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[iarHOCTMYH1 O3HAKHU 3AKYNIOPKU MOPOKHUCTUX NPOBIJHNKIB
Ta MiABUILEHOTO CTPYMY B eleMeHTAPHIX NPOBiTHUKAX 0OMOTKM
craropa rypooreneparopiB AEC Ykpainu
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HaeemieHo cratucTuky BiiMoB TypGoreHepaTopiB ykpaiHcbkux AEC sa mepion
20112017 pp. Pospobineno MeToIMKY, MaTeMaTHMYHi MOJIe/Ti, a/ITOPUTM i IIPOrpaMy I
BMKOHAHHSI Ha ITepCOHaTBHOMY KOMITIOTePi po3paXyHKY TPUBUMIPHOTO TeMIIepaTyp-
HOTO HOJsT 06MOTKM cTaTopa TypboreHepartopiB noTyxHicto 1000 MBr tuny TBB
y CTallioHapHMX Ta IepeXiflHMX peXXMMaX eKcIUnyaTallii. Jl7s IOpiBHAHHA 3 eKCIle-
PUMeHTaIbHUMY TaHUMM Y0 BUKOHAHO HecTallioHapHMI (A7 IycKY) i cTarioHap-
HUH po3paxyHKM HAarpiBY cTep>HIiB 0OMOTKY cTaTopa Typ6oTreHepaTopa HOTYKHICTIO
1000 MBT tuny TBB-1000-2Y3. IlopiBHAHHSA eKCIIepMMeHTA/IbHUX Ta PO3PaXyHKO-
BUX JJaHMX II0Ka3ajo, [0 BOHY BifIpisHAIOTHCSA MeHII HiX Ha 5%, 1o CBIJUUTD PO
afleKBaTHICTD po3pobIeHNX MeTOIUK, MaTeMaTIHIX MoJieflell, a/ITOpUTMIB i IIporpa-
MU po3paXyHKY. [l BusHaUeHHS [iialrHOCTUIHUX 03HaK TeXH{THOTO CTaHY 0OMOTOK
cTaTopa 6y/0 IpoBefleHO po3paXyHKU TPUBMMIPHOTO TeMIIepaTypHOTo Mo/ 06MOTOK
Typborereparopis Tumis TBB-1000-2Y3 i TBB-1000-4Y3 npu 3MiHi HaBaHTa>KeHHs
BiJl HY/IsI 0 HOMiHa/JbHOTO. By/o BM3HaueHO NiarHOCTMYHI O3HAKM, 3@ JOIIOMOIOK
SKMX MOKIMBO HafiffHO Ta eeKTUBHO AiaTHOCTYBaTH MOSIBY Ta PO3BUTOK fledeKTy
y CTep>KHAX 0OMOTKY CTaTopa TypGoTreHepaTopiB.

Hagornpbox AEC Ykpainm ekciuryaryorbes 15 enep-
roGJIOKIB 3 BOTO-BOJISTHUMM CHEPIe TUIHUMY PEaKTOPaMu
(BBEP), y ckmayi sikux ycranosjeHo 17 ryp6oreneparopis
3ara/JIbHOIO noTyXHicTIo 13,880 I'BT [1]. Yci BKasani Typ-
6oreneparopu HaneXXarp jio cepil TBB (BupoGuuirrea BAT
«Cuosi Matmany, Pocist) Ta BiOBIma0Th TPHOM THIIAM:
TBB-220-2AY3, TBB-1000-2Y3, TBB-1000-4Y 3. Bipmosig-
HO po Enepreruunoi crparerii Ykpainu go 2035 p. nepen-
6adaeTbCA CTBOPEHH A HOBUX AJCPHUX HEProONIOKIB AK
Ha y>Ke iCHYIOUMX, TaK i HA HOBUX IPOMMC/IOBUX MalijaH-
IMKaX [2], TOMy JOI[I/IBHUM € BU3HAUYCHHS ONTUMA/IBHOI
OJIMHMYHOI HOTYXHOCT] eHeproO/IOKiB Ta TeXHITHUX Xa-
PAaKTepUCTUK TXHBOTO 00/Ia/[HAHH.

Besrexa, HafilHiCTh Ta ¢PEKTUBHICTD €KCIITyaTanii
enepro6noka AEC y 1itoMy 3a/IeXKMTD Bijl HOKa3HUKIB

HAJiITHOCTI KOXKHOTO ¢/IEMEHTA TEXHOJ/IOTITHOTO JTAHITIOTa
HCPETBOPCHHS €HEPTT «SICPHUN PeaKTOP — HAPOreHe-
parop — Typbina — reneparop — 6710KOBUIL TpaHCPOp-
marop». 3HauHa yactka inmuaentie (Big 30 go 70 %) [3]
Ha ykpaincekux AEC, nos’n3anux i3 He3aIVlaHOBAaHUMMA
BiIK/IIOUCHHAMMU Bill MEPEXI Ta 3HVM>KCHHSM HaBaHTa-
YKEHH;T €Hepro6IOKiB, BUK/IMKaHA HEIOCTATHBOKO HaIiil-
HICTIO eleKTpoTexHiunoro obnapnanus. Haitbinpura
qacTKa HETOBUPOOITKY eeKTpoeHeprii yepes BiiMoBK
eIeKTPOTEXHITHOr0 00/IaIHAHHA IPUIIAJAc Ha TypOOre-
ueparopu (1o 70-80%) [3]. Binmosu typ6oreneparopis
enepro6nokis ykpaincpkux AEC 3a nepion 2011-2017 pp.
HasezieHo B Ta0. 1 [4—6]. Ak BupHo 3 Tabnuni, HailiHiCTh
(BnacTuBicTb TexHIYHUX 06’ €KTIiB 30epiraTy y BCcraHOBIC-
HUX MEXKAaX 9acy 3Ha4CHHA BCiX IIAPaMETPIB, AKI XapaKTe-
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JiaTHOCTUYHI 03HAKM 3aKYIIOPKM ITOPOXKHUCTUX IIPOBiTHUKIB

BUJIIMTH KOXKHUM €IEMEHT Ta €/IEMEHTAPHMI TPOBITHUK
AK elleMeHTapHmit 06eM (By3o citkn). Po3paxyHnkosa Mo-
IE/b lae MOXXJIMBICTD BUSHAUUTY HIJIrPiB BOOU B KOXXHO-
MY NOPOKHUCTOMY IIPOBITHMKY, YPaxyBaTH TPaHCIO3H-
Ii0 CTEPIKHSI B 11a30Biit i 1060Bii yacTnHax. J[yis1 ma3oBoi
JACTMHY OIMCAHO TEIUIOBUII 3B 130K i3 oceprsM (CTauno)
CTaTOpa, TEMIICPATypa IKOTO CIINBHO 3 00MOTKOIO CTaTopa
PO3PaxOBYETbCA Y BUIVIAI TPMBUMIPHOTO 11014, AHajIO-
TiYHO ONMCAHO TEIJIOBUII 3B 130K JIOOOBUX YaCTUH 0OMOT-
KM 3 OXOJIOIPKYIOUMM I'd30M, IiirpiB AKOTO TAKOXK Po3pa-
xoByeTbesL. I1if qac po3paxyHKy nepen6atieHo BpaxyBaHHs
3aJICKHOCTI Bijj TeMIIepaTypu Terio(pisuaHmx apaMeTpis
Mifii i XOMOOATENTIB, 4 TAKOXK BTPAT IOTY>KHOCTI y Mifi.

