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AHOTAIIA

Kospuea A.€. CTBOpeHHS METO/IIB TPUBUMIPHOTO MOJIEIIOBAHHS TEIJIOBOTO CTaHY
amapariB IIITKOTPUMAYIB EJIEKTPUIHUX TEHEPATOPIB M 3a0e3MeUYeHHS TiABUIICHHS
MOTY>)XKHOCTI OCHOBHHUX arperariB. — Ksamidikariiina HaykoBa mpalsli Ha IpaBax
PYKOIIUCY.

Huceprtamiss Ha 3100yTTS HAYKOBOTO CTyMeHs JokTopa ¢imocodii 3a
cnemianpHicTIO 134 — "ABiamiiiHa Ta pakeTHo-kocMmiuHa TexHika" (13 MexaHiuHa
1keHepis) — HanionanbHMil aepoxkocMiyHuil yHiBepcuteT M. M.E. JKykoBcbkoro
"XapkiBChbKH aBlaliiHuii 1IHCTUTYT", XapkiB, 2025.

Hucepraniiiny po0OTy MNPUCBAYEHO AaKTyaJbHOMY IHUTAaHHIO MIJABUILIECHHS
HAJIMHOCTI POOOTH TypOOreHepaTopiB Ta MOWIYKY pecypciB sl 3a0e3nedeHHs
MIJBUIIEHHS TOTYXHOCTI TypOOT€HepaTopiB IUISXOM CTBOPEHHS HOBHX METO/IB
TPUBUMIPHOTO PO3pPaxXyHKY TEIUIOBOTO CTaHy BY3JiB Ta A€TaJIel anapary IITKOTPUMaviB
Ta IHIIUX EJIEMEHTIB KOHCTPYKIH TypOoreHeparopiB. byJlo BHKOHaHO pO3paxyHOK
pO3MOJULy TEeMIEpaTyp B MeEXax IIITKOBO-KOHTAaKTHOTO amapaTy JAjs BHU3HAYEHHS
MO>KJIMBOCTI HaAIMHOI pobOoTH TypOOoreHeparopa 3 IIITKOBO-KOHTAKTHHM amapaToM,
oOJlafHaHUM JTIOJATKOBUMHU (PUIBTPYIOUMMHU €JIEMEHTaMH B CHCTEM1 TIOBITPSHOTO
OXOJIOJKEHHS. B 4acTHHI BH3HAYEHHS TEMIIEPATypH €IEMEHTIB MIITKOBO-KOHTAKTHOTO
amapaty OyJi0 BCTAHOBJICHO, IO 3alacu MO TeMIepaTypaM J03BOJSIOTH 3a0e3MeUnTH
Oe3neuHy poOOTy IIITKOBO-KOHTAKTHOIO amapary 3 BCTAaHOBJICHUMH JOAATKOBHUMHU
bipTpamu y ckiajii Typooreneparopa 0e3 00OMeKeHb 32 HABaHTAXEHHSIMHU Ta PeKUMaMu
pobOTH.

Mertoro aucepTaliiHoi poOOTH € po3poOKka METOJIB MOJICIIOBAHHS TEIJIOBOTO
CTaHy amnapaTiB IIITKOTpUMAayiB TypOoreHepaTtopa mpu poOOTI y BCIX MPUITYCTUMHUX
pexxuMax poOoTH 3 3a0€3MEUYCHHSM IMJABUINCHHS WOTO TOTYXXHOCTI 3 BHPIMICHHSIM
CYKYMHOCTI 3aJa4 BEHTWJIALII Ta TEIUIONPOBIIHOCTI y TPUBHUMIPHIM MOCTAHOBLI 3
BUKOPUCTAHHSAM METOJY CKIHUEHUX €JIEMEHTIB.

[lepmuit po3ain nucepTaniifHOi pPOOOTHM TPHUCBSIUEHUN 3araJbHOMY aHaJi3y
BIJIMBY BUOPAHOI CUCTEMHU OXOJIOJKEHHSI TypOOreHeparopa Ha HOro rabapuTHO-BaroBl

MOKa3HUKHU Ta KOHCTPYKIIIO OCHOBHHMX €JIEMEHTIB. PO3rsiHyTI HaiO1IbIl MOLIMpPEH]
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CUCTEMHU OXOJIO/DKEHHS Ta 3HAYEHHS €JEKTPOMArHiTHUX HABAHTAXKEHb, MIPUUHATHI JUIs
KOXHOI 3 BUKOPUCTOBYBAHUX CHUCTEM OXOJOJKEHHS. Takoxk 3a3Hau4€HI KOHCTPYKTHBHI
O0COOJIMBOCTI OCHOBHHMX BY3JIIB TypOoreneparopa, fki 3a0e3MedyioTh IUPKYJISIII0
OXOJIO/DKYIOUUX PEYOBUH Ta ONTUMAJIbHI YMOBH BiJIBE/ICHHS TEMIIEPATYPH Bijl aKTUBHUX
YacTMH MJi1 3a0e3MeYeHHs] BUMOI HOPMATHUBHO-TEXHIYHOI JOKyMEHTalii 10 YMOB
eKCIUTyaTarlii Typooreneparopa.

Hpyruii po3aia aucepraiiitHol poOOTH MPUCBSIYCHUN aHATI3y ICHYIOUHMX METO/IIB
Ta  QJITOPUTMIB  pPO3paxyHKy  TEIJIOBOTO  CTaHy  KOHCTPYKTHBHHX  YaCTUH
TypOorenepaTopiB. Bu3HaueHi 0COOIMBOCTI aHAIITUYHOTO PO3PAXYHKY BEHTUIISAIIAHOT
CUCTEMHU 3 BUKOPUCTAHHIM aHAJOTI] IPaBIIYHUX Ta €JEKTPUYHUX JIAHIIIOTIB, a TaKOX
BJIACTMBOCTI TIOTOKY 3 TOUKH 30py 3a0€3MeUeHHsI ONMTUMAaIbHIX YMOB TEIUIONEpe1ayi.
Po3ristHyTi OCHOBHI HMPUHIUIIKA PO3PAaXYHKIB CHUCTEMHU OXOJOJ/KEHHS Y TPUBUMIpHIN
MOCTAHOBIIl 3 BUKOPUCTAHHSIM METOJy CKIHUCHHMX €JIEMEHTIB Ha OCHOBI YHCEIHLHOTO
BupimieHHs1 piBHsSHHS Hap'e-CTokca, ycepeaHeHoro 3a PeiiHoubIcOM, I MOTOKY
OXOJIO/DKYIOUO1 PEUOBUHU, 30KpEMaA 3 3aCTOCYBaHHSM CIIeliaizoBaHOro Moayio Flow
Simulation ans MoearOBaHHS TeUii piIMH Ta ra3iB 31 CKJIAy TPUKIAAHOTO IPOTrPaMHOTO
nakety SolidWorks.

[IpoananizoBaHi alrOpUTMU 3aBJIaHHS TPAHUYHHUX Ta TMOYATKOBUX YMOB IS
TPUBUMIPHUX MOJIENIEN BY3JiB Ta €JIEMEHTIB KOHCTPYKLIA TypOOreHeparopa B YaCTHHI
JIETATBHOTO OTMHCY KOHCTPYKIIIT 3 ypaxyBaHHSIM O0COOJIMBOCTEN €IEMEHTIB KOHCTPYKIIii,
10 BIUTMBATHUMYTh Ha PyX OXOJIO/KYIOUHX PEUYOBHH T4 YMOBHU TETUIOBIIBEACHHS.

Y TpeTbOoMy pO3aALT PO3TISHYTI pPe3ybTaTH PO3PaXyHKY TEIJIOBOTO CTaHy
IIITKOBO-KOHTAaKTHOTO amapaTy TypOOT€HEepaTopiB AaHANTHYHUM METOJOM Ta ¥
TPUBUMIPHIA TIOCTAHOBIII Ha OCHOBI TMOMNEPEAHHO BHUKOHAHOTO MOJEIIIOBAHHS
PO3paxXyHKOBUX BY3JiB. BU3HaUeHMIT pO3MOIi TOTOKIB OXOJIOKYIOYOTO TIOBITPSI, THCK
NOBITPS B CHUCTEMI, TEIUIOBUM CTaH MOBITPS Ta CTPYMONPOBITHUX YACTUH IIITKOBO-
KOHTaKTHOI'O anapaTy 3 BCTaHOBJIEHUMH (1IbTPaMH B CUCTEMI 0X0JI0/KeHHs1. Ha ocHOBI
oO0YHClIeHb MIATBEPKEHA MOXJIIUBICTh O€3MeYHOi eKCIUTyaTallli amapaty B YcCiX
JI03BOJICHUX pPEXHMMaX eKcIuTyaTalii TypOoreHeparopa 3 JOTPUMAaHHSIM YMOB 3a

JOIIyCTUMUMM TEMIIEPATyPAMHU.
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OTpuMaHuii  po3MOAL NOTOKIB Ta TEMIEparyp JO03BOJIIE  JI€TalbHO
IIpOoaHaNi3yBaTH KPUTHYHI €JIEMEHTH IIITKOBO-KOHTAKTHOTO anapary 3 TOYKU 30py YMOB
OXOJIOJKEHHS Ta BU3HAUMTH IIJISIXU OMTHUMI3aIlil KOHCTPYKITI.

VY yerBepTOMYy PO3/LI MPEACTABICHI METOAN BUMPOOYyBaHb TypOOTeHepaTopa, B
TOMY YHUCJI TEIUIOBUX BUIPOOYBaHb, IO MPOBOASATHLCS I OIIHKHA (DAKTUYHHMX 3armaciB
TEMIEpaTyp aKTUBHUX YACTHH TypOOreHepaTropa BITHOCHO BHU3HAYCHHX HOPMATHBHO-
TEXHIYHOI JOKYMEHTAIl€0 TPAaHUYHUX 3HAYEHb TEMIEparyp. AHaji3 pe3ysbTaTiB
BUNPOOYBaHb J03BOJISIE BUBHAUUTH HEJOJIIKU B €KCILTyaTallli TypOoreHeparopa, HaJlaTu
peKoMeHaLli 00 YCYHEHHS BUSIBJICHUX HENOMIKIB CUCTEMH OXOJIOMKEHHS, BUSIBUTHU
HasIBHI PE3EPBU ISl MOKIIMBOTO M1IBUILIEHHS OTY>KHOCTI TypOOTreHeparopa.

Ha npukinazai pe3ynbTariB TEIUVIOBUX BUIPOOYBaHb ICHYIOYOro TypOoreHepartopa
[OKa3aHO, 10 TMOPYUIEHHS B CHUCTEMI OXOJO/UKEHHS, 30KpeMa 3a0pyIHEHHS
TEIJIOOOMIHHUX TPUCTPOiB, MOXYTh HEraTUBHO BIUIMHYTM Ha €KCIUIyaTalliHI
XapakTEepUCTUKU TypOoreHeparopa, o0cCOOJMBO B JITHIA mepiog poOOTH 3
MaKCUMaJbHUMH TeMIlepaTypaMHu OXOJIOJKYIOUMX CEpEeOBUILl, Ta 3PEUITOI0 MPUBECTU
710 0OMEKEHHS TOTY>KHOCT1 MaIlTuHHU.

PesynbraToM MpoBEeAEHOI HAYKOBO-IIOCHIHOI poOOOTH cTamu  po3poOieHi
e(eKTHUBHI METOJM JTOCHII)KEHHS TEIUIOBOIO CTaHy BY3JIB Ta €JIEMEHTIB KOHCTPYKIIN
TypOOTeHepaTopiB, 30KpeMa IiX MIITKOBO-KOHTAKTHOIO amapary, Ipu poOoTi y BCIX
IPUITYCTUMHUX PEKUMAX.

BpaxyBaHHsT METOJIB JAOCHII)KEHb B TPUBUMIPHIA [OCTAHOBII JIO3BOJISIE
BU3HAYHUTH TEIUIOBI 3aIlacl KOHCTPYKTUBHHUX €JIEMEHTIB, K1 paHille HEMOXKIUBO OyII0
OIIIHUTH ICHYIOUMMH METOJIaMH CIIPOIICHUX aHATITUYHUX PO3PAXyHKIB, IO BIJIKPUBAE
HIMPOKI MEPCHNEKTUBU AJIi ONTUMI3Alli ICHYIOUMX KOHCTPYKI[H ILISXOM MOJIMIIEHHS
BUKOPHUCTAHHS HEJOBAHTAXXEHUX €JIEMEHTIB.

BukopucTtanHs mnpeacTaBieHUX y poOOTI pe3yJbTaTiB J103BOJUTH 30UIBLINTH
CJIEKTPUYHY TOTYXKHICTh Ta 3a0e3MeYuTH HaAliiHy poOOTy TEIUIOBUX Ta aTOMHHUX
eJIEKTPOCTaHLINA YKpaiHH, sKi 3a0e3MeuyroTh BUPOOHMUIITBO E€NEKTPUYHOI Ta TEIIOBOI
eHeprii, 1o 3abes3neuye AiSIbHICTh Ta PO3BUTOK BCIX Tally3el €eKOHOMIKHM KpaiHH.

[IpencraBnena mpochigHa poOOTa Hamae HAYKOBO OOTPYHTOBAHI METOIM
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BU3HAYEHHS TEIJIOBOTO CTAaHY IIITKOBO-KOHTAKTHOIO arapaTy TypOoTreHepaTopa, 1o Jae
MOXJIMBICTh ONTUMI3aIlli KOHCTPYKIli HOBUX €JICKTPUYHUX MAIIMH Ta MOIIYyKY PE3epPBiB
H1ABUIICHHS MOTYXHOCTI ICHYIOUOTO T€HEPYI0UOro 00 HAHHS.

PesynbraTu nuceprariiiiinoi poooTu Bukoprcrano Ha AT "YkpaiHChKi eHepreTuyHi
mammHau" (M. XapkiB) TNpU NPOEKTYBaHHI HOBHX Ta PEKOHCTPYKIII 1CHYIOUHX
TypboreHeparopiB Benukoi motryxHocTi: TI'B-215-2I1T3 mnotyxuictio 215 MBT,
TI'B-325-2AY3 noryxHictio 325 MBT, TI'B-210-2MVY3 notyxHictio 210 MBT. Okpim
I[LOTO, Pe3yJbTaTH POOOTH BIIPOBAKEHO Y HAYKOBO-METOAMYHUX TpoIiecax Kadeapu
HartionansHoro aepoxkocMiuHoro yHiBepcuteTy iM. M.€. )KykoBchkoro "XapkiBCbKUN
aBlaIliiHUM IHCTUTYT".

HacTynmHuUM KpOKOM JOCIHIJKEHHSI CTaHE CTBOPEHHS METOJIIB Ta aJITOPUTMIB
PO3paxyHKY TEIUIOBOIO CTaHy aKTUBHUX YaCTUH TypOOreHepaTopiB HOBOT'O MOKOJIHHS.
Po3BUTOK AOCTIKEHHS y IIbOMY HAMpsSMKY JO3BOJUTH JOCATHYTH MaKCHMaJIbHOTO
BUKOPUCTaHHA 00’ €My MalllMHU Ta 3a0€3MEeYUTH €(PEKTUBHE BiIBEJACHHS TEIJIOBUX BTPAT
B1J 11 aKTUBHUX YaCTHH.

Hayxosea nosusna pobomu:

1. Po3BUHYTI ICHYIOU1 1HKEHEPHI METOM BU3HAYEHHS TETUIOBOTO CTaHY Ha OCHOBI
KJIACUYHOI aepOJIMHAMIYHOT TE€Opii Ta Teopii Terionepeaadi B IBOBUMIPHII MOCTAaHOBI
B YAaCTUHI YJOCKOHAJIEHHS TOYHOCTI PO3MOJLIY TEMIEpPaTypHOro MOJs Ha OCHOBI
pPETEeNbHOr0 MAaTEMAaTUYHOTO MOJICTIOBAaHHS KOHCTPYKIII.

2. CTBOpeHU# HOBHUI METO/1 PO3PAXYHKY TEIJIOBOTO CTAHY €JIEMEHTIB KOHCTPYKIII1
TypOOTreHepaTopiB 13 BUPILIEHHSIM CyKyMHOCTI 3a/1a4 pyXy rasy Ta TeIUIONPOBIAHOCTI y
TPUBUMIPHIN MTOCTAHOBIII 13 BUKOPUCTAHHIM METOy CKIHYEHUX €JIEMEHTIB.

3. BOockoHajeHO anrOpUTM 3aBJaHHA TPAHUYHUX YMOB [UIsI TPUBUMIPHHUX
MoJieNied KOHCTPYKTMBHHMX KOMIIOHEHTIB €HEPreTUYHOro OOJaJHaHHS B YaCTHHI
JETAIbHOTO OMHCY TEIUIOBUX BTpaT 3 BpaxyBaHHSAM TMapu TEpPTS Baj-IIITKH,
BEHTWIAIIMHUX Ta OMIYHUX BTPAT, BKIIOUYAOUYX OCHOBHI Ta J0JIaTKOBI.

4. BIOCKOHANIEHO aJIrOPUTM Ta METOAMKY MPOBEIEHHS TECTOBUX BUIPOOYBAaHb B
YacTMH OUIbII TOYHOIO BHU3HAYEHHS TEIUIOBUX TOJIB, WI0 OOYMOBIIOIOTHCS

BUKOPUCTAHHAM CYHYACHUX CTATUCTUYIHUX MeTOI[iB Ta HOBUX CUCTCM TCPMOKOHTPOJIXO.



lIpakmuune 3nayeHHs OMPUMAHUX pe3VTbINamie:

1. CTBOpeHO METOJMKY pO3paxyHKy TEMIIEpaTypHOTO CTaHy BY3JIB
TypOOTeHepaTopiB Ta aHAJIOTIYHOTO E€HEPreTUYHOTO OOJaJHAHHS, BUKOPUCTAHHS SIKOI
3abe3reuye HaJliHY €KCIUTyaTallilo TypOOreHepaTopiB y BCIX JIOMyCTUMUX PEKHUMAaX
po6otu mpotsirom He MmeHmie 27000 roguH. Metoauka 6a3yeTbcsi Ha poO3pOOJICHUX B
poOOTI METO/1aX TPUBUMIPHOTO MOJICITFOBAHHSI.

2. Hapane oOrpyHTyBaHHsS BUKOPUCTAHHS CHCTEM (iabTpallli MoBiTpsl B KOPIYyCi
HIITKOTpUMaya, 3 3a0€3MeYEeHHSIM HOPMAJIBHOTO TEIJIOBOIO CTaHY.

3. BcTaHoBneH1 3aKOHOMIPHOCTI PO3MOJILITY TEMIIEpAaTYypHOro MOJS y By3Jax Ta
€JIEMEHTaX KOHCTPYKI[IH CTaTOpiB TypOOTre€HEepaTopiB Ta aHAJIOTIYHOTO €HEPreTUYHOTrO
oOnaJHaHHS MiJ JI€I0 TEIUIOBUX BTPAT PI3HOrO0 NMOXOMKEHHsS. Hajmane oOrpyHTyBaHHS
MO>KJIMBOCTI BCTAHOBJICHHS JOJIATKOBUX (PUIHTPIB B KOHCTPYKIIIi HMIITKOBO-KOHTAKTHOT'O
amapaty TypOoreHeparopa 3 3a0e3MneueHHsIM HOro Ha/liitHOT pOOOTH Y BCIX pEeKUMaX.
Po3po0sieHi B poOOTI METOM TPUBHMIPHOTO PO3PAXYHKY PO3MOJALTY TEMIIEPAaTypHOIO
MOJISI MOXYTh OyTH BUKOPUCTAHI MPH JIOCHIIKEHHI TEIJIOBOTO CTaHy €HEPreTHUYHOTO
oOJaiHaHHS JIITAKIB T4 A€POIPOMIB.

OTpuMaHi HayKOB1 Pe3yJIbTaATH MOXKYTh OyTH BUKOPHUCTAaHI HAyKOBO-AOCIITHUMU
Ta TMPOEKTHUMH OpraHizauisiMd, KOHCTPYKTOPCBKMMH  OK0Opo, oOpraHizaiisiMmu
€HEPreTUYHOI raly31, aePOKOCMIYHIUMH YHIBEPCUTETAMU Ta IHIIUMHU OpraHi3alisiMu, K1
CHEIaTi3yI0ThCs B 00J1aCT1 TOCHTIIKEHD 1 eKCIUTyaTallli eHepreTUYHOro 00IaIHAHHSI.
Knrwouosi cnosa: TypborenepaTop, €HEpreTHYHE OONaTHAHHS, €ICKTpUYHA MAaIlNHA,
CTaTOp, POTOP, IITKOBO-KOHTAKTHHM arapaTr, METOJI CKIHUCHHX CJIEMEHTIB, MEXaHIuHi

HaIpPY>KEHHS, MIIHICTh, TEPMOTIPYKHICTh, BIOpaIiitHUI CTaH.

Cnmcok my0Jikauiid 3100yBava

Cmammi y Haykoeux ¢haxosux eudanus 3ameepodicenux MOH Vkpainu:

1. A.€. KoBpura, Oco611BOCTI po3paxyHKOBOTO BU3HAYCHHS TEIJIOBOTO CTaHY
IIITKOBO-KOHTAaKTHOTO amapaty TypOoreneparopa, J. Of Mech. Eng., 2024, Towm 27,
Ne 4, cc. 22-30. https://doi.org/10.15407/pmach2024.04.022 .
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1. Tretiak, O., Kovryga, A., Kravchenko, S., Shpitalnyi, D., Zhukov, A.,
Serhiienko, S., Arefieva, M., Penkovska, N., Madonych, A. (2024). Estimating the
influence of the rigidity of support assemblies on the resonance phenomena and the
vibration state of a hydraulic unit.  Eastern-European Journal of Enterprise
Technologies, 6 (7 (132), 53-64. (Scopus Q3)
https://doi.org/10.15587/1729-4061.2024.316778;

2. Tretiak, O., Arefieva, M., Makarov, P., Serhiienko, S., Zhukov A., Shulga I.,
Penkovska N., Kravchenko S., Kovryga A. "Study of Different Types of Ventilation

and Cooling Systems of Bulb Hydrogenerators in a Three-Dimensional Setting," SAE
Int. J. Mater. Manf. 18(3):2025, (Scopus Q3) https://doi.org/10.4271/05-18-03-0020 .

Hayxosi npayi, sixi 3aceiouyioms anpobayiro mamepianieé oucepmayii:

1. Tretiak, O., Kovryga, A., Makarov, P., Penkovska, N., Kravchenko, S.
Mathematical Modeling of the Thermal State of the Brush-Holders Device in a Three-
Dimensional Setting. Integrated Computer Technologies in Mechanical Engineering -
2023. ICTM 2023. LNNS, vol. 1008, pp. 75-90, Springer, Cham. Print ISBN 978-3-031-
61414-9, Online ISBN 978-3-031-61415-6, https://doi.org/10.1007/978-3-031-61415-
6 7.

2. LI International scientific and practical conference «Evolution and Improvement
of Traditional Approaches to Scientific Research», December 11-13, 2024, Ljubljana,
Slovenia ISBN 978-617-8427-41-2, KoBpura AHTOH, OCOOIUBOCTI pO3PaxyHKOBOTO
BU3HAYCHHS TEIUIOBOTO CTaHy IIITKOBO-KOHTAKTHOTO arapaTry TypOoreHepaTopa.

https://doi.org/10.70286/isu-11.12.2024 :

3. XX MruikHapoaHa HayKoBO-TexHIYHa KoH(epeHuiss «Eneprernuyni ta
TEIJIOTEXHIYHI TIPOLIECH 1 yCTaTKyBaHHs», 26—27 rpynus, 2024, Xapkis, KoBpura A.€.
«OCcoOMMBOCTI  TEIUIOBIBEJCHHS TE€HEPYHYOro oOO0JaJHaHHA  E€JIEKTPOCTaHIII

https://ittf kiev.ua/xx-mizhnarodna-naukovo-texnichna-konferenciya-energetichni-ta-

teplotexnichni-procesi-j-ustatkuvannya/ .
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https://ua.patents.su/patents/h02k-1-32
https://ua.patents.su/patents/h02k-1-26
https://ua.patents.su/patents/h02k-1-26
https://ua.patents.su/patents/h02k-1-32

ABSTRACT

Kovryga A. Creation of methods for three-dimensional modeling of the thermal
state of brush-holder devices of electric generators to ensure power increase of the main
units. — A qualifying scientific work as a manuscript.

The thesis for a degree of Doctor of Philosophy (PhD) in specialty 134 —
"Aerospace Engineering"” (13 Mechanical Engineering). — National Aerospace University
"Kharkiv Aviation Institute”, Kharkiv, 2025.

The dissertation work is purposed to the urgent issue of the Turbogenerators
reliability increasing and finding resources to ensure Turbogenerators power increasing
by creating of new methods for three-dimensional calculation of the thermal state of
assemblies and parts of the brush-holders device and other structural elements of
Turbogenerators. The temperature distribution within the brush-holders device was
calculated in order to determine the possibility of reliable operation of the Turbogenerator
with a brush-holders device equipped with additional filter elements in the air cooling
system. In terms of determining the temperature of the brush-holders device elements, it
was found that the temperature reserves allow for safe operation of the brush-holders
device with additional filters installed in the Turbogenerator without restrictions on loads
and operating modes.

The purpose of the dissertation is to develop methods for modeling of the thermal
state of the brush-holders devices of a Turbogenerator during operation in all permissible
operating modes, ensuring an increase in its power by solving a set of ventilation and heat
conduction problems in a three-dimensional setting using the finite element method.

The first Section of the dissertation is purposed to a general analysis of the
influence of the selected cooling system of the Turbogenerator on its overall dimensions
and weight and the design of the main elements. The most common cooling systems and
the values of electromagnetic loads acceptable for each cooling systems which are used,
are considered. The design features of the main units of the Turbogenerator are also
indicated, which ensure the circulation of coolants and optimal conditions for removing
temperature from active parts to ensure the requirements of regulatory and technical

documentation for the operating conditions of the Turbogenerator.
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The second section of the dissertation is devoted to the analysis of existing methods

and algorithms for calculating the thermal state of structural parts of turbogenerators. The
features of the analytical calculation of the ventilation system using the analogy of
hydraulic and electrical circuits, as well as the properties of the flow from the point of
view of ensuring optimal heat transfer conditions, are determined.

The basic principles of calculating a cooling system in a three-dimensional
formulation using the finite element method based on the numerical solution of the
Reynolds-averaged Navier-Stokes equation for the flow of a coolant are considered, in
particular, using the specialized Flow Simulation module for modeling the flow of liquids
and gases from the SolidWorks application software package.

The algorithms for setting boundary and initial conditions for three-dimensional
models of Turbogenerator assemblies and structural elements in terms of a detailed
description of the design, taking into account the features of the structural elements that
will affect the movement of coolants and heat removal conditions, have been analyzed.

The third section considers the results of calculating the thermal state of the brush-
holders device of Turbogenerators by the analytical method and in a three-dimensional
formulation based on previously performed modeling of the calculation units. The
distribution of cooling air flows, air pressure in the system, thermal state of air and
conductive parts of the brush-contact apparatus with installed filters in the cooling system
were determined. Based on the calculations, the possibility of safe operation of the
apparatus in all permitted operating modes of the Turbogenerator with compliance with
the conditions for permissible temperatures was confirmed.

The obtained distribution of flows and temperatures allows for a detailed analysis
of the critical elements of the brush-holders device from the point of view of cooling
conditions and to identify ways to optimize the design.

The fourth section submits the methods for testing of a Turbogenerator, including
thermal tests conducted to assess the actual temperature reserves of the active parts of the
Turbogenerator relative to the temperature limit values specified in the regulatory and
technical documentation. The Analysis of the test results allows us to identify

shortcomings in the operation of the Turbogenerator, provide recommendations for
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eliminating identified shortcomings in the cooling system, and identify existing reserves

for a possible increase in the power of the Turbogenerator.

Using the example of the results of thermal tests of an existing Turbogenerator, it
is shown that disturbances in the cooling system, in particular contamination of heat
exchange devices, can negatively affect the operational characteristics of the
Turbogenerator, especially in the summer period of operation with maximum
temperatures of cooling media, and ultimately lead to a limitation of the machine power.

The result of the carried out research work was the development of effective
methods for studying the thermal state of components and structural elements of
Turbogenerators, in particular their brush-holders device, during operation in all
permissible modes.

Taking into account research methods in a three-dimensional formulation allows
determining the thermal reserves of structural elements, which were previously
impossible to estimate using existing methods of simplified analytical calculations, which
opens up broad prospects for optimizing existing structures by improving the use of
underloaded elements.

The use of the results submitted in the work will allow to increase the electrical
capacity and ensure the reliable operation of thermal and nuclear power plants of Ukraine,
which provide the production of electrical and thermal energy, which ensures the activity
and development of all sectors of the country's economy.

The use of the results submitted in the work will allow to increase the electrical
capacity and ensure the reliable operation of thermal and nuclear power plants of Ukraine,
which provide the production of electrical and thermal energy, which ensures the activity
and development of all sectors of the country's economy.

The results of the dissertation work were used at JSC "Ukrainian Power Machines"
(Kharkiv) in the design of new and reconstruction of existing high-power
Turbogenerators: TGV-215-2PT3 rated 215 MW, TGV-325-2AU3 rated 325 MW, TGV-
210-2MU3 rated 210 MW. In addition, the results of the work were implemented in the
scientific and methodological processes of the department of the National Aerospace

University "Kharkiv Aviation Institute".
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The next step of the research will be the creation of methods and algorithms for

calculating the thermal state of the active parts of new generation of Turbogenerators.
The development of research in this direction will allow achieving maximum use of the
machine volume and ensuring effective removal of heat losses from its active parts.

Scientific novelty of the work:

1. Existing engineering methods for determining the thermal state based on
classical aerodynamic theory and heat transfer theory in a two-dimensional formulation
have been developed in terms of improving the accuracy of the temperature field
distribution based on careful mathematical modeling of the structure.

2. A new method for calculating the thermal state of Turbogenerator structural
elements has been created, solving a set of problems of gas motion and heat conduction
in a three-dimensional formulation using the finite element method.

3. The algorithm for setting boundary conditions for three-dimensional models of
structural components of power equipment has been improved in terms of a detailed
description of heat losses taking into account the shaft-brush friction pair, ventilation and
ohmic losses, including main and additional ones.

4. The algorithm and methodology for conducting of tests have been improved in
terms of more accurate determination of thermal fields, which is due to the use of modern
statistical methods and new thermal control systems.

Practical significance of the obtained results:

1. A method for calculating the temperature state of Turbogenerator units and
similar power equipment has been created, the use of which ensures reliable operation of
Turbogenerators in all permissible operating modes for at least 27,000 hours. The method
Is based on the three-dimensional modeling methods developed in the work.

2. The justification for the use of air filtration systems in the brush-holders device,
ensuring a normal thermal state, is provided.

3. The regularities of the temperature field distribution in the units and structural
elements of Turbogenerator stators and similar power equipment under the influence of
heat losses of various origins are established. The possibility of installing additional filters

in the design of the brush-holders device of the Turbogenerator to ensure its reliable
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operation in all modes is justified.

The methods developed in the work for three-dimensional calculation of the
temperature field distribution can be used in the study of the thermal state of the power
equipment of aircraft and airfields.

The obtained scientific results can be used by research and design organizations,
design bureaus, energy industry organizations, aerospace universities and other
organizations specializing in the field of research and operation of power equipment.

Keywords: turbogenerator, power equipment, electric machine, stator, rotor, brush-
contact apparatus, finite element method, mechanical stresses, strength, thermoelasticity,

vibrational state.
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y
. . 2
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. - 2
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CFD — Computational Fluid Dynamics
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BCTVII

AKTyaJIbHICTL JociaimkeHb. Ha mnepeBaxHiii OUIBIIOCTI €HEProOJIOKIB, IO
EKCIUTyaTYIOThCS 3apa3 B  YKpaiHi, BUKOPUCTOBYIOTHCA TypOOTeHepaTopu Ta
riporeHepaTop, ki 0yau po3poosieHi y 60-70-x pokax MUHYJIOTO cTopiuus. Takum
YUHOM iX MTPOCKTYBaHHS, PO3PaXyHOK Ta BUTOTOBJICHHS BUKOHYBAJIUCS Ha 0a31 HAYKOBHX
PO3pOOOK TOTO Yacy, TOOTO Ha OCHOBI CITPOIIEHUX aHATITHIHUX METO/IIB.

[Ipy 1bOMY TOYHICTP BUKOHAHHS AHATITHYHUX BEHTWISIIHHUX Ta TEIJIOBUX
pPO3paxyHKIB HE J03BOJISUIA BH3HAYUTH PO3IOAUT TEMIIEPATYPHOTO TOJS B €IEMEHTaX
KOHCTPYKIli, uYepe3 IO pe3yJbTaTaMU PO3pPaxXyHKIB OYyJU yCepeAHEHI 3HaYeHHS
TeMIIepaTyp OKpeMHX eleMeHTIB. 1{e mpu3Boauao 10 301IbIIIEHUX PO3MIPIB aKTUBHHUX
YaCTUH 3 METOIO 3HI)KCHHS TEIJIOBUX BTPAT 1 30UIBIIEHHS TOBEPXOHDh OXOJIOHKCHHS Ta
BEHTWISALIMHUX KaHAJIB, III0 B CBOIO YEPTy HETaTUBHO BILTMBAJIO HA 3arajbHl PO3MIpH, 1,
BIJIMOBIHO, Macy reHepaTopiB.

CyyacHl 3arajgpbHOCBITOBI TEHJEHLII B IMPOEKTYBaHHI I'€HEPATOPIB BUMAararoTh
3HIDKCHHSI HEOOXIJTHOT Macu reHepaTtopa IO BIJHOIICHHIO 0 HWOro mortyxHocTi. lle
MOXJIMBO JIOCATTH 3aBISKH BIOCKOHAJIEHHIO KOHCTPYKIli, 3MEHIICHHIO BTpaT B
reHepaTopi, MiIBUIICHHIO €()eKTUBHOCTI CUCTEMH BEHTHIISIIII.

Cy4acHi METOAMKHA KOHTPOJIIO Ta PO3PAXYHKIB 3 BUKOPUCTAHHSAM KOMIT IOTEPHUX
CHUCTEM JI03BOJISIIOTH BHPIITYBAaTH CKIIQTHI 3aBAaHHS 3 aHAI3y iX TEIJIOBOTO CTaHy, 3a
BU3HAYCHHSIM TEIUIOBUX TOJMIB ab0 pO3paxyHKy TeMIlepaTypu OKpPEMHUX BY3IIIB,
HaIpUKIIaJ, 3a JOMOMOI0I0 €KBIBAJICHTHUX TEIIJIOBUX CXEM 3aMiIICHHS.

3 TOYKM 30py TEIUIOBUX Ta BEHTWIAIIWHUX PO3PaxXyHKIB BUKOPHUCTAHHS
TPUBUMIPHUX TIXOIB JI03BOJISIE OUTBIII TOYHO BPAXOBYBATH PO3MOJLT TEMIIEPATyPH 10
00’eMy MallIMHU, BHXOJSYM 3 OCHOBHHUX 1 JOJATKOBHX BTpAT, IO BWIUISIOTHCS B
OKpEeMHX eJIeMeHTaxX TeHeparopa. TouHu po3paxyHOK TEIUIOBHUX MPOIECIB MA€ BAXKIIUBE
NpaKkTUYHE 3HAYEHHS Ha BCIX €Tanax MpPOEKTYBaHHS T'eHepaTopiB. 30KpeMa Lie Ja€
MO>KJIMBICTh BHU3HAUYUTH €JIEMEHTH KOHCTPYKUIi, IO MAaloTh 3HA4HI 3amacu o
TemmneparypaMm. Takuil MiAXiJa BIAKPUBAE JOAATKOBI MOXJIMBOCTI JUIsl ONTHUMI3alli Ta
BJIOCKOHAQJICHHSI KOHCTPYKIIIH, MIABUILCHHS X HAJA1MHOCTI Ta 3HI)KCHHS MACH.

Jlns 3a0e3meueHHs] ONTUMANbHOI KOHCTPYKIIi TeHepaTopa NMpU MPOEKTYBaHHI,
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KOJIM HEOOX1JHO TOPIBHIOBAaTH KiJbKa BaplaHTIB MAIlIMHHU, PE3yJbTaTH PO3PaxyHKIB
CUCTEMU OXOJIOJIPKEHHS Ta TEMIIEPaTYpPHUX MOKAa3HUKIB 3 BUKOPUCTAHHSIM KOMIT I0T€PHOI
TEXHIKH 4acTO € BU3HAYAIIBLHUMU 3 TOYKU 30PY MOXKIIMBOCTI 3a0€3ME€UEeHHS MiHIMAIbHOT
Macu 00JIaJHAaHHS.

BpaxoBytoun BHIIEBUKIIaZCHE, PO3pOOKa METO/IIB PO3PAXYHKY TEIJIOBOTO CTaHy
KOHCTPYKIIH TypOOreHepaTOpiB BEJIUKOI MOTY>KHOCTI y TPUBUMIPHIiH MMOCTaHOBIII, AaCTh
MO>KJIMBICTh BU3HAUUTHU PE3EPBU MIABUIICHHS MOTY>KHOCTI T€HEPYIOUOro 00JIaHAHHS.
[le B cBOwO 4yepry HaaacTb OOIPYHTYBaHHS JJIsi JOBIOTPUBAJIOI EKCIUTyaTaiii y
HAANPOEKTHUX PEXUMax TypOOreHepaTopiB TEIJIOBUX €IEKTPOCTAHIIIM, 1110 Ma€ BEJIUKE
HAYKOBE 1 IPaKTUYHE 3HAYCHHS 1151 Y KpaiHU.

Meta i 3aBanaHHs jocJixxenHsi. Po3poOka MeTOAIB JTOCHIIKEHHS CHUCTEMH
BEHTHWJIAIT Ta TEIJIOBOTO CTaHYy €JIEMEHTIB KOHCTPYKIIi TypOOTeHepaTopiB, 30KpeMa
IIITKOBO-KOHTAaKTHOTO amapary 3 J0JIaTKOBO-BCTAHOBJIEHMMH (UIbTpaMHu, Yy BCIX
JOMYCTUMHUX pexUMax poOOTH TypOoreHepaTopa i3 BUPILICHHSIM CYKYITHOCTI 3a/1a4 pyXy
OXOJIO/DKYIOUOTO CEPE/IOBUINA Ta TEIJIOMPOBITHOCTI Y TPUBUMIPHINA MOCTAaHOBI 13
BUKOPUCTAHHAM METOJY CKIHUEHUX €JIEMEHTIB.

JInst ToCSATHEHHS MOCTaBJICHOI METH y UCEPTalIiHIN poOO0TI HEOOX1THO BUPIIIUTH
HACTYIIHI 3aBJIaHHS:

- MPOBECTH aHaJli3 OCOOJMBOCTEN KOHCTPYKII Ta poOOTH TypOOreHepaTopiB
TEIUTIOBUX €JIEKTPOCTAHIIIM;

- MPOBECTU aHadi3 BIUIMBY CHUCTEMH BEHTWIALII Ha KOHCTPYKIIIO Ta Maco-
rabapuTHI TOKa3HUKU TypOOTEHEPATOPIB;

- MPOBECTHU aHaI3 ICHYIOUMX 1H)KEHEPHUX METOJIB BEHTWIALIMHUX Ta TETUIOBUX
PO3paxyHKiB, a TAKOK MPUHIIMITIB IPOEKTYBAHHS €JIEMEHTIB KOHCTPYKI[li EHEPreTUYHOTO
oOalHaHHS 32 IIUMH METO/IaMU;

- CTBOPHUTH yIOCKOHAJIEHUH alTOPUTM 3aBJaHHS TPAaHUYHUX Ta MOYaTKOBUX YMOB
JUISL TPUBUMIPHUX MOJEJEH BY3/IIB Ta €JIEMEHTIB IIITKOBO-KOHTAKTHOIO arapary
TypOoreHepaTopa B 4aCTHH1 JETAIBHOTO OMKUCY KOHCTPYKIIIL 3 ypaxyBaHHSIM BCIX AIFOUUX
MpU eKcIuTyarailii (pakTopiB Ha OCHOBI TPUBUMIPHOTO MOJICTIOBAHHS;

- OTPUMATHU TPaHUYHI YMOBH Jii MOOYJOBH HMPOCTOPOBOI KApPTUHU PO3MOILITY
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TEMIEPATYpU BY3JIIB Ta €JIEMEHTIB IITKOBO-KOHTAKTHOI'O amapary TypOoreneparopa 3
BCTAHOBJICHUM (PUIBTPOM, BU3HAUUTU €JIEMEHTH KOHCTPYKLIi, 1[0 MalOTh MOXJIUBICTbH
OIITHMI3aIlii;

- pO3poOHUTH METOJ BU3HAYEHHS TEIUIOBOIO CTaHy €JEMEHTIB KOHCTPYKIIT
TypOOTreHepaTopiB 13 BUPIIIEHHSIM CYKYIMHOCTI 3a/1a4 pyXy Ta3y Ta TEIJIONPOBIAHOCTI y
TPUBUMIPHI MOCTAHOBIII 13 BUKOPUCTAHHIM METO/AY CKIHYCHHUX €JIEMEHTIB.

O0'ekT a0CHiKEHHST — TIPOIECH PyXy Ta30moii0OHOT0 OXOJOKYI0UOTo
Cepe/loBUIIA Ta TEIIOOOMIHY €J€MEHTIB KOHCTPYKIIi IIITKOBO-KOHTAKTHOTO amapary
TypOOTeHepaTopa 3 BCTAHOBIICHHAM JI0JIATKOBUX (DUIBTPIB MPH poOOTI TypOOrenepaTopa
y BCIX JOMYCTUMHX pEXKUMAX.

IIpeaMer pocaigakeHHs] — TEIUIOBUI CTaH BY3JIIB Ta €JIEMEHTIB KOHCTPYKIIiI
TypOOreHepaTopiB, 30KpeMa IITKOBO-KOHTAKTHOI'O anapary.

JUist BUpIIIEHHS TOCTABJICHMX B JAHMCEpTaliiiHId poOOTI 3aBAaHb BHUKOPHUCTaHI
HACTYITHI HAYKOBI METOM JAOCTiIKEHH:

1. Knacuyni wmetomu 1 Moueni Teopid pyxXy Ta30moiOHUX CEepeOBMIIL,
TEIJIONPOBITHOCT] Ta30MOMI0HUX Ta CYUIJIBHUX CEPEeNoBHUIL ISl (POPMYBaHHS PIBHSIHB
CTaHy.

2. Jluckperuzaiisi po3B’A3yBaJbHUX CHIBBIAHOLIEHb JJII aHAI3y pyXxy
ra3ono/IiOHUX CEPEeJOBHUIL Ta TEIUIOBOTO CTaHY JOCHII)KYBAaHUX €JI€MEHTIB KOHCTPYKIIIT
HA OCHOB1 METOJTy CKIHYEHUX €JIEMEHTIB.

3. UwucnoBi AOCHIIKEHHS, MO0 3AIMCHIOBAIIUCS Y CEPEAOBUIIl MPOrPaMHOIO
komriekcy SolidWorks 3 momynmem Flow Simulation, B sikoMy CTBOprOBaiucs
TPUBUMIPHI KOMIT FOTEPHI MOJIEJIi Ta MPOBOIUITUCS PO3PaXyHKH BEHTUJIAIIIT Ta TETNIOBOTO
CTaHy €JICMEHTIB.

4. Meton nexomrmo3utlii PefiHonbaca st BUpiieHHs mpooieM TypOyIeHTHOCTI B
YaCTUHI 3aMHUKaHHS TYpOyJICHTHOCTI, a caMe BUKOPUCTAHHS K-& Moeri.

TouHicTh OTpUMaHUX B POOOTI pe3yJbTaTIB 1 BUCHOBKIB 3a0e3Me4yeThCs
MaTeMaTHYHUM MOJIEIIOBAaHHSAM 0O€3 CYTTEBUX CIPOIIEHb Ta 0€3 BUKOPHUCTAHHS YMOB
CUMETPIi.

OtpumaHi pe3ylbTaTd MAaTEeMATHYHOTO TPUBHUMIPHOTO MOJIEIIOBAHHS CHUCTEMU
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BEHTWISALII Ta TEIJIOBOTO CTaHy IITKOBO-KOHTAKTHOTO arapaTry TypOoreHeparopa
3aJI0BUTLHO MOTOJKYIOTHCS 3 TAHUMH €KCIEPUMEHTAIIBHUX 1 TEOPETUYHUX JOCIIIKEHb
HIIINX aBTOPIB.

HaykoBa HOBHM3HAa oJ1ep:KaHHUX pe3yJIbTATiB.

1. Po3BuHYTI iCHYI0Y1 1H)KEHEPHI METOIM BU3HAYEHHS TEIIJIOBOTO CTaHy Ha OCHOBI
KJIACUYHOT aepoJMHAMIYHOI Teopii Ta Teopii Terionepeaayl B ABOBUMIPHINA MOCTaHOBIII
B YAaCTHHI YJOCKOHAJIIEHHS TOYHOCTI PO3MOJUTY TEMIIEPATypHOIO MOJs Ha OCHOBI
PETENFHOTO MAaTEMAaTUIHOTO MOJICTIOBAHHS KOHCTPYKITI.

2. CTtBOpEHUI HOBUI METOJ] PO3PaXyHKY TEIJIOBOI'O CTaHY €JIEMEHTIB KOHCTPYKIIii
TypOOTE€HEepaTOPIB 13 BUPIIIEHHSIM CYKYMHOCTI 3aJ]a4 PyXy ra3y Ta TEeIUIONpPOBIIHOCTI Y
TPUBUMIPHINA MOCTAHOBIII 13 BUKOPUCTAHHSIM METOy CKIHUEHUX €JIEMEHTIB.

3. BrmockoHaneHO anrOpuTM 3aBJaHHS TPAHUYHUX YMOB [UIsi TPUBHMIPHHX
MoOJieJiell KOHCTPYKTHMBHHX KOMIIOHEHTIB EHEPreTHYHOro oOOJaJHaHHA B YacTHHI
JETAIbHOTO OMHCY TEIUIOBMX BTpAaT 3 BpaxyBaHHAM Tapu TepTs Bal-IIITKH,
BEHTWIAIIMHUX Ta OMIYHHUX BTPAT, BKIIOUAOYH OCHOBHI Ta J0JIaTKOBI.

4. BIOCKOHAJIEHO aNTrOpUTM Ta METOAMKY MPOBEAEHHS TECTOBUX BUIPOOYBAHb B
YacTUH OUIBII TOYHOTO BHU3HAYEHHS TEIJIOBUX TIOJIB, W0 OOYMOBIIOIOTHCS
BUKOPHUCTAHHSAM CyYaCHUX CTATUCTHYHUX METOJIIB Ta HOBHX CUCTEM TEPMOKOHTPOJIIO.

IIpakTHyHe 3HAYEHHSA OTPUMAHMX Pe3yJIbTATiB.

1. CTBOpeHO METOAMKY PpO3pPaXxyHKy TEMIIEpaTypHOTO CTaHy BY3JiB
TypOOTeHepaToOpiB Ta aHAJIOTIYHOTO €HEPreTUYHOTO OOIaJHAHHS, BUKOPUCTAHHS SIKOI
3a0e3mnedye HaJiiHy eKCIUTyaTallilo TypOOreHepaTopiB y BCIX MOMYyCTUMHUX PEKUMAX
pobotu mpoTtsiroM He MeHmie 27 000 ronun. MeTtonuka 0azyeThcs Ha po3poOJICHUX B
po0O0TI METOIaX TPUBUMIPHOTO MOJICITFOBAHHS.

2. Hamane oOrpyHTYBaHHS BUKOPUCTAHHS CUCTEM (DUIBTpaIlii MOBITPSI B KOPITYCl
HIITKOTpYUMaua, 3 3a0e3MeYeHHsIM HOPMAJIBHOTO TETJIOBOTO CTaHYy.

3. BcraHoBiEH! 3aKOHOMIPHOCTI PO3MOJILTY TEMIIEPaTypHOTO MOJs Y By3jax Ta
eJIeMEHTaX KOHCTPYKI[H CTaTOpiB TypOOreHEepaTopiB Ta aHAJOTIYHOTO €HEPreTUYHOTO
oOJlaTHaHHS 11 €0 TETUIOBUX BTpaT pI3HOTO moxomkeHHs. HamaHne oOrpyHTyBaHHS

MO>KJIMBOCTI BCTAHOBJICHHS JOJATKOBUX (PUIBTPIB B KOHCTPYKIIT HIITKOBO-KOHTAKTHOTO
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amapaTy TypOoreHeparopa 3 3a0e3MeUeHHSIM HOro HaliitHOT pOOOTH Y BCIX peKUMaXx.

Po3pobieni B pobOTI METOAM TPUBHUMIPHOTO  PO3PaXyHKy  PO3IMOILTY
TEMIEPATYPHOTO TOJS MOXYTh OyTH BUKOPUCTaHI MPU JOCTIIHKEHHI TEIJIOBOTO CTaHy
SHEePreTUYHOro 00JIaJHAHHSI JIITAKIB Ta a€POJIPOMIB.

OTpuMaHi HaAyKOBI pe3yJbTaTH MOXXYTh OyTH BHKOPUCTaH1 HAyKOBO-TOCIITHUMHU
Ta TPOEKTHUMHU  OpraHizalisMd, KOHCTPYKTOPCHKUMH  OIOpO, OpraHizallisiMu
CHEPIreTUYHOI Tally31, a€POKOCMIYHUMHM YHIBEPCUTETAMH Ta 1HIIIMMHU OpTaHi3allisiMu, SKi
CHELIATI3YIOThCS B 00JIaCT1 TOCTIKEHD 1 €KCIUTyaTallli eHepreTHYHOTo 00JIaTHAHHS.

Bnposanxenns pe3yJbTatiB podoTu. Po3po6iieHi aBTOpoM HayKOBI IOJIOKEHHS
peasizoBaHi:

- Ha AT "Ykpaincbki eHepreTuyHi MammHu" (M. XapKiB) IPU MPOEKTYBAHHI HOBHX
Ta PEKOHCTPYKIII ICHYIOUUX TypOoreHeparopiB Benukoi noryxHocti: TI'B-215-2I1T3
notyxuictio 215 MBt, TI'B-325-2AVY3 mnotyxnictio 325 MBt, TI'B-210-2MVY3
noTyxHicTio 210 MBT.;

- B HAyKOBO-METOJIWYHUX mporecax kadenpu HarioHanbHOTO aepoKOCMIYHOTO
yHiBepcuteTy M. M. €. XKykoBcbkoro "XapKkiBCbKHil aBlallliHUNA IHCTUTYT".

Oco0ucTHii BHecok 3100yBavya. HaykoBi MoJjioKeHHS, BACHOBKH 1 peKOMEHIaIIii,
BUKJIQJICHI B JUCEpTallli Ta NpPeACTaBIEH]1 A0 3aXUCTy, BAKOHAHI 0COOMCTO aBTOpOoM. B
JqucepTalii BIICYTHI pe3yjbTaTd, 10 HaJeXaTh CIIBaBTOpaM, pa3oM 3 SIKUMHU
OITyOJIIKOBaH1 HAyKOBI Tpart.

3B'130K po0OTH 3 HAYKOBUMM MPOrpaMaMu, IJIaHAMHU, TeMaMu. JlucepTailiiina
pobora BUKOHAHA B HamionansHomy aepOKOCMIYHOMY YHIBEPCHUTETI
iM. M.€. XKykoBcbkoro "XapKkiBChKHA aBlalliiHANA IHCTUTYT".

