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HCXOJUlliE JlAHWE 

llsrHMerposaa so~opo~HaB xauepa npe~Ha3Haqaercs ~IR pa6ora Ha nyqxax ycxopzrenR 70 ras 

B r .Cepnyxose. 

OcHOBHHe napaueTPH KaMepa: 

l • • iKa.Kerp - 5 uerpos. 

2. reouerpzqecxza oo~eu- 60u3• 

). 'flacrora cpa6aTHBaHBSI - I UBK.Il 3a 5 CeK , B KaZ,I(OK QBKJie 2-5 pe30H8.HCHHX paciiiBpeHHR. 

4. 3ano.llHsD.-e za~ocrz: so~opo~, ~eRrepxR, BO~opo~o-aeoeosaR cuech c co~epza&HeN He-

ORa ~0 J~. 

5. llarBBTHoe none: 

a) Bapxaar c odHqBHK uarHHTOK He ueaee 20 xa; 
0) aapaaar co CBepxnpoBo~.-u KarBKTOK 40 xa. 

rWAI 

CHCTEilA CTAEHJm3AUHH PEIHMA P .ADOTll IWIEPH 

§ I. OnaCaHHe CHCT&KY CTadHnH3a.IlJIK peJHKa paOOtH Ka.KepH 

IlJJTHMeTpOBaJI KaNepa( PJic.I) KOJ:et 0HU HaGOJIH&Ha ZH~ltHK BO~OpO,I;OK, HJIK D,I;KKK ,1;&1-

repKeK, HJIH J:H~OI BO~O~HO-H&OHOBOI CK&CbD. 

CraOH.IlH3Hposarb peJ:KK - 3eaq•r,~epJ:atb xauepy npa 3a~BHHX aeaqeHHRX ~asneaHB a 

rewneparypa. 

!JIB repMOcrarHpoBaHKR Ka.Kepy npe,~;ycuorpeBH aueeBHKH, pacnoJIOJ:eBHHe 118. saemHeH nosep­

xaocu K BHYTPH xauepa, qepea xoropye nponycxaercs J:UKHR Bo,~~;opo~ (I 1 , [2] .. 
Heo0XO,UK8JI XOJ10~0DpOH3BO~HT&JlbBOCTb OJ:HZHT&nSI BO~OpO,la OGpe,ll&JIJI&TCSI ,llKHaJOiqecKJIK T&DJIO-
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npHTOKOY 3a Cl.leT HeOOpaTHMOCTH paOOTH pacmHpeHRH, czaTHH paOoqelt ZH~KOCTH B KaMepe H CTa­

TH1.18CKHY TemiOnpHTOKOM K KaMepe. Y 80-caHTnueTposoil EpzTaHCKOit xauepH npu I zunf.ceK He­

oOxo~HMaH XOXO~onpOH3BO~HT8XbHOCTh COCTaBXR8T 1,2 BT/AHTp. llo HamHM Onlli.TaY CO 100-caHTH­

MeTpOBOit BO~OpO~HO~ Kawepolt ~HHaMH1.18CKH~ TennonpHTOK paBeH 1 ~X/XHTp ~HKX, 1.1TO 3KBMBaX8H­

TFO l BT/XHTJl npH I ~Mn/ceK. B sa~aHHH Ha 14 !JJYTOByll KaMepy [ J J npe~ycua.TpHBaeTCR ~HBa­
I.U:'-leCitV.H TeTI.I!OTipHTOK 0,6 BT/JlHTp. 

ITOCKOAbKy ~Hfi.MwqeCKH~ TenXOTipHTOK BH3HBaeTCH HeOOpaTHMOCTbll npouecCOB pacmzpeHRH H 

cxatv.H, a HeoOpaTHMOCTh CMJlbHO sasMCHT OT ~nztenbHOCTH ~HX npoueccos H OT KOHCTPYKUHH 

KaMepH H MexaHH3Ma p8.ClliHp8HHH, TO paCC1.1HTaTb ~HHfi.MftqeCKHil TennonpHTOK He npe~CTasnReTCH 

B03MOXH!:iM. 0pHeHTHpyRCb H8. HYeDII\HHCH 011liT1 W npzHm.9ieM BeJIHl.IHHY ~MHaMH'·l8CKOrO TeiiJIOr!pMTO­

Ka K KaMepe l BT/XHTp. 

i~KH~ BO~OpO~ H3 OXHXHTeXH no~aeTCH BO BHemHHe 3U88BHKB KaMepH qepe3 peryARTOp pac­

XO~a PPl H BO BHyTpeHHHe 3MeeBHKH 1.1epe3 peryXRTOp pacxo~ PP2. PeryXRTOp!i pacxo~a Ha 

000MX BeTBRX c~yOnHpOBaHH; 3TO ~enaeT B03MOXHHM CMeHy BHme~ero H3 CTpOa peryAHTOpa pac­

XO~a, He npeKpa~aR no~aqz BO~OpO~a K TepMOCTaTHpyDmwu 3M88BHKaU. 

B CXeMe npe~yCMOTpeHa CHCT8Ma ~OKOH~eHCagHH XH~KOCTH B KaMepy. CxatHB ra3 (BO~OpoA, 

H80H HXH ~elttepz~) npOXO~HT 1.18pe3 PJI2 B K0~8HCaTOp 7, B HeY KOH~eHCHpyeTC.Ii H 1.1epe3 pe­

rynzpoB01.1HHit B8HTHXb BJl CT8KaeT B KaMepy B TOM cnyqae, KOr~ yp0B8Hb B KaMepe He~OCTa­

T01.1eH. Kor~a KaMepa nepenOXH.Ii8TCH, XH~KOCTb H3 KaMepy H~eT oOpaTHYU XOAOU DO 3TOm ze XH-

B c 

CliCTeMy 

BHy 

CHC 

Pa6 

3an 

B c 

npoAyBa 

BIO, 

HIIIH B COOTB8TCTBytl~e oOpaTHYe DOTOKH qepe3 pacxo~ouep P3 11 peryJIB!Op ~aBJieBM PD. ·-< mu .. 
TaKHM o0pa30M, CHCTeMa o0ecne1.1HBaeT OTCYTCTBHe ny3Yp8 B Kauepe. Kpoue TOrO~CHCTeua 

H3 Pl2 H Pl3 no~epzzsaet nocTORHHYM ~aBieaze B Kauepe. 

Bo scex pexzuax perynzpOBKH ~sneHHR B KaMepe, perynRtop Pl2 nponycKaeT H30HT01.1HOe 

KOAH1.18CTBO rasa, a PAJ - TIOA~epXHBaeT OOCTOJIHHHM ~aBXeHHe B KaMepe, cpaOaTYBaR H30YTOK 

ra3a. 

Koa~eacatop 7 npe~CTaBXReT H3 Ce0R ~bDap, B KOTOpou KHDHT ZHAKHI BOAOpo~, OT~BaR 

TennoTy HcnapeHHH npOXO~R~euy no 3U88BHKY rasy. HcnapHB~HICR XO~OAHHI BO~OpO~ npOXO~T 

06paTBYM TIOTOXOM Tenno00M8HHHK; B HeM OT~aeT CBOA XOXO~ rasy, flOCTyDaD~MY Ha ~OEOH~eH­

CaUHD, H aanpaBKR8TCH B 06paTHY~ DOTOK BO~Opo~a. 

%HARK~ BO~OpO~ B KOH~8HC8TOp OO~aeTCR H3 OXHZIIIT8XR BO~Opo~a 1.1epe3 peryRRTOp paCXO~a 

PP3. PeryXRTOp pacXOAa PPJ pa60TaeT OT ~aT1.1HKa ypOBHB ZH~xoro BO~Opo~a B AbDape XOH~eH­

caTopa. 

Bo 

c 
I 

2 

Ha aapyzaoA cteHxe xauepu zuentcs sueeBHKH ~XR no~orpeBa czaTYu BO~opo~oM H ~XR Typa , 

OXXRXA8HHB ZH~XHU a30TOU. U 

Bo~opo~ H3 sMeeBHKa no~orpesa qepe3 pacxo~oMep P5 nocTynaeT B oOpataun noTOK Bo~opoAa 

J 
• 
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B ItaMep' H cm­

I Hllll/cex He-

ll CO 100-CaHTH-

.(aCWMpeHHB H 

ltOHCTpyK~HH 

puctaBJIBercSI 

oro ren.11onpHTO-

peryJIBrop pac­

pacxo,Jta aa 

ery.nnopa p:~.c-

ras (Bo.n;opo.D;, 

H K 11epe3 pe­

pe ae,Jtocra­

o-

roro ~ CHC rellB. 

t H36biTO'lHOe 

HBaSI JI36biTOlt 

O.l, 0 US.BM 

opo.Jt npoxo,u:r 

HS. ,llOKOH,IteH-

paCXO,Ita 

llape KOH,IteH-

DOTOK BO,D;Opo.n;a 

Asor H3 oxna~~ero sueesmxa. qepes pa.cxo,Itouep P6 aa.npa.BnHerca B XHHHD o6pa.raoro a.sora.. 

B CXeMe npe,ItyCMOTpeHbi BO,ItOpO,ItHbiR J1 8.30THbll rasrOib,lt8pbl, KOTOpYe D03BOA81lT ,ItepXS.TL 

CHCTeL!y DO.D; ,lt8.BA8HH8U O,ItHOrO !43 3THX ra30B. 

BayTpH xauepbl pa.sKe•eHbl nna.rHHOBble H KOH.IteHca~HOHHHe tepKouetpbl. 

§ 2. CHcreua a.BapH~HbiX c6pocoB H sanonaeH:r.m xa.uepH 

CHCteMa aBapHIHbiX c6pOCOB H 38.DOIH8HHH KaM8pH Dpe,ItCTS.BBeHa Ha pwc.I. 

PaOOqaSJ XH,ltKOCTb K KS.Mepe no.D;aetCH H3 OXKXHT8B8 no f8DBOH30HHpOB8HHOily rpyOonpOBOly. 

3anOHH8HHe KaMepu ZK,ll;KOCTbll npOHCXO~T qepe3 B8HTHBb BJQ H ~HXbfp 14. 

B cxe»e npe,~tycMorpeua pereaepa~wa ~H.IIbtpa. llpH 3TOK ~HBLTP orcexaercSI BeHTHJSIKM H 

npo,ItyBaercSI qMCTblll pa6oqHM rasoK nocne 6noxa oqzcrKH; ras nocne ~HAhtpa aanpaBJSiercH B 

COOTB8TCTBYJl~HR rps3HH~ rasrOHb,D;ep 0AOKS. OqHCTKH. Bo BpeUH pereHepa,uHH ~H.IILtp rpeetCSI 

caapyXH no,Itorpesareneu.llocne oxoaqaHHSI pereaepauHH ssxnmqaercH no.~torpesa.renb H npo,~tyBoq­

Hbl~ noTOK rasa. 

Bo speUH pa.6oTH xaKepH .Jtbllap coo6ma,etcH c rasrolb.JtepaMH pa6oqero ra3a qepe3 BeHTHHh 

BIO, .IIH6o octaetcH sa.nepTHu no.Jt He6onbmHw H36HroqHblu ,~tasneHHeu pa.Ooqero rasa. 

Ka.uepa ocso6os,~taercH or so.n;opo,~ta HJIIil .JtellrepHSI nyreu BHnapHBaHHJI n.~txocu. 

B CJIY'lae aBapKH npe.n;ycuotpeH napo-KH.ItKOCTHOR c6poc H3 xaxepbl M ,D;Dilapa. qepes ItBana.Hbl 

llKl•llK6 B ma.pOBb18 euKOCTH H3 HepKa.B81l.eR Cta.IIH. 

Bo H368DHH8 pesxoro DOBH118HH8 TeMDeparypH BH6pa.CHB8.81lOI napO-Kit.D;KOCTHOI CUBCH, Tpy6o­

npoBO,ItH asapHRHOrO c6poca ,ltO.IIIHbl OHTL H3BYTPH T8DAOM30Dp0BaHH. 