IIpn MaTeMaTMIHOMY ONNCI TEMIIEPATYPHOTO MO/
HNPUIHATO TaKi IPUITYIIEHH A:

1. 3 omisAny Ha HasIBHICTD TPAHCIO3NULII B IIa30Biit
JaCTHUHI crep>kHs Ha 540 i Ha 360° y 71060BiM YacTHHI,
a TAKOXK YPAXOBYIOUM PE3Y/BTATU €KCIEPUMEHTA/IPHUX
DOCTiI>KEeHb, TPUIMAECTHCA PIBHOMIPHMIA PO3IOLIN Te-
IJIOBUII/IEHHS B3[OBXK BUCOTY CTEP>KHIB.

2. Ilpumyckaerbca piBHOMIpHUIT PO3IONI/ TEIUIO-
BUJLI/ICHHS B3JJOBX JJOBXXMHM TIOOOBUX YaCTUH.

3. EnemenTn po3paxyHKoBoOi 00/1aCTi pO3I/IA/IaloTh-
Cs1 K ONHOPiNHI aHi30TPOIIH] Ti/NIa 3 yCEPETHEHNMH Te-
w10 (i3UIHMMY ITApaMeTPaMu MaTepialiB, sAKi 3a/1e5KaTh
BiJl TEMIIEPATY PH.

4. 3anexHicTs Ternogiznunmx napamerpis (koedi-
LI€HTiB TEIVIONPOBiAHOCTI, TUTOMOI I'YCTMHH, TEIJIOEM-
HOCTi) MarepianiB 06MOTKM J1 OCepHs CTaTopa Bij TeM-
HepaTypy BPaxoBYIOThCA 3a JOIMOMOTOI0 BiiIIOBiIHMX
AHATITMIHUX 3a/IEXKHOCTEN.

5. Enexrpomaruirui Brparu B o6MoOTHi, AKi BU-
RUIAIOTHCS Y BUIJLAJ TEIUIa, i Tetutodisnani mapamerpu
(koedirienTn TEIIONPOBIHOCT], TMTOMOI I'YCTUHU Ta
TEIVIOEMHOCTI) OOMOTKM 11 OCEpHsi CTaTOpa Ha IEPIIOMY
€Talll 3a7]A10THCA I OUiKyBaHOI TEMITEPATYPH, a TIOTIM
YTOYHIOIOTBCA B IPOLIECi pO3PAXYHKY 3a/1€XKHO Bifl TEMIIE-
paTypu Ha KOXKHOMY 4acoBoMy a00 iTepaliiiiHoMy KpOKax.

6. KoedinieHTy TEIUIOBIA/ati 3 OXONOMKYBATbHUX
HOBEPXOHD BU3HAYAKTDHCSA 32 BIIIOBIIHMMY KPUTEPia/Ib-
HHMMMU 3a71E>KHOCTAMMU.

7. Ilig gyac BuboOpy po3paxyHkoBoi o6macTi nepen-
6agaeTbces, MO icHye cuMeTpisa Ta nepiofMyHa IMOBTO-
PIOBAHICTb €/1eMEHTIB KOHCTPYKIil 0OMOTKM 11 ocepas
craropa, ixHix TeH}IO(i)iBI/I‘IHI/IX BJIACTUBOCTEN, YMOB
OXOJIOIPKEHHA Ta TEIVIOBUALIEHD ITO Koy cratopa. Ha-
SIBHICTD HCOJHOPIHOCTI M acMMETpii napaMeTpip 1o
KOIy, 0COONMUBO Ha CTUKY (DasHMX 30H, MO>Ke Oy TH BU3HA-
YeHA PO3PAXyHKOM BUIICHUX 00/1acTeil 3 HACTYITHUM
«3UIMBAHHAM» METOJOM HOCTiJOBHIX HAO/IVKEHD.

8. TI'pannyni yMOBM Ha MeXKax JOTUIHMX IIOBEPXOHb
OIMCYIOTHCA HACTYITHUM YMHOM. SIK BiTOMO, MK JOTHY-
HVMM HOBEPXHAMMU B 00/IaCTi KOHTAKTY HPOLIEC TEIUIOTIEpe-
Hadi Mae CK/IaIHMI Xapakrep. ToMy BUKOPHCTOBY 04N Me-
TOJI €KBiBa/ICHTYBaHHs, 3pYYHO PO3I/IAIATH €KBiBa/IeHTHI
koeQirieHT Teronepenadi KoHTakTy Ax (Br/(m?- K))itep-
MiuHY IpoBigHicTs Terionepenadi A (B1/K), A, =F.A,
(me F, — mmoma korrakry). Topi Ha MeXi ToTHIHYX [TOBEp-
XOHb MA€ MICII¢ PiBHICTD TEIIOBUX ITOTOKIB

A, aai (E-0)=A,[6,(5+0)-8, (5-0)]
A,[6,(8+0)-0,(E-0)]=1A, aa?; (8+0).

ne 8, 8, — remmeparypu B o6nacri ananisy; X — xoe-
¢inient remwronpopignocTi pospaxyHkosoi obnaacri,
A, — tepmiuHa nposiguHicTs Terronepenadi, § — npu-
picT KOOpHMHATH.

9. IlepenbagacTbcs, MO MEXa Ta IPAHNYHI YMOBU
PO3PaxyHKOBOI 06/1aCTi MATEMATUYIHO IIAJIKI.

3 ypaxyBaHHAM BUIICHABEICHUX IPUITYIICHD OIINC
TEMIIEPATY PHOTO NOJIA BUKOHAHO 3a JOINOMOTIOIO CH-
cremMu gudepeHiiaIbHUX PiBHAHD TEIJIONPOBIIHOCTI,
PiBHAHP MifirpiBy XOOMOAreHTY, HOYATKOBHUX i IPAHIY-
Hux ymos -1V pony:

c(e,z)p(e,z)% = div(A(0,1)- grad®)+q, (6,1); (1)

¢, (0.0, (0.0[ . 20, 20,
., (6,.)5 Lol ol

Ie ¢, P, A — NMUTOMA TEIJIOEMHICTD, MIIBHICTD i KO-
edimieHT TEmIONpPOBiAHOCTI PO3paXyHKOBOI 006/1aCTi,
0 — remueparypu B obnacri ananisy, / — Bignosigna
IPOCTOPOBA KOOpMHATA, F, b, — Ij1011a MoIepevHoro
nepepisy Ta MUPUHA i-TO OXONMOIKYBAJIBHOTO KaHANY
BiZITIOBIHO, O, €, — KoedinieHT TewmoBixmayi Ta nu-
TOMA TEIVIOEMHICTD XO/IOTOAT€HTY BifIIOBiTHO.

