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.[Lng CHB6>K9HHH >KH.QICHM BOtlOpOtlOM 6onbWHX >KH.QKOBO.QOpO.QHbiX KBM9p H906XO.QHM 

KpynHona6opaTOpHbiJI O>KH>KHTenb, n03BOnHIOlU!fj! OCyiJ..l9CTBnHTb pa6oTy B pe<jlpH>Kepa

TOpHOM pe>KHMe If npe.QyCMBTplfBBIOIJ..llfJI nony'I9HHe >KH.QKOro napBBOtlOpo.aa. npOK3BO.QK

TenbHOCTb TBKoro O>KH>KKTeng .aon>KHa cocTaanHTb aenK'IKHy nopH.aKa 200 n/qac, YKaaaH-

HbiJI O>KK>KI!Tenb 6bin Bbmonaea no cxeMe, npe.ano>Keaaol! aaTopaMa 11 ocymecTaneaaoJI aa /11 
/2/,/3/ O>KH>KHTene M9llbWHX pB3MepoB • 

OnHCBHHe O>Kif>KRTeng 

B O>KK>KHTene (puc. I) ocywecTangeTcg xono.aanbHbiJI UHKn c .apoccenapoaaHHeM 

ao.aopo.aa BbiCOKoro .aaaneHHH 
H npe.aaapHTenbHblM OXnll)I{.QeHHeM >I<HtlKHM B30TOM B 

tlByx BBHHBX - npa BTMOC<jlepHOM tlBBn9HHH If no.a BBKYYMOM, .[Lnll pe<jlpH>KepaTOpHoro 

pe>KiiMa H .ang nony'leHHII napaao.aopo.aa a O>KH>KHTene npe.aycMoTpea npoMe>KyTO'IHhiJI 

C60pHHK 10, pa6oTBIOIJ..lRJI no.a tlBBn9Hif9M tlO 6 BTM, B KOTOpb!ll .OpoccenapyeTCH BOtlOpO.Q 

Bb!COKOro tlBBn9HHII, V1a C60pHHICa 10 H90>KH>K9HHbil! BOtlOpO.Q If 'IBCTb >KHtlKoro BO.QOpo.aa 

nocTynaiOT a ocaoaaoll c6opHifK qepea naeBMBTH'IecKHJI Knanaa II. B pe¢pn>KepaTopaoM 

p9>KHMe >KH.QKHJI BOtlOpO.Q 3B6Kp89TCII H3 npoMe>KyTO'IHOrO C60pHHKa 10 K noTpe6HT9niO, 

XonO.QHbiJI, HCnapHBWHJICI! BOtlOpO.Q B03Bp8WB9TCH B OCHOBHOJI C60pHHK 14, r.ae CM9WH-

BB9TCII C H90>KH>K9HHbiM BOtlOpO.QOM. Pa3HHUB tlBBneHRH M9>K.Qy npOMe>KyTO'IHbiM H OCHOa- ' f· 

HbiM c6opHRKOM, coa.aaaaeMal! KnanaaoM, o6ecnequaaeT aeo6xo.aHMbil! aanop .anll npeo.ao-

ne""" rR.QpaanR'IeCKOro COnpOTRBn9Hifll KOMMyHRKBUifl! noTpe6RTenll. 

nplf nony'I9Hiflf >K lftlKoro napaao.aopo.aa BO.QOpO.Q H3 npOM9>KyTO'IHOro C60pHHKB 

nocTynaeT B peaKTOpb! 12, 14 If B 3M998HK-KOH.Q9HCBTOp I 3, norpy>KeHHbie B >KH.QKHi! 

BOtlOpo.a, KOTOpblJI HBXO.QHTCI! B OCHOBHOM C60pHHKe, 8 STOM p9>KHMe tlBBn9HHe B KOHaep

TOpe no.a.aep>!<HBB9TCI! OKano 4 BTM, 0>KR>KHTenb p83M9U..l9H 8 .aayx M9Tannti'I9CKHX tlbiO

apax 17 C nopOWKOBO-BBKYYMHOJI H30ni!UH9l!, .[Lao OtlHOrO tlb108pa cny>KHT BBHHOJI IITMO-

C<jlepHOro >KH.QKOro B30TB, .QHO tlpyroro - OCHOBHblM C60pHHKOM 

Tennoo6MeHHHKH - nonepe'!HOTO'IHbie Ha Tpy6oK ri 6 xI. 
>KHAKoro ao.aopo.aa. 