Bo BpellSI pa60TH Ka.MepH 38..ltBHXKB. BJ2 ,ltOBKHS. 0HTb 00SI38.T8AbHO OTKpHTa. 

rJIABA n 
CHCTEMA TEUJIOH30JiflUHH 

§ J. CHcteMa rennoxsoAR~Hz xauepH 

CmcreMa renJIOH30AH~HH ItauepH BK!Ilqaer: 

I. HsoJSI~HII KB.KepY. or renJionpHTOKOB K3 OKpy:m~~~eA cpe,ItH. Teuneparypa. Ita.wepH 25°K. 

2. K30JISI~Hil CBepxnpOBO.JtSI~ero COJ18HOH,lta OT rennonpHTOKOB H3 OKpyZB.Il~el Cpelbl. TeMnepa­

Typa COJ19HOH,Ita 4°K. 

llpH pacqere CHCT8UH T8DAOH30JISIUHH KaM8pH pB.CCMB.TpHBaJIHCb rennonpHTOKH K KB.Ilepe H 

7 
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CBepxnpOBO~~eMy CO!eHOH~Y npH 2~X COCTOHHMHX CHCTeUH TenAOH30AHUHH: paOo~eM H aBapHAHOM. 

JlJIH nO,B;,AepzaHHH Ka»epH B JRClO'leM COCTOHHHH HeOdXO,II;HMO: KOMneHCHpOBaTb tenAOBH,B;eJleHiUI, 

BH3BaHHHe pacmzpeHHe:M-CZ8.THeM BO,II;OpO,B;a B KaMepe ( ,II;HHaU~eCKHA tefiJIOnpHTOK) Q ,II;HH.=60KBT. 

H3 pacqera Ist/JIMT. (cu.crp. 6 ) H KOMneacaposatb Tennonparox as oxpyzav~eA cpe~ (ctata­

qecKHlt tennonpHTOK). llpHHKUaeU, 'ITO TeDJIODpHTOK K KaMepe H3 OKpyzaD~eA cpe~H B padoqey 

COCTOHHBB CHCTeUH tenJIOH30JlHUHH ~OJIXeH dHTb He dOJlbme 2% OT ,II;HH6MH'leCKOrO TeDJIODpHTOKa, 

T.e.QCT. = 1,2 KBT. 

B cy~eCTByD~HX KaMepaX npH aBapaltHHX CHtyanKRX BO,II;OpO,II; H3 KaMepH cdpaCHBaeTCH B cne­

UJilaJlbHHe aBapzAHHe eMKocn TUB t~epes orHennawmperpa.~~;uen:~. B aruoc:cPepy. JlnH Toro, t~TOOH 

He ,D;eJlaTL ,II;OUOJIHHTeJI:bHllX eMKOCTeA H H3daBHTbCH OT B03M0J[HHX HenpHHTHOCTelt npH cdpoce BO,D;O­

pO,II;a B aTYOccPepy, HeOOXO,II;HMO, 'ITOClll TennonpHTOKH npz asapHAHllX CBTya~HHX He npeBllmaJIH UO~­

HOCTH OXHZHTeJIH. Tor,B;a BeCb BO,D;OpO,D; MOXeT ClHTb 36K6'16H B mapOBlle eUKOCTH. TaKHM Odpa30Y, 

TenJIOnpHTOK K Kauepe B asapHltROY COCTOHHHH He ,D;OJIXeH ClHTb ClOJlee 85 KBT. 

CBepXnpOBO,II;HIIlHlt COJleHOIU, C03,D;aJllllHA MarHHTHOe no Jle B KaMepe ,,paelOTaet COBYeCTHO C re­

JlHeBHM OXHXHTeJleM MO~HOCTbD 255BT. llpHHHMaeu, 'ITO CyMMapHllA TenJIOnpHTOK K CBepxnpOBO,D;H­

IIleyY COJleHOH,II;y He ,D;OJIXeH npeBllmaTb 50~ XOJlO,D;ODpOJ113BO,D;HTeJlbHOCTH OXHXHTeJIR. 

§ 4. BHOop cacteMll Tennozsonanaz 

BUc>op CHCTeMH TenJIOH30JIHUHH saBHCHT: 

I. Ot ,~~;onycTHMllX TennonpHTOKOB H3 oxpyJaD~eA cpe.~~;H K Ka»epe a CBepxnpoBo~meuy cone­

aoz,~~;y B pa0oqey H aBapHRHOM COCTORHRHX CHCTeMH TefiJIOH30JIHUHH. 

2. Or KORCTPYKTHBHOro pemeHHR ysnoB xauepH: Mexaazsua pacmHpeHHH, no,~~;BeCKH KaMepH H 

t.n. 

B HaCTOHIIlee BpeMR CyllleCTByeT TpH CHCTeMH TenJIOH30JIHUHH HH3KOTeunepatypHllX Dy3HpbKOBHX 

KaMep; nepBaH C~CTeua-BHCOKOBaKyyYHaH C a30THHM 3KpaHOM, BTOpaH CHCTeua-BHCOKOBaKyy»HaH 

C MROrOC!OIHOlt H30JIHUHelt, TpeTbR CHCTeMa·H30JlHUHH -AbD6pHaR. ~DapHaR CHCTeMa H30JIHUHH[4]~ 

C Hamel TO'IKH 3peHHH 1 0dJl~aet PRAOU npeHYYIIleCTB nepe,D; ,D;pyrHMH CHCTeMaYH, fi03TOMy OHa ClHJla 

BHdpaHa ~JlH fiHTHYeTpOBOA KaUBpH. 0CROBHHMH ee npezMyllleCTBaMH HBJIHDTCH: BO-nepBHX, 3RaqH­

TeJibHOe CHHXeHHe Tpe6oBaRHlt K repMeTH'IHOCTH KOpnyca KaMepH H BceX ee COe,D;HHeHHlt; BO-BTO­

pHX, DOBHmeHHe de30fiaCROCTH paelOTH, T.K. B CJlyqae fiOJIOMKH O,D;HOrO H3 3JleMeHTOB KaMepH,XJ11,11;­

KM~ BO,II;OpO~ BllJIHBaeTCR He Ha TenJIHe CTeRKH, K6K npH ~pyrHX THDaX H30JIHUKH, a B ,D;bDap. 

Ha pHc.2 llpHBe,D;eHa CXeMa KOHCTP,YKUHH O,D;HOrO K3 BapHaHTOB ,D;bDapHOlt CKCTeMH TellJIOH30JIH­

UKK xauepu x csepxnpoBo,~~;a~ero coneHoM,Aa. Kauepa (I) c nowo~D no,~~;BeCKK (2) npKKpenxeua K 

KPHWKe (3) ,D;bDapa KaMepY. lb~ap Kauepll COCTOKT H3 XeCTKOro Hecymero KOEyXa (4), BHyTpb 

8 

ltOTOporo BC 

cnottHOH K30 

(1) 3aDOJIB8 

ue~y ero c. 

HOJU;a (9), 

COCTOHT K3 

PHaHTOB co 

Ten .to 

.u•ero co 

BHytpeBB8 

• 
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BH,D;eJieHiUI, 

KR.=60KBT. 

e~ (CT8.TH­

~6oqeu 

onpHTOita, 

tea B cne­

ro, l!TOCIH 

Opoce BO,II;O­

eBHmaJIM uolll­

oel~sou, 

, epxnpOBO,Il;H-

y COJie-

B8.1tYY11HaH 

H30.1IBI.lHH(4]J, 

OYy OH8. 6HJI8. 

BHX, 3H8.11H-

111; BO-BTO­

It8Mepbi,D)J;­

B ,U.Il8. p • 

TBD.IIOH30JIH-

HitpenJieua. It 

), BHYTPb 

KOTOpOrO BCT8.BJieH8. 008l!8.IK8. (5) • fipOCTp8.HCTBO ue~y KOZJXOU H OdeqaiKOI 38.DOJIH8HO UHOro­

CJIOIHOI K30ARI.lH8R (6) H 0TB8.KYYKHPOB8.HO. fipOCTp8.HCTBO (7) ue~y OOeqaiKOI (5) R 1t8.uepoA 

(I) 3a.noJIHeHo ra.soodpaaHWM BO~opo~ou, HueD~ ra.3rOJI~,B;epHoe ,~~;asJieHRe. B Abllape 1tauepy 

ue~y ero CT8HKOR H C8.UOI ttauepol B8.XO,li;HTCS ltOJI~Q8BOI ,ll;bllap (8) CltpXDpOBO,li;SIIl8rO COJie­

HOHA8. (9), KOTOpbll DO,D;BemeH It KPYMKe ,ll;bll8.p8. lt8.U8pY. ~lla.p CBepxnpOBO,ll;a.ero COJI8HOH,II;8. 

COCTOHT K3 XeCTKOrO KOEyxa (IO), BHYTP~ KOTOporo BCT8.BJI8H8. odeqa.Aita (II). fipoctp8.BCTBO 

uex,~~;y lt~EyXOM H odeqa.IKOI 38.DOJIBeHO KBOrOCJIOIHOI H30JISUH81 (I2) H OTB8.KyyuHpOB8.HO. 

TenJIODpHTOKH K It8.uepe H CBepxnpOB0AHIIl8KY COJIBHOH,D;y, DO,II;Cl!HT8.HBY8 ,II;JIS p8.3JIHqBYX B8.­

pH8.HTOB COCTOHHHH CHCT8MY T8D.IIOH30JISUBH, DpKB8,11;8Rhl B T8.61KU8. 1 K 2. 

TaO.IKita. I 

TenJIODpHTOK It It8.uepe DpH p8.31HqHYX COCTOSHHSX CICTBKH T8DJIOH301RUBH. 

COCTOSHH8 CHCTeUY TennonpHrox~ 
Q B8.TT 

Pa.Ooqee 1060 

B H30MUIIB 
B03,11;yX 2220 

Q) 

B JI30MUHII 0 = BO,II;Opo,ll; 4600 liS: 
1!11 
Po 

!HJUtd BO,II;OpO,ll; aS 

~ B .JO>I)ape 22650 

TenJIODPHTOK It CBepxnpOBO,D;R.euy COJIBHOB,II;y CKJia,II;YB8.8TCS B3: T8DIODpBTOK8. OT KOXyxa 

,ll;bll8.p8. CBepxnpOBOlnlllero COJI8R0a,D;8., TeDJIODpBT01t8. OT KphiMKB B8.KyyYBOrO KOXJX8. CBepxnpOBO­

AR.ero COJI8RO!la (20 BT.), T8DJI0DpHTOlt8. qepe3 3JI8ltTpDBBO~H (84 BT.) B T8DJIODpHTOK8. DO 

BHytpeHael CT8Hlt8 ,ll;bllapa B DO,li;B8Clt8.M ( 18 BT.). 
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Ta6JIHUa 2 

TennonpHTOK K CBepxnpOBO~~eMY CO.IIeHOHAY· 

CocroaHHe CHcreMH 
TenHonpKTOK 1 Q Barr 

Ee3 BOAOPOAHOro C BOAO pOAHiiUl 
3RpaHa 3ItpaHOM 

Pa6oqee 470 122 

.llbmap xauepY 485 '" -
3anoJIHeH 
B03AyXOM 

.llbmap RaMepY 492 -Q) 

0 3aOOJIHeH :0:: 
lCs; BOAOPO.ItOM I =s: 
P. 

1 

ttl .JU.nap COJieHOH- 1520 II27 ,2 IQ 
< 

,Ita sano JIHeH 

L_ ___ -- - ---
reJIHeM I 

---- -~- -

rJIABA ill 

CBEPXITPOBOJUIID,HR COJIEHOlU 

BseAeHHe 

TOilHOCTL H3MepeHHR HMny~hca qacrH~Y B nysYphKOBOR RaMepe npaMo nponopq~oHaJILHa Ha­

npHZeHHOCTH MarHHTHOrO DOJIR. ilpH HCDOJIL30BaHHH 06lillHliX 3JieKtpOMBrHHTOB He y,ltaerca DOJiy­

llHTh B 60JILWOM 06DeMe HanpazeHHOCTL Blime 20-25xrc. laJILHeAmee yBeJIHQeHHe HanpazeHHOCTH 

o.uepmH 

,~;a Heo6x 

OM, norp 

Her MeRe 

Bo-BT 

IU)JitHX np 

' Kanu 

taBHli K3-

:eHHe noc 

Ha oc 

nc c aa.n 

:lyer BYCOKI 

KaJ:,ltBJI 

MOZer dHTL AOCTHrHyTO C DOMO~I> COJieHOH)tOB. llOHBHBmHeCH B DOCJie)tHee Bpeua CTa6HJIK3HpOBaH- HOrO JleHTO 

HJie HOpMaJILHliM MetaJIJIOM CBepXnpOBO)tHHKH OTKpli.IIH DYTL K C03)taHHI> KPYliHliX CBepxnpOBOAAIIIHX RHMH oOeq 

COJieHOH)tOB (CITC). CeRilaC yze HeT COMHeHHR, liTO B 0JIH%aAmHe rO)tH Oy,~tyT DOCTpOeHY CITC C ODHCaHKe 3 

DO.IIeM Ha J0-50KrC B 00DeMe HeCKOJILRKX )teCHTKOB Ky6KileCKHX MeTpOB.- PaCCMaTpHBaeMYR 

CITC B cpaBHeHHH C OX.IIaz,~taeMHMH BO,ItOA K KpHOreHHliMH COJieHOH)taMH HaxO)tHTCH BHe 

KOHKypeH~HH DO C.lle)tyi>~HM npHilHHaM! 