PiBHAHHA TENNIONPOBITHOCTI /1A ONMCY TEMIIEPA-
TYPHOTO HOJIA Y BY3/IaX Ta €EMEHTAX, 1[0 MAIOTh (pop-
MY HapaIe/elinesa, y JeKapTOBUX KOOPOMHATAX MAIOTh
TaAKUI BUTTAT:

+0Q, +6 =0, 2

00
C(e,an’:Z)P(e,x,y,Z)E =
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PiBHAHHA TeNNIONPOBIAHOCTI I/ ONKUCY TEMIE-
PaTypHOro HOAA Y BY3/IaX Ta €IEMEHTAaX, IO MAKTh
HWIHAPUYHY POPMY, Y IMIIHAPUIHUX KOOPAMHATAX
3aIMCYEThCA AK

c(8,7,0,2)p(8,7,0,2) 2 =

ot
0’0 100 10%
=xr(9,r) —2+;5 +X¢(e,¢)r—2$+ 4

0%
+ 7»2 (9,z)§+ qy (O,r,(p,z).

Y cranioHapHOMY peXXumi % =0, Topi piBusiaas (3)
i (4) mepeTBOPIOIOTHCA Y Bi/IIOBI/IHI e/iIITHYIHI PiBHAHHSA
2 2
2 (8,%,3,2) o+ 1, (0,5,7,2) S0 +
ox 6 oy 5)
+ hz(e,x,y,z)p +q,(0,x,y,2)=0
z

0’0 100 1 0%
AO)—+-")+A (0,0) = — +
A( r)(ar2 rar) »(6,0) Py

0%0
+7\.z(9,z)—6 > +3,(0,7,9,2)=0

z

)

e 6 — remreparypa B obnacri aHasuisy, x, y, z — BifiIo-
BifHi IPOCTOPOBi KOOpAMHATH, 7, ¢ — BIANOBiAHI K-
MiHApUYIHI KoopanMHaTH, Q. — BUTpAaTa XOMOKOATEHTY
y Bignopignomy i-My Kanaini, F, b, — miomia nonepey-
HOTO IIepEPi3y Ta LIMPUHA i-TO OXOIOKYIOUOTO KaHaIy
BifiMOBiHO, [ — BifIIOBiHA TPOCTOPOBA KOOPJMHATA,
a,c. — KoeillieHT TeIIOBiavi Ta HUTOMA TEIIOEM-
HICTh XOTOJ0AreHTY BifINIOBiHO, ¢, p, A — IHUTOMA Te-
IJIOEMHICTD, MUIBHICTD 1 KoeiIlieHT TeIIOnpoBiIHOCTI
PO3paxyHKOBOI 06/1aCTi.
I'panuyni yMOBY 3aIIMIIEMO AK

A, 00
exi = i M —
axi 611
LA OXONMOIPKYIOUMX KaHAJIIB IMTOPOXKHUCTHX ITPOBITHMKIB;
A, 0O
6, =+ 27
o, 0

JULS 30BHIIIHIX TEIDIOOOMIHHUX IIOBEPXOHb 0OMOTKM CTa-
TOPA, 11 T06OBUX YACTUH Ta HAKETIB OCEPIIS CTATOPA;

L (e-0)=A.[0,(&+0)-0,(5-0)] i
Ak[ei(§+o)—ej(§—o)]=ixj%(gm) —

Ha MEXI JJOTUYHUX ITIOBEPXOHD €/IEMEHTIB 0OMOTKH.

PosrnanyTa 3agaga B 3araIbHOMY BUIJLANI € HEMiHI-
HOIO, OCKIJIBKM HEeOOXiIHO BPAaxXOBYBaTH HEMiHiNIHI 3a-

2,

JIEXKHOCTI Koe(biuieHTiB TEIJIONPOBIAHOCTI, TYCTUHH,
TEIVIOEMHOCT] Ta €IEKTPUYHOTO OIOPY Bifi TeMmepa-
Typu. Bupimennsa sagadi 3mifiCHIOETbCA KiHIIEBO-
Pi3SHMIICBUMM METOJJAMU y TPUBUMIpPHIii (IIpOCTOPOBIii)
roctaHoBIli. KiHneBo-pisHMITeBa arpoKcuMaltis 3ajgadi
BUKOH2HA 3a JOIOMOIOK iHTErpO-iHTEpHOAALIAHOIO
Merogy. CIIOYaTKy IpoBelieHa AMCKPeTU3allist BUXil-
HUX inepenIiaIbHUX PiBHAHbD, Y PE3y/IbTaTi CTBOPEHA
CHUCTEMa HeMHIMHUX anreOpatiHuX piBHAHD (HesiHiliHa
pisHuiteBa cxema). Jlani B MeXXax BifoBiganx 06’emin
HpoBefleHa KYCKOBA JIiHeapu3alisa i ycepeHeHHs Te-
W10(pi3MIHUX apaMeTpiB I TEMIEPATYPU Ha KOX-
HOMY iTepaniitnomy kponi. Ilepepbadaerncs, mo pos-
IJISTHYTA KPaioBa 3a/1ada € KOPEKTHOIO, TOOTO BOHA Ma¢
pillieHHA i TINMBKY OfiHe, sAKe 6e3NepepBHO 3a/ICKUTD Bilt
BXITHUX JaHUX.

AnpoxkcuManis 3afiadi 30iMICHIOETbCA Y iBa €TaIIN:
CIIOYATKY 3a IPOCTOPOBMMM 3MiHHMMI, & ITOTIM 3a 4a-
COM. 3a IPOCTOPOBUMM 3MIHHMMU BY3/IM Ta €I€MEHTU
po3rAnyTOi 06/1acTi po3buBaTbesa Ha N-y KinbKicTb
elIeMeHTapHuX 00’eMiB. BUKOpHCTOBYIOUM pesynbTaTn
no6ynOBY PiSHMUIIECBOI CXEMU 3a/a4i TEIUIOPOBITHOCTI,
3a JONOMOTOK IHTErpO-iHTEPIONALINHOIO METORY
PIBHAHHA TEIVIONPOBITHOCTI 1A BHYTPIIIHBOTO #1-TO
€/IEMEHTAPHOT0 00°€MY IPEICTABICHO Y BUNIAT PiBHAH-
Hs TEIVIOBOTO Ganancy

cnpnI/n % = (en+1 - en )An+1,n +
+(9n—1 _en)An—l,n +"'+qn 'I/n’ (7)
n=12,.,N,

ne A, , — B3aEMHA TEIUIOBA HPOBI/IHICTD 110 CYCiTHBOTO
e/leMEHTapHOro 06’eMy (By31a).

AHa/IOTTYHO MOXKHA 3a1IMICATH B KiHLICBO-PI3HULICBOMY
BUIVLA/ PIBHAHHA TEIDIOBOTO Oa/IaHCY /1A IPAHUTHOTO
eleMeHTapHoro o6’eMy, 6epyun 10 yBaru npoBifHOCT,
06yMOBJICH] TEIUIOBINAYCIO IO XOMofoareuTy Ay, =a, F,,
zie &, — KoeilieHT TervtoBimayi, F; — IUIOIIA IIOBEPXHI
Ternoobminy.

