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B HI'TY um. P.E. AnekceeBa mmpoBefeHO 3KCIIePUMEHTAbHOE UCCef0BaHMeE U
CpaBHEHWE T'MPABANYECKUX XAPAKTEPUCTUK TeUeHUA BOJHL U CBUHIIO0BOI'O
remnoHocurens (T =400-500°C) yepe3 CUCTEMY MECTHBIX I'MAPaBINYECKUX
COTIPOTUBIIEHUN «APOCCENb — KOJbLEBO 3a30p». IIpu UCIBITAaHUAX BapbUpPO-
BaJIaCb BEJIMYMHA OTHOCUTENBHOTO 3a30pa (2A/d =0,018; 0,036; 0,056) mpu
OCTaHOBNIEHHOM U BpamatouieMcsa Bane. CpefHAA CKOPOCTb MOTOKA B KOJblle-
BOM 3a30pe cocraBnsna ot 0,01 o 0,1 M/c IpU COLEPKAHUN KUCLOPOfA B
CBWUH1I0BOM TEIJIOHOCUTEJIE, 6IM3KOM K IMHUW HACHILEHUA.

OpHUM U3 OCHOBHBIX 3J1eMEHTOB, OTIPELeNAINX PAbOTOCIIOCOOHOCTb TaB-
HbIX LUPKYIALMOHHBIX HACOCOB, B PEAKTOPHLIX KoHTypax ¢ TMT asnaerca
TIOANIUITHUK CKONbXEHUSA, PaboTaomuii B UOKOM MeTajle.
PaboTocioco6HOCTD MOANIMITHUKA CKONIbKEHWUS BO MHOTOM OITPEAENAeTCs mpa-
BWIbHBLIM BHIOOPOM €r0 KOHCTPYKTUBHLIX COOTHOLIEHU: OTHOCUTENIbLHOTO
3230pa, OTHOCUTENILHOW UIMPUHBI, YIJ1a 0XBaTa IONUIMITHUKA.

[lonyuenHsie pe3ynbTaThl IOKA3LIBAIOT, UTO CYLIECTBYET pasnnuue I'mapas-
JNYECKUX XaPaKTEPUCTUK Ha BOAAHOM W CBUHIJ0BOM TEIUIOHOCUTENAX JKCITe-
PUMEHTANIbHOTO YYaCTKa «APOCCENb-KONblEBOW 3a30P», MOLENUPYIOLEr0
OJIUH U3 OCHOBHLIX 3/1EMEHTOB IJ1aBHOT'O UMPKYIALMOHHOTO HACOCA PEAKTOP-
HOTO KOHTYpa CO CBUHIIOBLIM TEIUIOHOCUTENEM. JTO IeNlaeT HeKOPPEKTHLIM
WUCIIONb30BaHUE PACUETHHIX METOAVK AJA TPAAULMOHHLIX CMa30YHbIX XULKO-
crent (BOAQ, Macio) Ipv MPOEKTUPOBAHUU I'UAPOCTATUYECKUX OIOP CKOJMbXKe-
HUA HACcOCOB, paboTaloMNX B CPENE TAMKENLIX KUAKOMETAINYECKUX TEIlIO0-
HOCUTENEM.

KnioueBble cnoBa: rufpofuMHaMuKa, CBUHEL, 3KCMEPUMEHT, CPABHEHWUE, OTHOCUTENb-
Hblii 3a30p, TMAPABAMYECKME XapAKTEPUCTUKM, TMLPOCTATUYECKUIA MOAWMUMHUK.
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BBEAEHME

Ycnosuem paboTocnocoOHOCTU KOHCTPYKLMOHHBIX MAaTepUanoB B KOHTypax ¢ TMT
Anaetca GopMupoBaHMe 1 fOGDOPMUPOBAHUE 3ALWMTHBIX OKCUAHBIX MOKPLITUIA HA UX
MOBEPXHOCTAX, KOHTAKTUPYIOWMNX C TENIOHOCUTENEM. IKCNEPUMEHTANbHO NOKa3aHo,
YTO CBUHLOBbIA U CBMHEL-BUCMYTOBbI TENOHOCUTENN HE CMAYMBAKOT OKCUAUPOBAH-
Hble MOBEPXHOCTW CTaseil, BaHaaMeBbIX U OepUANMEBbIX CNNABOB. XapaKTepUCTUKK Te-
YeHWs 3TUX TENNOHOCUTENEN B KaHanax npu onpefeneHHbIX YCI0BUAX MOTYT OTNIMYATLCA
OT XapaKTepPUCTUK TEYEHUI TENNOHOCUTENEN, CMAYMBAKOIMX CTEHKM KOHTYpa (BOAa,
HaTpuit) [1].

