-33 1 081 | 0,785 | 0,78 | 0,77 | 0,76 | 0,745
CAK-11H-34 1 098 | 0947 | 0,93 | 0,915 | 0,91 | 0,90
CAK-11H-34M 1 0,99 | 0,97 | 0,95 - - -
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Tabmuns 1.26 — 3HayeHHss mnonpaBkoBoro koedimienra Kz mas rpyn
nukJIOHIB Ty ITH

XapakTepucTHUKa IpyIIoBOro UKJIOHA K3, I1a
KomnonyBaHHs, HH)KU€ OpraHizoBaHE ITiIBEICHHS 60
KomnonyBaHHS, ITUKIOHHI €JIEMEHTH pPO3TalllOBaHi B
OJHIM TUIOmMHI. BinBeaeHHs 3 3arajlibHOi KaMepu 35

YHCTOTO ra3y

Take came, ane paBIMKOBE BiABEIEHHS 13 IMUKIOHHUX
€JIEMEHTIB

[IpsiMmOoKyTHE KOMIIOHYBaHHs. BinbHe MiaBEICHHS
MOTOKY B 3arajibHy Kamepy

28

60

BuszHauaoTh KOHCTPYKTHBHI PO3MIPH  3allPOEKTOBAHOTO  IIMKJIOHA,
BUKOPHCTOBYIOUM PEKOMEHJIOBAHI CIIBBIJHOLIEHHS HOTr0 KOHCTPYKTUBHUX
€JIEMEHTIB 0 BHYTPIIIHbOTO Jiamerpa D.

BtpaTtu THCKY ra3dy B IUKJIOHI HE NMOBUHHI NEPEBUILYBATH JIOMYCTUMOTO
3HAYEHHS JIJIs TaHOTO THITY armapara

AP < Pron . (1.74)

BusznayaioTh MeJllaHHY TOHKICTh OUHMIIEHHS TPU pOOOYUX YMOBAX

dso = dso™ /(D/ D )(ph / pu)(pr /BE)VE I Vr) | (1.75)

T T T . . . . .
ne dso', Dr, pu,nr,Vr - BIANOBIIHO 3HAYEHHS CEpeIHIX PO3MIPIB YACTUHOK

(Tabn. 1.18), miameTpa, ryCTUHU MUJY, B’SI3KOCTI Ta3y 1 MIBHJIKOCTI TOTOKY raszy
TUIIOBOT'O IIUKJIOHA.
3HaxoATh €hEeKTUBHICTh OUUILEHHS Ta3y B IUKIOHI

N=50[1+dx)], (1.76)
ne @(x) — HopMasibHa (yHKIIS po3noAuty (tabdn. 1.22) Bim mapamerpa X, 110
00YHCITIOIOTH 3a (HOPMYJIOIO
lg(dso / ds

X=
\/Igzcz +Igoy

, (1.77)

ne dso— cepenHiit po3Mip YaCTUHOK MUITY, MKM;
|g 6y — cTymiHb MO AUCIIEPCHOCTI TIHITY.
3naueHHst Oso Ta |g 6y Juis meskuX BUJIIB MIUTY HaBeeHi B Ta0u. 1. 28.

Tabnuis 1.27 — 3HavyeHHs1 HOPMAJBbHOI QYHKIIT po3noaiay
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X D(x) X D(x) X D(x) X D(x)
-2,7 0,004 -1,3 0,097 0,1 0,540 1,5 0,933
-2,6 0,005 -1,2 0,115 0,2 0,579 1,6 0,945
-2,5 0,006 -1,1 0,136 0,3 0,618 1,7 0,955
-2,4 0,008 -1,0 0,159 0,4 0,655 1,8 0,964
-2,3 0,011 -0,9 0,184 0,5 0,691 1,9 0,971
-2,2 0,014 -0,8 0,212 0,6 0,719 2,0 0,977
-2,1 0,018 -0,7 0,242 0,7 0,758 2,1 0,982
-2,0 0,023 -0,6 0,274 0,8 0,788 2,2 0,986
-1,9 0,029 -0,5 0,308 0,9 0,816 2,3 0,989
-1,8 0,036 -0,4 0,345 1,0 0,841 2,4 0,992
-1,7 0,045 -0,3 0,382 1,1 0,864 2,5 0,994
-1,6 0,055 -0,2 0,421 1,2 0,882 2,6 0,995
-1,5 0,067 -0,1 0,460 1,3 0,903 2,7 0,996
-1,4 0,081 0,0 0,500 1,4 0,919

Tabmumg 1.28 — 3HavyeHHs1 cepeAHBOr0 PO3MipPy YACTHMHOK i CTymeHi moJi-
AHUCIIEPCHOCTI JeSIKUX BUIIB MIJLY

. " : Cryniab
TexXHOJIOTIYHUA CepenHiit po3mip . i
Buna iy noJiiaucnepcHocti g
mporiec YaCTUHOK, Os0 MKM
Oy
Toulnus abpa3uB
. PasuB, 38 0,214
1HCTpyMEHTA MeTal
ExcriepuMeHTalipHl | KBaplioBUui
P P 37 0,405
JIOCITDKEHHS 150%0)
CyIiHHA BYTULIS B )
y : yr BYTULIIS 15 0,334
OapabaHi
PosmermroBanusa
) ) LIEMEHT 20 0,468
KJIIHKEpa B MJIMHI

KOHTPOIJIbBHI 3AIIUTAHHA

1.11ig miero KUX CUJ BiAOYBAa€ThCS OCAIKEHHSI 3aBUCIUX YACTUHOK B CYXHUX
MMMJIOBJIOBJIIOBaYax?

2. Ilpunnumn poOoTH, mepeBaru i HEAOTIKH MAII00CATKYBATBHIX KaMmep.

3. HaBeniTh npukiaam KOHCTPYKITIH MUATI00CAHKYBATBHUX KaMep.

4. Tlpunuun poOOTH, epeBary i HEAOIIKHU IHEPLUIMHUX MUIOBJIOBIIOBAYIB.
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10.

11.
12.

13.

14.
15.

16.
17.

HageniTh npukiiaan KOHCTPYKLINA 1HEPLIMHUX MHJIOBIOBIIOBAYIB.

SKi KOHCTPYKTHUBHI OCOOJIMBOCTI JKATFO31MHUX TTHUJIOBJIOBIIOBAYIB?
[Tpunuun po6oTH, mepeBart i HeJOMIKU IIUKIIOHIB.

HaBenith kmacudikaiiiro IMKIOHIB 332 KOHCTPYKTUBHUMH O3HAKAMU.
Oxapakrepu3yiTe NOIUPEH] Ha YKpaiHi Ta 3aKOPAOHH] IIUKJIOHHU.
[TosicHITh 3acTOCYyBaHHSI Ta KOHCTPYKTHBHI OCOOJMBOCTI MOIIMPEHUX
THUIIB IUKJIOHIB 3arajlbHOr0 NPU3HAUYEHHS.

[TpunIMn 711 Ta KOHCTPYKTHUBHI OCOOIMBOCTI MPSIMOTOUYHUX IIUKIIOHIB.
Komu BHMKOpUCTOBYIOTbCS TIPYNOBI IMKJIOHM Ta SKI IX
XAPAKTEPUCTUKH?

Oco0anBOCTI BUKOPHUCTAaHHS OaTapeHMX MMKJIOHIB Ta AKI 1X TEXHIYHI
XapaKTEPUCTHUKH.

[TpuHLHMT [11i Ta KOHCTPYKTUBHI OCOOJIMBOCTI BUXPOBUX MUJIOBJIOBIIOBAYIB.
3a paxyHOK SIKMX CHWJI 3[IHCHIOETbCSI OYMIICHHS Ta3iB B JAMHAMIUYHUX
MUJIOBJIOBITIOBAYAX, SIK1 IX KOHCTPYKTHUBHI OCOOJIMBOCTI?

[TosicHITH METOAMKY BU3HAUEHHS PO3MIPIB MUJI00CAKYBAIBHOI KAMEPH.
HaBenith METOAMKY TEXHOJIOTIYHMX  PO3PAaXyHKIB Ta
BU3HAYEHHS X KOHCTPYKTUBHUX PO3MIpIB.

TEXHIYHI

[IUKJIOHIB

2 3ACOBHU CYXO0I'O OYMIIEHHSA I'A30BUX BUKU/IIB
BIA IINJTY ®LIJIbTPYBAHHAM

2.1 Txkanuuni pinbTpH

[Tpuniun poGoTH TKAaHUHHUX (PUIBTPIB IPYHTYETHCS HA 1HEPLIMHOMY I

U y31MHOMY OCaJPKEHHI YaCTUHOK TTHITY.

TxanuHHI (QUIBTPH BUKOPUCTOBYIOTHCS VISl OUMIICHHS HEArpecCMBHUX, HE

CXWJIbHUX JI0 3JTUTIAHHS ¥ YTBOPEHHS BUOYXOHEOE3MEUHUX CyMillIel Ta KOHJIEHCATY
ra3oMuOBUX CYMIIIeH BiJ TBEpAMX 4YacTUHOK mpu Temmeparypi mo 300°C. Sk
GUIBTpYBaIbHUI MaTepiall BAKOPUCTOBYIOTHCSI OABOBHSIHI, IIEPCTSHI 1 JIABCAHOBI
TKaHWHU, 1110 MalOTh BUCOKY MILHICTh Ta MIJBUILEHY XIMIYHY U TEIJIOBY CTIMKICTb.
OCHOBHI BJIAaCTUBOCTI AEIKUX (DUIBTPYBAIBHUX TKAHWH HaBe/eH1 B Ta0. 2.1.

Tabmuns 2.1 — BaactuBocTi GinbTpyBaJbLHUX TKAHUH

ToBiTpo- | Tepmocritixicts, °C XimiuyHa CTiﬁKigTL B
ToBmMH | HEIPOHUKHI CepeIOBUIIIL
Txanuna a, CTh TIpH npu npu

MM AP =49 1la, | TpuBamiii |KOpOTKOY |KHUCIOTa | JYTH po3HHn
M/(M?XB) aii acHI aii FIHHIH

CykaoNe2 | 15 3 65-85 90-95 JI1 JI1 X

Hitpon 1,6 7,5 120 150 X-3 3 X

JlaBcan 1,4 4.0 130 160 X 3-11 X
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XJopiH

Ne 5031 1,32 7,6 65-70 80-90 X X | 3-X
CKJI0TKaHU

Ha 0,22 2,7 240 315 X 3-IT | OAX
TCCH®D

[Toznaukm: JIIT — myxe norana; I1 — morana; 3 — 3aoBiIbHA; X — XOpOIIIa;
JX — myxe xopora.

Kacudikarris TKaHUHHHUX GbUIBTPIB 3a KOHCTPYKTUBHUMU
0COOJIMBOCTSIMHU HaBe/IeHa Ha puc. 2.1 Ta puc. 2.2.
Bun perenepartii
|
MexaH1yne 3BOpOTHE MexaHiuHe CracHyTHM
CTPYIIYBaHHSI IPOYBaHHS CTpYUIyBAHHS HOBITPAM
aTMochepHUM 13 3BOPOTHUM
MOBITPSIM YU MIPOIyBaHHIM
OYHIICHUM

Pucynok 2.1 — Knacugikanis TkaHUHHNX (ijabTPIB 32 BUIOM pereHepauii

TkanunH1 QUIBTPHU

: aBHI
dopma piTbTpyBaTLHOTO < PYK
CICMEHTA KHIIIEHbKOB1
KapKacHe
OTopHe 00J1aJHAHHS <
pamHe
po3TartyBaHHs BCMOKTYBaJIbHUMN
BEHTHJISTOPA BIHOCHO < , -
i eena HarHITaTbHUH
. MIPSMOKYTHI
HasIBHICTH Ta popma 4 P Y
KopIryca IS HWTIHAPUYHI
po3TamryBaHHs TKaHUHU \
Oe3kaMepHi
OJTHOCEKIIIITH1
YUCJIO CEeKLIH < —
OaraTocexiiiiHi
CYKHO
/ JaBCaH
BUJ TKAaHUHUA HITPOH
CKJIOTKaHWHU
XJIOpiH




Pucynok 2.2 — Knacugikauis TkaHuHHMX QUILTPIB

3a KOHCTPYKTHBHO-TEXHOJIOT1YHOIO O3HAKOIO YyJAIITYBaHHS pereHepariii
pYKaBHI QUIBTPU MOJUISAIOTH HA TaKi TUIIH:

tun (1-3) — pereHepariisi MEXaHIYHUM CTPYIIYBaHHSIM;

tun (2-3) — pereHepailis 3BOPOTHUM IIPOYBAHHIM OUYHUIICHHM T'a30M a0o
aTMOC(hEpHHUM TIOBITPSIM;

tun (3-3) — pereHeparlisi MEXaHIYHUM CTPYIIYBaHHSAM B CIOJYYCHHI i3
3BOPOTHHUM MPOTYBAHHSIM;

tur (4-3) — pereHepariisi CTUCIIUM TIOBITPSIM.

OCHOBHI ~ KOHCTPYKTHMBHO-TEXHOJIOT1YHI ~TMapaMeTpH pPI3HUX  THIIIB
Gb1npTpiB HaBeNEH1 B Ta0. 2.2.

KoHCTpyKkTHBHA cXeMa pyKaBHOrO (puIbTpa 3 MEXaHI3MOM CTPYLIYBaHHS
Ta 3BOPOTHUM IIPOJYBAHHAM IOJaHa Ha puc. 2.3.
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Pucynok 2.3 — KOHCTPpYKTHBHA ¢XeMa PYKaBHOI0 (pijbTpa:

1 — xopmyc, 2 — BEpXHS penriTka, 3 — pykas, 4 — ra30XiJ 3aUJICHUX ra3iB,
5 — KoJeKkTop, 6 — KianaH, 7 — MPOJYKTUBHUI KOJIEKTOp, 8 — maTpyOoK
OYUIIICHUX Ta3iB, 9 — CTPyIIyBaJIbHUI MEXaHI13M

Tabmuisg 2.2 — KOHCTPYKTHBHO-TEXHOJIOTiYHI MapaMeTpH Pi3HUX THIIB
pPYKaBHHMX (inbTPIB
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Hopwmu g tumis

[TapameTp 1 5 3 Z
Inomta GineTpyBaHHs, M 4...1000 4...25 000 4...25 000 4...20 000
Pospinxeni y pineTpi, 3000 6000 5000 5000
He Oinpire, [1a
Tiapasmianmii omip, 2000 3000 2500 2500
He Ouiblle, I1a
Tuck MOBITps (razy)  mus ) 0,01 0,01 0.8
perenepaiiii, He O6ibe, MIla
KpHueHTpaulg Ty Ha gxom 50 30 50 50
¢inpTpa, HE OlbIIE, T/M
KOngHTpaulﬂ n;/my 3a GUIBTPOM, 100 100 100 50
He OlIblIie, MI/M
[TuToMe Ta30Be HaBaHTAXKCHHS HA
¢binbTpyBaNbHUN  MaTepian,  He 90 90 70 180
6inbime, M%/(M?ros)
Eneprernuni BUTpPATU Ha
ounmenrs 1000 w3 razy, He 2,2 19 19 1,3
oinbie, kKBT-rox
[Tutoma MaTepiaOEMHICTbD,
POSpaxoBata 33 MAKCUMAILIUM | ggq 115 | gg5 255 | 920..280 | 350..75
ra30BUM HABAHTaXCHHSIM,
kr/1000 m3/ron

[IporpecuBHOIO Ta MOLIMPEHOIO PETEHEPALIEI0 € IMITYJIbCHE MPOTyBaHHS
y BUIVISIAI OJ1ayl KOPOTKOYACHO CTPYMHHHO CTHCJIOTO MOBITPSI B KOXHHIA
¢bineTp. Perenepartis 3aiiicHIOETbCS 0€3 BIJKIIOYEHHS arapaTiB MPOTITOM
0,2...0,3 c. Butpatu crucioro nositps 1...2 m® Ha 1000Mm® ouniryBanoro rasy.

B npomucnoBocTi BUKOpPUCTOBYIOThCS (uibTpu Tty ®P, ®PO, OPKI,
OPKII Ta 1xmi. Jlitepu no3nawatote: @ — ¢uetp, P — pykaBamii, K —
kapkacHuii, O — 3BopoTHe mpoayBaHHs; | — immynbcHe npoxyBanHs; I —
JBOOIYHE IMITYJIbCHE MPOyBaHHS.

Texuiuni xapakrepuctuku ¢insTpiB  OP-280, DP-2800, DP-5000,
®P-1000 ( uudpa noznayae posmip GiNbTPyBaNbHOI MOBEPXHI, M?) HaBENEHI B
Tabm. 2.3.

Texniuni xapakrepuctuku ¢inbTpie  OPKI-30, OPKI-60, ®PKI-90,
®PKI-360 ( mudpa o3Hawae po3mip QiIETPYBaILHOI MOBEPXHi, M%) HaBEIEHI B
Tabn. 2.4.

Texuiuni xapakrepuctuku putsTpiB Ty ®POC HaBeneni B Tadi. 2.5.

2.2 Boaoknucrti pinbTpu

B BosokHucTUX (QUIBTpax K QUIBTPYBAIbHY TOBEPXHIO BUKOPUCTOBYIOTh
iapu BOJIOKHHUCTOTO Marepiaidy pi3HOI TOBLIMHU: TMarip, KapTOH, MOJIMEpHI
cmouii To1o. dinbTpu OyBatOTh TOHKO-, TNMIMOOKO- Ta rPyOOBOJIOKHHUCTI.

BonokHucti  GuIBTpH  TOHKOTO OYMIIEHHS BUKOPUCTOBYIOTHCS B
MIPOMHUCIIOBOCTI MIKpOO10JIOTii, B XIMIKO(apMaIlleBTHUHIN Ta pajli0eICKTPOHHIM
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rajxy3six, aTOMHIM €HepreTulli, BOHU J03BOJISIOTH OYHUIIATH 3HAYHI 00’ €MU Ta3iB
B1JI TBEpJUX YacTHHOK po3mipom 0,05...0,5 MkM Ta pamioaKTUBHUX aepO30JIiB.
Cryninb ountieHHs 99%, mBuakicts ¢punsTpyBanss 0,01...0,15 m/c.

KoHcTpykTHBHAa cXemMa paMHOTO BOJOKHUCTOTO (iTbTpa TOHKOTO
OuHIlleHa 300pakeHa Ha puc. 2.4.

OinbTpyrounii MaTepian y BHUIJISAI CTPIUKM BKIagaeTbesa MK [1-momi-
HUMH paMKaMH, SKi MPU CKIAJaHHI YepPrylOThCS BIIKPUTUMHU Ta 3aKPUTUMU
CTOPOHaMH B MPOTWJICKHUX HampsiMax. Mk CyCITHIMU IIapaMH BCTAaHOBIIOIOTh
ropoBaHi po3ALTbHUKH.

I'muboxi OaraTomapoBi (UIBTPU 3aCTOCOBYIOTBCS IS OUYHWIICHHS
TEXHOJOTIYHOTO ra3y ¥ BEHTUJISIIHHOTO TOBITPS BiJ PaJl0aKTUBHUX YaCTUHOK.
KOHCTpYKTHBHO BOHHM BHKOHYIOTHCS 3 TIMOOKOTO JIOOOBOTO MIapy TpyOux
BoJIoKOH. ITicnsa 10 + 20 pokiB ekcrutyaTalii Taki GpiabTpH 3aX0POHSIOTb.

['py0O0OBOIOKHUCTI (PUTBTPU BUKOPUCTOBYIOTHCS AJIA rpyOoro adbo
MOTIEPEAHHOTO OUUIIICHHS.
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Ta6mui 2.3 — TexHiuHi XxapakTepucTuKH (PiIbTPIB i3 3BOPOTHUM MO CEKIIITHMM NMPOTYBAHHSIM

Mapka ¢inpTpa
Hoxazmuik P oP P dPO dPO dPO
250 | 2800 | -5000 OP-10000 1 5400 | 6000 | 20000
®inpTpyBaTbHA HOBEPXHS, M2 250-280| 2800 5000 10 000 2 400 6000 20 000
Yucio cexiin 4 6 8 8 12 12 10
BHUCOTOIO:
Yucio pykasiB 288 2304 4032 3,7 M - 19204, 504 648 2160
4,7m -3840
Hiametp pykaBa, MM 127/135( 127 127 135 200 300 300
Bucora pykasa, m 2,3 3,1 3,1 3,7/14,7 8 10 10
Jomyctumuid HaaAMIpHUN TUCK B amaparti, k[la 2,5 2,5 2,5 3,5 - - -
Jomyctume po3pipkeHHs B anaparti, kl1a - - - - 6 6 6
Tucx  cruezioro - nosiTpa  mpu podoTi 0,4-06 | 0,4-06 | 0,4-0,6 0,4-0,6 05-06 | 05-06 | 0,5-0,6
nHeBMoOUWIIHpiB, MIla
Butparu CTHCITOTO , HOBITPsL  Ha PoOOTY i i i i 4-8 4-8 90-40
MTHEBMOIIWIIIHIPA, M°/TO
Butpatu ctucioro nmoBiTps Ha 1XiJq mOpIIHS, J 0,55 0,55 0,55 0,55 - - -
Maca, T 14,5 111,0 128,0 231,0 75,6 162,8 540
FaGapurai p‘;ﬁﬁ;:: 7.4 23,0 28,8 31,6 9,6 18,6 30,4
— 3,9 7,3 7,0 10,7 6,8 9,8 18,8
7.9 15,0 14,5 16,6 16,75 18,4 23,5
BHUCOTA
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Tabmui 2.4 — TexHiuni xapakTepucTHKU QiabTPiB 3 iMIYJILCHUM NPOIYBAHHAM

Mapxka ¢inpTpa
IToxa3zHuk OPK/I- | ®PKI-
®PKI-30| ®PKI-90 |®PKI - 360 | ®PKJII -550 1100 15-130 ®PKI-60

DinbTpyBaNbHA HOBEPXHS, M2 30 90 360 550 1100 15 60
Uucno pykasiB 36 108 288 216 432 19 72
JliameTp pykaBa, MM 130 130 130 130 130 130 135
Bucota pykaBa, M 2 2 3 6 J6 2 2
Yucno cexuii 1 3 8 6 12 1 1
Yucnio enekTpoMarHiTiB 3 9 24 36 12 8 3
Yucno MeM6paHHHX TOJIOBOK 5 18 48 79 144 8 6
KJIaTaHiB
Po3paxyHKkOBUI HaAMIPHUN THCK, 5 5 5 5 5 60 5
KIla
Maca, T 1,28 2,99 8,86 18,4 31,3 1,05 1,28
["aGapuTHi po3mipu, M:

JIOB)KHHA 1,46 4,14 5,85 4,94 8,95 1,28 1,46

IUpUHA 2,06 2,06 4,37 4,34 4,34 1,88 2,06

BHCOTA 3,6 3,6 4,88 9,18 9,18 4,98 3,6
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Tabnuusg 2.5 — Texniuni xapakrepuctuku GuibTpiBs Tuny ®POC

Mapka ¢dinbtpa
Hoxasmmk ®POC- | ®POC- ®POC- | ®POC- ®POC-
9,0-500 | 13,5-500 20 - 500 31-500 66 - 500
®inpTpyBanbHA HOBEPXHS, M2 9 13,5 20 31 66
Uwucno cekiit 4 4 6 6 8
OinbTpyBaIbHI €IEMEHTH:
9HCII0 16 16 36 36 76
BHCOTa, MM 2000 3000 2000 3000 3000
JiaMeTp, MM 100 100 1000 100 100
[TuToMe ra30Be HaBaHTAKEHHs, M>/(M2-XB) 04..1 04..1 04..1 04.. .1 0,4..1
[inpasniynmit onip, kl1a 10 3,5 10 3,5 70 3,5 70 3,5 10 3,5
JlomycTiMa 3anuIeHicTh rasy Ha BXOJi, 1/m3 1o 15 no 15 1o 15 1o 15 no 15
Jomyctume po3pimkeHHs BcepeauHi pinbtpa, klla 1o 5 1o 5 1o 5 1o 5 o 5
Maca, xr 1000 1200 1960 2250 3680
["aGapuTHi po3mipu, M:
BHCOTA 4,5 55 5,2 6,2 6,9
HIpUHA 2,17 2,17 2,76 2,76 3,365
TiameTp 1,0 1,0 1,6 1,6 2,2
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Pucynok 2.4 — KOHCTPYKTHBHA cXeMa BOJIOKHHCTOrO GiibTpa:
1 — OokoBa cTiHKa, 2 — (QUIBTpYBaIbHUN MaTepian, 3 — po3AUIbHUK, 4 —
pamka [I-noaiona

Marepian }inbTpa Mae cyMmill BOJIOKOH JiamMeTpoM 1...20 MKM, ipuyomy
50% BOJOKOH MarOTh po3Mipu MeHuie 5 MkM. [Ipu mBHIKOCTI (DUIBTpYyBaHHS
0,05...1,0 mM/c BIOBIIOIOTBHCS YACTUHKH po3MipoMm Ouibine 1 mxM. IlepeBaroro
TakuxX (QUIBTPIB € HEBENWKa BapTICTh, MOXJIMBICTb YacTO 3aMIHIOBATH Ta
pereHepyBaru.

2.3 3epuucti pinbTpu

3aCTOCOBYIOTBCSL JUIsl OYMILEHHS BOJOIMX Tra3iB, 3JIMIUIMBOTO MUY Ta
WY 3 BEJIMKUM eJIeKTpUYHUM onopoM. IlepeBara Takux (QuibTpiB mojsirae B
HEBHUCOKIM BAapTOCTI Ta MOKJIMBOCTI OYMILICHHS BUCOKOTEMIIEPATYPHUX Ta3iB 3
MPUCYTHICTIO arpeCUBHUX JOMIIIOK. Heomkom € rpoMi3AKICTb, MEPIOANYHICTD
Iii Ta HEBEJIMKA MPOIYKTUBHICTb.

3a KOHCTPYKTMBHUMH OCOOJMBOCTSIMH 3€pHHUCTI (UIbTpH OyBarOTh
HACHIIHI Ta KOPCTKI.

B wacumHux 3epHucTHX  (PUIBTpax e€JIEMEHTH, 10 CKJIAJar0Th
GITBTPYBAIBHUM 1IAP, )KOPCTKO HE 3B’sI3aH1 OJWH 3 OAHUM. SIK QiabTpyBambHUN
MaTtepial BUKOPHCTOBYIOTH ITICOK, TpaBidd, MIeOiHb, MIIAK, KOKC, IEPEB’SIHY
TUPCY, TPaHyJIM T'yMH U TUIACTMAcCH, CTAaHJAPTHI HACaJAKHU TOMIO.

KoHcTpykTHBHA cXeMa HACHITHOTO 3€PHHUCTOTO TPHUCEKIIHHOTO (UIbTpa 3
HEpPYXOMHUM (GITBTPYBAILHUM IIAPOM TOJjaHa Ha puc. 2.5.
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ToBmmua koxHoro mapy 100 mMm. B mepmiomy, 3a pyxoMm rasis, mapi
po3mip 3epeH ckianae 5...10 MM, B 1pyromy — 3...5 MM, B TpeTboMy — 2,5...3 MM.
Perenepaiiisi 311MCHIOETBCS 3a JIONIOMOIOI0 BiOpatopa 3 Ta MpoaAYyBaHHS
BEHTUJISITOPOM Yepe3 KaHam 7.

ToBmmua koxHoro mapy 100 mMm. B mepmiomy, 3a pyxom rasis, mapi
po3Mip 3epeH ckaaaae S...10 mm, B apyromy — 3...5 MM, B TpeThOMYy — 2,5...3 MM.
Perenepariisi 3a1HCHIOETBCSL 3a JONOMOTOI0 BiOpatopa 3 Ta MpOIyBaHHS
BEHTWJISITOPOM Yepe3 KaHai 7.
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Pucynok 2.5 — KoHCTpyKTHBHA cXxemMa 3epHHCTOro ¢iabTpa 3
HepyxomMuM GuUIbTpYBBaIbLHUM Iapom: 1 — kopmyc, 2 — HacumHI
(G1apTpyBab-HI WAPH, 3 — BiOpaTop, 4 — NpykuHU, 5 — OyHKEp U1 TUITY,
6 — BXigHMI MaTpyOOK 3aMUICHOTO Ta3y, / — MPOAYBHUN MaTpyOokK, 8 —
KaMmepa OYHIIEHOTO rasy, 9 — BUXiAHHI MaTpyOOK OYHINEHOTO Ta3y

KoHcTpykTHBHA cxeMa HacCUIHOTO QIbTpa 3 PyXOMUMHU (PLIbTPYBaIbHU-
MU IlIapaMy HaBeJieHa Ha puc. 2.6.

B upomy ineTpit GiapTpyBambHUIM MaTepian TMEpPEMINTYeEThCS MIK
KATIO3IMHUMU ~ pernriTkamu  abo ciTkamu. Perenepainiro  QuIbTpyBaabHOTO
MaTepianry BUKOHYIOTh IPOMUBAHHSM a00 MPOCIFOBAaHHSIM.

TexHiuHI XapaKTEpUCTUKH HACUITHUX 3€PHUCTUX (UIBTPIB HaBEIEHI B
Tabmn. 2.6
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Pucynok 2.6
pyxomMumu QiabTpyBadbHUMH IapaMu: 1 — kopoO JuIst mogadi CBIKOTO
3€pHHUCTOr0 Marepialy, 2 — KUBWIBHUKH, 3 — (QUIBTPYBaJIbHI IIapu, 4 —
3aTBOPH, 5 — KOPOO /17151 BUBEJICHHSI 36PHUCTOTO MaTepiainy

3

— KoHcTpykTHBHA cXeMa HAacuMNmHOro ¢iabrpa 3

Tabsuus 2.6 — TexHiYHI XapaKTePUCTHUKHA HACHIIHUX 3ePHUCTUX QUILTPIB

MakcumanbH
: Makcu-
PubTpy- Po3mip | B I'inpas- 2 MaJbHUN
Tun BaJIbHA P | butpat 1 bas Temieparypal .
rpaHyi,| ra3sy, JTIYHUM BMICT ITHITY
anapara HOBep;(HH, M | s(vExs) omip, Tla OYHMINYBATBH| B0 B
M ’ oro 3
rasy, °C arnapar, I/m
3 3BOPOTHUM TPOJTyBAHHAM 1 BIOpaIli€lo
30-4M | 2,0..4,0
3®-5M | 4,0...8,0 600...
3®-6M |7,8..31,2 3..10 20 1500 140 20
3®-8M | 8,0...120,0
3 3BOPOTHUM MPOJIYBAHHSM 1 BOPOIIIHHIM
OI'HILI-
30 28,8 1600...
OTHIL 2.4 | 15..20 2000 400 30
120 124,0

2.4 ®iabTpu AJ51 OUMIEHHS PadioaKTUBHUX BUKHU/IIB

B 3epHuCTHX XKOpCTKHUX (iIbTpax, MO0 BUKOPUCTOBYIOTHCS B EHEPTETHYHUX
SAJIEPHUX PEAKTOPax, 3€pHA YTBOPIOIOTH MIIHY HEPYXOMY CHCTEMY BHACI1JI0K
CHIKaHHS, MPeCyBaHHs a00 CKIICIOBAHHS.

63



®dinpTpu OyBalOTh METAJOKEpaMiuHI Ta KepaMiuHi. B mMeTamokepaMiuHux
GbUIbTpax SK 3epHa BUKOPHUCTOBYIOThH CIPECOBAH1 MOPOIIKU 3 OPOH3H, HIKEIo,
BOJb(paMy, TUTaHy, alTIOMiHIIO, HIXpoMy Tomlo. B kepamiuHux QiabTpax
BUKOPHCTOBYIOTh CII€UEHI 3epHa a30ecTy, KBapIlOBOTO IMiCKY TOIIO.

3epHHUCTI KOPCTKI (UIBTPU 3aTPUMYIOTh YacTHUHKU Ounbiie 1 MKM, a
3QJIMIIKOBAa KOHILEHTpalis He mepesumrye 1 mr/m3. EQeKTuBHICTH OYMIIEHHS
99,9%. B dinbrpax tumy ®POC (OPOC-9-500, ®POC-13,5-50) rigpasiiuamii
omip 1o 3,5 klla, ¢ineTpyBansHa nosepxus Bigmosimuo 9; 13,5; 20; 31; 66 M2
[InToMe Ta3oBe HaBaHTaKeHHS M>/(M? XB).

KonctpykTnBHa cxema (inbTpa mJisi OYHWIICHHS PagiOaKTHBHHUX Tas3iB,
3anpornoHnoBana Patymnsikom I'. C. ta Jlsumrok O. I'., mogana Ha puc. 2.7 (nateHr
VYkpainu Ne 32848A).
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9 14
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PucyHok 2.7 — KoHcTpyKTHBHA cxeMa (ijibTpa 115l OUMILEHHS
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paaioaKTUBHMX ra3iB

OubTp MICTUTH KOpmyc 1, 110 BHKOHAaHMA 3  apMOBAHOIO
MeTaJIoHacCH4eHOTo OeToHy. J[o kopryca 1 3a momomororw aHkepHUX OONTiB 2 Ta
3 mpUKpiIUIeH] Ta30miABIAHUN 4 Ta ra3oBIIBIAHMM 5 maTpyOKd 3 METajJeBUMHU
bnansamu 6 Ta 7. B kopryci 1 po3minieni mapu kacet 8, 9 ta 10, 1o 3anoBHeH1
3€pHUCTOI0 PEUYOBHMHOIO, METAJOHACUYCHHM OETOHOM, IO MAa€ 3/IaTHICTh
MOTJIMHATH HeWTpoHHE BuUnpoMiHioBaHHs. [llapu kacer 8, 9 Ta 10 onuparoThes
Ha niepdopoBani po3aiteHukH 11, 12 Ta 13 3a qomoOMoror onopHUX Kijems 14,
15 ta 16. Mk mapamu kacet 8, 9 ta 10 Ta nepdhopoBaHuMH po3aiIbHUKaMU 11,
12 ta 13 po3mimeni npomapku 17, 18 Ta 19 3 rodppoBaHOT0 BOJIOKHHUCTOTO
MaTepianty JJig OUYMILEHHS paJloakKTUBHUX aepo3oseil. Han mapamu po3mimieHa
npuThckHa permritka 20. ["a3omiBianuii matpyOok 4 3 KopnycoM | yTBOPIOIOTH
Kamepy 3a0pyaHeHoro noBiTps 21, a ra3oBiaBIAHUN ATPyOOK 5 3 Kopiycom 1
YTBOPIOIOTh KaMEPY OUHUIIEHOTO TOBITPs 22.

QuIbTp NpalOe TAKUM YUHOM. 3a0pyJHEHE TMOBITPS HAAXOAHWTH 3
ra3onpoBO/y, IO MPUKPIIUICHUN 3a T0MOMOrolo (iaHiiB 6 10 ra3oriiBiIHOTO
natpyOka 4, B kamepy 3a0pyaHeHoro noitps 21. Jlani npoxoauTh yepes KaceTy
8, 110 3alOBHEHA 3EPHUCTOI0 PEYOBHHOI0 — METAJOHACUYEHUM OETOHOM.
MertanonacuueHl 3epHa OETOHY 4epe3 IMIJBHILIEHUA BMICT XIMIYHO3B SI3aHOI
BOJM MAIOTh MIJABUIIECHY BJIACTUBICTh WIOJ0 TMOMVIMHAHHA 10HI3YIOUOIO
BUINIPOMiHIOBaHHS. J[aJi 13 3MEHIIICHOI0 KOHIICHTPAIIEI0 PaTIOHYKIII/IIB MOBITPS
IPOXOJUTHh Kpi3b NPOLIAPOK rohpoBaHOrO BOJIOKHHCTOrOo Marepiany 17. B
IIbOMY TIPOIIAPKy OYMIINCHHS paalOaKTUBHUX aepo30JiiB BiIOyBa€ThCS 3a
paxyHOK OpoyHiBcbkOi audy3ii Ta edexkty notuky. Yepe3 oTBOpH B
neppopoBaHOMY  PO3NOAUIBHUKY 11 TmomepemHbO OYMINEHE TOBITPS
HaJIXOJIUTh B Kacety 9, ne BiIOyBa€eThCs MOAAJbIE OUMUIICHHS MOBITps. s
KIHLIEBOTO OYMUIECHHS MOBITPSI YEPE3 OTBOPHU B PO3AUIBHUKY 12 HAaXOIHUTH B
kacety 10, a 1anu B Kamepy OUMIIECHOTO MOBITPs 22, naii B atMocdepy uepes
MOBITPOIPOBI, IO KPIMUTHCS A0 (JIAHIIIB 7.

Kopnyc 1 ¢uibrpa, 0o TakoX BUKOHAHMW 3  apMOBaHOIO
METaJOHACUYEHOTO OETOHY, HE MPOIyCKa€e 10HI3YIOUE BUIIPOMIHIOBAHHS B
30BHIIIHE cepepoBuine. Lle 103BoJsie 3aXMCTUTU B PAAIOHYKIIIIIB
00CITyTOBYIHOUHMH TIEpCOHA.

2.5 TexHoJIOTIYHI pO3paxXyHKH (iabTPIB

B pesymbrari po3paxyHKiB BU3HAUAIOTh ONTUMaJbHI 3HAYEHHS
GITBTPYBAIBHOI TOBEPXHI, T1APABIIYHOTO OMOPY MEPETOPOJOK Ta amapara B
IIJIOMY; YaCTOTY ¥ TPUBAIICTh pererepaiii PuIbTpyBaIbHUX €IEMEHTIB.

OinpTpyBagbHA TOBEPXHS arapara
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- Q+Qn
60g
ne Q — 00’eM rasy, 110 OYUILAETHCS, MY/TON;
Qn — 00’eM Ta3y uu MOBITPs, IO BUTPAYAETHCS HA 3BOPOTHE MPOTYBaHHS,

+Sp, (2.1)

M/TOx;
§ — IMTOME Ta30B€ HABAHTAXKEHH NP PinbTpyBanHi, M%/(M? XB);
Sp - inpTpyBanbHa TMOBEpPXHS, IO BIAKIIOYAETHCS HA pEreHEpaIiio

MPOTATOM OJTHI€T TOTUHH, M2

/
NS¢ TN
Sp=—__2F (22)
3600
ne N¢ — 4HClIo CeKIii;
Sc — (inbTpyBaIbHA IOBEPXHS CEKIIIH, M;
T'p— Yac BIAKIIOUYECHHS CEKIlli Ha pereHepartio, c;
Np — 9UCII0 PeTeHepalliid MPOTITOM TOIUHH.
[TuToMe ra30oBe HaBaHTAKEHHS
g=0n-C1-C2-C3-C4 -Cs, (2.3)

7€ O — HOPMAaTUBHE MUTOME HABAaHTAKEHHS, L0 3aJIEKUTh BiJl BUIy MUY Ta
HOro pereHepaTUBHUX BIACTHUBOCTEH;

Cy1, Cz, C3, Cs, Cs — xoedirieHTd, 110 BpaxoBYIOTh BIAMOBIIHO OCOOJIUBOCTI
perenepatii QUIBTPYBAIBHUX €JIEMEHTIB; BIUIMB KOHIIEHTpALlli MUy Ha ra3oBe
HABaHTa)XCHHS, BIUIMB AMCIIEPCHOTO CKJIaay MWJIY B Ta3i; BIUTUB TEMIIEpPaTypH
ra3y; BAMOTH JI0 SIKOCT1 ouunieHHs (tad. 2.8...2.10):

Tabmuus 2.7 —  3Ha4YeHHA  HOPMATHMBHOIO  NHUTOMOr0  ra3o0BOro
HABAHTAXKEHHS
3HaueHHs Qu , MY/ (M2-XB)

35 2,6 2 1,7 1,2
Kombikopm | A3bect I'munozem Koxc AKTUBOBaHE
Myka BosnokomHi [Hement JleTroua 3071a BYTLIIS
3epHO emonosui Kepamiuni Mertanonopor | TexHianui
Makyxopa | Mareplaim . | OapBHUKH K1 BYTJIEIb

) [Tun mpu BuOUBaHHI . )
cymimr BILHBOK 3 (OPM, Byrimnsa § OKI/ICJ‘I‘I/I Muroui
[Tun mkipu rific, BAIHO ralIcHe, [InaBukoBHii | MeTalliB PEUYOBUHU
Tupca MAN Big momipoBkm, | AT ITmactmacu ITopomkose
TroTIOH CiJIb, MiCOK I'yma bapBHuku MOJIOKO
Kapronnnii | ITun Kaonin Cunikatu [leperonn
AT MICKOCTPYMHUHHUX Bamnsik Kpoxwmaib KOJIbOPOBHUX
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[Monisinin- | anmaparis yxop Cwmomnu cyxi 1 YOPHUX
XJIOpUJ TanLk ITui ripeekux | XiMiKaTy 3 METaiB
KanpruaoBana coma | IOpiA Ha(TOCUPOBHH
U

Tabmuis 2.8 — 3HaueHHs koedimienta Ci, MmO BpaxoBye 0COOJIMBOCTI
perenepauii GiIbTPyBaJIbLHUX €JIEMEHTIB
Bun dinspa

3 IMOYJbCHUM TPOAYBAHHSIM CTUCHYTHM TOBITPSM 3
pyKaBamu 3 TKAHUHHU 1
3 pereHepali€l0 MNUIIXOM 3BOPOTHOTO MPOJYBAHHS 1
OJIHOPA30BUM CTPYLIYBaHHSM a00 KOJIMBAHHSIM PYKaBiB
3 pereHepali€io MIITXoM 3BOPOTHOTO MPOAYBaHHS

Koedimienr C1

0,70...0,85*
0,55...0,70**

*MeHi1ie 3HaYeHHS IPUAMAETHCS SIS (PUIHTPIB 3 pyKaBaMH 3 IIUTbHOT TKAHUHH.

**MeHILe 3HaYeHHS PUIUMAEThCS I (DUIBTPIB 3 pyKaBaMU 13 CKJIOTKAHUHU.

Tabmuug 2.9 — 3nauennst koedinienra Cs, 110 BpaxX0OBY€ BIJIMB IMCIIEPCHOTO
CKJIAy MUY

MenianHu# po3Mip YaCTUHOK MUY, MKM Cs
buteme 100 1,2.14
50-100 1,1
10 -50 1
3-10 0,9
Menme 3 0,7...0,9

Tabmuug 2.10 — 3navyennst koeginienta Cy, 0 BPaXOBY€ BIUIMB TeMIlepaTypH

t°C
°C 20 40 60 80 100 120 140 160
Cq4 1 0,9 0,84 0,78 0,75 0,73 0,72 | 0,70

[NapaBniyHuil omip cKiIaaeThes 3 onopy Kopiryca anapara APk Ta onopy

Gb1ITBTpYBAILHUX TIEPEropo ok APm:
AP = APk + APn . (2.4)

[NapaBniyHuil omip MEPErOpOJIOK XapaKTEePU3YeThcs MOcTiiiHOO AP’ Ta
3MiHHOIO AP’ ckiamoBumu

APn = AP' + AP . (2.5)
[TocriifHa ckJ1a0Ba TiAPABITYHOTO OTIOPY
AP =Kn -p-Vo (2.6)

ne V¢ — mBuakicTs GUIbTpYBaHHS, M/C;
K — B sI3KiCTh razy, Ila-c.
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Kn — xoedinieHt, mo xapakrtepusye omip (GiuIbTpyBaIbHOI MEPETOPOAKH 13

3QJIMIICHUM Ha H1H mapom nuiy (tadia.2.11).

Tabmuus 2.11 — 3navenns koegiunienta Kp, mo xapaxkrepusye omip
(iabTpyBaIBHOI IEPETOPOIAKH
) Tom . MemaHHHH Koedimient K,
GITBTPYBATBHOT Bua mamy JiaMeTp My, L
TKaHWHU MKM

Jlapcan apr.136 1 HEMEIHTHI, 10...20 (1100...1500)10°
217 KBapIOBUI
Te came IIEPErOHN METAJIIB 2,5...3,0 (2300...2400)10°
JlaBcan apt.86013 (2300...2400)10° x
CKJIOTKaHWHA Te came 2,530 (1,2...1,3)
JlaBcan apt.86013 Te came 0,6 (13000...15000)10°

3MIHHA CKJIaJ0Ba T1APABIIYHOTO OMOPY

u-‘r-C'-qu,-KHC
2
d5o - B

ne Knc — koedilieHT onopy mapy nuiy;
¢’ — KOHIIEHTpaIlisl YaCTUHOK B MOTOIII, Kr/M°.
Benwuunu  dso, Knc, Pn
napamMeTp onopy mapy nuiy (tadsu. 2.12):

2.7)

XApaKTCPU3YIOTh BJIACTHBOCTI M1y, TomMy

K
Ki= ¢ (2.8)
d5o-Pn
AP" = Ki-p-1-¢-Vyp . (2.9)
Tabnuug 2.12 — Ilapamerp onopy mapy nuiay Ki
Brg muty MenianHuii giameTp ITapamerp Ki,
ATy, MKM M/KT
IleMeHTHUI1, KBapLIOBHIA 12...20 6,5...16-10°
I[Teperonu MeTaiB 3 80-10°
Te came 0,7 330-10°

3HaXoAATh TPUBAIICTh (UIBTPYBaHHS 3aJE€KHO BIJI 3MIHM BEJIMYUHU

TiIpaBIIYHOTO ONOPY (GUIBTPYBATBHOI IEPETOPOIKI
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o bd e

10.

11.
12.

13.

= &P (2.10)

' 2
nec Ky -V

KOHTPOJBHI 3AIIUTAHHA

[Tig giero SKUX CUIJ BiTOYBA€EThCS CyXe OUUIIICHHS Ta30BUX BUKUIIB?
OxapakTepu3yuTe BIaCTUBOCTI (PiIbTPyBATBHUX TKAHHUH.
HageniTe kinacudikaiiiro TKaHUHHUX QUIBTPIB.

[IpoananizyliTe KOHCTPYKTHBHO-TEXHOJIOTIYHI TapaMeTpu PI3HUX THUITIB
PYKaBHUX (UIBTPIB.

[TpuHIIMT pOOOTH 1 KOHCTPYKTUBHI OCOOJIUBOCTI PyKaBHUX (PLIBTPIB.
OxapakTepu3yiTe TEXHIYHI XapaKTEePUCTUKU PI3HUX MapOK (iIbTPIB.

[TosicHITh IPUHIIUTT POOOTHU ¥ KOHCTPYKTHUBHI OCOOJIMBOCTI BOJOKHUCTHX
(G1IBTPIB.

HaBenitb  mpukiagm — ramy3ed  3acTOCYBaHHS,  KOHCTPYKTHUBHHUX
0COOJIMBOCTEN TEXHIYHUX XapPaKTEPUCTUK 3€PHUCTUX (PIIBTPIB.

OcoOMUBOCTI KOHCTPYKIINA (PIABTPIB JJIs OYHUILEHHS Paail0aKTUBHUX
BUKH/IIB.

[TosicHITP KOHCTPYKTHBHI ~ OCOOJMMBOCTI  (UIbTpa I  OYMILEHHS
pajloaKTUBHUX Tra3iB, B KOHCTPYKLIi SKOTO BHUKOPUCTOBYIOTHCS
MeTaJloHacCu4ueH1 OETOHH.

Hagenith npukiiag METOIUKU TEXHOJIOTTYHUX PO3PAXYHKIB (1IbTPIB.

Axi mapMmeTpu BIUIMBAIOTh HA BEIWYMHY TMHUTOMOIO  Ta30BOTO
HABAHTAKEHHS MPHU QIILTPYBAHHI?

OxapakTepu3yiTe CKIaJO0BI TIAPABIIYHOTO ONOPY KOPITYCy arapara Ta
GIIBTPYBATILHUX TIEPETOPOIOK.
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3 3ACOBUA MOKPOI'O OYMIIEHHSA I'A30BUX BUKH/IIB
BIA IINJ1Y

3.1 Kinacugikauisi 00,1aJHaHHS AJI51 MOKPOI0 MUJIOBJIOBJIOBAHHS

[Ipoiiec MOKpOro MWJIOBJIOBIIOBAHHS IPYHTYETbCS HA  KOHTAKTI
HACUYCHOT0 IMHJIOM Ta30BOr0 IOTOKY 3 piauHOI0 (O6apOoTaxi). BHacmimok
KOHTAaKTy 3 PIAMHOI0 YAaCTUHKU MUY OCaIKYIOTbCS Ha MOBEPXHIO PIAWHU Ta
BUHOCATHCSI 3 amapata y Buriaal nwiamy. OcaKeHHS YacTHUHOK MWy Ha
MTOBEPXHIO PITUHU BiIOYBAETHCS i TI€I0 CHII IHEPITii Ta OPOYHIBCHKOTO PYyXY.

Cunm iHepuii, U0 AiF0Th HAa YACTMHKHU MY ¥ KparuiiHU piI[I/IHI/I pH iX
30JIMDKEHHI, 3aJIeKaTh Bl Macu YaCTUHOK U KparIMHOK Ta IIBUAKOCTI 1X 9282
YacTuHKH NIy MEHIIe | MKM HE MaroTh JIOCTaTHbOI KIHETUYHOI €Heprii 1 mpH
30MKEHHI OOTHMHAIOTh KpalUIMHKM, TOOTO HE BJIOBJIOIOTHCS  PIAMHOIO.
BpoyHiBChKHI pyX XapaKTEpHUM 711 YACTHHOK MEHIINX 1 MM.

3HauHO1 €(PEeKTUBHOCTI OUMIIEHHS Ta30BUX BUKHIB B/l MUY 32 PaxyHOK
OpOYHIBCBKOTO PYXy MOXKHA JOCATTH LUISIXOM 3MEHIICHHS LIBUIKOCTI PYyXy
ra30BOro MOTOKY B amapari.

AOcopOriss — ¢i3uuHe pPo3YMHEHHS aOCOpPOEHTHOrO0 KOMIIOHEHTa B
PO34MHI, IPU AKOMY HE BiJIOYBAETHCS XIMIUHA PEAKIIisl.

Ha mnpouec ocamkeHHs TakoX BIUIMBAlOTh TypOyJeHTHa audysis,
NPOIECH KOHJEHCAIlll, BUIAPOBYBAaHHS, B3a€MOJiA EIEKTPUYHO 3apsKEHUX
YaCTUHOK TOlO. E(EeKTUBHICTH MpolieCy OYMIIEHHS Ta3iB TUM OuIbllIa, YUM
Oulbllla 3MOYYBAHICTh YACTHHOK pIIMHOIO. SK 3pollyBajibHa  piAvHA
BUKOPUCTOBYETHCS BOJIAa a0 1HILIA PIAMHA.

[MunoounieHHsT PIAMHOI0 pealli3yeThCsl B MOKPUX Ta30lMpoOMHUBadyax Ta
Gap6oTaxHux ckpybepax. Ix nepepara nomnsrae:

— B HEBEJUKIM BapTOCTI MPU BUCOKIN €(hEeKTHUBHOCTI ;

— B MOXJIMBOCTI OYHMIICHHS Ta3iB TMpU BHUCOKIM Temreparypi Ta
BOJIOTOCT1 BJIOBJIIOBAHOTO MUJIY @ TAaKOXK IpH HeOe3mnell 3aropasHb 1
BUOYX1B OYHUIIIEHUX Ta3iB;

— B MOXJIMBOCTI pa30oM 3 MUJIOM BJIOBJIIOBATH MapoOIOi0H1 Ta ra3omnoii-
OH1 KOMITOHEHTH;

— B MOXJIMBOCTI OYMIIICHHS ra3iB Bl YaCTHHOK po3Mipom 10 0,1 MKmM;

— B 3HAYHIM TPOIYKTUBHOCTI, MO 3HaXoAuThcs B Mexax 100...200
THC.M3/TOI.

Henonikom MOKpUX MUTIOBIIOBIIOBAYIB €:

— HEOOX1AHICTh NepepoOICHHS LUIaMY;

— MOXJIMBICTh BMHECEHHS KPAIUIMH PIIMHUA Ta OCAJKEHHS iX pa3oM 3
MUJIOM B Ta30X0J1aX Ta AUMOCOCAX;

— HEOOXIIHICTh 3aXUIIATH AHTHUKOPO3IMHUMHU MaTeplajamMu amaparypy
Ta KOMYHIKaIlii B pa3l OYMILIEHHS arpeCUBHUX Ta3iB.
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Knacudikaiiss MOKpHX NHJIOBJIOBIIOBAYIB

KOHTaKTy Ta criocoOy Jii mojana Ha puc. 3.1.

Tunu MOKpHX MMUJIOBJIOBJIFOBAYIB

3QJIE)KHO B1JI TIOBEPXHI

— MMOPOKHUCTUH

IPAMOTOYHUHN

MIPOTUTOYHUMN

3 MONIEPEYHUM
3pOIIYBAaHHIM

— HacaJIKOBUH

MPSIMOTOYHUH

IIPOTUTOYHHN

3 MMONEPEYHUM
3pOLIYBAHHIM

HIHHWH

3 0e3MepepBHUM B1JIBOJIOM

3pOUTYBaJIbLHOI PIAUHU

3 BHYTPILIHBOIO
PELUPKYIISIIEIO

—  yJIapHO-1HepLIMHUI

3 0e3MepepBHUM B1JIBOJIOM

3pOUTYBaJIBLHOI PIAUHU

3 BHYTPILIHBOIO
PELUPKYIAIIEIO

— BIJILICHTPOBUI

3 TAaHT'€HIIAJIbHUM
B1JIBOJIOM Trazy

ANSVARANYZ N

JEIFOYHMMHU 3aBUXPHOBAYaMHA

3 BHYTPIIITHIMU HaIpas-

3 GOPCYHKOBUM IT1ABOIOM

3pOLIyBaHHS

— Bentypi

3 IUTIBKOBUM M11BOJIOM
3pOIITYBaHHS

3 nepudepiiHUM M11BOJIOM

3pOLIyBaHHS

Pucynok 3.1 — Knacugikanis MOKpUX nu/jioBJI0BIIOBAYIB

[ER



3.2 IlopoxkHuUCTi razonpoMuBayi

[TopokxHHCTI CKpyOepH TMpU3HAYEHI OYMINATH Ta3u BiJ JIOCTaTHHO
BEJIMKUX YaCTHHOK MUy (po3Mipamu OUIbINE 5 MKM) Ta iX OXOJO/KeHHS. B
MOPOKHUCTUX  Tra3oNpoMHBayaX YacCTUHKM MUY  3aXOIUTIOIOThCS — IIPH
MPOITYCKaHHI 1X 4epe3 3aBiCy PO3MMIIOBAILHOI PiMHU. POo3MumtoBaHHS PiAMHA
3MIACHIOETBCS (POPCYHKAMHM, SIKI YCTAHOBIIOIOThCS psAgamu. [lpu Moxpomy
OUHWIIIEHH] Ta30BMX BUKHWIIB BiJ TIIy YacTillle 3aCTOCOBYIOTH arapatd 3
OPOTUHAMNPABICHUM pPyXOM Ta3iB 1 pIAWHU, a piame — 3 TONePeYHUM
3pPOILICHHSM.

KoHcTpykTnBHa cxema (QOpPCYHKOBOTO TPOTHCTPYMHHHOTO CKpyOepa
1ojJilaHa Ha puc. 3.2.

T or
4_T
!
Bona : Bona
| -~
— N\ i /1 ]
3 5 “\\ %’I'” ’I; \\ 5
______ N
|
i 6
3I' ] J JIJ
2~ : 7
1
ITun
Pucynok 3.2 —  KOHCTpPYKTHBHA cxema  (opcyHKOBOIo

NPOTHCTPYMUHHOIO cKpyOepa: 1 — xopmyc; 2 — marpyOok mogadi
3aIUJICHOTO Ta3y; 3 — BO-I0NPOBi; 4 — MaTpyOOK BIBOIY OUYHIIICHOTO ra3y;
5 — (dopcyHKH AJisi pO3MUIICHHSI BOAM; 6 — ra30po3MolibHa pelnTka; 7 —
OyHKep JIs1 IU1aMy

[IBuakicte pyxy razy 0,6...1,2 m/c. Po3mipu kpamnenb MNOBUHHI OyTH
JNOCTAaTHIMHM I TPOTHIIL Takid MBUAKOCTI pyxy rasiB. daken po3muiy
(GhOpPCYHOK MOBHWHEH OyTH HamNpaBjCHUW BEPTUKAIBLHO BHU3 a0O0 TMiJl KYTOM 0
TOPU30HTAIBHOT TUTOIIMHH.