Coo6oa>KeHHII no Bbt6o 

VIa o6wHx TepMO.QHHBMH'IecKHX coo6pa>KeHHJI HCHO, 'ITO npH nonyqeHHH napaao.aopo

.aa HBH6onee BhlrO.QHO no.aaeprBTb KOHB9pCHH nHWb 0>KH>KB9Mbll! BO.QOpO.Q H npOH3BO.QHTb 

KOHaepcu10 ua acex TeMnepaTypHh!X ypoBHHx. BoaMO>~<ea TBK>Ke p11.a .apyrHx, 6onee npoc

TbiX, aapHaaToa. B Ta6nnue I npHBOtlHTCH cpaaaeaue paanH'IHb!X aapHaHToa no CTeneHH 
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O>KIUKeHHH H pacxo.oy 9HeprHH, JlnH pacqeTOB OWIIH npHHHTiol cne.OyiOWHe HCXO.!lHbl9 ·];18H

lll,Je: .oaaneHHe c>KaToro ao.oopo.oa - P c>K H
2 

•140 aTM, TeMnepaTypa npe.oaapHTenbH¥;o 
' 0 .. 

oxna>K,OeHHH - T npe.o.oxn. a 66 K, He.oopeKynepaUHR • Tennoo6MeHHHK8X •xono.oHoll* H 

•cpe.OHell* 30Hbl 3°, B Tennoo6MeHHHK9 •Tennoll* 30Hbl 10°, K09cj:lcj:lHUH9HT 

CTBHH KOMnpeccopOB 0,60, p8CXO.!l 9HeJ5rHH H8 nony'I9HH9 >KH.!lKOrO 830T8 
/4/ /5/ 

TS .oHarpaMMBM NBS H Koeppe , 
Pac'leTbi aenHCb no 

none3HOro .oell-

0 77 KBT'I 
' Kr>K N 

2 

KaK BH.OHO H3 TaonHUbi 1, pa3MeweHHe KaTanH3aTopa Ha ypoaHHX 81° H 66°K Ha 

BC9M nOTOK9 C>K8TOrO B0.00p0.08 (26, 2a) npaKTH'19CKH H9 YM9HbW8eT paCXO.!l 9H9prHH, 8 

nHWb nepepacnpe.oen!leT ero HB nonyqeHHe a30THoro xono.oa H Ha c>KaTHe ao.oopo.oa. npH 

ocyWeCTBII9HHH KOHB9pCHH H8 830THOM ypoBH9 TOIIbKO O>KH>K8eMOII llOIIH BOllOPOll8 (2r,2ll) 

paCXOll 3HeprHH CHH>K89TCH H8 5-10%, npll OCyWeCTBIIeHHH O>Kli>KHT91IH no CX9M8M (2r,2ll) 

L'!'O KOHCTpyKUHH 38M9THO ycnO>KH!IeTCH !13-38 H900XOllHMOCTll HM9Tb llliH O>KH>K8eMoro 

UOllOPOll8 OTll91IbHbl9 C9KUHH BO BCeX Tennoo6MeHHHK8X H CBOII llPOCC91IbHbiii BeHTIWb, 

OcHOBHbiM pe>KHMOM llBHHoro o>KH>KHTenH HBnReTCH pecj:lpH>KepaTopHbtll - nony<~eHHe 

napaBOll0pOll8 llOII>KHO COCT8BIIHTb HeOOIIbWYIO llOIIIO apeMeHH, no3TOMY llliSI Hero Bb!Op8H8 

CX9M8 C OllHOCTyneH'I8TOII KOHB9pCH911 npH TeMnepaType >KIIllKOrO BOll0pOll8 (2a), 

np11 np09KTllpOB8HHll peaKTOpOB H900XOllliMO CTp9MHTbCH, 'ITOObl M8KCHM81IbH09 KOIIH

