HAIIIOHAJIbHWM TEXHIYHU YHIBEPCUTET YKPATHU
«KWTBCHKU OJITEXHIYHWM IHCTUTVYT imeni ITOPS CIKOPCBEKOI O»
MIHICTEPCTBO OCBITU I HAYKU YKPATHU

HAIIIOHAJIbHUM TEXHIYHWH YHIBEPCUTET YKPATHI
«KUIBCHKWH TTOJITEXHIYHUM THCTUTYT imeni ITOPSI CIKOPCHKOI'O»
MIHICTEPCTBO OCBITU I HAYKU YKPATHU

Kgamigixkariitna HaykoBa

mpails Ha MpaBax PyKOIUCY

BEJHAPCBKA ITHHA CTAHICJIABIBHA

VIK 621.165

JMCEPTAIISA

YIOCKOHAJIEHHS MIAXOAY 10 PO3PAXYHKY HAIIPYKEHO-
JTE®OPMOBAHOI'O CTAHY EJIJEMEHTIB CUCTEMHU NAPOPO3MOALTY
ATOMHOI EJTEKTPOCTAHIIII
CrnenianbeHicTh — 144 TemnoenepreTuka

["any3b 3HaHb — 14 EnextpuyHa iHXeHepis

[Tomaetbest Ha 3100y TTSI HAYKOBOTO CTyHEeHs JokTopa (utocodii.

HMuceptaiiis MICTUTh pe3yJIbTaTH BJIACHUX JOCHIKeHb.  BukopucTaHHs i€,
pEe3yJIbTaTIB 1 TEKCTIB IHIIMX aBTOPIB MalOTh MOCUJIAHHS Ha BIATIOBIHE JIKEPEIO.

I.C. bennapcrka

HayxoBuii kepiBHUK: K.T.H., Aoil. Punmtok JImutpo BikTopoBuu

Kuis — 2025



AHOTALIA

beonapcoka 1.C. YnockoHaleHHS MIAXOAY 1O PO3PaxXyHKy Hampyx eHO-
ne(OpMOBAHOTO CTaHy €JIEMEHTIB CUCTEMH MapOpO3MOALITy aTOMHOI €IEeKTPOCTAHIIII.

— KBamidikamiitna HaykoBa mpaiis Ha IIpaBax PyKOIHCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTYIEHS JokTopa (dinocodii 3a
cnemianpHicTIO 144 «Tennoeneprernka. — HarioHaapHUM TEXHIYHUNA YHIBEPCHUTET
Vkpainn «KuiBcbkuil mosiTexHiYHUM 1HCTUTYT iMeHl Irops Cikopcwskoroy», Kwuis,
2025.

Hucepramiitna po0OoTta BkiItoyae B cebe 5 po3auriB. Poborta mnpucBsueHa
YIOCKOHAJICHHIO MiIXOy 0 BU3HAYEHHS TEIJIOBOTO Ta HAMPY>KEHO-1e(hOpMOBaHOTO
CTaHy NapopO3MOAUIbHOI CHUCTEMHU AaTOMHHUX eJeKTpocTaHmii. JlocmipKyBaiuch
ra3oMHaMigHl MNpPOLECH B NPOTOYHOMY TPAKTI TOJIOBHHX NapoOINpOBOMIB Ta  IX
CJIEMEHTIB, a caMe, B PEryJIIOI0YOMY KJIamaHi.

Y Berymi momaetbes iHMOpMaIls MpO  aKTyaJdbHICTH OOpaHOi TeMu
JOCIIIJIKEHHS, 11 3B’A30K 13 HAYKOBUMHM MpPOrpaMaMH, TE€MaTUKaMH Ta IJIaHaMHU.
Busnavatotbcss MeTra Ta 3aBAaHHS poOOOTH, IO CHOPHUSIOTH  PO3KPHUTTIO
JTOCII)KYBaHOTO MUTaHHS. OMUCYIOTHCS 00’€KT, MpeaMeT 1 METOAU JTOCHIIKCHHS.
TakoX BHCBITJIIIOETBCS HAyKOBa HOBHU3HA, TMPAaKTHUYHA IIHHICTh OTPUMaHUX
pe3yibTaTiB, 0COOMCTUI BHECOK aBTOpPa, anpooailis pe3yabTaTiB, MyOoiKallii, a TaKoxK
CTPYKTypa i 00csr poOOTH.

Iepmmii  po3aii  MICTUTH OIJISA  JITEPATYPHUX  JDKEpEN, Yy  SIKUX
BHCBITIIIOIOTBCS  JIOCHI/DKEHHSI 1HIIMX aBTOPIB, IO 3alMarOThcs  IOMIOHOIO
po0IeMaTHKOIO.

[IpoBeneHo JeTanbHWM  aHaNi3 KOHCTPYKII CHCTEMH MapoOpO3MOALTY
eHeproOsoky No2, mo orpumye mapy Bij maporeHepaTopa Ne2 XMeIbHHUIIBKOI
aTOMHOI  eJIeKTpocTaHiii. PO3TIsSHYyTO OCHOBHI €JIEMEHTH CHUCTEMH, iXHIO
KOHCTPYKTHUBHY OyJ0By, (YHKI[IOHAJIbHE TPU3HAYEHHS Ta eKCIUTyaTalliiiHi

ocobomuBocti. OcobmuMBa yBara NpUAUIEHA XapaKTepUCTUKaM MapONpOBOIIB,



PEryJIIOI0UrX 1 CTOMOPHUX KJIaIlaHiB.

[IpoananizoBaHo HayKOBi JpKepelia, MPUCBSYCHI JOCIIKEHHIO HaMpyKEHO-
neopMoBaHOTO CTaHy OOJagHAHHS  EJIEKTPOCTAHIlIN, 30KpeMa, eJIEMCHTIB
napopo3nojauty. Po3ristHyTo cydacHi METOAM MOJCIIOBaHHS Ta PO3PaxyHKY
HanpyXeHO-1e(OPMOBAHOTO CTaHy eHepreTuyHoro obOmaguHanHs. [Ipore anamis
JITEpaTypHUX JDKEpeNT TMOoKa3aB, IO IMONpH 3HA4YHy YyBary J0 IUMX IHTaHb,
JTOCIDKCHHSI Ta30JMHAMIYHMX TIPOIECIB Yy MapOpO3MOAiIBYINA CUCTEMI, YMOB
TEIUIOOOMIHY, a TaKOX MIIHICHUX 1 PECypCHUX XapaKTepUCTHK 0OJaJ HaHHS
3QJIMIIAIOTHCS BUBYUCHUMH HE B MOBHINM Mipi. OcO0IMBO aKTyadbHUM € JOCIIKCHHS
MPOIIECIB PyXy BOJIOTO1 MapH Y TOJOBHUX MApOIPOBOJIaX aTOMHHMX €JIEKTPOCTAHIIIMH,
ocHamieanx TypOiHamu K-1000-60/3000, ockinmpku Taki TypOiHM IIHPOKO
BUKOPHUCTOBYIOThCS Ha ykpaiHChkux AEC.

Ha ocHOBI nTpoBeieHOr0 aHali3y HAyKOBUX Mpallb OOIPYHTOBAHO HEOOX1IHICTh
YIOCKOHAJIEHHA TIAXOAIB JI0 pO3paxyHKy HampykKeHO-I1e(pOpMOBAHOTO CTaHy
CJIEMEHTIB CHCTeMH IMapopo3noAiry. lle crnpustuMe MNiABUINEHHIO HAIIMHOCTI Ta
Oe3nmeKku eKcIulyartauii oOJaJHaHHS AaTOMHHUX €JEKTPOCTaHLId, SIKI TeHEPYIOTh
HAWOUIBIITY YaCTKY €JIEKTPOEHEPTIi B YKpaiHi.

VY 3B’513Ky 3 UM Y JOCIHIKEHH1 MTOCTABJIEHO TaKl OCHOBH1 3aBJaHHS:

. aHaji3 KOHCTPYKIi Ta poOOTH CHUCTEMH MapOpO3MNOJALTY €HEProOJIoKy
aTOMHOT €JICKTPOCTAHIIIT;

. aHaji3 poOIT IHIIMX aBTOPIB, MO0 MOCTIHKEHHS MPoOJieM €JIeMEHTIB
CUCTEMU TTApOPO3MOJILITY €IEKTPOCTAHITIN;

. aHaJi3 METOJIIB JOCIIKCHHS Ta30JMHAMIUYHUX TTPOIIECIB;

. BUOIp MaTeMaTUYHOI MOJIEJ ra30JJUHAMIYHUX MPOLECIB B MPOTOYHOMY
TPaKTIi €JIEMEHTIB MapOPO3IOILITY;

. Bepudikallis oOpaHOi MaTeMaTUYHOI MOJENII Ha OCHOBI PE3yJIbTaTiB
pPO3paxyHKy Hampy>KeHO-IepOopMOBaHOTO cTaHy perymordoro kinanaHa L[CT
Typ61amn K-200-130;

. YuceabHE JOCHIIDKCHHS Ta30MHAMIKKM TapOpO3MOJAUIbUOi CHCTEMHU

enepro6snoky Ne2 XAEC;



. pO3paxyHOK HaIpy>KEeHO-Ae(POPMOBAHOTO CTaHy CTOTIOPHO-
perymotoyoro kinarnana Typoinu K-1000/60-3000 eneprodmoky Ne2 XAEC.

Jlpyruii po3ain mpucBsueHuid BHOOPY Ta OOrpYHTYBAaHHIO MaTeMaTHYHOI
MOJIENTI, 10 OMHUCYE Ta30JMHAMIYHI TPOIECH B CHUCTEMI IMapOpO3MOALTY aTOMHOI
CJIEKTPOCTAHIII].

CydacHUl pO3BHUTOK OOYHMCIIOBAIBHOI TEXHIKM Ta YHCEIbHUX METOIIB
po3B's13aHHA cucTeMH piBHSAHB, iMeHOBaHUX CFD (Computation Fluid Dynamics), 1o
ONHUCYIOTh Ta30JMHAMIYHI MPOIIECH, JT03BOJISIE MOJETIOBATH pyX poOOYOro Tijia B
MPOTOYHOMY TPaKTi pi3HOI KoHPiryparllii. Tomy OyB npoBeeHUI KPUTUUHUIA aHATI3
ICHYIOUMX METOJIB MOJICJIIOBAHHS TEYld TEIUIOHOCIIB Ta 0OpaHO HaNOUIBII
panioHaIbHU.

Yepe3 BHCOKI BUMOTH /0 OOYHMCIIOBAJBLHUX PECYpPCIB OCHOBHUM pPOOOYUM
IHCTPYMEHTOM J1JIsi BUPIIIEHHS MPUKIIAJHUX 3aBAaHb ra30JMHaMIKd 00paHO METOAM,
110 0a3yl0ThCs Ha 3aCTOCYBaHHI ycepeaHeHuX 1o Peiinonbacy piBasHb Ha'e-CTokca
(RANS) B moeiHaHHI 3 pI3HUMH HAIIBEMITIPUYHUMHU MOJICIISIMU TYpOYJICHTHOCTI.

PosrnsiHyra Benuka KUIBKICTh OO0'€KTUBHOI 1H(OpMALii MPO MOKIUBOCTI
PI3HMX HaMIBEMIIPUYHUX MOJIeNiel TypOYJIECHTHOCTI MPU MOJICIIIOBAHH] TUX YW 1HIITUX
TUMiB B's3kux Teuid. [IpoananizyBaBiiu iHdopMalito, 0ys10 00paHo, 3a CYKYITHICTIO
CBOIX SAKOCTEH, HAaWOUIbII JOLIJIBHY Cepell ICHYIOUMX MOAeNed TypOYyJEeHTHOCTI -
mogenb Menrtepa (SST - k-0 Shear Stress Transport).

O6paHo METOANKY AUCKPETHU3allll pO3PaxXyHKOBOI 00JACTI, PO3MISTHYTO CXEMHU
SKOCTI, 110 3a0€3MeYyI0Th TOYHICTh YUCEIHHOTO MOJICTIOBAHHSI.

B pesynbTaTi chopMoBaHO MaTEMAaTUUHY MOJIETb 1 O0OpaHO YHUCEIIbHUN METOJT
MaTEMaTUYHOTO MOJICTIOBAHHS TPUBHMIPHOI CTaI[lOHAPHOI TeYii B'SA3KO1 MeperpiToi
napu, o 0a3yeThCsi HA BUKOPUCTaHHI ocepeHeHuX 1o PeitHonbacy piBHAHb Hap'e-
Crokca B MO€IHAHHI 3 HAMIBEMIIPUYHOIO MOJEUIIO TypOyJneHTHOCTI kK- SST Ta
METO/Iy PIIIeHHs Ha 0a31 KIHIIEBUX 00'€MIB.

Y TperboMy po3aiji Ui NEpeBIpKU  aJACKBATHOCTI Ta  JOIIIBHOCTI

BUKOPHUCTAHHS MPEACTAIIEHOTO PO3PAXYHKOBOTO METOJYy MOPIBHIOBAIUCH HAPYKEHO-
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nedopMOBaHi CTaHW CTOMOPHOIO KjlamaHa UUJIHApPA CEPEeHbOro TUCKY TypOinu K-
200-130, a1 sIkuX TeII0BUM cTaH OyB pO3paxoBaHUM JIBOMa CIIOCOOAMM:

1. 3 BU3HAYECHHSIM TPaHUYHHUX YMOB TermooOominy [-IV pomy Ha ocHOBI
KpUTEpiaJIbHUX PIBHAHB. [Ipu 1IbOMY pPO3TJISIHYTO T'PaHUYHI YMOBH TEILIOOOMIHY,
IO 3aCTOCOBYIOTHCSI TIPU MOJICIIOBAHHI TEIJIOBHX MpoleciB y kinamaHi. OnmucaHo
PO3paxyHKOBY MOJIENIb PETYIIIOI0YOTO KilaraHa, BA3HAY€HO OCHOBHI MapaMeTpH, sKi
BPaxOBYIOThCS IIiJ] 4aC MOJICIIIOBAHHS HOTO POOOTH.

2. JlochiKeHHsAM Ta30JUHaMIKi TIOTOKY, C()OPMOBAHOTO B MIPOTOUYHOMY
TpakTi PEryjioyYoro KjamaHa Ta BIUIMBY CTPYKTYpH IIOTOKY Ha €JIEMEHTH
MOBEPXHI KOPIYyCy KjamaHa Ha OCHOBI yCEpeIHEHMX MO PelHonbACYy pIBHSHB
Hag'e-Ctokca (RANS). B pe3ynbraTi NpoBENEHUX YHUCIOBUX JOCHIIKEHb B
MpPOrpaMHOMY KOMILIEKCI OyJl0 BH3HAYEHO OCOOJIMBOCTI MPOTIKAHHA Iapu B
pPEryJIIoIouoMy KJjlaraHi, 0COOJMBOCTI PO3BUTKY MapOBOT0 MOTOKY, OCOOJMBOCTI
YTBOPEHHSI BUXOPIB B NMPOTOYHOMY TPAKTI KjamaHa Ta iX BIUIMB Ha BHYTPIIIHI
CTiHKM KkiamaHa. [IpoaHanizoBaHO BIUIMB TeMIIEpaTypu Ta THCKY Mapu Ha
BHYTPIILIHI CTIHKH PETYJIIOI0YOro KilanaHa.

Ha ocHOBI oOTpuMaHMX JaHUX BHUKOHAHO PO3PAXyHOK HaIPYy>KEHO-
nedopmoanoro crany kiamana LICT typ6ian K-200-130, mpoaHamizoBaHO pO3IOIiT
HaIpy>KeHb 1 aedopmalliil y Horo KOHCTPYKTUBHUX €JIEMEHTaX.

[Ipu mOpiBHSAHHI pe3yNbTAaTIB camMe TNPOBEICHUNA KOMIUJIEKC YHCIOBUX
eKCIIEPUMEHTIB 1O BH3HAUEHHIO Ta30JMHAMIKH KJlaraHa JI03BOJIMB 3allpOIIOHYBATH
rinotre3y OOTPpyHTYBaHHS BUHUKHEHHS Jerpajallii BHYTPIIIHIX MOBEPXOHb KOPITYCY
KJIallaHa 3 BUHUKHEHHSM 30H TPIIIIEHOYTBOPECHHS.

VY BUCHOBKax J0 pO3AUTy MiJOUTO MiJICYMKH IIOJAO0 TOYHOCTI Ta €(eKTUBHOCTI
MIPEICTABIICHOTO METOJy PO3pPaxyHKY 3 BpaxyBaHHSM Tra30fMHAMIYHUX IPOIIECIB, a
TaKoXX HOro JOMUIBHOCTI JJi1 MOJAJIBIION0 BUKOPUCTAHHS TMPH OIIHIIl pecypcy Ta
HAJIHOCTI €JIEMEHTIB CHCTEMH MapOPO3TOILITY.

Y  d4erBepTOMYy  PO3diJi  TPEACTABICHO  YHCEIbHE  JOCIIKCHHS
ra3oJJMHaMiYHUX TIPOILIECIB Yy TNApPOPO3MOJAUIbHIA cucTeMi eHepro0iaoky Ne2

XmenpaunbKoi AEC.
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3 oy Ha BUCOKI BUMOru 70 mnoTyxkHocted EOM 1 3HauHy TpUBaIiCTh
PO3paxyHKiB, O0yJIO MPUIHATO PIIIEHHS AOCIIKYBATH JUIIE OKPEMI JTIJISTHKHA OJTHOTO
aponpoBOAY, sIKI OJHAKOBO MPEJICTaBJICHI Ha KOKHOMY 3 YOTUPHOX MapOMpOBOJIB.
Takoxx Oysno BpaxoBaHO JIIHIMHY 3MIHY IlapaMeTpiB Mapu Ha MPSAMHUX JIISHKaX
napornpoBoaiB. [lpuitHATa Mipa nmama MOXJIHBICTh HE TUIBKA CKOPOTHTH dYac 1
pecypcH, IO BHUTPAdalOTbCsl Ha JOCTIIKEHHS TMOBHOI 3ajadyi, ajie 1 € JOCHUTh
HAJIHHUM METOJOM IPOTHO3YBaHHS 3MIHU THCKY, TEMIEpAaTypH Ta LIBUIKOCTEH Ha
CXOKHX JTUISTHKaX MapomnpoBoiiB. B skocTi 06'ekTa AoCTiKEHHS 00paHO MPOTOYHUN
TpakT mnaponpoBoaa Ne2 Big mnaporeHepatopa Ne2, BKIIOYAIOYM CTONOPHO-
PETyJIIOOYHIA KJTallaH MIIIHApPa BUCOKOro THcKy Typoinu K-1000-60/3000 XAEC.

PesynpraTom monemtoBanHs € 3-D rasoamHaMiuHa CTpyKTypa MOTOKY HapH,
PO3MOALT MIBUAKOCTEH B MOTOIl, TEMIIEpaTypHI MOJs Ta PO3MOLIN TUCKIB. AHAI3
OTPUMAHHUX PE3yJbTATIB YUCEIBHOTO MOJICIIOBAHHS HAJaB MOKJIMBICTh JIOCHTH
JOKJIQJHO  OIIIHUTU  BIUIMB  T€OMETpli  MapompoBOAIB HA  Ta30JAMHAMIYHI
XapaKTEePUCTUKU Teuii BOJIOTO1 MapH.

[lepeBipka aieKBaTHOCTI YMCEIBHOI MOJIENI 1 KOPEKTHOCTI MOJIEIIOBaHHS Oyia
MPOBEICHA MUISXOM TOPIBHSHHS PO3PaXyHKOBUX PE3YJNbTaTiB 3 JaHUMH, IO
KOHTpoJoroThesl naTunkamMu Ha XAEC. TlopiBHSHHS pe3yJsbTaTiB JOCHIIKEHHS Ta
pealbHUX JaHuX JAajio 3anoBuUlbHUIN 30ir. CepenHs BiHOCHa MOXWOKa MoJeNl
CTaHOBUTH 0M3bKO /%. Po3poOrnena iMmiTaiiiiHa MOJIEINb € aJIeKBaTHOIO 1 MOXKE OyTH
BUKOPHCTaHA JJI PO3paxyHKy MmapaMeTpiB Teuii mapu B MapoOnpoBOIaXx.

Y m’aromy po3aiii  IOCHIDKEHO — HANpyKeHO-Ae(hOpMOBAHHMM  CTaH
peryiodoro kiamnaHa napornpoBoay Ne2 eneproOioky Ne2 wnuiaiHapa BHCOKOTO
tucky TypOinn K-1000-60/3000 Xwmenpaunpkoi AEC. OcHOBHaA yBara mpujiieHa
KOMIUIEKCHOMY ~aHali3y BIUIMBY Ta30AMHAMIYHUX 1 TEIUIOBUX MPOLECIB Ha
HaANpY>KCHHUI CTaH KOHCTPYKIII1 KJIamaHa, 110 BIOJAIbIIIOMY JO3BOJIUTh OLIIHUTH HOTO
HaIIHHICTH Ta JOBIOBIYHICTb.

BukonaHo po3paxyHOK Tra30JuHAMIKH PETYJIIOIYOro KianaHa, BU3HAYEHO
OCOOJIMBOCTI PyXy Tapu Ta i B3a€MOJIi 3 BHYTPIIIHIMU TOBEPXHSIMHU KJaraHa.

Takox, & TOPIBHSHHS, PO3MJIIHYTO METOJ pPO3PaxXyHKy TPaHUYHUX YMOB
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teriooominy -1V poay Ha OCHOBI KpUTEpiadbHUX PIBHSHB, II0 BUKOPUCTOBYETHCS
JUTsl BUBHAYEHHS TEMIIEPaTypPHOTO TOJIS B €IEMEHTaX KOHCTPYKIIII.

[Ipoanaini3oBaHi TEMJIOBI CTaHU PETYNIOIOYOTO KJIallaHa, BU3HAYCHI HA OCHOBI
JIBOX PI3HUX MIIXOJIB. BUKOHAHO pO3paxyHOK HampykeHO-1e(pOpMOBAHOTO CTaHy
KJIamaHa.

OkpemMO  JTOCHIDKEHO  HampyXeHO-AeQOpMOBaHMI  CTaH  KjamaHa 3
ypaxyBaHHSIM BIUIMBY MapOBOrO CUTA, L0 € BAXJIMBUM €JIEMEHTOM Y PO3IMOJIiII
NOTOKY mapu Ta (GopMyBaHHI HaBaHTa)KEHb HAa KOHCTPYKIil0. BcTraHoBieHo, 110
BKJIFOUEHHS CUTa B PO3PaXyHKOBY MOJIEJb JJO3BOJISIE O1IBII TOYHO OI[IHUTH JIOKAJIbHI
HaIPY)KEHHS Ta BU3HAYUTH IMOTEHITIHI 30HW BUHUKHEHHS BTOMHUX TIOIIKO[KEHb.

AHami3 HampyXeHo-Ae(dOpMOBAHOTO CTaHKy MeETaly KiamaHa ToKa3aB, Mo
OCHOBHI Hamnpy>KeHHS BUHUKAIOTh HE TUIbKU B MICIISIX KPIIJIEHHS KOPIYCY Ta Cijjia
KJIallaHa, a ¥ y TOYKaX KOHTaKTy CHTA 3 BHYTPIIIHBOIO MOBEPXHEI0 KOPIyCy. 30HA
KpIIJICHHS CUTa 3a3Ha€ TIJBUIIEHUX MEXAHIYHUX HABAHTAKEHb 4Yepe3 3MIHY
TiIpOAMHAMIYHOTO OMNOPY IOTOKY TMapu. Y TOPIBHSAHHI 3 MOJAEIUII0 0e3 cura,
MaKCHUMaJbHI Hampy>KEeHHS B KOPITycCl KiamaHa 30inpmmnncs npubian3Ho Ha 7-10%,
0 CBITYUTH MPO HEOOXIJHICTh BpaxXyBaHHS I[LOTO €JIEMEHTa IMPU PO3paxyHKax
JIOBFOBIYHOCTI METAITy.

KurouoBi cjioBa: MojetoBaHHs, TeMIepaTypa, TUCK, ra30MHaMIKa, TEIJIOBUN
CTaH, HAMPY>XCHUH CTaH, HAMPY>KEHO-Ae(OPMOBAHHI CTaH, MIIHICTh, TETIOOOMIH,
BTOMHI  TOIIKOJDKEHHS, TPIIIMHU, YHCEJIbHE  JOCHIUKEHHS, TPUBHMIPHUMA
pO3paxyHOK, peryJlolYhil KiamaH, mnapoBa TypOiHa, MaponpoBoau, (a3oBUi

nepexij, aToMHa eJISKTPOCTaHIIIS.

HaykoBi mpani, B sIKHX Omy0JIiKOBaHI OCHOBHi HAyKOBi pe3yJbTaTH
AUCepTAIii:

1. MojentoBaHHS Ta30JMHAMIKK BOJIOTOI Mapy B TOJIOBHUX MapOMpOBOAAX
atomHoi enektpoctanili [Tekcr] / I.C. bennapcbka, JI.B. Punmiok, Jlementap C.1O.

// Bueni 3anucku THY imeni B.I. Bepnaacwekoro. Cepisi: TexHiuHi Hayku, Tom 32

(71) Ne 5 2021, c.159-167. DOI https://doi.org/10.32838/2663-5941/2021.5/25



https://doi.org/10.32838/2663-5941/2021.5/25

(PeecTp HaykoBux (axoBUX BUJIaHb Y KpaiHu, kaTeropis «b»)

2. Busznauenns HaIpPY>KEHO-1e(POPMOBAHOTO CTaHy CTOTIOPHO-
perymotouoro knamana AEC 3 ypaxyBaHHSM razoguHamiku pooodoro Tina. [Tekct] /
I.C. bennapcbka, JI.B. Punmtok // Bueni 3amucku THY imeni B.1. Bepnancbkoro.
Cepis: Ttexuiuai Hayku, Tom 33 (72) Ne 5 2022, ¢.193-198. DOI
https://doi.org/10.32782/2663-5941/2022.5/28 (Peectp HaykoBuX (DaxOBHX BHJIAHb

VYkpainu, kateropis «b»)

3. Modeling of steam gas dynamics in main pipelines of nuclear power
plants [Tekct] /Ryndyuk D.V. Bednarska 1.S. / Bueni 3amucku THY imeni B.I
Bepnancekoro. Cepist: Texniuni Hayku, Tom 35 (74) Ne 4. 2024 c. 260-264. DOI
https://doi.org/10.32782/2663-5941/2024.4/38 (Peectp HaykoBUX (paxOBHX BHU/IaHBb

VYkpainu, kateropis «b»)

4, BB  mapoBoro  cura  Ha  Hampy)KEHO-AE(POPMOBAHWUWA  CTaH
perymoBanbHoro kiamnana /J[.B. Punntok, I.C. Beanapcebka // Bueni 3anucku THY
imeni B.1. Bepuaacekoro. Cepist: TexHiuni Hayku, Tom 36 (75) Ne 1. 2025 c. 128-134.
https://doi.org/10.32782/2663-5941/2025.1.1/19 (Peectp HaykoBUX (paxoBHUX BUIaHB

VYkpainu, kateropis «b»)

HayxkoBgi npaui, 1o 3acBiI4y0Th anpodamniro pe3yJbTaTiB qUCePTAaIlii:

5. begnapcbka 1.C., Pungiok JI.B. Oco6mmBocTi MoaemtoBanHs B FlowVision.
Cyuacni npobaemu Haykogo2o 3abe3neuenns enepeemuxu. Y 2-x 1.: Marepianu XIX
MixHap. HayK.-ipakT. KOHG. MOJIOJ. BYeHUX 1 cTyn., M. Kuis, 20-23 xsit. 2021 p.
Kwuis: KIII im. Iropst Cikopebkoro, Bua-so «Ilomitexnikay, 2021. T. 1. ¢. 211-212.

6. Bednarska 1. S., Ryndyuk D. V. DYNAMIKA GAZOWA GELOWNYCH
RUROCIAGOW PAROWYCH ELEKTROWNI JADROWYCH. Iugopmayiiine
CYCRIIbCMBO: MEXHOAOIYHI, EeKOHOMIYHI ma MexXHIYHI dCNeKmMuU CMAHOGAEeHHA:
MixuapoaHa HayKoBa 1HTEpHET-KOH(pepeHIlis. 301pHUK Te3 JOMOBiAeH: BUIYCK 68.
Tepuonins. 2022. c. 61-64.

7. bengnapcbka I.C., Punmiok J[.B. MogaentoBaHHsI ra30uHaMiKid B TOJIOBHHUX

napornpoBoaax AEC. Yactuna 1. Haykosi 3000ymxu mMon00i — supiuierHo npooiem


https://doi.org/10.32782/2663-5941/2022.5/28
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ABSTRACT

Bednarska 1.S. Improvement of the approach to the calculation of the stress-
strain state of elements of the steam distribution system of a nuclear power plant. —

Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Candidate of Technical
Sciences (Doctor of Philosophy) in specialty 144 "Heat power engineering. - National
Technical University of Ukraine "lhor Sikorsky Kyiv Polytechnic Institute”, Kyiv,
2025.

The dissertation work includes 5 chapters. The work is devoted to improving
the approach to determining the thermal and stress-strain state of the steam
distribution system of nuclear power plants. Gas-dynamic processes in the flow path
of the main steam pipelines and their elements, namely, in the control valve, were
studied.

The introduction provides information about the relevance of the selected

research topic, its connection with scientific programs, topics and plans. The goal and
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objectives of the work are determined, which contribute to the disclosure of the
research question. The object, subject and methods of the study are described. The
scientific novelty, practical value of the results obtained, the author's personal
contribution, approbation of the results, publications, as well as the structure and
scope of the work are also highlighted.

The first chapter contains a review of literary sources, which highlight the
research of other authors dealing with similar issues.

A detailed analysis of the design of the steam distribution system of power unit
Ne 2, which receives steam from steam Ne 2 of the Khmelnytskyi nuclear power plant,
was carried out. The main elements of the system, their structural structure,
functional purpose and operational features were considered. Special attention was
paid to the characteristics of steam pipelines, control and stop valves.

Scientific sources devoted to the study of the stress-strain state of power plant
equipment, in particular, steam distribution elements, were analyzed. Modern
methods of modeling and calculating the stress-strain state of power equipment were
considered. However, the analysis of literary sources showed that despite significant
attention to these issues, the study of gas-dynamic processes in the steam distribution
system, heat exchange conditions, as well as the strength and resource characteristics
of the equipment remain incompletely studied. The study of the processes of wet
steam movement in the main steam pipelines of nuclear power plants equipped with
K-1000-60/3000 turbines is particularly relevant, since such turbines are widely used
at Ukrainian nuclear power plants.

Based on the analysis of scientific works, the need to improve approaches to
calculating the stress-strain state of the elements of the steam distribution system is
substantiated. This will contribute to increasing the reliability and safety of operation
of the equipment of nuclear power plants, which generate the largest share of
electricity in Ukraine.

In this regard, the following main tasks are set in the study:

« analysis of the design and operation of the steam distribution system of the

power unit of the nuclear power plant;
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« analysis of the works of other authors on the study of problems of the
elements of the steam distribution system of power plants;

» analysis of methods for studying gas-dynamic processes;

* selection of a mathematical model of gas-dynamic processes in the flow path
of steam distribution elements;

« verification of the selected mathematical model based on the results of
calculating the stress-strain state of the regulating valve of the medium pressure
cylinder of the K-200-130 turbine;

» numerical study of the gas dynamics of the steam distribution system of
power unit Ne 2 of the KhNPP;

* calculation of the stress-strain state of the K-1000/60-3000 turbine stop-
control valve of KhNPP power unit Ne 2.

The second chapter is devoted to the selection and justification of a
mathematical model describing gas-dynamic processes in the steam distribution
system of a nuclear power plant.

The modern development of computing technology and numerical methods for
solving a system of equations called CFD (Computation Fluid Dynamics), describing
gas-dynamic processes, allows modeling the motion of a working fluid in a flow path
of various configurations. Therefore, a critical analysis of existing methods for
modeling coolant flows was conducted and the most rational one was selected.

Due to the high requirements for computational resources, methods based on
the use of Reynolds-averaged Navier-Stokes equations (RANS) in combination with
various semi-empirical turbulence models were selected as the main working tool for
solving applied gas dynamics problems.

A large amount of objective information on the capabilities of various semi-
empirical turbulence models in modeling certain types of viscous flows was
considered. After analyzing the information, the most appropriate among the existing
turbulence models was selected, based on the set of its qualities - the Menter model
(SST - k-® Shear Stress Transport).
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The method of discretization of the computational domain was selected,
discretization schemes, approaches to constructing computational grids and criteria
for their quality that ensure the accuracy of numerical modeling were considered.

As a result, a mathematical model was formed and a numerical method for
mathematical modeling of a three-dimensional stationary flow of viscous superheated
steam was selected, which is based on the use of the Reynolds-averaged Navier-
Stokes equations in combination with the semi-empirical turbulence model k- SST
and the finite volume solution method.

In the third chapter, to verify the adequacy and feasibility of using the
presented calculation method, the strained-deformed states of the stop valve of the
medium-pressure cylinder of the K-200-130 turbine were compared, for which the
thermal state was calculated in two ways:

1. With the determination of the boundary conditions of heat exchange of the I-
IV kind based on criterion equations. In this case, the boundary conditions of heat
exchange used in the modeling of thermal processes in the valve were considered.
The calculation model of the control valve was described, the main parameters taken
into account when modeling its operation were determined.

2. By studying the gas dynamics of the flow formed in the flow path of the
control valve and the influence of the flow structure on the surface elements of the
valve body based on the Reynolds-averaged Navier-Stokes equations (RANS). As a
result of the numerical studies conducted in the software complex, the features of
steam flow in the control valve, the features of steam flow development, the features
of vortex formation in the valve flow path and their influence on the internal walls of
the valve were determined. The influence of steam temperature and pressure on the
internal walls of the control valve was analyzed.

Based on the data obtained, the stress-strain state of the valve of the medium
pressure cylinder turbine K-200-130 was calculated, and the distribution of stresses
and deformations in its structural elements was analyzed.

When comparing the results, it was the complex of numerical experiments

conducted to determine the gas dynamics of the valve that allowed us to propose a
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hypothesis to substantiate the occurrence of degradation of the internal surfaces of the
valve body with the appearance of crack formation zones.

The conclusions to the section summarize the accuracy and effectiveness of the
presented calculation method taking into account gas-dynamic processes, as well as
its feasibility for further use in assessing the resource and reliability of steam
distribution system elements.

The fourth chapter presents a numerical study of gas-dynamic processes in
the steam distribution system of power unit Ne 2 of Khmelnytskyi NPP.

Given the high requirements for computer power and the considerable duration
of calculations, it was decided to study only individual sections of one steam pipeline,
which are equally present on each of the four. The linear change in steam parameters
on straight sections of steam pipelines was also taken into account. The adopted
measure made it possible not only to reduce the time and resources spent on studying
the full problem, but also is a fairly reliable method for predicting changes in
pressure, temperature and velocities on similar sections of steam pipelines. The flow
path of steam pipeline No. 2 from steam generator No. 2, including the stop-and-
control valve of the high-pressure cylinder of the K-1000-60/3000 KhNPP turbine,
was chosen as the object of study.

The result of the modeling is the 3-D gas-dynamic structure of the steam flow,
the velocity distribution in the flow, temperature fields and pressure distributions.
Analysis of the results of numerical modeling made it possible to assess in sufficient
detail the influence of the geometry of steam pipes on the gas-dynamic characteristics
of the flow of wet steam.

Verification of the adequacy of the numerical model and the correctness of the
modeling was carried out by comparing the calculated results with the data monitored
by sensors at the KhNPP. Comparison of the research results and real data gave a
satisfactory match. The average relative error of the model is about 7%. The
developed simulation model is adequate and can be used to calculate the parameters

of steam flow in steam pipes.
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In the fifth chapter, the stress-strain state of the control valve of the steam
line Ne 2 of the power unit Ne 2 of the high-pressure cylinder of the K-1000-60/3000
turbine of the Khmelnytskyi NPP is investigated. The main attention is paid to the
comprehensive analysis of the influence of gas-dynamic and thermal processes on the
stress state of the valve structure, which will subsequently allow assessing its
reliability and durability.

The gas dynamics of the control valve are calculated, the features of the steam
movement and its interaction with the internal surfaces of the valve are determined.
Also, for comparison, the method of calculating the boundary conditions of heat
exchange of the I-1V kind based on criterion equations, which is used to determine
the temperature field in the structural elements, is considered. The thermal states of
the control valve, determined based on two different approaches, are analyzed. The
stress-strain state of the valve is calculated.

Separately, the stress-strain state of the valve was investigated, taking into
account the influence of the steam screen, which is an important element in the
distribution of steam flow and the formation of loads on the structure. It was
established that the inclusion of the screen in the calculation model allows for a more
accurate assessment of local stresses and the identification of potential zones of
fatigue damage. Analysis of the stress-strain state of the valve metal showed that the
main stresses arise not only in the places of attachment of the body and valve seat,
but also at the points of contact of the screen with the inner surface of the body. The
screen attachment zone is subjected to increased mechanical loads due to a change in
the hydrodynamic resistance of the steam flow. Compared to the model without a
screen, the maximum stresses in the valve body increased by approximately 7—10%,
which indicates the need to take this element into account when calculating the
durability of the metal.

Key words: modeling, temperature, pressure, gas dynamics, thermal state,
stress state, stress-strain state, strength, heat transfer, fatigue damage, cracks,
numerical study, three-dimensional calculation, control valve, steam turbine, steam

pipelines, phase transition, nuclear power plant.
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BCTYII

3abe3nedyeHHs] CTaoro po3BUTKY JIIOACTBA HE MOXKIIMBE 0€3 MoJepHi3allii Ta
301IbIIEHHSI TEHEPYIOUMX 1 MEPEeKEBUX MOTYKHOCTEH EHEpPreTUYHOi Traysi.
AHani3yloud TEHJEHIII CBITOBOIO PO3BUTKY E€HEPreTHKH, BApTO BIJ3HAYUTHU, IO
OCHOBHMMM  (akTOpaMH €  HaJIMHICTh  C€HEPromocTayaHHs, oesrieka,
eHeproeeKTUBHICTh 1 MiHIMI3aIisl HETAaTUBHOTO BIUIMBY Ha EKOJOTIYHUN CTaH
HABKOJIMITHBOTO CEPEIOBHUIIIA.

Ha nanuit yac 0a30BUMH T'€HEPYIOUMMU NOTYKHOCTSIMU enekTpoeHeprii B OEC
€ TEeIUIOBI Ta aTOMHI e€JeKTpu4Hi craHuii. HalOuibiue eHeprii BHUpOOISETHCA
aTOMHUMH eleKkTpuuHuMu ctaHiismu (51 %), na npyromy wmicui TEC ta TEL, saxi
BUPOOJISIIOTH 36 % eHeprii Bij 3araJibHOr0 BUPOOITKY.

VY 3B'I3Ky 3 HaOMWKEHHSM 3aKiHYEHHsS TEPMIHY BCTaHOBJIEHOTO peCypcy
oOnaaHaHHs eHeproo6sokiB AEC crae akTyajibHOIO poOjeMa OLIIHKKA TEXHIYHOTO
cTaHy 00JaJIHaHHSA, IPOTHO3YBAHHS 3AIMIIIKOBOTO PECYPCY Ta MPOJOBKEHHS CTPOKIB
HOTO0 MoJaIbIIoi eKCIUTyaTallii.

OTxe, HEOOXIIHO PO3POOUTH PO3PAXyHKOBI MIAXOIU, SKI HAYKOBO-
OOTPYHTOBYIOTh MOYKJIUBICTh 0€3IMEUHOT eKCILTyaTallii eIeMEeHTIB CTaHIlli BiAMOB1IHO
JI0 BUMOT €HEPIreTUYHOI CHUCTEMHU 3 ypaxyBaHHSM BIUIMBY OCHOBHUX UHMHHUKIB, SIKI
O0OyMOBIIIOIOTh OCOOJIMBOCTI €KCIUTyaTallli OOJIaJlHaHHS CTaHIlli, 10 B CBOIO 4YEpry
JTIO3BOJIUTH TMOYATH OIIHKY pecypcy oOnagHaHHS 1 JaTH PEKOMEHJalii Mo MHoro
MoAaNbIIN eKCIUTyaTallii.

38’30k po0OTH 3 HAYKOBMMHM @porpamamMm, Temamu. Jluceprauiiina
poOoTa BHMKOHaHa Ha Kadeapl TEIUIOBOI Ta ajdbTePHATUBHOI EHEPTEeTUKH
HanionanbHOro TexXHIYHOrO YyHiBepcuTeTy YKpainun «KHUiBChKHMI MOMITEXHIYHUN
iHCTUTYT 1MeHi Irops CiKOopchbKOro» B MeXKax KOMIUIEKCHHX HayKOBO-IOCIITHUX
poo6iT Ne 3545-3E-ByTEC Big 06.08.2021 p. «Po3paxyHOK pecypcy poTopa
cepennboro Tucky TypOinu 6soky Nell mna ITEK BYPLITUHCBKA TEC», Ne 37-
124-08-22-17927 Bix 14.06.2022 p. «Or1iHka MOXJIMBOCTI IOJOBXEHHS O€3IeuHOi

excrutyaraiii typooycranoBku K-1000-60/3000 enepro6noky Ne2 XAEC micis
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nomkoxeHHs poropa LIBT» ta Ne 5162-3E-ByTEC Big 20.09.2024 p. «Po3paxyHok
pecypcy poropa cepeaHboro THCKy TypOiHm Omoky Nell mma JITEK
BYPIITUHCBKA TEC» (#oBigku mpo BUKOPUCTaHHS pPE3yJIbTATIB HAYKOBO-
JOCITITHUX pOOIT IIpeACTaBieH] B 10aTKaxX).

Merta i 3aBaaHHS 10CTIIKEHHSI.

Metoro nmuceptariitHoi poOOTH € HayKOoBe OOTpyHTYBaHHS 1 po3poOka
KOMIUIEKCHOT'O MIAXOAY J0 PO3paxyHKy TEIJIOBOTO Ta HANPY>KEHO-I1e(pOpMOBaAHOTO
CTaHy €JIEMEHTIB CHePTeTHYHOTO 00JIaJHAHHS 3 BpaxXyBaHHSIM Ta30IMHAMIKH TapH.

3aBaaHHs TOCTIHKEHHS, 110 JOIIOMAaraloTh B PO3KPHUTI JaHOT TEMHU:

o aHai3 KOHCTPYKLII Ta poOOTH CHUCTEMH MapOpO3IMOALTY €HEpProOJIOKy
aTOMHOT €JIEKTPOCTAHIIIi;

° aHaji3 poOIT IHIIMX aBTOPIB, MO0 JOCTIIHKEHHS MPOOJIEM €JIEMEHTIB
CHUCTEMH MapOpO3IOIiTy eIeKTPOCTAHIIIH;

° aHaJi3 METOJIIB JOCIIKEHHS Ta30JMHAMIYHUX TIPOIIECIB;

° BHOIp MaTEeMaTHYHOI MOJIEJ Ta30MHAMIYHHUX MPOIECIB B IPOTOYHOMY
TPaKTi €JIEMEHTIB MapOpPO3MOILTY;

o Bepudikaiis oOpaHOi MaTeMaTHYHOI MOJIeJli HAa OCHOBI pe3yJIbTaTiB

PO3paxyHKy HampyXeHo-aehopMOBaHOTO CcTaHy perymordoro kmanana I[CT

Typ6iam K-200-130;

° YUCeIbHE JOCIIDKCHHS Ta30AMHAMIKHA TapOpO3MOAIIBUOi CHCTEMH
eHeproosoky No2 XAEC;
° PO3paxyHOK HaIpyKeHO-Ae(OPMOBAHOTO CTaHy CTOTIOPHO-

perymorodoro kinanana Typoinu K-1000/60-3000 eneprobiaoky Ne2 XAEC.

O06’€eKT I0CTiIZKEeHHS - Ta30- Ta TEPMOJIMHAMIYHI MPOIIECH B TAPOIIPOBOJIAX Ta
kinanadax AEC.

IIpeaMer mocaigxkeHHsI - BIUIMB ra3o- Ta TEPMOJMHAMIYHHMX IPOICCIB Ha
HaIpyXKeHo-1eGpopMoBaHUl cTaH maponpoBoaiB Ta kiamaniB AEC.

MeToau AOCTiAKEeHHSI: YUCEIBHUI METOJ MaTEMaTUYHOTO MOJICTIOBAHHS

TPUBUMIPHOT CTaIlOHapHOT Teuii B'SI3KOi meperpiToi mapu, Imo 0O0a3yeTbcs Ha
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BUKOPHUCTaHHI ocepefHeHux 1no PeliHonbacy piBHsHb Ha'e-CTokca B moenHaHHI 3
HaIlBEMITIPUYHOIO MOJCIUTIO TypOyJIeHTHOCTI K- SST Ta MeToay pilieHHs Ha 06asi
KIHIIEBUX 00'€MIB.