[Tpu mpoekxTyBaHHI CKpyOEpiB BU3HAYAIOTH ILJIOMNLY MEepepizy S, MO0 MOXKe
OyTH KpyTi010 200 MPSMOKYTHOIO, Ta BUTpATh piaguHU Q).

[Tnoma nepepizy

_Qr
S=35 (3.1)

r
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ne Qr — KiJBbKICTh OYMIIYBAHOTO I'a3y IIPU pOOOYMX YMOBaX, M>,;
Vr — HIBUJIKICTh PyXY T'a3iB.

Burparu piauau
QP = m'QF 1 (32)

e M — MUTOMi BUTPATH PiJMHU, KT/M?,

IIpu xonuentpamii mury C'=10...12 kr/mM® nuToMi BUTpaTH piAMHHU
m = 6...8 xr/m?. Bucora ckpybepa cranosuts H = 2,5 D. IIpoayKTuBHIiCTH
TIOPOKHUCTUX MHIIOBIOBIIOBaYiB pocarac 500 Tuc. M3/rog HpH 3alMIEHOCTI
rasy He Oinbime 100 r/m3.

3.3 HacaakoBi razonpomuBaui

HacankoBi razonpomuBadi BUKOPUCTOBYIOTHCS JUIs YIIOBJICHHS! TOHKOTO TTHITY
y BUIIISII TyMaHiB, J00pe pO3UMHHOTO MUY, & TAKOXK MPU CHUILHOMY MPOTIKaHHI
MIPOIIECIB  TTWJIOBJIOBJICHHS, OXOJIOJDKEHHI Ta3iB Ta abcopOrii. B HacamkoBux
ra3onpoMyBavax ra3, IO OYHIIYETHCS, MPOIMYCKAEThCA YEpe3 HaCaIKy, ska
3allOBHEHA TaJIbKOI0, KOKCOM, KUIBISIMU 3 Tieperopojkamu (JlecciHra), KiabLssMu
Parmira yu Ilamns, KynpkaMu 3 MOTIMEPHUX MaTepialiiB, CKJia a0 MOPUCTOI TYMH.

EdexkTuBHICTD OUMILIEHHS MiABUIIYETHCSA MPU BUKOPUCTAHHI HACaIKH 3a
PaxyHOK OUIBII TICHOTO KOHTAKTy Ta3y 3 PIAUHOIO.

3alle’)XHO BiJ CTaHy HacaAkd I Ta30npoMHBadl MOXYTb OyTH 3
HEPYXOMOIO Hacajgkol abo 3 PyXOMOIO KyJbKOBOIO Hacaakow. Amapatu 3
HEPYXOMOIO HACAJKOK BHUKOPHCTOBYIOTH JJISi OYMIICHHS Ta30BHX BUKHIIB Bij
TOHKOTO MIJIY Y BUTJISAI TYMaHiB, JOOpPE PO3YMHEHOTO MUY Ta MPH CHUTLHOMY
MPOTIKAHH1 MIPOLIECIB OYUIIICHHS i OXOJIOKECHHSI.

KoHcTpykTHBHAa cXema HacaJKOBOIO Ta30MpoMUBada 3 MONEPEUYHUM
3pOLIEHHSAM Ta HEPYXOMOIO HACAIKOIO MOoJaHa Ha puc. 3.3.

3\m?m?€|4a/5

IjIam ___ 6

Pucynok 3.3 — KOHCTpYKTHBHA cXeMa HACAJAKOBOI'0 ra3onpomMuBava 3
NMonepevYHUM 3POIIEHHSAM Ta HEPYXOoMOKWw Hacaakow: 1 — xopryc;
2 — dopcynkn; 3 — Hacangka; 4 — 3pONTYBaIbLHUN TPUCTPIN; 5 — omopHa
pernriTka; 6 — muIaMo30ipHUK

EdexkTuBHICTh  YNOBJEHHS YAacTUHOK pO3MIpOM Ouiblie 2  MKM
ra3ornpoMUBavYeM 3 HEPYXOMOIO Hacajikoro mnepeBuiye 90%. Ix nemomikoMm €
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30UIBIIEHHS  T1APABIIYHOTO  OMOPY Ta  3MEHIIEHHS  MPOAYKTHBHOCTI
ra3onpoMrBayda BHACIIIOK 3a0py/IHEHHS KaHAIIB MK HAaCaJKaMHU.

binbm edekTUBHUMH W TIONTUPEHUMH arapaTaMH € amapaTH 3 PyXOMOIO
HACAJIKOI0, B SKUX THJI 3MUBa€ThCs 3 Hel. [IpocTip Mk eneMeHTaMH Hacaiku
PETYIIOEThCS TUCKOM Ta3y B amapari, a ii rycTHHa He TTOBHHHA MEePEBUIIYBATH
ryctuHy pimuad. ONTUMATbHUM PEKUMOM JJIs THJIOBIIOBIIOBAHHS € PEXKUM
NICEBAOPO3PIKEHHs, SKOMY BIJIMOBiAa€ IMIBHAKICTh IOYATKy IOBHOTO
TICEBIIOPO3PIKEHHS, 10 BU3HAYAETHCS 32 (HOPMYIIOK0:

0.25
Qo

r

S, C-expl—12,6-

V, = - ,

K

(3.3)

ne So — BineHuMit nepepis pemnitku (0.4...0.6 M%/Mm2);
C — koe(dilieHT, 10 3aJICKHUTh BiJI IIUTHHA OMOPHOT perritku (pu b = 2 MM
C=2,810% anpu b=>2mm C=4,510%;
dx — miametp kynbkoBoi Hacagku (20..40 MM 3 HACHITHOK T'yCTHHOIO
200...300 xr/m3);

Qp, Qr — BIAMOBITHO BUTPATH PIAUHU Ta rasy.
['parnvHO MOMTyCTUMA MIBUAKICTH rasy:
-0.15

Qp

r

Vion=29-S04- (3.4)

KoHcTpykTHBHA cXeMa Tra30lpoMrBaya 3 pyXOMOK HACaJKO0 MOJaHa Ha
puc. 3.4.

Hacanka y BUrisii mapy KyJiboOK 3 3HAXOJUTHCA B MMOCTIMHOMY PYCI 1 TOMY
N1 He 3TUmaeTbest. [IpocTip Mk KylbKaMy HACaJIKU PETYIIOETHCS HAIOPOM Ta3y
B anaparti. B nux ckpyOepax BUIbHE NEPEMIIICHHS HACAJAKU B Ta30PIIUHHIN CyMiIi
3a0e3neuyeTbesi TUM, [0 IIUIBHICTh PO3MIMIEHHS KYJIbOK HE IOBHHHA
MIEPEBUIIYBAaTH 3HAYCHHS T'YCTUHU piavHu. OnTuManbauii niametp Kyiabok 20...40
MM 3 HacunHowo rycturoro 100...300 kr/m3. Burparu 3porrysansHoi pigunu 4...6
kr/M3, rigpasniunmii orip 300...1400 ITa. IlIsuakicTs pyxy rasy 5...6 m/c.

[NapaBniynauii omip ra3zornpomMuBaya 3 pyXOMOK HACAIKOI BHU3HAYAETHCS
3a (hopmyoro:

AP = APgx + APsux + APy + APp + APpm1 + APpo (35)

ne APgpx, APgux — BUTpaTu Ha BXO/Il Ta BUXO/I1 ra3y 3 anapara;
APy — TiipaBIiyHUE OMip 1Iapy Cyxoi HaCa/IKu;
APpm1 — riipaBiaiuHui Onip piIiHY, IO YTPUMYETHCS 1LIAPOM HACAIKY;
APp — TiIpaBIIYHMI OITIp OTMIOPHOI PENTITKU 3 MAPOM YTPUMYBAHOT PiJIUHU;
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APpo — TiIpaBIiYHMI OIip OOMEKYBaJIbHOI PETITKH.
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Pucynok 3.4 — KoHCTpyKTHBHA cxemMa ra3onpoMuBaya 3 pyXOMOIO Ha-
caakor:. 1 — xopimyc; 2 — onopHa peuriTka; 3 — map KyJiboK; 4 — Opu3Ko-
BJIOBJTIIOBAY; 5 — opcyHKa; 6 — 00MexKyBajIbHa pelIiTKa

[IpoAyKTHBHICTH Ta30IpPOMHBAYA 3 PYXOMOK HACAJKOK 3a Ta30M
3...120 tuc. M¥*rox. CrTymiHb OUYMINEHHS Bix MUy OiNBIIOrO 2 MKM
97...99%. bazoBa mozenb ckpyoepa 3 pyxomoro pemiTkoro CJ[K-1,2-2-01.
OcHoBHi mapameTpu razonpomuBadib cepii CJAK naBeneno B Tabmwuin 3.1.

Tabmuns 3.1 — OcHOBHI XapakTepucTUKHU razonpomuBayin cepii CJIK

Mapka anapara

He OljIblIe

[TapameTrpu CJIK- CJIK- CJIK-
1,2-2-01 | 1,6-2-01 | 2,4-2-01
1 2 3 4
[IpoIyKTUBHICTB, THCc.M3/ro] npu
MIBUKOCTI Ta3y B Mepepisi amapara:
4 m/c 16 32 64
7,5 m/c 30 60 120
POSpElX};HKOBa IoIIa nepepizy KOHTAKTHOI 113 20 4,52
30HH, M
I'igpasaiyauit onip anapara, klla 1,2-3,5 1,2-3,5 1,2-3,5
Po3spimkenHs rasiB BcepeauHi anaparta, kI 1 15,0 15,0 15,0
: . 3
KoHnentpariis nuity Ha BXO/Il B amapar, I/m 10,0 10,0 10,0
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[Tponosskenns Tabaumi 3.1

1 2 3 4

['ycTrHa 3poIneHHs, M>/M? To] 25-35 25-35 25-35
3

3?.JII/IHIKOB€ KalUIeBUHECeHHs, TI/M°, He 0,07-0.1 | 0,07-0.1 | 0,07-0.1
GUINIE
TeMgepaTypa rasy Ha BxoAi B amapar, C, 100-120 | 100-120 | 100-120
He OlIble
TemnepaTypa 30BHIIIHBOI TOBepxHi, "C 40 40 40
['pannunHuil BMICT 3aBHCI B 3BOPOTHOMY
pO3UMHI TpPH TOJadi 3POIICHHS Yepe3 10 10 10

dopcynku, r/M3, He Ginblne
CryniHb ouuIleHHs, % BiJI MY

96-99 96-99 96-99

(dsp> 2 Mm)

["aGapuTHi po3mipu, MM:
JlaMeTp, He MEHIIIE 1200 1600 2400
BHUCOTA, HE OLIbIIIE 8300 10520 12600
IIMpUHA, HE OLIbIIe 1900 2600 3600
Mmaca, kr £ 20 2300 3850 5700

3.4 IlinHi NUJI0BJIOBJIIOBAYI

[Ipu 3017bIIEHH] MIBUAKOCTI MPOMYCKaHHS Ta3y uepe3 Iap piauHu
O0apOOTaXXHUM pexuM TMepexoauTsh B MmiHHUN. [lpu 1poMmy BinOyBaeThcs
IHTEHCUBHE POOJIEHHS MOTOKY Ha MUIKI OyJIbOalIKi Ta CTPYMKH 3 YTBOPEHHSIM
CyuuibHOI miHU. [1i Al€r0 Ta30BOr0 MOTOKY TaKOX BIJOYBA€THCS BIAPUBAHHS
PIAMHU 3 YTBOPEHHSAM MIJKUX KpPAIUIMH Ta TUTIBOK. YTBOPIOETHCA PO3BUHYTA
MOBEPXHSA MacoOOMiHy, sika 30UIbIIy€ MPOIYKTUBHICTh Ta €()EKTUBHICTD
OYMIIIEHHS ra3y MHHUM MUJIOBJIOBIIIOBAYEM.

OCHOBHMM KOHCTPYKTHBHHM €JIEMEHTOM IMIHHUX THJIOBIIOBIIOBAYIB €
pemriTka abo Tapiika. PemniTka pa3oMm 3 MiHOK CTBOPIOIOTH MOJUIIO anaparta.
PemriTku OyBaroTh nipyacTi, HIUTMHHI, TPyOYacTi Ta KOJIOCHUKOBI. Amaparu
OyBarOTh OJIHO- Ta 0AraTOIMOJMYHI 3 TPOBATLHUMHU 1 TIEPEIIUBHUMU PEIITKAMHU.

KoHcTpykTuBHI cxemu 0apOOTa>KHO-TIIHHUX MAJIOBJIOBIIIOBAYIB MMOJaH1 Ha
puc. 3.5, a) — 3 IpOBaJILHOIO, a HA pUC. 3.5, 0) — 3 MEPEIUBHOIO PENIITKOIO.

[TunosnosmtoBaui mapku [1BII matote 12 Tunopo3mipis giamerpom 600...
2500 MM 3 npoayktuBHicTio 3...90 tc. M¥/ron. IlIBuakicts rasy 2,5...4,5 m/c,
rigpapaignmii omip 100...1900 ITa. Ilutomi ButpaTu pigunu 0,6...0,8 kr/m3,

JIist ouMIleHHsSI acmipaliiHOro MOBITPS Ta Ta3iB BiJg MUy, IO HE
CXOIUTIOETBCA B BOJI, BHUKOPHUCTOBYIOTHCSI TiIpaBiiyHI MHJIOBJIOBIIOBAYl
oesnepepBHOi aii. KOHCTpyKTHBHA cxema TiApaBIIYHOTO MUJIOBJIOBIIOBaYa 3
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BHYTPIITHBOIO I[HUPKYJAIIEI0 W TMEePIOIUYHIM BHBAHTAKEHHSM BIIOBIICHUX
MPOAYKTIB B BUTJISIAI pO3YMHIB 200 IIJIaMiB MTojjaHa Ha puc. 3.6.
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Pucynok 3.5 — KoHcTpyKTHBHI cxemu 0apOOTaKHO-NIHHUX MHJIO-
BJIOBJIIOBaYiB: 1 — KopIryc, 2 — map piJIiHU Ta MiHU; 3 — peliTKa

3anwieHnid ra3 CHo4YaTKy HAAXOAUTh B MPOCTIp MIJ PELITKOK0, e
3aXOIUIIOE YAaCTUHY piuHU. [10TiM, IpONIIOBIIM OTBOPU PEUIITKU 3 MIBUAKICTIO
10...12 M/c, KOHTaKTye 3 mApOM TypOYyJIbOBaHOI MiHU. BijJIiIEeHHsS] OYUIIIEHOTO

Bl BOJY Ta3y BUKOHYE BIJILEHTPOBHM KparuieyjoBiatoBad. Bucora miHHOTO
mapy 400...500 mm.
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Pucynok 3.6 — KoHCTpyKTHMBHA cXeMa riipaBJivHOr0 MUJI0BJIOBJIIOBAYA:
1 — kopmyc; 2 — BUIIIEHTPOBHI KparvieyJOBIIOBaY; 3 — MarpyOOK IiBEICHHS
Bo/M; 4 — marpyOOK mojayi 3ammiieHoro rasy; 5 — Tapiika; 6 — TimpaBIivyHUN

3aTBOp; 7 — PEryssaTop piBHA Bomu; 8 — mmap TypOymsoBaHoi miuu hy = 400...500
MM
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Cxpy6epu turmy I'IIT MaroTh npoaykTuBHicte 5, 7, 10 Tmc. m3/ron,
MakcUMalIbHU# TiapaBaigaui omip 1800 Ila, iX TexHIYHI XapaKTEPUCTUKU

HaBeaeHo B Ta0I. 3.2.

Tabmun 3.2 — Texniuni xapakrepucTuku razonpomuBayis tuny I'IIT-M

Mapka anapara
[TapameTpu

I'I1-5M | TAIT-7M | TAIT-10M
ITpoTyKTHBHICTB 3a Ta30M, M°/TOJ 5000 7000 10000
MaK(?I/Ii\/IaJ'IBHa TemIieparypa ra3y Ha 950 950 950
Bxoni, C

I'I1-5M | TAIT-7M | T AIT-10M
MaxkcuMmanpHu rigpaBIiuamii omip, [1a 1800 1800 1800
3anuieHicTh ra3iB Ha BXOi, T/M° 1o 30 1o 30 1o 30
[TuToMe 3poLeHHs, J1/M> 0,015-0,05 | 0,015-0,05 | 0,015-0,05
JliameTp amapara, M 1,0 1,25 15
Bucora amapara, m 2,9 3,2 3,65
Maca B poGouomy cTaHi, Kr + 20 1000 1560 2200

3.5 YnapHo-inepuiiiHi razonpomMuBavi

B ocHOBi po0oTH IUX amapariB JIEKUTh MPUHLUIT 1HEPLUIAHOTO OCIAAHHA
YaCTMHOK TpPH PI3Kid 3MIHI HampsiMy pyXy ra3oBOTO IOTOKY Haja PIAMHOIO.
KoHTakT razy 3 piiuHOIO 3A1MCHIOETbCS BHACTIAOK yAapy I'a30BOro MOTOKY 00
noBepxHIO piauHHU. [loTiM ra3opiivHHA CyCcHeH3is, 10 YTBOPHJIACS BHACIIOK

ynapy,
yTBOpIOIOThCs  kparuau  gaiametpom  300...400 mMxm. B ymapHO-iHepiiiHUX

MPOITYCKAEThCS  4Yepe3 OTBOpU pi3HOI KoHpirypamii. [lpu mpomy
ra3onpoMuBavax BIJCYTHI 3acCO0M MepeMilTyBaHHsS piauHU. TomMy Bcs eHepris,
110 HEOOX1JHA JJIsi YTBOPEHHS MOBEPXHI KOHTAKTY, IMiJIBOAUTHCS Yepe3 ra3oBUil
MOTIK.

KoncTpykTnBHa cXeMa yaapHO-IHEpLIHHOTO Tra3ompoMuBadya THUITY
ckpyOepa Jloins nonana Ha puc. 3.7.

I'a3 momaethcs mo TpyO1 31 mBuUakicTio 15...20 m/c, ska mpu BUXOII 3
KOHIYHOTO coria jgocsrae 35...55 m/c. Biacranb MiX COIJIOM Ta PiAMHOIO HE
noBuHHa niepeButyBatu 10...20 mm. [Ipu ynapi razy 006 moBepxHIO piIUHU BiH ii
CIIHIOE, CTBOPIOIOYM PO3BUHYTY TOBEPXHIO MacooOMiHy. Ileperopoaku

NpU3HAYEHl 3MIHIOBAaTH HaNpsiM pyXy rasy, L0 CHOpHs€ cemnapaiii CIiHEeHOi
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piauau. IlntoMi BuTpaTu pigvuu cknazgaiots 0,13 /M3, Tigpasniunmii omip
ckpyoepa Jlownsa cknamae 500...1500 ITa.
3I | IOF

4
A
\
/
N v

2.7
- — /7 a Pinunua
1
Pucynox 3.7 — KoHCTpyKTHBHA cxeMa yJapHO-iHepUilHOIO
ckpyoepa doiias: 1 — kopnyc; 2 — tpyba miig mopadi 3a0pyTHEHOTO
rady; 3 — KOHIYHE COIUIO; 4 — MEePEeropoaKu; 5 — mITyuep A mnojadi
plIMHA

Pi3HOBUAHICTIO yHapHO-IHEPUIMHUX Ta30MpOMHUBAYIB € CTaTUYHUUN
poTokiioH Tuy N, KOHCTpYKTHBHA cXeMa SIKOro MojiaHa Ha puc. 3.8.

\T‘ [Imam

Pucynok 3.8 — KoHcTpykTMBHA cXemMa yJIapHO-iHepUiliHOIO
CTATUYHOT0 POTOKJIOHA: 1 — KOpITyC, B CEpPEeAMHI SKOTO PO3MIMIEHUN
KOHTaKTHHUM €JIEMEHT, 10 CKJIAJA€ThCs 3 HAMPaBISIOUMX JIOMATOK 2 Ta
KparieBinoiiauka 3; 4 — mTynep Ui Tojavi 3amuIieHOro rasy; 5 —
MITYyLEep AJIA MoAadl piiuHu; 6 — ITYIEp U BIIBEICHHS OYHUIIICHOTO Ta3y
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IIpoaykTHBHICTH poTOKIOHIB 4...40 Tuc. M3 rasy. llIBuakicTs rasis 10

25 m/c. Butpatn piguau go 0,5 m%/roa. Iigpapniunuii omip pOTOKJIOHIB
1500 ...1900 ITa.

Jlns ouuimeHHs Ta3y Big CepeaHbO- W APIOHOIUCIEPCHOTO IHITY
BUKOPUCTOBYEThCS ~ MUIIOBIOBIIOBaY  tumy [IBM 3 HepyxoMumu
HaIpaBIsSIOYUMU Ta  PyXOMHUMHU KOHTaKTHUMHU NepPEeropoIKaMH.
KoncTpykTrBHa cxema ckpyOepa tuny [IBM nopana Ha puc. 3.9.
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Pucynok 3.9 — KoncrpykTuBHa cxema ckpyoOepa tunmy IIBM:

1 — xopmyc; 2 — BXigHUN NATPYOOK; 3 — BEHTWISATOP; 4 — KPAruIMHOBIIO-
BJIIOBAY; 5 — BEpPXHS MEperopojaka; 6 — MPUCTPii IS MIATPUMYBaHHS
PiBHSI BOJU; 7 — HUXKHS TMEPETOpPOJKa; 8 — Hepyxoma Imeperopojaka; 9 —
pyxoma Ieperopojka

PiBens BoaM 3a meperopoakamMu mnpu poOOTI BEHTHIISTOPA 3Mi1HIOETHCSI.
Pyxoma  meperopoaka  mepeMilllye€TbCcs  BIANOBIIHO 10  BHUCOTHU
MiITPUMYBAHOTO PiBHS BOAW. ['a30BUil MOTIK, MPOXOASTYM Yepe3 LILIIUHY, IO
yTBOpEHa MOBEPXHEI0 BOAM W HIKHBOIO KPOMKOIO HEPYXOMOi MEePEroOpoIKH,
3aXOILTIOE 3 CO00I0 BOy. HaCTUHKH MUY, 110 CEMapoBaHi 3 Ta30BOT0 MOTOKY,
OCaKYIOThCSl Ha TIOBEPXHI MEPETrOpOJIOK, SIKi 3MOYEHI BOJOI0. 3BIATH BOHH
OC1JIat0Th Ha JIHO OYHKepa.

[IpoayKkTuBHiCTs TMIOBIOBIOBaYiB Ty IIBM — 3..40 Tuc. m%rogn.
[Napasniuauit omnip ckiagae 8§00...2000 ITa. KoHueHTpariist mKiJIMBUX PEUYOBUH
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B 3ammiIeHOMy Tasi He Oinbime 10 r/m°. TexHiuHa XapakTepUCTHKA THIIOPO3MIpiB
nuoBIoBItoBaviB Tty IIBM nHaBenena B Tabmuin 3.3.

Ta6muis 3.3 — TexHiuyHa XapaKTepUCTUKA MTUJIOBIOBIIOBaYiB Ty [IBM

, Maca (6e3
: : 0O6’eM BOIM .
Tunoposmip |IIponykrn Tum 1 HOMep B GVHKED BOJIH 1
ITAJIOBJIOB- BHICTb, BCTAaHOBJIEHOT'O YHKEP BEHTWIALIIIHO
3 MUJIOBJIOB-
JroBaya mM°/ron BEHTHJIATOPA 3 ro
J0Bava, M
arperara), Kr

I[1BM 3 CA | 3000 B-I1 14-46 N0 2,5-0,1 | 0,7 747

I[IBM 5 CA | 5000 B-IIIT 7-40 Ne 5-06 1,2 1200

I[1BM 10 CA | 10000 B-IIIT 7-40 Ne 6-06 1,45 2610

I[1BM 20 CA | 20000 B-IIIT 6-45 Ne 8-06 2,2 2625

I[1BM 40 CA | 40000 B-11 4-76 Ne 10-06 5,5 3750

I[IBM 5 KB | 5000 B-IIIT 7-50 Ne 5-06 1,2 1265

I[1BM 10 KB | 10000 B-IIIT 7-40 Ne 6-06 2,3 1828

I[1BM 20 KB | 20000 B-IIIT 6-45 Ne 8-06 3,0 2005

I1IBM 40 KB | 40000 B-11 4-76 Ne 10-06 58 3932

I[IBM 1065 | 10000 B-I1IT 7-40 Ne 6-06 1,45 1520

[IBM 205 | 20000 B-I1IT 6-45 Ne 8-06 2,2 2320

I[IBM 405 | 40000 B-11 4-76 Ne 10-06 55 4150

[TinBunieHHs e(EeKTUBHOCTI MHWJIOBJIOBICHHS CKPYOEpIB JOCSATAETHCS
30UIBIIIEHHSIM BIJTHOCHOI IIBUIKOCTI KpPaIUIMH Ta ra30BOT0O MOTOKY 3a PaxyHOK
BUKOPHUCTAHHSA BIIIIEHTPOBUX CHJI 00€PTOBOTO T'a30BOT0 MOTOKY.

3a KOHCTPYKTMBHMMH OCOOJIMBOCTAMM CKpPyOepH MOIUISIOTHCS HA:
amapatv 3 TaHTEHIIaJbHUM TJBEJECHHSM Ta3iB; amapaTtd 3 3aKpydyBaHHSIM
ra3oBOro IMOTOKY 3a JOMOMOTOIO0 CICHiaJbHUX HAaIMpaBISIFOYMX JIOMaTedl Ta
amapatu 3 00KOBHM pO3TalTyBaHHSIM (DOPCYHOK.

KoHcTpykTuBHAa cxema BIJUEHTPOBOIO CKpyOepa 3 TaHTeHI[ladlbHUM
M1JIBEICHHSIM ra3iB rojaHa Ha puc. 3.10.

B ckpy0Oepax 3 TaHreHIladbHUM T1JIBEICHHSM Tra3iB MIBUAKICTH TA30BOTO
MOTOKY Ha BXoji nocsarae 16..40 m/c, a B mepepisi amaparta 1,2...2.4 wm/c.
3porryBaHHS CTIHOK CKpyOepa 3MIMCHIOEThCS POPCYHKAMU 3 BUTPATAMH PIAMHH
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B kimpkocti 0,5...0,7 n/M3 raziB mig Ttuckom 0,7..3,0 MIla. Bnuseko 40%
KpaILUIMH PiIMHU MIPUIIAJa€ Ha YaCTUHY CKpyOepa, ¢ BBOAUTHLCS T'a30BUH MOTIK.

Texniyna xapakTepuctuka razonpomuBayiB  KoHCTpykuii CHOT
HaBeJeHa B Ta0auIi 3.4.

[mam l T Boza

Pucynok 3.10 — KoHCTPYyKTHBHA cXeMa BiAlIECHTPOBOI0 CKpyOepa

3 TaHreHUialbHUM MiJBeleHHsIM ra3iB. 1- kopmnyc; 2 — wmrtyuep y
BUIJISIZII paBiIUKa JJi1 TAHTCHI[IAJIBHOIO MiJBEACHHS 3alUJICHOTO Ta3y;
3 — marpy0OK 3 CHCTEMOIO 3pOIIyBaHHsS [ moxadi Boau;, 4 —
LEHTPAIIbHUN JMCK; 5 — JonaTi jisl BUPIBHIOBaHHS MOTOKY; 6 — maTrpyooK
JUI BIABEJICHHS OYMIICHOrO Ta3y; 7 — (POPCYHKU JUIsl 3POILUEHHS CTIHOK
cKpyOepa

Tabmuns 3.4 — TexHiuyHa XapaKTepUCTHKA ra30npoMuBaviB (CKpyoOepiB)
koHcTpykuii CHOT

Howmep razonpomuBauin
5 6 7 8 9 10 | 11 | 12 | 13

Iloka3sHuku

[IpoIyKTUBHICTB,
M>/TOJ1 IpH BXi/HiH
IIIBUJIKOCTI, M/C
14 1251175 25 | 35 | 50 | 75 | 100 | 140 | 200
20 175 25 | 35 | 50 | 75 | 100 | 140 | 200 | 280
JliameTp BXiHOTO
naTpyoka, M

530 | 665 | 790 | 940 | 1120 1330 1580 1880| 2240
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BHYTPILIHIA UAMCTP | 1344 | 1506 1806| 2256 2688 3192| 3792/ 4512| 5400
amapara, M
Butparu Boau
(MakcUMaJIbHHUIN), 20128 (39 |55|7,7|110]|155] 22 | 31
m3/ron
KoncTpykTnBHa cxema BIALIGHTPOBOTO CKpyOepa 3 BHYTPIIIHIMH
3aBUXpIOBaYaMu 300paxeHa Ha puc. 3.11.
tor
6 i
i
5 i
. Bona
4 Z —
s
)
3r \y
T i
1 |

l [Imam

Pucynok 3.11 — KoHCTPyKTHMBHA cXeMa BillIEHTPOBOIro cKpyodepa 3

BHYTPIIIHIMU 3aBUXPIOBAYaMM:

1- kopmyc; 2 — mTyuep miaBeACHHS

3aMUJICHOTO Ta3y; 3 — 3aBUXPIOBAY JIJIsl CTBOPEHHSI TAHTCHIIIAIEHOTO PyXy

ra3iB; 4 — 3poiyBay;

MOTOKY; 6 — matpyOOoK J1sl BIABEAEHHS OUUILEHOTO Ta3y

5— po3KkpydyBau Jjisi BUPIBHIOBaHHSI T'a30BOTO

JIis BUaneHHs APIOHMX YAaCTHMHOK MUY BUKOPUCTOBYIOTHCSI CKpyOepu 3
OaraTospyCHUM PO3TAITyBaHHSIM IPUCTPOIB IS 3aKPyIyBaHHS Ta30BOTO MTOTOKY.

Ckpybepu 3 BoasHOw IUIiBKOIO Tuiry [IBII BuKOpHCTOBYIOTBCS IS
OYMIIEHHS MOBITPS BiJl HELEMEHTYBAILHOIO MMy 3 KOHLEHTPaLico 10 2 r/M>,
[TpoIyKTUBHICTh 3aJIEKHO BiJl BXIJIHOT HIBUJKOCTI Ta THUIOPO3MIPY CKJIAJa€e
12,5..200 m%rox. Burpatm Bomm 2..31 M%/rox. CrymiHp OYMINEHHS Tra3iB
nocsirae 97% rinpasniuauiil omip ckinanae Bix 3,6 ['Mla y 3BuvaitHux ckpyOepax,
bie} 80 I'lla — y mBUIKICHUX.

Amnapatu koHcTpyKIlii CHOT BUKOPUCTOBYIOTBCS JUIS YJIOBIEHHS MOKPOTO
nwty. [IpoIyKTHBHICTh 3ajJI€KHO B BXIJHOI IIBUAKOCTI Ta TUIOPO3MIPY
IIBUIKICHOTO TIpoMuBaya cknagae 12,5...200 m%/rox, Butpatu Bogu —2...31 M%/rog.

3.7 IBuakicHi razonpoMuBayi
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[IBuaKiCHI ra30MpoMUBadYl BUKOPUCTOBYIOTHCS JIJIi OUYHMIIIEHHS Ta3iB Bijl
MIKpOHHOTO Ta CyOMiKpoHHOTO mwiay. [lpuHmmm  fAii  MIBUAKICHUX
ra3ornpomMuBadiB abo ckpyOepiB  BeHTypi IpyHTYe€TbCS Ha I1HTEHCHUBHOMY
JIpoOJIeHHI Ta30BMM IIOTOKOM, IO pyXaeTbcs 3 mBHAKICTIO  60...150 m/c,
3pornryrouoi Horo piguHu. Ha IHTEHCHBHICTH OCA/PKCHHS YAaCTHHOK MUY
CYTT€BO BIUIMBAIOTh TYpPOYJICHTHICTh TA30BOT0 TOTOKY MWy Ta KparuiiH
pLAMHU.

3a KOHCTPYKTUBHHUMH OCOOJHBOCTSIMH IIBUAKICHI Ta30mpoMHUBadi
NOJIIAITECS Ha JpocedbHl (puc.3.12, a), 3 pPyXOMHUM JAUCKOBUM
mubepom (puc. 3.12, 6) ta ckpyodepu Bentypi (puc. 3.12, B).

KOH(Y30p
Bona } l Bona audyzop
—_ Bona /—
¢) B — il 3r_, _.or

Bona | or Bona

a) 0) B)
Pucynok 3.12 — KoHeTpyKTHBHI 0CO0/IMBOCTI IIBUAKICHUX
ra3onpomMmuBavis

Ckpybepu BeHTypi 32 KOHCTPYKTHBHUMH OCOOJIMBOCTSMHU BiJIPI3HSAIOTHCS
nepepizoM ¥ JOBXKUHOK TOPJIOBUHHU, CIIOCOOOM TIJBEICHHS 3pONTYyBajbHOI
pIAMHU, KOMIIOHYBaHHSIM TOIIO. 3a KOH(Irypaii€r MONEepeyHOTo Mepepi3y
ckpyOepu Bentypi OyBaroTh Kpyrii, IITUHHI Ta KUIBIIEBI.

KonctpykTuBHa cxema ckpyOepa BeHTypi HIUITMHHOTO Tepepi3y, B SKOMY
pETYJIIOBaHHS IUJIOIII TOPJIOBUHU 3IMCHIOETHCS 3a JOTMOMOTOI0 MOBOPOTHHUX
3aCJIOHOK, MoJIaHa Ha puc. 3.13.

13F Bona

Bona
—




Pucynok 3.13 — KoncTrpykruBHa cxema ckpyOoepa BeHTypi IIJIMHHOIO

nepepizy: 1 — mudysop; 2 — GOPCYHKH HIDKHBOTO SIPYCY 3pOIIyBaHHS,

3 — perymomoBaibHi jomnati; 4 — (GopcyHKa; 5 — KHUILIEHS IUTIBKOBOTO

3polITyBaHHs; 6 — KOHPY30p;

KonctpyktuBHa cxema ckpyOepa BenTypi KijmbiieBoro mepepisy, B sKii
B3JIOBXK OC1 TIEPEMIIIY€ETHCS PETYIIOBAIbHUIN KOHYC, MMOJaHa Ha puc. 3.14.

*31“
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Pucynoxk 3.14 — KoHcTpykTHBHA cXeMa CcKpyOepa BenTypi

KiibueBoro mepepizy: 1 — kopmyc; 2 — perymoBajlbHUM KOHYC; 3 —
madysop; 4 — roprnoBuHa; 5 — KOH(Y30p; 6 — dopcyHKa; 7 — BIAIIEHTPOBUIA
KparuieyJoBII0Bay

[Ipy Benmkmx o0’emax rasiB Il OYMINCHHS 3aCTOCOBYIOTH OartaperiHi
a00 TpynoBi KOMIIOHYBaHHS CKPYOepiB.

I[TpoaykTrBHicTE ckpybepis Benrtypi 2...500 tuc. M3/rox, rigpasiigauii onip
20...30 Ila, mo BuHMKae BHACHIAOK 3HaUHUX IBuUaKocter 40...150 m/c. Burparu
BOJIM Ha 3pOINyBaHHs cTaHOBIATE 0,25...10 11 Ha M® ouMIITyBaHOTO Tasy.

TexHiuHI TMOKa3HUKH CKpyOepiB BeHTypli 3 KUIBLIEBUM MEpPEPI3OM
rOpJIOBUHU HaBeJEHO B Tad. 3.5.

3.8 TexHoJIOTiYHi pO3paxyHKHU NIHHUX MUJIOBJIOBJIIOBAaYiB
B pesynbraTi mpoBeneHHS PO3paxyHKIB BHU3HAYAIOTH ONTUMAJbHI
3HAUYCHHA KOHCTPYKTMBHHMX €JEMEHTIB Ta TIAPaBIIYHAX TapaMeTpiB.

BuximnuMu maHWMMH € BUTPATH OYHWIIYBAaHMX Ta3iB Ta IX TeMmIeparypa,
MOYaTKOBA KOHIICHTPAIIIS MY, TYCTHHA YaCTUHOK MUY, TUCTIEPCIHHUN CKIIa]
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MUy Ta yMOBH, IO HEOOXiAHI [JIi CTBOPEHHSA CTIHKOI poOOTH
MTUJIOBJIOBITIOBAYIB.
['ycTrHa ouHIIyBaIbHUX Ta3iB MPU pOOOYMX yMOBaxX

To-P
T-P,’
ne P, T — daxkruuni 3HadeHHS BiAMOBIAHO abcomtoTHOTO THCKy (KIIa) i
temnepatypu (°K) rasis;
Po,To — 3Ha4deHHS BIANOBIMHO THUCKYy U Ta3y I HOPMalbHHX YMOB
(Po=0,101mITa, To=273°K);
po— IyCTHHA ra3iB IpH HOPMAJIBLHUX yMOBax (Kr/m).

Pp = Po (3.6)
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Ta6mui 3.5 — TexHiuHi nokazHukn ckpyoepiB BeHTypi 3 KijibIIeBOI0 TOPJIOBHHOIO

Mapxka Ckpy6epa
| s| sl s| 8| 8| 8| 8| 8
S I 3 N 3 N N S N N
@ i\ i\ N by = = S S S
HalimeHyBaHHs & S & e S S Q ﬁ S <
2 5| 5| 8| & S S S S S
s 5| E|F|E| 2 | 2| € ¢
S|l 8| B 8| 8|8
IIpoayKTUBHICTE, THC. M3 /TOJI.
MaKCHUMaJIbHa 7 15 30 50 | 180 | 120 180 240 340 500
MiHIMaJIbHa 2 7 15 30 50 80 120 160 240 340
Bucora ckpybepa H, mm 4095 |4980 | 6205 | 7400 | 9160 | 1160 | 13165 | 11060 | 13165 | 14850
Posmipu TpyOu-po3nmioBaya, MM
JiaMeTp TOPJIOBUHU 150 210 | 300 | 400 | 900 | 1020 | 1150 | 1380 | 1620 | 1850
niameTp oOTIYHMKA 90 120 | 180 | 250 | 820 | 920 120 1220 | 1420 | 1620
Xi7 0OTIUHMKA 25 250 | 350 | 350 | 150 | 185 212 245 350 400
Ywciio KparuieysaoBiIOBayiB, MIT. 1 1 1 1 1 1 1 2 2 2
JliamMeTp KparieynoBitoBavya, MM 800 | 1200 | 1600 | 2200 | 1600 | 2000 | 2400 | 2000 | 2400 | 2800
[IBuaKICTh Ta3y Y BUIBHOMY Mepepisi
KparuieyJoBiI0Baya, M/c
MaKCUMaJlbHa 5,0 50 | 50 | 50 | 110 106 | 11,0 10,6 104 | 11,3
MiHIMaJIbHA 1,4 23 25| 30| 69 7,4 7,4 7,1 7,4 7,7
Macca, T 1,14 190 | 3,7 | 6,63 |8,06 | 14,17 | 14,17 | 19,96 | 27,0 | 34,47




[1no11a monepeyHoro nepepizy anapara

5=
Vv

r

, (3.7)

ae V. — HIBUAKICTH Ta3iB B amapari, IKy NpUiMaroTh B Mekax 2,5...4,5 m/c.
JliameTp KopIrycy amapara

o 5 o
T

3a po3paxyHKOBUM JI1aMETPOM Ta MPOIYKTHUBHICTIO BUOMPAIOTH MapKy
amapary 1 3a CTaHJapTHUM J1aMeTPpOM OOUYHCITIOITh (PaKTUUHY TUIOITY Mepepisy:

2
S= % . (3.9)

Y TOUHSIIOTH MIBUAKICTH a3y B anapari

_Qc
Vo= (3.10)

Burparu piaMHu Ha 3pOLIECHHS aapara CKIagaioTh
Qp=0,-S . (3.12)
Nie gy, — TYCTHHA 3DOIIEHHS, SIKY PUIMAIOTH JJisl CEPEHBOPO3UHHHMX Ta3iB
gp=10.. .25M%/M? Oz TA [J1s1 HOTaHOPO3YMHHUX Ta3iB,
dp <100Mm%/M?Tog.
BinbHuii nepepis peliTky BU3HAYAIOTH 32 (GOPMYIIOr0, M3/M?
0,35 0,16 40,37 -0,465 _—-0,53
S =12-V035.q016.¢037. 0465, 5053 (3.12)
ne do— aiamMeTp OTBOPIB B PELIITIH, IPUAMAETHCS 4...8 MM;

H,— BucOTa MiHHOTO MIAapy HAa KOXHIMA peuITii amapara, siKka MpUHAMaEThCs

400...500mm;
pp — FYCTHHA PiAMHH (BOIN).

Biacranp Mixk OTBOpaMH PEIIiTKH, IPU POMOIUHIN CUMETPUYHIN PO3MITII
OTBOPIB
0,091

l=d,- 5,

, (3.13)
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IIPH PSIAKOBIM Ta KBaJIpaTHIN pO3MITIII OTBOPIB

l=dg= |28 (3.14)
So

3aranpHUM T1IpaBIiyHUN OMip MIHHOTO anapara
AP = APy + APy, + AP, + AP, . (3.15)

Cigpasmiunuii omip cyxoi pemitku mpu Sy>18M2%/M? 0GUHCIIOIOTH 32
dbopmyIioro
2
?ppPrV
AP, = PTT T (3.16)

pc 2 52
g0

ae @p— KOe(]iIIEHT MICLIEBOTO OIOPY PEIIITKH, JJIs IPIOHOAIPYACTOI Ta BEIUKO

JIpYacToi peunToK mnpuilmMaeTbcsi piBHUM 1,45. [Insg TpyOuacToi pemiTku
KOe(DIIIEHT MICIIEBOTO OMOPY BU3HAYAIOTH 32 (POPMYIIOIO

¢y =0,225d22°- by ° (3.17)
e d,p,— 30BHIIIHIA TiameTp TPyO periTku, MM;

b,, — MMpHHA IUTHHA, MM.

[Nppasmiunuit omip mapy minu APy, 3HaX0AsTh 3a POpMyYIIOI0
AP, =aH p V%>, (3.18)

ne a — KoedIllieHT, 3HAYEHHS SIKOTO BU3HAYAETHCS THUIOM PEIINTKH (IS
npioHoaipyactoi — 4,38; st Benukoaipuactoi — 3,97; aus tpybuacroi — 4,1).

['apaBaiyHui omip KOpOycy anapaTta BU3Ha4aroTh 3a (POPMYIIOL0

2
AP — aaVI‘ pF
2 2
ne &,— Koe(ilieHT MICLIEBOIO OMOpY amapara, [0 BIAHECEHUH 1O IIBUJKOCTI

, (3.19)

razy B IIOBHOMY IHepepisl, 1 uisl anapara 0e3 KparuieyJloBiioBaya piBHUMA 15, a
JUTS anapary 3 )Kalto31HIM KparjieyaoBitoBaueM — 28.

[NpapaBniyHuil omip Ha MOJOJIAHHA CHJI TOBEPXHEBOIO HATATY PiJIWHU
00UYHCITIOIOTH 32 (hOPMYJIaMU:

JUISL AIPYacToi penriTKu

AP, == (3.20)
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JUIsL TPyOYacTOol pelnTKu

=2
T
JIe¢ C— BEJIMYMHA TIOBEPXHEBOTO HATATY, SKa JJIs BOAM IpH Temriepatypi +25°C
piBHa 6,3-102 H/m.
Opakiiiiny e(heKTUBHICTh OUYHUIICHHS MUAJIOTA30BUX BUKHUIIIB B MIHHOMY

MTUJIOBJIOBITIOBAYEB1 OOUYHCIIIOIOTH 32 (POPMYIIOIO

(3.21)

n; =100-[1-5-1073 - , (3.22)

ne d,;— niamMeTp yacTHHOK (pakuii nuiy;

A — BelMYMHA OBEPXHI KOHTAKTY (ha3, AKa BijHeceHa Ha 1M? pelmiTku
_ 3 13 05 o-247 40,8 125
A—19,6‘10 ‘Vr 'qp ‘So ‘d4 ‘pp y (3.23)
3aranpHa €()eKTUBHICTh MUJIOBJIOBJICHHS B IIIHHOMY amnapari

ISNAQ; M - P

=X (3.24)

ne ®i — BmicT (pakiii B rasax.

KOHTPOJDBHI 3AIIUTAHHA

1. TlosicHITH CyTh MOKPOT'O MUJIOBJIOBJICHHS.

2. HaseniTe knacudikailito MOKpHX MHJIOBIOBIIOBAYIB.

3. Ilpunoun poOOTH 1 KOHCTPYKTHBHI OCOOJMBOCTI  MOPOKHUCTUX
ra3onpoMUBaviB.

4. TlosicHIT pUHIMI POOOTH W KOHCTPYKTHUBHI OCOOJMBOCTI HACAJAKOBUX
ra3onpoMHBayiB.

5. OxapakrepusyiTe TeXHIYHI XapaKTePUCTUKN HACATKOBUX Ta30IPOMHBAYIB.

6. IlpuHuun po6GOTHU, KOHCTPYKTUBHI W TEXHIUHI XaPAKTEPUCTUKH TMIHHUX
MUJIOBJIOBIIOBAYIB.

7. HapexgiTh npuHIMO pOOOTH U KOHCTPYKTHMBHI OCOOJIMBOCTI YIapHO-

1HEPILINHUX ra30IIPOMHUBAYIB.

[TpuHumn poOoTH i XapakTeprCcTUKa ra30IPOMHUBAUIB BIIIIEHTPOBOT Jii.

9. OxapakTepuzyilTe MNPUHIMI POOOTH, KOHCTPYKTHUBHI OCOOJMBOCTI U
TEXHIYH1 XapaKTePUCTUKH LIBUJKICHUX ra30[IPOMHUBAYIB.

o

10. HaBeniTh METONMKY TEXHOJOTTYHUX PO3PAXyHKIB MIHHUX MUJIOBJIOBIIOBAYIB.
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4 3ACOBH ABCOPBHIﬁUHOFO OYNIIEHHA 'A30BUX
BUKUAIB BI/I I'A30- 1 ITAPOIIOAIBHUX PEHOBUH

4.1 ®izuko-xiMiuHi 0CHOBHY OYMILIEHHS ra3iB Bij raso- i
naponoaioHux 3a0pyAHeHb a0COPOLIHUM METOI0M

4.1.1 Cyrb abcopOuiiiHOr0 MeTOy OUMIIEHHS ra30BUX BUKHU/IIB

VY BUKHJaX TEXHOJOTIYHHMX Ta3iB KpIM TBEPAMX YACTHHOK 3HAXOISATHCS
HIKIJJIMBI Ta30- W MapomnoiOHI PEeYOBHMHHU, O SIKUX BIAHOCSATHCS OKCHIU Ta
JTIOKCUIM CIpKH, a30Ty, BYTJICLIO, CIPKOBOJICHD, XJIOP, XJIOPUCTUN BOJEHB TOLIO.
3 METOI0 CaHITapHOTO OYHWIIEHHS NUX MIKIJIMBAX BUKHUIIB Ta BHUKOPUCTAHHS
HariBpaOpUKaTiB, IO BIOBIIOIOTHCS, VIS OJEPIKAHHS KUCIIOT, CIpKH, TOOpUB Ta
IHIIUX I[IHHUX TPOJYKTIB 3aCTOCOBYIOTh Takl (PI3UKO-XIMIYHI Ta XIMIYHI
METO/IH, SIK a0COopOITis, aacopOIIis, TEPMIYHUN Ta KaTaTITHIHUH.

AOcopOI1iiiHI METOJIM OYMINEHHSI Ta31B IPYHTYIOThCS Ha BJIACTHUBOCTI
piauH po3uMHITH ra3u. B mpoiieci abcopOiiii 6epyTh yuacTh J1Bi pa3u — pijaka Ta
ra3ona.

AGcopOrtis — ¢i3UKO-XIMIYHUN TpOIEC BUOIPKOBOTO TMOTJIWHAHHS Tra3iB
PIIMHOIO 3 YTBOPEHHSIM po3uuHiB. JlecopOiiss — mpoliec BUIUICHHS raszy 3
piauHu. PedyoBrHy, sKa MICTUTBHCS B Ta30Bld (a3l i npu abcopOLii NEPEXOAUTh
B PIIKY, HA3UBaIOTh a0COPOLIIITHUM KOMIIOHEHTOM a00 abcopOTuBOM. PeuoBuny,
sKa MICTUThCA B ra3oBid (a3l i mpu abcopOuii HE MepexoauTh B PIAKY,
Ha3UBAaIOTh FA30M-HOCIEM a00 1HEPTHUM Ta30M.

AOGcopOeHT (IorjivMHay) — pevyoBHHA, B SIKIM BIIOYBA€THCS PO3UYMHEHHS
abcopOyBalIbHUX KOMIIOHEHTIB ra3y, 10 OYUIIAETHCS.

AGcopOep — anapart, B SKOMY BiI0yBa€eThCs Mpoiiec adcopoIii.

AGcopOItito mapo3aUsIIoTh Ha (i3UYHY Ta XIMIYHY (XemocopOiiro). [Tpu
b13uuniit  abcopOuii  BimOyBaeThcss  (i3UYHE POZYMHEHHS aOCOPOOBHOTO
KOMIIOHEHTa B PpO3YWHI, [0 HE CYMNPOBOKYETHCS XIMIYHOIO PEAKIIIETO.
AOcopOr11is BiIOYBAaE€ThCsl B BUMAIKY, KOJIM TMapIlialbHUI TUCK aOCOPOOBHOTO
KOMITOHEHTa B Ta3oBiil (a3i Ounblle HOro piBHOBAKHOTO MAPIIaJbHOTO THCKY
KOMIIOHCHTA HaJl JaHUM PO34YrMHOM. UnM Oinbla pi3HUIS MDK IIMMH THCKaMH,
TUM OUIbIIIA pYIIIHA CHUJIAa TIPOLECY M TUM IIBH/IIE BIAOYBaeThCs aOCOpOLLis.

Jliist 6aratopazoBOro BUKOPUCTAHHS a0OCOPOEHT (ITOTJIMHAY) PEreHEPYIOTh
GI3BUYHMMHM METOAAMU: MIJBUILIECHHSAM TEMIIepaTypHu, 3HWKEHHSIM THCKY a0o
CYKYIIHICTIO IUX MapaMeTpiB.

SKI110 KOMIIOHEHT, 110 MOTJIMHAETHCSI, HE MA€ HISIKOI IIIHHOCTI a00 mpoiiec
pereHepariii ayxe TpyJIOMICTKHM, TO MOTJIMHAY BUKOPUCTOBYIOThH JICKIJIbKA pa3iB
1 Ticas BIAMNOBIAHOTO OOpOOJNICHHS CKUAAlOTh B KaHamzamito. lle He €
ONTUMAJIbHUM PIIIEHHSM, OCKUTBKY 3a0pyAHIOE BOAHE cepenoBulie. MeTo, 1o
noeHye abcopOIlito 3 AecopOIliero, A03BOJSIE HE TUIBKKM M00yBaTH KOPHUCHI
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KOMITOHEHTH 3 Ta30BUX CHUCTEM M 3HU3HUTH A0 MIHIMyMYy BUTpaTH abcopOeHTa,
ajie ¥ BIJMIOB1Ia€ BUMOTaM 3aXHCTY JOBKIULIA.

Sk mnornuHambHI PO3UYMHHM NpH (BI3UYHIA aObcopOIii BUKOPUCTOBYIOThH
BOJIy, a TaKOXK OPTaHi4YHI ¥ HEOpraHiyHI PO3YMHH, K1 HE BCTYNAIOTh B XIMIYHY
peakiiro 3 abcopOyBaIbHUMHU KOMIIOHEHTaMH. EdQeKkTuBHICTH Jd00yBaHHS
KOMIIOHEHTa 3 Ta30Boi cyMimi mnpu (i3uuHiii  abcopOuii  MmiJIBUILYIOThH
BUKOPUCTAaHHSAM MPUHIUIY MPOTUTOKY 3 O€3MEpEepBHOIO MOAAauYeto B abcopoOep
CBIKOTO PO3UHHY.

[Ipu xemocopbuii aOcopOyBalbHUIT KOMIIOHEHT BCTYMAa€ B XIMIUHY
peaKIlio 3 MOTJIMHA4YeM, YTBOPIOIOYM HOBI XiMiuHI 3’€THaHHS B PLAKIH Qopmi.
[Tpu nbOMy MOXIIMBI JBa BapiaHTH — MPOTIKAHHS OOOPOTHUX 1 HEOOOPOTHHX
peakiiii. B 000X BuMmaakax piBHOBOXHHUM MapIiialIbHUM THUCK KOMIIOHEHTA, Bijl
SIKOTO OUYHMIIAETHCS T'a3, 3HAYHO HIHKYUM TMOPIBHSAHHO 3 (13u4HOI0 adcopOiiero. B
3B’A3KYy 3 IIUM XEMOCOPOIIHI TpOLEecH MpU PIBHUX yMOBaxX 3 (PI3UYHOIO
abcopOrriero 3a0e3neuyroTh IOBHINIE J00yBaHHS KOMIIOHEHTIB 3 Ta30BHX
cyMimeit. Perenepaiiiro MOMIMHAIBHUX PO3YMHIB BUKOHYIOTH (I3MYHUMHU M
XIMIYHUMHA MeTojamMu. DIi3WyHI METOJAM BUKOPHUCTOBYIOTH MpHU MPOTIKAHHI
OOOpOTHMX  XEMOCOpOIIIMHMX  TMpOIeciB, a XIMIYHI — HEOOOPOTHUX
XEMOCOPOLIHHUX MPOLIECIB.

Sk moryiMHanpH1 PO3YMHM B IIPOLIECT XEMOCOPOIiT BUKOPUCTOBYIOTh BOAHI1
PO3YMHM COJIEH Ta OPraHIYHUX PO3YMHHHUKIB. [lormMHaIbHI PO3UMHM MOBUHHI
MaTH BUCOKY MOTIIMHAJIbHY CIIPOMOYHICTh i CEIEKTUBHICTD 110 BITHOUIEHHIO JI0
KOMITOHEHTA, SIKUW J0OYyBa€eTbCsa, OyTH TEPMIYHOCTIMKMUMH i CIIPOMOKHUMH 10
pereHepariii, He BUKJIMKAaTH KOPO31I0 anapariB Ta MaTH HEBUCOKY I[IHY.

VHiBepcaqbHUX TOTJIMHAIBHUX PO3YMHIB, 110 OJIHAKOBOIO MIPOIO
3aJI0BOJIBHSIIOTh BC1 BUMOTH, B TMPAKTUIl aOCOPOIIAHOTO OYHMIIEHHS Ta30BUX
BUKHUJIB HE ICHY€. B KO)KHOMY KOHKPETHOMY BHUIIaJIKy BUOHPAIOTh aOCOPOEHT,
KU BIJMOBIJAE TOJIOBHUM KPUTEPISIM OMTHMI3AIlli, 0 MOXYTh OyTH PiI3HUMHU
JUISL PI3HUX TpoleciB. SIK TOTJIMHANIBHI PO3YMHU BUKOPHUCTOBYIOTH BOJIHI
pPO3YMHM JIYTIB, KHCJIOT, COJIEH, CIHUPTIB Ta OPraHIYHUX PO3YUHHUKIB.
[TornmuuanbHUW PO3YMH TOBMHEH MAaTHW HE3HAYHY B'S3KICTh Ta TEMIIEpaTypy
KUMiHHSA Ou1bI1y, HiXK Boau (150°C 1 Ounbuie).

OnTtumanbHl  yYMOBH  TIPOIECiB  aOCOpOIIMHOTO  OYMWIINEHHS TrasiB
3a0€31eUyIOThCS  BIITMOBIAHUM  CHIBBIAHOIICHHSM MK  KOHIICHTPAIISIMH
PEYOBHH, 10 OEpyTh y4acTh B aOCOpOLIMHOMY IpPOLECi, B MOMEHT PiBHOBArH,
Ta MBUJKICTIO, 3 KOO TaKa piBHOBara BCTAaHOBJIIOETHCS.