Y pesynbrari npuxopuMo o audepeHiiabHoro
PIBHAHHA 32 9aCOM i pi3HMIIEBOTO PIBHAHHSA 34 IIPOCTO-
poBUMM 3MiHHMMM. Y IpaBiil yacTuHi HasABHI Ge3nepe-
PBHI CK/1a710BI (TEIUIOBI IOTOKM), B IKMX B IBHOMY BUIJISNI
BijicyTHI TOUKM (1iHi1) pO3pUBY TeIIOPI3UTHMX ITApaMe-
TpiB. Takmm dYuMHOM, 33 JOMOMOrOK iHTerpo-
IHTEpIONALITHOTO METORY ONEPXKYEMO ONHOPIZHY
nudepeHnifiHo-pisHnLeBy cxemy (y TOMY UMCIi ¥ IS
AUISAHOK HiJirpiBy (OXOMOIXKEHH ) XOJIOXOATEHTY B 0XO-
JOIPKYIOUNX KaHanax i o6nacrax). IToriM npoBopuTbes
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Puc. 3. PesynbraTt HarpiBaHHsI BEPXHBOTO CTEPXKH S
06MOTKM CTaTopa Ta TepMoMeTpa oIopy TypOoreHepaTopa
Ty TBB-1000-2Y3 nipu 3MiHi HaBaHTa)KeHHS BiJ| HY/IA
1o HoMiHaJIBHOTO: 1 — TeMIlepaTypa IIpOBiJHMKA B [1a3y
Iiepe]] BUXOJOM 3 OCTAaHHBOI'0; 2 — II0Ka3aHHA aTuMKa
TeMIlepaTypu IijJf KIMHOM

Bij TeMuepaTypu oxonomxyuoi sogn. Taxk, y nepepisi
Ha BUXO/i 3 HVDKHDBOT'O CTEPKHS MaKCHMaJIbHA TeMIIe-
parypa rapssaoi sogn craHosutb 50,3 °C, a temiepa-
Typa HOPOXHUCTUX MiJJHUX HPOBiHUKIB nepebyBac
B inTepBaii 50,8-50,9 °C. 3a maHMMM aBTOMATHU30BaHO]
cucremu xourponio (ACKP), 3snHauenns remueparyp 3a
TEPMOMETPAMU OIIOPY, SIKi PO3TANIOBaHi B 11a3y Ha Oid-
Hill TOBEPXHI HIDKHBOTO CTEPXKHA, NepelyBaoTh B iH-
tepeasti 34,0-48,0 °C. PospaxyHKoBe 3HaUCHHS II0Ka3iB
BifmoBigHOTO TepMoMeTpa 42,9 °C.

JI71s1 BEpXHIX CTEP)KHIB €KCIIEPYMEHTA/IbHI 3HAYECH-
H N0Ka3iB TEPMOMETPIB OIOPY, AKi po3TalloBaHi Imij

KJIMHOM, nepeOyBatoTh B intepsati 40,6-48,7 °C, a pos-
paxyHKoBe — 48,2 °C. JlaHI eKCIICpUMEHTY 1 pO3paxyH-
Ky IPAaKTUIHO 36iraloTbCs (Bifipi3HAIOTHCA MEHIIE, HiXX
Ha 5%). Ile cBigunTh PO MOCTOBIPHICTD PO3pOOIEHMK
METOJNMK, MATEMaTUIHUX MOJE/ICH, aIrTOPUTMIB i po-
IrpaMy pO3paxyHKy.

3 BMKOPUCTAHHAM po3po6JieHol nporpamu 6yiu
NPOBeJEH] po3paxXyHKH TPUBUMIPHOTO TEMIIEPATYPHO-
ro nois 06MOTOK CTaTopa TypOOreHepaTopiB moTyx-
nictio 1000 MBT y ABONOTIOCHOMY BUKOHAHHI THITY
TBB-1000-2Y3 Ta 90THPHUIIONIOCHOMY BUKOHAHHI TUITY
TBB-1000-4Y3 npu 3MiHi HaBaHTaXXeHHA Bill HY/IS O
HOMIH&JIPHOTO 3HAYEHHA JIs1 BUSHAYEHH A [iarHOCTHY-
HUX 03HAK TEXHIYHOTrO CTAaHy BKa3aHUX OOMOTOK.

PosrnsaneMo pesynpTaTH poO3paxyHKIB TENIO-
BOTO CTaHy 1 BM3HA4€HHs [AiarHOCTMYHMUX O3HAK
TEMIIEPATY PHO-4aCOBUX 3a/IE>)KHOCTEN HATPiBaHHA BEpX-
HBOT'O CTEP>KHsI 0OMOTKH CTATOPA JIBOIOIIOCHOTO Typ6o-
reHeparopa HoTy>xHicTio 1 000 MBr tuiry TBB-1000-2Y3.
Ha puc. 3 naBeeHo pesynpTaTi HArpiBaHHA BEPXHBO-
ro CTep>KHA 0OMOTKM Hif 9ac mycKy Typboreneparopa
IpU 3MiHi HABAHTAXKEHH Bifl HY/IA 0O HOMIiHAJIBHOTO.
3a HarpiBaHHA i YaC MyCKy Bifi0yBaeThCA 3HATHE 3a-
Mi3HIOBaHHA HAIPiBaHHA TEPMOMETPA OLIOPY HOPiBHAHO
3 MIZIHMMM HPOBiIHUKAMI CTEP>KHS. SMIHCHHSI 1IOKa31iB
TepMoMeTpa onopy Ha 10 % Bif ycTaeHOro 3Ha4eHH A 10-
csraerbes yepes 115 ¢ (migHOrO IpoBiHMKa — depes 4 ¢).

Y tab. 2 HaBeIeHO PE3Y/IbTATH ONPALIOBAHHSA PO-
3paxXyHKOBMX TEMIIEPATYPHO-IACOBUX 3a/IEXKHOCTEN Ha-
I'PiBaHHs MiTHOTO HOPOKHMUCTOTO NPOBiTHMKA Ta TEP-
MoMeTpa onopy (po3TauroBaHOrO Hijfl KJIMHOM) Y Hasy

Ta6muua 2. ITapaMeTpu TeMIepaTy pHO-IACOBUX 3a/IeKHOCTE HATPiBY MiTHOT O TOPO>KHUCTOTO MPOBITHUKA

Ta TepMOMETpa ONMOPY B Ma3y BepXHBOTO CTep>KHA 00MOTKM cTaTopa Typ6oreneparopa tuny TBB-1000-2V3
3a YaCTKOBOI Ta IOBHOI 3aKYNOPKHU

Koedirient MigHWi TOPOKHUCTHIT TPOBITHUK BEePXHBOTO CTEPKHS 0OMOTKY [ToxasaHHsI TepMOMeTpa OTIOPY
“aCTKOBOL . [Tocritina 9acy . [TocTirina 9acy
3aKYTIOPKH [TogatkoBa Ho(f(ln— peryiApHOTo Yac HO‘IaT.Ify [TogatkoBa Hooxm— perynApHOro
K, =S, /S |®Ha de /dt|_ ., °Clc pesany T, , ¢ peryiapusanii t,,, ¢ | nade /dt_, °C/c pexcy T, ¢
0 1,55 43,0 2,2 0,025 254,0
0,3 1,55 48,2 12,0 0,025 256,4
0,5 1,55 55,4 23,1 0,025 260,4
0,6 1,55 62,0 30,8 0,025 264,0
0,7 1,55 72,8 41,2 0,025 269,6
0,8 1,55 91,8 53,2 0,025 279,2
safyolf:;m 1,55 143,8 68,1 0,025 302,8
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BEPXHDOI'O CTEPXKHA 0OMOTKM CTATOPA 3a/ICKHO BiJl 4acT-
KOBOI Ta MMOBHO{ 3aKYIIOPKH IOPOXKHMUCTOTO IPOBiTHMKA
IpuU IyCcKy TypOoreHeparopa ii 3MiHi HABAHTAXKCHHS Bit
HYJIS1 10 HOMIHAJIPHOTO U1 BUSHAYEHH TAKKX ITapaMe-
TpiB: movaTKoBOI moxiguoi dO/dt|_ , mocriitaoi yacy pe-
rynapuoro pexnmy T, gacy nouarky perynapusarnii t,,.

