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AHOTANIA
lllesuenxo B.B. HaykoBo-TexHIYH1 3acaay MiIATPUMKH KOHKYpPEHTOCIPOMOXKHOCTI

TypOoreHeparopiB 1 3a0e3nedeHHsI IXHbO1 e(peKTUBHOI poOOTH MpH TPUBAIIM EKCILTyaTa-
1ii. — Ha mpaBax pykomnucy.

Jucepraiisi Ha 3700yTTsI HAYKOBOTO CTYMEHs JOKTOpa TEXHIYHUX HayK 3a Crellia-
apHICTIO 05.09.01 «EnextpuyHi mMamuHu 1 anapatu» — HarioHanbHUNM TEXHIYHUN YHI-

BEPCUTET «XapKIBCHbKUM MOMITEXHIYHUHN 1THCTUTYT», XapKiB, 2020.

Jluceprailisi MpUCBsiY€HA HAYKOBO-TIPUKIAIHIN MPOOIeMi TOCIHIIKESHHS 0COOIUBOC-
Telr podotu TypborereparopiB (TI'), mo moBruii yac 3HaAXOAATHCSA B EKCIUTyaTallii Ha
onokax TEC 1 AEC, miiBUIIEHHIO 1XHBOI €HEProe(peKTUBHOCTI, 3a0€3MEUEHHIO CTIHKOI
poOOTH Ha Cy4aCHY €HEprocHCTeMY, BUPIIICHHIO MUTAaHb MPOJOBKEHHS TEPMIHY €KcC-
ToTyaTanii 1 miABUIICHHIO HAyKOBO-TEXHIYHOI KOHKYPEHTOCIPOMOXKHOCTI HOBUX TI' Ha
CBITOBOMY PHHKY. AKTYaJbHICTh JOCIHIKCHHS BU3HAYAETHCS OCOOJIMBICTIO Cy4aCHOTO
Nepiojy: €KOJOT1YH1 MPOOIEMH, 3pOCTaHHS HACEICHHS IIJIaHETH, T1BUIIIEHHS MOT0 eHe-
PreTUYHOT aKTUBHOCTI MOTPEOYIOTh MOJAIBIIOTO 301IbIIIEHHS BUPOOJICHHS €JIEKTPOCHEe-
prii. B 3aranpHiil eneprocucteMi YKpaiHu MOSBUIMCH HOBI JDKepesa, siKi MalOTh aKTUBHY
Jep>KaBHY TIITPUMKY, B TOW yac, gk kiacuuHa enekrpoeHepretuka (TEC 1 AEC) ne
OTPUMYE JOCTATHBOTO JIEP>KaBHOTO (PiHAHCYBAHHSI Il IPOBEACHHSI HAYKOBO-TEXHIUYHUX
poOIT MO BAOCKOHAJIEHHIO 1 OHOBIIEHHIO €JeKkTpooOianHanHs. ToMmy Oyino mpoBeneHe
MIPOTHO3YBAHHS MEPCIIEKTUBHUX HAMPSIMKIB PO3BUTKY €IIEKTPOCHEPTETUKH IS TTiATBEP-
JOKEHHSI TIEPCIIEKTUBHOCTI 1 HEOOX1THOCTI BUKOHAHHS POOIT MO JOCTIKEHHIO 1 BJOCKO-
HaneHHio TT" Ak OCHOBHUX JpKepes eNeKTPOCHEPrii, 0 BCTAHOBJICHHIO IXHBOI POJIl B 3a-
Oe3MevyeHHl KpaiHW eNeKTPOEHEPTi€l0, MO BUOOPY HAMPSMKIB MPOBEACHHS POOIT IO
ctBopenHio HOBUX TI' Ta monepHizaii TT, 0 10Bruit CTpOK 3HAXOJATHCSA B €KCILTyaTa-
1ii, 1 3aMiHa SIKUX Ha HOB1 HEMOJKJIMBA Yepe3 3arajJbHOCBITOBY (1 BIAMOBIIHO, BITYM3HS-
HY) €KOHOMIYHY Kpu3y. [IporHO3yBaHHS MOAANBIIOTO PO3BUTKY €IEKTPOCHEPTETUKHU Ta
TypOoreHepaTropoOyyBaHHS BUKOHAHE 3 BUKOPHUCTAHHSM TEOPii IMUKIIYHOTO PO3BUTKY
(Teopii «aoBrux xBuib» KonaparseBa M.J1.), sika 103B0oJIsIE OUIBII TOYHO MPOTHO3YBaTH
HanpPSIMKH PO3BUTKY EJIEKTPOCHEPTEeTUKH, 3HIMKYE TOMUJIKOBICTh NMPUUHSATTS PIIICHb.
[IpoBeneHO MOPIBHSAHHS MOXIJIMBHUX CHEHApPIiB PO3BUTKY CyYaCHOI €JIEKTPOCHEPreTUKHU