Bo-nepBYX, cnc pacXO,ItyJ>T cpaBHHTe.llhHO HeOOJILmoe KOJIHileCTBO 3HeprHH. HanpHMep, )t.IIR 
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,la8TCSI TIOJlY-

pxnpOBO,IUllltHX 

eHH cnc c 

pHBaeuH~ 

O)lHTCSl BHe 

anpHllep, .JtJIJI 

• 

OO.It)lepzaHHS DOASI 40KrC B 06lelle ,ltHaMetpOM 611 C TIOMO~bD OXAaEAa9MOrO BO,ItO~ Me,ltHOrO COJ19HO­

H,Ita He06XOlHMa MO~HOCTb 6oAee 50 KfBT , anDMHHHeBbla COJ19HOH,It, OXJlaz,~taellbl~ EHAKKY BOAOpo­

)lOM, TIOTpe6JlSleT B 2-3 paaa M9Hbme ( B OCHOBHOM Ha OXAa~eHHe), B TO Bp9MSI KaK CfiC TIOtpe6-

JlHeT ueaee 1 MrBT ( Ha no.~t.~tepxaaze renHeBo~ reuneparypu). 

BO-BTOpHX, Bee H TOJl~Ha 06MOTOK CllC B HeCKOJlbKO pas MeHLme, 'leY y COJl9HOH,ItOB, paOo­

TaDDtHX npH KOMHatHon reuneparype. 

KanztaJlbHble sarpatbl Ha KPYTIHble cnc H 06H'IHUe COJleHOH~ B aacros~ee Bpeus npHMepHO 

paBHH H3-3a BHCOKO~ CTOHJIOCTH CBepXnpOBO~~ero uarepHaXa, HO OEH,ItaeTCH 3Ha'IHTeJlbHOe CHH­

IeHHe nocJieAHe~. 

Ha OCHOBaHHH 3THX COOdpaxeHHH ~JlH 5~eTpOBO~ BO~OpO~HOH KaM9pb1 npe~Jl0%9H H paCCMOTpeH 

~C C H&npHE8HHOCTbD TIOJlSI B U9HTpe 40Krc. 

§ 5. OnzcaHHe KOHCTPYKUHH CllC 

ConeHO~ COCTOHT H3 ~BYX KaTymex, pa3,!tBHHYTbiX Ha pacCTOSIHHe, He06XO,ItHMOe ,ltXH npoxo,~ta 

1 nyqKa YCKOpeHHbiX 'laCTHU. Ha pzc.J A&H O~HH H3 B03MOEHbiX BapHaHTOB KpHOCt&Ta ,ltJlH COJleHOH,Ita. 

KpHOCtat npe,~tCTaBJlHeT H3 ceOR ~bDap C TOJlCTO~ HapyEHOH H TOHKOA BHytpeHHeK CTeHKaMH,Me~y 

KOTOpHMH paCDOJl07.eHa MHOrOCJlOlHaR H30ASIUHH. KpHOCTaT B CBOD O'lepe,~tb norpyzeH B ,ltbDap Ka­

KepH. BR&ro,~taps HH3KO~ reuneparype aapyzao~ creHKH renaeBoro ALDapa (oxoJio 30°K)1 renno­

npurox qepe3 H30JlSIUHD HeBeJlHK. 06leM MarHHtHoro OOJlSI HCTIOJlb3yeTCSI ~eKTHBHO, fiOCKOJlbKY 

TOJl~HHa ~30HSIUHH Maxa. H30JlSIUHSI BblfiOXHeHa H3 JlaTepzaAa, npHMeH8HHe KOTOporo CHBJaeT tpe-

6oBaHHSI K BaKyyMHOl TIJlOTHOCTH. fipH TIOJlHOK nopqe BaKyyya CKOpOCTb HcnapeHHSI reJIHH ~e CJlHm­

KOM BeJIHKa H fi03BOJISI9T BeCTH saKa'IKY reJIHSI B rasrOJI:D,Jtepbl. B 6y,llylllell npe,lUIOJiaraetCH pac­

CMOTpen BapzaHt c H83&BHCHWMH BaKyyMHHliH KOEyXaMH cnc H K&tepH. B CERN npe,ltJIOZeHa 

KOHCTPYKUHH C ABYJIH He3aBHCHMHMH KPHOCT&T&MH ,ltHR CITC, HO OHa cpaBHHTeJlbHO CAOZH& H tpe-

6yeT BbiCOKOBaKyfMHO~ H30AHUHH. 

Kaz,ltaR Katymxa CfiC COCTOHT H3 Ha6opa O,ltHHaKOBbiX ,ltHCKOB, HaMOTaHHbiX H3 Cta6HJlH3HpOBaH­

HOrO JieHTO'IHOrO CBepxnpOBO,ItHHK&. lHCKH DOJie~eHH MeE,Ity BHytpeHHeK H HapyEHOR UHJlHH,!tpH'leC­

KIDoiH o6e'laRKaMH H pas~ex.eHH npoKJia.JJ;KaMH c orae pctHHMH ,J;JISI npoxo,~ta reJIHB. Bonee no,n:po6aoe 

OOHCaHHe 3JleMeHTOB CfiC npHBe~eHO B TIOCJl8AYDMHX pas,~teJiaX • .. 
B OTJlH'IHe OT 06bi'IHbiX 3Jl9KTpOMarHHTOB CfiC Ha 40 KrC He HyE~eTCSI B EeXe3HOM SlpMe,T.K. 

BKJla)l TIQCJieAHero B HanpszeHHOCTb fiOJIH OTHOCMTeJibHO HeBeJIHK, a CTOHMOCT:D H Bee BeC:DMa 3Ha­

qHTeHbHbl. KpoNe roro, spuo orpaaHqHJIO 6H CB06o,~ty B Bb160pe KOHCtpyKUHH H pasyepOB Kallepu H 

CilC. Ho COJl9HOH~ 6e3 spua C03~9T dOJlbmOe pacceSHHOe MarHHTHOe no~e, KOTOpoe JIOEeT OKa-

3aTb Bpe,JtHOe BHHSIHHe Ha pa6oty 6HH3Xe~~HX npHdOpOB. BHemaee MarHHTHOe none YOEet 6b1Tb 
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an~aa aa-

erca nony­

zeaaocrH 

6K!K3Hp0BaH• 

poBO~mHX 

~~c 

nolAepzaHHB noAH 40xrc B o6~eue ~Hauerpou 6u c nouo~bD oxna~Aaeuoro ao~o~ ue~Horo coneao­

H~a He06XO~Ma UO~HOCT~ donee 50 MrBT , anDUHHHeBHa COReHOH~, OXR~aeUH~ XH~KHM BO~Opo­

AOM, norpe6Aaer a 2-3 paaa ueabme ( B ocHOBHOM aa oxma~eawe), B ro apeuH xax cnc norpe6-

KRet ueHee l MrBT ( aa no~epzaHHe renHeso~ reuneparypa). 

BO-BTOpHX, BeC H TOR~Ha 06MOTOK CllC B HeCKO!~KO pa3 MeHbme, qeu y CO!eHOH~OB, pa6o­

TaD~HX npH KOMHaTHO~ TeMDeparype. 

KanHT&!~HHe 3aTpaTH Ha KpynHHe CllC H OdHQHHe COReHOH~ B HaCTOH~ee BpeUR npHMepHO 

paB~ K3-3a BHCOKO~ CTOHMOCTH CBepxnpOBOAS~ero Matepzana, HO OZH~aeTCH 3HaQHTeRbHOe CHH­

ZeHHe nocneAHeA. 

Ha OCHOBaHHH 3THX C006paxeHHH ARH 5~eTpOBOR BOAOPOAHOH KaMepH npeAROXeH H paCCMOTpeH 

CllC C HarrpaZeHHOCTbD llORH B ~eHTpe 40xrc. 

§ 5. OnzcaHHe KOHCTPYK~HH CllC 

ConeHOHA COCTOHT H3 ~ByX xarymeK, pa3~BHHYTHX Ha paCCTORHHe, He06XO~HUOe ~AR npoxo~a 

nyqxa ycxopeHHHX qacrKU. Ha pac.J ~H OAHH H3 sosuozHHx sapHaHTOB xpaocrara ~RH coneao~a. 

Kpzocrar npe~craanaer H3 ce6a ~~nap c roncron aapyzaoR H roaxon BHyrpeaaeK creaxaMH,ue~y 

xoropHMH pacnono~eaa MHorocno~HaH H30HH~HH. Kpmocrar B caoD oqepe~ norpyzeu B ~Dap xa­

uepa. BAaro~apa HH3KO~ reuneparype aapyzaon creHKH reAHeaoro ALDapa (oxono 30°K),renno­

npHTOK qepe3 H30KR~HD HeBenHK. 06~U UarHHTHOrO DOAR HCDORb3yeTCR ~eKtHBHO, DO~KORbKY 

ron~HHa M30HH~HH uana. Hsona~HH sanonaeaa H3 uarepHana, npHMeHeaze xoroporo cumzaer rpe­

doaaHHH K BaKyyMHOR DROTHOCTH. llpH DORHOR nopqe BaKyyua CKOpOCTb HCnapeHHB renHB He·C!Hm­

KOM aenaxa H no3BOnHer secrz saxaqxy renzs B rasronb~epu. B 6y~•eu npe~onaraerca pac­

cMOTperL BapHaHT c He3aBHCHUHMH BaKyyUHHUH KOZyxaMH cnc H xauepa. B CERN npe~nozeaa 
KOHCTp~HH C ~BYMH He3aBHCHUHUH KpHOCTataUH AHR CfiC, HO OHa CpaBHHtenbHO C!OZHa H rpe-

6yer BHCOKOBaKyyMHOA H30AR~HH. 

~aH KaTymxa CllC COCTOHT H3 Ha6opa O,~HHaKOBHX AHCKOB, HaUOTaHHHX H3 Cta6H!H3HpOBaH­

HOrO neHTOQHOro CBepxnpOBO~HHKa. lHCKH noue~eHH ue~y BHytpeHHeR H HapJXHOR ~H!H~pxqec­

KHMH odeqaAxauz z pasAeneHH npoxnalKaMH c oraepcrHHMH ~xa npoxo~a renHR. Eonee nop,podaoe 

ODHCaHHe 3!eMeHTOB CllC npHBeAeHO B llOCRe~yD~X paa~enax. 
~ 

B ornzqHe OT 06HQHHX 3ReKTpouarHHTOB cnc Ha 40 xrc He HYZAaercR B zene3HOM Hpue,T.K. 

BKR~ nqcneAHero B HaDpazeHHOCTb DORH OTHOCKTe~bHO HeBeRKK, a CTOHUOCTb H BeC BeCbMa 3Ha­

qzTen~HH. Kpoue roro, HpUO orpaHHQHBO 6H CB06o~y B BH60pe KOHCTPYKnftH H paauepOB KaMepY H 

cnc. Ho coneaoz~ des apua coa~er 6onLmoe pacceaHHOe uarazraoe no~e, KOTopoe uozer oxa­

sar~ spe~aoe BBMHHHe sa pa6ory 6nHsnexa~zx npz6opoB~ Baemaee uarazraoe none uozer 6HTb 
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3KpaHHpOBaHO C nOMO.biJ zene3HOrO 3KpaHa TOJlii{HHOl 0, 5u, yctaHOBneHHOfO Ha paCCtOHHHH 

J-4 MetpOB OT KauepY. 