SIK TMOKa3yIOTh Pe3y/NbTaTH ONpPALIIOBAHHA TEMIIE-
PaTyPHO-9ACOBUX 3a/IEKHOCTEN 3TITHO 3 BUSHAYCHHAM
iXHiX MapaMeTpiB IpM YACTKOBIN i NOBHIN 3aKynopIi
HOPOXXHUCTHUX HPOBIIHUKIB CTEP>KHIB OOMOTKY CTAaTO-
pa, MOCTIiMHA 9aCy PEryAApHOrO PeXKUMY 1 9ac MOYATKY
Perysapusanii ictTOTHO 3pOCTAIOTh AK IS MiJHOTO I1O-
POSKHUCTOTO IIPOBIIHNKA, TAK i I TEPMOMETPA OIIOPY,
YCTAHOBJIEHOTO B a3y IiJ] KJIMHOM, a II0YaTKOBI ITOXif-
Hi (IpoBigHMKa I TEPMOMETpPA OLIOPY) HE 3MIHIOIOTHC.
Tak, 1711 He3aKyHOPEHOr 0 IOPOXHUCTOrO IPOBiHNKA
T, =430c¢t,=22c¢do0 /dt|_ = 1,55, T, =254c
d6 /dt|,_,, = 0,025; y pasi yacTkoBoi 3aKyIIOPKM HOPOXK-
nucroro nposiganka K =0,8:T =918 ¢, t,=532¢,
d6 /dt|_,,=1,55T  =279,2 ¢, d6 /dt|_, = 0,025.

Y rabn. 3 HaBeeHO Pe3y/IbTATH ONPAIIOBAHHSA
PO3PaxXyHKOBUX TEMIIEPATYPHO-9ACOBUX 3AIEKHOC-
Tell HATPIBAHHA MiJJHOTO IIOPO>KHUCTOTO NPOBiTHMKA
Ta TEPMOMETPA OHOPY (PO3TAMIOBAHOrO Mijl KIMHOM)
y a3y BEPXHBOI'O CTEPXKHA 0OMOTKM CTATOPA 3aJIEKHO
Bifl HiZBUIEHOTO CTPYMY MOPOKHUCTOTO NMPOBiTHMKA
IpU NYCKy TypOoreneparopa ta 3MiHi HaBaHTaXKCHH S

BiJl HY/IA O HOMiHA/IBHOTO I/IA BUSHAYECHH A HACTYITHUX
mapaMeTpip: modaTkopoi noxignoi do/dt|_, , mocriimoi
9acy perynsAapHoro pexnmy T, wacy nodarky peryns-
pusaniit,,.

PesynpraTn onpaioBaHHA TEMIIEPATyPHO-4aCOBUX
3a/IKHOCTEN 3TiHO 3 BU3HAYEHHAM iXHIX Iapame-
TPiB 3aJIeXXHO BijJf HiABUIEHOTO CTPYMY MOPOXKHUCTUX
HPOBIHUKIB CTEPXKHIB OOMOTKM CTAaTopa CBifj4arh,
110 MOCTiMIHA Y9acy PEryIAPHOrO PeXKMMY i 9ac moJar-
Ky peryisapusanii He 3SMiHIOIOTBCA AK 1A MiTHOTO 1O-
POSKHUCTOTO IIPOBIIHNKA, TAK 1 JUIA TEPMOMETPA OLIOPY,
YCTAHOBJIEHOTO B 1143y IIiJi KIMHOM, a IIO9aTKOBI IIOX1/THI
(mpoBifgHMKa i TepMOMETpa OLOPY) iCTOTHO 3POCTAIOTE.
Tak, W1 He3aKYIIOPEHOI'0 MOPOXHUCTOrO NIPOBITHIKA
3a HOMiHanmbHOTO cTpyMy Maemo: T =430 ¢, t, =22 ¢,
d6 /dt|_,,=1,55"T =254c,db /dt|_, =0,025;y pasispo-
CTaHHsA CTPyMy MOPOXKHUCTOrO nposignuka I/I = 1,5
T,=430ct.=22cdb/di_,=348 T =254c
d6 /dt|_, = 0,0274.

PosrmsainemMo pesynpraTM pO3paxyHKiB Temno-
BOTO CTaHy i BM3HAYEHHA JiarHOCTMYHUX O3HAK
TEMIIEPATYPHO-YACOBUX 3aJ€XKHOCTEN HArpiBaHHA
BEPXHBOTO CTEPKHA 0OMOTKHU CTATOPa YOTUPULIOTIOC-
Horo ryp6oreneparopa noryxuicrio 1000 MBr tuny
TBB-1000-4Y3. Ha puc. 4 nokasaHo pesy/iabTaTu Ha-
IpiBaHHA BEPXHDBOTIO CTEP>KHS 0OMOTKM IIpU 3MiHi Ha-
BAHTAa>XeHHA Bifl Hy A [0 HOMiHa/bHOTO. [Ipn HarpiBan-

Ta6muua 3. IlapaMeTpu TeMIlepaTypHO-4aCOBUX 3a/IeKHOCTEN 3a MiTBUIMIEHOTO CTPYMY
MOPOKHUCTOTO MPOBiTHIKAa 06OMOTKM cTaTopa TypOoreHepaTopa Tuny TBB-1000-2Y3

MigHnit HOpOXXHUCTHUI TPOBITHUK BEPXHBOTO CTEPXKHS 0OMOTKI IToxazaHHA TepMOMeTPa OIIOPY
I, . [TocTirina 9acy . [Tocritina gacy
[TouarkoBa IIoXifHA peryapHOro Yac nouarky ITouatkoBa IIOXifHA peryIApHOro
° o
de /dt|_ ., °Clc pesinmy T, , ¢ peryaspusarii t,,, € de /dt|_,, °Cre pexmiy T, ¢
1,0 1,55 43,0 2,2 0,025 254,0
1,05 1,65 43,0 2,2 0,0251 254,0
1,1 1,81 43,0 2,2 0,0254 254,0
1,2 2,21 43,0 2,2 0,0259 254,0
L3 2,6 43,0 2,2 0,0264 254,0
1,4 3,03 43,0 2,2 0,0269 254,0
1,5 3,48 43,0 2,2 0,0274 254,0
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Ta6muua 5. IlapaMeTpy TeMIle paTy pHO-YACOBUX 3a/Ie>KHOCTEN TPU NiTBUIEHOMY CTPYMi MOP 0>KHICTOTO
NpoBigHUKa 06MOTKM cTaTOopa TypboreHepaTopa Tuny TBB-1000-4Y3