VYKkpainu, 3 BUKOPUCTaHHSIM TE€OPil HUKIIYHOTO PO3BUTKY BUOpaHe HAaHOUIbII TOLITIBHUN
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CUEeHapil, 3riAHO 3 SKMM BCTAHOBJICHI MEPCIEKTUBHI HAMpPSIMKU CTBOPEHHS HOBHUX Ta
moaepHizaiii TT, mo TpuBanuii cTaH 3HaXOAATHCS B €KCIUTyaTallii. 3alporoHOBaHE BBa-
JKaTH, 110 MEPCIIEKTUBHUM sl YKpaiHu € crabiii3aliifHe-cTarHaliiHu| crieHapii pos-
BUTKY 3 BUOOPOM CHPHUATIMBOTO (TIOMIPHOTO) NUIAXY PO3BUTKY. [loka3aHo, 1110 MaiiOyTHE
YKpaTHCBKO1 €JIEKTPOCHEPTETUKHU, SIK 1 €JIEKTPOCHEPTeTUKH 1HIIMX KpaiH, MOB'3aHe 3
po6otoro TEC i AEC, To610 3 mnockonamictio poootu TI. [Ipu Oynp-skomy ciieHapii po-
3BUTKY p0oOOTH 1O BIOCKOHaNEeHHIO TI' MOBHMHHI BecTucs Oe3mepepBHO, TOMY IO iX Xa-
PAKTEpUCTUKH 1 SIKICTh BU3HAYAIOTh EHEPTeTUUHY O€3MeKy KpaiHu Ta KOHKYPEHTOCIIPO-
MOYKHICTh BITUYM3HAHOT TpoayKiii. st 1iporo BuOupanuce pimieHHs, SKi MOBUHHI 3a0€3-
neuuTh CTiKy podoty TI' B mmpokoMy Jiama3oHi 3MiHU MapaMeTpiB, IpU poOOTI B pi3-
HUX peXUMax; BKa3aHl HalPSMKH MiJBUILEHHS eHeproedexktuBHocTi TI nuisxoM Baoc-
KOHAJICHHS SIKOCT1 BUTOTOBJICHHS, MOHTaXXy, OOCIIyTOBYBaHHS 1 pEMOHTIB. 3alIpOIIOHOBA-
HE TIPY BUTOTOBJICHHI1 1 TpoBeieHHI MojiepHi3allii TI' BUKOPUCTOBYBaTH HOB1 TEXHOJIOTIH,
MaTepialid, pO3paxyHKOB1 1 KOHCTPYKTUBHI piteHHs. [Ipu po3po6ii nHoBux TT opieHTy-
BaJIMCh Ha CBITOBI CTaHJIAPTH B rajiy3i TypOoreHepatopoOymayBaHHs, O3S AAINA TOJIM-
nieHHs napametrpiB T1 npu MozpepHi3alli ciMparoYuch Ha 1l cTaHgapty. Jjid BU3HaYeH-
HSl MOXJIMBOCTI MIJATPUMKH HAyKOBO-TEXHIYHOI KOHKYPEHTOCIPOMOKHOCTI BITYU3HIHHUX
TI" Ha CBITOBOMY PUHKY BCTaHOBJICHI HANPSIMKH, B IKMX 3a3HAYE€HO B1JICTaBAHHS B1J CBi-
TOBUX (DIpM: CIIIJ MiJIBUIIYBAaTH MOTY>KHICTh B OJIMHHULII BUKOHAHHS, 3HI>KYBAaTH Macora-
OapuTHI MOKAa3HUKH (B MEPIILY Yepry, MUTOMY Macy), yA0CKOHAIIOBATU JA1arHOCTUKY CTa-
Hy TT" 1 cucteM oxos0/KeHHsI, BUpPIlIyBaTH UTaHHs nepeseaeHHs TI' notyxHictio 200-
300 MBT 3 BomHEBOTO Ha MOBITPSIHE OXOJIOMKEHHS 1 T.1H.

Jlist iiboro Oynu BUPIIICH] TUTAHHS PO3IIMPEHHS I1ama30Hy HaIIHHOT eKCIITyaTalli
TI' B pi3HOMY TEXHIYHOMY CTaHi Ta MPU POOOTI B HEHOMIHAJIBHUX PEKUMAX ILISTXOM
BJIOCKOHAJICHHS BHUPOOHHUIITBA 1 MOHTaXYy, IIJIBUIICHHS SKOCTI 0OCIyrOByBaHHS Ta pe-
MOHTIB; CTBOPEHHS KOMIUIEKCHHUX NpOrpaM [IiarHOCTUKH. 3alpONOHOBaHA METOAMKA
KOMITJIEKCHOTO CHCTEMHOTO KOHTpouto cTany TI' B mepion JOBroi excruryarariii 3 ypaxy-
BaHHSIM OCOOJIMBOCTEN PEKMMIB POOOTH EHEPreTUYHUX MEPEXK Ta MPH Mepexo/i A0 Mpo-
BEJCHHS PEMOHTIB MO (DaKTUYHOMY CTaHy, a He 1o rpadiky IUIaHOBO-
nonepexyBaibHUX peMoHTIB (I1I1P). Po3poOienHi mpakTuyHi mpono3uilii o0 BUKO-
PUCTaHHSA HOBUX KOHCTPYKIIiH, TEXHOJOTH 1 MarepiaiiB. [lpu nipoMy BpaxoByBalid €KO-