PoGoTa npoBoausiacs BianmoBiHO A0 "EHepreTuHoi cTparterii Ykpainu Ha nepion
no 2035 p.", mo cxBaJieHa PO3MOPSIKEHHSIM posnopsmkenns Kabinetry MiHicTpiB
VYkpainu Ne 605-p. Bix 18.08.2017 p., Ta "EHepreTndHoi cTparerii YKpainu Ha nepioj 10
2050 p.", mo cxBaneHa posnopsakeHHsM Kabinery MinictpiB Ykpainu Ne373-p Bif
21 xsiths 2023 p.

Anpobanisi pe3yabTatiB aucepranii. Pesynbrat poOOTH JOMOBiganHcCs,

O0OrOBOPIOBAIMCH 1 OTPUMAJIH MMO3UTHBHY OLIIHKY Ha: HAyKOBO-TIPAKTU4HINM KOH(epeHIIil
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"Integrated Computer Technologies in Mechanical Engineering - 2023", (Vkpaina,

M. XapkiB, HarionansHuit aepokocMiunuit yHiBepcurtet iM. M. €. KykoBcbkoro «XAly,
2023 p.), naykoBo-npaktuuHidi koH(pepenmii LI International scientific and practical
conference «Evolution and Improvement of Traditional Approaches to Scientific
Researchy (December 11-13, 2024, Ljubljana, Slovenia) Ta XX MixxHapoaHiii HAyKOBO-
TeXHIUHIA KoH(epeHIiT «EHepreTHuHi Ta TEIMIOTEXHIYHI MPOLECH W YCTaTKyBaHHS»
(2627 rpynus, 2024, XapkiB).

Iyoaikanii. OcHOBHMII 3MICT AMcepTalli BiJOOpaXeHo y 3 CTaTTAX, 3 SIKUX OJIHA
CTaTTs y BUJIaHHI, sIKE BXOJUTH JI0 MIEPENiKy HayKOBUX (axoBUX BUIaHb YKpainu [1] Ta
JIBI CTaTTl y BUAAHHSIX, O pedepyroTbest B 6a3i ganux Scopus [2, 3]. OkpiM 1boro,
OCHOBHI pe3yJIbTaTh poO0OTH OmyOJIIKOBaHI B TPhOX Te3aX HAYKOBO-TEXHIYHOL
KoHpepeHt1tii [4, 5, 6], B oxHiei MoHOrpadii [7] Ta B oqHOMY naTeHTI [8].

Bci nosioskeHHs: HayKOBO1 HOBU3HHU JIMCEPTALlli OTpUMaHi aBTOPOM CaMOCTIiHO. B
CTaTTSX, IO OIyOJIKOBaHI Yy CIIBaBTOPCTBI, NPOBEICHHS JOCIIIKEHb 1 aHaml3
pe3ynbTaTiB BUKOHAHI aBTOPOM OCOOMCTO; (POpMYITFOBAHHS 3a/1a4 1 BUCHOBKIB BUKOHAHO
pPa3oM 13 HAYKOBUM KEPIBHUKOM 1 YACTKOBO 13 CIIBaBTOpaMu MyOJiKallii; miaroTroBka u
BUJIaHHS HAYKOBO-TEXHIYHMX CTaT€ BMKOHAHO 3a y4YacTIO CIIBaBTOpIB. B chiubHUX
poOoTax aBTOPY HAJEKUTh:

[1] — cTBOpeHHST MeTOMy PO3paXyHKY CHCTEMH BEHTHJISIII Ta TEIUIOBOTO CTaHY
€JIEMEHTIB MIITKOBO-KOHTAKTHOTO amapary TypOoTreHepaTopa, 0 3HAXOASITHhCS T
BIJIMBOM PI3HUX J1FOYMX YUHHUKIB;

[2] — Bu3HAueHHS BMMOr 10 KOHCTPYKINI BEIMKOi CIEKTPUYHOI MAIIUHH IS
3a0e3nedeHHs] 11 HaiiHOI POOOTH Ha HOMIHAJIBHUX PEXKUMaX MPOTITOM 3aJIaHOTO
TEpMiHYy €KcCIUTyaTallii; cTBOpeHHs Meroay pnociimkenHs HJIC kopmycy Benukoi
CJICKTPUYHOI MAIlIMHH; aHaJll3 BIUIMBY 3yCWJIb Ha 3BapHI 3 €JHAHHS KOPITYCY BEJIMKOL
€JICKTPUYHOI MAIINHU;

[3] — moOymoBa anroputMy 3aBIaHHS TPAHUYHHX Ta TOYATKOBHX YMOB JUIS
TPUBUMIPHUX MOJENIed KOHCTPYKTUBHHX KOMIIOHEHTIB €HEPreTHYHOTO OOJaJHAHHS,
PO3paxyHOK T'PAaHUYHUX YMOB JIJIs 3B’ S13aHOT 331241 MIITHOCT1; OOYHCIIEHHS TPUBUMIPHUX

BEKTOPIB CHUJI OCHOBHMX HaBaHTaxeHb; omiHka HJIC cTpyMompoBiIHHX €JIEeMEHTIB
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cTaTopa Ta BU3HAUYEHHS MAKCUMAJIbHMX CTPYMOBHUX 3YyCHJIb Ha OCHOBI JIOIyCTHUMOTO
(haKTUYHOTO TIeperpiBy JJIsl HECTAI[IOHAPHOT TPUBUMIPHOI 3a/1a4i;

[4] — po3poOka TpuBHMIpHOI MOAENi amapaT MIITKOTPUMAYiB ISl MPOBEACHHS
po3paxyHky metoaoM MCE;

[5] — TpuBHMIpHUIT po3paxyHOK MeTog0M MCE cucTeMu BEHTHIIALI Ta TEIIOBOTO
CTaHy €JIEMEHTIB IIITKOBO-KOHTAKTHOTO arapaTy TypOoreHeparopa;

[6] — amamiz ocoOmuBOCTEH TEIUIOBIABEACHHS BiJ I'€HEPYIOUOIro OO0JIa HAHHS
€JIEKTPOCTaHLIIi Ha OCHOBI JaHHUX PO TEIJIOB1 BUIIPOOYBaHHS;

[7] — Mertomosoriss po3paxyHKy HampyXeHO-1e(OPMOBAHOTO CTaHy CJICMCHTIB
reHepaTopiB B TPUBHUMIPHIM MOCTAHOBI(; MOJIEIIOBAHHS, PO3PAXyHOK 1 aHAJI3 CUCTEMU
OXOJIOJIPKECHHS TeHEPaTopa;

[8] — wMomemtoBaHHS pO3MOAITY TOTOKIB  OXOJO/DKYIOYOTO Tra3y  Mix
BEHTWISLIMHUMH KaHAJlaMH B POBIIHUKaX OOMOTKH 3 pi3HUMHU NIEPETUHAMU KaHaJiB Ta
YMOBaMH HaJXO/KEHHS Tasy.

CTpykrypa i o6car nucepramii. {ucepTariisi ckiiaga€eThes 13 BCTYIMMY, YOTUPHOX
PO3/111B, BACHOBKIB Ta CIIMCKIB BUKOPUCTAHUX JIKEPEIT 10 KOKHOTO PO3JILITY 1 3aralbHUX
BHUCHOBKIB. 3arajbHuil o0csr mucepTarii ckianae 142 cropinku, 3 Hux 119 cropinok
OCHOBHOTO TeKCTy, 31 pHCYyHKIB MO TEKCTy, 14 TaOmWIb IO TEKCTy, CIHUCKIB

BUKOPUCTAHUX JHKEPEIT 10 KOKHOTO PO3ALITY, CYMapHO BUKJIaICHUX Ha 4 CTOpIHKaX.

Jlitreparypa 10 BcTymy:
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Ne 4, cc. 22-30. https://doi.org/10.15407/pmach2024.04.022 ;

2. Tretiak, O., Kovryga, A., Kravchenko, S., Shpitalnyi, D., Zhukov, A.,
Serhiienko, S., Arefieva, M., Penkovska, N., Madonych, A. (2024). Estimating the
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Technologies, 6 (7 (132), 53-64. (Scopus Q3) https://doi.org/10.15587/1729-
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PO3AUI 1 AHAJII3 CYHACHUX KOHCTPYKTUBHHUX PIIIEHD HIO10

CUCTEM OXOJIODKEHHA TYPBOI'EHEPATOPIB

1.1 IlepeBaru Ta HeAOJMIKH CYYaACHUX CHCTEM 0XO0JI0/KEHHA TYpOOreHepaTopis

[TpakT4HO BCi cyuyacHi TypOOreHepaTopH, 110 MIPU3HAYEH] JIJI pOOOTH 3 MApOBOIO
a00 razoBoI0 TypOiHOIO, MAIOTh TOPU30HTAIbHE PO3TallyBaHHs Oci oOepTanHs. Bucoka
gacToTa 0OepTaHHs BH3HA4Ya€ KOHCTPYKTHBHE BUKOHAHHS pOTOpa TypOoreHeparopa y
BUIJIAJI JOBrLOTO IMJIIHApPA, LI0 BHUIOTOBISETHCS 3 BHUCOKOJIETOBAHOI CTaill 3
MIJBUIIICHUMUA MEXaHIYHUMHM Ta MArHITHUMHU BJacTUBOCTsIMU. Ile moTpiOHO s
CIIPUMHSATTS BUCOKHMX MEXaHIUYHUX HAMPYT B 3yOISX 1 TUII POTOPA, @ TAKOXK B OaHJKHUX
KUIBISX, 1110 BUHUKAIOTh BHACHIAOK il BIALICHTPOBUX CHI. BUKOpHUCTaHHS CydacHUX
MaTtepialiiB TOKOBOK J103BOJIsIE BUKOHYBATH POTOPH JBOXIIOJIIOCHUX TypOOreHEpaTOpiB 3
nmiamerpom a0 1200...1350 mm mipu HOMiHaANBHIN YacToTi obeptanns 3000 o6/xB. s
TypOOTreHepaTopiB, pO3paxOBaHMX Ha PoOOTy B Mepexi 3 yacrtotor 60 ['m, konu
HOMIHAJbHA YacToTa oOepTaHHs ckiagae 3600 006/xB, 3HAUYEHHS MAaKCHUMAaJIbHOTO
JiaMeTrpa poTopa 3MeHIIyeThes 10 850...950 mwm.

[Ipy 4YOTUPHOXIOJIOCHOMY BHUKOHAaHHI TypOoreHeparopa (TOOTO HpH YacTOTi
obeptanus 1500 006/xB.) BIAIIEHTPOBI CUJIA B POTOPI 3MEHIIIYIOTHCS Ta OOMEXKYBaTHbHUMHU
¢dakTopaMu B OCHOBHOMY € MOXJIMBICTh BUTOTOBJICHHS Ta TPAaHCHOPTYBAHHS MOKOBKH
BEJIUKOT Macu. Y TOTYXKHHX YOTHUPHUIOJIIOCHUX TypOOTreHepaTopiB AiaMeTp poTopa
3a3Bu4ail craHoBUTH 1600...1800 mm.

Kopnyc craTtopa typboreHeparopa siK MpaBUJIO CHUPAETbCS HA (PYyHAAMEHT 3a
JIOTIOMOTOIO0 JIal Ha O1YHUX CTOpOHAax. POTop cimpaeThes Ha Ba MiANIMITHAKA KOB3aHHS,
K1 MOXKYTh OyTH OKpeMHUMH (CTOSIKOBHMH) a00 BOYIOBaHUMH B TOPIIEBI ITUTH KOPITYCY
cratopa. CTOSKOBI MIAIIMIHUKA 3a0€3ME€Uyl0Th MEHIY TPYAOMICTKICTh IPH
BUTOTOBJICHHI, & TAKOX € OUIBII 3pYYHUMHU 3 TOKH 30pYy CKJIaJaHHS Ta po30upaHHI
TypOOTreHepaTopa Ha €JEeKTPOCTaHIlli, MpoTe BOYJOBaHI NIIIIMIHUKA MOXYTh
3a0€3MeYUTH JICII0 MEHIITY B1ICTaHb M1 OCSMH BaJIbHUIIb, 10 MOXKe OyTH BaXKJIMBUM 3
TOYKH 30py 30UIbLIEHHS KPUTHYHOI 4YacToTH oOepTanHs Bamy. JlocTatHbo

PO3IOBCIOJDKEHOIO € KOHCTPYKIIS, KOJM CTOSKOBUM MIJIIUIHUK 3 OOKy TypOiHU
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pO3TAIlIOBY€ETHCSI B IMIJIHAPI HU3BKOIO THUCKY TypOiHH (TOOTO HaBITh HE €
0e3rmocepeIHbOI0 YaCTHHOI TypOoTreHepaTopa).
Ha puc.1.1 HaBenenuii 3aranbHuil BUJ TypOoreHepaTopa moTyxHicTio 325 MBT

gacToToro ooepranHs 3000 06/xB 3 6e3mocepeIHIiM BOJHEBUM OXOJIOHKECHHSIM aKTHBHHUX

HYaCTHH.

YA
=AY
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Puc.1.1 — 3aransHuii Bug TypOOreHeparopa

IcHyroui THUOM TypOOreHepaTopiB MOKHA PpO3IUIMTH Ha JeKUIbKa TIpyn 3a
3aCTOCOBAHUM OXOJIOKYIOUUM CEPEIOBHUILIEM, & CAME:

- 3 TIOBITPSIHAM OXOJIOPKCHHSIM;

- 3 ra30BUM (SIK TIPABHJIO BOJHEBUM) OXOJIOKCHHSM;

- 3 PIIMHHUM (SIK TIPABUJIO BOJSTHUM) OXOJIOKEHHSM.

TakoXx  JIOCTaTHbO  POB3MOBCIOJDKEHHMM €  KOMOIHOBAaHE  OXOJIOJKEHHS
TypOOTeHepaTopa, KO OKpeMi HOTO YaCTHHHU MAIOTh Pi3HI OXOJIO/HKYIOUl CEpeIOBUIIIA.
Haituyacrimme 3ycTpivyaeThCsi KOMOIHAIlIS PITUHHOTO OXOJIOHKCHHS OOMOTKU CTaTopa Ta
ra3oBOT0 OXOJIO/PKEHHSI OOMOTKU POTOpa Ta OCEp/sl CTaTopa.

3aCTOCOBYETHCSl TaKOXK PIAMHHA OJIMBHA CHUCTEMa OXOJIOKEHHS, MPOTE BOHA €

MOPIBHSIHO PIJIKICHOI, IO B TEPIIy Yepry MOB’S3aHO 31 CKJIATHICTIO BHKOHAHHS
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PEMOHTHHX POOIT JI TaKOT KOHCTPYKIIII.

Takox TypOoreHeparopu MOKHA PO3AUIMTH HAa HACTYIHI TPYIU 3a CIIOCOOOM
OXOJIO/KCHHS:

- 3 HEMPSIMAM OXOJIOPKEHHSIM, KOJIM OXOJIO/IKYI0Ue CEpEOBHIIE KOHTAKTYE JTUIIIC
3 30BHINIHIMU TOBEPXHSIMH aKTHUBHUX YaCTWH, a BIJABEACHHS TEIUIa BiJi OOMOTOK
BiI0YBA€THCS KPi3b iX OCHOBHY 130JISIII0;

- 3 0e3MmocepeHIM OXOJIOKEHHSIM, KOJIH 0XOJIO/HKYI0Ue CEPEIOBUIIE MPOXOIUTh
Kp13b CHEIIalbHO NepeadaueHi KaHaJId B OCEP/Il Ta MPOBIAHUKAX OOMOTKU;

- 31 3MIIIAHUM OXOJIOJIPKEHHSM, KOJIM OKpEeMi YacCTHHH TypOOTeHepaTopa MaroTh
pi3HI CIIOCOOM OXOJIOJKCHHS (HAmpukiag KOMOIHAIlS HENpsSIMOTO OXOJOKCHHS
0OMOTKH cTaTopa 3 0e3mocepeIHIM 0XO0JIOIKEHHSIM OCEP/ISl CTATOpa Ta 0OMOTKH pOTOpPA).

Haiiuacrimme 3ycTpiyaloTbcsi Ha TPAKTHUINl HACTYIHI MOETHAHHS OXOJOKYIOUUX
CEpEeIOBUII Ta CIIOCOO1B 0XOJIOKEHHS TypOOreHepaTopiB:

- TIOBITPSIHE HETPSIME OXOJIOJKEHHS 0OMOTOK pOTOpa Ta cTraropa i 0e3mocepeHe
OXOJIO/PKEHHSI OCepIsl CTaTopa,

- BOJIHEBE HEMpPSME OXOJIOKEHHS OOMOTOK poTOpa Ta craropa 1 0e3mocepeHe
OXOJIO/KEHHSI OCep/Isl CTaTopa,

- TIOBITpsIHE 0€3MOCEPEIHE OXOJIOKEHHSI OOMOTKHM POTOpa Ta OCep/isd cTaropa Ta
HETpsAME OXOJIOHKCHHS OOMOTKH CTAaTOPA;

- BOJIHEBE OE€3IOCEPE/IHE OXOJOJKEHHS OOMOTKM poTOpa Ta Oocepiasl craropa i
HETpsAME OXOJIOHKCHHS OOMOTKH CTaTOPa;

- BOJHEBE Oe3mocepeHe OXOJIOHKEHHS OOMOTKH pOTOpa, OOMOTKH Ta OCep.is
cTaTopa,;

- Oe3mocepeIHe OXOJIODKEHHS OOMOTKHM pOTOpa Ta OCEpAs CTaTopa BOJIHEM,
Oes3rocepeIHe 0X0JI0KCHHS 0OMOTKH CTaTopa BOJIOO;

- Oe3nocepeHE OXOJOMKEHHSI OOMOTKH pOTOpa, OOMOTKHM Ta OCEpHsl cTratopa
BOJIOO.

Sk BUIHO 3 PO3MISIHYTUX BHWINE KOMOIHAIM, HEMpsSIME OXOJIOMKCHHS OCepas
cTaropa TypOoreHeparopa He 3HANIIIIO 3aCTOCYBaHHs y mpakTuii. Lle moB’s3ane B TOMy

YUCITI 3 TAKOI0 KOHCTPYKTHUBHOIO OCOOJIMBICTIO TypOOTreHepaTopa, Sk BeJIuKa pajiaabHa
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IIMpUHA CIUHKA OCepJs cTaTopa, OOyMOBJIEHAa HEOOXIAHICTIO 3a0e3reueHHs
MPUHAHATHOTO PI1BHS 1HAYKIIIT TPH MPOXO/PKEHH] BITHOCHO BEJIMKOT'O MarHiTHOTO ITOTOKY,
[0 BUHUKA€ BHACIIIJIOK MaJjiol KUILKOCTI MOJIFOCIB Ta, BIIIMOBIIHO, 0OMEKEHOI KIJIBKOCTI
BUTKIB 00OMOTKH cTaropa. [llupoka crimHKa y MO€THaHHI 3 BEJIMKOIO OCHOBOIO JIOBKHUHOIO
ocepIisi cTaTopa He a€ MOXKJIMBOCTI TTIOBHOIIIHHOTO BiABEACHHS TEIUIOBUX BTPAT JIUIIIE 32
JIOTIOMOTOI0 00/TyBaHHS 30BHIIIHIX MMOBEPXOHb OCEP/s HABITh 32 YMOBU BUKOPUCTAHHS

663HOCGPGIIHI>OFO OXOJIOIKCHHA OOMOTKH cTaTropa.

1.2 AnaJjii3 BIVIMBY 32CTOCOBAHOI CHCTEMH OXO0JIO/IKEHHSI HA TOJIOBHI po3Mipn
TypOOreseparopa

Po3mipu akTUBHHUX YacTHMH TypOoreHeparopa Ta KOHCTPYKTHBHI PIIICHHS,
OPUIHATI 11 OKPEMHUX MOro BY3JIB, CYTTEBO 3aJ€XKATh BiJ 3aCTOCOBAHOI CHCTEMHU
oxosokeHHs [1]. 3okpema B mporieci NEpBUHHOTO BHOOPY OCHOBHHX T'€OMETPUYHHUX
pO3MIpIB B MpOIEC] E€IEKTPOMArHITHOIO PO3PaXyHKy TypOoreHeparopa HeoOX1JHO
3a/1aTy 3HAYEHHS €JIEKTPOMArHITHUX HaBaHTaXXEHb (B TMEPIIy Yepry MarHiTHOI 1HAYKIIIT
B 3a30p1, JIHIHHOTO HABAHTAKEHHS Ta TYCTUHU CTPYMIB cTaTtopa i poropa). Lli 3HaueHHs
B TIEpIIy Yepry BHU3HAYAIOTHCS MOXKIUBOCTSIMH CHCTEMH OXOJIO/KCHHS B YaCTHHI
BIJIBEZICHHS Ti€l KUTBKOCTI TeIia, sika Oye BUIAUIATHACS B aKTUBHUX YaCTHUHAX MAIIUMHU
BHACIIJJOK BUOPaHUX HAaBAHTAKEHb.

OpHrM 3 MOXIMBHX METOJIB TEPBHHHOTO BHOOPY OCHOBHHMX T'€OMETPHYHUX
PO3MIpiB € BUKOPUCTAHHS (HOPMYJIU MAITUHHOT TIOCTIMHOT APHOIB/IA, 10 XapaKTepus3ye

CTYIHb BUKOPUCTAHHS aKTUBHOTO 00CATY TypOOoreHeparopa,

C_Dlz-ll-nH_ 90 M3 ”
47 S, A *Bs'k,” xB-B-A (11)

Ji(S D; — miameTp pO3TOYKH CTaTopa, M,
l; — noBxxuHA Ocepas cTaTopa, M;

N, — HOMIHQJIbHA YacToTa o0epTaHHs, 00/XB;
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S, — HOMiHaJIbHA MTOBHA MOTYXHICTh TypOOoreneparopa, B-A;
A, — niH1liHE HaBaHTa)XEHHS cTaTopa, A/M;
Bs — MakcumanpHe (aMIUTITYyIHE ) 3HAYCHHSI 1HAYKIII1 B 3a30pi, T,

k, — xoedimieHT CKOPOYEHHS KPOKY OOMOTKH CTaTopa.

Benuunna C, 30epiraerbes nmpuOIM3HO MOCTIMHOIO ISl cepii TypOoreHepaTopin
PI3HOI MOTY>KHOCTI 3 OAHAKOBOIO CUCTEMOIO OXOJIOKEHHS, aje JjIsl TYpOOoreHepaTopis 3
PI3HUMHU TUIIAMHU OXOJOPKCHHS Ta BUKOPHUCTAHHMHU OXOJIOKYIOUMMHU CEepeOBUIAMU
3HaueHHs C, MOKE€ CYTTEBO BIIPI3HATUCH. 3a3BUYAll y 3arajlbHOMY BUINAAKY (popmyia
(1.1) nmae numme momepeaHi 3HAYCHHS OCHOBHUX pO3MIpIB, SIKI B MOJAIBIIOMY
YTOYHIOIOTHCS HA OCHOBI BUKOHAHHS MOBHOI[IHHOTO €JIEKTPOMArHiTHOTO PO3paxyHKYy.

3 pO3MIIAHYTHX OXOJIO/KYIOUUX CEPEJOBMIL HalKpalll BIACTUBOCTI 3 TOUKU 30pY
TEIUIOBIIBEJICHHSI Ma€ BOJA 3aBISIKU CBOiM BelMKiA TermoeMHOCTl. Ilpu nbomy aiis
OXOJIOJDKEHHSI OOMOTOK TIiJi EJEKTPUYHOIO HAMpYyrod Mae€ BHUKOPHUCTOBYBATHCH
JTUCTUIIHOBaHA BOJA, fAKa 3abe3nedye HEoOXiAH1 MieNIeKTPUYHI BIACTUBOCTI. Takum
YUHOM BOJIsTHA CUCTEMa 0XOJIOHKEHHS TypOOTeHepaTopa noTpedye creniaibHOl CUCTEMU
MJATOTOBKM BOJM, IO 3a3BHYai BKJIIOYAae B ceOe BOAAHUN Oak, HaCOCH, MEXaHIYHI,
MarHiTH1 Ta 10HOOOMIHH1 (IIBTPH, TETNIOOOMIHHUKH, CHCTEMY KOHTPOJIIO BUTPAT, TUCKY
Ta TEMIIEpaTypH.

[ToBiTpsiHe 1 ra30BE€ OXOJIO/HKEHHS MPU aTMOC(PEPHOMY THCKY MAIOTh MPUOJIU3HO
OJIHAaKOBI1 BIJACTUBOCTI 3 TOUKH 30PY TEIUIOBIIBEICHHS, IPOTE MPU BUKOPUCTAHHI MTOBITPS
BEHTWISILIIMHI BTpATH 3pOCTAIOTh Yepe3 WOro OUIbIIY TYCTHHY. BUKOpHCTaHHS BOAHIO,
KU Mae HabaraTo HIXKYY BiJl MOBITPS I'YCTUHY, CYTTE€BO 3HI)KYE BEHTWISALINHI BTPATH,
TOMY JUIS TIOJIMIIEHHS TEIUIOBIABEACHHS MOXJIMBO BUKOPHUCTATH MiIBUIICHHS THUCKY
rasy BcepeauHi TypOoreneparopa (3a3BUuaii Ha[UIMIIKOBUM TUCK cKiazgae 3...4 Kkr/cm?,
to6TO 0,3...0,4 MIla), sike A03BOJIIE CYTTEBO 3HM3UTU BUTpPATy Ta3y MpHU BITHOCHO
HEBEJIMKOMY 30UIbIIEHH] BEHTWISALIMHUX BTpaT. Take pillleHHS TaKOXX MPU3BOAMUTH /10
JESIKOTO  YCKJIAJHEHHS  KOHCTPYKIi  TypOoreHeparopa uepe3  HEOOXiIHICTh
BUKOPUCTAHHS T€PMETUYHOT KOHCTPYKIIIi KOPITYCHUX AeTalleld Ta HassBHOCTI CIIeL1albHOT
CHUCTEMHU MIATOTOBKH BOJHIO, 110 3a0e3reuye MepBUHHE HAMOBHEHHS Ta MiATPUMAHHS

3aJJaHUX MapaMeTpiB BOJHIO.
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PosrnsHemMo pokjianHile MUTaHHA TPAaHUYHUX 3HAYEHb EJEKTPOMArHiTHUX
HaBaHTaXCHb B 3aJISKHOCTI BiJl BUOPAHOI CUCTEMH OXOJIOKECHHSI.

1.2.1 JliniliHe HABaHTaKeHHsI cTaTOpPA

JliniiiHe HaBaHTa)KEHHS CTaTOPa BU3HAYAETHCS AK BITHOIIEHHS CYMapHOTO CTPYMY

1Ma30BOI YaCTUHU craropa a0 JOBXHWHH PO3TOYKH CTATOpA.

A= ,A/M, (1.2)
- Dl
ne N — 3araJibHa KUIBKICTh €(EKTHBHUX NPOBIJIHUKIB OOMOTKM B Ma3ax

CTaTopa;
Iy — ctpyM B €(EKTUBHOMY TPOBIIHHUKY, A (TOOTO CTPyM mapajiesbHOi
T'JIKH OOMOTKH CTaTopa);

TakuM YWHOM JIiHIHE HaBaHTaXXEHHS CTaTOpa XapakKTepusye MIUIbHICTh
po3TantyBaHHs JKEpeN TEIUIOBUAUICHHS BCEPEANHI TeHepaTopa Ta MpsSiMO BIUIMBAE HA
HarpiBaHHs 0OOMOTOK SIK CTaTopa, TaK 1 poTopa.

[TonepenHiii BUOIp 3HaYEHHs JIHIMHOIO HABAHTAXKEHHS BU3HAYAETHCS B MEPILY
4yepry KJacoMm 130Jilii Ta CHCTEMOI0 OXOJIOJKEHHS. SIK MpaBUJIO NPU HENPIMOMY
OXOJIOJPKCHH]1 TOBITPSIM 3HAYEHHS JIHIKHOTO HABAaHTAKEHHS CTaTopa CKJIAIA0Th
A; =45000...70000 A/M, a mTpu  HENPIMOMY  OXOJO/KEHHI  BOJHEM
A; = 65000...80000 A/m. [Ilpu BukopuctaHHi 0e€3MOCEPETHHOTO  BOJHEBOTO
OXOJIOIKEHHSI, [0 MA€ 3HAYHO O1IbIIY IHTEeHCUBHICTb, MOKHA MPUUHSITH CYTTEBO OLTBIIT
3HAUCHHS JIHIHHOTO HaBaHTaXeHHS. 30kpema A; = 100000..120000 A/M mnpu
0e3nocepeIHbOMY razoBOMY OXOJIO/IKEHHI 0OMOTKH craTopa Ta
A; = 120000 ...240000 A/m (Ta HaBITH OLIbIIIE 711 OCOOIMBO MOTY>KHUX MAIIWH) TIPU
6e3mocepeTHOMY BOJISTHOMY OXOJIOPKEHHI OOMOTKHU CTaTOpa.

1.2.2 MarniTHa iHayK1LisA y NOBIiTPAHOMY 3a30pi

[Haykiiss B MOBITpsIHOMY 3a30pi (3a30pi MiXK POTOPOM 1 CTaTOPOM) BH3HAYa€E
IHIYKIII0 B OKPEMUX €JIEMEHTaX MAarHiTHOTO JIaHIfora TypOoreHepaTtopa, 30KpeMa y
3yOIsIX cTaTopa Ta poTopa, 10 B CBOIO YEPry BIUIMBAE HA PIBEHb BTPAT B OCEP/Il CTaTOpa

Ta 3HAYEHHS CTpyMY 30y>KeHHsI, Ta, BIIOBIIHO, BTPAT HA 30y I>KEHHA. 3aHAJITO BUCOKUI
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pIBEHB 1HIYKIIT IPU3BOAUTH JO HACUYCHHSI MAarHITHOI CUCTEMH Ta IMiABUIIIEHHS BTpaT, a
HU3bKa 1HAYKIS MPU3BOAUTH JO CYTTEBOTO 3POCTAHHS Mach ocepis 1, BIAMOBIIHO,
BapTOCTI TypOoreneparopa. ToMy 3 TOUKH 30py ONTUMAIBHOTO BUKOPUCTAHHS 00’ €My
MAaIllMHH 1CHY€E JOCTaTHhO OOMEXKEHHUH Jiana3oH BHOOPY MarHiTHOI 1HIYKIIi, sIKa Majio
3aJIeKUTh BiJI BHOPAHOT CHCTEMH OXOJIOPKCHHSI Ta B OCHOBHOMY 3aJICXKUTh BiJI MATHITHHX
BJIACTUBOCTEN 3aCTOCOBAaHUX MaTepiajiB OCep/is CTaTopa Ta OOYKH pOTOpa.

3aranbHONPUMHATHI PIBEHb MArHiTHOI 1HIYKIII B MOBITPSHOMY 3a30p1 CKJajae
Bs =0,7...0,9 Tm.

1.2.3 'ycTuHa cTpyMy B 00MOTKAX

OkpeMo pO3riasHEMO MUTaHHS BUOOpPY TYCTHHU CTpyMy B OOMOTKax crartopa 1
poTopa, siKi HampsiMy He BXonATh 10 Bupasy (1.1) mns moctiiiHOi ApHoJbla, MpoTe
MOXYTbh BIUTMBATH HA 3HAYCHHS MPUWHATHX €JIICKTPOMAarHiTHUX HaBaHTaXEHb, B TIEPIITY
yepry JIHIMHOTO HABAHTAXKEHHS CTaToOpA.

[Ipn BUKOpHCTaHHI B TypOOreHepaTopl HENPSMOI0 OXOJOJKEHHS OOMOTOK
MOTIEPETHBO MPUHHATA TYCTUHA CTPYMY OOMEKYETHCS TIEPEBUILICHHSIM TeMIIepaTypu IS
3aJIaHOTO KJIacy 130JIA11ii Ta HAPYTH CTATOPa, 1110 BU3HAYAE TOBIIUHY 130JISI1111, KPi3b SKY
B1/10yBa€ThCSI OCHOBHE TEILJIOBIIBEACHHS.

J1J1st TOBITPSIHOTO HEMPSAMOTO OXOJIOKEHHSI OOMOTKH CTaTOpa 3HaY€HHS I'yCTHHH
CTpyMy 3a3BHMuaii ckmamac j; = 2-10°...3,5+10° A/M?, a npu BHKOPUCTAaHHI BOJHIO,
IO MiJABUIIY€ IHTEHCUBHICTh OXOJOJDKEHHS IMPOMOPIIHHO CBOEMY HAJIUIIKOBOMY
THCKy, TyCTHHA CTPyMy MO)Ke OyTW IiasumieHa mo j; = 2,5-10°..4,5-10° A/m% B
000X pO3IIIIHYTHX BUMaJAKaX OUIbII 3HAYEHHS TYCTUHU CTPYMY BIIHOCATHCS 10 MEHIIOT
HaIpyru oOMOTKH CTaTopa.

besnocepente 0xo0JI0KEHHS TPOBITHUKIB OOMOTKH BOJOK [I03BOJISIE 3HAYHO
MBUIIUTH TYCTUHY CTPYMY, IIPH I[bOMY 3HAYEHHS TYCTUHU CTPYMY B)KE MPAKTHYHO HE
Oyze 3aimexaTtd BiJl Hampyru, 00 TEIUIOBIJABEICHHS BiAOYBAE€ThCS HE KPi3b TOBIIMHY
130711111, a Oe3MmocepelHhO JO OXOJIOMKYIOUOi PEYOBHMHH BCEPEIWHI MITHOTO
npoBigHUKA. B maHOMy BuUmaaky HarpiB OOMOTKH 37€OLIBIIONO BU3HAYAETHCS CXEMOIO
OXOJIO/DKEHHS Ta IIBUJKICTIO pyXy BOAM a00 ra3dy B KaHajaX OOMOTKHU. Y 3arajibHOMY

BUMAJKy TYCTHHA CTpyMy Ipu O€3MocepeHbOMY Tra30BOMY OXOJIOJKEHHI MOXKe OyTH
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npuiiHaTa Ha piBHi j; = 4,5+ 10°...8 - 10° A/Mm?, a npu 6e3nocepeTHEOMY OXOJIOIKEHHI
BOJOKO — j; = 6-10°...12-10° A/M2%

['yctuHa cTpyMy B OOMOTIII pOTOpa B OCHOBHOMY BHU3HAYAa€THCS JIOIYCTUMOIO
TEMITEPaTypoOI0 OOMOTKH, a TaKOX JOMyCTUMUMHU KOPOTKOYACHUMHU HABAHTAKCHHSIMH.
Ha BinMiHy Bi OOMOTKH CTaTOpa BeJIMYMHA HANpyTru 30yIKEHHS HE BIUIMBA€E HAa BUOIp
I'YCTHHH CTpyMy, OO TOBIIMHA KOPITYCHOI 130JIIii OOMOTKH poTopa (TUIb3U) B
OCHOBHOMY BH3HAYA€THCSA TEXHOJIOTTYHUMH MIPKyBaHHSIMHU.

[TinBumeHHs eGEeKTUBHOCTI OXOJO/PKCHHS JO03BOJIIE CYTTEBO 3OLIBIIYBATH
T'YCTHHY CTPyMYy OOMOTKH poTOopa. 30KpemMa 3HaueHHS TYCTUHU CTPyMy OOMOTKH poTOpa
Moxke OyTH mnpuiiHaATe Ha piBHI j, = 2,5°10°...3,5-10° A/M?> mpu moBiTpssHOMY
HENPAMOMY OXOJIOKeHHi, j, = 3,5+ 10°...4,5- 10% A/M? npu BogHEBOMY HENPSAMOMY
oXoNomkeHHi, j, = 6,0-10°...1,0- 107 A/M?> npu 6Ge3nocepeHLOMY OXOJOIKEHHI
BOHEM Ta j, = 8,0 -10°...1,2 - 107 A/M? ipu Ge3nocepeHbOMY 0XOJI0KEHH] BOJIOIO.

3aranpHl TEIJIOBUAUICHHS B CTATOpl MPSAMO MPOMOPIIHAHI TOOYTKY JIIHIHHOTO
HABAHTAKEHHA CTAaTOpa Ta I'YCTUHU CTPYMY B 0OMOTIII cTaTopa A; * j1, TOMY 301JIbILIEHHS
I'YCTHHH CTPyMy CTaTopa MOXKE€ BHMaraTd BIJIOBIAHOTO 3HIDKCHHS JIHIHHOTO
HABaHTAXEHHA. ['yCTHHA CTpyMy pOTOpa TaKOX MOXKE BIUIMBATH Ha €JIEKTPOMATHITHI
HABAHTAKEHHA, NPOTE 3A€OUIBIIOr0 HEOOXIIHICTh 1X KOPUTYBaHHS MOKHA BHU3HAUWUTHU
JUIIe 32 pe3yJbTaTaMU  EJIEKTPOMArHiTHOTO Ta  TEIUIOBOTO  PO3PaxyHKIB

TypOoreneparopa.

1.3 Oco0smBOCTI KOHCTPYKIIiI TypOOreHepaTopa B 3aJIe:KHOCTI BiJ BUOpPaHOI
CHCTEMHU OXOJI0/IZKEHHS

Ha ocHOBI pO3MISIHYTUX 3aJIeKHOCTE MO>XKHa 3pOOUTH BHUCHOBOK, IO BHUOIp
CUCTEMHU OXOJIOJDKEHHS MOXKE CYTTEBO CIUTMHYTH HAa T€OMETPHYHI PO3MipH, Bary Ta
BapTICTh TypOoreHepatopa. Ha mpakTtuiii BuGip crocoOy OXOJOMKEHHS IS 3aJaHuX
napaMeTpiB TypOoreHeparopa Moke OyTH 3poOJeHHHd Ha OCHOBI TMOPIBHSHHS
KOHKPETHHX pO3PaxXyHKOBUX BaplaHTIB, a TaKOX TEXHOJOTIYHUX MOXKJIMBOCTEH
BUPOOHHKA, YMOB €KCILTyarallii Ta 0e3nocepe/iHiXx BUMOT 3aMOBHHKa oOagHaHHs [2].

[Tpu upoMy At TypOOreHepaTopiB BITHOCHO HEBEIMKOI MOTY>KHOCTI (PaKTUYHO MOXKE
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OyTu BuOpaHa Oyb-siKa 3 PO3TISIHYTUX CUCTEM OXOJIOXKEHHSI, aJI€ 3 POCTOM MOTY>KHOCTI
Jlana3oH MOXKJIMBHX CHCTEM OXOJIODKEHHS Oyae oOMeXyBaTHCh uepe3 HaaMipHI
MacorabapuTHI MOKa3HUKU OOJaJHAHHS MpU BUOOPI KOHCTPYKTHUBHO MPOCTIIINX, aye
MeHII €(peKTUBHUX CIIOCO0IB OXOJIOIKEHHS.

31e01IbIIOr0 TMOBITPSIHE OXOJOKEHHSI MaloTh TYpOOTeHepaTOpH BiJHOCHO
HeBeIHKoi ToTyXHOCTI (10 60 MBT), a mpu 6111b1111#1 TOTYKHOCTI B’)K€ BUKOPUCTOBYETHCS
BOJHEBE HaIMOBHEHHA Koprycy. IIpoTe cydacHi TeHJEHIli TMOCYyBalOTh MEXY
BUKOPHUCTaHHS MOBITPSHOIO OXOJIOJKEHHS, sIKe Ha0araTo 3pydHille B €KCIUTyaTarllii, B
CTOPOHY 30UIbIIEHHS MOTY>KHOCTI HaBITh HE3BAXAIOUU Ha JIesiKe 30UIbIIEHHSI BTpAT Ta
MacorabapuTHUX MOKa3HUKIB TypOoreHeparopa, 30kpema o noryxHocteit 200 MBT ta
HaBITh OlJIbIIIE.

KoncTpykiiiss TypOoreHeparopiB 3 6e3mocepeHiM 1 HEMPSIMHUM OXOJIOIKEHHSIM
Mae 0araTo CHIJIBHOIO, MPOTE MAIIUHU 3 0€3MOoCepeaHIM OXOJIOMKEHHSIM MalOTh CBOIO
cnenu@iky, MoB’A3aHy Hacammepe. 3 HEOOX1AHICTIO OpraHi3ali OUIbII CKIAJHOTO PyXy
0XOJIOJIKYI04O1 pEYOBUHU.

TypOorenepaTopu MPaKTUIHO 3aBXKIM MAIOTh 3aMKHYTY CHUCTEMY OXOJIOJKEHHSI, B
K1 OXOJIOJKYyBaJbHE cepefioBHIIe (TOBITPS, Ta3, JUCTWIAT ad0 OJIMBA) IUPKYIIOE B
3aMKHYTI CHUCTEMI, BIJIBOJASYM IMpPU LOMY TEIUIOBI BTPAaTH BiJ AaKTUBHUX Ta
KOHCTPYKTUBHUX YaCTHUH MalllMHU (OOMOTOK, OcCep/isi CcTaropa, BajbHHUIIb Ta 1H.), TIPU
IbOMY CaM€ OXOJIO/UKYBaJIbHE CEPEIOBUILE HATPIBAETHCS. 3aMKHYTa CUCTEMA JIO3BOJISIE
NIATPUMYBATH HEOOX1AHI IPH €KCIUTyaTallii mapaMeTpy OXOJIOIKYBaJIbHUX CEPEIOBUIIL:
YUCTOTY, €JCKTPUYHI Ta XIMIYHI BJIACTHUBOCTI, BMICT BOJIOTM Ta iHIIE. BinBemeHHs
TEIJIOBUX BTPAT BiJ OXOJIO)KYBAJIBHUX CEPENOBUIN Y 3aMKHEHOMY KOHTYpI
BIIOYBA€EThCS 32 PAXyHOK TEXHIYHOI BOJM, IO UUPKYJIIOE Kpi3b BCTAHOBJIECHI
TEIUIOOOMIHHUKH  (TIOBITPOOXOJO/DKYBadl,  ra300XOJOKyBayl,  OXOJOKyBayi
muctuiaTy). [lpn mpoxomkeHH1 Kpi3b TEIJIOOOMIHHUKHM OXOJOJKYIOUl CepeoBHILA
3HMKYIOTh CBOIO TEMIIepaTypy 10 HOMIHAJILHOI, a TeXHIYHA Boja HarpiBaeTbes. [Ipu
IIbOMY HE3HAYHA YaCTHHA BTPAT TAKOXX MOXE BIIBOAUTHUCH IHIIMMHU mIsixamu [3].

Ak npuUBWIO TEIJIOOOMIHHI MPHUCTPOI MPOEKTYHOTHCS TaKUM YWHOM, 100 TIpHU

HOMIHAJIbHINA TeMIlepaTypi X0J0AHOI TexHIYHOi Boau 32 °C HOMIHaJIbHA TemIepaTypa
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XOJIOJTHOTO OXOJIOMKYIOYOTO CepeloBHIla B TypOoreHeparopi ctaHosmia 40 °C, mpote
oOuBa 11l 3HAYEHHS MOXKYTh KOPHUTYBATHCh B 3JIEKHOCTI BiJi KOHKPETHHX YMOB IS
eJIGKTPOCTaHIIIi, Ha SIKI{ TUIAHYE€ThCSI BAKOPUCTAHHS TypOOTreHepaTopa.

[TepeBurieHHss TemmnepaTypu (JOMyCTHMI, PO3PaXyHKOBI Ta BUMIPSIHI) OKPEMHX
4acTUH TypOOTeHEepaToOPiB, a TAKOXK HArpiBaHHS OXOJIOKYIOUHUX CEPEIOBHII Y MAIIWHI
IpU HOMIHAJIBHOMY PEXHUMI 3aBXKJM BCTAaHOBIIOIOTHCS MO BITHOLICHHIO J0 BUOPaHOT
HOMIHAJILHOT TEMIIEPAaTypH XOJOTHOTO OXOJOKYIOUOro cepenoBuIna. Excrimyararris
TypOoreHepaTopa IpHu TeMIepaTypi 0X0I0IKYI0UOT0 CEPEIOBHIIA BHIIE 32 BUOpaHy MpH
MPOEKTYBaHHI TeMIeEpaTypy TMPUHIUIOBO MOXIIKBA, IMPOTE€ SK TMpaBUIO 1€

CYIIPOBOIKYETHCA 3HUKCHHAM HOTY)KHOCTi HOpiBHHHO 3 HOMIHAJIBHOIO.

1.3.1 KoHcTpyKuiisi KOpILycy Ta ocepisi cTaTopa

Crarop TypOOoreHeparopa CKJIAJA€ThCA 3 KOPIYCY, OCEpAs Ta PO3TAILOBaHOI B
nasax ocepii OOMOTKHU.

VY MexaHIYHOMY BIHOLIEHHI KOPITYyC CTaTOpa HE MOXHA PO3IJISIIATA OKPEMO Bij
ocepasi craropa, 00 aKTHBHA CTajb, HAIIMXTOBaHAa HAa TMPU3MHU 1 3alpecoBaHa MIXK
HATUCKHUMH TUIMTAMH, 32 PAaXyHOK CHJI TepTs (HAKTUYHO YTBOPIOE €JIMHE MIIE 3
KoprycoM crtaropa. IIpu 1boMy KOPCTKICTH IWJIIHApPA AaKTUBHOI CTajl 3HA4YHO
MEPEBUIIYE >KOPCTKICTh JOBOJII TOHKOCTIHHOTO KOPIYCY cCTaropa Ta TPaKTUYHO
MOBHICTIO BU3HAUa€ MEXaHI14H1 BJIACTUBOCTI BCI€T CUCTEMU.

Oco06MBICTIO JBOXTIOJIFOCHUX TypOOTreHEepaTOPiB € T€, 1110 JBOXIIOJIIOCHE 00EepTOBE
MarHiTHe ToJie, MO MPOXOIUTh KPi3h aKTUBHY CTaJlb CTATOpPA, MPU3BOIUTH JO TOSIBU B
HbOMY BIOpallii yepe3 Ail0 3HAYHMX 3YCUJIb BiJI MarHiTHOrO TsDKIHHS poropa. YacTtora
1i€i BiOpaliii JOPiBHIOE OIBO€EH1M 4acTOTi 006epTanHs potopa, To6To 100 ado 120 ' nnst
JIBOTIOJIFOCHUX TypOOTE€HEepaTopiB 3 dYacToTolo 3MmiHHOro crpymy S50 abo 60 I
BIJIIIOBIIHO.

Ha puc. 1.2 cxematnuHo MoKa3aHUil HAMPSMOK MarHITHUX JIIHIN B aKTUBHIN cTami
Ta ¢opma erinTuyHOoi AedopmMallii ocepis cTaTopa Mij BILIMBOM 3yCHJIb BiJl MarHiTHOT'O
nosisi. KyToBuii HanmpsIMOK Takoi eNinTU4HOI Aedopmariii cratopa Oyae 3MIHIOBATUCS B
IIPOCTOP1 pa3oM 3 MarHiTHUM TOJIEM, 110 00E€PTAETHCA 31 IBUAKICTIO O0EPTaHHS POTOPA.

KOHCTpYKTUBHUMHU E€TANIIMU CTATOPA, 30KpeMa Horo KOpIycoM, einTuyHa aedopmartis
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aKTHBHOI CTaJl CIPUHMATHUMETBCS SIK BiIOpaIlis 13 3a3HaYEHOI0 YaCTOTOIO.

Popma degopmaull ocepda [lepburnra popma ocepds

Mazuimur ki

Puc.1.2 — Jlinii maraiTHOTO 11011 Ta hopMma aedopmalrii ocepasi craropa

JU1st HOTUPBOXTOIOCHUX TypOOTreHepaTopiB BIUIMB MAarHITHOTO NOJIA HA BIOpaIlito
CTa€ CyTTEBO MEHIIIMM uepe3 O1IbI PIBHOMIPHUN PO3MOJLT MAarHiTHOTO MOJIS IO KOy
MDK YOTHpPMa TOJIF0CaMH 3aMiICTh JIBOX.

Kopnyc cratopa TypOoreneparopa, 1o siBisi€ COOOI 3BapHY KOHCTPYKIIIO 13
BYTJICIIEBOI JIUCTOBOI CTaJIl, MPU3HAYCHUH JIJIs1 KPIMIJIEHHS B HHOMY 3a JIOTIOMOT010 pedep
aKTHBHOI CTaJIl CTATOpa Ta PO3MO/ILTY MO BIAMOBIIHUX KaHAJIaX 0XOJI0KYHUOTro MOBITPSI
a00 BOJHIO.

Konctpykiis  craropa  typOoreHeparopa 3  0e3mocepelHIM  BOJSHUM
OXOJIOJIPKEHHSIM OOMOTKH Ta O6€31ocepeIHIM BOJHEBUM OXOJIOMKEHHSIM OCEP ISl TOKa3aHa
Ha puc.1.3. OOmmBKa KOpIyCy cTatopa, OyJaydd TPUBAPEHOIO JO MOMEPEYHUX 1
TOPIIEBUX CTIHOK, TIOB'SA3Y€ 1X B OJTHE IIJIE 1 CIPUIIMAE 3yCHILIIS, 10 MPUKIIAIAI0THCS TPU
M1/OMI MOBHICTIO 310paHOTO CTaTOpa, KAHTYBaHHI B MPOIIECI 3BapIOBaHHS KOPIYCY Ta
CKJIaJlaHHsl aKTHBHOI cTajl ctatopa. KpiM TOro, BOHa € 3aXMCHUM 1 HaIlpaBJISIOUYUM

KOXYXOM JIA OXOJIOPKYHOYOI'o ra3sy.
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Puc. 1.3 — Cratop TypOoreneparopa 3 6e3mocepeiHiM BOASHUM OXOJIOKEHHIM

00MOTKH Ta Oe3Mocepe/IHIM BOJHEBUM OXOJIOJPKEHHSIM OCEPIst

st TypOoreHepaTtopiB 3 BOJHEBUM OXOJIOJKEHHSIM KOPIyC cTatopa Mae OyTu
ra3olliJIbHUM Ta MIIHUM, IO MPU3BOJUTH J0 HEOOXITHOCTI MOTOBIIEHHS E€JIEMEHTIB
KOPIyCY TOPIBHSHO 3 KOPITYCOM JIJISI TOBITPSTHOTO OXOJIOYKECHHSI.

[TonepeuHi BHYTPIIIHI CTIHKHM CITY>KaTh JJI KPIIJIEHHS 0 HUX pedep craropa Ta
MOATY TOTOKIB Trapsyoro Ta XOJOJIHOIO TOBITpS a00 BOAHIO, IO LHUPKYJIOIOThH
yCepeIiHI KOPITyCy CTaTopa.

[ToriepeuHi CTIHKA PO3TANIOBYIOTHCS B 30HI, IO BIJNOBIAA€ JOBXHHI OCEpAs
cTaTopa, 3a3BMYail Kpok MDK cTiHkamu ckiagae 600...700 mm. B 3amexxHOCTi Bin
BUOpaHOi CXEMU PYyXy OXOJIO/HKYIOUOTO ra3y MOMepeyHl CTIHKK MaloTh BIAMOBIAHY
dbopmy, 1110 A03BOJISIE OPraHi3yBaTH HEOOX1HI TOTOKH.

TopueBi CTIHKM MaloTh KOH(ITypaIiio, aHaJOTiyHy BHYTPIIIHIM CTIHKaMm, aje
MarOTh OUIBIIMM BHYTPILIHIA AlaMeTp JJIsi TOro, o0 HATUCKHE KiJbIle MOTJO0 OYyTH
BUJIBHO 3aBeJICHE BCEpEIMHY KOpmycy. B TopiieBux cTiHKax Kopiryca nepeadadeHi OTBOpU
Ju1s1 60TOBOTO KPIIJIEHHS KOpOOiB TypOOoreHepaTopa.