4.1.2 PiBHOBara B cucremMi ras-piamnHa

Jlist BUOOpY ONTHMAIBHEX YMOB IPOIIECY OYMIICHHS T'a30BUX BUKHUJIIB
BiJl Ta30- ¥ maponoaiOHUX 3a0pyJHEHb aOCOPOLIMHMMU METOJaMU HEOOXITHO
PO3TJIIHYTH 3 TIO3UIIA TEPMOJAMHAMIKA CITIBBITHOIICHHS MK KOHIICHTPAIISIMU
piakoi ¥ ra3oBoi (a3, MO0 BCTAHOBIIOIOTHCS MPOTITOM CYTTEBOTO Yacy IOTHKY
da3. PiBHOBara  BHW3HAYa€ThCA  TEPMOJMHAMIYHMMH  BIACTUBOCTSIMU
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KOMITIOHEHTA, 10 J100YBAa€ThCs, W MOTJIMHAIBHOTO PO3YMHY Ta 3aJEXKHUTh Bij
KOHIIEHTpaIlli, TeMIepaTypH il TUCKY (a3.
Cxuan ra3oBoi # pijikoi a3 BUpaKaeThCsl TAKUMU BEJTMYMHAMU:

00'emHa konuentpanis: C, kMoas/m® a6o C . xr/MC:

MOJTbHA YacTKa JJIs Ta30BO1 (pa3u: y , MOJIBHOI YaCTKH, Y , MACOBOI YaCTKY;
MOJTbHA YacTKa IS piakoi a3u: X, MOJIBHOT YaCTKH, X , MACOBOI YaCTKI;
BIZTHOCHA KOHIIEHTpAITisl U1 Ta30B0i (pazu: Y , KMOJIB/KMOJTb, Y, Kr/kr;
BIJIHOCHA KOHIIEHTpaIlisl 11 piakoi gaszu: X, KMOJIb/KMOJIb, X , KI/KT;
napuiagbHUN THCK KOMIIOHEHTA JIJIs Ta30BO1 (ha3u: P_H , [a.

3B's130K MK 3a3HAUEHUMHU BEJIMUMHAMU BU3HAYAETHCS TAKUMH (POPMYJIaMHU.
[TaprianpHUN TUCK KOMITOHEHTA!

abo

P, =Y, (4.1)

P,=C-R-T/M, . (4.2)

[TapuiaabHUM TUCK 1HEPTHOTO rasy:

P, =P(1-y). (4.3)
O0'eMHa KOHIIEHTpAITiA:
C=C/M,.. (4.4)
MosbHa yacTKa KOMIIOHEHTA:
y=C-R-T/P-M,, (4.5)
y=C-R-T/P-M, . (4.6)

BigHocHa KoHIIEHTpAaIlisl KOMIIOHEHTA:

y=C/(P/R-T)M,-C) . (4.7)

CepenHs MoJibHA Maca:
JUTsl Ta30Boi (ha3u

- ; (4.8)

TU1s1 piakoi dasu:
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M, = , (4.9)

ne P — 3aranpHuii Tuck, Ila;
M, — MOJbHA Maca KOMIIOHCHTA,

M;, M, — MOMbHI MacH HOCIsi B Ta30Blii Ta piikux dasax;
T — temnepartypa, °K;

R — yHiBepcanbHa ra3oBa cTala;

Pp — FYCTHHA PiuH, KT/M°.

IIpu aGcopObiii mepexiy KOMIOHEHTa 3 Ta3oBoi ¢a3su B  PIIKY
IPOJOBKY€ETHCS 10 TUX MIp, MOKM MaplialbHUN TUCK KOMIIOHEHTAa B Tra30BId
(a3i craHe pIBHUM THCKY LIbOTO KOMIIOHEHTA HaJl PO3UYNHOM.

Cran piBHOBarm MiX KOHIIEHTpAIIE€I0 Ta3y B Ta3oBiil Ta pinkiil Qazax
XapaKTepU3y€eThCs KOHCTAHTOI (Pa3oBoi piBHOBAru (KoediieHTOM pO3MOALTY),
sKa JIOPIBHIOE BIIHONICHHIO KOHIIEHTpAIlil KOMIIOHEHTa B ra3oBiil (a3l 10 ioro
KOHLIEHTpalli B piJKii ¢a3zi. 3aie’kHO Bl crlocoOy BUPAKEHHSI KOHILIEHTpALli B
ra3oBii 1 piakii (pazax KoHCTaHTa (a30BOi pIBHOBArM Ma€ TaKUil BUTJIAL:

m.=C; /C, (4.10)
Myy =y*/x : (4.11)
My =P /X, (4.12)
My =p /C, (4.13)
m e =y /C . (4.14)

[TozHaueHHsT 3 3IPOYKOI0 BIAHOCATHCSA JO PIBHOBAKHUX KOHIICHTpAIiit
KOMIIOHEHTIB, a 1HAEKCH MPU KOHCTaHTI (pa30BOi PIBHOBATH BITHOCATHCS: MEPILINI
— JI0 OAMHUIb KOHIEHTpaIllli ra3oBoi (a3u; APYyruil — 10 OJMHUIL KOHLIEHTpALi
pinkoi ¢asu. Ko oJuHUI BUMIPIOBaHHS KOHLIEHTpALlli B ra30Biil 1 piakii (azax
OJIHAKOBI, TO CTaBUTbCA OJUH 1HJCKC, a KOHCTaHTa (a3o0Boi piBHOBAru
6e3po3mipHa. B pemti BumaakiB kKoHCTaHTa (Pa30BOT piIBHOBATH Ma€ PO3MIPHICTb.

CmiBBiTHOMIEHHS MK KOHCTaHTaMHM (a30BOi pPIBHOBAru MpH PI3HUX
crioco0ax BUpaKEHHS CKiany (a3 HaBeneHi B Ta0m. 4.1.
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3HaueHHs KOHCTaHTH ()a30BOT PIBHOBAru MiX PiJIKOIO il Ta30BoI0 (hazamu
pu a0COPOLIIMHUX Mpoliecax OYUIICHHS ra30BUX BUKHUIIB JUIS BOJHUX PO3YHHIB
JIESIKMX Ta3iB MPHU Pi3HUX TeMIIepaTypax HaBeeHO B Ta0. 4.2.

Tabmui 4.1 — CniBBiZHOIIEHHS MiZK KOHCTAHTAMM ()a30Boi piBHOBaru
BenuunHa m, m,, m,, m m,
m _ m,, i m,, Mo e L
¢ “p, R-T py-R-T R-T © R.T
Py M
‘R-T _Fp K
myx ¢ p3 - mpx mpc pp e p.M
M,-P P M, -P p
p Py "M,
p, R-T P m,, i - P
mpx mc Mp myx - Mp P M]J
M, -P M
mp m_ -R-T m, — m, —% _ m M,
Py Pp
m - - R-T m M, -P M, m,
pc c MK yx pp'MK | 128 pp‘MK MK

Tabmuis 4.2 — 3HaYeHHsI KOHCTAHTH (Da30Boi PiBHOBAru JJis1 BOJHUX

PO34HHIB rasis

Tas KoncranTa ¢a3oBoi piBHOBaru Mpx 10_4 , kIla mpu Temneparypax
0 10 20 30 40 60 80 100
Boznens 587 | 645 | 693 | 739 | 761 | 775 | 765 | 755
A3sot 536 | 677 | 815 | 936 | 1060 | 1210 | 1280 | 1270
I[ToBiTps 424 | 556 | 672 | 782 | 881 | 1020 | 1110 | 1090
Kucenp 257 | 332 | 405 | 486 | 556 | 638 | 857 | 710
Meran 227 | 301 | 380 | 455 | 527 | 635 | 691 | 710
Oxcun Byrmemro | 356 | 448 | 543 | 628 | 705 | 834 | 857 | 857
Hioxcun Byrmemo | 7,37 | 10,6 | 144 | 18,8 | 23,6 — — —
Okcup a30Ty 171 | 220 268 | 314 | 358 | 424 | 453 | 460
Jliokcu a3oTy 9,86 | 14,3 20 25,9 — — — —
CipKoBOJICHb 2,0 3,70 | 480 | 6,17 | 755 | 104 | 13,7 | 14,3
Xnop 2,72| 3,96 | 536 | 6,70 | 80 | 9,75 | 9,73 —
AneruineH 733 | 9,74 | 12,3 | 14,8 - — — —
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PiBHOBary B cucremi ras-piiitHa BUKOPHUCTOBYIOTh I IOOYAOBHU
3QJIEKHOCTI PIBHOB@)XHOI Ta po0OO0YOi JIIHIM Ha jJiarpami 3aJIe)KHOCTI MOJBHUX
YacTOK MIX Ta30BO0 U pigkoro (azoro kommnoHeHta (X-Y). Bonu paszom 3
PIBHSHHSM MaTrepiaibHOTO OalaHCy BHUKOPHCTOBYIOTHCS JJII PO3PAaXyHKIB
TEXHOJIOTIYHUX ITPOIIeCciB a0CcopOIii.

4.1.3 Kineruka npouecy adcopouii
[Tpu BiacyTHOCTI piBHOBaru Mixk (pazamu BiAOYBAETHCS MEePEXil PpEUOBUHU
3 omHiel ¢asu B iHmry. LIBHAKICTH HBOTO MpOLIECY BUPAXKAETHCS PIBHSIHHIM
Macomnepenadi
U=KyFAC , (4.15)

ne U — maca pedoBHHHU, IO MEPEXOJUTh 3 Ta30BOi a3y B PIJIKY 32 OJMHUIIIO
qacy, KIr/ToJ;
Ky — noBepxHeBuii koediiieHT Macornepenadi (koedimieHT abcopoiii),
kr/m?-cIla;
F — mioma noBepxHi 10TuKy das, M?;
AC¢p — cepenns pymriiiHa cuiia mporiecy, [la.

[Tponec Mmacomnepenaui BigOyBaeThes B /1B cTafii. CriodyaTtky BiI0OyBa€ThCs
NIEPEHECEHHSI PEYOBHHM 3 ra3oBOi a3y 10 MOBEPXHI JOTUKY (a3, a MOTIM BiJ
MOBEPXHI PO3AUICHHS B piaKy ¢aszy. BiamoBimHo 10 1bOro kKoedilieHTH
Macoriepenayi, mo BiHeceH1 10 KoHieHTpalii ra3zy (Ky) abo g0 xoHueHTparii
piauau (Kx), MOXyTh BU3HaUaTHCA yepe3 Koe(IilieHTH MacoBiA1ayl

1K, = 1/By + miBx , (4.16)

abo
1/Kyx = 1/mBy + 1/Bx , (4.17)

ne Py, Px — koedimieHTH MacoBinayl B ra3oBid Ta piakii dazax;
M — KoHcTaHTa (Ha30BOi PIBHOBATH.

3aranpHuil omip nudy3ii Macomnepenadi B piBHSHHI (4.16) momaHuil sk
cyma omopiB au¢ysii razooi (1/By) ta pimkoi (M/Bx) da3. 3a aHajoriero B
piBasHHI (4.17) momanok (1/mpy) xapakrepu3sye orip ra3oBoi (¢a3u, a 10aHOK
(1/Bx) — pinkoi da3u. AHami3 piBHIHB (4.16) Ta (4.17) CBITYUTH, IO 3arajlbHHMA
OITip Macorepeaayl 3aJIeKUTh He TITBKH Bl KoedilieHTiB MacoBigaadi Bx ta Py ,
asie i 3HAYHOIO0 MIPOIO BU3HAYAETHCSI KOHCTAHTOIO (ha30BOi PIBHOBArU.

Jlnst rasiB, mo mo6pe pozurHstoThCs (M < 1), omip pixkoi ¢dasu (M/Bx)
HE3HAUHUM, TOMY HUM MOXXHAa 3HEXTyBaTH. 10/l BIIHOIIECHHS KoedillieHTa
macomepenaui a0 kKoHueHtpamii razy Ky = PBx . Jnsg rasis, mo moraHo
pozumnnstoteess (M > 100), omip pigkoi ¢asu (M/Px) € 3HAYHUM TOPIBHSAHO 3
onopoMm ras3osoi (asu (1/By). B 1poMy BHNaAKy MOKHA 3HEXTYBATH OIOPOM B
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ra3oBiil $azi, a Ky~ m Bx. fAkmo koHncTanTa ¢azoBoi piBHoBaru m = 1...100,
TO Ta3W PO3UMHAIOTECS 3afoBiuThbHO. [lpm BusHaueHni Ky HeoOXimHO
BpaxoByBaTH KoedillieHTH MacoBigaadi B ra3osiil ( By ) Ta piakiit ( Bx ) dazax.
JloOpe po3uMHSETBCS Y BOAI amiak i XJIOPUCTHI BOJICHB, ITOTAHO PO3UYHHSIIETHCS
JIOKCHJT BYTJICITIO 1 33JI0BUIBHO PO3UMHSIETHCS JIOKCHJI CIPKH.

Akmo pyxoma cwia 1mporecy abcopOriii BHpakeHa B 00 €MHHUX
KOHIICHTpAIISAX, TO 3B 30K MK KoedillieHTaMHd MacoBiajadi Jjis ra3oBoi ¢asu

[3r Ta 11 piakoi dazu Bp 3 BIAMOBITHUMHU Koe(dillieHTaMH, KOJIM pyXoMa CHJIa
IpOIIeCy BUPa)KeHA B MOJIbHUX JacTKax Py Ta Px, Takwii:
JUTsI Ta30BOi (ha3um
By=BrP/RT, (4.18)

TSt piakoi (a3u
Bx= B’/ My, (4.19)

ne My — cepeliHa MoJIbHA Maca JJis piaKoi gasu;
P — 3aranbHui TUCK.

3HaueHHs  KoedilieHTIB  MacoBigiaduli Py Ta Bx  BU3HAYAIOThH
€KCIIEpUMEHTAJIbHO, BAKOPUCTOBYIOUM KpUTEPlaabHl PIBHAHHS TUITY

N, = A’ Re" P, ¢ | (4.20)

ne Nu =By /D — xpurepiit Hyccenbra,
Re = w £ /v — kpurepiit PeiiHonbca;
Pr=v /D — mudysiitauii kputepiit [Ipannmis;
I' — cumriekc reoMeTpUYHOI MOA10HOCTI;
A, n, m d — xoe}illieHTH, 3HAYCHHS SKAX BH3HAYAETHCS
EKCIIEPUMEHTAITHUM IUTSIXOM;
{ — miH1iiHKUIA po3Mip;
V — Koe(DIiIlieHT KIHEMAaTUYHOI B’ SI3KOCTI;
® — MBHJIKICTH rasy;
D — koediuieHT nudysii.

O0’eMHI BUTpaTH MNOMIMHAIBHOI PIAUHU PO3PAXOBYIOTh 3 PIBHSHHSA
MaTtepiajibHOro OanaHcy npoiecy adbcopoii. CyTh 6anaHCy ToJisirae B TOMY, 1110
Maca NOTJIMHEHOTO KOMIIOHEHTA, sSiKa BUAUIEHA 3 OYHUIIYBAaHOTO Ta3y, MOBUHHA
OyTH piBHA Macl IIbOr0 KOMIIOHEHTA, SIKa MepeHIIia B piauHy

My = Qr (Kyl — KyZ) = Qp (sz — le) ) (421)

ne M — Maca OTJIMHEHOTO KOMITOHEHTA, sIKa BUIUICHA 3 OYHIIyBaHOTO ra3y, I/c;
Qr — 00’€MHI BUTpaTH OYMILYBAHOTO ra3zy, M°/c;
Qp — 06’ eMHI BUTpaT! NOTIIMHAILHOL piaquHu, M3/C;
Ky1, Ky2 — mouaTkoBa Ta KiHIIEBa KOHIICHTpAIIii Ta30M0Ai0HOT0 KOMIIOHCHTA
B OYMIIyBAaHOMY rasi, r/m3;
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Kxi, Kx2 — mouatkoBa Ta KiHIIEBa KOHIIEHTpAIlii Ta30BOI0 KOMIIOHEHTa B
NOTJIMHANBHIH piguHi, r/M3,

Heo06xiaHa miolia moBepxHi JOTUKY Ta3y 3 PIAMHOIO piBHA
F=10°M/ KaAC¢ (4.22)

ne Ka — moBepxHeBuil koedirieHT Macomepenaud (koedirieHT abcopoOirii),
kr/m?-c-I1a;
AC¢p — cepemns pymriiiHa cuia mporecy, [la.

Koedimient abcopOrii xapakTepu3ye MIBHIKICTb PO3YUHEHHS Ta30BOTO
KOMIIOHEHTa B PIiAWHI Ta BHU3HAYAETHCS 3arajilbHUM OMOpoM Audy3ii IHOTOo
KOMIIOHEHTa 4epe3 Tra3oBy M piAMHHY IUTlBKUA. J{1s no0Ope po3uMHHHMX Tra3iB
3HaYeHHs KoedilieHTa abcopO1lii BU3HAYAETHCS EMITIPUYHO 32 (HOPMYJIOIO

_537-10°-M-@27°.(0,0011- T-0,18)"?°
13,7+ Jo,)-d3?° ’

ne M — MoneKyssipHa Maca KOMIIOHEHTA, 10 NOTJIMHAETHCS, KT
@r — IBUJIKICTb Ta3y y BUIBHOMY Tiepepisi abcopbepa, M/c;
T — abcomoTHa Temrieparypa rasy, °K;

Ka (4.23)

de— exBiBaJieHTHMIA JiaMeTp HacaaKW, piBHUK 30UIBIIEHOMY BUYETBEPO
3HAYEHHIO )KMBOTO MEPEPI3y HACAJIKH, TTOIJIEHOTO Ha 1 MUTOMY IMOBEPXHIO, M.

Cepennst pymniiiHa cuia mporiecy abcopOriii piBHA PI3HHUII MApPIIaIbHOTO
TUCKY KOMIIOHEHTa, IO TOTJIMHAEThCA B Ta3oBid (a3i, Ta pPIBHOBAXKHOTO
MapuialbHOTO THCKY IIbOTO KOMIIOHEHTa HaJ TMOTJMHAIBHOI piauHOM0. Jis
MiApaxyHKy CepeaHboi pyHIHOT cuiu  abcopOIii  3HAXOMATH  CEpelHE
apudmeTnyHe, BUXOJ4M 3 ii 3Ha4eHb Ha BXOA1 ¥ BUXO/1 3 abcopOepa. SAxiio mi
BEJIMYMHU BIJIPI3HSAIOTHCS OUTBINNE SK B JBA pa3H, TO B 3AJICKHOCTI BiJl XapaKTepy
pyxy ¢a3 B amapari KOPUCTYIOTbCS OJIHUM 13 PIBHSIHB JJIS MiJIPAXyHKY CEPEIHbO1
JorapuMIYHOT BEIMYUHU:

JUTS TIPSIMOTOKY

‘LJ’ ACcp — (yn _yrc)_(yx _y:c) . (4.24)
IN((Yn =Yn)/ (Vi = Vi)

VI IPOTUTOKY

IMCq = Un=Yi)=u=Yn) . (4.25)
IN((Yn =)/ Y =Yn))

IS TIEPEXPECHOTO TOKY
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L ACq = (Yn _y;?k_ (Yn —YTi) _Yn—Yx ’ (4.26)
IN((Yn =Yn)/(Yn —Y&)) 2

e Yn, Yk — MOJBHI KOHIICHTpaIlii KOMIIOHEHTa B ra3oBiii ¢a3i Ha BXOHl B
abcopOep Ta Ha BUXO/I;

Yn*, Yx* — MOJIbHI piBHOBa)KHI KOHIICHTpAllii KOMIIOHEHTa HaJl PO3YNHOM Ha
BXO/I1 B abcopOep Ta Ha BUXO/.

MoJibHa YacTKa KOMITOHEHTA B Ta30Bil CyMiIIIi:

Y=C-RT/P-M , (4.27)

ne C —o06'emna KOHIICHTpAIIis, KI/M3;
R — yHiBepcasibHa Ta30Ba cTala;
T — Temnieparypa, °K;
P — tuck, Ila;
My — MOJTbHA Maca KOMITOHEHTA.
Pymiiitny cuny mnpouecy abOcopOiii MOXHa BUPa3UTH YEpe3 YHUCIO
OJIMHHUIIb TTIEPEHOCY
ACep = (Yn—Yx) / Nor , (4.28)

ACep = (Xn—Xk) / Nop (4.29)

ne Nor , Nop — 4YHMCIO OJUHUIL TEPEHOCY, IO BIJIHECEHO BIAMOBIIHO JI0
KOHIIEHTpAIlli ra3y Ta piuHY, sSKi BU3HAYAIOTh 32 (popMyiamMu
Nor = Ky-F/ Go (4.30)

Nop = KxF / Lo ) (431)

ne Go Ta Lo— BuTpaTtu razooi Ta piakoi ¢as, Kr/ro.
3B's130k Mk BeimuuHaMU Nor Ta Nop ONTUCY€ETHCS pIBHSIHHSAM

N()p: Nor'(m / Io) y (432)

ne lo = Lo / Go, ToOTO BigHOIIIEHHS BUTpAT PiAKOT a3u 10 ra30Boi.
3arajbpHe YKCIIO OAUHMIIb IEPCHOCY BU3HAYAIOTH 32 (POPMYJIOL0

1/Nor =1/ny+m-Go/ lony , (4.33)

1e Ny, Nx — 9YUCJIO OJWHUIIL IEPEHOCY, BIAMOBIIHO, B ra30Bid Ta piakiil ¢azax,
10 X OOYMCIIOIOTH 3a JOIOMOTOIO PIBHSIHb

ny = By-F / Go, (4.34)

Nx = BeF / Lo . (4.35)

JIisi BU3HAYEHHS 4YHCJIa OJMHUIL TEPEHOCY BUKOPUCTOBYIOTH METOJU
rpadiguHOro ab0 YMCIOBOTO 1HTErpyBaHHA Ta rpadiunuil. ['padiuynuii MeTon
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JI03BOJISIE OTPUMATH 3a/I0BUIbHI PE3YNIbTATH 1 € HaWMEHII TpyAoMicTKuM. Jlms
BU3HAUCHHS 4YHCIa TIEpeHOCY TpadiyHUM METOJOM OyIyroTh diarpamy y-X
(puc.4.1), Ha sKy HaHOCATH pobouy JiHiI0 AB Ta minito piBHoBaru OC.

Ha rpadiky npoBoasaTs cepennio giHir0 MN, 1110 MpoXoauTh 4epe3 TOUKH,
K1 JUISITH, HABIUI BIJAPI3KM OpJAMHAT MDK poOodoro JiHiero AB Ta minHi€ero
piBaoBarn OC. IlotiMm 3 Toukm B, mo xapakrepusye KiHIIEBUW CTaH Tasy,
npoBoAsThH JdiHiI0 BD 10 nepetuny 3 cepenuporo minietro NM 1 nmpogoBxyroTs ii
1o nepetuny 3 diHiero piBHoBaru OC. Otpumytots Touky E. [Ipudomy Bigpizok
BD nopisaioe Biapizky DE. [lotim 3 Touku E Oynyrots nepnenauxymsp EF no
oci OX mo mepetuny 3 pobouoro jiHiero AB 1 BinMivaioTe Touky F. [Ipudaomy
notpumyethesi BuMora EF = 2 KD = KL. Bigpizok EF BimoOpaxkae 3miHy
KOHIICHTpAIIii ra3y, 0 BIAMOBIAa€ OAHIM OAMHHUII mepeHocy (cxoauHka BEF).
[TponoBxyroun aHamoOTi4HYy MOOYAOBY CXOJMHOK JIO MOYATKOBOTO CTaHy Tra3y
(Touka A), BU3HA4yalOTh YMCIO OJIMHHUIIL MEPEHOCY. SKIo B KiHII MOOYI0BU
OTPUMYIOTH HEMoBHY cxoauHky (PZ < RZ), 1o ii mpuiimMaioTh 3a TMOBHY
CXOJIMHKY, a00 pO3PaxOBYHOTh TOYHO TaK, SIK BiAHOIICHHS Biapi3kiB AP:ST.
['padiunmii MeToj 103BOJIIE TOYHO BUKOHATU PO3PAXYHOK YMCIA OJUHHUIID
nepeHocy, sKio JiHis piHoBaru OC He 3HaYHO BIAPIZHAETHCS B1JI MIPSMOI.

Y N

Y, avd N

F
K
.k
v, oD d
E >
M
L

© X

Pucynok 4.1 — Bu3HaueHHs 4YHCJIa OMHUID NepeHocy rpagivuum

METOA0M
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I'eomeTpuyni nmapamerpu abcopOepiB (J1amMeTp i BUCOTA) Ta iX KUIBKICTh
BU3HAYAIOTHCS HEOOX1THOIO IJIOIICIO B3aeMO/I1i (a3

F=S.-Ha-a, (4.36)

ne Sa — mIoma nepepizy abcopoepa, M;
Ha — Bucota abcopbepa, M;
a — NMTOMA IOBEPXHS KOHTAKTy (a3, M2/m>,

Jlnis 3017IbIIeHHS] TUTOMOI TTOBEPXHI KOHTAKTY ra3zy 3 pIAMHOI0 B PI3HUX
TUnax  abcopOepiB  BUKOPHUCTOBYIOTH  HACalKH, TapuIKd, MEXaHIYHi
nepeMilryBadi Ta po3MUIOBayl piIuHH.

4.2 Knacugikauiss TeXH0JI0Ti4HOT0 0012 IHAHHS 115 a0copOuiiiHoro
OYMILEHHS ra30BUX BUKU/IIB

VY BHKHMIAX TEXHOJOTIYHMX Ta3iB KpIM TBEPAMX YACTUHOK 3HAXOASTHCA
HIKIJTUBI Ta30- ¥ maporoaioH1 pedoBUHU. [0 UX peYOBUH BIJHOCSATHCS OKCHUIM
Ta JIOKCHIIM CIPKH, a30Ty W BYIJIELIO, CIPKOBOJIEHB, XJIOP, XJIOPUCTHM BOJICHB
TOIO. 3 METOI0 CAHITAPHOIO OUMIICHHS Ta30BUX BHUKHUJIB Bl IUX IIKIJTUBUX
IHTPA/IIEHTIB Ta BHUKOPUCTAHHS HamiBGaOpUKaTIB, 10 BJIOBIIOIOTHCS, IS
OJIEp’KaHHs KHUCJIOT, CIpKH, JOOpUB Ta IHIIUX MPOAYKTIB 3aCTOCOBYIOThH
abcopOmitHuii  Meto. Di3uKo-XiMiYHUI MeToa alcopOiii TPYHTYETbCS Ha
BJIACTUBOCTI PIAVH PO3YMHSATU ra3u, TOOTO BUOIPKOBO MOIJIMHATY Ta3u PIAWHOLO 3
YTBOPEHHSIM PO3YHHIB.

JInst BUpIIIEHHSI TEXHOJOTIYHUX 3a/lad 3 OYMIICHHS BHUKHU/IIB Ta3iB Bij
ra3zo- ¥ mapomnoi0HUX PEYOBHH BUKOPUCTOBYIOTHCS P13HI 32 KOHCTPYKTUBHUMU
ocobmuBoCTSIMH abcopOepu (puc. 4.2).

HacankoBuii abcopOep mnpeacTaBisic cOOOK KOJIOHY, IO 3alOBHEHA
Hacagkoro. B HacankoBux abcopOepax KOHTAKT rasy 3 piAMHOIO BiOYBAa€ThCS B
OCHOBHOMY Ha 3MOYCHIM MOBEPXHI HACAJKH, MO SIKIi CTIKa€ 3pOIIyBajibHA
piguHa. Pyx ra3opiiIMHHKX MOTOKIB B HACAJAKOBUX abcopOepax BiOYBAEThC, K
MpaBuUjIO, TMPOTUTOKOM. [igpaBiaiuHMii peXuM 1 e(EeKTUBHICTh poOOTH
abcopOepa BU3HAYAIOTHCS TUIIOM HACAJKU Ta CIIOCOOOM 11 yKJIagaHHs.

J11st 3amoBHEHHS KopItyca abcopOepa BUKOPUCTOBYIOTH KIJIbIIEBY HACATKY
(ximpris Jleccinra, IMamns, Pamrira), y Burnsial ciana (ciana bepns, [atanoxc),
XOp/IOBY, TUIOCKOTapaienbHy, miaBawody i 0o4ny Hacaaky. [lutoma moBepxHs
KOHTaKTy (ha3 B LIUX HAcajkax cTaHOBUTH a = 50...500 M%/M>, a exBiBaneHTHUIA
niametp de = 0,006...0,06 M>.

CyTTeBO BIUIMBAaE Ha €(EKTUBHICTH POOOTHM HACAIKOBUX abcopOepiB
PIBHOMIPHICTh PO3MOALIY PIAMHU Ta Tra3y IO MOMEPEYHOMY Mepepisi amapara.
Pinuna mo HacajI cTikae y BUTJISAI TUTIBOK, MOTOKIB U Kpanenb. Ha BiaMmiHy Bi
ra3iB, BOHa HEPIBHOMIPHO PO3MOAUIAETbCA MO (POHTY Hacanok. ToMy piauHy
MOTIEPETHHO PIBHOMIPHO PO3MOIUISIOTh MO TOPIAX HACATKU 32 JOTIOMOTOIO
3pOIIYBAIIbHUX MPUCTPOIB.
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[HTEHCHUBHICTh MacCOOOMIHY, JOMYCTHUMA IIBUJKICTh ra3y W TiapaBaidyHUN
OMip HAacaJK{d BU3HAYAIOTHCS KIIBKICTIO yTPUMYBAaHOI Ha HacaAlll piJUHH,
BEJIMYMHA SKOI 3aJIeKUTh Bl TUIY HACaJKW. 3aJ€KHO BiJ HIUIBHOCTI 3POILIECHHS
(6...12 M/rox) ¥ mBUAKOCTI TazoBoro motoky (0,5...1,0 m/c) rimpoauHamidHi
peKUMH  HacaJgkoBuUX abcopOepiB  Taki: IUIIBKOBUM, IMIJABINIYBaHHSI U
eMyJbryBaHHsa.  [ITIBKOBHIT ~ PEXUM  XapaKTEepU3YETbCA  HE3HAYHUMH
HABaHTKEHHSMH 32 Ta30M i piauHOo0. PexxumM miABilIyBaHHS HAcTa€, KOJIU MpPU
30UTBIIEHH] IIBUAKOCTI BUCX1THOTO TOTOKY Tazy MIBUJIKICTD CTIKaHHS piz[I/IHI/I o
HacaJIll 3MeHITyeThes. [Ipu 1iboMy peskumi BlI[6yBa€TBC}I HAKOTIMYCHHSI PIIVHU B
MICISIX KOHTAKTy HAacaJIKd 1 30UTBITYEThCS KUTBKICTh PIAMHU, IIIO YTPHUMYETHCS.
Pesxxuim eMynbryBaHHS BiIOYBa€ThCS BHACHIOK 3HAYHOTO HAKOIMYCHHS PiIUHU B
Hacaami. ['a3 He MPOXOUTh CYHUJIBHUM MOTOKOM, a 0apOoTye Yepe3 piauHy, 10
HaKONUYMJIach B Hacamil. Llel pexkuM BiJMOBIIa€ MaKCUMAaNIbHIN €(h)eKTUBHOCTI
HACaJKOBUX KOJIOH, OCKUIbKM 30UIBIIYETHCS TOBEPXHS KOHTaKTy (a3 3a
PaxyHOK YTBOPEHHsI OyJIb0OaIIoK.

Hacamgouni
| [ToBepxHeBi /
\ [11BKOBI
3 cyliIbHUM 6apOOTaKHUM IIApOM
. TapingacToro TuIm
- bap6oTaxHi p y

3 IU1aBa0YO0 HACAJIKOIO

Bap6oTaxHo- 3 MeXaHIYHUM MEepPEeMIillTyBaHHSIM

] PO3MUITIOBAJIBbHI p1aAMHA

AbGcopbepu
I

[TycTotini popcyHouHi

- Po3muiroBanbH1
Tpyou Bentypi
3 MeXaHIYHUM PO3IMUITIOBAHHIM
L ExexTopHi
OnHOCEKIIHI
— Buxpesi 4 JIBoceKwLiiiHi

OnHOIOJINYHI




Pucynok 4.2 — Knacudikauisi abcopoepin
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[Ipunmun  pobotu  OGapboTaxkHux  abcopOepiB  IPYHTYETbCS  Ha
nmpoxopkeHH1 (OapboTraxi) OynpOamiok rasy uepe3 map piauHu. [loBepxHs
MacooOMiHy B 6apOoTaxkHMX abcopOepax, Je piauHa € CYIIpHO0 (a3010, a ra3
— JUCIEPCHOIO, €KBIBAJICHTHA CyMapHiN MoBepXxH1 Oyiap0amiok razy abo IiHH,
[0 yTBOPIOETbCS mpu OapboTaxki. bynpOamikoBa MOBEpXHS MacOOOMIHY
YTBOPIOETHCS TUIABAIOUOIO0 HACAAKOIO a00 3a IOMOMOTOIO TapiioK, sIKl 3aJIeKHO
BiJl croco0y oprasizaiii pyxy rasy i piiuHu OyBarOTh MEPEXPECHOrO THILY,
OPSIMOCTPYMUHHI W TPOTUCTPYMHUHHI. [[ns1 301IbLICHHS CTYNEHIO OYMIICHHS
ra3y BUKOPHUCTOBYIOTh amapard, B SKHUX MO BHUCOTI BCTaHOBIIOIOThH JIEKLIbKa
CTYIICHIB.

3ane)XHO BiJ KOHCTPYKIIi TapuIOK W MIBUAKOCTI TMPOXOKEHHS Ta3y
PO3PI3HAIOTH TPH TIAPOJAMHAMIYHI PESKUMU poOOTH OGapOOoTaKHUX abcopOepiB:
Oynb0anIKoBUM, MHHUM Ta MOTOKOBHUM. bynbOamikoBuii (6apOOTaXKHUM) PEKUM
XapakTepusyerbes mBuakocTsMu razy 0,3...0,4 m/c, sskuil pyxaeTbes yepes map
pIIMHU Y BUIISIAL OKpeMux OynbOamiok. [loBepxHs MacooOMiHY TpH LOMY
MOPIBHSHO HEBEJIMKA 1 3aJIeKUTh BiJ AlamMeTpa Oyiap0aliok rasy, 1o mpoxoasiTh
yepe3 map piauau. [Ipu 301IbIIEHH] MBUAKOCTI NpOXOKeHHs Tra3y 1o 0,5...
3,0 M/c GapOoTaXKHUI PEKUM MEPEXOUTh B MHHUI. BHACTIIOK 1HTEHCHBHOTO
NOJPIOHEHHS MOTOKY Ha MUIKI OyJbOalIKd i TOTOKH YTBOPIOETHCS CYLIIbHHMA
map miHu. Ilig Ji€l0 ra30BOro MOTOKY BiOYBAa€ThCS BIAPUB PIAUHU 3
YTBOPEHHSIM JpIOHUX Kpameib W IUIBOK. Y TBOPIOETHCS PO3BHUHYTAa MOBEPXHS
MacooOMiHy, 10 30UIbLIye TMPOAYKTUBHICTE ¥ €QEKTHBHICTH POOOTH
abcopOepiB. [Ipu nmomanpmomMy 301IbIIEHH] IBUIKOCTI ra3y po3Mip Oyinb0OamIok
! TOTOKIB 30UIBIIYETHCA 1 MIHHUA PEXUM NEPEXOAWTh B MOTOKOBUW. BiH
XapaKTEpU3y€eThCS YTBOPEHHSIM 3HAYHOI KIJIBKOCTI BEJIMKUX Kparelb i MIIBOK,
[0 TPUBOAUTHL JIO PI3KOro 3OUIBIICHHS IOBEPXHI MacooOMiHy, TOOTO
1HTeHcupikalii nmporecy oyuineHHs ras3is. [Ipu moTOKOBOMY pekuMi CYIUTHHOO
¢dazoro € rasz, a piiuHa PO3MUIIOETHCS HA KParui.

[Ipuntun  poboTH poO3NMUWIIOBANLHUX abcopOepiB  TIPYHTYEThCS Ha
po3nuiIeHH! piaguHU B moToll razy. CyiminbHow (a3oro B 1ux abcopOepax €
ra3oBUi TOTIK, a JUCHEPriBHOIO — piguHa. [loBepxHs MacooOMiHy piBHA
CyMapHii MOBEpPXHI Kpareib, MOTOKIB i IUIIBOK, [0 YTBOPIOIOTHCS B arapari
npy po30pHU3KYBAHHI PIAMHU. 3a CNOCOOOM YTBOPEHHS MDK(a3HOI MOBEPXHI
pO3NMIIOBANIbHI abcopbepu OyBatoTh (POPCYHKOBI, IIBUIKICHI MPAMOCTPYMHHHI1
Ta yAapHOi Jii.

Mixda3oBa mnoBepxHd B (PopcyHKOBUX abcopOepax (opmyerbes 3a
PaxyHOK pO3NUIIIOBaHHS PIAMHM B amaparti 3a jonomororo ¢opcyHok. Pyx ¢as
MOXe OyTH TPSIMOCTPYMHUHHHUM, TPOTUCTPYMUHHUM a00 TEPEXpPEeCcHUM 3
pajiaibHUM, TaHTCHIIAIbHUM a00 OCHOBHUM BBEJCHHSM Ta3y. 3a MEXaHi3MOM
NoIPIOHEHHS CTPYMEHS PIAMHM Ha Kparuti (OpCYHKH € MEXaHIYH1, THEBMAaTHYHI
Ta 3 00epTOBUM poOOYMM opraHoM. EdeKkTuBHICTH MOAPIOHEHHS PIAMHU Ha
KparuIi BU3HAYA€EThCS MIBUJIKICTIO BUTIKAHHS CTPYMEHIB.
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B npsMOCTpyMUHHUX pO3NUITIOBAIBHUX abcopOepax pOo3MUICHHS PiAMHU
BIJIOYBAETHCS 32 PAaxXyHOK €HEprii razoBOro MoToKy. 3a CIOcOOOM YTBOPEHHS
MDK(}a30Boi MOBEPXHI MBUAKICHI MPSIMOCTPYMHUHHI PO3MUIIOBAIBHI abcopOepu
OyBaloTh JBOX THUHIB. B aOcopbepax mepmioro TUITY PO3MUIIOBAHHS
B1IOYBa€ThCS 3a PaxXyHOK €Heprii rasy IpH IUIBKOBOMY, CTPYMHUHHOMY a0o
dbopcyHKOBOMY MiJIBEICHH] piAMHU. B rasompoMuBayax Apyroro TUITy piAMHA
PO3MIIIIOETHCSA 32 PAaxXyHOK €HEprii rasy Mpu ynaapli ra3oBOro IMOTOKY B
MOBEPXHIO PiIUHHU.

[HTEeHCHBHICTE MacoOOMiHY B IIBHAKICHUX IPOMHBA4Yax THITY TPYyO
BeHTypi 00yMOBIIOE€TBCS HE TUIBKH PO3BUHYTOIO MTOBEPXHEIO KOHTAKTY (a3, ame
1 BEIMKUMU IIBUIKOCTSIMU KOHBEHTUBHOI (TypOyseHTHOi) nudy3ii. LIBuakicTh
pyXy Ta3y B TOpJIOBHHI MIBHAKICHOTO abcopbepa mocsrae 50...150 m/c. Yum
OilbIa MBUAKICTh, TUM OUIBII TOHKE AMCIEPrYBaHHS PIIUHU JOCSATAETHCS, a
3HAUUTh 3pOCTAaE MOBEpPXHS Maconepenayi. [Ipu mBUAKOCTI Ta3y B rOpJIOBUHI
150 m/c yTBOPIOIOTHCS Kparuil piiiHA po3MipoM 50 MKM.

Amnapatamu, B SKUX TOBEPXHS MacOOOMIHY YTBOPIOETBCS TIpH ynapi
ra3oBOro NOTOKY B ITOBEPXHIO PIMHU, € cKpyOep Jloiis Ta poTokiaoHu. B nux
amaparax, KOJH Ta3 yJIapsi€ThCs B MOBEPXHIO PIAUHU, BIH ii 3MIHIOE 1 YTBOPIOE
PO3BUHYTY MOBEPXHIO MacOOOMIHY. IHTEHCUBHICTh cemaparlii 3MHEHO1 PiIUHU
30UTbIIYEThCS BCTAHOBJIICHHSM B amapari MeperopojokK, IO 3MIHIOIOThH
HaIPSIMOK PYyXy ra3iB.

B mexaniunux abcopOepax 1HTEHCHUBHICTH MAacOOOMIHY JIOCSTA€ThCS 3a
JIOTIOMOTOI0  00€PTOBOTO  PO3MHIIIIOBAIILHOTO poTopa. OO0epToBHil  poTOp
pPO3MIILIY€EThCSI  TOPU3OHTANBHO  a00  BepTukanbHO. Ilpm  obepranHi
BEPTUKAJIILHOTO Bajia piMHA Tij JI1€I0 BIALEHTPOBOI CHJIA TOHKOIO IUTIBKOIO
MIHIMAETBCA TI0 BHYTPIINIHIA TOBEPXHI KOHYCHHUX €JIEMEHTIB 1, Majaroyu 3
KPOMKH, TOAPIOHIOEThCSI HA MIJIKI Kpamii. YTBOPIOEThCS TycTa 3aBica
KpamnenapHOl piauHU. 3a0pylHEHMI Tra3 MPOXOAUTh 4Yepe3 If0 3aBicy 1
OuuIyeThcd. B amapatax 3 TOpU3OHTAJIBHUM  PO3MIIIEHHAM  BaJia
pPO30pU3KYBaHHS PIJIMHA BUKOHYETHCS JIOMATAMHA a00 JUCKAMH, 110 PO3MIIIEH]
Ha 00epTOBOMY BaJti. IHTEHCUBHICTh PO3MUJICHHS B HUX PIJUHU MEHINA, HIXK B
NONEepeIHIX anaparax.

Pi3HOBuAHICTIO mMiHHMX aOcopOepiB € IUMKIOHHO-MIHHI amnapari.
HasiBHICTh TaHTEHIIIAJILHOTO T1JIBEICHHS Ta BUCOKA MIBUIKICTh PyXy rasiB (110 7
M/c) 3a0e3nevyloThb 3HAYHUWA TYpOyJEHTHUH peXUM B3aemonii (a3, 0o
30UTbIIy€E €(PEKTUBHICTh OYMILEHHS Ta3iB. LIMKIOHHO-TIIHHI anapatu 310pajiv B
co0l mepeBaru LUKIOHHUX (BIJUEHTPOBI CHJIM Ta30BOTO IMOTOKY) ¥ MIHHHUX
(3HaYHa MOBEPXHS KOHTAKTY (ha3, 1o 0e3nepepBHO MOTIOBHIOETHCS) allaparis.

Jlnst inTeHcudikarii abcopOIiHUX MPOIECIiB BUKOPUCTOBYIOTHCS (Di3UUH1
METOJM B3a€EMOJII Ta CTBOPIOIOTHCS MPHUHIIMIIOBO HOBI KOHCTPYKIII amaparis.
@i3uyHIMHA ~ METOJaMHM  1HTEHCH(pIKaIlii  OYMINCHHS Ta30BHX  BUKHUJIIB
abCopOIITHUM METOAOM € 30UIBIICHHS TOBEPXHI KOHTAKTY (ha3 MIISTXOM
TOHKOTO JHUCTIEPTYBaHHSI CTPYMEHIB PIAMHHU a00 Ta3y, 30UIBIICHHS IIBUIKOCTI
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PYXy B3a€EMOJIIMHUX TIOTOKIB, IOBEPXHEBAa KOHBEKIlSI W TypOYJEHTHICTb,
BiOpallisi, Iynbcallis, HaKJIaJaHHSI eJEeKTPOMArHiTHUX, EJICKTPOCTAaTUYHUX,
yIIBTPa3BYKOBUX IOJIIB TOIIO.

4.3 IloBepxHeBi HacaaKOBi abcopoepu

B moBepxueBux (HacaakoBux) abcopOepax KOHTAKT Ta3zy 3 PiIUHOIO
BiIOYBa€ThCS HA 3MOYCHIM TMOBEPXHI HACAJKH, MO SIKIM CTIKae 3poIlryBajbHa
pianHa. 3aneXHO BiJl HIUIBHOCTI 3pOUIYBaHHA W HIBUIKOCTI Ta30BOTO MOTOKY
HacaakoBl abcopOepu MOXYTh TMpalloBaTH B PI3HUX TiAPOAMHAMIUYHUX
pexuMax: MIiBKOBOMY, IMiJIBIIIYBAHHS, EMYJIbI'YBaHHS Ta BUHECCHHS.

[11iBKOBUI pexUM XapaKTepU3Y€EThCS HEBEIUKUMHU HABAaHTAKEHHSMU 32
razoM Ta piauHolo. IIpym 1BbOMY cHoCTepiraeTbCs HE3HAUHAa B3aEMOJIS MIXK
pinuHOIO Ta ra3oM. KinbKicTh yTPUMYBaHO1 HACAJIKOIO PITMHU HE 3aJIEKUTH BIJ
MIBUAKOCTI Ta3y. Omip HacaJKu MpU TaKOMY PEXHUMI MPSIMO MPOMOPLIHHUIMA
KBaJIpaTy IIBUJKOCTI T'a30BOI0 MOTOKY.

Pexxum minBillyBaHHS HACTa€ y BHUMNAAKY, KOJM MpuU 30UIBIICHHI
IIBUJIKOCTI BUCXIJTHOTO MOTOKY a3y HMIBUJAKICTh CTIKaHHS PIJWHU MO HAcalli
3MEHIYeThCsl. Bin0yBaeTbcsl HAKONMWYEHHSI PIAUHU B MICHSIX KOHTAKTY
HACaJKOBUX TUI 1 30LIbIIYETHCA KUIBKICTh YTPUMYBaHOi pinuHu. [Ipu Takomy
pPEXHUMI CIOCTEPITa€ThC pi3Ke 30UIBLIEHHS ONOpY 3MOYEHOI HAcaJKu MpH
HE3HAYHOMY 30UIbIIEHH] HMIBUAKOCTI ra3y. 30LIbIIYEThCA 3MOYEHA I aKTHBHA
MOBEPXHS HACAJIKH, IO CIPUsE IHTEHCU(DIKaIli MACOOOMIHY.

Pexum emysnbryBaHHsI BiIOYBAa€ThCS BHACHIIOK 3HAYHOTO HAKOIIMYEHHS
pimuHA B Hacanami. ['a3 mpu 1bOMy HE MPOXOJHWTH CYLUIBHHUM TIOTOKOM, a
0apOoTye uepe3 piivHY, 10 HAKOMHMYWJIach B Hacaialil. PexXuMm eMylsbryBaHHS
BIIMOBIZa€  MaKcUMalbHIA  e(EeKTUBHOCTI HacaakoBux abcopOepiB. lle
BiJIOYBAETHCSI BHACIIJIOK 30UTBIICHHS] TOBEPXHI KOHTAKTy (ha3, sika TpH I[bOMY
PEXHMMI BU3HAYAETHCA HE TIIbKM I'€OMETPUYHOIO NMOBEPXHEI0 HacalkH, aje
MOBEPXHEI0 OyIbp0AaIIoK i CTPYMHH Ta3y B PiAUHI.

Pexxum BHHECEHHS PIIMHU TOYMHAETHCA TOMII, KOJW IIBHJKICTh Traszy
NepeBUIIy€e MIBUAKICTh, IO BIAMNOBINAE peXUMY 3axiauHaHHA. [Ipu Takomy
pEeXHUMI ra3 3HOBY CTa€ CYLUIbHOIO (ha3010 1 BIAOYBAETHCS 3HAUHE BUHECEHHS 13
amapara piAuHu y BUTJISA1 Kpaneb.

EdextuBHicTh poboTH abcopOepa BU3HAYAETHCS THUIIOM HACaIKH Ta il
ykiaagaHHsaM. Hacajgka moBUHHAa MaTh Majivid TIAPaBIIYHUN OMip, PIBHOMIPHO
PO3MOJUISATH PIIMHY, MaTH BHCOKY MEXaHIYHY MIIHICTb, JOOpe 3MOYyBaTHUCH,
MaTH Majly HacUIHY TYyCTHHY, HE 3a0uBaTHCs Ta MaTH aHTUKOPO3iiHI
BJIACTUBOCTI. BUKOPUCTOBYIOTh Taki TUIM HACaIOK: KUIbIEBl (Kinbl Parmrira,
kbt Jleccinra, ximbign Ilammst), cimmosi (cimma beprns, cimnma I[aTanokc);
XOP/JIOBI; TUTaBarO4i Ta OJIOYHI.
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KoHCTpykTHBHI cXeMH HacaakoBHX aOcopOepiB 3 CymiabHUM (a) Ta
OaratomapoBuM (0) 3aBaHTaKEHHSIM HACaJKH MOJIaHl Ha puc. 4.3
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Pucynok 4.3 — KoHCTPYKTHBHI cXeMH HacaJKoBHX adcopoepiB:
1 — kopmyc; 2 — omopHa pemniTka; 3 — Hacajaka; 4 — 3poLIyBaJIbHUN
IIPUCTPIiA; 5 — MePepO3NOAUTEHUN TPUCTPIN IS PiIUHA

3polryBaHHST HAcaJOK BHUKOHYIOTH 3a JIOTIOMOTOK0 KOMIIAKTHUX Ta
po3apiOHEHNX CTPYMEHIB. KommaxkThi CTpyMeHi 320€3MeuyIOTh
HEpO30pU3KYBaJIbHI 3pOIIyBayl, IO BKJIOYAIOTh TPyOUyacTi PO3MOJALTLHUKHU
pPIIMHU, PO3MOAUIRYl IJIUTH ab0 PO3MOAUIbYl k0JIoOU. BuCOKuU CTymiHb
3MOYYBAaHOCTI ~BEPXHBOTO IIIapy HACAAKU  JIO3BOJISIIOTH  3pOIyBadl 3
pO3ApIOHEHNM CTpyMEHeM, TOOTO po30pu3KyBasibHI 3pomryBadl. Jlo HuX
BITHOCSATBCS Mep(OopoBaHl CTakaHW, pO30OpPHU3KYBalbHI 3IpKH, OaraTosipycHi
TIpJISIHIOBI Ta IIUIMHHI 3pOLTyBayi.

INapaBniuHuii omip HacaJKy BU3HAYAETHCS 32 (DOPMYIIOIO

AP3p=M-APcvx , (4.37)

ne APcyx — rigpaBmiuyHui omip cyxoi Hacaakwy, [1a;
M — xoeditieHT, 0 3aJeKUTh BiJ IIIJILHOCTI 3pOIICHHS i BUY HACAIKU, Ta
00UHUCITIOETHCS 32 (POPMYIIOIO:
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M =10 P15 (4.38)

ne P — xoedilieHT, 0 BUOMPAETHCS 3aJEKHO BiJl TUITY W pO3MIpIB HACAJKH,
3HaueHHd gakoro (35...50)-103;
Lsp — mibHICTE 3pOITYBaHHSI.
[MgpaBniyauii omip cyxoi HaCaJAKN BU3HAYAETHCS 32 POPMYIIOIO

.hH'VI%'pF

APcyx = F, ) (4.39)

2'dEKB

ne hn — Bucora mapy Hacaaku, M;

Vk — JificHa MBHUIKICTH Ta3y B KaHaJIaX Hacaaku, 10 10 m/c;

pr — I'yCTUHA Ta3y, KI/M>;

dexs = 4-€ / @ — eKBIBaJICHTHUI JiaMeTp HACAIKHU, M;

€ — BIJIbHUIA 00°€M Hacaaku, M,

a — MMTOMA MOBEPXHS HACAIKH, M2/M

§ — KoeillieHT, 10 3aJICKUTHh BiJl PEKUMY PYXy Ta3y Ta € (QYHKIIEI Bil
kputepito PeitHonbaca Re.

Henonikom HacagkoBux abcopOepiB € iX 3HAUYHAa METAJIOEMHICTD,

CKJIQJIHICTb BIJIBEJICHHSI TEILJIa Ta TPOMI3/IKICTb.

3.

4.4 bapootaxHi abcopoepu

[Mpunmun poGotu 1ux abcopOepiB I'PYHTYETHCS Ha MPOXOJKEHHI
(6bapb6oTaxi) Oynpbamok razy depes map piauHu. [loBepxHs MacooOMiHY B
O0apOoTtaxkHux abcopbepax, Jne piAuHa € CynuibHOK (¢da3o0, a ra3z —
JMCTIEPCHOI0, €KBIBAJIEHTHA CyMapHii moBepXxH1 OynpOamok razy abo miHu,
10 YTBOPIOIOTKCS MpH OapOOoTaxKi.

AbGcopbepu 3 CyuimbHUM 0apOOTa)KHUM LIAPOM BHUKOHYIOTH B BUIJISII
NYyCTOTHUX IWIHAPIB (puc. 4.4), B HIWKHIM YacCTUHI SIKUX YCTaHOBIIOIOTH
neppopoBaHy IUIMTY, L0 MpU3HAYEHA MAJi1 MOAPIOHEHHS IMOTOKY Tra3y Ha

CTPYMEHI.
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Pucynox 4.4 — bap6oTra:xHi abcopdepu: a) IpOTUCTPYMUHHHIL; 6) TIPsIMO-
cTpyMuHHUI; 1 — Kopryc; 2 — pemriTka; 3 — CyuiIbHUi 6apOOTaxKHUH 1I1ap;
4 — Timpo3aTBop

[Tig yac pyxy rasy yTBOpPIOEThCS CyLUTbHUM 6apOOTaXKHUM I1Iap BUCOTOIO

H=(pr/pn) ho, (4.40)

ne pp, pu— IyCTHHA PiAMHHM i MiHY, KI/M3;
ho— BucoTa pignHaN 6€3 miHu.

Henonikom abcopOepiB 3 CylUIbHUM 0apOOTXKHHM IIIApOM € HEBEJHKa
mBUAKICTh pyxy razy (0,3..0,4 w™/c) Ta HasgBHICTh IOB3HOBXHBOIO
nepeMIlIyBaHHs P1IMHU, IO 3HIXKYE IHTEHCUBHICTh Macolepeayi.

bap6otaxxni abcopbepu TapiIyacToro TUIY BUKOPUCTOBYIOTH IS
30UTbLIEHHSI CTYINIEHS OYMILEHHA Ta3y. B 1ux amapatax MO BHCOTI
YCTaHOBJIOIOTh HE OJIHY, a JIeKUIbKa MOJMYOK, IO MAaroTh HAa3BYy TapiIKU.
3aJie)XHO  BIJT KOHCTPYKIlI TapijloK Ta IIBUIKOCTI TMPOIYCKAHHS Ta3y
PO3PI3HAIOTh TPU TIIPOJAUHAMIYHI PEXUMHU poOOoTH OapOOTaKHHX abcopOepiB:
OynbOaIIKOBUH, MIHHUHN Ta CTPYMUHHUU.

[Ipu OynbOamkoBoMy pexkumi mBUAKICTH Ta3zy 0,3..0,4 M/c 1 BiH
pyXaeThcsl yepe3 Iap PIIUHM y BUIISAAI OKpemux OymnwsOamok. I[lToBepxHs
MacoOoOMIHY MpHU [IbOMY PEXUMI MOPIBHSHO HEBEJIUKA U 3aJ€XKUTh Bl JlaMeTpa
Oynp0aIIok rasy, 1Mo TPOXOJAUTh Yepe3 IIap PiAUHH.

[Ipu niHHOMY pekumi mBUAKICTB ra3y 0,5...3,0 M/c 1 BIH pyXa€eThcs yepes
miap piAMHU y BUTISAAI MUIKUX OynbOaIiok Ta CTPYMEHIB, 110 YTBOPIOIOTh Ha
MOJIMI CYIUTbHUM map MmHU. Takuil pekuM XapaKTePU3YEThCS YTBOPEHHSIM
pPO3BUHYTOI TOBEPXHI MacoOOMIHy, 10 30UIbLIye MPOAYKTUBHICTh I
e(deKTUBHICTh MHHUX abcopOepiB.