HOMIYHY JAOLUIBbHICTD PIIIEHB, 1110 TPOMOHYIOTHCS.
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B poGoTi BcTaHOBIEHA MOXJIUBICTh 1 JOIUIBHICT MiABUIIEHHS NOTYXHOCTI TT B
onuHMIN BUKOHaHHSA. [Toka3aHe, 110 cymapHi Maca, BapTiCTh 1 BTpaTH MOTYKHOCTI JeKi-
apkox TI' 3apkau OUTbIII Macy, BapTOCTI Ta BTpaT IMOTYKHOCT1 OJIHIE] MaIllMHU TIET XK
CyMapHOI MOTYXKHOCTI: TIpu 3actocyBaHHl ogHoro TT, 3amicte M TI' Takuii ke B cymi
TIOTYXKHOCTI, Maca, BapTiCTh i BTPATH 3MEHIIYIOThCS MPHOIM3HO B 4/m . OTpuMani 3ae-
’KHOCTI JIO3BOJISIIOTh BU3HAUMTH 3arajibHy TEHJCHINI0 3MiHU Macu 1 BTpaT TI" 1 MOXyTh
OyTH BUKOPUCTaH1 AJIsl MPAKTUYHUX PO3PaxyHKIB. 3alpONOHOBaH1 HAMPSIMKU 3HUKCHHS
MacorabapuTHHUX MOKa3HUKIB (B MepIly yepry, mutomoi macu) TI, HanpsIMKU BJOCKOHA-
JICHHSI CHCTEMH iX OXOJIOJKCHHS 3 ypaxXyBaHHSIM BHUMOT OJHOYACHOTO IMIJABHILEHHS MO-
TYXHOCT1 0€3 3MiHU Ta0apuTiB 1 32 yMOBU 3aMIHH BOAHEBOI CUCTEMH OXOJIOJKCHHS BHY-
TpimHboro 00’emy TT' ManeBpoBoro aianazony notyxHocTi (200-300 MBT) Ha noBiT-
psHy. Beranosneno, mo BiTun3HsHI TI' mocTynarooThes 3a MacorabapuTHUMU HapaMeT-
paMu MpPaKTUYHO BCIM (ipMaM, 110 BOHH B cepeaHboMy Ha 30 % Bakue 3apyOixkHUX
anasoriB. OcobIuBO 1€ CTOCy€eThCs MapaMeTpiB HeakTuBHINM 30HU TI. [lopiBHSHHS NH-
TOMHUX BUTpAT MaTepiajiiB Ha OAUHMIO OTYykHOCTI TI' mokazanu, 110 Bara HeaKTUBHIN
30HU BITYM3HAHUX TI' 3 BOAHEBOIO 1 MOBITPSHOIO CUCTEMaMHU OXOJIOKEHHS J0CATaE
38 % Bin 3aranpHoi Baru TT, Toml SIK y CBITOBiM MpakTHUIl 1€ 3HAYCHHS HE MEPEBUIILYE
30 %, 110 3HAYHO 3HUKYE KOHKYPEHTOCTIPOMOXKHICTh BiTum3HsAHUX TI. [lo mpuuuH, 110
BHU3HAUAIOTh BIJICTaBaHHS BiJ 3apyOiKHUX (ipM, CIIJ BIZHECTH 3acTapiil TEXHOJOTIMH,
HEJOCTaTHIO NpOo(dUIbHY KBali(iKalio 1HKEHEPHUX KaJpiB; BIICYTHICTh (PIHAHCYBaHHS
JOCIIIJIKEHB 1 pOOIT 3 OCBOEHHS HOBO1 TexHIKH. Po3po0ieHa MeTonuka po3paxyHKy Me-
XaHIYHOI HAAIHHOCTI MOJEPHI30BaHUX €JIeMeHTIB 1 By3miB T 31 3HM>KeHHMMH Macoraba-
PUTHUMU TIOKa3HUKAMH. 3ampoONOHOBaHI 1 OOTPYHTOBaHI HANPsIMU 3HUKEHHSI Macorada-
puTHHUX Moka3HUKIB T 3a paXyHOK BIOCKOHAJIEHHS iX HEAKTHUBHOI 30HHU LUIIXOM BHUKO-
pUCTaHHS OUTBIN MEPCTIEKTUBHUX TEXHOJIOTIH, CTaHIApTHUX MPOQLIIB 1 HOBUX MaTepia-
niB. [Ipu npoBeneHHI poOIT MO 3HIKEHHIO MacorabapuTHUX MnmokasHukiB TI 3amporoHo-
BaHO IMPOBOJUTH PO3PAXYHOK TEXHOJIOTTYHOI OCHAIIEHOCTI BUPOOHUIITBA MUISIXOM PO3-
paxyHKy 3arajbHOTO Ta YaCTKOBUX Koe(ilieHTIB TeXHOJor1uHOoi ocHamieHocTi (KTO) no
pPI3HUM BHUJAM TEXHOJOTIYHOI OCHACTKH, IO JO3BOJISIE TIOPIBHATH TEXHOJIOT1YHY OCHa-
HIEHICTH Tpoliecy BUrotoBieHHs TI' Ha BITYM3HAHMUX MIIMPUEMCTBAX 3 MIAMPUEMCTBAMU
cBity. 3aranpauii KTO 103Bosisie OB'SI3yBaTH TEXHOJIOT1UHI MPOLIECH 3 JIIFOYMMHU Ha 3a-