Ha G1yHMX MoBepXHIX KOPIyCYy 3a3BUYail nepeadaveHi crnelianbHi MaiJaHdIuKH 3
pi3b00BUMH OTBOpaMH, NpU3HAUEH! IS KPIIJICHHS MiJHOMHUX Ta KaHTYBaJIbHHUX
npuctpoiB (mand). s TypOoreHepaTtopiB BiJIHOCHO HEBEIHMKOI MOTYXHOCTI Iardu

MOXYTh OYyTH BBapeHi 0e3MocepeHhO B OOIIUBKY KOPITYCYy CTaTopa.
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JIns BCTaHOBJIGHHS Ta 3a KPIIUIEHHS cTatopa Ha (yHIAMEHTI B KOHCTPYKIIii
KOpIycy nependadyeHi OMOpHi Jianmd 3 OTBOpaMU I MPOXO/KEHHS (PYHIaMEHTHUX
mmuiboK. Jljis TypOorenepaTopiB 3 MOBITPSIHUM OXOJIOKEHHSM 111 JIami MOXKYTh OyTH
BOY/IOBAaHMMH B KOPITYC Ta 3aKPUTI TOHKOCTIHHOIO HakpuBKOIo. [I11s1 TypOorenepaTopa 3
BOJHEBUM OXOJIO/DKCHHSIM OTIOPHI JIAI CTaTOpa 3a3BUYail pO3TaIlOBaHl 30BHI KOPIYCY
Ta TMOB'sI3aH1 3 HUM 3a JIONOMOTOI0 PsiAy IpuBapHuX pedep. Takox OmopHi Janu MOXyTh
OyTM BUKOHAaHI 3HIMHMMH, KOJIM 3a YMOBAaMHU II€PEBE3CHHS IOTPIOHO 3MEHIIICHHS
rabapuTiB cTaTopa.

[Ticnst 3BaproBaHHS KOPITyC CTAaTOpa MiJIa€ThCa BEPCTaTHIN MeXaHIuHiN 00pooI,
B MEpIIY Yepry L€ CTOCYEThCS IUIOMIMH MPWIATaHHS KOpOOIB Ta ONOpPHUX Jaml. Takox
MPOBOAUTHCA PO3TOUYBAHHS HAMPSAMHUX MPU3M JUIS IIUXTYBaHHS OCEP/s, SIKI B IIbOMY
BUIAAKY MaiOThb OyTH MONEPEIHBO MPUBAPEHI B CIELIATBHUX BHpI3aX MOMEPEUYHUX
CTIHOK.

B nmesxux TypOorenepaTtopax 3 Ta30BUM OXOJO/DKCHHSM TOPHU30HTAIbHI
MO3/I0BKHBO PO3TAIIOBaHI Ta300X0JI0/KyBadl BOYIOBYIOThCS 0€3M0CEPETHBO B KOPIYC
cTaTopa, M0 CIPOIIyE MPOLEC YIIUIBHEHHSI KaMepH Ta300XO0JI0KyBadya Ta €JIEMEHTIB
ra3onpoBOY.

VY o6mmBuII cTaTopa 3a[jii MOMJIMBOCTI OISy MOro BHYTPIIIHBOI YACTHHH
MOXXYTh BOYIOBYBaTHCh Jia3, SIKIi 3aKpUBAIOThCSI HAKPUBKOIO 3 YIIUIBHEHHSIMHU,
PO3paxOBaHUMHU Ha THCK a3y BCEpEIuHI.

Bcepenuni craropa NpuUBaprOIOTHCA TMEPErOPOAKU JUIsl PO3MOILITY TOTOKIB
OXOJIOJIKYIOUOTI'O Tazy.

[Ipu 3BaproBaHHi KOpITyCy cTaTOpa TypOOreHeparopa 3 BOJHEBUM OXOJIOIKEHHAM
3 METOI0 30epiraHHs UIUILHOCTI IIBIB OCOOJIMBY yBary 3B€pPTAaOTh HA 3pYUHICTh TOCTYITY
710 1IBIB, 1110 3a0€3MeUyI0Th TePMETHUHICTh Kopiycy. Ilicis 3BaproBaHHs KOpIyc cTaTopa
BUMNPOOOBYETHCS HA Ta30MIUIBHICTD Ta MIIIHICTD IMiIBUIIICHUM TUCKOM TOBITPS.

Kpim Toro, BunpoOyBaHHIO Ha ra3oLIIbHICTh MOBTOPHO MIJJAETHCS MOBHICTIO
310paHMii cTaTop TMepen BIANPaBKOI HOTO 3aMOBHUKY. J[Bopa3zoBe BHUIIPOOYBaHHS
cTaTopa Ha BUTIK BHUKJIMKaHe THM, W10 Mpu 30UpaHHI, MEPEKAHTOBYBAaHHI Ta

TPAHCTIOPTYBaHHI CTaTOPa MOXKJIMBI MOPYIIEHHS IIJTICHOCTI IIBIB.
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[Tin yac BuUnpoOyBaHHS KOPIYCYy CTaTOpa Ha Ta3oUlIbHICTh Ta MIIHICTh HOTO
TOPIIEB] CTIHKU 3aKPUBAIOTHCS CHEIIaIbHUMU 3aryIIKAMH.

Ocepast cratopa TypOoreHeparopa MIUXTYETHCS 3 CETMEHTIB, BUTOTOBJICHUX 3
BHCOKOSIKICHOT JIMCTOBOI €JIEKTPOTeXHIYHOi cTaji 3aBToBmKH 0,5 ado 0,35 mwm,
3MCHIIICHHS TOBIIIMHU CETMEHTY J03BOJISIE 3HU3UTH BTPATH B aKTHBHIN CTai, III0 MOXKE
OyTH 0COONMBO aKTyaJdbHUM [JIsi TypOOTEHEpPATOpiB 3 TMOBITPSHUM OXOJIOMKCHHSIM.
CerMeHTH 130J1b0BaH1 JIAKOBOIO TUTIBKOIO.

KoHcTpykitiss ocepasi 3aleXuTh BiJl BUKOPUCTAHOI CHUCTEMH BeHTHWIISIL. Jliis
CUCTEMHU 3 PaJilaJIbHUM PYXOM TOBITpsl a00 BOJHIO OcCepisi HAOMPAETbCS 3 OKPEMHX
CerMEHTIB Yy TakeTd ToBHIMHOW 40...60 MM, sSKI pO3AUICHI BEHTWIALIIHHUMHU
panianbHUMH KaHaJlaMu MUPHHOIO 5...10 MM, yTBOpEHHUMH 3a JJOTTIOMOTOI0 HEMarHITHIX
JUCTAHIIMHUX PO3MIPOK ABOTABPOBOIro abo MpsMOKYTHOTO Iipodiito. [Tpu BukopucranHi
OCBOBOTO PYXY ra3y B 3yOIsiX Ta CIIMHII BUKOHYIOThCS CIEl1aJIbHI BEHTUJIALIIHI T1a3H, a
3aMICTh paJllaJIbHUX BEHTWIALIIMHUX KaHaliB ocepas 3 KpokoMm 50...100 mm
BCTAHOBITIOIOTHCS 130JIAII1ITHI CETMEHTH, 1110 J03BOJISIE PO3OUTH OCEP/Isl HA OKPEMI IMAKETH
3 METOI0 3HI)KCHHS BTpAT y pasi BUITAIKOBHX ITOIIKOIKCHb PO3TOUYKH CTaTopa IMpHU
eKCIUTyaTaIlii Ta peMOHTaxX TypOoTreHepaTopa.

Jlns typOoreHepartopiB 3 0e3MocepeHIM BOJASHUM OXOJOJKEHHSIM OCepas
CTaTopa BEHTWIALIIHI KaHAJIM B HhOMY HE BUKOPUCTOBYIOThCS, aJie B KOHCTPYKIIIi HasBHI
crerjiajgbHl MOTOBIIEHI HEMArHiTHI CETMEHTH 3 BOYJIOBAaHUMHU BCEPEANHY TPyOUaCTHUMHU
OXOJIO/DKYIOUUMH €JIEMEHTAMH, KPi3b SKi [IUPKYITIOE TUCTHIIST.

Ocepast KpiMUTBCA HA CHOCIIATBHUX MpPU3MaX KOPITYCy, MPUBAPEHUX O MHOTO
BHYTPIIIHIX TOJUIb MapajeabHo oci obepranHsa. [lpusmMm MoxyTh OyTu SK
NPSIMOKYTHOTO TIepepi3dy, TaKk 1 3 BHUCTYNIOM Yy BHIJISAI JIACTIBUMHOTO XBOCTa Ha
BHYTpilmHIN wactuHl. [lpu ckimaganHi ocepAss B OOMOTYBaJbHI Ia3d BCTaBISIOTH
CrieliaJibH1 KaniOpH, 1110 3a0e3MeuyoTh TPOCKTHI PO3MIpH Ma3iB.

Jlnst 3HMKeHHsT BiOpalli KOpmycy cTaropa 3a3BUYail mependadaerbes MpysKHa
migBicka ocepas B kopmyci [4]. Lle moxxe OyTm 3abe3rnedeHe 3a paxyHOK JOBTHX
MO3/IOBXKHIX MPOPI3iB B MPU3Max B 00JIACTI X KPIMJIEHHS O KOPITYCY, 1110 J03BOJISIOThH

npusMi aeopMyBaTHCS B paJialbHOMY HAmpsAMKY. [HITMM ciocoO0M BUKOHAHHS TakKoi
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MIJIBICKK € KOHCTPYKIlISI KPITUIGHHS OCep/isl 3a JIOTIOMOIOK0 CHEIlaJbHUX MPYXKUH, 1110
3’€IHYIOTh KOPITYC Ta OKpPEMY BiJl HHOTO BHYTPIIIHIO paMy 3 3aKpilUICHUMH Ha Hii
IPU3MaMH.

Ocepast yTpUMYETBCS Y 3alPECOBAHOMY CTaHI 3a JIONMIOMOTOI0 HAaTHUCKHHUX K1JICIIb,
BUKOHAHWX 3 HEMArHiTHOI CTaJll 3 METOIO 3MEHIIIEHHS JOJJaTKOBUX BTPAT BiJ MarHiTHOTO
1oJisi T0OOBUX YaCTHH OOMOTKH cTaropa. JlJis 3aXucTy KpalHiX MakKeTiB Ocepas BiA LIUX
MOJIIB MK HATUCKHUMU KUIBIAMHM Ta OCEP/IsIM MOXE PO3MIIIYBATUCh €KpaH Y BUIJISI
TOBCTOI'O MIJHOTO KUJbILIS, TAKOXK 3 IIE0 METOI0 KpailHI MaKeTu 3a3BUYail pOOJISTHCS
MEHIIIMMH 32 TOBIIMHOO, a 3yOIll I0aTKOBO PO3AUISIOTh Ha KIJIbKA YaCTUH pajiaIbHUMH
npopizamu. [lpoTunexHi HATHCKHI KUIbLA CTATYIOTBCS MK CO0OI0 Taiikamu,
HarBUHYEHUMU Ha Pi3b00B1 YacTUHU Ipu3M. i1 npecyBaHHs ocepns B 3yOLeBld 30HI
MK HUM 1 KIJIbIIEM HATUCKHUM BCTAHOBJIIOIOTHCS HATUCKHI HaJIbIIl 3 HEMArHITHOI CTaIl.

B nporieci mmxTyBaHHS OCep.id MEPIOAMYHO 3alpecoBy€eThes THCKOM 1,5...2,0 MI]a.

1.3.2 Koncrpykiuist 00MOTKH cTaTopa

OO6moTKa cratopa TypOoreHepaTopa sK MPaBHIO BUKOHYETHCS TpHUGDA3HOIO
HIECTU30HHOIO METIEBOI0 CTPUKHEBOTO TUIY, KOTYIIKOBI OOMOTKHA BUKOPHUCTOBYIOTHCS
Juiie sl TypOOoTreHepaTopiB BIIHOCHO HEBEJIMKOI MOTYXHOCTI. [lepeBakHa OUIBIIICTh
TypOOTE€HEepaTOpiB Ma€ JABOMIAPOBY OOMOTKY cTaTopa 31 3'eAHaHHSAM (a3 y 3ipKy, B
OKpPEMHUX BUITQJIKaX BUKOPUCTOBYEThCS 3'€THaHHS (a3 Y TPUKYTHHUK (B OCHOBHOMY ISl
3a0€3MeUYeHHs] MOXJIMBOCTI MIJKIIOUEHHS TypOoreHepaTopa 10 MEpeX 3 pI3HUMU
Hanpyramu, Hanpukiaag 6,3 kB ta 10,5 kB). B Takomy BHUmanky B KOXXKHOMY 3 Ia3iB
oceplisi PO3MINIYIOTBCS OJIMH HaJl OJHUM JBa CTPWXKHI, fAKI € e(QEeKTUBHUMHU
MPOBITHUKAMHU Ta 3'€IHYIOTHCS 3 IHIMUMU CTPUKHSIMHU B TOJIOBKaX JIOOOBUX YacCTHH 3a
JIOTIOMOT'OX0 HAKOHEYHHKIB Ta TIAsTHHS.

[lepetun ma3y cratopa mpu HEMPSMOMY OXOJOJXEHHI OOMOTKM HaBEICHUN Ha

puc. 1.4.
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RKauH

BepxHiu cmpuxeHs

HUXHIL CMpUXeHb

Puc.1.4 —Ilepetun na3y craropa 3 HENPSIMUM OXOJIOA)KEHHSAM

CrpmxeHb OOMOTKM cTaTopa Uil 3MEHUIEHHs JOJATKOBHX BTPAT BiJ BUXPOBHUX
CTPYMIB  CKJIQA€ThCA 3 OKPEMHUX €JIEMEHTAapHUX 130JIbOBAaHUX  IPOBITHUKIB
MPSIMOKYTHOTO Tepepidy. 3a3BUYail eJeMEHTapHI MPOBITHUKU TO TEPEPi3y CTPUKHS
PO3MILIYIOTh Y /IBa BEPTUKAIBHUX CTOBMYMKH, PO3IIIICHUX 130JISIIIHHOI0 MPOKIAIKOIO.
[Ipu 11bOMY MPOBITHUKHU 32 PaXyHOK HASIBHOCTI CHEI[lalbHUX BUTHHIB «CIUIETEH1» MIXK
co00I0 TaKUM YMHOM, 1100 Ha JOBXKMHI a30BOT YACTUHH OOMOTKH KOXEH MPOBITHUK
MOCTYTOBO 3aliMaB yC1 MOKJIMBI TTOJIOXKEHHSI 110 BUCOTI Ta MIMPHUHI Ma3a, TOOTO 3/111CHUB
NOBHUN «00epT» (TpaHcmosuiito Ha 360°) HaBkomo oci crpwkHsa [5]. s
TypOOTE€HEpPaTOPIB CEPEAHBOI MOTYKHOCTI 3aCTOCOBYETHCS TPAHCIIO3MIIIS B a3y Ha 540°,
IO JT03BOJISIE TOCIA0UTH UUPKYJSIAHI CTPYMH Yy JIOOOBHX YacCTHHAX CTPUXKHA. Y
HAAMOTY>KHUX TypOOreHepaTopax 3 METO0 MOJANIBIIOTO 3HIKEHHS BTpaT TPAHCIO3ULIS
MOke OyTH nepeadadeHa Takox 1 B JOOOBUX YaCTUHAX OOMOTKH CTAaTopa.

CtpuxeHb OOMOTKM cTatopa 3 0e€3lnocepepHiM Ta30BUM  OXOJOKEHHSIM
XapaKTepU3yEThCsSl HASBHICTIO B HBOMY CIEIIAIbHUX MPSIMOKYTHHUX TpPyOOK 3
HeMmarHiTHoi ctami (puc 1.5), ski 3a0e3meuyioTh OCHOBHH PYX OXOJIOMKYHOYOIrO rasy

B3JI0BX yChOT0 CTpHkHsI. [Ipu 11bOMy TpaHCTIO3UIIIS MIAHUX €IEMEHTAPHUX IPOBITHUKIB
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BUKOHYE€THCS "HABKOJIO" BEHTWISILIIHHUX TPYOOK, pO3TAIIOBAHUX B LIEHTPAIbHIN YaCTHHI

NEPETUHY CTPHOKHS.

e

[llpobidrux

BexmunsiuiuHa mpyoka

KapnycHa 130/15u18

Puc.1.5 — Ilepetun cTpmxHs 3 6e3mocepeHIM ra30BUM 0XOJI0KCHHIM
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Puc.1.6 — Ilepetrn cTprkHS 3 6€3M0CEPETHIM BOASIHUM OXOJIOKEHHIM

[Ipu Oe3nocepeHLOMY BOISHOMY OXOJIOJKEHHI OOMOTKM CTaTopa 4acTHUHA

eJIEMEHTapPHUX MPOBIIHUKIB POOIIATHCS MOPOKHUCTUMHU Y BUTIISAII MITHUX TPYOOK, KpPi3b

Kl B OCLOBOMY HAIpPSIMKY LHUPKYJIIO€ OXOJIOMKYIOUMid JucTwisaT. Ha 11 moposkHuCTI
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MPOBITHUKUA HAHOCHUTBCS CKJISIHA BUTKOBA 130JisAIisa. llepeTuH mMOaiOHOTO CTPHIKHS
noka3aHuii Ha puc. 1.6.

JIJIsl €MeKTpUYHOTO 3'€THAHHS CTPYOKHIB MIPU HEmpsiMoMy abo0 0e3rmocepeTHbOMY
ra30BOMY OXOJIO/DKEHHI €JIeMEHTapH1 MIPOBITHUKHN Ha KIHIIX 3a4MIIAIOTh B/l 130JIA1111 Ta
OpOMarloTh B TOJOBKax cpiOHMM mpumoeMm. Bentunsuiiti  TpyOku  mpu
0e3mocepeTHOMY Ta30BOMY OXOJIOJPKCHHI BIIOKPEMIIIOIOTHCS B TOJIOBKAX BiJ MiTHUX
MPOBIIHMKIB, JJIs1 OpPTaHi3allli IPOXOKEHHS 0XOJIOKYI0YOro Ta3y Ha HUX OJSTal0ThCs
CreliaJibHI KOBMayku 3 po3rpybamu. Ilpu OGe3nocepelHbOMY BOASHOMY OXOJIOKEHHI
MPOBIIHUKY BIAIOIOTHCS B MAaCUBHI MTOPOKHUCTI M1JTHI HAKOHEYHUKH, SIKI MAIOTh OKpEMI
KOHTaKTHI XBOCTOBUKHU JJISI €JIEKTPUYHOIO 3'€THAHHS Ta IITYIEpU IS TiAPaBIIYHOTO
3'eTHAHHS.

CyyacHa 130JIsLisl CTPHIKHIB BHUKOHYETHCS TEPMOPEAKTHMBHOIO Ha OCHOBI
CKJIOCITIOIMHITOBUX CTPIYOK, MO0 TPOCOYYIOTHCSA CIMOKCHIHUM TEPMOPEAKTHBHUM
komnayHaoMm [6]. ToBmmHa 130JAI0ii BH3HAYAETHCS HOMIHAJILHOKO  HAIPYTOO
TypOoreneparopa. IlpuiiMaroThCs 3aXx0oAW Yy BUIJISAAI HAHECEHHS HAa CTPUIKEHb
CIeliAJIbHUX HAIMIBIPOBIIHUX CTPIYOK 3 METOIO 3a0€3MeUeHHS MPOTUKOPOHHOTO 3aXUCTY
oomotku [7]. lle HamiBOpOBigHE TOKPHUTTS BHUPIBHIOE MK COOOIO €JICKTPUYHI
MOTEHI[1aIM TOBEPXHI CTPUKHS Ta OCEpJIs CTaTopa, 0 3arnodirae yTBOPEHHIO po3psiB
y Ta30BOMY ITPOMIXKKY M1>K HUMH.

Kpinnenns oOMOTKHM B Mma3ax 3MIMCHIOETHCS KIMHAMHU 13 TBEPIAUX 130JIALIIHHUX
MatepianiB. OOMOTKa B Na3zy YUIUIBHIOETHCS B TAHTCHUIMHOMY HANpPSIMKY LUISIXOM
BBEJICHHSI MDK CTPMIKHEM 1 CTIHKOIO MMa3a To(pOBaHHMX HAMIBIPOBITHUX MPOKIATOK.
CydacHl KOHCTpPYKIIM TmependadaroTh TaKOXK HAsSBHICTh MIIMHUX TO(QpPOBAHUX
130JIAIIHHUX TIPOKJIAIOK TiJ KIMHOM CTaTopa, IO J03BOJISIE KOMIIEHCYBAaTH BIUIMB
BEIIUKHUX EJICKTPOAMHAMIYHUX CHJI MPHU EKCIUTyarallii, sKi OCiIabIIoTh 3aKpIIJICHHS
CTPWXKHIB Y TIa3y.

JIo60B1 YaCTUHU OOMOTKH KPITUISITHCS 10 HATUCKHUX K1JI€Ib OCEPIs 32 JIOTTIOMOT'0F0
CUCTeMH OaHJAKHUX KijJellb, KPOHIITEHHIB Ta PO3MIPHUX KiJelb. Y KOHCTPYKIIil
3aCTOCOBYIOThCS MaTepiaiu, 10 MiAAl0ThCs 3alliKaHHIO 1 MOJIIMEPHU3allii, MiCas 40oro

YTBOPIOIOTH pPa3oM 3 OOMOTKOIO 1 €JeMEHTaMU KpIIJIEHHS KOPCTKY MOHOJITHY
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KOHCTPYKIIi}0, 3[aTHY MPOTHUCTOSATA BCIM BHUHHUKAIOYUM Yy TIpoOLIECl eKCcIuTyaTarlii
CJICKTPOJMHAMIYHUM CUJIaM, B TOMY YHCIII IPU KOPOTKUX 3aMUKAHHSX Y CUCTEMI.

®a3Hi 30HU KOXKHOI (a3u OOMOTKH 3'€HYIOTHCS MikK COOOI0 Ta 3 KiHIIEBUMH
BHUBOJIaMH 32 JIOMOMOT'OI0 MIJTHUX CIOJYYHHUX IIIHMH, 10 3a3BHYail pO3MIIILYIOThCS 3 OOKY
30ynuuka. lIuHU KpIIUIATh MO HATUCKHOTO KIJBIS OCEpAsl cTaTopa 3a JOMOMOTOI0
HIMAJIBOK Ta 130JSIIHHNX po3mipok. [Ipu BukopucTansi 6e3mnocepeHp0ro BOASIHOTO abo
ra3oBOTO OXOJIOJDKEHHSI OOMOTKHM cCTaropa TakKuil caMuili crocid OXOJOJKEHHS
BUKOPUCTOBYIOTh 1 JUIsl CHOJYYHHMX IIMH Ta KIHUEBHX BHUBOJIIB OOMOTKH. Y IIbOMY
BUIIAJIKY KOKHA [ITMHA BUKOHYETHCS Y BUIJISII MPSAMOKYTHO1 200 M1IHOI KpyTJIoi TpyOH,
Kp13b BHYTPIIIHINA KaHAI K01 Oy/ie IUPKYIIOBATH OXOJIOKYI0Ya peUOBUHA.

KinueBi fiH1MHI BUBOJIM CIIYXaTh JIJIs 3'€ IHAHHS CTaTOpa OOMOTKH 13 30BHIIIHIMHU
CWJIOBMMH JIAHIIOTAMHM Ta Hai4acTiiie pO3MIIIYIOThCA 3 OOKYy 30yJHUKA B HUXKHIN
YacTHHI KOpITyCcy. BUBI CKIIagaeThes 3 MiTHOTO CTPUKHS 3 KOHTAKTHUMH TUIACTHHAMU
Ha KIHIAX JJIs1 3'€HAHHS 3 IIMHAMUA Ta MPOXIJAHOTO 130J5TOpa 3 BHCOKOMIIIHOTO
dapdopy. [ns 3amobiraHHsS BUTOKY BOJHIO 3a30p MK CTPHMIXKHEM Ta 130JISITOPOM
VIIUTBHIOETBCS TYMOBUMH Tpokiankamu. Ilpu Ge3nocepeiHbOMY OXOJIOIKEHHI BUBIJ
BUKOHYE€THCS Y BUTJISIII BOX KOHIIEHTPUYHUX MITHUX TPYO, MK SKUMHU MPOXOIUTH BOJIA
abo ra3, MO MOAAIOTHCS 3 OOMOTKHM CTAaTOpa uyepe3 CIONyYHY MIMHY 3a JOMOMOTOIO
MIJTHUX TPYyOOK 31 IITyLIEpaMHu.

Jlns opranizaiii 6e3mocepeTHbOr0 BOJISTHOTO OXOJIO/KEHHSI OOMOTKH CTaTopa Ha
CTaTOpP1 KPIIUIATHCS HAMIPHUM 1 37 TMBHUN BOJSIHI KOJIEKTOPH, KOYKEH 3 SIKUX € M1JTHOIO 200
CTaJICBOI0 HEMAarHiTHOIO KUJIBLIEBOIO TPYyOOIO JOCUTH BEJIMKOTO aiameTpa. Konexktopu
3'eqHaHl TPyOONMpPOBOJAMH 13 3O0BHINIHIMH BOJSHUMH JIAHIIOTAMHU TeHepaTopa.
[iapaBniude 3'€JHAHHS CTPWIKHIB 3 KOJEKTOPAMM 3AIMCHIOETHCS 3a JOMOMOTOIO
130JISIIHHUX (PTOPOIIACTOBUX IUIAHTIB Ta MITYIIEPIB.

1.3.3 Koncrpykiist poropa

Potop TypOoreneparopa ckiagaeTbcsi 3 HACTYNMHHX OCHOBHUX BY3IIB: Baly,
OaHO@KHUX Ta I[EHTPYIOUMUX KUIelb, BEHTWISATOPIB, OOMOTKH, CTPYyMOIIIJBOAY 3
KOHTAKTHUMU KUJTBIISIMH.

Porop € HalO1IbII HaBaHTAXXEHUM y MEXaHIYHOMY Ta TEIJIOBOMY BiJIHOIICHHI
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BY3JIOM TypOoreHeparopa. Y BCiX eJleMEHTaxX poTopa Mpu o0epTaHHI BUHUKAIOTh BEJIUKI
MeXaHIuHI HaIpyrd, 00yMOBIIEHI Ji€ro BigueHTpoBux cui [8]. Takox ciaix BpaxoByBaTh
J10 3HAKO3MIHHUX 3THHAIBHUX CHJI, BUKIMKAaHUX 3aKpIIJICHHSM pOTOpa Ha JBOX
BIIJAJICHUX OMNOpax (BaJbHUIISX), Ta BHUCOKE TEIJIOBE HABAaHTAXEHHS POTOpa uepes
3Ha4YH1 BTPATH, 110 BUAUISIOTHCSA B HOTO BITHOCHO MajoMy 00'eMi.

Bain poropa TypOorenepaTopa CKIaga€eThCs i3 cepeaHbOI aKTUBHOI YaCTHHH (TaK
3BaHOi «O0YKH pOTOpay») Ta JBOX XBOCTOBHUX YACTHH, MPU3HAYCHUX JIJISl B TOMY YHMCIIL JJIs1
pPO3MILIEHHSI BalbHULG. Yepe3 BHCOKI MEXaHIYHI HAaBaHTAXKEHHS Bal poTopa €
[IJTbHOKOBAHOIO JIETAJUTI0 3 BHCOKOJETOBAaHOI CTalll, M0 Ma€ TapaHTOBaHI BUCOKI
MEXaHI4YH1 Ta MarHiTHI BJIaCTUBOCTI.

[Ipy HESIBHOMOJMIOCHOMY BUKOHAHHI pOTOpa JJIA PO3MILIEHHS OOMOTKM B OOYIIl
BUKOHAHI pajiajdbHl Ta3u MPSMOKYTHOTO, CTYIIHYacToro abo TpameneinaaibHOTo
npodimro. OkpiM 3yO11iB, IO 3HAXOAATHCS MIX Ma3zaMu 3 0OMOTKOI0, 00YKa poTopa Mae
nBa (a00 YOTUPH JIJI YOTHPHOXITOJFOCHUX MAIUH) BEJUKUX 3YOIli, SIKi BHKOHYIOTHCS 3
JI0JIATKOBUMHU MPOPI3aMU 3 METOIO BUPIBHIOBAHHS 3THHATIBLHOT dKOPCTKOCTI O0YKH pOTOpa
0 MO3/I0BXKHIN Ta MONEPEeYHiN OCsIX.

OOmMoOTKa poTOopa Ma€ KOHIICHTpUYHE BHUKOHAHHS, TOOTO OKpeMi KOTYIIKU
OOMOTKH, 1110 CKJIAJAI0THCS 3 KIJTBKOX PO3TAIIOBAHMX B [1a3y BUTKIB, HA KOKHOMY IOJIFOC]
OXOILTIOITh OfHa oAHy. OOMOTKAa pOTOpa BUKOHYETHCS 3 XOJOJHOTATHYTOI MIijl,
JIETOBAHOI Cpi10JIOM, 3 METOIO MMiJIBUILIEHHS HAIIMHOCTI IUIIXOM 3amo0iraHHs TOB3Y40CTI
M1/l B X011 TPUBAJIOI €KCIUTyaTallli, HaBITh He3BaXKAIOUH Ha JICSIKE TT1IBUILICHHS TUTOMOTO
enekTpuuHoro omnopy. KopmycHa i30511isi B ma3zax poTopa BUKOHYETHCS 32 PaxyHOK
BCTAHOBJICHHS €JICKTPOI30JIAMINHUX T11h3. KpimieHHs ma3oBux yacTuH 0OMOTKH poTOpa
3IIMCHIOETHCS 32 IOMTOMOT'OI0 KJIMHIB 3 MIITHOTO JIOPATTIOMIHIIO.

B 3anmexHOoCTi Bil BHKOPUCTAHOI CHCTEMHU OXOJIOKEHHSI 0OMOTKA POTOpa Ma€ CBOi
0COOJIMBOCTI KOHCTPYKIIII.

Henpsime BogHEBE a00 MOBITPsIHE OXOJIOKEHHSI 3a0€3MeUy€ThCSI HAMIPOCTIIIO
MO>KJIMBOIO B JTAHOMY BHUIIAJKy KOHCTPYKIIIEIO OOMOTKH, IO CKJIAIAETHCS 3 CYIIITLHUX
MIJIHUX TPOBIAHUKIB Ta 130JIALIMHUX MPOKIAT0K MK HUMHU (puc. 1.7). BiaBeaeHHs Temnia

BiJL OOMOTKHU B TAKOMY BHIIaJIKy BUKOHY€ETHCS JIUIIIE 32 paXyHOK 00 yBaHHS 30BHIIIHBOT
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MOBEPXHI OOUYKH pOTOpa, IO POOUTH MOr0 JIOCTaTHHO MajO€(hEKTUBHUM TMOPIBHSHO 3

0e3rocepeIHIM 0X0JIOHKEHHSM.

L/ 7)) KrauH
)

llpobidnux

Bumkoba 13048u18

Kopnycra 13019415
(zinb3a)

P
=

Puc.1.7 — IlepeTun na3y poTopa 3 HENPSIMUM OXOJIOIKEHHIM

I[Ipu  Ge3mocepenHHLOMY  BOJAHEBOMY a00  MOBITPSHOMY  OXOJIOKECHHI
Oe3rmocepeIHIi KOHTAKT OXOJIOMKYHYOro ra3y 3 MIJJII0 31HCHIOETHCS B CIEHIAIbHUX
KaHaJlax, 1110 BUKOHaH1 B 00MOTLi. KOHCTpyKTHBHE BUKOHAHHS IIUX KaHAIIB Ma€ 0arato
PI3HOBU/IIB.

30kpemMa ICHye cucTeMa 3 OIYHMMH IOXWIMMH KaHajlaMH, KOJHM Ha OIYHUX
CTOpPOHaX KOKHOI HAaMlIBKOTYIIIKH BUKOHY€EThHCS BEJIMKA KUTbKICTh KaHAIB MPSMOKYTHOTO
npoUTI0 M KyTOM J0 KOTYIIKOBOI CTOpOHH. OXOJOIKYIOUU Ta3 B TAKOMY BHITAJKy
3aXOILUTIOETHCS 3 3a30py MIXK CTATOPOM 1 pOTOPOM 3a JOTIOMOTOI0 BUCTYTIAI0u01 YaCTUHU
KJIMHA, 1aJll BIH IPOXOIUTh KPi3b MPOPI3 y KIHMHI Ta NOTPAIUISE B MOXWINKA O1YHUM KaHaI
KOTYIIKH 1 pyXa€eThcsl M0 HboMY BIIMO masy. Ha ani masy, sike U1s 3py4HOCTI pyXy rasy
MOKE€ MaTH 3a0KpyriieHy (opmy, ra3 meperikae Ha 1HIIMK OiK HAmiBKOTYIIKH Kpi3b
CHelialbHIA TONEepeYHui KaHai, 1€ MiJHIMA€EThCS HAropy Ias3a IO aHaJOTIYHOMY
O01YHOMY KaHaJy Ta BUKUIAEThCA HA3a] B 3a30D.

binbm epekTMBHUMHU 3 TOYKH 30pY IUIOII OXOJOJKEHHSI MiAl € KOHCTPYKIII 3
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BHYTPIIIHIMHM KaHajiaMu B 0OMOTII. OJIHUM 3 Pi3HOBH/IIB TaKOT CUCTEMHU € KOHCTPYKITISI

3 MOAIOHMMHU JI0 TIOMEPEIHhOTO BapiaHTy KaHAJIaMH, PO3TAlllOBAaHMMH HE Ha OIYHMX

CTOpOHAX HAIMBKOTYIIKH, a Oe3mocepenHho BcepeauHi Hei. Kpisp mi  kaHamm
aHAJIOTIYHUM YMHOM IUPKYJIIOE Ta3 3 3a30py MiXK CTATOPOM 1 pOTOPOM.

IcHye TakoX KOHCTPYKIIiS 3 KaHAJIaMH, 10 PO3TaIlIOBaHI B3/I0BXK BUTKIB OOMOTKH.

JInst yTBOpPEHHSI TaKWX KaHAJIIB BUTOK KOTYIIKA YTBOPIOETHCS 3 JBOX MITHUX IIUH

CHEIIAIBHOTO KOPUTOMOA1I0HOTO TpOodiaro, CKIAJICHUX BUIMKAaMH OJWH JO OJIHOTO

(puc. 1.8). Bxin razy B kaHaJI BAKOHYETHCS 3 MiI0AHIAXKHOTO MPOCTOPY 3 000X CTOPIH

poTOpa 3yCTPIYHO B CTOPOHY CEpeAMHU OOYKH pOTOpaA, /e OpraHi30BaHUM BUXIJ raszy 3

KaHaJIIB KPi3b pajiajibHi OTBOPH B MiJi Ta KJIIMHAX.

Kaur

llpobidnuk

Bumxoba i3019ui8

Kopnycra 13079u19
(21163a)

Puc.1.8 — 3anoBHeHHs ma3y poTopa 3 0e3MocepeHIM OXOJIOHKCHHIM

3a aHaNOTIYHUM MPUHITUTIOM BUKOHYETHCS O€3MMocepeiHeE OXOIO0KEHHS JIOOOBUX
YaCTUH OOMOTKHU 30y I>KSHHSI.

[ToniepeHiii BapiaHT 0e3Mm0CepPEeTHBOTO OXOJIOKEHHS B IMa30B1 YaCTHHI 0OMOTKH
30y/KeHHS MOXe OyTu 3poOsieHu# 1ie €(EeKTHUBHINIUM 3a PaXyHOK BUKOPHUCTaHHSI
migmazoBux kaHaiuiB [9]. B Takomy Bumagky mazoBa 4acTuHa OOMOTKH Ma€ HE JiBi, a

Y0TUPH OKpCMi 30HH OXOJOJKCHHA B310BXK 60‘{KI/I, a caMme.
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- JIB1 30HM MO KpasiM OOYKHU 3 BXOJOM OXOJOKYHYOro ra3y 3 MiJ0aHAaKHOIO
MIPOCTOPY Ta BUXOJOM ra3y B 3a30p Ha BifCTaH1 01u3bKO 1/4 TOBKUHHM OOYKH;

- NIBI 30HM B CEpEIHIM YacTWHI OOYKM 3 BXOJOM OXOJODKYIOYOTO Ta3y 3
M1/II1a30BOTO KaHajay MpHOJM3HO Ha BiAcTaHl 1/4 MOBXUHU OOYKHU POTOpA Ta BUXOIOM
rasy B 3a30p IocepeauHi OOUKH.

[Ile OmHOIO MOXJIMBOI CXEMOI O€3MOCepeTHBOTO OXOJOKEHHS OOMOTKH
30yPKEHHSI 3 BUKOPUCTAHHSM I11/I1a30BOT0 KaHAy € CXeMa 3 pajialbHUMHU KaHaJIaMH B
OOMOTIII poTOpa, PO3TAlIOBAHUMHU 3 TIEBHUM KPOKOM B3JIOBX BCi€i Ma30BOI YaCTHHH
oOMOTKH. OXO0J0/KYIOUHNHA Ta3 HAJIXOAWTh B MiANA30BUI KaHAI 3 000X TOPIIB OOYKH.
Hapnpotu kK0HOTO 3 pajiaJbHUX KaHAJIIB pO3TAIllOBaH1 BIAMOBIIHI BUX1IHI OTBOPHU B
KJIMHAX KPIIJIEHHS OOMOTKH, Kpi3b KI OXOJO/DKYIOUHMI ra3 BUKUAAETHCS B 3a30p MIXK
CTaTOPOM 1 POTOPOM.

OkpeMo TakoX HEOOXIIHO 3rajaTd MNpo poTOpU 3 Oe3mocepeHIM BOASHUM
OXOJIO/UKEHHSIM OOMOTKH. 1X KOHCTPYKIIis Tepeadauae ochoBi KaHANM MO BCii TOBKHHI
BUTKIB OOMOTKH, Kpi3b SIKI UPKYITI0€ AUCTHIAT. OKPIM 1IBOTO MOOINU3Y BITLHOTO KIHIISA
Bally TypOOTeHepatopa 3 TaKOK CHCTEMU OXOJOKEHHS TmepeAadadeHi creliaibHi
MPUCTPOI, SKi 3a0€3MeUyI0Th M0/1auy Ta 3JIMB TUCTUJIISTY 3 pOTOPA, 1110 00ePTAETHCS.

JIoOoBI yacTUHUM OOMOTKM pOTOpa YTPUMYIOTHCS MACHBHMMH OaHJAaKHUMH
KUIBIIIMA 3 BHUCOKOMIIIHOI JieroBaHOi cTaiil. JJisi 3MEHIIEHHS TOJIIB PO3CIFOBAHHS,
JIOJIATKOBUX BTPAT Ta MICIIEBUX HArpiBaHb y TOPIIEBIN 30HI cTatopa OaHMaKHI KIJIbIS
pOTOpa B Cy4YaCHUX KOHCTPYKI[ISIX BUKOHYIOTh HEMAarHiTHUMH. baHaakHi Kbl poTOpa
€ HalOUIbII HANpPYXEHUM y MEXaHIYHOMY BiJHOIIEHHI BY3JIOM TypOoreHeparopa, I
CrpuiiMae Mir0 BIAIEHTPOBHUX CHJI JIOOOBHMX YacTHH Ta BiacHOi Baru. OKpiM BIIacHe
OAHIAKHOTO KUIbLA HA pPOTOpPl 3a3BMYail BCTAHOBJIEHE IIEHTPYIOUE KIJIbLE, 1110
MpU3HAYEHE JJIsI CTBOPEHHS OChOBOTO YIOPY MJIsi TOOOBUX YACTHH OOMOTKHU 30YKCHHS
Ta OpraHizailii 0X0J0>KEHHS JJOOOBUX YACTUH OOMOTKH.

3a ciocoOoM KpiruieHHs OaHAaXH1 KUTbLS MOXKYTh OyTH MOCaHKEHUMHU Ha OOUKY
poTopa abo BiJICTaBJICHUMH Bij HEi. Y MepiioMy BUNIAAKY OaHAa)KHE KiJIbLE MOKE MaTH
SK JBI MOCaaKHU (OJHUM KIHIIEM Ha OOUYKYy poTopa 1 IPYTrMM KiHIIEM Ha TOHKY YaCTHHY

BaJly 4epe3 IEHTPYyYe KiJbIe), TaK 1 OJHY IOCaIKy Ha 00uYKy poropa (KOHCOJIbHE
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BUKOHAHHS, KOJIM LICHTPYIOYM KUIbIIE MOCAIH)KEHE Ha IPYTU KiHEllb 0aHAaKHOTO KUTbLIS,
aJie He Ma€ TOCAJKKM Ha BaJl). Y MalluHaX BITHOCHO MaJioOi MOTYKHOCTI 3aCTOCOBYETHCS
BiJIcTaBlIeHe OaHaKHE KUTBIIE, III0 MA€ OJTHY MOCAAKY Ha IICHTPYIOUH KiJIbIIE, IKE B CBOIO
yepry mnocajpykeHe Ha TOHKY 4acTUHY Baiy. Hatsru rapsiuoi mocaiku po3paxoBYHOTHCS
BUXOJISIYU 3 YMOBH 30€pEKECHHS MIHIMAJIBHOTO TAPaHTOBAHOTO HATATY TIPU MaKCUMAJIbHO
JIOMYCTUMIH 4acTOTi 00epTaHHS pOTOpA.

OOmoTka 30yMKEeHHS 3'€JHY€TbCS 3 KOHTAKTHHUMH KUIBISMU 3a JOMOMOTOIO
CTPYMOBIZIBOZY, OCHOBHOIO YAaCTHHOIO SIKOTO € HaIMIBIUIIHAPUYHI MIJIHI 130Jh0BaHi
CTPUKHI, 110 PO3MIIIYIOTECS B IIEHTPAIBbHOMY OTBOP1 Bally poTopa 3 60Ky 30yaHuKka. B
CTPWKHI CTPYMOIIIBOJLY Y paJlaJbHOMY HANpsSMKY 3arBUHYYIOTH CTPYMOIPOBIIHI
00NTH, IO MalTh KOHIYHY Pi3b0y ab0 HAHrOBY KOHCTPYKIIIO Ui MIABUIICHHS
HAJIWHOCTI €NIEKTPUYHOTO 3'€IHAHHS. {71 MaIllMH 3 Ta30BUM OXOJIOKEHHSAM 111 OOJITH
VIIUTBHIOIOTBCS, 100 3amoOIirTM BUTOKY BOJIHIO 4epe3 LEHTPAJIbHHUI OTBip Baly.
OOmoTKa 30yMKEeHHS 3'€IHY€ThCA 3 O0OJATaMU CTPYMOBIJIBOAY 3a JOIMOMOTOK MIJTHHX
IUH. AHAJIOTIYHUM YWHOM BHUKOHYETBCS 3'€JHAHHS CTPHXKHIB CTPYMOIIJIBOIY 3
KOHTAKTHUMH KIJIBISIMH.

KoHTakTHI KUIbLISI BUTOTOBJISIIOTH 31 CIEHIAIbHOT TBEPJ01 3HOCOCTIMKOT cTaml Ta
HACa/DKYIOTh 32 JOTIOMOTOI0 Tapsvoi MOCaKWd Ha 130JbOBAHY CTaJIeBy BTYJKY, SKY B
CBOIO Uepry Haca/KyrTh Ha Baj. JJig MaliuH HEBEJIMKOI MOTY>XKHOCTI KOHTAKTHI KIS
MOXKYTh HAacaJp)KyBaTHUCh Oe3locepelHbO Ha 130JbOBaHy IOBEPXHIO Baly 0e3
BUKOPHCTAHHS MMPOMIKHOI BTYJIKH.

Ha 30BHINIHINA MOBEpXHI KOHTAKTHUX KiJIEIb BUKOHYETHCS TBUHTOBA Hapi3ka
MPSMOKYTHOTO TPOGIITIO, KA MOMIMIIye YMOBH POOOTH IIITOK 3aBASKH 3ar00IraHHIO
BIJIDUBY IIITKU BiJl MOBEPXHI KOHTAKTHOTO KUJIbLISI BHACIIIOK a€pOAMHAMIYHUX 3YCUJIIb
4yepe3 BHCOKY 4acToTy obepranHs. KpiM 1bOro TBHHTOBA Hapizka JEmio 30UTbIIyE
OXOJIOJIKYBaHy MOBEPXHIO KilbIlsl. J[s 3a0e3meueHHs] OXOJIOMKEHHS caMUX KiJlellb Ta
TpaBepCH IIITKOTPUMAYiB B KOHCTPYKII poTopa TmepeadadaroThbCsl CrelialbHi

BCHTUJIATOPHU.

1.3.4 OnopHi By3,1u TypOOreHeparopa

POTOp CIIMPAE€TBCA Ha ABa Hi,Z[H_II/IHHI/IKa KOB3aHHA 3 IMPUMYCOBUM 3MAlICHHAM 1
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CaMOBCTAaHOBJIIOBAHUMM BKJIaJUIIaMU. bBilbll pPO3MOBCIOM)KEHUM € 3aCTOCYBaHHS
CTOSIKOBUX MiAIIMITHUKIB, TOMY III0 BOHM Ha BIJMIHY BiJ IIUTOBUX HE MOB'S3aHl 3
KOPITYyCOM CTaTopa i He MepeaaroTh BiOpallii 3 poTopa Ha ctaTop i B 3BopoTHii Oik [10].
Kpim Toro 11e cripoly€e KOHCTPYKIIiFO TOPIIEBUX IIUTIB CTATOPa 1 CAaMUX MIAIIUITHUKIB, 1X
BUTOTOBJICHHS, MOHTaX Ta TEXHIYHE 00CITyTOBYBaHHS NpH MPOQITAKTUYHUX OTJISIIaX Ta
pemoHTax. OcoOymBiI I1i TMepeBard CTOSKOBHX IMAMIUIHUAKIB BiAYyBalOThCS IS
TypOOT€HEpaTOPIB BEIMKOT MOTYKHOCTI 3 IOCTATHHO BEJIIMKOIO MAacolo poTopa, 110 s
3a0€3MEUYECHHS] HAJEKHOI JKOPCTKOCTI ONOp BUMAara€ KpIIJIEHHS MAMIUIHUKIB
6e3mocepeHbo 10 PyHIaMEHTY .

Jy>xe 4acTo MiAIMIMITHUK 3 O0KY TYpOIHH pO3MIIILY€THCS 0€3M0CepEAHBO B IATTHIPI
HU3BKOTO THUCKY TYpOiHU (TOOTO BXOAUTH 10 0OCSITY OCTa4aHHsI BUPOOHUKA TYpOIHH), a
HIIIUIHUK 13 00Ky 30yJIHHUKA € OKpPeMHM BY3JIOM 31 CKIaay TypOoreHeparopa. B
HIIITUITHAKAX TypOOoreHepaTopa 3a3BU4ail 3aCTOCOBYIOThCS TypOiHHA OJIMBA 3 CHCTEMU
3MallyBaHHs TypOiHu. Ha HakpuBKax MiANIKMIIHUKIB TypOOreHepaTopiB MOXYThb
BCTAHOBITIOBATHCS OAKU 3 3aMacoOM OJIMBH, SIK1 JJO3BOJISIIOTH 3aMOOITTH MOMIKOKEHHSIM

IIMIOK Bajly y BUIAJKY aBapiiHOTO BIJKIIFOUEHHSI CHCTEMH MPUMYCOBOTO 3MalllyBaHHS.

1.3.5 Koncrpykuist kopo6iB

Kopo0a sB1sit0Th 00010 KOHCTPYKIIIT MTPSMOKYTHOT (hOopMHU, 1110 TPUETHYIOTHCS 10
TOPLIB KOpHycy cTaTopa. B HMX MOXyTb OyTH pO3TalllOBaHI I'a300X0JIOJKyBayl abo
MOBITPOOXOJIOIKYBayl, sIKI B LbOMY pa3l 3a3BU4ail MawTh OI4YHE BEpPTUKAJIbHE
po3MiteHHs. JJig 3py4HOCTI TpaHCIOPTYBAHHS Ta MOHTaXy TypOoreHepaTopa Kopoou
MOXXYTh MaTH PO3’iM y TOPU30HTalbHIN IomKHI. Takox KOpoOM MarOTh HaIpsMHI
eJIEeMEHTH (BUTOPOJKH), MPU3HAUCHI JJI OpraHi3aiii pyXy OXOJIOIKYIOUOTo Tra3y ado
MOBITPS BCEPEIMHI MAITMHU. TakoX B KOpoO1 3 00Ky 30yHUKA 3a3BHYall PO3TAIIOBaHI
BUBOJIM OOMOTKH CTaTOpA.

Topiti KopoOiB 3aKpUTI CTAJIEBUMU 3BAPHUMU 30BHIITHIMU ITUTAMH Y BATIISII IBOX
JMCKIB, po3AiieHnx pedpamu. [Ipu BogHEBOMY OXONOKEHH] 30BHIIIHINA HECYUHIl TUCK
BUKOHY€ (DYHKIIIO repMeTu3anii KOpmycy, 10 MOro BHYTPIIIHBOI YACTUHU KPIMUTHCS
yIIUTbHEHHS Baiy. BHyTpimHINA AuCK 3a0e3medye MPOXOKEHHS OXOJOKYIOUOT0 razy

a00 MOBITPS 10 BEHTUWJISITOPA MPH HArHITAJIbHIN CUCTEM1 BEHTHIIALT 200 Bl BEHTHIISITOpA
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IpU BUTSDKHINA cucTeMi. J[o BHYTpPIIIHBOTO JUCKY 3a3BUYAil KPIMUTHCS HAINPaBISIOUNN
amapar BEHTHJIATOpA.

YuiinpHeHHST BaJly CIOYXHTh JUIS 3almoOiraHHsS BUTOKY BOJHIO B MicIi
IPOXOKEHHS Baiy Kpi3b muT [11]. Mixk moBepXHsAMU 00CPTOBOr0 Bajay i HEPYXOMOI'O
BKJIQJIAIIA TIEPEI0AYCHU JOCTATHHO HEBEIUKHUHA 3a30p, B KWW MOMAETHCS OJIMBA ITiJT
THUCKOM, 110 TIEPEBHUIIY€E THCK BOJHIO BCEPEIUHI KOPIYCY, 3aBISIKA YOMY YTBOPIOETHCS
CyILIJIbHA OJIUBHA IUIIBKY, SIKa MEPEropoKye IUIAX BUTOKY BOAHIO. BimmpairoBaHa
oJiuBa 3 000X OOKIB MOBEPTAETHCA Ha3aJ B OJMBHY CHUCTEMY. 3aCTOCOBYIOTHCS JBa
PI3HOBU/IM YITIIbHEHHS: KUIBIICBE Ta TOPIIEBE, K1 BIAPI3HAIOTHCS MikK COO0I0 ClIOcCOOOM
YTBOPEHHS 3a30DY.

1.3.6 Cucremu 3a6e3neueHHs TYpOOreHepaTopa

HopmanbHa ekcrutyaraiiisi TypOoreHepaTopa HEMOXJIMBA 0€3 HasIBHOCTI CHUCTEM
3a0€e3MeYeHHs], 30KpeMa CHUCTeMH 30Y/UKEHHs, CHCTEMU TEPMOKOHTPOJIO, CUCTEM
MIITOTOBKU BOJIHIO Ta JUCTUJIATY (TIPU HASIBHOCTI BIJAMOBIHOT CHCTEMH OXOJIOJIPKEHHS).