[ns NOfWMNHWUKOB CKONbXeHUs, paboTalowmux B cpeae THMT, TpaguuMoHHbIe CMa-
304Hble MAeHKU (NNeHKU Macen u Ap.) Henpuemnemsl. TAxenble XULKOMETaNIMYecKne
TennoHocuTenn (CBMHeL, IBTEKTUKA CBUHEL-BUCMYT) HECOBMECTUMbI C TPAAULMOHHbI-
MW CMa3KaMu Mo TeMnepaTypHbIM U APYrMM YCNOBUAM, U ToNbKo camu THMT moryT
HAaxOLMTbCA B 3a30pe MEXAY KOHTAKTUPVYIOLWMMKU NOBEPXHOCTAMU. ITU TEMNOHOCUTENN
HE MOTYT BbINONHATb (DYHKLUMKU TPALULMOHHBIX CMA304YHbIX BELLECTB, TaK KaK He CMayu-
BAlOT OKCUMPOBAHHbIE MOBEPXHOCTW CTanen M yyryHoB. Hapagy c 3TUM naeHka ABu-
Kyuwerocs TMT B 33a30pe Mexay KOHTAKTHbIMU MAapaMy MOXET YCMEWHO BbINOAHATb
(hYHKUMIO OTBOAA TENNa, BbILENAIOWErocs B TOYKAX KOHTaKTa MOBEPXHOCTEN, a OKCUAM-
pOBaHHblE MOBEPXHOCTU CTaNieil U YYryHOB — (PYHKLMUIO «CyXOW» CMA3KKU, UCKNIOYaL0-
Wen HenocpenCTBEHHbIA KOHTAKT YUCTOTO METanNa NOBEPXHOCTEN KOHTAKTHbLIX nap.

Lenblo paboT, OTpaXeHHbIX B CTaTbe, ABAAETCA IKCNEPUMEHTANbHOE UCCefoBaHue
TMAPABANYECKUX XaPAKTEPUCTUK IKCMEPUMEHTAIBHOTO YYaCTKA «APOCCENb-KONbLIEBOW
3a30p» MeXAy BpalLAlWMMCA U HEMOABUMKHbLIM BaNiOM M BTY/JIKOW, KOTOPbLIA MOAeNnpy-
€T 3/1IeMEHT TMAPOCTAaTUYECKOro MOAWMNHMKA HACOCOB HA CBMHLOBOM TEMJIOHOCUTENE,
M CPaBHEHME UX C XapaKTEPUCTMKAMMW Ha BOAAHOM TenjoHocuTene. 3HaHue 3TUX Xa-
PaKTEPUCTUK HEOOXOAMMO KaK Ans yyeta cneunduKku TAKENbIX KUAKOMETANNUYeCKUX
TENNOHOCUTENEH NPU pacyeTe rMAPOCTaTUYECKMUX MOAWMUNHUKOB, paboTalowmx B cpe-
ne TXMT, Tak n ona paciiMpeHus 3HaHWil 06 0COBEHHOCTAX TMAPOANHAMUKN NOTOKOB
BbICOKOTEMNEPATYPHbIX XULKOMETANIMYECKUX TENNOHOCUTENEN.

ONMUCAHHUE 3KCNEPUMEHTAJIbHbIX CTEHAOB

JKcnepuMeHTanbHble UCCNEA0BAHNA BKIOYanM B ceb6s nocnefoBaTenbHO fiBa 3Tana
C OJHUM U TEM Xe 3KCNepuMeHTaNbHbIM Y4acTKOM — Ha BOAE U Ha CBMHLOBOM Tenno-
HocuTene.

JKCnepuMMeHTbl NPOBOJUINCH C OLHUMU U TEMU e CMEHHbIMW Banamu, obpasyio-
WWUMKU C HENOLBMXHON BTYNKON OTHOCUTENbHbIN 3a30p, pasHblii 0,018; 0,036 n 0,056,
CHayana Ha CTeHfe C BOJOW, 3aTeM Ha CTeHAe C BbICOKOTEMNEPATYPHbIM CBUHLOBbLIM
TenJoHOCUTENEM.

CTeHA c BOAAHBIM TENAOHOCUTENEM COCTOAN U3 CNEAYIoWMX INEMEHTOB U CUcTeM:
LUMPKYNALMOHHbLIA BOAAHOWM 3NEKTPOHACOC; €MKOCTb 3KCMEePUMEHTaNbHOrO y4yacTka
AMaMeTpoM 261 MM C HENOABMKHON BTYNKOW; KOMMIEKT CMEHHbIX BaNOB; pacxofomep
BOAAHOMW; cUCTEMA U3MEPEHUA [aBneHUs [0 BXOAA NOTOKA B LpPOCCENb U B KOAbLEBOM
3a3ope; Tpy6onposogpl raza dy10; komnpeccop rasa; apmartypa; MaHOMeTpbl.

CreHp c BbICOKOTEMNEPATYpPHbIM CBUHLIOBbIM TEMJIOHOCUTENEM COCTOAN U3 Clefylo-
WMX 3NEMEHTOB U CUCTEM: LUPKYNALUOHHBIA XUAKOMETaNNNYEeCKUIA 3NeKTPOHaCoC;
eMKOCTb Hacoca Auametrpom 309 MM, BbICOTOM 725 MM; MepHas €MKOCTb 06beMOM
4,5 nM3 C [BYMA 3JI€KTPOKOHTAKTHbIMWU CUFHANM3aTOPaMu YPOBHA CBUHLA; CUCTEMA
3alWMTHOrO rasa ¢ 6annoHamMu C aproHOM W BOJOPOAOM; TPyOONPOBOAbI KOHTYpPa CBUH-
LoBoro TennoHocutens d,25; omKUMHble Gayku ANs 3amMepa AaBNeHWs [0 BX0oAa NOTO-

81



TEMTIODPU3NKA N TEMTTOTMAPABITNKA

Ka B ApOCCENb M B KONbLEBOM 3a30pe C NEKTPOKOHTAKTHbIMU CUTHANM3aTOpaMu YpoB-
HA CBMHLA; TpyOONpOBOAbl CUCTEMbI a3a; apMaTypa; MaHOMETpbI.