Bojax KiacudikaropaMu. 3amporiOHOBAHO Jisi BUTOTOBIeHHS T1' migduparu TeXHOJIOT1-
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yHe oOJaJHaHHA SK JJIS YMOBHO-IPIOHOCEPIHHOTO BHUPOOHUIITBA, BUKOPUCTOBYBATH
yHI(piKOBaHI TPUCTOCYBaHHS, IITAMIIM, JIOMOMDKHHN I1HCTPYMEHT 1 HOpMasi30BaHE
OCHAIIIEHHSI, 110 JO3BOJIUTH MIABUIIUTHA KoepIieHT TexHonorigyHoi ocHameHocTi (KTO)
Ha 30-50%. IlpoananizoBaHe CTaH 1 IUISIXU IIJBUINCHHS HAIIHHOCTI CHUCTEM OXOJIO-
JUKCHHS, HalpsIMKA CTBOPEHHS 1 JIarHOCTUKM CYYaCHUX OXOJIOKYBadiB, po3poOiieHa
METOJIMKa KOMITOHYBaHHS TeI1000MiHHUKIB T 3 ypaxyBaHHSM THITy OXOJIOTHOTO Cepe-
JIOBHILIA 1 BEJIMYMHU BTPAT MpHU POOOTI B PI3HUX peKHMMax. BcTaHOBIEHO 3B'SI3KM MiX
areHTaMu OXOJO/KEHHS 1 MacorabapuTHUMU nokasHukamu TT. JI7st OI[iHKK MPOEKTHHX,
eKCIUTyaTallliHUX 1 EKOHOMIYHUX pillleHb, OOpaHuX Mif yac npoekryBaHHs TI' 3 moBHUM
MOBITPSTHUM OXOJIOMDKEHHSIM 32 YMOBOIO 3HIDKCHHS MAacora0apUTHUX MOKAa3HUKIB, PO3-
pobrenHa kiacudikailis 3a 40OTUpMa OCHOBHUMH HAlpsMKaMU: TEXHIUHE, YIIPaBIIHChKE-
KaJI[poBe, MareplalibHO-MIOCTaYalIbHUIIbKE Ta TEXHOJIOT1YHE. BUKOHAHO MOpPIBHSIHHS Ma-
corafapuTHUX TMOKAa3HHUKIB KOHCTPYKTUBHHUX eieMeHTIB TI' 3 BOAHEBUM 1 MOBITPSIHUM
0XOJIO/pKeHHsIM. BkasaHi mepeBaru 1 KOHCTPYKTUBHI BIIMIHHOCTI KOHCTpyKuii TI 3 mo-
BITPSIHUM OXOJIO/PKEHHSIM. 3alpOTNIOHOBAHO KOHKPETHI 3MiHHM B KOHCTpYKIisx TI 3 moBi-
TPSHUM OXOJIOPKCHHSIM, 110 JO3BOJISIOTH 0€3 3MIHU iX ra0apuTiB 3a0€3MeUuTH HaIli-
HICTb 1 HaBITh MIJBHUILUTH NOTYXKHICTh. [[poBEeIeHO €KOHOMIYHE MOPIBHAHHS LIUX Bapia-
HTIB.

310paHo JaHi, TPOBEACHO aHAJII3 1 3alPOMOHOBAaHI CIIOCOOM /11IarHOCTUKU Je(EKTIB
cucteM oxonoxeHHs TI' Ta 3aco0u iX yCyHEHHs B CTaHLIMHMX yMOBaX, BCTAHOBIJIEHO
BIUTMB KOMITOHYBaHHS YHCJIa XO/I1B OXOJIO/KYI0YOTO ra3y B TemmooomMinHuKy TI" Ha exc-
TUTyaTaIliiHi TETJIOB1 HAPYTH, Ha PO3MOJILIT MAaKCUMAJILHOT TEMITepaTypH 1 1i mepenas mno
MOBEPXHI TPYOOK, 110 JO3BOJIE CBOEYACHO 1arHOCTYBATH 1 yCYBaTH MPUYMHH HECIIPaB-
HOCTI1 OXOJIOJ[)KYBa4iB, PO3pPOOJISITH PEKOMEHAAIT 100 TTPOBEAEHHS IXHBOTO PEMOHTY.
Po3pobrieno mpomno3utiii MoA0 YCyHEHHS! IPUYMH PyWHYBAaHHS OXOJIOJKYBadiB, BU3Ha-
YeH1 MOXKJTUBI IPUYMHH HE33JJ0B1IILHOT pOOOTH HOBUX OXOJIOKYBaYiB.