§ 6. reoMeTpMa coneaoH~a 

PasuepY coneaom~a, npHBO~HMYe B aacroa•eu pas~exe, HBHH~rca pesynLrarauz npe~sapzre~b­

HYX pa~qeros. Heo6XOAHMa 6onbmaH pa6ora no uo~enmposaawo, KOHcrpyzposaa~ H pacqery ysxos 

H aneueHTOB CUC, npez~e qey MOZHO 6y~eT npzcrynHTb K C03~aH~ pa6oqero npOeKTa. 

BayrpeHHHl ~auetp 06UOTKH onpe~exaeTCH B OCHOBHOM pasue~aMH H KOHCTPJK~Hel KaMepY 

H rexHesoro Kpzocrara. 

MHHHMaXbHaH BYCOTa COHeHOHAa orpaazqzsaerca rpe60BaHHHMH K O~HOpO~HOCTM MarHMTHOfO 

mKpou, 

nona B ~ororp~zpyeuou o6~eue KauepY, uaKczuanLaaa-KOHCTPYKTHBHYMH coo6paxeazaKH. Heo~ao- · np~ 

pO~HOCTb He ~OIZHa npeBYmaTb 10-15% B CBH3H C TpeOOBaHHeM' K TQqHOCTH Onpe~eleHHH HMnynL-

COB qacT~ C nOUO.bD 3BM. B 3TOM CJIYqae BKI~ B OWH6Ky OT HeToqHOCTH B aanpaZeHHOCTH no­

HH UOZeT 6YTb C~eHaH UeHLWHM O,J%. 3aBHCHUOCTb HeO~HOpO~HOCTH OT OTHOCHTeXbHYX pasuepOB 

coneao~a npucrasneHa aa pzc .4 (16] • 
PacCTOHHHe UeXAy 06MOTKaMH ~BYX KarymeK B o6naCTH nyqxa onpeAe~eTCH Tpe60BaHHHKH 

~z3mqecxoro 3KcnepHueara H KOHCTPYKUHel renzesoro Rpzocrara. 

Ton•zHa 06MOTKH Ha~eHa H3 ycnOBHH pasue.eHHH NeZ~ BHTKaMH 3JleKtpzqeCKOl B301A~ .. ~-~ 
. '~ 

npoxo~oB ~HH ZH~oro renKa. B aacroall{ee BpeMH He zueerca ~ocraroqaoro KOIKQecrBa 3Kcne-

PKMeHraHLHYX ~HHYX ~xa Bnoxae o6ocaosaaaoro BY6opa 3TKX pasMepoB. 

OcHOBHYe napaMerpY coxeao~a rrpzBe~eHY B ra6n.4, KapTKHa aanpaxeaaocrz MarHHTHOro 

noHH ~Ha Ha pzc.5. 

ConeHO~ COCTOHT K3 JO COBepmeHHO O~HaKOBYX ~HCKOB, HaBHTYX H3 CTa6KJIH3HpOBaHHOI_ 

CBepxnpOBO~-eR BeHTY Ha TOK 5000 aunep. Pa3uepy ceqeHHH neHTY - lxl00UM. 

§ 7. Cra6HHH3HpOBaHHYl csepxnposo~HHK 

Marepzanou cBepxnposo~aua uoryr cxyXHTb N ~ - 2'2, N ~ -T i. H N ~ 3 &n • Pacqer 

coJieaoua npoBOAHTCH no xapaKtepzcrHKe xopomo ocBoeaaoro cnnasa N& - 507o t'2, BYnycKae­

uoro B BHAe npoBOXOKH nauerpou 0,25MM ( pHc.6). ITepcneKTKBHYM uxaerca cnnas N6-7j7ol' 
( pac.7), OUIIqai>IIPllCa TeXHOJIOfHqHOCTbll H CTa6HJibHOCTb~ B pa6ore rs] , [ 6]. Jl.IIH noneA 

ssme 40-50Krc HaH6oJiee no~xo~zr N&~ 5n ( pHc .8) [ 7] , KOro~A, no-suzuouy, uozer 

crarL asaqzrenbHO ~emesJie nocJie mHpOKOro ocBoeHHR rexaoJiorm:H nnasueaaoro aaruueHJISl OJIOBa 
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CCTOIIH:Hf 

111 npusapmteu­

M pac'lety y3.IIOB 

eJtta. 

ll MarHHTHOrO 

:eHBIIW. Heo,~~;uo­

~ue HHII lUliiY .11:&­

!piiJ:eHHOCTH no­

loBHX pa3ll8p0 B 

~pe6osaHHJIW 

~ltOA H30JIIl~HH H 

necna a:ttcne-

H llal'HHTHOrO 

:.ut3Bp0BaHHOR 
I 

ot'2, BHDJCKae-

n.BaB N6-7j7ot' 
6] . Jl.llll ~o .IleA 

MOMJ, MO:IeT 

RalllileHHII OJIOBa 

aa HH06HeBym .lleHry. CnJiaB TL - 2 2% Nl o6Jia.zta.er xapaKTepxcrHKOR J (H) , 6.11H3KOR It xa­

paKrepHcrHKe cmraBa N& -z, , Ho He 3aBHCRIIIeA or pa3MepoB ceqeHHR [uJ. 
B COJI8HOH,Ite HCDOJI:&3yeTC.R J18HTa 60JI:&WOrO Ce'leHH.R, 'ITO .ltiiKfJ8TCRJl DOIOlllO T8XHOJIOrH'I8CKHX, 

rait:a:e KOHCTPJKTHBHHMH C006pa:a:eHHaYH. Jl.IIHHa .lleHTH Ha 5000a B O,II;HOll ~RCKe cpaBHHTeJI:&HO He­

B8JIHKa - OKOJIO 3000 KerpoB, 3TO D03BOJI.ReT R3rOTOBHT:b ee C MHHHKa.II:&HHll ItOJIH'IeCTBOM CTHKOB. 

3neMeHTH M8:1CJIOeBOA H30Jl.RUHH llpOCTH B H3rOTOBJI8HHH. KaHa.IIH ,lt4R XK~KOrO reJI&R ,ltOCTaTO'IHO 

WHPOKH, 'IT06H He B03HHKBH ra30BH8 npo6K&o 

Bs6op 60JI:&WHX TOKOB rait:le CBS3aH C rpe60BaHHell CHH:I8HH.R HH,ItJltTHBHOCTH COJieHO~a.Manas: 

HHAYKTHBHOCTb ynpolllaer BH8WHDD 3.118KTpH'IeCityD uen:& - HCTO'IRHlt nHTaHH.R, ycrpORCTBO ,II;JIR aBa­

pHitHOit 3Baxya~HH 3HeprHH H3 CO.IIeHOH,Ita H ,~tp. ( CM.pa3,1t8JI "3.118KTpOnHtaHHe"). 

Bee npOBOJIOKH H3 _N6 -50%1.2 no pac'llery cocras.II.Rer OitO.IIO 2,5 TOHH. Jra ~Jtl>pa Bepaa 

np~ YC.IIOBHH, 'ITO KOJIH'IeCTBO CBepXDpOBO,ItHHKOB YM8H:&W88TC.R OT BHJTpeHHHX CJ108B 06ll0TKH It 

BHemHHM. EHcrpoe na,~~;eHme sanpa:a:eHHOCTH MarHHTHoro nons: no ce'lleHMD o6KOTKH H xpyrona.ztaomag 

xapaxrepllCtHKa J (1-1) AM N~:507.lz. no3BO.IIIlllt pacnononn cBepxnpoBO.JtR.-e nposoJIOKH, 

JtaK nOita.3aHO Ra pHC.9. 3tHM ,ltOCTHraeTC.R 3KOROMHR CBepxnpOBO,ltHHita B 2,5 pa3a DO cpaBReRHD 

C CJiyqaeu, KOr~a KO.IIHQeCTBO CBepxnpOBO,II;HHKa ODpe,ll;e.II.RetC.R no MaltCHKaJI:&HOJlY no.IID. Ec.IIR q•c­

.110 CBepxnpOBO~--X npOBOJIOit B JI8HTe OCtaBn.Rt:b HeH3ll8HHHll no tOJI~Be 06llOtKH, TO B03llO:IeH 

H ,~~;pyroit CDOC06 fKOHOllHH CBepXnpOBO.ltHHKa - OT,lt8JI:&Ha.R 3aDHtlt8 Hapy:IHHX CJI08B 60JI:&WHllR tO­

ItaMR. TaKOR nyt:& YC.IIO:IHHT KOHCTPYKUHD COJI8HO~a H 3Jl8EtPH'I8CKyD CXeKy. 

OpHeHTHpOBO'IlHHe pacqeTH nOKa3HBaDT, 'ITO DOtepH Ha HCD8p8HR8 re.IIRR Ot ,Jt:IOyJieBa teDJia, 

BH3B8HHHe nepeXO,JtOll TOita 'lepe3 HOpllal:&HHR KeTa.IIJI B .lleHt8 C nepeM8HHHll KOJIHqecTBOll CBepx­

npOBO,It.RIIIHX npOBOJIO'IleK, He 6YlYT 3Ra'IHT8JI:&HH. 

Bee cra6H.IIH3HPJD•eR ue~ oueHeH B 80 TOHH. 3ra ~~pa rpe6yer yroqHeHK.R, rait Kalt He 

H3BeCTRH YCJIOBH.R 0Xmaz,lt8HHS .lleHTH B pean:&HOR KOHCTP,YK~HH, Ita'I8CTBO HOplla.IIDHOrO Matepuana 

( ten.IIO-H 3.118KTpoDpDBO,ltROCT:&), Ka'I8CTBO ero KOHT6ItT6 CO CBepXDpoBO,ltHHitOll R llHOroe ,~~;pyroe. 

HCXO,II;HHMH ~HHHIOl ,II;H.R pac'lleta CTa6H~H38URH B HaCTO.R•ee Bpellll cnyzat CJI8,11;JD~e B8~H'IHHH: 

lOfiJCTHaHI TenBOBOI nOTOK OT .lleHTH It :IH,ltXOMy renBD COCtaBnset.He 60Bee 0,4 BT/Cll2 [9] , 
J,11;84:&HOe 34eitTpOCOnpOTHBJieHHe Me,II;H B KarHHTHOM none COCT8BB.R8T B8.B'IHHY nopR,JtK8 

10 HOMCM [ 9} ; OMHBaetC.R re.IIHeM TO.IIDKO O,JtRa cropoHa .lleHTH. 

§ 8. no&,JtepOMOTOpHHe CHBY 

noa,~~;epoKoropHHe CHJIH B co.lleHOH.Jte woryr Osu pauueHH sa pa.!UiaJI:&HHe R ocesse. 

QueHHll Beca XOHCTPJltTHBHHX 3JleM8HTOB CO~eHo~, H806XO~UYX lAS npOTHBO,Jt8ICTBKi DOH• 

,~~;epouoropHHM canau. 

Pa,~~;Ha4:&HH8 CHJIH B 06MOTK8 COJI8HOH,Jta ( npH paBHOll8pHOll pacnpe,J~;e.lleHJIH nJIOTHOCTH TOKa 

B ReA) na,ll;aDT DpH6nH3HT8B:&HO JIHHeiHO OT BHytpeHHHX BHTEOB It Hapy:&:HYll - rax:a:e, ERK 
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aanpaxeHHOCTb nona ( pzc.9). CBH3b ue~y p~Ha!bHOI CHAO! H HanpnxeHHOCTbD MarHHTHOrO no­

AH ,li;AA deCKOHeqHo ,li;JIHHHOrO COJI9HOH,II;a KOJ:eT 6h!Tb BhlpaJ:eHa B BH,ll;e 3KBHBaAeHTHOfO ),(arHHTJWrO 

,IJ;aBJI9HHH Ha CT9HKH COJ19HOH,IJ;a: 
Ho

2 

PM= 8; 
C ~OCTaToqaol ,li;Afl OU9HOqHoro pacqeta TOtjHOCTbD MOXHO npHRnTh, qTO cpe,li;HHH B9JIHqHHa Py B 

KOpOTKOM COA9HOH,IJ;e MaJIO OTJIHQaeTCH OT no,n;cqHTaHHOI no 3TOI ~OP»YJie. 