HaykoBa HOBH3HA OTPMMAaHUX Pe3yJIbTATIB MOJSTA€ B HACTYITHOMY:

- YJIOCKOHAJICHO MaTeMaTH4YHY MOJENb IOCIIKEHHS Tedil BOJIOTOi Mapu B
rojioBHuX naponposogax AEC;

- HaOyJIM MOJAJIBIIOTO PO3BUTKY MIAXOAM JO BU3HAYEHHS TPAaHUYHUX YMOB
TEIJIO0OMIHY MPU MOJCITIOBAaHHI TeYil BOJIOroi mapu B mapornpoBoaax AEC;

- BIIEpILIE TIOKA3aHO PI3HUII0 BIUIMBY Ta30[MHAMIKU Tedli BOJIOTOi Hapu
(32 pi3HMX cmoco0iB ii MpPEACTaBIEHHS MPU MOJENIOBAHHI) HAa HAaNpPyXEHO-
nehopMOBaHUI CTaH BUCOKOTEMIIEpATypHUX eleMeHTIB naponposoaiB AEC.

I[IpakT4yHe 3HAYEHHS OTPHUMAHMX Pe3yJbTATIB IOJIATaE y po3poOLl Ta
peKOMeH Iallii 10 BIPOBAHKEHHS KOMIUIEKCHOTO MIAXOAY 0 PO3PaxyHKY TEILIOBOTO
Ta HaIpyKEHO-A1€(pOPMOBAHOIO CTaHy €JIEMEHTIB €HEPreTUYHOTro OOJaJHaHHA IS
N0JIaJIbIIIOT0 MPOTHO3YBaHHS 3aJIMILIKOBOTO PECYPCY, 30KpeMa:

- Ha OCHOBI TMPOBEAEHUX JOCIIJDKEHb 3alPONOHOBAHO MIAXIA [0
BU3HAYCHHS Ta30/JMHAMIKA Ta YMOB TEIIOOOMIHY BOJIOTOi Tapy Ta OCHOBHOIO
Metany naponpoBoaiB AEC;

- BU3HAYEHI PO3NOJUIM IIBUJKOCTEH, TEMIEPATyp Ta TUCKIB B TOJOBHUX
napornpoBoaax eHeprodbsoky No2 XAEC mpu mpoTikaHHi BoJoroi mapu (3a pi3HHX
Croco0iB ii MpeACTaBICHHS NPU MOACIIIOBAHHI);

- Ha OCHOBI PO3POOJICHOTO MiX0y BU3HAYEHO TEIUIOBHM Ta HANPYXKEHO-
nedhopMOBaHUI CTaH TOBCTOCTIHHUX €JIEMEHTIB MapOpO3MOIIILY0i CHCTEMH, a came
KOpITyCy CTOMOpHO-perymorouoro kinamana TypOinun K-1000-60/3000 XAEC
eHeproosoky No2.

OcoOuctuii  BHecok 3100yBada. bBuUIbIIICTE HAyKOBUX  PE3YJbTATIB,
pEeKOMEHJAIlii Ta BHUCHOBKIB, HaBEICHMX B JHCEpTaIliiHIA poOOTi, OTpUMaHHI
3mo0yBaueM ocobucto B mepion 3 2018 mo 2025 pik. Bukonano ananiz OymoBu Ta
ocoOMBOCTEN eKcIuTyartallii rojoBHuX mnaporpoBoiiB AEC, mitepaTypHuid Orusij

npo0ieM MIAXOAIB O PO3PaxXyHKy TpaHUYHUX yMOB TEIJIOOOMIHY 3a
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KpUTEpialbHUMHU pIBHSAHHSAMU. [IpoBeneHO aHaMITUYHUN OIS BUKOPUCTAHHSA
MaTEMaTUYHOTO MOJICTIOBAHHS TNpPHU pO3paxyHKaX Ha HaNpyXKeHO-AehOpMOBaHUIMA
CTaH eHepreTuyHoro obnaaHanus. [loctaBneno 3agauy gociimkenHs. BrockonaneHo
pO3paxyHKOBY MOJIelb Ta30AMHAMIKK pyXy Napd B KJamaHax 1 MapoIpoBOJax
Typ6ian K-1000-60/3000. [Toka3zaHO pi3HHMINIO BIUIMBY Ta30UHAMIKH Te4ii BOJIOTOI
napu (3a pi3HHX CMOCOOIB 11 MpEeACTaBIEHHS MPU MOJCIIOBaHHI) HA HaIpPYXEHO-
neopMOBaHUIl CTaH BHCOKOTEMIIEpAaTypHUX eleMeHTIB napornposoaiB  AEC.
OcHOBHHUIA eTan po3paxyHKIB 1 MOJETIOBaHHS BUKOHAHO Y CIIBaBTOPCTBI 3 HAYKOBUM
KepiBHUKOM Puniokom JIMmutpom BikTopoBuuem.

Cnucok myOmikamiii 3q00yBaya, skl CTOCYIOTbCS TEMH JHCEPTAlliHOT POOOTH
npuBeAeHl B A0AaTKy A. Y HayKOBUX MpalsX, IO OIMyOJIKOBaHI B CIIBaBTOPCTBI,
BHECOK 3/100yBaya MoJIsira€ B HaCTYITHOMY:

- y HaykoBiil mpami [1] 3g00yBaueM BHKOHAHO: MOCTAHOBKY 3ajadi,
CTBOPEHHSI T€OMETPUYHOI MOJIENI, MPOBEICHHS YHMCIOBUX EKCIIEPUMEHTIB, rpadik
NaJIHHS TUCKY Ha KOKHOMY 13 YOTHPBOX MapOINpPOBOJIB IO XapaKTEPHUX TOUKAX Ha
PO3paxyHKOBHX CXEMax;

- y HaykoBiil mpari [2] 3m00yBaueM BHKOHAHO: TIOCTAHOBKY 3ajiadi,
CTBOPEHHSI TEOMETPUYHOI MOJIEJI CTOMOPHO-PETYIIOI0YOro KianaHa 3 TypOinoro K-
1000-60/3000 eneprobmoky Ne 2 Xwmenpaunbkoi AEC, mpoBemeHHS KOMIUICKCY
YHUCJIOBUX €KCIIEPUMEHTIB, BUKOHAHA BaJIi/Iallisi OTPUMAHUX PE3YJIbTaTiB;

- y HaykoBiil mpaui [3] 3100yBaueM yTOYHEHO F€OMETPUYHY MOJEIb Ta
pPO3paxyHKOBY cxemy, Tpadik 3MiHM THCKY IO JOBXXHHI TAPOIPOBO/IA.

- y HaykoBiii mpari [4] 3m00yBadeM B TeOMETpPHUHIN MO BPaxOBaHO
apoBe CUTO B perynordoMy kiamnani 3 TypoOinoro K-1000-60/3000 eneprotoky Ne
2 Xwmenpauipkoi AEC, mpoBeaeHH KOMIUIEKC YUCIOBUX JTOCHII>KEHb.

Amnpobaunisa pe3yabTaTiB I0CHiI:KeHHsl. Pe3ynbTaT AOCHIKEHb 32 TEMOIO
JTUCEepTaIii JOMOBITANKMCS Ta OOroBoproBanmucs Ha BceykpaiHChKili HayKOBO-
MPaKTUYHIA 1HTEPHET-KOH(EPEHIlisT CTY/CHTIB, AacCMipaHTIB 1 MOJOJUX BYCHUX
«AKTYAJIGHI TIPOBJIEMM CYYACHOI EHEPTETHUKW» (M. Xepcos,

23.05.2020), XVIII MixHapoaHiii HayKOBO-NPAKTHYHIA KOH(EPEHIT MOJOIUX
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BueHnx Ta ctyaeHTiB « CYUACHI ITPOBJIEMU HAYKOBOI'O 3ABE3ITEUEHHA
EHEPTETUKW» (m. Kwuis, 24.04.2020), MixnHapoaHiii HayKoBiii KoHGeEpeHIii
MOJIOIUX YYEHHUX, acCHipaHTiB 1 cTyAeHTIB "HaykoBi 3100yTKH MOJIO/1 — BUPIIICHHIO
npobsieM xapuyBaHHs JrojactBa y XXI cromitri® HarioHaasHOTO YHIBEPCUTETY
xapyoBux TexHoyorid (M. Kwui, 11.04.2020), XIX MixHapoaHii HayKOBO-
nmpakTUYHa KoH(epeHiii Mojoaux BueHux Ta cTyneHTtiB « CYUACHI ITPOBJIEMUA
HAYKOBOI'O 3ABE3INEYEHHA EHEPI'ETUKW» (M. Kuis, 21.04.2021).

Iy6aikanii. 3a pe3yapTaTamMu MPOBEACHUX JOCHTIKEHb OMyOmikoBaHo 9
HAyKOBUX IIpallb, 30kpema, 4 cTaTTi y HayKoBHX (axOBUX BUJAHHSAX YKpainu, 1
CTaTTd oOIyOJikoBaHAa 3a pe3yidbTaTaMH MDKHApOAHOI HAYKOBO-TPAKTUYHOI
KoH(pepeHuii, 4 Te3u JomOBiAEH B 30ipHHKAX Npalb MIKHAPOJHUX HAYKOBO-
MPAKTUYHUX KOH(PEPEHIIIi.

Crtpykrypa i o0car aucepramii. Jluceprariiiina poOoTa CKIagaeTbes 31
BCTYNy, 5 pO3IUIIB, BUCHOBKIB, CIIMCKY BHUKOPUCTaHUX JpKepen iH(opmarii Ta
nonatkiB. [ToBHuMit oOcsr qucepraiii Bkirovyae 147 cTopiHOK, cepell HUX 46 pUCyHKIB
3a TEKCTOM, | PUCYHOK Ha OKpeMid CTOpiHI, 5 TaOauipb 3a TEKCTOM, 4 JOJaTKH,

CITUCOK BUKOpPHUCTaHUX Jikepen 13 99 HaiimenyBaHb Ha 13 cTOpiHKaX.
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PO3LJI 1. JITEPATYPHUHM OIJISIJ TA IOCTAHOBKA 3AJIAUI
JOCJILIKEHHA

ATOMHA €HEpreTMKa Ma€e CTpaTeriyHe 3HAYEHHS IS C€HEPreTUYHOI CHCTEMH
Vkpainn, 3a0e3neuyrour OUIBIIY YaCTHHY 3arajbHOro O0CATY BHPOOHMIITBA
eJIEKTPOEHEPTii SIK Ha ChOT'OJIHI, TAaK 1 B MepCHeKTHBi. BoHa Bizirpae KJiIr4OBY pojib B
€KOHOMIYHOMY CEKTOpPI1 KpaiHU Ta € BaXKJIUBOIO CKJIAJIOBOIO YACTHHOIO i1 HAI[IOHAIBHOL
oesnexku. Haniitna poOota 11i€i ramy3i € ogHuM 13 (QyHIAaMEHTaIbHUX YMHHUKIB
CHEPreTUYIHOI cTablIbHOCTI JepikaBu [1].

Kpim TOro, aromMHa eHepreTuka BHUCTYIIAa€ TOJIOBHOIO aJbTEPHATHUBOIO
BUKOPUCTAHHIO BHUKOIMHOTO TaluBa (Byruuis, HadTH, NOPUPOJHOTO Trazy) JIs
BUPOOHMUIITBA eJeKTpoeHeprii. BoHa Takoxk € e€heKTUBHUM 3aCO00M 3HUIKEHHS PIBHS
BUKUIIB CO:2, mo crupusie 60poTh0i 31 3MIHAMHU KJIIMATy Ta 3MEHIIEHHIO TAPHUKOBOTO
edexrty [2]. 3a nanumMu Mi>xkHApOJAHOTO areHTCTBA 3 aTOMHOI eHeprii, ctaHoMm Ha 2011
pIK y CBITI BXke mpaioBago 435 aTOMHUX €HEpProOJIOKIB 3arajibHOI0 BCTAHOBIICHOIO
noTyxHicTio Onmu3pko 370 I'Bt 1 63 aromui enepro6soku (60,5 I'Bt) y cramii
OyniBHUIITBA [3].

3rinno 3 nporHozom MAI'ATE [4], BcTaHOBIIEHA TOTYXKHICTh CBITOBOTO TMapKy
atoMHux enektpocTtaniii y 2030 porui gocsirne 500 I'BT 3a MiHIMaJIbHUM CIIEHApIEM
po3BUTKY Ta 746 ['BT 3a MakcumanbHOTO. 3T1IHO 3 OCTAaHHIM MPOTHO30M MI>KHAPOTHOTO
eHepretuyHoro areHtctBa (MEA) [5], wacTka siiepHOi €HEpreTHKH B 3aJI0BOJICHHI
MONUTY Ha MEPBUHHY €HEPrito 3Ha4yHO 3pocTe — 3 6% y 2009 poui g0 7% y 2035 pori.
CrnioxxuBaHHS IEPBUHHUX eHepropecypci 3pocte 3 81% y 2010 pori g0 75% y 2035 porii
[5].

CporoniHi npoBijHI aepxkaBu A3ii, €Bponu Ta AMEPUKH aKTHUBHO 1HBECTYIOTH Y
PO3BUTOK aTOMHOI EHEPIreTHKH, IMOPOKY BBOJSYM B IO JCCATKA HOBUX SIIEPHUX
peakTopiB. YKpaiHa 3aiiMae ChoMe MICII€ Y CBITI 32 BCTAHOBJICHOIO MOTYXKHICTIO aTOMHUX

CJIEKTPOCTaHIIIN, sika cTaHOBUTH 14 148 MBT. Ha Tepuropii kpainu ¢yHKIIOHYIOTH 16
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eHepro6sokie Ha 4YoTUphox ocHOBHUX AEC — 3amopispkiii, PiBHEHCHKIH,
[liBgeHHOYKpaiHChKIM Ta XMenbHULIbKINA. 3 HUX 14 mpaifroroTsk 3a TexHojoriero BBEP-
1000, a nBa — 3a TimoM BBEP-440.

CrtpykTypa eHepreTuaHoi 6a3u Ykpainu (GpopmMyBanacs MpoTIroM IeCATUIIITh, M0
3YMOBJIIOBAJIACS EHEPreTUYHOI0 TMOJITUKOI KoJuimHboro PansHcekoro Coro3y Ta
BUKOPHUCTAHHSAM €JIMHOI CHEPreTUYHOI CUCTeMHU. YKpaiHa OyJia O/IHI€I0 3 peCIyOuIiK, sSKi
noTpeOyBanu eneprii, 60 3ade3neuysana juiie 50% notped y Byrui, 10-12% notped y
Ha(Ti Ta 20-25% notped y npupogHOoMy rasi. ToMy po3BUTOK aTOMHOT €HEPTreTUKH Ha Ti
teputopii. ¥ 1970-1980-x pokax pecmyOiika posmnodaia OyAiBHAIITBO MEPEKi aTOMHHUX
CJICKTPOCTAHIIIH.

Ak HachigoK, 3a OCTaHHI JECATWIITTS B YKpaiHl 3pic 3arajdbHUNl piYHHIA 0OCST
BUPOOHMIITBA E€JEKTPOEHEPrii, SK 1 YacTKa BHPOOHMUIITBA €HEPrii Ha AaTOMHHUX
eneKkTpocTaHIisx. ToOTo aToMHa eHepreTuka cTajga OCHOBHUM CTa0LTI3yr0uuM (haKTOpOM
HalllOHAIBHOI eHeprocucteMu [6, 7]. Yci mi (pakTu pa3om 13 aHAII30M €HEPreTUYHUX
noTped KpaiHM Ta MOXIMBOCTEH iX 3a/J0BOJICHHS BKa3ylOTh Ha JOILUIBHICTH Ta
HEOOXIJHICTh PO3BUTKY AaTOMHOI €HEepreTuku B YKpaiHi. OOuparouu Takud NUIAX,
CJIIAyBaTUMEMO CBITOBUM TPEHJIaM.

3rimHo 31 cTparerieto, mpotsarom mnepioay 3 2006 mo 2035 poky mIaHyeTbCs
YTPUMYBATH YacTKy €JIEKTPOCHEPTii, 0 BUPOOISIETHCS aTOMHUMHU €JICKTPOCTAHITISIMH,
Ha piBHI, 3apikcoBanomy y 2005 porti — npubiuszHo 50% Bif 3arajbHOTO PIYHOTO 00CITY
BUPOOHMIITBA €JIEKTPOCHEPTii B Ykpaini. Takuii mixig NOsICHIOETHCS HASIBHICTIO Y KpaiHH
BJIACHUX 3amaciB ypaHy, cTaOuibHOIO poOoToro aAitounx AEC, noreHuiagoMm 10
pPO3IIMPEHHS] aTOMHOI TEHepallli, a TaK0oX ICHYIOUMMH MpoOJIeMaMHu TEXHIYHOTO,
(h1HAaHCOBOTO 1 €KOJIOTTYHOTO XapakTepy y cdepi TeII0BOi CHEPreTHKH.

VY Toif xe 4yac, 6araTo €HEproOJOKIB BXKE€ JOCATIM a00 HaBITh MEPEBUIIUIU
MIPOEKTHI CTPOKH eKcIuTyarairii. KpiMm Toro, 4epes 3poCcTaHHs YaCTKU aTOMHOI reHepartii,
osoku notyxHicTio 1000 MBT 3my1i1eH1 npaitoBaTi B HECTAO1IbHUX, 3MIHHUX PEKUMAX,

X04a BOHU CIIOYATKy OyiH po3paxoBaHi Ha poOOTy B 0a3oBoMy pexkumi. Lle mpu3BoauTh
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JI0 YaCTIUX 3amyCKiB 1 3YyNMHHOK, IO CTBOPIOE JIOJAATKOBE HABAHTAXEHHS Ha
oOnaiHaHHS, KIJTbKICTh TAKUX LIUKIIB PETJIaMEHTY€EThCSI HOPMATUBAMH.

PoGota B 3MiHHOMY peXHMiI MOXE CIPUYMHUTH HEOOXITHICTH JOCTPOKOBOTO
BUBCJCHHS [EIKMX OJIOKIB 3 ekcruryaramii. lle Bumarae ornepaTHBHOTO aHaTi3y
TEXHIYHOT'O CTaHy OOJaJHAHHS 1 MOIIYKY PIIIeHb JJIs MPOJOBKEHHS CTPOKY CIYXOH
EHEProOJIOKIB.

Cepen HayKoOBHX Tpallb MOXKHA 3HAWTH YUMAJO JOCTIIKEHb, IPUCBAUCHUX IIii
temi. [IpoTe OLIBIIICTD 13 HUX OpiEHTOBAHA MEPEBAXKHO HA aHAMI3 1 pO3B’sI3aHHS MTPOOIIEM,
MOB’SI3aHMUX 3 OCHOBHUM OOJIATHAHHSAM ENEKTPOCTaHIiH, TaKUM SIK MaporeHepaTopH,
TypOiHu Tomo. BonmHodac, 10 KPUTUYHO BaXJIMBHX, ajié MEHII BHUBYEHHX BY3IIIB
BIIHOCUTBCA CHCTEMa NApOpO3MOAUTYy MapoBOi TypOlHW, sIKa BHUKOHYE (YHKIIL
pEryiIrOBaHHS 1 3a11001raHHs HaIXOKEHHIO Mapy J0 MPOTOYHOI YACTUHHU.

[Is cuctema ckianaeTbcs 3 KUIBKOX KIIAMaHIB, 3 €JHAHUX MDK COOOI0
naponpoBogamMu. OcHOBHI 3 HUX — cronopHuil kianan (CK), mo 3a0e3nedye MOBHE
MEPEKPUTTS Mojayl mapu A0 TypOiHu, Ta perymoroui kinananu (PK), ski KOHTpOIIOIOTH
MOTIK mapu. Y poOOTI 1i€l YaCTUHU 00IaJHAHHS TaK0XX BUHUKAE Ppsiji MpoOsieM. 30Kkpema,
NaponpoBOAM 1 KIAMaHW NIAAAIOTHCA BIUIMBY KOPO3IMHHUX 1 €pO31HHUX MPOLECIB,
TEPMIYHOTO HAIPY>KEHHSI, 1[0 OCOOJIMBO MOCHIIFOETHCS MPU 3MIHHHUX PEKUMaX poOOTH —
M1]] Yac 3amycKiB 1 3ynMHOK. /J[01aTKOBO 10 IbOTO COCTEPIratoThes BIOpallii, CIpUYMHEH1
HEIOCTaTHHO HAIMHUM (BIKCYBaHHSM KJIalaHIiB y 3aaHOMY 1oJ10KeHHi[9)].

B nmawniii muceprarniiiHiii po6oTi Oyne pO3MISIHYTO CHUCTEMY MapOopO3MOALTY
XMenbHUIbKo1 aToMHOi1 enekTpocTtanilii (XAEC) eneprobmoky Ne2 Bij maporeHepaTopa

(TIT) Ne2.

1.1 AHasi3 KOHCTPYKUII CHCTEeMH Mapopo3noAiiy eHeproodaoky Ne2 pig I1T" Ne2
XAEC
Cucrema maponpoBoaiB «cBikOi» mapu Ha AEC mnpusHauena s

TpaHcnopTyBaHHs HacuueHoi nmapu Bia 1" no muminapy Bucokoro tTucky (LUBT) TypOinu
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ta maporeperpiBauiB (CIIIT). Ha pucynky 1.1 300pa’k€HO TEXHOJIOTIYHY CXEMY
MapoIpoBOIiB «CBIKO» mapu eneprodioky No2 XAEC.

Cucrema mapomnpoBOJIB «CBIKOD» Mapu CKIAAAE€THCA 3 YOTHUPHOX MapaielbHUX
MaricTpaJbHHX MaponpoBoAiB «cBikoi» mapu [10]. Koxken i3 wmaricTpaibHUX
NaponpoBOdIiB 3'€HYE TApOTCHEpPaTOpP PEAaKTOPHOI YCTAHOBKH 31 CBOIM CTOIOPHO-
perymotounm kinamadoM (CPK) typ6inu. 3a mormomororo IIPIT A, IITPIT K, IITPIT BIT ta
I'TIK nepenbadeHo ckuaaHHs mapu B atMochepy, B KOHACHCATOPH TypOiHU Ta B KOJIEKTOP
BJIACHMX IOTPEO y CTAIliOHApHUX Ta HECTalllOHAPHUX PEeXHUMax poOOTH €HEProOJIOKY
[10]. BigramyxeHHs Ta TEpEeMUYKH MApPOMPOBOIIB CIYXaTh IS IiJIBEJACHHS Tapu 0
napocwioBoi ycraHoBku (I[ICY) mpu mepexigHuxX pekuMax poOOTH OJOKY, a TaKOX

3a0€3M1euyI0Th MePETIKaHHS Napy MPU PO3XOJIO0KEHHI TapOPO3NOALTY TYpPOiHH.
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Pucynok 1.1 — TexHoorigna cxema maporpoBoIiB «CBixo1» mapu [11].
TpacyBaHHs apoOIPOBO/IIB «CBIXKOI» MMapy HaBEIECHO Ha PUCYHKY 1.2.

OcHOBHI MaricTpajii maponpoBOiB BUKOHaHI 3 TpyO 630x25, crams 16I'C, i
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po3TamoBaHi B TepMo30HI peakTopHoro BimmuteHHs (PB), npumimenni A-820

obnamryBanus PB i1 TypOinHomy BimaiienHi [11].
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Pucynok 1.2 — TpacyBaHHS apOIPOBOIIB «CBixko0i» mapu [11].
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Ha xo>xHiii MaricTpaii mociiJoOBHO BCTAHOBJICHO:

* MPOMIXKHA HEPYXOMa OIOpa y MICISIX MPOXOY yepe3 000JI0HKY FepMO30HH;

. TPIAHUKH M IKITIOYCHHS BiT ATy KCHb;

* BIICIYHMH KJallaH;

* 3BOPOTHUH KJIalaH;

* IPOMIXKHA HEPYXOMa OIopa Mepesi BXOAOM Yy TypOIHHE;

* TPIMHUK MIAKIIOUYEHHS TApOBUX HAIIBKOJIEKTOPIB;

* FOJIOBHA MAapOBa 3aCyBKa.

Hywmepariis marictpaneil naporpoBo/iiB BianoBigae Homepam 11

OcHOBHa YacTMHA Barvd BCIX MaricTpajed 13 30BHIMIHIM JiamMerpoM 630 mm
CIpPUMMAEThCS TPYKUHHUMHU TiJBICKaMu, a B mpuminieHHI A-820 - KOB3HUMH Ta
HEPYXOMHUMH OTIOPAMH.

J1Ba mapoBi HamiBkosiekTopu (2530x28, crans 15I'C) po3ramoBani Ha Biam. 22,9 B
TypOiHHOMY BijIeHHI. KoXeH HamiBKOJIEKTOp PIBHOMPOXIJIHUMU TEpPEeMHUUYKaAMU
MIJKJIIOYEHUNA 10 BOX MaricTpaniei maiamerpom 630 mM. Mixk co000 HamiBKOJEKTOPHU
noB'si3aH1 yotupma nepemuukamu Jy 300 (325x19, crans 20) 1 ABoma nepemuukamu [l
200 (219x13, ctans 20), Ha sikux BctaHosiyeHl kiamanu [IIPTI-K. Bara namiBkonekTopis
Ta MEPEMUYOK CIPUNUMAETHCA MPYKUHHUMU MifaBickamu Ta kpimienHsmu [IPII-K Tta
[IPTI-BIL.

[Taponposin noxaui napu Ha CIII (2426x24, ctans 20) miaKIIOUYEHUA 10 000X
HamiBkoJiekTopiB Ha Bxoni Ta g0 CIIII ma Buxomi (Bigm. 10,85). Ha mapomposoxi €
3acyBka RA20S01.

baiimacu 133K ([, 20) mpu3HadeHi s MpOrpiBy Ta NPEHYBAaHHS IiTSTHOK
napornpoBoaiB Mix [II" Ta "coim" 133K mpu mycky 610Ky, a TakoX y pexumax 3
BiakmoueHHsM ['TIH a6o 3akpurtsam 133K,

baitmacu ['TI3 npu3nadeni 1151 3a06e3medeHHs MIaBHOTO TPOTPiBY MAapOMPOBOIIB 32
I'TI3, CK ta PK LIBT mix yac mycky TypOiHM Ta MEpEBIPOK CHUCTEMH PETYIIOBaHHS.

bannacu BKIIOYAIOTH:
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* Bx1H1 Tpyoonposoau [y 100 Bix marictpaneit I1I'-2, I1I'-3;

* apmatypy My 150 (3acyBka Ta perymtorounii kinanas st 6ainacy I'T13);

* BuxiznH1 Tpy6onposoau [y 150 10 BCiX YOTHPHOX MaricTpaiei.

baiinac /Iy 50 3acyBku npusHadeHud A 3a0e3leueHHs MJIaBHOCTI MPOTPIBY
MaponpoBoJIiB Mapu, mo rpie, 3a 1 PK nmomaui mapu no CIIII B mouaTtkoBuii mepion
pOrpiBY.

OCHOBHMMH BHUKOHABYMMH €JIEMEHTAMHU CHUCTEM MapOpO3MOALLY € CTOMOPHO-
peryjioui  KJIamaHv, B SKUX 3I1MCHIOETHCS TOJa4a/BIJIKIIIOUEHHS Ta TIpoLec
JPOCETIOBaHHs BOJSHOI IapH 1 3MiHa WOro BUTpaTH. [laHuil mpouec 3a11MCHIOEThCS TTPU
MPOTIKaHHI Mapa MK Yalier Kiamana i ciaiom (puc. 1.3, a). ¥V kijgbieBomMy 3a30pi Ipu
nigiomi vamn PK B miporieci po3mmpenHs BOASHOT Tapy MOTIK IPUCKOPIOETHCS, a J1ajl, B

nudy3Hil 4acTUHi, BigOyBaeThes HOTO raabMyBaHHS 10 THCKY po <po.

m/m —- || [EB=R
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Pucynox 1.3 - [lpukianu perynroounx KianaHiB mapoBux TypOiH (a, 0).
Perymioroui knanmaHu 3o00paxkeHi Ha puc. 1.3 ayke poO3MOBCIOKEHI, Ta

3aCTOCOBYIOTHCS Ha 0ararbox NapoBUX TypOiHAX.
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B po6oti 6yne po3risiHyTO SIK BECh ApOIPOBI, TaK 1 OKPEMO yBary 30C€peaIuMo
Ha CTOIOPHO-PETYIII0I0UOMY KJlanaHi.

CronopHo-perymorounii knanaH (CPK) Bukonye ¢GyHKIIT ApocentoBaHHS MapH,
10 HAIXOUTh JI0 TypOiHH, Ta MIBUIKOTO MEPEKPUTT 11 MoAayl y BUNAAKY CIPALIOBAHHS
CUCTEMH 3axXHUCTy abo 3a KOMaH/Aow oreparopa. [Ipyu 3akpuTTi CTONOPHOTO KIiamaHa
INPUMUHAETHCSA TAKOXK MOJadya TOCTPOi mapu AJiA MIAITPiBY APYroro CTYINEHsS CHUCTEMH
npomixkHoro neperpiBy (CIIII).

3a xkpurepismu HamiiiHOCcTI CPK  mpupiBHIOETBCS 10 JABOX TMOCIIJIOBHO
BCTAHOBJICHUX KJIANIaHIB — PETYJIOI0YOT0 1 CTOMOPHOTO, a 3 OISy BTPAT TUCKY MPH
MOBHICTIO BIAKPUTOMY IOJIOKEHHI Ta 32 00CATOM IPOCTOPY, IKUW 3aliMae B MAIlIMHHOMY
3aiii, — 110 oaHoro npuctporo. Ha pucynky 1.4 300paxxeno CPK enepro6ioky Ne2 Bix
naporeneparopa Ne2 XmenpHunskoi AEC [12].

VY kopnyci kinanana (mo3uilis 3) 3HaX0IUThCA 3alpecoBaHe CiJI0 (TIO3UIA S), sike
CHUJIbHE JJI1 000X — CTOMOpHOro (mo3utist 1) Ta perymaordoro (mo3ulis 2) KiamnaHiB.
[lapa HamxomuTh 4Yepe3 BXITHUN NATPyOOK, MPOXOASYM MapoBe CHUTO (mo3ullis 4),
BUT'OTOBJIEHE 31 3BAPEHUX JIMCTIB TOBCTOCTIHHOI aycTeHITHOI cTami. Lle cuto 3amo0lirae
MNOTPAIITHHIO CTOPOHHIX O0’€KTIB y MPOTOYHY YaCTHUHY TYpOIHM Ta 3aXMILA€E PyXOMi
enemenTn CPK. [liameTp oTBOpIiB cuTa — 4 MM, 1 BOHO 371€01IBIIIOTO 3aTPUMY€E BEIUKI
gactku. [IpakTtrka excrmyararii TypOin Tumy K-1000-60/3000 e 3adikcyBana CyTTEBOTO
nepenaay THCKY Ha CUTI. Y pa3i HOTO MOSIBU JIIarHOCTUKY MOHA Oyiio 6 3M1MCHUTH 3a
pizauIero tuckiB 10 CPK 1 B xoiekropi, 1o mogae mapy nepes IUIIHIPOM BHCOKOTO
tucky (LIBT), npu makcumanbHO BigKpuTOMY nos1okeHH1 PK.

st momepenuboro mimirpiBy enemeHTiB CPK BUKOPUCTOBY€TbCS ApEeHAKHUN
HITYLEp 3 A1aMETPOM YMOBHOIO MTPOXOAY 25 MM, PO3MIILEHUN Y HUKHINA YaCTHHI KaMepH
b no6nu3y HIKHBOTO Kpato cuta. OCKUTBKH Mapa OXOILTI0E MalkKe BECh KOPITYC (TTO3UIIIsS
3) y xamepi b, #ioro mporpiB BiAOyBaeTbCs MiCIs BIIKPUTTS TOJOBHUX IMapo3aripHUX
kianadiB (I'TI3) abo ix oOxigHuX JiHik. KiIbKICTh BUTPATHUX €IEMEHTIB — [0 OAHOMY

Ha koxkeH CPK. Ipu nipomy nonoxxennst CK He BIumMBae Ha caM MpOIIEC MPOrpiBy, Xo4a
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Ha TPAKTHUIl HOro 3a3BUuYail BIIKPHUBAIOTh OJHOYACHO 3 MPOrPiBOM TPyOONPOBOIIB

roctpoi nmapu, camoro CPK Ta Tpy6onpoBoaiB migirpisy apyroro crynens CIIII.
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Pucynok 1.4 — Cronopno-perymotounii knanas: 1 — CK; 2 — PK; 3 — kopniyc CPK;
4 — mmapoBe cuto; 5 — cigno; 6 — mrok CK; 7 — mrok PK; 8 — kpumka CPK; 9 — Brynka;
10 — Brynka ymineHo049a; 11 — Baxinb; 12 — moB3yn CK; 13 — raiika PK; 14 — maii0a;
15 — xkpumika CK; 16 — mapuip HuxHii; 17 — mapHip BepxHii; 18 — crakan npyxuH; 19
— mraitba; 20 — KOMIUIEKT Majloi NpykuHu; 21 — KoJoHKa; 22 — najelb; 23 — npyxuHu; 24
—noB3yH PK; 25 — obuuaiika.

Posrnssnemo mpuHuun kepyBanHs cronopHuM kinanaHoM (CK). Bepxus yactuna
CK 3akputa kpuiikoro (1mo3. 15), sika pazom 3 o0uuaiikoro (1mo3. 26) Ta caMuM KJlaraHoOM

(mo3. 1) 3’eqnana 60aTaMu B €IMHY KOHCTPYKIIIIO. Y 110 KPHUINKY BTBUHUEHO TraikKy (103.
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25), sxa Hanexuth CK. Komm 30BHIMHINA mTOK (T03. 6) MAHIMAETHCH, CIIOYATKY
BIJIKDUBAETHCS PO3BAHTAXKYBAIBHUIN KIIAlaH, SIKUA € THTErpPOBAaHOIO YAaCTHUHOIO IHOTO
mToka. [licas TpOXOoIKEHHS XOMy pPO3BAaHTAXEHHS, yCl 3a3HA4YCHI KOMITOHEHTH
MOYMHAIOTh PYXaTHCh Bropy onaHodacHo. [limiiom ImToka 3a0e3NnedyeThesl MUIIXOM
MepeMilleHHs MoB3yHa (1mo3. 12), y skoMy 3akpilyieHui mapHip, HaBEpHYTUH Ha Pi3b0y
mroka. Cam MOB3YH MEPEMIIIYEThCS 3aBIIIKH 00epTaHHIo0 Baxkens (mo3. 11), 3’eqHanoro
3 cepBomotropoM CK. OckinbKd IEHTp Ba)Kemsl 3aKpIIJICHUH Mailke HEepyXoMO Ha
POJIMKOMIAIIUITHUKY 4yepe3 cepexky (mo3. 14), pyx CK i ceppomoTopa BiOyBaeThcs y
npoTUiIeKHUX HanpsiMkax. Kinenp Baxens, 38epHenuit 10 oci CPK, mae popmy Buikmu.

[lepeitnemo o aHamizy CHUCTEMH YIpaBliHHSA peryimorounM kiana€HoMm (PK). ¥V
KOpITyC KJIarlaHa BIrBUHYEHA raiika (1mo3. 13), a npu migioMi BHYTPIITHBOTO IMITOKA (1103.
7) MepIIoYEpProBO BIAKPUBAETHCS PO3BAHTAXYBaJbHUM KJlanaH, 00'€JHAHUN 13 caMuM
mtokoM. [licnst 3aBepiieHHST XOAy pO3BaHTaKEHHS KiamnaH, Tallkd 1 MITOK PYXaloThCs
Bropy ojgiHo4acHo. [ligiiom 311MCHIOETHCS 3a TOIOMOTOI0 BEpXHBOTO IapHipa (1mo3. 17),
KWW TPUBOAMUTHCS B IO 4Yepe3 cepexky (mo3. 19) 1 manenp (mo3. 22) 3a 10MOMOTOI0
KyJauKOBOTO MEXaHI3My pO3HoJuIp4oro mnpuctporo. 3akputts PK 3abesneuyerbcs
CUCTEMOIO MPY>XHH (1103. 23), sIK1 BIUTMBAIOTH Yepe3 MOB3YH (1103. 24) 1 HUKHIN MapHIp
(mo3. 16). O6uaBa mapHipu HaBEPHYTI Ha Pi3b0y 1mITOKa. [Ipy>KMHU BUAHO 330BHI Yepes
crieliajibHi OTBOpH y Kopmyci (mo3. 18). BaxxynBo 3a3Ha4YUTH, 1110 HA MPOIIEC 3aKPUTTS
BIUTMBAIOTh JIMIE 3YCWJUIA TPY>KWH 1 TUCK Tapu. ['0JIOBHUI CEpPBOMOTOpP i€ 4epe3
KyJIauKOBY CMCTEMY TUIbKH i/ Yac BIAKPUBAHHA KianaHa. J[01aTKOBO, KOMIUIEKT MaJIuX
npyxuH (1o3. 20) komneHcye aodTH y 3aKkputoMy nojoxenHi PK.

O1xe, BUKOHAaBYMMHU MexaHi3Mamu cuctemu perymntoBanas Typoid TEC 1 AEC e
CK i PK. Bumoru 10 111€i cuctemMu 3BOASATHCS 110 3a0€3MeUeHHS HaA1iiHOT Ta Oe3aBapiiHOl
pobotr mapoBoi TypOinu (IIT) Ha BCiX pexumax eKcILTyartalii i 3a0e3rmeueHHs
MIHIMQJIBHUX BTpaT eHeprii pobouoro Tima. Tomy, BKpail BaXJIMBO JOCITIIUTH
HaIpy>KeHO-1eOpPMOBAaHUI CTaH caMe€ CHCTEeMH Mapopo3MOALTy Ha IPHUKIAIl

napornpoBoaa Ne2 Big I1I" Ne2 enepro6noky Ne2 Xmenbuuiproi AEC.
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1.2 IMpuxkaaam AOCaiIKeHb NMPoOJeM eJIeMEeHTIB CHCTeMHM Mapopo3Moiay
eJIEKTPOCTAH LI M

Jlst aHami3y CcTaHy CHUCTEM Mapopo3MOAUTY OOJaJHAHHS TETUIOBHX Ta aTOMHHX
CJIEKTPUYHHUX CTaHIId Oyne po3MIsHyTO iHGoOpMaliiHI JKepena, B SKUX BU€HI Ta
JOCTITHUKA TPOBOATh JOCIIDKEHHS Tpo0jeM, SKI CTOCYIOThCA CaMe€ OpraHiB
napopo3noAlly, TOOTO KiamaHiB, MapompoBOAIB Ta iXx enemeHTiB. Takox Oyne
PO3MIISIHYTO METOJAMKM BHU3HAYEHHS TEIUIOBOTO CTaHy JUIsl 1HIIMX €JIEMEHTIB
€JICKTPOCTAHIIIH, TAKUX K TYpOIHHU.

ABtopu ctarti [17] npucBsTHiIM poOOTY HNpoOseMi NPOJAOBXKEHHS TEPMIHY
eKCIUTyaTallll eHepreTHYHoro ooaaaHanHs. [IpeamMeTom JoCIiIKEeHHS € YIIKOKYBaHICTh
1 3a7MIIKOBHIN pecypc aBToMaTnyHuX 3axucHuX kinanaHiB LCT maposoi Typ6inu K-200-
130. OTpuMaHo IaHi MOA0 TEIUIOBOIO Ta HANPYXEHO-1e(POPMOBAHOTO CTaHy KOPIIYCIB
KJIamaHiB Uil pI3HUX PEXKHUMIB MYyCcKy. BH3HaueHO cyMapHy MOIIKOJKEHICTh Ta
IHAUBIAYAIbHUA 3aJIMIIKOBUNA pecypc. TakoXX MbOMY MNUTaHHIO OyJIO HPHUCBAYEHO
HACTyIHy poOoTy. bynu BHM3HaueHI TEIUIOBUH Ta HampyKeHO-Ie(pOpMOBaHUU CTaHU
aBTOMAaTUYHOTO CTOMOPHOTO KJIAMaHy JAJIsl TOTO, 00 OI[IHUTH MAJIOIUKIIOBY Ta CTATUYHY
YTOMJICHICTb 1 3p00JICH] MPOIO3HIIIT 1100 MM IBHIEHHS HAIIHHOCTI poOoTH Kianany[18].

[IpakTuuHe 3HaUEHHS OACpP)KAHUX PE3yJbTATIB BKIIOUAE OTPUMaHI pPO3pPaxyHKOBI
nati, mojao TC, HAC Ta 3aMIIKOBOTO pecypcy aBTOMAaTHYHOTO CTOMOPHOTO KiamaHy
TypOinn K-200-130 3 ypaxyBaHHSIM pealbHHUX YMOB eKCIUTyaTallli Ta pe3yJibTaTiB
PEMOHTHHUX POOIT 1 OOIPYHTOBaHI PEKOMEH[aIlli, MIOA0 MOKJIHUBOCTI IMPOIOBKEHHS
poOoTH 00saHaHHA TypOiHU. MOJEII0BaHHS TEIJIOBOTO 1 HAMPYKEHO-1e(POPMOBAHOTO
cTany aBTroMatuyHoro ctonopHoro kiamana (ACK) IIBT BupimryBaiocs B TpUMIpHIii
nocTaHoBIIl 13 3actocyBaHHsM Solidworks s mpocropoBoro npencrasinennss ACK B
KiHIIEBO-eJIeMeHTHOMY BuTIIsii [19].

B poGoti [17] OCHOBHMMHU 3aBIAHHIMHM, SIKi BHPIIIYIOTbCS TPH BHKOHAHHI

pO3paxyHKiB TEMIEPATYPHUX IOJIB, €:
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o BU3HAUEHHS 3arajJlbHOTO PIBHS TeMIepaTyp HalOUIbII BaroMux BY3JiB
KOHCTPYKIIIi TPH OCHOBHUX PEXUMaX eKCILTyaTallii;

o BU3HAUEHHS CEpENHIX TEMIEparyp €JEMEHTIB B pI3HUX Iepepizax IIo
JOBKMHI KJIamaHa Juid PO3paxyHKy aOCONIOTHHUX 1 BiIHOCHHMX TEIUIOBHX PO3IIUPEHb
€JIEMEHTIB KJIaMlaHiB IPU CTAI[lOHAPHUX 1 HECTAIIIOHAPHUX PEeKUMaX POOOTH;

o BU3HAUEHHS TEMIIEpAaTypHUX IIOJIB OCHOBHUX BY3JIIB KJamaHa i
BUKOHAHHS aHaMi3y iX TEPMOHANPYKEHOTO CTaHy Ha OCHOBHHMX pEXHUMax poOOTH
TypOiHH.

[TouaTkoBuil TemmepaTypHUIl pO3MOJIT BHU3HAYaBCS PE3yJbTaTOM pIIIEHb
CTalllOHAPHUX 3a/1a4 TETUIOMPOBITHOCTI.

BusHaueHHs1 TeMIlepaTypHHUX IIOJIIB €JIEMEHTIB NMapoBUX TypOiH, SK IPaBUIIO,
HPOBOAUTHCS TIpU 3aBaaHHi rpanumyHux ymoB III pomy [20]. B mpomy Bumaaky o
IIPOBENICHHS PO3PAaXyHKIB TEMIEPATYPHUX OB MOBUHHI OyTH BU3HAYEHI TEMIIEPATYPH
cepeloBuIll 1 Koedili€HTH TEIJIOBI/Iaul Ha TPAHUIAX PO3PAXyHKOBOI 00J1aCTi.

CrawioHapH1 TeMIiepaTypHI1 MOJIsl BIANOBIAAIOTh BUMAAKY, KOJIM TEMIIEpaTypa HE €
¢dynkuieto yacy. [Ipu npboMy npasa yactuHa piBHsHHA (1) piBHa 0.

Div (A grad dt) =0 (1.1)

[ToyaTkoBl yMOBM B TAakOMY BHMaJKy BTpPayalOTh 3MICT, a TPaHUYHI YMOBU
3QJTAFOTHCS TaK CaMo, SIK 1 JJIsI 3arajJbHOTO BUIIAJKY HEeCTAIllOHAPHOT 3a1a4i.

[TokazaHo, mo A0 YucClIa OCHOBHHMX (DAKTOpPIB MaHEBPEHOCTI, HAAIMHOCTI Ta
JIOBrOBIYHOCTI OOJIalHaHHA, BIJHOCSTBHCS HECTAlllOHAPHI TEMIIEpaTypHi 1 CHUJIOBI [li
pobouux cepeloBulll, IO BHUKIMKAIOTh 3MIHY IX TEIUIOBOIO CTaHy, Halpyra 1
MaJIOLMKJIOBY BTOMY Marepialy KOHCTPYKIIl, a TakoX BiOpallito, pO3UEHTPYBAHHS 1
BUKPHBJICHHS YaCTHH TYpOIiHH, BITHOCHI TIEPEMIIIIEHHS POTOPIB 1 KOpITyciB Ta iH [21].

[IpuniunoBO BC1 peanbHl 3a7adyl MO BU3HAYCHHIO TEMIIEPATYPHUX TIOJIB €
TPbOXBUMIPDHHMHU 1 HENiHIMHUMU [22]. Ajne pilleHHS Takux 3ajad B caMild IIMPOKIii
MOCTAHOBI MPECTABIISE€ BEIMKI TPYAHOINI 1 BUMarae BEJIUKOI 3aTpatu vacy. Tomy, sK

MPaBUJIIO, 3aj[a4a CIPOITLYEThCS: 3BOJAUTHLCS A0 JBOXBUMIPHOI (AEKOJIHU 10 OJTHOBUMIPHOT),
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BBOJSTHCS MPUIMYLICHHS MPO MOCTIMHICTh TEMIO(PI3UYHUX BIACTUBOCTEH MartepialiB 1
cepenoBuI (JTiHeapu3allis 3ajadi TEeIUIONPOBITHOCTI), CIPOIIYEThCs (opMa 3aBmaaHHS
TpaHUYHUX YMOB TerI000Miny [23].