[IpoBenene nociiakeHHs 0COONIMBOCTEN pOOOTH, JIAarHOCTUKH, OOCIYyTOBYBAHHS 1
peMonTiB TT, siki MalOTh TpUBAJIUI TEPMIH €KCIUTyarailii. 3anpornoHOBaH1 aJITOPUTM PO-
3paxyHKy TPaHUYHO JOMYCTUMOTO crpaitoBanHs enemeHTiB TI' ta dopma Tabmuie ans
peectpaiiii iX GpakTHYHOTO CTaHy B pexumi ON-line. Orinka TexHiuyHoro crany TI Ta ¥io-
r'0O €JIEMEHTIB MPOBOAWIACH 3 METOIO BU3SHAYCHHSI MOMIIMBOCTI iX TOJANBIIO] eKCIUTyaTa-

111, BCTAHOBJIEHHS 00’€My HEOOX1IHOTO PEMOHTY, MOKJIMBOCTI peabutiTallii abo MOBHOI



3aMIHHU.

BcraHoBrieHe BIUIMB MIBUAKOCTI HAapOCTaHHS HAaBaHTAXKEHHA Ha Jedopmarlito
CTPUXKHIB OOMOTOK, Ha CTaH 130JIA11iT 1 IIUXTOBAHUX OCEP/Ib; BU3HAYCHE BIUIMB «CTapiH-
HsD» MeTajiB Ha HaaiiHICTh TI' 1 JOBrOBIUHICTE iX €KCILIyaTallil; mpoaHalli30BaHe 1 BUO-
paHe HaMOUIBII TOUUIbHY KOHCTPYKIIIO KPIIJICHHS JTOOOBUX YacTMH OOMOTOK cCTaTropa.
Bu3HaueHO BIUIMB SIKOCTI CKJIQJaHHS IIMXTOBAHOTO OCEPJs HAa HAIIWHICTH 1 JIOBTOBiY-
HicTh eKkcrutyarailii TI, 3amponoHoBaHi IPUYUHHU pyHHYBaHHS ocepab ctartopiB T, siki
TPUBAINN Yac 3HAXOAAThCS B ekciutyatallii. [Ipu po6oti TI' B HeHOMIHATBHUX pexUMax
BpaxoBYBaJIU JI110 10JaTKOBUX enekTpoMarHiTHuX cui (EMC), cTBopeHHX moTokaMu po-
3CiIOBaHHS B €JIEMEHTaX KpIMUIEHHS ocepAs O0 Koprycy. Bemuuwmna i€l 10maTKoBOI
EMC wmano 3anexuth BiJl 3MiH aKTHUBHOI 1 PEaKTUBHOI MOTY>KHOCTI, ajie 1i 3aJIeKHICTh
B1JI 3MIHM Halpyrd 3HadHa, 110 MOSCHIOE MOCHJICHHS BiOparii ocepas. Tomy, sxmo TIT
4acTO MpAIIOE B HEHOMIHAJIBHUX PEKMMaXx, 1€ TOCHJICHHs BiOpallli ciiji BpaxoByBaTU
IIpH CKJIafaHH1 rpadikiB MpOBEAECHHS PEMOHTHHUX POOIT 1 BU3HAYEHHS iX 00’eMiB. Y cTa-
HI 3HOCY 3'SBIISIFOTHCS JIOJIATKOBI MPHYMHH IIOSBH ITBUINEHOI BiOparlii B eJeMeHTax
koHCcTpyK1ikd TT. B pesynbraTi AOoCHiIXKEeHb MMUXTOBAaHUX ocepab T, 3 BUKOpUCTaHHSAM
Teopii nedopmariii 6araromapoBux 00'€KTIB, po3po0ieHa MOJIENb, IO J103BOJIIE PO3pa-
XYHKOBUM IIIJISIXOM OITIHIOBATH BIUTMB CKJICWKH ITaKETiB MTUXTOBAHUX OCEPHb, CXEMHU VK-
JajaHHs 1 BIJHOCHOTO KOB3aHHS JIUCTIB aKTUBHOI CTaJIM Ha 3TMHAJIBHY dOPCTKICTh 1 Ha-
TIAHICTh OcepAs. 3alponOHOBaHA METO/IMKA PO3PAaXyHKY B3A€EMHOTO MEPEMIILIEHHS U X-
TOBaHUX JIMCTIB B MaKeTax 3 PI3HUMHU CXEMaMH YKJaJaHHS JHUCTIB. BukoHaHa oOLlIHKa
BIUTMBY «CTapiHHS» Ha >KOPCTKICTH 1 MIIHICTh ocepab cTatopa. [liaTpuMKa mocTiifHOTO
THUCKY TIPECYBaHHs B IIMXTOBaHOMY ocepai TI' 301iblye HOro HaAiMHICTh 1 TPUBAIICTh
excruryararii. CkiajeHo MOJeIb Aii CHII, IO AIF0Th MK JIMCTAMHU ITUXTOBAHOTO OCEPAs
craropa TI. BcranoBieHo, 110 Jis IUX CUJI 3HaYHA JIJISl KPaHIX JIUCTIB MAKETIB OCepib
CTaTOPIB 1 IO JI00aBKa IUX CHJI MOXKe OyTH OJTHIE€IO 3 IPUUYUH PyHHYBaHHS 3yOIIeBO1 30-
HU: TCJIA BIATMHAHHS KPAHBOTO JINCTA YMOBHO KpalHIM CTa€ HACTYITHUH JIMCT, HA HbO-
ro JIIIOTh CUJIU, SIK 1 Ha TIEPIIUH JIUCT, 1 TaK Jalli — €(heKT «I0MiHOY». PyliHyrouuii i 1ux
cui copusie ix Bucoka yacrora (100 I'n) 1 gpakrop crapinns. BBaxkaeMo, 10 11 CHIIHM TO-
SICHIOIOTh «PO3MYITyBaHHS» HE TUIBKW TOPIIEBHX, ajie¢ 1 MEHTPAIbHUX TAKETIB, a TaKOX
MAKEeTIB, PO3TAIIOBAHUX O€3MOCEPEeHbO MICIS KpalHIX CKIEEHHUX MAaKEeTIB. 3ampoIioHO-