Migauit HOpOXXHUCTUN IPOBITHUK
IToxaszaHHA TepMOMeTpa OIIOPY
BepPXHBOTO CTeP>KHS 0OMOTKI
1, . [TocTirina acy . [Tocritina 9acy
[TouatkoBa IIoXifHA CIVILADHONO Yac royarky pery- | Ilogarkopa moxigna CIVILADHOIO DI
de sdt|_ ., °Clc peryip Astpusarii t,, ¢ de /dt|_ ,°Clc pery/ip P
w e pexumy T, c p =0 My T ,c
1,0 1,55 41,2 2,18 0,0263 253,0
1,05 1,71 41,2 2,18 0,0265 253,0
L1 1,88 41,2 2,18 0,0266 253,0
1,2 2,25 41,2 2,18 0,0268 253,0
L3 2,63 41,2 2,18 0,0270 253,0
1,4 3,04 41,2 2,18 0,0273 253,0
L5 3,50 41,2 2,18 0,0276 253,0

AK IJIA M1THOTO TOPOXKHMUCTOrO IIPOBiIHUKA, TaK 1 1A
TEPMOMETPA OIIOPY, YCTAHOBJICHOTO B a3y il K/IMHOM,
a HOYATKOBI MOXifgHi (IIPOBITHUKA i TepMOMETPaA OIO-
py) icrorHo 3pocTaoTh. Tak, A1 He3aKyIOPEHOTo HO-
POSKHMUCTOTO NPOBITHMUKA IPM HOMiHAJIBHOMY CTPyMi
T, =4L2c t.=218c,db /d(_,=155T, =253c,
d6 /dt|_,, = 0,0263; npu spocranHi crpymy nopo>KHu-
croro nposigamka I/I = 1,5: T =412 ¢ t, = 2,18 ¢,
d6, /dt|_,,=3,5T =253c db /dt|_, = 0,0276.

Taxkum unHOM, 3a pe3y/IbTaTaMy OIPALIIOBAHHA iH-
¢dopmariii 3aco6iB MITATHOTO TEPMOKOHTP OO MOKIUBO
e(peKTUBHO Ta HAJIITHO NiarHOCTYBATH YaCTKOBY i IIOBHY
3aKyIOPKY HOPOXKHUCTUX IIPOBIHUKIB 0OMOTKY CTaTO-
pa abo miBUIEHUI CTPYM B €IEMEHTAPHUX IIPOBiJHUKAX
11iei 06MOTKH, 30KpeMa BUTKOBI 3aMuKauus. [lapamerpu
OIpalIOBAHHs TEMIIEPATYPHO-9aCOBUX 3AIEKHOCTEN,
Taki AK mouyarkosa moxigma doO/dt|_ . mocriiina gacy
perynsaproro pexumy T, i 9ac nouarky perynspusanii
t,., MOXXYTD OyTU BUKOPUCTAHi K J{IaTHOCTUIHI O3HAKK
nosBu Ta po3BUTKy Aedexry. Ha AEC punpobypanns
MO>XXYTh IIPOBOTUTHCA IIifl 9aC INTAHOBMUX IYCKiB, 3MiHK
HABAHTA)XKEHHA 200 PO3BAHTAXKCHH A eHeProbIoKa.

Bucuosku

Typ6oreneparopu noryxuicrio 1 000 MBt ykpain-
cpknx AEC MaloTh HeJOCTATHIO HAJIMHICTD, O € CyT-
TEBUM UMHHMKOM, 1[0 BIVIMBAE HA Oe3I1eKy, HamilHICTh
Ta ¢(PEKTUBHICTD €KCIITyaTallil enepro6nokis. Opuum i3
BaXKJIMBUX MIAXIB 3a0e3leueH A HaiiHo1, 6e31ednoi
Ta eeKTUBHOI eKcITyaranii rypboreneparopis AEC,
HPOJOBXKEHHS PECypCy, HiIBUICHHA HAPAIIOBAHH S

Ha BiIMOBY, IiIBUIIIEHH JI0 CBiTOBOro piBHA Koedi-
Li€HTIB TOTOBHOCTI € KOHTPO/ID Ta IIaTHOCTUKA IXHDBOTO
TEXHIYHOTO CTaHy. [IMTaHHAM TEMITEPAaTy pHOTO KOHTPO-
10 1 TeMIeparypHoI JiarHOCTUKY CTEP>KHIB 0OMOTOK
3 6e31ocepeiHiM OXONMOJPKEHHAM B KOHIICITYaJIBHOMY
1 TEXHIYHOMY IIaHi IPUAIIACTHCA CEPHO3HA YBara.

Opuak npob6neMa noci He Bupinena. Hopmarnpui
METOAM KOHTPO/IIO MAIOTh HU3bKY €(PeKTUBHICTD BUAB-
JIEHHA 3aKYHNOPOK MTOPOSKHUCTHUX ITPOBiNHMKIB CTEP>KHIB
06MOTOK craropa [8]. BukopucTaHHs M tarHO1 CUCTEMNU
TEIUVIOBOI'O KOHTPOJII0 TAKOX € MaIoe(eKTUBHUM /s
BUSABJICHHS JIOKA/IBHUX NEPErPiBiB y CTEPIKHAX 0OMOT-
ku craropa. TepMoMerpu onopy BcraHosieHi B oOme-
JKEHIN KiNbKOCTI MiCITb Ha 30BHINIHIN NOBCPXHI 13071511111
CTEP>KHIB, BOHU € PO3IOAIICHUMH 110 IIOBEPXHI 1, OTXKe,
BUMIpIOIOTD yCePeNHEHE SHAYEHHA TEMIIEPATYPHU B MicCLIi
pO3TAaNIyBaHHA i He MOXYTD 6€310CePe/HbO KOHTPO/IIO-
BAaTYU TEMIIEPATYPY B HAMOi/IbII HATPITHX MiCIAX 06MOT-
KI, TUM Oi/IbliIe, IO PO3MIIICHH S JIOKA/IBHUX IIeperpiBiB
3MIHIOETBCA 3i 3MiHOI0 pe>kuMiB poboTu Typborenepa-
TOpa. Y 3B3KY 3 LIMM MOJIC/IIOBAHH A TCIVIOBUX IIPOLIECIB
VLI KOHTPOJIIO 1 iiarHoCTHKY fAedeKTiB y crep)kHi cTa-
Topa notyxuux ryp6oreneparopis TECi AEC, po3po6-
Ka MAareMaTHYHNX MOJENEN TEIIOBOTO CTAaHy CTEP>KHA,
po3pobKa aJIrOPUTMIB i IPOrpaM, OTPUMAHH BUXIITHUX
JTAHKX 33 [TapaMeTpaMM TeIvIonepenadi i JogaTkoBuMu
BTPAaTaMu B CTEP>KHi, HAOYBAIOTH BCE Oi/IBIIOrO 3HAUCHHS.