'19CTBO Tenna opTo-napanpeapaweHHH OTBOllHIIOCb qepe3 cTeHKll peaKTopa. TaK, pacqeThi 

IIOK83b!B810T (puC, 2), 'ITO B Haw eM cnyqae, npH OTCYTCTBHH TenliOOOMeH8 qepe3 CTeHKH 

peaKTopa I, ao.oopoll Ha BbiXOlle H3 Hero llOn>KeH ohrn obi He TOIIbKO nonHoCTbiO Hcna-

pHTbCH, HO ll8>K9 HarpeTbCH llO TeMnepaTypbl T &37,2°K, KOTOpOII COOTB9TCTBY9T p8BHOBec

~ KOHueHTpBUHH Cp~90,7% napaBOllOPOll8. <PaKT!I'IeCKHII Tennoo6MeH a peaKTope 1, noa

aonReT !IM9Tb TeMnepaTypy BOllOPOll8 H8 Bb!XOlle H3 Hero He BbiW9 27,3°K (Cp•97,5% 

napa 
H

2
), a cne.ooaaTenbHO, nonyqaTb KouueHTpaUHIO napaao.oopolla 93- 94 %. 

JlnR nonyqeHHH nap8BOll0pOll8 001199 Bb!COKOII KOHUeHTp8UHH ( 97-98%) 38 3MeeBHKOM

KoHneHcaTopoM BKIIIO'IeH llOnonHHTenbHbtll peaKTOP II , pa6oTBIOWHII a o6nacTH nepeoxna-

>Kll9HHOII >KHllKOCTll, llliSI KOTopoll paaHoBeCHBH KOHU9HTp8UHH napaaollopolla pasHa Cp=99,6~ •• 
B TaonHue pHc. 2 npHBOllHTCR TeXHll'leCKBH xapaKTepHCTHKB 11 pe3ynbT8Tbi HcnbtTBHHII peaK

Topoa. B KaqecTae KaTanH38Topa 'Hcnonb3oaanacb rHllpooKHCb >Kene3a, Heo6xollHMblll o61>eM 
/6/ 

KOTOpOII nOllC'IHTb!B81IC51 no paHee npellliO>KeHHOll MeTOllHKe , 

nepe.ll H8'181IOM pa60Tbl K8T81IH38TOp nOllBepranCH 8KTHB8UHH/
3

/ npOllyBKOll ( '19pe3 

CIIHBHOJI BeHTHIIb) T9nllb!M BOllOpOllOM (50°C) B T9'19HH9 6 '18COB CO CKOpOCTbiO 

25-30 HM
3

/qac. 

Pe3ylibT8Tbi o6cnellOB8HHH CI:>KH>KHTenH 

1. KonH'19CTBO nepepa6aTbtBaeMoro c>KaToro BOllOPOll8 

4 

- 725 HM
3
/qac 

2. KonH<~ecTBO o>KH>KaeMoro HOpManbHOro BOllOPOlla 

( BHyTpH O>KH>KHT91IH) 

3. CTeneHb o>KH>K9HH51 HOpManbHoro ao.oopolla 

4, KonH<~ecTBO O>KH>KaeMoro napaaollopolla 

5, CTeneHb O>KH>K9HliH napaBOllOpOlla 

6. KoHueHTpaUHH napaaollopo.oa 

7. Pacxo.o >KHllKoro a3oTa a aTMoccj:lepHoll BBHHe 

npH O>KH>K9HHH HOpMBIIbHOrO BOllOp0ll8 

8. Pacxoll >KIIllKoro 830Ta a BBKYYMHOll BBHHe npH 

O>KH>K9HHH HOpM81IbHOrO BOllOp0ll8 

9, Y ll91IbHb!ll p8CXOll 830T8 

10, JJ.aaneHI!e c>KaToro BOllOPOllB 

II • .D.aaneHHe a ocHOBHOM c6opHHKe 

12. BaKyyM B aaHHe aaKyyMHoro a3oTa 

13. TeMnepaTypa c>KaToro BOllopo.oa 3a · aaHHoll aaKyy!'.moro 

830T8 

14. HellopeKynepaui!H a Tennoo6MeHHHKe 'xonollHoll* 30Hbt 

(npH CIIHBe HOpM81IbHOrO H nap8BOllOPOll8) 