Bce o6opyaoBaHue u TpyboNpoBOAbl CO CBMHLOBLIM TEMJIOHOCUTENEM UMENUN 3NeK-
TPOOOOrpeB, BbINMONHEHHbIA B BUAE 3NE€KTPOHArpeBaTeNbHbIX CMpanei 3 HUXpoMo-
Boi npoBonoku 3-HI-3,2-200, mowHocTelo no 3,2 KBT. B Kauectse anekTpousonaumm
NPOBOIOKM UCNONb30BaNUCL KOpauepuToBble Oyckl. Bce o6opyaoBaHue u Tpybonpo-
BOJibl CO CBWHLOBbIM TE€NAOHOCUTENEM UMENU TENOU30NALMIO B BULE MATOB U3 Kalu-
HOBOI BaTbI.

B coctaB cucTeMmbl ynpaBneHns U perynupoBaHus napameTpoB CTEHAA BXOAWUNO cre-
Ayloliee: NOACUCTEMA aBTOMATUYECKOrO U PYYHOr0 AUCTAHLMOHHOIO YNpaBaeHUsa 3NeK-
TPOHarpeBaTeNbHbIMU CNUPANAMKU; NOACUCTEMA YNPaBNEHUA 3NeKTpoABUraTeNeM Lup-
KYNALMOHHOTO HAacoca CBMHLOBOrO TENAOHOCUTENSA; OpraHbl yNpaBieHUA NOTOKaMu
pacnnasa CBMHUA W rasa.

Cuctema cbopa, 06paboTKM M npeacTaBneHuUs UHDOPMALMW BKItOYana B cebs cne-
AVIOLME OCHOBHbIE 3NEMEHTbI: NepBUYHble npeobpa3zoBatenu (tepmonapsl Tun TXKII,
MUKpOTepMonpeobpa3oBaTenu, AaTynK COAEpIKaHMA KUCIOPOAA B CBUHLE U Ap.); BTO-
puyHble npeobpasosatenu (auddepeHumnanbHblil yeunutens Tepmo3[iC, TOKOBHIN npe-
obpasoBatenb v fp.); IBM, ykomnnektoBanHas ALLM (12 pasp., 400 kl'y); MCTOUYHMKM
3/1eKTPONUTAHUA; BTOPUYHbIE W MOKa3biBalowme npubopel; Kabenu, KOMMyTaLWOHHAsA
annapaTtypa; cucTeMa U3MepeHus nepenaja AaBfeHUs B 3KCNEPUMEHTANbHOM y4acTKe
«ApOCCEeNb-KOMbLIEBON 3a30p», BKIKYAOWAs B cebsf [Ba OTKUMHBIX 6auka, copepxka-
WMX 06BbEMbI XKMUAKOrO METaNNa M ra3a C 3NEeKTPOKOHTAKTHbIMU CUTHANM3aTOpPaMmu no-
NOXEeHUs CBOOOAHOTO YPOBHA CBMUHUA (0O6bEM CBMHLIA NOAKIOYEH K WTYLLEpPaM A0 BX0Aad
MOTOKa B [POCCENb U B KOJbLEBOM 3a30pe; ra3oBblil 06bEM MOLKNOYEH K NIMHUAM ra3a
BbICOKOrO fiaBieHns u cbpoca rasa v K MaHoMeTpy).

B akcnepumeHTax onpepensnnch ruapaBaMyeckue XapaKTepUCTUKM CUCTEMbI MECTHbIX
CONPOTUBNEHUI Y4acTKa «ApOCCENb-KONbLEBON 3a30p», NpeAcTaBieHHbIX B Tabn. 1.

XapaKTepHUCTHKHM yHaCTKa «poccesib-KO/IbLLeBOW 3a30p» feonua 1
MecTHOe
conpoTHENeHHe XapaKTepucTMKka MECTHOr0 CONpOTUBEHNSA
[Opoccenb [lnameTp cyxeHHON YacTu d, = 4 MM
AnuHa cyxeHHoit yacTn [ =6 Mm
[Ounametp BTYnKM D, MM ,ﬂman;i;[; ;t"m”oro OTHOCKUTENbHBIN 3a30p
Konbuegoit 3a30p 108 0,056
114 110 0,036
112 0,018
CpepHss ckopocTb, M/C
CMeHHbIN Ban OKpyxHas Ocesas
Ha CBUHLE Ha Bojde Ha CBUHLE Ha Bofie
d =108 mm 3,676 0,022 0,052
d=110 mm 3,744 0,038 0,039
d=112 mm 3,812 0,074 0,128
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METOAUKA 3KCNEPUMEHTOB

NcnbiTaHns npoBOAMAKUCL HA BOAe, 3aTeEM Ha CBUHLe.