Cucrema 30yIKEHHS CIY>KHTh JJIA SKUBICHHS OOMOTKU 30yIKEHHs (poTopa)
MOCTITHUM CTPYMOM Ta PETYJIOBAHHSA I[LOTO CTPYMY B 3aJICKHOCTI BiJl PEKUMY poOOTH
TypOoreneparopa. HailO1np11 po3nOBCIOPKEHUMHU B JaHUW Yac € TUPUCTOPHI CUCTEMHU
30yKEHHS, TIPOTE JJIs TYPOOTEHEpaTOPiB 0COOIMBO BEJIMKOI IMOTYKHOCTI ONTUMAaILHUM
MOXe OYTH 3aCTOCYBaHHS O€3IIITKOBOI CUCTEMU 30YHKEHHS, 110 JI03BOJISE BIIMOBUTHUCH
Bl BUKOPDUCTaHHS IIITKOBO-KOHTaKTHOro amapary. Ilpum Oe3lIiTKOBI cucTeMi
30yIKeHHsI 30yTHUK BUKOHYETHCS Y BUTJISIAI OOEPHEHOTO CMHXPOHHOTO reHepaTtopa (3
AKIPHOIO OOMOTKOIO Ha POTOpi), IO Ma€ pO3TAIIOBAHI HAa Bally pOTOpa BUIPSIMIISIUL, 32
JIOTIOMOTOI0 SIKUX 3MIHHHH CTPYM TIE€PETBOPIOETHCS HA TMOCTIHHUN 1Jis 30y KEHHS
redeparopa. B Takomy BUMaaKy mepenaya MmocTiHHOTO CTPYMY BiJ poTopa 30yJHUKA J10
poTopa TypboreHeparopa 31HCHIOEThCS 0€3MocepeIHLO Yepe3 CTPYMOBIIB1L pOTOPA.

[Tpu neskux aBapiitHUX pekUMax podboTH TypOOTeHEepaTopa, 30KpemMa MpHu Pi3KoMy
3HM)KEHHI T€HEepaTOpHOI Hampyru abo KOJIMBaHHI Te€HepaTopiB, Moke OyTH MOTpiOHE
¢dopcyBaHHs 30y/DKEHHS, TOOTO MIBUIKE 301IbIICHHS CTPyMY 30YPKEHHS MOPIBHSIHO 3
HOMIHAJILHUM JJI yTPUMaHHS TeHepaTtopa B MapayieibHiil poOOTi 3 1HIIOK CHCTEMOIO.

®dopcyBanHsi 30ymKkeHHs € kKopoTtkoTpuBaiauM (10...20 ¢), ame a0CTaTHBO BaKKUM
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PeXUMOM JUIsl TypOOTreHepaTropa, OCKUIBKM CTPyM 30Yy/KeHHS mnpu (OpPCyBaHHI SK
MIPABUJIO BJIBIYi MEPEBUIIYE HOMIHAJIBHE 3HAUCHHS.

B camomy typboreneparopi abo Oiomi (TypOorereparop-tpanchopmaTop) s
IIBUJIKOTO BHMHUKaHHS 30YyJDKCHHS B aBapiiHUX CUTYyallsX B CHUCTEMi 30y KEHHS
nepeadavaroTh aBTOMAT TACiHHS TMOJIS, M0 3a0e3leuye MOCUTh MIBUAKE 3MCHIICHHS
CTpyMy 30YyDKEHHS Ta 3aXUCT OOMOTKH BiJI IEpEHATIPYTH.

OnuBHa cucTema 3abe3nedye NoJJaBaHHs OJIMBU B1Jl CUCTEMHU 3MaIllEHHS TYpOiHU y
BaJIbHULII TypOOreHepaTopa Ta OJUBHI YIIIJIBHEHHS Baly TypOOoreHeparopa 3 BOAHEBUM
OXOJIO/KCHHSIM.

CucremMa TEPMOKOHTPOJIIO CIYKUTh JUIsi KOHTPOJIIO TEMIIEpaTypd YacCTUH
TypOoreHepaTopa B X0l Horo ekciutyataiii. KOHTpOoJgb BUKOHY€EThCS 32 MOKa3HUKaMU
JATYMKIB TEMIIEpaTypd B AaKTHUBHIM 30HI Ta KOHCTPYKTHUBHUX €JIEMEHTAaX, SIKUMU
3a3BUYal € TEPMOMETPH oropy. JlaTamku TemepaTypu 0OMOTKH BCTaHOBIIOIOTHCS MIXK
CTPYKHSIMH OOMOTKH, TaTYNKH TEMIIEpATypH OCEP/Is PO3TAIIOBaHI HA JHI a3y cTaTopa.
Jlnst HempsiMOoro Ta Oe3MOCepeIHhOT0 Ta30BOTO  OXOJIOJKEHHS BUKOPHUCTOBYETHCS
BITHOCHO HeBenMMKa KiabKicTh (6...12 mT.) natumkiB TemmepaTtypu. I[lpoTte mnpu
Oe3rnmocepeTHbOMY  BOJSIHOMY OXOJIOJDKCHHI OOMOTKM CTaTopa OKpeMi JaTYUKH
BCTAHOBJTIOIOTBCS Y KOKHOMY TapajieIbHOMYy BOJISHOMY JIAHIIO31, IO TTOB’S3aHE 3
BUCOKMMH €JICKTPOMArHiTHIMHA HABAaHTAXCHHSIMHU Ta, BIAMOBIIHO, BUCOKHUM PH3UKOM
MOIIKO/KEHHSI OOMOTKH CTaTopa MpU MOPYHIEHH! OXOJOKEHHS Xoya O OmHOrO ii
CIIEMEHTY.

Takok KOHTPOJIOETHCS TEMIEpaTypa BKJIQIWINIB BAJIbHUIP Ta MACIISTHUX
YIIUTBHEHB, OXOJIO/KYIOUOTO Ta3y (Ha BXOJI Ta Ha BUXO/I1), OJIMBU Ta OXOJOKYIOUOi
BOJY (B TOMY YMCII JTUCTWIATY). JJIsi OXOJO/KYI0UOi BOJAM 3a3BU4Yail mepeadadeHuit
3arajbHUN KOHTPOJb TEMIIEPATypy Ha BXOJIl, a TAKOXK OKPEMHUN KOHTPOJb Y KOKHOMY
MICIIl 3JIMBY BOJIM, IO JO3BOJISIE OILIHIOBATH TEXHIYHWUN CTaH 1HAWBIIYyaIbHO IS
KOXKHOTO 3 BOJSHUX JIAHITIOTIB.

Boasna  cucrema  3a0e3meuye  BOAOI  BCl  MOBITPOOXOJIOKYBaul,
ra3ooxoJIO/)KyBaul Ta AUCTWISATHI TEMJIO0OMIHHUMKH. BOoHa CKilaaeThCs 3 KOMILIEKTY

TpyO, TpyOONpOBIAHOT apMaTypy Ha HEOOXITHUX JATUYUKIB.
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OrnucaHi BUIE CUCTEMHU OXOJOJKEHHS 3a3BHYail BUKOPUCTOBYIOTBHCS ISl BCIX
TUIMB TYpOOTEHEPATOpIiB HE3aJICKHO B 1X CHCTEMH  OXOJIOJKeHHs.  J{is
TypOOreHepaTopiB 3  BOJHEBUM Ta  BOASHUM  OXOJOKCHHSIM  OOMOTOK
BUKOPHUCTOBYIOTHCS BIJIMOBIIHI CHICIUM(DIUHI IOMMOMIXKHI CUCTEMH, 1110 KOPOTKO OIMCaHi
HUXKYE.

BogneBa cucrema 3a0e3lieuye HAIOBHEHHsS TypOoreHeparopa BOJHEM Ta
aBTOMAaTUYHE MIATPUMAHHS 3aJaHUX MapaMeTpiB BOAHIO, B TOMY YHMCJi HOTo 3aJlaHOTO
TUCKY. JIJI1 KOHTPOJIIO YUCTOTY BOJHIO BUKOPHUCTOBYIOTH aBTOMATHYHI ra30aHajIi3aTopH,
K1 32 HEOOX1JHOCTI BMHKAIOTh 110/1a4y J0 CHCTEMH YHUCTOrO BOJAHIO. [y 3amoOiranHs
IIJBUIIICHOT BOJIOTOCTI BOJHIO B CHCTEMI IependayeHi ocylryBadi Bojord. BoaHeBa
cucteMa (QYHKIIOHY€ CHUIBHO 3 OJIMBHOK CHCTEMOIO YIIUIBHEHb Bajly 3 METOI0
3a0€3MeUeHHsI ONITUMAJILHOT PI3HUII TUCKY OJIUBH Ta BOJIHIO.

Cucrema BOJSHOIO OXOJIOJDKEHHSI CTaTopa 3a0e3neuye HUPKYISLII0 TUCTUIATY
Kpi3b OOMOTKY CTaTopa, a TaKOX KOHTPOJb Ta MHIATPUMAHHS 3aJlaHUX I1apaMeTpiB
muctwiaTy. g cucrema mae 3aMKHYTHN KOHTYDP 3 HEBEJTUKHUM ITiIKUBIICHHAM 11 4ac
poOOTH I TIOMOBHEHHS NPHPOJAHWX BTpPAT JUCTWISITY ab0 BiJHOBJICHHS HOTO
napameTpiB. Cucrema 3a0e3MeuyeThCs OCHOBHHUMH Ta PE3EPBHUMH HACOCAMU,
MEXaHIYHUMH, MAarHiTHUMM Ta 10HOOOMIHHMMH (PUIbTpaMHu, TEIIOOOMIHHUKAMH.
[lepenOaueHuii KOHTPOJIb BUTPATH, TUCKY Ta TEMIEPATYPH, a TaKOXK (I3UKO-XIMIYHHX
napameTpiB JUCTUIIATY, 30KpeMa MUTOMOTO €JIEKTPUYHOTO OMOPY, BMICTY PO3UUHEHOTO
KHCHIO, BYTJIEKUCIIOTO a3y Ta 1H.

SIkmo TypOoreHepaTop Mae SIKyChb 1HIIY CHEUM(IUHY CHCTEMY OXOJOKECHHS,
HaAMpUKiIa] OE3MOCEpPEeIHE BOJSIHE OXOJIOMKEHHSI OOMOTKH poTopa abo OJMBHE
OXOJIOJDKEHHSI cTaropa, TO, BIAMOBIIHO, Uil ILOIO Mae OyTH TepeadadyeHa BllacHA

OKpEmMa CUCTCMa 3a0e3IeYeHHs.

14 Cyvyacni minxomm 10 (GOPMYBAHHS CHCTEMH  OXOJIOKEHHS
TypOoreneparopa, npo0/jieMHi MUTAHHA TA HIJIAXH iX BUPilIeHHSA
CydacHi TeHIeHIIIi TPOEKTYBaHHS TypOOreHepaTOpiB BUMAraloTh MOUIYKY CUCTEM

OXOJIOAKCHHA, OINTHMAJIBHUX O KOXHOI'O I[iaHa?:OHy HOTy}I(HOCTefI arperary, Imo
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BUPILITYBaTUME OJIHOYACHO KUJIbKa MUTaHb. B mepily depry BUMAara€Trbcsi 3MEHIIECHHS
MacorabapuTHUX XapaKTePUCTUK MAIIMHU Ha OJMHMUINIO MOTYKHOCTI, 110 B CBOIO YEPTy
MOJIIIITY€E KOHKYPEHTOCTIPOMOXKHICTh TypOOTeHEepaTopa Ha PUHKY 3aBJISKH 3MEHIIICHHIO
K TPSIMHUX BUTpAT Ha BUTOTOBJICHHsS TypOOreHepaTopa, Tak 1 BapTOCTi OyiBHHUIITBA
(dbyHIaMEHTIB Ta CYIMyTHBHOTO 00 {HAHHS (HAIIPUKJIal BaHTAXOIJHOMHUX MEXaH13MiB)
3aBJISIKA 3MEHIICHHIO WOTO Bard. B TOM ke yac BHOpaHa cUCTeMa OXOJIO/DKCHHS HE
NMOBMHHA 3aHAATO YCKIIQJHIOBATH KOHCTPYKI[II0, BUTOTOBJEHHS Ta EKCIUIyaTalliio
TypOOTreHepaTopa, 10 MOKE 3BECTU HaHIBEIb €(DEKT 3HMKEHHS Baru yepe3 30UTbIIEHHS
BapTOCT1 pOOIT 3 IOTO BUTOTOBJICHHS Ta TEXHIYHOTO OOCITYyTrOBYyBaHHS.

Takox cydacHiI TEHJEHIIlI BHUMAaralroTh PO3IIMPEHHS [1alla30Hy eKCIUTyaTailii
TypOOTeHepaTopiB, 3pOCTaHHS Yacy MOKIMBOI POOOTH Ha HAAMPOEKTHUX pPEKHMax Ta
30UTBIICHHS MIKPEMOHTHHUX TMEpIOJIB 1 TEPMIHIB ekciutyaTalii. TakuM 4YrHOM
MIJBUIIYIOTHCA 3arajibHl BUMOTH J0 HAJIHHOCTI BCHOTO KOMILIEKCY €HEPTeTHYHOTO
o0J1aTHAHHS.

B nmanuii yac 1y BU3HAUEHHS TEIJIOBOTO CTaHy €JIICKTPUYHUX MAIIWH, B TOMY
yucial 1 TypOOTreHepaTopiB, 3aCTOCOBYIOThCSA KIJIbKAa MIAXOAIB, K1 OUIBII JIOKJIAIHO
PO3MIISHYTI B PYTrOMY pO3/ITi. 3BHYAHO HAWOUIBII BIATOBITHUM JI0 Cy9acHUX BUMOT €
BEHTWISILIMHHUMA Ta TEIJIOBUM PO3PAXYHOK B TPUBUMIPHIN MOCTAHOBI[ 3 BAKOPUCTAHHIM
KOMIT FOTEPHUX TEXHOJIOT1H o0uncoBanbHOiI rigporazoaunamik (CFD).

OxpiMm  06e3MmocepelHbOr0  BIUIMBY  CHUCTEMH  OXOJIO/DKCHHS Ha  Bary
TypOoreHepaTopa BaKJIUBUM acleKTOM € MOXKJIHMBICTh BHUKOPHUCTAHHS pE3yJbTaTiB
CyyaCHHX METOAIB pO3PAaxXyHKY TEIUIOBOTO CTaHy JJIs MOAAJBIIOI ONTUMI3aLii
KOHCTPYKIIii. 30KpeMa Ha OCHOB1 OTPUMAaHUX JIJAHUX 3 PO3MOJILTY TEMJIOBUX HABAHTAKEHb
Ha €JIEMEHTH KOHCTPYKIli MOXKIIMBO BU3HAYUTH OKPEMi €IEMEHTH, 110 MAalOTh CYTTEBI
3armacu 3a MM TOKa3HUKOM 3 TIOJIaJIBIIIOK0 ONITUMI3AIIEI0 iX KOHCTPYKIII.

Takox HasiBHICTH 1H(OPMAIIii TPO TOYHUH PO3MOILT TEMITEPATYPHUX HABAHTAXKEHb
JIO3BOJIAE TIEPEHTH JI0 HACTYMHOTO €Taly ONTHUMI3allii KOHCTPYKIli, a came 0
MiABUIICHHA TOYHOCTI pO3PaxyHKIB HampyxeHo-aepopmoanoro crany (HIC)
CJIEMEHTIB KOHCTPYKIIIi Ta BY3JIiB F'€HEPAaTOPIB B TPUBUMIpHUX HocTtaHoBKax [12]. Ile B

CBOIO Yepry JIa€ MOKJIMBICTh 3HU3UTH 3aM1aCH MIITHOCTI OKPEMUX €JIEMEHTIB KOHCTPYKIIii,
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Kl B JIIIOYUX HHUHI HACTAaHOBAX 3 MPOEKTYBAaHHA 3a3BUYall MPUUHATI JOCTATHHO
BEJIUKUMH 3 METOI0 KOMIICHCAllll MOMKIMBUX MOXHOOK, BUKIUMKAHMX HEIOCTATHHOIO
TOUYHICTIO BUKOPHMCTOBYBAHUX DaHIIIE aHATITUYHUX PO3PAXyHKIB. 3MEHILIECHHS 3aIraciB
MIIIHOCTI JIa€ MOXJIMBICTh JOCSTHYTH TMOJANbIIOrO 3MEHIICHHS MacorabapuTHUX
MOKa3HUKIB 00JIaTHAHHS.

Takum 9MHOM KOMIUIEKCHE NOCHTiKeHHs TerioBoro crany ta HJIC ememeHTiB
KOHCTPYKIIIH Ta BY3JiB T€HEpPaTOPIiB B TPUBUMIPHIM MOCTAHOBII J03BOJISIE BU3SHAUYUTH
(GakTUYHUI 3amac MIIHOCTI KOHCTPYKIIN, IO BHUTPAaE Iy>XE€ BAXKIUBY POJb SIK IMPHU
MPOEKTYBaHHI HOBHUX TypOOT€HEepaTopiB 3 MOKPAIIEHUMH TEXHIKO-€KOHOMIYHUMU
MOKa3HUKaMM, TaK 1 NpH BHUKOHAHHI MOJIEpHi3allii a00 PEKOHCTPYKIIi 1CHYHYOro
TE€HEPATOPHOTO O0JIaTHAHHS.

CyyacHl HayKOBI TEHJEHIIT CHPHUSIOTh PO3BUTKY TEXHOJOTIH OO0YMCIIOBAIBHOL
rigporazoguHamiku (CFD), mpore Ha JaHui dYac ICHYIOTh I€BHI OOMEXKEHHSA Yy
BUKOPHUCTAHHI I[UX TEXHOJIOT1H, MOB’s13aH1 3 HEJOCTATHIMHU HAIPALIOBAHHSIMU 3 TOUYKH
30py BH3HAUCHHS IPaHUYHUX YMOB Ta 1HINOI 1H(popMarlii, HeoOXiTHO1 JIJIsT TOBHOIIIHHOT
MOCTAHOBKH 3a/1a4l JIJIsi KO)KHOTO OKPEMOTO 00’ €KTY JAOCIIIKEHHS.

CyyacHl JOCHIDKEHHS TIOCTYNOBO YJAOCKOHAJIOIOTh aJTOPUTMHU  3aBIaHHS
IpaHUYHUX YMOB. B TpeThoMy po3aiii poOOTH AOCIIIPKEHUM OJIMH 3 OKPEMUX BUIAJIKIB,
a caMe aJITOPUTM 3aBIaHHs TPAHNYHUX YMOB ISl PO3PAaXyHKY B TPUBHMIpPHIH TOCTAHOBIII
MOJIeJII IITKOBO-KOHTAKTHOTO amapary TypOoreHeparopa MOTYXHICTIO B YacTHHI
JETATBHOTO OMKCY TEIUIOBUX BTpPAaT 3 BpaxyBaHHSAM TMMapu TEPTSd BaI-IIITKH,

BEHTWISILIMHKUX Ta OMIYHHMX BTpaT B IAHOMY BY3J1, BKJIFOUAIOUM OCHOBHI Ta 10JaTKOBI.

1.5 BUCHOBKH /10 IEPUIOT0 PO3ALTLY

AHami3 ICHyIOUHX CUCTEM OXOJIOKCHHSI TypOOTeHEepaToOpPiB Ta €IEKTPOMArHITHUX
HABAHTAXKEHb, SIKI MOXJIMBO TPUUHATA Ha €Tall BUOOPY OCHOBHMX T€OMETPUYHHUX
PO3MipiB aKTUBHHUX YaCTHH, JO3BOJISIE€ 3pOOUTH BUCHOBOK PO CYTTEBUI BIUITMB BUOPAHOT
CHCTEMHU OXOJIOKEHHSI Ha MacorabapuTHI XapaKTePUCTHKU MAIIUHU.

30kpema Tmepexiq BiA TOBITPSAHOI 70 BOJHEBOI CHUCTEMH OXOJIOIKEHHS

TypOoreHeparopa 3 OJHOYACHUM  MIABUIICHHSAM THCKY BOJHIO  BCEpEIUHI
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TypOOreHepaTopa J03BOJISIE CYTTEBO 3MEHIIUTH BUTPATy OXOJOJKYKOYOro rasy Ta
3aBJISIKM 1IbOMY 3MEHIIUTH rabapuTH aKTUBHUX T4 KOHCTPYKTUBHHUX YACTUH 3a PaXyHOK
3MEHIIEHHS pO3MIpIB BEHTWISAIIWHUX KaHaJiB Mpu 30€pexeHHI ONTHUMAaJIbHUX
IBUJIKOCTEH pyxy Tra3zy. Takox Takui mnepexin no3Bosisie  30umbmutH  KKJI
TypOoreHepaTopa 3a paxyHOK 3HIKEHHS] BEHTHIIALIIMHUX BTpAaT.

Buxopuctanas 06e3mocepelHbOr0 Ta30BOTO OXOJIOMKEHHS OOMOTOK 3aMiCTh
HETPSIMOTO OXOJIO/PKCHHS J1a€ 3MOTy IIe OIbIle 3HU3UTH MacorabapuTH1 PO3MIpH
MalIMHU 3a PaXyHOK 30UIbIIEHHS €(PEKTUBHOCTI OXOJIOJKEHHS, 10 JO3BOJISIE CYTTEBO
M1JBUIMTH 3HAYEHHS IPUNHATUX €JIEKTPOMArHiTHUX HABaHTaXKECHb.

[lepexing 1m0 0Oe3mocepeIHBHOr0 BOASIHOIO OXOJOHKEHHS OOMOTOK J103BOJISIE
NOJAJIbLIE 3MEHILIEHHS PO3MIPIB 32 PaXyHOK 1€ KpalluX YMOB OXOJIOKEHHSI OOMOTOK.

[Ipore, He3BakarouM Ha BKa3aHl MO3UTHUBHI HACIIIKA BUKOPHUCTAHHS OMHCAHUX
MOKPAIICHUX CHUCTEM OXOJOJKEHHS, iX 3aCTOCYBaHHS MPU3BOAUTH A0 YCKIAAHEHHS
KOHCTPYKIIIi 32 paxyHOK HEOOX1HOCTI 3a0€3MEUECHHS] TEPMETUYHOCTI €JIEMEHTIB, MOSIBU
HOBUX €JIEMEHTIB B TypOOTE€HEepaTopi JIJIsi OpraHizailii pyxy OXOJO0KYyIOUUX PEYOBUH Ta
HEOOXITHOCTI BHKOPHUCTAHHS y CKJaAl TypOoreHepaTopa BIAMOBIIHUX JOMOMIKHUX
CUCTEM, II0 MOE€ CYTTEBO YCKJIAJHUTU EKCIUTyaTal[ll0 Ta OOCIyrOBYyBaHHs, a TaKOX
3MEHIIUTH HAAIWHICTh MAIIMHU. 3BaXalOuh Ha 1€ BUOIP CHUCTEMHU OXOJIOJKEHHS
TypOOreHepaTopa Mae BUKOHYBATHUCh IHIUBIIYalbHO 3 YypaxyBaHHSAM OKpIM CYTO

MacorabapuTHUX MOKA3HUKIB 1€ i MUTaHb HAJIIMHOCTI Ta 3pYYHOCTI €KCILTyaTarlii.
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PO3/IJI 2 METOJIMKA BEHTHUJISAILIMHOI'O TA TEIJIOBOI'O

PO3PAXYHKY TYPBOI'EHEPATOPA

2.1 BuzHayeHHSI BUTPAT 0XO0JIOAKYIOY0I PeHOBUHU

JUis BHUKOHAaHHA IEPBMHHUX TEIUIOBUX Ta BEHTWIALIMHUX pO3paxyHKIB
CJIEKTPUYHHUX MAIIUH B MEPIIy Yepry HEOOXiTHO BHU3HAYUTHU BUTPATH TEIUIOHOCIIB, 3a
JIOTIOMOTO10 SIKUX OyJie BUKOHYBATHCh B1IBEIEHHS TEIJIOBUX BTPAT.

Butpara K0KHOTO 3 TEIJIOHOCIiB BUBHAYAETHCSI HA OCHOBI TEIJIOBUX BTPAT, K1 BiH
B1JIBOJIUTH, BIJJOMOT TEMJIOEMHOCTI 1 TYCTUHM TEIIOHOCIS, a TaKOX 3aJaHOTO 3HAYCHHS

M1JBUILIEHHS HOTO TeMIepaTypH (MiAIrpiBy) 3a HaCTYIMHOI (GOPMYJIOL0:

Y P

= ,M° 2.1
Cp-p-ATM/C (2.1

Q

ne ), P —cymapHi TerioBi BTpaty, KBT;
Cp — TEIJIOEMHICTD TEIUIOHOCIS MPH MOCTIHHOMY THCKY, KJK/(kr-K);
p — NUTOMA I'yCTHHA TEIJIOHOCIS MPU MOro BIIOMUX TEMIIEPATYPl Ta TUCKY,
KI/M°;

AT — migirpis temoHocis, K.

JIoCBiIOM TIPOEKTYBaHHS €JIEKTPUYHUX MAITMH BHU3HAYCHI MPUUWHATHI 3HAYEHHS
HIITPiBY KOKHOTO 3 OCHOBHUX BH/1iB BUKOPUCTOBYBAHUX TEIIJIOHOCIIB:

- JI7Is1 TIOBITPSI 3HAYCHHS MiAIrpiBy mpuitmMaeThes Ha piBHI AT = 25 ... 35 K, T06TO
npu Temmepatypi xonoaHoro moBiTps 40 °C Ha BXOJi B CIIEKTPUYHY MAIIUHY rapsde
MOBITPSI Ha BUXO/I1 3 HET MaTuMe TeMieparypy 65...75 °C;

- JUIsl BOJHIO 3HAY€HHs WIiAIrpIBY 3a3BMYAll TAaKOX NpPUMMAETbCsl HA PiBHI
AT = 25 ...35 K, npu upomy BUTpaTa BOAHIO MOKE OyTH CYTTEBO 3HMKEHA 32 PaXyHOK
NIJBUIIEHHS HAJJIMIIKOBOIO THUCKY BOJHIO BCEpPEAMHI €JNEeKTPUYHOI MAaIlMHU 3
BI/IMOBITHUM 301IBIIIEHHSIM T'YCTUHU BOJIHIO TIPSIMO TTPOTIOPIIIMHO TUCKY;

- A0 JUCTWIATY B OOMOTKAaxX €JIEKTPUYHOI MAIIMHU 3HA4YEHHS MiTIrpIBY
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npuiiMaetbcsi Ha piBHI AT = 10...20 K, 1ne 3HaueHHS OOMEXY€ETbCS HEOOXITHICTIO
NIATPUMAHHS JIOCTaTHRO HU3BKOI TEMIEPATypu Trapsdyoro JUCTWISATY 3 METOI0
3armo0iraHHsl Moro 3aKUMaHHIO BCEPEIUHI OOMOTKHM y pasi pamnToOBOTO MOPYLICHHS
HUPKYJIALT qucTuiaty [1];

- s TEXHIYHOI BOJM B TMOBITPOOXOJO/KyBadaX, TIa300Xx0J0KyBayax,
OJTUBOOXOJIOJKYBauax Ta AUCTUISATHUX TEIUIOOOMIHHMKAX 3HAYE€HHA MiAIrPiBY
npuiiMaethbes Ha piBHI AT = 4 ... 6 K, Take HM3bKe 3HAYEHHs MIAITPIBY TEXHIYHOT BOJIM
B MEPIILYy Yepry MoB’si3aHe 3 HEOOX1AHICTIO MIATPUMAHHS IKOMOTa OUIBIIOI PI3HULI MIXK
TEMIIEPATYPOIO rapsA40i TEXHIYHOI BOJU Ta XOJIOJHOIO BTOPUHHOI'O TEIIOHOCIS (TIOBITPS,
BOJHIO, OJIMBH YU AUCTWIATY) 3 METOIO ONTHUMI3allli pO3MIpIB TEIJIOOOMIHHUX anapariB.

Bu3HaueHl Ha OCHOBI LIMX J@HWX BHUTPATH TEIJIOHOCIIB MarTh Oe3mocepenHin
BIUIUB HAa KOHCTPYKIIIO E€JIEKTPUYHOI MalluHU, 00 BH3HAYAIOTh HEOOXIJIHI PO3MIpU
BEHTWISILIMHHUX KaHAIIB Ta TPyOOIPOBO/IIB, @ TAKOK BUKOPUCTAHUX HAIIIPHUX €JIEMEHTIB
(BEHTHJISITOPIB, HACOCIB).

[Tpu noganpmmx O6UIBII JOKJIATHAX PO3paXyHKaX CUCTEM BEHTWIISAIT Ta BOJISTHOTO
OXOJIO/DKEHHS 111 MOMEpPEeJHbO BU3HAYEHI BUTPATH TEIUIOHOCIIB MOXYTh OyTH €O
yTOUHEHI, MPOTE 3a3BUYail iX CyTT€BE 3MIHEHHS HEMOXJIHMBE dYepe3 ICHYIOUl

TeMIIepaTypHI OOMEXEHHSI 1JIs1 MPUIHATOr0 KJacy 130JIAL11 eIEKTPUYHOT MAIlIMHH.

2.2 AHAJIITHYHUT BeHTHISIiHHUIT pO3paxyHoOK

[Tonepeanb0 BU3HAUYEHA BUTpATa ra3y 3a0e3MeUyeThCs 3aBASIKH MEpenany TUCKY,
10 CTBOPIOETHCS 3a IOIOMOIOI0 HAIPHUX €JIEMEHTIB CUCTEMH.

Tuck razy B cucteMi BEHTHIIALIT Ma€ CTAaTUYHY CKJIAJIOBY, 1110 XapaKTEpU3YE 3arac
MOTEHIIIMHOT eHeprii ra3y, a TAaK0X JUHAMIYHY CKJIAJ0BY THCKY, 1110 XapaKTEPU3YeE 3amac
KIHETUYHOI eHeprii razy npu oro pyci. [loBHuil TUCK sBJIi€e COO0I0 CyMy CTaTUYHOTO
TUCKY Ta TUHAMIYHOTO THCKY.

2.2.1 I'inpaBjivHUH OMip ra3onpoBoay

Haitbipm mpocTuM criocoboM MpeACTaBICHHS PyXy Ta3y Kpi3b BEHTUJISALINHY
CHUCTEMY € BHUKOPHCTAHHS aHAJOril MDK pPO3paXyHKOM BEHTWIALIWHOI CHCTEMHU Ta

PO3paxyHKOM €JIEKTPUYHUX CXEM MOCTIMHOTO CTPYMY.
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[Ipu migBeneHHI ra3y 3 OJHAKOBUM IOBHUM THCKOM Kpi3b Pi3HI Ta30MpOBOIU
BUTpATa razy 4epe3 HuX OyJie pi3HOIO B 3aJI€KHOCTI BiJl PO3MIpIB 1 KOH(Irypari nuisixis,
SKUMH PYXa€ThCs ra3. TakuM YMHOM Ta30IpOBiJl Ma€ TaK 3BaHUM T1IpaBIIuyHUHN OMIp, IO
BHU3HAYA€ BUTPATY Ta3y uepe3 HbOTO MpPH MEBHINA PI3HMIN MOBHUX TUCKIB ra3y Ha MOro
KiHIsX. [Ipy BUKOpHCTaHHI €NEKTPUYHOT aHAJIOTil Ta30poBiy (TiApaBIiyHIA JAHIIIOT)
MOXHAa TPAKTyBaTHU SIK CIECKTPUYHHUH JIAHIIOT TMOCTIMHOTO CTPyMy, JO KIHIIIB SKOTO
MPUKIIAJICHA PI3HUI EJICKTPUYHUX TOTEHIAiB, 3aBASKM YOMY II0 HIH MpOTIKae
CIIEKTPUYHUN CTPYM. B TaHOMY BUTIQAKy €IEKTPUYHUN CTPYM € aHAJIOTOM BUTPATH ra3y
yepe3 ra3orpoBijl, €IeKTPUYHI MOTEHIIaIM aHAJOT1YH1 TOBHUM THCKaM Ta3y Ha KIHIISIX
ra30MpoBOJly, a eJICKTpUYHa Hampyra (pi3HHUI MOTEHIANIB MK KIiHI[IMH JIAHIIOTA) €
aHAJIOTOM TIOBHOTO THUCKY (pi3HHIII TIOBHMX THCKIB MDXK KIiHIIMH Ta30IpPOBOIY),
MIJBEICHOTO JI0 Ta3onpoBoay. [Ipu 1boMy €JIeKTpUYHMI Omip JIAHIIOTa € aHaJIOTOM
T1IpaBIIYHOTO OMOPY Ta30MPOBOY.

Ane BHUKOpPHUCTAaHHSA €JIEKTPUYHOI aHajorii B JaHOMY BHUIAAKy Ma€ CBOI
ocoOmmBocTi. IS €NeKTPUYHOrOo JaHIfora 3B'SI30K MK CTPYMOM, HaIpyrowo Ta
CIICKTPUYHUM OTIOPOM BHUPAKAETHCS 3aKOHOM OMa, 3TiJHO SKOMY Hampyra IMpsMoO
npornopiiitHa cuiai ctpymy. s BUNAAKYy BEHTUIISIIAHOTO JIAHIIOTY TOBHUM THCK,
MiJIBEICHUH 10 TaHOTO Tra30MpoOBOJY 3 BIJOMUM T1APABIIYHUM OMOPOM, HA BIIMIHY Bij

€JIEKTPUYHOTO JIAHIIOTY MPONOPLIHHUN HE IEPIIOMY, a APYTOMY CTYIIEHIO BUTPATH ra3y:

H=R-0%, Ia (2.2)

hi(S R — rigpaBiiyHUN OMip JIAHITIOTY, Kr/™m’.

AHanoris 3 eJIeKTPUYHOI JIAHI[IOTOM MOKe OyTH PO3BMHEHA 1 B BIJHOIICHHI
JUKEepella TIOBHOTO THCKY, MIIBEICHOTO JIO Ta30MpOBOAY. B €lNeKTpHUYHOMY JIaHIIIO31
HaIpyra, MiABEACHA 0 EJIEKTPUIYHOMY OTOPY, CTBOPIOETHCS JKEPETIOM IKUBIICHHS
(emeKTpHUHUM IeHEpaTOPOM). AHAJIOTIYHO MOBHHUM THCK, MIABEACHHUI 10 ra30IpPOBOY,
CTBOPIOETHCSA BEHTHIIATOPOM, I SIKOro HamipHa xapakrepuctuka H = f(Q) momibHa

70 3aJIeKHOCTI Hampyru TeHeparopa U Bim cumm ctpymy [, TOOTO 30BHINIHBOI
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xapakTepuctuku reaeparopa U = f(I).

B enexTtpuuHOMY JaHIIO31, IO CKIAAETHCA 3 T€HEpaTopa MOCTIHHOTO CTPYMY 1
eJIEKTPUYHOTO OTIOPY, CUJIa CTPYMY, IO MPOTIKAE KPi3b JAHIIIOT, BU3HAYAETHCSA TOUKOIO
NEPETUHY 30BHIIIHBOI XapaKTEPUCTUKHU I'E€HEPATOpa 1 XapaKTEPUCTUKHU EJIEKTPUYHOTO
OTIOPY, IO SIBJISIE COOOIO MPSIMY JIiHIF0. AHAJIOTIYHO BUTpPATa MOBITPS B BEHTUIIAIINHIN
CUCTEMI, IO CKJIAJIA€THCS 3 BEHTUJIATOPA 1 TIAPABIIYHOTO OTIOPY, BUBHAYAETHCS TOYKOIO
NEPETUHY HANIPHOI XapaKTEPUCTUKHA BEHTWIATOPA Ta KBAJIPAaTHUYHOKO 3aJICKHICTIO
rizipaBiigyHOrO omopy [2].

AHasoriss Moxe OyTH MPOJOBXkKEHA 1 Jall B TOMY BiAHOIICHHI, IO T1ApaBIIYHUN
OIip Ta30MpOBOJY MOXHA PO3MNIAJATH SIK CyMy PsAy TiAPaBIIYHUX OINOPIB OKPEMHUX
MOCJIIIOBHUX JUISTHOK Fa30IPOBOY aHAJIOTTYHO CyMI1 PSY MOCIIOBHO 3'€ JTHAHUX OMOPIB
€JICKTPUYHOIO JIAaHLIOTy. TakuM YMHOM IOBHUM THCK, KU MOTPIOHO MIABECTH [0
ra3onpoBoJy, 100 3a0€3MEeYNTH B HhOMY BU3HAUEHY BUTpaTa ra3y, JOpIBHIOE CyM1 BTpAT
MOBHOI'O THCKY Ha BCIX MOCIIJOBHO 3’€JHAHUX AUISHKAX ra3onpoBOJly Ta JUHAMIYHOIO
TUCKY Ta3y Ha BUXO/1 3 Ta30IIPOBOY.

Posrnsitnemo nokinagHime (akTopu, SIKUMHA BU3HAYAETHCS TIAPABIIYHUN OMIp
JIJISTHKY Ta30IIPOBOTY.

[Ipu po3paxyHKOBOMY BH3HAUYE€HHI T1IPaBIIYHOTO OMOPY BUKOPHUCTOBYETHCS Psif
KOe(DILIEHTIB, MO0 3ajeXaTh BiJ IIOPCTKOCTI CTIHOK Ta30MpOBOAY a TaKOX HOTo
re€OMETPUYHUX XapaKTEPUCTHUK. 3T1THO 3 AOCTIIHUMU TaHUMHU BTPATH TIOBHOT'O THCKY Ha
OKpeMHX AUISTHKax ra3ornpoBOaY MPONOPLIHI KBaapaTy MIBUAKOCTI rasy, 110 NpoTiKae
Ha X JUITHKAX.

Brpara moBHOTO THCKY Ha AUISHII 3 TOCTIMHOIO MIBUKICTIO Ta3y CKIaaae

p p Q7
AH=§-=-V?=¢&-—-= 1l 2.3
e ¢ — Koe]IIieHT T1IPaBIIYHOTO OMOPY Ha AaHIM JUISHIII;

V = Q/F — mBuakicTh razy Ha AUISHII, M/C;

F — nyoma nepeTuHy JiIsSHKH, M2,
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[TopiBHIOOUM Bupasu (2.2) Ta (2.3) MOXHA OTPUMATH HACTYIIHY PO3PAXyHKOBY

dbopmyITy JUIs T1APABIIYHOTO OMOPY AUISHKU ra30MpPOBOY:

R=¢ Kr/m’. (2.4)

P
2-F?’
KoeiwieHT rigpaBaiyHOro onopy & B CBOIO 4epry Moxe OyTH MpEICTaBICHUN B

BUTJISA]II CYMH:

§ = z $i ) (2.5)

ne & — xoedilll€eHTH CKJIQJIOBUX TIAPABIIYHOTO OMOpPY, 0OyYMOBJICHI PI3HUMHU
(dakTopamu, 30KpeMa CTHUCKaHHSIM a00 pO3IIMPEHHSM CTPYMEHI Ha JaHId JUISHII
(MOpIBHSAHO 3 MONEPEIHBOIO JISTHKOI0), TOBOPOTAMU CTPYMEHsI, OIIOPOM IPH BXOJIi B
ra3onpoBiJi, TEPTSIM ra3y 00 CTIHKM KaHAITy.

3HavyeHHs X KOE(IIIEHTIB, M0 HAOIMKEHO BU3HAUEH] TOCTITHUM IUISIXOM st
HaWmpocTimux (HOpM ra3omnpoBOJiB, HABEJACHI B YUCICHHHUX JITEPATYpHUX JKEpeax
[3, 4].

3oKkpema JUIi  BUNAAKYy PO3LIMPEHHS  Ta30NpOBOAY  KOEMIMIEHT  &poqpy

BHU3HAYAETHCS B 3aJI€KHOCTI BiJl 3SMIHEHHS TUIOLII NIEpepI3y SIK

2

$posm = (; - 1) : (2.6)

e F' — nepeTuH ra3onpoBo/ Ly Ha MONEPEqHIN IiIAHIII.
[Ipu 3BykeHHI mepepidy Ta30mpoBOay KoedilieHT ¢&,, BU3HAYAETHCA 3a

JIOBITHUKOBOIO KPUBOIO, SIKY HAOJIM>KEHO MOKHA MPEJICTABUTH y BUTJISAL

$se =051 (5)1’5 , (2.7)
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VY BUMNaaKy NOBOPOTY CTPYMEHS razy KOePiieHT &,, BU3HAYAETHCS B 3aJIEKHOCTI

BiJl KyTa MOBOPOTY 3a JOBITHUKOBOIO KPUBOIO, SIKY HAOJIMKEHO MOKHA BUPA3UTH SIK

$nos = 0,006 atte, (2.8)

J€  «a —KyT IOBOPOTY CTPYMEHS B Ipagycax.

JIist BUMaaKy BXOAy Ta3dy B Ta30MpOBiA Kpi3dh OTBip KoedimieHT omopy &g,
BU3HAYAETHCS B 3AJICKHOCTI Bl (POPMH Kparo BXiTHOTO nepepisy sk &, = 0,7 ... 1,0 ana
BUCTYMAaIOUUX a00 TOCTpUX KpaiB oTBOpY; &y = 0,5 nmns mpsMOKyTHHX —KpaiB,
$ex = 0,2 ...0 nmns 3akpyrieHux kpaiB abo &, = 0,2 s BXoAy ra3y Kpi3b JpOTOBY
CITKY.

KoedimienT riapapai4HOro oOmopy BiI TepTs rasy 00 CTIHKM KaHALy &rep
BHU3HAYAETHCS B 3QJIEKHOCTI BiJI IIOPCTKOCTI CTIHKM, & TAKOX BiJ JIOBXKMHU Ta (popmMu

KaHaiy 3a opmyroro Jlapci

ETep = }\'r ) (29)

Q.

ne A, — KoedIlie€HT T1APaBIIYHOTO TePTs Mo A0BXKHUHI (KoedirieHT [Japci);
L — noBxuHa KaHamny, m;
d — AilaMeTp KaHaly Kpyrjoro nepepisy, M.
Jlyist kaHaniB, M0 MarOTh Tepepi3 iHmoi (He kpyrioi) Gopmu, B dpopmyni Hapci

3aMICTh JIlaMETPy BUKOPUCTOBYETHCS TaK 3BAHUM T'1JIpaBIIYHUI J1aMeTp, IKUIH TOPIBHIOE

g =F 2.10
r =7 /M (2.10)

ne Il —nepumeTtp nepepi3y AUISTHKH Ta30MpOBOIY, M.
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2.2.2 T'inpaBiyHui OMip CKJIAJHOI0 ra30NnpoBOaY
VY BuUINagKy CKJIAIHOIO Ta30IPOBOJY, MO SKOMY Ta3 PO3TalTyXKyeThCS Ha Ps
napajelbHUX CTPYMEHIB, aHAJIOTIA 3 €JIEKTPUYHOI JIAHI[IOTOM MOKe OyTH MPOJOBKEHA.
Jns Takoro BHUITAJIKy MoOKe OyTH CKjIajJeHa cXeMa 3aMIIIeHHs, Yy SAKIA CKIaJHUN
ra30MpOBII MPEACTaBICHUHN Y BUTIISI TIOCIIOBHO Ta MAapajebHO 3’ €JHAHUX JIAHITIOTIB.
[TocmimoBHO 3’€MHAHI JAHIIOTH MalOTh OJHAKOBY BHUTpPATy razy, a 3arajibHe
MaJIIHHS THCKY JIOPIBHIOE CyMi MaJiHb TUCKY Ha BCIX MOCIIJIOBHO 3’€IHAHUX IJISHKAX,
BI/IMOBITHO €KBIBAJICHTHUM T'1JIPaBIIYHUM OMIp MOCTIJOBHOTO 3’€IHAHHS JOPIBHIOE CyMi

T1IpaBIIYHUX OMOPIB BCIX AUISTHOK ra30MIPOBOTY
Ryoen = Ri + Ry + -+ R, ,kr/M’. (2.11)

J1J1st mapasiesbHO MMiIKJIFOYEHHX JIAHIIIOT1B ra30IPOBOTY Mepenaj] TUCKY CITIBIIAJIaE,
a cyMapHa BUTpaTa rasy JIOpPiBHIOE CyMi BUTpAT razy Kpi3b OKpeMi MapayielibHi T'IKH.
TakuM 4MHOM, SKIIO BUTPATY MOBITPS B KOXKHIM T'iJII[1 BUPA3UTH Ye€pe3 BTPATy HAMOPY Ta
TipaBIiyHUN  Omip 1Ili€l TUIKM, TO MOXKHAa OTPUMATH HACTYNHHUN BUpa3 IS

€KBIBaJIEHTHOT'O OIOPY MapayieNIbHO 3’ €AHAHUX JIAHIIOT1B:

1 KT
= ,—. (2.12)

(et vm)

R napaJ

Kopuctyrouncs 3anexHoctsimu  (2.11) Ta (2.12) MoxiMBO po3paxyBaTu
CKBIBAJICHTHUI TIAPABIIYHUA OMIP BIHOCHO MPOCTHX CXEM, MPOTE IS CKIIATHUX
pO3raly’K€HUX CXEM BEHTWJIALII BUKOHAHHS PO3PAaXyHKIB TaKUM CIIOCOOOM MOXKeE
BUKJIMKATH MEBHI TPYIHOIII, 0COOIMBO 3 ypaxyBaHHSIM HEJIIHIMHOTO XapaKTepy HaMmipHO1
XapaKTEPUCTUKU BEHTUJISITOPA, SIKHI CTBOPIOE HAITIP B CUCTEMI.

binbm HarasiAHUM [T TAKOTO BUIIAJKY CTA€ rpadiuHe po3B’si3aHHS, B XO/1 SIKOTO
BUKOHY€ETHCA MO0y 10Ba IpadiKiB 3aJIeKHOCTI BUTPATH BiJl TUCKY JJIsl KOYKHOTO 3 HAsSIBHUX

y cxemi JaHuoriB. J{ani BUKOHYEThCSI CyMyBaHHS OKPEMHUX KPUBUX B3J0BXK OCl BUTpPAT
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JUTSL BUTIAZIKY X TapajielbHOTO 3’ €IHAaHHS, a00 B3OBXK OCI THUCKIB MPHU MOCIIJOBHOMY
3’¢qHaHHl. TakuM YHHOM OTPUMYEThCS Tpadik EKBIBAJICHTHOI T1IPaBIIYHOI
XapaKTePUCTHKHU Ta30MPOBOJY, TOUKA MEPETUHY SKOTO 3 HAMPHOI XapaKTEPUCTHKOIO
BEHTWJISITOpPA Jla€ poO0Yy TOUYKY CHUCTEMH 3 BHU3HAYCHHUMH 3arajJbHUM HAropoM i
3araJbHOI0 BUTpaToOl0 Ta3dy. Ha ocHOBI mux ngaHuX 3a MmoOyAOBaHUMH TpadikaMu
BU3HAYAIOTHCS MAJIHHS THUCKY Ta BUTPATH razy B KOKHOMY 31 CKJIAJJOBHX E€JIEMEHTIB

CXEMH BEHTHIIAL].

2.2.3 BeHTWIANIHHUI PO3PAXYHOK CKJIAJHUX CXeM

[Ipn nopanplIOMy YCKIAJAHEHHI CXEMH CHCTEMHM BEHTWJIALII aHANITHYHE Ta
rpadiuHe pIMIEHHS CHUCTEMHM PIBHAHb CTalOTh HAATO CKIagHuMU. OcoOJIMBO 11€
CTOCYETBCSI CXEM, B AKUX HAIIpHI €JIEMEHTU 3HaXOJAThCSl HE TUIbKU «HA MOYaTKy» abo
«B KIHIII» CXEMHU, aJie i 6e3MmocepeIHbO B JIAHIIOraX MK TApaBIIYHUX ONOpiB. B neskux
BUIIAJIKaX JJIs MO/IIOHKUX CXEM Ha MEePBUHHOMY €Talll PO3PaxyHKy HE 3aBKIH MOXKIIMBO
TOYHO BHW3HAYUTH HANPSIMOK PyXy Ta3dy B JACAKHX 3 JAHMIOTIB cuctemMu. OgHUM 3
BaplaHTIB TaKOi CHUCTEMHU BEHTWIAIII € CXeMa, KOJU POTOp EJIEKTPUYHOI MAaIluH!
CTBOPIOE JIOAATKOBUU HaIlp, KUK Jli€ HE3aJICKHO BIJ 1HIIMX HASBHUX HAMMPHUX
€JIEMEHTIB CUCTEMU.

JIJist TakuX BUTIAJKIB BUKOPHUCTOBYETHCS BHU3HAUEHHS BUTPAT B OKPEMHUX T1IKaX
METOJIOM TOCIITOBHOT'O HAOIMKEHHS. 3 1[1€0 METOIO MOMEPEIHBO 33/1aI0THCS JOBITLHUM
pPO3MOALIOM BUTPAT a3y B T'UIKaX CXEMH, NIJNOPAIKOBYIOUH iX CIIOYATKY TUIBKU YMOBI,
100 B KOXKHOMY 3 BY3J1iB CyMa BX1IHMX BUTPAT a3y JOPiBHIOBAIA CyMi BUXITHUX BUTPAT
rasy. [IpooBXyroun BUKOPUCTaHHS €JIEKTPUYHOI aHaJIOr1i MOYKHA 3pOOUTH BHCHOBOK,
110 TAKUH METO/ IS0 HATray€e METO/1 By3JI0BUX MOTEHIIIAJIB JIJIs1 PO3B’I3aHHS CKJIATHUX
CJICKTPUYHUX CXEM, KOJIM JJIi KOXKHOTO 3 BY3JIIB CXEMHU 32 TaKUM CaMe€ MPUHITUIIOM
PO3MIISIIAI0THCS BX1AHI Ta BUX1/IHI CTPYMH.

PimeHHs  BUKOHY€TbCS  ITEpAlliiHUM  METOJOM  IUISXOM  IOCTYTIOBOTO
NePepO3OIiy BUTpAT rasy B rigkax (mpu 30epekeHHI TONEpeIHbOI YMOBH IIOJO
PIBHOCTI BXIIHMX Ta BHXITHUX BUTPAT Ta3y B BY3Ji) JO JOCSTHECHHS PIBHOCTI IaJiHb
TUCKY B Oyb-sIKUM TMapajeIbHuX KOHTypax MK JBOMa TOYKAMH BEHTUJISAIIHHOT CXEMH.

[Ipy npakTUYHUX pO3paxXyHKax 3a3Aaleriib 3aJa€TbCS TOYHICTh PO3PAXYHKY IO
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BHU3HaA4Ya€ MaKCHUMaJIbHE Bi,Z[XI/IJ'IeHH}I B BEJIMYHHI HOpiBHI-OBaHI/IX HaI[iHL THUCKY, IIpU

JIOCSITHEHH1 SIKOT'O MOJIAJIbIII 1Tepallii MPUITHHSIIOTHCS.

2.3 TenioBUii po3paxyHoOK

TeruoBuii po3paxyHOK TypOoreHepaTopa MPOBOAMTHCS HA OCHOBI BUKOHAHOTO
BEHTWISILIITHOTO PO3paxyHKy 3 METOI0 BU3HAUEHHS TeMIepaTypud OOMOTOK, aKTUBHOI
CTaJIi cTatopa, OOYKH pOTOpa, a MPU HEOOXIAHOCTI 1 OKPEMUX KOHCTPYKTUBHHX JIETAJICH,
1110 0e3MocepeIHbO CTUKAIOTHCS 3 130JIs111€10 00MOTOK [5].

[Ipu upoMy B mepiry 4yepry, 3BUYaifHO, HEOOXITHO BU3HAYUTH TEMIEPATypH, IO
BUHUKAIOTh IpU €KCIUTyaTalii TypOoreHepaTopa B TPUBAJIOMY HOMIHAJIBHOMY PEKUMI
po0OTH 3 yCTaJICHUMH TEMIIEpaTypaMH aKTUBHUX YacTHH. Takox He0OXiHO BU3HAYUTU
MOKJIUBICT TypOOreHeparopa BUTPHUMYBAaTH KOPOTKOYACHI ME€PEBAHTAKEHHS, IO
3a3BUYail MarTh MICII€ MPU MOPYIIEHHAX Ta PI3HOMAHITHUX BIAXUJICHHSX Y PEKUMaAX
poOOTH €HEPrOCUCTEMH, Ta MPU3BOJIATH 1O OOMEKEHUX B Yacl IMIJIBUILIEHb TEMIIEPATYP.