Pospo6rieHi MareMaTuaHi MOTIET, METOIMKM, /ITOPUT-
MU i IpOrpaMM PO3PaxyHKY Biflpi3HAIOTHCA Bill BUKOPH-
CTOBYBAHUX 1 BIlOMMX CbOTOIHI 3a TAKMMM IIAPAMETPAMM:

icToTHO Gi/IBIIMIT CTYIIIHD aIEKBATHOCTI PeaTbHUM
¢isuaHuM npouecam;
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BUPIIICHHS YCiX IOJIbOBUX 3a/jad TEIUI00OMiny (re-
IUIONIEPE/Iadi) Y IPOCTOPOBiit (TpUBUMIpHIIT) IOCTAHOBIT;

6iybI OBHE YpaxyBaHHAM (i3MKO-TeXHIYHUX UUH-
HUKIB;

BYICOKA TOUHICTh PO3PaxyHKY (II0Xn6Ka MaTeMaTud-
HOro po3paxyHky < (0,2+ 1,0) %);

BUKOPUCTAHHA CYYaCHUX METOJAIB, 10 6a3yI0ThCA
Ha METOAX PEAYKIIl 10 CTPIYKOBUX PI3HUIIEBUX CXEM
(marpuIsix).

KoMiiekcHe BMKOPUCTAHHA JAHUX IOKa3HUKIB
HITATHUX BUMipIOBA/IBHUX JJATYMKIB T aJlcKBATHUX Ma-
TEMATUIHUX MOJAECAEN Ta€ MOXINUBICTD 3 TOCTATHHOIO
JULS HPAKTUKY TOUHICTIO BUPiNIyBaTH Ipo6/IeMy BU3HA-
YEHHA JIOKaJbHUX NEPETPiBiB B AKTUMBHMUX BY3/IaX 1 eJ1e-
MEHTaX TypOOreHepaTopiB Ta BCiX iHIIUX €ICKTPUIHUX
MaIlNH.

BigmoBu, nop’a3ani 3 NOPYHMICHHAM LUPKYIAL]
BOJIM Y CTEPXKHAX 0OMOTKM CTATOpa B TYpOOreHepaTopax
i3 Oe3rmocepeHIM OXOMOMKEHHSM 1TMX 0OMOTOK BOJOI0,
3a BaPTIiCTIO IO CTYNAK THCA JIMIIE BiTMOBaM, IIEPIIOIPK-
YMHOK AKUX € PO3IYIIyBAHHA KPAJHIiX IAKETIB ocepaa
craropa. Y JiedKuX BUIAKAX [e(PeKT MPUITMHEHH S [UP-
Ky/ALT Boiy B 0OMOTIII BUABJIAETBCA JIUIIE TOJ, KON
IIPOLIEC PYMHYBAHHS 130711 JOCATa€ OCTAHHBOI CTai1
CBOTO PO3BUTKY — Bifi0yBaeThCs pobiit KoprycHoi i30-
JIAIIA.

BusnaueHo niarHoCTUYHI O3HAKH TEXHIYHOTO CTAHy
0OMOTKM CTaTopa B IEPEXiHUX PEKUMAX eKCIUTyaTallii
typ6oreneparopis Tunis TBB-1000-2Y3 ra TBB-1000-4Y3
3 METOI JIIarHOCTYBaHHA YaCTKOBOI i TOBHOI 3aKYIIOP-
KM MOPOXXHUCTUX NPOBiHMKIB 0OMOTKHM CTaropa Ta
HiJBUIIEHOTO CTPYMY B €I€MEHTAPHUX IPOBITHMKAX
11i€1 00MOTKM, 30KpeMa BUTKOBUX 3aMUKaHb. /151 1TbOr0
3 BUKOPUCTAHHAM PO3pOOICHNX METOIMKY, A/ITOPUTMIB
i MaTeMaTUIHUX Mofieieit Gy/I0 CTBOPEHO IPOrpamy pos-
PaxyHKY Ha KOMITIOTEPi TPUBUMIPHOTO TEMIIEPATY PHOTO
1oyt 0OMOTKHM craropa Ty pOoreHeparopiB HOTYXKHICTIO
1000 MBt tunry TBB y cranionapHux ta nepexijuux pe-
JKMMAX eKCIUTyaTalii.

3a pomomorow pospobaeHoi mporpamu A
NOPiBHAHHA 3 €KCIEPUMEHTAIPHUMY JaHUMMY BUKOHA-
HO HEeCTalliOHApHUIA (/151 IYCKY) i CTallioHapHUit po3pa-
XYHKM HarpiBaHH:A CTepXKHIB 00MOTKY craropa rypbore-
Heparopa noryxHicTio 1000 MBr tunry TBB-1000-2Y3.
J1A nOpiBHAHHA PO3PAaXyHKOBUX i €KCIIEPUMEHTATbHUX
nanux 6y/10 BUKOPUCTAHO JIaHi TEIIOBUX BUIIPOOYBaHDb
Typboreneparopa Bkazanoro tuny Pisuencobkoi AEC.
PospaxyHnkoBi gani, 30KpemMa TeMreparypu i mipirpisy
rapsA490To JUCTUILATY, TEMIIEPATYPa TapA401 BOH, IIOKa3-
HHMKM TEPMOMETPIB ONOPY, AKi pO3TAlIOBAH] B Ta3y Ha

6iuHiit HOBEPXHI HYPKHBOTO CTEPKH, BilIPi3HAITHCS Bijy
EKCIIEPUMEHTAIbHUX He Oibiiie, HIXK Ha 5%, 1m0 CBij-
YUTD PO AJCKBATHICTD PO3pOOIEHNX METOJIUK, MAaTEMa-
TUYHKMX MOJE/IEN, AITOPUTMIB 1 IPOrpaMU PO3PAXYHKY.

IiA BU3HAYEHHA IiarHOCTMYHMX O3HAK 3aKy-
HOPKM NOPOXKHUCTHX NPOBiITHMKIB Ta HiJBUIEHOTO
CTPYMY B €IEMEHTAPHUX MPOBIIHUKAX OOMOTKM CTa-
Topa TypboreHeparopis 6y/10 NpOBEACHO PO3pAXyHKA
TPUBUMIPHOTO TEMIIEPATYPHOTO MOJA IUX 0OMOTOK
rypboreneparopis noryxuicrio 1000 MBr y gBo- Ta
YOTHPHUIIONIOCHOMY BUKOHAHHI IIPY 3MiHi HABAHTaKEH-
HA BiJl Hy/Is1 10 HOMiHanbHOro 3HadeHHA. IIposeneno
OIIPAIIOBAHHA PO3PAaXyYHKOBUX TEMIIEPATYPHO-9aCOBUX
3QJIEKHOCTEI HarpiBaHHA BEPXHBOTO CTEPXKHA 0OMOTKI
i3 BM3HAUYEHHA IXHiX IMapaMeTpiB, TAKUX AK IOYATKOBA
IOXiTHa, MOCTIMHA YaCy PEryAAPHOrO PEeXUMY i 9ac mo-
YaTKy perynapusanii. Pesyapratu mboro onpanosanng
MOKA3YIOTh: y Pa3i 9aCTKOBOI 1 MOBHOI 3aKyIMOPKH I10-
POXXHUCTUX NPOBIJHUKIB CTep>KHIB 0OMOTKY cTaTOpa
IMOCTiMIHA 9aCy PEryJIApPHOTO PEeXMMY 1 9aC MOYATKY
perysapusanii ictToTHO 3pOCTAIOTh SIK U1 MiTHOTO IIO-
POKHUCTOTO IIPOBiTHMKA, TAK 1 711 TEPMOMETPA OIIOPY,
a II0YaTKOBI IOXijiHi (IPOBifHMKA i TEPMOMETPa OIIOPY)
He 3MiHIOIOThCS; IPH NiTBUILEHOMY CTPYMi IIOPOXKHHU-
CTUX IIPOBITHUKIB CTEPXKHIB 0OMOTKY CTaTopa HoCTiiHa
YACY PEryAAPHOTO PEXKUMY i 9ac OYATKY PeryiApu3anii
HE 3MIHIOKTBCA K I MifTHOTO HOPOXXHUCTOTO IIPOBij-
HMKA, TAK 1 7151 TEPMOMETPA OIIOPY, @ IOYATKOBI OXi/THI
(mpoBingHmKa i TepMOMETpa OLOPY) ICTOTHO 3pOCTAIOTD.