15. HellopeKynepauHR a Tennoo6MeHHHKe 'Tennoll* 30Hbt 

npH CIIHB9 HOpMBIIbHi:>ro BOllOPOll8 

npH CIIHBe nap8BOllOPOll8 

16. BpeMH nycKa .oo Ha'lana o>Kli>KeHHH ao.oopolla 

17, Bp9M51 OTOrpeB8 OT pa()oqero COCTOSIHHH 

llO KOMH8THOJI T9MnepaTypbl 

- 230 n/qac 

- 25% 

- 140 n/qac 

15 % 

97-98% 

- 180 n/qac 

85 n/qac 

- 1,5 II/II,HOpM,H
2 

125 8TM 

0,3 8TM 

- 630 MM pT,CT, 

- 65,3°K 

- 0,3-0,5°K 

- 70 

- 90 

- I qac-

- I '18C 10 MHH, 

- 2 qaca -

- 2 qaca 30 MIIH, 

.D.nR 3aMepa TeMnepaTypHbtx pe >KHMOB Tennoo6MeHHHKOB a O>KH>KHTene ycTaHoaneHbt, 

pa3pa6oTaHHble BHV!Vl<PTPI-1, 100-oMHbte nnaTHHOBbte TepMoMeTpbt conpoTHBneHHH, o6na

ll810WHe TO'IHOCTbiO 0,1°, MecTa ycTaHOBKH TepMoMeTpoa OTMe'leHi.r Ha .PHC, I 6yKBBMH 

T5-TI1' 

0>KH>KHT91Ib Ob!II paCC'IHT8H H8 900 HM
3 
/qac C>K8TOro BOllOpo.oa. npH o6cnellOB8HIIH 

l!Oll8B8110Cb M9HbWee KOIIH'19CTBO H3-38 YM9HbW9HHOII npOTIIB HOMHH8118 npOH3BOllHT91Ib

HOCTH KOMnpeCCOpOB, 

Pac·~eTbi, npo.oenaHHbte no pe3ynbT8T8M o6cnellOB8HHR, noK83b!B810T, 'ITO O>KH>KHTenb 

MO>K9T 6b!Tb cpopCHpOB8H llO !500 HM
3 

/qac C>K8TOrO BO.OOp0ll8, 'ITO n03BOIIHT YB91IH'II!Tb 

ero npOH3BOllHT91IbHOCTb llO 460 n/qac HOpM81IbHOrO BOllOPOll8 II 280 n/'18C nap8BOllOp0.08, 

np11 9TOM H906XO,!lliMO yaeliH'IHTb paaMep 3M99BHK8 B 8TMOCcj:lepHOJ! B8HHe >KII,!lKOrO 830T8 

H yaenaqHTh o6DeM KaTanH38Topa. 

BHewHHJ! BH.!l O>KH>KHTenH aMecTe c nynbTOM ynpaaneHHSI noKaaaH Ha p11c, 3 •. 

5 



r11' 

'I 
I 

1

,. 

'I 
i 

/, 

il 
I' i' 

II 

AeTOpbi Bbipa>KaiOT ceoiO rny6oKyiO 6naro.aapoaoCTb H,K, 3enb.OOBH'l, A.A.SenywKH-

aoa, JI.n. Senoaorosoa, A.A.,ileMHHY. r.r .Xopesy. Y'IBCTBOBBBWHM B npoeKTHpOBBHHIS H 
v 

c6opKe O>KII>KIITenH. 
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Ta6nuJ!a I 
noK83BTemf paanHlf:HblX B8pH8HTOB UHKna .apoccenHpOBaHHA HpH pa6ote 

0>Kn1Ka- Pacxo.o. Pacxoa N9 HanMeHoeanKe 
9M8R aaoTa., 3HeprHH 

.llOnR Kr ua aaoTH~ 
Kr.)K,p-H

2 
XOJI0Jl, 

8TM, NJ. B8K,tV1KuTq 

! KOJI, N'l. xr,)f(.r- H • 

npe.aaapHT9nbH09 OXn8>Kll9HH9 

ocymecTanSJeTcH saHHoA aaxyyM-
HOrO 830T8 C HCDOnb30B8HHeM 

xonona OTKB'lHaaeM&rx napoa; 
KOHB9pCHH DO.llBepraeTCH ITOTOK 
e>KaToro H2 OT 25-55% p- 11