[Ipu ycrasieHoMy pexxumi poOoTH TypOOreHeparopa TemiiepaTrypa OOMOTOK He
NOBUHHA MEPEBUIIYBATH JOIMYCTUMHX 3HAU€Hb JUIS JTAHOTO KJIacy 130JLli. Y cydacHHX
TypOOTreHepaTopax 3a3BUYail 3aCTOCOBYETHCS 130JIALlsl KJIacy HarpiBocTidkocti F 3
rpaHuyHOI0 Temmeparyporo 155 °C, mpu 1mpoMy Juis 30UIBIICHHS HAMIHHOCTI Ta
MOJIOBXKEHHS TEPMIHY eKCIUTyaTallli JOMyCTUMI TIEPEBUIICHHS TEeMIeparyp MpHU
eKCIUTyaTalli MpUAMaroThCs 32 KJIACOM HAarpiBOCTIMKOCTI 130isiii B, mo BiamoBigae
rpanuyHiii Temnepatypi 130 °C.

[Ipore cmim 3a3HaUUTH, IO JOMYCTUMI TEMIIEpATypyd IJsl PI3HUX YACTUH
TypOOTreHepaTopa BiIPI3HIIOTHCS MK COOOI0 B 3aJIEKHOCTI Bif] CIOCOOY BUMIPIOBAHHS
TeMIepaTyp Ta BUKOPHUCTAHOI CHCTEMH BEHTHWJIALII, BIJMOBIJHI BUMOTH HaBEACHI B
JCTY EN IEC 60034-3:2022 [6]. Po3risHeMo AOKIaaHIIIE TPUIMHA HAsSBHOCTI TaKOl
PI3HUILIL TOMTYCTUMUX TEMIIEPATYP.

Kpim camoi Temmeparypu, sKa OOMEXYETbCS KIJIACOM  130JIi, IS
TypOOTreHepaTopiB BEJIMKE 3HAYEHHS MOXKE€ MATHU PI3HUIL TEMIIEpaTyp MiIXK PI3HUMH
yacTUHaMu MamuHu. lle moB's3aHO 3 pI3HUMHU TeMIlepaTypHUMHU KoedillieHTaMu

JIHIMHOTO PO3MIMPEHHS BUKOPUCTAHUX MaTepiajiB, IO B psAAl HECIPUITIAMBUX BUIAIKIB
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MOKE TPU3BECTH JIO HEMPHUIYCTHUMOI HEPIBHOMIpPHOI aedopmarliii OKpeMHux eJIEMEHTIB
MAIIWHH, 1110 CTUKAIOTHCS OJIUH 3 OJTHUM.

30Kkpema Mpu HEMpsIMOMY OXOJIOKEHHI 0OMOTOK TemriepaTypa Mijii Oyje BUIIOI0,
HDK TeMmrepaTypa crajl. ¥ IUX yMOBax BiIOyJeTbCsl 3MIIIEHHS Miji BIJIHOCHO CTaJjil B
OCbOBOMY HAmMpsMKY, IO 3pEHITOI0 MOXKE MPHU3BECTH 10 MOIIKOMKEHHS 13011
oOMOTOK. [[7151 0OMOTKHM poTOpa 3a3HaueHI OOCTABUHU TOCUIIIOIOTHCS Ie W 3HAYHUMU
MEXaHIYHUMU 3YCHJUISIMH BiJ] BIIIIEHTPOBUX CHJI.

IIpn Oe3nocepeHLOMY OXOJIOJKEHHI TEMIEpaTypa OKPEMHUX YacTHH MalluHU
MOXK€ MIATPUMYBATUCh Yy OUIBII CHOPUSTIMBUX CIIBBITHOIICHHSIX, 30KpeMa TIpu
0e3rnocepeTHHOMY OXOJIOJIKEHHI OOMOTKH CTaTOpa BOJIOIO TeMIIeparypa Mifi Moxke OyTu
HIDKUOIO 32 TEMIIEpaTypy Ocep/sl.

Takox ciii 3a3HaYUTH, IO BUMIPIOBAHHS TEMIEpaTypd B OOMOTKaxX HOCHUTH
JIOCTaTHbO YMOBHHMH XapakTep 4epe3 OOMEKEHY KIJIbKICTh BCTAHOBJICHMX JATYMKIB
TEeMIIepaTypH, sIKI He 000B’I3KOBO OYIyTh BCTAHOBJIEHI Y TOYILIl MAKCUMAaJIbHOTO HarpiBy.
Jli1st 0OOMOTKHM pOTOpa, BUBHAUCHHS TEMIIEpaTypH SKOI B X011 €KCIUTyaTaIlli MpOBOIUTHCS
METOJIOM BUMIPIOBaHHS OIOPY, MOXKJIIMBO BU3HAUWTH JIMIIE CEPEAHIO TEMIIEPaTypy
OOMOTKH.

Came 3 METOO 3HAXOKEHHS MIKOBUX TEMITepaTyp B MEKax JOMyCTHMHUX 3HAYCHb
JUTSI 33JTAHOTO KJIacy 130J151L11, CTAaHAApTOM [6] BCTAaHOBJIEH1 Pi3HI I0IyCTUMI TEMIIEPATypH
JUISL PI3HUX YaCTHH TeHeparopa MpU PI3HUX YMOBaxX OXOJIO/KEHHS, IO 3PEIITOI0

3a0e3neuye HaJeKHUN PIBEHb HAJIIHOCTI KOHCTPYKIIIi TypOOoreHepaTopa B LIJIOMY .

2.3.1 Po3paxyHoOK HArpiBy OKpeMHX YaCTHMH MAIIMHU METOJAOM TeIJIOBHX
cxeM

JInist po3paxyHKy HarpiBy OKpEMHX YacTUH MAIlMHU B MPAKTUII MPOEKTYyBaHHS
TypOOT€HEepaTOpPiB YaCTO 3aCTOCOBYETHCS METOJ| TEIJIOBUX CXEM, KU 3abe3rnedye
HEOOX1HY TOYHICTh P BU3HAYEHH] TEMIIEPATYPH B OY/Ib-SK1i TOUIll MAIIIAHU.

CyTHICTh METOAY TMOJSra€ B TOMY, IO JOCHIPKyBaHa o0O0JacTh MAIIUHU
pPO30MBAETHCS HA OKPEMI JUISTHKH, JIJIs1 KOXKHOT 3 IKMX PO3MOUIEHI 32 00CIroM JKepena
BTPaT YMOBHO 3aMIHIOIOTHCSI TOUKOBUMH JKEpeNIaMHt, @ PO3MOUICHI TEIIOB1 OMTOPU TaKOXK

3aMINIYIOThCSl 30CEPEKEHUMHU. SIKIIO0 pO3MOAiN BTpaT y TypOOreHepaTopi, a TakKoxX
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Koe(illleHTH TeIUIOBIA/aul Ta TEIJIONPOBIAHICTE BIJIOMI, TO HEOOXIJHA TOYHICTh
PO3PAXyHKY JOCSTAEThCS 3a PAXyHOK PO3OMBKM AKTHBHOI 30HM MAIMHU JIOCTATHBO
HEBEJIMKE YMCJIO eJIeMEHTIB. B TakomMy BUMaAKy cTaTop 3a3BUYail po30MBAarOTh Ha TaKl
OKpeMi eJIEeMEHTH, K OOMOTKY, 3yOIll Ta CIMHKAa OCEpJid, a pOTOp PO30MUBAIOTh Ha
0oOMOTKY Ta 3yori [7].

2.3.2 IIliIbHICTH TEMJI0BOI0 MOTOKY

J1J1s1 TETIOBOTO PO3paxyHKY OOMOTOK 3pYYHO KOPUCTYBATHCS TIOHSTTSIM IIUTOMOTO
TEIJIOBOIO HABAaHTAKCHHsI, SIKE€ JIOPIBHIOE BIAHOLIECHHIO TEIUIOBOIO MOTOKY JI0 TUIOIII
TEIUTONEPEIaf0v0i TOBEPXHI. B TakoMy BUTJISAII TEIJIOBE HAaBAHTAXEHHS € JTOCTATHBO
HaTJISJIHOIO BEJIMYMHOIO Ta YacTO JI03BOJISIE TOMEPEIHbO OIIHUTH TEIUIOBUM CTaH
MaIllMHU HaBITh 0€3 BUKOHAHHS MOJIAJBIINX PO3PAXYHKIB.

3 neskuM HaOMMKEHHSIM MOYKHA BBaXKATH, 1110 BTpaTH B 0OMOTKaX cTaTopa i poropa
BIJIBOJIITHCS PIBHOMIPHO MO BCIM 0XOJIOKYBaH1i moBepxHi. s cratopHoi 0OMOTKH 3
HEIMpPSMUM OXOJIO/PKEHHSIM 3a OXOJIOJIKYBaHI MOBEPXHI YMOBHO NPUHMAIOTHCS OI4YHI
noBepxHi masza (0e3 ypaxyBaHHs KiuHA). Jas 0OOMOTKHM poTopa 3 HENpSIMUM
OXOJIO/DKCHHSIM 3a TIOBEPXHIO OXOJIOJDKEHHS TaKOXX YMOBHO TpUMMAaeThcs OidHa
noBEpXHs nasa (0e3 KINHA).

Jyist 0OMOTKM 3 Oe3mocepeHiM OXOJIOHKEHHSIM MTUTOME TETUIOBE HaBAHTAKECHHSI
aHAJIOTIYHMM YHWHOM, TPOTE B I[bOMY BWITQJIKy IUIONMIA OXOJO/PKCHHS BHU3HAYAETHCS
pO3MipamMH OXO0JIOJKYBaJbHUX KaHAIIB BCEPEINHI OOMOTKH.

Sk yxe 3a3Ha4anocs, o MMTOMOMY TETUIOBOMY HABAaHTAXKEHHIO MOYKHA OPIEHTOBHO
CYIUTH TIPO TEIJIOBHM cTaH MamuHUA. OCOOIUBO I1€ CTOCYETHCS MAIMH 3 HEMPSIMHUM
OXOJIO/DKCHHSM OOMOTOK, J€ JOMyCTHMI 3MIHM TUTOMHX HABAHTAKCHb BiJHOCHO
HeBeNWKi. 30KpeMa TMpH HEMPSIMOMY TMOBITPSHOMY OXOJIOJKEHHI OOMOTKM CTaTopa
IIUTOME TEIJIOBE HABAHTAXKEHHS, IK IPABUJIO, 3HAXOAUThCA B Mexkax 800...1100 Br/m?,
a mpu HenpsaMoMy BoaHeBoMmy oxonomikenni 1000...1500 Br/m?. O6MoTKa portopa
3aBJISIKM KpalllUM yMOBaM OXOJIO/PKEHHS BHACIIIOK HasIBHOCTI 0OepTaHHs 3a3BHYail Mae
TpoxM OiNbIIi 3HAYEHHS TIMTOMOTO TEILIOBE HaBaHTaxeHHs, a came 2500...3000 Br/m?
IS HENpSAMOro MHOBiTpsHOro oxonomkeHHsM Ta 3500...4000 Br/m? mis HempsMoro

BOAHCBOT'O OXOJIOI>KCHHA.
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2.3.3 Temy1onpoBiAHiCcTH
[Tpu cramionapHOMy HpPOTiKaHHI TEIJIOBOTO MOTOKY Yepe3 IUIACTHUHY 3 BiIOMOTO

Marepiaiay 3aKOH TEIUIONPOBIIHOCTI MOXHA MMO/IaTH B HACTYITHOMY BUTJISII:
b
I9=W- 3 (2.13)

ne U — pI3HULM TeMIepaTyp MiX NOBEpXHAMH, K;
W — nuTOME TEIIOBE HABAHTAKEHHS, BT/M?;
b — ToBIIWHA IJIACTHHH, M;
A — TEIUIONPOBIAHICTH MaTepiany riactunu, Br/(m-K).

YacTo TparistoTbes BUNAAKU, KOJIU TOW caMUil TETUIOBUM MOTIK MPOXOIUTH Yepe3
TIOCITIZIOBHO 3'€/THAHI TEIIOBI omopu. [IpwKiIagoM Takoro MmoegHaHHS € TMPOXOKEHHS
TEIJIOBOTO TOTOKY BiJl OOMOTKH Kp13b TEIUIOBUIA OIIP OCHOBHOI 130JISIIiT Ta TEXHOJIOTYHI
MPOMDKKM MDK OOMOTKOK 1 CTiHKamMu Taza. B TakoMy BUIAIKy €KBIBaJICHTHA

TEIJIONPOBITHICTH JBOX IJIACTUH MOXE OyTH po3paxoBaHa 3a (GOopMyIIO0

=(b1+b2)'7\1'7\2
KB bl'}\1+b2'}\.2 ’

(2.14)

e b;, b, — TOBUIMHU IIJIACTHH, M;

A1, A, — TemIOMpOBITHOCTI MaTepiaiiB mactuH, B1/(M-K).

2.3.4 TenJioBinaaya 3 moBepxHi

Y typOoreHepaTopax 3aBXAH BHKOPHCTOBYETHCS TIPUMYyCOBa CHCTEMa
OXOJIOJIPKEHHSI, JUIA SIKO1 TEeTJIOB1A1a4a BiJl HArpiTOTO TiJia 311MCHIOETHCS B OCHOBHOMY 3a
PaxyHOK KOHBEKIII].

[Ipu mepenaui Temia 3 MOBEPXHI HArpiTOTO TijIa O OXOJOKYIOUOTO CEpEeOBHILA
BIAMOBIAHO A0 3akoHy HploToHa-PixmaHa pi3HULS TeMIepaTypu OXOJO0KyBaHOI

MOBEPXHI TUJIA 1 TEMIIEPATYPH OXOJIOIKYIOUOTO CEPEIOBUILA CKIIAIA€
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1
0o =W =, (2.15)

hi(S o — koe(ilieHT TeroBiaaayi 3 nosepxHi, Br/(m?-K).

KoedimieHnT TemmoBimmayul 3ajleXuTh Biag OaraTboX (akTopiB, 30Kpema BiJ
BJIACTUBOCTEH OXOJIOKYIOUOTO CEPEOBHUINA Ta XapaKTepy MOTro Pyxy, TeMIepaTypH,
dbopMH 1 CTaHy OXOJIOJKYBAHOI MOBEPXHi, HAMPAMKY TEIJIOBOTO MOTOKY Ta IMIBUIKOCTI
PYXy OXOJIO/KYIOUOTO CEPEIOBHIIIA.

Ha npaxTuii BuzHaueHHs KoedillieHTa TEIUIOB1Iadl 3a3BUyail BiIOYBAaE€ThCs 3a
JIOTIOMOTOI0  METOJAY TMOJIOHOCTI, KOJHM BJIACTUBOCTI IOTOKY OXOJIOJKYHOYOIO
CEpe/IOBUILA OLIHIOIOTHECA B OE€3pO3MIPDHUX KpPUTEPIAX, SKI J03BOJIAIOTh BU3HAYWUTHU
YMOBHU OXOJIO/DKCHHSI Ha OCHOBI €KCIEPUMEHTAIBHUX JaHUX. TakuMu O€3pO3MIpHUMHU
napameTpamu € Kkputepii PeitHonbaca, Hyccenbra ta [lpanatis.

Kputepiit PeliHonbaca BU3HAYae XapakTep pyxy CepeloBHIa Ha OCHOBI

IIBUJIKOCTI TIOTOKY OXOJIOJKYIOUOTO CePEIOBHUIIIA:

Re , (2.16)

ae | — BuU3HaAYaNBHUN PO3MIp, M;
v — KIHEMaTU4HA B’S3KIiCTh CEPEOBHIIA, M2/C;

I[Ipu Re <2300 pyx cepenoBuia Mae JIaMIHAPHUA XapakTep, 3HAYCHHS
Re >10000 BinmoBigae TypOyiaeHTHOMY pyXy. IIpm uncni Re mix 2300 ta 10000 mae
MICIIe HECTIMKHM PEeXUM pyxy, A SIKOTO TOM 4M IHIIMHM CTaH pyxy 3ajie)KaTHUME BiJ
IpyropsaHux (¢aktopiB (cTaH TMOBEpXHI, KpuUBHM3HA KaHaiay Tomio). Ilpore 3a
pe3ylbTaTaMu JIOCHIUKeHb Y JESKHX NPaKTUYHUX BHIIAJKaX, KOJU KaHAJIM MaloTh
BITHOCHO HEBEJIMKY JOBXKHUHU 3 HIOPCTKOIO MOBEPXHEIO0 a00 BUTMHAMU (HAMIPHUKIA] PU
TPAHCIIO3MIllI CTATOPHUX CTPUIKHIB) CTIUKUN TypOYJEHTHHM pyX ICHyBaTHUME BXKe IPHU
3naueHHl Re >5000.

Kputepiit Hyccenpra 3B's3ye Koe(]illleHT TEIUIOBiAadl 3 Te€OMETPUYHUMU
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po3MipamMu Ta TEIJIONPOBIAHICTIO CEPEIOBUIIIA:
a-l
Nu=——. (2.17)
A
Kpwutepiit [Ipanaris, mo BU3HaYaE BIACTHBOCTI OXOJIOHKYIOUOTO CEPEIOBHIIA,
Vv
Pr=—, (2.18)
a

ne  a — koedinieHT Tepmiunoi qudysii cepemopua, M2/c.

Takoxx BiJioMi BUpa3W, OTPUMaHI Ha OCHOBHM EKCIIEPUMEHTAIBHUX JaHUX, IO
BU3HAYAIOTh B3a€EMHUN BIUIMB BKAa3aHUX OE€3pO3MIPHUX KPUTEPIiB IMPH PIZHUX YMOBAX
0XO0JI0/KeHHS. TakuM 9YiMHOM KOe(IIIEHT TEIUIOB1I/1aul 3 TOBEPXHI1 MOKIIMBO BU3HAYUTH
Ha ocHOBI hopmy (2.16), (2.17) Ta (2.18) 3a HasiBHOIO 1HGOPMAITIEIO PO B3aEMO3B’ SI30K

MDK KpuTepisimu Peitnonbica, Hyccenbra ta [lpanaris.

2.4 MaremaTuyHe MOAeTIOBAHHA (i3MYHMX mNpouneciB B TPUBHUMIPHIH
MOCTAHOBLI

CyuacHi 3aco0M MaTeMaTUIHOTO MOJICIIFOBaHHS (P13MYHHUX IPOIIECIB JO3BOJISIOTH
B TOMY YHMCJIl BUKOHYBaTH PO3pPaxyHKOBI JOCIIKEHHS B Taly3i 00YHCIIOBAIBHOI Ta30-
Ta TIAPOAMHAMIKH Ta JI0O3BOJISIOTH PO3PAXOBYBATH MIMPOKUH CIIEKTP PI3HUX TEUill piIUH
ta rasiB. lle ABoBuUMIpHI Ta TpUBHUMIPHI, JamiHapHi, TypOyJIEHTHI Ta TEpeXiJHi,
HECTHUCKaHI, CTHCKaHi, CTaI[lOHApHI Ta HecTallloHapHI Teuli 0araTOKOMITOHEHTHHUX
TEKY4YUX CEpPEJIOBUII B KaHajaX Ta HaBKOJIO Til. Po3paxyHKHW MOXYyTh BUKOHYBATHCH 3
ypaxyBaHHSAM TpaBiTallii, pyXy TpPaHUYHOrO IIMapy, y TOMY YHCII 3 ypaxyBaHHSIM
HIOPCTKOCTI CTIHOK. 3 TOYKH 30py TEIIOOOMIHY MOXYTh PO3TJISJATUCh 3aaadl 3
TEII000MIHOM MIXK TEKYYUM CEPEIOBHUIIIEM Ta TBEPAUM TLIOM, IKE, y CBOIO Yepry, MOXKeE
CKJIaJIaTUCS 3 JIEKIJIBKOX MaTepialliB; 3 PO3paxyHKOM TeIUIonepeaadi B TBEPAUX Tijax,
TOOTO 3 PO3B'I3aHHAM 3aj7a4i 00'€JHAHOTO TEIJIOOOMIHY, B TOMY YMCIIi 3 YpaxyBaHHIM

paialiitHOTO TeIIO0OMIHY MIXK TMOBEpXHAMH. TakoX CHij 3rajaTd Mpo MOMIJIUBICTh
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pO3paxyHKy Teuli Kpi3b IOPHUCTI CepefoBUINA 5K Kpi3h PO30CEPEIKEHI OIOpH;
pPO3paxyHKy JIaMiHApHOI Tedil HEHBIOTOHIBCHKUX PIJIMH; PO3PaxXyHKY TeYil CTHUCIMBUX
piAMH; po3paxyHOK BO(A3HOI Tedii SIK pyXy piAKuX abo TBEpAUX YACTHHOK B MOTOIl
TEKY4Oro Cepe/IoOBHUIIIA.

VY SKOCTI TpaHUYHUX YMOB, KpPIM 3BUYAIHOI CTIHKH, BXITHUX 1 BUX1THUX OTBOPIB,
MOXXYTbh OyTH 3a7aH] PUIUTMBHI a00 BUTSIKHI BEHTUJISITOPH, TEMITEpaTypa CEPEeIOBUIIA
Ta TBEPAMX TUI, TEIUIOBI MOTOKUA. MOKJIMBUM € 3aBllaHHS 00'€MHHX JDKepes Teia y
TEKYy4YOMY CEpEIOBHIII Ta B TUIl (SKIIO PO3PAXOBYEThCS TEIUIONEpenaya y TBEPAMX
TiJ1aX), TOBEPXHEBUX JKEpEN TeIla Ha MOBEPXHI TBEPAOIO Tija, a TAKOXK pajlalliifHUX

IIOTOKIB TEIUIA.

2.4.1 IlocTaHoBKA 3a/1a4i TPMBUMIPHOI0 PO3PaXyHKY CHCTEMH OXO0JI0/2KEHHS
TypOOresHeparopa

[Ipu poGoTi TypOoreHepaTopa B MOro akTUBHUX YaCTHMHAX BUAUISIOTHCS PI3HU
BUJIM TEIUIOBUX BTpaT (30KpeMa OMIYHI BTpaTH, BTPATH BiJl BIUIMBY BUXPOBHX CTPYMIB,
BTpaTH TEPTs, JOJATKOBI BTpaTH Ta iH.), IO MPU3BOAUTH 1O 3POCTAHHS TEMIIEpaTypu
JIeTajeu 1 By3JiB, B SIKUX BUIUISIOTHCS 111 BTpAaTH. 3HAUCHHS TEMIIEpaTypu 0OMEXYEThCS
B TIIEPIITy Yepry MPUHHITHM KJIACOM 130711111, BUKOPUCTAHOT B TypOOTEeHEepaTopi.

JUis  TOBHOIIIHHOTO  pPO3paxyHKOBOTO  aHalli3y CHCTEMH  OXOJIOJKCHHS
TypOoreHepaTopa HeOOXiJHO BpaxoOBYBaTH Takl (pakTopu, sK ckiaaHa ¢opma Tl 3a
PYXOM TOTOKY OXOJIO)KYIOUOTO CEpEJOBHINA, IIBUAKICHI PEXUMHU IOTOKY Tasy,
HasIBHICTh 00E€PTOBUX BY3JIB, 1110 BUMArae po3risiiaTd MOTIK y BUIJISIL HEJTAaMIHAPHOTO.
[Tpy mpoMy B AaHOMY BHMAJKY BiJIHOCHO HEBEJHMKI 3HAYEHHS THUCKY OXOJIOIKYHOUOl
PEYOBHMHHU BCepeauHI TypOoreneparopa (moBiTps npu atMochepHOMY TUCKY a00 BOJICHb
3 TckoM 710 0,4 MIIa) 1 Horo MBUIKOCTI PYXy AO3BOJISIOTH PO3IIISIATH OXOJOKYBay
K HECTUCIIMBUMN Ta3.

st MomenmtoBaHHS Teuli OXOJIO/KyBadya OyB BUKOPHCTAHHM TPUKJIATHHIMA
nporpamunii makeT SolidWorks, 10 sikoro 30kpemMa BXOJUTh CIeIiadi30BaHUN MOYJIb
JUTST MOJISITFOBaHHS Tedii piguH Ta ra3iB — Flow Simulation. Ile#i maker mozenoe pyx
MOTOKY Ha OCHOBI po3B’si3aHHsI piBHsAHHS HaB'e-Ctokca. Takox BUKOpUCTaHE TPOrpaMHe

3a0e3IeYCHHS A03BOJIA€ BH3HA4YATH TCIUIOIICPpECAATy BiI[ OXOJIO)KYBAHUX YAaCTHH
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TypboreHepaTopa 3a JOMOMOTOK TEXHOJIOTIH OOYMCITIOBAILHOI TiIpOra3oMHaMIKu
(CFD).

Posrnsnemo goknajHilie NpuHIMIN BUKOpucTanHs piBHAHb Has'e-Ctokca [§]. B
3araJlbHOMY BHUIQJKy pyX 1 TEIUIOOOMIH TEKy4Oro CEpeJOBMILA MOJEIIOEThCA 3a
JIOTIOMOTOI0  YHCENbHOTO oOuucieHHs piBHAHb Has'e-CTokca, 10 OMNHCYIOTH Yy
HECTAIlIOHAPHIM TMMOCTAHOBILI 3aKOHU 30€peKEHHS MacH, IMIIYJIbCYy Ta €HEeprii IbOro
cepenoBuia. KpiM TOro, BUKOPUCTOBYIOTbCS PIBHSIHHSI CTaHY KOMIIOHEHTIB TEKY4OTrO
CEepelOBUINA, a TAKOX EMIIIPUYHI 3aJIEKHOCTI B'SI3KOCTI Ta TEIUIONPOBIIHOCTI ILHX
KOMIIOHEHTIB CEpEIOBUILA BiJ TeMuepaTtypu. TakoX HEHbIOTOHIBCHKI PLAMHHU 33]al0ThCS
3aJICKHICTIO IXHBOTO KOe(illi€eHTa B'S3KOCTI BiJI MIBUAKOCTI 3CyBHUX Aedopmarliii Ta
TEeMIEpaTypH; CTUCIUBI PIAUHU 3aJal0ThCS 3aJICKHICTIO 1X TYCTHHM BiJ TUCKY. [{umu
PIBHSIHHSIMU MOJIETIOIOTHCS TYpPOYJICHTHI, JaMiHApHI Ta IEPeXiH1 (MK JaMiHAPHUMU Ta
TypOYJICHTHIUMH, TIEPEXiJ BU3HAYAETHCS KPUTUYHUM 3HAYCHHSM 4YHcia PeifHonbiaca)
teuii. Jns MonmemtoBaHHS TypOYJIEHTHUX Tedld (BOHM 3yCTpPIYAIOTHCS B 1HXKEHEpHIN
MpakTulll Halvactime) 3ragadi piBHsSHHS Has'e-CTokca ocepenHIoThCA 32
PeliHonbACOM, TOOTO BUKOPUCTOBYETHCS CEPEAHIN 32 MaJIMM MaclITabOM 4acy BIUIMB
TypOyJICHTHOCTI Ha TMapaMeTpu TOTOKY, a BEJIMKOMACIITA0HI YacoBl 3MIHM BXKeE
OCEpEIHEHUX ra30JMHAMIYHUX MapaMeTpIiB MOTOKY (THCKY, IIBUJIKOCTEN, TEMIIEPATYpH )
BPaxXOBYIOThCSl BBEICHHSIM BIANOBIJHUX MOXIAHUX 3a 4acoM. B pe3ynbraTi piBHSIHHS
MaloTh JOJIaTKOBI WIEHHU — Hampyru 3a PeliHonbacoM, a /Ui 3aMUKaHHS L1€1 CUCTEMU
PIBHSIHb BUKOPUCTOBYIOTHCSI PIBHSIHHS IEPEHECEHHS KIHETUYHOI €Heprii TypOyJIeHTHOCTI
Ta 11 qucHmallii B paMKax TypOyJIeHTHOCTI K—&.

L1 piBHSHHS JOMOBHIOIOTHCSI BUPA3aMHU CTaHY PIAMHMU, SIKI BUZHAYAIOTH MPUPOIY
pIIMHMA, a TaKOX CMIIPUYHUMH  3aJCKHOCTSIMH  IIUIBHOCTI, B'S3KOCTI  Ta
TEIJIONPOBITHOCTI PIIMHU B 3aJIEKHOCTI BiJ TEMIEPATYPH.

PiBasaans Has'e-Ctokca MarOTh BUTIIA

di @-V)d L5+ vnt+ F 2.19
dt—uuppvuf, (2.19)
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e U — MIBHUAKICTH TeYli, M/C;
p — THCK, Ila;
p — TyCTHHA piguHH, Kr/m3;
v — KiHEeMaTH4HA B S3KiCTh, M2/C;
f — 30BHINIHA cuia, 10 Ai€ Ha piguHy, H.

PiBusinnsa Hap'e-CTokca 10MOBHIOIOTHCS PIBHSHHSIM HEPO3PUBHOCTI

op .
T + div(pu) = 0. (2.20)

TakuMm yuHOM, JamiHapHa Tedisd PIAMHM MOXe OyTH MaTeMaTHYHO OIKCaHa
CHUCTEMOIO 3 YOTHPHOX PIBHSHB: TphoMa piBHAHHIMHU HaB'e-CTokca B IPOEKITISIX Ha OCi
Ta PIBHSHHAM HEPO3PUBHOCTI I YOTHUPHOX HEBIMOMHX (TpH KOMIIOHCHTH BEKTOPY
IIBUAKOCTI Ta TAPOAMHAMIYHOTO THCKY).

Jist  ommcaHHs TypOYyJIEHTHOTO PEXUMY B PO3IJISIHYTIM CHUCTEMI1 DPiBHSHb
BUKOPHUCTOBYETHCS JEKOMMO3uIlisi PeliHOIbCca, BIAMOBIAHO /10 SKO1 JOBUIBHY BETUYUHY

X MO’KHA 3aITUCATH SIK CyMy ii CEpeIHbOTO 3HAYEHHS X, Ta BIIXWJICHHS X
xX; =X, +x; . (2.21)

PiBusinusa Hepo3puBHOCTI (2.20) A1 HECTUCTUBOI PIAMHN Ma€ BUTIIST

aui
—=0. 2.22
ox, 0 (2.22)

[Ipu Bukopuctanui a0 piBHsHHA (2.4) mexommo3ullii PeliHonbaca oTpumaemo
PIBHSIHHSI HEPO3PUBHOCTI JIJIs1 YCEPEAHEHOT IBUIKOCTI U,
ou,

—=0 2.23
axi ’ ( )
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Ta JUIS BIIXUJICHHS IIBUIKOCTI U;
ou;
6 X

0. (2.24)

BukopucroByroun piBHsHHS (2.23) Ta (2.24), MmoxkHa 3anucatu piBHIHHA (2.19) B

KOMITIOHCHTAaX HACTYIITHUM YMHOM:
i ij
P—+a—xj(Puiuj) =Pgit o (2.25)

Jie  0;; — Halpy>XEHHs B PIJMHI, 10 BU3HAYAIOTHCS 32 POPMYIIOKO

o;i = —pd;; + %+% 2.26
ij — —POyj .Uaxj ax; )’ (2.26)

ne 8;; — nenbra Qynkuis KpoHkepa, 0 B CBOIO YEPTy BU3HAYAETHCS AK

{5” =Lor=J (2.27)

BuxopucroBytoun nexommnosuiiiro Pefinonbca, piBHSIHHS (2.25) MOKHA 3amTUcCaTH

y HACTYITHOMY BUTJISIL:

Ju, _ ou, . a , -
p EJ’”Ja_x, =pgl+a—xj(au—pulu]). (2.28)

Lle piBHsAHHS siBisie coOoto piBHsIHHSA Hap’e-Crokca, ycepennene 3a PeitHonbacom
(abo cucrema piBHsAHb PeitHonbaca). BoHu ommcyioTh ycepenHeHy 3a 4acoM Tediko
PIAMHHM, TXHBOIO OCOOJIMBICTIO MOPIBHSAHO 3 MOYATKOBUMHU PiBHSHHSAMH (2.1) mojsirae B

MOSBI HOBMX HEBIIOMMX (JOJATKOBAa CKIanoBa B NpaBii 9acTMHi puu; ), AKi

XapaKTepU3yroTh NO3IpHI TypOyJeHTHI Hanpyru. L ckiagoBa Mae Ha3By HANpPYKEHHS
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PeitHomnb ica, 1110 BpaxoBYye JOJAATKOBI BTPATH 1 MEPEPO3INOILT eHEprii B TYpOYJICHTHOMY
IMOTOIII.

Cucrema piBHSHb PeifHombaca MICTHTH TIICTh HEBIIOMUX 1 BHSBISETHCSA
HE3aMKHEHOI0, TOMY JUISI 11 pO3B'si3aHHS IOBOJAMUTHCS 3aTy4aTu JOJATKOBY 1H(OpMAILiIO.

Jlig  3aMHKaHHS CHCTEeMHM pIBHAHb HEOOXIJHO BHU3HAUUTH 3B'SI30K MK
HanpyXeHHsAMH 1o PeifHonmpacy 1 mapamerpamu ycepeaneHoi tedii. Lleit 3B's30k
BHU3HAYAIOTh 32 JJOMIOMOT'OI0 PI3HUX MOJIEe TypOyIeHTHOCTI.

UYucenbHe OOYMCIEHHS TPOLECY TEIUVIOOOMIHY MK TOBEpPXHEH Tina 1
CEpEelIOBHUIIIEM BHUKOHYEThCS Ha OCHOBI 3akoHY HproroHa-Pixmana (2.15), 3riiHO SKUM
KUIBKICTh TETUIOTH, L0 BIAJAETHCA OJMHHUIICIO TMOBEPXHI Tila B OJMHUINIO Yacy,
MPOTOPIIiiiHA PI3HULII TEMIIEPATYp NOBEPXHI T1Ja 1 OXOJIOAKYIOUOTO CEPEAOBHILIA.

BianoBinHo 10 3aKoHyY 30epexKeHHs €eHePrii KUTbKICTh TEIJIOTH, 10 BiIBOJUTHCS 3
OJIMHMIIl MTOBEPXHI 32 OAMHUIIIO Yacy BHACIIJOK TEIJIOBiIaul, TOPIBHIOE TEIUIOTI, 110
M1JIBOJIUTHCS 10 OAWHUIIL MOBEPXHI 32 OJAUHUIIIO YaCy 3a PaXyHOK TEIUIOMPOBITHOCTI 3

BHYTPIIIHBOTO 00’ €My Tij1a, TOOTO

ot
a9, =—2A (%) , (2.29)

7€ N — HOpMaJlb JI0 MOBEpXHI Tiia; iHaekc "0" Bkazye Ha Te, 110 TeMIeparypa i
IPAJi€HT BITHOCIATHCS 10 MOBepxHi Tina (mpu N=0).

3HaueHHs Koe(ilieHTa TerIoBI1AIa4ul oL BA3HAYAIOThCSI HA OCHOBI KpUTEplaIbHUX
piBHSHB (2.16), (2.17) Ta (2.18), oTpuMaHuX MepEeTBOPEHHAM AU(PEPEHITIAIBHUX PIBHSIHb
TAPOJMHAMIKH 1 KOHBEKTUBHOTO TEIJI000MIHY METOIaMH TeOopii MO 1IOHOCTI.

2.4.2 IloyaTKoBi Ta rPAHUYHI YMOBH

JIyist pUB'SI3KM MaTeMaTUYHOT MOJIEN 10 KOHKpeTHOI1 (i3nyHOoi abo iHKEeHEepPHOI
3a/ayl Ta 70 00JIaCTI MPOCTOPY, B KA BOHA BHUPIIIYETHCS (TaK 3BaHA PO3PaXyHKOBA
001aCcTh), HEOOXITHO 3a/1aTH TIOYATKOBI Ta FPAHUYHI YMOBH.

HeoOxiaHicTh 3aBAaHHS MOYaTKOBUX YMOB, TOOTO 3HAa4eHb (PI3UYHUX MapaMeTpiB

CepcaoBuIIa (HJII/IHHOFO Ta TBEPAOI0, AKIIO PO3PaxXOBYETHCA TCILNIONICPCAada B TBEPAOMY
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TUIl) B PpO3paxyHKOBIM 00acTi, BHUIUIMBA€ 3 HECTAIlIOHAPHOCTI BHUKOPHUCTAHOT
MaTeMaTU4IHOi Mojieli. BuOpaHi moyaTkoBi YMOBH B 3aJI€KHOCTI BiJl TUITY BUPIIITYBaHUX
3aJ1a4 MOKYTh BU3HAUYATH iX PIIICHHS Ta TAKOX MOKYTh CYTTEBO CIUTMHYTH HA IIBUAKICTh
3HAXOJ/PKEHHSI IIbOTO PIIICHHS.

3aBiaHHs TPAaHUYHUX YMOB, TOOTO YMOB B MEXax pO3PaxyHKOBOi 00jacTi, €
00OB'SI3KOBOI0 YMOBOIO /JIsl BCIX THUIIIB 337a4. PaKTUYHO, TPAaHUYHI YMOBU BH3HAYAIOTh
3B'S130K (DI3UYHUX MPOIIECIB Yy PO3paxyHKOBIM o0JsacTi 3 (GI3MYHUMHU IIPOIIECaMU T103a
HEr0. 3aJIeXKHO BiJ crtocoOy 3aBJaHHS MEX pO3paxyHKOBOi 00J1acTi Ta, BIAMOBIAHO, YMOB
Ha HUX, BC1 3a]]a4l MOYKHA YMOBHO IMOAUIMTHA HAa BHYTPIIIHI Ta 30BHIIIHI:

-y BHYTpPIIIHIX 3a/Jauyax 3aloBHEHA TEKy4YHM CEPEIOBHINEM pPO3PaXyHKOBA
00yacTh OOMEKEHa CTIHKaMU MOJEI (SKIIO PO3PaXOBYETHCS TEIUIONEPEAada B CTIHKAX,
I[l CTIHKA TaKOX BKJIIOYAIOTHCA y IO PO3PaXyHKOBY 001acTh), MPU ILBOMY JESKI
MOBEPXHI CTIHOK MOXYTb PO3TISAATHCA SK OTBOPH, SKUMH pPO3paxyHKOBa 00JacTb
3'€IHY€ThCS 13 30BHINIHIMU MOPOXHUHAMM, 3alIOBHEHUMH TEKY4YOIO CEPEJIOBMILIEM; BCi
3aJlaHi B IIMX MEXaX YMOBU TOUYHO BUKOHYIOTHCS IT1]1 YaC BUPIIICHHS 3aB/IaHHS;

- y 30BHIIIHIX 33/1a4aX 3allOBHEHA TEKYUYMM CEPEIOBHILEM pO3paxyHKOBa 001acTh
oOMeKeHa TUIONIMHAMHU PO3PaxXyHKOBOi CITKH, MapajelbHUMU KOOPAMHATHUM
MJIOIIMHAM 1 TTOBHICTIO JIEXKaTh Y TEKYUOMY CEPEJIOBUII, sika 00TIKae MOAEIb (TaK 3BaHI
30BHIIIHI M€X1), MPU [bOMY MOXJIHMBE TaKOK YaCTKOBE MPOXOJKEHHS LUX KOPIOHIB
yepe3 TBEpAl Tija, HAMPUKIa, MePEeTUHAHHS HUMH CTIHOK MOJeil a00 BUKOPUCTAHHS
MOBEPXOHb MOJIENI SIK MEX1 (Tak 3BaHl BHYTPIIIHI MEX1); IPU [bOMY YMOBH, 3a/1aHi Ha
30BHIIIHIX KOPJOHAX, HE 000B'SI3KOBO TOYHO BUKOHYIOTKLCS TP PO3B'sI3aHHI 3a/1a4i.

Hwxde po3rasiHyTi OCHOBHI TpaHWYHI yMOBH, IO MOXYTh 3aJlaBaTHCS IS
BUPIIICHHS B 3JIEKHOCTI BiJl 0COOJMBOCTEH BUPIIITYBAaHUX 3a]1a4.

[TapameTpu TeKydoro cepeoBHINa Ha BXIJHUX Ta BUXITHUX OTBOPAX MOJIEIII:

- MacoBa abo 00'eMHa BUTpaTa, Il BXITHOTO OTBOPY TaK0X MpodiJib MBUIKOCTI,
TEeMIepaTypa, mapaMeTpu TypOyJIEHTHOCTI Ta MPUTPAHUIHOTO TIapYy;

- MIBUAKICTH Ta 1i podiib, U BXIHOTO OTBOPY TAKOXK TEMIIEpaTypa, mapaMeTpu
TypOyJIECHTHOCTI Ta IPUTPAHUYHOTO 1IAPY;

- MOBHUM YM CTATUYHUN THUCK 1, HA TOW BUTIAJOK, KO OTBIP BUSBHUTHCS BXiTHUM
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(mpu 3aBaHHI THUCKY HAIPSMOK Te€4ii HE 3a/Ia€ThCsl, a BU3HAYAETHCS B XOJ1 BUPIIICHHI
3aja4l), TeMIepaTypa, napaMeTpu TypOyJIEHTHOCTI Ta IPUTPAHUYHOTO 1Iapy;

- TIPY HASIBHOCT1 BUTSDKHOTO 200 MPHUILIMBHOTO BEHTHIIATOPA 3aJI€KHICTh 00'€MHOT
abo MacoBOi BUTpaTH BiJ Iepenaay THCKY Ha BEHTWIATOPl, IS IPUILTMBHOTO
BEHTWJISITOPA JOAATKOBO 3a/al0Thcsl MPOQiiab IMIBHIKOCTI, TEMIeEpaTypa, MapaMmeTpH
TypOYJIEHTHOCTI Ta NPUTPAHUYHOTO APy, Ji1 30BHIMIHBOTO BEHTHIIATOPA TaKOXK
3aJJa€ThCSI TUCK HA 30BHILIHIN CTOPOHI BEHTHIATOPA;

[TapameTpu mOBEpXOHB TBEPAUX TiM, IO KOHTAKTYIOTh 3 TEKYUYHUM CEPEIOBUIIEM:

- IOPCTKICTh TTOBEPXHI;

- TEMIIEpATypa MOBEPXHI;

- MUTOMUH (TOOTO 3 OAMHUIII TOBEPXH1) a00 CyMapHHUi (3a BKa3aHOIO TTOBEPXHEIO)
TEIJIOBUH IOTIK;

- KOe(IIEHT TEIUIOB1I1a4l MOBEPXHI TEKYYUM CEPEIOBUILEM;

- aniabaTuyHa MOBEPXHS, TOOTO BIACYTHICTh TEIIOOOMIHY TEKYUYOr0 CEpeIOBUILA
3 TOBEPXHEIO;

- 11eajibHa MOBEPXHs, TOOTO BIACYTHICTh MPUKOPJOHHOTO IIApy HA MOBEPXHI Ta
TEIMJI000MIHY TEKY4OTO CEpPEIOBHUIIA 3 IOBEPXHEIO;

- PyX MOBEpPXHI CTIHKH, IO HE 3MIHIOE T€OMETPII0 MPOTOYHOIO TPAKTY MOAEII
(oOepTaHHS YK MOCTYNAIBHUN PYX).

TeroBi yMOBM Ha 30BHIIIHIX MMOBEPXHSIX TBEPAUX TUI, IO € TPAHUYHUMU MPU
pO3paxyHKy Teruionepeaayi y TBEpAUX Tijaax:

- TeMIIepaTypa MOBEPXHi;

- KOe(iIleHT TEeIUIOBI/Iaul TOBEPXHI Yy 30BHINIHE TEKy4Ye CEPEJOBHINE Ta
TEeMIIEpaTypa ILOTO CePEeIOBHUIIIA.

Ha BuOpaniif moBepxHi 3a3BUYail MOXKHA 3aJ]aTH TUTBKH OJIHY 3 TIEpPepaxOBaHUX
IPaHUYHUX YMOB (32 BUHATKOM LIOPCTKOCTi). KpiM TOro, 3aiani Ha pi3HUX MOBEPXHSIX
IPaHUYHI YMOBU HE MOBUHHI KOH(IIIKTYBATH.

KpiM movaTtkoBHX Ta IpaHUYHHX YMOB, 33JaOThCSl TEIUIO(I3MYHI BJIACTUBOCTI
aHaJI130BAHUX TEKYUYMX CEPEITOBHILL

- JUIS Ta3iB: MOJIEKYJISIpHA Maca, MOKAa3HHUK a/11a0aTH, MUTOMA TEIJIOEMHICTh TpU
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MOCTIMHOMY THCKY, KOSIIIEHT TMHAMIYHOT B'SI3KOCTI1, KOS(DIIIEHT TEIJIOMPOBIIHOCTI;
- U1 PIIWH: TYCTHHA, MUTOMA TETUIOEMHICTh, KOS(PIIIEHT TUHAMIYHOI B'SI3KOCTI,
KOe(DIMIEAT TETUIOTPOBITHOCTI;
- JUIS aHai3y TeIulonepeaadi B TBEpAUX TUIax: T'YCTHHA, MMUTOMA TCIUIOEMHICTB,

KOeIII€HT TEIJIONPOBIIHOCTI MaTepiaiB.

2.4.3 YuceabHe po3B'si3aHHs 3a/1a4i

JIsi 3HAXOPKEHHS IIYKAHOTO YHCEIBHOTO PO3B's3aHHS 3amavi Oe3mepepBHA
HEeCTaI[loHapHa MaTeMaThuyHa MoJeNb (GI3UYHUX TIPOIECIB JTUCKPETU3YETHCS fAK Y
IPOCTOPI, 1y Yacl.

[Ilo0 BHMKOHAaTHM AMCKPETU3ALl0 IO MPOCTOPY, BCS pO3paxyHKOBa o001acTb
MOKPUBAETHCA PO3PAXYHKOBOIO CITKOIO. METOJl CKIHUEHHUX 00’€MIB XapaKTepU3Y€EThCA
pPO3paxyHKOM 3HAau€Hb HE3aJCKHUX 3MIHHUX B IIEHTpaxX OCEpEeAKiB, a HE B By3Jax
pPO3paxyHKOBOi CITKH. BiamoBigHO, Ocepenku pO3paxyHKOBOi CITKM MaroTh (opmy
napaieneninenis. O0macTp, y kil 1 CiTKa OyIy€eThCs, TAKOK MA€ OJHAKOBY JJIS BCiX
3asay hopMy mapayienemninesa.

[Ipu BupilieHH1 BHYTPIIIHIX 33a/1a4, TOOTO MPHU PO3pPaxyHKY MOBEAIHKU TEKYy4OIrO
cepeloBUIlla B OOMEXKEHIH CTIHKAMU MOJIEJi, BUKOPUCTOBYETHCS TaK 3BAHUM METO]I
bikTUBHUX o0nacTeit, ToOTO (opMalbHO PO3paxXyHKOBA CiTKa OYyIy€eThCS BCEpEaUHI
o0JylacTi y BUIVISIAI Tapajeneninena, uo MOKPUBAE MOJACHIb 3 TEKYYUM CEpPEIOBUILEM
BCcepenHi. Po3paxyHKU MPOBOJSATHCS TUIBKM B OCEPEAKax CITKH, IO MOTPaNuid B
pPO3paxyHKOBY 00J1acTh, TOOTO B TPOCTIp, 3aMOBHEHWUW BIAMOBIAHO 10 TOCTAHOBKHU
3aBJIaHHS TEKYYHM CEPEIOBHINEM Ta TBEPAUM TiIOM (SKIIO B HHOMY PO3DPaxOBYETHCA
Terionepenaya). Y ocepenkax CITKH 1032 PO3PaxyHKOBOIO OOJACTIO PO3paxyHKH He
npoBoAsThCs. Takuil miaxia A03BOJISIE PO3PAXOBYBATH TeUll y Jy>Ke CKJIaJHUX KaHajax
0e3 yCKIIaHEHHS aJrOpUTMY PO3B's3aHHS 3a/1a4i.

[Ipu BupimieHH] 30BHIINIHIX 3aBllaHb, TOOTO KOJIM TEKyde€ CEpelOBHUIIE OOTIKaE
TBEpJic TUIO pO3paxyHKoBa 0O0JIACTh aBTOMAaTHUYHO OYAY€TbCS Y  BUIVISLI
napasnenemnineaonoaionoi o0aacTi, rpaHi AKoi mapanenbHl KOOPAUHATHUM ILIOIIMHAM
JIEKapTOBOI CUCTEMHU KOOpPJWHAT MOJEN, aje pPO3TAllOBaHI HA TEBHIN BIJICTaHI BiX

TBepaoro Tina. I[Ipu HEOOXiMHOCTI BIACTaHb PO3TAIIyBaHHS IUX TpaHed Moxke OyTH
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B1IKOPUTOBaHa.

[Ipouiec moOyA0BH PO3PaXyHKOBOI CITKM MOYMHAETHCA 3 MOOYIIOBUM TaK 3BaHOI
0a30B0i CITKH, sIKa OTPUMYETHCS IIITXOM PO30UTTSIM IPOCTOPY MOOYIOBH CITKU Ha IIAPH
IUIOLIMHAMU, TTapaleIbHUMHU KOOPAMHATHUM IJIOIMHAM BUKOPUCTOBYBAHOI 1I€KApPTOBOI
CUCTEMHU KOOPIUHAT MOJeNi. YKCIo KX IIIOMIKH, 10 BU3HAYAIOTh 0a30BY CITKY, TOOTO
YHICIIO OCepeKiB 0a30BOT CITKM B3JIOBK KOXKHOI 3 KOOPAWHATHUX OCEH, BU3HAUAETHCS
aBTOMATHYHO Ha MiJICTaB1 3a/IaHUX YCTAHOBOK, IMPOTE y pa3i HEOOX1THOCTI pO3TaIllyBaHHS
IUIOLIMH MO€e OyTH BIIKOPHTOBaHE.

JUis TOYHOrOo YypaxyBaHHS T'€OMETPUYHUX OCOOJMBOCTEH Tijla MOXIIUBE
JIpoOJIeHHST PO3MIpy OTPHUMaHHMX OCEpelIKiB CITKU. Jlns objacteld 3 BEIMKUMH
rpajieHTaMu (I3UYHUX MapaMeTpiB TEKYUOro CepeAoBHINa ad0 TeMIepaTypu TBEPIOTO
TiJa BUKOPUCTOBYIOTHCS MHPOLEAYpPH APOOJEHHS OCEPENKIB CITKM Ha IONEPEIHBOMY
eTarli (0 MoYaTKy po3paxyHKy) 3 HACTYIMHOIO NEPEBIPKOIO ii MapaMeTpiB.

[IpupoaHO, 1110 TOYHICTH PIIIEHHS MOCTABIECHOI Oe3nepepBHOI (IudepeHIanbHOT)
MaTeMaTU4yHOI 3ajadi B 3arajJlbHOMy BHMAJKy 3aJ€KUTh BiJ PO3MIPIB OCEpPEIKiB
PO3PaxXyHKOBOI CITKH, 1[0 OKPHUBAIOTh PO3PaxyHKOBY 00JsiacTh. Tomy, 100 BUPIIIUTH
NIOCTaBJICHE MAaTeMaTUYHE 3aBJAaHHA JOCUTh TOYHO, a TAKOX JJISI OLIHKU JOCATHYTOI
TOYHOCTI, HEOOXIJHO TPOBEJAEHHS KUIBKOX PO3PaxyHKIB Ha JAEKIIbKOX pIZHUX
PO3PaxyHKOBHUX CITKax 3 PI3HUMHU PO3MIpaMH OCEPEJKIB 3 METOI0 BU3HAYEHHS TaKOl
YaCTOTH PO3PAaxXyHKOBOI CITKM, TMOYMHAIOUM 3 $SKOI PpO3B's3aHHS 3a/]aul IepecTae

3aJIEKATH Bl YaCTOTH CITKH.