BaHE BBAXKATH, 1110 BIOpallisl € HalOLIbII Pe3yabTaTUBHUM MOKa3HUKOM ctaHy TI, 1mio
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BAXJIMBO NP BUOOPI THUIY JIOAATKOBUX JAATUUKIB, SIK1 CJI1J] BCTAHOBJIIOBATH MPU MOXKIIH-
Biit BimMoOBI Bia cuctemu IIITP 1 mepexoni 10 peMOHTIB 3a (akTUIHUM cTaHOM. OOMe-
YKEHHS YMClia KaHATIB KOHTPOJIO0 HEOOX1HO /JIsi 3HUKEHHSI HaBaHTAXXEHHS Ha OIeparo-
piB OJIOKIB ejeKTpocTaHIii. [IpoBeaeHo oIt KOHCTPYKIIM J000BUX YaCTUH OOMOTOK
cratopiB TI («korukay), chopMyabp0BaHi MPOIO3UIIT 111010 BUKOHAHHS 1ILOTO By3J1a JJIs
3a0e3MeueHHs JOMyCTUMOTO PiBHS BiOpalliil 1 TeMIepaTypHUX HamnpyX eHb, CHHXPOHI3a-
1ii BiOpaIiif 3'eJHAHUX €JIEMEHTIB, CTabTI3aIlli BIACTUBOCTEH MPU TPUBAJIN eKCILTyaTa-
11, 115 3a0e3MmeueHHsT TEXHOJIOTIYHOCTI 1 pEMOHTONIPUAATHOCTI. BecTaHOBIEHO, 1110 He-
00XiTHO BUKOHYBATHU MPYXHY CTSHKKY JTOOOBUX YAaCTHH; 3aCTOCOBYBATH i (piKcarlii jo-
OOBHX JIyT B «KOIIWKY» 130JISIIIMHY MaCTHKY XOJIOJHOTO 3aTBEPAIHHS; BUKOPHUCTOBYBATH
JUTst 3'€THAHHS 30BHIIIHBOTO KOHIYHOTO KIJIBIS 3 HATUCKHUM KUIBLIEM OCEp/sl MPYKUHH1
€JIEMEHTH, 1110 JIOMYCKAIOTh PyX B aKCiaJbHOMY HAINPSMKY 1 0OMEXYIOTh — B pajilajJbHO-
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ANNOTATION
Shevchenko V.V. Scientific and technical fundamentals of maintaining the competi-

tiveness of turbogenerators and ensuring their efficiency during long-term operation. —
Qualifying scientific work on the rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of technical sci-
ences on a specialty 05.09.01 "Electric cars and devices" — National technical university
"Kharkiv polytechnic institute”, Kharkiv, 2020.

The dissertation is devoted to the applied scientifically-applied problem of studying
the peculiarities of the operation of turbogenerators (TGs) that have been in operation
for a long time at TPP and NPP units, increasing their energy efficiency, ensuring stable
operation for a modern power system, solving issues of extending the service life and
increasing the scientific and technical competitiveness of new TGs in the world market.
The relevance of the study is determined by the peculiarity of the modern period: envi-
ronmental problems, the growth of the planet's population, an increase in its energy ac-
tivity, which requires a further increase in the generated electricity. New sources have
appeared in the general energy system of Ukraine, which have active government sup-
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port, while the classical electric power industry (TPP and NPP) does not receive suffi-
cient government funding to carry out scientific and technical work to improve and up-
date electrical equipment. Therefore, forecasting of promising directions for the devel-
opment of the electric power industry was carried out to confirm the prospects and the
need to carry out work on the study and improvement of TGs as the main sources of
electricity, to establish their role in providing the country with electricity, to establish di-
rections for work on the creation of new TGs and modernization of TGs, which are long-
term time are in operation and replacement of which with new ones is impossible due to
the global (and, accordingly, national) economic crisis. Prediction of further develop-
ment and improvement of the electric power TGs made using the theory of cyclic (theo-
ry of Kondrat'ev "long-wave"), which allows more accurately predict the direction of the
electric power, reduces inaccuracy decision due to the limited machine park of TGs.
Comparison of possible scenarios for the development of modern electric power industry
in Ukraine is carried out; choose the most promising scenario using the cyclical devel-
opment of the theory, according to which set prospective directions of creation of new
and modernization of the turbogenerators, which for a long time are in operation. It is
proposed to consider that the stabilization-stagnation scenario of development with the
choice of a favorable (moderate) path of development is promising for Ukraine. It is
proved that the future of the Ukrainian electric power industry, as well as the electric
power industry of other countries, is connected with the work of TPPs and NPPs, that is
with the perfection of TG operation.