Jtna l-lo = 40 l<2C PM :::::: 64 Kr/cM2. -06MOTKa no.n; .n;eP.cTBHeM p~HaJibHHX CHJI HcnYTYsaet pa3pYsanmee ycHJIHe, ctpeunmeeca pactaHyth 

Ka:Z:~I BHTOK. MeXaHHqeCKHe HanpaJ:eHM B 06MOTKe nponOpUHOHa.JibHhl ,li;ZaJieTpy COJieHOH,ll;a. Pac­

tieT nOKa3h!BaeT, qro JllrHHTHOe ,IJ;aBJieHHe C03~CT B CTadJIIJIH3TilpOBaHHOH JieHTe H~paXeH:r.te 

2500 Kr/cu2 • 3AeKTponpOBO,li;HOCTb M9,li;H BYCOKOH qzcTOTU DO,ll; ,n;eACTBTil9M TaKoro HanpaJ:eBKR ~a­
eT nOtiTH B 3 pa3a no cpaBHeHHn C HeHanpaXeHHhiM COCTOJIHHeM [10} , l!TO yxy,n;maeT CTeneHh 

ctadHJIH3aUHH nposo.n;HHKa. Ta.KHM oc5pa3o).[, Heoc5xo.n;Huo 6aH,ll;aJ:HposaHHe neHTH. KoHCTPYKTHBBO 

daH,II;aJ: MOJ:eT 6UTb 0~0p),[Jl9H JIH60 B BH,ll;e MaCCHBHhiX KOJ19U, H~eTHX Ha 06UOTKY, JIMdO B BH,ll;e 

xeHThl H3 .n;octaxotiHO npOtiHOro KRTep:r.tana, aauaTYsaeuoA suecte c nposo,li;HHKO),[. Bee daH,IJ;axa B 

OdOHX CJiytiMX npHMepHO O,li;HHaKOB H COCTaBAAeT OKOJIO 40 TOHH, eCJIH MatepHaJIOM CJlyJ:JrtT Hepxa- ..... 

senma~ CTaJlb TY.na X18Rl0T C ,li;OfiYCTID.tLIM nanpll!!:eHHeu, COCTaBJISIDJIUlU noJIOBHHY npe,n;eJta TeKf-
0 . 2 [ ] qecTH npH -253 c, - 3850 xr/cw II . 

Ocesue llOH,ll;epOMOTOpHUe CHBLI BU3HB8DT B3aHKHOe DpHTSIJ:eHHe BepXHeA H HHJ:HeA TIOJIOBHH 

COJleHOH,ll;a C CHJIOH 1,25•10
4 

TOHH. Ocesae CHJU, BO~HHKaDDUle Ha OT,li;9JibHOM ,li;HCKe,nepe,ll;aDTCS 

.-_-p 

Ha npoue~yTOl!Hhl~ ¢JiaHeU, KOTOpUA OnHpaeTCH Ha BHytpeHHDD H BHeillHDID UHJIHH,IJ;pHti9CKH9 06eqaiKH. 

B OdJiaCTH nytiKa CHJIU ye~,n;y KaTy~KaMH 3aYUKaDTCH qepe3 pacnopKH. U,li;HHOl!HUe pactieTU Ha rrpoti­

HOCTb ITOKa3UBaDT, qTo 06JilHA Bee BayTpeHHHX 06eqaeK, ~JlaHUeB, pacrropOK H ,n;pyrHX ODOpHhiX 

3Jl9U9HTOB C9Jl9HO~,ll;a He ITpBBYmaeT 20 TOHH ( DpH ,li;ODyCTHMOM HanpaJ:eHHH 3850 Kr/cu2). 

TaKHM oc5pasou, sec coJieBoH,ll;a CKJI~Ysaetcs H3 cxe.n;ynmux secos: 

CsepxnpOBO,B;HKK 

Cta<Swnsxpynlllaa ue,B;h 

Eaa.n;a.JtH. 

OctanHHe 3JJeMeHTU 
ODOpHOI KOHCTPYXAHH 

3~eKTpJ4qecKM H30JIHUHH 

01111!1111 sec COJieHOIII,B;a 
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2,5 TOHH 

80 TOHH 

40 TOBH 

20 TOHH 

8 TOHH 

I 50 TOHH 

• 

B yc 

eCJIH Be 

H nOKpHT 

taau cp 

Bhl6o 

Z3JieHeHH 

H3 JOn 

r,~~;e J 

KYaiUlH 

( 

no 
a) 

6) 

rrepeHan 

Kauepu) 

B) 

rpynn111 
I 

Kyn npo~ 

HOCTI>I) j 

J.ts:; 

H qJ4C.IOl 

B 3TOII ~ 

MO.HOCTJ 

HCT! 

.IHPOB8.H 

Benqxa 

Ha TOKOI 
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§ 9o 3neKTpOnHTaHHe, KOHTpO.Ilb H 6esonaCHOCTb 

B ycTaHOBHBmewc.fi peuwe cBepxnpOBO.ll.IIDUIA coneaoH.Jt He noTpe6MeT 3JleKTpHt~ecxoB aseprHH, 

eCJIH He CtiHTa.Tb DOTepl> BO BHyTpeHHHX KOHTaKTaXo 0,JtH8.KQ ,JtJI.II C03,JtaHH.II YafHHTHOfO nons CIIC 

H DOKpHTH.II DOTepb :3HeprHH B TOKOnpOBO,Jte H TOKOBBO,JtaX H800XO,JtKM HK3KOBO~bTHHB HCTOqHJ!K DH­

TaHJ!.II CpaBHHTeJibHO He60JlbWO~ MO~HOCTHo 

BY6op annapaTypH, aJieKTpHtlec~toR H30n.HUHK, a taK:re xapaKtep npoueccoB, CB.II3aHHHX c 

H3K8HeHH8M TOKa, SaBHC.IIT OT HH,JtyKTHBHOCTH CllCo Pacqeraoe 3Hati8HK8 HH.JtYKTHBHOCTH O,JtHOfO 

H3 30 ,II;HCKOB L 9 =4,4 reHpH, HH,II;YKTKBHOCU L Bee~ ochroru cocreB~er 132 reapH,sanacea­

aas YarHHTHHM noneu saepru [ M02.H = L·1f>o0= 1,65·f0 g>K::: -460 k6m.Liac,, 

r,D;e J pQo =5000a - paOO\IHlt TOK B XeHTe o 

EoXLma.ll HH.JtYKTHBHOCTb 06MOTKH 3aTpy.JtH.IIeT npoueCCH 3aKatiKH TOKa H _B OC008HHOCTK :3Ba­

KYB.UHH sanaceaaott aaeprHH B aBapeAaux cnyqa.~~x, yc~oZHset BH6op annapatypu • sneKtpxqecxoa 

H30JI.IIUHHo HH.JtyKTHBHOCTb KO:IHO yueH:DmHTb sa cqer JIHOO BHOopa Oox:Dmex. ~pa~ , JIHOo pas-

6HBKH crrc aa rpynnuo 

Ta6JIHUa ! 3 HJlJIDCTpHpyeT 3aBHCHKOCTb aanp.11:18HHI Ha KOHUaX 06MOTOK CllC DpH ntpeXO,ItHHX 

J d' 
npoueccax OT 'IIHCna rpynn H BeJIHt!HHH paJ" ( .JtJIJI pac'lleTOB npHH.IITO d t =-canst ). 

llo uameMy MHeHHD, B nepBOM npH6JIH:I8HHH C'QHTaDTC.II npHeKJ18KYKH: 

a) BpeKSI sap.ll,ltKH CllC ,11;0 nOJIHOR 3HeprHH ll! = 104 ceKyH,Jtj 

0) BpeK.II SBaKyB.UHH sue pnH T 3 = I 0 c eKya,~~; 
( YJ18Hbmeaee T3 orpaaH'Ileuo ypoBHeu B03HHKRDDUIX npe aBaxyanHH H8. KOHUax o6uotOK rpynn 

nepeaanp.11:18HHA H BeJIHt!HHO~ TOKOB ~YKO, HaBO,II;HKHX B MaCCHBHHX KOHCTPYKUH.IIX COJ18HOH,D;a H 

xauepu); 

B) :3J18KTPH\IeCKa.ll npOqHOCTb H30Jl.IIUHH TOKOBBO,JtOB H KOHUOB 06MOTOK,KOpnyCHOI H30Jl.fiUHH 

rpynnH p6BHa 10 KHJIOBOJlbT, BHTKOBa.fi H30nHUH.II KOZeT RM8Tb 3Ha'QHTeJibHO KeHbWyD 3JleKTPH\18C­

KyD npO'IIHOCTbo B Ka\leCTBe H30Jl.IIUHH KOZeT 6YTb HCDOJlb30BaH RaiXOH C 3J18KTPH'Il8CKOI npoq­

l!OC'EbD 4 KB/KK [ 8 1 o 

!u· paccMB.rpaBaeuoro CBepxnpoBO,II;.IIIIIero coJieaoua BH6JaR BapzaRT c ]par ·5000 aunep 

H 'IHCHOM rpynn C OT,D;enbHHKH HCTO'QHHKaKH DKTaHHSI, paBHHK 6. TenJIODpHTOK DO 12 TOKOBBO~aK 

B :3TOK CJiyqae COCTaBAS8T OKO~O 90 BT, 'liTO C'IIHraerCH npHeuneKHM; CJMYapHa.ll HOKHHanbHa.ll 

MOJilHOCTb HCTOqHHKOB DJIT.aHH.fi - 450 KBT • 

HCTOQHHKH DHTaHH.II ~OH:IHH 6HTb CHa6Z8HH aBTOMaTHqeCKHM ycrpoiCTBOK rpynDOBOfO pery­

JIHpOBaHJ!.II, yM8HbDIRDIIIHK Dpll BHXO,II;e Ha pa60'QHlt peDK BaDp.IIZ8HH.II HCTO\IHHKOB DHTaHH.II ,ItO u pao. 
BenJl'IHBa U pacf ( B ,la.HHOM C.lyqae nopa,ua 6 BOJI:bT ) ODpe,ll;e.l.lleTCR DB,li;8HH9K aanp.n:eaHR 

Ha TOltODpOBO,JtaX H TOKOBBO,II;aX npH :J pof. •5000 aunep. 
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Ta.6JIHUa. 3 

3a.BHCHMOCTb HOMHHa.JibHOrO Ha.npazeHHR HCTOQHHKOB DH~aama, HH~YKTHBHOCTH 

rpynnw H ypOBHH nepeaanpa•eHHI, B03HHKBD~HX DpH 3Ba.Kya.uHH 3HeprHH, OT pa.6oqero 

toxa. H QHcJia. rpynn cnc. 

lbtCJIO Pa.6oqHR To·'K oowon• cnc, a.wnep 
rpynn IOOO 5000 10000 

H~YKTHBHOCTb rpynnw,reapH 3300 132 33 

I HoMHH~bHOe aanpa•esme 
HCTOqHHKOB, BOJibT 300 67 39 

llepeaa.npa•eaHe 
L di./ d.t , BOJibT 330000 66000 33000 

R~yKTHBHOCTb rpynnw,reapx 1650 66 16,5 

2 HowHHa.XbHOe aanpa•eaxe 
170 HCTOQHBKOB, BOXbT J6 23 

llepeaanps•eawe 
L d.Lf d.t , BOXbT 165000 . 33000 16500 

H~yKTHBHOCTb rpynnw,reapw 550 22 5,5 

6 Hoomubaoe aa.nps•eaHe 
55 I5 14 HCTOQHHKOB, BOXbT 

llepeaanpg•esHe 
L d.'/d.t ' BO.IbT 55000 IIOOO 5500 

H~YKTHBHOCT~ rpynnw, reapa 330 13 3,3 

10 HOMHHa..lbBOe aanpaUHii18 
33 10 12 HCTOQHRXOB, BOXbT 

llepesa.nps•ean 
L d.~ I d.t ' BOXU 33000 6500 3300 

16 
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IBHOCTH 

r paOoqero 

8llllep 

IOOOO 

33 

39 

3000 

16,5 

23 

16500 

5,5 

14 

5500 

3,3 

12 

'L 

3300 

CoorserctBeHHO CHHXeHHD sanpszeuHH np1r1 saxa11xe sueprHH yueHLmaercs H ueooxo~HMBR ~Aft 

paOOT~ COBeHOH,IJ;a MO~HOCTb HCTO'IHHKOB fiHTaHHR. 