WUcnbiTaHuA Ha Bofe NpoOBOAMAUCE MPW CAefylolWnX YCI0BUAX: TemnepaTypa BOAbl
— okono 20°C, faBneHue Ha BbIXxoAe M3 KOMbLEBOro 3a3opa — 6an3koe K atmMoctepHo-
My, 06beMHBbI CpeaHuii pacxod Bogbl — oT 0,056 fo 0,2 M3/4. B npouecce ucnbiTaHwit
W3MepANNCh Pacxof BOAbl M COOTBETCTBYIOWMA nepenaf AaBneHus. o akcnepumer-
TaNbHbIM faHHbIM cTpounca rpaduk lg(AP) = A + B-lg(wcp) ANA yCTaHOBNEHNA CTeneHu
3aBUCUMOCTU NOTepb AaBNeHnen OT CpefHeil CKOPOCTH.

3aBucumocTb Ko3thduLmMeHTa conpoTuBeHus & BKOYaloLWero B cebs Kak MecTHoe
COMpOTUBAEHUE, TaK U TpeHue, OoT ynucna PeitHonbfca onpegenanu no gopmyne

A

E=—0p, (1)
Re’
roe A — KoHcTaHTa; Re — yncno PeitHonbaca B KONbLEBOM 3a30pe,
lg(AP)
6,0 - 3
5,5 ____————-‘v—"k — M— /,
% ff
1 < \ ."\ -//
\‘ W -‘ ;/
3 i
4,5 ~s
S,
4,0
3,5
3,0 | : . . - lg(wep)
-2,5 -2,0 -1,5 -1,0 -0,5 0,0
S YacToTa BpalyeHus AnnpoKkcumMupyiowas kpusas
Iy lg(AP) = A+ B-lg(w,,)
----- lg(AP)=5,83+3,16-lg(w,,) (0 06/MuH)
* 0 ob/MuH - — .
o EOcERm | T lg(AP)=2,184~-2,31-lg(w,,) (800 06/muH)
Bopa O 1000 06/MuH — . — 1g(AP)=1,63-2,75-1g(w,,) (1000 06/muH)
A 1200 o6/MuH
& 1500 o6/ — .. —lg(AP)=0,04-5-lg(w,,) (1200 06/muH)
............. lg(AP)=2,76-1,36-lg(w,,) (1500 06/MuH)
lg(AP)=5,57+0,04-lg(w,,) (0 06/muH)
* 0 06/MuH
B 500 06/MUH lg(AP)=5,574+0,065-lg(w,,) (500 06/muH)
Courey ® 650 0G/MMH
lg(AP)=5,595+0,079:L 650 06,
% canm ) g(1,,) (650 06/mu)
lg(AP)=5,563+0,028-lg(w,,) (800 06/muH)

Puc. 1. 3asucumocts lg(AP) = A + B-lg(wc,) Ans oTHocuTenbHoro 3asopa = 0,018 npu ucnbiTaHNAX Ha BOje
W CBUHLE NpU COAepaHuu Kucnopopa B cBUHUe a = 1071-10°
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Re=—-, (2)

rae W — CKOpOCTb NOTOKA B KOJbLEBOM 3a30pe, M/C; S — BenuymMHa 3a30pa, M; Vv — Ko-
3 DULMEHT KUHEMATUYECKOI BA3KOCTH, M?/C.
Mokasatenb cteneHn yucna PeiiHonbpca B (1) onpepensnu no dopmyne
y=2-8 (3)
rhe B — TaHreHc yrna HaknoHa kpusoi Ha rpaduke lg(AP) =A + B-lg(wcp).
WUcnbiTaHUA Ha CBMHLOBOM TeMJIOHOCUTENE NPOBOLUIUCL MPU CefylWmnx ycno-
BMAX: TemnepaTypa TennoHocutens 450-500°C, faBneHne Ha BbIXOLE M3 KONbLEBOrO
3a3opa — 6/M3Koe K aTMOCHEpHOMY, CKOPOCTb NMOTOKA CBMHLA B KO/MbLEBOM 33a30pe OT
0,01 po 0,1 m/c, uncno 060poTOB Bana 3KCMepUMeHTanbHOro yyactka 500, 650, 800,
1000 06/MUH; 06bEMHbIN CpeaHuii pacxod ceuHua ot 0,05 no 0,2 M3/4; comepxaHue

lg(AP)
6,0 - B 7
R\ i - i ,/‘
\.\ \ H i,»
5,5 —= = =
i :‘\?\“‘\__\ '_i
\ . : \\‘-—\:\\\\
50 4= 8 : —
4,5 s S |t
| o/
/
4,0 a
F4
3,5 : .
3,0 , : 3 e lg(Wep)
-2,5 -2,0 -1,5 -1,0 -0,5 0,0
TennoHoCHTENb YacTtota BpalleHus AI'II'IpOKCMMI/IpyIOUJ,aﬂ Kpusas
e lg(AP) = A+ B-lg(w,)
----- lg(AP)=7,34+4,3-lg(w,,) (0 06/muH)
¥* 0 ob/mMuH - - .
- lg(AP)=2,66-0,94-lg(w,,) (800 06/muH)
Bopa o 1000 o6/mnH — . — .lg(AP)=3-0,77-lg(w,,) (1000 06/MuH)
A 1200 o6/muH _ _ )
& 1500 oB/mmH — .. —lg(AP)=1,39-1,77-lg(w,,) (1200 06/mun)
............. lg(AP)=2,87-0,81-lg(w,,) (1500 06/muH)
lg(AP)=6,38+0,63-lg(w,,) (0 06/muH)
* 0 06/M1H
c ® 500 o6/MuH lg(AP)=5,2-0,234-lg(w,,) (500 06/muH)
BaRel ® 650 o6/muH lg(AP)=5,4-0,068-lg(w,,) (650 06/muH
A 800 o6/MuH 9(AP)=5,4-0, 9lw) € /)
lg(AP)=5,14-0,251-lg(w,,) (800 06/MuH)