2.5 BUCHOBKHM /10 APYroro po3aiiy

[IpoBeneHuii  aHami3 OCHOBHUX  ICHYIOUMX METOAMK Ta  alrOpUTMIB
BEHTWISIIIITHOTO Ta TETIOBOTO PO3PAXyHKY CHCTEM OXOJIOJKEHHS TypOOreHepaTopiB
MOKa3ye, 10 OOYMCICHHS TEIUIOBOTO CTaHy aKTUBHUX Ta KOHCTPYKTHMBHHMX YacTHH
TypOOTeHepaTOpiB Ha MPAKTHIIl 3PYYHO MPOBOJAUTH B KIJIbKa €TaIlIB.

Ha nepmomy ertari npoekTyBaHHs TypOOreHeparopa BU3HAYAIOTHCS BUX1IHI IaH1
CHUCTEMU OXOJIO/PKCHHS Ha 0a3i pe3ybTaTiB €JIEeKTPOMATrHITHOTO PO3PAXyHKY, 30KpeMa

Ha OCHOBI TEIUIOBMX BTpaT, SKI HEOOXIAHO BIABECTH BIJI KOHKPETHUX IIJISHOK
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TypOoreneparopa. OnpaifoBaHHs OTpUMaHUX JAaHUX J03BOJISIE BUZHAUYUTHU NapameTpu
CUCTEMHU BEHTWIAIII TypOoreneparopa (po3paxyHKOBa HallipHa XapaKTepUCTUKA
BEHTUJISITOPA, PO3MIPH Ta30MPOBO/IIB Ta 1H.), 1110 € OCHOBOIO JJI1 BUKOHAHHS IEPBUHHOTO
aHATITUYHOTO PO3PAXYHKY CUCTEMH OXOJIOIKECHHS.

Busnaueno, 1110 aHaTITHYHUN PO3PaXyHOK JI03BOJISIE OTPUMATH 3arajibHy KapTUHY
PO3MOAUICHHS TEMIIEpaTyp, NMPOTe BIAHOCHO HU3bKA TOYHICTH MPUMYIIYE 3a7aBaTH
JIOCTaTHBO BEJIMKI 3alac MO TeMIlepaTypaM, 10 3a3BUYail HE JT03BOJISIE€ ONTHUMI3yBaTH
KOHCTPYKIIIFO €JIeKTPUYHOI MAIITHH.

3a3HaueHo, 10 ICHYIOYMM MaTeMaTWUYHUIl amapaT Ha HACTyIHHMX eTarax
IPOEKTYBaHHS TypOOreHepaTopa JJ03BOJISIE BUKOHYBATH PO3PAaXxyHKH B TPUBHUMIPHIN
IIOCTAHOBIII METOJIOM CKIHYEHHX €JIEMEHTIB 3 JIOCTATHHO BHCOKOIO TOYHICTIO, 100
OTpUMAaTH KapTUHY PO3MOJUTY TEMIEpATyp MK eleMeHTaMH KOHCTpyKiii. Lle 3pemToro
JIa€ 3MOr'y BUKOHAHHS ONTHMI3allli MacorabapuTHUX MOKAa3HHMKIB TypOoreHeparopa 3a
paxyHOK MPUHAHSATTS MEHIINX 3araciB 3a TPAHUYHUMH TEMIIEpaTypaMu MpH 30epexeHHI
HEOOX1THUX MapaMeTpiB HATIHHOCTI €JIEKTPUYHOT MAIITHHH.

VY posain npeacTaBieHa 3arajbHa METOJWKA BUKOHAHHS PO3PaxXyHKY CHUCTEMU
OXOJIO/DKCHHSI METOJIOM CKIHYEHUX EJIEMEHTIB, IO BPAaXOBYE OCOOIMBOCTI POOOTH
TypOOoreHepaTopa Ta 3aCHOBaHA Ha PO3B’S3aHHI KOMIUICKCY 3aj/iad TEIUIONPOBITHOCTI 1
ra3oiuHamiku y nporpamHomy komruiekci  SolidWorks — Simulation. 3anmaua
NPUITYCKAETBCS  HE3B'SI3aHOI0, IO JIa€ MOXKJIMBICTh BHKOHAHHSA IOCIIJOBHOTO
PO3B’sA3aHHS PIBHSAHD 3 IXHIM MOCTYIOBUM ITE€PAL[ITHUM YTOUHEHHSIM.

B po6orax [9, 10] npeacraBieHi OCHOBHI METOAM TPUBHMIPHOTO PO3PaxyHKY,
MOKa3aHa sIKUM YMHOM OyJy€ThCS PO3PaxXyHKOBA CITKA Ta MO3HAYEHI TPUBUMIPHI OIS

OXOJIOKYIOUOTO CEpPEeIOBUILA TA OCHOBHMX KOMITIOHEHTIB anapaTy IITKOTPpUMAaYiB.
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PO3AUJI 3 BUSBHAYEHHS TEIIJIOBOI'O CTAHY

IITKOBO-KOHTAKTHOI'O AITAPATY TYPBOI'EHEPATOPA
3 JOJATKOBUMU ®UUIIbTPAMUA

XapakTepHOI0 OCOOJMBICTIO CHHXPOHHHMX CJICKTPUYHUX MAIWH, Y TOMY YHCII
TypOOreHepaTopiB, € HEOOXiIHICTh JKUBICHHS PO3TAIIOBAHOI Ha POTOPI OOMOTKH
30y/OKEHHS, 10 HeoOXiJgHa JJisl CTBOPEHHS MAarHITHOTO II0Js B MAarHiTOMPOBO/II
€JIEKTPUYHOI MAIIMHH.

OnHuM 3 HaWOUIBII PO3IMOBCIOKEHUX CIIOCOOIB JKHUBJICHHS OOMOTKH pOTOpaA €
BUKOPHUCTAHHS IITKOBO-KOHTAKTHOTO amapaty. KUBJICHHS 3a0€3MeuyeThCsl TOCTIHHIUM
CTPYMOM BiJ CHUCTEMH 30y/KEHHs, IO MOXE€ OyTH €JIEeKTPOMAIIMHHOI a0 Xk
TUPUCTOPHOIO. ENlekTpomaimHHa cuctema 30y/KEHHS Y SKOCTI JpKepelia MOCTIMHOTO
CTPyMy BHUKOPHCTOBY€ JOIOMDKHY €IICKTPUYHY MAIIMHY 3 BiJIHOCHO HEBEIHMKOIO
MOTYXKHICTIO, 1110, SIK TIPaBUJIO, BCTAHOBIICHA HA OJTHOMY Bay 31 30y1KyBaHOIO MaITHHOIO
Ta BUKOPHUCTOBYE MEXaHIYHY MOTYKHICTh Ha Bally arperary. THpHUCTOpHa CUCTeMa
30y/DKCHHSI BUKOPHCTOBYE  €IIEKTPUYHY  TOTYXKHICTh  IUIAXOM  IiAKTIOYCHHS
TpaHchopmaTopa 30yKEHHS 10 MEPEXi 3MIHHOTO CTPYMY 3 HACTYITHUM BUIIPSMIICHHSIM
CTpyMy 3a JOIOMOTOI0 THPHCTOPHOTO YycTaTtkyBaHHS. [[ns TypOoreneparopa abo
riiporeneparopa TpaHcopmaTop cHUCTeMH 30YyJKEHHS 3a3BHYail MIAKIIOYAETHCS
0e3rmocepelHb0 0 BUBIIHMX IIWH CcTatopa, TOOTO Juisi 30y/KeHHS (HaKTUYHO
BUKOPHCTOBYETHCS YaCTHUHA BJIACHOT BUPOOJIIOBAHOT TTOTY)KHOCTI T'€HEpaTopa, TOMY IS
TaKOT0 BUMAJKY YaCTO BUKOPUCTOBYETHCS Ha3Ba «CHCTEMA CaMO30YHKCHHS.

Takox iCHye anbTepHATUBHUI cTIOCiO To1a41 30y/PKEHHS Ha pOTOP reHepaTopa 3a
JIOTIOMOT010  O€3LIITKOBOTO 30y/KyBaya, IO SABJISE COOOK E€IEKTPUUYHY MAIIUHY
3MIHHOTO CTPyMY 3 OOEpPTOBHM SKOpEM, OOMOTKa SIKOTO 3’€IHaHa OE3MOCEPEeNHbO 3
0OMOTKOIO poTOpa 30y/I’KyBaHOI MAIlIMHU Ye€pe3 BUMNPSIMHUN J10aHUNA OJ0K. B Takomy
BUITAJIKY IITKOBO-KOHTAKTHHUH arapaT cTa€ He0OOB I3KOBUM, ITPOTE B JACTKHX BUITAIKAX
poTOp TeHepaTropa Mae OJHOYACHO SK OE3MIITKOBHM 30y/KyBad, TaK 1 IIITKOBO-
KOHTaKTHHH amapar.

Jns TypOoreHepaTtopiB BEIMKOI Ta CEpPEAHbOI IMOTYXHOCTI TPOEKTYBaHHS
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HIITKOBO-KOHTAaKTHUW arapaTy € JOCTaTHbO CKJIaJHUM 3aBJaHHSAM. 3a0e3leyeHHs
mpane3 aTHOCTI BCIX €JEMEHTIB amapaTy BHMAarae BiJl I1HXXKEHEpa-KOHCTPYKTOpa
IIMPOKOTO J1ama30Hy 3HaHb Y PI3HUX HAYKOBHX c(epax, 00 KOHCTPYKIiS BKIIOYAE y cede
SIK BACOKOHABaHTAK€H1 KOHTAKTHI €JIEKTPUYHI 3’ €THaHHs (KOHTAKTHI K1JIb1I1 B IO€THAHH]
31 CTPYMOITOABOJIOM POTOpA) HAa POTOPI, IO 00EPTAETHCSA 3 BUCOKOIO IMIBHUKICTIO, TaK 1
KOHCTPYKTHBHI €JIEMEHTI amapaTy MIITKOTpUMayiB (LIITKH, LITKOTpUMaYi, CHUCTeMa
BEHTHWJIAINT), IO MaroTh 3a0e3medyBaTd Oe3nepebiiiHy eKkcIuTyaTallilo 1 3pydyHe Ta
IIIBUIKE HAJIATO/HKCHHS Ta PETyJIIOBAHHS.

3a CTaTUCTUYHMX JIAHUX 111010 MPUYUH BUHUKHEHHS TUTIOBUX aBapIMHUX CUTYaIllN
Ha CJICKTPUYHUX FeHepaTopax eIeKTPOCTaHIliil, 00YMOBIEHUX BIIMOBaMU PI13HOTO THUITY,
BUJIHO, 110 14% yciXx BIAMOB NpHUNAAae camMe Ha LIITKOBO-KOHTaKTHI amapaT. Taka
JIOCTaTHHO BUCOKA JI0JI BIIMOB TOBOPHUTH MPO TE, IO MIJABUIICHHS HAJIHHOCTI I[HOTO
BYy3JIa € aKTyaJbHUM 3aBJIaHHSM Ha ChOTOJIHIIIHIN JeHb, 00 SBUIIA, 1110 BiI0YBaIOTHCS B
IPAIIOI0YMX IIITKOBO-KOHTAKTHUX amnaparax, € JIOBOJI CKJIQJHUMU Ta NOTPEOYIOTh
MOIAJIBIIIOTO BUBUEHHS.

3a CTaTUCTUIHUMU TAaHUMHA OCHOBHUMU MPUYUHAMH BiIMOB IIIITKOBO-KOHTAKTHUX
amaparis €:

— KpyrOBUM BOT'OHBb;

— HarpiB KOHTAKTHUX KiJIeIb BUIIE TPAHUYHO JOIYCTUMOTO 3HAYCHHS;

— HEepIBHOMIPHE 3HOIIEHHS IITOK;

— MICIIEBE OUTTS KOHTAKTHUX KUJICI;

— BiOpallist Ta CKOJIIOBaHHS IIITOK;

— 3HWKEHHS OTIOPY 130JISI1I11 HUKY€ TPAHUYHO JIOMyCTUMOTO 3HAYCHHS.

BaxBoro 0co0IMBICTIO MPOEKTYBaHHS IIITKOBO-KOHTAKTHOIO amaparty € Te, 110
MIPY BUKOHAHHI TETJIOBOTO PO3PAXyHKY MOBOJMUTHCS BHUPINTYBATH TEIIJIOBE 3aBIAHHS 3
TpbOMa TUIIAMHU TETUIOBU/IIJIEHB: €JIEKTPUYHI BTPATH B KJIACUYHIM MMOCTAHOBII, BTpaTH Ha
TEPTA IIITOK 00 KOHTAKTHE KUIbIE Ta JOJIaTKOBI BTPaTH, CIIPUYMHEH] €10 TTapa3uTHUX
cTpyMmiB. Y pobotax [1], [2] BUKIageHO OCHOBHI CIIOCOOM PO3PAXYHKY 1 MPOEKTYBAHHS
HIITKOBO-KOHTAKTHHUX arapaTiB €JIeKTPUYHUX MAIIMH MO110HUX THUITIB, aJi€ 3arajloM BOHU

HE JI03BOJISIIOTh BCTAHOBUTH PEAJIbHY KAPTUHY TEIJIOBOTO CTaHy anapaty IITKOTPUMAayiB
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B TPUBHMIPHOMY BUIUISIAL. Y 3B'SI3Ky 3 ITUM JJIS 3aJI0BOJICHHS BHUMOT HaJIMHOCTI Ta
eKCILTyaTallii € JOIUIbHUM NEPETIIHYyTH ICHYI0UY1 METOAMKHU 3 METOIO peallizallii pillleHHs

y nporpaMHuX KoMiiekcax merogamu CFD.

3.1 KoncTpykuisi amapary IiTKOTpuMaviB TypOoreneparopa

[IiTKOBO-KOHTAKTHHUH amapaTr CHHXPOHHOI eJIEKTPUIHOI MAIIMHA KOHCTPYKTUBHO
CKJIQIA€THCSA 3 IBOX OCHOBHUX YaCTHH:

- KOHTaKTHI KUIbIs (00epTOBa 4YacTWHA), MO0 3a3BMYail € YaCTHHOIO pOTOopa
CUHXPOHHOI MalllVHU;

- amapar IITKOTpUMaviB (HEMOpyIIHA YacTUHA), SKUH 3a3BUYall KPIMUTHCS JI0
OTIOPHUX BY3JIiB EICKTPUYHOT MAITMHU a00 >k 0e3mocepeHo 10 PyHTaMeHTY.

TumoBa KOHCTpPYKIiA amapary IIITKOTPUMAadiB TypOoreHepaTropa HaBeJeHa Ha
puc. 3.1. Amnapar KpinuTbCi [0 TepenadadyeHUX MPOEKTOM 3aKJIagHUX IUIMT Ha
dbyHnameHnTi TypOoreHeparopa Ta CKIAJA€ThCA 3 HACTYNHUX OCHOBHUX EJIEMEHTIB:
3BapHOro0 Kapkacy 1, CTpyMO3HIMAJIbHOTO MPHUCTPOIO 2, 130JIbOBAHUX IIMUIBOK 3,
BUBIIHUX IIMH 3 KJIEMHOIO MaHeJUTto 4, 130JSLIMHOTO KUIbIS YIIUThHIOBaua S5 Ta

BUTSKHOTO BEHTWISIIMHOTO MPUCTPOIO O.

Puc. 3.1 — TunoBa KOHCTPYKIIis IIITKOBO-KOHTAKTHOT'O amapary
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3BapHUIl KapKac CKJIAJa€ThCsl 3 OCHOBU (HMXKHBOI MIIUTH), BEPTUKATBHUX CTIHOK
(TopuieBux Ta OIYHMX), TOPHU3OHTAIBHOI MEPETOPOJKH 3 BIKHAMHU JUIS PO3MOALTY
OXOJIO/DKYIOUOTO TOBITPS MK KOHTAKTHHUMH KUIBIISIMH, JOIIOMDKHUX E€JIEMEHTIB IS
KPITUICHHS 1HIIUX YaCTUH amapaTy IIITKOTpuMaviB. Y 3BapHOMY Kapkaci rnepeadadeHi
BIKHA JIJIS1 BXOAY OXOJIOJKYIOYOTO MOBITPS Ta JETKO3HIMHI OTJISZOBI JIBEP1 3 KOMKHOTO
OOKy amapary.

Jlo ckilagy CTpyMO3HIMAJIbHOTO MPUCTPOIO BXOJSATH YOTUPU MIAHUX KUIBLIEBUX
IMHU (10 JIBl IIMHUA HAa KOXKHE KOHTAKTHE KIJbIIE), HA SIKMX MO KOJY 3aKPIILUIIOITHCA
BJIaCHE CTPYMO3HIMaJIbHI €JIEMEHTHU, a caMe CIelialibHI OpaKkeTu Ta pO3TalllOBaHI B HUX
IIITKOTpHUMAYi.

MijiHi KUIBLIEBlI IIMHUA CTPYMO3HIMAJIBLHOTO MPHUCTPOIO 3aKPIIJICHI J0 3BAPHOTO
KapKacy 3a JIOOMOI0I0 130JIbOBaHUX HIMUJIBOK Ta CTAJIEBUX PO3'€MHUX TPUMAUiB.

bpaketn cknagaroTbecs 3 MIJAHHX CKOO, y TpPSIMOKYTHUX THI3[Jax SKHX 3a
JIOTIOMOTOI0 OONTIB 3aKpiruieHl jJaTyHHI o0okmu. CkoOM KpIIUISATBCS A0 MiJHHUX
KUTBIIEBUX IITMH 32 JIONTIOMOTOI0 OOJTIB KPi3h OBAJIBHI OTBOPH Y OIYHUX MOJHUIISIX CKOO,
IO JO3BOJISIIOTH PEryJIOBAaTH pajiajibHE pO3TallyBaHHS CKOO BiJHOCHO KOHTaKTHUX
kitens. JlatyHHi o6oiiMu, mo 3adikcoBaHI Ha CKOOaxX, MalOTh BEHTWUJIAIINHI BiKHA Y
KO>KHIM TpaHi JjIsl OMIMIIEHHS Tertonepeaadl BijJl HIITOK IO OXOJIOKYIOUOTO MOBITPS.

B 000iiMax BCTaHOBJIEHI LIITKOTPUMAYil 3 PO3TAIIOBAHUMH B HUX €JIEKTPUYHUMU
nriTkaMu. MOXXJIMBE BHUKOPUCTAHHS PI3HUX THUIIIB IIITKOTPUMAYiB Ta IMITOK, 3TiTHO 3
CYyYaCHMMHM TE€HJICHUISIMH IITKOTPUMayl MalOTh OyTH MIBUIAKO3HIMHUMU Ta MalOTh OyTH
oOnaHaH1 IPY>KMHAMH 3 MOCTIHHUM 3YCHUJIISM IS IPUTUCKAHHS IIITOK.

Ha puc. 3.2 300pakeHuii MIBUIKO3HIMHUEN IMITKOTPUMAy OJHOTO 3 IPOBIIHHUX
CBITOBMX BHUPOOHHUKIB IIITKOBO-KOHTAKTHOTO 00yiaHaHHs KoMiaHii Mersen (®paniris).
300pakeHUI TUN LIITKOTpUMaya Ma€ 130Jb0BaHy PYUKY, IO JI03BOJIIE BUKOHYBAaTH
BCTAHOBJICHHS Ta 3HATTS IIITKOTpUMaya HaBiTh 1]l yac poOOTH reHeparTopa, 60 6e3neka
JJIs. 0OCITyTOBYIOUOTO TEpPCOHANy 3a0€3MeuyeThCs 3aBASKU BIJCYTHOCTI KOHTAKTy
JIOAVMHU 31 CTPYMONPOBIIHUMH YaCTUHAMHU TpaBepCU. 3HATTA MIITKOTpUMaya
BUKOHYE€TBHCS HUISIXOM MOBEPTAHHS pydyKU. TakoX 1ei TUIl IITKOTpUMadya Ma€ HaCTYIHI

0COOJIMBOCTI:
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- TOYHE BUTOTOBJICHHS BCIX KOMIIOHCHTIB, IO JO3BOJISIE 3aCTOCOBYBATH iX 0e€3
MOTICPETHHOTO PETYJIIOBAHHS YM JIOONPAIFOBAHHS Ta 0€3 IMPHUB'SI3KH JI0 KOHKPETHOTO
MICIISl PO3TalllyBaHHS Ha TPaBepci;

- 3aCTOCYBaHHS HATHCKHUX MEXaHi3MiB i3 MPyKUHAMHU TTOCTIHHOTO HATHCKAHHS;

- HasiBHICTh CTOTIOPHOTO MEXaHi3My, IO 3amo0irae BUMAJaHHIO €JIEKTPOIITOK ITi/T
Yyac BCTAHOBJICHHS Ta 3HATTS NIITKOTPUMAYa;

- MOXKJIMBICTh BUKOPHUCTAHHS IIITOK 3 MIABUIIEHUM paJlaIbHUM PO3MIPOM, IO

3abe3reuye OUIbIIY TPUBAIICTh MEPIOy MIXK 3aMIHAMH IIITOK.

Puc.3.2 — IIBUAKO3HIMHUYN IIITKOTpUMAY

BuBiiHiI 130J1bOBaH1 IIWHU, IO CKJIAJAIOTBCS 3 THYYKHUX MIJHUX IUJIACTHH,
BIIXOMATh BiJl KOXKHOI TapW CTPYMO3HIMHHUX KUIElb Ta 3 €IHYIOTh iX 3 KJIEMHOIO
MIaHEeJUTIO anapaTy, IpU3HAYCHY JIJIs I IKITFOYCHHS JI0 HEel 30BHINTHIX Ka0emiB MiABeACHHS
CTpyMY 30y/IPKEHHSI OOMOTKH pOTOpA.

Po3niMHE 1307s111liHE KIJbIIe MPU3HAYCHE NJISi 3aKPUTTS MPOCTOPY MK BaJIOM
poTOpa Ta KapKacoM amapary 3 00Ky reHepaTopa 3 METO0 3a0e3neUeHHS eeKTPoOe3neKn
JUIsi  OOCIYTrOBYIOYOTO TEpPCOHATy Ta oOpraHizamii BEHTWISIIAHOTO TpakTy s
OXOJIOJKEHHS arnapaTy IMIITKOTpUMAauiB.

Jo ckiamy BUTSKHOTO BEHTUJIALIMHOTO MPUCTPOIO BXOMATH BIAIEHTPOBUMN

BEHTUJISITOP, BCTAHOBJICHUN MOOJIN3Y KOHTAKTHUX KIJIEIb pOTOPA, Ta 3BAPHUMN «PaBIHK»
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y BUTJIS «ApXIMEI0BO1 CIipaji» 3 po3TpyOOM JIJIsi BUXOY rapsuoro MOBITPS.
CtpyMoO3HIMaJIbHUN amapaT Ta KOHTAKTHI KUJIbIS MarOTh PO3IMKHEHY CHUCTEMY
OXOJIOJDKEHHSI 13 3a0UMpaHHSIM OXOJIOJKYIOUOrO TOBITPS 3 MAaIIMHHOTO 3ajly Ta
BUKHUJAHHSIM Tapsgyoro MOBITPS B MalIMHHUK 3an abo kaHan (ynmamenty. Koneco
BIJIIICHTPOBOTO BEHTHJIATOpPA BCTAaHOBJICHE Ha KiHINI Baimy poropa. OXoJoIKyBaabHE
MOBITPSL BXOJUTh Y€pe3 BEHTUJIALINHI OTBOPU B HIDKHIA MOPOXKHUHI Kapkacy, 3BIATH
3aBJSKM BEHTWIIIIMHUM BIKHAM B TOPU30HTAIBHIN MEPETOPOIIll PO3AUIIETHCS HA TPU
noToku. Ilepmmii MOTIK 3aXOAUTH B MPOCTIP MK BEPTUKAJIBHOKO CTIHKOK Kapkaca 1
130JISIL1I{HOI0 TIEPETrOPOJIKOI0, PO3TAIIOBAHOIO MEpes MEPIIOK KUIBLIEBOIO MIJHOIO
IIMHOIO, @ MOTIM PYXa€TbCA B3/I0BXK IOBEPXHI BHYTPIIIHBOTO KOHTAKTHOIO KUIBLS Y
HANpPSIMKY /10 «PaBJIHKa» Ta OXOJOKY€ HA CBOEMY IUIIXY CTPYMO3HIMAIbHY IIMHY 3
PO3TaIllOBAaHUMU Ha Hil €JIEMEHTaMHU Ta MOBEPXHIO KOHTAKTHOIO KUbLs. J{pyruil motik
3aXOJUTh y MPOCTIP MK MIIHMUMH KUJIbLEBUMH LIMHAMU BHYTPIIIHBOIO KUIBLS, 1€
OXOJIOJIKY€ JIPYTY CTPYMO3HIMaJdbHY MIMHY 3 PO3TAIIOBAaHUMH Ha Hil €JeMEHTaMHu Ta
IHITy YaCTUHY BHYTPIIIHHOTO KOHTAaKTHOTO KIJBI, a Jajl 3 €JHYETbCS 3 TMEpPIIUM
NOTOKOM. TpeTiii MOTIK 3aXOJUTh Yy MPOCTIP MDK TPETHOK LIMHOK Ta CEPEIHbOIO
BEPTUKAILHOIO CTIHKOIO KapKacy, JIe 0XOJIOJ)KY€ 30BHIIIHE KOHTAKTHE KUIbIIE, TPETIO Ta
YETBEPTY CTPYMO3HIMAJIbHI IIMHU 3 PO3TAIIOBAHMMHM Ha HHUX €JIEeMEHTaMH, a Jajl

3’€I[Hy€TBC$I 3 IICPIOMM Ta APYTHUM IMOTOKAMU IICPEA BXOJAOM Y «PABJIIMK».

3.2 AHAJIITHYHUIT PO3PaXyHOK anaparty

AKTyaJlbHUM  3aBJaHHSIM TPU TMPOEKTyBaHHI HOBOrO 0OJiagHaHHSA abo
PEKOHCTPYKIIIT ICHYIOUHX TypOoreHepaTopiB € 3a0e3rnedeHHs (iabTparii MmoBiTps Ha
BXO/JIl B amapar MITKOTpUMAaYiB 31 30epiraHHsIM THCKY Ta BUTPATU MOBITPS, HEOOX1THUX
JUI TIOBHOTO BIJIBEJICHHSI TEIUIOBMX BTpar. BcTaHOBieHHS (UIBTPIB MiIBUILUTH
HaA1HICTh pOOOTH IIITKOBO-KOHTAKTHOIO arapaTy 3aBAsIKU CyTTEBOMY 3HH)KCHHIO PI1BHS
3a0pyaHEHHS CTPYMOIIPOBITHUX Ta EJICKTPOI3OISALIMHUX €JIEMEHTIB BiJ JIOMIIIOK,
HAsSIBHUX B MOBITP1 MAIITMHHOTO 3aJTy €JIEKTPOCTAHIIII.

Po3rnsHeMo BUMasoK BCTaHOBJICHHS (DIIBTPIB HA UIITKOBO-KOHTAKTHOMY amapari,

110 PO3PaXOBaHUM JUIsl €KCIUTyaTallii 3 HACTYITHUMH MapaMeTpaMu:



- HOMiHaJIBHUN cTpyM 30y KxeHHs 3130 A;

- HOMiHaJIbHA Hamnpyra 30y pkeHHs 453 B;

- HoMiHanbHa YacToTa obepranus 3000 06/xB;

- MaKCMMaJbHa TEMIIEpaTypa 0X0JIoKyouoro nosiTps 40 °C.
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BceranoBmoBani manenbHO-KOMipKOBI ¢inbTpu tuimy CFW30 MaroTh HacTymHI

napaMeTpH:
- pLIBTpYyrOUN MaTepial

- Marepiaj paMmu

- kiac ouuinenHs 3rigao 3 EN 779 [3]:

- ¢()eKTUBHICTh OUUILICHHS

- pEeKOMEHI0OBaHa MIBUIKICTh MOBITPS
- MaKkcuMasbHa poboJa TeMIieparypa

- MakcUMasbHa poOoYa BOJIOTICTh

- po3Mipu

- impTpariifHa mioma

- pO3paxyHKOBa BUTpaTa MOBITPS

- IOYaTKOBE TMAJIHHS TUCKY

noJriecTep;

METal;

G3(EU3) - G4(EU4),

89,8 - 90,8%;
1,5 m/c;

100 °C;
100%;

400 x 400 % 48 mM;

0,27 M?;
1480 m%/rox;
64 I1a.

Burtpara noBiTpsi yepe3 HIITKOBO-KOHTAaKTHHUM amapaT BU3HAYAETHCS HA OCHOBI

PO3paxyHKIB HAMIPHOI XapaKTEPUCTHUKU BEHTWISITOpA Ta EKCIEPUMEHTAIbHUX JIaHUX

0a30BO1 KOHCTPYKIIii IITKOBO-KOHTAKTHOTO arnapary.

3a JaHUMHU aepOJAMHAMIYHOTO PO3PAaXyHKY, BHKOHAHOTO 3a METOIUKOI0 [4],

BIJILICHTPOBUY BEHTWIATOP, BCTAHOBJICHUH Ha TOPII Bally, Ma€ HaMipHY XapaKTePUCTHUKY,

HaBezeHy B Tabmumi 3.1 ta puc.3.3.

Taomung 3.1
[TapameTp 3HayYeHHs
Butpara nositps, m°/c 0,4 0,8 1,2 1,6 1,8
Hamip Bentusitopa, I1a 1496.,4 1802,8 19547 1985,4 1961,8
[Tapametp 3HavYeHHS
Burpara nositps, m%/c 2,1 24 2,8 3,2 3,6
Harmip BenTmisropa, [1a 1882,7 17545 1512,4 1194.,4 805,4
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3a pesynbTaTaMH anpoKCUMallii JiHIT TpeHAy rpadiky 3aJe)KHOCTI Haropy
BEHTWJISITOPA BiJl BUTpPATH TOBITPS MOXKHAa OTPUMATH HACTYIHE IOJiIHOMiaJIbHE

HAOIVKEHHS I€] 3aJIEKHOCTI

H (Q) = —0,5370- Q° + 9,012 Q5 — 64,132 Q* +
+261,77 - Q3 — 902,42 - Q% + 1610,5-Q + 981,4 ; (3.1)

ne  H — mamip BeHTWIISITOpA, [1a;

Q — BUTpara IOBITPs Yepe3 BEHTHIIATOP, M/c.

Jlnst 6a30BOi  KOHCTPYKIII TpaBepcH UITKOTPUMAYiB BUTpaTa TMOBITPS 3a
eKCIIepUMEHTaIbHAMU JaHUMH ckianae Qg = 2,0 M3 /c.

[MaginHsg TUCKY TOBITpS B 0a30BId KOHCTPYKINi, SKE poO3paxoBaHE 3a
BUIIICHABEICHOIO HAMIPHOIO XapaKTEPUCTHKOIO BEHTHIIATOPA, AJI BKa3aHOI BUTpPATH
noBiTps ckinagae Hg = 1914,8 Ila.

TakuM 4YMHOM, TiJIpaBIIYHHUI oOmip 0a30BOI KOHCTPYKIII MPOTIKAHHIO MOBITPS

CTAaHOBUTD.

Hy 19148

KI'
Ry =—==—7-5—=4787 —. 3.2

JlonatkoBuil ripaBiaiuHuil omip (QIUIBTPIB BU3HAYAETHCS 32 IX HOMIHAJIBHUMU

napameTpamu:

— 1480 1 /roa = rd = 0411 M¥/c;
Qp = 1480 m3/rop = 2= = 0411 M*/c;
Py = 64 Tla.

[Ipu oMy B 3BapHOMY Kapkaci amapary U{TKOTPUMadiB MOKHA PO3MICTUTH

JOTHPU BXIAHUX BiKHA 3 po3mipamu 01u3bko 400 x 200 MM, 1110 3a IJIOMICIO MEpepizy
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BiKHa Ta WOTO MPOIYCKHOI 3JaTHICTIO TPUOIM3HO EKBIBAJICHTHE MapaleIbHOMY
BcTaHOBJIeHHIO ABOX GubTpiB TUIy CFW30 3 po3mipamu 400 x 400 mm. 'ippaBmiunmii

OITip OJTHOTO TaKOTO (PUIBTPY CKIAMAE:

_Hy 64

R. = -
7T Q2 04112

KI'
=3787 —. (3.3)

[Ipu mapanenbHOMY BCTAaHOBJICHHI IBOX (UIBTPIB iX 3araibHii ripaBiIiqHUM Omip

CTAaHOBUTD.

KI
Ry = ———— = —+ = 94,7 —. (3.4)

3aranpHui T1IpaBIIYHUN OIip HOBOI CUCTEMU 3 (DUTHTPAMU BU3HAUAETHCSA SIK CyMa
ornopiB 0a30BOi KOHCTPYKIIIi anapaTy IITKOTPUMAYiB Ta BCTAHOBJIEHUX (IIBTPIB MPH iX

MOCIJOBHOMY 3'€/THAHHI:
KT
Ry = Rg + Ry, = 478,77 + 94,7 = 573,4 o7 (3.5)

3a OTpUMaHUM 3HAYEHHS TiJPaBIIYHOTO OMOPY JUISI HOBOi CHCTEMHM MOXHA

BU3HAYUTH 11 XapaKTEPUCTUKY OIOPY, SK:

H(Q) = R, Q* (3.6)

Bkazana xapakTepucTuka OIMOpPY HOBOI CHCTEMH Ta HallipHA XapaKTEPHUCTHUKA

BEHTHWJISITOpA HaBeJIeH1 Ha puc. 3.3.
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2500
H, Ma

2000

I

1500 '\ —#— HanipHa

/ \ XapaKTEPUCTWHE
1000 Y —l— XapaKTepuCTHKa
\. onopy
500 /{

" Q, m3fc

0 0,5 1 15 2 2,5 3 35 4

Puc. 3.3 — XapakTepucTuku

Touka nepeTHHy IUX JBOX XapaKTEPUCTHK € POOOUOI0 TOUKOIO HOBOI CHCTEMHU.
Takum yuHOM, rpaiyHO BH3HAYEHA BUTpATa MOBITPS AJIA anapaTy HUITKOTPUMAayiB 3
BCcTaHOBIEeHUMH (QinbTpamu ckmagae Q, = 1,846 m3/c.

Temneparypa eleMeHTIB  UITKOBO-KOHTAKTHOIO  amapary  BU3HAYA€ThCA
TEIJIOBUMU BTpaTaMH, sIKI B HUX BUJUISIOTHCS, T YMOBaMHU OXOJIO/KCHHS.

TeruoBi BTpaTH CKIAAAETHCS 3 BTPAT B MEPEXITHUX KOHTAKTAaX Ta OMIYHUX BTpaT
B CTPYMOIIPOBIAHMX YacTHHaX. BTpatu B mepexiiHMX KOHTAaKTaX BH3HAYAlOTHCS Ha
ocHoBi Bumor crauaapty JICTY IEC 60034-2-1:2019 [5], 3rizHo 3 SIKUM IIi BTpaTH
BU3HAYAETHCS SIK AOOYTOK CTpyMy Ta MaJiHHSA HANpyrd B NEPEXiJTHOMY KOHTAKTI
AU = 1 B. Ha ocHOBI A0CHiAHUX JaHUX B XOA1 €KCIUTyartallii reHepaTopiB LI BTPaTH
MOXXYThb 30UIBIITYBAaTUCh BHACIIIOK 3a0pyIHEHb Ta TMOPYIIEHb B HAJATOJKEHHSIX
amaparty, TOMY JJISl PO3PaxXyHKY 11l BTpaTH MpuiMaroThes 3 3amacoM y 50%. Takum ynHOM

JUTSL IBOX KOHTAKTHUX K1JIEIIb BTPATH B MEPEX1THUX KOHTAKTaX CKIIAJAl0Th:
P.=15-2-1-AU=15-2-3130-1=9390 Br; (3.7)
ne I =3130 A — HOMIHQJIBHUHN CTPYM 30y HKCHHS.

OTpuMaHi BTpaTH yMOBHO pO3JAUIEHI Ha JIBI PIBHI YaCTWHHU, OJHA 3 SKHX

BUJIITISIETHCS B KOHTAKTHUX KUTBIAX, & 1HINA — B MIITKaX Ha CTPYMO3HIMATBHUX KUTBIAX
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amaparty IIITKOTpUMayiB.

Po3paxyHKoBI OMIYHI BTpaTH, L]0 BUHUKAIOTh y CTPYMO3HIMAJIBHUX UIMHAX,
cknanaots Py, = 105 Bt npu Ttemmeparypi mmu 95 °C, mo nOpudHATO 3TigHO 3
pexomenaamismu JJCTY IEC 60034-1 [6] s mepeBHIicHb TEMIIEpaTyp 3a KIacoM
HarpiBOCTIMKOCTI 130751111 B.

[IBuaKICTP TOTOKY TMOBITPS [UIsI CTPYMO3HIMaibHHX INWH BU3HAYAETHCH,

BUXOOAYHN 3 TCOMCTPUYIHUX OAHUX IHiTKOBO-KOHTaKTHOI‘O arrapary:

1/—(2*‘—1’846—252M 3.8
™ F 07321 77 ¢’ (38)
e F=0,7321 M> — nqnpoximHa 1uioma nepepizy 1o OAHIH i3

CTPYMO3HIMAJIbHUX IIIHH.
Busnauennst koedillieHTy TEIUIOBia4l 3 TMOBEPXHI CTPyMO3HIMAIbHUX IIHWH

BUKOHYETBHCS Ha OCHOBI BIJOMHUX KpUTEPIaIbHUX PIBHSHb:

_ Vl - ll _ 2,52 - 0,01
- v 15,06-10"°

Nu, = 0,46 - Re>® = 0,46 - (1,67 - 10%)05 = 18,82 ; (3.10)

Re, =1,67-103; (3.9)

(S Re —uuncno Pelinonnca;

[, = 0,01 M — xapakTepucTUYHUHN pO3MIip (TOBIIMHA) IIUHU;
v=15,06-10"°% M?/c — xinemaTn4Huii Koe]ili€HT B'I3KOCTI MOBITPS;
Nu —ygucno Hyccenbra.

KoedirmienT remmoBigaadi 3 TOBEpxHi CTPYMO3HIMAIBHHUX IITUH CTAHOBUTH!

)

6
= 51,95

0,01 mM%Z-K ' (311)

a, = Nu1 'l_ = 18,82
1

B .. ) ) .
hi(S A=0,0276 M—I{ — KOe(]iIlIEHT TEeTUIOMPOBITHOCTI MOBITPAI.
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['ycTrHa TemoBOro noToKy Jj1sl MIOBEPXHI BC1X YOTUPHOX CTPYMO3HIMAJIBHUX IIMH

CKIagac:

Byp, 224105
2 _ 2

4-F,  4-0,467

BT
q, = = 2567 2 ; (3.12)

hi(s F, = 0,467 M? — miomia noBepxHi OHI€T CTPYMO3HIMAJILHOT IIMHH.
TakuMm 4YMHOM, TeMIlepaTypa 3O0BHIIIHBOI MOBEPXHI CTPYMO3HIMAJIbHUX IIWH

CTaHOBUTH.

T, =T +q1—40+2567—894°C- 3.13
70 Ve, 51,95 ' ’ (3.13)

ne T, =40 °C — Temmeparypa 0X0JOKYIOUOTO MOBITPS.
3a aHaJOT1YHUM MIPUHIUIIOM PO3PaXOBYETHCS TEMIIEpATypa 30BHIIIHBOT TOBEPXHI
KOHTAKTHUX KUIEIb.

[IBuaKicTh HA POOOUIN MOBEPXHI KOHTAKTHUX KIJICIh CKJIAJIAE:

v _n-dk-n_n-0,45-3000
27 60 60

M
=70,69 —; (3.14)

hi(S d; = 0,45 M — miaMeTp KOHTaKTHHX KiJICIIb;
n = 3000 06/xB — HOMIHAJIBFHA YacTOTa OOEpPTaHHS TypOOreHepaTopa.

KpurepianbHi piBHSHHS 711 KOHTAKTHUX KUJIEHb BUTIISAAIOTH HACTYITHUM YHHOM:

oy Vel _7069:013 o o i1
2= T 1506-10-6 ’ (3.15)

Nu, = 0,46 - Re>® = 0,46 - (6,10 - 10%)°% = 359,3 ; (3.16)

ne [, = 0,13 M — xapakTepuCTHYHUI PO3MIp (aKciaabHA IIMPUHA) KiJIBIIS.

KoedimieHT TemioBianayi 3 HOBEpXHI KOHTAKTHUX KLJIeIb CTAHOBUT.
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=N ’1—3593 0'0276—7629
P2 = M2 "= 9993 7937 = /27 ek

(3.17)

FYCTHHa TCILJIOBOT'O IIOTOKY JIA HOBGpXHi ABOX KOHTAaKTHHX KiJ'ICHI) CKJIagac:

_ Sy P 4657 2% 3.18
=5 T 20504 M2’ (318)
e F, = 0,504 M? — mJomia MOBEPXHI OJHOTO KOHTAaKTHOTO KUIbLS 3

YpaxyBaHHSAM I'BUHTOBHUX KaHABOK Td TOPHCBHUX ITIOBECPXOHB.

TeMmneparypa 30BHIIIHBOT TOBEPXHI KOHTAKTHUX KUJICIb CTAHOBUTD:

T, =T +q2—40+4657—1010°c- 3.19
2700 T, 76,29 ’ (3.19)

Temneparypa noBiTps Ha BUXO/1 3 IIITKOBO-KOHTAKTHOTO anapaTy BU3HAYA€ThCS

3a OpMYJIOIO:

P.+P, 9390 + 105

Ty =Ty + ——=T,
3 O+Cp'p'QH 0+ 1006 - 1,128 - 1,846

=445 °C; (3.20)

Ik . .
ne C, =1006 —x — mrToMa 00’€MHa TETIOEMHICTb MOBITPS;

p = 1,128 kr/mM3 — rycruna nosiTps.

3a pe3ysbTaTaMH aHATITHYHOTO PO3PAaXYHKY OTPHMMaHI TEMIEpaTypu €JIEMEHTIB
IIITKOBO-KOHTAKTHOTO amapary He NEPEeBUINYIOTh JIOMYCTHUMY TEMIIepaTypy, IPUHHSTY
Ha piBHI Kiacy HarpiBocTiiikocri i3omsmii B (120 °C) srigro 3 ACTY IEC 60034-1 [6]
JUTSL TIIBUIIEHHST HAIIMHOCTI Ta 30UIBIICHHS] TEPMIHY €KCIUTyartaiii TypOoreHeparopa,
HE3BKAIOYM HA BUKOPHCTAaHHA B KOHCTPYKII 130JSLIMHUX MaTepiaigiB Kjacy

HarpiBocTiiikocti F (155 °C).
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3.3 TpuBMMipHHMIi PO3PAXYHOK

BusznaueHHs1 mapaMeTpiB 0XOJI0/KYBAIBHOTO MOBITPS anapary MITKOTPUMayiB B
TPUBUMIPHIA TOCTAHOBIII BUKOHYETHCS 32 JOTIOMOTOI0 PO3PAXYHKOBOTO KOMILUICKCY
SolidWorks Flow Simulation [7, 8]. s 1misoro 6yj0 no0ymoBaHa TPUBHUMIPHA MOJIEIb
HIITKOBO-KOHTAKTHOTO anapary, po3risaanacs Bcs KOHCTPYKIIIS B LIJIOMY.

BusnauenHs koe(ili€HTIB TEIUIOBIAaul BiI0YBA€THCA B ABTOMAaTUYHOMY PEKHUMI
3a JIOMIOMOTOI0 MOJENIIOBAHHA TeYli OXOJO/KYI0UOro TOBITPs. Y SIKOCTI MOYAaTKOBUX
JAHUX 33JaI0ThCS HACTYITHI TapaMeTpH:

- TPUBUMIPHA T€OMETPIisl pO3paxyHKoOBOI obmacti (puc. 3.4).

- HalipHa XapaKTepUCTHUKa BIAIEHTPOBOTO BEHTWJISATOpA, 110 Oyjia oO4HCIIeHa B
aHATITHYHOMY PO3PaxXyHKY;

- XapakTEepHUCTHKA TiApaBIIYHOrO omnopy GuUITpiB, sika Oyla oOuucieHa B
aHATITHYHOMY PO3PaxXyHKY;

- TapaMeTpH MOBITPS 32 HOPMATLHUX YMOB (pHC. 3.5);

- TIOTYXXHOCT1 TEIUIOBUJAUICHHS OKPEMO I KOXHOTO €JIeMEHTY Ha OCHOBI

aHAITUYHO PO3PaxOBaHUX TEIJIOBUX BTPAT.
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LleHmpooixHu
benmunamap

Tuck 101325 [l
Ternepamypa 40 T (313 K)

Puc. 3.5 — I[TapameTpu noBiTps

MonentoBaHHSI pyXy MOBITPS Kpi3b IIITKOBO-KOHTAKTHHI amapaT BUKOHYBAJIOCS
MIPU CTaHJAPTHUX HANAIITYBaHHAX JETaji3allli po3paxyHKOBOI CITKH.

VY sKocTi KpuTepiiB 301)KHOCTI pO3B’A3Ky OyJiM BKa3aHI HACTYNHI 3HAUYEHHS 3a
00’eMOM: MiHIMAJIBHHM, CEpEIHINA 1 MAKCUMAIbHUNA CTATUYHUN THUCK B JIOCHIKYBaHIN
o0Jiacti; cepeaHsi MacoBa BUTpATa; YCEPEIHECHHM TEIJIOBUM IMOTIK Ha 3a3HAYCHHMX

MOBEPXHSIX; PO3MOJLT TeMIepaTyp MOBITPS Ta KOHCTPYKTHBHHX €JIEMEHTIB IITKOBO-
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KOHTAKTHOTO amapary. Po3paxyHOK BHKOHYBaBCS 3a YMOBAMH JIOCSITHEHHS KPUTEPIiB
301KHOCTI 3a pe3yJibTaTaMu IpUHAKMHI TPhOX PO3PaxXyHKIB JIOCTIKYBaHO1 00J1aCTi.

Ha ocHOBI BKa3aHMX TMOYAaTKOBHUX YMOB TIPOBEJCHE MOJEIIOBAHHA TeUii
OXOJIO/DKYIOYOTO TIOBITpST B IIITKOBO-KOHTAKTHOMY amapari 3 BCTAaHOBICHUMHU
¢inerpamu [9, 10].

OTpuMaHi TpaeKTOPii Ta PO3PAXyHKOBI MIBUIKOCTI MOTOKY TMOBITPs HAaBEJCHI Ha

puc. 3.6, MBUAKOCTI TOTOKY B IIepepisi HaBeeH1 Ta puc. 3.7.

5.000
4.286
351
2857
2143
1.429
0714

0
WenaricTs [M/s]

Puc.3.7 — Ilepepi3 Ta MIBUIKOCTI IOTOKY

Ha puc. 3.8 300paxkeHuii po3noaii TeMIiepatyp MoBITPs y Pi3HUX YaCTHHAX HOTO

TPAEKTOPIl B MEKax po3paxyHKOBIil 00acTi.
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335.00
232,58
330,16
27,73
305,31
T 32289
320,47
318,04
31562

313,20
Temnepatypa K]

Puc. 3.8 — Tpaekrtopii Ta TemMnepaTypu MoTOKy

Hwxde HaBemeHi po3moainiM TemiiepaTyp HarpiBy TBEpAOTO Tida s Pi3HUX
CTPYMO3HIMQJIBHUX WIWH, NMPU I[bOMY HyMepallis HIMH NMPUAHATA 32 HAMPSIMKOM JI0
BEHTWJISITOpA, TOOTO minHa Nel — Halimanbia, a muHa Ned — HallOmxKYa 10 HbOTO.

Posnonin Temmneparypu HarpiBy cTpymMo3HIManbHOI mmHM Nel HaBeneHuil Ha
puc. 3.9, rpadix po3moalTy TeMIepaTyp B3IOBX Koja Ii€i IMIMHU HaBEJACHUN Ha

puc. 3.10.

Temnepatypa (teepge Tino) [K]

Puc. 3.9 — Temniepatypa muau Nel



T.K
380

370

360

350

330

320

310

300

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Puc. 3.10 — I'padix po3noniny temneparyp (mmHa Nel)
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Pozmonin TemmepaTypu HarpiBy cTpyMo3HIMaibHOT mmHUA Ned HaBeneHWil Ha

puc. 3.11, rpadix po3momiay TemmepaTyp B3JOBXK Koyia Ifi€l IIMHA HaBEACHUH Ha

puc. 3.12.

345.00

34286
I 340.71
338.57
336.43
! 33429
33214

330.00
Temnepatypa (Teepge Tino) [K]

Puc. 3.11 — Temneparypa munu Ned
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T.K
85 I
350 Vam _\\
345 /-\1\‘\ \\
340 ,// LA \\
J
- // \\
3 4 \\
330 AN
N
. / N\
325 T
320
315
310
305 ! =

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Puc. 3.12 — I'padik poznoauty Temmneparyp (mmnHa No4)

Posmonin temmeparypu Ha MOBEPXHI KOHTAKTHOIO KUIBIS 300pa)KeHUN Ha

puc. 3.13.

368.00
. 366.00
35400
- 362.00
o 360.00

- 358.00
- 356.00

354.00
352.00
350.00

Temneparypa (Teepae Tino) [K]

Puc. 3.13 — TemniepaTypa KOHTAaKTHOT'O KUIbIIS

3.4 BUCHOBKH 0 TPETHOI0 PO3IiTy

[TopiBHSIHHS PE3yNbTATIB AHAIITUYHOTO PO3PAXYHKY 3 pe3yjibTaTaMu aHalli3y B
TPUBUMIpPHINA MOCTAHOBII 3a JOMOMOror mporpamHoro komiuiekcy SolidWorks Flow
Simulation cBiguuTH MpO TE, MO AHATITHYHUA PO3PAXyHOK JO3BOJISIE OTPHMATH BipHE
ycepenHeHe 3HaUeHHS TeMIepaTypH OKpEMUX €JIEMEHTIB, ajie He Aa€ KapTUHH PO3MOLTY

TEMIEPATyp MIK OKPEMHUMH CXOXXHMHU eleMeHTaMH. BuKoHaHUN po3paxyHOK Yy
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TPUBHUMIPHIA TIOCTAHOBIIl JIO3BOJISIE BU3HAYMTH PO3MOJLI TEMIIEpaTyp €JIEMEHTIB
HIITKOBO-KOHTAaKTHOTO  amapaTy, [OB’S3aHOr0 3  OCOOJMBOCTSIMU  IPOTIKaHHS
OXOJIO/PKYIOUOTO TOBITPSl B PI3HUX YAaCTUHAX BEHTWIAIIMHOTO TPAKTy Ta, BIIIMOBITHO,
PI3HUX YMOB OXOJIOJPKEHHS JIJIs1 KOXKHOI OKPEMOi JUISTHKA CTPYMOITPOBIAHUX YACTHH.

MaxkcuManpHa TemrepaTypa CTPYMOINPOBIAHMX IIHH cTaHOBUTH 89,4 °C 3a
aHamTHYHUM po3paxyHkoM Ta 97 °C (370 K) 3a pesynpraTamMu TPUBHMIPHOTO
po3paxyHKy. MakcuMalnbHa TemrepaTypa KOHTaKTHHX Kijernb cranoBuTh 101,0 °C 3a
aHaJmiTUYHUM po3paxyHkoM Ta 95°C (368 K) 3a pesynpraramMu TPUBHUMIPHOTO
PO3paxyHKy.