CllC UOXeT 6~Tb nepeBe~eH B "saYXHytYl pexau" C nouO~D B~KnDIIaTeneA 3aMKHYTOrO peXH­

Ma ( B3P ua pHc.IO). 

O,~~;uaxo ecrL onacHocrb, 'ITO ws-sa rennoBY~eneHHH B KOHTaKTax B3P H~YKUKR uarHHTHoro 

llORR Oy,~~;eT CHHxatbCR, liTO noTpe6yeT nepHO~H'IBCKOI "nO~KaQKH" nons OT HCTO'IHHKa ilHTaHHH. 

3TOT npouecc H806XO~HMO aBTOYaTH3HpoBaTb, ~onycTKB pasyMHHI ~Hana30H KORe0aHHI H~YKUHH. 

Hcro'IHKKaMH mtrauHR wryr CJiyQTD reue,IaropH nocrosaaoro TOKa ( uorop-reueparop~) 

HJIH ynpaBJIRe~e nonynpOBO~HHKOB~e B~ilPftMHTBJIH. llOCJie~HHe HMeDT ps~ npeHU~CTB.nepe~ MO­

rop-reueparopaMH ( npocToTa H aalexuocrb ycrpolcrsa a o6cnyXHBauHR, ~JIHTeJILHHA cpox cnyx-

6~, BliCOKHA ~ H Tel•)• ~03HHKWD~e npH 3BaxyauHH nepeHanpsXeHHR CTOJib BeJIHKH, liTO He-

06XO,!J;KUO npe,~~;ycuarpHBaTb 3a~Ty OT HHX HCTOIIHHKOB nHTaHHR, Hanpxuep, C fiOMO~D myHTHPYD­

mHX pa3pR,II;HHKOB P ( CM.pHc.IO) 

Cxeua 3J18KTPHII8CKOrO KOHTPORH paOOT~ HCTOQHHKOB nHtaHHH B CllC BKnDIIaer: 

a) BYCOKO'IyBCTBHTBJibHOe ycrpoACTBO H3MepeHKR HanpsXeHHA BlOJIL 00MOTKH CllC ( Ha COe~H­

HeHHRX uez~ lHCKaMH, Ha MeCTaX H3MBH8HHH IIHCla CBepxnpOBO~HHKOB B nBRte); 

6) nOCTORHHyD perHCTpaUHD roxa; 

B) H3MepeHHe nOJIH B H8CKOJILKHX TOI!KaX laT'IHKaMH XoJIJia, pa00TWD .. MH npH HH3KOI rexne­

patype; 

r) ua0mDlBHH8 no OCUHlJIOrp~y sa H3MeHeHHRMH fiOTOKa B CllC B HanpszeHHR HCTOQHHKOB 

muaHHR. 

Kpoue sroro, ~oJizeu_ OHTb ooecneqeu xourponb ypoBHR XHlxoro ren~r~s H reuneparypY B ue­

CKOJILKHX TO'IKaX OO~Ka CllC. 

OOuorxa cnc B~nonueua lrl3 CTa6HJIH3HPOBaHHOro CBepxnpOBO~HHKa, oo~ao-ero xopomel 

cauosa~HTOA OT CpYBa CBepxnpOBO~~ero COCTORHHR. Teu He ueHee, B03MOZHW TaKHe aBapHIHHe 

~CHTyauHH, KOrla Tpe6yeTCR YaKCHYalLHO B03MOZHaH CKOPOCTb 3BaxyaQHH 3Hepr&B H3 CBepx-

npo BO.ItR!IIero cone uo H,ll;a: 

I) pa3pHB CBepxnpOBOlS!IIeA JI8HTY; 

2) uapymeu~r~e rennosoA H30JIRUHH xp~r~ocrara; 

3) aBapHAH~A BHnycR 3Ha~HTeJibHOA qaCTH reHHH. 

AsapHAHoe BY,IJ;eBeHHe 3anaceHHOI 3HeprHH BHYTPH CITC noqrH Qe~BKOK no•~o (jy Ha H&rpeB 

. COJieuoua: HcnapeHHe I0u3 reus, HaXOlH!IIeroca B cnc, nornoJQaeT ueHee 2" E. t1Q1.H .• Pacqe­

!H noxas~Bant, ~ro npH ycJIOBHH OwcrpoA 3BaxyauHH ZHlROro reJIHR H paBHOuepHOK noarowy 

pacnpe,!J;eJieHHH 3HeprHH B CT.a0HHH3HpyD.eA K8~H BCero CllC, noc~e~HRB HarpeeTCH npH64H3HT8AL­

HO ~o IJ0°K. EcnH ze BCH E MO~~-BY~eRHTcR B we,~~;m o~Horo H3 JO ~HcxoB, ro sarpeB uoxer 
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COCTaBHTb l600°R. flpz asapHHX G ll0110MKOA CBepxnpOBO~a~e~ A9HTH B03MOKHO 06pa30BaHH9 3119K­

TpHqecKOI ~yrH K BHn.naBAeHHe 3HaqJ4T9AbHOA qactH 06MOTKH. 

Ha pzc.IO npHse~eaa npwauznHanbHaH sneKtpzqecKaa cxeua nHranza rpynnu. B KaqecTBe 

HCTOqHzKa HCD011b3yeTCH reneparop llOCTOHHHOfO TOKa r . BHemHHe aKT~~HHe COllpOTHBA9HHB 

Ri H Ra. oOecneqzsaDT nonyqeuze ~syx cKopocreA ssaKya.uHH sHeprHH: asapHttaol H aopua.XbHOA. 

llpH HOpMaXbHOR CKOPOCTH nocne OTKnflqeHKR B3P 14 aBrouara Ai 06MOTKa KaK~OI rpynnH one 
ocraerca 3B.IlKHyroJI na R" H R2 • Bpeua nopManDHoR 3BaKyartzM npz ·raKOM cnocooe waxer coc­

rasnatb HeCKOXbKO ~eCHTKOB MHHyT.MOEHO npHMeHMTb H ,11,pyrol cnoeQO - 3BaKyaUMil nyteM Ot~a­

qM sanaceHHOI 3HeprzH B llHTaD~D C9Tb nepeMeHHOfO TOKa. 

B asap&RHHX cxyqaax ~rqwK perzcrpzpyer noaBnenme sanpaxeHHH sa KORuax oOuOTKH. Ero 

cMrna.n, npo~N~qepes yca.nnenb Y, onmqaer B3P M A", a sareu 111 astouat A2 B nemt co­

npouueHza Ri • B sroM cnyqae aHeprHB pacceHBaerca B conpoTHBJleHHz R 2. ( R2. ~ R -i J . 
Brime Ouxo npmauo BJeMH 3BaKyauz• T 3 =10 ceK npH noctostanol cKopocru ( t~ = canst) 

yuenbmeaua TOKa. Ecxz ~nst rame~~a Ewara. zcnonb3YflTCa nocroaHHHe aKTHBHHe conpotHBneav.a 

( CM.pHC.l0) 14 ~onyCTHMO ~ -'t = 10 KHXOBOHbT, TO speua -r~ COCTaBHT OKOJIO 40 CeK~ 
a. rJ.· 

( npz 3KcnoneHUHMbROM xapa.Ktepe cm,11,a TOKa). Mouo yJreHblllirlTb T ~ HXH CHH3HTb L ol~ 
( npH TOY xe ~3 ), 9C11H npHMeHHTb npHHUHll rameHHB E Ha H9JlHHeiHHe conpOTKBX9HHH MarH. 
( T3 yuea»maetca ,...._ B J pa.sa) znz ~yroracBren»HYil pemeTKy ( T 3 yueabmaerca - B 5 pas)(l2]. 

O,II,HaKo npKMepoB ycrpoiCTB-Oucrpol 3BaKyauKH taKoro Oox»moro sanaca Euara. npz ctonb 

OOXbmHX TOKaX B HHKeRepHOI npaKTHK9 He cy~eCTByet. 

§ IO. Ox.na~eHKe co·xeHOH.II.a 

PaccuarpzBaeMHR coneHOJl.ll. HMeer Oecnpeue.ll.eHTHO OoxbmyD uaccy uetanna, xotopyD ne­

oOxo,II,HMO OX.Ila~Tb ~0 teunepatypH KH,II,KOfO re.nast. MOKHO taKEe OKH~Tb 3HaqJlt911bHHX renno­

npKTOKOB K XK,II,KOMy f911J41l qepes DO,II,B8CKH, CT9HKH ,ll,bDapa, BBO~ ·TOKa H ,ll,p. 

na: 

C Kp140f9HH0l TOqKJ4 3p9HHR paOoty CHCTeMH OXna~eHHH MOKHO pa3,11,911HTb Ha qetHpe 3ta-

I. YcraHOBHBmmlca peKHM. 

2. Oxx~eHHe ,11,0 reune~rypu KH,II,Koro re.nHH. 

J. 3ano.nueHHa Kpaocrara KH.II.KHM rexzeu. 

4. HaKaqKa 3HeprMH B C0118HOH,II,. 

§ II. YctanOBHBmHRca peKHu 

B atoM peKBue HMeDrca c.ne,~~,yD~He zcroqaaKH renxonpzroKa: 

a) qe_Ie3 TeDXOI430XliUHD, 
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B pa.cCMaTPil 

~HTe.llbROCTh 
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B lt8.118CTB8 

1npOTKBJl8HKR 

II I HOpMa.JlhHO ~. 

1 rpymm CllC 

:ooe MOJ:er coc-

Ulll nyreM oua.-

x: oOuouz. Ero 

A2 B ~enH co-

( R1 ::P R -i) . 
1 (ft.= canst.) 
1' CODpotHBJl8BY.H 

IKQJIO 40 ceityH,D; 
d.i. 

[J31Th L crt 
conpous.lleHWJ 

:-s 5 J113)Ll2}. 
I • • 

r npl CTOJih 

KOTOpyii He­

IIITeJlLHYX TenJIO-

6) no no.u;sec&a.u H uocta.M, 

B) OT BBO.IlOB TOitB., 

r) OT Jt~eKTOB CBepxnpOBO,D;HHKa H ItOHT8.KTOB, H8.XOAR~XCH B I:H.IlKOM reJIHH. 

CHHIIaDTCH T8DJIOnpHTOKH C DOMO~hD J:H,D;KOrO reJIHR. Hcna.peHHYR reJIMR MOEHO HJIH cpa.sy B03Bp8.­

J118.Th B ODJ:HT8JI1>7,HJllr'l OXJIB.J:R!-Th JIM nOJtBeCKH H BBO.IlY TOK8. H TeM C8.11YII CHJIIJ:a.Th KOJIH118CTBO 

renJia., npHrelt8.0~ee K coneuoH.u;y. Bosspa.r Hcna.peHHoro renHs: B oJ:HJ:Hren:& nosuma.er xono.u;o­

npoxsso,D;JreJILHOCTh B 4-5 pa.s.TepMO,D;HH8.11~8CKH 6e3pa.sJIHqHo, K8.It HC00Jih30B8.Th XOJIO,D;HYR na.p-

nyreM B03Bp8.T8. S OJ:HJ:HTeJlh HJIH Ha OXJia.J:,D;8HM8 nO,D;B8COit I SBO,D;OB TOK8.. 0,D;H8.KO OXJla.J:Jl8HHe 

nO,D;B8COK H SBO,D;OB CHHJ:8.8T HX cpe,D;HDD rexnepa.rypy M COOTB8TCTS8HHO nOHHJ:8.8T renJionpoBO,D;­

HOCTh H nosuma.et 3JI8KTpOnpOBO,D;HOCTL, qro ,D;OnOJIHHT8JlhHO yMeHLmaet teDJIOnpHTOK qepe3 HKX. 

a.) llpHtOK tenJia. qepes H30JIHUHD ~«>:a:er 6urL cy~ecne HHO orpa.umeH. Ha.npHMep, qepes 

IIBOrOCJIORHyD H30JIH~HD nOTOK renJia. B HHTepsane 300.4°K- 0,05+0,lsr/u
2 [12) , qro ,D;JIR CO­

JI8HOH.Jl8. IUITHMerpOBOR KW18pH, npH noBepXHOCTH H30Jl$1UMH OKOJIO 200ll2 ,COCT8.BHT Qu!.4 20BT. 