Puc. 2. 3asucumocts lg(AP) = A + B:lg(wep) pns oTHocuTenbHoro 3asopa W = 0,036 npu MCNLITAHUAX Ha BOAeE
W CBUHLE NpU COAepKaHuu Kucnopopa B cBUHUe a = 1071-10°
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lg(AP)
6,0 . —
N /o
% \ H il
] 7.4 : T i)
[ ——
S \ IS —
5,5 S ; =
/ i ,/'/f'"
4 . \\ i S i
\ i el 1]
\ 7 /
5,0 - — : i £
; a /
T \\ 4 /
\\ i // J"
4'5 - ‘\?X.// ji’;
4 n 5 i
° /'% %m ]
4,0 > L -
A s \\\ }"
| /’/ \\\ if’s‘(
3,5 v W
o "\\
3,0 — — - lg(wep)
-2,5 -2,0 -1,5 -1,0 -0,5 0,0
Annpokcumupytolas Kpusas
TenIOHOCHTEND YacroTa BpaleHus p pytowas Kp
EN lg(AP) = A+ B-lg(w,,)
————— lg(AP)=8,73+5,4-lg(w,,) (0 06/muH)
* 0 ob/MuH
............. AP) = _2 .
Som O 800 o6 lg(AP)=0,64~2,88-lg(w,,) (800 06/muH)
A o 1000 06/muH | — - — g(AP)=2,713-1,15-lg(w,,) (1000 06/mun)
6 120000MAH - 1g(AP)=6,51+1,64-lg(w,,) (1200 06/mnH)
lg(AP)=6,76+0,65-1g(w,,) (0 06/mun)
* 0 oGmnH lg(AP) =5,42-0,17-1 500 06
CeuHey ® 500 o6/MUH 9(AP)=5, 17:19(w;;) (500 06/muk)
® 800 ob/mmnH lg(AP)=5,6-0,07-lg(w,,) (800 06/muH)
& DI lg(AP)=5,5—0,128:1g(w,,) (1000 06/mun)

Puc. 3. 3asucumocts Ilg(AP) = A + B-lg(wc,) ans oTHocuTensHoro 3asopa W = 0,056 npu MCNbITaHUAX Ha BOfe
W CBMHLE NpW COAEPXaHUW KUCAopoaa B CBUHUE a = 10-1-100

KMCNOpoAa B CBUHLE — HAa UHUKU HACHIWEHUA; NPOAOMKMUTENbHOCTb UCNBITAHUIA HA
OLMH OTHOCUTENbHbINA 3330P — OKOO 24 4acos.

Pe3ynbTathl 3KCNEpUMEHTaNbHbIX UCCAEJ0BAHUI yYacTKa C NOCAeA0BaTeNbHbIMU
MECTHbIMWU CONPOTUBAEHUAMU APOCCENb-KONbLEBOW 3a30P» HA BOAAHOM U CBUHLOBOM
TenJoHOCUTENAX 06pabaTbiBaNNCh MO OAHUM U TEM Xe hopmynam.

[lo n nocne nposefeHus cepuit UCNbITAaHUN NMPOU3BOLMUNCA OCMOTP COCTOSHMUA MO-
BEPXHOCTE CMEHHbIX BaNOB U HEMOLBUXHON BTYAKW U NPOU3BOAMUIOCH KaYeCTBEHHOe
CpaBHeHMe M3HOCa NOBEPXHOCTelA.

06cyxpaeHne pe3ynbTaToB MCNbITaHWA. CpaBHEHME TMAPABANYECKUX XapaKTEPUCTUK
BApMAHTOB KOHCTPYKLMI Apocceneil Ha CBMHLOBOM TENNOHOCUTENE U HA BOfAE

Ha pucyHkax 1-3 npusepeHbl rpadukn 3asucumoctu lg(AP) = A + B-lg(wcp) ana
pasMYHON BENNYNHLI OTHOCUTENLHOrO 3a3opa.

Bo Bpems MCNbITaHWUIl HA CBUHLIOBOM TennoHOCUTENE ObiIN MOAyYeHbl HECKObKO
pe3Ko BblfeNAIWNXCA pe3ynbTaTtoB (MPOMAxoB), KOTOpble 00yCNOBAEHbI Manoi CKO-
pOCTbl0 NOTOKA. [laHHble TOUYKKM OTpaXKeHbl Ha puc. 2, 3, 5 u 6.
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Re

£ 350000 :
I
300000 1l
250000 '~
1 !\\
200000 —
P
150000 +—— ';\.\\
100000 4—++— \\
50000 1 \
R N
R S |
0 \‘Q-"'\\N/\ 7 “‘:w‘ *—A Feh-
0 100 200 300 400 500 600 700
Annpokcumupyiowas Kpueas
TennoHocutensb Yacrota BpaleHus 3Y £= const
Re’
0,47
-—— &zﬁ (0 06/muH)
2,62-10%
#* 0 OB/MUH | eeeeeeeeeeees &= Re™ (80006/MMH)
O 800 ob/MuH 1,46-10"
Bopa O 1000 oB/mMuH &=—"—"—— (1000 06/mMuH)
A 120006/muH | T T Re®”
18
<& 1500 oB/MuH &:1,9R170 (1200 06/muH)
—_—— e
10
&= 1,2263’}60 (1500 06/MuH)
1211449250
E= R (0 06/MuH)
* / 983682078, 2
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Puc. 4. 3asucumoctb & = f(Re) ans oTHocuTenbHoro 3asopa W = 0,018 npu ucnbITaHMAX Ha BOAE W CBUHLE
npu cofepaHum kucnopoga B cBuHue a = 10-1-10°