JIOIyCTUMICTh THX Y 1HIIUX CIPOIICHH B MOCTAHOBII 3aBAaHHS PO BU3HAYCHHS
TEMIIEPATypHOTO TOJISI BU3HAYAETHCS BUMOTAaMH, SIKI MPEJCTaBISIOTHCS 0 TOYHOCTI
BUPIIICHHS.

[Ipu BupimeHHI PIBHSHHS TEIUIONPOBIIHOCTI MOXYTh BHKOPHUCTOBYBATHCH
HACTYITHI MaTeMaTHuHi MeToau[21]:

- TOYHI aHAJITUYHI,
- TpuOIMKEH1 aHATITUYHI;
- KIHIEBO-PI3HI.

[lopiBHANBHUI aHami3 IIMX METOJIB, IO 3aCTOCOBYIOTHCA IJisi BU3HAYEHHS
TEeMIIepaTypHUX MOJIiB, J03BOJIsIE CPOPMYITIOBATH OakaHl 001acTi X 3aCTOCYBaHHS:

- TOYHI 1 MPUOTUXKEHI AHATITUYHI METOJU, SIK MPABUIO, 3aCTOCOBYIOTHCS
TUIBKH JJIS PIIlIEHHS 3ajlad B OJIHOBUMIPHIN, piaiie B JABOXBUMIpPHIM moctaHoBIl. Lli
METOJIM PEKOMEHYIOTh BHKOPHCTOBYBAaTH TPU BHKOHAHHI TMOMEPEIHIX PO3PaxXyHKIB
TEeMIIepaTypHUX IOJIIB €IEMEHTIB TypOiH Ha CTaAll €CKI3HOTO MPOEKTYBAHHS 1 111 OLIIHKU
JOTTYCTUMOCTI TUX UM THIINX €KCIUTyaTaIllliHUX PEKUMIB;

- KIHUEBO-PI3HI METOAM JO3BOJISIIOTH BHUPINIYBATH caMi BaXKl 3ajaadl
MPAKTUYHO /IS BCIX BY3JiB TypOiHu. [IpoTe iX BUKOpUCTaHHS TOB’SI3aHO 3 BEITUKUMHU
TPYJIHOIIIAMH, SKI HE 3aBXKIU MOXHA 370JaTH HaBITh NMPH BUKOPUCTAHHI TMOTYKHUX
cydyacHUX KoM 'toTepiB. Il TpynHOIIl BHU3HAYAIOTHCS B OCHOBHOMY BiJICYTHICTIO
yHIBepCaJIbHUX TIporpam o0uucieHHs [ 24].

- METOJM aHaJIOTii nepeadayvaroTh PIIEHHS PIBHSIHb, aHAJIOTIYHUX PIBHSIHHIO
(1.1), excnepuMEHTAIBHUM ILISIXOM B iHIIIN (i3uuHii cuctemi. Jo HUX BiTHOCATHCS
MepIn 3a BCE METOAM, 3aCHOBaHI Ha EJIEKTPOTEIUIOBIM 1 TiApoTeruioBiid anaiorii. 111

METO/IM YHIBEpCalbHIi, T03BOJSAIOTH ONEPATUBHO BUPIIITYBATH 3aa4l TEIJIONPOBITHOCTI B
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HAWOUTBII 3arajibHId MOCTAHOBILI 1 B TENEPIlIHIM Yac OTPUMANIM IIUPOKE
po3mnoBcroKeHHs [21].

VY mocnimpkenHi [25] po3riisiHyTO TEXHOJIOTIYHI aCHEKTH PEXUMIB (DYyHKIIIOHYBaHHS
TypOOYCTaHOBKH, 30KpeMa B YacTHHI KopmyciB nuiinapa Bucokoro Tucky (LIBT). Li
0COOJIMBOCTI BpaXOBYBAJINCH IIJISIXOM MOCTAHOBKM 33/ay 3 TpaHUYHUMHU ymoBamu [V
POy, @ TAKOXK 13 ypaxyBaHHSIM MEXaHIYHOTO BIUIMBY Napy HA KOPITYC MiJ Yac poOOTH SIK
y HOMIHQJIBHOMY, TaK 1 B 3MIHHMX peXumax. Ha 3oBHimHINA yactuHi KopryciB [[BT
BCTAHOBJIIOBAIMCH YMOBH, 110 TIepea0avaroTh BIJICYTHICTh TEIJIOOOMIHY 3 HABKOJIHUIITHIM
cepenoBuieM. Takox Oyj0 BpaxoBaHO MIAITPIB (hJIaHIIB TOPU3OHTAIBHOIO 3’€IHAHHA
KOPITyCYy HUISXOM HaKJIaJCHHs BIANOBIJHUX TEIUIOBUX MPAHUYHUX YMOB 1 MEXaHIYHOTO
TUCKY Iapu B OOHU3II.

[Ipu HasIBHOCTI BOJIOrO1 rpir0voi Mapu Ha MOBEPXHI KaMepu BIAOOPY 1 HA TIISHII
Koprmycy — MbkuumiigapoBoro  mpoctopy BT  BukopucroByBamucs  piBHSHHSA

KOHBEKTHUBHOTI'O TETNIOOOMIHY Y BUTJISAII:

05 23 o, .
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3aNexKHICTh THCKY Tapu B KaMmepi PErylioldYoi CTYMeHl Ha 3MIHHOMY PEXHMIi

BH3Hayanacs 3a popmysor Crogonu-dmrorens[22]:

P.'!-"Ir]':l.lmd.x = {{}G m.l.x}\( (ri"rrlmd.x'] ['ﬂ {'rf?lnux"']lj::'.mzx -}2 J "II[I (P"'IIIP/']Q J ? (1 3)

ne Pamax Ta Tsmax — THCK 1 TemIepaTypa 3a peryJjiluol0 CTYINEHI Ha
MaKCUMAaJIbHOMY pekuMi po0oTH (TIPU Gmax);

Pzmax — THCK napu Ha Buxoai 3 IBT npu MakcumanbHOMY pekumMi poOOTH;

Ps, T3, P, — mOTOYHI 3HaY€HHS TUCKY 1 TEMIIEPATypH 3a PETYIIOIOUOIO CTYIICHIO 1
TUCK mapu Ha Buxoni 3 [[BT.

Y poGoti [25] BCTaHOBJIEHO, IO pO3paxoBaHa 3a OIKCAHOK METOJIUKOIO
TeMIeparypa napd B KaMepl peryaordoro CTyMneHs TypOiHM [Uis BHIAIKY

HEI30TEPMIYHOr0 TMOTOKY JEMOHCTPY€E, IO HAasBHICTh TEMIIEPATypHOrO TpajieHTa
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BIUIMBA€E HA PO3MOALT TUCKY B P-G miarpami npu ComaoBOMY po3MOALTI apy MPUOIU3HO
Ha 9%. BigxuneHHs MiX eKCIIEpUMEHTAIbHUMHU pe3yJbTaTaMU Ta TEOPETUYHUMHU
po3paxyHKamMH CTaHOBUTH Onm3bko 4%. lle cBimUMTH MpPO AOCTATHIO TOYHICTH
3alpOIOHOBAHOTO MIAXOAY JAJIsl BUBHAYEHHS TPAaHUYHUX YMOB TEINIOOOMIHY — 30KpeMa,
TEeMIIepaTypH Mapu B KaMepl PErystol0uoro CTyneHs — 1 J03BOJISE 3aCTOCOBYBAaTH HOTO
JUISL OLIIHKH TETJIOBOTO CTaHy POTOpa Ta KOPIyCy TypOiHU M1 Yac HECTa0IbHUX PEXKUMIB
eKCIUTyaTallii.

[Ipu BUKOHAHHI AOCTIHPKEHHS TEIJIOBOr0, HAMPY>KEHO-/1e(OPMOBAHOTO CTaHy Ta
MaJIOLMKJIOBOI BTOMH KOPIIYCIB CTOMOPHUX KJIAMaH1B HUIIHAPIB cepeiHboro TucKy (ACK
LICT) nmaposoi Typ6inu K-200-130 6moxy 200 MBT B reoMeTpii BpaxoBaHi pe3yibTaTH
HepyiHiBHOro KoHTpodo A3K LICT B nepion miaHOBO-TONEPEIKYBAIbBHUX PEMOHTIB.
PospaxynkoBa wmoxaens mana A3K ILCT B mnporpamaomy komiuiekci ANSYS
MPEICTABISAETHCS B TPUBUMIPHINA TocTaHoBI. ['pannuni ymoBH Terooominy st ACK
[IBT BiamoBigar0Th eKCIUTyaTamiiHuM peskumam|19].

Buznaueno, mo cTymiHb 3HOCY Metainy B 3axucHoMy kiamani A3K LICT
BU3HAvaeTbess 9,4% npu TemmepaTypHoMy yaapl (3akuA KOHJEHCAaTy Ta 1H.)
TeMmnepatrypHi HapPyry B CTIHIN KjalaHa B MICISX KOHACHCATHUX IUIIM MaKCUMAJIbHI 1
MOXyTh nocsrati 350 MIla 1 6uneiie. [Ipote as Bosioro-nmapoBux TypOiH MOTYKHICTIO
1000 MBT pekomenatii OyayTh BIIPI3HATUCH NPU TaKii CUTYyalli.

Bapiartis koedilieHTIB TEIUIOBIAaY1 MOYKE IPU3BOJAUTH JI0 ICTOTHOTO BiIMIHHOCTI
o1iHOK. OCTaHHIM YacoM Pe3yJIbTaTH TEIUIOTIAPABIIYHUX PO3PAXYHKIB OJTHOTO 1 TOTO K
JUKEepesia MOXKYTh ICTOTHO BIAPI3HATHUCS 3 POKY B PIK, CTBOPIOIOYM JOJATKOBI MUTaHHS
py BHOOP1 BIAMOBIMHUX KOEQIIIEHTIB TEIUIOBIAAYl, 0COOIMBO SIKIO BOHU MOCTIHHO
BIJIPI3HSIOTHCS OUTBIN Hixk Ha 50%][26].

[cHye mpakTHKa J€Tajgi30BaHOCTI TEIUIOTIIPABIIYHUX  XapaKTepUCTUK 32
nornomororo TpuBuMipHuX CFD koiiB, ajiie 1 BOHM BUMAararoTh B OOl TpaHUYHI YMOBH, SIK1
HE 3aBXIM MOXYTh OyTH OTpHMaHi 3 ogHOBUMIpHUX KoAiB Tuily RELAP (Hanpukian,

nokaHaiasHO BuTpata teronocis B CKVY). Takum unHOM, iCHY€ HEOOX1THICTh TPOBOTUTH
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J0JIATKOBY OLIIHKY po3noAairy Butpat uepe3 CKVY peakTtopa /i moganbuoro JeTalbHOTo
moaemoBanns B CFD nakerax (CFX, STAR-CD) [27].

VY po3paxyHKax TeIJI000MiHY 3aCTOCOBYIOTH YoTHpH ThIH ['Y[20].

['pannuHi yMOBU TEIJIOOOMIHY BPaxOBYIOThb, SIK Ha 30BHIIIHIA TMOBEPXHI Tila
(3oBHimHI ['Y), Tak 1, Ipu po3TallyBaHHI KOPJIOHY PO3PaxXyHKOBOI 00JIaCTI BCEpEMHI
TiJa, Ha BHYTpIlIHIA moBepxHi (BHyTpimHI ['Y). ['pannyni yMOBHU Mepmioro i Apyroro
pPOdiB MOXYTh OYTH SIK 30BHIIIHIMH, TaK 1 BHYTPIIITHIMH, TPAHUYHI YMOBHU TPETHOTO POy
- TUIBKM 3O0BHIIIHI TPaHWYHI YMOBH, TPaHWYHI yYMOBH YETBEPTOI'O0 POAY - TIIBKH
BHYTPIILIHI TPAHUYHI YMOBH.

KpaiioBa 3ajaua HecTallloOHaApHO1 TEIUIOMPOBIAHOCTI €JIEMEHTIB MapoBUX TYypOiH
BUPIMIYETHCS 32 JOTIOMOTOIO piBHSHHS Buay [20]:

div[/l(T)grad T}:c(T)y(T)Z_Z, (1.4)

ne A, ¢, v, - QyHKUIi TeMIepaTypy 1 KOOPAUHAT MPU OYATKOBIM YMOBI
T, =T(x,Y,2,0)= f,(X,y,2) Ta rpanuunux ymosax I, II, III a6o IV poxy.

Ha nosepxusix potopis LIBT u HHT 3anatotecs Hectamionapui 'Y I -1V poay 3
BpaxyBaHHSAM CKCIUTyaTalllHHUX 3MIHHUX peXUMiB podoTH [21].

[Tpu 3aBganni ['Y BpaxoByIOTbCS CXeMH BUTOKIB MapH B YIIUTbHEHHSX, peaibHI
rpadiku MyCKiB 3 PI3HUX TEIUIOBUX CTaHIB (XOJIOJHOTO, Tapsyoro 1 HEOCTUTIIOTO), 3aKU/
KOHJIEHCAaTy B TNPOTOYHY YACTHHY IMapoBOi TYypOiHM 1 KOPIyCy KJamaHiB. Takox
BPaxOBYETbCA OOIrpiB  (IAHIIIB TOPU3OHTAIBHOTO pO3'eMy TIO OOHM3Il, SKUU
MPOBOJUTHCA VISl 3MEHILIEHHA TEPMIHY MYCKOBUX PEKHUMIB 1 MOJIMIIEHHS HAMPY>KEHO-
nehOpMOBAHOTO CTaHy KOPITYCHUX €JIEMEHTIB MapoBoi TypOiHU. 3aa€ThCS BIICYTHICTh
a00 HAasBHICTH 130JIA1111 110 BCi¥ qOBXKUHI (praniis[22].

[Ipu HasIBHOCTI BOJIOTO1 MapH, 1110 Ipi€ Ha MOBEPXHSIX KaMep BIAOOPY 1 Ha TITISTHKaX
kopnyciB  MikmmiiHgpoBux npoctopie [IBT 1 IHHT xkoedimienTn TeruioBiagadi

PO3paxoOBYIOTBCS 3a JIOMIOMOTOI0  PO3POOJICHOTO aBTOPOM KOMIUIEKCY Mporpam
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YHCENIbHOTO JTOCIIKEHHsI Ta30BO1 TMHAMIKU 1 TEIUNIOOOMIHY Tapa B Kamepax Bia0Oopy 1
MDKITHUTIHAPOBUX MMPOCTOPAX BOJOronapoBux typoin [31].

B crarti [33-34] aBTOpHM 30CcEepenIN CBOIO yBary Ha TeMIIEpaTypHI HallpyXEHHS
poTopa Ta KOPIYCY MHIIHAPIB, SIKI BUHUKAIOTh MPH IMYCKOBUX pekuMax. OCHOBHOIO
METOI po0OTH OyJi0 TIJABHUINCHHS HAJIIMHOCTI BHCOKOTEMIIEpAaTypHHX BY3JIiB
tertogikamiitanx Typoin T-110 / 120-130 1 T-250 / 300-240 nursixom JTOCIIHKSHHS iX
TEIJIOBOTO Ta TEPMOHAMNPYKEHOTO CTaHy MPH IIYCKOBUX PEKUMAaX.

Jns mpoBeneHHS NOAIOHMX JOCTIHDKEHbh Oyd4acTO BHKOPHUCTOBYIOTH CydYacHI
YHUCJIOBI PO3PaXyHKOBI METO/IU Ta JLEH31MHMI nporpaMHuid komruiekc ANSY'S.

B pob6orax [36-43] aBTOpH 3BEpHYJIM CBOIO yBary Ha TEPMOHAIPY)KCHUH CTaH
poTopiB mapoBux TypOiH. MeToro poOOTH € po3poOka Ta JOCTIIHKEHHS METO/IIB
MOJICJIIOBAHHSI TEPMOHAIPYKEHOTO CTaHy pOTOpPIB MapoBUX TypOIH B TeMill
TEXHOJIOTIYHOTO TIPOIECY Ha OCHOBI Cy4YacHUX I1HQOpMalIMHUX TEXHOJOTIH Ta
OOYMCIOBANIBHOT TeXHIKM. OTpUMaHO perpeciiiHi  3aJeXHOCTI, W0 3B'A3YIOTh
TEMIEpAaTypHE II0JIe MOJEIl poTopa, OTPUMaHOI 3a BKAa3aHOK METOAMKOI, 3
BIJINOBITHUMHU TEPMIYHUMU HANIPYKEHHSIMHU.

HocnimkenHs 3a0e3meuyeTbcsi KOPEKTHHM 3aCTOCYBAaHHSM 3arajbHOBH3HAHUX
METO/IMK MPOEKTYBAHHSA 1 MOJICIFOBAHHS, MAaTEMATUYHUX METO/IIB 1 aITOPUTMIB. Y poOOTI
BUKOPUCTAHO cepTU(IKOBaHE TMporpamMHe 3a0€3MEUeHHs, 110 BUKOPHUCTOBYETHCS
1HXKEHEepaMH 1 BYUCHUMH B YCbOMY CBITI.

B TenepimHiii 9yac B 3B’SA3Ky 3 pYHHYBAaHHSM YHCJICHHHX EJIEKTPUYHUX
MOTYKHOCTEHW JJIsl peryiroBaHHs rpadika €eHeprocUcTeM 3alydaroThCs MPAKTUYHO BCI
HasBai [ITY TEC 1 AEC [46]. YMoBu po6otu PK IIBT B cramioHapHux pexumax
BU3HAYAIOTHCSA TUIIOM MapOpO3MOIIy 1 CHOCOOOM 3MIHM €JIEKTPUYHOTO HAaBaHTAKEHHS
[ITY. ¥V crarti npoBeaeHO aHaji3 Cy4yaCHUX KOHCTPYKIIA KOMOIHOBaHMX CTOIMOPHO-
PETYIIOIOUMX KJIAMaHiB, 10 BHUKOPUCTOBYIOTHCA B TMOTY)XHHX NapOTypOIHHUX
yCTaHOBKaX. BukoHaHMii MOPIBHAJILHUH aHAJI3 AaB 3MOTY BUSHAYUTH KIIFOUOBI TIEpeBaru

Ta HEIOJIIKM KOHCTPYKIIiH, PO3pOOJICHMX TaKUMH TypOOOYIIBHUMH KOMIIAHISIMH, SK
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«Typboarom» Ta 1H. 3a3HA4€HO, IO BHUKOPUCTAHHS KOMOIHOBaHHMX KJIalaHIB €
MEPCIEKTUBHUM SIK y IPOIIEC] CTBOPEHHS HOBUX TYpOOYCTaHOBOK, TaK 1 MPU MOJIEpHI3allii
HasBHOTO  OOjajgHaHHSA. PO3MISHYTI  KOHCTPYKIIi  BIJ3HAYAIOTHCS  BHCOKOIO
CeKOHOMIYHICTIO Ta HaJAIMHICTIO, OJHAK aHalli3 IXHbOI EeKCIUTyaTallli BHUSIBUB HU3KY
npo0seM, YCYHEHHS SIKUX CIIPUSITUME TOBHOMY PO3KPHUTTIO iXHBOTO MOTEHITIAITY.

VY crarti [47] npencraBiieHO pPe3ysIbTaTH YUCEIBHOTO MOJICIIOBAHHS Tedil y
BXIJIHOMY TpakTi TypOiHu moTyxHicTio 200 MBT, sikuii BKJIIOYae perysrounid KilaraH,
BXIJTHUN NaTpyOOK Ta COIUIOBMM cerMeHT. JIJis OLIHKHU BIJTUBY OKPEMHUX €JIEMEHTIB Ha
3arajbHl €HEpreTUYHI BTPATU MPOBEICHO PO3PAXyHKU JJIA PI3HUX BIACIKIB MPOTOYHOL
YACTHUHU: 130JIbOBAHOTO (DOPCYHOUHOT'O CErMEHTA, CETMEHTA «BX1/1Ha TpyOa — (hopcyHKa»
Ta CErMEHTa «pPEryJIIOIYMi KianmaH — BXigHa TpyOa — dopcyHkay. [locmikeHHs
BUKOHAHO I PEXHUMIB, IO BIAMOBIJAIOTH PI3HUM CTYNEHSM BIJKPUTTSA KJallaHa —
MajoMy, CepeIHbOMY Ta BUCOKOMY. Ilpu moOymoBi Mojeni 3acTocOBYBanacs
TeTpaeapalbHa PO3paxyHKOBa CITKa 3 MPU3MATHYHUM MiAMIAPOM, a I MOICITIOBAHHS
TypOYJEHTHOCTI BUKopucTtoByBasiacs SST-Mozemb.

B po6otax [51-59] aBTOpamu ommMCyeThCsI KOMIUICKCHUH MiAXiT 0 BU3HAYCHHS
HaIpY>KEHO-1€(OPMOBAHOTO CTaHY BHUCOKOTEMIIEPATYPHOrO OOJaJHAHHS TYpOiH 3
METOIO0 OIIIHKH 3aJMIITKOBOrO pecypcy. BiamiueHo, 110 y METOJAMYHHUX PEKOMEHIAIISNX
[0/I0 OIIHKK 1HJMBIAYyaJIbHOTO PECYpCYy MapoBHX TYpOIH HEIOCTATHBO BPAXOBAHO
KOHCTPYKTHBHI 3MiHH, 110 BiOyBalucCs B €J€MEHTax OOJIaqHAHHS MPOTATOM YChOTO
nepioAy eKcruryararii. 3aBIsSKH CYYaCHHM MOJKIIHMBOCTSIM OOYHCIIOBAIBHOI TEXHIKU
CTaJI0 MOKJIMBUM YJOCKOHAJIEHHS PO3pPaXyHKOBHX MOJIEJEH JIUTUX €IEMEHTIB TypOiH,
30KpeMa KOpITyCiB 1 KJIaraHiB. BUKOprCTaHHS TPUBUMIPHOTO MOJICIIIOBAHHS (30KpeMa, y
nporpamuux cepenonuinax AutoCAD, SolidWorks To1o) nae 3Mory cTBOproBaTH OUIbII
TOYHI HU(POBI aHAJTIOTH eHepreTHYHUX 00’ ekTiB. Ha 0CHOBI Takoro miaxoay po3po0sieHo
KOMIUIEKCHY METOJIMKY OI[IHKU 3aJIUIIIKOBOIO PECYPCY Ta MOJOBKEHHS TEPMIHY CIIyKOU
NapoBUX TypOIH BEIUKOI MOTYXHOCTI. Y Mexkax 1i€i MeTOAMKU Oyno cTBopeHo 3D-

Moei potopis, kopiyciB Ta kinananiB [IBT 1 LICT gys mapoBux Typ6iH nmotykHicTio 200
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1 800 MBrt. IIpu MozenioBaHHI BpPaxOBaHO MApOBIYCKHI Ta MAapOBIABIAHI HaTpyOKH,
pajlyCHI MEpeXoay Ha BHYTPIIIHIX 1 30BHINIHIX MOBEPXHSAX KJIAMaHIB, KIJIbIIEBI 30HU
nepea COIJIOBUMHU KOpPOOKaMH, KOHCTPYKTHBHI OCOOJMMBOCTI (hJIaHIEBUX 3 €IHAHB 3
ypaxyBaHHSM CHUCTEM OOIrpiBy, ApEHaXH1 BIIBOAM Ta MaTpyOKW MiABEACHHS Mapu 10
KIHIIEBUX YIIUIBHEHb POTOPIB. 3alpONOHOBAHUM KOMIUICKCHUN MiaXia mepeadadae
NPOBEJCHHS EKCIEPTHOTO aHali3y CTaHy TypOiH 13 BHIUICHHSIM OCHOBHHUX €TaIliB
OLIHIOBaHHS pecypcy. Oco0auBy yBary NpuaiieHO eKCIePUMEHTAIBHOMY JTOCITIIKEHHIO
CTapiHHS METaly BUCOKOTEMIIEPATYPHUX €JIEMEHTIB, 10 BIIOYBA€THCSI I11]1 YaC TPUBAJIO]
excrutyaramii. [Ipu nepeBipoyHHX po3paxyHKaxX MIIHOCTI, TEPMIYHOIO Ta HANpPY>KEHO-
1e(OpMOBAHOTO CTaHY, a TAKOK MAJIOIIMKJIOBOT BTOMH BUCOKOTEMIIEPATYPHUX €JIEMEHTIB
TypO1H HEOOX1AHO BpaXOBYBATH PE3YyJIbTAaTU €KCIIEPUMEHTAIBHUX JOCIIKEHb METAITY Ta
3MIHM KOHCTPYKTHBHOI T€OMETpIi, 110 BUHUKAIOTh Yy MPOLIECI PEMOHTY i BITHOBJIECHHS.
Po3paxyHkoBa Ta eKclepUMEHTaJbHA OLIHKA TPHUBAJIOl MIIHOCTI Ta EKBIBAJIEHTHOI
MICIIEBOT HANpyrd BHCOKOTEMIEPAaTypHUX POTOPIB BHUKOHAHA 3 BHUKOPUCTAHHSIM
nporpamioro komiuiekcy SolidWorks mist moOy0Bu pocTOpoBUX MOJIEIEH €IEMEHTIB
TypOomMamuH, a Tako mnporpamHoro mnpoaykry COSMOSWorks nns  ananizy
€KBI1BaJICHTHOI MiCII€BOI1 HAIPYTH Ta JOBrOBIYHOCTI KOHCTPYKIIIH.

Y pobortax [60-69] mnpencraBieHO pe3yNbTaTH YHUCEIBLHOTO MOJICITIOBAHHS
IpOLIECIB Tedli Mapu B PEryIOBAIILHOMY KiamaHli NapoBOoi TypOIHM B yMOBax
CTALlIOHAPHOTO peXuMy poOOTU. PO3MIsiHYTO KOMIUIEKCHY 3ajady, L0 MO€EIHYE
MOJICJIIOBaHHSI TYpOYJICHTHOTO MOTOKY MapH Ta TEIUIOMPOBIAHOCTI B KOPITyCl KJIanaHa.
Jns yucenbHOro aHamizy 3actocoBaHo mnporpamauii kommuieke ANSYS/CFX, a
TypOyJICHTHICTh OMUCAHO 3a JOTIOMOTOI0 HaIMmiBEeMIIpU4HOi Monaeni MeHtepa. Y xoi
JOCIIIJIKEHb BU3HAYEHO JIIHII CTpyMy Hapy y MPOTOYHIM YaCTHUHI KjamaHa, PO3MOJLIT
TeMrepaTypu KOpIyCy Ta TUCKY Ha MOro cTiHKax. BusiBaeHo oOjacTi BIAPUBY MOTOKY,
3aBUXPEHHS Ta 0COOJIMBOCTI 1Or0 MPOXOPKEHHA Yepe3 napose cuto. Ilpu oMy aBTOpH
B pobotax [60-69] He mpoBOAATH PO3paxXyHKIB IPAHUYHHUX YMOB TeII000MiHy (1-4 pomy)

JUIST  BU3HAYEHHS HANPYXEHO-Ie(POPMOBAHOTO CTaHYy, a 30CEPEIKYIOThCS Ha



44

MOJIEJIIOBaHH1 ra30/MHaMIKH MOTOKY MapH, 110 3a0e3nevye BUILY TOYHICTh HOPIBHSIHO 3
paHimie po3TISHYTUMH MeTofamu. JloJaTKOBO yBara MpUAiJieHa KOHCTPYKTHBHUM
0COOJIMBOCTSM KIIallaHa, 30KpeMa, BpaXOBaHO HASBHICTb IAPOBOI0 CHUTA, IIO J03BOJISE

OTpUMATH OUTBII JOCTOBIPHI PE3YIbTATH.

BucHoBkM 10 po3aiiy 1 Ta mOCTAHOBKA 3aBAaHb J0CTiIKEHHS

1. AToMHa eHepreTuka 3abe3neuye oubiie 50% BUPOOHUIITBA €JIEKTPOCHEPTii
B YKpaiHi, 0 poOUTH 1i KPUTUYHO Ba)KJIMBOKO IS CTaOLILHOCTI €HEPrOCUCTEMHU Ta
CHEPreTUYHOi Oe3IMeKu aepkaBu. 30C€peKEHHS Ta PO3BUTOK ATOMHOI CHEPTETHKU €
MPIOPUTETHUM HAMPSIMKOM, BPAaXOBYIOUU €HEPTeTUYHY MOJIITUKY KpaiHU Ta HEOOX1HICTh
MIHIMI3aIli 3aJIeKHOCT1 BiJ IMIOOPTHUX €HEpProHociiB. [IpoTe ronoBHOIO TPoOIEMOIO
€HEpreTMYHOi Tally3l € Te, [0 3Ha4Ha YacTHUHA eHeproOJiokiB YkpaiHChkux AEC
HaOMKaeThes a0 BKe MEPEBUIIIIIA CBIM MPOEKTHUN PECypC, 1110 BUMArae Mpo0BKEeHHS
TEPMIHY iX eKCIUTyaTtallii abo MoJIepHi3allii.

2. BpaxoByroun 3HOIIEHICTh €HEProOJIOKIB Ta HEOOXITHICTh 1X MOJEpHI3aIlii,
aKTyaJIbHUM 3aBIaHHSIM € JIOCTI/DKEHHS POOOTH OKPEMHUX €JIIEMEHTIB MapOTypOIHHUX
YCTAHOBOK, 30KpeMa CHUCTEMHU MapOopO3MOALTy ii €JIeMEHTIB, 3 METOI BHU3HAYEHHS iX
3aJIMIITKOBOTO pecypcy. BuzHaueHHs 3aUIITKOBOTO PECYpPCy EHEPreTHUHOro 00a HaHHS
IPYHTYETHCS Ha aHaIi31 HAPYKEHO-1€(POPMOBAHOTO CTaHY.

3. [IpoanasnizoBaHO HayKOBI JIKEpeEIa, MPUCBAYEHI JOCIIKEHHIO HAMPY>KEHO-
neopMoBaHOro crtaHy oOJagHAHHS CJICKTPOCTAHIlIM, 30KpeMa, €JIEMEHTIB CHCTEMH
apopo3mnoauTy. Po3risHyTO cydacHi METOAM MOJICTIOBAHHS Ta PO3PAaXyHKY HaAIPY>KEHO-
ne(hOopMOBAHOTO CTaHy €HEPTETUYHOTO O0JIaHAHHS.

4, AHaJi3 JiTepaTypHUX JHKEpell MoKa3aB, 10 JTOCTIIKEHHS Tra30JuHAMIYHUX
MPOIIECIB Y MapOpO3MOAIIbYIA CHUCTEMI, YMOB TEIUIOOOMIHY, a TaKOX MIIHICHUX 1
PECYPCHUX XapaKTESPUCTUK OOJIaTHAHHS 3aJMINAIOThCS BUBUCHHMMH HE B IOBHIM Mipi.

ToMmy, akTyalbHUM € JOCIHIJKEHHS IMPOLIECIB pyXy BOJIOTOi Mapu Yy TOJOBHUX
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aponpoBOJax aTOMHHUX €IIEKTPOCTaHIIld, ocHameHux TypoOinamu K-1000-60/3000,
OCKUJIbKH TakKl TypOiHU Hal4acTiIe BUKOPUCTOBYIOThCA Ha YKkpaiHchkux AEC.

d. Ha ocHOBI TmpoBeIeHOr0 aHajizy HAYKOBHX IIpamb OOTPYHTOBAHO
HEOOXITHICTh YJOCKOHAJICHHS MIIXO/IB 0 PO3PaXyHKY HaNpyX)eHO-Ie(OPMOBAHOTO
CTaHy €JIEMEHTIB CUCTEMH Tapopo3noaAuTy. YrcenbHe MOJIETIOBAHHS JJO3BOJISIE OLIIHUTH
napaMeTpu MOTOKY Mapu y CKIAQAHUX T€OMETPUYHHX YMOBax, BU3HAUUTH O0IACTI
M1JIBUIIICHUX HANPY>KEeHb Ta CIIPOTHO3YBATH MOTEHITIMHI 30HH JeTpajallii MmaTepiaty.

6. Y 1ockoHalleHHsT MaTeMaTUYHUX MOJIeJIel Ta 3aCTOCYBaHHS Cy4YaCHUX
POrpaMHUX KOMILJIEKCIB JI03BOJISI€ MIABUIIMTH TOYHICTh PO3PaXyHKIB Ta MIHIMI3yBaTH
pU3MKHK aBapiiiHuxX curyanii. lle cmpusiTuMe MiABUIEHHIO HAIIMHOCTI Ta O€3MeKu
eKCIUTyaTalii o0JIalHaHHA AaTOMHHMX €JIEKTPOCTaHLIN, SKI T€HEepyITh HalOUIbIIy
YAaCTKY €JIEKTPOEHEPTii B YKpaiHI.

V 3B’s3Ky 3 BHILIE CKa3aHUM Yy JIOCJIIJKEHHI IOCTaBJICHO TaKl OCHOBHI 3aBJJaHHS:

- BHU3HAUUTU OCOOJMBOCTI PyXy Hapu B CHUCTEMI MapOpO3MOJLTy aTOMHHX
CJICKTPOCTAHIIIN;

- IpoaHaji3yBaTH BIUIMB TEMIIEpaTypyd Ta TUCKY Mapyd Ha BHYTPILIHI CTIHKH
PEryJIOIYOro KJIanaHa 1 CHCTEMH NMapopo3NOiTy BLHIIOMY;

- JIOCHIIUTH  HAMPYXEHO-IehOpPMOBaHUN CTaH  PETYJNIOI0YOTO  KJIaraHa

eHeproosioky Ne2 XAEC.
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PO3 11 2. MATEMATHUYHA MOJEJIb JOCJLIZKEHHA
TA30JUHAMIYHUX MPOIIECIB Y TAPOPO3NOALIBYIIA CUCTEMI

Pyx pobGodoro cepemoBuiia B MPOTOYHIA YAaCTHHI MapOPO3MOIIILHOI CHCTEMH
apoBOi TYpOIHU CYNPOBOIKYETHCS POPMYBaHHAM CKIIAAHOI BUXPOBOi CTPYKTYpH. Yepes
3HaYHy CKJIQJHICTh IIMX WPOIECIB, Ta30JAMHAMIYHI XapaKTEPUCTUKU EJIEMEHTIB
NapopO3MOAUTY TPATUIIHHO BU3HAYAIMCA HAa OCHOBI MOJEIBHUX EKCIIEPUMEHTAIbHUX
nociikenb. OMHAK Taki JOCHIKEHHS MAlOTh MEBHI1 HEJOIIKH, 30KpeMa:

- HEMOXJIMBICTh JOCATHEHHS MOBHOI TMOJIOHOCTI peaJbHUX Ta MOJEIBHUX
MIPOIIECIB, 110 CIPUYMHSIE JOIaTKOBI IIOXUOKH;

- 00OMEXEHICTh y 300pi JaHUX IIOJI0 MapaMmeTpiB PoOOYOro CEpe/ioBUINA B yCIX
TOYKaX MPOTOYHOI YaCTHUHU;

- 3HA4YHI BUTPATH 4Yacy Ta PECypciB Ha po3poOKy BUMPOOYBAIBHOTO CTEHIY Ta
MOJEJII.

OTxe, BU3HAYEHHS ONTHUMAJbHUX T€OMETPUYHUX MapameTpiB KOHCTPYKIIM Ha
OCHOBI1 MOJIETbHUX €KCIIEPUMEHTIB € TPUBAJIUM 1 BUTPATHUM MTPOLIECOM.

Ha cboro/iHi ambTepHATUBOIO TAKUM JOCITIKEHHSM € YACETbHE MOICITIOBAHHS, STKE
JTO3BOJISIE aHAMI3yBaTU IMPOIIECH B KOHCTPYKINSAX 3a JIOMOMOTOK OOYMCITIOBAIBHUX
MeTo1B. CydacHUM pO3BUTOK KOMITHOTEPHOT TEXHIKU Ta YUCEILHUX METO/IIB, 00'€ THAHUX
y konuemnmito CFD (Computational Fluid Dynamics), mae 3mory MojaentoBaTH pPyx
poOoYoro cepenoBuIlia B MPOTOYHUX KaHamax pizHoi dopmu. Po3paxyHkoBuil aHami3
JI03BOJISIE ONEPATUBHO TMOPIBHIOBATH PI3HI BapiaHTH KOHCTPYKIIM 3a PI3HUX PEKHUMIB
eKCIUTyaTarlii, 3Ha4HO CKOPOYYIOUM BHUTpATH dYacy Ta MaTepiaJbHUX PECYpCIB Yy

MOPIBHSHHI 3 TPAAULIITHUMHU €KCIIEPUMEHTATIBHUMU JOCI1HKEHHSIMHU.

2.1 MeToau 10CJiIzKeHHS ra30AMHAMIYHUX MPOLECiB

JUis mpoBeAEHHS PO3PaXyHKOBOTO aHali3y MOXKYTh 3aCTOCOBYBATHCS pI3HI

MaTeMaTH4YH1 MOJIeJIi pyXy MOTOKY. OCTaHHIM YacOM 3HaYHOT'O PO3BUTKY HAOyJIM METOIU
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npsiMoro uucesibHoro mojaentoBadHs (DNS) ta monentoBanns Benukux BuxopiB (LES).
[Ipote uepe3 iXHIO BHCOKY OOYHCIIOBAJIbHY CKJIAIHICTh y NPHUKIAJAHUX 3ajadax
ra3oMHaMiKi HalJdacTilIe BUKOPUCTOBYIOTh METOIH, 110 0a3yIOTHCS Ha YCEPETHEHUX 110
Peiinonbacy piBHaHHsIX Has'e-Ctokca (RANS) y moegHanHi 3 HamiBeMIIpUYHUMU
MOJEIISIMHA TYpOYJICHTHOCTI.

OCKUJIbKM PIBHSIHHS, LIO0 OIHUCYIOTh PyX po0O0YOro cepenoBulla, € JTOCHUThH
CKJIAJHUMHU, OTPUMATH iXHE TOYHE AaHAIITUYHE PO3B’S3aHHA [UIS  CKIAJHUX
ra3oMHaMIgYHUX TPOIIECIB Hapa3l HEMOKIUBO. BomHodac MokHa oTpuMaTy HAOIMKEH1
pe3ynbTaTH, M0 NOTPEOYIOTh BBEJACHHS MEBHUX MPUITYIIECHb Ta MOJAJBIIOI EPEBIPKU
PaBUIIBLHOCTI PO3PaxXyHKIB.

Po3pobka maTemaThuHOi MoAeni mnependadae YiTKE BHU3HAYCHHS METH
JOCITIJIKEHHSI, CIIOCO0Y BUKOPUCTAHHS OTPUMAHUX PE3yJbTaTiB Ta HEOOXITHOTO PIBHS
TouHoCTi. [Iporiec MonenroBaHHs pyXy MOTOKY poOOYOTO CepeioBHUIIA 3aBKIM BUMAarae
KOMITPOMICY M13K TOYHICTIO PO3PaxyHKIB 1 BUTpaTaMU 4acy Ha X BUKOHAHHS.

JlocniKeHHsT KOHCTPYKITIT 32 JJOTIOMOTOI0 YHCEJIIbHUX METOIB 3A1MCHIOEThCA 32
TaKOIO CXEMOIO:

1) BU3HAYCHHS METH Ta (POPMYIIFOBAHHS 3a4a4l TOCIIIJKEHHS;

2) BuOip BIAMOBIIHOT MATEMATUYHOI MOEIII T4 YUCEIBHOIO METOAY PO3PaXyHKY;

3) mepeBipKa aJeKBaTHOCTI MAaTEMAaTUYHOT MOJIEN1 Ta YUCEIBHOTO MIIX01Y;

4) BIOCKOHAJICHHSI KOHCTPYKIIii HA OCHOBI MPOBEJCHOTO aHaIIi3Yy.

[Ticns BU3HAYeHHs 3a7ayl Ta aHami3dy (I3UYHUX MPOIIECIB, M0 PO3IISAAIOTHCS,
OoOWpaEThCS BIAMOBIIHA MaTeMaTUYHA MOJIENb 1 YncenbHUN MeTo . HacTymHuM kpokom
€ Bamjamisgs Mojeni, Mo mnepeadadae TOPIBHAHHS OTPUMAHUX pe3yJbTaTiB 3
EKCTIIEPUMEHTATLHUMU JaHUMU JJIS1 OL[IHKH 11 JOCTOBIPHOCTI.

ExcniepuMeHTa bH1 AOCTIIKEHHS — SIK MOJICIIbHI, TaK 1 HaTypHI — J€MOHCTPYIOTb,
110 32 TIEBHUX YMOB €KCIUTyaTallii mapoBoi TypOiHM B MapOpO3NOALIBHINA CUCTEMI MOXKE

BUHUKATH CKJIaJHA BUXPOBA CTPYKTYypa MOTOKY 3 KOJUBAHHSIMU MMapaMETPiB Y MEXKax 5-
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10%. Buxonduu 3 1bOro, MOKHa CTBEpPJDKYBATH, 10 B MEXax L€l poOOTH IOCSHKHUNA
MaTeMaTUYHUN OMHUC TeYii B MPOTOYHOMY KaHalli Mapopo3MOMAIIBHOTO €JIeMEHTa i3
TOPU30HTAIFHOIO TOXHOKOI0 Oim3pko 10% y BH3HAUYE€HHI OCHOBHUX IHTETPAabHUX

XapaKTEPUCTUK TIOTOKY € MPUUHATHHUM.

2.2 MateMaTH4HA MOJieJIb I'a30IMHAMIYHUX MPOLECiB B MPOTOYHOMY TPAKTI

eJIEMEHTIiB Mapopo3NoaLLy

TpuBuMipHUI  HECTAIllOHAPHUK  TOTIK  B'A3KOro,  TEIUIOMPOBITHOTO  Ta
CTUCKYBAaHOTO Ta3y omnucyerbcs piBHIHHAMU Hag'e-Ctokca. Jlns BpaxyBaHHS
TypOyJICHTHUX €(EeKTIB Ha CTaTUCTUYHOMY pIiBHI I PIBHSHHSA OCEPEIHIOIOTHCS 3a
MeTtoaoM Pelinonbaca-®aBpa. B pesynbraTi oTpuMyeThes cuctema piBHsIHb (RANS), sika

Mae Takuil BUTIIsA [44]:

o . 5(ij)= o:
ot OX ; ’
8(ij)+ a(pvivj + pSij)_ a(cij + Tij)_
o o oy (2.1)
%, 8[(E + p)Vj] _ 6[V,- (csij + ’Cij)+ q; + qT]
ot ox; ox; g

Jie p - TyCTUHA; V - MBUIKICTB; P - TUCK; E - IOBHa eHepris oauHmIl 00°eMy; 0;; -
TEH30p B’A3KMX HAIPYXXEHb; T;;j- TEH30p TypOyJIEHTHUX HANPYKEHb; (;; - KOMIOHEHT
BEKTOPY TEIUIOBOTO IIOTOKY; q]T - KOMIIOHCHTa BEKTOPY TYpPOYJIEHTHOTO TEIIOBOTO

IIOTOKY.

OcHOBHI mapameTpu TypOyJIEHTHOTO MOTOKY (IIBUAKICTb, THUCK, TEMIIEpaTypa)
3a3HalOTh BHIIAJKOBI KOJMBAaHHS HABKOJIO cepenHix 3HaueHb [48]. V 3B's3ky 3 1um,
3HAQYEHHS KOMNOHEeHTH ImBuakocTi (Vj,j =x,y,2Z) 1 CKaudpHi BEIMYUHM MOXHA
MPEACTaBUTH Y BUTJISI/II CYMHU CEPEAHBOTO T MyJIbCAI[IHHOTO 3HaY€Hb KOMIIOHEHTH:

V=V +V, (22)
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c=c+c. (2.3)
B mpoMy Bumanky cepenaHi 3HAUYCHHS BU3HAYAIOTHCS OCEPETHEHHSM Ha JTOCUTH

BEJIMKOMY iHTepBai acy T:

_ ] T
V= lim - . Vi (t) dt. (2.4)

1
Tooo T

VY 1ux CHiBBIAHOILIEHHSX MepeadadaeThes, MO0 CepeHl 3HAYEHHS 3aTUIIAI0ThCS
HE3MIHHUMHU B 4aci. BiAmoBigHMI BUMAagKOBUI MPOILIEC BBAXKAETHCS CTAI[IOHAPHUM 1
no3HayaeThes ik SRANS (Steady RANS). Kpim Toro, icHye miaxia 40 MaTeMaTUYHOTO
MOJICJIFOBaHHS TYpOYJIEHTHUX TeUlil, SKUI MPUOIU3HO BPAXOBYE IXHIO HECTALIOHAPHICTb.
Takuit metog orpumaB Ha3By URANS (Unsteady RANS):

() == vt dt’ (2.5)
T Jo

Takum ynnom, Meron URANS nae 3Mory oTpumaru HecTalloHapHE PO3B’SI3aHHS
JUISL  TIOJNIB, YCEPEIHEHWX Ha TIEBHOMY YacoBOMYy iHTepBam abo 3a (azoro
BEITMKOMACIITAOHUX KOJINBAHb.