[Ipu cTpyMHUHHOMY peXXUMI MIBUAKICTH Ta3y nepesuiye 3,0 m/c. Po3mipu
ra3oBux OynbOalIOK W CTPYMEHIB 301IbIIYIOTHCS 1 MPHU BUXOAl Ha MOBEPXHIO
0apOOTaXKHOTO APy BOHM YTBOPIOIOTH 3HAYHY KIJTBKICTh BEJTMKHUX Kparelb Ta
wiiBok. [loBepxHs MacooOMiHY pi3KO 30UIBLIYETHCS, BHACIIOK YOTO 3POCTAE
IHTEHCUBHICTh MaCOOOMIHY.

TakuMm 4YWHOM, TIAPOAMHAMIYHHA pexuM B abcopOepax 3aleKHTh BiJ
MIBUKOCTI Ta30BOTO MOTOKY Ta KOHCTPYKIIIi TapijoK. 3a CrmocoOoM opraHizarii
pyXy razy i piauHM Tapuikd B 0apOOTaXHHUX anapaTrax OyBarOTh NEPEXPECHOTO
TUITY, IPSIMOCTPYMHUHHI Ta MPOTUCTPYMUHHI.
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Jlo Tapiiok MepexXpecHOro THUMY BITHOCATHCS KOBIIAYKOBI, CITKOBI,
KJIaIlaHHl, 3 S-1oAIOHMMH e€JeMEHTaMH Ta KOBIIAYKOBO-CITKOBI. P13HOBHIHICTIO
NpSA-MOCTPYMUHHUX  (CTPYMMHHHX) TapuIOK € JBOIMOTOKOBI CTPYMHHHI,
JTYCKOTOAi0H1, TITACTUHYACTI Ta 3 BIIOIHHUMU €JIIEMEHTaMHU.

KonctpyktuBHa cxema aOcopO0epa 3 KOBHAYKOBOK 0ap00TAKHOIO
TapiJIKoI0 10/1aHa Ha puc. 4.5.

| N NN ML LT LI
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Pucynok 4.5 — KoncTtpykTuBHa cxema adcopdepa 3 KOBIAYKOBOI
Tapiiikoro: 1 — oonuaiiku; 2 — rOpu30HTaIbHI EPErOpPOaKY; 3 — NaTpyOoK;
4 — Kpyriiuidi KOBIAK; 5 — mepenuBHA TpyOa; 6 — LEHTpaJbHUI OTBIp;
[ — wap miHu

ATmapar CKIaaeTbes 3 JSKUIBKOX 3’€IHAHUX MK c00010 oOeuaiiok 1, Mixk
SKUMH YCTaHOBJICH1 TOPU30HTAJIbHI MEPErOPOIKU 2 3 IIEHTPAIILHUM MaTpyOKoMm 3.
Ha marpy0ok 3 3 KOakcCiaJbHOIO MIIJTMHOIO YCTAaHOBIIOIOTH KPYTIUi KOBHAK 4 3
npopizaMyd B HIDKHIM YacTuHi. Ha meperopojgkax 2 3MOHTOBaHI MEpEUBHI
TpyOu 5. 'a3, 110 OYMIAETHCS, TPOXOIUTHh Yepe3 IEHTPaIbHHUM OTBIp 6, MOTIM
yepes Mpopi3u B KpyriioMy koBmaky 4. Jlami Bin 6apOoTye y BUTIIsIL OyibpOaIiok
yepes map piAvHU, YTBOPIOIOYM MHHMMA 1map 7.

KonctpykTuBHa cxema abcopOepa 3 CITKOBUMM TApLIKaMH IOJaHa Ha
puc. 4.6. Abcop6ep 1, kopryc SKOro HWIIHAPUYHOI a00 MPSAMOKYTHOI (popmHU, 110
BUCOTI PO3AUICHUH TOPU3OHTAJIBHUMH MEpPEropogkaMud 2, 1o neppopoBaHi
KpyrauMu otBopamu giameTpoM dors = 2...20 MM.
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[Tigmip pinuHM HaA TapIKaMH CTBOPIOIOTH BEPTUKAIbHI MEPETOPOJIKHU 3.
OTBOpH po3TalIOBaHi B BEpPIIMHAX PIBHOCTOPOHHIX TPUKYTHUKIB 3 KPOKOM, IIIO
nopieuioe (2,5...5,0)dors. Bucora mapy pigunu B HeaminHOMY ctaHi 50...70 MM.

Bigcranps Mix Tapinkamu hr = 0,2...0,9 M 3aexHo Bij AiaMeTpa amapara.
MaxkcuManbHO OMyCTUMa MIBUAKICTh Ta3y, IO BiJHECEHa A0 MOBHOI IUIOINII
MOTIEPEYHOT0 Tepepi3y TaplryacTux abcopOepiB, JOPIBHIOE
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Pucynok 4.6 — KoncrpykruBHa cxema agcopoepa 3 CITKOBUMH TapijIKaMu:
1 — kopnyc; 2 — ropU30HTANIbHI IEPETOPOAKH; 3 — MaTPyOOK

Vimax = [ 0,1K1K2+/hy — Ka-(g = 35)] =/pepr . (4.41)

ne Ki, K3 — koediienTu, 1o 3anexarhb Biji TUITY TapUIOK;
ht — BificTaHb MiX TapijKamMu, M;
g — MiHiliHA IIBHICTE 3pOLIYBAaHHS, M%/TOLI;
K> — xoedirrieHT, 110 3a1€KUTh BiJl BEJIMYMHU TUCKY B anapari;
Pp,Pr — BIITIOBITHO TYCTHUHA P1JIMHU Ta Ta3y.

JInst ouuineHHs Ta3iB, MO0 MICTATH TBepaAy (a3y, BUKOPUCTOBYIOTH
abcopOepu 3 mJIaBaw4yow Hacaakorw. Ili amapatm MamOTh BHCOKY
edeKTUBHICTh TMPU 3HAYHOMY TijpaBiaiyHoMmy omopi. IlIBuakicTe razoBoro
NMOTOKY 2...5 M/c. SIk HacaaKy BUKOPUCTOBYIOTH IMyCTOTUII KyJil ab0 CYIIIBHI 3
OTBOpaMH, a TaKOX KyOu, nipamiau, Kbl Paiira, 1MCKU TOLIO.

BukopucToByloTh Taki TUNK aOCOpOLIMHUX amapaTiB 3 IUIaBalOvyor0
HacaJikoro: OaratonoinuyHui adcopobep 3 HacaaKoro, 0 o0epTaeThes; abcopoep
3 PYXOMOK HAaCaJKOM, 1110 00epTaeThCs; abcopOep 3 HANPaBISIIOYUM KOHYCOM;
abcopOep 13 CKpydeHUM TpodijaeM pemnTka; adcopdep 3 BEPTUKAILHOIO
MIEPETOPOIKOIO.

KonctpykTuBHa cxema OararomosmyHoro abcopbOepa 3 PyXOMOIO
HacaJKo IojaHa Ha puc. 4.7.
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Pucynok 4.7 — KoncTpyKTHBHA cXxema 0araTonojJu4Horo abcopoepa:
1, 2, 3 — poboui cekiiii; 4 — neppopoBaHa penriTka; 5 — MEepPETIUHUMA
OPUCTPIiA; 6 — Ta30po3NOIIb4Ya KaMepa; 7 — PeryasiTop YacTKU BUTLHOTO
nepepizy pemnnTkd; 8§ — marpyOoOK Il BUBAHTKEHHS Hacaaku; 9 —
dopcynka ns nonayi Boau; 10 — cenapariitna kamepa; 11 — marpyOok amst
3aBaHTaXKEHHS HacaakH; 12— — Hacaaka

Amapatr BUKOHAHHMH Y BHUTJIS/II 3’ €IHAHUX MK Co00I0 poOOUMX CeKIlin 1,
2,3 3 yCTaHOBJIICHUMH MK HUMH Tep(OpOoBaHUMU pelIiTKaMu 4 3 MepeTIYHUMHU
npucTposiMu 5. Ha KokHii penriTiil po3TalioBaHuil map pyxomMoi Hacajaku 12,
110 MEePEXOUTh MPHU poOOTI MiJl J1€F0 ra3y B pyXoMui ctaH. [ljis nonepempkeHHs
BUHOCY HACAJIKU BEPXHS YaCTUHA cenapaliiiHoi kKaMepu Mae OUTbIINHI JAlaMeTp.

AOcoplep 3 pyxoMow Hacajakomw, 1o obepraerhcs. Hampasnenuit pyx
M0 KONy HAaCaJKH 3IIACHIOEThCS 3a PaxyHOK KOHCTPYKIII PEIITKH 3
TaHreHIlaJJbHUMU OTBOpaMu. Hajn mapoMm Hacajky po3TalloBaHi cHelliaidbH1
HaIpapJIsAioyl, 10 CHOPUSAIOTH ii HAaImpaBiIeHOMY pyXoBi. KOHCTpyKTHMBHa cxema
abcopOepa 3 pyXOMOI HacaJKOK HaBeJIeHa Ha puc. 4.8.
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Pucynok 4.8 — KoncTpykTuBHa cxeMa abcopdepa 3 pyXoMo10 HACAIKOIO:
1 — 3pomryBanbHHI KOJEKTOp; 2 — (QirypHa pemriTka; 3 — KyJbKOBa
Hacajka; 4 — pemnTka A JyTTs 3 TaHT€HLIAJIbHUMH OTBOpaMu

KoHcTpykTHBHA cxeMa amapara 3 3a0KpyIrJieHHUM mnpodinem penrTku
HaBeJeHa Ha puc. 4.9
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Pucynox 4.9 — KoHCTpyKTHBHA cXemMa amapara 3 3a0KpYrJieHUM
npodisiem pemritku: 1 — eMHICTh IS piIMHM, 2 — 3a0KpyTJICHA
pernriTka; 3 — ra3oBa MOPOKHUHA; 4 — IIap HACATKU

113



B HepoGoyomy cTaH1 HacaaKa 3HAXOAUTHCS HA 3a0KPYTJICHIN PEeNIiTIi, 110
HIKHBOIO YaCTUHOKO 3HAaXOauThCcs B pimuHi. Ilpm poboTi amapara Hacagka 3
ra3oBUM IIOTOKOM IMIIMMA€ThCcsl B KOHIYHY YAacCTHUHY, JI€ BIIOYBa€ThCS
MacoOOMIiH.

KonctpyktuBHa cxema aGcopOepa 3 Hanmpap/JsilOUMM KOHYCOM I10JlaHA
Ha puc. 4.10.
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Pucynok 4.10 — KoncTpykTHBHa cxemMa aGcopOepa 3 HanpaBJISIlOYUM
koHycom: 1, 2 — mepdopoBaHi pemiTkd, 3 — KOHYCHHMH TMoscC,
4 — KyJIbKOBA HacaJKa, 5 — KUIblIeBa IMUIMHA, 6 — GOpCyHKa

B amapari ycranoBieno aBi nepdopoBani penritku 1 Ta 2, MK SKUMH
3HAXOJWTHCS KyJbKoBa Hacanka 4. Ha wHwxHIA pemnTil 2 yCTaHOBJICHUN
KOHYCHHH MOsIC 3, 1110 YTBOPIOE 3 KOPITYCOM amnapara KulblleBy miiinHy 5. Boga
MoAaEThCA uepe3 PopcyHKy 6.

["a3, m0 oumnulyeThes, NpU MOMAJAHHI M1l HIKHIO PEIITKY AUIMTHCS Ha
nBa NOTOKU. OCHOBHUH MOTIK MPOXOJUTh YEpPE3 PEIIITKY 1 BCTYIa€ B KOHTAKT 3
HACaKOI0, BHACIIAOK YOTO BOHA MOYMHAE pyXaTucs. Jpyruil moTik NpoXOoAaUTh
KUIBLIEBY IIIJIMHY 5 Ta BCTyHma€ B KOHTAaKT 3 €JIeMEHTaMU Hacaiku, W10
NPUTUCHYTI 10 CTIHOK amapata. [loTik ra3y BiATICHS€ Hacaaky 3 nepudepii 10
LEHTpa amnapara. 3a pPaxyHOK IbOTO YCTAHOBIIOETHCS YMOPSIAKOBAHUNA PyX
HACaJIKH, 110 CIpHsi€ 30UIBIICHHIO IHTEHCUBHOCTI MacOOOMIHY.

4.5 Po3anunoBanbHi abcopdepu

Po3nuioBanbHi abcopOepu, 110 BIANOBIAAIOTE BUMOTAM 3 OYHUIICHHS
ra3iB, € KOHCTPYKTMBHO MPOCTUMH, BUCOKOTPOAYKTUBHUMHU, MAIOTh MAaJIHM
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TIApaBIIYHUN  OMIp Ta MOXKYTh IIpalloBaTU B I[IUPOKOMY Jliaria3oHI
HaBaHTa)XCHHSA 3a ra3oM W piguHOw0. [IpuHIMN iX poOOTH TPYHTYEThCS Ha
pO3MMIIOBAHHI PIIMHM B TOTONI Tra3y. IX HEJIOMKOM MOPIiBHSHO 3
O0apOOTaXHUMHM  amapaTaMd € MEHIIa e(QeKTHBHICTh MpH  abcopOIri
MOTaHOPO3YMHHUX Ta3iB.

KonctpyktuBHa cxema QopcyHkoBoro adcopbepa, B sSikoro MixdasHa
NOBEpXHS (QOPMYEThCS 3a pPaxyHOK pO3NWJICHHS pIAMHA B amapaTi 3a
JOTIOMOTOI0 Pi3HUX 32 KOHCTPYKII€r0 (OPCYHOK, TIo/1aHa Ha puc. 4.11.
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Pucynoxk 4.11 — KoncrpyktuBHa cxema GopcyHKOBOro adcopoepa:
1 — xoprmiyc, 2 — ¢opcyHka, 3 — po3NOaLILYHM eKpaH, 4 — HacoC

3a MexaHi3MOM JpOOJEeHHS CTPYMEHs piIuHU (POpPCYHKH OyBalOTh
MEXaH14Hi, MTHEBMATU4HI Ta 3 00€PTOBUM pOOOYUM OpPraHOM.

3a DOpUHLMIOM MEXaHIYHOi [1i ¢opcyHKH OyBalOThb CTPYMHHHI;
BIJILIEHTPOBI, YAApHOi A1l Ta KOMOIHOBaH1. EQeKkTUBHICTh ApoOIEHHS Ha Kparuil
BU3HAYAETHCS MIBUIKICTIO BUTIKAHHS CTPYMEHS 3 COIIa a00 KaHaliB (DOPCYHKH.

BuxpoBi amapatu 3 mnepexpecHO-NIPSIMOCTPYMHUHHOIO B32€EMOIIEI0
PIAVHYU Ta Ta3y MaOTh HU3bKUI TIAPABIIYHANA OMIp Ta MPAIIOIOTh B IMUPOKOMY
mianasoHi mBuakocrei 4...20 m/c.

KoHcTpykTBHAa cxemMa BHUXPOBOTO JBOCEKIiHOro abcopbepa 3
aBTOHOMHOIO MOauei0 BOAM B KOXKHY 13 CEKIIiil mogana Ha puc. 4.12

Kopnyc BuxpoBoro amapata BHKOHaHWN Yy BHIJsAAl oOedaiiku 1 3
TaHTreHIIAJIbHUM MaTpyOKoM 2 Juid miABeneHHs raszy. Beepenuni no oci amapara
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BCTaHOBJIEH1 TpyOuacTi nepdopoBani 3poiryBayl 3. MiX CEKIisSIMA BCTaHOBJICHI
3aBUXpIoBayl 4 3 TiIpaBIiYHUM 3aTBOpPOM 5. 3a0pyAHEHMI ra3 IMOCTyIae Ha
OYMINIEHHS 0 TaHTeHIiaIbHOMY TaTpyOKy 2. BukoHyrouu obepToBUil pyX, Ta3
pPYyXa€eThCsl BHU3 Ta IHTCHCHBHO TMEPEMIIIYEThCS 3 PIAMHOIO, IO BUXOIUTH 3
OTBOPIB.

{P
|
ST o
o] o
2 ° T
i

—— I ——>5
|
P %( o lo| 4
1// OO;OO \\ 3
|
i
|
— | - —
— |
P !
[
} or
Pucynox 4.12 — KoHcTpyKTHBHA cXeMa BUXPOBOI0 IBOCEKIiIHOTO
adcopOepa: 1 — xopmyc, 2 — TaHTEHIIIbHUN mATpyOOK, 3 -—

nepdopoBaHi 3polryBadl, 4 — 3aBUXPIOBaYl, 5 — T1ApaBIIYHUIN 3aTBOP
4.6 MexaHiuyHi po3nuIKOBAJIbHI ra30MpoMuBavi

[IpuHuun poOOTH MeXaHIYHUX PO3MUIIIOBAIBHUX Ta30IMpPOMHBAYIB
IPYHTY€TbCSI Ha 1HTeHCU(IKAIli MacoOOMIHY MIISXOM pPO3OPU3KYBaHHS YH
nepeMillyBaHHsl PiAMHU ab0 KPYTIHHI 3BOJIOKEHOTO Ta30BOTO IOTOKY 3a
JIOTIOMOT'010 00EPTOBOI0 MPUCTPOIO Y BUTIISLII POTOPA, IMCKA TOLIO.

3a crmocoOboM pPO3MIILIEHHS pOTOopa MexaHiuHi abcopOepu IIsAThbCs Ha
BEPTUKAJIbHI Ta TOPU3OHTANIbHI. 3aJIEKHO Bij COCOOY MiJIBEACHHS MEXaHIYHOT
eHeprii amapatv MIAPO3AUIAIOT, HAa Taki, B SKUX OYHUIIYBAJIbHI Ta3u
MPUBOMSITHCS B JOTHUK 3 PIIMHOIO, PO30OPU3KYBAHOIO 3a JIOMTOMOTO 00EPTOBOTO
TiJa Ta B SKUX MeXaHIYHa EeHEepris MIABOAUTHCS JTOAATKOBO MJIA KPYTIHHS
ra30BOTO MOTOKY.
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KoHCcTpykTHBHa cXeMa TOpPU30HTAIBHOTO MeXaHi4HOro abcopbepa 3
pO30pU3KYyBaIbHUMH BaJIKAaMH JIOTIATEBOTO THUITY MoaHa Ha puc. 4.13.

KoHcTpykTHBHa cXxeMa TOpPU30HTAJILHOTO MEXaHIYHOTo abcopbepa 3
pO30pU3KYBaTbHUMH JHUCKAMH, BaJl SIKUX BCTAHOBJICHUUM B3JIOBXK OCl amapara,
nojaHa Ha puc. 4.14.
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Pucynok 4.13 — KoHCTpyKTHBHA cxeMa MeXaHIYHOro adcopoepa:
1 — koprmyc; 2 — BaJIKM JIOMATEBOr0 THUIY, 110 BCTAHOBJIEHI MOIEPEK OCI
arapara; 3 — IeperopoJKu

2 3 4
\ _7
- vl ovibT P o
\/ \/ \\/ \/
1 -
| |
P — —T P

Pucynok 4.14 — KoHcTpyKTHBHA cXeMa MeXaHiuHOro abcopoepa:
1 — xopnyc; 2 — po30pu3Kyr0Ul JUCKH Ha Bamy; 3,4 — IEPEropoaKu

Henonikamu MexaHiyHuX abcopOepiB € HasiBHICTh OOEPTOBUX YACTHH,
BITHOCHO MaJia IIPOIYKTUBHICTh Ta 3HAYHI1 BUTPATU €JIEKTPOSHEPT 1.

4.7 TexHOJIOTiYHiI PO3PAaXyHKH PO3NUJIIOBAJIBLHUX IIyCTOTIJINX
dopcynkoBux abcopoepin
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B pesynbrari po3paxyHKiB 3a BHXIJHUMH JaHWUMH, SKHMH € BHUTPATH
OUMIIYBaHMX Ta3iB Ta HEOOXITHUM CTYHIHb iX OYMWINCHHS, BHU3HAYAIOThH
ONTUMAaJIbHI T1JpaBiyHI Ta KOHCTPYKTHBHI MMapaMeTpPH.

HeoOxiguuii cTymiHb OYMIIEHHS Ta30BUX BUKHUIIB BiJl 3a1aHO1 TOKCHYHOT
pPEYOBUHU

n=§ié£ﬁ4om%, (4.42)

1
ne Ci ta C2 — KOHIEHTpAIlll TOKCHYHOT PEUYOBUHM B rasi, BIAMOBIIHO, 10 Ta
nicisg abcopbepa.
HeoOxigauit 06’em mycToTijioro abcopdepa BU3HaUaOTh 32 GOPMYJIIO0

G
=, (4.43)
Ky -AC¢,
ne Gk — KUTbKiCTh a0COpOOBaHOTO KOMITOHEHTA, KI/TO/;
Kv — koediuienT maconepenadi, kr/(m>-rox-I1a);
AC¢p — cepenHs pyuriiiHa cuia npoiecy abcopo6iii, [1a.
KinbkicTh a0COpOOBAHOTO KOMIIOHEHTA B arapari
C,-C
G, =Qr( 1 2 )P ’ (4.44)

100

ne Qr — BUTPATH OUMIYBAHUX TA30BUX BUKHIIB, M/TO;
C: ta C, — KOHIIEHTpaIlli TOKCUYHOI PEYOBHHHM B Ta3l BIJAMOBIAHO 10 Ta
micist abcopoepa;
PK — IIUILHICT TOKCMYHOI PEYOBUHH 3 BPaXyBaHHAM TEMIIEPATypH, Kr/m>,

KoedinieHnt Mmaconepenayi Bu3HauaroTh 3a Gopmyiioro, kr (m3roxa-Ila)

13600- D,

Ky =K; =L, (4.45)
dp

ne Dr — xoedinieHr qudysii rasy, Mo BIOBIIOETLCS B anapari, M%/c (IU1s OKCHIY
azory 9,4-10°° (m?/c);

dp — miaMeTp BUXiTHOTO OTBOPY PO3MUIIIOBAYA, M;

Ki — xputepiii KipmiuboBa, 3HaYEHHS SKOTO OOYMCIIOIOTH 3aJIEKHO BiJ
abCcOpOOBHOTO KOMIIOHEHTa Ta BHUKOpPHUCTaHOro abcopOeHTa 3a
dbopmynamu:

JUTSL CUCTEMH OKCHJI a30Ty — PO3YMH KapOOHATy HaTpis
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K= Atch°'48Rer°'3Kp°'45Prp°’51Sc°'ZSV1’2 ’

ne A1=5,61110 Pry05 ;

JUJISl CHCTEMH JTIOKCHJ] CIPKH — PO3YMH KapOOHATy HATpis

Ki = A« RCpO,ZZRerO,3KpO,48PrpO,SSCO,SSV-O,OS ’

e Ac=1,21-10° Prp 0 ;
JUISL CUCTEMH CIPKOBOJICHb — PO3YMH KapOOHATy HATpis

Ki = A: ch0’26RerO’41Kp0’14P rp2,7SCO,ZSSVO,2 ’

e At=3010°Prp .

(4.46)

(4.47)

(4.48)

(4.49)

(4.50)

(4.51)

[Ipu Bu3HaueHH1 KoedillieHTa At HOro 3HAYEHHS NPUKUMAIOTH MPHU

KOHIIeHTpalli po3unny 100 1/11 Ta BIANOBIAHIN TemMneparypi.

Kpurepii Ta cumruiekcu noii0HOCTI B piBHSAHHSAX (4.46-4.51) maroTh Taki

3HAYEHHS.
Kpurepiit Pelinonbaca 11si po3NHIIOBAaHOI PIJIMHA

ne Np —4acroTta o0epTaHHs po3nuioBaya, (20...30 06/c);
Vp — KiHEMAaTH4HA B A3KiCTh PO3NUIIOBAILHOL PiIUHH, M?/C.

Kpurepiit Pelinonbaca yist ra30BOro moToxKy

ne Vr — mBUJIKICTB ra3zy B adbcopbepi (5,5...3,0 m/c);
Vi — KiHEMaTU4HA B A3KiCTh Ta30BOr0 MOTOKY, M2/C.

Kpurepiit, 1o xapakTepusye NiIbHICTh 3pOIICHHS

Vp
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ne Lsp — MIBHICTH 3pOIIEHHS, SIKa 3aJ€XUTh BiJl 00’€MHOI IIBUIKOCTI ra3y
Ta 3HAXOJUTHCS B MeXaxX I CHCTEM: OKCHJ a30Ty — PO3YMH
kapOonaty Harpig (4..10 m3/(m%/c)); miokecunm cipku — pO3YUH
kapOonary Hatpis (0,5..3,0 M%/(M?/c)); CIpKOBOJEHE — pO3YUH
kapoonary Hatpis (0,5...4,5 M3/ (M%/c)).

Judy3ziviauii kputepiit [panaTis ais piguHu

Vp
Pry=—", (4.55)
D
p
ne Dp — koedimienT mudy3ii po3MUIOBaHOT piaMHK, M?/C (U OKCHIIB 30Ty B
pimuni 1,7-10° M%/c).

CumMrekce noiOGHOCTI OB KOHIICHTpAIlii

_&

S
¢ cC

, (4.56)
p

ne Ci1— KOHIEHTpallisl TOKCUYHOI PIAMHY B rasi Ha BXOZ1 B abcopoep, 1/1;
Cp — KOHIIEHTpallis po3uuHy abcopOeHTa, 110 nopiBHioe 100 1/

CuMIUIEKC MOII0HOCTI IT0JIIB B’ SI3KOCTI1
S, =—. (4.57)

Cepenust pymriiiHa cuia mporiecy abcopOriii piBHa PI3HHUII MAPIIATIHLHOTO
TUCKY KOMIIOHEHTa, IO TOTJIMHAEThCA B Ta3oBid (a3i, Ta pPIBHOBAXKHOTO
napuiaJbHOrO THUCKY IIbOIO KOMIIOHEHTa HaJ| MHOIVIMHAJIBHOK piauHOI0. [l
NiApaxXyHKy CepeaHbOi pyHIiHOi cuwium  abcopOIii  3HAXOIATh  CEpelHE
apudmeTruHe, BUXO4M 3 ii 3HAU€Hb Ha BXOA1 ¥ BUXOJ1 3 abcopOepa. Skmio i
BEJIMYMHHM BIIPI3HAIOTHCS OUIBIIE SIK B JIBA pa3u, TO 3aJIEKHO Bl XapakTepy pyxy
da3 B amapari KOPUCTYIOTHCS OIHHMM 13 PIBHAHb JJS MIJPAXYHKY CEPEIHbOI
JorapuMIYHOT BEIMYUHU:

JUTS TIpsIMOTEYiT

WACy = Yn =Y =0u=yi) (4.58)
IN((Yn =Yn)/ (Y =¥Yi))

JUTS IPOTUTEYi1

JTAC,, = (Yn —yiiz— (Y —yﬁ*) : (4.59)
IN((Yn =Yi)/ (Y =¥Yn))
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JUISL IEpEXPECHOT Teuii
SLAC, = (Yn _ynl_ (Yn _yli) _Yn—Yx ’ (4.60)
IN((Yn =Yn)/(Yn —Yx)) 2

ne  Yn, Yk — MOJIbHI KOHIIEHTpallli KOMIIOHEHTa B Ta30Bid ¢a3i Ha BXOJl B
abcopOep Ta Ha BUXO/I;

Yn*, Yx™ — MOJIbHI PIBHOBaXHI KOHIIEHTpAIlil KOMIIOHEHTA Ha/l PO3YMHOM Ha
BXO/I1 B abcopOep Ta Ha BUXO/I.

MoJsbHa YacTKa KOMIIOHEHTA B Ta30B1M CyMIIII:

Y=CRT/P Mk , (4.61)

ne C — 00'eMHa KOHIEHTpALlisl, KI/M>,;
R — yHiBepcasibHa razoBa crana;
T — Temneparypa, °K;
P — tuck, Ila;
Mgk — MoJIbHA Maca KOMIIOHEHTA.

[Tnomy momepeyHoro nepepizy abcopdbepa 00UUCITIOITh 32 POPMYJIIOIO
Faﬁ - . (462)

JiameTp abcopOepa BU3HAUAOTH 3a (OPMYJIIOIO

4F
Dy = |20, (4.63)
T - naﬁ

1€ Nag — KUIbKICTh a0copOepiB, sika y BUnaaky Dag > 6 M npuiimaeTbes Oibie
OJTHOTO.

Bucota aktuBHO1 yacTuHu abcopbepa

A/
Hyo= 22 (4.64)
a0

3aranpHa BUcOTa abcopOepa BUSHAYAETHCS SIK
Hy =14-H,, . (4.65)

Butpartu piauau Ha 3pOIeHHS

Gp=LapFas - (4.66)
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KinbkicTs GopcyHOK, sika He0OXi1HA AJIsl 3POILICHHS Ta30BOT0 MOTOKY

Gp

9o
e J¢ — IPOIYKTHBHICTH OAHIET (POPCYHKH, IIO BU3HAYAETHCSA iI THUIIOM Ta
3HaxoauThes B Mexkax (0,1 ...4,5 m%/ron).

INapasiaiuauit onip abcopOepa BU3HAYAETHCA 32 (HOPMYJIOO
V2
APy = APy + AP + (B + ) "2 (468)

ne APxg — onip KparuieBJIOBIIOBaya, 3Ha4€HHs sikoro 0sm3bpko 200 I1a;
APt — BTpaTu TUCKY Ha MOJIOJNAHHS CUJI T€PTSI, BETUYHUHA SKUX JTOPIBHIOE
H a6 P rVr2
' 2D,
ne Ar — KoedirieHT rigpasiaigaoro omopy (1,5...1,6);
Epx, Epux — KOCQIIIEHTH MICIIEBUX OTIOPIB HAa BXO/1 Ta BUXO/1 B abcopoOep
(Esx = 0,5, Euux = 1,5);
Ver — HWBUJKICTh Ta31B Ha BXIJIHOMY Ta BUXIJHOMY HaTpyOkax abcopbOepa
(Ver =15...20 m/c).

AP

=\ (4.69)

4.8 TexHoJIOTiYHI pO3paxXyHKH HACaJKOBHUX abcopOepiB

BuximnuMu gaHuM# JJiS pO3paxyHKIB € BUTpATH OUMIIYBAHUX Ta3iB
KOHIICHTpAIlisl IIKIJIMBOCTEH Ta HEOOX1/IHA CTYIIHh OUMIIICHHS.

HeoOxigHa CTymiHb OYMINEHHS Ta30BUX BUKHUAIB BiJl 3a1aHOI TOKCHYHOT
PEYOBHHU BU3HAUAETHCS 32 Popmyrioro (4.6).

HeoOxiHa miomma ImoBepXHi HaCaIKH PO3PAXOBYETHCS 3a POPMYIION0, M2

103G
= AHOM , (4.70)
as=cp

ne Gpom — KUIBKICTh TOKCHYHHUX JOMIIIIOK, KI/TO/;

Ka — xoedinient abcopoOuii, r/(m*roalla);

ACcp — cepenns pyliiiiHa cuiia npotuecy adbcopoii, I1a.

KinpkicTh TOKCMYHMX AOMIIIOK, IO HAIXOJIWTh Ha OYMIIEHHS B abcopoep,
BU3HAYAETHCS 32 (OPMYIIOI0, KT

Guom = ptaom Laom , (4.71)
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JI€ Ptaom — LIUTBHICTH PEYOBUH TOKCUYHUX JIOMIIIOK 3 BpaXyBaHHSIM TEMIIEpaTypH;

Liom — 00’eMHI BHTpaTH TOKCHYHUX JOMIIIOK B JMMOBHX Trasax, IO
BM3HAYAIOTHCA 32 POPMYJIOI0, M/TOJ

C,L
LIIOM= 100r ' (4.72)

ne Ci1— KOHIIEHTpaLlisl TOKCHYHKUX KOMIIOHEHTIB JI0 BXOy B abcopbep, r/m°;
L, — BUTpaTH TMMOBHX Ia3iB yepes abcopoep, Kr/m>.
Koeditient abcopOirii BU3HAYAETHCSA I J0Ope PO3UYMHHHMX TrasiB 3a
eMIIpUYHOIO POPMYIIOI0

K« 537 10°Me?7°(0,0011- T - 0,18)22°
| (137 + o, )-d2% ’

ne M — mMonekymsipHa Maca KOMIIOHEHTA, 110 MOTJIMHAETHCS, KT
®Or — MBUIKICTh ra3iB (MIBUAKICTh €MYJIbI'YBaHHS) y BUIBHOMY Iepepisi
abcopoepa (0,8...1,3 m/c);
T — abGcontoTHa Temneparypa rasy, °K;

(4.73)

de — CKBIBaJCHTHUWI JiaMeTp HAcaJKW, PIBHUHA 301IBIICHOMY BYETBEPO
3HAUEHHIO JKUBOTO Mepepi3y HacaJKd, MOJAUICHOMY Ha I NHUTOMY
NOoBEpXHIO (Tad. 4.3), M.

3HauCHHS CEPEeNHbOI PYIINHOI CHUIU Tpolecy abcopOIlli BH3HAYAIOTH
3aJIeKHO BiJ THITY abcopOepa 3a popmyraamu (4.58 — 4.60).

Tabnuis 4.3 — XapakTepucTHKA HACAA0K (PO3MipH B MM)
IIutoma | BineHmit | ExBiBane | Hacumnna | Uucno

MOBEpPXHs,| 00’eM, HTHUM |IIUTBHICTB, IHITYK
Hacanka 2/ 3 3. 3| . 3 3
o, M7/™M° | FB, M°/M° | miametp, | p, Kr/M° | B 1M
d, m
1 2 3 4 5 6

Perynsapni Hacagku

JlepeB’ssHUI1 XOpAOBUI

(10x100) xkpox y cBiTII
10 100 0,55 0,022 210 -
20 65 0,68 0,042 145 -
30 48 0,77 0,064 110 -
Kepamiuni kinbis
Pammira
50x50x5 100 0,735 0,027 650 8500
80x80x%8 80 0,72 0,036 670 2200
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100x100x10 60 0,72 0,048 670 1050
HeBnopsiikoBaHi Hacaaku
Kepamiusi KinbIrsa
Parmira
10x10x1,5 440 0,7 0,006 700 700000
[Tponorxenus Tadmuii 4.3
1 2 3 4 5 6
15x15%2 330 0,7 0,009 690 220000
25%25x%3 200 0,74 0,015 530 50000
35x35%4 140 0,78 0,022 530 18000
50x50%5 90 0,785 0,035 530 6000
Cranesi kbl Parmira
10x10x0,5 500 0,88 0,007 960 770000
15x15x%0,5 350 0,92 0,012 660 240000
25%25x0,8 220 0,92 0,017 640 55000
50x50x1 110 0,95 0,035 430 7000
Kepamiuni kinbIis
IManns
25%25x%3 220 0,74 0,014 610 46000
35x35%4 165 0,76 0,018 540 18500
50x50x%5 120 0,78 0,026 520 5800
60x60%6 96 0,79 0,033 520 3350
Cranesi kbl [amns
15x15x0,4 380 0,9 0,010 525 230000
25%25x0,6 23,5 0,9 0,015 490 52000
35x35x0,8 170 0,9 0,021 455 18200
50x50x1,0 108 0,9 0,033 415 6400
Kepawmiuni cigna bepins
125 460 0,68 0,006 720 570000
25 260 0,69 0,011 670 78000
38 165 0,69 0,017 670 30500
Kepamiuni cigna 545
InTanokc:
12,5 650 0,78 0,005 545  [730000
19 335 0,77 0,009 560 229000
25 255 0,755 0,012 545 84000
38 195 0,81 0,017 480 25000
50 118 0,79 0,027 530 9350

HeoOxigHi BUTpaTH PIIWHU IS OYMINCHHS Tra3iB BiJ 3a4aHOT TOKCHYHOT
JOMIIIKY BU3HAYAIOTh 3aJI€KHO Bl TUITY abcopOepa, KT
JUTSl IPSIMOCTPYMHUHHUX abcopOepiB
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G
AT (4.74)

Gp=="~
P ci-C,

JUTSI MPOTUCTPYMUHHUX abcopOepiB

G
—— 200 (4.75)

S, -¢;

ne C7,C% — KoHIeHTpalii mKiymMBocTel B abcopOeHTi 10 i micis abcopbepa.

Gp

HeoOximauit 06’ €M HacaIKH 0OUUCIIOIOTH 38 (POPMYIIOI0, M
vV, =-1 (4.76)

JIe¢ G — MUTOMA TIOBEpXHs Hacaaku (Tadm. 4.3).
Ilepepi3 Hacagku BU3HAYAIOTH 32 YMOBH, M

Sag = ot @.17)
3600- o, F,

2

Jie e — MBUJIKICTh €MYJIbI'YBaHHS, M/C;
Fs — BibHHI 00°eM Hacaaku, M>/M° (Tabm. 4.3).
HiameTp abcopOepa B 30H1 PO3MIIIEHHS HACAIK OOUYUCIIOIOTH 3a (POPMYJIOIO

Dag = |38 (4.78)
nnaﬁ

1€ Nag — KUIBKICTh a0copOepiB, AKa y BUNAAKY .Das > 6 M mpuitmaeThcst Nag > 1.
Bucorty Hacaiku 3HaxosTh 13 BUpa3y, M

Hy=YH (4.79)
Saﬁ

INppaBniynuii omip abcopOepa BU3HAYAIOTh TAKUM YUHOM, [1a
APaﬁ = APH + APa , (480)

ne APu, APa — rigpaBiaiunuii omip, BIIOBITHO HACAIKW Ta arapara.
[NapaBiaiyauil onip HacaaKu OOYUCITIOITH 32 POPMYJIIOIO

APH = APc‘Kp , (481)

ne AP¢ — omip 4KCTOi Haca Ky, BEIMYMHA SIKOTO BU3HAYAETHCS 13 BUpasy, [la
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2
HHmeE
2Dy

1€ Pr— IyCTUHA 3a0pyIHEHUX ra3iB, KI/M”,

AP, =2, , (4.82)

Ar — KOe(DILiEHT TiAPaBIIYHOIO OIOPY, BEJIMYKMHA SKOTO IIPH
100 < Re <2320 o6uncmtoeTbes 3a GOpMYIIO0

16

= )
Reo’2
ne Re — kpurepiii PeitHonbica, 3HAUEHHS SIKOTO BU3HAYAIOTh 32 (POPMYJIIOH0

A (4.83)

r

Re= 2EdE (4.84)
Vi

e Vt — KoeiieHT KIHEMaTUYHOI B’SI3KOCT1 3a0py/THEHUX Tra3iB 3 BpaXyBaHHIM
TeMmIieparypu, M2/c;
de — exBiBanenTHuiIt JiamMeTp nepepisy HacaaKHU, M.

3HaueHHs koedinieHTa K, 004ncionTs 3a GopMyIIo

L 0,4 0,23
Kp=1+ 8,4(—"’) : (p—fJ , (4.85)
Ly Pa

ne Lp, Lr — 06 emHi BuTpaTu abcopOOBHOI PiIMHYU Ta OYMILEHHX Ta3iB, M>/TOJ;
Pa — MiIbHICTE abcopOenTa, Kr/me,
[NppaBniyHuil omip anapaTta BU3HAYaKOTh 3a hopmyrioro, [1a

2
prVy
2 )

APa = ((pBX + (pBI/IX) (4-86)

e Psx, Peux — KOSQILIEHTH MICLIIEBUX OINOPIB BIAMOBIAHO HA BXOAl M BUXOJI
abcopOepa (QPsx = 0,5, Peux = 1,5);
V: — MBUAKICTh Ta3iB Ha BXIAHOMY W BUXIJHOMY MaTtpyOkax abcopbOepa
(Vr=15...20 m/c).

KOHTPOJBHI 3AIINTAHHA

1. TlosicHITH cyTh aOCOPOLIIHOIO OYUIICHHS Fa30BUX BUKUIB.
2. HaseniTh knacudikariiro abcopoepis.
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3. TlosicHITH MPUHIMI POOOTH 1 KOHCTPYKTUBHI OCOOJIMBOCTI HACaJKOBUX
abcopOepiB.

4. OxapakTepu3zylhTe MNPUHIUI POOOTH Ta KOHCTPYKTHUBHI OCOOJIMBOCTI
O6apOoTakHUX abcopOepiB.

5. IlpunHuun poOOTH Ta KOHCTPYKTHBHI OCOOJMBOCTI PO3MHUIIIOBAIBLHUX
abcopbepi..
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5 3ACOBM AJICOPBLITHOIO OYMILEHHS 'A30BUX
BUKHUJIB BIJ T'A30- ii TAPONIOAIGHMX PEYOBUH

5.1 ®i3zuko-xiMiuHi OCHOBHM OYMIIIEHHSA ra3iB BijJ raso- i
naponoaioHuX 3a0pyJAHeHb aICOPOLIHHUM METOA0M

5.1.1 Cytnb apcopOuiiiHOro MeTOy OYUIIIeHHS Ta30BUX BUKHU/IIB

[TepcrieKTHBHUM METOJOM OYMIICHHS Ta3iB B Tra30- W MapornomiOHMX
3a0pynHEeHb € amcopOiisi — TOOTO TPOIEeC PO3MIICHHS, IO TPYHTYETHCS HaA
BJIACTMBOCTI JIEAKUX TBEPAUX TUT BHUOIPKOBO TMOIJIMHATH Ta30mo/i0H1
KOMIIOHEHTH 3 ra3oBoi cymimii. MoJekynu 3a0pyaHIOBaIbHOTO Ta3y ado mapw,
110 € B ra30Bii cyMillll, COPOYIOThCS Ha MOBEPXHI 200 B Mopax TBEPOTO Tija.

AicopOaTUB — pEUOBUHA, 1110 TOTJIMHAETHCS 3 TA30BOT CYMIIIIi.

A/icopO0eHT — TBepJa pEYoBMHA, HA TMOBEpXHI ab0 B TMOpax sKOI
B1JIOYBA€ETHCS aJCOPOIIist pEUOBUHU, 1110 TOTJIUHAETHCSI.

Ajicop6aT — KOMIIOHEHT, 110 MEPEHIIIOB 13 CyMillli Ta3iB B aJ1COPOATUBHUN
CTaH.

AJCOpOIiiHMI ~ METOJ  OYHMIIEHHS Ta30BUX  BHUKHIIB  JIOLIJIBHO
BUKOPUCTOBYBATH, KOJM HEOOXITHUN €(EeKT He MOXKHA OTPUMATU IHIIUMH
Metongamu. lleit mMeTon MOUUIBHMI TaKOXK, KOJIM KOHIIEHTpAIlis JOMIIIOK, IO
BUJIAJISIIOTBCSL 3 Ta3y-HOCIS, Jy’)K€ Malla Ta HEOOXIJHA TrapaHTis peKyrepaiii
JIOMIIIOK, OCKUIBKM BOHM MalOTh 3HAYHY BapTiCTh.

SBume ancopOuii OOYMOBJIEHO HAsBHICTIO CHJI OPUTITYBAHHS MIX
MOJIEKYyJIaMU aJIcOpOeHTy Ta ajcopOaTuBy Ha MexXi po3auty ¢as, 1o
notukarThes. [lponec mepexomy Mosekyn ajacopOaTMBy 3 Ta3y-HOCIS Ha
MOBEPXHEBUI MIap aacopOeHTy BiIOYBAEThCS B TOMY BUMAAKY, KOJIU CHIIA
OPUTSATAHHS aJCOPOCHTY TMEPEBUINYIOTh CHJIM TMPUTATAHHSA, [0 JAIIOTh Ha
ajcopbaTHB 31 CTOPOHU MOJIEKYJI T'a3y-HOCIA.

Monekynu aacopOoBaHOi PEYOBHHH, KOJU TEPEXOASITh Ha IMOBEPXHIO
a7CopOCHTY, 3MEHIIYIOTh HOro eHepriro. BHacmigok 1,010 BigOyBaeThCs
BUJIUICHHS TEIUIOTH. 3aJIC)KHO BIiJ CHUJIM TPUTATAHHS aacoOpOCHTY aacopOIis
Moxe OyTu (izuuHa abo ximiuHa. Temnora ¢i3uyHO1 aacopOIli ckiiagae 10 60
KI>x/mom., a ximiunoi — Big 20 mo 400 KIx/moo..

[Tpu ¢i3uyniil agcopOirii B3a€MOIisl MOJIEKYJT 3 TTOBEPXHEIO aJICOPOCHTY
BU3HAYAETHCSI TOPIBHSHO CHAOKUMHM  JUCIEPCIMHUMH, 1HAYKIIHHUMHU Ta
opieHTauliHuMK cwiiaMi. [Ipu nboMy aacopOoBaH1 MOJIEKYJM HE BCTYMAIOTh 3
MOJIEKyJaMu aJcopOeHTy B XIMIYHY B3aeMOJIil0 Ta 30epiraroTh CBOIO
iHauBiMyanbHICTh. st dizuyHOi afcopOIlii xapakTepHa BHCOKAa IIBHUIKICTH,
HE3HAYHa MIIHICTh 3B 3Ky MIX TMOBEPXHEI0 aicopOeHTy i ajcopbaTuBOM Ta
Maja temoTa amcopOuii. [Ipu migBUIIEHHI TemmepaTrypu KUTbKICTh (Hi3UYHO
a7copOOBaHOiI PEYOBHHHM 3MEHIIYETHCS, a MIJIBUIIECHHS TUCKY TPHBOIUTH IO
30UTBINIEHHST BEIMYUHU ajcopOirii. Bucoka mBuakicts ¢i3udHOi amcopOrrii Ta
BJIACTUBICTh aJCOPOEHTIB 0 pereHeparii M03BOJISIOTH MPOBOAUTH MPOIIEC
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IUKJIIYHO B YMOBaX 3BOPOTHOCTi, TOOTO 3 pOTAI€ CTaaiid TMOTIMHAHHS Ta
BU/JIIJICHHSI KOMITOHEHTA, 1110 100yBaEThCSI.

ITepeBaroro diznunoi afacopOiItii € 3BOPOoTHICTH mpotiecy. [Ipu 3meHIeHH1
TUCKY aJCOpPOEHTY B Ta30BiiM cyMimni ab0 TpH TMIJIBUILCHHI TeMIlepaTypH
a7copOOBaHl MOJICKYJIH JIETKO JecopOyroTh 0e3 3MIHM XIMIYHOTO CKJIaay, a
pereHepoBaHuit aIcCOPOEHT MOXKE BUKOPUCTOBYBATUCA Oararopasoso.

B ocHOBI XimiuHOi amcopOmii JEKHTh XIMIYHA B3aEMOIIS MiXK
a7ICOPOCHTOM Ta PEYOBHHOIO, IO aicopOyeThes. Jlir0di Ipy bOMY CHITH 3HAYHO
Oinpin, HOK Tpu Qi3uyHiil aacopOuii. YUepes 3Ha4yHy TEmioTy aacopoOmii (10
400 x/I>x/MOMb) eHepris 3B’sI3Ky XeMOCOPOHHMX MOJIEKYJ CHUIIBHO BiJIPI3HAETHCS
BiJI €Heprii 3B’s3Ky IIUX K€ MOJIEKYJ B IOTOII Tasy.

BignoBigHo eHepris, ska HeoOXigHa I TOro, Mmo0 XemocopOoBaHa
MOJIEKYyJla TpopearyBajia 3 MOJIEKYJIOI I1HIIOrO COpPTYy, MOXe OyTH 3HA4yHO
MEHIIIOI0, HI’K €HEepTis, 1110 HeOOXiTHa JIJIs peakiii IMX MOJIEKyJ B ra3oBiil (asi.
B 3B’s3ky 3 muM ajcopOoBaHa Ha MOBEPXHI TBEPJOTO TUIa MOJEKYyJa JIETKO
BCTYNA€ B XIMIUYHY PEAKIIO 3 1HIIMMHU MOJEKyJlIaMHu. MoJieKyliu ajcopOaTuBy,
10 BCTYNWJIM B XIMIYHY B3a€MOJiI0, M10Ope YTPUMYIOThCS Ha MOBEpPXHI Ta B
nopax azacopoenty. Ilpu Ximiuniii ajmcopOuii i1 MIBUAKICTE TPU HHU3BKHUX
TEeMIIepaTypax Maia, aje 301UIbIIYEThCS 13 30UIIIEHHSIM TEMIIEPATYPH.

TBepauii map NpoOAyKTIB peakuii, M0 YTBOPIOIOTHCS MpU aacopOlii, €
HalOUIBIIMM 3 yCiX IU(]Y31HUX ONOpPIB MPH NEPEHECEHHI. SKIIO MBUIKICTH
MpoIECy XeMOocopOIii JMITyeThca audysiero aacopdaTy B KyJeNno10H1Mi
YACTHUHIII, TO KIHETUYHE PIBHSIHHS MA€ BUTJISA

1-(2a/3)- (- a)?/3 =kfir2) < | (5.1)

Jie 0. — CTYMIiHb aacopOIIii;
k' — koedirieHT, M0 3aMeKUTH BiI IPUPOIN PEaryrOunX PECUOBHH;
I' — MOYaTKOBHM pajilyCc YaCTUHOK;
T — yac ajcopOii.
®dizuyHa Ta XiMiuyHa acopOIlisi YacTO CYMPOBOKYIOTh OJHA OnHY. [Ipu
OUMIIEHH] Ta31B BiJ ra3o- il maponoaiOHUX 3a0pyJHEHb HAWOUIBII MOIIUPEHA
dbi13uaHa aacopOIris.

5.1.2 PiBHoBara ii mIBMAKICTH aJcopoumii

XapakTep NpOTIKaHHS Mpolecy aacopOuli Moxe OyTH mepioAuYHUM abo
oe3nepepBHuM. IlepiognuHi mpouecu BiAOYBalOThCS MPU HEPYXOMOMY Iapi
azicopOeHTy, a 0e3nepepBHi — MIPU PyXOMOMY YU KUILIIYOMY IIapi.

PosrasineMo BUIagoK, KOJIM B HEPYXOMOMY Iapi ajgcopbaTy Oe3nepepBHO
PYXa€ThCS TMOTIK Tra3y-HOCIS 3 MEBHOIO MOYAaTKOBOK KOHIICHTPAIIIEID PEUOBUHU,
110 NorauHaeThes. Uepes neskuil BiAPI30K yacy Ha (POHTANIbHIN JUISHIN 1IApy
ajcopbaTy BHACHIJOK PI3KOTO 3MEHIICHHS PYNIHHOI CHJIM TOTJIWHAHHS
ancopbatuBy npunuHsaeTbes. [1oTik 3a0pyIHEHUX ra3iB “TPOCKAKYy€e” Yepes 10
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JIUISHKY IHapy ajacopOeHTy ©0e3 3MiHM KOHIeHTpallli. 30Ha MOTJIMHAHHS
3a0pyHIOBAYIB 3MIIIYEThCS HAa HACTYyHHI JAUISHKA. Yac poOoTu 1miapy
ancopOeHTYy 10 TIOBHOTO HACHYCHHS WOro (poHTanmbHOI [iNSHKA B
NepiIoANYHOMY IIpoIiect afcopOIlii Ha3uBaEThC TepiogoM (GopMyBaHHS (HPOHTY

aacopouii (Te). Ilicma HacuueHHS (GPOHTAIBLHOTO WIApy 30HA aaCcopOIii
NEepeMIllyeThC 1O BHCOTI mapy ajacopOenty. Ilpu 1pomy KOHIEHTpallis
azcopbaTuBy B 30H1 aJCcOpOIlli 3MIHIOETHCS IJIABHO 1 HA BUXOJI 13 IIapy BOHA
JIOPIBHIOE HYJIIO. 3 MOMEHTY 3aKIHYEHHS BHUXOY 3 IIapy ajcopOeHTy raszy 3
HYJIbOBOIO KOHIICHTpAIII€0, 10 BIANOBIJAE€ MMOYATKy “TPOCKAKyBaHHS
3aBEPIIYEThCS Yac aAcopOIIiifHOT ab0 3aXUCHOI il mapy.

KinpkicTe agcopbatuBy, IO MOTJIMHAETHCS IIApOM aJCOPOCHTY MaHO1
JOBXMHU 0 MOMEHTY NOYaTKy “TIPOCKaKyBaHHS aJcopOaTUBY, Ha3HBAETHCS
JTUHAMIYHOIO aKTUBHICTIO 200 TUHAMIYHOIO €MHICTIO aacopOenTy. Ll BemuymHa
MO>KE€ BHUMIPIOBATUCS HE TUIBKM KUIBKICTIO PIAMHU, IO MOTJIMHAETHCS, ajle i
MPOMIKKOM 4Yacy MDK MOYaTKOM IMOIJIMHAHHA JI0 MOMEHTY ‘“‘POCKaKyBaHHS .
Yac nii 3aXMCHOTO Mapy BU3HAYAETHCS 3 PIBHSHHSA

Ty = ka —T0 (52)
ne K — koedirieHT 3aXucHOI Iii apys;
Hwm — BucoTa mapy aacopOeHTy;

T0 — BTpaTa 4acy 3aXMCHOI J1i mapy, ika 00OyMOBJIEHA THM, 110 (POPMyBaHHS
(GpOoHTY BII0YBA€ETHCS HE PAINITOBO.

3aneHICTh Yacy 3aXUCHOI Jli BiJ BHCOTU (IOBKMHM) LIapy B IEPIOA
(opmysanms pponty T, =f(Hy,) onucyerses miasHoro kpusoro (puc. 5.1), mo B

NIepio]] napaneabHOro nepeHeceHHs (GPOHTY aacopOIii MEPEXOIUTh B MPSMY JIHIFO.

A
T3n
tgd,:COHSt
///
O // »
) ~ >
/// Hu
To <7 bo
7
- // ‘g
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\ //

Pucynok 5.1 — 3anexHicTh yacy 3aXuCHOI il Bil BUCOTH LIAPY
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apcopbenty t,, =f(Hy,)

Tanrenc kyra Haxmiay A0 oci abCUUC TPSIMOJIIHIMHOTO BiIpi3Ka KPHUBOI
(puc. 5.1) nmopiBHIOE KoedillieHTy 3axucHOI Ail mmapy ajacopOeHty (tga=K).
Bingpi3ok, 1110 #oro Bijcikae MpoaOBXKEHHS Ii€l mpsAMoi Ha oci opauHaT ( Tsy ),
BIJIMIOBiJa€ BEJIMYMHI BTPATH Yacy 3aXUCHOI Jii mapy aacopOeHTy ( o).

[Ticns moyaTky “npockakyBaHHsS IIap aJCOpPOSHTY 1€ Ma€ BIIACTHUBICTH
afcopOyBaTh aJCOpOEHT, ajie HMOro KOHIIGHTpallisi Ha BHUXOJl 3 IIapy IMpu
nepeMimeHdi  QpoHTy aacopOIii mocTymoBo 30uablyeThess. Komm  ¢poHT
azcopOIIii JIOCATHE BEpPXHIX IIapiB aJcopOeHTy, IIap TOBHICTIO BTpayae
BJIACTHUBICTH aJcOpOYyBaTH 1 KOHIICHTpAIlisl aJcCOPOEHTY Ha BUXOl i BXOJll CTa€
OJTHAKOBOIO.

KinpkicTh pedoBHHM, WO TIOTJIMHAETHCA aAJCOPOCHTOM, KOJU IIap
MOBHICTIO BTpaya€ BIIACTUBICTH aICOPOYBAaTH W KOHIIEHTpAIlisd aJcOpOCHTY Ha
BXOJIi Ta BUXOJl CTa€ OJHAKOBOI, HA3WBAETHCS CTATUYHOIO AKTHUBHICTIO a00
CTaTUYHOI €MHICTIO. CTaTM4YHA €MHICTh BHM3HA4Ya€ CTaH PIBHOBarv, KOJIU
KUTBKICTh aJICOPOOBAHUX MOJIEKYJ JOPIBHIOE KITBKOCTI MOJIEKYJ, IO BUXOJSAThH
3 ajicopOeHTy. JlnHaMiuHa €MHICTh aJICOPOCHTY MEHIIIE CTaTUYHO1, TOMY IIPOlLIeC
a71copOIIil pO3paxoBYIOTh 33 JUHAMIYHOIO EMHICTIO aJICOPOCHTY.