Work on the improvement of TGs should be carried out continuously under any de-
velopment scenario, because they determine the country's energy security and are a pos-
sible export item for domestic products. For this purpose, solutions were selected that
should ensure the stable operation of TG in a wide range of parameter changes, when
working in different modes; the directions of increase of energy efficiency of TG by im-
provement of quality of manufacturing, installation, service and repairs are specified. It
is offered to use new technologies, materials, calculation and constructive decisions at
manufacturing and carrying out modernization of TGs. When developing new TGs, we
were guided by world standards. To determine the possibility of the scientific and tech-
nical competitiveness of domestic TGs in the world market, directions have been estab-
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lished in which there is a lag behind world firms: the need to increase the power per unit
of performance and reduce the weight and size indicators (primarily, the specific gravi-
ty), improve designs, ensure the completeness of diagnostics of the TGs state and cool-
ing systems, solution of the issue of transferring TGs 200-300 MW from hydrogen to air
cooling, etc. To do this, the issues of expanding the range of reliable operation of TG in
different technical condition, when working in non-nominal modes by improving pro-
duction and installation, improving the quality of service and repairs; creation of com-
prehensive diagnostic programs. The method of complex system control of TGs condi-
tion during the period of long operation is offered taking into account features of operat-
ing modes of power networks and at transition to carrying out repairs on an actual condi-
tion, instead of on the schedule of planned and preventive repairs. Practical proposals
have been developed for the use of new designs, technologies and materials. At the same
time, we take into account the economic feasibility of the proposed solutions.

The possibility and expediency of increasing the capacity of TG per unit of perfor-
mance is established in the work. It is shown that the total mass, cost and power losses

of several TGs are always large approximately at 4/m that mass, cost and power loss of
one machine of the same total power. The resulting dependence can be used for practical
calculations. The specific material consumption of the TGs was determined separately
for the active and inactive zones of the machine. Directions were proposed for reducing
the mass and size indicators (first of all, the specific mass) of TGs, improving their cool-
ing system, taking into account the requirements for a simultaneous increase in power
without changing the dimensions and subject to replacement of the hydrogen cooling
system of the internal volume of the TGs shunting power range (200-300 MW) to the air
cooling system. It was found that domestic TGs are inferior in weight and size parame-
ters to almost all firms, that they are, on average, 30% heavier than their foreign ana-
logues. This is especially true of the parameters of the inactive zone of TGs. Comparison
of specific materials consumption per unit capacity of TGs showed that the weight of the
inactive zone of domestic TG with hydrogen and air cooling systems reaches 38% of the
total weight of TG, while in world practice this value does not exceed 30%, which sig-
nificantly reduces the competitiveness of domestic TGs. In addressing the issue of re-
ducing the mass and size parameters of the stator took into account the requirement of
unification of parts and assemblies and the need to intensify cooling.
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The reasons that determine the lag behind foreign firms include outdated technolo-
gies, insufficient profile qualifications of engineers; lack of funding for research and de-
velopment of new equipment. It is proposed to use the coefficient A=I¢/D to check the
selected TG geometry. It is shown how the value of A depends on the power of the gen-
erator, and that to reduce the mass and size indicators with increasing power, the coeffi-
cient A should be reduced. The use of this coefficient makes it possible to choose the ra-
tio of the TGs main parameters (ls and D) when carrying out work to reduce the specific
mass and maintain the overall dimensions. The method of calculation of mechanical re-
liability of the modernized elements and knots of TGs with the reduced mass and dimen-
sional indicators is developed. The directions of reduction of mass-dimensional indica-
tors of TGs due to improvement of their inactive zone by use of more perspective tech-
nologies, standard profiles and new materials are proposed and substantiated. When
working to reduce the mass and dimensions of the TGs, it is proposed to calculate the
technological equipment of production by calculating the general and partial coefficients
of the technological equipment (CTE) for different types of technological processes,
which allows comparing the technological equipment TGs production at national enter-
prises with world enterprises. The general CTE allows you to link technological pro-
cesses with classifiers operating at factories. It is proposed to select technological
equipment for production of TG as for conditional small-scale production, to use the
unified devices, stamps, the auxiliary tool and the normalized equipment that will allow
to increase CTE by 30-50%.

The state and prospects of increase of reliability of cooling systems, directions of
creation and diagnostics of modern coolers were analyzed, the technique of arrangement
of heat exchangers of TGs taking into account type of cooling environment and size of
power losses at work in various modes is developed. The connections between the used
refrigerant and mass and size indicators of TG are established. To assess the design, op-
erational and economic solutions selected during the design of TG with full air cooling
under the condition of reducing the mass and size indicators, a classification has been
developed in four main areas: technical, managerial, material-supply and technological.

The comparison of the mass and dimensional parameters of structural elements of
TG with hydrogen and air cooling is performed. The advantages, disadvantages and
structural differences of the designs of air-cooled TGs are indicated, specific changes in
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their designs are proposed, which, without changing the dimensions, ensure reliability
and even increase power. An economic comparison was made between these options.
The data were collected, the analysis of TG cooling systems malfunctions was carried
out, which allows to diagnose and eliminate the causes of the chiller malfunction in time
and to develop recommendations for repairs.