Bubip miaxoay 3aiaeXuTh Bif MiJICH MOCIIKEHHS, OCKIILKM BOHHW BH3HAYaIOTh
HEOOXITHICTh OTPUMAHHS CTAI[lOHAPHUX a00 HECTallIOHAPHUX XaPAKTEPUCTHK IIITHOBOI
3MIHHOI.

VY mporeci ycepeaHeHHS PIBHSHD 3’ SBISIOTHCS HEBIJIOMI KOPEINSIINHHI CKJIad0Bi
MyJbCYIOUNX BEJIUYHH, III0 YHEMOXKIIUBITIOE 1X PO3B’s13aHHS 0€3 T0AaTKOBUX MPHUITYIIICHB
(mpobJyieMa 3aMKHYTOCTI CHUCTE€M piBHSHB). Jns 1i BUpIMIEHHS 3aCTOCOBYIOTH MOJIEN1
TypOYJEHTHOCTI, K1 JO3BOJISIOTH BU3HAYUTH KOMIIOHEHTY B’ SI3KOCT1 Y BUX1JIHIN CUCTEMI

piBHsHB [70].

2.3 XapakTepucTHKA po0040ro Tijia

[lim wac MareMaTHYHOTO MOJCITIOBAHHS aepOAMHAMIUYHUX IPOIECIB Y
MapopO3MNOITBHOMY TPaKTi MOTOKY CIIiJ BPaXOBYBaTH 3MiHY BJIACTUBOCTEH poOOYOTO

CepeloBUIIA 3aJI€KHO B1Jl HOTO TEMIEPATYPU Ta TUCKY.
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VY Mexax 1mporo AOCHIIKEHHS PO3rysaaiy JABa po0odl cepeoBHUIIA: TOBITPS —
JUI8  TIEPEBIPKM METOJy MOJICNIIOBaHHSA, Ta BOJIOTY Tapy — JJIs  aHajizy
NapopO3NOJUIBHOIO €JeMEeHTa. BiacTHBOCTI MOBITpsT BH3HA4Yajdd 3a pPIBHSAHHAM
171eaJIbHOTO ra3y, MU [IbOMY BIUIMB THCKY Ha HOTO XapaKTEPUCTUKH HE BPaxXOBYBaBCH.

3aNeKHICTh TEIUIOEMHOCTI MOBITPS BiJI TEMIIEpATypH OMKCAHA MOJIIHOMOM [ 72]:
c
?p =a, +a,T +a3T* + a,T3 + asT* (2.6)

ne R - yHiBepcanbHa ra3osa crana (R = 287,04 2?—_):2); ai - Koe(iieHTH oJTIHOMA JIJIS
noBiTps (a; = 3,27149; a, = 6,85475444 - 10™%; a3 = 0; a; = 0; as = 0).
3MiHA JMHAMIYHOI B'S3KOCTI TPH 3MiHI TeMIIepaTypu TMOBITPs BU3HAYEHO 3a

dbopmynoro Cazepienaa:
3

_ . To+C(T\z
H=HRo7 ¢ (To) (2.7)

ne To - xouTponpHa Temmeparypa (273 K); uo- KOHTposibHA B’A3KICTH INpHU
KOHTPOINBHiH Temmeparypi (1,78-:10° [Ma-c); C - crama ansa nositps (122 K); T - 3amana
TeMIeparypa.

[Ipu BU3HAYEHH] BIACTMBOCTEW MEPETpiTOi Mapu BHUKOPUCTOBYBAIWCH PIBHSHHSA,

1110 OMUCYIOTh TEPMOIUHAMIYHI BIIACTHBOCTI BOJM 1 BojsiHol mapu IAPWS-95 [73].

2.4 Mopaeab TypOyJIeHTHOCTI

Ha cworomHimHiii JeHb 1CHye O€371i4 pI3HUX HAMIBEeMMIIPUYHUX MoJieen
: \ : :

TypOyJieHTHOCTI [/1]. ¥V 3B'A3Ky 3 LIUM PI3HUMH JOCIITHUKaAMU OyJI0 BUKOHAHO POOOTH
110 TECTYBAHHIO Ta BU3HAUCHHIO MEX 3aCTOCOBHOCTI Ti€l uu iHIIo1 Moaemi [ 74, 75, 76]:

. KES (k-g) — cTanmapTHa MOJieb TypOyIeHTHOCTI. [i 3aCTOCYBaHHS MOKIIUBE
JUIIe Yy BUCOKO-PEHHONBICOBUX pO3paxyHKax (Ha BIJHOCHO TpyoOill ciTmi 3
MPUCTIHOYHUMHU (PYHKI[ISIMU).

. KW (K-w) - mist TOHKOTO NMOTPaHUYHOTO Iapy MoJeNib K- OUIbII TOYHO

MPOPOKYE TIOJNOKEHHS TOYKH BIIPUBY, HDK MoOjenb k-g. OmHaK TpU PO3PaxXyHKY
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BHYTPIIIHIX Te4i mojaenb k-m, K mpaBuio, mpairoe ripiie, HiX k- € Takox mpu
BUKOPHUCTaHHI MOJIeN TypOyJeHTHOCTI k-» ¢l mam'ataTH, 10 BOHA JyXKe YyTIUBa J0
IPaHUYHUX YMOB B 30BHIITHBOMY MOTOIII.

. KEAKN (Abe, Kondoh, Nagano) — HH3bKOpEHHOJIbIOBA MOECIb, SKY
PEKOMEHTyEThCSI BAKOPUCTOBYBATH B HU3BKOPEHHOJBICOBUX PO3paxyHKax (Ha CITIIl, 10
JI03BOJISIE B'SI3KUH mijmiap 011 CTIHKY, 6€3 MPUCTIHKOBUX (PYHKIIINH).

. KEFV — wmogepnizoBana k-¢ wmogens. KEFV  wmoxmens  MokHa
BUKOPUCTOBYBaTH SK Y HHU3BKO-PEHHOJBACOBUX, TaK 1 Yy BHCOKO-PEHHOJIbICOBUX
po3paxyHKax. Y TMepuioMy BHUIQJKy JAaMIHApHUM MiAmap AO3BOJISIETHCA CITKOIO
(mpucTiHHi QYHKIIT HE BUKOPUCTOBYIOTHCS), Y IPYTrOMY BUIIAJIKY JIAMIHAPHUM T1IIap He
JTO3BOJISIETHCST (BUKOPUCTOBYIOTHCSI MPHUCTIHKOBI ¢yHKIT). [laHa Mojaenb 3aA0BUIBHO
nepeadavae Moj0XKEHHs JaMIHAPHO-TYpPOYJIEHTHOIO MEPEeX0Ay Ha TBEPJIik MOBEpXHi. Y
HU3BKO-PEUHOIBICOBUX PO3PAXyHKAX HEOOXITHO 3a/1aBaTU TYpPOYJIEHTHICTh MOTOKY, IO
HaOilrae.

. KEQ (kBagpatu4yHa Mojeidb) — HaWOUIBII IIOBHA, ajie W HaHOUIBII
«Kampu3Ha» 3 yCiX mojened. Y Hiid poO3TIsJaeThCs OCOOIMBHUN €JIEMEHT - €JIeMEHT
TEH30pa 3aBUXPEHHOCTI. JlaHa MOJenb 3aCTOCOBYETHCS IS OCOOJIMBO 3aKPyUEHUX
3aBUXPEHUX TOTOKIB, 32 3BOPOTHHM YCTYIIOM 1 MOXE€ BHKOPHUCTOBYBATHCS JIHIIE Yy
BHUCOKOPEIHOJIB/ICOBUX PO3paxyHKax.

. SST (Moxenbs MeHTepa) - BiloMa TUM, 1110 TO€AHYE B co0i i K- Mozaens i K-
® MOJIEJb, sIKa po3po0JsieHa JJIs MiAXOIB PO3AUIBHOI 3IaTHOCTI MPUCTIHHOT o0JacTi. Y
111 MOJIeJTl 3'IBISIETHCS. HOBE 3HAYEHHS - ( - MUTOMA IUCHIIAIIISI BUXOPIB. Y MPUCTIHKOBIN
JTUTSHIN 1i€T MOJeNi BUPIMIYIOThCS PIBHSAHHS K- Mojmeni, a o0macTi, BiIgalieHOT Bif
CTIHKH — piBHsAHHS K-€ Mozeii.

. SA (mozaens Crianapra-AsiMapeca) — OHOIIapaMeTPUYHA MOJIEITb, siKa OyIia
po3po0IeHa A1 aepOKOCMIYHUX JOJAaTKIB. J[ae Xxoporni pe3ynbTaTtu sl MPUKOPIOHHUX

mapiB, L0 XapaKTEPHU3YIOThCA TMO3UTUBHUMM TIpajieHTaMH TUCKY. Moxe OyTu
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3aCTOCOBAHA SIK Y HU3bKO-PEUHOBACOBHX, TAK 1 Y BUCOKO-PEHHOJIBICOBUX PO3paXyHKaX.
TpanuiiitHo 111 MOAeIb €(PEeKTUBHO MPAIIOE Y HU3bKOPEHHOIbICOBOMY BUIAJIKY.

. Sm (momenp CMaropuHChKOTO) — anreOpaidHa MoJieib, SKa HE BHUMAarae
BUPIIICHHS KOHBEKTUBHO-AU(DY31MHUX PIBHAHb. SM MOJEIh MOXHA BUKOPHCTOBYBATH
TUTbKH B HU3bKOPEMHOJIBJICOBUX PO3paxyHKax Ha XOPOIIid apiOHIHN CITIII.

B pesynbrari 6arathox mpaip Oyia HaKomuueHa HHU3Ka 00'€KTHBHOI iH(MOpMAaITii
PO MOKJIMBOCTI P13HUX HaIIBEMITIPUYHUX MOJIeel TypOyI€HTHOCTI IPYU MOJIETIOBaHHI
TUX YM IHIIMX THUIIB B'S3KUX Teuidl. AHami3 miei iHdopmalii CBIIYUTH PO T, IO 3a
CYKYNHICTIO CBOiX SIKOCTE€d HaWOLIbII BXUBAHOK cepell ICHYIOUMX MOJENeH
TypOysieHTHOCTI € Mojiens MenTepa (k- Shear Stress Transport, abo SST).

SST monensb siBisie coboro koMOiHatrito k-g Ta k-0 momenei [74].

[Ipu  pmociiKeHHI  Tra30[MHAMIYHUX TPOIECIB B  NPOTOYHOMY  TPAKTI
apopo3NoAlTy BUKOPUCTOBYBaslach Mojenb k- SST, sika mpeacTaBieHa B HACTYITHOMY

By [71]:

op-k © ok
ST S E BN

o ox, o : (2.8)
op-wo 0 Uy | Ow p Ok Ow
+— | pVico—|u+L | = \|=a, -P,-D,+2-0-f,)0,, = — 2=
o ox, {p ! [ﬂ o;j axl.J fo T o (-11)-00 o 0x, ox,
: k-p-P
ne Py = TS - mnpoBamkeHHs TypOyJdeHTHOCTi; P, = %— MPOBAKCHHS
T

nuToMoi mBUAKOCTI aucunariii; Dy = - p - k - w - pyitHyBanHs TypOynentHocTti; D,, =
f:p-w? - pyliHyBaHHS TMTOMOI WIBUAKOCTI IUCHMMOALii; f; - 3MilIyroua (QyHKIis

. pk/w
max[1,|S|f1;/(a;*w)]

MenTrepa; =a - koedimieHT TYPOYIEHTHOI B'SI3KOCTI.
pa; Ur Ypoy

3asie’kHO Bijg crmocoOy MOJeoBaHHs, OaratodasHi MOTOKM KIAacu(iKyrOThCA Ha
nBa ocHOBHI TuNH: Jlarpamxkesi Ta Eitneposi moeni.
JlarpanxeBuid miaxig 0a3yeTbCsl HA BIACTEKEHHI TPAEKTOPIA OKPEMHUX YACTHMHOK

abo X rpym, sKi HajuexaTh 10 aucnepcHoi daszu. Hatomicts ElnepiB migxin aHamisye
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3MIHM OCHOBHUX MapaMeTpiB MOTOKY — TaKUX SK IIBUJKICThb, TUCK 1 TEMIIepaTypa — y
(hIKCOBaHMX TOYKAX MPOCTOPY.

Y ©GaratodazHOMYy CEpeIOBUII BBOJMWTHCS TOAATKOBUN TapaMeTp — 00 €MHa
yacTka a3y, sika € BaXJIMBOIO XapaKTEPUCTUKOIO MOTOKY.

B pamkax EinepoBoro metomy Bci ¢asm po3TIsSAarOThCA SK  Oe3nepepBHi
CepelloBHUIIA, HE3aNEKHO BiJ iX (akTtuyHoi (izuyHOi cTpykTypu. OKpIM KIACHYHUX
M1JIX0/11B, ICHYIOTh TaKOK KOMOIHOBaH1 MOJIEINI, SIK1 TOeAHYIOTh JlarpankeBi Ta Eitneposi
eTanu — HaIMpHUKIaj, IUITXOM YCEpEIHEHHsI MPOCTOPOBUX PO3MOMALIIB YACTUHOK s
BU3HAYCHHS 00’ €MHOI YaCTKH.

Cepen JlarpamxeBux mojenei Hainommpenimumu € DPM (Moaens quckpeTHOl
¢azu) Ta DEM (MeTon DUCKPETHUX EJIEMEHTIB), SKUH 4acTO BHKOPUCTOBYETHCS SIK
ckiagoBa yactuHa DPM. EinepiB mijaxin npenacraBieHud Takumu mojaensamu, sik VOF
(meTon o0’eMmiB piauHu), Mixture (moxaens cymimi ¢a3) 1 Eulerian (moBHa monenb
B3a€EMOIPOHUKAIOUYHUX CEepeNoBUIll). s MojaentoBaHHS TOHKUX PIIWHHUX TUTIBOK Ha
MIOBEPXHAX 3aCTOCOBYEThCS crielianizoBaHa Eineposa momens — EWF (Eulerian Wall
Film).

[Io6 obpaTu onTUMaIbHy MOJIEIb /1Jist 0araTopa3HOrO MOJICITIOBaHHS, TIEPIII 32 BCE
CJIIJI BUBHAUYUTU XAPAKTEp MOTOKY — YU € BIH CTPATU(PIKOBAHUM, YU JUCIEPCHUM. Y
BUMAJIKYy JAHMCIEPCHOTO CEPEeNOBUIIA BAXKIMBO MaTH IHQOpMALIIO MPO UIUIBHICTh
YaCTUHOK BTOPUHHOI (ha3u, piBeHb 00’ €MHOI KOHIIEHTPAIIi1, @ TAKOXK XapaKTepHUH po3MIp
€JIEMEHTIB — Kpameib, Oynp0amok abo 3epeH. Y cuTyalisix, KOJIU HEOoOXiJTHO
MOJICJIIOBATH 3MilIaHi abo MepexiHi PeKUMH Tedii, CIiJ MepeKOHATUCh, 10 oO0paHa
MO/IeJIb 3/1aTHAa BPaXOBYBAaTH O0M/ABA TUIH MOTOKIB.

Heski pexxumu nepeOiry piiMH 1 ra3iB MOXYTb BHUKJIMKATH CYMHIBU II0JI0
edexTuBHOCTI siK EfinepoBux, Tak 1 Jlarpamkesux miaxomais. Lle mopomkye HEOOX1THICTD

y TOPIBHSHHI IXHIX MepeBar 1 HeJ0JIKIB.
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Cdepa mopentoBanHsl 6araroa3sHuX cepeoBUII MOCTIHHO PO3BUBAETHCS Y JBOX
OCHOBHMX HampsaMkax. llepmmii — 1€ BIOCKOHAJIEHHS MDK(A3HUX KOPEJSIii:
HANpUKIAJ, chenudiuni ¢GopMynu Ui TEIIOOOMiHY MK PIIUHOIO 1 TBEPAUMHU
JaCTHHKaMU a00 KparuIsiMH, sSIK1 IPUXO/IATh Ha 3MIHY YHIBEPCAJILHUM CITIBBITHOIIICHHSIM.
Jpyruii HanpssMOK — 1HTErpallis pi3HUX MOJENel Ta MiAMOJeNeH, IK-0T BpaxyBaHHS
MIPOIIECIB KUITIHHS y paMKax MOJEIJEH 13 pO3IMOIIJIOM 3a po3MipaMu OyJIb0aIoK.

Onniero 3 kmouoBux mneperar Jlarpamwxkeoi mozaeni DPM e Touna mepenada
0COOMMBOCTEM B3a€MOAIl YaCTHMHOK 31 CTiHKaMu. llel miaxij BKIIOYae cCreuiagbHy
MoOJenb U1 OUIHKM epo3li moBepxoHb. Kpim Toro, DPM mnosnerurye BpaxyBaHHS
MYJIBTHUIUCIIEPCHOCTI BTOPUHHOI (pa3u Ta MOJEIIOBaHHS BTOPUHHOIO po3maay ii
€JIEMEHTIB.

Xoua E#nepoBi Mozeni TakoX MIATPUMYIOTh MOJIOHI MPOIECH, IS I[HOTO
NOTPIOHO 3allydaTH MOAYJl po3moAury 3a po3mipamu 4acTHHOK (Population Balance
Model, PBM), sixi € 004HCITIOBAJIBHO 3aTpaTHUMH.

OomexenHsM DPM € T1e, mo BOHa HE MNIAXOAWTH JJII HOTOKIB 3 BHUCOKOIO
JIOKJIbHOIO KOHIIEHTpalliero yacTuHok (moHaa 10%). O6uasa migxonu — Elnepis i1
JlarpamkeBuii — MarOTh CBOi BiIacHI Habopu migMozened Mixkda3zHOi B3aeMOIi,
BKJIFOYAOYM CHJIH, TEIJI0- Ta MacooOMiH. [Ipore B pamkax DPM HEeMOXIJIMBO BpaxyBaTH
IPUCTIHKOBI 3Ma3yBallbHI CHJIM, SIKI 3aJI€KaTh BIJ BIJCTaHI J0 CTIHKH, a B EilnepoBux
MOJIEIIAX — AesKl ePeKTH TeMIEepPaTypHOro rpaJieHTa Ha YAaCTUHKHA MaJIUX PO3MIpIB.

E#tnepoBi migxonu, Taki ssk Mixture 1 Eulerian, MicTsaTh mupimumii Hab1p Moenen
JUISL OMHMCY MacooOMiHy MDK (a3zaMu — BKJIIOYAIOYM TMPOIECH BUIIAPOBYBAHHS,
KOHJIEHCAIlli, KAMIHHS Ta HABITh XIMIYHUX PEAaKIlii, y TOMY YHCI1 3ropsiHHA. X04a TakKi
MiAMOJIeNT TOCTYNHI TakoX 1 s DPM, BOHU BiApi3HAIOTHCS 3a (HOPMYITIOBAHHSAM 1
3aCTOCOBYIOTHCS JI0 PI3HUX (DI3UYHUX SIBUIII.

BaxxnuBo BpaxoByBaTu, 1m0 B EiiepoBHX Monensix OCHOBHUM (AaKTOPOM IpHU

da3oBUX mepexoaax € TemmeparypHa pi3HHIS MK ¢da3amu. Y TOHW dYac 5K y
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Jlarpam)xeBOMYy MiAXOJ1 KPUTHYHOIO € PI3HUIT THCKIB, 30KpeMa MDK MapiiiaJbHUM
THCKOM IOOJIM3Y MOBEPXHI YaCTUHKH Ta KPUTHYHUM. Tomy, Mojemtooun OaratodasHi
MOTOKH, HEOOXITHO YITKO pO3yMiTH crienudiky KOXKHOI MOJeni Ta ii 3aCTOCYBaHHS Y
BIJIMOBIHUX YMOBaXx.

Texnonoriss VOF BHUKOPUCTOBYETHCS MpPU MOJETIOBaHHI B3aeMoOJii JBOX (as.
Volume of fluid (VOF) — meToa Moie1r0BaHHs BiJIBHOT IOBEPXHI, IJIS AKOTO PEalli3y€eThCs
yuceIbHa TEXHOJIOTIS BIJICTE)KCHHS Ta MO3HUIIIOHYBAHHS MEX1 PO3JLITY JABOX CYHUIBHUX
dbas.

Bci B3aemogii BBakaroThesl Juisi a3, M0 HE 3MIMIYIOTHCSA - MIXK HUMH 3aBXKIU
IPUCYTHS MEKa PO3/1lly, 3BaHa BUIbHOIO MOBEPXHEIO.

VY metoai VOF BupimyeTsces piBHSHHS iepeHocy ¢asw, ne f— 00'emHa yactka daszu

B (KoMipIri):

af
—+VVf =0
at (2.9)
Ha mexi po3aity ¢a3 peanizyroTbes Takl TpaHu4H1 yMOBH (puc .2.1):
. 0e3MepepBHICTh MOJIS TUCKY:
Pylrs = Pylr- (2.10)
. TUCK Y TPAHUYHOMY OCEPENKY IS piiKoi pa3u po3paxoByeEThCS

3a OpMYJIOIO:
P1=P2+ 612/lR (2.10)
7€ G12 — 3HaYeHHs Koe(dilieHTa MOBEPXHEBOTO HATATY BiJ ABoX (a3, R — paxiyc

KPUBHU3HHU MEX1 PO3LITY B OCEPEIIKY.

. PIBHICTH IIBUAKOCTEN (pa3:
Uylry = Uzlp- (2.11)
. PIBHICTH CHJI TEPTSL:
F1IF+ = _F2|F— (212)

Takox, Ha Mexi po3auTy da3 MOXKHA 33/IaBaTH 30BHINIHIN TETTIOOOMIH Yepe3
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BUIbHY MTOBEPXHIO.

. (2.13)
o BpaxXyBaHH IIOBCPXHCBOI'O HATATY.

pV: oy,

2 R

P2! V2
A | L,J
//
//
/|
i s U
P1! V1

Pucynok 2.1 — Mexi posnoniny ¢a3 [71].

Komu moTpiOHO OIIHUTH aHI30TPONHY TYpPOYIEHTHICTh 800 BUBUUTH HEPIBHOBAXKHI
edeKTH, 3aCTOCOBYEThCA Mojenb PeitHonmbacoBux Hampyr. Lls Mozens 3a0e3mneuye
HaMBHUIILY TOYHICTb JUISI CKJIQJHHUX T€Yid 3 HAABHICTIO BTOPUHHUX MOTOKIB. OTHAK TaKOXK
BUKOPUCTOBYIOThC Metoan LES (Mozenp Benukux BuxopiB) Ta DES (Monens
BIJIOKPEMJICHUX BUXOPIB) JIJIsl PO3PAXYHKIB.

OcHoBHa koHueniss metony LES mondrae B J0OKalnbHOMY CEpeIHBOMY
XapaKTEepUCTUK TypOYyJICHTHOI Teuii B 30HAX, PO3MIpH SIKUX Ou3bKi 10 GinsTpa. MeTon
DES w™oxHa BBaxaTu TiOpumHuMm miaxomom, mo mnoeanye LES 1 RANS. V
MPUKOPIOHHOMY Iapi TyT BUKOPHCTOBYIOTHCSI HECTalllOHApHI piBHSHHA PeitHonbca,
tomi sik metosi LES 3acTocoByeThest B 30Hax BigpuBy. 3ouu LES 3a3Buuaii po3ramioBaHi
B 00J1aCTsX, € JOMIHYIOTh BEJIMKOMACIITa0H1 TYpOyJI€HTHI CTPYKTYpH, a B MPUCTIHKOBIN

00J1acTi BUKOPUCTOBYIOThCS BimoBiaHI RANS-Momeni.
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Crocobu MofienroBaHHA TypOyIeHTHOCTI

RANS LES DNS
{Reynolds Averaged {Large Eddy {Direct Mumerical
Mavier-Stokes) Simulation) Simulation))

B

Pucynok 2.2 - Cnioco6u mozentoBaHHs TypOyneHTHocTi [71].

Meton DES mnepeBa)kHO BHKOPUCTOBYETBHCS JUIsl MOJEIIOBaHHS TIOTOKIB 3
BUCOKMMM yuciamu PeiHonb/ca; mpoTe, Npy MOJENIIOBaHHI BHYTPIMIHIX Te4lid HOro
TOYHICTh 3HAYHO 3HMXKY€ThbCsl. OOUMCTIOBANIbHI BUTpATH Mpu 3acTocyBanHi DES MeHi,
Hix y LES, ame Oumpmi, Hixk y RANS. Tomy, nns MopaentoBaHHS BHUPAKEHUX
HECTal[lOHApHUX TEYld JOILIbHIIIE BUKOPHUCTOBYBATH MOJENIb TYypOyJIEeHTHOCTI SAS
(Scale-Adaptive Simulation). L{s Mojie/b € BAOCKOHAJICHMM BapiaHTOM HECTAIlIOHAPHOTO
merony RANS (URANS) 1 3a0e3neduye OTpMMaHHA HaJIIWHUX pe3yJbTaTIB IS
MyJbCAIMHOI CKJIaJ0BOI MOTOKY. SAS NMHAMIYHO aganTyeTbes JO MAaciiTadiB, MO0
BUpiyt0Thcst MeToioM URANS, 110 103BOJIsIE€ BIACTEXKYBATU PO3BUTOK TYpOYJIEHTHUX
CTPYKTYp Y MEBHUX 30HaX Tedii. TakuM YMHOM, B HECTAI[IOHAPHUX O0O0JACTAX MOTOKY
mozenb SAS ¢ynkiionye noaioHo qo meroxy LES, a B cramionapanx — sk RANS.

Oco6mmBocTti LES miaxony. B ocnoBi LES nexats piBasinas Has'e-Ctokca, B IKUX
HaIpy>XEHHs PO3/1JIEHI HA CyMYy HaNpyXeHb BEJIMKOMACIITA0OHUX 1 Ap10HOMACIITAOHUX
BUXOPIB:

d(pu)
dt

+ Vx (puu) = =Vp + V= (1, + 7565) (2.14)
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OcHoBHa iges LES wmopemtoBanHs. TO4YHO BHUPINIYIOTHCS BeJIMKOMACIITAO0H1
BUXOPH, a BHECOK BiJI Ip1IOHOMACIITAOHUX BUXOPIB, K1 00pi3atoThes PiabTpoM (CITKOI0),
MOJICITIOIOTHCS YUCEITHHO.

Ax 1 B RANS migxonal, s 3aMUKaHHS CHUCTEMH DPIBHSHb BHKOPHUCTOBYETHCS
y3arajibHeHa Tinore3a bycciHecka, 1 OCHOBHMM 3aBJaHHSIM € CTBOPEHHS MO IS
B's3kocTl (1111 RANS — TypOynenTHoi, s LES — mifcitkoBoi):

Tsgs = 2lsgs(S — %(V * “)") +§kscs o (2.15)

Je Usgs — MIJICITKOBA B'S3KICTh, S — TEH30p IIBUAKOCTEH nedopmariid, [ —
OJTMHUYHHI BEKTOP, Ksgs — KIHETUUHA €HepTis TypOyJIEHTHOCTI.

Mogens st po3paxyHKy MiJCITKOBOI B'SI3KOCTI — Mojeiab CmaropuHchkoro. B
OCHOBI III€i MOJENl JEKHUTh MPUIYIIEHHS, 110 B'SI3KICTh 3aJICKUTHh BIJ CEPEAHBOTO
3HAYEHHA IIBUJKOCTI JUCUNIALli TypOyJIEHTHOI EHepTii Ha OAUHUII0 00'eMy.

3 MipKyBaHb PO3MIPHOCTEH BUXOJIUTD:
1 1
Veps~e3 A3 (2.16)

ne A — xapakrepHuil macmrad GuibTpa (po3Mip PO3paxyHKOBOTO OCEPEIKY).

3azHauuMo, 1110 MacTad QUIbTpa 3a3BUYall PO3PAXOBYETHCS K KyOIUHUI KOPIHb
00’€My KOHTPOJIbHOTO 00’€MYy PO3paxXyHKOBOI CITKH. Y 3B'SI3KYy 3 IIUM Y PO3paxyHKax 3
BukopuctanHaMm LES migxomy mepeBakHa 130TporHa cCiTKa, TOOTO, 6€3 BUKOPUCTAHHS
3TyIIEHHS CITKOBUX JIIHIM Ta 3aCTOCYBaHHA ajamnTtauiid. ¥ TakoMy BHIIQJIKy MacIiliTad
GbiapTpa MOCTIMHUM TSl BCIET PO3PAXyHKOBOT 00J1aCTi 1 HE BUHUKAE MTPOOJIEM 13 BHOOpOM
MOr0 3HAYCHHS.

Meton kiHueBux 00’€MIB mepeadayvae IHTETpyBaHHS PIBHSHb PyXy pIAUHU 1
MEPEHECEHHST CKAISIPHUX BEJMYMH 32 00’€MaMu OCEPE/KIB po3paxyHKoBoi ciTku. 1o
teopeMi ["ayca a1 10BUIBHOI BEKTOPHOT a00 TEH30PHO1 BETUYUHU F:

J(V-F) dQ =Y (Fi n)-4S; (2.17)

[Ipn iHTErpyBaHHI pO3B'S3yBaHUX PIBHAHb B OCEPEOKY IPOBOAUTHCS
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M1JICYMOBYBaHHS MIOTOKIB MACU, IMNYIbCY, eHepeii | mypoOyieHmHUX eeauyun, O0UMCICHUX
Ha rpaHsax ocepeakiB. OCKIIbKU KOKHA TPaHb PO3AUISIE AB1 CYC1IHI KOMIPKH, BIATIOBITHUN
MOTIK BXOAWTH B JUCKPETHI PIBHSIHHS JUia 000X OCepeAKiB 3 pi3HUMH 3Hakamu. [lum
3a0€3MeUyeThCs TOYHICTH MAaCH, IMITYJIbCy, €HEprii 1 I1HIIUX IIyKaHUX BEJIUMYMH B

PO3paxyHKOBIH 00JIACTiI.

2.5 JIluckpernsanisi po3paxyHKoBOI 00J1acTi

OpmuuM 13 HalleDEKTUBHINIMX YUCEIBHUX I1IX0/I1B JI0 PO3B’3aHHS PIBHSIHB ra30BO1
JTWHAMIKA BBaKAETHhCSI METO ] KOHTpoJIbHUX 00’ eMiB (MKO) [71].

Y upoMy MeToAl pO3paxyHKOBY O0OJIACTh MOJAUIAIOTh HA TIEBHY KIUIBKICTh
HEeMepeciyHnX KOHTpoJbHUX 00°emiB Q. IlotiM nudepenmianshi piBHsSHHA (2.1)
IHTErPYIOTh Y MEKaxX KO’KHOTO KOHTPOJIBHOTO 00’eMy. Y MiACYMKY AMCKPETHE TOTaHHS
CHUCTEMHU DPIBHSHb Yy JICKAPTOBHX KOOPAHMHATAX JUISl JBOBUMIPHOTO TPOCTOPY HaOyBae

Takoro BUrsiay [71]:

o 0
0 M}z(pyjAnj) o
At " _
ip
oV. —p'v? ov. ov
Q—L - ° |+ VVAn,) = An.). + —L+—t|An. | +5,Q
At %’('0 5T )-’P %(p n’)""’ g‘ ﬂ ox,  Ox; & ) O (2.18)
pp—p’s’ o -
Q T +Z(/QIGAHJ¢)5P:Z r 67 Anj +S¢Q,
ip ip i ip

7€ () - KOHTPOJIbHBIN 00'€M; S¢- KOHTPOIIbHA IIOBEPXHSL, IO 0OMEKYE KOHTPOJILHUHA
o0'em; dn; - nudepeHmian IeKapTOBOW CKIAIOBOI BEKTOpa 30BHIMIHBOI HOpMati 0
noBepxHi; At- KpOK 3a yacom; An; - IpUpicT IE€KapTOBOM CKIaI0BOi BEKTOPA 30BHIIIHBOI
HOpMaJIl 1O TIOBEpXHI; IHAEKC ««ip» - OOYUCICHHS B TOYIll IHTErPyBaHHSI W
M1JICYMOBYBAHHS IO BCIX TOYKAaX 1HTErpyBaHHS JAHOTO KOHTPOJIBHOTO 00'€My; 1HJIEKC
«0» - BeTMuMHa BIAMOBIJAE TIONIEPEIHFOMY YaCOBOMY 3HAUCHHIO.

3HadeHHsI, OTPUMAaHI IPU PillIeHH], TIPUBOJATHCS A0 LIEHTPY KOHTPOJIBHOIO 00'€MY.

Jlnst  3HaXOKEHHS 3HA4YeHb BCEPEAMHI  €JIeMEHTa CITKM BUKOPHUCTOBYIOTHCS
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anpokcumyroui GyHkiii (hyHKIiT GopMu) KIHIIEBUX 00'eMIB.
3MiHa JIesiKo1 3MIHHOI ¢) BcepeiuHi 00'eMy 3alMCy€EThCS SIK:
n
#=2Nid. (2.19)
ne Nj - anpOKchonqré byHKIS By37a; ¢); - 3HAUEHHS 3MIHHOI Y BY371; N - YHCIIO
BY3JIiB €JIEMEHTA.
CyMyeThCs 0 TI0 BCiM By371aM esieMeHTa. [Ipu iboMy anpokcuMyroda (GyHKITiS Mae

HACTYITHI BJIACTUBOCTI:

Z":N_ 1 (2.20)
]\1[ L=

OpHi€l0 3 KITIOYOBUX XapaKTEPUCTHK MeTony KOoHTposibHUX 00’emiB (MKO) e
rapaHTOBAHE IHTErpajibHE 30€pEeKEeHHS TaKuX (PI3SUYHMX BEIMYMH, SK Maca, IMIOYJbC 1
CHEprig, fK y MeXKax OKpPeMHX TPyl KOHTPOJbHHUX O00’€MiB, Tak 1 mJis BCi€l
O00YHUCITIOBAILHOT 00JIACTI.

[Ipyn BUKOpHCTaHHI 0araTOCTIHHOI CITKM ISl MpeacTaBieHHs (Pi3uyHOI 00JacTi
KOHTPOJIbHI 00’ €M MatOTh (hOPMY MPOCTUX TEOMETPUUYHUX (PITYyp, TAKUX SK TETPaeaApH,
nipamiy, MECTUIPAaHHUKK TOmO. Y Wi poOOTI OCHOBHUM aKIEHT 3pO0JIeHO Ha
BUKOPUCTAaHHI  TeTpacApalbHUX 1 TPU3MATUYHUX CITOK JJIS  MOJIEIIOBAHHS
oOumuciroBanbHOi oOnacTi. Takuit BUOIp OOYMOBIICHUN 3pYYHICTIO MPEICTABICHHS
CKJIQJIHUX T€OMETPUYHUX O0’€KTIB, a TAKOXX MOKJIUBICTIO THYUYKOI aJamnTarlii CiTKA 10
0COOJIMBOCTEH ra30IMHAMIYHOTO MIPOIIECY, IO AOCIIIKYEThCA.

Jns moOynoBU pi3HMIEBOI CITKM 3acTocoBaHo ainroputMm «Octree» [51]. CyTb
IIOTO METO/AY TOJSTae B TOMY, IO Ha 3aJaHy OOJacTh HAKIAJAEThCS IMOTEPEIHBO
CTBOpPEHA CiTKa, IMCJIS 4Y0ro BCl il €IeMEHTH, IO BUXOMATH 3a MEXI OOUYMCIIOBAaHOI
o0nacTi, BiACIKalOThCs. [{ani BUKOHYEThCSI KOPUTYBaHHS BY3JI1B, pO3TAIlIOBAHUX MOOIHU3Y

MeX, 11100 BOHM TOYHO BIJIMOBIIa]IK KyTam, pedpam 1 rpaHuIsIM 00JI1acTi.
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2.5.1 Cxema gquckperu3aiii

XapakTepHOIO 0COOIUBICTIO OOUMCITIOBAILHUX aJTOPUTMIB € BUKOPUCTAHHS CXEM
PI3HOTO TOPSAKY TOYHOCTI, IO 3aJCKHUTh BiJ CIOCO0Y MUCKpeTH3arii KOHBEKTUBHUX
YJICHIB y 3arajJbHOMY pPIBHSIHHI 30epexeHHs. 11 Hporo HeOOX1JHO BUPA3UTH 3MIHHY @,
yepe3 3HaUCHHS ¢ y Bysmax. (Cxema, sKa 3aCTOCOBYETBCS JMJIA JHUCKpETHU3AIlil
KOHBEKTHBHHUX CKJIaJOBUX, Ma€ Takui BUrsia [71]:

o, = O, + V- A7, (2.22)

ne f - xoedimiednt 3mimyBaHHs, 0 < f < 1; ¢, - 3HaueHHI ¢ y BYy3Ii,

PO3TAIIOBAHOTO HABIPOTUB MOTOKA;, T - BEKTOP 3 BYy3Jla, PO3TALIOBAHOIO HABIPOTH
MOTOKA, 0 TOYKH IHTeTPYBaHHS.

3anie’kHo BiJ BUOOpY KoediuieHTa 3MilryBaHHs [ Ta Mmeromy oOuucieHHs V¢
MO>KHA OTPUMATH CXEMH PI3HOTO MOPSAKY TOYHOCTI.

VY naniii poOOTI 3aCTOCOBY€TbCS BHCOKOTOYHa cxema 3 [ = 1. Ilpu mupomy
Koe(DIIieHT 3MIlTyBaHHA 3 TOKaJIbHO HAOIUXKAETHCS O 3HAYEHHS 1, HE COPUYUHSIOUH
JokanpHUX ocwismii. [lapamerp V¢ Bu3HauaeThcs SK TPali€HT I KOHTPOJIBLHOTO
00’eMy, OOYHCIIGHUI Yy BY3Ji, PO3TAllIOBAHOMY B HAMpSMKY MOTOKY. JIJisi BEKTOpHUX
BEJIMUMH, 30KpeMa IIBUAKOCTI, KOE(IUIEHT [ BU3HAYAETHCS OKPEMO [JIsi KOXKHOI
KOMITOHEHTH BEKTOpa.

YpaxyBaHHsS CTHUCJIMBOCTI 31HCHIOETHCS HA OCHOBI PIBHSIHHS HEPO3PUBHOCTI, €
CKJIaZloBa MacoOBOTO MEPEHECEHHsI BKJIIOYA€ 3AJICKHICTh Bil TYCTHMHH p, 5K, CBOEIO
Yeproro, BU3HAYAETHCS Yepe3 TUCK P Ta KOHBEKTUBHY MIBUAKICTD V. J[715 cTUCTUBUX TeU1i
JTUCKPETU3AIlis [IMX KOMIIOHEHT BHUKOHYETBCS, IO MOJKJIMBOCTI, HESIBHO Ha KOXKHOMY

4acOBOMY KpOIIi 13 3aCTOCYBaHHAM JliHeapu3ailii metoy Hetorona-Padcona:

(oV Ve Am ph -V g ph ok g pft ket g (2.23)

Inmexcu (K -1) ta K BigmoBimHO BKa3ylOTh Ha 3HAYEHHS, OTPUMaHi Ha

nonepeHLOMY ¥ IOTOYHOMY YaCOBOMY KPOIIi.
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Jlineapu3ariist piBHSIHB, SIK1 OTpUMaHoO Tpu 3actocyBaHHl MKO s BCix eleMeHTIB
PO3paxyHKOBOI 00JacTi, € TUCKPETHOI KOHCEPBATUBHOKO CHUCTEMOIO, SIKa MOXKE OyTH

3alMcana B HACTYITHOMY BUTIIsii [ 77]:

Z ainb ¢imb = bi > (224)
nb

I¢ ¢ - HEBIJOME PO3B’SI3aHHs; A - KOe(IIiEHT IIPH HEB1IOMUX; D — BUIbHI WICHH; |
- 1HJEKC, III0 BKAa3ye Ha HOMEP BIJAMOBIIHOIO KOHTPOJBLHOIO 00'eMy abo By3na, SKUU
OIUCYye piBHSAHHS; ND - iHAEKC, IO 03HAYAE CYCiIHINA HOMEDP BiAMOBITHOTO KOHTPOJIHHOTO
00'eMy, JIJIsl SIKOT'O 3aITUCY€ThCS PIBHSIHHS.

KoHTponsHuii 00'eM MOXK€e MaTH Pi3HE YMCIIO CYCIJHIX €JIEMEHTIB, 110 J03BOJISE
BUKOPHCTOBYBATH METOJ JIJISi CTPYKTYPOBAHHUX CITOK, TakK 1 JII1 HECTPYKTYpOBaHUX. 3
ypaxyBaHHSM I[bOTO, ISl BCIX KOHTPOJBHUX 00'€MIB BU3HAYAETHCS CUCTEMa JIHIAHUX

piBHAHb. 711 CKaNspHUX BHUPA3iB (HANPHUKIIAL, €HTaldblli ab0 KIHETHUYHOI EHeprii

TypOyneHTHOCTI) 3HaueHHs a)'?, ¢’ Ta bj € meAKuM ymCIOM, a IS MOBHOTO PiBHAHHS

iMITy/IbCy B TPHBHMMIpHii MOCTAHOBII 3a1aHHS Bemmumey ar’, ¢ i by aBnI0TH CO60IO

MaTpuIll BeKTopiB [71]:

_amt Ay A Ay I (u | " _bu I
af’b _ dy, 4d,, d,, 4d, ¢_nb _ v b = by
; ayy ay dy, ay | 7 wl 77 |b, (2.25)
_apit apv apw aPP di _p—i _bP Ji

[Ipn Takomy miaxoAi 70 OOYMCIIEHBb pIIIEHHS 30€epirae CBOK MOBHOTY, a PAIKH
MaTpHIlb 3MIHIOIOTHCS OJHAKOBO, IO BIAPI3HAETHCS Bif MIIXOMIB, 1€ I OOUUCIICHHS
IMITYJIbCY ¥ Macu 3aCTOCOBYIOThCA pi3HI airoputMu. Lle 3a0e3nedye Kijibka KIIOUOBUX
nepeBar: cTabuIbHICTh, €(DEKTUBHICTH, YHIBEPCATIBHICTD 1 TPOCTOTY peaizaiii.

VY npuifHATIA pO3IICHIN CXeMi CIOYaTKy PO3B’SI3YETHCS PIBHSHHS 30€pEKCHHS
IMIyTTbCYy 3 BUKOPHCTAaHHSM HAOMMKEHOTO 3HAYCHHS THCKY, a TMOTIM BHUKOHYETHCS

KOPEKIIisi OTPUMaHUX HAOJIMKEHUX PE3YJIbTATIB.
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[Ipn ubOMy MOB’S3aHUN JIHIHHUN BUPINIYBay J03BOJISE 3HAXOAUTH PO3B’A30K
PIBHSIHB (IIJ11 KOXHOi KOMIIOHEHTH IIBHUJIKOCTI Ta TUCKY) SIK €IUHOI cUCTeMH. Takuit
T1IX1/1 A€ 3MOT'y 3aCTOCOBYBATH MTOBHICTIO HESIBHY TUCKPETHU3AIIII0 PIBHSIHD HA KOXKHOMY
4acOBOMY KpoIll. Y BUNAAKY CTAI[lOHAPHOT MOCTAHOBKH 3aJlayl 4YaCOBHM KPOK BUKOHYE
pOJIb «TapaMeTpa MPUCKOPEHHS, 10 CHpHsiE 30JMKEHHIO HAOIMKEHOTO PIIICHHS 10
craiionapuoro. lle ckopodye KIIBKICTh 1Tepaliidf, HEOOXITHUX JUI JOCSATHEHHS
3015KHOCTI.

[Tporiec po3B’si3Ky KOXHOTO HaOOpy pIiBHSHB, IO OMNHCYE 3MIiHHI TOJS,
CKJIQJIAETHCS 3 IBOX OCHOBHUX OOUMCITIOBAIbHUX OIEepalliii Ha KO)KHOMY YaCOBOMY KPOIIi:

1) I'eneparisi koedilieHTIB — HENIHINAHI PIBHSIHHS MIAAAIOTHCA JIIHEapU3alii Ta
BKJIIOYAIOTHCS B MAaTPULIO PO3B’S3KY.

2) Po3B’si3aHHA pIBHAHb — OTPUMaHa CUCTEMa JIIHIMHUX PIBHSHb BUPILIYETHCS 3a
JIOTIOMOT00 aJIreOpaivHOTro 0araToCiTKOBOIO METOY.

[lin yac mepemaui po3B’S3Ky Yy BHUpIIIyBad JJiS 30BHINIHIX 1Tepaiiii abo
1TepaIlifHOrO MPOIIeCY 3a YACOBUMHU KPOKaMHU 3IIMCHIOETHCA KOHTPOJIb 3a (DI3UYHUM
yacoM ab0 YacoOBHMM KpPOKOM, 3aJIe)KHO BiJ TOTO, YM 3ajadya € CTallloHapHOK abo
HECTaI[IOHAPHOI0. Y CTAaIllOHAPHUX PO3paxyHKaX Ha OJHY 30BHIIIHIO 1TEpallil0 MPUTIAIAE
JUIIe OJiHa BHYTPIIIHS (BIAMOBIJaIbHA 3a JIIHEAPU3AIIil0), TO K JIJIsl HECTAI[IOHAPHOTO
BUIMAJIKY Ha OJHOMY 4YacOBOMY KpOIll BUKOHYETbCS KUIbKa BHYTPILIHIX ITepariil.
Jlineapu3oBaHa cucTeMa PIBHAHb MOXE OYTH TIPEJICTABIICHA y 3arajibHiil BEKTOPHIN
dopmi [71]:

la] - [¢] = [b] (2.26)
ne [a] - matpurs koedimieHTis; [¢]- BekTop pitneHHst; [b] - BEKTOp BiIbHUX YJIEHIB
CHUCTEMU.