CraH piBHOBaru 3ajieKUTh BIJ MPUPOAU aJICOPOEHTY Ta ajcopOaTHUBY,
KOHIIEHTpaIli ajcopO0aTUBy B Ta3i-HOCIi, TeMmIepaTypu Npolecy, THCKY W
Bosiorocti ajzcop6enty. Ilporiec aacopOiii B ymoBax piBHOBaru rpadidyHo
300paXyeThCcsl 130T€PMOI0  aicopOIrii, IO MOKa3ye 3B’SI30K MK KIJIbKICTIO
pedyoBHHM ('), sIKa MOTJIMHEHAa OJMHMIICI0 Macu abo 00’eMy ajacopOaThBa B
razoBii ¢azi (P) nmpu mocriiiHiil TemmepaTypi mpouecy. IcHye m’dTh THUIIIB
buunoi  axcopbmii  (puc. 5.2). I3orepma Tumy (a) BiAgmoBigae
MOHOMOJIEKYJISIDHIM  JIGHTMIOPIBCBKINA ancopOrii, a TumiB (06) Ta (B) —
MOHOMOJIEKYJISIPHIM ¥  TOJMIMOJEKYJISIpHii axcopomii. [3orepmu (T) Ta (1)
XapaKTEePU3yIOTh BUMAJIKA, KOJIHM MOHOMOJICKYJSIpHA ¥ MOJIMOJIEKYJIsipHA
aJIcopOI1iT CyNPOBOIKYIOTHCSA KaMJISPHOIO KOHICHCAIIIETO.

a' a' a' 3 a'
: ' i
Ps P Ps lP PS! PF Psl E PSl 1:.‘

a) 6) B) r) n)

Pucynok 5.2 —Tunmu i3oTepm npouecy agcopouii

[3oTepmu (6) Ta (B) BiAPI3HAIOTHCS Bl 130TepM (T) Ta () TUM, IO MEPIIi
JBI BiOOpa)karoTh 3MIMIEHHS aiacopOIli mpu HAOMMKEHHI KOHIIEHTpAIlii [0
HacuueHoro crany ( Ps ), i3orepmm (T) Ta (I) cBimuaTh, 0 MakKcUMajibHa
aicopOIIist JOCATAETHCS MPU MEHIIKMX 3HaueHHsX ( Ps).
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[IBuakicTs mporecy aicopOlii 3MEHIIYETbCS 3 IiJBUIICHHSIM
TeMmrepaTrypu, mo rpadidHo BigoOpaxkae 1300apa ajacopOiii (puc. 5.3). Bona
MOKa3ye 3MIHY KIJIBKOCTI a7cOpOOBaHOI PEYOBHMHHM 3aJIe)KHO BiJl TeMIEpaTypu
IIPH MTOCTIHHOMY THCKY.

[Ipy migBUIEHHI  KOHIIEHTpaIii ajacopOaTUBy Haja  MOBEPXHEIO
azIcopOeHTyY TPH CTajiil TeMrepaTypl akTUBHICTh aJcopOeHTy 30utbInyeThes. Lle
30UTBIIICHHST TIPOJIOBKYETHCS TUTBKH 10 TIEBHOTO MOMEHTY, KOJIA JOCSTA€ThCS
NOBHE HACHYEHHS aACOpPOEHTy, TOOTO KOJM JIOCSTA€ThCS MaKCHUMalbHa
MOTJIMHATIBFHA EMHICTh aJICOPOCHTY.

t°C
Pucynok 5.3 - 1300apa npouecy agcopouii

[IBuakicTh mpolecy aacopOIli BU3HAYAETHCS MIBUAKICTIO MiABEICHHS
azcopOaTHBy 10 30BHIIIHBOI MOBEPXHI TIpaHyl aacopOeHTy abo MIBHIKICTIO
nepeMillyBaHHs aacopOaTuBy B IMoOpax aJCOpOEHTY YW BIJ ILHUX JBOX
napameTpiB. [IBUAKICTh MiBEACHHS aAcopOaTHBY A0 30BHIIIHBOI MOBEPXHI
aJICOpOEHTY 3aJIeKUTh B1J HIBUAKOCTI ra3zy-HOCis, TeMIEpaTypH, KoeQilieHTa
mugy3ii agcopbaTUBy B rasi-HOCIi, B’S3KOCTI Ta ULIIJIBHOCTI CEpelOBHUIIA.
[IBuaKicT, TEpeMillyBaHHs aicopOaTUBY BCEpPEAUHI TPAHYJ 3aJIEKUThH BiJ 1X
pPO3MIpiB, AlaMeTpa Mop, pO3MIpPiB MOJIEKYJ aIcOpOATUBY, TEMIIEPATYPH TOIIO.

5.1.3 XapakrepucTuka aacopoeHTiB

Bci TBepai peyoBMHHM 3 PO3BHHYTOKO TOBEPXHEIO € IMOTCHIIAIBHUMU
afgcopOeHTamu. J[Jig OYMINEHHS Ta3iB BUKOPHCTOBYIOTH aICOpPOCHTH 3 J100pe
PO3BUHYTOIO BHYTPIIIHBOIO MIOBEPXHEIO, YTBOPEHHS SIKOT JIOCATAETHCS B MPOIIECi
iX cuHTEe3y ab0 B Pe3yJbTaTi ClelialbHOI 0OPOOKH.

AJlcopOEHTH TOBHUHHI BIJIMOBIAAaTH TaKMM BHUMOTaM: MaTH 3HA4YHY
JUHAMIYHY €MHICTh, BEJIMKY NUTOMY IIOBEpXHIO, BHUOIPKOBICTH ajacopOiii,
TEpMIYHY W MEXaHIYHY CTIMKICTh [0 pereHepauii, OyTH NPOCTUMHU B
BUTOTOBJIEHHI Ta JemeBuUMHU. Jlmg  ancopOLiHOTO  OYMINEHHS  Ta3iB
BUKOPUCTOBYIOTh ~AaKTMBOBAHE BYTULIS, CHJIIKAareii, LEOJITH, IJIMHUCTI
MIHEpaJH, MOPUCTE CKJIO TOIIIO.

OcHOBHI BIIACTUBOCTI aJCOpOEHTIB — 1€ ajacopOaThBHA €MHICTh
(aKTUBHICTH); TIOPHUCTA CTPYKTypa aJcoOpOEHTy, IO XapaKTepU3YEThCA
MOBEPXHEI0 aICOPOCHTY, 00’ €MOM Ta PO3MIPOM MOP; BUOIPKOBICTH aJICOPOEHTY.
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CratuyHa Ta JuHaMIYHA €MHICTh aJCOPOEHTY BHU3HAYAIOTh PO3MIPHU
anapara Ta e(eKTUBHICTb O4HuIIeHHsS rasiB. CTaTUyHa €MHICTh CBIIYUTH IPO
KUIBKICTh PEYOBHH, IO MOXE ajcopOyBaTH ajacopOEHT B yMOBax pIBHOBArW,
TOOTO KOJIU KOHIICHTpAIlis aacopOaThBy Ha BXO/JIl Ta BUXOJ1 CTa€ BUIAIKOBOIO.
JuHaMmiuHa €MHICTh aJCOPOEHTY BIAMNOBIJIA€ TOTVIMHAHHIO PEUYOBHHH IIApPOM
acoOpOCHTY BIA TOYATKy aacopOmii 0 mToYaTKy ‘“TpOCKaKyBaHHS
ajgcopbaTuBy, TOOTO KOJM B Ta3y-HOCIi, IO BUXOIWUTH 3 IApy ajacopOeHTY,
3’SBISIOTBCA CHIAM aacopOaTHBy. AJcopOaTHBHA €MHICTb BHPAXAe€TbCAd B
rpamax morimHeHoi pedoBwHM Ha 100 r amcopOeHTy abo MoOb Ha Tpam,
CaHTHUMETP KyOIUYHUI Ha TpaM, IPOIIEHT 32 MaCOI0.

AncopOeHT  XapaKTepHu3ye€TbCs ~ 30BHINIHBOIO Ta  BHYTPINTHHOIO
MOBEPXHEI0. 30BHIIIHS MOBEPXHS 3aJ€KUTh Bl KUIBKOCTI MAKpOIOp U CKIajae
Bcooro 0,5...2.0 m?/r, To61o 0.2...0,5% Bijg 3aranbHOI IOBEPXHI aJCOPOEHTY.
BHyTpilHs MOBEpXHS YTBOPIOETHCS 32 PaXyHOK CTIHOK CEPEIHIX Ta MUIKHUX IOp
it moxxe mocsratu 500...1000 m?/r. IToBepXHIO IIOPUCTOTO Tija BU3HAYAIOTH 34
BEJIMYMHOI aJCcopOIlii, 10 BIAMOBIAA€ TMOKPUTTIO aACOPOSHTY MOHOIIAPOM
a71cOpOOBAHUX MOJIEKYJI

E=Np-a -S
ne Na —uucno ABoraapo;

ay — BEJIMYMHA aCcOpOIIii, N0 BIAMOBIJAE MOKPUTTIO MOBEPXHI CYLIIBHUM
MOHOIIIAPOM aJICOPOOBAHUX MOJIEKYJ;
Sm — 1Io1IIa, 110 11 3aiiMae oJIHa aJicopOoBaHa MOJIEKyIa:

S, =1,53v3 | (5.4)
ne V — MonbHM 00°eM a1copOOBaHOT PEUOBHHHU.

Benuuuny ancopOiiii MO>KHa BU3HAUMTHU 3a 130TE€PMOIO afcopoOiii abo 3a
PIBHSIHHSM

(5.3)

M ]

P 1 (C-1)p
) - . |
a'P,-P) vV C V C-P

e a’' — BeIMuyuHa aJicoporii;

(5.5)

Vu — mapamerp, 10 XapakTepu3ye KUTbKICTh MOJIEKYJ Mapu, siki HeoOX1TH1
00 TMOKPUTH TIOBEPXHIO aJCOPOEHTY CYIUIbHUM MOHOIIAPOM (EMHICTh
MOHOUIAPY);

C — KOHCTaHTa, [0 BU3HAYAETHCS 3 PIBHSHHS

Coel91 —92)/RT | (5.6)

Je g1 — TemioTa aacopOilii mepiioro mapy;
g2 — MpUXOBaHa TEIJIOTa KOHJICHCAITIi.

ITuTOMa NOBEPXHs TBEP/OTO Tijla BU3HAYAETHCS 32 (POPMYIION0, M2/T

Sy =(Vm/M)-Np Sy <1072, (5.7)

133



ne VM- €eMHICTh MOHOIIIAPY, B TpaMax ajgicopdbaTy Ha rpaM TBEPJOTO TiJa;
M — MonekymsipHa maca ajcopoOary.

[Topu ancopOEHTIB yTBOPIOIOTHCSA 32 PAXyHOK IYCTOT MK YaCTHHKAMHU.
0O06’eM, (hopma Ta po3MipH TTOP 3aJIeKATh BiJl PO3MIPIB B3AEMHOTO PO3MIIICHHS 1
IIUJIBHOCTI YaCTHHOK, 3 SKUX IMOOYJAOBaHMN KapKac TOPHCTOTO aJCOpOCHTY.
AnCopOEHT 3 BENMKHUMH TIOpaMH Kpaie afcopOye pPEeYOBHHH 3 BEIHMKUMHU
po3MipaMu MOJIEKYJ Ta TP 3HAYHUX THUCKaxX. CepemHBOMOPUCTUN aACcOpPOCHT
IpU CepeAHIX THUCKax edeKTUBHIIIEe ajcopOye, a ApiOHOMOPUCTUH — TIpH
HU3BKUX THCKax. OCHOBHY pOJIb MPHU PO3JUICHHI Ta30BUX CYMIIIeH BiAIrpaloTh
mikpornopu. IlntoMuii omip Mikponop aicop6enrax gocarae 0,2...0,6 cM®r, a
nuToMa nosepxHs — 10 500 M%/r Ta 6inbie. O6’eM Ta po3Mipu IOP BU3HAYAIOTH
METOJIOM PTYTHOI MpOMETPIi.

Cymapuuii 06’ eM mop, r/cm®

V=1/py=-1lpy, (5.8)

7€ P — AlCHA OIUIBHICTS;
Py — ySBHA IIIJIBHICTb.
JlificHa MIUIBHICTB aICOPOEHTY
_ PpaH
ba (92 —91)—(93 —94)’
Ii€ Pp — LIUIBHICTh MIKHOMETPUYHOI PIIAVHH, SIK TAKy BUKOPHCTOBYIOTH OCH30I
(pp = 0,879 r/cmd);
ay — Bara JIOCJIXKyBaHOT'O TBEpJIOTO TiJa, T;
J1, 02, 03, 04 — maca IIKHOMETpa BIANOBIIHO IyCTOrO, 3 PIAMHOIO, 3
PIIMHOIO Ta aICOPOCHTOM, 3 a7ICOPOESHTOM.
VYsBHA NIIIBHICT aJICOPOCHTY:

. _ 13546,
Yoy -y )+an

ne g1’ — KiIBKICTh MIKHOMETPHUYHOT PiZIUHH, SIK TAKY BUKOPUCTOBYIOThH PTYTh;

(5.9)

(5.10)

02" — maca miKHOMETpa 3 PTYTTIO Ta 3 COPOECHTOM.
3HavyeHHs J1MCHOI, YSBHOI Ta HACHITHOI IIUIBHOCTI JESKUX aacOpOEHTIB
HaBeJeHo B Ta0u. 5.1.

Tabmuug 5.1 — HliibHicTh agcopOeHTiB

[linbHicTh, KI/M3

AncopOeHT =
JificHa ysIBHA HACHUITHA

AKTHBOBaHE BYT1JUIA 1750...2100 500...1000 200...600
JlpiOHOTIOpUCTHI CUITIKAreTh 2100...2300 1300...1400 800...850
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Benukonopuctuii cusikarenb 2100...2300 750...800 500...600
[eomitu 2100...2400 1200...1400 600...800

BubipkoBicTh aacopOeHTIB — 11€ BIACTUBICTh aJCcOpOyBaTH, IMOTJIUHATH 3
ra3oBUX CyMillleld 1HAWBIAYyallbHI PEUOBHHM 3 TEBHUMH (PI3UKO-XIMIYHUMH
BJIACTHBOCTSAMHU. BUOIpKOBICTh 3aJ€KUTh BiJ] iX CTPYKTYpHUX BJIACTHBOCTEH,
OCKUJIBKH BiJ PO3MIpIB TOP 3aJIEKUTh iX 3/IaTHICTh aJIcCOPOYBaTH MOJIEKYJIH
pizHOI1 BennuuHU. AAcopOuis mMoxe OyTH e(eKTHBHA B TOMY BHUMAAKY, KOJHU
CepenHii paalyc Mop Ma€ TaKUi caMUil MOPSIOK, M0 i aacopOOBaHI MOJIEKYITH.

Perenepauisi — BuiIeHHS 3 TIOp aJCOPOCHTY PEUOBHHHU, 110 MOTIMHEHA
HuUM. EdekTuBHICTh mpollecy OYMINEHHS ra3y BH3HAYA€THCS IIBUIKICTIO Ta
MOBHOTOIO BHJIJICHHS 3 aJCOpOEHTY aacopOoBaHOi pedoBWHU. Mertoau
necopOii: TepMIYHUN; NUIIXOM MiABUIICHHS TEMIEpaTypu Iapy aicopOeHTy
npu 3puyaiianx (110...130°C) ta migeumenux (300...400°C) temneparypax;
BUTICHEHHSIM TOTJIMHEHOT PEYOBHHH Ta JeCOpOIlis KOMOIHOBAHUMHU METOJaMHU.
Yac gecopOrii po3paxoByIOTh 3a JOIMIOMOTOIO PIBHSIHHS

Ty =1/Ky-Inlan —ap)-la'-ap) . (5.11)

ne an, ap, a' — BIAMOBIIHO, MOYATKOBA, PIBHOBA)KHA Ta MOTOYHA abCOIIOTHA

BEJIMUMHA aJICOPOIIii;
Ky — koedimient necopuii, I/(T.XB).

Jlns  aacopOLIMHOTO OYMILEHHS Ta3iB BiJ Tra30- ¥ maponoaioHux
3a0py/IHEHb BUKOPUCTOBYIOTh TaKl MOPHUCTI aJCOPOEHTH: aKTUBOBAHE BYTLJUIS,
CUJIIKAreJi, eoITH, TIIMHUCTI MaTepialid, TOPUCTE CKJIO TOIIIO.

AKTHBOBaHE BYruuUid — 1€ TOPUCTI aJCOpPOECHTH OPraHiuHOTO
MOXO/PKEHHS, KOr0 OTPUMYIOTh TEPMIYHOIO 0OpOOKOI 0€3 OCTYIy MOBITPS
BYTULIs. B pe3ynbpTaTi IbOro BHIIy4aeThCsl BOJIOra Ta 4acTKOBO cMmodiu. [lopucra
CTPYKTypa YTBOPIOETHCS B pe3yjbTaTi OOpOOKHM BYTUUIS THapoM, ra3amMu Ta
XIMIYHUMH peareHtamu. 3a po3MipamMud W (GOPMOI0 YACTUHOK aKTUBOBAaHE
BYTULJIsl OyBae rpaHyJibOBaHE Ta MOPOIIKONoaAiOHe. ['paHyiboBaHe BYT1/UISI Ma€
dbopmy HuITiHIpa JlaMeTpoM 2...5 MM 3 JeII0 OLIBIIOK BUCOTOIO. Jekonu ioro
noApiOHIOTE a0 dpakimii 0,15...0,25 Mmm. [TopomkononiOHe BYTiuUIs MICTUTH
yactunku Mennte 0,15 mM. Ix He0mKOM € TOpIOUiCTS.

Cunikaren — 11e MiHepaJIbHUM aJICOPOEHT, MPH BUPOOHUIITBI SKOTO MOXHA
pEryJitoBaTi HOro MOPUCTY CTPYKTYPY, MA€ MiJIBUIICHY MEXaHIYHy MILHICTh Ta
HeBHCOKY Temneparypy peredepanii (110...120°C). Cuiikareni 3a CBOEH
XIMIYHOIO TPUPOIOI0 € TigpaToBaHuM KpemuezemoM (SiO2-nH,0). Cuitikarensb
BUPOOJISIIOTh B BUTJISAI TBEPAMX CKJIOBHJHUX 3€pE€H 3 HACHUITHOK IIUIBHICTIO
0,4..09 r/cM® Ta posmipamm 3epen 1.7 mm. HemomikoM cumikareneii e
pYHHYBaHHS 3€pEH M1 JI€I0 BOJIOTH.
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[leomniTu — 11e MPUPOAHI MIHEpaAJIH, 10 BUOIPKOBO aJCcOPOYIOTh OJIHAKOBI
32 po3MipaMH MOJICKYJIM 3aBASKH PETYJSpPHIA TOPUCTIM CTPYKTypl 3
OJTHAKOBUMHU 3a po3MipaMu mopamu. TakuMH TPHPOJHUMH MiHEpATaMH €
cuaepuT, (oxkasuT, epioOHHUT, MIa0a3UT, MOJEPHUT, KIMHOITHIIONHUT TOIIO.
[IInsxoM TepMiuHOi OOpOOKM 11 PEYOBHMHU IEPETBOPIOIOTH B €(PEKTUBHI
azcopOeHTH, 10 MalOTh 3HAYHY MOPHUCTICTh, BEJIMKY MOBEPXHIO 1 OJHAKOBI 3a
po3Mipamu mopu. AncopOriiftHa emMHICTh 11eoniTiB ctanoBuTh 0,01...0,4 r/T. 3a
JIOTIOMOTOIO II€OJIITIB 3 Ta30BUX CyMiliedl MoOyBalOTh amiak, TIOKCHA CIPKH,
alleTUJICH, CIPKOBOJICHB, T10KCH/I BYTJICIIO Ta 1HIII 3a0pyIHIOBAYI.

5.2 Knacudikaiisi TEXHOJIOTiYHOT0 00JIaTHAHHS VI aicopOuiiiHOTO
OYHIIIEHHS ra30BUX BUKH/IIB

OuwnileHHs] Ta30BUX BUKHUJIB BIJ Ta30- W MaponomiOHuX 3a0pyTHEHb
aJCOpPOIITHUM METOJIOM peali3yeTbcsl 3a JOIMOMOIOK  TEXHOJIOTTYHOTO
obnagHaHH, KiIacudikaris SsKoro HaBeJeHa Ha puc. 5.4.

OJTHONIOJIMYHI
0ararornoJInyHi
3 HepYXOMHUM HIAPpOM OJHOCEKIIiITHI
aacopOeHTy
OaratocekxIiigi

3 KUTBIIEBUM PO3MIIICHHSIM
azicopOeHTy

BEpPTUKAIBHI

3 pyxoMum mapom
ajgcopOeHTy

TOPU3OHTANIbHI

3 IHKEKTOPHHUM 3aXBaTOM
azcopOeHTy

Ancopoepu

OJTHOKaMEpHi

—| 3 KMILUISTYUM LIApPOM OaraTokaMepHi

KOMOIHOBAaHI

3 HAXWJICHUM JIOTKOM

3 BiOpoxkumIAYNM
HapoMm

A AN AN AN

13 CIipadbHUM JIOTKOM
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Pucynok 5.4 — Kinacudikanisi TeXHOJIOTIYHOT0 0012 THAHHS 1JI51

aJIcCOPOIHHOTO0 OYMIIIeHHS ra3iB

AncopOepu mepiogMdHOl Mii 3 HEPYXOMHUM IIIAPOM  aJICOpOCHTY
IpaIiolTh 3a JIBO- a00 YOTUPHUCTAAIMHUM pexxkumoM. [ 3a0e3nedeHHs
0e3mepepBHOCTI POIIECY OYHUIICHHS Ta30BUX BUKHUIIB YCTAHOBIIOIOTh JCKIIbKA
anapariB. Koxxanii 3 mux aacopOepiB MEepiOAUIHO MPAIIOE B PEKUMI afcopOITii
abo perenepanii. Ilpu doTupucTagifHOMY peXuUMi poOOTH B arapari
MOCJTIIOBHO BUKOHYIOTBCS Taki omepariii: aacopOmis, aecopOllis, CyIICHHS
ancopOeHTy Ta OXOJo/KeHHs ajacopOenty. [lpm nBocTamiitHOMYy pexXHUMI
CYILLIEHHS i OXOJOKEHHS aJICOPOEHTY CyMIIIAIOTh 3 MPOIIECOM aJICOPOITii.

Henomikamu, sKi 3HIKYIOTH TEXHIKO-€KOHOMIYHI TMOKa3HUKH pPOOOTH
azicopOepiB 3 HEPYXOMHUM IIApOM aJCOPOCHTY, € MEPIOJUYHICTH MPOIIECY,
3HAYHUM TUAPAaBIIYHUN  Omip, HEOOXIAHICTh JEKIIbKOX arapariB  Juis
3a0e3MeueHHs 0e3MepepBHOCTI OYUIIEHHS T'a31B, HU3bKE BUKOPUCTAHHS €MHOCTI
aJcOpOCHTY Ta KOPHUCHOTO 00’eMy arapara, CKIAIHICTh B YIpaBIiHHI U
aBTOMAaTH3allli MPOIIECOM OYHIIICHHS Ta30M.

besnepepBHicTh mporiecy 1 OUIbII TMOBHE BUKOPUCTAHHS aJCcOpOLIAHOT
€MHOCTI a7IcOpOEHTY 3a0e3MeuyIoTh arapaTtyu 3 PyXoMuM ImapoM aacopOeHty. Lle
JIOCATAETHCS 32 PAXYHOK MPOTHUCTPYMUHHOTO M MPSAMOCTPYMUHHOTO PyXy Ta3zy i
afcopOeHnty. [Ipu 1boMy B OJIHOMY arapari HO€HYIOThCS BC1 CTali: aacopoiis,
pereHepailisi, CymeHHS ¥ oxojokeHHs. KoHCTpykmis 1ux ajcopOepiB
JIO3BOJISIE  OYHMIIYBaTH Ta30Bl BUKUAM BiJ JCKIIBKOX 3a0pyJIHIOBAYiB.
Henonikamu agcopOepiB Oe3mepepBHOI [ii € MBUAKA PyWHAIlIS KOpITyca anapara
Ta HEOOX1AHICTh YITKOTO JOTPUMAaHHS

[aTeHcudikaris aacopOIiiHUX MPOIECIB MOKe OyTH MiABUIIEHA 3MIHOIO
T1IpOIMHAMIYHOTO CTaHy B anaparax. Lle mocsiraeTbesi CTBOpEHHSAM B ajgcopOepi
KUIUIAYOTO MIapy aJCOpOEHTY, Jie pO3MipH YaCTHHOK aJIcCOPOEHTY MEHII, HiXK B
HepyxomoMmy mapi. Ilpu 1mpomy 301MbIIYETHCS MOBEPXHS KOHTaKTy (a3 i
3MEHIIYEThCS BHYTpiaAuy3iiHuii omip TBepaoi (a3zu. MacooOMIH TakKoX
IHTEHCU(DIKYETHCS 32 paxXyHOK OUIBII BUCOKUX IIBHIKOCTEW Ta30BUX IMOTOKIB.
CrallapHUN KUIUISIYMA Iap aCOPOEHTY YTBOPIOETHCS, KOJIU MO0 BUCOTA PIBHA
niamerpy amaparta. Heponmikamu amapariB 3 KUIUIIYUM IIAapOM € Te, IO
KATUITYUA 111ap CTBOPIOETHCS TIABKH TPH TMEBHUX IMIBHUAKOCTSIX Ta3y, fKl B
NESAKUX BHUMAJAKaX HE € ONTUMAJbHUMHM Uil  (DI3UKO-XIMIYHOTO MPOIECy
azcopOI11ii Ta HE BC1 MaTepiaii MOKHA TIEPEBECTU B TICEBJIOPIAMHHUN CTaH.

OnHuM 3 TNPUHOMIB MiABHUILEHHS CTAOLIBbHOCTI KHIUISYOrO IHapy B
azicopOepi € CTBOPEHHs] HU3bKOYACTOTHUX BiOpauiiiHux koiuBaHb. [lim miero
BIOpalliiHUX CHUJI yTBOPIOETHCS BIOPOKMIUISYMI 1map aacopOeHty, 1o
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3a0be3mnedye XOpole TepeMilryBaHHsS  TBepaoi Ta raszomomiOnoi  ¢a3. B
pe3yJbTaTi 3MEHIIYEThCS 30BHIMIHBOAU(Y31HHE TaJIbMyBaHHS, IO ITiJBUIIYE
MIBUJIKICTh TEIIo- W Macorepenayi. BiOpokurissuuii map Moxe OyTH
CTBOPEHHH MNUISIXOM [ii Ha CHUIy4Ydid MaTepiad BIOpYIOUMX TMOBEPXOHb.
CrpykTypa mapy, yMOBH IIepeMilllyBaHHS Ha BIOPYIOUiil MOBEPXHI 3aJIe’KaTh BiJl
YaCTOTH, aMIUNITYId MW TPAaeKTOpii KOJHUBAJIBHUX PyXiB TMOBepxHI. Jlis
CTBOpPEHHSI BIOPOKHIUISYOTO IAapy BHUKOPUCTOBYIOTH T'apMOHIUHI KOJMBaHHS.
YMOBHO KHIUITYMA Tap MOXe OyTH CTBOPEHHH B YMOBHO-HEPYXOMOMY
CEpEIOBHIIN Ta IIPH OJIHAKOBIN (PiabTpalii razy.

5.3 AncopOepH 3 HEPYXOMHM LIAPOM aJICOPOEHTY

KoHcTpykTHBHA cXeMa BEPTHKAJIbHOrO ajcopOepa mnepioguyHoi aii 3
HEPYXOMHUM IIapOM IOTIMHAYA M0/IaHa Ha puc. 5.5.

4
‘31“
3 1 5
1
\7 ,
2—— —~_,
[ - _9F
7
6

Pucynok 5.5 — KoncTpykTuBHA cxema ajgcopdepa nepiogu4Hoi aii:

1 — xopmyc; 2 — JAIOKM [Jis BUBAaHTAXXEHHS aIcOpOeHTy; 3 — mTyuep s
BIJIBEJICHHSI TapiB Ipu AecopOiii; 4 — naTpyOoK i 3a0pyHEHOI Tapo-
ra3zoBoi CyMmilli Ipu JiecopOLii Ta MOBITPS MPHU CYIIIHHI  0XOJIOHKYyBaHH1
afcopOeHTy TmiJ dYac pereHepamii; 5 — JOK i 3aBaHTaXEHHS
azicopOeHTy; 6 — ITYyLep JJIs BiABEECHHS OUUIIEHOTO ra3y Ta MOBITPS i
qac pereHepariii; 7 — mrymep Ajs BiJIBeICHHS KOHJICHCATY
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AncopOep mepioguyHOi Mii 3 KUIBLIEBUM PO3MIIIECHHSIM aJICOPOSHTY
300pakeHMi Ha puc 5.6.

3r —I

|
tor

Pucynok 5.6 — KoncTtpykTnBHa cxema ajcopdepa 3 KijiblieBUM
PO3MIIICHHSIM aJicopOeHTy: 1 — Kopiryc; 2 — afcopOeHT

baraTononnunuii ancopOep nepioguuHoi Aii 300paskeHui Ha puc. 5.7.

X<

B KOHACHCATOP
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1 |
|
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TEIJIOHOCIH 1u

Pucynok 5.7 — KoHCcTpyKTHBHA cxeMa 0araTonoJJu4HoOro aacopoepa:
1 — xopmyc; 2 — mapu aacopOoeHTyY

O06’em agcopOeHTy SISl pa30BOTO 3aBAaHTAXKCHHS B anapar
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W.n,
By

1e W; — 06’eM maporazoBoi CyMillli, 10 IPOXOAUTh Yepes anapar, Mo/c ;
Ny — YHUCII0 OJTUHHMIIB TIEPEHOCY;
By — 06’ emuuii koedimieHT Maconepenadi, kr/(m3 -c).
Hiamerp  amcopbepa  BH3HAUA€TbCA  KWOTO  TiAPOMEXaHIYHUMHU
XapaKTepUCTHKAMH

Var = , (5.12)

D, = [AW: (5.13)
VvV,

1e Wr — 06’eM maporazoBoi CyMill, o IPOXOAUTh Yepe3 anapar, Mo/c ;
V,; — MBUAKICTH MApOTa30BOi CyMillli, 0 BiJHECEHA J0 BIIBHOTO TEpepizy
amapara JijIsl anapariB 3 Hepyxomum mapom, Vi =0,25...0,3 m/c.

Henonikom  angcopOepiB 3  HEPYXOMUM  IIAPOM  aJCOPOEHTY  €:
NEPIOUYHICTh MPOLIECY, 3HAYHUW T1APABIIYHUI OIIp, TPOMI3AKICTh, HE3HAYHE
BUKOPHUCTAHHS aJCOPOIIIHOT €MHOCTI aJCOpOEHTY, CKIAJHICTh B YIpPaBIiHHI
IPOLIECOM OYMILEHHS I'a31B TOILO.

5.4 AncopOepu 3 pyXoMHM IIAPOM aICOPOEHTY

AncopOepu 3 pyXOMHUM IIApOM aJICOPOCHTY 3a0e3MeuyroTh Oe3MePEPBHICTh
Ipolecy, MOBHIIIE BUKOPUCTAHHS aJcOpOIIHHOI €MHOCTI amapaTiB 3a paxyHOK
pyXy ra3y sK 3a Teui€lo, Tak 1 MpoTH Teuii ajacopOeHty. B ogHoMy amapati
CYMILIAIOTBCA BCl CTafll NpoOLEcy: aicopOlLis, pereHeparis, CyLIHHSI W«
OXOJIOJIKEHHS. Pyx raszy Ta ancopOeHTy Moke BIIOYBaTUCS B BEPTUKAIBHOMY a00
TOPU30HTAILHOMY HampsMi.

KoHcTpykTiBHa CcXemMa TOPU3OHTAIBHOTO ajcopbepa MPSIMOKYTHOTO
nepepizy 3 pyXoMuM IIapoM aJICOpOSHTY To/IaHa Ha puc. 5.8.

} or
5 | |
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Ac | / 6
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Pucynok 5.8 — KoncTpykTnBHa cxema ajcopdepa 3 pyXoMHUM IAPOM
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agcopOenty: 1 — xopmyc; 2 — OyHKep Ui 3aBaHTaXXEHHS CBIKOIO
ancopOeHTy, 3 — TOPH3OHTAIBHUN CTPIYKOBUM TpaHCHIOPTEp UL
nepeMilieHHsT  aacopOeHTy; 4 — aacopOeHT, IO pPyXaeTbes, S5 —
TOPU30HTAILHUHN CTPIYKOBHIA TpaHCTIOPTEP JJS 3MEHIICHHS MMHJIOBUHOCY;
6 — posmomuipbya pemnitka, [/ — OyHKep JUIsi BUBaHTaKEHHS
BIJIITPAIIbOBAHOTO aICOPOSHTY, 1110 ¥/Ie Ha pereHepalito

HIBuakicT mapora3oBoro moTtoky mnoBuHHa Oytu Ha 20..30% wMeHma

HIBUJIKOCTI MICEBAOPYXY, IO BUBHAYAETHCS 3 PIBHAHHS

Re
Vap = bt L (5.14)
d,p,
ne Renp — kputepiit PeitHnombaca A1 BUAKOCTI TICEBIOPYXY;
Wr — B SI3KICTh Tazy, Ila-c;
ds — cepenuiii miameTp 3epHa agcopOeHTa, M;
Pr — IYCTHHA ra3y, KI/M°,
[IBUIKICTH NEpeMIILIEHHS aCOPOEHTY B anapari
V.Y
Vo = B (5.15)
En(Yy + X)
ne Vr — MBUAKICTh TA30BOTO MOTOKY, M/C;
YH — noyaTkoBa KOHILIEHTpAIlis aICOPOEHTIB B MAPOra30Biid CyMillll;
€n — MOPHUCTICTh LIAPY PYXOMOT0O aICOPOCHTY, YACTKHU OJAUHUILH
(en = 0,33...0,45);
Xk — KOHIIGHTpallis aIcopOeHTy B TBep il ha3i.
Omnip pyxomoro mapy
AHap VP
AP = =Bt (5.16)
8¢
133
A=——m7, (5.17)
Re+ 2,34

ne Hu — BucoTa 1m1apy afcopOeHry, M;
a — MUTOMA MOBEPXHS 36pPHUCTOTO IIapy aICOPOCHTY.
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5.5 AncopOepu 3 KHILUISTYMM IIAPOM aICOPOEHTY

AncopOepu 3 KHUIUITYUM IIAPOM JIO3BOJIIIOTH 1HTEHCU(]IKYBaTH MPOIEC
azcopOIIii 6€3 3MIHU T1IPOIMHAMIYHMX YMOB B arapaTi 3a paxyHOK 30UIbIICHHS
MOBEpPXHI KOHTAKTy a3 Ta 3MEHIICHHS BHYTPIIIHBOTO Au(y3iiiHOTO Omopy
TBepAoi ¢dazu. OnTumanbHi TIAPOJAMHAMIYHI YMOBH B KHUIUITYOMY IHapi
(bOopMyYIOTECS 3aBISKHA TaKUM (DaKTOpaM: MIBHIIKICTh Ta30BOTO MOTOKY; PO3MIpH i
HIUTBHICTD aJIcOpOeHTy; ¢opma amapaTa; AiaMeTp ¥ BHCOTa KUIUITYOTO ILapy;
criocoOu moaayi TBepAoi Ppa3u; KOHCTPYKIIT pO3NOIUTBYMX PEUIITOK.

KoHCcTpykTHBHA cXeMa OJHOKaMEpHOTO ancopbepa 3 KHUIUITYUM IIapoM
nmojaHa Ha puc. 5.9.
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Pucynok 5.9 — KoncTtpykTBHA cxeMa ajicopoepa 3 KHILUIAYUM [IAPOM:
1 — mMAHAPUYHUN KOPITYC 3 KOHYCOM 3HU3Y; 2 — PO3MOJIbYa PEIITKa;
3 — marpyOoK Juisi BBEACHHS aACOpOEHTY; 4 — IUKJIOHHUM TPHUCTPIi;
5 — KUIUIAYUH 1m1ap aicopOeHTy; 6 — maTpyOoOK 1Jisi BUBEJCHHS afCOPOCHTY;
[ — mTynep s mojiadi 3a0pyIHEHOro ra3y
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KoHcTpykTHBHA cxeMa OaraToKaMepHOro ajcopOepa 3 KHUILISUYUM IIapoM
6e3nepepBHOi i momana Ha puc. 5.10.

| As

Pucynok 5.10 — KoncTpykTnBHA cxeMa faraTrokamepHoro ajacopoepa 3
KMIUISTYUM mapoM: 1 — [MWIHAPUYHUE Kopiyc; 2 — WTyUep Uil moaayl
Mapora3onoioHo1 cyMili; 3 — HIKHA periTka; 4 — nepdopoBaHi TapiuIKu;
5 — mepeTiuHi Tpyou; 6 — TpyOa s mojadi aacopOeHty; / — MITyIep s
BUBEJICHHSI OUYMIIIEHOTO ra3y; 8 — TpyOa Ajsl BUJAJICHHS BIAIPAlbOBAHOTO
azIcopOeHTy

HenonikoM ancopOepiB 3 KHIUITYUM IIApOM €: TICEBIOPYXY MiANAI0ThCS
TUIBKA MaTepiajii OAHOPIIHOTO TPAHYJIOMETPUYHOTO CKJIaay; KHUIUITYUN IIap
CTBOPIOETHCS TiIBKHU MPH JACSIKUX IIBHIKOCTSIX rasy, 10 HE € ONTHMATLHUMU IS

(b13MKO-XIMIYHOTO MPOIIECY afCcopOIii.

5.6 AncopOepu 3 BiOPOKMILUIAYUM LIAPOM aCOPOEHTY
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AncopOepu 3 BIOPOKHUILISTIMM IIAPOM J03BOJISIIOTH IHTEHCU(IKYBATH TPOIIEC
OUHMIIICHHS Ta3iB 3a paxyHOK TMEpeMIITyBaHHSI CHUIyYMX aJCOpOeHTIB 3a
JIOTIOMOTOF0 HU3bKOYACTOTHUX KOJIMBaHb. BIOPOKHITISUUI mIap, M0 TPU IbOMY
YTBOPIOETHCS, Ma€e M0OpP1 BIACTUBOCTI IO JI0 TeIio- i MacooOMiny. CTpyKTypa
miapy, YMOBHM TE€pEeMIlTyBaHHA TBepaoi (a3 i IIBUAKICTb TEPEMIIICHHS
MaTepiary 1Mo BIOpYIOUiM TOBEpXHI 3aleXaTh BIJ] YacTOTH, AMIUIITYAH Ta
TPAEKTOPIi KOJIMBAILHUX PyXiB MOBepxHi. 71 CTBOPEHHS BIOPOKHUILISUOTO APy
BUKOPHUCTOBYIOTh TapMOHIYHI KoJHMBaHHS. KOHCTpyKTHBHA cxema BiOpaiiiHOTO
0araTonoaNMYHOrO ajacopoepa 3 TMOXWIUMH JIOTKAMH TPSIMOKYTHOTO Tepepi3y
nojaHa Ha puc. 5.11.

Pucynok 5.11 — KoncrpykTHBHA cxema BiOpauiiiHoro aacopoepa:

1 — xopmyc; 2 — BiOpyBanbHa peuriTka; 3 — map KUILIST4oro ajacopOepa;
4 — OyHKep nojadi afIcOpOCHTY Ha PEILITKY; 5 — IITYLIep BBEJEHHS CBI)KOTO
ajcopbepa; 6 — mMTyIEp BUBEICHHS OYMINEHOTO Tra3y; 7 — MITylep BBOIY
3a0py/nHEHOi Mapora3onoaiOHOi Ccymiln; 8 — IITyllep BUBaHTaKEHHS
BIJIITPAIIbOBAHOTO aJICOPOCHTY

0O06’em pobOUOT KamMepH JIOTKa
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Wior = Gae't, (5.18)

ne Gapec — BUTpaTa aacopOeHTy;

T — yac nepeOyBaHHS aIcOpOEHTY B amapari.

Ac 3

/

ABl

Pucynok 5.12 — BeprukajbHuii ajicopoep 3 BiOPOKUILISYMM IAPOM Ta
CHipajJbLHUM JOTKOM: 1 — BIAKpUTHIA CHIpaTbHUMA JIOTOK; 2 — CTPHXKCHb,
Ha SIKOMY >KOPCTKO  3aKpiIUICHUW CHipaJbHUMA JIOTOK; 3 — BiOpartop;
4 — OyHKEp CBIXOTO a7COPOCHTY

3a yMOBH, 110 3/IIACHIOIOTHCS MPSMOJTIHINHI TAPMOHIYHI KOJIMBAHHS, YMOBa
nepexo1y Iapy ajicopOeHTy B BIOPOKUIUISYHMM CTaH 3 BpaxyBaHHSM (ibTparii
ra3y OMUCYEThCS PIBHSIHHIM

2 . .

F F
Ao SInB+ v SIN¢ | Ta =K, 21, (5.19)
gcosa, Mg coso. Mg

Jie M — Maca YaCTHHKH;
A — aMIUTITY1a KOJIMBaHb;
® — YacTOTa KOJIMBAHb;
Fv, Fa— ckmanosi cumu tepTs;
B — KyT, Tl SIKKM HampaBJieH1 TAPMOHIYHI KOJIMBAHHS JI0 TIOBEPXHI;
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0L — KyT HAXWJIy TIOBEPXHI pyXy aJICOPOEHTY A0 TOPU3OHTY;

¢ — (a3oBuii KyT BiOparii;

Ky — xoediltieHT pexxumy poOOTH BIOPOKHUILIIUYOTO IIapy 3 ypaxyBaHHIM
(GinbTpyBaHHS uepe3 Hel cepeIoBHUIIIA.

OcHoBHUMHK HUIsIXaMH  1HTeHcU(IKaIii ancopOUiIMHUX TMPOIECIB €
pPO3pOOJICHHS: ONTUMAIbHUX TiIPOJWHAMIYHUX PEXHUMIB OYHUIICHHS, HOBHUX
THUIIIB aJICOPOEHTIB Ta HOBOTO aJCOPOIIIHOTO 00IaIHAHHS.

OnTuManbHUMH T1IPOJMHAMIYHMMH YMOBaMH € Taki, IO 3a0e3MeuyroTh
BEJIMKY IIBUIKICTh (LIBTpAIlli OYMILEHOTO Ta3y 4depe3 ajacopoeHt. [Ipu npomy
3a0e3MeyyeThCsl TAaKOX BHUCOKMW CTYMiHb OYHUIICHHS Ta3y IMpU MajloMy
riipaBiIiyHOMY Omopi 1apy. 30UTBIICHHS IBUIKOCTI Ta3y MOKJIMBO TUIBKU MPH
BUKOPHUCTAHHI  COpOEHTIB 3 BEIMKUMH TopamH. Ilpu  BHKOpHUCTaHHI
JTPIOHOIUCIIEPCHUX aJCOPOEHTIB, HANPUKIAJ, IICOJITIB, IIBUAKICTH I'a30BOTO
MOTOKY OOMeXeHa: Jyisi HepyxoMmoro Ta pyxomoro mapy mo 0,1...0,5 m/c; s
KUIuIsyoro mapy ao 1,5...2,0 M/c; nnst BiOpokurisiyoro mapy qo 0,5...1,0 m/c.

[lepcieKTUBHUM HampsIMKOM 1HTEHCH(QiKalli MmporeciB aacopOuii €
BUKOPHUCTAHHS LIEOJITIB Y BUTJISA1 TOHKUX MOPOLIKIB Ta CYCIIEH3].

5.7 TexHosoriuHi po3paxyHku ajacopdepa nepiogu4Hoi aii 3
HEPYXOMHM LIAPOM aJICOPOEHTY

B pesynbrari mpoBeeHHS pO3paxyHKIB 3a BUXIJTHUMH JaHUMH, STKUMU
€ BUTpATa Mapora3oBoi cyMili Ta il TeMrnepaTypa, KOHIIEHTpaIlisd JOMIIIOK 1
HEOOX1THUW CTYMiHb OYMINCHHS, BHU3HAYaIOTh ONTHMAaJbHI TiApaBIYHI Ta
KOHCTPYKTHUBHI MapamMeTpu, HEOOX1IHY KUIbKICTh aJCOpPOCHTY M TPUBAIICTh
npoliecy aacoporii.

3 BpaxyBaHHSM TiIPOJAMHAMIUYHMX XapaKTepUCTUK 3a (opmyior (5.13)
BU3HAUaIOTh JiaMeTp anacopOepa, D,,. 3a 3HaueHHaAM miamerpa ajacopOepa
OOYHCITIOIOTH IJIONTY HOTo TIepepizy S,.

006’em ancopOeHTa 11l OJJHOPA30BOr0 3aBAHTAYKEHHS arapara

W = Wrny

, 5.20
=g (5.20)

ne W, —00’eM napora3oBoi cyMili, 0 TPOXOIUTh Yepe3 arapar, M>/c;
By — 00’emumit KoediuieHT Macomepeadi, kr/(m’¢)

ny — YHUCJIO0 OAWMHHUIB IICPCHCCCHHA.

O6’emHuil KoedillieHT Macomepenadi B Tra3oBik (a3l 3aJIeKUTh BiJ
TiIpOIMHAMIYHMX YMOB B amapari Ta (I3MYHUX BIACTHBOCTEH TMOTOKY W
BU3HAYAETHCS 32 POPMYIIOIO
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, (5.21)

ne d, — eKBIBaJICHTHHH JliaMeTp 3€peH aJICOPOCHTY, M;
Nu — koeoimient kputepiit Hyccenbra;
Dr — xoedimienT audy3ii MIKiIMBOI Mapora3oBoi CyMill Mpu TemmepaTypi
ancop6uii T°, m?/c.
ExBiBameHTHUN  gilamMeTp 1A HWIHAPUYHUX  3€PEeH  aJICOPOCHTY
PO3paxoByeThCs 3a (HopMyIIor0

da -1
do=— - dals (5.22)
(1-24)(0,5-d3 +13)
Py H .

i€ €, =———— — IOPUCTICTh LIapy aACOPOEHTYy, IO BU3HAYAETHCSA UEpE3
Py

yasay Py (300..1000 kr/m®) Ta macummy pu (200..800 kr/m°) rycruny
a7ICOpOCHTY;

d3 — niamerp 3epen ancopOeHTy, MM;
I3 — moBXKHMHA 3e€pEH, MM.

Koedimient nudysii mKiAIMBOI Mapora3oBoi CyMmilll MpH TeMIeparypi
aacopoOrii

T Po

15
D+ =Dq| — — 5.23
T O(TOJ P (5.23)

ne Do — koedimient qudy3ii mkiamuBoi maporazoBoi cymiti npu To = 273°K;
P 1 Po — BignoBinHuii THCK B anaparti 1 armocdepnuii (Po = 101,3 xI1a).

Hudysiiauit  kputepii HyccenbTa 3ajieXHO BiJg 3HAUYEHb KpUTEpId
PeliHonbaca 00UHUCITIOOTH 32 OAHIEIO 3 (hopMyI

Nu=0,395- Re?%4 P23 1py Re > 30, (5.24)
Nu=0,725- Re®*" P%33 1pu Re 2... 30, (5.25)
Nu=0,515- Re®*® P%33 1py Re<2, (5.26)

ne Re — moaudikoBanuii kputepii Pelinonbca, BeTMdnHa SKOTO JOPIBHIOE
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Re= Yr'Ge Pr (5.27)
€y "Hr

ne Vr — MBUIKICTh Mapora3oBoi cymi B anapati (0,2 ... 0,3 m/c);

de — exBiBaNIGHTHHI JiaMeTp afcOpOCHTY, M;

pr — T'YCTHHA MAapora3oBoi cymili, Kr/m3;

r — B A3KICTh Mapora3oBoi cymimii, [1a-c;

€1 — TTOPUCTICTH HepyxoMmoro mapy agcopoenty (0,33 ... 0,49).

HNudysiitauit kputepiit [IpanaTist 06UuCIIIoTh 32 PopMyIIoI0

p=—tr (5.28)

Yucno OauHUIL TIEPEHECEHHS OOYMCIIOIOTH METOJIOM TpadivyHOro
IHTETpyBaHHS IHTETPATY

Y
n=I"d_y

- (5.29)
Yoy Y=Y

e Y, Y', Yn, Yk — BIANOBIJHO, MOTOYHA, PIBHOBAXKHA, MOYATKOBA 1 KIHIIEBA
KOHIIEHTpaLlisl a1COPOEHTY B IIApOra3oBiii cyminmi, Kr/me,

Bucora Hepyxomoro 1iapy ajficopOeHTy B anapari
Hu=ny h, (5.30)
ne h — BrcOTa OJTMHUII TEPEHECCHHS, IKa BU3HAYAETHCS 32 (DOPMYJIO0

h="Cr (5.31)
SaBy

ne Gr — MacoBa BUTpaTa MaporasoBoi cyminmi, kr/(m>-c);
Sa — moia nepepizy anapara, M.

TpuBanicte mnporecy aacopOuii BU3HAYAIOTh 3aJIEKHO BIJ TOro, €
3HAXOAMUTHCS Ha 130TepMI aJIcOpOIIli TOUKA MOYATKOBOT KOHIIEHTpAIlli aIcOpOEHTY
B IIapOra3oBiil CyMilIi:

a) B mepmiid o0jacTi 130TepMH  aACOPOIl JOMyCKAeThCcsl JIiHIMHA
3aJICKHICTh MIXK KOHIIEHTPALIEIO Ta3y 1 KIJIBKICTIO MOTJIMHEHOI PEYOBUHU
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X' X'
Jr= /W.F_b /By—YH , (5.32)

0) B apyrid oOmacTi i130TepMH amcopOIlii, A€ 3aJIeKHICTh MIXK
KOHIICHTPALII€IO Ta3y 1 KUIbKICTIO OTJIMHEHOI PEYOBUHU € KPUBOJIHIIHOIO

o X HH_VF[ ! "”(Yﬂ_l}'n(ﬁ_lﬂ . (5.33)
Vr'Yr[ f’y Yn/Yl YK YK

B) B TpeTiil obnacTi i3oTepMmu ancopOrii, e KiIbKICTh PEUOBUHH, SKa
MOTJIMHEHA aZICOPOCHTOM JIOCSTAE TPAHUITI 1 3AIIUIIIAETHCS O€3 3MIHH

X Hﬂ_ﬁ(mi-lj, (5.34)
V.Y, B, L Y

K

T

ne X' — piBHOBa)KHA KOHIICHTpALlisl afcOpPOEHTY B TBEPAiH (a3i, Kr/M>;
Y'1— BMICT pEYOBHHHU B Ta30BOMY MOTOII1, IO PIBHOBAXXUTH 3 MTOJIOBUHOIO
KiTBKOCTI MaKCHMMAaJIbHO TorauHeHoro aacopoenTy (Y'1 = 0,5 X'max), Kr/M3;

b — xoedimienT, BeaIMUMHA SKOTO 3aJI€KUTh Bijl BIIHOMIEHHS —= .
II

[lepenan THCKY B 11api aicOpOEHTY OOUHCITIOIOTH 32 (HOPMYJIO0

AP =
g'de'pr

2H (770*3 i<l +10,6-GEJ, (5.35)
e

1€ { — MPUCKOPEHHs BiILHOTO MaiHHs, M/c2,

KOHTPOJDBHI 3AIIUTAHHA

1. TlosicHITH CYTh aACOPOLIIHOTO MPOLECY OUMIIECHHS Fa30BUX BUKHU/IB.

Hagenith kmacudikariiro aacopoepis.

3. TosicHiTh mpUHLKIT POOOTH 1 KOHCTPYKTHUBHI OCOOJMBOCTI aJcOpOEpiB 3
HEPYXOMUM IIapOM aJCOPOCHTY.

4. OxapakTepusyiTe TpUHIUI POOOTH 1 KOHCTPYKTHBHI OCOOJIMBOCTI
ajcopOepiB 3 pyXOMHUM IIApOM aJICOPOCHTY.

5. TlosicHiTh mepeBaru 1 KOHCTPYKTUBHI OCOOJIMBOCTI acOpOepiB 3 KUIUISTUUM
1apoM aJICOpPOEHTY.

no
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6. Hamemith ocoOmmBocTi pobOTM ¥ KOHCTPYKINi  amcopOepiB 3
BIOPOKHUIUISTYMM IIIAPOM aJICOPOCHTY.

7. Po3kpuiiTe CyTh METOMKH TEXHOJIOTIYHUX PO3PAXYHKIB agcopOepiB.
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6 3ACOBMU VIS KATAJIITUYHOI'O OYUILIEHHA
I'A30BUX BUKU/IIB

6.1 Dizuko-xiMiuHi OCHOBHM KATAJITHYHOI0 OYMIEHHS ra30BUX
BUKH/IB

6.1.1 CyTh KaTaJiTHYHOTO METOY OUMIIEHHS rA30BUX BUKH/IIB

[lepcrieKTUBHUM METOJIOM OYMIIECHHS Tra3iB € KaTaJliTU4YHI MPOIECH, IO
TPYHTYIOTBCSI Ha HEWTpalizamii MIKIAJIUBAX JOMIMIOK MUIIXOM [ii Ha HUX
CHeIiaJbHUMHU PEUOBUHAMH — KaTajli3aTopamu.

Karamizatopu — peuoBuHH, 1m0 OEpyTh AKTUBHY Y4acTb B XIMIUYHIH
peaxiiii, aje 3aJuIIarTHC He3MIHHUMU TICTIS 11 3aKiHICHHS.

KaramiTuuni mporecu OYHUIICHHA Ta3iB € BUCOKOIPOIYKTHBHUMH,
CTabUIbHO 3a0€3Me4yl0Th BUCOKHI CTYIIHb OYMIIEHHS Ta 3A1MCHIOIOTHCS 32
JIOTIOMOT'OF0 KOMITAKTHOT'O 00J1aIHaHHS.

Karamituuni mnporecu OyBalOTh TOMOTE€HHI Ta TETEPOreHHI, 1110
BU3HAYAETHCS arperaTHUM CTaHOM PEYOBHHHU, sika Oepe yyacTb B KaTasli3l.

TexHouorist OYMILIEHHSI Ta HEOOX1AHE O0JIaJHAaHHS BU3HAYAIOTHCS BUJOM
karanizy. [Ipm romoreHHOMy KaTami3i KaTajai3aTop Ta pearyrdl pPedOBHHU
3HAXOMATHCS B O/HIN (ha3l, Hampukiaj, ra3oBiid. [Ipu rereporenHomMy mporeci
KaTaJi3aTop Ta pearyroyl pe4oOBUHU 3HAXOATHCS B Pi3HUX (azax.

OcCHOBHUM (pakTOpOM, 110 BU3HAYA€E MIBUAKICTh KAaTaTITHYHOI PEaKIlii, €
eHeprig axkTuBauli. Yum Ouiplia eHepris akTHBalli, TUM MEHIIE YaCTUHOK
MarOTh B CHCTEMI TaKy €HEpriio 1 TUM MOBUIbHILIE BiIOYBa€eThCs peakiis. Ko
BEJIMUMHA C€HEpPrii akTHWBallli 3HAYHO MEHINA €HEeprii, ska HeoOXiJHa MJIs
pO3ipBaHHS CTapuX 3B’S3KiB, TO BOHA YaCTKOBO KOMIIEHCYETHCS €HEPTI€I0, IO
3BUIBHSETHCS MPU CTBOPEHH1 HOBUX 3B’s13K1B. CTYIIHb KOMIIEHCALlll OMUCYETHCS
PIBHSHHSAM

aK:(ZEg—E)/ZEs, (61)
ne 2E; — cyma eHepriii 38 s13KiB, 110 pO3PUBAIOTHCS;
E — enepris akTuBaiii.