6) llO,D;B8CKH ,D;OKI:HY BH,D;epmth sec COJieBOI,D;a 150 TOHH. llpH ,D;OnyCTKMOII ,D;JIR Hep:a:a.BeDJ118R 

CT8.JIH Ba.nps::a:eHHH 1500 Kr/cu2 nJIO~alh ceqeHHR nO,D;BeCOK paBHa I00cu2• 

TennonpiiTOK no aeoxna.:a:.u;eHHYM no,D;secKa.u ,D;JIHHOR IOO cu: Q H =J2sr. 

Pacqeru nOita3HSaDT, liTO OXJia~eHHe nO,u;BeCOK HCnapHSWHIICR reJIHeU: UOJ:eT CHH3HTh TenJionpHTOK 

no BHY npMuepHO B 16~20 pas. To :a:e cauoe OTHOCHTCH K BBYTPeBHHM CTeHKWI ,D;LDa.pa, DJIO~,D;h 

C8118BIH KOTOpyX npH TOJI~He CT8HKH 2UK pasHa 800c112 • TenJIODpHTOK no OXJla.~aeUYU: nO,D;B8CK8.M 

H creHxall nmapa. cocraBJIJier coorBeTCTBeHso Uoxn. ·2 H Q ot.a. ·16 BaTT. 

B) TenJIODpKTOit no OX~811HII reJIHell ODTID.U13Hp0B8.HHYII TOKOBBO,D;all QJ ,ltOCTHraer 

1, 3+1, 4sr sa Ka:a:,JtHe 1000 a.unep [ 13]. · 

00MOTK8. COJ18HOH,D;a pa3,D;eJieHa Ha 6 rpynn C OT,D;8JlhHHIIH BBO,D;a.IIH Ha 'l'Olt 5000a Ka.x,D;WR 

( cu.pas.u;en ·~neitTponHraaze"). 06~HR rennonpHTOK no I2 BBo.u;ay pases 84Br. 

r) OueHKa renJiosu.u;eneHHR or .u;8PeKTOB cBepxnpoBOAHHK8. H aneitTpmecKHX KOHTaitros,Ha.­

xo.u;a~xcs: B J:H,D;KOII reJIHH, 38.Tpy,D;HHTeRhH8. SBH,D;y OTCYTCTBH$1 OnYT8. pa60TH C ta.KMKK 60JILMHIIH 

CHCTell8llK. 

KouneBea.QKH TeDJIOnpMTOKOB DO OXJia:a:,D;aeMYM: DO,D;BeCitaM, CTeHitall .ltLDapa. Ill TOKOBBO~II 

3KSHB8.AeHTHa pa6ore OXHZHTeAK reBHR Ha CJIHB ( XOJIO.ltHHH nap He S03Bp~aercs B OI:HEHT8JIL), 

KOMDeHCB.UHR tenJIODpHTOm& qepe3 H30Jl$1UHD M TeDJIOBH,D;eJleHBI B COA8BOH,D;8 3KBHBaJieHtHa pe~pH­

:a:eparopH014J' peU14J'. 06a 3TH peUJIB. pa.60TY OQUT8JIR MOI:HO 0CJIIt8CTBHTh O,D;HOBpeleHHO. 

0,JtHaKO .ltBR a~eHKH seJIHQHHH OI:HZHTeJIH YA06Hee CB~CTH o6a pei:HIIa K O,D;HOMY, npeBaJIHPyDDteuy, 

B paccuarpzBaewow npawepe - K peJ:Huy sa CJIHB. TaitHM o6pa3oll, seo6xo,JtXuas xono.u;onpomsBo­

AHteJI:&Hocr:& OJ:HI:HTeJIH reJIKR B JCtaHOBZBmeMCR peZHMe 
Q Q a eo+? Q = Qol.n. + Qota:+ OJ+ us~-+ " = 2 -t 16 -+ 8~ + 4 > I 0 7 8 m · 
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3~eCb "4" - yY6HbWeHRe XOKO~onpOK3BO~HT6HbHOCTR OZHZHTeKH B peEHMe paOOTH Ha CKKB no cpa­

BH6HHD C p~pHEepaTOpHHM peEHMOM. Xono~OnpOH3BO~HTeHbH0CTbD l07BT 00Ka~aeT ~pOCC6AbHHD' 

OXHEHTeHb, Ha KOTOpyR no~aeTCH OKOKO 500 HM3/qac CEaTOrO reAHH. 

§ 12. OxHaz~eHHe ~o rewneparypa EH~Koro reAHR 

Boswoxua ~Ba cnocooa oxna~eHHR coneHOH~a. llepBa~ - nocne~osaTeKbRoe 3anonHeHHe 

~bllapa COKeHOMa pR,li;OM ZMKHX XKa~oareHTOB C nOHHEa.!lllte «cR TeMnepatypoR KHn6RlOI; Ha.npMM:ep: 

asorow, BO~opo~oM 'HKH neouow, renHeu. Ocy~eCTBHeHHe aroro cnocoOa sasaBaeT suaqHrenbuae 

3aTpy~HeHHR H3-3a HeOOXO,llHMOC TH nOJIHOrc y~aKeHM BHmeKHnR~ero KO).ffiOHeHTCJ. npH nepeXO,D;e Ha 

OXHa~6HHe HKX6KHnR~HM.nocTaTOqHO oqeHh H600AbWHX npHwecel asOTa HHH BO~opo~, qTOOH BH3-

BaTb saxynopxy OXHZHTenR.llTopoR cnocoO - oxna~euze xono~naw renHew. B atou cnocoOe yctpa­

BRercs onaCHOCTb 3aKynOpxH, HO ~KH OXAaE,D;eRHH COKeHOH~a 3a KOpOTKOe BpeMR DPHXO~HTCH yBe­

HHqHBaTb xonRqecTBO URPKYAHPYD~ero renHH no cpaBHeHHil c ueoOxo~HMHK ~AH paOoTH B ycTaHOBHB­

mewcs peEHwe R pasBHBaTb noBepxuocTR TennooOMeHa B oxHXHTene. JTOT cnocoO npe~noqTHTenbHee. 

PexHw oxnaK,JJ;eHHH coneuoz,D;a Tecuo CBH3aH c ero KOBCTPYKUHe~. PaccuatpHsaeMHI coJieHoH,JJ; 

00Ha~eT pa3BHTO~ noBepXHOCTbD H HMeeT CpaBHHT6HbHO MaJ1yD TennonpOBO~HOCTb B,li;OKb BepTH­

KaKbHO pacnOKOZ6HHOI OCH Bpa~eRHH. B 3TOM cnyqae BO BCeX TOqKaX COK8HOMa COXpaHHeTCH 

uanaH pasuocTb reuneparyp ue~y xn~oareurou H oOworxoR. EcnH B HHZHDD qacTb Ta&oro co­

neuoH,JJ;a DO~Tb XOKO~HHI ras, TO yze Ha He60Kbii0R BYCOTe OT RH3a Tewneparypa rasa DOAHK­

waeTCH ,1!;0 HCXO,II;HOI TeMIIepaTypY 00YOTKH. B ,li;Wlb!Eimeu: T6MIIepa.TYlJHYR qJpOHT Oy,lleT nepewe­

~TbCH BBepX no COJ16HOH,D;Y H, 6CKH npOTHZ6HHOCTb qJpOHTa TeMnepaTyp Mala no CpaBH6H~ C 

BHCOTOI COJ1eROH~a, TO npaKTftq6CKH BCe Bpeua ras H3 COA6HOH,D;a Oy~eT BHXO~HTb HarpeTHM ,li;O 

HCXO~HOI TewnepaTypy 00MOTRH. 

Bpeu:H OXAaZ~eHHH COJ18ROH~ OT KOM:HaTHOR ,11;0 a30THOI TeYnepatypy ( OCHOBHai QBCTb Bpe­

MeHH OXKaE,II;8HHH) npH KOAIN8CTBe OXJiaE,II;all~ero renHH, npHHHTOM Ha OCHOBB.HHH npe,D;B8.pHT6Kb­

HHX pacqeTOB ,. 

3600uy2jqac a 640 xr/qac, paBRO 4r~~14,5 qac. 

llBT6KbHOCTb nocne~yD~X CTyneueA OXJlaE~8HHH ( pHc.11) 
~ ,.,; (':-' 

l..2 ·6, 7 qaca, Ls= 0,4 qaca, 1..4 .. o, 7 qaca. 

Taxmw oopasow, npHeKAewoe BpeMH oxnax~eHHH noJYqaeTcH, xor~ KOAftqeCTBO oxna~~ero 

reAHH B 1,5 pa3a npeBHmaeT KOJIHqeCTBO, HeOOXO~HMOe ~KR OXKaE~eHHH B nepKO,ll; sanOXH6HHH 

~bllapa, .K npHwepuo B 4 pasa npemmaer norpe6HOCTh P.KH ycTaHOBHBmerocs peXHW (cw.same). 

(KoKHqecT~a UKPRY~Hpym~ero re~HH, xparHYe I200MP, OepyrcH npHMeHKTeJibHO K o~Howy Ha ~KnoB 

BHnycKaeuax KOMnpeccopoB). 
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Ko JlHtl e c TB 

cauoro ~hllapa 

~a~b sa3opos 

MeHrauR. Tor 

TaKoe xonKqec 

OZH:EHT6J1b C 

UsMeHeHHe 

flOTOKa B CBep 

MOllHO npOiti3BO 

CJ4CTeW. 

OOJ!bWOtl npOH 

250st npH p 

B03YOZHO 

Bee THhiM CX6M 

~AS! 

pacxo~a 3Hep. 

llpoBe,D;eH~ 

T.R:renoro con1 

14 YPOB6Hb KP. 

ooopy~oBaHHeJ 
I 
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CJIHB nt cpa­

focceJibHYA 

OOJIHeHHe 

biJI; aanp zuep : 

··aua'lr.tre JibHHe 

1 nepexo.l{e aa 

,e., 'IT06H BH3-

I cnoco6e ycrpa­

ipiXo,urcs yse­

orH B yctaHOBHB­

'pe)lnOqrzteJibHee. 

l.e&ll COJieHOH)( 

! B,J;OJll> Bepu:-

11 ruoro co­

ra~e.- fiOJlHH• 

er nepeue-

sano JlHe HIJI 

(cu. same). 

O.I{HOMY M3 TIITIOB 

...... 

KoJIH'IeCTBO EH.I{KOrO reJIHH B ,I{LDape onpe.l{eJIJieTCJI OCOdeHHOCTHilH KOHCTPYKAHH COJieHOH,I{a H 

cauoro ,D;Lilapa. ,l!nH Ol..\eHKH nopJI.I{Ka Ben~orqza npzMeM, 'ITO y pacc.uaTpzroeuoro coneHOH)(a nno­

~a.l{b 3a30pOB COCTaBJIHeT 50% TIJIO~a,D;H Ce'leHHR, 3aHKMaeworo OdMOTKOa H KOHCTPYKUHOHHUMH 3Jie­

MeHTaMH. Tor,l{a CB060,I{HHH Od~eu: 

V _ O S ~ _ Q j 150000 t::::: ..1 Q 3 
- . v - I 8000 - I M • 

. 0 M 
TaKoe xonzqecTBO XH.I{KOro reJIHH wozer npOH3BeCTH sa pa3yuHoe speua - 25 qacoB - renzeaaR 

OXHXHTeJih C XOJIO,I{OIIpOH3BO,I{HT6JILHOCTLD 250BT (,..... 400 JI/qac lm)J;KOrO reJIHH). 

Hsueaeaze warHzraoro noJIH npz aaKa'!Ke saeprzz BH30Ber BH.I{eJieaze Tenna 3a cqer cKa'IKOB 

DOTOKa B CBepxnpOBO,I{HHKe H sa C'leT TOKOB ~YKO. 0.1{HaKO B nJiaHOBOil nop.H.I{Ke 3TH onepaUHH 

UOEHO npOH3BO,I{HTb ,I{OCTaTO'IHO ,I{OJirO 6e3 3Ha'lHTeJILHHX TellJIOBHX aarpy30K pe~pKZeparopHOA 

CKCTeW. 