OtpumaHa cucTeMa BUPINIyBajacs 1TEPAaTUBHO 3 BHUKOPHUCTAHHSIM IMOYATKOBOTO

HAaOJIMKEHHS JUIST HEBIIOMUX ¢)”, SIKE TMOTIM, KOPEKTYBajOCs IOIMPaBKOW ¢h', 10

3abe3MeuyBajio OiIbII TOYHE 3HaYeHHs "L
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=" @ (2.27)
ne ¢b' - pileHHs BUpasy.
adp'=r" (2.28)
Lle#t BUpa3 Ma€e BETMYMHU HEB SI30K I, 110 OTPUMYIOTBCS 3 BUPa3y:
M=b-a-@" (2.29)

[Tpu moBTOpPEHHI 3a3HAYCHUX JIIH PIIICHHS H0CITa€ HEOOX1JHOTO PiBHS TOYHOCTI.

2.5.2 BBeieHHs1 B I00Y/10BY PO3PaXyHKOBHX CiTOK

[lin yac AMCKPETHOr0 MOJENIOBaHHA AU(EepeHLlaIbHUX PIBHAHb Yy YACTUHHUX
TTOX1JTHUX, III0 OMUCYIOTh MOBEIIHKY KOHTUHYYMY, BUHUKAIOTh HOBI ITapaMeTpH, 30KpeMa
4acoBl Ta MPOCTOPOBI KPOKH OOUUCITIOBANILHOT CITKH. DOpMyBaHHS TPOCTOPOBOI CITKHU €
OJTHUM 13 KJTFOYOBHUX €TalliB YUCETHLHOTO PO3B’SI3aHHS HETIEPEPBHUX CHEPTETUIHHX 33124
3a JOTIOMOT'OI0 METO/IIB KIHIIEBOT'O 00’ €My Ta KIHIIEBHX €JIEMEHTIB.

Y OUIBIIOCTI BUMA/IKIB SIKICTh OOUHCIIIOBAIBHOI CITKH BIJIITPA€ BUPIIAIBHY POJb Y
3a0€3MeUeHH] JOCTOBIPHOCTI YHCEIbHUX PO3PaxyHKIB. BUKOpUCTaHHS CITOK, IO HE
BIJIMOBIJIAI0TH cHieru@illl 3a7a4i, MOKe MPU3BECTH IO 3HWKEHHS TOYHOCTI OTPUMAHUX
pe3yabTariB, BTpaTH 30DKHOCTI, MOSIBU HECTAOUILHOCTEH 1 HaBITh MOIIKOKEHHS
YHCEJIBHOTO PO3B’S3KY.

PosrisitHeMo OCHOBHI XapaKTEPUCTUKU OOYUCITIOBATILHUX CITOK.

Cmpyxkmypa. CTpyKTypa CITKH BUBHAYAETHCS B3AEMO3B’ I3KaMU MiXK ii eJleMEHTaMU
Ta TIXHIM pO3TalllyBaHHAM VY TPOCTOpi. SIKIIO BY3JIHM PO3PAXyHKOBOI CITKH
pPO3TAaIIOBYIOThCS 32 TICBHUM 3arajlbHAM TPAaBWJIOM, Taka CiTKa Ha3HBAETHCS
CTPYKTYpOBaHOIO a00 peryispHOi0. Y pasi, KOJIM TOJIOKEHHS BY3J1B HE Ma€ YiTKO
BU3HAYECHOI 3aKOHOMIPHOCTI, a 3B’S3KM MK CyCIAHIMHU €JIEMEHTaMU 3MIHIOIOThCS, CITKA
BBKAETHCSI HECTPYKTYpPOBaHOIO abo HeperymsipHoro. Ha puc. 2.3 mokazaHo mpukiaau
perymspHoi (a) 1 HeperysipHoi (0) CITOK it OHI€T i Ti€l caMOi TEOMETPUYHOI 00JI1acTi.

Kongopmuicms (y3romkenicts). KoHPOpMHOIO Ha3MBalwTh CITKy, y SKiid

CJIICMCHTHU 3a10BOJIbHAIOTH YMOBiI SAKIOO JBa €JICMCHTH IICPETUHAIOTLCS, TO iXHS CITIJIbHA
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00acTh € TXHBOI 3arajlbHOI0 TpaHHIO abo pebpom. Ha puc. 2.4 HaBeneHO MPUKIAIU
KOH(OPMHOI Ta HEKOH(POPMHOI CITOK.
VY mpakTUYHUX PO3paXyHKAX BUOIP MIXK CTPYKTYPOBAaHUMH Ta HECTPYKTYPOBAaHUMHU

CITKaMU 3QJICKUTH BiJ crieln(iKHu 3a/1a4l Ta CKJIAJHOCTI BUX1AHOI T€OMeTpii.

Pucynox 2.3 - CrpykTypa pO3paxyHKOBUX CITOK: a) peryjsipHa ciTka; O)

HEperyJisipHa CITKa.

a [

Pucynok 2.4 - Y3romkeHiCTb pO3paxyHKOBHX CITOK: a) KOH(pOpMHa ciTKa; 0)
HEKOH(OpMHA CITKA.

@Dopma enemernmis. OOUNCTIOBANIbHI CITKU BIAPIZHAIOTHCS 32 (POPMOIO €JIEMEHTIB,
3 AKUX BOHU CKJIAJAIOThCs. Y BUMNAIKY ABOBUMIpHUX (2D) reomerpiii BUAUISAIOTH JBa
OCHOBHI THIH CITKOBHX €JIEMEHTIB: TPUKYTHI (puc. 2.5, a) Ta 4oTUpUKYTHI (puc. 2.5, 0).
st tpuBuMipHux (3D) obnacteld po3paxyHKOBI CITKHM MOXKYTh CKJIQJaTUCS 3 TEKCaeapiB

(puc. 2.5, B), Terpaenpis (puc. 2.5, 1), npusM (puc. 2.5, n) i mipamiz (puc. 2.5, e).
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Kpim Toro, MoXiauBe BUKOPUCTAHHS TIOPUIAHUX CITOK, K1 MICTSTh KOMOIHAIIIIO
PI3HUX THUIIIB €JIEMEHTIB, MEpeIuYeHUX BHUIIIC.

BapTo 3a3HaunTH, 1110 CITKH, TOOY/1I0BaHI HA OCHOBI YOTUPUKYTHUX €JIEMEHTIB ab0
reKcae/lpiB, 3a3BUYail MICTATh MEHIIY KIJIbKICTh €JE€MEHTIB y TIOPIBHAHHI 3
TeTpaeapalbHUMHU ciTKamMu. lle 103BoisiE 3HAUYHO MPUCKOPUTH MPOLIEC OTPUMAHHS

YHUCEJIBHOIO PO3B’S3KY.

a B B

e

Pucynok 2.5 - ®opmu eeMeHTIB po3paxyHKOBUX CITOK.

Po3zmipu cimku i cimkosux enemenmig. Po3mip po3paxyHKOBOI CITKM BU3HAYAETHCS
3arajJlbHOK KUIBKICTIO i1 By3JiB Ta/ab0 €JIEMEHTIB, a PO3Mip OKPEMOTO CITKOBOIO
€JIEMEHTa XapaKTEePU3YEThCS JOBXKHUHOK WMOro HaOuIbmioi Tpani. Yum npiOHimI
€JIEMEHTH CITKH, TUM TOYHIIIIE BOHA BiITBOPIOE TEOMETPII0 JOCIIKYyBaHOT 00J1aCT1, 110
CIpUSI€ TBUIIICHHIO TOYHOCTI OTPUMAHOTO PO3B’SA3KY.

OpmHak BapTO BPaxOBYBATH, 1[0 3MEHIIEHHS PO3MIPiB CITKOBUX €JIEMEHTIB 3HAYHO
30UTBIITYE€ OOYMCITIOBAIbHI BUTPATH. TOMY BaXKJIMBO 3HAWTH ONTHUMAIBLHUN OajaHC Mix
TOYHICTIO allPOKCHUMAIIil Ta MPOAYKTUBHICTIO PO3pPaxXyHKIB.

Jepopmayis  cimxkosux  enemenmis.  Jlepopmariis  CITKOBOTO  €JIE€MEHTa
BU3HAYAETHCS CTYMEHEM HOro BIIXWJIEHHS BiJ MEBHOTO 0a3oBoro enementa. s Toro
mo0 ciTka Oyjla KOPEKTHOI0, €JIEMEHTH MAaloTh YTBOPIOBATHCS MUISIXOM B3a€EMHO-
OJTHO3HAYHOTO HEBUPOKEHOTO TIEPETBOPEHHS 0a30BUX (HOPM.

OCHOBHMMHU XapakTepucTUKaMHu Jeopmariii €:
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- BIJTHOIIICHHS JIOBXKWH CYCIJTHIX peOep eJIeMeHTa,;

- KyTH MK JOTUYHUMHU pedpamu;

- CTYIiHb CITOTBOPEHHSI T€OMETPIi eIEMEHTA.

[Ipy moOy10B1 pO3paxXyHKOBHUX CITOK BaXXJIMBO BPaxOBYBaTH BCi Il mapameTpH.
OnTumanpHa CiTKa — 1€ Ta, SKa JO03BOJISIE MAaKCUMAJIbHO €(PEKTUBHO TPOBOIAUTH

0OYHCIIeHHs IIyKaHUX (I3UYHUX BEJIUYUH Yy 3aJlaHii reoMeTpii.

2.5.3 KpuTepii sikocTi po3paxyHKOBHX CITOK

Axicna ouckpemusayiss eeomempuunoi mooeni. Ilponec sIKICHOI JUCKpeTU3allii
FEOMETPUYHOI 00JIACTI € OJIHUM 13 HAMBaXXJIUBIIMIMX €TaIlB YUCEIHLHOIO PO3B’S3aHHSA
3a/1a4i. 3ajekHo BiJl 0OCOOJIMBOCTEHN YMCEIHLHOTO aHali3y Ta KOH(pIrypaiiii 004MCIIOBaHO1
obJsiacti moOyAoBa CITKM MOXe OYTH SIK BITHOCHO MPOCTOO Ta IIBUIKOIO, TaK 1 JOBOJII
CKJIQJHOIO Ta PECYPCOEMHOIO.

Uum ckiiajiHima reoMeTpist MOJEINi, TUM Bakue (a 1HOJI i HEMOYKJIUBO) CTBOPUTHU
JUTS Hel CTPYKTYPOBaHY CITKY 3 TeKcaeIpalbHUMHU YapyHKaMHU, SIKa, Y CBOIO Yepry, CIIpHUsiE
IIBUJIIIIH 3015KHOCTI YHCEIBLHOTO PO3B’S3KY.

Bnaue muny ananizy na eubip cimku. XapakTep 3ajaul Ta METOAM ii pO3B’s3aHHs
HAKJIaJaloTh TEBHI BMMOIM Ha CTPYKTYpy CITKM. Hanpuknan, y rigpoJuHaMIvHUX
pO3paxyHKax B’A3KHX TEUld MOOJIM3Y TBEPJUX CTIHOK JJIi TOYHOTO OIMUCY TMapamMeTpiB
MPUKOPIOHHOTO 1Iapy HEOOXITHO BUKOPUCTOBYBATH JIE€TajbHI CITKH 3 BUIOBXECHUMH
MpPU3MATUYHUMU YapyHKaMmu. [Ipu 11b0My CIIBBITHOIIIEHHSI PO3MIPIB CYCIJHIX YapyHOK
HE MIOBUHHO MEPEBUIIYBAaTH BCTAHOBJIEHOTO 3HAUECHHS.

[Tin yac CTBOpEHHS PO3PAXyHKOBOI CITKM HEOOXIAHO PETENbHO aHali3yBaTH
reoMeTpiro obsacti Ta cneundiky 3anadi. BaxxnuBo BU3HAUMUTH:

- ONITUMAaJIbHI MacITabu po3paxyHKOBUX YapyHOK,

- IIJISTHKH, J1€ MO>KJIMBA 1MO0Y10BA CTPYKTYPOBAHOI CITKH,

- 00y1acTi, B AKUX JIOIIBHIIIE BUKOPUCTOBYBATH TETPaepalIbHI €JIEMEHTH.

Imepayitinuii npoyec nobyoosu cimku. ®opMyBaHHS SIKICHOT PO3PaXyHKOBOT CITKH
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3a3BUYail moTpedye iTepaliiHoro miaxoay, 1o BKIKOYAE TaKi OCHOBHI €Tallu:

1) BU3HaUCHHS TTapaMeTpiB 1 HANAIITYBaHb JJIsI CITKH;

2) moOy0Ba TOYATKOBOI CITKH;

3) mepeBipka ii SKOCTI Ta, y pa3l HE3aJOBIILHOIO pe3yJbTaTy, MOBEPHEHHS 0
MIOTIEPEIHIX KPOKIB.

TakuM YWMHOM, CTBOPEHHS ONTHUMAIBHOI PO3PaXyHKOBOI CITKH € KIIFOUOBOIO

CKJIaa0BOIO TOYHOCTI Ta e(i)eKTI/IBHOCTi YHUCCJIIBHOI'O MOJCITIOBAHH:.

2.6. Ciocid 00poOKu pe3ybTATIiB YHCEJIBbHOI0 I0CTiAKeHHS

[IpomyckHa 31aTHICTb KJlallaHa BU3HAYAETHCS HABEJIEHUM KOe(ILiEHTOM BUTpPAT Ta
Ipe/icTaBlieHa B 0€3pO3MIPHOMY BHIJISAI B 3aJ€KHOCTI BiJl BIIHOCHOTO BIIKPUTTS

KJ1araHa ¥ BIJHOIIEHHS THUCKIB.

G

0= =f(Re) (2:30)

ne G, - BUTpaTa poOOYOro Tija yepe3 KianaH (Mpu KpUTUIHOMY PEXHUMI Tedii 0e3
BpaxyBaHHS BTpaT eHeprii); G - mificHa BuTpaTa pobodoro Tina uepes kianas; h = h/d, -
BIJIHOCHE BIAKPHUTTS KJiaraHa (BiAHOIICHHS 3HAYSHHS IM1IHOMY OCHOBHOI 3aIlipHOI Yarri
710 niaMeTpy ii mocaaku Ha ciio); = P, /Py - BiiHOCHUH THUCK (BiIHONICHHS CTATUYHOTO
TUCKY 3a JU(PYy30pHOI0 YACTHHOKO CiJijla JI0 MOBHOTO THUCKY Ha BXOJ1 B KJIAllaHHY
KOpPOOKY).

Burpara po0Oodoro Tinla HpH KPUTUYHOMY PEXKUMI Teylli sl 31CTaBICHHS
pEe3yNbTATIB PO3pPaxyHKy 3 ITaHUMHU MOJICTBHUX EKCIIEPUMEHTAIBHUX JOCIITKCHB

BH3HAuYCHA 3a (HOPMYJIOHO:

k+1

2 \ea [P
G* = 1*‘ k —_— 0* N
’ (k + 1) Ve (2.31)

Oe F, - BU3HauabHAa IJIOIIA, B3sTa [0 AiaMeTPy MOCAIKU KianaHa; K - ImoKasHUK

i3oertponu (st mositps K = 1,4, st meperpitoi mapu K = 1,3); V- nutomuii 00'em

pobouoro TiIa Ha BXOJl B KIJalaHHYy KOpPOOKY, IO BHU3HAYAETHCS 3a MOBHUMHU
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napameTpam.

[Ipy BUKOHAHHI MaTEMAaTUYHOTO MOJICTIOBAHHS Ta30JMHAMIYHHUX IPOIIECIB B
MPOTOYHOMY TpPaKTi KjlamaHa HEOOXiTHO BH3HAYWTH TPAHWYHI YMOBH Ha BXIIHHHA Ta
BUX1JIHMM MeX1 PO3paxyHKOBO1 00J1acCTi.

B panux excnepuMeHTalbHUX TOCIIPKEHb MapaMeTpu poOodYoro Tijga Ha BXOAI
HalyacTille npeCcTaBiIeHl 3HaYeHHSIMU CTATUYHOI TEMIEPaTypH i THUCKY.

B npoMy BUNaAKy BHU3HAYEHHS TTOBHUX MapaMeTPiB MOTOKY MPOBOAUTHCS TaKUM
YUHOM:

1)  Bu3HaveHHs BUTpaATH MApH 3a Pe3yJIbTaTaMH €KCIICPUMEHTY:

- IS KJanaHa 0e3 po3BaHTKECHHS:

Gexen = G * Qrexcens (2.32)

J€ (yeken - HaBeACHUM KoeQILIEHT BUTPATH, BU3HAUYCHUN 3a pe3ylibTaTaMu
MOJIETIFHOTO eKcriepuMeHTy; Gn, - BUTpaTa napa Ha Apyruil CTyleHb MPOMIIEPETPiBY, MO0
MPUIMAETHCS 13 PE3YNIBTATIB TEIJIOBOTO PO3PAXYHKY TYpOIHU /I HOMIHAJIBHOTO PEXKUMY
poOOTH (MPUIHATA TOCTIHHUM AJI BCIX PO3PAXYHKIB).

2) Bu3HaueHHS CEpEIHBOBUTPATHOI MIBHIKOCTI MapoBOTO IMOTOKY Y

M1BOASIIOMY NaTpyOKy KilamaHa:

Co = Gexen * Vo (2.33)

FBl'[
ne Fen - TUTIOIIA IPOX1AHOTO MEepepi3y MiABOASIIOrO NaTpyoOKa KiiamnaHa.
3)  BwusnaueHHs mepenay €HTABIIT 10 BXiTHHA NIBHIKOCTI:

Ahy =S (2.34)

0
2
4) BusHaueHHs MOBHOI €eHTAIbIII] HA BXO/I1 B KJIalaH:.
ip = I, + 4h, (2.35)
5) Bwu3HaueHHS THCKY U TEMIIEPATypH 3araiIbMOBAHOT'O IMOTOKY Ha BXOJII:
Py = f(i0,S0), To = f(i5,S0),So = f(To, Xo)- (2.36)
Brpatu eneprii po6odoro Tima B PK ta BII omintoBamucs 3a koedilieHTOM

BHYTPIIIHIX (T1IpaBIiyHUX) BTPAT:
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P;-P}

Con = (2.37)

 0.5:(Pi—Py+P;—P,)’

nePo* - mopauit Tuck Ha BxoAl B PK (BII); Py - cratuuynuii Tuck Ha Bxoxai B PK
(BIT); Py* - moBuuii Tuck Ha Buxoxi 3a audy3zopom PK (Buximamii nepepiz BII); Py -
CTaTUYHUI TUCK Ha BUx0/1 3a aAudy3opom PK (Buxigauii nepepisz BII)

VY dopmymi (2.37) BTpaTu MOBHOTO TUCKY BIAHECEHI JI0 CEPEAHBLOTO HAIMOPY, IO
BU3HAYAETHCS Y BX1IHOMY U BuximHomy mnepepizi PK a6o BIL

3MiHa BTpaT e€Heprii B COIUIaX pEeryJioldoro CTyNeHs BHU3HAYalacid 3a

Koe(DIliEHTOM BTpaT KIHETUYHO1 €HEPrii:
oM
ér . ] 7]_(])1(’/110)
e k-1

(/5 ) e (2.38)

ne Py - mOBHUU THCK Ha BXOJi B coruia; Pj.- MOBHUW THCK 3a coriamu; Pj. -

fi—1

A.

CTaTUYHUUN THUCK 34 COILJIAMM.
CryneHp HEPIBHOMIPHOCTI PO3IO/ILTY MapaMeTPiB MApOBOTO MOTOKY OIliHIOBAIACS
3a PpO3MOAUIOM TMOBHOTO THUCKY B TMepepidl ¥ BU3HA4anacs 3a Koe(illleHTOM

HEPIBHOMIPHOCTI:

P;fnax_P:nin
)(p* = T, (239)

1€ P*max(min) - MakcuMaibHe (MiHIMAJIbHE) JIOKAJIbHE 3HAYCHHS ITOBHOTO THUCKY Y
BUOpaHOMY repepisi; P* - ocepeHeHe 1Mo BUTPaATi 3HAYSHHS IOBHOTO TUCKY Y BUOPAHOMY

nepepisi.

BucHoBKkH 1o po3ainy 2
1. CydacHuil PO3BUTOK OOUYMCITIOBAIIBHOI TEXHIKM Ta YHUCETBbHUX METOJIIB
po3B'si3aHHA cucteMu piBHAHb, iIMeHOBaHMX CFD (Computation Fluid Dynamics), mo
ONKCYIOTh Ta30JIMHAMIYHI TIPOIECH, O3BOJISIE MOJCIIOBAaTH pyX poOodoro Tima B
MIPOTOYHOMY TPaKTi pi3HOI KoHbIryparii. [{e 3a0e3neuye geTanbHUI aHami3 TPOIECIB y

MapomnpoBOJIax EJEeKTPOCTaHIiH 0e3 HEOOXITHOCTI JOPOruX EeKCIEePUMEHTAIBHUX
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BUNPOOyBaHb. ToMy OyB NMPOBEICHUN KPUTUYHUHN aHAJI3 BIIOMHUX METO/IIB TOCIIIKEHHS
razoJlMHaMiYHUX TpolieciB. B pe3ynbrari chopMoBaHO pO3paxyHKOBY MOJAEIH 1 00paHO
YUCENIbHUNA METOJ JOCHI/DKEHHS Ta30JMHAMIYHUX TPOIECIB B MPOTOYHOMY TPaKTi
CUCTEMU NTapOPO3MOLTY.

2. ["a3omuHaMivHI TIpOLIECH y TMPOTOYHOMY TPAKTI CHCTEMH MapOpO3IMOALTY
onucyroTbes piBHIHHIMEU Ha'e-CTokca, K1 TOMOBHIOIOTHCS MOAEISIMU TypOYJIEHTHOCTI.
Jlnst BupilieHHs 3a7a4i oOpaHo MeTo ycepeaHeHux piBHsHb Has'e-Ctokca (RANS), mo
JI03BOJISIE OTPUMATHU €(PEKTUBHE YMCETbHE PIMICHHSA 3 MPUWHATHOI OO0YHCIIOBAIHLHOIO
CKJIQJIHICTIO.

3. PoGoue cepenoBuIie y CcUCTEMI MHapoOpO3MOJLTY, IO PO3TISTAETHCS, €
CTUCJIMBUM, TEIUIONPOBIIHUM Ta 3MIHIOE CBOT BJIACTUBOCTI 3aJIEKHO BiJl TEMIEpaTypH Ta
TUCKY. JlJIi TOYHOTO MOJIETIOBaHHS BUKOPHUCTaHO piBHsHHA cTany [APWS-95, mo
BpPaxOBY€ TE€PMOJMHAMIYHI BIACTHBOCTI BOJSHOI Mapu MpPU BUCOKUX TeMIEparypax 1
TUCKaX.

4, Hakonuuena Benuka KiUIbKICTh 00'€KTUBHOI 1H(OpMAIli PO MOMKIUBOCTI
PI3HMX HaMIBEMIIIPUYHUX MOAENIed TypOYJEHTHOCTI MPU MOJEIIOBAHHI THX YM 1HIIUX
TUIIB B'S3KUX Teuiid. [IpoBeseHO aHami3 HamiBEMITIPUYHUX MOJENeH TypOyJIeHTHOCTI,
takux sk k-g, k-o, SST, LES, DES Ta Reynolds-Stress Model (RSM). BpaxoByrouu
HEOOXIJTHICTh TOYHOI'O OMNHUCY MPHUCTIHKOBUX MPOLECIB Ta MiHIMI3alli MOXUOKU MpHU
YHCEIbHOMY MOJIC/IIOBaHHI, oOpaHa Mmomenb k-o SST (Shear Stress Transport), sika
3a0e3neuye BUCOKY TOYHICTh AJIA CKJIQJHMUX MOTOKIB Y MPOTOYHUX KaHajdaxX €JIEMEHTIB
CUCTEMU Mapopo3noiny. AnbTepHatuBHI MeTonu, Takl sk LES Ta DES, 3a0e3neuyroTsh
BUILy TOYHICTb, aji€¢ BUMAaraiTh 3HAYHUX OOUYHUCIIOBAIILHUX PECYPCIB, IO POOUTH iX
MEHII €(peKTUBHUMU Y MPAKTUYHOMY 3aCTOCYBaHHI.

S. JIis 4ucenbHOro po3B 3Ky Oyino 0OpaHO METOJ KOHTPOJBHUX 00’€MiB
(Finite Volume Method), sikuii no3Bosisie edeKTUBHO po3B’si3yBaTH piBHSIHHS Has'e-

Crokca. Po3paxynkoBa o0macTs Oyna po30uTa Ha HECTPYKTYPOBAHY TE€TpaeApalibHy Ta
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MPU3MATUYHY CITKY JUIS HAWKpaIloi aaanTaili 10 CKJIaaHO1 FeOMETPii €JIEeMEHTIB CUCTEMHU
napoposnoauty. Bubip cTpykTypoBaHoi ab0 HECTPYKTYpOBAaHOi CITKH 3ajie’kaB Bij
KOHKPETHHUX OCOOJMBOCTEH pPO3paxyHKOBOi 00JacTi, MpH IhOMY OCOOJMBa yBara

NPUILISAIACS TOYHOCTI MOJICIIFOBAHHS IPUCTIHKOBUX IIIAPIB.
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PO3 11 3. YUCEJIBHE JOCJILIZKEHHA HAIIPYKEHO-
JE®OPMOBAHOI'O CTAHY PK LHCT K-200-130

Jlnis mepeBipkH JOLITBHOCTI Ta aJeKBAaTHOCTI MPEICTAJICHOTO PO3PAaXyHKOBOTO
METOIY B po31iii 2 OyayTh OPiBHSIHI HApYKeHO-Ie(hOpPMOBaH1 CTaHU KJIallaHa, JJIsl sIKUX
TEIJIOBUH CTaH Oy/ie po3paxoBaHO ABOMA CIIOCOOaMMU:

1. 3 BU3HAUEHHSAM TpaHUYHUX YMOB Terooominy I[-IV pomy Ha ocHOBI
KpUTEpiaTbHUX PIBHSIHb.

2. JlocnmiKEeHHSIM Ta30/IMHaMIKH TOTOKY, C(OPMOBAHOTO B MPOTOYHOMY
TpaKTi PEryJII0I0UOro KiamaHa Ta BIUIMBY CTPYKTYpPHU MOTOKY Ha €JIEMEHTH MOBEpPXHi
KOPITyCy KJamaHa.

B sikocTi 06'exTa 10CTIIKEHHSI 00paHO MPOTOYHUI TPAKT MAPOBIYCKHOTO BiJICIKY

B PETYJIIOI0UOMY KJIamMaHi IIIIHApa cepenuboro Tucky Typoiau K-200-130.

3.1 I'pannuni ymoBu Temiooominy I-IV poay

VY po3paxyHKax TeII000MiHY 3aCTOCOBYIOTh YOTHpU TUMU ['Y, sIKi Ha3UBAIOThH
poaamu. ['paHNYHI yMOBHU TETUIOOOMIHY HEOOX1HO CTABHUTH, SIK HA 30BHIIITHIA MOBEPXHI
Tina (3oBHImHI ['Y), Tak 1, OpW pO3TallyBaHHI KOPAOHY pO3pPaXxyHKOBOi 0O0JacTi
BCEpeANHI Tijia, HA BHYTPIIHINA moBepxHi (BHyTpimHI ['Y). ['panruHi yMOBH MepmIoro i
JIPYroro pojiB MOXYTb OyTH K 30BHIIIHIMHU, TaK 1 BHYTPIIIHIMHU, TPAaHUYHI YMOBH
TPETHOrO POAY - TUIBKK 30BHIIIHI TPAHUYHI YMOBHU, FPAHUYHI YMOBU YE€TBEPTOTO POLY -
TITBKHA BHYTPIIITHI TPAHUYH1 YMOBH.

KpaiioBa 3amaua HecTallOHApPHOI TEMJIOMPOBIIHOCTI KJIANaHIB BUPILIYETHCS 32
JIOTTOMOT'00 piBHSHHS Buay [18]:

oT

=, (3.1)

div{ﬂ.(T )grad T} =c(T)y(T)

ne A, ¢, Y, - QyHKuli TeMmmeparypu 1 KOOpJIMHAT TMpPU [OYATKOBIA yMOBI

T, =T(x,Y,2,0)= f,(X,V,2) Ta rpanmanux ymosax 1, 11, I1I a6o IV poxy.
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Ha moBepxHsix kinananiB 3aat0Tbes HecTanioHapui ['Y [ -1V poay 3 BpaxyBanHsIM
CKCIUTyaTaI[liHUX 3MIHHHUX pexumiB podotu [20].

[Ipu rpannuynux ymoBax | poay 3amatoTh 3HaU€HHS TeMIepaTypd Ha KOPIOHI
PO3paxyHKOBOI 001aCTi:

T, = F(Xyw 7). (3.2)
Je 1HIEKC W O3Hayae "Mexa'; X;, - KOODJMHATH KOPJOHY 3aJaHOi PO3paxyHKOBOI

obnacTi. B okpeMoMy BHIaAKy 1151 TEMIIepaTypa IiciIsi MUTTEBOI 3MiHM JI0 TEMIIEpaTypH
Tw MOYXe 3aJIMIIaTHCS He3MIHHOIO B Yaci 1 He 3MIHIOBATUCS Y3J0BXK KOPJIOHY:

T, = Tw =const, (3.3)

[Tpu rpannunux ymoBax Il pony 3a1at0Th 3HaUEHHS LIIIBHOCTI TEMJIOBOTO MOTOKY
Ha KOPJIOH1 PO3paxyHKOBOI 00JIacTi:
Ay, =%w X1w: 1), (3.4)

1€ 1HAEKC W O3Hadae "Mexa'; X;, - KOODJHMHATH KOPJOHY 3aJaHOl PO3paxyHKOBOI
o0J1acTi.

3 ypaxyBaHHsM 3akony ®@yp'e I'Y Il poay moxHa 3anmucaru B Takuit crocio [20]:

oT

S RCLI AT (3.5)
on|y

——

3aKk0H Pypbe

JIe N - KOOpJMHATA, CIPSAMOBAaHA 110 HOPMaJIl O MEKI PO3PAXyHKOBO1 00JIACTI.
B okpemMomy BHUIIaJIKy MIUIBHICTh TEIUIOBOTO IMOTOKY (w MOXE HE 3MIHIOBATHCS
Y3JI0BK KOPJIOHY PO3pPaxyHKOBOiI 00J1acTi 1 OYyTH MOCTIHHOO B Yaci:

ql,, =dw = const, (3.6)

[Ipu rpanmuyamx ymoBax III pomy 3amaroTh TeMmmepaTtypy 30BHIIIHBOTO
CepeZIOBUINA, 10 OTOYYE TIO, 1 3aKOH TEIJIOOOMIHY MK CEpPEOBHUIIEM 1 TOBEPXHEIO
Tima. ['paHWYHI YMOBH TPETHOTO POAY € HAWOLIBII 3aralbHUMH 1 4YacTo
BUKOPUCTOBYBAHUMH B MPAKTHUIIl PO3PAXyHKIB TPAaHUYHUMHU yYMOBaMH. B SIKOCTI 3aKoHY

TEMJI000MIHY MI’K HaBKOJIMILIHIM TLIO CEPEJOBUIIEM 1 MOBEPXHEIO TiJIa HAWOLIBII 4acTo
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B IHXKEHEPHUX PO3paxyHKaX BUKOPUCTOBYIOTh 3aKOH TEIIOBIAIayil - 3aKkoH HploToHAa:

al,, = o (Tr = Tw), 3.7)
Je o- KOoe(IMIEHT TEIUIOBiAAaul (3rajlaemMo, 0 B 3araJlbHOMY BHUIAJKY TEILIOBIIIa4a
B1I0YBa€ThCS KOHBEKIII€IO 1 BUMNpOMiHIOBaHHAM); T ¢ - Temmeparypa ¢umroiny; Tw -
TEeMIepaTypa MOBEPXHi Tia.

3 ypaxyBaHHsM 3akony ®@yp'e I'Y 111 poxy MokHa 3anucaty B Takuii criocio [20]:

2.0 —a (T -Ty). (3.8)

w
| —

3aKoH Pypbe

7€ 3HaK + abo - B 3akoH1 Dyp'e 3aneXUTh BiJl BUOOPY MTOYATKY CUCTEMH KOOPJUHAT.
VY po3paxyHKax TEIUIONPOBIAHOCTI BUKOPUCTOBYIOTh 0€3p03MipHY (hopMy 3amucu
TPAaHUYHUX YMOB TPETHOr0 poay”

00 .
i& :B|‘®W, (3.9)

W

T T .
ne 0= T T 6e3po3MipHa TeMIeparypa,
f~lo

X . . :
X = R 0e3po3MipHa KOOpAUHATA, 110 NEePIEeHIUKYISIpHA MOBEPXHI TEMIIOOOMIHY

R - xapakrepHuii a00 BU3HaAYaJIbHUNA PO3MIp T1JIa;

Bi=aR/\,, —xpurepiit bio (Biot);

A — KOE(ILIIEHT TEMJIONPOBITHOCTI TBEPAOTO TLJIA.

Kpurepiii bio - Bu3HavambHU KpUTEPId B 3aBIAHHIX TEIUIOMPOBIIHOCTI, TOOTO Bif
HOro BEJIMYMHU 3aJICKUTh IHTEHCHUBHICTh MPOILECY TEIUIONPOBIAHOCTI. (DI3WMYHMI CeHC
KpuTepito bio MoKHa PO3KPUTH, 3aMUCABIIN HOTO (hOPMYITY Y BUTJISII:

. a _(RIng)
B =R W) ! (3.10)

ToOTo kpitepiii bio xapakrepuzye:

a) BIJHOUICHHS 1HTEHCHUBHOCTI 30BHIIIHBOTO TEIUIOOOMIHY (OU) O IHTEHCHBHOCTI

BHYTPILIHBOTO TermIoo0Miny (A / R);
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a0o

0) BiTHOIIEHHS TEPMIYHOTO OMoOpy TerutonposiaHocTi (R / A) 1o TepmiuHOro onopy
KOHBEKTHBHOIO TeruioBiaaayi (1 / o).

I'pannuni ymoBu IV poay 3amai0oTh yMOBH TEIIOOOMIHY Ha KOPJOHI 17€abHOTO
KOHTAKTy JBOX TUI, IO CKJIQJAlOThCA 3 PI3HOTO PEYOBUHH 3 PIZHUMH (DI3MUHUMH
BJIACTUBOCTSIMU. B 11b0My BUIIA/IKy B 30H1 1/1€aIbHOTO KOHTAKTY B 000X TLJI piBHI TEMIIEpaTypu

1 TEIUIOBI ITIOTOKH

T 1 =T 5 Twi=Tw2
{ W W2 a60, BUKOpHCTOBYIOUH 3aK0H Dyp’e L o1, o, (3.11)
Qw1 = Ow2 Yox|, % ox

Meroau po3B’si3aHHs KpailoBoi 3a7a4l T€opii TEIIONPOBIIHOCTI MOXHA MOAUIATH
Ha JIB1 OCHOBHI Kateropii. [lepia rpymna oxorioe MeToiu, 1o 0a3yrThCs Ha Cy4YaCHUX
MIX0JaX MAaTeMAaTHYHOTO aHali3y, OOYMCIIOBAIBHOI MAaTEMaTHKH Ta KOMIT FOTEPHUX
TEXHOJIOT1H, Yepe3 110 iX Ha3UBAOTh TEOPETUIHUMU. [[0 ApyToi rpymnu HajaeXaTh METOIH,
AKi TependavyaroTh BU3HAYEHHS TEMIIEPATYPHOTO IOJS MIISTXOM EKCIIEPUMEHTATBHUX
JOCITIIKEHb, TOMY 1X KIaCU(IKYIOTh SIK €KCTIEPUMEHTAJIBHI.

ExcnepuMeHTalibHI METOIM MOAUISIOTHECS Ha METOIA T€OPii MOAIOHOCTI Ta METOIU
aHaJorii. Y mepuoMy BHUIAJKY TEMIIEpaTypHE TMO0JiIe BU3HAYAETHCA HA MOJIENI, B SKIH
BIJITBOPIOETHCA (PI3MYHUI TIpOLIEC, aHAJIOTIYHUN A0 Mpolecy B 00’€KTI AOCIHIIHKEHHS.
Meton ananoriii nependayae 3aMiHy BUBUCHHS TEIUIONPOBIIHOCTI aHAII30M 1HIIOTO
(G13UMYHOTO SBHINA, IO MA€ CXOXKI MaTeMaTH4HI 3aKOHOMIPHOCTI. AHAJIOTIS TOJISTAaE B
TOMY, LIO pPIBHSHHS TEPEHOCY, SIKI OIMUCYIOTh PI3HI MNPOLECH, MAITh OIHAKOBY
MaTeMaTtuyHy Gopmy.

Teopetnuni MeToau MOXKHa Kiacu(iKyBaTH Ha aHAJITUYHI, YUCENbHI Ta YUCEIBHO-
aHAJTITAYHI. AHAJTITUYHI METOAM JAI0Th PO3B’S30K y BUIIIAMAI KiHIEBHX dopmyl abo
HecKiHUeHHNX psiaiB. Cepen HUX BUOKPEMIIIOIOTh TOYHI aHANITHYHI METOAW (METOJ
MOy 3MIHHUX, MeToJl Dyp’e, METO/ THTErpaJIbHUX NEPETBOPEHD, METO KOH(DOPMHUX

B1100pakeHb TOIIO) Ta HAOJMKEH1 aHANITUYHI MeTOIM (P13H1 BapialliiiHi M aX01, METO
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MiJICTAHOBOK TOIIO). BapTo 3a3HAaunTH, 10 TOYHI aHATITHYHI METOJU 3aCTOCOBYIOTHCS
JIUIIe JJ1s1 JIIHIMHUX 3a/1a4 Teopii TEIIOMPOBIIHOCTI.

YucenpHi MeTOMM 3a0€3MevyloTh pO3B’S30K Yy BUIIISLAI HAOOpy 3HAYCHD
TeMmrneparyp y JUCKPETHHUX TOYKax IPOCTOPY B TI€BHI MOMEHTH  dYacy.
HaiimommuperimmuMu miaxomaaMu I BUPIIMICHHS 3a71a4 TEIIOOOMIHY € METOJ CITOK 1
METOJ KIHIIEBUX €JIEMEHTIB.

UucenpHO-aHATITUYHI METOAM TMOEAHYIOTh aHATITAYHI MIAXOAW JJII BU3HAYEHHS
TEMIIepaTyp y AMCKPETHUX ToukaX. J[0 Takmx METOMIB HaJeKaTh METO][ TPaAaHUYHUX

€JIEMEHTIB, MeTO1 R-(yHKIIIH, METOJ JUCKPETHOTO 3aJ0BOJICHHS KpalOBUX YMOB TOIIIO.
3.1.1 Po3paxynkoBa moaeib kiaanana HHCT typoinu K-200-130

Ha pucynky 3.1 npeacrasieHa reomerpudHa mojaens kinanana L[CT Typ6inu K-
200-130.

Pucynox 3.1 — I'eomerpruna moaens kimamana [{CT K-200-130.

Ha pucynky 3.2 mpencraBiieHe po30WTTS KjamaHa Ha XapaKTepHI AUISTHKHU JJIs
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PO3paxyHKy TPaHUYHUX YMOB Temooominy I-IV pony.

Pucynox 3.2 — Po30uTTs KiarnaHa Ha OKpeMi JUISTHKY JIJ1s1 BU3HAUYCHHS TPAHUYHUX
YMOB TEIUIOOOMIHY.

bazyrounces Ha iHbopmarii m.3.1 Oynu mopaxoBaHi TemmepatypH, KoedimieHTH
TEIJIOBIAMadl Ta THCKH B OKPEMHX XapaKTepHHUX UISHKaX KiamaHa. Pe3ymbTaTn
npejcTaBiieHi B Tabyuii 3.1.

PiBHsIHHS TOAIOHOCTI JIJ1s1 MApOBOi KOPOOKHU KJIaNaHiB:

Nu = 0,27 -Re%8-Pr43 (3.12)
PiBHsiHHSA OAIOHOCTI /U1t 00J1aCTi XOMy IITOKA KilarnaHa:

Nu = 0,06 -Re%8-Pr43 (3.13)
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Tabmuis 3.1 — Pe3ynbratu po3paxyHKy TPpHUYHUX YMOB TEIII000MIHY U1 KJamaHa

HCT typ6iau K-200-130.

Temneparypa, T K 813

I KoedimienT remmosignauyi, o Br/m? K 999
Tuck, p I1a 2111764

Temneparypa, T K 813

1| Koedimient teriosigaadi, o Bt/m? K 1605
Tuck, p I1a 2101205

Temmneparypa, T K 813

11 Koedimient termosigaadi, o Bt/m? K 2206
Tuck, p I1a 2090699

Temneparypa, T K 812

v KoediuienT Temnosignayi, o Br/m?-K 413
Tuck, p Ila 2027293

Temneparypa, T K 812

vV KoediuienT Temnosignayi, o Br/m?-K 545
Tuck, p I1a 2017157

Temneparypa, T K 812

VI KoedimienT remnosiggayi, o Br/m?-K 635
Tuck, p I1a 2007071

Temneparypa, T K 812

VIl KoedimienT Temmosignayi, Br/m?-K 896
Tuck, p I1a 1997036

VIII ['yCTHHA TEIIOBOTO MOTOKY, ( B1/m? 134

PesynbraTtu, mo npexacrasiieHi B Ta0auil 3.1 OyAyTh BUKOPUCTaHI1 J1si OTPUMAHHS

TEIJIOBOTO CTaHy KJIallaHa B HACTYMHUX IMiAPO3/iiax.

3.2 Po3paxyHOK ra3oiMHaMiKid peryJon4oro KJianaHa

Onucani HUXKYE PO3paxyHKU PETYIIIOI0YOTO KIIarnany Oy MpoBeeH] ITPH MYCKY 3
rapsiioro CTaHy.

Po3paxynkoBi pexkxumu Oy 0oOpaHi Ha MiJCTaBl MPUITYIICHHS MO0 3HAYHOTO
BIJIUBY BIJHOCHOTO BIJKPHUTTS PETYJIIOIOYOro KjamaHa Ha (GOpMyBaHHS CTPYKTYPH

apoBOTO MOTOKY Y BIACIKY.
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Buxoasum 3 11bOro, KOK€H BIICIK TOBHUHEH IOCIIIKYBABCS ISl PEXKUMIB, SIKi
BIIMOBIAAIOTH TEU1i MapH y BIICIKY MPHU I’ ITH MOJIOKEHHSX BITHOCHOTO BIIKPHUTTS IITOKA
knanaa. [IpoTte /s mOpiBHSAHHS IBOX CIOCOOIB HaM JTIOCTATHBO JIMILIE OJHOTO PEXKUMY
MIPU MaKCUMaJIbHIM BUTpATI.

BuxinHi qaHi 11 JOCHTIHDKYBAaHUX PEKUMIB MPEACTaBIeH] B Tabi. 3.2.

PesynpraTé po3moaily THCKY B TONEPEYHOMY Ta TOB3IOBKHBOMY Tepepizax
KJIaIlaHa MIPH PEeKUMI 3 MAKCHMAaJIbHOIO BUTPATOIO 300pakeHo Ha puc. 3.3.

Tabmuis 3.2 — BuxinHi ga#i 1j1sl po3paxyHKy MapOBIIyCKHOT TPAKTy

Pexum n
[Tapamerp
0,014 | 0,028 | 0,042 | 0,056 | 0,07

BuTtpara Ha BXo1, Kr/C 5,9 142 | 226 | 30,5 35,2
Cremninb TypOyJI€HTHOCTI Ha BX0/1, %o 5 5 5 5 5
Yac, cex 60 | 1920 | 2400 | 3840 | 4800
IBrakicTh HA BXO1 142,71 58,1 | 71,9 | 58,7 59,6
Tun pobouoro Tina B’s3ka TeronpoBsiiHa neperpita napa

Contout 1 4 b F b | ANSYS

W isce00s - -

2.445¢+005
2.434e+005
2.423e+005
2.412e+005
2.401e+005 . .
2.390e+005
2.379e+005
2.368e+005 -
2.357e+005 \ /”
2.346e+005 , ’ -~
I 2.335e+005 I i { ‘I
2.324e+005 -
2.313e+005 AN 7
[Pa ‘

Pucynox 3.3 — Po3nozin tTucky Ha pexxumi h = 0,07 B mpoTOYHOMY TpaKTi Bi/ICIKY.
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Ha puc. 3.3 MoxHa mo6aunuTH 30CEPEKEHHS] MAKCUMAIbHUX THUCKIB HAa BXOAl Y
BXITHUM MaTpyOOK Ta B 00JIACTI 3amipHOi Yallll IITOKAa KJaraHa, /i€ BiI0yBa€eThCs
PO30OUTTS MOTOKY MapH.