Cryniap xomneHcauii (Ok = 92...96%) xapaxkTepHuil Ui peakuid 3a
y4acTio paaukaniB. EHepris aktuBamii Uil TaKUX peakiiid CTaHOBUTH
40...50 x/Ix/mMonb. B peakmisix 3 MoOJeKyJaMU CTyHiHb KOMIIEHcAIIll
3MmeHuyeTbest 10 60...70%, a eneprisa aktuBauii 301mbmIyeThes n0 150...250
k/[x/Monb. ToOTO, TpPOBENEHHS KOPUCHUX XIMIYHHMX PEaKUld JOCITraeTbes
IUIIXOM BUKOPUCTAHHSI KaTalli3aToOPiB, sIK1 301IbIIYIOTH CTYIIIHb KOMIIEHCAIll Ta
3HIDKYIOTH €Heprito aktuBaiii. Lle cnpusie 301IbIICHHIO MIBUAKOCTI XIMIYHUX
PeaKIIii.

[Tpu ounteHH1 Ta31B B/l TOMIIIIOK BUKOPUCTOBYIOTH TBEP/I1 KaTaIi3aTOPH.
Karani3 Ha TBepauX KaTamizaropax CKIaIa€ThbCs 3 TAKUX CTaJIi:

— 30BHIIIHS AUQY3id pearyrounx PeYOBUH JI0 MOBEPXHI KaTaaizaropa;

— BHYTpIlHA Audy3isd B IOpax 3€peH KaTali3aTropa;
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— aKTMBOBaHa (XIMi4Ha) aJcopOIlis OJHOTO ab0 JEeKIIbKOX KOMIIOHEHTIB
Ha MOBEPXHI KaTaaizaropa;

— TeperpyIyBaHHS aTOMIB (XiMIYHA PEaKITis);

— 3BOpOTHA qudy3is IPOAYKTY B Opax 3epeH KaTani3zaTopa,

— nudy3is TPOAYKTIB BiJl IOBEPXHI 3€pHA.

Koxna 3 1mux crajiii KaTagiTUYHOro Mpollecy MOBMHHA MaTH EHEPIiio
aKTHBAIllli, 1110 3HAYHO MEHIIA, HI’K €Hepris aKTUBAIlll peakilii Mpu BiJICYTHOCTI
KarajgizaTopa. B iHIIOMY BUNAJIKy KaTaJITUYHUN TpOLIEC E€HEepreTuyHo Oyje
HEMOKJIUBU.

3aranbpHa MIBUAKICTH KaTATITUYHOTO MPOLIECY BU3HAYAETHCSA BiIHOCHUMHU
MIBUAKOCTSAMU OKPEMHUX CTaJiii Ta MOXE JIMITyBaTHCS HAMMEHIIOI 3 HHX.
Po3pi3HstoTh mpoiiecu, 0 NPOTIKAIOTh B KIHETUYHIHN, 30BHIIIHbOAU(Y31iHIN Ta
BHYTPIIIHBO AU Y31HHIN 001aCTAX.

B kiHeTnyH1M o00JacTi CyMapHa HIBUAKICTh KaTaJIITHYHOIO MPOLECY
BU3HAYAETHCS IIBUAKICTIO XIMIYHOI peakilli W He 3alieKUTh BiJ IIPOIECIB
NepeHocy, a 3aJ]eXUTh TUIBKM BiJ TMPUPOJM pearydnx pEeYOBUH Ta
KaTamizaropa. PIBHSIHHS IIBUAKOCTI PEaKIlii Ma€ BUTJIS

U=KAPP"B, (6.2)

ne K — koHCTaHTa MBUAKOCTI PEakKIii;
AP — pymriitHa cuia mpotecy;
P — Ge3po3MipHa Benu4MHA, 110 MOKAa3y€ BIJHOMICHHS POOOYOrO THUCKY 0
aTMOC(EPHOroO;
B — koedimieHT mepepaxyHKy JO HOPMAJIBHOTO TUCKY U TeMIIepaTypH;
N — mapameTp, M0 XapaKkTepus3ye MOPSAOK PeaKilii.

B kiHetnuHid o0nacti peakuii BiAOYBalOTbCS 3 BUKOPUCTaHHSIM
MaJOAKTUBHUX KaTali3aTOpiB Ta MpU TEMIEpaTrypax, 10 HaOIMKaThCS 10
TEMIIepaTypy 3amaitoBaHHs Kartamizaropa. llBuakicTe Takux TpoIEciB
HEMOXXJIUBO  30UIBIIMTHA  TOJIMIICHHSIM  CTPYKTYPHUX  BJIACTHBOCTEM
KaTajgi3aTopiB 3a paxyHOK TMIJIBUINEHHS KUIBKOCTI Makpo- ¥ Mikporop abo
301IBIIIEHHSM TypOYIEHTHOCTI MOTOKIB. 11 MOHA 301IbIINTH TiNBKH 3MiHIOOUH
IpUPOAY KaTaizaTopa Ta MiABUIIYIOYH TEMIIEpaTypy MpoIecy.

B 3oBHimHbOAU]Y3iitHINA 007aCTI CyMapHa HIBUIKICTh KaTaJIITUYHOTO
MPOLIECY BU3HAYAETHCS IIBUAKICTIO MiABEACHHS (Iu(]y3il) pearyrounx pedoBHH
B 30HY peakii. {10 MBUAKICTE MOXHA 3O0UIBIIATH LIISXOM 301IbIICHHS
MaKpoIop KarajizaTopa Ta MepeMilllyBaHHSM peareHTIB. 301IbIICHHS MOBEPXHI
MIKpOIIOp B I[bOMY BHUMAJKy HEIOIIbHO, OCKIIbKM BOHM Mailke He OepyTh
y4dacTi B mpoiieci karamnizy. ['panuiiero 301IblIeHHST TypOYJI€HTHOCTI MOTOKIB €
nepexiJi CUCTEMH 13 30BHIMHbOAU(Y31MHOI 001acTi y BHYTPIIHbOAUDY31HHY
a00 B KIHETUYHY 00J1aCTI.

IBuakicTs Audy3ii BU3HAYAIOTh HA OCHOBI MEPIIOTO 3akoHy Dika

Ux=dG /dr=- Deaxdc/dt , (6.3)
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ne De — cymapuuit koedirieHT epexkTuBHOT AM(Y31i B Ta30BOMY CEpPEIOBHUILIL, 110
PO3pPaxOBYETHCS 3 BpPaXyBaHHIM MOJIEKYJISPHOI Ta TypOyIeHTHOI Tudy3ii;
Ak — 30BHIIIHS TTOBEPXHsI 3€PEH KaTaji3aTopa;
dc / dt — rpamieHT KOHIIEHTpAIIiT,
G — KUIBKICTh PEYOBHHHM, IO TEPEHOCHTHCA 3a 4Yac T B HAIMPSIMKY,
NEPICHIUKYIIPHOMY J0 TOBEPXHI 3€pHa KaTajizaTopa.

VY BHyTpimHbOAU(DY3iiHINA 001acTi cCyMapHa MIBHAKICTh KaTaJiTHUYHOTO
MPOLIECY BU3HAYAETHCA IMIBUIKICTIO MiJBEJCHHS PEaryrouux pPEYOBUH B 30HY
peakiii B MIKpomopax 3epHa KaTamizaTopa. 3O0UIBIIWTH IMIBUIKICTH MOXHA
IUISIXOM 3MEHILICHHS PO3MIpIB  3€pHa KaTajizaTopa abo 30UIbIICHHSAM
BHYTPIIIHBOI OBEPXHI KaTali3aTopa, 10 CTBOPIOETHCS TOHKMMH MOPAMHU Majoi
JIOBKUHHU.

Yac gudysii KOMIOHEHTa B TOpH KaTajizaropa Ha TiuOuHy |
BU3HAYa€eThes 3a popmysoro EitHiureiina

1 =1/ 2De , (64)
ne | — rmubuna mopu Karajizaropa.

[Ipu noBXKMHI BUIBHOTO MNPOOITY MOJIEKYJM KOMIIOHEHTa ( A ) MEHIIe
niamerpa mopu ( I ), To0TO KoM A < 2r , cyMapHHUiA KOoe(DimieHT eheKTHBHOL
nudy3ii B ra30BOMY CepeIoBHIII TOPiBHIOE KoedilieHTy audy3ii B ra3osiit ¢asi
(Dr) 1 BU3HAYAETHCS 3 PIBHIHHS

5
_0,00837 TA - J1UMp +1/Mpg

De = Dr , (6.5)
1 y 9
ne Ma, M — MoJibHI Macu pedoBuH A Ta B, 1/moub;
VA, VB — MobHI 00’ eMu pedoBuH A Ta B, cM3/MoIb;
P —3aranbnmii tuck (0,1 MIIa);
Ca+B — xoHcrtaHTa Ce3epaeHaa, mo 00UUCIIOETHCS 3a (HOPMYJIIO0
Ca+B = 1,47 ¢ (TA" TB")°®, (6.6)

ne T™ — temneparypa KUIIHHS KOMIIOHEHTIB A 1 B;

(@ — KOE(]ILIEHT, [0 BPaXOBY€E CHIBBIIHOUIEHHS MIX MOJIBHUMH 00’ €MaMu
pPEYOBHH

0,5
-8 (VA VB)

6.7
Va+Vg 6.7

Sxmo VA = VB, To koediuieHt ¢=1.
3a ymoBH, 0 A > 2r, koedirieHT epeKTuBHOI qudy3ii 0OUUCITIOTH 3a
bopmyIioro
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De=2/3r |SRT (6.8)
T

Skio 0BXKHWHA BIIRHOTO MPOOITY MOJIGKYJIM KOMIIOHEHTA JOPIBHIOE
pajiycy mopu, To
De=Dr-(1-e-2'%), (6.9)

CyTTeBO BIUIMBa€ Ha MpoLEC KaTamizy Temmeparypa. Bona He TiTbKu
3MIHIOE TIBUAKICTh KaTajlizy, aje H JiMiTye crajito mporecy. [Ipu BigHOCHO
HU3BKUX TeMIIepaTypax, KOJIM IMIBUAKICTh PEaKIlii Majia IOPIBHSIHO 31 MIBUIKICTIO
nudy3ii, KOHIIEHTpAIlls pearyruux PEYOBHH Ta MPOAYKTIB PEaKIli MO TIIMOWHI
ra3oBoMy MoTori. B 1boMy BHIajKy mpollec KaTajlidy NpOTiKae B KIHETHYHIM
obnacti. CTyniHb BUKOPHUCTAaHHS BHYTPIIIHBOI ITOBEPXHI HAOIMXKAETHCA [0
OJIMHUIIl 1 TPOLIECH TEpPEHECEHHS HE BIUIMBAIOTh HA IIBUAKICTH XIMIYHUX
MIEPETBOPEHb.

3 MABHUILEHHSIM TEMIIEpaTypy IIBUAKICTh XIMIYHOI peakiii 30LIbIIY€EThCS.
OnHoyacHO 30UIBIIYETHCSI TAKOXK IMIBUIKICTh MU(y3li. AJie KOHCTaHTa HMIBUIKOCTI
peakiii 30UTbIIY€EThCS 3 MIJBUIICHHAM TEMIIEPATYpU MIBUALLIE, HLK KOE(DILIEHT
mudysii. B nux ymMoBax MiJIBEIEHHS pearyrouuXx PEUOBHH LUIAXOM IUQy3ii He
3a0e3revye MOCTIMHY KOHIICHTPAIllI0 CyMilli, 110 Oepe y4acTb B peakiiii, o BCiil
rmuOuHI Top Karaiizatopa. Ilpu meBHHX TemriepaTypax HAcTa€ MOMEHT, KOJH
KOMIIOHEHT BCTYIa€ B XIMIYHY PEaKIliio IIe O TOro, sIK BiH MPOHMKAE Ha BCIO
rIMOUHY B TTOPH KaTajizaTopa. BiamoBiHo, MeBHA YacTUHA BHYTPIIITHBO1 ITOBEPXHI1
Mop KaTajizatopa uepe3 AeQilUT BUXITHUX PEUOBUH (PaKTHUHO HE Oepe ydacTi B
KaTaii3i 1 TMpolec MepexoauTh B 00dacTh BHYTPIHBOI audysii. CrymiHb
BUKOPUCTaHHS BHYTPIIIHBOT TOBEpXHI Karamizaropa Oyne MEHIe OJWHUIIL
[[IBuaKiCTh KaTamizy B I1OMY BHUIAAKy OyJe JIMITyBaTUCS IPOIIECOM
NEPEHECEHHS PEYOBMHM B MIKpornopax Katamzaropa. llpu mnoganemiomy
30UTBLIEHH] TEMIEpPaTypH IMIBUAKICTh XIMIYHOI PeaKiii 1ie Ouiblie 301IbIIY€EThCS.
PedoBuHM, 10 HAIXOIATH B 30HY peakilii, HE MPOHHUKAIOTH TIMOOKO B TOpPHU
kartanzaropa. O01acTh BHYTPIIIHBOI YACTUHU TOpP, IO HE Oepe ydacTi B KaTami3l,
30UIBLIYETHCS.

6.1.2 XapakrepucTuka KatajgizaTopis

Sk katanizaTopu BUKOPUCTOBYIOTh PEYOBHUHH, IO HE BXOJASTH 10 CKIIAAy
KIHIIEBUX TPOIYKTIB XIMIYHOI PeaKIlii, aje 3MIHIOIOTh 11 mBUIKICTh. KaramizaTopu
MOBHMHHI MaTHU TaKl BJIACTHBOCTI: BUCOKY aKTUBHICTh W CEJEKTUBHICTb BIJHOCHO
JTAHO1 peakxiili; BUCOKY XIMIYHY CTIHKICTh BIJTHOCHO JI0 KaTali3aTOPHOI OTPYTH;
HU3bKY  TEMIIEpaTypy  3alajllOBaHHS; TEPMIYHY  CTIMKICTh;  MIJBHUILEHY
TEIUIONPOBIIHICTh; 3HAYHUI TEeMIIEpaTypHUH THTEpBaJI pOOOTH; BUCOKY MEXAHIUHY
MIIHICTB; OyTH JIENIEBUMH Y BUKOPHUCTaHHI. SIK Karami3aTropu BUKOPUCTOBYIOTh
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IUIATUHY, Majadii Ta 1HII YUCTI MeTad abo X 3’€qHaHHS, OCKIJIbKA aKTHBHICTh
OiMeTaJIeBUX KaTaji3aTopiB BUIIIA.

AkTHUBaTOpH (IIPOMOTOPH) — II€ PEUOBHHH, IO IMIIBUIIYIOTh AKTHBHICTH
KaTaji3aTopiB. AKTHBaTOpH MOXYTh HE MaTH KAaTaTITUYHUX BJIACTHBOCTEH, ajie
BOHU 3/IaTHI TiICHTIOBATH JIif0 KaTAIITUYHO aKTUBHUX PEYOBHMH. BOHU BCTYyMaroTh
B PEaKIlif0 3 Karam3aropoM W YTBOPIOIOTH 3 €IHAHHS, MO0 MAlOTh OLIBIITY
MOPIBHSHO 3 YUCTUMH KaTTITUYHAMH DPEUYOBHMHAMH AaKTHBHICTb. AKTHBATOPH
MOXYTh 30UTbILITYBAaTH aKTUBHICTh KaTATITHYHUX PEYOBUH B COTHI i TUCSU1 pa3iB.

Hocisimu € pedoBrHH, 1110 cami HE MalOTh KaTaTiTUYHUX BIACTHBOCTEH Ta HE
MiICUIIOIOTh aKTHUBHICTh KaTali3aTopa, a € OCHOBOIO, Ha SKY HAHOCHTHCS
KaTaizatop. B neskux Bumaakax HOCIT MOXYTh BIUIMBAaTH Ha aKTHUBHICTH Ta
CCJICKTUBHICTh KaTaji3aropiB. BukopucTaHHS HOCIIB J03BOJIAE 3MIHIOBATH
CTPYKTYpY KaTalli3aTOpiB Ta 3MEHINYBATH BHUTPATH KATATITHYHO aKTHBHUX
pedoBUH. SIKiI HOCIi BUKOPUCTOBYIOTh 1HEPTHI MOPHUCTI PEUOBHMHH, IO MAIOTh
PO3BUHYTY MOBEpXHIO. TakuMU pedOBUHAMU € aKTHBHE BYTLUIS, aJTFOMOCHIIIKATH,
cuiikareli, az0ecT, rmem3a, IICOIITH TOIIIO.

Karanituuna akTUBHICTh KaTajlizaTopa — I11€ Mipa MPUCKOPEHHS PeaKIiii mij
JIER0 KaTaizaTopa

A=Vk/V, (6.10)

ne Vi , V — BIINOBITHO MIBUAKOCTI KaTAJITHYHOI Peakilli Ta Ti€i K peakiiii, 110
IPOBEZICHA 3a BIICYyTHOCTI KaTaii3aropa.

S0 peakiiisg 3a BiICYyTHOCTI KaTaii3aropa He BiAOYBA€ThCS, TO aKTUBHICTb
KaTajizaropa MoXe OyTH BUpaXeHa KUIbKICTIO MPOAYKTY B Kulorpamax, 1o ii
OTPUMAHO B PE3yJIbTaTl KaTAIITUYHOI peakilii, BIAHECEHOK 0 00’eMy, Macu abo
MOBEPXHI KaTaJizaTtopa.

CeNeKTUBHICTh KaTalll3aropa TOKa3y€e BIAHOIIEHHS BMICTY LLIbOBOIO

NPOAYKTY B KUIBKOCTI BCIX MPOAYKTIB MEPETBOPEHHS 10 BUXIAHOT peuoBUHHU. s
KOMIUIEKCHOTO OYMIIIEHHS Ta3iB, B SKHX € JEKUIbKa IIKIJJIMBHX KOMIIOHEHTIB,
BUKOPHUCTOBYIOTh YHIBEpPCAJIbHI KaTali3aTopy, 10 MAlOTh aKTUBHICTb HE B OJHIM
peakiii. Tak, KOMIJIEKCHOTO OYMILEHHS MOTPEOYIOTh Ta3H, IO MICTSATh CYMIII
JIEKIJTbKOX BYTJICBOIB, Ta ra3u, J0 CKIAAy SKUX BXOJATb OKCHUIU a30TY, JTIOKCH]T
CIPKH Ta BYTJIEBOJIHI.

3HauyHy CENEeKTUBHICTh MAIOTh MEMOpaHHI KaTali3aTopu. IX OTpHMYIOTH
IUTSIXOM HAHECEHHS KaTAJITUYHO aKTUBHUX PEUYOBHH Ha MMOBEPXHIO MEMOpaHH, sika
camMa HEe Ma€ KaTaJliTUYHOI aKTUBHOCTI, ajie BUOIPKOBO CEJIEKTUBHA JI0 OAHIET a00
JIEKUTbKOX PEUOBHH, 1110 OEPYTh y4acTh B PEAKIIii.

B  npomucnoBux  ymMoOBaXx  aKTHBHICTh  KaTali3aTopiB  IOCTYIIOBO
3MEHIIyeTbcA. ToMy iX TNeEploJIMYHO pereHepyroTh abo 3amiHIOTh. Btpata
aKTUBHOCTI KaTali3aTopiB BiIOYBAa€ThCS 3a PaxXyHOK (I3UYHUX W XIMIYHUX
daktopiB. Jlo Pi3uuHMX (PaKTOpiB  BIMHOCATBCS MEXaHIYHE CTHpaAHHS,
NeperpiBaHHs, CHIKaHHS TOHIO. XIMIYHMM (PaKTOPOM € TIOCTYNOBE HACHYEHHS
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MOBEPXHI KarajizaTopa pI3HUMH JOMIIIKaMH, IO MICTAThCS B Tazax abo
YTBOPIOIOTHCS MPH KaTali3l 3a paXyHOK MOOIYHUX PEaKITiii.

BaxmBoro XapakTEpHUCTUKOIO KaTami3aTOpiB € CTIMKICTh 10 Jii pI3HHUX
JIOMIIIOK, TOOTO 10 KaTamiTUYHOI OTpyTH. OTpy€eHHS — 1€ YacTKoBa abo MOBHA
BTpaTa aKTMBHOCTI Karajizaropa IIiJ JI€I0 JOMIIIOK, [0 Ha3WBalOThCA
KOHTAKTHOIO OTpyTOl0. OTpyeHHS KaTajizaTtopa BiOYyBa€ThCs BHACIIIOK COPOILii
KaTaJIITUYHOT OTPYTH Ha TIOBEPXHI KaTali3aToOpiB Ta OJIOKYBaHHS iX aKTHBHHUX
neHTpiB. [y 6araThox KaTalli3aToOpiB OTPYTOIO € CipKa, CIpKOBOJEHb, OKCH]I
BYTJICITIO, BO/AA, OKCUJ a30Ty, docdop, CBUHEIb, PTYTh Ta iHIN. SKI0 OTpyTy
BUJIAJIUTU 3 TOBEpPXHI KaralizaTopa, TO BIH MOXKE IMOBHICTIO ab0 YacTKOBO
BITHOBUTH CBOIO aKTHUBHICTb. I[Ipy TUMYacoBOMYy OTpy€HHI KaTajlizaTopa IiCis
BUJIJICHHS OTPYTH BiH IOBHICTIO BITHOBIIIOE CBOIO aKTHBHICTh. [Ipu mocCTiiHiiM
BTpaTli aKTUBHOCTI MICIS BHJAJIECHHS OTPYTH KaTajai3aTOp HE IOHOBIIOE CBOi
BJIACTUBOCTI. B 1IbOMy BUTIAJIKy pereHepaliito Mo>KHa BUKOHATH MPOKATIOBAHHIM
Ta 00pOOKOI0 KUCIOTaMH a00 JyramMH.

Temneparypa 3amantoBaHHS — MIHIMaJIbHA TeMIeparypa, NpH SKIid
KaTaJli3aTop MOYMHAE MPOSBIISTH CBOI BIACTUBOCTI. 3 METOIO 3HMKEHHS €HEprii Ha
HarpiBaHHs JIOLUIbHO BHUKOPHCTOBYBAaTM  KaTalli3aTOpU 3  MIHIMAJIbHOIO
TEMIIEpaTypor0 3anamoBaHHA. Lle J03Boisie 3HU3WTH 3aTpaTd  €Heprii Ha
HarpiBaHHS CHPOBHHU, CKOPOTUTH TEIUIOBI BTPATH, 3aMoOITH TEperpiBaHHIO
KartajizaTopa, MPOIyKTIB KaTaii3y Ta o0JIaIHaHHS.

TepmiuHa CTIHKICT — 1€ MAaKCUMaJIbHA TEMIIEpATypa, PHU SIKIH KaTaai3aTtop
30epirae CBOIO aKTHUBHICTh Ta MEXaHIYHY CTIHKICTh. TemMrieparypa B 30H1 KaTajizy
Jocsirae JIEKUTbKOX COTeHb IpanayciB. JlomuibHO, MO0 KaTali3aTop MaB BHUCOKY
TEpPMIYHY CTIMKICTb Ta MIJABUIIECHY TEIIONPOBIAHICTD, 10 3a1100Irae BiJ MiCLIEBOIO
nieperpiBaHHs KaTali3aTopa Ta 3HMKSHHS HOT0 aKTUBHOCTI.

TemneparypHuii 1HTEpBal poOOOTHM KaTajizaropa — 1€ PI3HUI MIK
TEPMIYHOIO CTIMKICTIO Ta TEMIEpaTyporO 3anaiioBaHHs KaraiizaTopa. JloniuibHO
BUKOPHUCTOBYBATH KaTaJli3aTOPH 3 BEJIMKUM TEMIIEPATypHUM 1HTEPBAJIOM POOOTH,
OCKUTbKM B MpPOLECI KaTaiizy 4acTo BUAUISETHCA TEIJIO 1 TeMIepaTypa B 30HI
peaKilii CaMOYHNHHO 301IbIITYEThCS.

JIOBroBiUHICTh ~ KaTaji3aTopa BH3HAYAEThCS  WOTO  MEXAHIYHUMH
BJIacTUBOCTSIMU. HopMa cTupaHHs KaTaai3aTOpIB B KUIUIAYOMY Iapil CKIIaaae
1...3% Ha micsIIb.

3 METOI0 3HI)KCHHS BapTOCTI KaTaai3aTopiB JMOIILHO BUKOPUCTOBYBATH
CIOJIYKA PEYOBHMH 3 HE3HAYHUM BMICTOM JOPOTHX MeTaiiB (MJaThHa, cpibdiio,
najamii, pyrteHii). TexHomoris OTpUMaHHS KaTali3aTOpPiB BU3HAYAETHCS 1X
BUJIOM Ta (OopMOIO: MeTaseBl CiTKH, TOoppoBaHi CTPIUKH, KepaMiuHi OJIOKH,
KUIbLIS, KyJbKH Toulo. [lommupeHi KOHTAaKTHI Macu y BHUIJISAI TaONETOK, SKi
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OTPUMYIOTh MIISXOM CYMICHOTO OCaJKEHHSI KaTAIITUYHO aKTUBHUX PEYOBHUH 3
HACTYITHUM JIOJaBaHHSIM aKTHBATOPIB Ta HAMOBHIOBAaYiB. BUPOOHUIITBO TakuX
KaTali3aTopiB BKIIOYAE TaKl CTAJIii: MATOTOBKY CHPOBHUHU, PO3UYNHEHHS, CYIIIKY,
MIPOKATFOBaHHS Ta (pOpMyBaHHS TaOJIETOK.

6.2 Knacudikauisi anapatiB 1Jjis1 KATATITHYHOT0 OYMIIEHHSA Ira3iB

[Iporiec KaTamiTHYHOTO OYMINEHHS Ta30BUX BUKUIIB TPYHTYEThCS Ha
HeWTpami3amii IIKIJUIMBUX JOMIMIOK TUIAXOM [ii Ha HHAX CHEIaJIbHUMHA
PCUYOBHMHAMHM — KaTajli3aTOpaMH, SIK KaTali3aTOpH BUKOPUCTOBYIOTh PEUOBHHHU, ITI0
OepyTb aKTUBHY y4yacTh B XIMIYHIN peaKilii, aje 3aJUIIaloThCd HE3MIHHUMHU TiCTIS
il 3akiHueHHS. KaTamiTHdHI TPOIECH OYHIICHHS Ta3iB 3a0e3euyl0oTh BUCOKHI
CTYIIHb OYHMITICHHS Ta 3IIHCHIOIOTHCS 32 TOTIOMOTOI0 KOMIIAKTHOTO O0JIa THAHHS.

CyvacHi amapatd UId KaTaIiTUYHOTO OYHINCHHS Ta3iB IOBHHHI MaTH
BUCOKY MpOIYKTHBHICTh 1 3a0e3nedyBaTh Oe3nepepBHICTh mpouecy. [nd
KAaTQIITUYHOTO OYMIIEHHS Ta3iB BUKOPUCTOBYIOTHCS PI3HI 3a CIIOCOOOM

B3a€EMOJIIT 3 KaTali3aTOpoM Ta (PYHKI[IOHAIBHUM MPHU3HAYEHHSM amapatu (puc.
6.1).

KoHTakTHI anapatu Uil KaTaliTUYHUX TPOLIECIB

Crioci6 B3aeMo/ii 3 KaTaai3aTopoM OyHKIIOHATBHE TPU3HAYCHHS

3 GinpTpyBaTBEHUM
apom
3 IUJIeBUIHUM
KaTaJizaTopoM

By3JIa i mijgirpiBava

3 KUIUISTYUM [IapOM
By3Jia I peKyneparopa

KaTam3aTropom

Karamituuni 3 TBepaum
il pekymneparopa Teria

(V)

TepMoOKaTaIITUYHI 3 3arajibHUM
KOPITYCOM JIJISl KOHTAKTHOT'O
TepMokaTamiTH4HI 3 3arajJbHUM
KOPITYCOM JIJISl KOHTAaKTHOT'O
Peaktopu TepmMokaTaniTUUHI
3 3araJlbHAM KOPITYCOM JUISI
KOHTaKTHOTO BY3JIa, MiIrpiBaya
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Pucynok 6.1 — Kitacugikauist anmaparis 1J1s1 KATAJITHYHOTO OYUIIIEHHS
rasis

6.3 Amnapartu 3 GiIbTPYBaJIBLHUM HIAPOM KaTaJjli3aTopa

[Mpunmmn aii  amapaTiB 3 QUIBTpYBaJIBHHUM IIApOM  Kartaji3zaTopa
IPYHTyeThC Ha (uIpTpamii rasy depe3 Mmiap HEPYXOMOIo Kartajizaropa.
KoHCTpyKTHBHI cxeMH amapariB 3 MeETaleBolo pemriTkor (puc. 6.2, a), 3
TpyOUacTUMU KOHTAaKTHUMH eJieMeHTaMu (puc. 6.2, 0), y BUTJISAI1I TBEPAUX TiI
pi3HOi QopMu, O po3MmilieHi Ha neppopoBaHUX pemnTkax (puc. 6.2, B) €
XapaKTEepHUMH JIJIsl anapariB 3 GUIBTPYBAIBHUM IIAPOM KaTajizaTtopa.

Jlis  TpUCKOPEHHS TPOIECY OYHINEHHA Ta3dy B OJHOMY amapari
BCTAHOBIIIOIOTH JICK1JIbKA MIAPiB KaTajizaTopa (puc. 6.3), BCTAHOBIIOIOTH TPYOKH
3 KaTajai3aTopoM, B IPOCTOPI MIXK SKUMHU PO3TALIOBYETHCA TEIJIOHOCIH abo
X0J10/10-areHT (puc. 6.4) Ta BUKOPUCTOBYIOTH 1HII KOHCTPYKTUBHI PIIIICHHS.

I 6) 3r B) | 3r
4

T2\ oHoHoHeH
R BBl P
9 9 Id [ 3__[°009% o %0
o 19 |9 [° 7000099 6
’OO Oo g OO 3 0 500 0%
//o 0 o % 2 %09 oOOOo
2 o 0 o T \00000000000
1 1ol 1o |° 1 TP AYZIVAY.
O O o} (0] —
1 —to— of—{oH°H
1./
i or
or
Pucynok 6.2 — CXxeMHM KOHTAKTHHX amnapartiB 3 QiibTpyBajJbHUM
HIAPOM KaTaJli3aTopa: a) 3 MeTaJIeBOK pelniTkow: 1 — kopmyc; 2 —
Katajgi3aTop y BUIJISII CITKU; 0) 3 TpyOYACTMMM KOHTAKTHUMH
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elemMeHTamu: 1- kopmyc; 2 — karamizarop; 3 — WTyHep mojadi
TEIUIOHOCISI; 4 — IITYIEp BUXOAY BIANPAIbOBAHOTO TEIUJIOHOCIS;  B) Y
BUTJISIII TBEpAUX T Ha TnepdopoBaHUX pemriTkax: 1 — xopmyc; 2 —
nepdopoBaHa peIniTka; 3 — KaTali3aTop y BUIVISAL TBEPAUX TUT Pi3HOT
dbopmu

=
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Pucynok 6.3 — KoHtakTHuHil anapar 3 GiibTpyBajibHUM HIAPOM
KaTajlizaTopa Ta NPUCKOPEHUM IPOLECOM OYMINEHHSA rasy 3 KiJibKoMa
apaMu KOHTAKTHOI Macu: 1 — kopryc; 2 — pemriTka; 3 — Karamisarop;
4 — TerI000OMIHHHKH, III0 3MOHTOBAHI MK IIapaMu KaTajizaTopa

| ar

or



Pucynok 6.4 — TpyO04yacTuii KOHTAKTHUI anapar 3 (pLUIbTPYBAJIbHUM

IApPOM KaTaji3aTopa Ta NPUCKOPEHMM NPOLECOM OYHUINEHHH rasy:

1 — xopmyc; 2 — pemritka; 3 — KaTamzaTop B TpyOkax; 4 — TpyOku dinpiaa

IS TETUIO0OMIHY

KoHcTpykTHBHA cxeéMa KaTaIITUYHOTO PEaKToOpa Y BUIJISAI MPSIMOKYTHOI
KaMepH, BCEpENHI AKOi pO3MIIlIeHI KaceTH 3 KaTajai3aTopoM IojaHa Ha puc. 6.5.

3

ﬁ | ......... | 3
, |\|
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—

| or

Pucynok 6.5 — KOHCTpyKTHBHA cXeMa KATAJITHYHOIO peakropa 3

KACeTHNUM PO3MillleHHAIM KaTajizatopa: 1 — xopmyc; 2 — po3nojaiibua
penriTka; 3 — Kacera 3 KaTajaizatropoM; 4 — eperopojika

6.4 TepmokaTajgiTudHi peakTopu 3 QijIbLTPYBAJILHUM HIAPOM

B TepMokaramiTHYHMX peakTopax B OJHOMY KOPITYCl 3HAXOAUTHCS
KOHTaKTHHM BY30J W MiJIrpiBady, 110 J03BOJIsI€ 3MEHIIYBATH iX radaputu. Bonu
IpoCTI y BUIOTOBJIEHHI Ta ekcrutyatamii. Ha puc. 6.6 mnomana cxema
TEPMOKATAJTITUYHOTO pPEaKTOpa Yy BUIVISIAI HACAaAK{, LI0 poO3TallloBaHa Ha
BEpPXHIM YacTUHI TPYOHU.

or
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Pucynok 6.6 — TepMokaTaJiTH4HMII PeaKTOpP y BUIJISIAI HACAJAKH, 110
poO3TAllIOBAHA HA BepPXHid yacTuni Tpyom: 1 — IWITHIPUYHUI KOPITYC;
2 — TaNbHUK JUIA MiJICpIBaHHS Ta3y; 3 — CTUIBHUKOBUM KaTaji3arop;
4 — 3MinryBay razy

TepMokaTamiTHYHUI peakTop 3 PO3MIJICHHIM 3a0pyJAHEHOTO ra3y Ha JiBa
MOTOKHU: TIOTIK JJIsI OYMINCHHS Ta TONKOBHUH MOTIK, SIKI OTIM 00’ €AHYIOTHCS B
dbopmMoKkamepi, 3MIMIYIOThCA W HAAXOIATh Y BHYTPIIIHIO KaMepy — KOpP3UHY 3
KaTai3aTopom, MojaHo Ha puc. 6.7.

Pucynok 6.7 — TepMokaTtaJiTM4HMHA PpeakTop 3 PO3AUICHHAM
3a0py/IHEHOr0 ra3y Ha jJBa MOTokM: 1 — Kopmyc; 2 — ITyIep Mmojadi
3a0pyaHEHOro razy; 3 — KOp3WHa 3 KarajizaTopom; 4 — 3MmimryBad; S5 —
BHOyXxOBa MeMOpaHa; 6 — maJibHUK; / — BiIOMBayY; 8 — mITynep mnojaadyi rasy
Ha MaJTbHUK

[TommpeHi st MPOMUCIOBOTO OYMILEHHS ra3iB KaTalITUYHI peakTopH, B
SKMX B OJHOMY KOpIIyCl pO3TallOBaHI KOHTaKTHUN BY30J, MiJIrpiBady Ta
pekymnepaTop. PeakTop 3 MOAYIbHUM KOMIOHYBaHHSIM 3aJIEKHO BiJ] TapaMeTpiB
rasi, 10 OYMILYIOTHCS, MOKa3aHU Ha puc. 6.8.
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3a0pyaHeHul Tra3 HAaAXOAUTh B PEaKkTop d4epe3 wmryuepu 1 ta 2, 1o
pO3TalloBaHl  JlaMETPaJIbHO, IPOXOJUTh B  MDKTpyOHOMY mpocTopi 3
pekyneparopa 4, ne mimirpiBaetbcsi no Temmeparypu 200°C. Jlami ras, mo
OUHIIY€THCS, 3MINTYETHCS 3 TapTIYMMU Ta3aMu, MO0 BUXOIATh 3 (opcyHku 5. B
pesynbTari oro temmeparypa migBumyeTthes 10 250...400°C. T'azoBa cymimn
NPOXOIUTh dYepe3 Imap Karajizatopa 6, € OYHIIYEThCS BiJ] JOMIIIOK.
OunieHnit ra3 BigJgae CBOE TEIJIO CBDKOMY Ta3y B peKymepaTopi Ta uepes
naTpyOOK 7 BUXOIUTH 3 anapara.

Henonikom amapariB 3 (QiIbTpyBaJIbHUM IIAPOM € MOXKJIMBICTD
3a0pyJHEHHS KaTalli3aTopa TBEpAUMH YaCTUHKAMU, SKIO BOHU 3HAXOIATHCS Y

rasi, 10 OYHIIYEThCHA.
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Pucynok 6.8 — PeakTop 3 MOAYJIbHMM KOMIIOHYBAHHAM:

1, 2 — mrtynepu mojaadi 3a0pyIHEHOTO Trasy; 3 — MIKTPYOHUU MPOCTIp;
4 — pexyneparop; 5 — d¢opcyHku; 6 — Kartamizarop; 7/ — marpyook
BIIBE€JICHHS OYHIIIEHOTO ra3y

Ile#i wemomyik BiACYTHIM B TpyO4acTHMX peakTOpax 3 HAHECEHWM Ha
BHYTPIILIHIO TOBEPXHIO TPYOOK KaTami3zaTopoM (puc. 6.9).
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Pucynok 6.9 — TpyouacTuii peakrop: 1 — IFUTHIPUIHKN KOPITYC; 2 — KPHIIIKA,
3 —TpyOHa periTKa, 4 — TpyOr 3 HAHECEHUM KaTaJli3aTopOM; S5 — JTHHUIIIC
dakTHuyHUKA dYac TMepeOyBaHHSA BCIX YaCTHHOK Ta3y B KOHTaKTHHUX

amapartax, IS SKHX XapaKTepHOI0 € JlaMiHapHa Teuis Ta30BOr0 TOTOKY,
OJIHAKOBUM 1 TIOP1BHIOE

_We _Ha 6.1
W (6.1)

ne WRr — 00’eM peakrtopa,
Wr — 00’em rasy,
Ha — Bucora anapara;
®r — LIBUJKICTb pyXy rasy.
['iapaBaiyHUi omip KOHTAKTHOTO anapara:

2

2822‘(1) 2dy

, (6.2)

7€ €a — MIOPUCTICTH;
@ — pakTop popMU YACTUHKH;
A = 133/Re + 2,34 — koedimieHT omopy;
Hu — BucoTa HEpyxoMoOro mapys;
pr — I'yCTHHA rasy;
dy — giamMeTp YaCTUHKH.

6.5 Anaparu 3 KUIJISTYMM IIAPOM KaTaJizaTopa
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Jlns inTeHcudikalli KaTaTITHYHUX MPOIECiB BUKOPUCTOBYIOTh KUILISTYUI
map, Mpu SKOMY KOXHa TpaHyjla KaTajgizaTopa 1HTEHCHMBHO 3 YycCiX OOKiB
OMHBAETHCS TA30M.

IlepeBaroro 1ux amapariB € g00pa TEIJIONPOBITHICTh, IO OOYMOBJIEHA
IHTCHCUBHUM TIEPEMIITYBaHHSIM YaCTUHOK, Ta BHCOKWH KOE(IIIEHT TEIUIOBiIIadi
BiJI IIapy KaTaji3aTtopa J0 MOBEPXHi TETUIOOOMIHHUKIB. PyXOMICTh KUITISTYOTO 1Iapy
KaTajri3aTopa J03BOJISIE MEXaHI3yBaTH M aBTOMATHU3yBaTH TPOIECH OE3MepepBHOTO
3aBaHTKCHHS Ta BUBAHTAXXCHHS KaTali3aTopa, MIATPUMYBATH MOCTIMHOIO BHUCOTY
miapy. [HTEHCHBHICTH TepeMilTyBaHHS TBEpAOi (a3u HE JOMYCKAaE JIOKAJIbHOTO
nieperpiBaHHs abo MEPeoX0sI0HKEHHS KaTanizaTopa. BukopuctanHs kataiizaTtopa 3
rpaHyJiaMy MaJiX pO3MIpIB 30UIBIITYE TUTOMY MOBEPXHIO.

HenonmikoM Kumuisiuoro mapy € IMIBUAKE CTHPAaHHS W BUHECCHHS
MUJIOBUIHOTO KaTajli3aTopa 3 amapara, a TaKoXX HEMOXJIHMBICTh OpraHizaiii
OpOTUTEUli pyXy, IO 3MEHIIYyE PyXoMy cuily mpouecy. Hemomikom Takox €
N1JBUILIEHA KOPO3is anaparypH, sika po3MilleHa B 30H1 KHIUIYOro mapy.

Ha puc. 6.10 300pakeHa cxeMa KOHTaKTHOT'O arnapaTa 3 KUIUITYUM [IapoM
KaTajiizaropa.
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Pucynok 6.10 — KoHTaKTHMIT annapar 3 KHIUISTYMM [IApOM KaTaJxi3aropa:
1 — HWKHS OWIHIPUYHA YacTUHA Kopmyca, 2 — JIpiOHO3EPHUCTHIMA
Kartaizatop 3 AlamerpoM yactTuHok 0,5...1,5 MM; 3 — posmupeHa BepxHs
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JacTMHA KOpIyca JiIi 3MCHINCHHS BHHOCY JPIOHMX YacTHHOK
Katamizatopa; 4 — IUKJIOH /I OYMINEHHS rasy Bia KaramizaTtopa; S5 —
OyHKep IS 3aBaHTAXCHHS KaTaii3atopa; 6 — ra3opos3mojiibHa PerriTKa,
MiJ Ky TMOJAEThCSA ra3, IO 3a0e3rmedye TICEeBIOpYyX Karajizaropa; 7—
IITHEKOBUH MIPUCTPIH I TI0/1adl KaTajaizaTopa B pooouy 30Hy

Cxema KaTaliTUYHOTO PEaKTOpa 3 KHUIUITYUM IIapoM W MIMIAIKOI0, IO
JI03BOJISIE YIOPSAKYBaTH TMEpEMIlTyBaHHs TBEpJOi (a3d B KUIUILTUOMY IIapi
HaBejieHa Ha puc. 6.11.

3
— [

Pucynok 6.11 — KaramitTuynuii peakTop 3 KHIUVISIYHM IIAPpOM W
Mimajakow: 1 — rasopo3mojiiibHa pemniTka; 2 — Mimanka; 3 — 1ap
KaTaiizaropa

3 MeTor0 IHTeHCH(]IKallll KaTAIITUYHUX MPOLECIB 3a PAXYHOK OMHUBAHHS
IpaHysl KaTaji3aropa 3 yCiX CTOpPiH BUKOPUCTOBYIOTh KHUIUISIYMM IIap, SKHUMA
pO3TaIIOBYIOTh B arapaTri Ha OAHiN abo nekinbka monuisax. KoHCTpykTHBHA
cxema 0araronoJIMYHOrO KaTaJIITUYHOTO pEeakTopa 3 KUIUITYMM [IapoM
300pakeHa Ha puc. 6.12.

6.6 PeakTop 3 nwjionogidHMM KaTajizaTopom
Karamitnuauii peaktop 3 TWIONOAIOHMM  KaTali3aTOPOM  JO3BOJISIE

1HTeHCH(DIKYBATH TPOIIEC OUUIICHHS Ta3iB 3a PaXyHOK PO3MUWICHHS CHEIIaTbHUMA
COIUIaMHU KaTajizaTopa y BUIVISIII JPIOHMX YAaCTUHOK. 3aBIsSKM Takik Mmojadi
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KaTaji3aTopa OUIbII TIOBHO BHUKOPHUCTOBYEThCA 00’€M amapara, B SIKOMY
BIZIOYyBaeThes peakiiia. Cxema peakTopa 3 NUIONOIIOHUM KaTali3aTopoM HaBeJeHa
Ha puc. 6.13.

3a0pynHEeHMIA Ta3 MITUTHCA Ha JBa MOTOKW. OIWH MOTIK HATXOIUThH B
peakTop, a Jpyruil - B EXKEKTOPHUH TPUCTPIA 5, 1€ 3MIMYEThCA 3
KaTajgizaTopoM, W0 po3MimeHuii B OyHkepi 4. VYIJIOBIEHHS YacCTHHOK
KaTaji3aropa 3 OYHMILIEHOr0 Ta3y BiOyBaeThCcs B IMKIOHI 2. [pyruili motik
cupuse OUIbII pPETeTbHOMY ¥ PIBHOMIPHOMY TIEPEMIIIyBaHHIO Tra3zy 3
KatamizatropoMm. Peakmiss  BiAOyBaeTbCs KOJM  YAaCTHMHKUA  Kartali3aropa
3HAXOMATHCS B MOJIHOTI.
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Pucynok 6.12 — KoHCTPYKTHBHA cXeMa 0araTonoJTu4HOr0 KaTaJaiTu4-
HOro peaxkTopa: 1— kopryc; 2 — mTyuep mnojayi 3a0pyJaHEHOro Trasy;
3 — pemriTka; 4 — KartamizaTop; 5 — TEIIOOOMIHHUK; 6 — MITyLEp
BIJIBEZICHHSI OUMILIEHOTO ra3y




PucyHnok 6.13 — PeakTop ¢ nWIonogidHMM KaTaaizaTopom:

1 — NMAIHAPUYHUN KOPITYC, B HIXKHIN YaCTHHI SKOTO pO3MIIleH] coria 3
Ta OyHKep 4; 2 — IUKJIOH; 5 — €KEKTOPHUM MPUCTPIH

6.7 Po3paxyHok peakTopiB 3 QijIbTPyBaJIbLHUM IIAPOM

[Ipu po3paxyHKax KaTaIITUYHUX PEAKTOPIB BU3HAYAIOTH T'1JIPOTUHAMIYHI,
MacOOOMIHHI Ta FTEOMETPUYHI XapaKTEPUCTUKH.

Benuunna MBUAKOCTI MOYATKy ICEBAOPYXY B KOHTAaKTHOMY araparti 3
MJBIIIEHUM [IApOM KaTalizaTopa

Reénp “1r
®nc = —>—— (6.3)
dy -pr
ne Renp — MoaudikoBanuii kputepiii PeitHonbica, 1m0 BU3HAYa€THCA B

3aJIEKHOCTI BIJ] KpUTEPit0 ApXiMena;
Ur — AMHAMIYHA B SI3KICTh rasy;

Pr —TrycTuHa razsy,
dy — miaMeTp 4acTHHOK.

[IBUAKICTH BUTAHHS, IPU SIKIH B1IOYBAETHCS PYWHYBAHHS IIapy il MacoBe
BUHECEHHSI YaCTUHOK BU3HAYAIOTh 3 PIBHIHHS

a) mpu 2 < Re < 500

dyi’ (prg —pr)"""®
@s = 0,78 0285 043 ' (6.4)
Pr MHr
0) npu Re > 500
@5 =~ 5,46 \/d‘IZ(PTB —Pr) | (6.5)
Pr

ne dy1, duyz — JiaMeTp YaCTHHOK,
Pre — I'yCTHHA YaCTHMHOK.
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Benuunnaa po60o4oi mBUAKOCTI

Onmp<Or<os .
Heo0xigHa KUIBKICTh KaTajizaTopa

_ G:R-T-In(Py/Px)
BuSo(Pm —Pk)

ne G — KUIbKICTh JOMIIIOK B CYMIllli Ta3iB;
R — yHiBepcasibHa ra3oBa KOHCTaHTAa,
T — Tremmieparypa nporecy;
Pn, Pk — BiAMOBITHO MapiiaJbHUN THCK Ta3y Ha BXO1 Ta BUXO/I1 3 anapara;

Wk , (6.6)

Pu - o0’emHUN  KoedilieHT Macomepenadi, SKAW BHU3HAYAIOTh
CKCIIEPUMEHTAJIFHUM IIUIIXOM 3aJIEKHO BIJ pearyrouux pEeyOBUH,
BU/JTy KaTajii3aTopa i yMOB KaTajizy;

So — muTOMa 30BHINIHS TOBEPXHS 3€PEH B OJUHUII 00’ €My KaTaai3aTropa;

o= (0 ©7)

Jie € — MOPUCTICTD;
S' — moBepxHs OJHOTO 3€pPHA;
W1 — 00’eM OJTHOTO 3€pHa KaTasizaTopa.

MakcumaiibHa 00’ €MHa IBUAKICTh Ta3y

_Wr , (6.8)

0)_
Wi

ne Wr, Wk — BinoBigHo, 00’€M ra3y Ta Kataji3zaTopa.

CraTtuyHa BUCOTa HEPYXOMOTO IIapy KarajizaTopa
Wi
Fa

ne Fa —1utora monepeyHoro nepepizy anapara.

H, , (6.9)

JluHamiyHa BUCOTa pyXOMOTO IIapy Karajizaropa

H T
Hyp = : 6.10
=T (6.10)

ne Hpour — muToMa BHCOTa Iapy, IO 3aJIC)KUTh BiJ BiJHOLICHHS s/Mrmp,
(puc.6.14).

Hnur
1,8 /
1,6
/
14 e
1 9 —L



Pucynok 6.14 — I'pagik 3anexnocti nmromoi Bucoru mapy Hour
Bix BiZHOMICHHS B/Wmp
HiameTp peaktopa 3 PuUIbTPYBATEHUM IIAPOM

, (6.11)

Jie Or — BeIMYKHA PoO0YOT IIBUJIKOCTI, IKa TOBUHHA OYTH O1JIBIIIOK0 MIBHIKOCTI
MOYATKY ICEBAOPYXY (®rp), aJle MEHIIIOK IMIBUAKOCTI BUTAHHS ((MB).

[1no11a monepeyHoro nepepizy peakropa

D2
Sp=_-P (6.12)
4
KOHTPOJIBHI 3AIIUTAHHS

1. [TosiIcHUTH CYyTh KaTaTITUYHOTO METOAY OYMILEHHS ra30BUX BUKHIIB.

2. HaBenite knacudikarito amapariB [Jisl KaTaTIITUYHOTO OYHWIICHHS
ra30BUX BUKH/IIB.

3. IloscHITh MPUHIUTT pOOOTHU 1 KOHCTPYKTUBHI OCOOJMBOCTI amapariB 3
GITBETPYBAIBHUM IIAPOM KaTali3aTopa.

4. OxapakTtepu3yite KOHCTPYKTHBHI  OCOOJMBOCTI  pEaKkToOpiB 3
GIIBTPYBAIBHUM IIAPOM.

5. OxapakTepusyiTe peakTopu 3 MUJIONOA10HN KaTalll3aTOPOM.

6. OcoOMMBOCTI KATAMITHYHUX PEAKTOPIB 3 KUTIISTIUM IIAPOM.

7/.3a paxyHOK 4YOro I1HTEHCHU(DIKYEThCS TPOIEC OUHUIIEHHS Ta3iB B
peakTopax 3 MUJIEBUIHUM KaTali3aTOpOM Ta OCOOIMBOCTI iX KOHCTPYKIIII.

8. HaBeniTh METOIMKY PO3paxyHKIB PEaKTOPIB 3 (Q1IbTPYBATLHUM LIAPOM.
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7 3ACOBU TEPMIYHOTI'O 3HEIIKO/KEHHS TA3OBHUX
BUKU/IIB

7.1 CyTh TepMi4HOI0 3HEIIKO/:KEHHS MapPOra3oBUX BUKU/IIB

TepMmiuHe 3HENIKO/HKEHHS MMAapOTa30BUX BUKHUIB IPYHTYEThCS Ha
BHUCOKOTEMIIEPATypHOMY CHAJIOBaHHI TOPIOYUX JOMIIIOK, TOOTO OKHCIICHHI
3HEUIKO/XKyBaHMX KOMITOHEHTIB. Lleit meron HaOyBae 3HAYHOTO MOIIMPEHHS
TOMY, IO BIJICYTHE IUIAKOBE TOCMOJAPCTBO ¥ CTIUHI BOJAM, HEBEIUKI PO3MIpU
YCTaHOBOK, MPOCTOTa OOCIYyTOBYBAaHHS, MOJJIMBOCTI aBTOMAaTH3allii, BHCOKa
e(EKTUBHICTh 3HEUIKOXKEHHS MPU HU3bKHUX 3aTpaTax KOIITIB.

[Ipu BuOOpPiI TEPMIYHOTO METOAY HEOOXIHO BPAXOBYBATHU XapaKTep
PEYOBHH, 10 YTBOPIOIOTHCS 1] 4ac peakiii okuciaeHHs. [Ipu cmamoBanH1 rasis,
10 MicTATh (ochop, raloreHu Ta CipKy, YTBOPIOIOTHCS MPOIYKTU PEaKIIii, sKi
32 TOKCHUYHICTIO B JIEKUIbKA pa3iB MEPEBUINYIOTh BUX1THI ra3oBi BUkuiu. Lleit
METOJI BUKOPUCTOBYIOTh JJIsl 3HEIIKO/JKEHHSI BUKMIIIB, K1 MiJ JI€I0 BUCOKUX
TEMIEpATyp HE YTBOPIOIOTH OUIbIIE TOKCHUYHUX peyoBHH. HeoOximHO Takox
BpaxoByBaTH, 110 CIOJIYKH TOPIOYMX PEYOBUH 3 KHUCHEM YTBOPIOIOTH
BUOYXOHEOE3-TIeYHy CyMIlI, LI0 XapaKTePU3YETbCS BEPXHBOIO Ta HUKHBOIO
rpaHulelo BHOyXy, fKa 3aJ€KWUTh BlJ TeMIepaTypH, THCKY, KOHIIEHTpallii
1HepTHUX Ta3iB. KOHLEHTpauis TOploYyux pEYOBHMH B CyMilli HE IOBHHHA
nepeBullyBaT 25% HUWKHBOI rpaHull BUOYxXy. s 3amoOiraHHs yTBOPEHHS
BUOYXOHEOE3MEeUYHNX CyMIIIEH KOHUEHTPAILI0 Ta30BUX BHUKU[IB 3MEHIIYIOTh
no0aBkaMu TOBITPS. [Ipu TepMIYHOMY 3HEMIKOJKEHHI Mapora3oBUX BUKH/IIB
HEOOX1THO BPaXOBYBAaTH HASBHICTh B HUX PEUOBHH, 110 KOHJIEHCYIOThCA (CMOJIa,
rapsunid  nuin). llpu TpaHcmoOpTyBaHHI TakMX Tra3iB MOXKE BlAOyBaTHCA
camo3arajeHHsl, 1110 € MPUYNHOIO aBAPIMHUX CUTYaIII.

CyTTeBe 3HauYeHHS B OpraHizaiii MpoIEecy TEPMIYHOTO 3HEIIKOIKCHHS
ra3oBUX BUKHJIIB Ma€ MIArOTOBKA Ta3iB JI0 peakilii, a caMe HarpiBaHHS CyMiI
70 HEoOX1AHOI Temmeparypu 1 3a0e3MedeHHs] 3MIIIyBaHHS TOPIOYMX TasiB 3
okucioBauyeM. EQEeKTUBHICTH TIPOIIECY TEPMIUYHOTO 3HEIIKOHKEHHS CyMillIen
BU3HAYAETHCSI TEMIIEPATypoOr0, 4acoM IMepeOyBaHHS Ta3y B 30HI peakiii Ta
TypOyJICHTHICTIO Ta30BUX MOTOKIB B Kamepi 3ropanHs. Yac nmpoTikaHHs MPOIEecy
BHU3HAYAETHCS 3a (POpMyIIor0

1
"(1-9)
T= m , (71)

Jie (@ — CTYIHb 3HEIIKO/PKCHHS Ta3iB;
A — aepoarHaMIYHUI KOEQILIEHT, 10 XapaKTepUu3ye aepoIMHaMIuHI YMOBHU
MPOTIKAHHS MPOILIECY;
Tk — Temneparypa B kaMepi peaxiiii;
Ts — TeMnepaTypa 3aropaHHsi KOMIOHEHTA, SIKUM 3HELIKOJIKYEThCS.
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IIpu 30idbllIeHHI Yacy MPOTIKAHHS TIpollecy W IHTEHCHUBHOCTI
TypOyJeHTHOI Jaudy3ii CTymiHb 3HENIKO/DKEHHs, SKIIO TeMmIepaTypa He
3MIHIOETBCS, CYTTEBO 30UIBIIYETHCA. SIKIO Yac MPOTIKaHHS Ta aepoAMHAMIUHI
YMOBH TIPOIECY HE3MiHHI, TO 30UIBIICHHS CTYNEHS 3HENIKO/KEHHS MOXHa
JOCATHYTH 32 PaXyHOK ITiIBUIIICHHS TEMIIEPaTypH.