1 
npu T • 66°K H omu>KaeMasr 

0,175 15,3 11,7 

aong oT 55- 98% 
__ npH T•20°K 

P-H> 

2. npe.OB8pHTel1bHOe 0Xl18)1(,D.eHHe 

ocyweCTBl1H9TCSI 8TMOCclJepHoA 

H BBKYYMHOA 830THbiMH BBHHB-

MH, xono.a napoe BBKYYMHoro 

B3oTa He ucnonb3yeTcH. Koa-
eepcuu no.aeepraeTcst: 
a) O>KH>KaeMaSI Ll01IH OT 12,3 2,7 

25-98% p- "2 
npH T•20°K 0,149 15,0 11,5 

6) BeCb IIOTOK OT 24-42% p-H l 
npu T""-81°K; O>KH>Kae-
MBH .aonsr OT 42-98% 13,5 2,6 

p -"2 npH T•20°K 0,163 16,1 12,3 

B) BeCb IIOTOK OT 25-42% p-H2 
npH 81°K

0
a oT 42-55%p-H2 

npu T ==66 K; O)KH>Kae-

~ M8R ,QOfiR OT 55- 98% p-112 
npa 20°K 0,175 18,2 13,9 

[") 0}f(H>K89M8SI ..0.0119. OT 

25-42% 0 p- "2 
npH T •81 K " oT 42-98% 12 2,6 

p -"2 npH T=20°K 0,163 ~ 11,2 

D.) O>KH}I(89M8SI .00119 OT 25-42% 
0 

p-~ npH T•81 K; 
OT 4 -55~ p _ H

2 
11,7 2!9 npH T "66 K H OT 55-98% 

p _ H2 npH T •20°K 0,175 14,6 11,2 

7 

Ha p- H 2 

Pacxo.a Pacxo.a I pacxo.ll 
SHepruu saepruu ~Hepnnt: 1 
HB BBK. HB C'>KBT• ~ 
Hacoc, aoaopoaa 1 Kr,)f(, p-11

1 
. .....!lli!!!._ KBTlf 

Kr,)K.p-!1
1 

Kr,)K, p-H
1 

1,3 16,3 29,3 

0,22 19,2 30,9 

0,21 17,6 30,1 

0,42 16,3 30,6 

0,21 17,6 29 

0,23 16,3 27,7 
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Puc. 1. CxeMa om:H.>KHTenH B02. 
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1 - 830TH8S'I C8KUHH TenJI006MeHHHK8 .. TeTIJIOt:t• 30Hbl. 2 - BO.OOPO.llH8SI CeKUHSI Tenno-

06MeHHHK8 "Tefi1IOA:" 30Hbl 0 3 - ynl!OTHeHHe. 4 - 3M8eBHK 81'Moc¢epHOJ1 B8HHbl )f{H.QKOf'O 

830T8. 5 - T8TilJ006MeHHHK "'cpe.aHeA" 30Hbl. 6 - B£lHH8 B8KYYMHOrO 830T8. 7 - Tenno

o6MeHHHK *xononuoA:"' 30HH. 9 - .a.poccenbHbiA seuTHJib. 10 - npoMe>KyTO'IHbttl c6opHHK. 
J 1 - llH8BM8TH~9CKHA Kll8fi8H. 12 - peaK Top. 13 - 3MeeBHK -KOH.ll8HC8TOp. 14 - .O.OllOJ1-

HHT81lbHhlA peB.KTOp. 15 - BeHTHllb Cl1HB8 napaao.aopOLl8 BO.UOpo.aa. 16 - B8HTH1Ib CIIHB8 

HOpMBilbHOPO BOL10p0.0.8. 17 - .UblOap. 
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PHc. 2. CxeMa BKmoqeHHll H TeXHH'IeCKaH xapaKTepi!CTHKa peaKTopos. 

P11c, 3. BHeWHHll BHLI O>KH)I(' ren11 802 c nynbTOM ynpaaneH1111. 