JUis HAOYHOrO YsIBJIEHHS NMpo (OpPMYyBaHHS BXIJHOIO THOTOKY Yy MHEPEIYyIOUOMY
€JIEMEHTI IPOTOYHOTO TPAKTy HA puC. 3.4 300pakeHO pe3ynbTaTh PO3MOILTY IIBHAKOCTI
B MIOB3/IOBKHBOMY Ta MOIMEPEUHOMY IIepepizax KiamaHa.

ANSYS

R17.2

Velocity
Contour 1

121.8
113.1
104.4
95.7
87.0
78.3
69.6
60.9
52.2
43.5
34.8
26.1
17.4
8.7
0.0
[m s*-1]

Pucynox 3.4 — Po3nonin mBuakocTi Ha pexumi h = 0,07 B IPOTOYHOMY TPakTi
BIJICIKY.

BuHo, 1110 30HM TPUCKOPEHHSI TOTOKY Tapa 30CcepeHKeH1 B 00J1aCTi MK 3aipHOIO
YJamier Ta C1UI0OM KilalaHa.

PesynbTaTu Bizyanizallii CTPYKTYpH Tedil y BIJICIKY PEryJIIOI0UOro KiamaHa Jis
HOMIHaJIbHOTO pexumy podotu PK npencrasneno Ha puc. 3.5.

CrpykTypa MOTOKY B TPaKTi MAapOBITYCKY JUISl TOCTIKEHUX PEKUMIB pOOOTH Mae
BUXPOBHI XapakTep, SKUH HEMOXJIMBO MOOAYHUTH MPO PO3paxyHKaX T'PaHUYHUX YMOB
TEII000MIHY.

HasBHicte koHCTpykiii PK 3 ogHOCTOpOHHIM OIYHMM IiJIBEACHHSM TIapu B
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KJIanmaHHy KOpOOKY MPHU3BOAUTH A0 (POpMyBaHHS HEPIBHOMIPHOCTI MapoOBOr0 MOTOKY
nepes BXOJAOM B KJIallaHHUM KaHaJl.

[Tpu TakoMy miABOJI MOPYIIYETHCA OCHOBA CUMETPIsA TeUii B MPOTOUHINA YaCTHHI
nu(dy30pHOL YaCTUHHU Ci/J1a, [0 BUKIMKAE BIJPUB MOTOKY Ta YTBOPEHHS HUPKYIAIIAHOT

Tedii, AKa OTPUMYE MOAATBIINI PO3BUTOK B KOPOOILIl KIanaHa.

Pucynok 3.5 — Bizyanizamist minii notokiB B Tpakti PK mnsa pexumyh = 0,07 (3
MaKCHMAaJIbHOIO BUTPATOIO).

YTBOpeHUI HEPIBHOMIPHHUI TOTIK CIPUUMAETHCS METAJIIOM KOPIYCY KIIamaHHOi
KOPOOKH 1 MPU3BOJIUTH IO BHHUKHEHHIO MOKJIMBUX HETATHBHHX HACIIAKIB OIMMCAHHMX
HUKYE B PO3JILIIL.

Matouu HarnsiiHe 300pakeHHs] CTPYKTYpH IMOTOKY B MPOTOYHOMY TPAKTI KjarnaHa,
3 BUHUKHEHHSM BHXOpPIB B MPUCTIHHMX 30HAX KJAMaHa MpU PI3HUX PO3PAXYHKOBUX

pPeKUMax, MOKHaA BiI[MiTI/ITI/I, 1O 3aBUXPCHHA ITOTOKY BUHUKAKOTh B OAHAKOBHX MiCI.I?IX.
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ANSYS AN%YTE
R17.2

i \"%.‘,: -y

Pucynox 3.6 — Po3ramryBanns BuxopiB Ha pexuMi h = 0,07 B mpoTOYHOMY TpaKTi
BIJICIKY. (BUHMKHEHHS 30H BUXPOYTBOPEHHS B IPUCTIHHIN 30H1 MICJs ClJIa KJlalaHa).

[Ipu BigHOCcHOMY BinkputTi PK B 3a30pi MK 3amipHOI0 Yalleld Ta CIIJIOM
BIJIOYBAEThCSl 3HAUHE MPUCKOPEHHsSI MOTOKY. [Ipu Takomy pexumi Tedii U pizKoMy
30UTBLIEHH] MPOXIAHOI IUIOUII B KJalmaHHOMY KaHall HEMUHYy4Ye BiAOYyBaeTbCsA BIIPHB
MOTOKY $K B1J MpOo(dUTLHOT TOBEPXHI 3aMlipHOI Yalll, TaK 1 Bl MOBEPXHI Cija.

Benuka wactuHa o00MacTi UUPKYJSIIAHOI Te4ii YTBOPIOETbCS B AU(Y30pHIi
YaCTHHI cijJia 3 00Ky MiABITHOTO MaTpyOKa KiiamnaHa, i€ MOTIK Ma€ HalOUIbIY JIOKAIbHY
IIBUJIKICTD.

CdopMoBaHuii TAKMM YHHOM MOTIK MOTPAIIIAE Y KOPOOKY KilanaHy, e OTPUMY€E
JIOJIATKOBY TypOyJi3allito 4epe3 BIUIUB YCTYIy 3a IU(Y30pOM i MOAATBIIOTO Pi3KOTO

30UTBIIIEHHS TIPOX1HOTO Mepepizy B HOTO IMITIHAPUYHIN YaCTHHI.

3.3 Tem10BHii CTaH PeryJl004Y0ro KjianaHa

byno npoBeaeHo po3paxyHok TermioBoro crany kianaHa PK LICT Typ6iau K-200-
130 npu mmycky 3 rapsyoro crany ['C.
Ternnosuii ctan PK LICT npu mycky 13 raps4oro crany Ha puc. 3.7, SKuil OTpUMaHo

Opy  JOCTIPKEHHI Ta30/IMHaMIKM TMOTOKY, C(OPMOBAaHOTO B MPOTOYHOMY TPAaKTI
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PEryJIoIYoro KianaHa Ta BIUIUBY CTPYKTYPU MOTOKY Ha €IE€MEHTH MOBEPXHI KOPILyCy
KJIanaHa.

ANSYS

Ri17.2

F: Transient Thermal
Temperature

Type Temperature
Unit Kelvin

4
Pucynok 3.7 — TerioBuil cTaH KjanaHa mpH A0CIIKEHHI ra30IMHAMIKH.
Bonnouac Ha puc. 3.8 300pa)keHO TEIUIOBHM CTaH KJamaHa, 10 0a3yeTbcs Ha

PO3paxyHKy TPaHUYHUX YMOB TEIIOOOMIHY.
ANSYS

R7.2

F: Transient Thermal
Temperature

Type: Temperature
Unit Kelvin

K147
7989

| 7898
7801
M4
T65 %
570
7492

26

Pucynok 3.8 — TemoBuil cTaH KiamaHa MpPU PO3PAXYHKY TIPAHUYHUX YMOB

TEIJIO00MIHY.

Ha puc. 3.7 — 3.8 BugHO sIK TeMmepaTypHi MOJS HOCATH CXOXKHH Xapakrtep, a
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HANOUIBII TeMmepaTypH 30Cepe/PKeHl B 00JacTi BXIJHOTO MaTpyOKa Ta Ha BUXOIl 3
kamanHoi kopoOku. IlpoTe crocrepiraeMo Aemo pi3Hi MOKa3HUKU TEMIIEpaTypu B

OKPCMHX 30HAX MCTAJly CJICMCHTA.

3.4 Hanpy:xeHo-1edopMoBaHuUii CTaH Peryja0l04oro KjianaHa

Ha panomy erami paxyBanacs crallOHapHa 3ajada TEIUIONPOBIIHOCTI 3
BUKOPHUCTAHHSAM TEMIIEPATypHHUX TIOJIIB, OTPUMAHUX o0OOMa crocobamu, B SKOCTI
MOYaTKOBUX YMOB.

HanpyxeHno-nepopmoBanuii cran koprycy (GopMmye cyMicHa JAisl TeMIepaTypHHUX
HaIPY>KEHb 1 HAIIPY>KEHb BiJl TUCKY.

Hamnpyxeno-gedopmoBannii ctan PK LICT npu nmocmimkeHHI ra3oauMHAMIKA
MpeJIcTaBICHU Ha puc. 3.9.

A nanpyxeno-nepopmoBanuii ctan PK LICT nipu po3paxyHKy TpaHUYHUX YMOB

TEIJI000MIHY MpeJicTaBleHui Ha puc. 3.10.

ANSYS

R17.2

G: Transient Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1920

6.850e1007
6.131¢1007
5.575¢+007
4.762¢ 007
4.039¢-007
3.350e-007
2.614e1007
1.159¢ 1007
6.293¢1006
2.049¢1005

&
Pucynox 3.9 — HJIC PK LICT npu BpaxyBaHH1 Ta30IMHAMIKH.
MakcuMalibH1 HalpY>KEHHS T0CATal0Th HAUOUTBIIUX 3HAYCHB B 00JIACT1 KPITUICHHS

BX1IHOTO aTpyOKy 3 KOPIYCOM KJIaIaHa.
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ANSYS

R17.2

G: Transient Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 3840

5.820¢+007
5.129¢+007
B 4.8560+007
4.237e+007
3.478¢+007
2.923e+007
| 1.984e+007
1.167¢+007
6.180e+006
2.218e+005

&
Pucynok 3.10 — HAC PK LICT mpu po3paxynky ['Y.
Ha pucynky 3.11 300pak€HO MIKPOCTPYKTYpPY METally KOPIYCY PEryJroI0u0ro

KJIallaHa B 30HaX BUHHUKHCHHSI BHXOpiB.

Pucynok 3.11 — TlomkomkeHHS MeTady BHYTPIIIHBOI YAaCTUHU KOPIIYCY
PETYIIOIYOro KianaHa B 30HaX BUHMKHEHHS BUXOPIB (2-0).

SKuio 3pIBHATH  pe3yNbTaTH PO3PAXYHKY Ta30[JWHAMIKU 3 pe3yibTaTaMu
PO3paxyHKy HaIpyXeHO-1e(hOPMOBAHOTO CTaHY TO HANPYKEHHS MPUCYTHI B MICIIX
KpITUICHHST BXIJHOTO MaTpyOKa Ta cijjia kjamaHa. Sk mokasye JaiarHOCTHKa MeTainy
nposenena JlabopaTopi€ero MeTaniB Ta 3BaprOBAHHS OKPEMOTO MiANPUEMCTBA «JIyranchka
TEC» OO0 «JTEK Cxinenepro», MokHa MO0Q4WTH, IO 30HU PO3TPICKYBaHHS

3HAXOMATHCS B MICISX, J€ NPUCYTHI Buxopu notoky [20]. Lle mosicHIO€TbCS TUM, IO B
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MOJieJIl Ta30JuHaMIKH{, B MPUCTIHHIN 00JaCTi KJanmaHa BAHUKAIOTh 30HU BUXPOYTBOPEHHS

3 TIepenaaMu THCKY, SKi CIIPUYMHSIOTH PO3TPICKYBaHHSI MOBEPXHI KOPITYCY KIIalaHa.
BucHoBku 10 po3ainy 3

1 BukoHaHO MOPIBHSHHS JBOX MIAXOAIB JO BU3HAYEHHS TEIJIOBOTO CTaHY
KJIallaHa: METO/I 13 3aCTOCYBAaHHSAM IPAaHUYHUX YMOB Ter1oo0Miny [-IV poay, orpumannx
3a KpUTEpladbHUMH PIBHSHHSIMHU Ta METO/ 13 BpaxyBaHHSM Ta30/IMHAMIYHHUX MPOIIECIB,
110 B110yBaIOTHCS B IPOTOYHOMY TPAKTi KJIallaHa, BKIIFOYAIOYH BILTUB CTPYKTYPH IOTOKY
Ha TEIUIOBUI CTaH Kopmycy. BcTaHOBIEHO, 10 BpaxyBaHHS Ta30JMHAMIKH J103BOJISE
TOYHIILIE OLIIHUTH JIOKaJbHI TEMIEpPAaTypHI HABAHTAXXEHHS Ta iX BIUIMB Ha MaTepial
KJIanaHa.

2. BusHaueHo 0coOIMBOCTI MPOTIKAHHS ITAPH Y€PE3 PETYIIIOI0UNN KIlallaH Ipu
PI3HUX CTYINEHSAX BIAKPUTTSI. BusaBneno ¢opMyBaHHS BHUXOPOBHUX CTPYKTYp ¥
MIPOTOYHOMY TPaKTi, 0OCOOJIMBO B 30H] 3aMipHOI Yallll Ta cijyia KjianaHa. BctanoBsieHo, 1m0
BUXOPU CTBOPIOIOTH HEPIBHOMIPHUW PO3MOALT MIBUAKOCTEH 1 THCKIB, IO CIPUYUHSIE
JOAATKOBI MEXaHIYH1 HaBaHTAXEHHS Ha KOPITYC KilanaHa.

3. [TpoBeneHO pO3paxyHOK TEMIIEPAaTypHOrO IO KJamaHa 3a JBOMa
nigxonamu. HaliBuiii TeMrnepaTypu CIOCTEpIratoTbecsi B 00J1aCTl BXITHOrO maTpyoka Ta
KJIaraHHO1 KopoOku. I[lopiBHSHHS OTPUMAaHUX TEMIIEPATypPHUX IMOJIB IMOKa3ajio, IIO0
METO/I, 3aCHOBAaHMI Ha ra30AMHAMIYHOMY MOJEJIIOBaHHI, Ja€ TOYHINII PE3yJbTATH 3
ypaxyBaHHSM JIOKQJIBHUX HATPIBiB Ta OXOJOIKCHb.

4. BukoHaHO 4KcenbHUI aHali3 HaNpYyKEHb KOPIYCYy KianaHa, CIIPUYUHEHUX
TEMIEPATYPHUMU Ta MEXaHIYHUMHU HaBaHTAKEHHSAMH. MaKCUMalbHI HaNpy>KEHHS
30CEPEIKYIOThCS Y MICIISIX KPITUICHHS BX1IHOTO maTpyOKa Ta cijyia kianaHa. BusiieHo,
II0 BUXPOBI CTPYKTYpH TOTOKY CIPHUSIOTH YTBOPEHHIO JIOKAJBHUX 30H BHCOKHUX
HaIpY>KEHb, 1110 MOXKE MPU3BECTHU JI0 MTOCTYIOBOI Ierpaallli MaTepiary Ta MOsiBU TPILIUH.

5. Pe3ynpTaTi 4ncenbHOTO MOJETIOBAHHS MIATBEPKEHI MIKPOCTPYKTYPHUM

aHajgi3oM MeTally KjanaHa. JllarHoCTMKa TONIKOJKEHb KOPIyCy, IpoBeJeHa
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7a00paTopisiMM  TEIUIOGHEPreTUYHUX  MIANPUEMCTB,  [OKazaja, U0  30HH
TPIIMHOYTBOPEHHS 301raloThCs 3 PO3PAXyHKOBUMHU 30HAMH MaKCUMAJIbHUX HAMPYKEHb.
BcranoBieHo, 10 METOJ, KUl BpaXxOBYe ra30JWHaMIYHI MPOILIECH, Kpalle MPOTHO3YE
JIOBTOBIYHICTbH KJIallaHa Ta HOTO KPUTHUYHI 30HHU.

6. Busnaueno, mo 3acrocyBanHs CFD-mopjentoBaHHS M0O3BOJISE HE TUIBKH
OLIIHUTU TOTOYHHUM CTaH KjamaHa, a ¥ MPOTHO3YyBaTH HOTO TOBEOIHKY B PI3HHX
EKCILTyaTalllifHUX YMOBaX.

3aramom, pe3yibTaTH YHCEIBHOTO JOCTIHKEHHS TMIATBEPAWINA JOIUIBHICTh
3aCTOCYBaHHS 3alIPOIIOHOBAHOTO MIXOY /10 aHali3y HapyKeHO-1e(OPMOBAHOIO CTaHy
PEryNIoYoro KiamnaHa, SKMM BpaxoBye€ Ta30JMHaMIYHI MPOLECH, IO BHOJAIBLIIOMY
JI03BOJIUTH OUTBII TOYHO OI[IHUTH HOT0 eKCIUTyaTallliHl XapaKTEPUCTHKU Ta pO3pOOUTH

e(deKTHUBH1 METO/IU MPOJIOBKEHHS TEPMIHY CITYKOU.
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PO31J1 4. 4YUCEJBHE JOCIIIUKEHHA T'A30IMHAMIKH
MAPOPO3HOJLIILYOI CACTEMHU EHEPT'OBJIOKY Ne2 XAEC

Po6oTta napopo3noAibuoi CUCTEMU €HEProOJIOKY 3HAYHOKO MIPOI0 BU3HAYAETHCA
ra3oJIMHAMIYHUMH XapaKTEpUCTUKAaMU MOTOKY Mapu B mapomnpoBojax. HepiBHomipHMIA
pPO3MOINT MIBUAKOCTEH, JOKANbHI TMEpemnagud THUCKY, YTBOPEHHS BUXPOBUX 30H Ta
aepoJMHAMIYH1 BTpaTH MOXYTh CYTTEBO BILUIMBATH HA €(DEKTUBHICTH TEIJIOBOTO LIHKIY,
CTabUTBHICTh pOOOTH TypOiHU Ta JOBTOBIYHICTH 00 HAHHS.

Y naHoMy poO3aUTl  TMPEACTaBICHO YHUCENbHE JOCHIDKEHHS TIa30JuHaMIKU
napornpoBoiB  eHepro0soky Ne2 XAEC 13 BHUKOPUCTAHHSM CYYacHHX METO/IIB
KOMIT'IOTEpPHOTO MoJeitoBaHHs. (OCHOBHa yBara NpHUAUIAETECA aHaNI3y 3MIHHUX
napameTpiB MOTOKY Hapu (TUCKY, IIBUJKOCTI, TEMIIEpATypH) HA OKPEMUX XapaAKTEPHUX
IUISHKAaX CUCTEMHU.

MeTo10 10CHIIKEHHS € BU3HAYEHHS 3aKOHOMIPHOCTEH Teuli Hapy B MaricTpaibHUX
MapornpoBO/Iax, OLIHKA BIUIMBY Te€OMETpii TPyOOINpOBOMIB 1 3amipHOi apMaTypu Ha
pPO3MOALT ra30AMHAMIYHUX MapaMeTpIB, a TAKOX MOPIBHIHHS OTPUMAHUX PE3YJbTATIB 13
MOKa3HUKaMU KOHTPOJIbHO-BUMIPIOBAJIBHUX MpuiaaiB. OTpuMaHi J1aHi MOXYTh OyTH
BUKOPHUCTaHI1 JJI1 MOAAJBIINX JOCIIKEHb HAMPYKEHO-1e(POPMOBAHOTO CTaHy METaIy

MapoNpPOBO/IIB, OLIIHKU 1X JJOBFOBIYHOCTI Ta ONTUMI3AIll] PEKUMIB €KCIUTyaTallii.

4.1 Po3paxyHOK raszoauHamiku napomnposoay eHeprodjioky Ne2 XAEC Bin

naporeneparopa Ne2

lNazopuHamivHi mpouecu, 10 BIAOYBaIOThCS B CHCTEMI NapoOINpOBOJIIB, MarOTh
BUpIIIATBHE 3HAYCHHS IS 3a0€3Me4YeHHs] CTallIpbHOI Ta ePeKTUBHOI POOOTH TypOiHHU.
Oco0OnMuBO BaXJIMBOIO € OIIHKA 3MIHM TapaMeTpiB TMOTOKY HA OKPEMHUX MUISHKaX
NapoIpoOBO/IIB, /1€ MOXXYTh BHHUKATHU JIOKAJIbHI INepenagd TUCKY, TYpOYJIEHTHICTb, a
TaKOX J0JJaTKOB1 HABAaHTAXKCHHS HA €JIEMEHTU KOHCTPYKITIi.

JIns aHamizy ra3oJMHaMIYHUX XapaKTEPUCTUK MapOIpoBOAY Bij MaporeHeparopa

No2 Oyno mpoBeaeHO 4HCEIbHE MOJEIIOBAHHS Teuli Bosioroi mapu. JlocmimkeHHs
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BUKOHAHO 3 ypaxyBaHHSM TakuX (akTOpiB: F€OMETPHYHI MapaMeTpH MapoIpOBOIB,
(mamerp, JOBXKHWHA, HAsIBHICTh BHUTHMHIB, TPIMHUKIB, 3allipHOi  apMarypH),
TEPMOIMHAMIYHI XapaKTEPUCTUKH MapH (TUCK, TEMIIEpATypa, BOJIOTICTh, BUTPATA), BILTUB
apMaTypu (HasBHICTh 3aCyBOK, KJIallaHIB, TPIMHUKIB Ta iX BIUIMB Ha 3MIHY HapaMeTpiB
MOTOKY), aepoJMHAMIUHI BTpaTh (BTpaTH TUCKY B MICISIX 3MiH MEpepidy Ta Pi3KuX
MOBOPOTIB MOTOKY).

Jlani HaBeJeHO MaTEMAaTHMYHHN ONUC MOJIEl, BHUXIJHI Ta TpPaHWUYHI yMOBHU
PO3paxyHKY, a TAKOX Pe3yIbTaTH YHUCEIbHOTO aHaATI3y PO3MOILTY TUCKY, IIBUIAKOCTEH Ta
TeMIiepaTypu B naponpoBoii eHeproosoky No2 XAEC.

HowminanpHi mapameTpu napu B CUCTEMI MAPOMPOBO/IIB «CBIXKOI» Mapu MpH poOOTI
€Hepro0JIOKy 3 HOMIHAIbHUM HaBaHTaxxeHHsIM [10] npeacTaBneni B Tadnuii 4.1.

[lepenik KOHTPOJILOBAHUX TMapaMeTpiB POOOTH CHUCTEMH HaBeJeHO B Tabiuill 4.2
[10]. ITepenik napameTpiB Oyae BUKOPUCTAHUM 1Jis1 Bepu(iKalii OTpUMaHUX JaHUX.

Tabmuusg 4.1 — HomiHanbH1 napaMeTpu napu.

Ha3zBa mapamertpy 3HauCHHS
Tuck mapu micst [T, MIla 6,3

Tuck napu nepen CPK IIBT, MIla 5,88
Temmnepatypa nmapu niepen CPK IIBT, °C (K) 274 (547)
Bomoricts mapu nepen TypOiHoro, % 0,5
Butpara napu Big I1I', T/rox: 5870

B ToMy >k uncii Ha CIIII, 1/rox 510

[Ipu ocHameHHI CHCTEeMH TApOMPOBOMIB  CBDKOI Mapu  KOHTPOJBHO-
BUMIPIOBAJILHUM OOJIaIHAHHSIM 32 MICIIEM BCTAHOBJICHO MIHIMaIbHY KUTbKICTh MPUTIAIIB.
SIk BUITHO, 3 HABEJICHOTO BHILIE MEPEIIiKY KOHTPOJILOBAHHX MapaMeTpiB (Tadum. 4.2),
KOHTPOJIb Ta30[IMHAMIKH PyXy TMapu B MapoOMpOBOAaX 3IIWCHIOETHCS TIIBKH B TPHOX
TOYKaX, [0 SIBHO HEIOCTATHBO JIJISI PO3YMIHHS «ITOBHOI KapTHHMY IPOIIECIB, SIKI B HUX

B1J10yBaIOTHCS.
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Tabmuis 4.2 — Ilepenik KOHTPOJILOBAHUX MAPAMETPIB.

Hazga mapametpy Hominaneae | Micie [Ho3umis narymka
3HAYCHHS BUBCJICHHS
iHopmarii
Tuck mapu micns I1I°, MIa 6,3 bnounuit mur | TX(51,61,71,81)P01
KEepyBaHHS TX(52,62,72,82)P01
TX(53,63,73,83)P01
Tuck mapu nepen I'T13, MIla | 6,27 [To micro RA(11-14)P01
Tuck mapu micms ['T13, MIla | 6,27 [To micirro RA(11-14)P02

OCK1JIbKH, HEMIPOEKTHE OCHAlIeHHs cucTeMu naponpoBoniB AEC KOHTpoJbHO-
BUMIPIOBAJIbHUMU ~ TPWIATaMHA  KOHTPOJIOETHCS  BIIMOBITHUMH  HOPMAaTHUBHUMH
JIOKyMEHTaMH, BTpyYaHHS Ha (I3UYHOMY PIBHI B KOHCTPYKIIIO IapOMpPOBOIY
HEMOJIUBO. TOMY JOLUIBHO AJI MOAAIBIIOTO BU3HAUYECHHS CTaHy METaTy MaporpoBO/IiB
1 apMaTypH MOTNEPETHHO MPOBECTH KOMITJIEKC YNCETHHUX €KCIICPUMEHTIB, 3aCHOBAHHUX Ha
MOJICJIFOBaHH1 TeYil BOJIOTOI Mapy B CHUCTEMI MapOPO3MOJILITy aTOMHOT €JIEKTPOCTAHIIIT 3
typ6inoro K-1000-60/3000.

YucenpHe MOCHIIKEHHS BUKOHAHE 3a JOMOMOIOI0 MPOTPAMHOTO KOMILIEKCY
FlowVision 3.12.01, mo m03BoJis€ TPOBOJWUTH TPUBUMIPHE MOJICTIOBAHHS Teuii
CTUCJIMBOI PIAMHM abo0 ra3zy B CKIAJHUX TEeOMETpHYHUX obOmactsx. s moOymoBu

reOMETPUYHOI MOJIeIi BUKOopucTOBYBanocs 3D-monentoBanHs B cepenoButili SolidWorks

(puc. 4.1).

Y MmareMaTuuHy MOJIEIb BXOJSATHh 3aKOHHM 30€pEKEHHsI e€HEeprii, MacH, IMIYJbCY,
PIBHSIHHSI CTaHy piAMHU ab0 ra3y, pI3HOMaHITHI 3aMUKalOY1 CITiBBITHOIICHHS, TPAHUYHI 1
noyatkoBi yMoBHW [12]. BupimieHHs BuIle3a3HaueHUX PIBHSHb 3aCHOBAaHE Ha METOJI
KiHIeBUX 00’eMiB [71, 72, 74], axuii nependavae X iIHTETpyBaHHS 32 00’ eMaMu KOMIPOK

po3paxyHkoBoi citku. [lo Teopemi ['ayca misi moBinbHOI BeKTOpHOI a00 TEH30pPHOI
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BEJIMYMHU:
Jo 7+ F)d2 = Fi_gaces(Fi - my) - 4S;, (4.1)
9 - 00’ €M KOMIpKH;
AS; - TIoMIA i-1 rpaHi KOMipKH.

TakuM 94MHOM, TIPH IHTETPYBAaHH1 PO3B'I3yBaHUX PIBHSIHb B KOMIpKax MPOBOAUTHCS
MiJICYMOBYBaHHSI TOTOKIB MacH, IMIyJbCy, €Heprii 1 TypOyJIEHTHUX BEJIMYUH,

OO0YHCIIEHUX Ha TPaHSIX KOMIpOK.

Big6ip mapu Ha
cemaparop-
IapoIeperpipay

Temw1ooGMiH 3
HABKO.THIIHIM
cepeoBHINEM

o =20Bt/M2*K

. T=f9-8K \ /

TemwTo00MiH 3
HABKOIHIITHIM

CEpeIOBHIIEM
o =20 Bt/M2*K \

T=298 K

Y

Bxin
€ G = 1453 xr/c*m2
T=547 K

3

Pucynox 4.1 - Po3paxynkoBa cxema maponposoay YB20WO1 Big maporeneparopa
Ne2.
B sKocTi BUXITHUX 1 TPAaHUYHUX YMOB MpUHAMAIUCS MapaMeTpu, OTpUMaHi Ha
enepro6sor Ne 2 Xmenpauipkoi AEC:
e TeMriepaTypa Bosoroi mapu t = 274,3 °C;
e Tuck napa micis [1I' P = 6,3 MlIa;
e cTymiHb cyxocTi napu x = 0,995;

e BuTpata napu Bij Bcix [1I' G = 5870 T/ rogx;
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® IIOPCTKICTh [Is TOCIIKYBaHUX TpYO 107 M.

VY naniii 3aga4i noTpiOHO BU3HAYUTH PO3MOJILT IIBUAKOCTEH, TEMIIEpATyp 1 TUCKIB.

4.2 Pe3yJbTaTH PO3PAXYHKY ra30JMHAMIiKU NaponpoBOAYy eHeprodoky Ne2

XAEC Bia naporeneparopa Ne2

[ToctraBnene 3aBnaHHsl BUPINIYBajoca B 3-X MipHIN, CTalliOHApHIM MOCTaHOBIII, 3
3aCTOCYBaHHSAM MOJIEJNI MOBHICTIO CTUCIIMBOL PIUHHU.

B xoa1 npoObHUX po3paxyHKiB Oyl YyTOYHEHI MapaMeTpy po3paxyHKOBOI Mol
(yacoBUl KpOK, YMOBH ajamnTallli po3paxyHKOBOiI CITKH), K1 JO3BOJMJIA ONTUMI3yBaTH
PO3pPaxyHOK 1 OTPUMATH XOPOIIUMA 301T 3 €KCIEPUMEHTAIBHUMU JTaHUMU, OTPUMaHUMHU
0e3nocepeIHbO HA CTaHIIII.

bynu orpumani gani 3-D ra3zoauHami4HOI CTPYKTYpHU TOTOKY, PO3IMOILI
HIBUIKOCTEN B MOTOLI, TEMIIEPATYPHUX MOJISAX, PO3MOALINA TUCKIB.

AHauni3 pe3ysbTaTiB YUCEIbHOTO MOJICIIOBAHHS J1aB MOXJIUBICTD JOCUTh JOKJIATHO
BUBYUTH Ta30MHAMIYHI XapaKTEpUCTHUKU Tedii BOJOrOoi Mapu IO MaponpoOBOJAX.
YucenbHe MOJENIOBAHHS JIO3BOJWJIO OI[IHUTH BIUIUB T'€OMETPii MHaponpoBOJIB Ha
ra3oMHaMIiKy TTOTOKY.

3 orisAay Ha BUCOKI BUMOTH 10 mnoTykHocted EOM 1 3HauHy TpUBAIICTh
PO3paxyHKiB, OyJIO MPUUHATO PILIEHHS JOCHI)KYBAaTH TUIBKU OKPEMi JIUISHKHA OJTHOTO
MapoIpoBOIY, SKI OJTHAKOBO MPUCYTHI HA KOXKHOMY 3 4oTupbhoX. [IpuiiHara mipa nana
MO>KJIUBICTh HE TUIBKM CKOPOTUTH 4Yac 1 PECypCH, L0 BUTPAYAIOTHCS HA JOCTIIKEHHS
MOBHOT 3a/1ayl, ajie 1 € JOCUTh HAJIWHUM METOJIOM IMPOTHO3YBAaHHS 3MIHM THUCKY Ha
CXOXHUX JIISHKaX MaponpoBoiiB. Takoxk Oysl0 BpaxOBaHO JiHINMHY 3MIHY MapaMeTpiB
napy Ha NpSAMUX JUISTHKAX TaporpoBO/IIB.

B pesynbpTaTi mpoBeACHMX UHCETBHUX EKCIIEPUMEHTIB OTpPUMaHl PO3MOALIN
TeMIlepaTyp, THUCKIB 1 IIBHJIKOCTEW NHapu MNpU pyci MO JOCHIIKYBaHUX IUISTHKAX
napornpoBoiB. J{ns mpukiany Ha pucyHkax 4.2 — 4.7 300pakeHi po3MOAUTA TUCKIB Ha

XapakTepHUX AiuIstHKax napornposoay YB20WO01 Big maporeneparopa No2.
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6.3687e+06

6.3578e+06
B s.347c106

B s3361c.06

B 5325306

6.3145e+06
6.3036e+06

B 6.2928e+06
6.2819¢+06
6.2711e+06

6.2602e+06

Pucynok 4.2 - I'padik naaiHHsg TUCKY B maTpyOKax BiJ maporeHeparopa Ne2.

Sk BuHO 3 pUCYHKY 4.2, e 300pakeHi NaTpyOKu Mmojadi mapu Bij maporeHeparopa
Ne2 nmo mapompoBoxy YB20WO1, MakCHMaJIbHHI THCK CIIOCTEPIra€ThCs B TYIMHUKOBIH
YaCTUHI ApOINPOBOY, sikuit nocsirae 6,37 Mlla, mo BiAmoBinae 3aKkoHaM Ta30IMHAMIKH.
CriocTepiraroThCs pi3Ki MaIiHHA TUCKY B MICIAX 3'€THAHHS MaTpyOKiB MOAadi Mapy Bif
naporereparopa Ne2 10 MeHTpaJbHOTO KojekTopa mnaponpoBoay. Iliciass octaHHBOTO
naTpyOka (1o pyxy mapu) TUCK BUPIBHIOEThC 1 ckianae 6,3 Mlla. 3a qanumu 31 cTaHIii
B KiHIII JaHOI JUISHKKA BCTAHOBJICHUH MaHoMeTp (Tab:. 4.2) Ha mo3uiii TX61P01 [11].
Po30ikHICTh MiIX TMOKa3HUKAMH JaT4hKa 1 OTPUMAHUMU PE3yJbTaTaMU YHUCEITHHOTO
MOJICTIIOBaHHsI CTaHOBUTH MeHie 1%. lle cBimuuTh mpo Te, 10 4YHuceTbHa MOJENb
KOPEKTHO ONHUCYE peajgbHI Ta30JWHaAMIYHI TIPOIECH B JOCTIIHKYBaHIM JUISHII

apoINpPOBOY.
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Naenenue

5.819e+06
5.8168e+06

B 5.8146c+08
B 55812306
B s5si01e:06
5.8079¢+06
5.8057e+06

| 580346406
5.8012e+06
5.799e+06
5.7968e+06

Pucynok 4.3 - I'padik magiHHs TUCKY B TpIHHUKAX MiAKIIOUEHHS BiTaTyKEeHb J10
[1IK i BPY-A.

JlinstHKa maponpoBoy, sika 300pakeHa Ha puc. 4.3, Mae TPIHHUKU TiIKIIFOUCHHS
BiJIraTy’>)kKeHb /IO MAapOreHepaTopa 1 MIBUAKOMIIOYOTO PEAYKI[IHHOTO TPUCTPOIO, SKUM
CKHJa€ mapy B atMocdepy i KOHAEHCATOp B pasi aBapiiHuUX pexxkumiB. [Ipu 3akpuTux
KJanaHax 1 0pU HOPMallbHIA eKCIulyaTalii mnapa BC€ OJHO MPOXOJUTh dYepes
BiJIra;Ty>K€HHsI, aJie TIOBEPTAETHCS Ha3a/1 B TOJOBHHMA MAapOIPOBII.

Taxa cxema MOTOKY T€X BHOCUTh KOPEKTHBH B I'a30IlMHAMIKY MTapH: CIOYATKY THUCK
migHIMaeThes 10 6,3 MIla, a morim magae o 6,27 MIla.

3HUKEHHSI TUCKY B 111 30H1 TIOB’s13aHE 3 JJOKAJbHUMU T1IPABIIYHUMHU BTpaTaMH,
BUKJIMKAHUMHU 3MIHOIO HAlpsIMKY MOTOKY Ta YTBOPEHHSIM 30H PELUPKYIALii. B micipix
BiJIray’>keHb MOXJIMBE (OPMYBAaHHS BUXPOBUX CTPYKTYp, LIO CHPHUSE TOJATKOBOMY

€HEPreTUYHOMY PO3CIFOBAHHIO.
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Nasnenue

5.8106¢+06
5.8076¢+06
B s.s046.-06
B s5:s017¢:06
B 5798706
5.7957¢+06
5.7927¢+06
B s5.7897¢+06
5.7868e+06
5.7838¢+06
5.7808¢+06

Pucynok 4.4 - I'padik maginHs TUCKY Ha AUIAHII 3 BiaciuauM kimamanoM bB30OK
TX50S06 3 moBopoTOoM i 3BOpoTHUM KiaranoM TX50S07.

[Ticnss TpiiHMKIB, AOCTIIKYBAHOIO MUISTHKOIO € YacTHHA MapompoBOAY, [I€
BCTAHOBJICHWH BIJICIYHMI KJIAaMlaH 3 TOBOPOTOM 1 3BOPOTHUM KiamaHoM (puc. 4.4). [Ticas
POXO/PKEHHS Yepe3 BICIYHUN KJlanaH TUCK HE3HAUHO MaJ1a€, MOTIM Pi3KO 3HUKYETHCS B
MICIIl BUTHHY Oi7sl BHYTPIIIHBbOI HOTO CTIHKH, a OLIS 30BHINIHBOI CTIHKH - CHJIBHO
3pocTae. [licns BUTMHY THCK HOPMAJi3ye€ThbCs, X04a 1 CIOCTEPIraeThCsl MOTO HE3HAYHE
MajiHHSA TICAS 3BOPOTHOTO KiamaHa. Taki mepenagd THUCKY TOSICHIOIOTHCS
aepoJAMHAMIYHUMH OCOOJIMBOCTSIMU T€Uii B 30H1 BUTHHY, € B1I0YBA€ThCSI HEPIBHOMIPHUM
PO3MOJIN MBUAKOCTEH Ta (HOpPMYBaHHS BTOPUHHUX IMOTOKIB. 30UIbIIEHHS THUCKY Oy
30BHINIHBOI CTIHKH 3YMOBJICHE BIAIICHTPOBUMH CUJIAMH, III0 BUHUKAIOTh TIPH PYCi apu

110 KPUBOJIIHIMHIN TpaeKTOPii. Y CBOIO Yepry, 3HUKEHHS TUCKY O1JIs1 BHYTPIIIHBOT CTIHKH



97

MOJK€ CIPUYMHATH JIOKAJIbHI TYypOyJIE€HTHOCTI, fKI BIUIMBAIOTh Ha PIBHOMIPHICTD

PO3MO/ILTY HABAHTAXXEHHS HA CTIHKU TPYyOOIIPOBOTY.

Nasnenue

6.2735¢+06
6.2648+06
B 6256006
B c.2473c.06
B s.23860-06
6.2298¢+06
6.2211+06
B 6.2124c408
6.2036e+06
6.1949¢+06
6.1862e+06

Pucynok 4.5 - I'padik mamiHHS THUCKY Ha JUISHII MOBOPOTY MapOIpPOBOIY 3
TPIAHUKOM MIKIIFOUCHHS MapOBUX HAITIBKOJIEKTOPIB.

Ha pucynky 4.5 300paxeHUil BUTHH MapONpPOBOY, IICIs SKOTO BCTaHOBJICHHMA
TPIMHUK TMIJIKIIOUYCHHS T[apOBUX HAIMIBKOJEKTOPIB, J1€, SK MU 0auuMo, THCK
JOCITIKYBAaHOTO cepefioBuIlia nagae a0 BenuuuHu 6,18 Mlla, ockinbku iae Bigoip
pobouoro Tijia Ha MeperpiB napu B cenaparopi-nmaporeperpisaya i st BIaCHUX MOTpeo.
KpiM Toro, Ha 3MiHy THUCKY BIUIMBAa€ HasBHICTh TPIMHMKA, KWW CTBOPIOE JOAATKOBHIA
JIOKQJIbHUM OMip 1 MOXKe BUKIUKATH (DOPMYBaHHS 30H PEIUPKYIISAIIT Ta TypOyJIEeHTHOCTI.

3a maHUMH, OTPUMAHUMU BiJ CTaHI], B KIHI JAaHOT AUISHKA BCTAHOBJIEHUH MaHOMETP
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(tabn. 4.2) na mosumii RAI12P0O1 [11]. Po36ixHICTP MK MOKa3HUKAMH JaTYMKa 1

OTPUMAaHUMHM pEe3yJIbTaTaMHU YHCEIIbHOTO MOJCIIIOBAHHS CTAHOBUTH OJIM3BKO 2%.

Nasnenue

6.0333e+06
6.0258e+06

ﬁ 6.0184e+06
B soiies06
B 6.0036e+06
5.9962e+06

)| 5.9888e+06
B 5.9813e+06
5.9739e+06
5.9665e+06
5.9591e+06
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Pucynok 4.6 - I'padik mamiHHS TUCKY Ha JUISHII TMOBOPOTIB MapOMpOBOIIB 3
rOJIOBHOIO NTapoBOIO 3acyBKor0 RA11S01.

Jlis [insSHKA TapompoBONy, SKWW 300pakeHMH Ha puUCYHKY 4.6, HaWOLIbII
BOXJIMBUM €JIEMEHTOM apMaTypH, 110 BIUIMBA€ HA Ta30JWHAMIKY, € TOJOBHa MapoBa
3acyBka. OTpuMaHi pe3ysibTaTH MOKa3yIOTh Pi3Ke MaJAiHHS TUCKY B MICII1 PO3TallyBaHHS
TOJIOBHOI MAapoBOi 3aCyBKH 70 BenuuuHU B 5,96 MIla. [lam tuck 3pocrae 1o 5,99 Mlla.
B kigm 1€l miIgHKA BIAMOBIAHO O MaHMX 31 craHiii 1 Ttabmuid 4.2 BCTaHOBJIEHHUH
ManoMmeTp Ha mno3uilli RA12P02 [11]. Po30DKHICTE MK IOKa3HMKaMU JaT4yMKa 1

OTPUMAHUMH pe3yJIbTaTaMU YUCEIHbHOTO MOJIETIOBAHHS CTAHOBUTD OJIN3BKO 5%.



99

OCTaHHBOIO PO3MIIHYTOIO AUISHKOIO € CTOMOPHO-PETYIIOIOUMN KIlanaH, SKHi
300pakeHuit Ha puc. 4.7. Pe3ynbraTy 4nceNbHOro MOJIETIOBaHHS MOKA3yIOTh BEJIUUYUHY
TUCKY Ha BuUxonl 3 maHoi aurstaku 5,98 MIla. Ha »xans, B maHoMy MicIli BiICyTHI

KOHTPOJIbHO-BUMIPIOBAJIbHI MPUIIAIH.

6.015e+06

B se.06
B s5.985..06
B s5.97c+06

5.9556+06
5.94¢+06

| 5.925e+06
5.91¢+06
5.895e+06
5.88¢+06

Pucynok 4.7 - I'padix magiHHA TUCKY B CTOMOPHO-PETYIIOI0YHOMY KJIaIlaHi.
[TpoBecTn Bepudikallito OTpUMaHUX PE3YNIBTATIB JOCUTH CKIAAHO. AJle BUXOISIH
3 JaHUX, BUKJIaJIEHUX B IHCTPYKIIII 3 eKcIryaTanii, TexuiyHoro onucy Ne 2TI1.0244.TO-
01 [12], Tuck B maHOMy MiCIIi MaponpoBoLy MOBHHEH OyTH Ha piBHI 5,88 MIla. To6TO
PO301KHICTH CTAHOBUTH OJU3BKO 2%.
['pyHTytounch Ha NPOBEACHUX YHCEIBHUX EKCIIEpUMEHTax, Oyiau mnoOyaoBaHi
rpadiku MaiHHS TUCKY Ha KOKHOMY 3 YOTHPHOX MapOIPOBO/IIB MO XapaKTEPHUX TOUKAX

(1-59) Ha po3paxyHKOBHUX cxemax 3 pucyHKiB 4.8 14.9,
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Pucynox 4.9 — Po3paxyHkoBa cxema nmapornpoBo/iiB. TypOiHHE BiTiIICHHS.
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Ha pucynky 4.10 naBeneMo KpuBY MaJiHHS THUCKY Mapu JUisl MApONpOBOAY

YB20WO1 Bix naporeneparopa No2.

Tuck, MNa

640000 .

6,30000 | |-

6,20000 |- 1 Aarame
RRCEY ETT

AaTHmk
Ha MOSMLT

RAIZFOI

Harame
Ha nozuuii - |

6,10000 |-

6,00000 |-

5,50000 |-

5,80000 i ! I 6
1 3 5 7 9 11 13 15 17 1% 21 23 25 27 2% 31 33 35 37 39 41 43 45 47 49 51 33 55 57

TouKH Ha naponpoecgl

Pucynok 4.10 - [Taninnsa tucky B napomposoai YB20WO1 Bix maporenepatopa Ne2.

Sx BugHO 3 pucyHKy 4.10, MOKa3HWKM JaTYMKIB CIIBNAJAIOTh 3 OTPUMAHUMU
JAHUMHU YHUCJIOBUX EKCIEPUMEHTIB, BUKOHAHMMHU Ha 0a3i po3po0JIeHOT MaTeMaTHUYHOT
MOJENI.

Otxe, po3poOiieHa MaTeMaTHYHA MOJCHIb Ta30JMHAMIKH Tedli BOJIOroi mapH II0
00’ eMy TOCIPKYBaHOTO apOMPOBOTY 3 TOCTATHLOIO aICKBATHICTIO Bi10Opaxkae peaibHi
XapaKTePUCTHKU TEIUIOHOCIS Ta MOYKe OyTH BUKOPUCTaHA B MOJAJIBIINX PO3PAXYHKAX JUIs
BU3HAYECHHS HANpPYXEHO-I1e(OPMOBAHOTO CTaHy BHUCOKOTEMIEPATYPHUX €JIEMEHTIB
apopo3MOALIbYOT CUCTEMH TypOIHU Ta BU3HAUEHHS JOBFOTPUBAJIO MILIHOCTI Ta PECYPCY
MeTany.