Systematized defects of TG cooling systems, proposed methods for diagnosing de-
fects and their elimination in the station conditions, the influence of TG heat exchanger
layout on operating thermal stresses, maximum temperature distribution and its differ-
ence on the tube surface is established. Defects of TG cooling systems are systematized,
methods of diagnostics of defects and ways of their elimination in the conditions of
power plants are offered; the influence of the location of the heat exchanger and the
number of strokes of the cooling gas on the operating thermal stresses, on the distribu-
tion of the maximum temperature and on the temperature drop on the surface of the
tubes is established. Proposals have been developed to eliminate the causes of leakage in
coolers, their destruction, and possible reasons for the unsatisfactory operation of new
air coolers have been identified. The proposed classification of the failure of cooling sys-
tems can be used to train personnel for prompt action in the event of an accident. It is
shown that timely and efficient repair of TG cooling system is economically advanta-
geous because it reduces the probability of emergency shutdowns of power plant units.

A study of the features of operation, diagnosis, maintenance and repair of TG,
which have a long service life was conducted. The algorithm of calculation of maximum
admissible operation of TG elements and the form of tables which register an actual
condition are offered. The assessment of the technical condition of TG and its elements
was carried out in order to determine the possibility of their further operation, in order to
determine the amount of necessary repairs, the possibility of rehabilitation or complete
replacement. The influence of the rate of load increase on the deformation of the wind-
ing rods, on the state of insulation and charge cores; the influence of "aging" of metals
on reliability of TGs and durability of their operation is defined; analyzed and selected
the most appropriate design for mounting the front parts of the stator windings. The in-
fluence of the quality of the core assembly on the reliability and duration of operation
TGs is determined the reasons for the destruction of stators cores of TGs, which have
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been in operation for a long time, are proposed. When TGs operate in non-rated modes,
it is necessary to take into account the action of additional electromagnetic forces (EMF)
created by the leakage fluxes in the elements of the core-to-body fastening. Although the
magnitude of such EMF is small, their effect is added to the action of EMCs from the
main scattering fluxes, which usually act on the TG laminations packets in nominal
mode, and contributes to their destruction. The magnitude of this additional EMF de-
pends little on the changes in active and reactive power, but its dependence on the volt-
age change is significant, which, in our opinion, explains the increased vibration of the
core. In a state of wear, vibration in the TGs structural elements increases. Therefore, if
the TG often operates in non-nominal modes, this increase in vibration should be taken
into account when scheduling repairs and determining their volumes. The reasons that
affect the state of TGs laminated cores have been investigated; using the theory of de-
formation of multilayer objects, a model has been developed that allows one to evaluate
the effect of gluing, method of laying and relative sliding of active steel sheets on the
flexural rigidity and reliability of the core. In a state of wear there are additional reasons
for the appearance of increased vibration in the structural elements of the TG. A method
for calculating the mutual motion of laminated sheets in packages with different types of
assembly and different state of insulation is proposed. It was found that when assem-
bling a laminated package with an overlap of 1/2 sheet, its rigidity differs from the mon-
olithic version by no more than 3%. The influence of "aging" on the stiffness and
strength of the laminated stator core was evaluated. Maintaining a constant pressing
pressure in the charged core of the TG increases its reliability and service life. A model
for calculating the forces that act on the sheets of the TGs laminated stator core has been
compiled. It is established that the action of these forces is significant for the extreme
sheets of packets of stator cores, and that the addition of these forces may be one of the
causes of destruction of the toothed zone: after bending the extreme sheet conditionally
extreme becomes the next sheet and so on — it’s a "domino" effect. This is facilitated by
the high frequency of the acting forces (100 Hz) and the aging factor. We believe that
these forces explain the loosening of not only the end, but also the central packages, as
well as packages located immediately after the extreme glued packages. It is concluded
that maintaining a constant pressure in the laminated core TG increases its reliability and
durability. It is suggested that vibration is the most effective indicator of TG status; this
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IS important when choosing the type and number of additional sensors that are installed
during the transition to the actual repairs. Limiting the number of control channels is
necessary to reduce the burden on the power plant unit operators. A review of the de-
signs of the frontal parts of the stator windings of the TG ("basket") was carried out,
proposals were formulated for the layout of this unit to ensure the permissible level of
vibrations and temperature stresses, to synchronize the vibration of the connected ele-
ments, to stabilize the properties during long-term operation, to ensure manufacturability
and maintainability. To consider the problems and suggest ways to improve the training
of workers of TPPs and NPPs, identified ways to increase their economic interest in
keeping in the national electricity. It is proposed to support at the state level research in
the electricity sector on the creation of new equipment and modernization of existing
equipment, as well as to improve the education system.

Key words: turbogenerator, electric power industry, cyclical development, long-
term operation, competitiveness, energy and resource saving, low-cost technologies for
manufacturing turbogenerators, control and diagnostic system, power increase, weight
and size indicators, ecological safety, "human™ factor.
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