N3 rpacdmkos (puc. 1-3) BMAHO, YTO Nepenaj AABNEHWUS HA UCCNEAYEMOM 3NIeMEHTE
Ha CBMHLOBOM TEMJOHOCUTENE MPU U3MEHEHUN Ynucna 060POTOB Basa MEHAETCA Cna-
00, YTO MOXET ObITb 06BACHEHO CNeUnUdUKO TeYEHUA pacniaBa CBUHLA Yepe3 ABa
NOCNeA0BaTEIbHO YCTAHOBAEHHbIX MECTHbIX COMPOTUBIEHUS.

Mpu aHanuse 3asucumocten lg(AP) = A + B-lg(wcp) (puc. 1-3) BbifBAEHO, YTO Be-

LOK.
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McnbiTaHus Ha BOAe mokKasanu CylWecTBeHHOE pa3inyne rugpoauHamMnUKnM nNpun He-
NnOABMXXHOM M Bpallalolemcsa Bane. I'Ipm OCTaHOBJIEHHOM BaJjie C yBenn4yeHMeMm CKOpo-
CTM NOTOKa nepenaj faBNeHUA yBENMUYUBAETCA. I'Ipm Bpalawuemca sane BeJNYNHA
nepenaga AaBneHMa CHUXXaeTca C yBeJMYeHNeM CKOpPOCTU BOAAHOrO TenJOHOCUTENS.

McnblTaHna Ha CBMHLOBOM TEMNOHOCUTENE TAKKe BbIABUAM CylweCTBeHHOE pas3iun-
yne rmagpoanHaMmnKM NoToKa Npu HENOABUXHOM N BpallalOWEMCA Bae. Ha BbicOKoTEM-
nepaTtypHomM CBUHLOBOM TenJoOHOCUTENE Fpa(bl/lquKVle 3daBUCUMOCTH
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Re

Puc. 5. 3aBucumoctsb & = f(Re) ans otHocutenbHoro 3asopa = 0,036 nNpu UCNbITAaHUAX HAa BOAE W CBUHLE
npu cofepaHum KMcnopoga B cBUHUE a = 1071-10°
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Puc. 6. 3aBucumoctb & = f(Re) ans otHocuTenbHoro 3asopa = 0,056 Npu UCNbITAaHUAX HAa BOAE W CBUHLE
npu cofepaHum kucnopoga B cBuHUe a = 10-1-10°

lg(AP) = A + B-lg(wcp) Mpn M3MEHEHMM 4acTOTbl BpalleHUs Bana 3KCNEePUMEHTaNbHOrO
yyacTKa He OKa3blBAKOT 3aMETHOr0 BAWAHMA Ha NOBeAeHWe KpuBLIX (B npefenax ucnbl-
TaHHbIX YaCTOT BpalleHus Bana).

Xop kpusbix & =f(Re) (puc. 4-6), noctpoeHHbix no thopmyne (1), 415 BOAbI U CBUH-
U3 KOHTPY3HTEH.

AHanus 3aBucumocten Ko3chduuUUeHTa CONpOTUBNEHUA OT KpuTepusa PeitHonbaca
Ha CBMHLE MOKa3bIBAET, YTO C YBEJIMYEHMEM OTHOCUTENLHOTrO 3330pa PacTeT BENIMYMHA
ko3t duLMeHTa CONPOTUBAEHUSA, TpaduK 3aBUCMMOCTH CTAHOBUTCA Gosiee NOAOrUM U
CABWrAEeTCA B MOJOXUTENbHOM HanpaBaeHWn ocu abcuucc. Ha BoAsHOM TennoHocUTe-
fle BeIMYMHA 3a30pa CYLECTBEHHO He BAMAET Ha KO3 MULMEHT CONPOTUBNEHUS.
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Puc. 7. 3aBucumocts Qcp = f(n) npu ucnbiTaHUAx Ha BOAe W CBUHLE W pe3yibTaTbl pacyeTa
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MonyyeHHble pasnuuna B rMAPaBANYECKUX CONPOTUBAEHMAX OLHOIO W TOTO Xe 3KC-
nepyMEHTaNIbHOro y4acTka Ha BOAE M Ha CBUHLE OAHO3HAYHO OMpPeAensTCa pasnnyu-
eM (M3nYecKnx CBOMCTB 3TUX TeNNOHOCUTENEN.

CpaBHeHMe pacyeTHO-TEOPETUYECKUX BEAMYMH PacxoAa Yepe3 KOMbLEeBOW 3a30p Ha
CBWHLE W HA BOJE, ONPEAENeHHbIX MO METOANKe [2], C NoNyYeHHbIMIU IKCNEPUMEHTANbHO
(puc. 7) noka3sblBaeT, YTO pe3yNbTaTbl PacyeToB CYLLECTBEHHO OT/IIMYAIOTCA OT 3KCne-
pUMEHTOB.