MiHiMalibHI PO301)KHOCTI M1k €KCIIEPUMEHTATBHUMU Ta PO3PAXYHKOBUMHU JaHUMU
MIATBEPKYIOTh KOPEKTHICTh 3aCTOCOBAaHUX YHCEIBHUX METOJIIB 1 BPaxXOBaHUX
IpaHUYHUX YMOB. Lle cB1TUUTH PO Te, U0 MOJIENb MOKE OyTH BUKOPHUCTaHA HE JIUIIIE TS
aHai3y iICHYIOUHX PEXKHUMIB pOOOTH MApOMPOBOAY, a M AJi MPOTHO3YBAHHSA MOMIJIMBUX

3MIH MapaMeTpiB MOTOKY MPHU Bapiallli HABAaHTaXKEHb a00 MOJIEPHI3aIlil CHCTEMH.
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Ha pucynkax 4.11 — 4.15 300paxkeHi po3NOAUIN TeMIlepaTyp Ta IIBUIKOCTEH MO

JOCIIIKYBaHUX JIITISTHKaX napornpoBojaa eneproonoky Ne2 sig 1IN Ne2 XAEC.

. A Flowvisio -
Pucynok 4.11 - Po3nozin mBuakocteii (a) Ta Temmneparypu (0) B maTpyOkax Bij

naporeneparopa Ne2.

SAx BumHo 3 pucynky 4.11, ge 300paxeni marpyOku Tmopadi Mmapu Bif
naporeHeparopa Ne2 go mapompoBoxy YB20WOl, wMi"imManpHa  MIBHAKICTH
CIIOCTEPITa€ThCS B TYMUKOBIM YaCTHHI MapoIpoBOLY, sika cTaHoBUTH MeHIe 10 m/c. [o
€ JIOTIYHO 1 BIAMOBIZA€ 3aKOHAM T1Ipora3oAuHaMiku. Pi3ke 301IbIIEHHS MBUIKOCTI MO
JAHHIA JUISHIL CIOCTEpITaeThCs B MICII mepexony mnapu 3 marpyOkiB Big IIIT mo
OCHOBHOTO maporpoBofy. [1o xoxy natpyOkiB (1o pyXy napu) MBUAKICT 301TBITYETHCS.

Temneparypa Ha JaHHIN JUISHII Ma€ HaWMEHII MOKa3HUKU TaKOX B TYMUKOBIN
30H1, a HAUOIIBIIT 3HAYEHHS CIIOCTEPITraloThCs HA TIEPEXO/l A0 HACTYITHOI AUISTHKH, IO €
[IJIKOM JIOTTYHHM.

Takuii po3moAiI MBUAKOCTEHN MOSICHIOETHCS HAKOTIMYCHHSIM TIapH B 3aMKHEHIH 30H1
TYIUKOBOI YAaCTHHH, IO 3HWXKYE 11 KIHETHYHY €HEeprito. Y MiCIl Nepexoay mnapu 3
naTpyoKiB y MariCTpajJibHUI TapoIpoBiJl CIOCTEPIracThCsl 3BYXKEHHS TMOTOKY, IO
BIJMOBIIHO TPHU3BOAUTH J0 HOro MPUCKOPEHHS 3TIHO 3 PIBHSHHSIM HEPO3PUBHOCTI.
AHaJIOT1YHa KapTHHA CIIOCTEPIraeThes 1 JUIs TeMIlepaTypu — ii MiJABUIIECHHS B MICIIX
IPUCKOPEHHS MOTOKY CBITYUTH MPO MEPETBOPEHHS YACTUHU MOTEHIIIIHOT eHeprii mapu B

KIHETUYHY.
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a
Pucynok 4.12 — Poszmoain mBuakoctei (a) ta Temmneparypu (6) B TpiHHUKaX

nigkmtodeHb Biaramyxenb qo [IK I1I ta IITPTI-A, ITIPIT-K.

JlinsgHKa mapomnpoBoy, sika 300paxeHa Ha puc. 4.12, mae TPIHHUKHU MIKITIOYCHHS
BIJITATYKEHb JI0 TApOreHepaTropa 1 MIBUIKOIIIOUOTO PEAyKIIMHOTO MPUCTPOIO, SKUH
CKHJa€ mapy B atMocdepy 1 KOHIeHcaTop B pasi aBapiiHux cutyamiil. [Ipu anamisi puc.
4.3. cka3zaHo, II0 Taka CXeMa MOTOKY TeX BHOCUTh KOPEKTHBH B T'a30JIMHAMIKY MapH:
HAWOUIBIIN TOKA3HUKHU IIBHUJIKOCTEH Ta TEMIEpaTypH CIIOCTEPIraloThCs MO JOBKHUHI
OCHOBHOTI'O TIapOMPOBOJTY, @ HAUMEHIII B TPIHHUKAX M1 AKITFOYEHHS, 1[0 JJOT1YHO, OCKIJIbKH

MaKCUMaJIbHI ITOKa3HUKH TUCKY CHOCTepiFaJ'II/ICI) caM€C B TplﬁHHKaX

Pucynok 4.13 - Temmeparypa Ta mBHIKICTH Yy Biaciunomy kmamani I1I3BK 3

IMOBOPOTOM 1 3BOPOTHUM KJIAITAHOM.
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Ha pucynky 4.13 300pakena qiistHKa TaporpoBO1y, 1€ BCTAHOBJICHI /1BA KJIATIAHU:
B1JICIYHHI Ta 3BOPOTHIH.

TemnepaTtypa mo BCiii AUIAHII Ma€ OJHE 3HAYCHHS, OKPIM MiClii BUTHUHY O1Jis
BHYTPIIIHBOX CTIHKH MaponpoBoAy. TaMm BoHa Jienio 301IbIIy€eThCsa. A 011 30BHIITHBOT
CTIHKH 3MEHIITY€ThCS.

[IBuAKICT, B AOCTIHKYBaHIN IUISHIN HE 3aJCKHUTh MaiKe HISKUM YHHOM BiJl
BCTAHOBJICHHS KJIanaHiB. MakcUMallbH1 TTOKa3HUKH IIBUIKOCTI CIIOCTEPIratoThCs B MICII
BUTHHY O1J11 BHYTPIITHBOI CTIHKH, @ MIHIMQJIbHUX — OLJIs 30BHIIIHBOT CTIHKH.

OtpuMaHi AaHl IUIKOM JIOCTOBIPHI, OCKUJIBKHM 3a 3aKOHAMH T1IpOTa30uHaMIKU
TUCK Ta MIBUAKICTh B3a€EMOOOCpHEHI 1 3ajekHl BenquuMHd. Tuck Ha puc. 4.4 OyB

MaKCUMAaJbHHUI B MICITl BUTHHY OiJ1 30BHIIIHBOI CTIHKH, a 3 MBHUAKICTIO BCE HABIAKH.

5.7793
0.04355

a 0
Pucynok 4.14 — IIBuakicte (a) Ta Temneparypa (0) B MOBOPOTI MapoNpoOBOAY 3

TPIAHUKOM IIJKJIFOUYEHHSI TAPOBUX HAMIBKOJEKTOPIB.

Ha pginsHIl mOBOPOTY MapompoBOAY 3 TPIMHUKOM TMIAKIIOYEHHS TMapOBUX
HaIBKOJIEKTOPIB, 10 300pakeHO Ha puc. 4.14, MBUAKICTH CSIra€ MaKCUMAJIBHUX
MOKa3HMUKIB, 3HOBY K TaKH, B MICIllI BUTUHY 01151 30BHIITHKOI CTIHKH MapONpPOBOIY, a
MiHIMaapHUX B Mmicili BiaBeaeHHs napu ao CIIII. TemmnepaTypa Takox Mae Jemio pi3Hi
MOKa3HUKHU B 3a3HAYEHUX MICIISIX.

Ha ninsxui, mo 3o0pakeHa Ha puc. 4.15 Ha MBUAKICTH HaWOUIbIIE BIUIMBAE
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HasIBHICTh TOJIOBHOI mapoBoi 3acyBku. Ha puc. 4.6 300pakeHi po3MOJIN TUCKIB, K1 €
MaKCHMaJIbHUMHU B THX JUISHKAaX, /e MIHIMAJIbHOIO € MIBUAKICTH 1 HaBmaku. [lepemnan

Temreparypu Menui, Hix 1°C.

0
Pucynox 4.15 - llIBuakicts (a) Ta TemrepaTtypa (0) B MOBOPOTI MapoOMpPOBOAIB 3

T'OJIOBHOI ITAPOBO]I 3aCYBKOIO.

[IpaBUnbHICT OTPUMAHUX PO3MOAUINIB THUCKY MIATBEPIKYEThCS 30iroM 3
OTPUMAaHMMH JAHUMHU 3 JATUYMKIB CTaHIlli. Po3ymitoun 3aKoHM TiApOra3oJvHaMiKd, Ta
3HAIOYH, IO THUCK 1 MIBUIKICTH OOCPHEHO B3a€EMO3AJIC)KHI BEITUYMHH, MOKHA 3POOUTH
BHUCHOBOK, IO JaHi IOAO0 IIBUAKOCTEH TaKOXX MpaBWIbHI. A TeMmIiepaTypa BIPOJIOBK
BCi€i JIOBXMHM MApONpOBOAY 3HM3MIach MeHm, HiK Ha 2°C, M0 NOSCHIOETBCS
TEIIO130JIAIIIE0 JOCIIII)KYBAHUX €JIEMEHTIB.

Posnoainy mBuaKocTel Ta TEMIEPATyp B CTONOPHO-PETYIIIOI0YOMY KJIamnaHi, SKHUi

€ HaCTYMHOIO JOCIiPKYBAHOO AUISHKOI0, OYAYyTh PO3TJISIHYTI B HACTYITHOMY PO3JILI.
BucHoBku 10 po3aiay 4

1. VY mpoueci IOCTIPKEHHS Ta30MHAMIKK MapoOpO3MOJUIbUOl CHUCTEMHU
eHepro0oky Ne2 Xmenbauiibkoi AEC OyJio mpoBeieHO YhceIbHE MOICIFOBAHHS Teuil
BOJIOTOi TMapu MO MariCTpallbHUX MaporpoBOJaX 3 BUKOPUCTAHHAM MPOTPaMHOTO
komriekcy FlowVision 3.12.01. Po3pobrnena maremarndHa MOENb Ta30WHAMIKH

BOJIOTO1 MTapH, 3aCHOBaHAa Ha METO/I1 KIHIIEBUX 00'eMiB, aJIeKBaTHO BiJJOOpakae peaibH1
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XapaKTepUCTHKU TEIJIOHOCIS. B OCHOBY MOJAENIOBaHHA TOKIAJEH] pPIBHSIHHS
30€peKEHHS MacH, €Heprii Ta IMIYJbCY, IO JO3BOJHIIO OTPUMATH TOYHI PO3IMOIIIH
HIBUAKOCTEH, TEMIIEPaTyp 1 TUCKY.

2. 3 METOI0 CKOPOUYEHHS Yacy Ta PECypcCiB JAOCTIIKYBAIUCh OKPEMI JIUISTHKH
aponpoBOAY, SIK1 1ICHTUYHI JJIs1 BCIX YOTHUPHOX Marictpanei. Takuit miaxiz 103BOJIHB
OTPUMATH y3arajbHEH1 BUCHOBKH IIOAO PO3MOALTY TUCKY, TEMIIEpaTypH Ta IIBUAKOCTI
napu 0e3 HeoOX1JHOCTI MOJCITIOBAHHS BChOTO KOMILIEKCY MapOIpOBO/IiB.

3. BcranoBieHo, 110 MaKCUMaIbHI BTPATU THCKY CIOCTEPIraloThes y 30HaX
BUTHHIB MapONpPOBOJIB Ta B MICISIX BCTAaHOBJIEHHS apMaTypu, OCOOJMBO TOJIOBHOI
napoBoi  3acyBku. Posmoain  mBHIKOCTEH Ta  TemmepaTypu — BiANOBLIAe€
3aKOHOMIPHOCTSIM Ta30[IMHAMIKU: Y MICUSAX PO3LIMPEHHS KaHAIy CIOCTEPIraeThCs
3HWKEHHS HIBUJKOCTI, Y MICISIX 3BY>KE€HHS - i1 301IbII€HHs. TUCK y TYNIHMKOBHUX 30HaX
JOCSITa€ MaKCUMaJIbHUX 3Ha4eHb (6,37 MIla), 1110 MOBHICTIO BIANOBIJIa€ TEOPETUUHUM
YSIBJICHHSIM TIPO TOBEAIHKY MOTOKY B 3aMKHYTHX CHCTEMaXx.

4, BcTanoBieHi 3HauHI MaAiHHSA THCKY B MICHSX MAKIIOUCHHS BiATalyXKeHb
JI0 TIAPOBHUX KOJIEKTOPIB Ta IIBHAKOMIIOYOI pEeIyKLIMHOI ycTaHOBKHU (10 6,27 MIla).
Haii6inpiie maminas Tucky (1o 5,96 Mlla) cnioctepiraeTbCcsi B MICISIX BCTAHOBJICHHS
TOJIOBHOI MapoOBOi 3aCyBKH, IO MiJTBEPHKY€E BIUIMB apMaTypy Ha XapaKTEPUCTUKH
NOTOKYy. Bepudikaiiss 4uceabHUX  PO3PAXyHKIB 13 JaHUMU  KOHTPOJIBHO-
BUMIPIOBAJILHUX TPHUJIAJIB, PO3TAIIOBAHWX HA MAapOMpoBOJax eHeproosoky No2
XMeNbHUIIBKOT aTOMHOT €JIEKTPOCTaHIIl1, ToKa3ana BIIXUIEHHS B Mexax 1-5%, 110 €
MPUIHATHUM JJISI TAKUX PO3PaxXyHKIB.

d. [IpoBenene wumcenbHE MOJETIOBAHHS Ta30MHAMIKH TApOIPOBO/IIB
JI03BOJIMJIO OLIIHUTH MOTOYHI XapaKTePUCTUKU MOTOKY. Takok Ha OCHOBI OTPUMAaHHUX
PE3yNbTATIB MOKHA PO3POOUTH IMiIX1]] 10 MPOTHO3YBAHHSI MOBE/IIHKY IMApH B peaTbHUX
yMoBax ekcruryaramii. OTpumani pe3yJbTaTh MOXYTb OyTH BHUKOPUCTaHI JJIst

MOAAJBIINX JOCIIKEHb HAMIPY>KEHO-1€(OPMOBAHOTO CTaHy €JIEMEHTIB MapOIPOBO/IIB.
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PO3/ILJI 5. HAIIPY)KEHO-JIE®OPMOBAHWI CTAH PETYJIIOIOUOI'O
KVIAITAHA EHEPI'OBJIOKY Ne2 XAEC

CTONOpHO-PETyMIOI0YNI  KJIanaH MPU3HAYCHUH IS JPOCEIIOBAHHS TapH, IO
NoJa€Tbcsl B TYypOiHY, 1 IS IIBUJAKOTO TMEPEKPUTTS HAAXOMHKEHHS Mapu y pasi
CIparbOBYBaHHS 3axHCTy a0o BIUIMBY omeparopa. 3akputTsi CK mepexkpuBae Takox
HAJIXODKCHHS TOCTPOI Mapu Ha 00IrpiB 2-T0 CTYIEHS cenaparlii Ta meperpiBy mapu.

3 Touku 30py HaniHocTi, CPK ckiamaerbest 3 IBOX KIIallaHiB, PO3TAIIOBAHUX
TIOCJTITOBHO: CTOIIOPHOTO Ta PETYIIOBAIbHOTO. BogHOUAC 3a BTpaTH THCKY B MOBHICTIO
BIJIKPUTOMY CTaHI Ta 3a 3aXapallleHHs MPOCTOPY Mall3ally BiJNOBIAA€ OJUH KJIamaH.

B nmanomy poszmini Oyae po3risiHyTO ra3ouHaMIYHI MPOLIECH Ta HaIpPY>KEHO-
nehopMOBaHUI CTaH PETYJIOIYOro KiamaHa CHUCTEMH Mapopo3moaily XMETbHHUITBKOT
atoMmHOi enektpoctanilii (XAEC) enepro6moky Ne2 Bing naporeneparopa (I117) Ne2.

Takox Oyae mNpeAacTaBiIeHUN pO3paXyHOK TPAHUYHUX YMOB TEIJIOOOMIHY
BIIMOBIAHO 70 POOOYMX TEXHIYHUX JOKYMEHTIB, SKI PErjJaMEHTYIOTh IOJ10H1
JOCITIKEHHS. By 1yTh IOpIBHSHI pe3yIbTaTH 3a JIBOX CIIOCOO1B pO3paxyHKY TEIJIOBUX Ta
Harnpy>XeHO-1e(OpMOBaHUX CTaHIB KJamaHa. Takox Oyjae MpOBEICHUN KOMIUIEKC PoOIT
JUTSL PO3PAaXyHKY HaNpPyXEHO-Ie(POpPMOBAHOTO CTaHy KJaraHa, 0 PO3TJISAA€ThCs, 3

BpPaxyBaHHSM ITapOBOTO CHUTA.

5.1 Po3paxyHOK ra3oAMHAMIKH PeryJi04oro KjianaHa

Ha puc. 5.1 mnpeacraBieHa MoOJ€lb CTOMNOPHO - PETYNIOKYOTO KianaHa
eHepro6soky Ne2 Bix I1I" No2 Xwmensaunskoi AEC [11].

MaremaTuyHa MOJIENb JOCTIHPKEHHS ra30JuHaMIYHUX MPOIECIB BKIIOYAE 3aKOHU
30epeKeHHs eHeprii, MacH, IMITyJbCY, PIBHSHHS CTaHy PiAMHU abo rasy, a TakoX pi3HI
3aMHKa0ul CIIBBIAHOIIEHHS, TPAHUYHI Ta MOYaTKOBI YMOBH. PO3B’s13aHHS LIUX PIBHSIHBb
0a3yeTbcsl HA METOJI KIHIIEBUX 00’€MiB, sIKHW nepeadayvae iX IHTETpyBaHHS B Mexkax

00'eMiB KOMIPOK PO3PaxXyHKOBOi CITKH. Y TIPOIECl 1HTETpYBaHHS BCEpPEIUHI KOXKHOI
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KOMIpDKH 3JIHCHIOEThCS TMIJACYMOBYBAaHHS TOTOKIB MacH, IMIIyJlbCy, €Heprii Ta

TypOyJICHTHUX TTapaMeTpiB, pO3paxOBaHUX Ha 11 TpaHsX.

Pucynox 5.1 — Cronopuo-perymtorounii kinaman eneprooiaoky Ne2 XAEC.

B tabmuui 4.1 (po3ain 4) HaBeieH1 napaMeTpH, sIKI TPUIMMAIKNCh B IKOCT1 BUX1THUX
1 TpaHWYHUX YMOB, OTpuUMaHi 3 XMEJIbHUIBKOI AaTOMHOi EJEKTPUYHOI CTaHIl1
eHepro0oky Ne2.

YucnoBi €KCIIEPUMEHTH M0 JTOCIHIHKEHHIO Ta30JMHAMIKK PETYIIOIY0ro KianaHa
Typ6inu K-1000-60/3000 Gynu mpoBeneHi 3a JOMOMOTO0 JIIEH31THOTO MPOTPaMHOTO
komiutekcy Flow Vision 3.12.17.

V it 331241 HEOOX1THO BUBHAYUTH PO3MOILI MIBUIKOCTEH, TEMIIEPATYP 1 TUCKIB Yy
noToii. Po3paxyHOK BHKOHYBAaBCS Yy TPUBUMIPHIM CTalllOHApPHINA TOCTAHOBIL 3
BUKOPUCTAHHSAM MOJIEJNI MOBHICTIO CTUCIMBOL PIUHHU.

[Tin yac momepenHix oOYMCIIEHb OyJlIM CKOPUTOBaHI MapaMeTpu PO3paxyHKOBOI
MOJIeNi, 30KpeMa 4acOBHM KPOK 1 YMOBH ajamnTallii CiTKH, 110 JO3BOJIMIO MiIBUIIUTH
TOYHICTh PO3PAXYHKIB 1 JOCITTH JOOPOTO Y3TOKEHHSI 3 EKCTIEPUMEHTAILHUMU JJAHUMH,
OTpUMaHUMH O€3MOCePeTHHO Ha CTAHIII].

Y  pe3ynapTaTi  JOCHDKEHHS ~ OTPUMAHO  NOpocTOopoBy  3D-cTtpykTypy

ra3oMHaMI9YHOTO MOTOKY, PO3MO LT MBUIKOCTEH, TEMIIEPATYPHUX OB 1 TUCKIB.
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[IpoBenenuit aHasni3 YMCENIbHOTO MOJEIIOBAaHHS HA/IaB 3MOTY ACTAbHO JTOCIITUTH
razofnMHamMigH1 0cOOJMBOCTI pyXy BOJIOTOI apu B maporpoBojax. Kpim Toro, yucenbHi
PO3paxyHKH J03BOJMIN OL[IHUTH BIUIMB T€OMETpii KilanmaHa Ha CTPYKTypy HMOTOKY, IO €
BYKJIMBUM JIJIS OTITUMI3allii KOHCTPYKIIil Ta M1BUILIEHHS €(pEKTUBHOCTI POOOTH CUCTEMHU.

PesynpraTté po3moainy THCKY, TEMIIEpaTypyd Ta IMIBUIKOCTEH Yy TOB3IOBXKHIX 1
MOTIEPEYHUX Tepepizax KianaHa B CTAIlIOHAPHOMY PEXHUMI MpeCTaBieHl Ha puc. 5.2 —
54.

Ha puc. 5.2 BunHO, 1110 MakCUMaibHI THCKH 30CepEKEHI Ha BXO/I1 B TaTpyOOK Ta
B 30HI 3aMipHOI Yallll IITOKa KJIaraHa, Je BiI0yBaeTbCs pO30UTTS MOTOKY MapH.

JUis Kpamoro po3yMiHHS (OpPMYBaHHS BXIJIHOTO TIOTOKY B TOIEPEIHbOMY
CJIEMEHTI MMPOTOYHOTO TPAKTY Ha puc. 5.4 (6) moka3aHi pe3yJbTaTi PO3MO LTy IIBUIKOCTI
B KJIamnaHi. Bizyani3aiis cTpykTypH Teuli y BiICIKY peryJoroUoro KianaHa rpeicTaBieHa

Ha puc. 5.4 (a).

Tuck, ITa

6.03e+06
6.015e+06
B ce-05
B s5.985..06
B s5.97c.06
5.9556+06
5.94e+06
| 5.9250+06
5.91e+06
5.8956+06
5.88e+06

Pucynox 5.2 — Po3noiis1 THCKY B IPOTOYHOMY TPaKTi KjlanaHa.
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Temneparypa [nap)

275.77
275.53

Bl 27529
B 2506
B 27482

274.58
274.34
2741

PAER
273.62
273.39

Pucynox 5.3 — Po3moais Temneparypu npu CTaiiioHapHOMY PEKUMI B TPOTOYHOMY
TpakTi PK.

30HU, € BiIOYBA€THCSA MPUCKOPEHHS MOTOKY MapH, pO3TAIIOBaHI MIX 3aIlipHOIO
Yaliero Ta CiAJI0OM KJlaraHa.

VY cramioHapHOMY peXHMi pOOOTH CTPYKTypa MOTOKY B MapOBIYCKHOMY TPakKTi
Ma€ BUXPOBHI XapakTep.

Konctpykitis CPK 3 ogHOCTOpOHHIM O1YHUM MiJIBEICHHSM IMapy A0 KIIAlaHHOT
KOPOOKH MPU3BOAUTH A0 HEPIBHOMIPHOCTI TAPOBOTO MOTOKY MEPE BXOOM y KIanaHHUI
KaHaj. Takuil MBI NOPYLIYE OCbOBY CUMETPIIO TeUil B MPOTOYHINA YacTUHI audy3opa
Ciiyia, 0 BUKJIHMKAE BIAPUB TOTOKY Ta (OpMyBaHHS HUPKYJIAMIAHOI Tedii, ska maii
PO3BUBAETHCS B KOPOOII KJlarmaHa.

HepiBHOMipHUI MOTIK BIUIMBAE HA METaJ KOPITYCY KJIallaHHOI KOPOOKH, 0 MOXKeE
NPU3BECTH JI0 HETATUBHUX HACIIJKIB, TAKUX SIK BUHUKHEHHS BUXPOBHX 30H.

AHani3 CTpYKTypH MOTOKY B MPOTOYHOMY TPaKTI1 KJlamaHa MoKa3ye, 0 BUXOPH B
NPUCTIHHUX 30HAX BHHUKAIOTh Yy THX CAMHUX MICUAX TPU PI3HUX PO3PAXYHKOBUX

pexuMax.
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Ckopoctb

70
63.5

|

B sos

B
375
31
245
18
115
5

a 0
Pucynoxk 5.4 — Bizyamizaiis ninii notoky B Tpakti PK (a); po3noain mBugkocren

IIPU CTAI[IOHAPHOMY PEXKHUMIi B IPOTOYHOMY TPAKTI KJIamaHa.

[Tpu makcumanbHoMy Binkputti CPK B 3a30pi Mixk 3amipHOIO Yaliero Ta CijoM
CIOCTEPIraeThCsl 3HAUYHE MPUCKOPEHHSI MOTOKY. Y TAaKOMY peXHMI Tedil Ta pi3KOMy
301IBIICHH] MPOXIAHOI IMJIOLII B KJIAIAHHOMY KaHalll HEMUHYYe BITOYBAa€ThCS BIJPUB
MOTOKY SIK BiJ po(iIbHOT MOBEPXHI 3amipHOi Yalli, Tak i BiJ moBepxHi ciana. OcHOBHA
YacTUHA NMPKYJAIIAHOT Teuil dopmyeTbes B Audy30pHIM yacTUHI cimma 3 OOKy
MiBITHOTO TaTpyOKa KiamaHa, JIe TMOTIK Ma€ HaHOUIBITY JIOKAJbHY MIBUAKICTh. TaKuit
MIOTIK TIOTpaIuIsie B KOPOOKY KIIarana, Ae MijIsarae J0IaTKOBiH TypOyi3alnii uepe3 BIUIMB
ycryny 3a audy30poM Ta MOAAJbIIe pi3Ke 30UIbLICHHS MPOXIJHOTO Mepepidy B HOro

MATIHAPAYHIA YaCTHHI.

5.2 Po3paxyHOK TpaHHUYHHUX YMOB TeIUIOOOMIHY KJIallaHA 32 KJIACHYHOIO

PO3PaxXyHKOBOI0 METOIY

Koedimientn  TemmoBigmadi o  OOYHCTIOBAIMCSA 32  KpUTEplaIbHUMH
3anexxHocTsaMu. Ha iHmmx moBepxHeBux pedpax moxeni I'Y III poxy mepedyBanmu 3

BUKOPHUCTAHHAM JIIHIHHOT 1HTepnofsauii. Ha moBepxHi 0CbOBOI MPOTOYKH 3aJaBalHCs
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YMOBH BIJICYTHOCTI TeIJI000MiHY. /{7151 peskumy mpocToro TypOoarperaTy, BiIlIOBITHO 10
PTM, 3agaBanucst TaK0 YMOBH TEILIO130JIA1111 1O BC1H MPOTOYHIM YaCTHHI.

Ha mepmioMy etarmi nepeBipoyHOT0 po3paxyHKy po3po0ieHa METONKA CTBOPECHHS
MIPOCTOPOBUX KOHCTPYKIIIM €JIEMEHTIB TypOOMAIIMH 3 3aCTOCYBaHHSM TMPOTPaAMHOTO
npoaykty Solidworks miis CPK.

[Tpu moxemioBanHi reomeTpii CPK B mpoiieci nepeBipoyHOro po3paxyHKy 3MiH B
MIPOEKTHY KOHCTPYKIIiIO 3aBOIY-BUPOOHUKA HE BHOCHIIOCH.

Buxonsun 3 anamizy razoguHaMiKk Mapu B TPOBEICHOMY paHIIlle YUCIOBOMY
EKCIIEPUMEHTI, 1110 BPaXOBYE MEPEMIIIIEHHS BOJIOTOi Mapy B IPOTOYHOMY TPAKT1 CTIIOPHO-
pEryjIoydoro kiamaHa OyJio JUCKPETU30BAaHO BHYTPINIHIM 00°€éM KiamaHa Ha 5
XapaKTEPHUX 00JIaCTEN.

HaBeneno reomerpuuHy MoJieNb KjamaHa 3 XapaKTEePHUMM 30HAMH, IS SIKUX

3a/laBaJIMCA 3HAYECHHSI TEMIEPATypH, TUCKY 1 BU3HAYAIMCA KOE(PIUIEHTH TEIUIOBIIIadi

(puc. 5.5).

Pucynox 5.5 - Cxema po3ramryBaHHs o001acTel po3paxyHKY KOe(IIli€HTIB
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TETUTOBIIadi IO TOBEPXHI peryirorodoro kiamana typoinu K-1000-60 / 3000.
Pe3ynbraTi po3paxyHKy rpaHUYHUX YMOB TEIJIOOOMIHY 3BeJIeH1 /10 Tabymii 5.1.
Tabmuns 5.1 — Pesynbratu po3paxyHKy TpaHUYHHX YMOB TEIJIOOOMIHY st

perymorodoro kinanana Typoinn K-1000-60/3000.

Oo6nactb [ToTyxHictb, N MBT 1000
Temneparypa, T K 546,4
I Koedinient temnosignadi, o Br/m?-K 43530,52
Tuck, p I[a 6087968,3
Temneparypa, T K 546,4
1| Koedimient temiosimgnadi, o Br/m2-K 4167,47
Tuck, p I[a 6027088,6
Temneparypa, T K 546,4
11 Koedimient temiosimpnadi, o Br/m?-K 16750,689
Tuck, p I1a 5966817,8
Temneparypa, T K 546,4
v KoediuieHT Temnosigmayi, o Br/Mm? K 61729,217
Tuck, p [1a 5844449,6
Temneparypa, T K 546,4
V Koedimient Temiosimiayi, o Br/m? K 15347,732
Tuck, p ITa 5727560,6
VI [Tnoma TenIoBoro MoToKy, g B1/m? 381,68

[Ipu pospaxyHkax o s PI3HUX TIOBEPXOHb BUKOPHUCTOBYBAJIWCS HACTYITHI

PIBHSIHHSL:

e QOOmacti I, II1, IV, V 1a VI:
Paniyc po3paxyHKOBOTO TMEpPETHHY Y3SITHH, SK BH3HAYaJIbHUU pajiyc.

BuzHauanbHOIO TeMnepaTyporo € TeMiieparypa cepeaoBuiia. BusHayanbHa MBUAKICTD -
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HIBUKICTh HAa JaHOMY pajiyci. Po3paxyHkoBa ¢popmyna Ma€e Takuii BUTIISI:

Nu = 0,27 -Re®8-Pr43, (5.1)
Peitnonbac: Re = W;rz ! (5.2)

e O6nacts II:
Nu = 0,06 -Re%8-Pr4, (5.3)

HaCTyrIHI/IM cTalloOM 6y,[[€ HOpiBHHHHﬂ TETJIOBHX CTaHIB PETYIIIOOYOI0 KJilallaHa

IPU PI3HUX METOAMKAX PO3PaXyHKY Ta30JUHAMIKU Ta TPAHUYHUX YMOB TEIJIO0OOMIHY.

5.3 AHaJii3 TenJI0BOro CTaHy pPeryJyoro KjianaHa

B nmiaposzainax 5.1 ta 5.2 6yB onucanuil po3paxyHOK ra3oMHaMiKi Ta TPAaHUYHUX
YMOB TEIJIOOOMIHY Ta HaBEJEH1 pe3yabTaTH. 3 BUKOPUCTAHHSIM OTPUMAaHUX JlaHUX OyB
nopaxoBaHuM TeruoBui cran metaiy kopiyca CPK eneproosioky Ne2 XAEC.

Ha puc. 5.6 ta 5.7 300paxkeHuii TEIJIOBUIA CTaH CTOIIOPHO-PETYIIIOI0YOro KiarnaHa

34 JOIIOMOT OO KJIaCMYHOTI'O METOY.

Temp (Celsius)
2,729e+02

2,689 +02

L 2,649402

. 26006402

| 2569402
' 25296402
| 2,489 402

L 2,449 402
2,409 +02

2,360 +02

2,329e+02

Pucynox 5.6 — TenoBuii cTaH CTONOPHO-PETYJIOI0YOT0 KianaHa Mpu po3paxyHKy
IPaHUYHUX YMOB TEIIOOOMIHY KIIACHYHUM METO/IOM Yy PO3pi3i.
BukopucTtaBim pe3yapTaTi ra3ouHaMiku, onucadi B 1.5.1. Oyyo nmopaxoBaHo Ta

OTPUMAHO KOE(III€HTH TEIJIOBIAAa41l. 3a IMMH JAHUMH TaKOXK 0YyJI0 OTPUMAHO TETTIOBUH
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CTaH peryiroYoro KianaHa, 300paxxeHuit Ha puc. 5.8.

™

Temp (Celsius)
2,720 +02
2,689 +02

. 2,640e+02
. 2,609e+02
2,569 +02
2,520e+02
2,480 +02

L 2,440e+02
2,400 +02
2,360 +02

2,320 +02

Pucynok 5.7 — TennoBuil cTan MeTally KJarnaHa py po3paxyHKy FPAaHUYHUX YMOB

TEIJI000MIHY KJIacMYHUM MeTojoM B 3D ¢opmari.

m

Temneparypa(me...

275

255.2

B 254

W 255

195.8
176

| 156.2

| EEY

1166
36.8

Pucynox 5.8 - Temnosuii ctan merany CPK mpu po3paxyHKy ra3ouHaMmiky 3a
nonomororo [TK Flow Vision 3.0.
3 puc. 5.6, 5.7 Ta 5.8 4ITKO BUAHO PI3HUIIO TEIUIOBHX CTAHIB OJHOTO 1 TOTO X

KJIalmaHy MPHU OJTHUX 1 TUX K€ yMoBax. Lle MosCHIOEThCS TUM, 110 B MOJIEII Fa30/IMHAMIKH,
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B MIPUCTIHHINA 00JIaCTi KJIallaHa BUHUKAIOTh 30HU BUXPOYTBOPEHHSI 1 MABUIIICHOTO THCKY
K1 BUKJIUKAIOTh PO3TPICKYBaHHS MOBEPXHI KOPIYCY KilanaHa. 3a JOMOMOT Ol KIaCHYHO1

MCTOJMKHU L€ BpaxXyBaTHU HCMOKIIUBO.

5.4 Po3paxyHOK HanpyxeHO-1eOpMOBAHOIO CTAHY CTONOPHO-PEryJ0I040ro

KJIallaHa

Ha pmanomy erami paxyBamacs HeCTalllOHapHA 3a/ada TEIUIONMPOBIIHOCTI 3
BUKOPUCTAHHSAM TEMIIEPATYPHOTO MO B SKOCTI MOYATKOBUX YMOB. JIJisi MOpiBHSIHHS
Oyno pospaxoBano HJIC 3 BHUKOpUCTaHHSM TEMIEPATYpHOTO IOJs, OTPUMAHOTO
KJIIACHYHUM PO3PAaXyHKOBUM METOJOM Ta 3 BUKOPUCTAHHSIM TEMIIEPATyPHOTO ITOJISI, IO
orpumane mnpu BukopuctanHi IIK Flow Vision. Hampyxeno-nedhopMoBanuii crtaH
Koprnycy kjianaHa ¢opMmye CyMicHa [l TEMIIEpaTypHUX HANpyKeHb 1 HANPYKEHb BiJ
tucky. HJIC perymntorodoro knanany eneproosnoky Ne2 XAEC Bix maporenepatopa Ne2
1o muiiHapa Bucokoro Tucky TypOinu K-1000-60/3000, mo nmpencrasieno Ha puc. 5.9

IMOopaxoBaHO 3a JOIMOMOI'OI0 KIIACUYHOI'O MCTOAY.

won Mezes N/ D)
1,230 +08
l_ 1087408
. 9140407
. 8807
70007
6,900 +07
O 5.922e 407
| A535e007
3,660¢407
1,600¢ 407

5,360 +03

Pucynok 5.9 — HIC CPK eneproomoky Ne2 XAEC Bix III" No2, mopaxoBanmii
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KJIACUYHUM METOJIOM.

Takox HampykeHO-Te(hOpMOBaHUN CTaH CTOMOPHO-PETYIIOIUYOTO KIamaHy
enepro6ioky Ne2 XAEC Bin naporeneparopa Ne2 fo 1utiHapa BUCOKOTO TUCKY TypOiHU
K-1000-60/3000, mo mnpenacraBieHo Ha pwuc. 5.10 mopaxoBaHO 3a JOMOMOTOIO
PO3pO0ICHOI METOIUKH, IO 0a3y€ETHCS HA BpaxXyBaHHI Ta30IMHAMIKY T€4ii BOJIOTO1 MapH.

AHani3yroun po3paxoBaHUI HANpyXeHO-Ie(hOpPMOBAaHUIN CTaH JIBOMa CHOCOOaMuU
(puc. 5.9 — 5.10), cuig 3a3HaYUTH, HANIPYXKEHHS TIpeJCTaBlieHe Ha puc 5.9 Habarato
oinpme, HiXK Ha puc. 5.10. Ile 3yMOBiI€HO TUM, IO MPU KIACHYHOMY PO3PaxXyHKY
TPAaHUYHUX YMOB HE MOKJIMBO BpaxyBaTH BHXPOBI CTPYKTYpH Teuli BOJIOTOi mapu B
kianadi. Ha pucynky 5.10 Hanpy’keHHS B IPUCTIHHIN 30H1 HE CYTTEBI.

SAxmo 3piBHATH Ppe3yJdbTaTH PO3PAXyHKY Ta30JWHAMIKM 3 pe3yjibTaTaMu
pO3paxyHKy HaIpy>KeHO-1e(OpPMOBAHOTO CTaHy TO HAMNpPyKEHHS MPUCYTHI B MICIISIX

KPIIUICHHS BX1JTHOTO MaTpyOKa Ta Cijjia KjiamnaHa.

won Mises (Nfm”2)
9,870 +07
l 8,883e+07
- 7,896e+07
- 6,909 +07
. 5922e+07
4,035e +07

, 3,948e +07

. 2,961e+07

1,974e +07

0,873e+06

3,480e +03

Pucynox 5.10 - HJIC CPK enepro6mioky Ne2 XAEC Bin I1I" Ne2, po3paxoBanuii 3

BpaxyBaHHSIM I'a30IMHAMIKHU.
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CMITMBO MO’KHA MPOTHO3YBATH, 110 30HU PO3TPICKYBAHHS METaNy BiIOYAYyThCS B
MICIISIX, JIe¢ TPHUCYTHI BUXOpU MOTOKY (puc. 5.4). Ile mosCHIOETBCSA TUM, IO B MOJENI
ra3oJlMHaMiKH, B TPHUCTIHHIN 00NacTi KjianaHa BUHUKAIOTh 30HU BHUXPOYTBOPEHHS 1
M1JBUIIEHOTO TUCKY SIKI BU3UBAIOTh PO3TPICKYBAHHS MOBEPXHI KOPIYCY KJlanaHa.

Pesynbratu po3paxyHKy Hampy>KeHO-1e(OpMOBAHOTO CTaHy IOKa3yloTh, IO
MakcuMaibH1 HanpyxeHHs (98 MIla) BUHHKAIOTh y 30HaX KPIIJICHHS BX1AHOTO MaTpyoOka
Ta ciyia kinanaHa. OCKUTbKM MeKa MIITHOCTI MaTepiaily KiamaHa ctaHoBuTh 720 Mlla,
MaKCHUMaJbHI PO3PaxyHKOBI HANpy>KEHHS HE € KPUTUYHUMHU. TakuM YMHOM, CTaTUYHA
CKJIa/I0Ba MOIIKO)KYBAaHOCTI METaly HE Ma€ 3HAYHOI'O BIUIUBY HAa MOro JOBTOTPUBAILY
MIIIHICTb.

BHacnilok BUHUKHEHHS BUXOPIB y BHXIJHIM MPOTOYHIA 4YacTUHI KJamaHa
CIIOCTEPIraloThCsl IIUKIIYHI KOJIMBAHHS TUCKY B MPUCTIHKOBIN 30HI1, 10, B CBOIO YEPTy,
NPU3BOIUTH JIO MiJABUILIEHHS MUKIIYHOI MOIIKOKYBAaHOCTI METaIly KOPIIYCY B TIEBHUX
Micisax. OTxe, MOXHaA OYIKYBaTH, IO 30HU JErpajalii Ta pO3TPICKYBaHHSI MeETaly

30CepEeKEHI B 00J1aCTsIX, J€ CIOCTEPIratOThCs 3aBUXPEHHS MTOTOKY.

5.5 Po3paxyHok HanpyKeHo-1e()OpMOBAHOT0 CTAHY PEryJIIOIY0ro Kjianana 3

BpPaxXyBaHHSIM MApPOBOI0 CUTA

KoHcTpykItis peryinoBaibpHOTO KianaHa aTOMHOI TypOl1HM BEITUKOI MOTYXHOCTI €
JIOCUTh CKJIQJHOIO, 1110 Y 0aratboX MOCHIIKEHHSX MPU3BOIUIIO 0 CIOPOIIEHUX MiAXO/1B
y MOJCNIOBaHHI. 30KpeMa, OJIHMM 13 BaXKJIMBHUX, ajJi¢ YacTO ITHOPOBAaHUX EJIECMEHTIB
KOHCTPYKIIii € «[TapOBE CUTO» —KOMIIOHEHT, IKUI BAKOHY€E KPUTHYHO BOKIUBY (DYHKITIFO
BUPIBHIOBAHHS MOTOKIB MMapH, 10 TPOXOATh Yepe3 KIIaraH.

[IpucyTHICTh TAPOBOTO CUTA HE TITLKH 3a0€31euy€e PIBHOMIPHHMN PO3MOILI MTOTOKY,
ajie i CTBOPIOE JOJIATKOBHUI aepOJMHAMIYHUN OMIp, IO 3MIHIOE BHYTPILIHIA PO3MOILT
TUCKY Ta TEMIIEpATypH y maponpuitManbHiil kamepi. Lle, y cBoro uepry, CyTTe€BO BIUITMBAE
Ha (OpMYBAaHHS TEMIEPATYPHUX I'PAJIIEHTIB 1 HAMIPY>KEHb Y MaTepialll KOPIyCy KilanaHa.

BincyTHicTh BpaxyBaHHS LbOTO (PaKTOpa B UHUCENBHUX MOJEAX MOXKE MPU3BOAUTH 10
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3HaYHUX MOXMOOK y pO3paxyHKax, 10 BIUIMBA€ HA TOYHICTh MPOTHO3YBAHHS TEPMO-
HAMpy>KEHOT'O CTaHy KOHCTPYKII.

Hanpuxnan, y pobortax [62, 64] mponeMOHCTPOBAHO, 110 HEXTYBAaHHS BILITMBOM
JOJJATKOBUX KOHCTPYKTHBHUX €JEMEHTIB MOXe OyTH OJHI€I0 3 OCHOBHUX HpPUYHH
pPO30DKHOCTEN MK YMCEIIbHUMHU Ta €KCIIEPUMEHTAILHUMH pe3ybTaTaMu. BiACyTHICTB
ypaxyBaHHA JIOKaJbHUX 3MIH Yy TMOTOLI Ta TEPMOAUHAMIYHUX XapaKTEPUCTHUK
Cepe/IOBUINAa MOXE MPHU3BOIUTH JI0 HEMPaBWILHOTO OIIHIOBAaHHS T'PAaHMYHUX YMOB Ta
PO3MOIiTy HABaHTA)KEHb HAa KOHCTPYKIIIIO.

3 orysiAy Ha 1€, IeTallbHE BpaXyBaHHsI KOHCTPYKTUBHUX OCOOJIMBOCTEN KilanaHa €
BKpail BAKJIMBUM JIsI TOUHOTO MOJIEIIOBAHHS ra30iMHaMIYHUX NpoueciB. BkitodyeHHs 1o

PO3paxyHKOBOI MOJIENIl BCIX 3HAUYIIHMX €JIEMEHTIB, 30KpEMa MapoBOTO CUTA, JO3BOJISIE:

. 3MEHIIUTH MOXUOKY YNCETHLHOTO aHai3y;
. MOKPAIIUTH Y3TO/PKEHICTh 3 €KCIIEPUMEHTATBHUMU JaHUMU;
. OLIIHUTH  BIUIUB TypOYJEHTHOCTI Ta  HECTAlllOHAPHUX  SBUII Yy

napornpuiManbHIi Kamepi;

. 3a0€3MeYNTH KOPEKTHY OIlIHKY TEepPMO-HAMPY>KEHOTO CTaHy KOPIyCY
KJIaIaHa.