IIposeneni gocnig KeHHs MOKA3a/IH, IO 34 PE3Y/b-
TaraMm onpaunpoBanuA indopmanii 3aco6iB mraTHO-
r0 TEPMOKOHTPOII0 MOKINBO €(PEeKTUBHO Ta HAJIITHO
INiarHOCTYBATH JAaCTKOBY i HOBHY 3aKYIOPKY IOPOX-
HUCTHUX HPOBIIHUKIB 0OMOTKM CTATOPa Ta IiABUIICHNI
CTPYM B €JICMCHTAPHUX IIPOBITHUKAX OOMOTKY CTATOPA,
30KpeMa BUTKOBI 3aMHMKaHHA. [TapaMeTpn onmpaioBan-
HA TEMIIEPATY PHO-9ACOBMX 3aJIEXKHO CTEN, TAKI AK I10YAT-
KOBa IOXifIHa, ITOCTiMIHA 9aCy PEryIAPHOTO PEXKUMY Ta
Yac [OYATKY peryisapusaniii, MOKyTb 6T BUKOPUCTAH]
AK IiarHOCTUYHI O3HAKY HOsIBY 1 po3BUTKY fiedpexTy. Ha
AEC Bunipo6yBaHHs MOXYTb IIPOBOIMTHUCS IIiJ| 9ac I1a-
HOBMX ITyCKiB, 3MiHM HABaHTa>KeHH:A 400 pO3BaHTaXKEeH-
Hs eHepro61oKa.
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JIuarHocTIyecKye NPU3HAKY TEXHUIECKOTO
COCTOAHMA 0OMOTKM CTAaTOPa TypOOreHepaTopos
ADC Yxpaunsi

IIpuBejieHa CTATUCTUKA OTKA30B Ty pOOreHepaToOpoB
sueprobmokos AIC Yipaunsl 3a nepuop 2011-2017 rr.
Pa3paboTaHbl METOIMKA, MATEMATHYIECKIE MOJIE/TH, JITO-
PUTMBI ¥ IPOTPAaMMA JITA BBIIOTHEHU A KOMITBIOTEPHOTO
pacuera TPEXMEPHOrO TEMIIEPATYPHOrO HoAA 0OMOTKY
craropa Typ6oreneparopos MorHocrbio 1000 MBr tuma
TBB B cranmoHapHBIX M HEPEXOIHBIX PeXXMUMAaX IKCIUTya-
Taun. [y cpaBHEHNA C 3KCIIePUMEHTATBHBIMY TAHBIMA
BBIIIOJIHEH HECTALMOHAPHBIA (JUIA IIYCKa) M CTAIMOHAP-

HBIJI PacyeThl HATPEBa CTEP>KHEN 0OMOTKHU CTaTOpa TYP-
6oreneparopa MorHOCTBIO 1000 MBT Ti11a TBB-1000-2Y3.
CpaBHeHNME 5KCICPUMEHTA/IBHBIX U PACICTHBIX TAHBIX I10-
Ka3aJI0, YTO OHM OTIMYAIOTCA MEHBIIE, 4eM Ha 5%. 910
HOATBEPXKIACT aJIeKBATHOCTD Pa3pabOTaHHBIX METOIMK,
MaTeMaTUIeCKUX MOJE/ICH, A ITOPUTMOB U IIPOrPAMMBI
pacdera. [l1a onpeneneHnsa IMarHoCTUIECKNX MPU3HA-
KOB TEXHUYECKOTO COCTOAHUA 0OOMOTOK CTAaTOpa ObLIN
HPOBEJICHBI PACUCTHI TPEXMEPHOTO TEMIICPATy PHOTO IO
atux o6MoToK Typboreneparopos tuna TBB-1000-2Y3
n TBB-1000-4Y3 11pu u3MeHEHNN 3arpys3Ku OT HY/IA JO
HOMVHAJIBHONL. BBI/IN OTIpesieieHbI AMarHoCTUIeCKIE IPH-
3HAKY, C ITIOMOIBI0 KOTOPBIX BO3MOXXHO HAJIEXKHO U d(p-
(eKTUBHO AMATHOCTUPOBATH HOSIBJICHNE M PA3BUTHUE Jie-
(EKTOB B CTEPXKHAX 0OMOTKY CTATOPA TYPOOICHEPATOPOB.

Kmiouesvte cnosa: Typ6boreneparop, 06MoTKa cTaTopa,
MaTeMaTudecKast MOfeNb, fleeKThI, [MarHOCTUIeCKHe
IIpU3HAKIL
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Diagnostic Features of the Technical Condition
of Turbogenerators Stator Winding of Ukrainian
Nuclear Power Plants

Given statistics of Ukrainian NPP turbogenerators
failures for 2011-2017 was shown that machines with
a capacity of 1,000 MW have insufficient reliability. This
is a significant factor reducing the safety, reliability and
efficiency of the power units operation in general. New
three-dimensional mathematical model for calculating the
temperature field of turbogenerator stator winding that al-
lows to determine diagnostic features of the technical con-
dition of mentioned winding was developed. Discrepancy
of experimental and calculated data on non-stationary (for
starting) and stationary heating of stator winding bars of
turbogenerator type TVV-1000-2U3 with a capacity of
1,000 MW is less than 5 %, that confirms the accuracy
of developed techniques, algorithms and mathematical
apparatus. With a help of developed mathematical model
the theoretical studies of three-dimensional temperature
field of stator winding bars for starting the turbogenera-
tors types TVV-1000-2U3 and TVV-1000-4U3 with such
defects as stopple of a hollow conductor and increased
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current in a hollow conductor of stator winding bar are
carried out. Studies have shown when stopple of hollow
conductor occurs the start time regularization and time
constant of the regular mode are increasing significantly
for both a copper hollow conductor and resistance ther-
mometer, while the initial derivatives remain unchanged.
For high currentin a conductor, the start time regulariza-
tion and time constant of the regular mode remain un-
changed and the initial derivatives increase significantly.
Thus, according to the results of information processing
from devices of staff heat control, it is possible to diagnose
these defects, in particular, coil fault, reliably and effective-
ly. At the NPP tests can be conducted at planned startups,
load changes or unload of power units.

Keywords: turbogenerator, stator winding, mathematical
model, damages, diagnostic features.
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