PacxoxpaeHune pocturaet oT ogHoro fo nAatu nopapgkos. CywecTtBeHHOe pasnnyue
PacyeTHbIX U IKCMEPUMEHTANIbHBIX AAHHBIX MOXHO 0OBACHWUTL W3HAYaNbHLIM UCMONb-
30BaHMEM NPUOGIMKEHHBIX METOLOB PACcYeTa, KOTOPbIE HE YYMTHIBAIOT ABUKEHUE XKUA-
KOCTM NO OKPYXHOCTW W B OCEBOM HampaBieHWW, a TaKxe pu3nyeckne CBOWCTBA XKuUA-
KocTel.

3AKNIOYEHHUE

1. WcnbiTaHus Ha CBMHUOBOM TEMJIOHOCUTENE HE BbIABUAU Pa3nuUyuii ruapaBnnyec-
KUX XapaKTepuCTUK y4acTKa «ApOCCeNb-KONbLEBON 3a30p» NpM BpallalolleMcs n oc-
TaHOBNEHHOM BaJje, TOTAA KaK ANA BOAbl TakMe pPasNuyua CyWecTByioT.

2. C pocTOM OTHOCMTENBHOTO 3a30pa Ha y4acTKe, BK/OYawLlleM B cebs Apoccenb u
KONbLEBOW 3a30p, MpW TEYEHWUU BbICOKOTEMMNEPATYPHOrO CBUHLOBOTO TEMNIOHOCUTENS
BEMYMHbI Nepenaaa AaBneHus u koddduumeHTa MECTHOTO CONPOTUBNEHNUS YBENUYM-
BaloTCA. Ha Bofie yBenMyeHne OTHOCUTENBHOTO 3a30pa BAWAET TONLKO HA Yrof HaKNoHa
3aucumoctn lg(AP) = A + B-lg(w.p) npu Bpauwatowemcs sane.

3. JKcnepuMeHTaNbHbIe UCCNeA0BaHUsA NMOKA3ann pasnuume ruapaBanyecKuUX Xapak-
TEPUCTMK Ha BOJE U Ha CBUHLIOBOM TEMJIOHOCUTENE 3MIEMEHTA FMAPOCTaTUYECKOTO Noj-
WWNHMKA «APOCCENb-KONbLEBOW 3a30p», YTO AieNIaeT HEKOPPEKTHbIM MCNO/b30BaHKe
CYILEeCTBYIOUMX METOAMK pacyeTa TaKUX MOAWWUNHUKOB MPU UX NPOEKTUPOBAHUM NS
paboTbl B CBMHLOBOM TENOHOCUTENE.

4. [ina MomenupoBaHWUA TEYEHUS CBUHLLA Yepe3 IKCMEPUMEHTANbHbIA y4acToK, Co-
CTOAWMIA U3 NOCNe0BaTeIbHO YCTAHOBNIEHHOTO APOCCENs M KONbLEeBOro 3a3opa, npo-
NIMBKaMU Ha BOAE BO3MOXHO MpU yMHOXeHUU dopmynbl (1) Ha 100. BBeaeHue aaHHoO-
ro koadduuneHTa cnpaBeannBo ANs UCCNEA0BAHHbLIX [Mana3oHOB yucen PeitHonbaca
W BENMYMHBI OTHOCUTENBHOTO 33a30pa MEXAY BafoM U BTYNKOM.
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Mathematical model of linear stochastic filter is developed for NPP equipment under ageing.
Theory of martingales usage is substantiated to predict the technical state of equipment. Also there
is formulated optimum principle for choice of preventive actions to decrease damage processes rate.

YAK 621.039.58

Prediction of NPP Equipment Lifetime under Flow-Accelerated Corrosion by Using of Empirical Model\0.M. Gulina,
0.0. Frolova; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energeticax»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 9 pages, 3 tables. — References,
8 titles.

To predict equipment lifetime under flow-accelerated corrosion there is used Chexal-Horowitz
empirical model, realized as ECW-02. One of the most important parameters is Keller coefficient of pipe
geometry. To adapt Chexal model to Russian NPP units there is developed procedure of Keller coefficient
estimation by using of control data and ECW-02 prediction. As result, stochastic characteristics of
Keller coefficients are obtained. To estimate the error connected with admixture content in metal on
erosion-corrosion wear rate there is performed comparison of wear rate calculated by using of Durex
equation and the one predicted by ECW-02.

VK 621.039.58

Efficiency Criteria for High Reliability Measured Systems Structures\N.L. Salnikov; Editorial board of journal
«lzvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear
Power Engineering) — Obninsk, 2012. — 5 pages, 2 illustrations. — References, 3 titles.

To develop high reliability measured systems usually there are used procedures of structural
redundancy. To estimate efficiency of such structures there is developed criteria to compare
different systems. So it is possible to develop more exact system by inspection of redundant
system data unit stochastic characteristics in according with developed criteria.

VIK 504.064.36: 574

Application of the Method of Electrophysical Impact on the Disperse Medium in High-Performance Filtering Gases
Devices from Aerosols of Various Origin\L.V. Yagodkin, A.M. Posagennikov, A.G Grishin, V.P. Melnikov; Editorial
board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher
Schools. Nuclear Power Engineering) — Obninsk, 2012. - 9 pages, 6 illustrations. — References, 3 titles.