Takum 4rHOM, MPAaBWJIBHUM TIAXiA 0 MOJICIIOBAHHS MOBUHEH MependavyaTv He
JUIIE BUKOPUCTAaHHS CY4YaCHHUX YHCEJIbHMX METOAIB, aje ¥ TrJIuOOKUi aHami3
KOHCTPYKTUBHHUX OcOoOnMMBOCTel o00'ekTa mocmipkeHHs. lle 3abe3nmeunTh HamilHI
pe3yabTaTh, HEOOXiAH1 Mg ONTUMI3alii poOOTH KjiamaHa Ta MIABUINEHHS WOro
eKCIUTyaTalllifHOT ~ JIOBTOBIYHOCTI.  TOMYy  pO3TJSIHYTO  TPUBUMIPHY  MOJIEIb
pEryJIoBaJIbHOTO KJlalaHa 13 BpaXyBaHHSAM MapoOBOTO CUTA, IO (PYHKIIOHYE Yy CHUCTEMI
napopo3noziienHs Typoiau K-1000-60/3000.

MaremMatiyHa MOJENbh Ta30JAMHAMIYHMX TPOIECIB, IO BiAOYBalOThCA Y
perymoBanbHoMy Kiamadi Typoinu K-1000-60/3000, Oyna po3poOiieHa Ha OCHOBI
nporpamHoro komiuiekcy FIOEFD, saxuii 3abe3neuye MojentoBaHHS OaraToda3Hux

NOTOKIB 13 ypaxyBaHHSIM OCOOJIMBOCTEH CTHCIMBOrO cepenoBuia. [Ins aerambHOro
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aHalli3y TEpPMO-HANpY>KEHOr0 CTaHy MeTally KOpIycy KJamaHa 3aCTOCOBYBAaBCS
nporpamunii komruieke SolidWorks Simulation, 1mo 103BOJWIO OIIHUTH MeEXaHIYHI
HABaHTA)XCHHS Ta TEMIIEpaTypHI IpajlieHTH B KOHCTPYKIII.

[MazoanHamMivyHi XapaKTepUCTUKH MOTOKY BHU3HAYAIUCS HA OCHOBI piBHsHb HaB'e-
Crokca A1 CTUCIMBOTO CEPENOBHINA, TOTMOBHEHUX PIBHAHHAMU 30€pEKEHHS MAacH,
eHeprii, IMITyJIbCY Ta PIBHAHHAM CTaHy MapH.

BpaxoByBasiicsi TakoK pI13HOMaHITHI 3aMHMKarO4Yi CITIBBIJIHOILICHHS, TPAHUYHI Ta
MoYaTKOBI yMOBHU. UYmcenbHe pO3B’S3aHHA LUX PIBHSAHB 3/IHCHIOBAJIOCA METOJOM
KIHIIEBHX 00’€MiB, KU Tependadae po3OUTTS 0OUHCTIOBAIBLHOT 00J1aCcTI HA TUCKPETHI
KOMIPKH, JUIsl SIKAX MPOBOJMBCS PO3PaXyHOK MOTOKIB MacH, IMITyJIbCY Ta €HEprii uepes
iXHI IpaHi.

OcoOMMBICTIO MOJICIIOBAHHS CTajl0 BHUKOPUCTAHHA aJanTHUBHOI CKIHYEHHO-
00’€MHOI CITKH, SIKa 3MIHIOBaJla CBOIO TYCTHMHY 3aJIEXKHO BIJI TPAJI€EHTIB OCHOBHUX
napaMeTpiB noTtoky. O0JacTh PO3paxyHKy OXOIUTIOBAJIa SIK TEKy4ye CEpeJOBHIIE, TaK 1
TBEpJIC TIJI0, 3 BIAMOBIIHUM PO3MOJLIOM €JIeMEeHTIB: 2,1 MIIH KOMIPOK y pobouomy
cepenoBulll, 1,2 MIIH y TBEpAUX KOHCTPYKIIAX 1 1,4 MIIH Ha Mexi oauty ¢as.

['paHnyH1 Ta TOYATKOBI YMOBH BIJNOBIIajU pealbHUM MMapaMeTpam eKcIuryaTari
KJ1araHa, oTpuMaHuM 3 eHepro6soky Ne2 Xmensuuiibkoi AEC (tabm. 4.1, po3ain 4).

OKpiM OCHOBHUX XapaKTEpUCTUK MapH, y pO3paxyHKaxX TAKOK BpaxOBYBaIHCS il
MOJISIpHa Maca, KpUTHYHI TeMmIeparypa 1 THCK, a TaKOXX KOe(IIli€HT CTHCIMBOCTI y
KPUTHYHIHN TOYIIL.

JIist  TOYHOTO TMPOTHO3YBAHHS TOBEMIHKKM TApH 3aCTOCOBYBAJIOCS DPIBHSHHS
Pennixa-KBoHra—mBomapaMeTpuyde piBHSHHA CTaHy peajlbHOr0 Ta3y, M0 €
BJIOCKOHAJICHHSIM piBHAHHS Ban nep Baanbca. Takuii migxia J03BOJMB 3a0€3ME€UUTH
BHUCOKY TOYHICTh MOJENIOBAHHA Ta BpaxyBaTH peaybHI (I3UYHI MPOLECH, M0
B1JI0YBAIOTHCS Yy KJIaMaHl B yMOBAaX €KCILTyaTallii.

OpepxaHi pe3ynbTaTd AO3BOJIMIN HE JIUIIE BU3HAYUTH Ta30JUHAMIYHY CTPYKTYPY

MOTOKY, a i OIIHUTH BIUIUB T€OMETPUYHHX MMapaMeTpPiB KJIalmaHa Ha Moro e(eKTUBHICTb.
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[le nmae MOXJIMBICTH YAOCKOHAJIUTH KOHCTPYKLIIO, 3MEHIIUTH BTPAaTH €HEprii Ta
MIJBUIIMTH HAAIHHICTh pOOOTH KJIAIIAaHHOTO BYy3Jla B YMOBaX €KCILTyaTallii.

BiamoBimHO 10 3a5meXHOCTI B’ SI3KOCTI TIApH Bij TEMIEpATypH TUHAMIYHA B’ SI3KICTh

(n) po3paxoByBaiyiach 3a piBHsAHHAM (5.4):
n=167-10"7-T%76 (5.4)

[Turoma TtemnoemHicTh (Cp) B 3al€KHOCTI BIJ TeMIEpATypu OOUYUCIIOBANACH
HACTYITHUM YHHOM:

C, = 30,092 + 0,006832- T + (9,081 - 107%) - T+ (1,439-107°) - T, (5.5)

Koedinient temnonpoBigHocTi (A) po3paxoByBaBcs 3a JIOIMOMOIOK CTEINEHEBOI
3aJIe)KHOCTI:

A =0,024-T%72, (5.6)

[Ipu ¢dazoBomy mepexoi, KoM Mmapa KOHJEHCYEThCs, TMHAMIYHA B’ A3KICTH (1)
KaIteJIb BOJIOTH BU3HAYaJIach 3a piBHAHHAM (5.7):

n =0,0012-T71, (5.7)

A Koe(iIlleHT TEIUIONPOBIIHOCTI JJIsI Kameidb BOJOTH PO3paxoBYyBaBCs 3a
HACTYITHOIO 3aJICKHICTIO BIJl TEMIIEPATYPH:

A =0,606-TO%>, (5.8)

TpuBumipHa Mojenb KiamaHa BKJIIOYaga KIFOYOBI KOMIOHEHTH: KOPITYC, CIJJIO,
pEryIIOBAILHUN MeXaHi3M Ta mapoBe cuto. Oco0aMBy yBary 0yjio NpuIijeHo AeTanizallii
OTBOPIB Y CHUTI, OCKIJIbKM BOHHM 3HAYHO BIUIMBAIOTh HA po3mojul mapu. Po3paxyHkoBa
MOJIEJIb LTIOCTPYEThCS Ha pUCYHKY S.11.

Pe3ynbTaT MOnENIOBaHHS JTO3BOJWIIM BUSBUTH PO3MOJUI MIBUAKOCTEH, THUCKIB 1
TeMIiepaTyp y o0’eMi KjamaHa. YpaxyBaHHS CHTa ITiJl 9ac MOJCIIOBAaHHS CYTTEBO
IIIBUIIMIIO TOYHICTh BU3HAYEHHS Ta30JMHAMIYHHMX, TEPMOJMHAMIYHUX Ta MEXaHIYHHX
MPOLIECIB y KiamnaHi, a TaKoX JaJio 3MOTY BpaxyBaTH HEPIBHOMIPHHUI pO3MOJIT THUCKY,
TEeMIIepaTypy Ta TypOYJIEHTHICTh MAPOBUX MOTOKIB, 1110, B CBOIO YEPTY, ICTOTHO BILIMHE

Ha Hanpy>keHo-1e(hOpMOBaHUI CTaH METaly KOPITyCy KJarnaHa.
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TennoobMmiH 3

HaBKOINLLIHIM
Tennonepegaya
cepefoBuLLEM

(meTan-meTtan)
(6e3 ‘\‘

TennaoI30nauli)

TennoobMmiH 3

HaBKOINLLIHIM Bxig,
cepefoBuLLEM G =372.22 kr/c
(yepes T=547K

Tena0I130M4LIH0)

Tennonepegaya

I II II (MeTan-metan)

Buxiz /

P =5.88 Mla

Pucynok 5.11. Po3paxyHkoBa Mojienb perynoBaibHoro kinanana Typ6inu K-1000-
60/3000.

3 TOUYKHU 30py ra30IMHAMIKH, CUTO CTBOPIOE JOKAJIbHUHN OMIp, 110 MPU3BOAUTH 10
3HaYHUX BTpaT THUCKYy Tmapu. BpaxyBaHHa 1pOoro e(exkTy M03BOJSE OLIHUTH
ra3oJiMHaMivyHl BTpaTu B kiamadi (auB. puc. 5.12, a). Takox ciij 3a3HAYUTH, IO
MIPOXO/KEHHS TTapy Yepe3 OTBOPU CUTA CIPUSE BUPIBHIOBAHHIO IIBUIKOCTI IIOTOKY MiCIIs
CHUTa, 1110 BIUIMBAE HA NOAANBIINHI pyX napu (AuB. puc. 5.12, 0). OTBOpH cUTa BUKIMKAIOTh
dbopMyBaHHS JIOKaJIbHUX TYpOYJEHTHUX CTPYKTYp Y TMOTOIl, SIKI Oe3mocepeaHbo
BIUIMBAIOTh HA XapakTep Teuli, a OTXe, Ha TiApaBIiYHUN omip, TEIJIOBIAAAaYy Ta
PIBHOMIPHICTh TETUIOOOMIHY.

3 omHOTO OOKY, CHTO JOIIOMAara€ BUPIBHITH TEMIIEpaTypHE ToJie mapu mepen ii
KOHTaKTOM 31 IITOKOM Ta HWXHBOI YaCTHHOIO KOpIycy kiamaHa. lle BmimmBae Ha
JIOKaJIbHI TEMIIepaTypH1 IPaIIEHTH, K1 € BAKJIUBUMH JIJIS OI[IHKY TEPMIYHUX Jedopmartii

MeTany.
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LBnAaKIcTb, M/C
130.000
117.102
104.204
91.307

78.409
65.511
52.613
39715
26.817
13.920

1.022

Tuck, MNa
6380000
I 6312000
6244000
-6176000
6108000
6040000
5972000
5904000
5836000
5768000
5700000

6

Pucynok 5.12. Pe3ynbTaTH MOJAETIOBAHHS Ta30MHAMIKU: a — PO3MOALT TUCKY B

a

KJIaraHi; 0 — po3IMo/IiT MIBUIKOCTEH B KIIATaHI.

3 iHmoro 00Ky, TypOyJICHTHI BUXOPH, 1110 BUHUKAIOTh Y MPOCTOPI MK KOPITyCOM
KJlaraHa Ta mapoBuMm cutoMm (puc. 5.13), mpuszBoAsITH 10 301IbIIEHHS KOedilieHTa
TETJIOBIA/Iaul BiJl Tapy O CTIHOK KOPITyCy KiamaHa. SIKmio 1eil eeKT He BpaxoByBaTH,
pe3yibTaTH MOJICTIOBAHHS MOXYTh ITOKa3yBaTH 3aHIDKCHI 3HAYCHHS TEMIIepaTypu
MeTajly peryJtoBajibHOro KiarnaHna (puc. 5.14), 1m0, y CBOIO 4epry, BIUIMBAE HA TOYHICTh
MIPOTHO3YBAHHS HOTO TEPMOHAIPYKEHOTO CTaHYy.

HepiBHOMipHU  TErIOOOMIH, 3yYMOBJIEHHUNA  HEOJHOPIAHHM  PO3MOALIOM
MIBUAKOCTEH mapu B poOodiil MOpOXKHHUHI KiamaHa, (GopMye CKJIaJHI TEMIEpaTypHi
rpajieHTH B MeTall Kopnycy. lle € kpuTuuHO BaxMBUM (haKTOPOM, OCKIJIBKH CaMme
TEeMIIepaTypHI TPAIEHTA € OCHOBHOIO NMPUYMHOIO BUHUKHEHHS TEPMIYHUX HAMPYKEHb,

SIKI MOXKYTh CIIPUYHMHUTH YTOMY MaTepiaay Ta pO3BUTOK MIKPOTPIIIHH.
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Pucynok 5.13. Jlinii moToky mapu B KJamnasi.

Kpim TOr0, MapoBe cUTO HE JIMIIIE BIUTMBAE HA MPOIECH TEIJIOOOMIHY, a H 3MIHIOE
PO3IOILI TUCKY TapH B KJIallaHi. 3SMIHEHUM THCK MEPEPO3NOIIISETHCS Ha CTIHKU KOPITYCY,
[0 CYTTEBO BIUIMBAE HA WOTO HamMpyXeHO-nepopMoBaHuil cTaH. ITHOpYBaHHS IIHOTO
(bakTopy MOKE MPU3BECTU 10 HEKOPEKTHOTO OI[IHIOBAHHS HABaHTaXXeHb, SIK1 JIIOTH HA
SJIEMEHTH KOHCTPYKIIIT M1 Yac eKCILTyaTartii.

BpaxyBaHHS BCiX ITUX aCTEKTIB y YACEITLHOMY MOJICIIOBAHHI T03BOJISIE OTPUMATH
OUIBIII TOYHY KapTUHY ra30/IMHAMIYHUX Ta TEIUIOBUX IPOIIECIB y KJIaMaHi, 0 KPUTUIHO
BKJIMBO JIJIs1 HOTO HaAIiTHOT poOOTH Ta MOJOBKEHHS €KCILTyaTaIliifHOTO pecypcy.

Pesynbratu anamnizy (puc. 5.14) 1eMOHCTPYIOTh, 110 TEMIEPATYPHUN PO3HOILT Y
nepdopoBaHiii 30HI QIILTPYIOUOTO CHTA KJIAllAaHA € Maike OJHOPITHUM 1 CTAaHOBHTH
npubmm3Ho 547 K. OgHak y MIiCIIIX KOHTAKTy CUTA 3 KOPITYCOM KJIallaHa CIIOCTEPITaeThCs
JIOKaJbHE 3HWXKEHHS Temmeparypu 10 536-542 K, mo TOSICHIOETHCS TI1BUIIEHOIO
IHTEHCUBHICTIO TEIJIOOOMIHY.

Ocob6muBoi yBarm 3aciayroByroTh obsacti 1 1 2 (puc. 5.14), ne 3adikcoBaHO
JIOKaJbHE TIABUINCHHS TeMmIepaTrypu wmetany cuta g0 548 K, mo mnepeBuriye

TeMrepaTypy TEIUIOHOCIs (Iapy) Ha BXOJl B KiamaH npubiuzHo Ha 2 K. AHanoriuHe
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sBuUIIle OyJi0 onrcane B poOoTi [64], ae aBTop nosicHroe 3nayHime (Ha 12 K) migBumeHHs
TEMIIepaTypy CUTa Ha BXOZI J0 MapoNpuiiManbHOI KaMepu €(EeKTOM TralbMyBaHHS MapH
npH 1i 3ITKHEHHI 3 TOBEpXHEIo cuTa. Lle mpu3BOIUTh 10 MEepeTBOPEHHSI KIHETUYHOT EHEPTii

IIOTOKY B TCIIJIOBY, IO u CIIPUYMHAE JIOKAJIbHE HaniBaHH}I KOHCTPYKTHBHOI'O CJICMCHTA.

Pucynok 5.14 Po3nofain teMieparyp 1o CUTy KianaHa.

VY naHoMy BHMMAJKy MiJBHMILEHHS TeMIlepaTypu B oOiacTi 1 MOXHa MOSICHUTU
aHaJoOTriyHUM MexaH13MoM. OHaK y 30H1 2 IPUYMHU HArpiBaHHS ACIIO BIAPI3HAIOTHCS.

JleranpHUil aHami3 ra30JUHAMIYHUX TPOIIECIB y KIalaHi MOKa3as, 110 B 3aJHIN
YaCTHUHI MapoNpUMaIbHOI KaMepu, MK CUTOM 1 KoprycoM (puc. 5.13), BUHUKAIOTH
MOTYKH1 TypOyJICHTHI BUXOPH, 3yMOBJIEHI B3a€EMO/IIE€I0 IBOX 3yCTPIUHUX MOTOKIB TApH.

Konu napoBi mOTOKY 3 pi3HUMH IIBUIAKOCTSIMH 200 HApSMKaMH 3yCTPI4aloThCs, y

30H1 IXHBOTO 3MIITyBaHHS (OPMYEThCSI IHTEHCHMBHA JIucHMmallisa eHeprii. Bimomo, mo B
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TaKMX yMOBaxX KIHETUYHA EHEPris YacTKOBO MEPEXOJUTh Yy BHYTPIIIHIO EHEPTii0
BHACIIJIOK TePTs, B’SI3KOCTI Ta TypOYIEHTHUX IMPOLIECIB. YHACTIOK BHYTPIIIIHBOTO TEPTS
M1X [IapaMu Mapy BiI0yBa€ThCs Mepeaayda eHeprii, Mo Crpusie i IepeTBOPEHHIO B TEILIO.

3HauHI TPAJIEHTH IIBUAKOCTEH, $KI BUHUKAIOTH TMpPU 3YCTPidl MOTOKIB,
BUKJIMKAIOTh 3CYyBHI HAPY>KEHHS, 110 TOJIATKOBO CHpUAE Mepeiadi eHeprii Mixk Iapamu
MOTOKY Ta MiACHIIIOE MPoLIec qucunarii. Ik Hacli oK, y 30H1 2 CIIOCTEePIraeThCs JIOKaIbHE
MIJBUIICHHS TeMmrepatypu. BapTo 3a3HauuTH, 1110 MOA10HI NPOIIeCH, Xo4ya W y MEHIIIH
Mipi, MalOTh MicClie 1O BCiit pobouiit o0nacTti kinanana. Lle miaTBepKyeThCSI HE3HAYHUM
(ma 0,5-1 K) 3pocranHsMm TemmepaTypu neppopoBaHOi YaCTMHHU CHUTa MOPIBHSHO 3

TEMIIEpaTypOIO TEIJIOHOCIS Ha BXOII.

PO3TPICKYBaHHA

M von Mises (MPa) von Mises (MPa)
‘ 78 107
l 70 I 97
L 62 - 86
55 ¥s
47 65
B 39 H 54

43

32
22
11
0

F 31

23
16
8
0

a

Pucynox 5.15. PesynbpTaT po3paxyHKIB HampyXKeHO-1e(OpPMOBAHOTO CTaHy
KJIallaHa: a — HanpyxeHo-aeopMoBaHU CTaH (QIIBTPYIOUOTO CUTa; O - HAMpPYKEHO-
nedopMOBaHU CTaH METally KOpIycy KjaraHa.

OpxHak OCKUIBKY 111 TEMIIEpaTypH1 HEPIBHOMIPHOCTI € BIAHOCHO HEBEJIMKUMHU, iXHIN

BILJIMB Ha HAIIPY>KE€HO-1€(OPMOBAHUI CTaH CUTA € MAIONOMITHUM. Lle miaTBepaKy€eETHCS
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aHATI30M PO3MOAUTY MEXaHIYHUX HampyXeHb (puc. 5.15, a), me He cmocTepiraerbes
CYTTEBUX JIOKAIBHUX aHOMATii, CIPHYUHEHUX TEMIICPATypHUMHU KOJIMBAHHSIMHU.
OtpumMani JaHl MIATBEPIKYIOTh TINOTE3y NpPO BIUIMB MAapoOBOTO CHTa Ha
HanpyxxeHo-negopmoBanuii cran (HJIC) knanana. Ha pucynky 5.15 (6) nokazano HIC
MeTaJdy KOpIyCy KJlamaHa. 30Ha PO3TPICKYBaHHs pPO3TallOBaHA OE3MOCEPEIHBO OIS
o0JacTi 3HAYHOI JUCHUTIAIl €Heprii, sKa BUHUKAE BHACIHIIOK 3ITKHCHHS MOTOKIB, 1 TaMm
CTIOCTEPIraloThCs ICTOTHI HAINPYXEHHS B MeTalli Kopmycy. TakuM 4MHOM, BpaxyBaHHS
pEaNTbHOTO PO3MOJUTY IMOTOKY JTO3BOJMIIO TOSICHUTH TOSBY ACPEKTIB Yy METall B 30HI

PO3TPICKyBaHHS, 10 3a3HaYeHa Ha pUCyHKY 5.15 (0).

BucHoBKkH 10 po3aiay 5

1. [IpoBeneHe uwncenabHE MOJENIIOBAHHS Ta30MHAMIKM MOTOKY @apu B
cronopHo-peryntorouomy kianani (CPK) eneproomoky Ne2 XAEC no3Bosuio
OTpUMATH JI€TaJbHY KapTUHY PO3IMOAULY TUCKY, MIBHAKOCTEH Ta TeMIeparypu
poOoudoro cepenoBullla. BUsABIEHO HEPIBHOMIPHICTh MOTOKY Mapy MEpei BXOJIOM Yy
KJIallaH, 10 CIpUYMHEHA OJIHOCTOPOHHIM OIYHMM TijaBeneHHAM mapu. lle Buxinkae
BIJIDUB TIOTOKY Ta YTBOPEHHS IUPKYJSIIHHUX 30H, SKI HETaTHBHO BIUIMBAIOTH Ha
poOOTY KJiamnaHa.

2. HaiiGinpiie 3Ha4YeHHS TUCKY CIIOCTEPIraeThCs HAa BXOJl y BXIJIHHM
naTpyOoK 1 B 00J1acTi 3aMipHOI Yalll IIToKa kianaHa. [Ipu MakcuMaabHOMY BiIKPUTTI
CPK y 3a30p1 MiX 3amipHOIO Yalllelo Ta CIAJIOM B1AOYBA€TbCS 3HAUYHE NMPHUCKOPEHHS
MOTOKY, 1110 CIIPUYUHSE BIAPUB MOTOKY Ta (hOPMYBaHHS BUXOPIB. Y MICISIX TIEPEXOIY
MDK PI3HUMH €JIE€MEHTaMM KJIallaHa CIOCTEPIraeThCs JIOKAJIbHE TMAJIHHS TUCKY, IO
MO>K€ MPU3BOJIUTHU JI0 TOJATKOBUX HABAaHTAXKCHBb HA KOHCTPYKIIIIO KJIamaHa.

3. MaxkcumanbHi MBUAKOCTI (POPMYIOTHCS B 001aCTI MIXK 3aIMPHOIO YaIlICtO
Ta CIJUIOM KJamaHa. Y MICISX YTBOPEHHS BHXPOBHX 30H MIBUIKICTH MOTOKY 3HAYHO
3MIHIOETHCA, M0 MOXE TPHU3BOAUTH O MIABUIIEHOTO HABAHTAXXEHHS HA BHYTPIIIHI

CTIHKHU KJlanaHa. BUsiBJieHO HEpIBHOMIPHICTb PO3MOALTY IIBUKOCTI Y BUX1/IHIM YaCTHHI



128

KJamaHa, OI0 MOXE BHKIMKATH JOJATKOBI KOJMBAHHA IMOTOKY Ta JIOKaJbHI
nepeHanpyXKeHHsl B MeTaJl.

4. BukoHaHO MOpIBHSIHHS TEIJIOBOTO CTAaHy KialmaHa IpHU JBOX METOAax
pPO3paxyHKy: 3 PO3paxyHKOM TIpaHHMYHUX YMOB Teruiooominy [-IV poay Ha ocHOBI
KpUTEpiadbHUX PIBHAHb Ta 3 BHUKOPUCTAHHSAM YHCEIBHOTO  MOJCIIOBAHHS
ra3ofrHaMiku. BcTaHOBIEHO, IO MEPIIHiA pO3paxyHKOBHUI METO] HE BPaXOBY€E BUXPOBI
YTBOPEHHSI, SIKI BIUIMBAIOTh Ha JIOKaJbHE HarpiBaHHsS MeTany. Bukopucranus
YUCEIbHOTO MOJICIIOBAHHSI JIO3BOJIIE OTPUMATH OUIBII  TOYHI  KOEQIIIEHTH
TEIUIOBIAaul, 110 BIUIMBA€E HA PE3YyJIbTaTH PO3PaXyHKY TEMIEPATYPHUX HAIPYKEHb Yy
KOPITyCl KJaraHa.

S. [IpoBeneHo aHami3 Hanmpyx)eHO-Ae(hOPMOBAHOIO CTaHYy KOPITYCYy KianaHa
3 BHUKOPUCTaHHSAM JBOX MIAXOAIB [0 BHU3HAYEHHsS TEIUIOBOTO CTaHy MeETaly.
BceranoBieHo, mo MakcuMmaiibHl HampykeHHs (98 MIla) BUHHMKaIOTh y MICHAX
KpIIJIEHHSI BXIJHOrO mnaTpyOka Ta cimia kinanaHa. [lOpiBHSHHS pe3ynbTariB
PO3paxyHKIB IOKa3ajo, L0 METOJ pPO3paXxyHKy TpaHMYHMX YMOB Ja€ 3aBUIIEHI
3HAUEHHA HANpyXE€Hb, OCKUIBKM HE BpPaxOBY€ BHUXPOBI YTBOPEHHS, Kl CYTTEBO
BIUIMBAIOTh HAa XapaKkTep HaBaHTa)XEHb y KOPITyCl KJlalaHa.

6. Amnam3s pe3yIbTaTIB YHUCEIILHOTO MOJIEJIFOBAHHS JIO3BOJINB
imeHTudikyBatu 00J1acTi, /1€ MOXKJIMBE BUHUKHEHHS TOIIKO/KEHb 4Yepe3 HUKIIYHI
HABAHTAXKEHHA. 30HM Jerpajallii MeTay 30Cepe/KeH1 B MICIsiX (POPMYyBaHHS BUXOPIB
y BUX1AHI! MPOTOYHIN YacTUHI KJ1anaHa. BcTaHOBIIEHO, 110 MUKIIIYHI (DIYKTYyallii TUCKY
y TPUCTIHKOBIN 30HI MOXYTh MPUCKOPIOBATH MPOIEC BTOMHOTO PYHHYBaHHS METAITy
KOpIyCy KJlanaHa.

7. [Toka3zaHo, 1110 BU3HAYEHHS! HANpPYKEHO-1e(OPMOBAHOTO CTaHy KjamaHa
0e3 ypaxyBaHHA BCiX HOro KOHCTPYKTHBHUX €JIEMEHTIB, 30KpeMa CHTa, MOXE
MPU3BOJUTH IO HETOUYHUX pe3ynbTaTiB. CUTO € BAXKIUBUM E€JIEMEHTOM KOHCTPYKIIII,
SKUU BIUTMBA€E HA XapaKTep Teyil mapu, po3Moll TUCKY, IIBUAKOCTEH 1 TeMIepaTypu y

BHYTPIIIHIX TOPOKHWHAX KJanaHa. BKIIOYEHHS cuUTa B PO3PaXyHKOBY MOJENb
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JI03BOJIsI€ O1IBII TOYHO OLIHUTH JIOKAJIbHI HAMPYKEHHS Ta BU3HAYUTH MOTEHLIIHHI 30HH
BUHUKHEHHSI BTOMHHUX TOIIKO/IKEHb.

8. JlomaBanHsl cuTa B MOJENb MPU3BENO 10 (HOpMyBaHHS JOKAIBHUX 30H
TypOYJEHTHOCTI Iepe]l HUM 1 TICJIsl BUXOJy HapH 3 OTBOPIB cuta. BcTaHOBIIEHO, 1110 32
CUTOM B1JI0YBA€THCS 3HIKEHHS MIBUAKOCTI TTOTOKY Ta ITiIBUILIEHHS JIOKATHHOTO THUCKY,
110 BIUTMBA€E HA PIBHOMIPHICTH PO3MO/I1TY HABAHTAKEHHS Ha KOPITYC KJIanaHa. Y MICISX
KPIIJICHHS CUTA CIIOCTEPIratoThCs 3HaYH1 JIOKAJIbHI M1 IBUILIIEHHS HAIIPYKEHbB, 1110 MOXKE
CTaTU TOTEHLIWHOI 30HOI0 Ui YTBOPEHHS MIKPOTPIIIMH Y MPOIECi TPHUBAIOl
eKCILTyaTalii.

9. BxiroueHHs cuTa B MOJIEb JIO3BOJIMIIO OLIBII TOYHO OIIHUTH PO3MOJILI
TEMIIepaTypy y KOpITyCl KiamnaHa. BusBieHo, 110 B 30HI NEpe] CUTOM TeMIlepaTypa
napyd JIeUi0 BHILA 4Yepe3 YMOBUIBHEHHS MOTOKY, TOJl SIK 3a CHUTOM B1J0YyBa€ThCs
IIOCTYIIOBE BUPIBHIOBAHHS TEMIIEpaTypu 3aBAdKW TypOymizamii moroky. Lld
HEPIBHOMIPHICTh TEMIIEPATYPHOI'O PO3MOAULY BIUIMBAE HA TEPMIYHI HANPYKEHHS Yy
MaTepiaii KopIycy.

10. Amaniz HampyxeHO-Ie(OpMOBaHOTO CTaHy 3 BpaxyBaHHSM CHTa TOKAa3aB,
10 OCHOBHI HAaIPY>K€HHsSI BUHUKAIOTh HE TUIBKU B MICISX KPITUIEHHSI KOPIYCY Ta CiJjia
KJlanmaHa, a ¥ y TOYKaX KOHTaKTy CUTa 3 BHYTPILIHBOIO MOBEPXHEI0 KOpIycy. 30Ha
KpITUICHHS CHUTa 3a3Ha€ MiJBHUINEHUX MEXaHIYHUX HaBaHTaKEHb 4epe3 BIUIMB MOTOKY
napy Ha CUTO. Y MOPIBHSAHHI 3 MOJCIUTIO O€3 CHTa, MAaKCUMaJIbHI HAIPYKEHHS B KOPITYCI
KJIallaHa TepepOo3NOAUISIOTECS, L0 CBIAYUTH MPO HEOOXIIHICTh BpPAaXyBaHHS LbOTO

eJIEMEHTa MPHU PO3PAXyHKAX JIOBFOBIYHOCTI METAIy.
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HaykoBi mnpami, B fAKMX Ony0JiKOBaHIi OCHOBHi HAyKOBi pe3yJbTaTH
AUCepTAaIii:

1. MopentoBanHsl Ta30UHAMIKA BOJIOTOi Mapy B TOJIOBHUX MapONPOBOIAX
atomHoi enektpoctanilii [Tekct] / I.C. bennapcrka, JI.B. Punmiok, Jlemenrap C.1O. //
Bueni 3anucku THY imeni B.1. Bepnaacekoro. Cepis: TexHiuni Hayku, Tom 32 (71) Ne 5

2021, ¢.159-167. DOI https://doi.org/10.32838/2663-5941/2021.5/25 (Peectp HayKOBUX

(daxoBux BUIaHb YKpaiHu, kateropis «b»)
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J.B. Punptok // Bueni 3anucku THY imeni B.1. Bepnancbkoro. Cepisi: TeXHIYHI HayKH,
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CydacHi npobiieMr HayKoBOTO 3a0e3mnedeHHs] eHepreTuku. Y 2-x T.. Marepiamu XIX
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xapuyBaHHs soactBa y XXI cromitTi: Matepianu 88 MIiKHApOAHOI HAYKOBOI
KOH(epeHLIi MOJIOANX YUEHUX, aclipaHTIB 1 cTyneHTiB. KBiTenb — TpaBens 2022 p. Kuis:
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8. bennapceka 1.C., Punntok JI.B. MojentoBanHsl ra30JMHaMIKi B TOJIOBHUX
napornpoBoaax AEC. Yactuna 2. HaykoBi 3100yTKH MOJIOAI — BUPIMIEHHIO MPOOJIeM
xapuyBaHHs soactBa y XXI cromitTi: Matepiasu 88 MIiKHApOAHOI HAYKOBOI
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Q. Effect of Start-up Operating Modes on the Cyclic Damage of Thermal Power
Plant Units. O. Chernousenko, D. Rindyuk, V. Peshko and I. Bednarska. 2022 IEEE 8th
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JOIATOK b. /loBinka nmpo BUKOPUCTAHHS Pe3yJIbTATIB HAYKOBO-10CJIiIHOL
podoTu Ne 3545-3E-ByTEC Bix 06.08.2021 p.

3ATBEP/UKYIO

JIMpeKTop BiAOKPEMIICHOTO MiAPO3LLy
«b Ka TEIUIOBA ENeKTPHYHA
Py «JITEK 3AXIJIEHEPI'O»

[P0 BUKOPHCTAHHS Pe3yJIbTATIB HAYKOBO-10C/IiAHO0T podoTH

B wmexax jorosopy Ne 3545-3D-ByTDC Big 06.08.2021 p. mix AT «JITEK
3AXIJIEHEPT'O» ra Kopuopauiero «Haykosuii mapk «KuiBcbka mosiTexHika» BHKOHAaHA
HayKoBO-z0cIiiHa poboTta Ha TeMy «Po3paxynok pecypey poTopa cepeiHboro THCKY Typoinu
oaoky Nell s ITEK BYPHITUHCBKA TEC».

[Tepesik BUKOHABIIB HayKOBO-10CigHOT poGotu 3 Goky Kopnopanii «HaykoBnii napk
«KuiBebka nosiTexXHikay:

1) HaykoBwuii kepiBuuk — Yepnoycenko O. 10.;

2) Biamosinansui Bukonasili — Punyiok /1. B., [emko B. A.;

3) suxonasui — Bemnapcbka [. C.. Mopos O. C.. Topsokenko B. IO.. Yepnos C. O..
[umyra A. M., Mapuciok b. O., Jlimyk C. P.

B pesynbrari nposejieHoi HayKOBO-10C/IiHOT poOOTH BUKOHABLISIMHM HaJJaHO BHCHOBKY Ta

peKOMeH/Ialil, 1010 JOIYCTUMOCTI MPOJIOBKEHHS TEPMiHY eKCIUTyaramii poTopa cepeiHboro
tucky 6moky Nell JITEK Byputuacska TEC, a came:

- po3pobieHo po3paxyHKOBY MoOjenb poTtopa cepeanboro tHcky Oioxy Nell JITEK
Bypuituaeska TEC B TpHBHMIpHIN ITOCTaHOBIN 3 BUKOPUCTAHHSAM CKiHYCHHO-EJIEMEHTHOTO
METOJly JMCKpETH3allii Ta 3 BpaxyBaHHSAM BCIX I'€OMETPHUHHX 0coOIMBOCTEH 00’€KTy, B TOMY
YUCII pe3yJibTaTiB HepyifHIBHOIO KOHTPOIIIO MeTally:

- IPOBEJICH] PO3PaxyHKOBI IOCII/DKEHHS TEIIOBOIO, HANPYKEHO-1e()OPMOBAHOrO CTaHY,
MaJIOIMKJIOBOI BTOMH Ta JIOBIOTPUBAJIOI MIIHOCTI METally pOTOpa CEepeIHbOro THUCKY JUls
THIIOBUX PeXKUMIB poOOTH Ha 0a3l rpaikiB IIycKy Ta peaJbHUX YMOB pOOOTH XapaKTepHHX L
omnoky Ne 11 JITEK Bypmrunceka TEC;

- pO3paxoBaHO pecypcHI INOKa3HUKH poropa cepeanboro THUcKy TypOimu K-200-130
omoky Ne 11 JITEK bypmruncbka TEC. BCTaHOBICHO BEJHUMHM TIOMIKOJDKECHHS pPOTOpa 3a
CTAaTHYHHUMH Ta IUKJIIYHUMHM MEXaHi3MaMM pyHHYBaHHsI, PO3PAXOBAHO 3AIMIIKOBHI pecypc Ta
'HQ/I[AHO BMCHOBKM 1 pPEKOMEHJAllil, MI0/0 JOMYyCTHMOTO 3aJMIIKOBOIO HAIpaIOBAHHS Ta
JIOIYCTHMOT KIJIBKOCTI ITyCKiB.

MarepiaiibHi peTeH3ii He pO3IIsIal0ThCSL.

Hauanpauk naboparopii MeTaiiB i 3BaploBaHHs
JTEK bypmrrunceka TEC Tapac [TAJIAIIIYK
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JAOIATOK B. /loBinka npo BUKOPUCTAHHS pe3yJbTATiB HAYKOBO-10CJIIIHOL
podoTu Ne 37-124-08-22-17927 Bin 14.06.2022 p.

3ATBEPJDKVYIO

I"osioBHMi iHXKEeHEp
BII «Xwmenbuunbka AEC»

Maﬂ KAPHKOB

«O2» 24 2022 p.

JloBinka
NP0 BHKOPHCTAHHS Pe3YJIbTATIB HAYKOBO-10CIHOT podoTH

B mexax morosopy Ne 37-124-08-22-17927 Bixn 14.06.2022 p. wmik JIII «HAEK
«Eneproarom» Bigokpemnenuit nizposzin «Xmensuunska AECy ta Kopriopaniero «Haykoswii
napk  «KuiBcbka mnosiTexHikay, BHKOHAQHO HAayKOBO-AOCHIAHY poGory Ha Temy «Ouinka
MOJKJIMBOCTI  TMPOJIOBXKEHHs  Oe3meunoi  ekcruryarauii  typ6oycrasoskn  K-1000-60/3000
eneprobaoky Ne2 XAEC mnicss nomkopkenns poropa IIBT (Ananitinuni nociyru)»y.

Ilepenix BHKOHABLIB HayKoBO-j0c¢iHOI podotu 3 Goky Kopmopauii «Haykosuii napk
«KuiBchKka nosiTexsika»:

1) nayxoBwuii kepiBHHK — Yepnoycenko O.10.;

2) Bianosinansui BukoHasui — Ycaruii O.I1.. Ilemko B.A.;

3) sukonasui — beanapeska 1.C., I'opsokenko B. 10., Ilumyra A. M., Mapuciok b. O.,
Jimyx C. P.. Hlepdexinos P. b.. XKupkos O. I'.

3a pesyibTaTaMM  HAyKOBO-JOCHIAHMX PpOOIT BHMKOHABISMM IIPOBEJEHO  OLIHKY
MOJKIMBOCTI  NPOJIOBKEHHST Oe3mevHoi ekcrutyaranii  Typboycranoku  K-1000-60/3000
eneprodioky Ne2 BIT «Xmensuunbka AEC» micis nowkovkenns potopa LIBT, a came:

° BHKOHAHO MNOBipouHHMi pospaxyHky potopy LIBT typGoycranosku K-1000-
60/3000 eneproboky Ne2 BIT «Xwmenbuunbka AEC», HamaHo HayKOBO-TEXHIYHI peKoMeHaallii
1OJI0 IMOJITbIIOT eKeruTyaTanil 6e3 podounx nonatok 5-ro crynens poropa [[BT npu nasBHOCTI
Jiadparm I AToro CTyneHs ta 6e3 Hux;

. JIOCII/KEHO BIUIMB BIACYTHOCTI poOoumXx Jionatok 5-ro crynens potopa [[BT npu
HasiBHOCTI AiadparM I°ATOro CTyneHs Ta 0e3 HUX Ha raso/MHaMIi4YHi XapakTepHCTHKH Ta
HTerpagbi MOKa3HUKH SKOCTI (MOTYKHicTh, BHyTpimHiH BixsocHuit KKJI) ITY LIBT Typ6inu K-
1000-60/3000 eneprotnoky Ne2 BIT «Xmenpnuipka AEC» Ha pisHHX pexnMax excrilyaTaiii;

. OI{IHEHO MOXJIMBICTH 3aCTOCYBaHHs «imiTaTopa (-iB)» AladparMu 5-ro cryieHs
poropa LIBT (apocensHoi maiidbu). BurorosiexHoro Doosan Skoda Power, y pasi BizcyTHOCTI
MOJKIMBOCTI BCTAHOBHTH 3aBOJICHKI AiagparMu 5-ro CTyneHs.

Marepiaibii npeTensii He po3rIsAaiOThCS.

HauanbHuK TypOiHHOrO Hexy
BIT «Xwmensuunbka AEC» / : Amnaroniii KYIIEHKO

%ﬁ/m 4



147

JOIATOK T I'. /loBinka npo BUKOPMCTAHHS Pe3yJbTATiB HAYKOBO-10CJIiTHOI
podotu Ne 5162-3E-ByTEC Bix 20.09.2024 p.

3ATBEP/DAYIO

Ionosimil iHxeep
uweska TEC

Makcum 1TYMYEHKO

\ 5
\« 20y 12 2024p.

Joniaka
PO BUKOPHCTAIN PEIYALTATIB HAYKOBO-10€/iA10i poboTH

B mesax  gorosopy No 5162-32-hyTOC pin 20.09.2024 p. mik AT «ATEK
SAXIAEHEPTO» Binokpemneunii niaposiii «bypuitiiichka renaosa eexTpiriia craiius» ma
Kopnopauicio «Hayrkonnii napi « Kaineska noaimexitika, BHKOHAN0 1Ay KOBO-10CTIaRY pobory
na remy «PoIpaxyiok pecypey potopa cepeansora THeky TypGinn 6noky Nell amns JATEK
BYPHITHUHHCBKA TEC».

lNepenik pukoHasuB naykoso-aocaianei poborn 3 Goky Kopnopanii «bHaykosuii napk
«Kninceka nositexsikan:

1) aykosuii kepisuuk — Yepuoycenko 010,

2) BlANOBLLWILHL BHEOHABU — boscynoscuruit A TL. Punmox J1.B.. [Nemko B.A.;

3) snkonaeul — bapuwox O.B.. Pauuncekuii ALK, Bracenko O.B., bennapebka LC.,
lNopmwenwo B0 Jlimyk C. P, Hocane 0.10., Konosamor OJI., Cenik A.B.. [Newkos A.B..
Trauenwo M. B.. Jaunk €10, Crenanyenrko AA., [nasedskibi J1.€C.

3a peiyARTATAMH  HAVKOBO-UHOC/HIAHMX POGIT BMKOHABUAMH HaJaHO BUHCHOBKH Ta
PeROMENall, o0 AONYCTHMOCTI MPONOBKENHA TEPMIHY CKCIUIyaTamil poTopa cepeiHsoro
Tueky Onoky Nell JTEK bypuwruncera TEC, a came:

* po3poDlIEHO PO3PAXYHKOBY MOJICIE POTOPA CEPeAlbOTO THCKY Onoky Nell JTEK
bypwrupckka TEC s rpisAMipHil NoOcTaHOBRNI 3 BUKOPHCTAHHAM CKIHYEHHO-el1eMEeHTHOTO
METQAY AMCKPCTHIALID Ta 3 BPAXYBAHHAM PE3YIBTATIE PEMOHTHHX BLAHORJICHL BMKOHAHUX M
YAC 112HOBO-TIONEPEAYBANLHUY PEMOHTIB ¥ 2021 1a 2024 pp.;

* [POBEACHO POIPANYHKOBI JOCHDKCHHA TEIIOBOIO, HANpY®eHo-1ehopPMOBAHOTD
CT2HY. MATOLMIIOBOT BTOMI T2 JIOBIOTPHBANOT MIHOCTI METLLY POTOPA CEpPeIHbLOro THCKY ZUIA
THITOBAX PeHMIB podoTn na Gasi rpaikie nycky Ta peatbHUX yMOB poGoTh XapakTepHHx Amna
Bnoky Nell JITEK bypuwrudeska TEC:

* JOCHUDKCHO BIUIHB KPY4CHHs Hd PO3BHTOK edeKTiB poTopa CepeiHboro THCKY,
PO3PAXOBAHO KPHTHYHY IAMOHHY TPILMH, OUIHCHO BIFIMB CHHXPOHi3auii TypOoreneparopa 3
EHEProMepPe#or Ha TCMITH HAKOMHYEHHA NOINKOKeHD;

* PO3pAXO0BAO PECYPCHI NOKAIHHKM DOTOPA CEPeAHBLOIO THCKY Typbimm K-200-130
oroky Noell JATEK Bypmtuucekka TEC, BeTaHOBAEHO BEIHUYMAH HAKOMAYMEHOTO MOLIKOKEHHN
poTOpa 3a CTATHYHMMI Ta HAKTIMHIMH MEXaHi3MaMil pyiHyBaHHsA, PO3IPAXOBAHO JAMMINKOBHA
pecypc Ta HaJaHo BHCHOBKH | peKoMensauil, oA0 A0NYCTHMOr0 JATHOIKOBOrO HANDAIOBAHHA
Ta AOMYCTHMOT KLILKOCTI IMYCKIB.

Matepiansri npeTeHsii He po3rATAIOTECA.

Kepisnng CIIKP
JATEK BYPIUTHHCBKA TEC 10piin BPOHIY