3ane)XHO B YMOB CHAMIOBAaHHS Ta TEXHOJOTTYHOTO OGOPMIICHHS
MIPOIIECY BUKOPHUCTOBYIOTH JBAa METOJU 3HEIIKOKEHHS Mapora3oBUX BHUKHUJIIB:
(dhakeIbHMI Ta TOTTKOBHUH.

7.2 Knacudikanisi npucTpoiB I TEPMIYHOT0 3HEIIKOAKEHHS
ra3oBHUX BUKHIIB

Texnonoriune o0IaHAHHS IS TEPMIYHOTO 3HEIIKOHKCHHS TapOTra30BUX
BUKHUIIB B TONKOBUX TMPHUCTPOSX TMOBHUHHO BIAMNOBIJATH TaKUM BHMOTaM:
MOBHOTA CHAJIFOBAHHS; MMOMEPEIKEHHS YTBOPEHHS 1HIIMX IIKIIJTUBUX PEUOBHUH;
0€3MMHICTh CHAIIOBAHHS; CTAOUIbHICTh TEXHOJOTIYHOTO MPOIECY TOPIHHSA MpU
3MiHI ~ BUTpaTH Ta  CKJIaJy Tas3iB, 1[0  BHUKUJAIOTHCS;  HHU3bKA
BUOYXOHEOE3MEeYHICTh; BIAMOBIIHICTh IIIyMYy CAHITAPHUM BUMOTaM.

TepmiuHe 3HEMIKOMKEHHS MMApOTa30BUX BUKHUIIB PEANi3yeThCsl B PI3HUX
32 KOHCTPYKTUBHUMH OCOOJHMBOCTSIMU TOIKOBUX MPHUCTPOSX, Kiacudikaris
AKUX HaBeJleHa Ha puc. 7.1.

Kamepni neui

[leyl 3 BUKOPUCTAHHAM LIMKJIOHHOTO
IIPUHLAITY CITATFOBAHHS

ITeui 31 cTpyMeHEBUM 3MIlTyBaHHSM Ta3iB

—  Tomnku KOTeNbHHUX Ta TEXHOJOTIYHUX arapariB

TonkoBi mpucTpoi

PerenepaTuBH1 yCcTaHOBKHU

KomMOiHOBaHI TepMOKaTaTITUYHI YCTAHOBKH

Pucynok 7.1 — Kinacugikauiss TONKOBUX NPUCTPOIB

KOHCTpYKTHBHO KaMepHi Medi MaroTh JBI KaMepu: KaMepy CIajtOBaHHS
Ta KaMepy 3MIIIyBaHHS, 10 MEPEXOAUTh B ra3oxij. I3 ra3oxomy 3HEMIKOKEHH]
rasy HaJgxoAsaTh B aTMmocdepy udepe3 AMMOBY TpyOy. 3HEUIKOIKEHHS Tra3iB
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Bi1OyBaeThes mipu temnepatypi 850...930°C, a yac nmepebyBaHHS MPOAYKTIB B
30H1 TOpiHHS cTaHoBUTH 0,5...3,5 c.

[Tedyi 3 BUKOPUCTAaHHAM IUKIOHHOTO TIPHUHIIMITY  CIIAJIOBaHHS
ra3onomiOHUX BUKHIIB MalOTh TAHTCHINIAJIBHO PO3MIMICHI  MAJBHHUKH.
Temmneparypa cnamoBanas 800...1000°C. Ili medi MawTh 3aJI€KHO BiA
XIMIYHOTO CKJIaQJy TPOJYKTIB, SKI CHATIOIOThCSA, Pi3HI KOHCTPYKTHBHI
oco0nuBocTi. EexkTuBHICTh OUHIIEeHHs CKaae He MeHie 98%.

OCHOBHUM €JIEMEHTOM TIe4Yeill 31 CTPYMUHHUM 3MIIIyBaHHSIM Tra3iB €
ctabimizarop. Bin BUKOHAHMI y BUTIISAII TiIa 3 MOTaHO OOTIYHUMHU (opMamu,
IO JO3BOJIAIOTh TE€HEPYBaTH IOJII BUCOKOI TypOyleHTHOCTI. Buxopuctanus
CTPYMHUHHOTO CIOCOOY CYMINIOYTBOPEHHS JO3BOJIIE OTPUMATH 3HAYHY
IHTEHCUBHICTb MPOLIECY TEPMIYHOTO 3HEUIKOIKEHHS MapOra30BUX BUKU/IIB.

JIJIst TepMIYHOTO 3HEMIKOKEHHS BUKHUJIIB, 110 MICTATh KHCEHbB, JOIIHHO
BUKOPHCTOBYBaTH TOMKH KOTEJIEHb Ta TEXHOJOTIYHUX amapariB. B mpomy
BUIAJIKY IIKIJUTMBI BUKUJIA BUKOPUCTOBYIOTHCS SIK OKHCIIIOBAul 1 MOJAIOTHCS
0e3nocepelHbO 10 MaJbHUKIB KOTJIa ad0 B 30HY TOpiHHS. B Tomkax aeskux
KOTJIIB TEIUIOTAa CHAIIFOBAHHS Tra3oBuX BUKHAIB gocsarae 200...250 KI[)K/ME.
EdekTuBHICTh 3HEMIKO/KEHHS IIKIATUBUX BUKUAIB ckiagae  99...100%.
JlonaTtkoBa KUIBKICTh TEIUIA, IO OTPUMYETHCS TIPU TEPMIYHOMY 3HEIIKOKEHHI
B TOMKAax KOTEJIEHb Ta TEXHOJOTIYHOTO OOJaAHaHHS, J103BOJISIE E€KOHOMHTH
3...4% nanuga.

ExoHOMiYHUMH Ta TEPCHEKTUBHUMH I TEPMIYHOTO 3HEIIKOKCHHS
Mapora3oBHX BHKHIIB € TIe4li 3 BHUKOPHUCTAHHAM  pETreHEPATHBHUX
TEIJIOOOMIHHUX  yCTAaHOBOK. PereHepatvBHI yYCTaHOBKM KOHCTPYKTHUBHO
BUKOHYIOTBCS Y BUIJISIII TI€UEH, 1110 MalOTh KaMepH FOPIHHS Ta J1Ba a00 JEKiIbKa
II1apiB pereHepaTUBHOT HACaIKU. 3a paXyHOK PEBEPCUBHOIO PyXy uepe3 amapar
ra3iB, 10 3HELIKOKYIOThCS, IIAPU HACaIKHU 3a0€3MeUy0Th YTHIII3AIII0 Teria
3a JIOTIOMOTOI0 HACaJKH, SKa HarpiBa€ThCs MPOJYKTaMH TOPIHHSA 1 BIJJa€
aKyMyJIbOBaHE TEIUJIO 3HEMIKO/KeHOMY Ta3y. CTymiHb pereHepariii Tersia B
ycTaHoBIl jgocsarae 85%, a crymiHb ouumieHHs razy — 99%. PereneparuBHi
YCTAaHOBKU JO3BOJISIIOTH 3HU3UTHU 3aTpaTd TMajuBa Ha IMPOIEC TEPMIYHOTO
3HEIIKOHKCHHS MTapora3onoaiOHuX BUKHUIIB.

[Ipu TepMiYHOMY 3HENIKOXKEHHI BUCOKOMOJICKYJISIPHUX PEUYOBUH, B TOMY
YHUCJII KAHIEPOTEHHUX, HEMOXJIMBO JIOCATHYTH iX MOBHOTO OKHCJICHHS HaBITh
nmpu 1300°C. [ng 3HEMKOMKEHHS TaKUX PEYOBUH BHKOPHCTOBYIOTH
KOMOIHOBaHI TEPMOKATAJIITUYHI YCTAaHOBKH, IO MAalOTh JBa CTymneHa. B
MEPIIOMY CTYTIEeHI BIOYBA€ThCS TEPMIUYHE 3HEINIKOKCHHS JIOMIIIOK, a B
JIPYyroMy — riuO0oKe OKUCIICHHS KaTaJiTHYHUM CIIOCOOOM.

3HEMIKO/DKEHHSI Tapora3oBUX BUKUAIB B  (DakeapbHUX MPHUCTPOSX
BUKOPHCTOBYIOTh 32 HEMOJIMBOCTI 1X 3HEIIKO/KEHHS B TONMKOBHUX MPHUCTPOSX.
B dakenpbHUX IPUCTPOSX CMATIOITh HA(PTOBI CyMyTHI Ta3u, alleTUIEH, MPOTaH,
MeTaH, MPOMNHWJIEH Ta 1HII BYTJEBOJHI. 3aJIeXHO B XapakTepy CHATIOBaHHS
TEXHOJOTIYHEe OOJagHaHHS IS 3HEMIKO/DKEHHs Tapora3oBHX  BHUKHUJIB
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MOMINSAEThCST HA TpW TUNM: (pakenu, B SKUX CHATIOBAaHUW ra3 H MOBITPS
TIOTIEPETHBO 3MIITYIOTHCS 332 MEXaMH 30HU TOPiHHS; (akenu, B SIKUX KHUCCHb
3’€THYETHCS 3 TOPIOYUM Ira30M B MOMEHT TFOPiHHS; KOMOIHOBaH1 (hakemu, B IKUX
JacTUHA KHUCHIO TMOTIEPEIHBO 3MIIIYETHCS 3 TOPIOYUM Ta30M, a peliTa KHCHIO
HAIXOJIUTH 3 TIOBITPS HABKOJHUIIHBOTO CEPEOBHIIIA.

TepMiuHe 3HEMIKOKCHHS MapOra3oBuX BUKHUJIB PEaATi3ye€ThCS B PI3HUX
32 KOHCTPYKTHUBHMMH 1 TEXHOJOTIYHHUMH OCOOJMBOCTAMU  (paKeIbHUX
yCTaHOBKaXx, Kjacuikallis SsKMX HaBeAeHa Ha puc. 7.2.

/ Husskoro tucky, mexnie 0,2 Mlla
3a THCKOM
\

Bucoxoro tucky, 6inpmre 0,2 MIla

HepiOIIHquCTL / | [lepioanuHo |
podory \f [TocTiitHO |

Micue /‘ CrosTh OKpEMO
PO3TaulyBaHHA |~ PosMileHi HA TEXHIYHHX YCTaHOBKAax

Moxpi

[ Ckmamrasizs
9l <

Cyxi

dakenbHl TPHUCTPOI

[lonaya Bcroro 06’emy ra3y Ha
CHAJTIOBAHHS B ()aKeJIbHYy YCTaHOBKY

Cxema
CHAJIFOBAHHS
rOpIOYHUX rasiB

Bia0ip yacTuHM rasy Ha TEXHOJOTIYHY
nepepoOKy abo cratoBaHHs
B KOTEJIbHUX YCTaHOBKaX

KoMOiHOBaHE BUKOPUCTAHHS Ta
CHaJIFOBaHHSI ra3iB

Pucynok 7.2 — Knacugikauist ¢pakeJabHUX NPUCTPOIB

7.3 KamepHi neui

Kamepni medi BHKOPUCTOBYIOTHCS JJIS TEPMIYHOTO 3HEIIKOKCHHS
IPOMUCIIOBUX ra30BUX BUKHIB. KOHCTPYKTHUBHE BUKOHAHHS JBOKAMEPHOI medi
JUISL 3HEIIKOHKCHHS Ta3iB, 0 MICTATH (PEHOJI, TOKa3aHo Ha puc. 7.3.

Yac nepebyBaHHs ra3iB B neui 3,5 ¢. Temnepatypa B neui gocsrae 850°C.
HenonikoM € 3HauHi raGapuTHi po3mipu Ta cyTreBuii (1o 15 mr/m®) sammmox
BMICTY (DEHOJTY B T'a30BUX BUKHJIAX.
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3meHmmT 4ac ropiHHg Ao 0,5 ¢ MOXHa 3a paxyHOK HiJABUIICHHS
temnepatypu B medi g0 930°C. Lle mocsaraeTbcst KpaudM IepeMillyBaHHIM
MPOYKTIB, IO 3HEMIKOKYIOTHCS, 3 MAJWBOM Ta BUKOPHUCTAHHSIM yTTEBOTO

MOBITPS, 30arayeHOT0 KHUCHEM.
3 5 6 /H

3 4
/
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Pucynok 7.3 — KOHCTpYKTHBHA cXeMa IBOKAMEPHOI mevi:

1 — nanbHuKHM; 2 — TomKa (Kamepa TOpPiHHS); 3 — BHUOYXOBH KIIallaH;
4 — 3amipHO-TIOBOPOTHUN KJIamaH; 5 — CTUIbHUKOBI MEpPeropojku; 6 —
TUMoOBa TpyOa; 7 — ra3zoxim; 8 — kamepa 3mimnyBaHHs;, 9 — BikHO; 10 —
eperopoKa

7.4 PereHepaTuBHI YCTAHOBKH TE€PMIi4HOI'0 3HEIIKOAKCHHA
NMPOMMCJIOBHX ra30BUX BUKHUAIB

YCTaHOBKHM TSI TEPMIYHOTO 3HEIIKO/DKEHHS TPOMHUCIOBUX BUKHUIIB 3
BUKOPUCTAHHSAM pPETeHEPATUBHUX TEIJIOOOMIHHUKIB € HalEeKOHOMIYHIIIMMH.
BoHu ckiamaioThcs 3 KamMepH CHAIOBaHHS Ta JBOX a00 JEKIJIbKOX IIapiB
pEreHepaTUBHOI HACAJKU. 32 PaxXyHOK PEBEPCHUBHOTO PYXYy 3HEIIKOKYBaHUX
ra3iB 4epe3 amapar Iapu Hacaaku 3a0e3MedyloTh YTHIII3AIi0 Teria 3a
JIOTIOMOTOI0 Hacajku. Hacaaka HarpiBaeThCs MPOAYKTAMH TOPIHHSA 1 BiJIJae
aKyMyJIbOBaHE TEILIO 3HEITKOKYBAaHOMY Ta3zy.

YcranoBKa 711 TEXHIYHOTO JOTIAIFOBAHHS BIIX1THUX Ta3iB 3 BEPTUKAIBHO
pO3MIIlICHUMU HacaJKkaMH HaBeleHa Ha puc. 7.4. BoHa 103BoJis€ Kpalle
3MilllyBaTl 3a0pyIHEHHM ra3 3 MPOAYKTaAMH TOPIHHS MAJMBHOIO Tra3zy Mpu
NIJBUIIEHIA MBUAKOCTI ¥ TypOYJEHTHOCTI TMOTOKY. TakoX JO03BOJISIE
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OTPUMYBATH OJHOPIAHY CYMII Ta3iB 1 TUM CaMHM JOCSTaTH OlIbIIOT MOBHOTU
CTIAJTFOBAHHSI IIKIIJTMBUX JOMIIIIOK TIPY 3HWKEHIN TeMIiepaTypi T0TafOBaHHS.
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Pucynok 74 — VYcraHoBka ISl TEXHIYHOI0 [ONAJIOBAHHS

3a0py/lHeHUX ra3iB 3 BEePTHUKAJIBHO PO3MilleHUMH Hacaakamm: 1 —
KJIAlTaH! JJI1 PEeBEPCYBAHHS MMOTOKIB Tasy; 2 — MaTpyOoK JUIsl BHIAJICHHS
rasy; 3 — marpy0Ook nns mojaayi razy B miu; 4 — map
ra3oNnpOHUKHOI HACaJKU 3 BOTHETPUBKOrO Martepiaiy; 5 - kamepu; 6 —
TEIUIO130JIbOBAaHUM KOPMIYC; 7 — MEePEropoaKu, o0 NOAUISIIOTh KOpIyc 6
Ha Kamepu S5; 8 — 3MimyBaJbHI KaHalW, 1[0 YTBOPIOIOTHCS
neperopoakamMu 7; 9 — MaTbHUKH, IO PO3MIIIEHI B 3MINIyBaJbHUX
kananax 8; 10 — BiKHO, 1110 3’€IHY€ 3MINTyBaIbHI KaHATU 8 MK COO0I0

TpukamMepHHUil pereHepaTMBHUM amapar 3 IPOAYBAHHIM  Kamep
OYMUIICHHS Ta30M JJId 3HEHIKOJKEHHS TOKCHUYHUX OpraHi4yHMX pPE4YOBHUH
HAaBEJECHO Ha puc. 7.5.

AmnapaT MICTUTh UUJIIHAPUYHI KaMmepu |, 110 3alOBHEH1 HAacaJKow —
kBapuoBuM TnickoMm. Kamepu 1 3’enHaHi MDK coOOr0 KaHamamMu 2 Ta 3
KaMepolo CHAJIIOBaHHS 3, B 4Ky TpyOONpPOBOJOM 4 MOJAETHCS TOPIOYUN ras3.
[IponyBaHHs KaMep BUKOHYIOTh uepe3 Tpyoomnposia 5. ['a3, mo ounniyeThes,
no TpyoonpoBoy 8 HaAXOAUTh YEpPe3 CUCTEMY NEPEKUIHUX MPUCTPOIB 7 i
KpaHiB 6 B OJIHY 13 kaMmep 1. B Hili BiH HarpiBaeThcs BiJ rapsAyoi HacaJaKu U
HAaAXOJAUTh B KaMmepy cnamwoBaHHsS 3. OuuiieHuiddl roproyudil ras
HaMmpaBIISIETHCS B 1HIIY KaMepy 3 HAacaJIKOlo, HarpiBae ii Ta yepes mepeKkuaHi
npuctpoi mo TpybompoBoay 9 wuyepe3 BeHTWIsTOp 10 BUKHIAETHCA B
atMocepy. B nmogansuiomy muki noproproetbes. Ilpu npboMy ogHa kamepa
3HAXOJAUTHCS HaA MPOJYyBaHHI, a Bl 1HImI — B poOori. Ha mpomyBanHs
BUTpadaeThcs 6m3bpko 10% ounrieHoro rasy.
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Pucynok 7.5 — Cxema pereHepaTMBHOIO anapara 3 NpoAyBaHHAM

kaMep: 1 — NUIIHAPUYHI KamepH; 2 — 3’€IHyBajbHI KaHalu; 3 — KaMmepa
CHaJOBaHHs; 4 — TPyOOIpPOBiJ TOPIOYOro razy; 5 — TpyOOIpoBia s
OpoAyBaHHS KaMep; 6 - KpaH; 7 — MepeKuaH1 MpUCTpoi; 8§ — TpyOonpoBiza
3a0pynHEeHoro ra3y; 9 — TpyoorpoBig ouuiieHoro raszy; 10 — BeHTUIsTOp

Anapar pereHepaTMBHOIO THUIy 3 Ha CaJKOI0, 110 O0EepTa€eThbCs, IS
TEPMIYHOTO JIONATIOBAaHHS BIIX1JHUX Ta31B HaBEJEHO Ha puc. 7.6.

Amnapar  cKJIQJaeTbcs 3 MIABIAHOTO  TpyOONpOBOAY  BIAXIIHHUX
3a0pyaHeHuX ra3iB 1, pereneparopa 2, 1o 00epTaeThCs 3a JOMOMOTO0 MPUBOAA
3, BUHOCHOI Kamepu JomnaitoBaHHs 4, B sKiil po3mimieHuidl naibHUK 5. Jlo
najbHUKAa 5 MOBITpA HAAXOAUTH MO TpyOompoBoay 6, a mMmajlbHE — 1o
TpyOonpoBoAy 7, IO 3’€IHAHUIA 3 BEHTHJIATOPOM &. OUHIIEeH] T'a3u BiIBOJAATHCA
3a JIONOMOT o0 aTpyoka 9.

[IpoxyxtuHicTs anapara gocarac 100 000 m3/rox. Ctymine perenepanii
Teruia B anapati 86,5%, a ctyninp ountieHHs razy 99%. Ilpu BmicTi roprounx
TOKCMYHUX pEYOBMH B 3abpyaHeHomy raszi 40 x/bk/m® Ta Ginbmie
pEreHEepaTUBHUM amapaT MOKE MpaIfoBaTH B aBTOTEPMIYHOMY pexumi 0e3
CTHOXKUBAHHS JI0AATKOBOIO MaJMBa.
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Pucynok 7.6 — Cxema anmapara pereHepaTuBHOI0 THILY 3 HACAIKOIO,
1o o0epraerbes. 1 — TpybomnpoBiz 3a0pyIHEHOT O razy; 2 — pereHeparop;
3 — mpuBoa; 4 — BMHOCHA Kamepa JOMAaliOBaHHSA;, 5 — MAaJIbHUK;
6 — TpyOompoBiax TOBITPs; 7 — TpyOONPOBI MaTBHOTO; 8 — BEHTUIISITOD;
9 — maTpyOOK /17151 OUMIIIEHHS Ta3y.

7.5 KomOiHOBaHi yCTAHOBKM 3HENIKOIKEHHS TA30BUX BUKH/IIB

[Ipu TepMiuHOMY 3HEIIKO/KEHHI TOKCUYHUX PEYOBUH Yepe3 0OMEKESHHS
TEMIEpAaTyp YacTO HEMOXJIMBO JIOCSAITH TIOBHOTO  OKHUCJEHHS  abo
3HEUTKO/KEHHS AOMIMIoK. [le mpu3BOauTh 10 BUKHMIAHHS MIKIIJIMBUX PEUYOBHH
pa3oM 3 BIIXIJHUMHU razamu B arMmochepy. 3 MeETO 3amoOiraHHs LIHUM
HEraTUBHUM SBHUIIIAM BUKOPUCTOBYIOTh KOMOIHOBaHI YCTaHOBKH, sIKI MalOTh JIBA
ctyneHi. Ha nmepmomMy cTyneHi BUKOHYIOTh TEPMIYHE 3HEIIKOHKEHHS JOMIIIOK,
a Ha JpyroMy — Ouibll TJUOOKE KaTaliTUYHE 3HEIKOoKeHHs. (Cxema
KOMOIHOBAHO1 TE€PMOKATATITUYHOI YCTAaHOBKM ISl 3HEIIKO/KCHHSI rasiB, IO
BUJUISIIOTHCS Mij yac OiTymizalii TpyO, HaBe[eHa Ha puc. 7. 7.

3a0pyaHeHa ra3omoBITpSHA CYMIII BIACMOKTYETbCSI 3 BaHHM 1 3
pO3MIIaBIeHUM OITyMOM ¥ 3 BiAJiIeHHS BHUCYUIyBaHHS TpyO 2. 3alOpyaHeHa
ra3onoBITpsiHA CYMIII HAJAXOJWTh B LMKIOHHY TONKOBY Kamepy 3, B SKYy
JI0JTal0Th Ta30MoAI0He ManuBo s miaTpuMyBanHs Temiepatypu 900...1100°C,
IpU SIKIA TOPATh CMOJMUCTI pPEeYOBUHHU. ['Oprovi IHUMOBI ra3u po30aBisSIOTHCS
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MOBITPSM W HANpaBIAIOTHCS y BUAUICHHS MiAIrpiBaHHS 4YaBYHHUX TpyO. B
HbOMY ra3 oXoJojxkyeTbcs 10 temmneparypu 500...550°C i1 HampaBis€TbCs B
KOHTaKTHUI KaTaMITUYHMNA amapat S5 s JomnaidioBaHHS OeH3omipeHa. Sk
KaTajgi3aTop BUKOPHUCTOBYIOTh T'PaHYJIU OKCHAY ATIOMIHIIO 3 HAaHECEHUMHU Ha
aux 0,1...0,5% mannazgis abo maaTuHU. 3 KOHTAKTHOTO amapara S5 OUYHWIeH] Ta3u
HANPAaBISIOTHCS B XOJOJWIBHHUK 6 3 MPOTOYHOIO BOJIOIO, 1€ OXOJIOKYIOTHCA J10
300°C, Ta 3a 1OMOMOTOI0 BEHTUJISATOpPA 7 BHBOASATHCA 4Uepe3 IUMOBY TPyOy B
atMocdepy.

3
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Pucynok 7.7 — CxeMa TepMOKATAJITHYHOI YCTAHOBKHU 3HELIKOIKECHHS
ra3oBMX BUKM/IB, 110 BUILISIIOTHCS npu OiTtymizanii Tpyo: 1 — BanHa 3
pO3IUIaBICHUM OITYMOM; 2 — BIJJIUVICHHS BUCYIITyBaHHA TPYyO; 3 — TOMKOBa
Kamepa; 4 — BIAMIICHHS MAITPIBaHHS YaBYHHUX TPYyO; 5— KOHTAKTHUM
KaTalITHYHUHN anapar; 6 — XOJIOAWIbHUK; 7 — BEHTUJISITOP

7.6 ®akeJbHI YCTAHOBKHU

[IpuniunoBa cxema (akelbHOI YCTAHOBKM 3 TMOJA4Y€r0 BChOIO 00’ €My
rasy JJs CrajioBaHHS B (akenbHy TpyOy HaBeneHa Ha puc. 7.8. Taki ycTaHOBKU
BUKOPHUCTOBYIOTh Y BHIMAJKaX, KOJU THUCK B TEXHOJOTIYHUX YCTaHOBKaX
HEJOCTaTHIM i moJaaHHSA (DaKeIbHOTO Ta3y B Tas3royibJep, KOJIU Ta3u
HEMOKJIMBO YTWII3yBaTH a00 KoM o00’eMH 3a0pyAHEHHX Ta3iB 3HAYHO
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MEPEBUIYIOTh 00’€M Ta3royblepy, IO BUKOPUCTOBYEThCs. DakenbHy TpyOy
MOHTYIOTh OKPEMO a00 Ha TEXHOJIOTIYHIM YCTaHOBIII.

oy

[TanuBHMII Ta3

o 7
el || g

31
~H

Konnencar

~]

Pucynok 7.8 — ®dakejibHA YCTAHOBKA 3 BUBEJACHHAM Ia3iB B akeJbHY
TpyOy: 1 — cemapatop; 2 — dakenpHa Tpyda; 3 — rigposarBop; 4 —
4eprosi NATLHUKH; 5 — 3aMATbHUK

3a0pynHeHi Ta3u dYepe3 cemapatop 1 HaaxoadaTh Ha CHAJIIOBaHHS B
dakensHy TpyOy 2. KoHzmencar 3 cenmaparopa moBepTaloTh Ha BUPOOHHUIITBO 200
BUBOJISITh B KaHaji3aiio uepes riapo3atBop 3. dakenbHa Tpyda 2 obnanHaHa
YepProBUMH MalbHUKAMU 4 1 3alMaIbHUKaMH 5, 10 SKHX I1JIBOJUTHCS MaTUBHUMA
ras.

CxeMa (pakenbHOT YCTAaHOBKH 3 CEMApaTOpOM JIJIsl Ta3iB BUCOKOTO THUCKY 3
BIIOMpaHHAM (pakenbHUX Tra3liB Ha TEXHOJIOTIYHE mnepepoOneHHs abo i
CHAJIOBAHHS B KOTEJIbHUX YCTAHOBKAX HaBelleHa Ha puc. 7.9. B Takiil ycTaHOBII
OCHOBHA YaCTHHA ra3iB i€ 0 CIIOKHBAYIB.

3abpyaHeHi rasu no TpybompoBoay 1 HagxonaTts B cemapatop 2. Bin
cenaparopa mno TpybompoBoay 3 ra3 iae a0 crnoxuBadiB. YacThHa raszy 1o
TpyOomnpoBoay 4 Hanxonuth B (akenpHy TpyOy S5, MmO oONazHaHa 4eproBUM
najJpHUKOM 6 Ta 3anajdbHUKOM 7. B cuctemi mepembadeHi peryaroBalibHI
Kjanaid 8 ta 9, mo 3ano0iraloTh YTBOPEHHIO BMOYXOHEOE3MEUHOi CyMillll Ta
3a0€e3MeuyloTh MOCTIHHY BHUTpATy rasy, SIKMil MOJA€eThCsi B (haKeylbHY TpyoOy.
Tpy6onposia 10 npuzHaueHuit 11t BiABEACHHS a3y 3 cemaparopa 2.
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Pucynok 7.9 — @akeinbHa YCTaHOBKa 3 cemaparopoM /i rasis
BHCOKOI0 THCKY:1 — TpyOOTIpOBij] 3a0pyIHEHOTO Ta3y; 2 — cemaparop; 3—
TpyOOIpOBI crnoXxuBayiB; 4 — TpyOompoBia; 5 — QakensHa Tpyda; —
YeproBUM MaJIbHUK; 7 — 3allallbHUK; &8, 9 — perymoBaibH1 Kiananu; 10 —
TpyOOIPOBIT

Bucora daxensnoi tpyou 10...20 metpis. HiameTtp ¢akenpHoi TpyOH I
najbHUKA MMOBHUHHI 3a0e3MeuyBaTH CTablIbHE TOPIHHS rasy 0e3 3pHuBY MOIYM s
IpY 3MiHI HaBaHTaXeHHs. Sk mpaBuio, alamerp GakenabHOl TpyOu HE MEHIIUH
OJIHOTO JiamMeTpa TpyOOmpoBOay, 3 SIKUMH BOHa 3’eaHyerhes. LlIBuakicTb
rasiB B rupJii gakenbHOT TpyOu BUOUpAETHCS 3 ypaxyBaHHSIM CKJIay Ta3iB, sKi
CHAJIOIOTHCS.

KOHTPOJIBHI 3AIITMTAHHA

[TosicHITH CyTh TEPMIYHOTO 3HEIIKOKEHHS Ta30BUX BUKH/IIB.

HapeniTe KiracudikaIliro TOIMKOBUX IIPUCTPOIB.

Hagenith kmacudikaiiiro akeIbHUX MTPUCTPOIB.

[NosicHiTh ipUHIHTT pOOOTH 1 KOHCTPYKTHBHI 0COOIMBOCTI KAMEPHHX TTEYECH.
OxapakTepu3yiTe pereHepaTUBHI YCTAHOBKUA TEPMIYHOTO 3HEIIKOKCHHSI
IIPOMHUCIIOBUX Ta30BUX BHKH/IIB.

agrONE
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HapeniTh KOHCTPYKTHMBHI  OCOOJMBOCTI KOMOIHOBAaHHUX YCTaHOBOK
3HEIITKO/KEHHS Ta30BUX BUKH/IIB.

[TosicHIT TIpUHLUN POOOTH 1 KOHCTPYKTHBHI OCOOJMBOCTI (haKeIbHUX
YCTaHOBOK.
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8 3ACOBM EJIEKTPUYHOI'O TA MATHITHOI'O OYNIIEHHSA
I'A30BUX BUKH/IIB

8.1 CyTb eleKTPUYHOI0 OYMIEHHS ra30BUX BUKU/IIB

OmHuM 13 TOCKOHAIMX METOMIB OYMINEHHS Ta3iB BiJ 3aBUCIHX YaCTUHOK
nuily ¥ TyMaHy € eJeKTPUYHE OYHIIEHHS, SIKE J03BOJIAE€ BJIOBUTU 110 99%
qacTHUHOK. [IWJIOBNIOBNEHHA B e€NEKTPOPUIbTpaX € CKIATHUM (I3UYHUM
npolecoM, SIKHM BKJIIOYae B cebe rpaBiTalliiiHe, iHepIiiiiHe, nudysiiiHe Ta
eJIEKTPOCTATUYHE OCAIXKEHHSI.

OCHOBHMMHM €JIEMEHTaMH €JEKTPUYHOTO (IIbTpa € KOpOHyBaJbHUN 1 Ta
0CaKyBaJIbHUI 2 €JIEKTPOAH, K1 YTBOPIOIOTH HEOHOPIHE €IEKTPUYHE ToJe 3
(puc. 8.1).

SIGIOIOISIOIOIC,
L LITITI LTI I TI T T T I YT 777777

Pucynok 8.1 — IlpuHun po6oTu ejeKTpogiabTpa:
1 — KOpOHYBAJIbHHI €NEKTPOJ; 2 — OCAKYBAIBHHMN €IEKTPOI;
3 — eJIEKTpUYHE T0JIe; 4 — 3aps/PKEeHa 30Ha; 5 — OCUIMIA 1Iap My

KoponyBanpHi enektpoau 1 1307b0BaHl BiJ 3€MJIl, a OCaKyBajbHI
eNeKTpoau 2 3azemiieHi. [0 KOpPOHYBaJdbHUX €JIEKTPOMIIB  IiJIBOJUTHCS
BUIIPSMJIEHUN CTPYM HEraTMBHOI moyisspHOCTI Hampyrow 50..80 kB, a
OCa/KYBJIbHI €JIEKTPOJIM MIAKIIOYEH] 10 TO3UTUBHOTO ToItocy. KopoHyBaibH1
€JICKTPOAN BUKOHYIOTHCS Y BUTJISIAI TOHKOTO APOTY, @ 0CAHKyBaIbHI €JIEKTPOIN
BUTOTOBJISIIOTh Y BUIJISAI IMWIHAPUYHUX a00 MIECTUTPAHHUX Tpyo Ta
npod1IbOBAaHUX IJIACTUH.

OuwniieHHs ra3iB B €JIEKTPUYHUX (IIBTPaxX BiAOYBAETHCS TaKUM YHHOM.
3a0pynHeH1 Ta3u MPOMYyCKalOTh Yepe3 HEOIHOPITHE ENEeKTpUYHE Mmoje 3, 1o
YTBOPIOETHCS MDK KOPOHYBIBHMM | Ta OCaKyBaJdbHUM 2 €JIEKTPOJIOM.
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Bracaigok aii eJIeKTpUYHOTO TOJIsI BIIBHI €JEKTPOHU 1 TMO3UTHBHO 3apsiKEHI
MOJICKYJIH TTOYHMHAIOTH TEPEMIIyBaTUCS B HANPSMKY CHJIOBHX JIiHIA TOJS.
HanpsiMok pyXy KOKHOTO 3apsly 3aJeKHTh BiJ] HOTO 3HAKY, a MIBUIKICTb PyXy
— BiJ HampPYXEHOCTI EINEeKTPUYHOTO ToNis. YuM BUIA HANPYKEHICTh
SJIIEKTPUIHOTO TIOJISI MK KOPOHYBAJIBHHM 1 0Ca/DKyBaJIbHUM €ICKTPOIAMH, THM
O1NTbIIIe TPUCKOPEHHSI OTPUMYIOTh 10HH Ta €IeKTpOoHU. [Ipu 10CTaTHhO BHCOKIi
MIBUAKOCTI 10HU Ta EJIEKTPOHH TPU CTUKAHHI 3 HEHUTPaTbHUMH Ta30BHUMH
MOJICKYJIaMH 10HI3YIOTh iX, TOOTO BHOMBAIOTh 3 HUX YaCTUHY 30BHINIHIX
CJIEKTPOHIB. ENEKTpoHMW, 10 YTBOPIOIOTHCA BHACHIIOK 10HI3AIil, TaKOX
10HI3YIOTh MOJIEKYJIM Ta3y, TOOTO BiZOYBa€TbCs TPOIEC YAAPHOI 10HI3AIll.
HaitinTteHcuBHilIe  ygapHa  1oHI3aIisi  BiAOyBaeTbcst  OUTSI  MOBEpPXHI
KOPOHYBAJILHOTO €JIEKTPOJIa, 10 SKOTro MiABeAeHa Hanpyra. [Ipu BimnaneHnHi Ha
BiJICTaHbh X BiJl KOPOHYBAJILHOTO €JIEKTPOa HANIPYKEHICTh EICKTPUIHOTO TIOJIS
3MEHIIYETHCS 10 BEJIMUMHU, SIKY MOKHA BU3HAUUTHU 32 hopmyioro, B/m:

Ex=U/23lg (R2/Ry) , (8.1)
ne U — Hampyra, 110 npukiiajeHa 10 KOpOHYBaJIbHUX €JIEKTPOAiB, B;

R1 Tta R2 — paaiycu kopoHyBainbHOIO 1 0CaKyBAJIbHOTO €JIEKTPO/IIB, M.

Po3psin 31 3MIHHOIO HANPYKEHICTIO HAa3UBAETHCS KOPOHHHUM, a HaIpyra,
IpHU sIKii BUHUKAE KOPOHHUM pO3PSAT, - KPUTHYHOK. 3MIHY CHJIH CTPyMy 1
HaIPYTU IPU KOPOHHOMY PO3psijii HaBeJAEHO Ha puc. 8.2.

I, a

U,B

PucyHok 8.2 — 3miHa cHiIH CTPYMY i3 30iJIbIIICHHSAIM HATIPYTH
B eJIeKTPOdiabTpi

BianosinHo 1o puc. 8.2 3MiHI CHJIM CTPYMY 13 30UIbIIEHHSIM HAalpyTru B
eneKTpodUIbTPl BiAMOBIAaE YoTupu mnepioau: | — modaTtkoBa ionizamis; Il —
HacuueHHs; |1 — xoponyBanus; IV — nyroBuii enekTpuyHui po3ps.

30BHIIIHIM BHUSIBOM KOPOHHOT'O PO3psiy € MOMITHE B TEMHOTI ciaOke
0JIaKUTHO-(D10JIETOBE CBITIHHS HAaBKOJIO KOPOHYBAJIBHOTO enekTpoaa. Kputuuny
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HANPY)KCHICTh EJIEKTPUYHOTO TOJsI, IPHU SKiii BUHUKAE KOPOHA, IJISl MOBITPS
00UHnCITIOTH 3a (hopMmyIioro, B/m:

E,=3,04/B +0,0311 \/B/R; -10° , (8.2)

ne Ri— paniyc KOpOHYBaJIBHOIO €JIEKTPOAA, M;
B — BigHOIIIEHHS TYCTHHHU MOBITPSI B pOOOUMX Ta CTAaHAAPTHUX yMOBAX:

B = (Psap + P)293/101,3 -103 (273 + t), (8.3)

Psap — OapomerpruuHuil TUCK, Klla;
P — po3pimkenns abo HaAMIpHUHN THCK, kl1a;
t — Temmneparypa rasis, °C.

Enexrpuuna MIIHICT, Ta30BOro MPOMDKKY MOXE OYTH IOpyIIeHa
ICKpOBUM a00 JYrOBUM €JIEKTPUYHUM pO3PSAAOM IMpU 3HAYHOMY 3HA4YCHHI
HAIpyTy, 10 NEPEBUILYE€ KPUTUYHE 3HAYEHHS. 30BHILIHIM BHSIBOM JYyTOBOTO
po3psily € 30UIbllIeHHs CHOXKUBaHHS cTpymy (puc. 8.2). Ha 1HTEHCHBHICTH
KOPOHYBAHHSI CYTT€BO BIUIMBA€E TaKOX XIMIYHUW cKiaja raszy. HasgBHICTB
JTIOKCUY BYIJICLIO, BOASHOI MAapu Ta CIPYAHOIO aHTAPUIY 30UIbIIyE poOOUy
30Hy KOpPOHHOTO po3psay. Ilpm HoOpManbHMX yMOBax HaNpy>KEHICTh
€JIEKTPUYHOIO TOJIS CKIIAJae JUIsl A10KcHay Byriemo 28,2, nis nositpsa 35,5 ta
115t azoty 38 kB/cwm.

[Ipomec €JNEKTPUYHOTO BJIOBJIIOBAHHS YAaCTUHOK Ta30BUX BUKHUIIB B
eJIEKTPOPUIBTPl XapaKTEPU3YEThCA TpbOMa CTAAIIMU: 3apSIKEHHS 3aBUCIUX
YACTUHOK, PYX 3apsAPKEHHX YaCTHHOK [0 €JNEKTPOAIB Ta OCaKyBaHHS
YACTUHOK Ha €JEeKTpoAax. 3apsyKEHHS 3aBUCIMX B ra3l YacTUHOK, IO
3HAXO/STHCS B €JICKTPUYHOMY TOJII KOPOHHU, BIJIOYBA€THCS BHACIIOK a0CcopOITii
10HIB 3 iX moBepxHew. YacTuHku po3Mipom Oulbiie 1 MKM 3apsKaroThCs, B
OCHOBHOMY, 10HamH, IO PYyXalThCSA IMIiJl [I€I0 CHJI EJIEKTPUYHOTO TOJIS.
Yactunku wmeHme 0,2 MKM 3apsypKaloThCs 10HAMHU, 0 OepyTh ydacTb B
nu(y31fHOMY TpOLECi 332 PaXxyHOK TEIJIOBOTO PyXy ra3oBHX Mosekyis. Jlms
yacTuHOK 3 aiametpoMm 0,2...0,5 MKM edexkTUBHHUMH € oOMJBa MEXaHI3MH iX
3apsKEHHS.

[Ipu 30inblIEHH] 3apsAly YACTUHKH BiAILITOBXYBAJIbHA CHJIa MIXK HEKO Ta
OJTHOMMEHHO 3apsPKCHUMHU 10HAMHU TaKO0X 30UIbIIYETHCA 10 THX Mip, MOKU
3apsii HA YACTHHII HE JOCATHE MAaKCHMAaJbHOTO 3HaueHHS. MakcuMmalbHU
3aps]l YACTUHOK JlIaMeTpoM Oijbine 1 MKM, MpU SIKOMY TPUIHHSIETHCS MPOIIEC
3apsAKEHHS, O0YUCITIOEThCS 3a (hopmyroro, Ki

Qmax = d? g Espe=ne, (8.4)

ne d — miaMeTp 4aCTUHKH, MKM;
€ — 3HAueHHs 3aps/y enekTpoHa, 1,6-107° Ku;
N — YKCIIO €JIEMEHTAPHUX 3apsJIiB HA YaCTHHIIL;
€0 — JiaJeKTPUYHA IIPOHUKHICTL BaKyyMy, 8,85-10712 @/wm;
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E; — HanpyXeHIiCTh eJIeKTPUYHOTO TOJS KOPOHHOTO pO3psIy B 30HI
3HAXOJKCHHS YaCTUHOK, B/M;

Pe — TMIOKA3HUK JICTCKTPUYHUX BIACTUBOCTEH YACTHHOK, IS TPOBITHHX
Pe= 3, a U NIETEKTPUUHUX Pe = 1,2.

[IBUAKICTH 3apsKEHHS YaCTMHOK B 3BUYAMHMX YMOBAaX KOPOHHOTO
po3psiAy JocTaTHbO Benuka. Tak Omusbko 3a 0,1 ¢ uvactunka HabyBae 90%
MaKCUMAaJIbHOTO 3apsiiy.

B npakTHuHHUX yMOBax €JIEKTPUYHOIO OYUILEHHS ra3iB MpU TeMIepaTypi
150...400°C nns wactuHOK 3 niamMerpoM MeHme 0,2 MKM MakCHMalbHa
BEJIMYMHA 3apsiay 00UnCITIoeThes 3a popMmyioro, Ki

Qmax = 108 e d . (8.5)

EnexTpocratnyHa cunia, 0o Jii€ Ha 3apsSKeHY YaCTUHKY B €JIEKTPOHHOMY
noJi, 1opiBHIOE, H,

FE=qE, (8.6)

ne E — HanpyXeHICTh eJIEKTPOHHOTO T10Jid, B.
[IBuaKICTh OCaIKEHHS 3apsIKEHUX YaCTUHOK B YACTHUHI 3aCTOCYBaHHS
3akoHy CTOKCa po3paxoBYEThHCS 32 POPMYIIOIO

_9ECy

3 nurd

ocC

ne Ck — nonpaBka Keninrena—MisutikeHa,
Mr — AMHAMIYHAa B’ SI3KICTh Ta3y, [la-c;
J — MakCUMAaJbHUH 3apsij YACTUHOK, [0 WOTO OOYHUCIIIOIOTH 3a (hopMyiaMu
(8.4-8.5) 3anexHO BiJ BUXIIHUX YMOB.
Aepo30Iib, B IKOMY BCl YaCTUHKH MalOTh OJTHAKOBHM 3apsijl, pIBHOMIPHO
pO3CIIOETBCST TiJ MI€I0 CBOTO BIACHOTO 3arajbHOro 3apsay. LIBuakictsb
PO3CIIOBaHHS 3apSAIKEHOT apO30JIbHOI XMAPUHKU XapaKTEPUIYEThCS P1BHSIHHAM

1/C1-1/C=4¢*Ckt/3d pr , (8.8)

ne Ci— moYaTKkoBa KOHIEHTPALIiS YACTHHOK, CM >,
C> — KOHIIEHTpAIlis YaCTUHOK B MOMEHT 4acy t, cm™,

B Oynb-sikuii MOMEHT B MpOLECI EJNEKTPOCTATUYHOTO PO3CIFOBAHHS
KOHIIEHTpalllsl aepo30JII0 Y BCIX TOYKax OAHakoBa. B 3B’sA3ky 3 muM pyx
CepelloBHUIla HE BIUIMBAE HA PO3CIFOBaHHS 1 piBHSAHHSA (8.8) crnpaBenamBo s
aepo30JIiB, 10 3HAXOAATHCS B JaMiHAPHOMY Ta TYpOYJIEHTHOMY PEXUMI TEUii.

B Bunazgky, Koiu 10 CKJIaay aepo30JiiB BXOAATh MO3UTUBHO il HETaTUBHO
3apsAKEH1 YaCTUHKU 3 PI3HOIO0 KOHIICHTPAIlI€I0, TO YACTUHKU, SKUX MEHIIIICTb,
MEePEMIIIYIOThCSL IO IIEHTPa aepo30JIbHOI XMApUHKH, € iX KOHIIEHTpaIlis
MOCTYNOBO 301IbIIyeThCA. ['ycThHa 3apsiny B LbOMY IIEHTPAJIBHOMY SApI
MOYMHAE 3MEHIIYBaTUCS [0 TUX Iip, MOKK BOHO HE CTaHE MPAKTHYHO
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HelTpanbHUM. OJHOYACHO PO3CIIOBAHHS 30BHIIIHBOI YAaCTHUHHM aepo30JiB, A0
CKJIay SIKUX BXOJAATH YACTHMHKH 3 OJJHOMMEHHUM 3apsiIoM, IPOIOBKYETHCS.

Bracnigok oqHOYAaCHOTO OCa/pPKyBaHHs 0araTboX 4aCTUHOK Ha MOBEPXHI
0CaJ)KyBaJIbHOTO €JIEKTPOJila Ha HbOMY YTBOPIOETHCS ILIap MWy, LIO Iepe3a-
psKaeThes. ToOTO map MUty OTPUMY€E MPOTUIICKHUN 3HAK, 10 OJHAKOBHH 13
3HAKOM  3apsy  OCaKyBalbHOrO  enekTpojga. Yac  mepe3apsaKeHHs
BU3HAYAETHCS OMIOPOM IHITY, 110 MICTUTHCS B TA30BUX BUKUJAX.

3ane)XHO Bil MHUTOMOTO OMOpY TMHIY, IO OCiIa€ Ha EeJIeKTPOi
eJIEKTPO(IIBbTPA, BIH JIITUTHCS HA TPU TPYIIH.

Ilepia rpymna — OMTOMUH eleKTpHuHMil omip muiry a0 102 Om-m. Yac
PO3pSUKEHHST IIapy TaKoro MWy HAATO Maiuid. YacTUHKM MpU TOPKaHHI
MOBEPXHI €JIEKTPOJIa MUTTEBO TEpe3apaIKaroThCs. B pe3yapTaTi BOHU MOXYTh
BIJIIITOBXYBATUCSA BiJ €JEKTpPOJa Ta 3HOBY MOTPANMUTH B TMOTIK Ta3iB, IO
BUXOJIUTH 3 €JIEKTPODIIbTpA.

Jlpyra rpyna — nuToMuii enekrpudnuii omip mary 102..108 Om-m. ITun
ra3o0BUX BUKHIIB 100pe OCAIKYEThCA Ha €JIEKTPOAax Ta JIETKO BUAANSIETHCA 3
HUX MPU CTPYLIyBaHHI.

Tpers rpyna — NMTOMMI eJIEeKTpHYHHMIA omip muny nepesunrye 108 Om-m.
[le#t mua HE3aJOBUIBHO BIIOBIIIOETHCA Ha eNeKTpoduibTpax. [IpuunHoI0 11BOTO €
MOBUIbHE PO3PSAHKEHHS YaCTMHOK Ha €JIEKTPOJaxX, IO CYTTEBO MEPEUIKOIKAE
OCa/DKCHHIO HACTYMHUX dacTUHOK. [lum Tperpoi Tpymm HE3aA0BUIEHO
CTPYILYETHCA 3 €IEKTPOIIB, 1110 YCKIAAHIOE iX €()eKTUBHY €KCIUTyaTallito.

Ha Bxo/l B €1eKTpoIbTp YACTUHKU MUY NOTPAIUISIOTH B PO3MNOAUIBYY
KANIO31MHY pEelITKYy, A€ Ha HUX JII0Th CWIM 1Hepuii. Bemmumna nmx cun
3aJIeKUTh BIJ PO3MIPIB YAaCTUHOK, KOHCTPYKTHUBHUX IMapaMeTPiB KaIrO31MHOI
pENITKH, a TaKOoX IIBUAKOCTI Ta30BOr0 MOTOKY B amapaTi. Ha skanro3iiiHiii
pelnTIi BiAOYBA€ThCS PIBHOMIPHUN PO3MOJILI Ta3y MO Nepepi3y amnapara.

[licns BuUxOmy 3 PO3MOAUIBYOI KATIO31MHOT PEIITKH Ha YacTHUHKY
MOYMHAIOTh MISITH CUJIM TpaBiTallii. ¥ BEPTUKAIBHUX €IEKTPODIIbTPaX CHUIH
rpaBiTallii Ji0Th TIIBKU JO MOMEHTY ii omaJaHHs B MIXKEJIEKTPOIHHUM TTPOCTIP.
B ropuzonTanbHuX enekTpodiabTpax Mis CHII TpaBiTallii € 3HAYHOIO MPOTSITOM
BCHOT'0 Yacy iX mepeMileHHs B anaparti. Benuunna cui rpaBitaiiii BU3HA4Ya€ThCA
IIBUJIKICTIO Ta B’SI3KICTIO T'a30BOT0 MOTOKY, a TaKOX PO3MIpaMU ¥ T'yCTHHOIO
YACTUHOK THITY.

B MDKeneKkTpoHOMY MPOCTOpPI HA YACTHUHKY MUY OJHOYACHO [IOTh
€JIEKTPOCTATUYHI CUJIM 10HHOTO BITPY, a TAKOX CUJIM TYpOYJIEHTHOI Ta TEIIOBOI
nugy3ii. BennunHa eneKTpOCTaTUYHUX CUJT 3aJIEKUTh BIJ PI3HULI MOTEHIIAIB,
110 MMOAAIOTHCS HA KOPOHYBAJIBHUN Ta 0CaKyBaJIbHHUI €IEKTPOAN, KOHCTPYKIIIT
eJIEKTPO(DUIBTPIB, BIACTUBOCTEN MUY, PO3MIPY YACTUHOK 1 TapaMeTIB ra30BOr0
MIOTOKY.

Cuna termoBoi qudy3ii BU3HAYAETHCS TEMIIEPATypOIO Ta3y 1 po3MipaMu
YaCTUHOK Nuity. Bennuuna cun TypOyiaeHTHOT Audy3ii 3aJIeKUTh BiJl IBUJIKOCTI
ra3oBOT0 MOTOKY, KOHCTPYKTHMBHHX IapaMeTpiB €NeKTpO(]UIbTPIB, pO3MIPIB
YaCTHHOK IMUJTY Ta HassBHOCTI MEPELIKOI.
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Ha 3aranbHuil CTymiHb OYMIIEHHS B €JIEKTPOPUIBTPAX CYTTEBO BILIUBAE
CIIEKTPOHHUN BiTep. ENEKTpOHHMII BITEp CTBOPIOETHCS 10HAMHM Ta3zy 3
HOJIIPHICTIO, 110 MPOTHIIEKHA TOJSIPHOCTI KOPOHYBAJIBLHOTO enekTpoaa. Li ionu
YTBOPIOIOTHCA TiJ] BIJTMBOM KOPOHHM 1 € OJHOYACHO ii 4acThHOI0. BHacmigok
nepefaBaHHs  KUIBKOCTI  pyXy BiA 10HIB Tra3y, IO pYyXalOThCi B
eJIEKTPOCTATUYHOMY T10JII, 00€PTOBUM UYAaCTHHKAM ra3y BUHUKA€E PyX Tra3y MiX
CJIEKTPOJAMU, SIKUI HA3UBAETHCS €JIEKTPOHHUM a00 10HHUM BiTpoM. IIIBUIKICTD
eJeKTpOHHOTO BiTpy B amaparax 0,3..0,6 wm/c, a HalOUIBIIA JIOKAJIbHA
HMIBUJKICT MOXE Jocsiratd 3 M/c. B 3B’S3Ky 3 BUHUKHEHHSIM €JIEKTPOHHOTO
BITPY THCK Y OCQDKyBAJIBHOTO €JIGKTpOJa Jenio OUIbIIUA HDK Yy
KOPOHYBAJILHOTO. B pe3ynbrari Hboro 30UIbIIYEThCA TypOYJICHTHICTH Ta30BOTO
MOTOKY B €NEKTPODIIBTPI, IKa € MPUIUHOIO ITiIBUIIICHHS BEIMINHU TPAHUYHOTO
3apsiny ApiOHUX YaCTHHOK.

OuuieHHsl ra30BUX BUKHJIB B1Jl 3a0pyJHEHb EJIEKTPUYHUM METOJOM
peanizyeTbes 3a JOMOMOTOI0 eIEKTPOPIIbTPIB, KIacuikailis ssIKUX HaBeJeHa Ha
puc. 8.3.

ArperataMM  JKUBJICHHSI €JIEKTPOQUIBTPIB € PEryIsaTOp HAmpyrw,
HiABUIIYBaJbHUN  TpaHchoOpMaTop Ta  BHCOKOBOJIBTHUH  BHIPSMIISY.
EdexTuBHicTh po0OTH eNeKTpO(iIbTpa BU3HAYAETHCA POOOUOIO0 HAMPYTOIO,
3HAYCHHs SKOT NMOBMHHO HAOIMXKAaTHCh 10 Hampyru npo6or. OntumManbHUN
peXUM POOOTH €NEeKTPODUIBTPIB 3a0€3MEUY€EThCA PETYIIOBAHHSAM HANpyrd Ha
€JIEKTPOJIaxX, sIKa MOBHHHA MIJITPUMYBAaTUCS Ha MaKCUMAaJlbHO BHCOKOMY PIBHI.
Hampyra npo0oto B eneKTpodiIbTpl 3ajekKUTh Bl KIIBKOCTI OYUIIYBaHHX Ta3iB,
iX TemmepaTypu, BOJIOTOCTI, TyCTHHH, KOHI[EHTpalii YaCTHHOK B Ta3ax,
HasIBHOCTI IIapy MUy Ha eJekTpoiax tomo. Hanmpyra npo0Ooro KoiauBaeThes B
3HAYHUX MEXaX, 0COOJIMBO B CyXUX eJIeKTpodimbTpax.

CtyniHp OYMIIEHHS B €INeKTpOQUIbTPI BU3HAYAETHCA CIOCOOOM 1
pPEKUMOM pereHepanli enekTpoaiB. B cyxux enektpoduibTpax sl BUJAJICHHS
OWIy 3 OCQJKyBIbHUX Ta KOPOHYBAJbHUX €JIEKTPOJIB 3aCTOCOBYETHCS
NPYKUHHO-KYJIAYKOBa, yJIapHO-MOJIOTKOBA, MAarHITHO-IMITyJIbCHAa M BiOpailiitHa
cuctema CTpymryBaHHS. [[nsi BUIaNieHHs OCap)KEHHX TBEPAMX YACTHHOK B
MOKPHUX €JIeKTPO(UIbTpaXx BUKOPUCTOBYIOTH Oe3mepepBHE ab0 MepioguvHe
MIPOMUBAHHS €JICKTPOJIIB 3 MOJauel0 Ha HUX HEOOX1JHOT KUJIBKOCTI MPOMUBHOI
PIIMHU, 1II0 3MUBAE OCAKCHUM TTHII.