Cleaning of gas-air flows in different branches of industry remains one of the most important
directions in the field of technologies of environmental protection from aerosols of the different
origin, including radioactive and toxic ones.

High-efficient aerosol filters being used today at NPP are the source of large volumes of radioactive
waste subject to burial. They have a limited lifetime, and their fabrication and operation are costly.

The situation arisen with gas cleaning from radioactive and toxic aerosol particles at NPP requires,
on the one hand, updating of traditional approaches and, on the other hand, development of
fundamentally new methods and aids of air cleaning, namely, the principle of combined cleaning
based on the fact that particles take up specific properties in ionized gas and then are to be caught
on filters.

The problems of experimental investigation of the effect of intensive aeronization on catching of
aerosol particles from the air flow using combined filtering systems is the subject of this paper.

V1K 621.039.534

Experimental Study of Flow Hydrodynamics Lead Coolant and Water through the Experimental Section «Throttle
Clearance-Ring» \A.V. Beznosov, M.A. Antonenkov, T.A. Bokova, M.V. Yarmonov, K.A. Makhov, A.A. Molodtsov;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 11 pages, 1 table, 7 illustrations. — References,
2 titles.

A research and comparison of the hydraulic characteristics of the water and lead coolant (T =
400-500°C) flow in the system of local hydraulic resistances «throttle-annular gap» have been done
at the Alekseev Nizhny Novgorod State Technical University. During the experiments the magnitude
of the relative clearance (2[1/d =0,018; 0,036; 0,056) was varied with the static and rotated shaft.
The average speed inside the annular gap ranged between 0,01 and 0,1 m/sec, the coolant was
saturated with the oxygen.
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A slider bearing working in the medium of the heavy liquid metal coolants is one of the main
elements which influence the efficiency of the main circulating pumps in the reactor loops with
HLMC.

The operating efficiency of the slider bearing is mainly determined with the correct choice of its
constructive relation: a relative annular gap, relative width, angle of contact.

The results of the experimental research have shown that the difference between hydraulic
characteristics of water and HLMC coolants in the experimental plot «throttle-annular gap» exists. It
makes the usage of the traditional lubricating fluid in the methods of analysis of the hydrostatic
sliding bearings for the pumps in the HLMC incorrect.

VAK 621.039.526
Calculations and Experimental Investigation of Irradiation Heat Rate in BOR-60 Reactor\A.V. Varivtsev, LYu. Zhemkov,
0.V. Ishunina, Yu.V. Naboyshchikov, V.A. Neverov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energeticay (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 8 pages,
2 tables, 4 illustrations. — References, 6 titles.

Calculations and experimental investigation of irradiation heat rate in reactor BOR-60 reveals
drawbacks of modern calculational methods. Paper propose algorithm for irradiation heat rate
calculations, which allows to eliminate these drawbacks.

VK 621.039.543: 621.039.524.44

The Substantiation of the Correlation for Critical Heat Flux Calculation for Alternative Design Fuel Assemblies with
Mixing Spacer Grids in VVER-1000\S.M. Dmitriev, V.E. Lukyanov, 0.B. Samoylov; Editorial board of journal
«lzvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear
Power Engineering) — Obninsk, 2012. - 10 pages, 8 illustrations. — References, 6 titles.

The results of the experimental investigations of coolant mixing and departure from nucleate
boiling in TVSA-T with combined spacer grids and mixing grids on aerodynamic and thermal test
facilities are presented. As a result of the obtained experimental data, the determination of mixing
coefficient was carried out and the CRT-1 correlation for the critical heat flux calculation was developed.
The applicability of correlation for critical heat flux calculation for TVSA-T VVER-1000 was
substantiated.

VAK 621.039.534.6

The Method Based on Electromagnetic Sensor for Measuring of Sodium Flow Rate in a Heat Pipe\N.L Loginov, A.S.
Mikheev, A.A. Mukhlinin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 8 pages, 5 illustrations. -
References, 6 titles.

The electromagnetic sensor design and method of liquid flow measuring in the vertical sodium
heat pipe 100 mm diameter and 10 m length at operating temperature 550-650°C are described. The
heat pipe was supplied with capillary structure only in the evaporation zone, i.e. it was a thermosyphon
with nonseparated opposite flows of liquid and vapor.

Magnetic field of the sensor was produced by permanent magnet, made of thermostable alloy,
which is efficient up to 600 oC. Flow measurements at three cross sections of the heat pipe, at four
«points» of circumference of each section, were carried out. Significant fluctuations of the local flow
rate values were observed. Maximum amplitude of the fluctuations exceeds the average value of the
flow rate up to 2-3 times. Negative values of the local flow rate were observed. It means that liquid
sodium flowed against the gravity force, and this indicates that the liquid sodium entrainment
caused by vapor counter-flow, the speed of which was about 80 m/s, took place.

VK 621.039.517
The Intensification of Mass Transfer in LWR Rods Bundles by Cellular Mixing Grids\P.V. Markov; Editorial board of
Jjournal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools.
Nuclear Power Engineering) — Obninsk, 2012. - 9 pages, 4 tables, 5 illustrations. — References, 6 titles.

The CFD-models of 7-rods and 19-rods bundle with mixing grid was developed. The flow field in
rods bundles was investigated. A series of CFD analyses were performed to obtain hydraulic and
mixing properties of mixing cellular grids.
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