Takum 4yuHOM, OTpUMAaH1 B PO3PAXYHKY TEMIIEPATYPH CTPYMOIPOBITHUX YACTUH
I[ITKOBO-KOHTAKTHOTO arapary I[OoKa3ajau, [0 NIpU 3MiHI KOHCTPYKIII CHUCTEMHU
OXOJIO/DKCHHST (BCTAHOBJEHHS (UIBTPIB 3riAHO 3 puC. 3.4), pO3MOJIT TOTOKIB
OXOJIO/DKYIOUOTO TOBITPS,, THCK MOBITPS B CHUCTEMI, TEIUIOBHA CTaH IMOBITPSA Ta
CTPYMONPOBIIHUX YacTHUH 3a0e3MeuyBaTUMyTh MOXKJIMUBICTh O€3MEYHOI EeKCILTyaTallii
amapary B yCiX JIO3BOJIEHHX PEKMMax eKCIuTyaTallli TypOoreneparopa 3 TOTPUMAHHIM

YMOB 32 JONMYCTUMHMH TEMIIEpaTypaMu Ha pIiBHI KJIacy HarpiBOCTIMKOCTI 130iLii B

(120 °C).

3.5 JlitepaTypa 10 TpPeThOro po3aiiy
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PO3JIU14 TEIJIOBI TA BIBPAIIMHI BUITPOBYBAHHS

TYPLOI'EHEPATOPA

Koxna enekTpuyHa MamiMHa NPOXOAUTH OaraTopa3oBi LUKJIM BUINPOOYBaHb B
MpOoIeCi BUTOTOBIICHHS, HANArO/KEHHS Ta MiJl 4ac PEeMOHTIB B X0/l eKciutyaramii. B
3aJIeKHOCTI BiJ] THIy MAIIMHU Ta CTajli BUPOOHMIITBA, HAJAroJKEHHS ab0 PEMOHTY
BUNPOOYBaHHS MOKYTh MaTH Pi3HUM 0OCHT.

Metoro Bcix BUIPOOYyBaHb € MEpeBIpKa BIANOBIAHOCTI XapaKTEPUCTHK
€JIEKTPUYHOI MAIlIMHA BUMOraM HOPMaTUBHOI JOKYMEHTallli, KOHTPAKTHUX 3000B’s3aHb
nocTavajibHUKa a00 peMOHTHO1 OpraHizaiiii.

s TypOoreHepaTopiB MOKHA BUJIUIUTUA HACTYITHI OCHOBHI €Taly BUMIPOOYBaHb:

- BUIIPOOYBaHHS OKPEMUX BY3JIIB Ta JIeTajeil Ha cTajili iX BUPOOHHUIITBA,

- CTEH/I0B1 BUIIPOOYBaHHS 310paHOTO Ha 3aBO1 TypOOreHepaTopa;

- MpUiiMalIbHO-3/1aBaJIbHI BUIIPOOYBaHHS TypOOoreHeparopa, 310paHoro Ha Micli
eKCIUTyaTarlii, MiJ] 4ac BUKOHAHHS IIyCKOHAJIATO/KyBaJbHUX POOIT EHEePreTUYHOTO
yCTaTKyBaHHS;

- BUNPOOYBaHHS TMepej] BHUBEACHHSIM TypOoreHeparopa B PEMOHT Ta MICIs
BUKOHAHHS PEMOHTY.

Po3rnsitHeMo  1okjajHIlIE OCHOBHI MPUHUMIM BUKOHAHHS  BUIIPOOYBaHb
€JICKTPUYHUX MAIlUH.

o6 enexTpuyHa MalIMHA MOTJIA BBAXXATHCS MPHUAATHOIO 10 BHKOPUCTAHHS 3a
NpU3HAYEHHSIM, BOHA Ma€ 3a/10BOJIbHATH HU3I[1 BUMOT, 1110 BUCYBAIOTHCS 10 HET YUHHUMHU
cTaHgapTamu. B okpeMux BuUmaakax A0 MaIlMHU BUCYBAIOTHCS JOAATKOBI BUMOTH, LIO
0OyMOBITIOIOTHCS CIEIiaTbHIMH TEXHIYHUMH YMOBaMH JJIs1 JAHOTO THITY MAITiH.

OCHOBHMM HOPMAaTUBHUM JIOKYMEHTOM Y Tajly3l eIEKTPUYHUX MAIllUH € CTaHJapT
JACTY 1IEC 60034-1:2019 [1], skuil periaMeHTye OCHOBHI XapaKTEPUCTHKHU
CJIEKTPUYHUX MAIIHH SIK MOCTIHHOTO, TaK 1 3MIHHOTO CTpyMy. Jl0 OKpeMHX BU/IB MaIlIuH
MOJKYTb IIPE/I'ABJISITUCS BUMOTH, 1110 HE MICTSATHCS B IIbOMY CTaHAAPTI, a00 BUMOTH OB
KOPCTKI, HIXXK 3a3Ha4€Hl B HbOMY. Taki BUMOTHU 3a3HA4YalOThCSA Yy CIeliali30BaHUX

CTaHaapTax Ha I_[i BU AW MAIIIHUH.
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3okpema icuye ctanaapt ICTY EN IEC 60034-3:2022 [2], 1110 MicTUTB CrieliaibHi

BUMOTH J0 TypOoreHepaTopiB (CHHXpPOHHUX I'€HEpaToOpiB 3 MPUBOJOM BiJl MApOBHX ab0
ra3oBux TypOiH), cnenudivHi AJi1 OTO BUY €ICKTPUYHUX MAIIMH 1 TOMY BIJICYTHI B
0a30BOMY CTaHJIapTI.

[Ipu iboMy He3BaXKar04YM Ha TOCTATHHO BEJIMKY KIJIBKICTh ICHYIOUHX CTaHIApTIB, B
JIESIKUX BUTIAJIKaX BOHU HE MOXKYTh BCEOTYHO OXOMUTH BC1 OCOOIMBOCTI JIsI KOHKPETHOTO
BUJY €JEKTPUYHOI MAIIMHU (B TOMY 4uCIl W TypOoreHeparopa). Y Takux BUIAAKaX
HEOOXIJJHI BJIACTHBOCTI BUPOOIB MOXXYTh BHU3HAYaTUCA TEXHIYHUMH YMOBAMH, IO
BCTAHOBJIIOIOTHCSI 3aMOBHUKOM €JIEKTPUYHOI MAIUIMHU. TEeXHIYHI YMOBU MOXKYTb
CTOCYBATHCSI PI3HUX BJIACTUBOCTEHN a00 KOHCTPYKTUBHUX OCOOJIMBOCTEHN ONMCAHUX Yy HUX
BUpOOIB, MpHU LBOMY JOJATKOBI BHUMOTH 31 CKJIAQy TEXHIYHUX YMOB HE IIOBHHHI
CYNEpPEUNTH BUMOTaM 3arajJbHUX CTaHJApTiB a00 CTaHIApTIB Ha MAIllMHU I[bOTO BHIY,
a00 3HMKYBATH L1 BUMOTH.

Bumoru, siki npen'aBIsItOTCSA CTaHIapTaMH, BUBHAUEHI Ha OCHOBI OaraTOpi4YHUX
CIIOCTEpPEXKEHb Ta JOCBIAY €KCIUTyaTallli BEJMKOi KUIBKOCTI TOTOBUX BHpPOOiIB. BoHu
OXOIUTIOIOTh PI3HOMAHITHI BJACTUBOCTI Ta PEXKUMH pOOOTH BUPOOIB Ta CTaBIATh CBOIM
3aBJAHHSAM MIATPUMAHHS HAJIEKHOI SIKOCTI BUPOOIFOBAHOT MIPOIYKITT Ta HOpMAaJIi3alliio
TaKuX €JIEMEHTIB Ta BJIACTUBOCTEN BUPOOIB, sIK1 BIVIUBAIOTH HA POOOTY 200 KOHCTPYKILi O
MOB'A3aHOTO 3 IIUMU BUPOOAMU CYMDKHOTO oOnanHaHHd. KpiM Toro, mpeamMerom
0COO0JIMBOT yBaru CTaHapTiB € B3aEMO3aMIHHICTh OJTHAKOBUX BUPOOIB, 1110 BU3HAYAETHCS
K X KOHCTPYKTUBHUMU PO3MipaMH, TaK 1 €JIeKTPOMEXaHIYHUMH BJIIACTUBOCTSIMH.

OpnHier0 3 HAWBAKIMBIIIMX BHMOT CTaHIAPTIB IS CICKTPUIHUX MAIIHH €
oOMexxeHHs 3a TemrepaTyporo. CTranaapTaMu perjiaMeHTYIOTbCS T'PaHUYHI 3HAYEHHS
TEeMIIepaTypy PI3HUX YACTUH €JIEKTPUYHUX MAIIUH (30KpeMa iX 130JIbOBAHUX OOMOTOK),
3a SIKUX He OYyTh CIIOCTEPITaTUCh HEBIIBOPOTHI 3MIHU B 130JISII111, III0 MOXKYTh CYTTEBO
CKOPOTUTH HOPMAJIbHUW TEPMIH CITyKOM MalllMHH.

BuMoru 10 eeKTpuyHOi MIITHOCTI 1307151111 0OMOTOK 3aCHOBaH1 Ha HEOOXITHOCTI
3a0€3MeUYCHHs] BU3HAUYCHUX MPAKTUKOKO 3araciB EJIEKTPUYHOT MIIHOCTI 130711l 1S
3a0e3reyeHHs] HaAiiHOi poOOTH MAIIMHM INpPU BHKOHAHHI BUMOT 3a TI'PAaHUYHUMHU

TeMIEepaTypaMH.



108

Bumorn MexaHI4HOi MIIIHOCTI OOEpTOBMX YAaCTHMH MAIIMHU BU3HAYAIOTHCS
MIPKYBaHHSIMU O€3MEKU SK CaMOi MAlllMHU Ta HABKOJUIIHHOTO OOJIaJHAHHS, TaK 1
0COOJIMBO 0OCITYyTOBYIOYOTO MIEPCOHAIY.

KpiMm 0CHOBHMX BUMOT, III0 MOIIUPIOIOTHCS HA BC1 BUJIM MAIIIMHU, ICHYIOTh BUMOTH,
0 CTOCYIOTBhCS JIMIIE TEBHOTO BHAY MAaIIMH. 30Kpema [Js TypOoreHepaTtopiB
PETTIaMEHTYIOTHCSI PSJT HACTYITHUX BUMOT:

- BUMOTU J0 €KOHOMIYHHMX TOKa3HHUKIB (KOe(DIIIEHT KOPHUCHOI Jii, KoediIieHT
MOTY>KHOCTI) B 3aJIE’KHOCTI BiJl HOMIHAJIbHOI MOTYKHOCTI Ta 1HIIUX HOMIHAJIIBHUX JIAHUX
MalIuHu;

- BUMOTH JI0 POOOTH IITKOBOTO-KOHTaKTHOTO amapary;

- BUMOTH JI0 BUTPUBAJIOCTI MPU TPUBATIUX Ta KOPOTKOUACHUX TIEPEBAHTAKCHHSIX;

- BUMOTH II0JI0 MEXaHIYHOT MIITHOCTI MPU PaAaNTOBUX KOPOTKUX 3aMUKAHHSIX;

- BUMOTH I1I0J10 BiOpaIlii Ta mymy;

- BUMOTHM IIOJO0 TpHUBaJIOi ab0 KOPOTKOYACHOI poOOTH MpU yMOBaxX, IO
BIJIPI3HSIIOTHCA BiJI HOMIHAJIBHUX (HAMPUKIAL TPHU BIAXWUJIECHHI HANMpYrd Ta 4YacTOTH
CTpyMy, P HECUMETPIi HABaHTaXXEHb (a3 Ta 1H.);

Jlns  cepiiHUX eJIEKTPUYHHUX MAaIllMH 3a3BUYail mependadaeTbcs JBa BHIM
MPOMUCIIOBUX BHUIPOOYBaHb: TUIOBI Ta KOHTPOJbHI. THUHNOBUMHU BUIPOOYBAaHHSMU €
BUNPOOYBAHHS E€JNEKTPUYHUX MAaIlWH, BIAIOpaHUMX BiA CEpiMHUX MapTId 3 METOI0
NepeBIPKU BCIX BUMOT JIO Ii€] eeKTpuIHOoi MamuHu. KoHTpoibHI BUIPOOYBaHHS MatOTh
3a0e31e4yBaTh MOXJIUBICTh IEPEBIPKU HAUTOJOBHIIINX TEXHIYHUX BUMOT.

Jist Bumagky TypOoreHepaTopiB, SKI dYepe3 JJOCTaTHbO TPHUBAJIUN TEpMiH
BUTOTOBJICHHS MOXHa JIMIIE YMOBHO HAa3BaTH CEpiMHUMU BUpPOOaMH, THUIIOBI
BUNPOOYBAaHHS Ha 3aBOJi SIK MPABHJIO BUKOHYIOTHCS JIJIT KOKHOI HOBOi BUTOTOBJICHOT
onuHuuii. Ile moB’s3aHe AK 3 1HAWBIAYATbHUMH BUMOTAMH 3aMOBHHKA JJISI KOXKHOTO 3
TypOOTeHepaTopiB, TaK 1 3 HASSBHUMH 3MIHAMU TEXHOJIOT1] BUPOOHHUIITBA, BAKOPUCTAHUX
MaTepiaiiB, 10 MOTJIU BIAOYTHUCS 32 MPOMIKOK Yacy MK BUITYCKOM OJHAKOBUX MAIIIMH.

Oxpim TOTO AJ1 TYpOOTEHEPATOPIB, SIKI TPAHCIIOPTYIOTHCS HA MICIIEe BCTAHOBJICHHS
y po3iOpaHoMy BUIJISAI, TepeadadeHuil Ie OJAWH BHJ BUIPOOYBaHb: MpPHUMAaIbHO-

3MaBajbHl BUMPOOYBaHHS, IO MPOBOJATHCSA TMICHS 3aKIHYEHHS MOHTaXy Ha MicCli



109

BCTAHOBJICHHS.

B nporeci ekcrutyaTariii e1eKTpUYHUX MallluH y BU3HAYEH1 TEPMiHU MTPOBOISATHCS
eKCIUTyaTalliiiHl BUPOOyBaHHs, METOIO SIKHX € MEePEBIpKa CIPABHOCTI MAILIKH.

[Iporpama npuiimaabHO-37aBajbHUX BUIIPOOYBaHb TypOOTeHepaTopa K MpaBujIo
BKJIFOYA€ HACTYITHI POOOTH:

- BUMIPIOBAHHSI OMIOPY 1301111 0OMOTOK;

- BUMIPIOBAHHS OMTOPiB OOMOTOK MPU MOCTIHHOMY CTPYMI1 B TPAKTHYHO XOJIOTHOMY
CTaHi;

- BUMIPOOYBaHHS pOTOpA 3a MiABUIIEHOI IBUIKOCTI 00€pTaHHS;

- BUMIPOOYBaHHS €JIEKTPUYHOT MIITHOCTI 130JIS1111 0OMOTOK;

- BUIIPOOYBaHHS €JIEKTPUYHOT MIITHOCTI MI>KBUTKOBOI 130JI51L111 0OMOTOK;

- BU3HAUEHHS XapaKTEPUCTUKH XOJIOCTOTO XOY;

- BU3HAUCHHS XapaKTEPUCTUKH YCTAIEHOTO KOPOTKOTO 3aMHUKAHHS;

- BU3HAYEHHS! HOMIHAJIIBHOTO CTPYyMY 30Y/KEHHS;

- BU3HAUEHHS BTPAT KAJIOPUMETPUUHUM METOIOM;

- BUIIPOOYBaHHS Ha Harpi1BaHHS;

- BU3HA4YCHHS Koe(DillieHTa HECUHYCOTTAIbHOCTI HANIPYTH;

- BU3HAYEHHS PEAKTUBHUX OMOPIB Ta MOCTIMHUX Yacy.

PosrisitHemMo goknanHimie oOOCAT Ta pe3yJbTaTH TEIUIOBUX Ta BiOpauiiHUX
BUNIPOOYBaHb TypOoreHeparopa moTyxkHicTIo 200 MBT 3 BOJHEBUM OXOJOKEHHSIM

AKTHUBHHUX YaCTHUH.

4.1 TexHi4YHi XapaKTepUCTUKU BUNIPOOYBAHOI0 TypOoreneparopa

Typb6orenepatop OyB BurotoBieHuil y 1976 p. Ta BBeeHHIl B €KCIUTyaTalliio y
1978 p., fioro BunpoOyBaHHs OyJi MPOBEICHI Mepe/l BUBEICHHSIM B KalliTAIbHUI PEMOHT
3 METOI0 BU3HAUEHHS TETUIOBOTO Ta BIOpaIIHHOTO CTaHy TypOOoreHepaTopa Ta yTOYHEHHS
00CsTy pEMOHTHUX POOIT.

HowminanpHi elexTpuyHi napaMeTpu TypOoreHepaTropa BiIMOBIAHO 10 TEXHIYHOI

JOKYMEHTaIlli BUpOOHNKA HaBeAeHl B Tabnui 4.1.
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Taomung 4.1
HoMiHanbH1 e1eKTpruYHI MapaMeTpu TypOoreHeparopa
HaiimenyBaHHs1 napameTpy 3HavyeHHs
[ToBHa moTyxkHicTh, MBA 235
AKTHBHA OTY>XHICTh, MBT 200
Hampyra cratopa, kB 15,75
KoedirienT noTykHOCTI 0,85
Ctpyw™m cTatopa, A 8630
Yacrota ctpymy, ['1g 50
YacroTa obepranHs, 006/XB 3000
Ctpym poTopa (po3paxyHKOBE 3HAYEHHS), A 1880
Hampyra poropa (po3paxyHkoBe 3HaueHHs), B 420

MaxkcumalnbH1 TPUBAJIO IOMYCTUMI TEMIIEpATypH HaBeeH1 B Ta0uil 4.2.

Tabmuis 4.2.
Micie BUMiplOBaHHS TeMIepaTypH 3naqenns
(e Oiabme), °C
OOMOTKa cTaTopa Ta aKTUBHA CTaJll OCEep/is cTaTopa 105
O6MoTKa poTopa (METOJIOM OTIOPY) 100
["apsumii ra3 Ha BUXO/I1 3 KOBMAYKIB OOMOTKH CTaTopa 95
[TigmmnHuKY Ta yiiibHeHHs (6a01T) 80
OnwuBa Ha Moav1 B MIAIIMITHAKY Ta YIITEHEHHS 45
OnuBa Ha 37UBI 3 OIANIAITHAKIB 65
XoJ0/1Ha BO/Ia Ha BXO/I1 B Ta300X0JI0/[)KyBayl 33

MiHiMallbHI TPHWBAJIO JOMYCTHUMI TEMIEPATypH OXOJOKYIOUMX CEPEIOBHIIL

HaBeneHl B Ta0iuml 4.3.
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Taomung 4.3
Micue BUMipoBaHHSI TeMIepaTypH 3naqenns
(ue menmue), °C
XoJ10/1Ha BO/Ia Ha BXO/I1 B Ta300X0JI0/[)KyBayl 12
XOJI0AHUH Ta3 MICIs ra300X0JI0HKYBaUiB 20

4.2 TensioBi BUIPOOYBAHHS

4.2.1 MeToauka npoBe/ieHHs BUNPOOYBaHb

TemoBi BunpoOyBaHHS TypOoreHeparopa NPOBEACHO IPU HABaHTAXEHHSX
208,4 MBT (pexuwMm 1); 154,2 MBT (pexum 2) ta 125,8 MBT (pexxuMm 3) BiATOBIAHO 10
METOAMYHHMX BKa3iBOK MO0 NMPOBEJCHHS BUIPOOYBAaHb reHepaTOpiB Ha HarpiBaHHA [3]
Ta METOAUYHUX BKa31BOK 3 MPOBEACHHS KOMIUIEKCHUX BUIIPOOYBaHb reHEpaTopiB [4].

JKuiieHHsI OOMOTKH POTOpa 3IIHCHIOBATIOCS B1Jl pE3EPBHOI CUCTEMU 30y IKEHHS,
3HAYCHHS AKTUBHOI Ta PEAKTHUBHOI MOTY>KHOCTI BCTaHOBJIIOBAJIUCS BIJIMOBIAHO [0
JUCTIETYEPCHKOT0 Tpadika HaBaHTAXKEHHS I TypOOTeHepaTopa Ha 4Yac MPOBEICHHS
BUNPOOYBaHb. TPUBAIICTh KOXKHOTO PEKUMY CTAHOBHWIIA 3...4 TOAUMHU. 32 TEXHIYHUMU
yMOBaMU TEIUJIOBHI pekuM 13 HaBaHTaxeHHsM 208,4 MBT nipoBesieHo npu 30y >KEeHHI
B1J1 poOOUOi cucTeMu 30y IKEHHS.

BumiproBaHHS €NEKTpUYHUX MapaMeTpiB TypOOreHeparopa BUKOHYBAJIOCS SIK
IIMTOBUMH, 1 KOHTPOJBHUMM MpuiazaMd. AKTHBHA Ta pEaKTHBHAa TMOTY>KHOCTI
TypOOreHepaTopa BUMIPIOBAIMCA IIMTOBUMH NpuiagamMu kijacy TouHocTi 0,1 (kmac
TOYHOCTI mepeTBoproBaya — 0,5). 3HadeHHs JNIHINHOI HAPYTH CTAaTOpa BUMIPIOBAIUCS
TppOMa BOJbTMETpaMu Kiiacy TouHocTi 0,5, a da3Hi cTpymu cratropa — Tphoma
amrnepMeTpaMu kiacy TouHocTi 0,5. BuMiproBaHHS €IEeKTPUYHUX TApAMETPIB IIUTOBUMHU
MpwIalaMy 31IHCHIOBAJTIOCS Ha OJIOYHOMY IIUTI YIPABIIHHSI, KOHTPOJIbHI TIPUIIA/IU, 1110
BUMIPIOIOTh CTPYMHU Ta HAIPYTH CTaTOPa, BCTAHOBIIIOBAIKCS Y MPUMIILLIEHHI PEIEHHOTO
HIMTa TeHepaTopa.

[ToBHa TOTYXHICTh TypOOTeHepaTopa OOYMCIIOBANaCS Ha OCHOBI BUMIPSHUX

3HAY€Hb AaKTUBHOI Ta PEAKTUBHOI MOTYKHOCTI 32 POPMYJIOIO:
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S =+P2+Q%, MB-A, (4.1)

ne P — axkTuBHA MOTYXHICTh TypOoreneparopa, MBT;

Q — peakTHBHa OTYXKHICTh TypOoreHepaTopa, MBap.

KoedirtieHT MoTyXHOCT1 (Cos@) IS KOXKHOTO 3 PEXHMIB pOOOTH BH3HAYaBCS

PO3paxyHKOBHM ILISXOM 32 (POPMYIIOIO:

P
CoSp=———, 4.2
@ \/§-U-| (4.2)

ne U — mHiiiHa Hanpyra cratopa, kB;

| — cTpy™m craropa, KA.

TemmepaTypa 0OMOTKH pOTOpa BU3HAUAIACsS MeToAoM oropy. [Ipu nboMy Hampyra
30y/PKeHHsI BUMIpIOBaacsi Ha TpaBepcax IMITKOBO-KOHTAKTHOTO amapary MpuiajioM
kiacy TtoyHocTi 0,2; cTpyM 30yIKEHHS BUMIPIOBABCS MPWIAJOM, MIAKIIOUEHUM 0
IIYHTY OOMOTKH 30y KeHHs. OOuIBa nMpuiaad BCTAaHOBIIOBAIMCS HA PEIEHHOMY IITUTI
reHeparopa noOau3zy wryHta (4000 A/75MB). Crpym 1 Hampyra 30yKEHHS
BUMIPIOBAJIMCSl IIUIIXOM OJIHOYACHOTO BUWIIKY. Temmeparypa oOMOTKH poTopa T,

BHU3HAYAJIACs 32 HACTYITHOIO (DOPMYIIOLO:

T :%(235+TX)+TX ,°C (4.3)

X

ne R, = U/l — omip oOMOTKM 30y/UKCHHS, OOYMCIICHUH 3a pe3ysibraTam
BHUMIPIOBAaHb HAMIPYTH Ta CTpyMy 30ymkeHHs, Om;
Rx — omnip 0OMOTKH 30y IKEHHS, BAMIPSHUM B X0JI0AHOMY cTaHi, OM;
Tx — Temmeparypa 0OMOTKH POTOpa, 3a SIKOi MPOBOJMIIOCH BUMIPIOBaHHS

onopy Ry, °C.



113

JIns maHoTrO BUIAJIKY OMip OOMOTKH pOTOpa MPH MOCTIHHOMY CTPYMi, BUMIPSHUI
y XonoqHoMYy cTaHi, ckiaB Ry = 0,1770 Om npu temniepatypi Tx = 20 °C.

Jis ontuMizamii Tpolecy BU3HAYEHHS TeMIEeparypu OOMOTKH poTopa
BUMIPIOBAHHS HAIllpyTrd BUKOHYBAJIOCh HAa TpaBepcax HIITKOBO-KOHTAKTHOIO araparty, a
He Oe3nocepeIHhO Ha KOHTAKTHUX KUTBIIX 33 JOMOMOTOI0 HIyTiB. Lle mosiCHIOEThCS THM,
IO MpH ICHYIOUYOMY pIBHI Hampyrud 30y/KEHHS PI3HUISA Yy 3HAY€HHI BHU3HAUYEHOI
TeMIiepaTypu 0OMOTKH pOTOpa Y BCIX MPOBEJICHUX PEeKUMaX MPU BUMIPIOBAHHI HAIIPYTH
nBoMa criocobamu He nepesuiye 1...2 °C 1 e B 3anac, To0To (paKTHYHA TeEMIIepaTypa
oOMOTKH potopa Oyne Ha 1...2 °C HmXK4YE, HIXK BU3HAueHa BKa3zaHUM MeTojoM. [lpu
[bOMY HEOOXITHO BpaxoOBYBaTH, II0 BUMIPIOBAaHHI HANpPyTrW Ha TpaBepcax HIITKOBO-
KOHTAKTHOTO arnapaTty MOPiBHAHO 3 BUMIPIOBAHHSM IIIyTTaMH HAa KOHTAKTHUX KUTBIIX Ma€
psn TepeBar: TOKa3aHHS Ha NpWiajl CTaOUIbHINIE, HE MOPYIIYETHCS BEHTUJISLIIS
IIITKOBOT'O araparty, IMiJIBUIIYEThCS Oe3MeKa MPOBEAECHHs poOIT 1 HAAIMHICTh POOOTH
TypOoreneparopa.

TemnepaTypa aKTHBHMX 4YacTHH TypOOreHepaTopa, OXOJIOJHUX CEpEJOBHIL,
0a01Ty MIJIIMITHUKIB Ta YIIIBHEHb BUMIPIOBAIACS IITATHOIO CUCTEMOIO TEIJIOKOHTPOITIO
3a JIOMOMOTO0I0 JIoroMeTpa kiacy TouHocTi 1,5. TemnepaTypa ra3zy Ha BXOJi Ta BUXO/I 3
ra300X0J10/KyBayiB BUMIpIOBaIacs TAKOXK CTalllOHAPHO BCTAHOBJICHUMH TEPMOMETPAMHU
3 wmiHOoo monuiku 1 °C. Jlng BU3HAYEHHS TeMIlepaTypd MO BCTAHOBJIECHUM
TEPMOIIEPETBOPIOBaYaM OIMOpPY B KIHII YCTaJ€HOr0 TEIUIOBOIO PEXUMY IpHU
MaKCUMaJbHOMY HaBaHTaXXEHHI TypOoreHepaTtopa BUKOHAHI BHUMIPIOBAHHA OIOPY
TEPMOTIEPETBOPIOBAUIB OMOPY MPH MOCTIHHOMY CTPYMi Ha KJIIEMHHUX KOpPOOKax cTaTopa
3a JOMOMOT0I0 MYJIbTUMETpA.

[lepeBenieHHsT BUMIPSHOTO 3HAYEHHS OMNOPY NpPH TMOCTIHHOMY CTpymi B

TEeMIIepaTypy 3I1HCHIOBAIOCA 32 (POPMYIIOIO:

T=(R-R,)-k,, °C, (4.4)

ne T — Temmeparypa B MICIlI BCTAaHOBJIEHHS JaHOTO TEPMOIEPETBOPIOBaYa

oropy, °C;
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R — BuMipsHe 3Hau€HHA ONOPY TEPMOIEPETBOPIOBaYa OIOpPY MpHU
MOCTITHOMY CTpYMi 3a BUPaXyBaHHSM OIOPY MIJABITHUX NPOBOAIB, OM;
Ro = 53 Om — omip MiTHOTO TEpMOTIEPETBOPIOBAYA OTIOPY MPHU MOCTIHHOMY
ctpymi npu Temnepatypi 0°C;
ki = 4,434 °C/Om — xoediieHT MPOMOPIIIHHOCTI, BU3HAYCHU Ha OCHOBI
omopy Ro Ta TemmepaTypHOro KOE(QIIIEHTY OIMOpPY BCTAHOBJICHUX MITHUX
TEpPMOTEPETBOPIOBAUIB OIOPY.

BunpoOyBaHHsI TpPOBOJMJIUCH TMPU BHUTPATI OXOJOJKYIOUOI BOAM 4Yepe3
razooxonokysaui 370...397 M3/rof, IO € JOCTaTHHO ONM3BKUM JO HOMIHAJILHOI
BUTpaTH BOJM 3TiJHO 3 TeXHiuHOIO JokyMmeHTamicro (400 m%ron). Butpata BOAM
BHU3HAYAJIACS MTATHOK CUCTEMOIO BUMIPIOBAHHS.

Yeci pexxuMu  TPOBENIEHI MPU  HAUIMIIKOBOMY THCKY BOJHIO B KOPITyCl
Typborenepatopa 0,3 MIla (3,0 kr/cM?) 3 4YMCTOTON BOAHIO He HIK4e 98,7 %
BIJIMOBIHO /10 BUMOT TEXHIYHO1 JOKYMEHTAIII].

Jlns1 o1iHIOBaHHS aJIeKBATHOCTI 3alPONIOHOBAHO1 MOJISII arapary IiITKOTpUMAaviB
OyJl0 BUKOHAHO TOPIBHSHHS PO3PAXyHKOBUX pE3YyJbTaTIB 3 JaHUMHU BHUIPOOYBAHb
TypOoreneparopa mnoryxHicTio 200 MBt. Kopumop HeBU3HAYEHOCTI TEIIOBHUX
po3paxyHkiB 0,5 °C. Temneparypa Ha BXOIl Ta BUXO[l amapary UITKOTPUMAayiB, a
TaKOX CTPYMOITPOBITHHUX ITUH BUMIPIOBAIACh TEPMOCICKTPUIHUMH IIEPETBOPIOBAYAMH,
HOMIHAJIbHI CTATUYHI XapaKTepUCTHKH kKX Biamosinatots IEC 584-1 (ICTY 2837-94).
Bennunna noxuOku BUMIpIOBaHHS Temmeparypu cranoBuia +1,5 °C. Temmepatypa
30BHIIIHBOI TOBEPXHI KOHTAKTHUX KiJI€I[hb BUMIPIOBAJIACH 32 JIOMTOMOTOI0 TTPOMHCIIOBOTO

nipomeTpy. Bennunna noxubku BUMiproBaHHs TemmiepaTypu ctaHosmia =1 °C.

4.2.2 AHaJi3 OTpMMaHUX Pe3yJIbTATIB
JlaH1 110/10 BUMIpIOBaHHS €JEKTPUYHUX IMMapaMeTpiB TypOoreHeparopa Mmia 4ac

MPOBENICHHSI TEIUIOBUX BUNIPOOYBaHb HaBeeH1 B Tabuisix 4.4 ta 4.5.
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Tabmuis 4.4
EnextpuuHi mapameTpu TypOOoreHeparopa 3a NMTOBUMH IIPHIIaaMu
2 < 4 4 o Crpym ® =
< - IR = -~ | ® 3 S = =
ol 228 | 2.2 ¢ §-2< = = | cratopa, kA | 5 & S E s =
28 233 |EE3| 255 E- S2%| Eim Ei<
= ¢ =] [STEN et
S K| ¥ .- > - = &% || I | & 8 & X =
=225 [ FEo|FEa s M| |Es =g |Cg
= = [<p] [<p]
1 208,4 99,5 230,9 499 (84 (84|84 16,0 385 1680
2 154,2 83,0 175,1 499 (656,464 15,8 310 1450
3 125,8 70,3 144,1 499 (54|54 |54 15,8 270 1290
Tabmuws 4.5
EnextpuuHi mapametpu TypOOreHepaTropa 3a KOHTPOJIbHUMHU MPUJIaJlaMU
>
§ Hanpyra craropa, B Ctpym craropa, A o )
&= =
5 s | & E £ =
=9 @ S| 2g<
S | Uss | Usc | Uca | Ugp | Ia | Is | e | 1 S8 |5&
= AB BC CA cp A B C cp m Lg} %
(=] <] <]
=
1 15908 | 15750 | 15577 | 15745 | 8275 | 8360 | 8390 | 8342 | 0,916 377,6 1714,2
2 15852 | 15703 | 15506 | 15687 | 6220 | 6280 | 6245 | 6248 | 0,908 303,0 1443,0
3 15734 | 15584 | 15427 | 15582 | 5305 | 5340 | 5395 | 5347 | 0,872 263,6 1282,8
PesynpTaTn  BUMIpIOBaHb ~ TeMIEpaTypd  aKTHBHHUX  YacTHMH  CTaropa

TypOoTreHepaTopa 3a IITaTHUM TEIUIOKOHTPOJIEM HaBeleHo B Tabmuisax 4.6 ta 4.7,
TEMIIepaTypy Ta NapaMeTPiB OXOJIOKYBAIBHUX CEpelOBUL — y Tabuii 4.8.

B Tabmuisax 4.6...4.8 muist pexxumy 1 BHECEH1 TeMIiepaTypu, OTpUMaHi B pe3yJIbTaTi
BHUMIPIOBAHHS OIOPY TEPMOINIEPETBOPIOBAYIB ONOPY MPH MOCTIHHOMY CTPYMI Ha KIIEMHUX
KOpOoOKax craropa MpH YCTaJICHOMY TEIJIOBOMY CTaHI reHepaTopa, a B pexxumax 2 i 3
HABEJICHI pe3yJbTaTH BUMIPIOBAHHS TEMIIEpaTypyd JIOTOMETPOM, CKOPUTOBaHI 3
ypaxyBaHHSAM BUMIPIOBaHHS HAa KJIEMHHX KOpOOKax B pexumi 1.

[To3HaueHHsT TepMOMEPETBOPIOBAYIB BIJIMTOBITHO TEXHIYHOT

Oo1opy A0

JTOKyMEHTAIlli Ha TypOoreHepaTop.
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Tadmuis 4.6
Temneparypa oOMoTKH ctaropa, °C
Howmep Ilo3Ha4YeHHsI TePMOTNIEPETBOPIOBAYIB ONOPY
pexumy M 2M M 4M SM 6M ™
1 69 70 94 93 101 102 100
2 55 54 71 70 76 75 77
3 48 48 61 62 65 63 66
Tabmums 4.7
TemMmneparypa akTUBHO1 cTajl ocepas ctatopa, °C
Homep Ilo3HaveHHsI TePMONEPETBOPIOBAYiB 0NOPY
pexumy 1K 2K RY; \\ 4K 5K 6K 7K
1 75 80 96 92 90 95 85
2 61 66 75 70 72 - 67
3 45 59 65 61 66 - 60
Tabnus 4.8

[TapameTpu OXOJOKYBAJIbHUX CEPEIAOBHUII ITiJI Yac IPOBEJACHHS TEIJIOBUX

pPEXUMIB
o Temmnepartypa ra3y Ha BX0Ai Za BHXOJi = IapaveTpu BomiIo
E ra300x0J01KyBayviB, °C 9 2 xopmyci
£ 3a TEpMOMeTpamMu 3a TepMonepeTRopioBaamn | £ 2 £ 5 TypOoreHeparopa
g Y p onopy =23 = Yp paTop
= Ha BXOJi HA BUXOi Ha BXoai Ha BUXO0Ai ; E[ 5 Eh Tuck
§ R 2 g "~ | napammkosuii, | Yucrora,
= | IIT |2IT | IIX [ 2I'X | 6I'T | 7IT | 3rX | 4IX e IMa x 10° %
= (xr/em?)
1 83 | 77 | 43 | 41 | 80 | 80 51 42 396 3,05 98,7
2 62 | 57 | 34 | 32 | 60 60 39 35 397 2,95 99,1
3 54 | 49 | 30 | 29 | 52 51 35 31 370 2,94 99,2
[IponorxxenHs Tadui 4.8
TemmnepaTtypa ra3y Ta 0XoJI0IKyBaJbHOI BOIU
3a TepMoInepeTBOpHBaYaMu onopy, °C
Homep I'a3 na I'as na BHxoi 3 I'a3 na I'a3 na Buxoxi Bona B
pexumy BXO]i B BXO[Ti i3 KoBnaukiB I'a300X0.10/KyBa4ax
KOMIIpecopa Buxin
KoMIpecop y potop 00MOTKHM cTaTOpa Bxin
X 8rx IrX |5rx |erx | 3rr | 4Ir | sir I'1 2
1 46 94 54 55 | 59 - - - 7 - -
2 45 46 - - 48 - - - 7 - -
3 42 44 - - 48 - - - 8 - -
[Tpumitka — I'l Ta ['2 — mo3HadyeHHsT Ta300X0JI0KyBaviB, ['1 — mpaBopy4, a ['2 — miBopyd, SAKIIO
JUBHUTHUCS 3 OOKY TypOiHM
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MakcuMainibHa Temriepatypa oOMOTKM cTatopa Oyna BUMipsiHa B pexkumi 1 1o
TEPMOIIEPETBOPIOBAaYY OMopy 6M, BCTAaHOBJICHOMY MK CTPW)KHSAMH B Ta3zy 12 3 Ooky
Typ6inn, ta ckinaiga 102,0 °C. Ha puc. 4.1 HaBeieHa 3alieXHICTh MaKCUMAIbHOTO
TIEPEBUILICHHS TEMITepaTypu OOMOTKH CTaTopa Haj TEMIIEPAaTypOIO XOJIOJAHOTO rasy Bij
KBajpaTa CTpyMy cTaropa. TemmepaTypa XOJIOIHOTO Ta3y BH3Hayamacs SK
cepeqHbOapU(PMETHUHE 3HAYEHHS  TEMIepaTyp XOJOJHOTO Ta3y, BUMIPSHUX

TCPMOMCTpAaMHU Ha BHXOI[i ra3y 3 KOKHOI'O Ira3o0Xxo0JI0/[’KyBaya.

AT,, K

AT

M.H

60
50 7 /

paa I

70

40 /

30

20

10

2
IH

0

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 |2, kA2

Puc. 4.1 — 3anexxHiCTh MAaKCUMAJILHOTO TIEPEBUIIICHHS TEMTIEPATYPH OOMOTKHU CTaTOpa

HaJI TEMIIEPAaTyPOIO XOJIOTHOTO Ta3y Bijl KBaJpara CTPyMy CTaTopa

Busnauene 3a rpadikom mepeBuieHHs Temrepatypu AT, 3a BKazaHUM
TEPMOINEPETBOPIOBAUEM OINOPY NMPU HOMIHAILHOMY cTpymi ctatopa |, = 8630 A ckiano
63,0 K, mo Bignoigae abcomoTHii Temnepatypi 103 °C npu HOMiHATBHIN TemMIieparypi
xosiogHoro rasy 40 °C. Takum urHOM, HaOUIbIIA TeMrepaTypa 0OMOTKH CTaTopa, 110
CIIOCTEpIraeThcsl (MakCUMalbHa TEMIIEpaTypa, OKpYIJeHa Yy OUIbIIy CTOPOHY [0
3HaueHHA, KpaTHOTO 5), ckiama 105 °C, mo BiAMOBiAa€ MaKCUMAaIbHIN JOMYCTHUMIN
TeMIepaTypi, 3amac 1o HarpiBaHHK OOMOTKH CTaToOpa BiJCYTHIH.

MakcuManbHa TeMmepaTypa ocepAs craropa Oyila BuUMIpsSsHA B pexumi 1
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tepMoriepeTrBoproBadeM omnopy 3K 1 ckimana 96,0 °C (nuB. Ta6:1.2.4.). Ha puc. 4.2
HaBeJCHA 3aJICKHICTh MAKCHMAIILHOTO TIEPEBHIIEHHS TEMIIEPATyPH OCEpIsi CTaTopa Bij

KBaJpara CTpyMy CTaTopa.

AT

W
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Puc. 4.2 — 3anexHiCTh MAKCUMAJILHOTO TIEPEBUILICHHS TEMITEpATyPH OCEp/is cTaTopa

HaJ] TEMIIEPATYPOIO XOJIOAHOTO ra3y BiJl KBajpara CTpyMy cTaTopa

BusHaueHe 3a rpadikom a oylKyBaHe MakCHMallbHE NIEPEBUIIECHHS TEMIEpaTypu
ocepast AT,., npu HOMiIHaILHOMY cTpyMi ctatopa |, = 8630 A cranoButh 56,0 K, mo
BIJIMOBIJIa€ a0comoTHIN Temneparypi 96 °C npu HOMIHAJIBHIN TeMIlepaTypl XOJIO0IHOTO
razy 40°C. Takum umHOM, HaWOUTBIIIA TEMIlepaTypa oOcepAs CcTaropa, IIIo
CIIOCTEpITaeThCcsl (MakCUMallbHa TEMIIEpaTypa, OKpPYIJIEHa Yy OUIbIIy CTOPOHY [0
3Ha4YeHHs, KpaTHOTO 5), ctaHoBUTH 100 °C, 1m0 HWXKYEe 3a JOMYCTUMY TEMIIEpaTypy
105 °C, ane npu 11bOMy 3anac cTaHOBUTH Jiutie 5 °C.

B nporeci TeroBux BUnpoOyBaHb OyB 3adiKCOBaHUH 1IN psAll 3ayBa’KE€Hb 10
npane3aaTHOCTI CUCTEMHU TETUIOKOHTPOJIIO TypOoreHepaTopa.

30Kkpema Impy BUMIPIOBaHH1 OTIOP1B TEPMOINIEPETBOPIOBAYIB OMOPY MPH MOCTIHHOMY
CTPYMI Ha KJIEMHUX KOpOOKax craTopa TypOoreHeparopa BUsBJIEHI OOPUBH B JIAHIIFOTaxX

tepmornieperBoproBadiB 3T, 4I'T ta SI'T (nuB. Tabm. 4.8), 110 BUMIPIOIOTh TEMIIEPATYPY
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rapsiuoro razy Ha BUXOJ1 3 KOBIAuKiB OOMOTKH cTatopa. TakuM YMHOM, €KCILTyaTallis
TypOorenepaTopa GakTUYHO 3/1HCHIOETHCS 0€3 BUMIPIOBAHHS 3a3HAYEHOI TEMIIEpaTypH,
sKa € HOPMOBAaHMM TapaMeTpPOM IMPH EKCIUTyaTalii, 0 € HEeNPUIyCTUMUM.
TepmonepeTrBoproBaui oropy 9I'X Tta 5I'X, 1m0 BUMIPIOIOTE TEMIIEPATYPY XOJIOTHOTO
ra3y Ha BHXO/I1 3 KOMIIpecopa Ta Ha BXO/Ii B pOTOP BiJAMOBIAHO, € Mpale3JaTHIMH, ajie He
3aJIisH1 B CUCTEMI TEIUIOKOHTPOIT0. Takok HE BUMIPIOEThCSA TEMIIEpaTypa BOAU Ha 3JIMBI
3 ra300X0JI0/1KyBayiB.

B wmioMy cuctema TEIIOBOIO KOHTPOJIIO TypOoreHepatopa BHUSBWIACH HE
HAJIAIITOBAHOIO Ta p030alaHCOBAHOIO, IOTOMETP Ma€ BEJUKY BEIMUMHY MOXUOKH, HOro
MOKa3aHHS YacTo 3aJIe’KaTh HE TIIbKU B1Jl BEJIMYUMHU ONOPY Y 30BHILIHBOMY JIAHI[IO31, A
! BIJ ONOPY KOHTAKTIB y MepEMUKaYaX.

Pi3Huust B pe3ynbrarax BU3HAYEHHsS TEMIIEpaTypd OIOPY, BHUMIPSHOMY Ha
KJIIEMHHUX KOpOOKax reHepaTropa IpU MAaKCUMajJbHOMY HABAHTAKEHHI B pexumi 1, 1
MOKa3aHHsIX jJoroMerpa ckiana Big minyc 15 °C go mmtoc 19 °C. TakuM 4MHOM MOKHA
3p0oOHUTH BUCHOBOK, II0 HAasiBHA CHCTEMa TEIJIOKOHTPOJIIO TypOoTreHeparopa € PpizuyHo 1
MOPAJIbHO 3aCTapuIol 1 BUMAarae TEPMIHOBOI 3aMIHM MPU MPOBEJEHHI KaIliTaJlbHOTO
PEMOHTY Ha HOBITHIO CUCTEMY Ha 0a31 Cy4acHOI KOMITIOTEPHOI TEXHIKH.

TemnepaTypa raps4oro Tra3y Ha BXOAl B Ta300XO0JIOJKYyBaul, BHUMIpsSHA
TepMorniepeTBoproBadyamu onopy 61T ta 7I'T Gnu3bka 10 TemmepaTypu, BUMIPSHOI
tepmomeTpamu 1T Ta 2I'T, piznuns ve nepesunrye 3 °C. 3HauHo OunbIa pi3HUIS (70
8 °C) oTpumaHa TpH BUMIPIOBaHHI TEMIIEpaTypyd XOJIOAHOIO Tra3y Ha BHUXOIl 3
ra300Xx0JIO)KyBadiB, MPUIOMY TEMIIEpaTypa, BUMIpSHA TEPMOIIEPETBOPIOBaYEM O1IbIIIE,
HIK TepMoMeTpoM. Lle Mo)kHA MOSICHUTH THM, 110 HABIIPOTH BUMIPIOBAJIBHOTO €JIEMEHTa
TEpMOINEPETBOPIOBaYa OMOpPY PO3TAIIOBaHA 30HA MIJBUILEHOI TEMIEpaTypu ra3y 3a
paxyHOK YacTKOBOi 3aKyHOpPKU TPYOOK y Ta300X0J0/pKyBayax, 110 BUHUKIIA TPOTITOM
nepioay eKCILTyaTallii.

[Ipo He3anoOBUIBHY pOOOTY Ta300X0JIOJKYBaylB FOBOPUTH TOW (akT, IO HpH
TEeMITepaTypi 0XOJ0Ky040i Boau 01u3bko 7 °C 1 mpakTHYHO HOMIHANBHIN ii BUTpaTI
NpU HaBaHTaXEeHHI TypOoreHeparopa 208,4 MBT temmepaTypa XOJIOJHOTO Tasy

cTaHoBUTH O61m3bK0 42 °C, ToO0TO BHIIe HOMIHAILHOT Temneparypu 40 °C.
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3a omMCaHWMM BHIIE 3ayBaXKEHHAMH OyJM HaJaHI HACTYMHI pPEKOMEHJaIlil
eKCIUTyaTalllifHOMY MEPCOHAITY €JIEKTPOCTAHIIII:

- HEoOXiHO TMpH  TPOBEJACHHI  KamiTaJbHOTO  PEMOHTY  3a3HayeHi
TEpMOIEPETBOPIOBAYl OMOPY BIIHOBUTH Ta 3aJ15TH Y IITATHIN CUCTEMI TETNIOKOHTPOJIIO;

- HEOOXITHO  BBECTM B  CHCTEMI  TEIUIOKOHTPOJIIO  TO3HAYEHHS
TEPMOIIEPETBOPIOBAYIB  OMOpPY  BIANOBIAHO JIO TEXHIYHOI JOKyMEHTalli Ha
TypOOTeHepaTop.

- HEOOXIIHO TiJ] Yac MPOBEACHHS KaIliTaJIbHOTO PEMOHTY BHKOHATH POOOTH 3
peBi3ii Ta YMIIEHHS Ta300XOJO/KYBayiB JUIsl 3a0€3MEeUeHHS MOXIJIMBOCTI pOOOTH
TypOOTeHepaTopa Mpu MaKCUMAJIbHUX HAaBaHTAKEHHSIX.

JlaH1 110,10 BU3HAYEHHS TeMIlepaTypyu 0OMOTKH poTOopa HaBeaeH1 B Tabmnuii 4.9.

Tabmuis 4.9
Pe3ynbTaTu BU3HAYEHHS TeMIIepaTypu OOMOTKH pOTOpa METOJIOM OIIOPY
o e
< - S o o
) . = s = = & =Sz 22
| = 8 z L35« &2 z & F z2sgrF
25| E = = © =2 . = o = = S
= A 22 Z s IS S & = s 2 5 & =2 2
2§ gEm| EFE<| SEB=EZ | 25Y | 25EY | 553ZEC
= = o =
TElgz | Pe =5¢5 = E S £ 8 25533
? ® ERE s 2 g2 SE2ZE2
S = Q&=
=
1 377,6 1714,2 0,2203 82,3 420 40,3
2 303,0 1443,0 0,2100 67,5 33,0 34,5
3 263.6 1282.8 0,2055 61,1 295 315

Ha puc. 4.3 HaBeneHa 3a1eXKHICTh TIEPEBUIIIEHHS TEMIIEpaTypu OOMOTKH poTOpa

HaJ| TEMIIEPATYPOIO XOJIOJHOIO ra3y Biji KBaJpara CTpyMy pOTopa.
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Puc. 4.3 — 3anexxHICTh NEPEBUILICHHS TEMIIEPATYPH OOMOTKH POTOpPA HaT

TEMIIEpaTyPOIO XOJIOJHOTO ra3y BiJl KBajpaTa CTpyMy poTopa

[Ipu HOMIHANIBHOMY CTpyMi 30ymkeHHs 1880 A mepeBUIIEHHS TeMmIepaTypu
OOMOTKH pOTOpa 3a MLI€K 3aleXKHICTIO ckiaamatuMme 45 K, 1mo Huxye 3a JI0MyCcTUME
3Hauenns 60 K (BigmoBimae aOcomoTHii Temmepatypi 100 °C mpu HOMIHANBHIN
temnepaTtypi xojoaHoro razy 40 °C). 3a pesyiabraramu BUIPOOYBaHb HaNOLIbINA
TeMIiepaTypa oOMOTKHM 30yJUKEHHS, 110 crHocTepiraerhes, ckinana 85 °C, a 3amac 3a
HarpiBaHHsM cTaHOBUTH 15 °C.

Po6ota Typboreneparopa B 3MMOBHI Yac 3A1HCHIOEThCS TPU TEMIIEpaTypl BOAM Ha
BXOJl B Ta300xoyiomkyBaul Hwkue 3a 12 °C. Ilpu npoBemeHHi BUNPOOYBaHb Iis
TeMmriepatypa craHoBuia 7...8 °C, 10 HENPUIyCTUMO TPU  eKCIuTyaTarlii
TypOOTeHepaTopa BiIOBITHO 10 HOTO IHCTPYKIT 3 excrutyaramii [S]. Jyis migBuiieHHs
HaJIHHOCTI poOOTH TypOOreHeparopa MpU MPOBEJACHHI KaliTaJbHOTO PEMOHTY OyIo
PEKOMEH/IOBAaHO BIPOBAIUTH YAaCTKOBY PEIUPKYJIIAIII0 OXOJOKYI0Uoi BOIHU, IO
0COOJIMBO aKTyaJIbHO MpU poOOTI TypOOTeHepaTropa B 3UMOBY MOpYy POKy. TexHidHa
peaJtizailisi TAaKOro pillIeHHS] BUMarae HassBHOCTI JOJJATKOBOTO TPYOOIPOBOAY, IO 3’ €AHYE
TPyOOIpPOBIJT TapsA40i BOJAM HA BUXOJ1 3 Ta300X0JI0/KYBaviB 3 TPyOOIPOBOIOM TOAaYi

X0JI0HO1 BoAM. JlomaTkoBuil TpyOOIPOBIA JO3BOISTUME MIABUIIUTH TEMIIEPATypPy BOJIN
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Ha BXOJIi B ra300X0JIOKYyBaui 3a PaXyHOK 3aJy4eHHS YaCTHHU raps4oi Boau. KepyBanHs
TEMIIepaTypoI0 BOJAM Ha BXOJ1 MOYKE BUKOHYBATUCh 33 PaXyHOK PEryJIIOBaHHS BUTPATU
rapsayoi BOJM Yepe3 JOAATKOBUW TpyOOIpOBiJ, IO BiAOyBaTUMETHCS BpPy4YHY abo

ABTOMAaTHU30BAaHO.