8.2 KoHCTpPYKTHBHI 0c00IUBOCTI e1eKTPOPinbTPiB

EnextpodinbTpu 3a po3MIILIEHHSIM 30H 3apsiKU 1 0CaKyBaHHS OyBalOTh
OJIHO30HHI Ta ABO30HHI. B OJHO30HHUX eNeKTPOPUIbTpAX 30HU 3aAPSAIKU 1
OCa/KeHHs1 cyMimieHi. B JIBO30HHMX amapartax 3apsijka BiJOyBa€TbCS B
10H13aTOP1, a OCAPKYBaHHS — B OCaHKyBadl. 3aJIe)KHO BiJl KIJTLKOCT1 MOCIII0BHO
pO3TalIOBaHUX OCAKYBAIBHUX €JIEKTPOAIB PO3PI3HSIOTH OJHO-, JIBO-, TPHU- 1
YOTUPUNIIBHI  enekTpoduibTpu. KOHCTpykTMBHA  cXemMa  OJHO30HHOIO
JBONJIBHOTO €JIeKTpo(UIbTpa HaBe[eHa Ha puc. 8.4, a IBO3OHHOTIO - Ha puc. 8.5.
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3a crocoboM pereHepailii 0caKyBalbHUX 1 KOPOHYBAIBHUX €JIEKTPO/IIB
eneKkTpoduIbTpu OyBalOTh CyXi Ta MOKpi. B cyxux enektpodinbTpax s
BUJIAJICHHS OCQ/)KEHOTO MUy BUKOPUCTOBYIOTh BiOpalliiiHi, MarHiTO-iMIyJIbCHI,
yIapHO-MOJIOTKOBI Ta yJapHO-TIPY)KHHHI CHCTEMH CTPYIIyBaHHS. B Mokpux
eNeKTpOiNbTpax Il BUAAJICHHS MUYy BUKOPHCTOBYIOTh IPOMHBAHHS
€JIEKTPO/11B HEOOX1HOO KUTBKICTIO P1IUHHU.

OJIHO30HHI
3a po3MileHHIM
| 30H 3apsAHKEHHS i
OCaJKyBaHHS ABO30HH1
BEPTUKAJIbHI
3a HanpsIMKOM /
—|  pyxy rasis B
aAKTUBHIN 30H1 \ FOPU3OHTAJIbHI
=
[a W
H
’-Q .
E cyxi
S 3a cnocobom (cTpyLIyBaHHs)
= BUIAJICHHS
% ocaKeHUX Ha \ :
= EIeKTPOIax ( MOKp1 )
3MHUBaHHS BOJIOIO
/M YJaCTUHOK
=
=~
H
X OJIHOIIJIbHI
=
<
o : :
5 34 YHCIOM JIBOIIBHI
5 IIOCJIJIOBHO
< —
5 PO3TAIIOBAHAX TP
CHCTEM CJICKTPOJIIB
YOTUPUIIIIBHI
OJTHOCEKITIMHI1
3a ynciaom
— 11apajieabHO JIBOCEKITIITHI
PO3TaIIOBAHUX
CUCTEM EJIEKTPO/IIB .
TPHUCEKITiHHI
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Pucynok 8.3— Kuacudgikamuis ejsekrpodinbTpiB

0

3r or
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Pucynok 8.4 — KoHCTpyKTHMBHA cXeMa OJHO30HHOIO JABONIJIbHOIO
ejexkTpodisibTpa: 1 — Kopmyc; 2 — ra3opos3noAiIbHA pemrTKa; 3 —
CUCTEMa KOPOHYBaJIb HUX €JIEKTPO/IB; 4 — OCa/I>KyBaJIbH1 €JIEKTPOIU

o
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3r -

| | | | O
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Pucynok 8.5 — KOHCTpPYKTHBHA cXeMa JBO30HHOIO eJIeKTPo(dijabTpa:
1- xopmyc; 2 — ioHi3aTOp; 3 — €NEeKTPOau 10HI3aTopa; 4 — OcaKyBad,
5 — ocaJKyBaIbHI €JIEKTPOU; 6 — KOPOHYBAJIbHI €JIEKTPOIU

JIJist OYMINEHHSI TEXHOJIOTTYHMX BUKHJIB BIJl THJIY BUKOPHUCTOBYIOTH
yHI()IKOBaHI TOPU3OHTANIbHI CyXl €JIEeKTPO(UILTPH 3arajJbHOMPOMHUCIOBOTO
npu3HayeHHs cepli YI'. 3anexHo BiJl aKTMBHOI BUCOTH €JIEKTPUYHOTO TOJIS
eNeKTPOUILTPYU BUTOTOBISIOTHCSA TPhoX radapuTiB: YI'l 3 aKTHBHOIO BHCOTOIO
enekTpuyHoro noJis 4,2 mM; YI'2 3 akTMBHOIO BUCOTOIO €JIIEKTPUYHOTrO MO 7,5
M; YI'3 3 aKTUBHOIO BHCOTOIO €JIEKTpU4uHOTO mois 12,2 M. EnexkrpodinsTpu
YI'l ta VYI2 wMmaroTh AaxkTHBHY [OBXKHHY €JIEKTPUYHOro mnoist 2.5 M, a
enektpodunbtpu YI'3 — 4m. Enextpodinbtpu VYI'1 BUrOTOBISIOTH JBO- 1
tpuninbHl, a YI[2 # YI'3 — T1pu- 1 gormpumisnibhi. OcamKyBaIbHUMU
CIEKTPOJaMU B IIUX  €IeKTpoduIbTpax € TpodiiboBaHI TOHKOCTIHHI
ITUPOKOIIOJIOCHI  €JIEMEHTH BIJIKPUTOTO TIPOPUTI0 3 HUKHIM MOJOTKOBUM
cTpyiryBaHHsM. KOpoHyBaslbHI €JIEKTPOAM  BHKOHYIOTh y BUIJISII PaMHOI
KOHCTPYKIi 3 OOKOBUM TIiJBUIIEHHSM Ha KBapIlOBUX OIOPHO-MPOXITHUX
1307TOpax Ta MOJOTKOBUM  CTPYIIEHHSM. EJeMeHTH KOpOHYBaJIbHUX
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€JIEKTPOAIB TOJYACTI 31 CTAJILHUM I10JIOM 3 BHINTAMIIOBAaHUM BICTpsM. OCHOBHI
TEXHOJIOT14HI XapaKTEPUCTUKHU eIeKTpoIiB cepii YI' HaBeaeHi B Ta0m. 8.1
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Tabnuis 8.1 — OCHOBHI TeXHIYHI XapaKTePUCTUKN CYXHX eJIeKTPoinbTpiB cepii VI

n Mapka
OKa3HUKH

YI-2-10 | YI-2-3-26 | YI-2-3-37 | YI-3-4-37 | YI-3-4-88 | YI-3-4-115 | YI-3-4-230
AKTHBHA BHCOTA €JIEKTPOIIB, M 472 7,5 7,5 7,5 12,2 12,2 12,2
AKTHBHA JTOBKHHA EJICKTPUIHOTO 251 251 251 251 3.95 3.95 3.95
OJIsL, M
3arajbHa IIIOIIA OCAHKYBAHHS, M 420 1690 2350 3150 12300 16100 32200
[11011a aKTUBHOTO TIEPEPi3y, M 10 25 37 37 88 115 230
HI/ITOM:lg BUTPATHU CJICKTPOCHEPTi] HA 0,30 0,30 0,30 0,30 0,30 0,30 0,30
1000 m°/ron razy, kBT -Tron
MakcuMalbHI CTYIIIHI OYHIIICHHS 0,99 0,99 0,99 0,99 0,99 0,99 0,99
Maxcimasbia Temmeparypa 250 250 250 250 250 250 250
OYMIIyBaHHS rasis, °C
KPpor MIK OAHOMMEHHIMII 300 300 300 300 300 300 300
CJIICKTPOJIAMH, MM
["aGapuTHi po3mipH, M:
JOBXKHHA 9,5 141 141 18,6 24,8 24,8 24,8
BHCOTA 12,3 15,4 15,4 15,4 21,8 21,8 21,8
IMPUHA 3,0 4,5 6,0 6,0 9,0 12,0 24,0




Bucoki TeXHIKO-€KOHOMIYHI MOKA3HUKH CYXOTro €JIEKTPOra3004yUIIEHHS
3a0e3MeuyloTh TOpU3OHTaNbHI enekTpodinsTpu cepii EI'A momudikamii A.
Enektponna cuctema BUTOTOBJIEHA 3 IIUPOIMOJIOCHUX EJIEMEHTIB BiJIKPUTOTO
npodimo mmpuHOor0O 640 MM Ta paMHUX KOPOHYBAJIbHHMX €JIEKTPOJIB 3
roiyacTuMu enemeHTaMu. Enextpodinetpu 3 uucioM mpoxosiB Big 10 go 40
BUKOHYIOTh OJHOCEKIIMHUMHU, a Big 48 m0 88 — nBocekuitHuMU. OCHOBHI
TEXHIUHI XapaKTePUCTHKU CYXUX TOPU3OHTAIBHUX eneKTpodiibTpiB cepii ET'A
HaBeZieHO B TaOu. 8.2. B Tumoposmipi ¢inbrpa cepii EI'A umcna micias Oyks
O3HAYAIOTh: MepIIe — KITBKICTh CEKIIIi; APyre — YUCII0 ra30BUX MPOXO/IB; TPETE
— HOMIHaJIbHA BHUCOTa EJIEKTPOJIB, M; YETBEPTE — KUIBKICTh E€JIEMEHTIB B
0Ca/KYBIBHOMY €JICKTPO/I1; I’ SIT€ — KUIBKICTh CJICKTPUYHUX TOJIIB IO JOBXKHUHI
eNeKTpodiIbTpa.

VYHi}ikoBaHI BEpTUKAIbHI IUIACTUHKOBI (UIbTpH cepii YB npuzHayeni s
ouMIleHHs Ta3iB npu Temmeparypi 10 250°C. Lli enekTtpodiabTpu MarOTh OJHE
CJICKTPUYHE T0JI€ JTIOBXKUHOIO 7,4 M 1 po3auieHi o ra3y Ha 1...3 cekiiii. OCHOBHI
KOHCTPYKTHBHI €JE€MEHTH eleKTpoduibTpiB YB yHipikoBaHI 3 BIANOBIIHUMHU
esleMeHTaMu enekTpouibTpiB YI'. Iy BIOBIEHHS 3 Ta3iB BYTUIBHOTO MUY MPH
temnepatypi A0 130°C BUKOPHCTOBYIOTH YHI1(DIKOBaHI BEPTHKAJIbHI IJIACTUHKOBI
cyxi enextpodinsTpu cepii YBB. Ix oco6muBicTio € Te, 10 KOpHYC BUKOHAHO Y
BUTJISI LIAXTH, IO BIAKPUTA B aTMOC(hEpy 3 METOIO 3al100IraHHs BUOYXY.

OCHOBHI KOHCTPYKTHBHI T€XHIYHI XapaKTEPUCTUKUA CyXHUX BEPTUKAIbHHUX
enekTpodubTpiB cepiii YB ta YBB naBeneno B Tab. 8.2.

JIist  ouWmeHHsST Ta30BHX BHUKHUIIB  BUKOPUCTOBYIOTH  TpyOdYacTi
enextpoduibTpu Tuny CIII ta [IIMK. Enexktpodinstpu C Ta 1" € ogHOmIBHI
BEPTUKAJIbHI TpyOudacTi Ta po3paxoBaHl Ha Temmeparypy 1o 60°C.
OcamKyBajbHI €JIeKTPOIM BUTOTOBJISIOTHCS 13 CTAIBHUX TPyO miamerpom 250
MM, a KOPOHYBaJIbHI €JIEKTPOAM — 3 HIXPOMOBOTO JAPOTY JiaMETpoM 3 MM.
Cucrema KOpOHYBAJBHUX €JIEKTPOJIB MIJBHILYETHCA [0 KOpIyca Ha
Tapimyactux gapdopoBux i3ojaropax. Cucrema MepioguyHOTO MPOMHUBAHHS B
enektpodinerpax Tumy III' ckmamaerbes 3 KoyekTopa 3 (OpCyHKamu, MO0
pO3TaIlOBaHW HaJ AaKTUBHOIO 30HOI0. B enextpodinbrpax Tumy C, 1o
NPU3HAYEHUN JUIsI BJIOBJIEHHS CMOJM 3 ra3iB KOKCOXIMIYHOTO BHPOOHMIITBA,
CMOJIa CTIKa€ 3 eNeKTpoliB caMocTiiHo. Enextpodinstpu Tumy MK
BEpPTUKAJIbHI, OJHOMLUIbHI, 3 TPyOUaCTUMHU IIECTUTPAHHUMHU OCA[KYBAIbHUMHU
eneMeHTamu. Crucrema ocaKyBaJbHUX €JIEKTPOJIB BUTOTOBISETHCS y BUIJIISAL
CTITbHUKOBUX CBHHIICBHUX IIECTUTPAHHUKIB, SIKI ITIBIIIICHI BEPXHHOIO YACTHHOIO
JI0 OCBUHIIbOBAHOI TPYOHOi peunTkd. SK KOPOHYBaJIbHUN  €JIEKTPOJ
BUKOPHCTOBYETHCS OCBHMHIIbOBAaHWH CTaibHH ApiT. CHcTeMa KOPOHYBAJIBHHUX
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eNEKTPOAIB MiABINIYyeThC Ha dapdopoBux 13onsaTopax. OCHOBHI TEXHIYHI
XapaKTePUCTHKU MOKPHUX TPyOUacTUX eNeKTpo(uIbTPIB HaBeACHI B Ta0I. 8.3.
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Tabmuus 8.2 — OCHOBHI TeXHiYHiI XapakTepuCTHKH cyXuXx ejekTpodiabTpis cepii EI'A, YB Ta YBB

El'Al-

El'Al-

El'Al-

EI'Al-

EI'A2-

TokasHuKu 10-6-4-| 1075 | 2075 | M| a0-12- | se | S| 5| VBB VB
2 4-3 6-2 6-3 12-6-4 | >~ *

AKTHBHA BHUCOTa €JIEKTPOIiB, M 6 75 75 9,0 12 12

AKTHBHA JOBXHHA 256 | 256 | 384 | 384 | 38 | 38 | 74 | 74 | 62 | 62

eJIeKTpI/IIIHOFO II0JIA, M

f;r AIbHA TLTIOMI OCHDKYBANIL, | 630 | 1660 | 2360 | 6360 | 11250 | 33000 | 1800 | 3900 | 285 | 570

IT101ma aKTUBHOTO MEPEPizy, M 16,5 28,7 41,0 73,4 129,8 285,6 32 72 8 16

Hiromt BHTpaTH eXCKTPOCHEPTIL | o5, | o550 | 020 | 020 | 020 | 020 | 011 | 011 | 011 | 011

Ha 1000 m°/rox rasy, kBt -Trox

MakcuMasibHi cTymiHi ouniieHHs | 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,99

Maxcumarbia TeMreparypa 330 | 330 | 330 | 330 | 330 | 330 | 250 | 250 | 130 | 130

OYMIIyBaHHs rasis, °C

KpoK MK OHOHMEHHHMHA 300 | 300 300 300 300 300 | 275 | 275 | 350 | 350

CIIEKTPOIaMH, MM

Yuciio cexiin 1 1 1 1 1 2 2 3 1 1

["abapuTHi po3mipH, M:

JIOBKHMHA 026 | 17,28 | 11,82 | 17,26 | 17,28 | 2274 | 90 | 135 | 200 | 20,0

BHCOTA 124 | 149 15,4 16,4 16,9 199 | 199 | 214 | 315 | 3,15
3,2 4.4 6,2 9,2 122 | 272 | 45 | 60 | 30 | 60

HIMPUHA




Ta6nuis 8.3 — TexHiuHI XapaKTePUCTUKH TPYOUACTHX MOKPHX

eJIEKTPOiabTpiB
Mapka enexktpodiabTpa

IToxa3Hukn C-5.0|C-72 r-8 Hlivg{-
I1011a AKTHBHOTO TIEPEPi3y, M 5,0 7,2 7,8 4,5
Yuciao cexiiin 1 1 1 1
Ywuciio 1moJiiB 1 1 1 1
BryTpinmHii miaMeTp ocaKyBaIbHOTO 250 250 250 ]
CIICKTPOJIa, M
AKTHBHA JOBXKHHA €JIEKTPUIHOTO MOJs, M | 3,5 3,5 3,5 -
KinbKicTh OCaKyBaJIbHUX €NIEKTPO/IIB 104 | 148 156 86
Po3paxynkoBuii TCk rasy, Mlla 0,03 | 0,03 | 0,0008 | 0,005
Ma.KCI/iMaJILHa TeMIIepaTypa OUHIyBaHHS 60 60 60 50
rasis, °C
Posmipu:
JlaMeTp KopIryca, M 3,9 4.6 5,0 -
Bucora, m 13,3 | 16,2 15,5 -

8.3 TexHoJI0TiYHi pO3paxXyHKH eJIeKTPOpiLIbTPIB

BuximHuMu maHuMH Uil PO3PAXyHKIB € BHUTpara BIAXIIHUX rasiB, ix
TeMIiepaTypa Ta B’S3KICThb, BMICT TBEPAMX YAaCTHMHOK B Ta3l MPU HOPMAJIbHUX
yMOBax 1 iX (pakiiiHuil ckyiaa Ta HeoOXiJaHa CTyniHb ounileHHs. [Ipu BMicCTI
TBEPAUX YaCTUHOK Outbiie 13% nomnepeHp0 00MparoTh Kiiac eNeKTpopiIbTpa.

BuszHayaioTe 00’€MHI BUTpATH ra3y npu poOoUiil Temneparypi

T-P,
T, P

Qp=QH'

ne Qu — BUTpaTa BiAXiJHUX ra3iB IPU HOPMAILHUX YMOBaX, M°/C;
Po — po3pimxenns B cuctemi, [a.
[Tnoma nepepi3zy akTUBHOI 30HU €JIEKTPOPLIHTPa

Qp

V

r

S=K3'

ne K3 — koeoitienr, mo BpaxoBye migcMokTyBauHs moBitps (Ks = 1,1);
Vr — WBUAKICTH Bigxiguux rasis B amapari (Vr = 0,8...2,0 m/c).
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3a BENMYMHOIO IUIONII aKTUBHOI 30HU Ta 33JaHMMH YMOBaMH TiJ0UPaIOTh
napaMmeTpu eiaekTpodiasTpis (Tadu. 8.1, 8.2).
OO6UYHCITIOITH PO3PAXYHKOBUMN CTYMIHb OUMIIIECHHS BIJIX1JHUX ra3iB

n=1-exp(-V,-a), (8.11)

ne Vu — MBUAKICTH Apeidy YaCTHHOK J0 0CaKYBaJILHOTO €JIEKTPO/Ia, M/C;

a — KoeiIieHT, MO XapaKTepU3y€e TEOMETPUIHI pO3MipH CICKTPOodIIbTpa Ta
IMIBUAKICTh Ta3y B HBOMY; 1 JUII OCAQDKyBaJIbHUX E€JCKTPOJIB BCIX THIIIB
BHU3HAYAETHCS 32 (HOPMYJIOIO

ne Il — akTMBHUI IEpUMETP 0CAHKYBAIBHOTO E€JIEKTPOA, M;
L — noBxkuHa 0CaI)KyBalIbHOIO €JIEKTPOJA, M;
S — moma nepepizy aKTMBHOI 30HU eNeKTpo(inbTpa, M2,

Jis mnactunvactux enekrpomie II/S = 2/b, me b — Bigcrane Mix
mactuHamu enektpoais (b = 0,3 m).

[IBuakicTh npeiidy 4aCTHHOK J0 OCaHKYBAJIBHOTO €JIEKTpOJa BU3HAYAIOTh
3QJIEKHO Bl BEJIUYMHHU HAINPYKEHOCTI EJIIEKTPUYHOTO MOJs Ta JlaMerpa
4acTHUHOK (TabJ1. 8.4) abo po3paxoBYIOTh 3a (HOPMYIIOI0

-12 2
Vq=6-10 -ETr-K, | (8.13)
Hr

ne E — HanpyXeHICTh eIeKTpUIHOTO 10Jis, B/M;

I' — pajilyC YaCTUHOK, MKM;

K.+ — xoediltieHT, 1110 BpaXxoBye pO3MIpH YACTUHOK (/I YACTHHOK PO3MipOM
2...50 mxMm Ky = 1, a qus yvactunok menire 2 MM Ky = 1+1/107 r);

Ir — IMHAMIYHA B S3KICTh razy, [la-c.

Tabmuus 8.4 — LHBuakicTs Apeii)y YACTHHOK B AKTUBHIH 30Hi

ejieKTpodinibTpa, m/c
HanpyxeHicTh Paniyc 4acTUHOK, MKM
€JIEKTPUYHOTO 10JIs1, B/M 0,2 0,5 1,0 5,0 15,0
15-10* 0,012 | 0,013 | 0,015 | 0,075 0,10
30-10% 0,025 | 0,030 | 0,060 0,50 0,60

HampyxeHicTb ~ €J1eKTPUYHOr0 MOJs  BU3HAYaIOTh  3aJI€KHO  BIJ
KOHCTPYKTHUBHHUX O0COOJIMBOCTEN €1EKTPOPLIBTPIB:
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B TpyOUacTux

E= | o (8.14)
2-m-g5-K

E- | lob (8.15)
Ty K-l

e lo — JiHIIHA TYCTHHA CTPyMYy KOPOHHU, A/M;
€0 — eJleKTpu4Ha cTana (& = 8,85 <102 d.m);
K — pyxomicTs ioHiB, M%/B-c (Tabm1. 8.5);
b — BincTanp Mixk ractunamu enexkrpois (b =0,3 m);
| — BiZicTaHb MK CyCITHIMU KOpOHYBaJIbHUMH ejiekTpoaamu B psaay (I = 0,25 m).

B INTaCTHHYACTHUX

Tabmuus 8.5 — PyxomicTh ioHIB B razax

Pyxomicts ionis, K-10*
Ta3u M%/B-c
HETaTHBHA [IO3UTHUBHA
A3ot 1,84 1,28
Amiak 0,66 0,57
Bonenn 8,13 5,92
Bonsaa mapa npu 100°C 0,57 0,62
[ToBiTpst uncrte 2,48 1,84
[ToBiTps cyxe 2,1 1,32
Jliokcu ByTeIio 0,96 -
Kucensn 1,84 1,32
OKcuJ1 BYTJICIIO 1,15 1,11
CipuaHuii aHT1ApU] 0,41 0,41

JiHiliHy TyCTMHY CTpyMY KOPOHHM BHM3HAyalOTh 3aJI€KHO  BIJ
KOHCTPYKTUBHUX OCOOJIMBOCTEN €NEKTPOPIIBTPIB:
JU1s1 TpyOUacTux

. 2.K-(U=-
JE— LA | (8.16)
[9:10°-R2 . In(K/K)]-U-(U=U,)
IJIA IIJIACTUHYACTUX
AmPK-K,-U-(U=U
i T 1-U-(U=U,) (8.17)

" 9.10%1%[mb/21 — In(2xR  /1)] |
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ne U — Hanpyra Ha enexTpojax, B;
Uo — kpuTHYHA Hampyra KOpOHHOTO po3pAay, B;

R1 — paniyc ocamkyBanbHoro enekrponaa, M (R: = 0.0015 m);
K1 — xoediiieHT KOMITIOHYBaHHS €IEKTPOIIB MK IJIACTHHAMU

(K1= 0,12-(/b)?).
Kputnuny Hampyry KOPOHHOTO pO3psiay OOYHCIIOITH 3aJIeKHO BiJ

KOHCTPYKTUBHHUX O0COOJMBOCTEN €IEKTPOPUILTPIB:
TSl TpyOUacTux

R
U, =E,R; In(—") | (8.18)
R

JJIA IINTaCTHHYaCTHUX

U, =EOR1[Z:?—In(2nF1ﬂ, (8.19)

ne Eo, — KpuTruHa Hapy>KEeHICTh €JIETPUYHOTO IOJIs, MPU SAKiM BUHHMKAE KOPOHA
(B/m), Bu3HA4a€eTHCS 32 GOPMYIIOIO

E, = 3,04.106(B+ 0,0311 \/BEJ , (8.20)
1

ne B — BIAHOLIEHHS TYCTUHHU MOBITPSI B poOOYMX 1 CTAHIAPTHUX YMOBAX, AK€
JIOPIBHIOE

(Pap —P)-293
1013-10%(273+1) |

(8.21)

ne Pgap— OapomeTpuunmii THCK, KIa;
P — po3pikeHHs yu HaAMIpHUM TUCK B anapari, klla;
t — TemmniepaTypa BinxigHux rasis, “C.

Butparu enextpoeneprii asis poOoTH enekTpodiibTpa

N = qe-Qp (8.22)

ne (e — 3HAUEHHS MUTOMOI BUTPATH eJeKkTpoeHeprii, kBt/rox (Tabm. 8.1, 8.2, 8.3).
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8.4 CyTb MarHiTHOro o4MIileHHs Ta30BUX BUKHU/IB Ta Kjiacudikauis
TEXHOJIOTIYHOI0 00JIATHAHHSA AJI OYHIIICHHSA I'a30BUX BUKHIIB

MarHiTHe OYMIIEHHS Ta30BUX BUKHIIB IPYHTYETHCS Ha BIACTHBOCTI
MarHiTOCIIPUUHATIMBUAX YaCTHHOK, 110 MalOTh 3aJI130BMICHI JOMIIIKHA TapiB 1
KOH/ICHCATIB, Mi//1aBaTUCs MAarHiTHOMY OCa/KCHHIO Ta TOIMYTHO BUKOHYBAaTU
“TpaHcnopTHY’ (YHKIIIO, 3aXOIUIIOIOYM 1HII YAaCTMHKH JOMINIOK Ta 10HH.
ToMy MeToa MarHiTHOTO OYMIIEHHS Ta30BUX BUKHIIB € OUTBII YHIBEpCAIHHUM
NOPIBHSAHO 3 MOTO MPsIMUM NpU3HAYECHHSAM. JIOLIIBHO MOMEpPEAHbO IITYYHO
BBOJIUTH B MOTIK ra3iB, II0 OYMIIAIOTHCS, MATrHITOCIIPUUHSATINBI YaCTUHKHU 3
HACTYITHUM CYMICHUM OCAJKEHHSIM iX 3 IHITUMH JTOMIIIKaMH.

a3, 1m0 OYMIIAETHCS, TMPOIMYCKAEThCS  uepe3  (UIbTPYBAIbHY
(rpaHy/bOBaHy) HaMarHiuyeHy HacajKy, IO Oe3MmocepeHhO KOHTAKTYE 3
ITOTOKOM Ta3y 4M piuHu (puc. 8.6).

Pucynok 8.6 — CoJieHOInHMH (ijILTP-0CATKYBAY:
1 — xopmyc; 2 — ¢dunbTpyBasibHa Hacajaka; 3 — COJEHOI AJII CTBOPEHHS
MarHiTHOTO TOJIs

[TepeBaroo rpaHysibOBaHUX HACAJOK € T€, IO MPH Ail HA HUX MOPIBHSHO
HEBEJIMKUM HaMarHidyBaJIbHUMU TOJIEM B X MOpax, MepeBakHO MOOJIM3y TOYOK
KOHTAaKTy TpaHyl, (OpMyeThCsS TMOJ€ BHUCOKOI HAIMpPYXEHOCTI 3 BHCOKHM
CTYIIeHeM HeonHopigHocTi. HampykeHicTs cdopMoBaHOro mosisi HabaraTo
MIEPEBHINY€E HAMPYKEHICTh HaMarHiayBaJbHOTO mojs. Ilim Mi€r0 1bOro moJis
YAaCTUHKHM MIAJAaI0ThCs €(PEKTUBHIN CHIIOBIM OcapKyBadbHIM aii. BHacmigok
LBOT'0 JIOCSATAETHCS TOHKE OYMILEHHS ra3iB BiJl MArHITOCIPUIUHATIMBUX (PpaKIiil
JOMIIIOK YacTMHOK 33 YMOBHM HAsBHOCTI y TpaHyl aHTUKOPO3IMHUX
BiactuBoctei. [Ipu mpboMy MarHiTOuUIBTpaIliiiHe OYMIIEHHS BiAOYBAETHCS MPHU
MOPIBHSIHO BETUKUX POOOYMX IIBUIKOCTSIX pPyXy Ta30BUX BUKHUJIB, IO
ounniatotecs. [IIBuakocTi pyxy razoBux BukuAiB B 3..10 pasiB OuibIn
MOPIBHSHO 3 TPAAUIINWHUM OCA/HKCHHSIM YaCTHUHOK, J€ MPOSBISIOTHCS TUIbLKH
MeXaHIYHl W XiIMiYHI CUJM 3axoruieHHs. Lle 103Bosisie BUTOTOBISATH YCTaHOBKHU
JUIS  MAarHiTHOTO OYMIICHHA KOMIAKTHUMHU Ta BHCOKONPOAYKTUBHUMH.
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['panynpoBaHi Hacajakud 30epiraroTb CBOi  MarHiTHI  BJIACTUBOCTI  IIPH
temneparypax 1o 800°C, mo J03BOJIIE BUKOPUCTOBYBATH 1X JJISI OYMIICHHS
ra30BUX BUKUIB, SIKI 3HAXOASTHCS B PI3HUX TEMIEPATYPHUX PEKUMAX.

Sxmo TBepAa YacTMHKA HE Ma€ MPUPOJHUX MAarHITOCHPUUHSTIMBHUX
BJIACTUBOCTEH, TO MEXaHi3M ii MepeMIlIeHHs] B MarHiTHOMY IIOJ1 TaKWii: Mpu
pyci B Ta30BOMY IOTOIIi 3 IEBHOIO MIBUAKICTIO YaCTUHKA OJIEPKYE CIEKTPUIHUN
3apsn. [Ipu moTparuistHHI YaCTHHKY B MarHiTHE TOJI€ TMIEBHOI HAMPYKEHOCTI Ha
Hei Oyze MiSITH Cuiia, MEePIEeHIUKYISIpHA 10 HAMPSMKY MarHiTHOTO IOJsS Ta J0
HaIpsMKY pyXy YaCTHHKHU. B pe3ynbTaTi Ail Ii€l CHIM YacTUHKA 3MIITY€EThCS 31
HIBUJIKICTIO, sIKa MO>Ke OyTH BU3HAuU€Ha 3a 3akoHOM CTokca

_CxqHVrmgmg

® , (8.23)

3nupd

ne H — HanpyXeHICTh MarHiTHOTO MoJjs, A/wm;
Vr — WBHIKICTh pyXy ra30BOro MOTOKY, M/C;
Ma — aOCONIOTHA MarHiTHA NPOHMKHICTh Bakyymy, 1,257-10° I'/wm;

Mg — BIIHOCHA Mar”iTHA MPOHUKHICTb.

SIK1o mMai MarHiTHI YaCTUHKHM NOTPAIUISIOTh B MAarHiTHE MOJIE, TO BOHU
OpIEHTYIOTHCA TaKMUM YMHOM, IO iX MPOTHUJICKHI KIHLI HampaBieHl J0 Pi3HUX
nositociB marity. CymapHa cuiia, 10 Jil€ Ha YaCTUHKY B MarHiTHOMY IO,
piBHa anreOpaiyHiil CyMi CUJI IPUTITYBAHHS Ta BIAIMITOBXYBaHHS.

OuniieHHsT Ta30BUX BUKHUAIB BiJ 3a0pyJHEHb MAarHiTHUM METOJIOM
peaizyeTbes 3a JOMOMOTOI TEXHOJIOTTYHOTO 00JaHaHHS, Kilacu(iKallis SKoro
3aJIe)KHO BiJl OCOOIMBOCTEH HaAMarHiYyBaJIbHUX CHCTEM Ta iX KOMIIOHYBaHHS 3
30HOI0 OCA/KCHHS IOMIIIOK HaBeieHa Ha puc. 8.7.

TUIIA MATHITHUX ®IJIBTPIB

Enexrpomarsithi bararonomtocHi dinpTpu
bipTpH b1apTpH 3 3 “BiAAlIECHUMH”
3 OCepasIM-HACaIKOI0 “BiOaUIEHUMA’ IMOCTIMHUMH
eJIEKTPOMArHITaMU MartdiTaMu
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Pucynok 8.7 — Kinacugikaniss maraitHux ¢iibTpiB
8.5 EnexkTpomartitHi pinbTpu 3 ocepasiM-HACAKOIO

I ouMIneHHS Ta30BHUX BHUKHUIIB, IO MICTITh 3allI30BMICHI JOMIIIKH
mapiB Ta KOHJICHCATIiB BHUKOPHUCTOBYIOTh PI3HI MoJu]iKarii COJECHOITHUX
bipTpiB-0caKyBaduiB. B 1MX enekTpoMarHiTHUX ¢uIbTpax poOoda Hacaaka
po3TarioBaHa 0€3MOCEPETHHO B TOPOKHUHI €IEKTPOMArHITHUX KOTYIIIOK, TOOTO
Hacajgka € CBOEPIHMM OCEpAsSM HaMarHi9yBaJIbHOI KOTYIIKK. OmnTuMaabHa
IPOJIYKTUBHICTh €JIEKTPOMArHiTHUX (PUIBTPIB-0CaIHKyBadiB COJICHOITHOTO THUITY
BU3HAYa€eThCs 3a kputepiem L/D >2...3, ne L — nomxkwuHa conenoima; D —
miameTp cosieHoina. [l 3abe3neueHHs TakKuxX 3HaYeHb KPUTEPist ONTUMAaIbHOCTI
BHKOPHCTOBYIOThH Mep(OpoBaHi MEPETOPOAKHA Ta PO3ABOEHHS T'a30BOTO MOTOKY,
10 JTO3BOJISIE JOTPUMYBATUCh HEOOXITHUX 3HAYCHb aKTUBHOI JOBXHHHU OCEPIs
Hacagkd. KOHCTpyKTHMBHAa  cXema  JBOXOJOBOrO  (iIbTpa-ocapKyBaua
COJICHOIJTHOTO THIY 3 Mep(OpOBaHOIO MOCEPEIUHI MEPErOPOJIKOI0 HABE/IEHA Ha
puc. 8.8.

3r E . S or
_ S \ . - N — >
3 N - < - A

NG— 7\

N NN

\ o NE
2 _— \ - ~ N 1

N N

\ - oo R

N -

. ~ )
N N

Pucynok 8.8 — EJiekTpoMarHiTHuid A1BOX010BUIl (PLILTP-0CAXKYBayd 3
nepdopoBaHo mnocepeauHi mneperopoakow. 1 — kopmyc; 2 —
€JIEKTPOMATHITHI KOTYIIKH; 3 — epdopoBaHa reperopojika; 4 — Hacajaka

[Ipu ouuIieHHI 3HAYHUX Ta30BUX MOTOKIB JlaMeTp (UIbTpa-ocaKyBadya
30UIBIIYETHCS 1 CTAa€ MOPIBHAHHUM 3 HEOXITHOKO JOBXHUHOIO Hacaaku. B Takux
BUIAJKaX JOIUIPHO BCTAHOBIIOBATH JBI mepdopoBadi abo0 KoakciaiabHI
nephopoBaHi TEPETOPOJKH Ta TMPOMYCKATH OYHUIIYBAHUM Ta30BUNA TIOTIK
nornepek Hacaakud. KOHCTPYKTHBHA cXeMa MOINEePEYHO-TIPOTOYHOTO (iIbTpa-
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ocaJ>KyBadya COJIEHOIAHOrO TUIy 3 Mep(OpoBaHUMHU IO JOBXKHUHI JABOMA

IIEpEropoJiKamMu HaBeeHa Ha puc. 8.9.

/ R
3; ? < ?‘ :=
3 A~~~ - YR
4~ )
2 — A - - > N [HHE
Z )
- - #N
\ - \
3r R ?L:‘:
% \ﬁ\
1 /

or

Pucynok 8.9 — EjleKTpOMAarHiTHUI MONEPeYHO-NIPOTOYHUN (PiabTP-
ocajxyBad 3 JABoMa nepGopoBaHUMH IeperopoakamMu. 1— xopryc;

2 — eJeKTpPO-MarHiTHI KOTYymKH; 3 — mepdopoBaHa

4 — pacanka

HIePEropoiKa;

3MEHIIUTH BTPATHU MArHiTHOTO IOJS B HABKOJUIIHE CEPEAOBUIIE MOXKHA
32 paxyHOK KOHCTPYKTHBHUX OcOoOIMBOCTEH (uibTpiB-ocaKyBauiB. Lle
3MEHIIEHHS MOX€E 3a0e3Me4YUTH MOJYJIbHa KOHCTPYKLIS, fKa CKJIAJa€eThbCs 13

COJICHOTIHUX CEKIIiH, 1110 crapeHi Hacaakor (puc. 8.10).

Por




Pucynok 8.10 — EjleKTpOMarHiTHII 1BOX010BUI PIbTP-0caaKyBaAY

i3 CIIAPEeHOI0 COJIEHOITHUMMU CEKIIIMU HACAIKOIO:

1 — xopnyc; 2 — eJeKTpOMarHiTHI KOTYIIKH; 3— Hacajaka

[Ipyr BuOOpI MPHUHITUIIOBOI KOHCTPYKINI €JeKTpoMar”iTHoro ¢iapTpa 3
ocepasM-HacaJKOK HEOOXiTHO BpPaxOBYBaTH HaMarHiudyBaJIbHYy CHIIY, ILUIOILY
BIKHA HAMOTKH, BHYTpIIIHIM Ta 30BHIIIHINA diaMETpH COJICHOIAA, KUIBKICTh
BUTKIB, 3arajibHy JOBXHUHY APOTY, CACKTPUIHHUM OIip KOTYIIKH, HAMIPYKEHICThH
HaMarHivyyBaJIbHOTO TOJISA, JOBXUHY Hacaaku Tomro. i BenmnuyuHu 004nCiIro0Th
3a TaKUMU (HOPMYIIaMHU:

HaMarHivyyBaJIbHa CHJIa

Joog=11-H-L: (8.23)

IJTOII[A BIKHA HAMOTKH

4.J-®
S=——2-. 8.24
1 ( * )
m-vc Ko
KUIBKICTh BUTKIB
n-K,-S
0g=—— (8.25)
4-S,,
3arajbHa JJOBXKWHA JPOTY
2
KW
Lyp =0 % (8.26)
16 * SI[P
CIICKTPUYHMIA OMIpP KOTYIIKH
2 2
T - Ky - W
Ry = PAP — (8.27)
16-Shp
Harpyra
2
v KW
u=" "Yc o V0. (8.28)
16- SJIP
MOTYXHICTh KOTYILIKH
2
_T Yo Pap Ko W _ (8.29)

16

Maca KOTYILIKH
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2
_ﬂ: 'YI[PKOW

M T : (8.30)
ne J — cuna ctpymy, A;
®B — KUIBKICTh BUTKIB;
Yc — I'yCTHHA CTpyMY, A/MM?;
Sap — mIoma nepepizy ApoTy, MM?;
Ko — KoedilieHT, 1110 BpaXOBY€E 3aIIOBHEHHS POTOM BiKHA KOTYIIIKH
(0,5...0,7);
pap — INTOMMIA omip MaTepiany apoty, OM-MM%/M;
Yap — TyCTUHA MaTepiaty ApOTy, KI/M>;
W — mapameTp 00’eMy KOTYIIIKH, 1110 BU3HAYAETHCA 32 (hopMyInoro
W=2.S. ?+2-I{ ; (8.31)

ne JI — BHYTPIIIHIN AlaMeTp CoJIeHOia.
8.6 bararonoJitocHi GiILTPH 3 BiAliJIeHUMHU eJIEKTPOMATHITAMU

bararonomtocHi (iIbTpu 3 BIAAUIEHUMH €JIEKTPOMArHiTaMu MICTSTh
3HAYHY KUIBKICTb MAaJOra0apuTHUX KOTYUIOK 13 CTQJ€BUMH OCEpASMU-
MarHiTONpoOBOJAaMH, IO PO3TAIIOBAaHI 32 MEXaMU HACaJIKU 1 CHPSIMOBAHUMHU
CBOIMU TOJNIOCaMU A0 Hacaaku. KoHCTpykuii ©0araTonoitocHUX (DUIBTPIB
NOBUHHI 3a0e3MedyyBaTd BHUKOPUCTAHHS TMPSMHUX CYLUIBHUX OCepAb i
CKOPOYEHHS 10 MIHIMyMY JUISHOK Mar"iTHOro KoJja ro3a poOO4YMMH 30HAMH,
YTBOPEHHS POOOYMX 30H OCAKEHHS HEOOXITHOT JOBXMHU Ta 3a0e3MeuUeHHS
poOiT mig TuckoM. KOHCTpyKTMBHa cxema 0aratomoyitocHOro (inbrpa-
ocaJKyBada 3 OCEpAsSMHU y BHTJISI TUIIOBOTO By3/a HaBeleHa Ha puc. .11, a
binpTpa-ocapKyBaya 3 HaKJIaJHUMH OCEepAsiMU — Ha puc. 8.12.

M

e AN S EEr
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Pucynok 8.11 — baraTromo/silocHuid eJieKTPOMArHiTHUH (QLIbTP-0caa-
JKyBad 3 OCepAsIMH Yy BHUIJISIAi TUNMOBOro By3aa: 1 — kopmyc; 2 —
€JIEKTPOMArHiTHI KOTYIIKHU; 3 — Hacaaka; 4 — epoMarHiTHI BCTaBKU

Pucynok 8.12 — BaratonojoCcHuil eJIeKTPOMATHITHHI (iabTp-0can-

JKyBad 3 HAKJIQAHUMH ocepassMu: 1 — Kopmyc y BUTIJISII KaHaiB;
2 — eJIEKTPOMArHiTHI KOTYIIKH; 3 — Hacaaka; 4 — ocepis

OCHOBHUMMHU KOHCTPYKTUBHUMHU MapamMeTpaMH 0aratonoyitoCHUX (IbTPiB
3 BIJJIVICHUMH €JIEKTPOMAarHiTaMu € JiaMeTp Ta JOBXHHA OCepAs, BIICTaHb M1k

nosicaMu OcepJib Ta aiameTp pobdodoro kanamy. Lli Ta iHmi1 poOodyi mapameTpu
OOYUCIIOIOTH 32 TAKUMHU (POpMySIaMHU:

HaMarHi4yBaJIbHa CHUJIA:

J-og=11-H-Dy :

(8.32)
B1ICTaHb MIXK MOSICAMU OCEP/Ib
Dk <l £2-Dg ; (8.33)
JTiaMeTp ocepas
dC= B 04= Mo <p<H 04_ (8.34)
Dk \Bc Bc | |

JOBKHWHA OCCPasd
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(8.35)

ne J— cuna ctpymy, A;
(B — KUJIBKICTh BUTKIB;

Dk — aiametp poGoyoro kaHamy, M;

Im — BiicTaHb MiXK ITOSICAMH OCEP/Ib, M;

dc — niameTp ocepas, M;

B — marnitHa ingykiis, To;

Bc — MarniTHa 1HIYKITIS HU3BKOBYTIICTIEBOT ctai, (1,2...1,4 T);

L — cepeHs MarHiTHA MPOHUKHICTh Hacaaku, [ 'H/M;

Ilo — MarHiTHA nocTiiHa, 47107 Ta/m;

H — HeoOxiHa HaNpyKEeHICTh HAMarHiuyBaJbHOTO MOJIst, A/M;

Hz — Hanpy»keHiCTh BiANaNeHOT HU3bKOBYTJICIIEBOI CTalll B 00JIaCTi HaCcU-
yenns, 1000...2000 A/m;

lc — moBxxuHa oceps, M.

8.7 @inbTpH 3 BiAiJIeHUMH NOCTIHHUMHE MarHiTaMu

QinpTpu 3  BIAAUICHUMHU TOCTIMHMMHU MAarHiTaMM MICTSTh  TaKeT
MOCTIMHUX  MAarHiTiB, SKI € HE OCa[UKyBaIbHUMHU  €JIE€MEHTaMH, a
HaMarHi4yBaJbHOK cHcTeMOI0. KOHCTpyKIlisi HaMarHidyyBajbHOI CHCTEMHU
JI03BOJISIE KEPYBATH MArHITAMU JJIsl IEPIOJUYHOrO MEPEPUBAHHS MArHITHOL Aii Ha
bubTpyBanbHy Hacanky. I[lepeBaroro (uUIBTpIB 3 TOCTIMHUMHM MAarHitTaMu €
BIZICYTHE a00 OOMEKEeHEe BHUKOPHUCTaHHS OOMOTYBaJbHOTO MPOBOIY KOTYIIKH,
HE3HAUHE CMOYKUBAHHS €JIEKTPOSHEPTil, MOXKIIMBICTh O€3MEYHOTO BUKOPUCTAHHS Y
BUOyxoHeOe3nmeuHnx ymoBax. [lepiognune mepeprBaHHS il HaMarHi4yBaJIbHOTO
MOJIT HAa HACAJKy 3IHCHIOETHCS TIOBOPOTOM, 3MIIICHHSM HaMarHi4yBaJbHOI
cucreMud ab0 TEpIOAMYHUM pPO3MArHidyBaHHSM TOCTIMHMX MAarditiB. 3a
KOHCTPYKTHUBHUMHU OCOOJMBOCTSAMHU (PUIBTPU 3 MOCTIMHUMH Mar"iraMu OyBarOTh
OJIHO- 1 JIBOKAaHaJIbHI 3 30BHINIHBOK) Ta BHYTPIIIHHOK HaMarHi4yBajlbHOIO
cucremoro (puc. 8.13, 8.14).
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Pucynok 8.13 — OnHokaHanbHUI (iIbTpP-0caaXKyBad 3 30BHILIHBOIO
HAMATHiYYBaJLHOI CHCTEMOK 3 MOCTiiiHUX MarditiB: 1 — kopmyc
KaHaly; 2 — TaKeT IMOCTIWHWUX MarHiTiB; 3 — Hacagka, 4 — eJIeMEHTHU
MarHiTOPOBOIY

or
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Pucynok 8.13 — /IBokaHaabHUii (PLIBTP-0CAAKYBa4 3 30BHILIHbOIO
HAMATHIYYBAJbHOI0 CUCTEMOI0 3 NOCTIHHMUX MATHITIB:
1 — xopmyc KaHamiB; 2 — MaKeTH MOCTIHHUX MAarHiTIB, 110 MalOTh MOKJIU-

BICTh TIOBOPOTY a0o0 BigBENEHHS, 3 — Hacaaka; 4 — eIeMeHTH
MarHiTOMpOBOY
i
i
| R |
\\ I > |~
< | <i-
L ! L 3
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Pucynok 8.14 — JIBokaHajbHM#i (PULIBTP-0CAHAKYBa4 3 30BHILIHHOIO
HAMATHIYYBAJbHOI0 CHCTEMOI0 3 MOCTIHHMMH MATHITAMM:

1 — xopnyc kaHany, 2 — MakeT IOCTIMHMX MAarHiTiB, IO MalTh
MOJKJIMBICTh TIOBOPOTY ab0 BimBemeHHs; 3 — Hacaaka, 4 — eIeMEHTH
MarHiTOPOBOAY

Jl7is CTBOpEHHS HaMarHiuyBaJbHOTO TOJS MiABHUINEHOT HAmpy>KEHOCTI
[IMpUHA TaKEeTIB MAarHiTIiB MEpPEBHUIIYyE JiaMeTp KOpPIyca, L0 BHU3HAYAETHCS
TaKUMU 3aJICKHOCTSIMU:

M~ (8.36)
Dk Hg
b B <u>H
D—MEK(DB—:K(I,—“O B“ , (8.37)
K d d

JIc am — TOBIIHMHA ITAKETIB MArHITIB, MM;
Dk — aiametp kopiiyca, MMm;
H — Hanpy’xeHICTh HAMAarHi4yBajJbHOTO MOJs, A/M;
Hqg — cepenne 3HaueHHST HAPY>KEHOCTI TOJISI, IO BIAMOBIJA€ MaKCUMAaIbHIN
MUTOMIHN €Heprii MarHity, A/m;
bm — muprHa MakeTiB MarHiTiB, MM;
B — marniTHa 1HyKuis, Ti;
B4 — cepenne 3HaYeHHS IHAYKIT B MarHiTax, Ti;
Ko — xoeditiienT po3citoBanHs mardiTHoro nmotoky (Ko = 1,0...1,5);
Mo — MarHiTHA cTajia, ['H/M;
L — cepeHsl MarHiTHa MPOHUKHICTh HAacaaAKH, [ H/M.

Ha BuOip ¢inbTpyBasbHOI HaMarHiu€HOT HACAJKW BIUTMBAE MOKJIUBICTDH
30epiraT MarHiTHI BIACTUBOCTI B HMIMPOKOMY TEMIIEPATypPHOMY Jiana3zoHi (s
3amiza g0 700°C), KOHCTPYKTHBHI OCOOJIMBOCTI amapaTa, AaHTUKOPO3iiHI
BJIACTUBOCTI, CKJIQJIHICTb BHUIOTOBJIEHHS Ta BapTICTh. XapaKTepUCTUKaAMHU
HACaJIKU € TIOPUCTICTh, TOBXKWHA HACAJKHU Ta AlaMeTp rpaHys. Brpatu Hanopy B
Hacallll 3ajeXxaTh BiJ TYCTMHM W KIHEMAaTHMYHOI B’SI3KOCTI CEpEeOBUINA,
IIBUJKOCTI (DUTBTPYBaHHS U pEKUMY pOOOTH:

IS JTaMiHapHOTO pexxuMy (uncio PeitHonbaca Re < 50)

2
A=K PV L ok PVl Re (8.38)

o*-d? o*.d3
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I TypOyJAeHTHOTO pexxkumy (urciio PeitHonbaca Re > 50)

025 |

2
ol 78—k, P YL Ret2s. (g3

AP =K, 27 4,43

L

Je p — T'yCTUHA, KI/M°;
V — KiHeTHYHA B’ I3KiCTb, M?/C;
® — TIOPUCTICTB, %0;
L — moBkmHa HAcaIKH, MM;
d — giameTp TpaHyJI HaCAIKH, MM;
K1 K2 — koedimienTy, 1mo xapakTepu3yloTh MaTepial mapiB HACaIKH;
v — WBUAKICTH QinbTpyBanHs, (0,6...0,8 m/c).

Jlist mapoBux Hacamok Ki = 30...35 ta K2 = 1,3...1.5, mu1s iHImMX 3acUmmok
3HA4YCHHS KOC(IIIEHTIB MalOTh OUIBIII 3HAYCHHS, a caMe: Il YaBYHHOTO JApo0y
oineme B 1,1...1,2 pasza, npobrnenoro depity — B 2,5...3,0 paza, npoOieHoi

CcTpyXku — B 3,5...4,0 pa3za.
Ha namarniuyBanHsa Hacaaku, TOOTO ii cOpOIiitHI BIACTUBOCTI, CYTTEBO

BIINIMBA€ TOBIIHNHA CTIHKHU pO60‘-IOFO KOpIryCca KOJIOHHM 3 HaCaAaKOIO. I[J'ISI
BI/IHaI[KiB IIOIICPCYHOI'O HaMaFHi‘-IYBaHHH HacaJaKHu TOBIIMHA CTIHKH
BH3HAYA€THCA 3a YMOBH

Scr 0,04 (8.40)
K

a AJI1 IIOB340BXHBOI'O HaMaFHi“IYBaHHH

Scr 0,02 , (8.41)
Dk

ne Dk — aiameTp KoJIOHKH Kopryca JUIsl (UIbTPYBAJIbHOT HACAKH.

8.8 Po3paxyHok ejieKTPpOMArHiTHOrO (ijibTpa-ocamKyBada
3 0cepAsIM-HACATKOI0

BuxigHuMu JgaHHMMH € BUTpaTH oOuuIlyBaHHS Ta3iB Qr Ta ix
temriepatypa tr # mBuaKICTh Vr .

JIiss BUKOHAHHS pO3PAaxXyHKIB NPHUIMAIOTh BEIUYUHU HAMNPYKEHOCTI
HaMarHigyBaJibHOTO mojisi H, noBxuHu Hacagku L, marepian ApOTy KOTYIIKH
(MigHMiI) Ta ¥Woro mnepedyHUd mepepi3 Spp, KOEPIEHT, SKUA BpaxoBYe
3aIIOBHEHHS IPOTOM BiKHA KOTYIIKH, KOe(ILi€HTa TYCTUHU CTPYMY Yc ,

OOYHCITIOIT, TUTOMHM OTIP IPOTY KOTYIIKH MPU poOOUiid TeMmepaTypi,

OM-MM?/M
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Pap =Po-(L+a-t), (8.42)

1e P, — MUTOMHUH OIip MaTepianxy ApoTy KoTymkH rnpu t = 0°C;

oL — TEMIIEPATypHUN KOCPIIIEHT ONOPY, KU I YUCTUX METAJIB CTAHOBUTD

1/273.

3HaxXoAATh HAMArHiuyBajlbHY CHIIy KOTYIIKH 32 (opmysoro, A
J-og=11-H-L . (8.43)

BH3HAYaI0Th IJIONIY BiKHA HAMOTYBAHHS, MM2

4.-J-o
S=——- 8.44
T-Yc Ko (844

P03paxoByIOTh KIJIBKICTh BUAKIB KaTYIIKH (PLIBTPA-0CaIKyBaya

_ mK(S

Op = . 8.45
B 4 (8.45)

OOGYuCIIOIOT, BHYTPIIIHIA JlaMeTp COJIEHOiJa 3a HaWIOIIIbHIIINM
kputepiem L/D=2...3, To6TO, MM

L
Dg=7—= - 8.46
B (2'“3) ( )
3HaxXoAATh 30BHILIIN JlaMETp COJIEHOiNa, MM
D3 =%+ DB ) (847)

ne S — Imyoma BikHa HAMOTYBAaHHS, MM;
L — 1oBxuHA HACAJIKH, MM.

Po3paxoByIOTh mapamMeTp 00’ €My KOTYHIKH, MM>

W = (D3 +Dg )-(D3 — Bs)-L . (8.48)

BusnauaroTh TOBXKMHY APOTY KOTYLIKH, M
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n Ky W

Lyp = (8.49)
T 16082,
OOunCIIOI0Th 3HaYEHHSI ONIOPY KOTYIIKH, OM
2 2
T - Ky - W
Ry = — AP Do (8.50)
16-Shp
BusHauaioTh BETUYMHU HANIPYTH Ha cojieHoini, B
m° - Yc Ko W
U= : (8.51)
16-S 1p
Po3paxoByrOTh MOTYKHICTh KOTYIIKH, KBT
p WZ'YC'PL[P'KO - W
= 8.52
16 (8.52)
3HAXOAATh Macy KOTYIIKH, KT
2
ne - KW
M= YAP R0 0 (8.53)

16

Jie yap — TYCTHMHA MaTepiaily APOTY KOTYIIKH.

KOHTPOJIBHI 3AIIMTAHHA

=

[TosicHITH IpUHITUTT POOOTH ENEKTPOPIIHTPA.

Hagenith knacudikairito e1eKTpodiibTpis.

3. Oxapakrtepu3yiiTe KOHCTPYKTHMBHI Ta TEXHOJIOTIYHI XapaKTEPUCTUKH
eNeKTPOPIIbTPIB.

Po3kpuiite CyTh METOJMKHN TEXHOJIOTTYHUX PO3PAXyHKIB EIEKTPOPUILTPIB.
[TosiCHITH CyTh MarHiTHOTO OYHUIIIEHHS Ta30BUX BUKU/IIB.

N

o k&
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6. HageniTe knacudikaliiro MarHiTHUX (PiabTpiB.

OxapakTepu3yite eneKTpoMarHiTHI GUIBTPU 3 OCEPASIM-HACAIKOIO.

8. Haenite ¢opmynu 1 BU3HAUYEHHS OCHOBHHUX pPOOOYHX TIapaMeTpiB
eIEKTPODUIBTPIB 3 OCEPAIM-HACAIKOIO.

9. JlaliTe XapaKTEpHCTHUKY 0araTONMOJIOCHUX (UIBTPIB 3 BIIILJICHUMH
€JIEKTPOMAarHiTaMHU.

10. OxapakTepusyiiTe KOHCTPYKTHBHI OCOOJMBOCTI (UIBTPIB 3 BIIALICHUMHU
MOCTIHHUMHU MarHiTamu.

11. Po3kpuiiTe CyTh BU3ZHAUEHHS pOOOYHX apaMeTpiB HACAIKH.

~
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