Pe3ynbratu BUMiproBaHHS TeMIiepaTypu 0a0iTy MiJIIMITHUKIB, 0a0iTy yIIUTbHEHb

Ta OXOJIOJKYBAJIbHOT OJIMBU HaBeAeH1 B Tabnuili 4.10.

Tabmuns 4.10
Temneparypa  6a0iTy  NIANIMIHKMKIB,  YIIUIbBHEHb  Ta  TeMIIepaTypa

0XOJIOKYBAJIbHOT 0JIBH, °C

TemnepaTtypa 0a0ity
) . ] Temneparypa 0JMBHU
> MiTIAMHAKIB yuiiibHeHb
=
s
C
i Cropona ::)I:;Ha CropoHna CropoHna HA 3JIMBI 3
o | TypOinmn L TypOinu KOHT. Kijleub . NiJIMIHUKIB
g KiJlenb HAa mojayvi B
E CTO[.)OHa Crtopona CTO[.)OHa CropoHa | yuiJIbHEHHS Cropona CrtopoHna
11 211 NMOBITPA BOJIHIO NMOBITPA BOJHIO ) KOHT.
TypOinu )
1y 3y 2y 4y Kinenb
1 65 66 58 58 60 56 42 60 59
2 64 65 56 58 64 57 43 61 59
3 64 65 58 58 62 56 42 60 58

MakcumanbHa TemiiepaTypa 0aliTy MIJIIMIHUKIB 1 YIIUIBHEHb Y TPOBEICHUX
pexXrMax He epeBUIyBasia JOIyCTUMOTO 3HaYeHHs, 10 AopiBHIOE 80 °C, Temmneparypa
OJIMBU Ha 3JIMBI 3 MiAUIUITHUKIB TAKOXX HUXKYE JOMyCTUMOro 3HadeHHs 65 °C.

Ha puc. 4.4 — 4.7 300pakeHO pe3yabTaTH NOPIBHSAHHS pO3PaXyHKOBHUX TEMIIEPATYP

Ta TEMIIEpaTyp, SKi OTPUMaHi Mij] 4ac BUMPOOYBaHb.
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Puc. 4.4 [lopiBHSAHHA TeMIIEpaTypy OXOJIOKYIOUOI0 MOBITPS HA BXO/I.
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Puc. 4.5 TlopiBHSHHS TeMIIepaTypy OXOJIOKYIOUOTO MTOBITPST HA BUXO/II.
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Puc. 4.6 IlopiBHSHHS TeMIiepaTypH 30BHIIIHbOT TOBEPXHI IIUH.
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N\ - pospaxyskaba mernepamypa - [~ Burpsra mernepamyoa

Puc. 4.7 TlopiBHSIHHS TeMIIepaTypHy 30BHINIHHOI MOBEPXHI KOHTAKTHUX KIJIEITh.

SIx BUAHO, PO3PaxyHKOBI 3HAYEHHS TEMIIEPATypH 3 YypaxyBaHHSIM KOPHUIOPY
HEBU3HAYEHOCTI 301ratoThCs 3 BUMTPOOYBAIbHUMU 3HAYEHHSIMH 3 YpaxyBaHHSIM MOXUOKHU

BUMIPIOBaHHS, 1110 BKA3ye Ha aJ€KBaTHICTh MOJIEIII.
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4.3 BiOpauiiini BUNpoOyBaHHS

4.3.1 MeToauka npoBeieHHs1 BUNPOOYBAHHA

Metoro mnpoBeAcHHS BUIPOOYBaHHS € BH3HAYCHHS BiOpaliifHOTO CTaHy
HIITUITHAKOBUX OIOpP, KOPIyCY TeHepaTopa Ta KOHTAKTHHX KiJIellb, a TaKOX OIlIHKA
TEXHIYHOT'O CTaHy OCEpJisd cTaTopa HEMpSIMUM METOJIOM 3a piBHEM BiOpallii KOpmycy
cTaTtopa nepej KamiTalbHUM PEMOHTOM.

Bu3HnaueHHsT ~MEXaHIYHOTO CTaHy KOHCTPYKTHBHUX BY3JIB TeHepaTopa
3MIMCHIOBANIOCS IUIAXOM BUMIpY BiOpallii MIIIIMITHUKOBUX OMNOp, KOPIycy Ta
KOHTAKTHUX K1JICIIb.

BibOpalis  miINIMOHUKOBUX  OMOp  BUMIpIOBalach Yy  TPbOX  B3a€EMHO-
MEePICHIMKYJISIPHUX HAIPsIMKaX: BepTukaibHOMY (B), ropuzonTansHo-nonepeunomy (1))
Ta TOPU3OHTAIBHO-0ChOBOMY (O) 1O BIAHOIICHHIO JO OCI OOEpTAaHHS BaJOMPOBOIY.
BeprukanbHa ckiagoBa BiOpallli BUMIprOBajiach Ha BEPXHIN KPHUIIIN MIINTAITHUKA HAJI
CEpeMHOI0 MOT0 JOBXKMHHU; TOPH30HTAIBHO-TIONEPEYHA — MO PO3'eMY MOCEpEAHHi
OTIOPHUX MiANIMITHUKIB; TOPU30HTAILHO-0ChOBA — IO PO3'€EMY sSIKOMOTa OJIMXKYE 0 OCl
obepTaHHS.

[TonepeuHa Ta 0CbOBaA CKJIa/10Ba BUMIPIOBAIUCH 3 MPABOrO OOKY, SKIIO TUBUTHCS
3 00Ky TypOiHH.

BiOpauis koprycy cratopa BHMIproBajacs y paaiaibHOMy HanpsMKy. Touku

BHUMIPIOBaHb MTOKa3aHi Ha puc. 4.8 ta 4.9.

Puc. 4.8 — Po3raniyBaHHsI TOUOK BUMIPIOBAHHS Y TTO3/IOBXKHIX Iepepizax Ha

KOpITyCl cTatopa TypOoreHeparopa (BUl 31 CTOpPOHU KOHTAKTHUX K1JIEIh)
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CropoHa CropoHa
TypO1HH KOHTAKTHUX KUICIb
1" B B 2'

i S IO DN . A
L] 3 - | i 4 ]
1 B | B 2

2045 | 1810 1810 2045

Puc. 4.9 — Po3ranryBaHHs TOYOK BUMIPIOBaHHS Ha KOPITYCl CTaTOpa

TypOorenepaTopa (Bua 3BEPXY)

BumiproBanHs BiOpailii KOHTaKTHUX KIJIEIb POTOpa MPOBOJIUINCS KOHTAKTHUM
METOJIOM 4Yepe3 ILIITKYy Ha BHYTPIIIHBOMY Ta 30BHIIIHBOMY KOHTAKTHUX KUIBLAX Yy
BEPTUKAJIBHOMY Ta IIOTIEPEUHOMY HAIPSIMKaX.

BumiproBanHs BiOpallli KOHCTPYKTUBHUX BY3J1B TypOOoreHepaTopa mpOBOIUIHCS
OJJHOYAaCHO 3 TEIUIOBUMHU BHUIIPOOYBaHHSIMM B TaKUX CaMHX TpbOX pexUMax
HaBaHTaXeHHA TypOorereparopa (P =208,4 MBT, P = 154,2 MBT, P = 125,8 MBT).

BiOpauiiini  oOcTexeHHss  TypOoreHeparopa BHUKOHaHI 32  JOIIOMOIOKO
0araTokaHaJIbHOTO CUHXPOHHOTO peecTpaTopa Ta CIeKTpoaHati3aTopa.

Jlns omiHkM BIOpaliiiHOro craHy TypOoreHepaTopa NpOBOAMINCS BUMIPIOBAHHS
3arajibHOTO PiBHA BiOponepemineHHs (24, MKM), CepeHbOTO KBaIpaTUYHOTO 3HAYEHHS
BiOpomBuAKOCTI (V. , MM/C), po3MaxiB BiOpailliii BIOpOTIEPEMIIICHHS Ta CEPEeIHBOTO
KBaIpaTUYHOTO 3HAYEHHS LIBUIKOCTI Ha OOOPOTHIN Ta MOABIAHIA 00OPOTHIN YacTOTax
(2406, 24206, Voo, V 206)-

Jy1st BU3HAUYCHHS OCHOBHUX JKepen BiOpallii BUKOHAaHI BUMIPIOBAHHS YaCTOTHOTO
Ta rapMOHIMHOro crekTpiB BiOpamii. YactoTHi maianasonu cranoBuiau 10...200 I'u ta

10...1000 I'm.

4.3.2 Pe3yabTaTH BiOpauiiiHuX BUNPOOyBaHb
Bignosigno mqo ACTY ISO 10816-2:2009 [6] BiOpamiitHuii cran TypOoarperary

OI_IiHIOIOTB 3a pe3ylibTaTaMU BI/IMipIOBaHB CCPCAHLOI0 KBAAPATUYIHOI'O 3HAYCHHIA
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BiOpomBUaKOCTI onop y aiana3zoHi yactoT Bif 10 I'u qo 1000 T'ix (Vs MM/c).

Y Ttabmumi 4.11 HaBeaeHl pe3ysbTaTH BUMIPIOBAHHS 3arajlbHOTO  PIBHS
CEpEeMHbOKBAAPATUYHOTO 3HaueHHs BiOpomBuakocTi B mianmazoni 10...1000 I'mp 1
po3maxy BiOponepemimieHHs B aiama3oni 10...200 [' miAmMmHIKOBUX OTIOP MPH Pi3HUX
BETMYMHAX HABAaHTAXCHHS, a TAKOX CKJIanoBi BiOpariii gacrotoro 50 ['m (3BopoTHa
gactora) 1 100 I'm. Hywmepamis MiIMIUITHAKOBUX OMNOP € CIUIBHOIO MJIsS YChOTO
BaJIONPOBOAY TypOoarperary, onopa Ne6 po3ramioBana Ouist TypOorenepaTopa 3 00Ky
TypOiHHU, oniopa Ne7 — 3 00Ky KOHTaKTHUX KUJICIIb.

Ax BugHO 3 TabnwMil, BiOpallis MIAIMIMITHUKOBUX OINOpP y BEPTUKAIBHOMY Ta
MoTepeyHoMy HampsiMKkax He mnepesuinye 4,0 MMm/c, a B OChOBOMY — 3,5 MM/C, IIIO
BIIMOBIa€ BUMOraM craHaapty [6] mis 3ouu B (3,6...7,1 MM/c), 110 TIATBEPIKYE
NPUAATHICTH TypOOreHeparopa 10 TPUBaAJIOi eKcIuTyartalii. 3a BiIOpomepeMilieHHSIM
MaKCUMaJIbHUI PIBEHb BIOpalii CIOCTEPIraeThCsd Ha MIJIMIMIHUKY 3 OOKYy TypOiHH y
BEPTHUKAJIBHOMY HAIIPSAMKY Ta HE MEPEBUILYE 32 MKM.

Tabang 4.11

Bibpaiiist miImIMmHaUKOBUX OTIOP

[Ti IIIUITHUKOBI OTIOPH

CxkiagHuKu

Pexum BiGDAL Nob6 No7
pall B I o) B I o)
24 3ar. piB. 31,07 15,23 20,99 17,87 10,52 4.03
Nol MKI\’/I 50T'g 30,34 12,44 20,30 17,62 10,41 0,71
_ - 100 I'g 5,64 8,72 5,06 2,75 0,33 3,73
P=208,4 MBt : > > > 14 10
Q=99,5Msap | Vex 3ar. pis. 4.0 ¥ .8 , , ,
' M;/f;c 50 T'g 3,36 1,43 2,25 1,93 1,23 0,16
100 I'x 1,24 1,81 1,09 0,59 0,07 0,81
24 3ar. piB. 25,31 12,42 21,35 17,70 10,13 6,76
Nod MKM 50T 24,73 10,22 19,92 16,94 9,89 5,14
P=1 p 100 I'g 5,32 6,74 7,38 2,46 1,70 3,76
=154,2 MBT -
Q=83,0 Map | V. 3ar. piB. 3,2 2,2 3,1 2,1 1,3 1,2
i M;f;(’: 50 I' 2,68 1,13 2,15 1,86 1,11 0,55
100 I'g 1,16 1,49 1,61 0,52 0,38 0,83
24 3ar. piB. 28,31 12,88 25,07 20,47 11,02 7,73
No3 MKM 50T 27,88 10,71 23,16 20,05 10,63 6,40
P—125_8 MB 100 I'g 4,80 7,04 9,51 2,93 2,73 416
9 T i 2.1 35 2.3 1,4 1,2
Q=703 Maap | V. 3ar. piB. 3,4 , , , , ,
’ M;:;é 50I'g 2,92 1,09 2,45 2,01 1,18 0,64
100 I'g 0,98 1,42 1,87 0,59 0,50 0,77

[lepeBaxkHO1O y criekTpax € BiOpailisi 3 000pOoTHOIO YacToTo0. PiBeHb BiOpartrii 3

MOBIHOIO 000POTHOIO YACTOTOIO 3HAYHO HIKUUH.
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BumiproBanHs BiOpallii Kopmycy craropa npoBojuiucsa y 8 Toukax. Ecki3 Todok
BUMIpIOBaHHA HaBeeHU Ha puc.4.8 ta 4.9.

VY tabnui 4.12 HaBeeH1 3HAYCHHSI 3arajIbHOTO PiBHS BIOpONIEPEMIIIICHHS KOPITYCY
craTopa B aianaszoni yactot 10...200 ', a Takox BiOparii 3 yactoToro 50 1 100 I'm.

PiBens BiOpariii kopmycy craropa 3 uactotoro 100 [' He nepeButrye 10 MxM, 110
Binnosinae Bumoram COY-H EE 20.302:2020 [7] (30 mxm). [Ipu 11soMy MakcUManbHUAN
3arajibHUM piBeHb BiOparlii He epeBuiye 18 Mkm y Toutll 3'. Taky BeITUUMHY 3arajibHOTO
piBHsS BiOpailii kopmycy oOyMOBIIO€ 0O0OpOTHA CKJIajoBa BiOpallii, 110 MEpeBa)xae B
CIIEKTPI B ITIH TOYIII, 1 piBEHb SIKOi Jocsarae 16,86 MKM.

Tabmanig 4.12

Bibparuisa koprycy cratopa, 24, MKM

Homep Touku BUMipIOBaHHS
Pexum CKJ.IaHHH},(H JliBuii 6ik (31 croponu KK) | IIpaBuii 6ik (31 croporn KK)
BiOparrii
1 2 3 4 1’ 2 3 4
Nel 3ar. piB. 7,67 | 2,77 | 853 | 3,83 |12,88 | 7,73 | 16,73 | 6,72
P=208,4 MBt 50T 6,60 | 2,48 | 7,05 | 047 | 8,46 | 6,97 |16,28 | 3,81
Q=100 MBap 100 T’ 3,68 | 0,60 | 466 | 3,42 | 9,60 | 3,11 | 3,48 | 537
Ne2 3ar. piB. 841 | 484 | 7,02 | 566 | 815 | 7,66 | 17,39 | 6,36
P=154 MBt 50T 785 | 280 | 516 | 0,12 | 556 | 7,32 | 16,86 | 3,08
Q=83MaBap 100 I'n 2,88 | 3,74 | 464 | 484 | 585 | 2,07 | 411 | 4,73
Ne3 3ar. piB. 842 | 6,61 | 6,51 | 588 | 8,02 | 9,04 |17,21| 6,51
P=126 MBTt 50T 7,70 | 3,39 | 395 | 0,26 | 528 | 7,45 | 16,78 | 3,17
Q=70 Mgap 100 T’ 3,29 | 558 | 507 | 543 | 599 | 500 | 3,73 | 5,28

[lepeBaxkHoto B crekTpl € BiOpaiis 3 0OOOpPOTHOIO Ta MOJBIMHOI OOOPOTHOIO
YaCTOTAMH.

HocBig poboTH, aHai3 PEMOHTHHX Ta €KCIUTyaTalllMHUX JaHUX MOKa3ye, 10 Ha
Typboreneparopax notyxHictio 200 MBT 1 6inbIiie, TEpMiH CITy>XOU KX HE MeHIie 15
POKIB, TOCUTh YaCTO CIIOCTEPITAIOTHCS BUMAAKH MOIIKOKEHb BY3JIIB MIABICKH OCEPAs B
KOpITyCl CcTaTopa: MEXaHIYHE 3HOIIYBaHHS IMOBEPXOHb AaKTHUBHOI CTalll 1 CTSHKHHUX
CTIOJTyYHHX TIPHU3M Ta, SIK HACTIJIOK, MOPYIIEHHS 3B'SI3Ky €JIEMEHTIB CUCTEMH KPITITICHHS 3
aKTUBHOIO CTaJIIIO; MOsIBA TPIIIMH Y 3BapHUX IIBAX; BiABEPTAHHS railoK Ta OOpUB IIHIOK
CTSDKHUX Npu3M. Lle B OCHOBHOMY BiJ1I0yBA€ThHCS MPU TPUBAJIOMY BIUIMBI IMIJBUILEHUX

BiOpaliif yepe3 HU3bKY 3TMHAIbHY KOPCTKICTh COUHKU OCEpsi, HEIOCTATHIO MIIHICTD
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€JIEMEHTIB CUCTEMH IT1IBICKM aKTUBHOT CTaJIi, pe30HAHCHI KOJIMBAHHSA OCeps 1 OB'sA3aH1
3 HUM KOHCTPYKTHBHI €JIEMEHTU CTATOpa 1 T. 1.

3 mOoCBimy eKcruryatarlii BiJoMo, 1o o0cAT 1 €pEeKTUBHICTh PEMOHTHHX POOIT, 10
BUKOHYIOTBCS, 3aJ€XKaTh BiA cTajli po3BUTKY jAedekty. HecBoewacHe BUSIBICHHS
nedekTiB Ta BXHUTTA 3aXOAIB IIOJO BIAHOBICHHS BIOPOI30IIOIOYMX Ta HECYyUHX
BJIACTMBOCTEH CHCTEMH MIABICKM MOKE MPU3BOAUTH 10 CEPHO3HMUX MOIIKOIKEHb Ta
PEMOHTY OOJaJHAHHS 3 BIIHOCHO BUCOKUMM €KOHOMIYHUMH 3aTpaTaMH, a B OKPEMHX
BUIIAJIKaX 1 aBapIHO1 3yITMHKHU reHepaTopa.

OCHOBHMM HOPMAaTUBHO-TEXHIYHMM JOKYMEHTOM, WIO pEIJIAMEHTYE CTaH
TypOOTE€HEepaTopiB, € CTaHAapT [7].

[leBHy 1H(OpMaILIIO PO CTaH CTaTOpa AAIOTh AOCIIHKEHHS oro BiOparii. OxHak
BUMIpPIOBaHHA BiOpamii ocepAs 3a3BU4Yail MPOBOJATH TUIBKM TIPU BBEICHHI B
eKCILTyaTallilo, a B MPOIEC] eKCIUTyaTalli — TIIbKU IPH BUSBIICHHI HE33/I0BLJILHOTO CTaHY
CTaJI€BUX KOHCTPYKIIM cTaTopa (KOHTAKTHA KOPO3is, MOIIKOKEHHS BY3J11B KPIIUJICHHS
Ta 1H. TOOTO BXXe 3a (pakToM HasBHOCTI nedekTy). Taka cuTyailisi BUHUKAE 4epe3 Te, 110
BHUMIPIOBaHHS BiOpallii NOB'13aHe 3 IEBHUMU TPYIHOIIAMU: BUITYCK BOJIHIO, IEPEBEACHHS
Ha MOBITPs, BCTAHOBJICHHSI JATYHUKIB yCEPEUHI reHepaTopa, BUBSACHHS BUMIPIOBAILHUX
Tpac 3 KOPITyCy 4epe3 ra3ouliibHI MaJblli Ta iH.

Bce 1e cBiquuTh MpPO HEOOXIMHICTH YAOCKOHAJIEHHS METOMIB J1arHOCTUKHU
TEXHIYHOTO CTaHy IMABICKM aKTHBHOI CTajl y Tpolecl eKCIulyaTallii 3 METOI0
CBOEYACHOI'O Ta MOBHOT'O BUSIBICHHS J1€(DEKTIB Ta JOCTOBIPHOI OI[IHKH TEXHIYHOTO CTaHy
TypOoreneparopa. OaHuUM 13 BUIIB KOHTPOJIIO TEXHIYHOTO CTaHy TypOOreHeparopa €
METO/I HEMPSIMO1 OITIHKH CTaHy M1JBICKH 3a pIBHEM BIOPOIIPUCKOPEHHS KOPITYCYy CTaTopa.

Jlnst 3HIMaHHA BiOpaliiHUX MapaMeTpiB MpPAalOI0OYUMX FeHEepaTopiB Ha MOBEpPXHI
KOPIyCy KOXHOTO reHepaTopa BUOMPAETHCS MEBHA KUIBKICTh TOYOK 3aJICKHO BiJl THUITY
reHepaTopa. Mo»xHa 3aCTOCOBYBATH CIPOIICHUN BapiaHT: IO JBI TOYKU 3 000X CTOPIH
(cTOpOHa KOHTAaKTHMX KIJI€Ib 1 CTOpOHA TypOiHM) reHepaTopa, po3TalloBaHl B OJMKHIX
IUTOIIMHAX JI0 TOPIIB T€HEPaTOpa B pailoH1 MEePIIOro psALy IPYKHUH MiABICKH 1 B TUIOIIKHI
TOPU30HTAJIBLHOTO JIlaMeTpa FreHepaTopa.

AHani3 3HATHX 3 KOPIYCIB T€HEepaTopiB BIOpalifHUX CUTHANIB MPOBOJIUTHCS
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HUIIXOM PO3KJIaJIaHHs iX 3a I0NOMOroto neperBopeHb Dyp'e HAa rapMOHIKHI CKJIAJIOBI Ta
BUSIBJICHHSI OCOOJIMBOCTEH po3mojauTy BiOpaiiifiHOi eHeprii 3a 4yacToTamH. 3a3BUYal
cekTp BiOparii, oTpuMaHui 3a BiOpaIiiHUMH CHUTHAJIaMH, 3HATUMHU 3 KOPIIYCY
MPaIflOI0uoro reHeparopa, BKIIOYaE B ceOe OCHOBHY TapMoOHiKy 3 yacToToro 100 I'i;
Ha01p TapMOHIMHUX CKJIaI0BUX, KPATHUX OCHOBHOI TAPMOHIKHU Ta HaWOLIbII BUPAKEHUX
y miamasoni g0 1000 I'm. ¥ crexTpi BiOparrii Kopmycy MOXKYTh OyTH CKIIAJ0Bi 3 4aCTOTOIO
oOepTaHHs pOTOpa TeHepaTopa Ta ii TapMOHIKU, SKI WAYTh BiJ BOYJOBAaHUX Yy IIUT
MM IITUITHUKIB.

Hapa3zi icHyrOTh J1Ba METOIM HEMNpSMOi OIIIHKKA CTaHy IMiJBICKA 3a pIBHEM
BIOPOIIPUCKOPEHHS KOPITyCY cTaTopa.

JI71st oHOTO 3 METO/1IB BUOPAHO J[BA yCEPEIHEH] TapaMeTpH:

A1 — cepenue kBajnpaTuuHe BiaxuiaeHHs Bioponpuckopenus (CKB BII) na wactori
100 I'u, ycepeaHeHe aiisi TOUOK 3HIMaHHS BIOpOCUTHAIY;

Az10 — cepelHe KBaJ[paTUYHE BIIXUJICHHS BIOPONPUCKOPEHHS MJISI 4YacTOT Yy
mianasoni 200...1000 I'u, ycepennene uist TOYOK 3HIMAHHS.

YcepeaHeHHsI MOKHA TPOBOJUTH SIK JUIsl BCIX YOTHPbOX TOYOK 3HIMaHHS BiOparii,
TaK 1 OKpEeMO JIJI KOXKHOT IMapy TOYOK 3 pi3HUX OOKIB reHepaTopa.

Po3po0sieH0 Opi€HTOBHI TpaHW4YHI PIBHI OLIHKM TEXHIYHOTO CTaHy CHUCTEMH
KpirJieHHs (MABICKKM) ocepis A0 KOPIycy ctatopa renepartopa. L{i piBHI MOXyTh OyTH
BUKOPHUCTaHI1 /ISl KOHTPOJIIO Ta MONEPEIHBOI OI[IHKUA CTaHy CEpJICYHHKA B TOUKaX 3 OOKY
30yHMKA, 3 00Ky TYpOIHM Ta y BCIX YOTUPHOX TOYKAX KOHTPOJIIO BiOpaiiii.

3a3Buuaii adrOpUTM BIOpAIIfHOTO KOHTPOJIIO CTaHy CcTaTopa TOJSATaE B
HACTYITHOMY: 3HIMAETHCS BUXIHUIN CTaH reHepaTopa 3 BU3HAYCHHSIM BeTUINH A1 1 A2-10.
Jami, sKIIO BeIMYMHA A1 TEPEeBUIIUTh HaBEAEHI paHille 3HaueHHd Ta (abo)
CIIOCTEPITAETHCS 3POCTAHHS BETUINHU A2.19 OUTBII HIXK Ha 5 % I10 BIJHOIICHHIO 10 JaHUX
MUHYJIUX B1OpoOOCTEXkEeHb, Ta (a00) y cHeKkTpl BIOPOCUTHAIIB 3'SBISIOTHCS HETUIOBI
TFapMOHIKH, TO POOHUTHCS BUCHOBOK NPO HMOBIPHE MOTIPIIEHHS TEXHIYHOIO CTaHy
cTaTopa reHepaTopa.

VY npyromy MeTOji CTaH MiJABICKH OIIHIOETHCS IO BIAHOIICHHIO 10 CEPEAHBOTO

kBaapatnyHoro 3HadeHHs (CK3) BiOpompucKOpeHHS KOpIyCy B CMy31 4YacTOT
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100...1000 I'm mo CK3 ocHoBHO1 ckianoBoi 100 ['1 1 mOPiBHIOETBCS 3 PO3POOICHUMU
OpIEHTOBHUMH 3HAUYEHHSIMH rapMoHiitHUX noporosux piBHIB CK3 kopmycy.

Po3paxyHok mapamerpiB Ta moporoBux piBHIB CK3 kopmycy crartopa nms
BU3HAYECHHS TEXHIYHOTO CTaHy 3a JIBOMa METOJaMH JJI1 TPbOX 3HAUYECHb HAaBAHTAXKEHb
MOKa3aB, 1[0 TEXHIYHUW CTaH CUCTEMU KPIIIeHHS (IT1IBICKH) OCEP.Is 10 KOPITYCYy cTaTopa
BIJIMTOBIIAa€ OIHII "3a/10BUIBHO".

MeTton HenpsAMOT OIIHKHM TEXHIYHOTO CTaHy CUCTEMHU KPITIIEHHS (M1ABICKH) OCepas
JI0 KOPITyCy cTaTtopa 3a piBHEM BIOPONPUCKOPEHHS KOPITYCY CTaTopa MoKa3ye, 110 CTaH
ocepig cTaTopa Ta CUCTEMH MOTro KPIIUICHHS BIAMOBiZA€ OIIHIN "3am0BUIbHO". JlaHuii
METO/1 Ma€ OPIEHTOBHUM XapaKTep 1 BUMArae miTBEPXKEHHS 32 TOTIOMOTO0 Ay OTIOI0UNX
Ta YTOYHIOIOUHMX METOJIB KOHTPOJIIO: PETEIbHUU Bi3yallbHUW OTJISA, BU3HAYCHHS
YaCTOTHUX BJIACTUBOCTEH OCEpsl Ta CTSHKHUX MPU3M, BUMIPIOBAHHA BIOpailii pamu Ta
aKTUBHOI CTadl 1 T. 1.

Y Ttabmumi 4.13 HaBe[eHI 3HAYEHHSA 3arajbHOrO pIiBHSA BiOpomepeMimeHHs
KOHTaKTHHX Kuienb y gianmazoni gactor 10...200 I'm, a Takoxk ckiaaoBi BiOpaiii 3
yacrtortamu 50 ta 100 I'u s pexumy P =208 MBT.

Ta6mmrs 4.13

Bi0Opaiiisi KOHTaKTHUX KiJellb, 2A, MKM

Howmep Touku
CKI1agauKu - -
Pexum ) BHyTpimHe K.K. 30BHIINIHE K.K.
BiOparrii
B1 I11 B4 114

Nel 3ar. piB. 123,63 75,94 45,22 19,02
P=208 MBT 50T 108,45 59,15 34,28 18,43
Q=100 MBAp 100 I'g 4474 38,80 28,25 4,08

PiBeHp BiOpallli KOHTaKTHUX KiJIellb HE mepeBuinye 124 MKM, IO BiANOBIAA€
BuMoram ctanaapty [7] (200 Mxm).

Ha puc. 4.10 noganuii 4acTOTHUNA CHEKTp BiOpalili BHYTPIIIHBOIO KOHTAKTHOTO
KUIBIISL Y BEpTHKAIbHOMY HampsMKy. [lepeBakHa B criekTpi € BiOpairisi 3 000pOTHOIO

JaCTOTOIO.
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Pucynoxk 4.10 — Cnextp BiOpailii BHyTPIIIHBOTO KOHTAKTHOTO KUIBIIS Y

BEPTUKAJILHOMY HANPAMKY (24, MKM)

4.4 OcHOBHI pekoMeHaALil 010 00CTe;KYBAHOT0 TYpOOreHepaTopa

TeroBi  BurnpoOyBaHHS, TmpoBenaeHI Ha TypboreHeparopi TI'B-200 o
KaMmiTaJIbHOTO PEMOHTY, MOKAa3alH, 10 IpHu poboTI TypOoreHeparopa 3 HOMIHAJILHUMU
CJICKTPUYHUMH TIapaMeTpamMH TeMIepaTypa aKTUBHUX 1 KOHCTPYKTHMBHMX YaCTUH HE
NEPEeBUILy€E JOMYCTUMUX 3HadeHb. [IpoTe 3amac Mo HarpiBaHHIO CTatopa OOMOTKU
BIJICYTHIH, 3amac 1o HarpiBaHHIO oceps cTaTopa cTaHoBUTH 5 °C, a 0OMOTKH poTOpa —
15 °C. BiacyTHiil KOHTPOJIb TEMIIEPATYPU TapsYOro Ta3y Ha BUXO/I1 3 KOBMAYKiB OOMOTKHU
cTaTopa.

HeoOxigHO BIZHOBUTHM Ta 3aiATH Yy IUTaTHy CHUCTEMY BHUMIPIOBAHb
tepmomneperBoptoBaui  ornopy 3I'T, 4IT Ta SIT, 3anmisstu B cuUCTEeMY KOHTPOJIO
TepmoneperBoptoBaui onopy SI'X ta 9OI'X.

[Tin yac mpoBeneHHS KamiTaJbHOTO PEMOHTY PEKOMEHJIOBAHO BHUKOHATH 3aMIiHy
3acTapiyiol CUCTEMU TETJIOBOIO KOHTPOIIIO TypOOreHepaTopa Ha CydacHy 3 ypaxyBaHHIM
KOMIT'FOTEPHOI TEXHIKU. Y CUCTEMI TEIJIOBOTO KOHTPOJIIO HEOOX1IHO BBECTU O3HAYECHHS
TEPMOIIEPETBOPIOBAYIB  OMOpPY  BIANOBIAHO O TEXHIYHOI JOKyMEHTAlii Ha
TypOOreHepaTop.

JIst miABMIIIEHHS €KCIUTyaTalliifiHOT HaJiHHOCTI TypOOTeHepaTopa Ta 3a0e3neyeHHs
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MOJIMBOCTI MOTro poOOTHM MpU MAKCUMaJIbHUX HABaHTAXXEHHSIX MpPU TPOBEIACHHI
KamiTaJbHOI'0 PEMOHTY HEOOX1JJHO BUKOHATH PEBI3II0 Ta YMIICHHS ra300X0JI0/[KyBayiB
Ta BIIPOBA/KCHHS YAaCTKOBOI PELUPKYJALII OXOJOKyBalbHOI BOAM 3 METOIO
MIJBUIICHHS TEMIIEpaTypy BOJM Ha BXOJlI B Ta300XOJOJKyBadl ITiJI 4ac poOOTH
TypOoreHepaTopa B 3MMOBY MOPY POKY.

BiOpartist miAIIMIHIKOBUX OTMOP Y BEPTHKAIBHOMY Ta MOMEPEYHOMY HampsMKax
BI/IMOBIIa€ BUMOTaM CTaHIapTy [6], a piBeHb BiOpallii KOpIycy cTaropa 3 MOJBIHHOIO
00OpPOTHOIO YaCTOTOIO Ta BIOpALlisi KOHTAKTHUX KUJIELb BIJIIOBIJA€ BUMOTaM CTaHAAPTY
[7].

MeTona HenpAMOi OILIHKU TEXHIYHOTO CTaHy CUCTEMHU KPITUIeHHS (TABICKH ) Oceps
JI0 KOPITyCy cTaTopa 3a piBHEM BIOPONPUCKOPEHHS KOPITYCy CTaTopa MOoKa3ye, 110 CTaH
ocep/is CTaTopa Ta CUCTEMH MOT0 KPITJICHHS BIJIMOBIAA€E OIIHII "3a0B1JIbHO" BIIMTOBIAHO
JI0 METOJTy HEMPSIMOTO BIOPOKOHTPOJIIO ISl OLIHKK TEXHIYHOTO CTaHY M1JBICKA OCEP.Is
cratopiB. JlaHWii METOJ Ma€ OpPIEHTOBHUI XapaKTep 1 BHUMAarae IiJATBEP/UKEHHS 3a
JIOTIOMOT'OI0 TyOJIFOI0YMX Ta YTOYHIOYHX METOMIB KOHTPOJIO: PETENbHUN Bi3yaabHUMN
OTJISi/1, BA3HAYEHHS YaCTOTHUX BJIACTUBOCTEH OCEPs Ta CTSDKHHUX MPU3M, BUMIPIOBAHHS
BiOpaIlii paMu Ta akTUBHO1 CTaJIi TOMIO.

HeoOxigHO BIZHOBUTH POOOTY HEMpane3aTHOI CUCTEMU BIOPOMOHITOPUHTY
aKTUBHOI CTaJIi Ocep/is cTaTopa Ta PpaMHu.

Jns  mpoBeneHHss Bepudikalii aHaNITUYHUX PO3PAaXYHKIB OTPUMAHUX B
JUCEePTAaLiiiHI poOOTI Ta OLIHKK TOYHOCTI HATYPHUX €KCHEPUMEHTIB JJIsl 31CTaBICHHS

BHUKOPHCTOBYBAIUCSA pe3yibTatu podor [8, 9, 10].

4.5 BUCHOBKHY /10 4eTBEPTOI0 PO3ALLY

PosrnsinyTi BunpoOyBaHHS Ha HarpiBaHHS TypOoreHeparopa MOTYXHICTIO
200 MBT 3 BOJHEBUM OXOJIOJUKCHHSIM TI€pE/] BUBEICHHSM B KaliTAJIbHUNM PEMOHT, a
TaKOX HOro BiOpailiiiHi BUIPOOYBaHHS.

AHauni3 TeMI0BOro CTaHy YacTUH TypOOTreHepaTopa MoKa3ye, 0 JAOCHIKYBaHUN
TypOOreHepaTop Ha MOMEHT MPOBEACHHS BUNPOOYyBaHb Ma€ JESAK] 3alacu 3 TEMIIEpaTyp

JIMIIE 32 PaXyHOK HU3BKOI TEMIEpATypu OXOJIODKYIOUUX CEPEIOBHIL, 110 MOB’s3aHE 3
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MIPOBEJICHHSIM BUIIPOOYBaHb B 3UMOBUM Tepiofl. Po3paxyHKOBI O4iKyBaH1 TeMIepaTypu
aKTUBHHUX YaCTUH TypOOTeHepaTopa i MAaKCUMAaJIbHOI TEMIEPATYPH OXOJIOKYI0UYOTO
ra3y B JITHIA TMepioJ MOKa3yloTh, L0 TypOoreHepatop (akTHUHO HE 3JaTHUMN
3a0e3reuynT poOOTy B HOMIHAJIBHOMY pEXHUMI uepe3 HaOMMKeHI 10 TPaHMYHUX
TEMIEpaTypd aKTHUBHUX YaCTHH, HAWOUIbII KPUTHUYHUM € BIJACYTHICTh 3amacy 3
TeMrnepaTypu 0OMOTKH CTaTopa.

Bi6pariiinuii cran TypOoreHepaTopa 3a pe3yjJbTaTaMu BUITPOOYBaHb 3HAXOUTHCS
Ha 33/I0BUIBHOMY DiBHI, SIKHW BIJNOBIAA€ MPHUAATHOCTI TypOOTreHepaTopa A0 TPUBAIOL
eKCILTyaTarlii 3a UM MapaMeTPOM.

3a pesynbTaTamMu BUIPOOYBaHb OyB 3HAMICHUI Psijl HEIOMIKIB B pOOOTI ICHYHOUHX
CUCTEM KOHTPOJIO Ta MOHITOPUHTY TEXHIYHOIO CTaHy TypOoreHeparopa,
eKCIUTyaTallifHOMy TiepcoHally OyJiM HaJlaHi BIANOBIJHI PEKOMEHJAIli II0JI0

BUIMPABJICHHS [IUX HEJIOTIKIB.

4.6 Jlitreparypa 10 4eTBEpPTOr0 PoO3ailLy
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5. TexHiyHu# onmMC Ta IHCTPYKIIIS 3 MOHTaXy Ta e€KCIuTyararlii TypOoreHepaTopa
TI'B-200 3 BogaeBum oxonomxeHHsM OTX.412.005. Bunyck VII. p. Xapkis, 1969 p.,
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BHUCHOBKU

B xoai BUKOHaHHS KOMIUIEKCHUX AHUCEPTALIMHUX MOCHiIKEeHb OylIM OTpHMaHi
HACTYITHI HOB1 HAyKOBI1 Ta MPAaKTUYHI PE3yJIbTATHU:

1. ByB mpoBeneHuit aHasni3 iICHyIOUMX CUCTEM OXOJIO/KEHHs TypOOTeHepaTopiB Ta
eJICKTPOMArHiTHUX HAaBAHTAXEHb, SIKI MOXKJIMBO MPUNHATH Ha €Tarli BUOOPY OCHOBHUX
IrE€OMETPUYHUX PO3MIpPIB aKTHUBHUX YacTUH. PO3IIISHYTHH BIIMB BUOpPAaHOI CHCTEMHU
OXOJIO/PKCHHS] HA MacorabapuTHI XapaKTepUCTUKH MAIIMHU Ta 11 MOKa3HUKU HAJIHHOCTI
Ta 3pyYHOCTI €KCILTyaTarlii.

2. byB mnpoBeneHUN MNOPIBHSJIBHUM aHa3 OCHOBHHUX ICHYIOUMX METOIUK Ta
QITOPUTMIB BEHTWIALIIMHOTO Ta TEIUIOBOIO PO3PAaXyHKY CHCTEM OXOJIOJKEHHS
TypOOT€HEpaTOPIB.

3. byna po3misiHyTa 3arajJpHa METOAMKA BUKOHAHHSA PO3PAaXyHKY CHCTEMU
OXOJIOJDKEHHSI METOJIOM CKIHYEHUX €JIEMEHTIB, IO BPAaXOBYE OCOOJIMBOCTI POOOTH
TypOoreHepaTopa Ta 3aCHOBaHa Ha PO3B’s3aHHI KOMIUICKCY 3a/1ad TETUIONPOBIIHOCTI 1
razofuHamiku y nporpamHomy komruiekci  SolidWorks — Simulation. 3anmaua
NPUITYCKAETHCS  HE3B'SI3aHOI0, 110 JA€ MOJJIMBICTh BHUKOHAHHS IOCJIJJOBHOTO
PO3B’sI3aHHS PIBHSAHB 3 IXHIM IMOCTYMOBHUM ITEPALIMHUM YTOUHEHHSIM.

4. Byno BHM3Ha4YeHO, IO ICHYIOYMI MaTeMaTUYHHUI amapaT Mpu MNpPOEKTYBaHHI
TypOOTeHepaTopa JI03BOJISIE BUKOHYBATH PO3PAXyHKH B TPUBUMIPHINA IMOCTAaHOBII
METOJIOM CKIHYEHUX €JIEMEHTIB 3 JIOCTaTHHO BHCOKOK TOYHICTIO, II00 OTpUMATH
JOKJIa/IHY KapTUHY PO3IMOALUTY TEMIIEPATyp MK €IeMEHTaMHU KOHCTPYKIIIi.

5. ByB BIOCKOHaJIGHW aJITOPUTM 3aBJIaHHS TPAHUYHUX YMOB JJIsi TPUBHUMIPHOT
MO/ IIITKOBO-KOHTAKTHOI'O anapary.

6. BbyB crTBOpeHHMII HOBUH METOJ pPO3paXyHKY TEIUIOBOTO CTaHy UIITKOBO-
KOHTaKTHOI'O anapary TypOoreHepaTopiB 13 BUPIIIEHHSM CYKYITHOCTI 33J1a4 pyXy ra3y Ta
TEIJIONPOBITHOCTI Y TPUBHUMIpPHIM MOCTAHOBLI 13 BUKOPUCTAHHSM METOJY CKIHUEHHX
ereMeHTiB. Ha OCHOBI MeTOMy OTpUMaHHM PO3MOJIT TeMIEepaTyp €JIEMEHTIB IITKOBO-
KOHTaKTHOTO anapary, MOB’A3aHUA 3 OCOOJIMBOCTSMHU MPOTIKAHHS OXOJIOAKYHOYOIro

NOBITPA B PI3HUX YAaCTMHAX BEHTWIALIMHOIO TPAaKTy Ta, BIAMOBIIHO, PI3HUX yMOB
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OXOJIO/KEHHS 1151 KOXKHOI OKPEMOi JUISTHKYA CTPYMOITPOBIAHUX YACTHUH.

7. byna wHagaHe OOIPYHTYBaHHS MOXKJIMBOCTI BCTAHOBJICHHS (UIBTPIB B
KOHCTPYKIIIi CHCTEMH OXOJOPKEHHS IITKOBO-KOHTAKTHOTO amapaTy 3 3a0e3leueHHsIM
eKCIUTyaTallii B YyCiX JO3BOJICHHX peXUMax eKcIulyaTalii TypOoreHeparopa 3
JOTPUMAaHHIM YMOB 32 JOIyCTUMHMH TEMIIEpaTypaMH Ha PiBHI KJIacy HarpiBOCTIHKOCTI
13osmii B (120 °C).

8. bynu po3risgHyTI pe3ysibTaTd BUIIPOOYBaHb HA HArpiBaHHsS 3 BH3HAYCHHSIM
3amaciB TeMIneparyp aKkTUBHHMX YacTHH Ta BlOpaliiiHi BUIPOOyBaHHS TypOoreHepaTtopa
noTy>kHicTio 200 MBT 3 BOAHEBUM 0XOJIOKEHHSIM.

9. IlpencraBnmena npociigHa poOOTa HAJA€E HAYKOBO OOIPYHTOBAHI METOIU
BU3HAUEHHS TEIJIOBOIO CTaHy IMITKOBO-KOHTAKTHOTO amapary Ta IHIIUX BY3JIB
TypOOTeHepaTopa, 10 A€ MOXJIMBICTh ONTUMI3AIlT KOHCTPYKII HOBUX €JICKTPUYHHUX
MalluH Ta TOIIYKY pPE3€pBIB MIABUIIEHHS MOTY>KHOCTI ICHYIOYOTO T€HEpPYIYOro
oOnaaHaHHs. BuKOpUCTaHHS TNpENCTaBIEHUX Yy POOOTI pPE3yNbTaTiB JO3BOJIHTH
30UTBIIUTH E€JIEKTPUYHY TMOTYXKHICTh Ta 3a0e3MeUYuTH HaAIHYy poOOTy TEIUIOBHX

€JIEKTPOCTaHLIi YKpaiHu.
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YJIEHIB: JoueHTa kadenpu aeporiapoIMHaMiky. K.T.H., 1oneaTa Muxaitia PEIIETEHKA
o1ieHTa Kagenpu aeporiipoIMHaMiKh., K.T.H.. gonenTa Qnekcanapa HKO

y mepioz 3 1 ksiThst 2025 poky 1o 15 kBiThs 2025 poxy po3risHyna MaTepiany HAYKOBHX
nocuizpkesb KOBPUTI'M Antona €srenifioBnua

Kowmicis 3acBimuye:

1. Pesynbraru mucepramiiftHoro gocmimkeHHs, ki ocobucto nposeneri KOBPUTOIO Artorom
€BrexitioBnueM, MiCTATh aHam®i3 Ta PO3pOOKY NUIAXIiB IMiABHINEHHS HAMiHHOCTI T€HEePYIYOro
o0naHAaHHS B yMOBaX HaJAKPUTHYHHMX HABAHTAXKCHb.

2. 3amporioHOBaHO HOBHH METOX PO3PAXYHKY TEMIOBOTO CTaHy ENEeMEHTIB KOHCTPYKIIiT
TypOorenepaTopis, 30KpeMa IIiTKOBO-KOHTAKTHOTO anapary 3 JI0JaTKOBO-BCTAHOBJICHUMHI bimsTpamy,
Y BCIX JOMyCTHMHX peXHMaX poOOTH TypGOreHeparopa i3 BHpIIIEHHSIM CYKYNHOCTI 3aad pyxy
OXOJIO/DKYIOUOTO CEepe/IoBHINA Ta TEILIONPOBIAHOCTI y TPHBUMIpHIN MOCTAHOBI i3 BHKOPHCTAHHSM
METOJly CKiHYEHHX €NIEMEHTIB Ta CydacHHX METOIB KOMII'IOTEPHOTO MozieoBaHHs. 1le xano 3mory
OTPUMATH PO3NOALI TEMIEpaTyp -€JleMEHTIB IIITKOBO-KOHTAKTHOTO amapaTy, IOB’s3aHHil 3
OCOGIUBOCTAMH TIPOTIKAHHS OXOJIOKYIOUOTrO TIOBITPS B Pi3HAX YaCTHHAX BEHTHJISALINHOTO TpaxTy Ta,
BiZIOBIIHO, Pi3HAX YMOB OXOJIOUKEHHS sl KOXHOI OKpeMOi IiISHKH CTPYMOIIPOBITHAX YaCTHH.
3amponoHOBaHUN METOJ JIa€ MOYKIMBICTH OITHMI3ALlii KOHCTPYKIii HOBHX €NEeKTPHYHUX MaIlHH Ta
TOIIYKY PE3EpBIB MiABULIEHHS MOTYKHOCTI iCHYIOYOr0 reHepylouoro oGmajHaHHs. BHKOpHCTAHHS
IPEJICTABICHHX y POGOTI pe3y IbTaTiB 103BOIHTE 301IBIIMTH €EKTPHYHY MOTYXHICTH Ta 3a6€3MeYnTH
HaJli#iHy po6OTy TeIIOBHX eIeKTPOCTa il YKpaiHu.

3anponoHOBaHa METOIOJOT s BUPI3HAETHCS BIOCKOHATEHMM arOPHTMOM 3aBIaHHS TPaHUYHUX
YMOB JUISl TPHBHMIPHHX MOJENeH KOHCTPYKTHBHHX KOMIOHEHTIB €HEpreTHYHOrO OGNAJHAHHS B
YacTHHI JI€TATLHOTO OMHMCY TEIUIOBHX BTPAT 3 BPaXyBaHHAM TIapH TepTsl BA/I-IIITKH, BEHTHISIIHHAX Ta
OMIYHAX BTpaT, BKJIIOYAIOYH OCHOBHI Ta JOJATKOBi. Y MeXaxX po3B’s3aHHS TPUBHMIpHOT 3a1a4i
PO3paxyHKy CHCTEMH BEHTHIIALII Ta TEIJIOBOTO CTaHy eIeMEeHTiB KOHCTpyKIii TypGoreHepaTopis Ha
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OCHOBI F€OMETPUYHOT MOJIEIi KOHCTPYKIiI HABEACHO TOYaTKOBI Ta IPAHUYHI YMOBH, 3 YIOCKOHAICHHSIM
MEeTOy IXHBOro 00UHC/IeHHS, Ha 6a3i IKUX MPOBEICHO JMOCITIPKEHHS IPOCTOPOBOI KAPTHHU PO3IIOMALITY
TeMITepaTypH BY3JIiB Ta €JIeMEHTIB IIiTKOBO-KOHTAKTHOI'O arapary TypOoreHeparopa 3 BCTaHOBJICHHM
¢inmsTpom. Ile m03BONIHIO HAATH OOIPYHTYBAHHS MOXKIIMBOCTI BCTAHOBICHHS (DiNBTPIB B KOHCTPYKIiT
CHCTEMHU OXOJIO/DKEHHS IMIITKOBO-KOHTAKTHOTO amapary 3 3a0esledeHHsIM eKCIUTyaralii B yCix
JO3BOJICHHX peXUMax eKciuryatauii TypOoreHeparopa 3 JOTPUMAHHSAM YMOB 38 JOIYCTHMHMHE
TemMIIepaTypaMu Ha piBHI KJ1acy HarpiBoCTiMKoCTi i3ossii B.

JlocTOBIpHICTE OJEPXKAHUX PE3yJIbTAaTiB YCTAHOBIEHO IUIIXOM IXHBOTO MOPIBHSHHS 3
AHAIITUYHUMH PO3B’SI3KAMHM, 1110 3a3BHYall BUKOPHCTOBYIOTHCS IiJi YaC MPOEKTYBAHHS €IEKTPUUHHX
MalllMH, OTPUMAHMMM 32 KIACHYHUMHM IHXKCHePHMMH METOIMKaMH, a TakoX 3 JaHUMH
EKCIIEPUMEHTAIIBHUX JOCIIIKEHb.

3. Pesynprarm HaykoBHX JOCHIPKEHI BIPOBa/UDKEHI Yy HAYKOBO-IOCHiAHIA pobOTI
(Ne nepxxpeectpy: 012315101977).

4. PesynpraTi HAyKOBUX JOCII/UKEHb BUKOPUCTAHI IIPU PO3POOLI po6OYMX Mporpam Ta BHECEH
y JIeKIi#HI KypcH JUCHHIUIIH «AepoJMHaMiKa Ta AHHaMika paker», «Bunpobysanus Ta cepTudikarris
JiTaNTBHUX amapariBy, «AepoArHaMiKa JTiTalbHOro anapary» ta «[igpasiikay.

5. PesynbpraT HAYKOBUX AOCIIKEHB BBKATH Peasli30BaHUMH.

I"onosa xomicii JI.T.H, TIpodecop Jimurpo OBIJIIH

Unenu xomicii K.T.H, JIOLIEHT Muxaiino PEITETEHKO

K.T.H, JJOLIEHT %ﬂéé/ Onexcannp KAIIIEHKO
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