§ 15. Pe~pKxeparop 

,I!JIH COJieHOH,I{a llHOrouerpOBOR BO,D;OpO.I{HO~ KauepH l..\eJieC006pa3HO KCDOJIL30BaTL ,l{pOCCeJILHHH 

reJIKeBHH p~pKXepaTOp, ·T.K. KPHOreHHaR CHCTeua KaMepH CO.I{ep%KT BO.I{OpO.I{HHH OEKZHTeJIL 

6o~LWOR npOH3BO.I{HTeJibHOCTK. XoJIO.I{OnpOH3BO,D;HTeJILHOCTb BH6paHHOrO pe~pzxeparopa COCTa~JIHeT 

250Br npz pa6ore aa c~HB. 

B03MOXHO TaKXe HCDOJIL30BaHHe pe~pzxepaTOpa C O,D;HKM, ,I{ByYJI ,l{etaH.I{epaMH H T • .l{. no H3-

BeCTHHU CXeMaM reJIHeBbiX OJ:HJ:HTeJieR. 

Pacxo,l{ aaeprzz .I{JIH .l{pocceJILHoro Bapzaara B ycraHOBHBmeucJI peZHue aecKCJILKO BHme,'leu 

.l{JIH .l{eraa,D;epaoro, ao z B rou H B .l{pyrou cnyqae oa cocraBJI.Her oqeaL uaJiyll .I{OJIIl or o6~ero 

pacxo,l{a aaeprHK. 

Eonee no.l{po6ao cxeMH pe~pr.txeparopoa paccuoTpeHH B rnaBe Y. 
Tipose,l{eHauR aaaJIH3 no3BOJIHer 3aKJIIl'IHTL, 'ITO npz cos,l{aHHH TaKoro Kpynaoradapzraoro K 

rRxenoro coneao~a He BOaftHK~T Hepaspemzwe xpzoreHHHe npo6neUH. CoBpeueHHHe uacmra6u 

H ypoBeHb xpzoreaaoR reXHHKH nosBOJIJIDT yaepeHao npoeKrzposatL Heo6Xo,l{zuoe xpzoreaaoe 

o6opy.l{oBaHHe. 
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llapawerpu cBepxnpoBO~~ero coneaoana 

HanpnxeaaocTb warawraoro nonH B nearpe coneaoana 

BayrpeHHK~ AKauerp 

BHcora 

Ton~HHa 00MOTKK 

PaccroHHHe ueXAY oOuoTKaMH B oonacrx nyqKa 

ToK B neare 

PaaMep~ ceqeHHH near~ 

qHCAO BKTKOB B OAHOU AHCKe 

lXHHa AeHTH B AHCKe 

HHAYKTHBHOCTb AHCKa 

qHCXO AHCKOB B COAeHOHAe 

ITonaoe qHcno aunep-BHTKOB 

CpeAHHR nnoraocTb TOKa no ceqeaHD coneaoana 

qHCAO rpynn lHCKOB C He3aBHCH~M 3XeKTpODHTaHHeU 

HHlYKTHBHOCTb rpynnH 

3anaceaaaR 3HeprHR 

llOXHaR lHHHa HeHTH 

MarepHan csepxnpoBOlHHKa 

BRA CBepxnpOBOAHHKa 

Bee csepxnposo~HHKa 

Bee cra6HXH3HpyD~eg ue~H 

OO~HA sec coneHOHAa 

MaKcHUanbHOe none 

HanpHXeHHe HCTOqHKKOB TIHTaHHR npH sanHTKe 
( ycTaHOBHBmH~CH peXHM) 

CyNMapHaR UO~OCTb HCTOqHHKOB nHTaHHR; npH 
sanHTKe (ycraHOBHBWHICR peXHM) 

Bpeun sanHTKH coneaoKAa 

Bpewn asapHHaon 3BaKyanwH sanaceaaon 3HeprHH 

lonycTHMH~ ypoBeHb nepeaanpa~eHM~ npH 
3BaKyanHH 3HeprHH 
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Ta6nHna 4 

40 KrC 

6000 MM 

J900 MM 

.390 Mll 

600 UM 

5000 a 

lx100 uu2 

156 WT 

.3200 u 

8,6 ra 

30 

2 J4•Io7 
' 

1800 a/cu2 

6 

4.3 rH 

J,25·ro9 lZ 

96 KU 

N5-50%lrz 
npOBOAOKa 0,25MM 

2,5 TOHHH 

80 TOHH 

150 TORR 

60 KrC 

25/6 BOHbT 

750/180 KBT 

ro4 ceK 

10 ceK 

20 KB 

J 

peuue pa6o 

aeoaa npx 3 

Cxeuoit 

POla. 

CJ:HUaDT BOll 

CzaruA 

o:ozuenn ( 

BaTbCR B ny 

OXOKa, KOr 

BOlO POla~ HJI 

B 6nox 

H3 mapOBHX 

n,~;e c copauH. 

H3secr 

TOHbltO OlHO 

BO~ It8Jlepli 

lOHZHa pa6o 

UH ZHAROCTII 

• 



4 

IU'C 

101 

UM 

101 

101 

a 

0 MM
2 

6 DIT 

Ou 

"l'H 

I 
fo7 

f a/CM2 

J r}J 

o9 .Jt:l 

6 KM 

TOHH 

0 TOHH 

0 KrC 

.. 

/6 BOJibT 

180 KBT 

o4 celt 

0 celt 

0 KB 

"' 

-
r 11 A B A 1Y 

O:t.11llrnTEJibHAH YCTAHOBKA .ll.Jl.H BO.UOPO.U, JlE~1TEPIDi kl IIEOHA C 

BO.UOPO.UEUM XOJIO.UHJlhHlM UHKJIOM 

Bse.~teHHe 

DzHZHTeHbHaH ycraHOBKa npe,llHa3HaqaercR: .llJIR repuocrarHpoaaHHR ltauepa B ycraHOBMBmeucn 

peli:HIIe pa.6o TU; ,llJIR O:IHJ:eHWI BO,IlO po,lta B napauO,IlHqJHKa!.{HH, ,lleltrepHR B OpTOMO,IlHIJ>HKa!.{HH HJIH 

HeOHa ITpH 3aiTOJIHeHHH Kauepu; ,llJIR CHa6XeHHH li:H,IlKHU BO,IlOpO,IlOM reJIHeBoro OXHEHTeJIR. 

Cxevo~ npe,llycMarp:wsaercn su,llaqa O:IHXeHHHX rasos Ha cropoHy. 

XoJIO,IlOllpOH3BO,ItHTe11bHOCTb O:IH~TeJIR, He06XO,IlHMaR ,llJIR repvocrarHpOBaHHR RaMepu,N =60ltBT. 

ren"eBTilt O:IH:IHte.l!b norpeOJIReT B ycraHOBHB!UeMCR penue GH2. =25 Kr/q. :IH,IlKOrO BO,D;O-

po,Jta. 

§ 16. Kpar~toe onHcaHHe rexHonor}!qecxo« cxeuu 

ra3006pa3Hbllt BO,IlOpO,Il, no JiyqeHHun B 3JieKTp011H3HOM OT,IleJieHHH 10 CB060:I,IlaercR OT rrpHuecelt 

BJiarH H KOMITOHeHTOB B03,Jtyxa B OT,IleHeHHM OqHCTKH H HallpaBJIReTCR K KOunpeccopau, KOTOpae 

CXHMallT BO,IlOpO,Il ,llO ,llaBJieHHR 150 aTM. 

CzarHI H oq:w~eHHalt OT MaCJia H KHC.I!OpO,Ila BO,IlOpO,Il HanpaB.I!ReTCR B XOJIO,Il006pa3yD~Ha 6JIOK 

OXH:IHTeJIR ( cv.pHc.12). XM~HI BO.JtOPO.Il H3 cOopHHKa XY xono.~too6pa3yD~ero Onolta uoxer CJIH­

BaTbCR B ny3upbKOByn xauepy, nocropOHHeMy rrorpe6Hrenn H.I!H B cOopHHlt XYI O:IH:IHTeJibHOro 

0JIOKa, KOr,lla B HeM npOHCXO,IlHT HJIH O~HJ:eHHe HeOHa, HJIH OJ:H~eHHe BO,IlOpO,Ila C rronyqeHHeM napa­

BO,IlOpO,Ila~HJIM O:IH:IeHHe ,lleltTepHR C llOJiyqeHHeM OpTO,IleRrepHR. 

B 0JIOK OZHEeHMR BO,IlOpO.Il, HeOH HJIH ,llelrepHR llO,IlaDTCR ITO,Il HedOJibDIHM H30UTOqHblM ,llaBJieHHeM 

H3 mapOBHX eMKOCTeA, B ltOTOpYe COOTBeTCTBYD~Hlt ra3 llOCJie OqHCTKH 3aTRrHBaeTCR CBOHMH ltOM­

DJeCCOpaKH. 

§ 17. , Buoop cxeMH 

:li3BeCTHae KpynHYe O:IHJ:I4TeJIH BO,IlOpO,Ila , CM,HanpHMep,[ 141,npe,llHa3HaqaDTCR ,llJIR BHITOJIHeHHR 

TOJibltO O,llHOA !J>YHKnHH - nDJiyqeHHR :IH,IlKOrO napaBO,IlOpO,Ila. 0EHJ:HTeJibHaR ycTaHOBKa MHOroverpo­

BOlt ltauepu npe,ltHa3HaqaeTCR ,llAH BHITO.I!HeHHR HeCltOJibKHX !J>YHlt~HI. 0cHOBHyD qaCTb BpeueHH OHa 

.llOJIJ:Ha pa.6orarb aa repMOcrarHposaHMe xauepu, npH nycxax xauepu - Ha 3anonaeHHe ee padoqH­

MH ZB.IlKOCTRMH. TepvocrarHpOBaHHe xavepu ocy~crsnnercn B pe~pHxeparopHOM pexHve. B aroM 

23 



:l . : 
-: 

" 

pexHue XHAKH~ ao~opo~ ryr 7e Hcnapaerca B repuocrarHpyDmHx ycrpo~crsax Kauep~ H XOHO~H~~ 

nap BO~opo~a B03spamaerca B OXMXHTenL.Pe~pHxeparop~~ pexKu npwuepHo y~BaHsaer xoHo~onpo­

H3BO~HrenHOCTb O:EHXHTeHH no cpaBHeHHD C pe:EHMOU paOOT~ CSe3 B03BpaTa XOHO~H~X napOB. 

Ka.K K3BeCTHO, KUeDTCH ~Be uo~HcpKKa~HH BO~opo~a K ~eMrepHH - opTo H napa. llpH reunepa-

Type KaMepH paBHOBeC~MH HBHHDTCH napaso~opo~ H OpTO~e~TepH~. TiepeXO~ K 3THM COCTORHKRM OT 

paBHOBeCHHX npH KOMHaTHO~ reuneparype BH3HBaer 60Hbmoe s~enenHe renna. Kauepy ~eHecoo6pa3-

RO 3aiTOJIHRTb paBROBeCHH·MH MO~HcpKKa~KHMH C TeM, qTOO~ yxe C Ca.MOrO Raqana OHa RaXO~HJiaCb B 

CTaOHHbHQM renHOBOM COCTOHHH~. O~HaKO OXJia~aTb H repuocrariposaTb Kauepy BHrOARee HeKOH­

BepTHpOBaHHHM BO~OpO~OM, T.K.KORBepTHpOBaHHe CRK%a8T XOJIO~onpOH3BO~HTeHbHOCTb OXHXHTeJIR 

Ha I/3. 

3anOHHeHHe KaMepH pa3HHqHHUH pa6oqHMH XK~KOCTHMH H repMOCTaTHpOBaHHe ee MOXHO OHHO OH 

OCyDteCTBHHTb 3aMeHHH B ~HKHe OXMJmTeHR O~HH ra3 ~pyrHM. llpH 3TOU TepMOCTaTHpOBaHHe BeHOCb 

OH TeM Xe Bel!leCTBOM, KOTOpHM 3aiTOHHe Ha KaMepa. B cnyqae 3allOHHeHH.fl KaMepH ~eMTepHeM HJllll 

HeOHO-BO~Opo~HOA CMeCbD TaKaR cxeua llOBeHa OH K OOHbWHM pacxO~aM Ha nonOJIReHHe yreqeK ~0-

porOCTOHIJtHX ra30B. YqHTHBaH BCe BHW8CKa3aHROe~OHHO pemeRO BHllOHHHTb O:EHXKTeHb B BH~e ~ByX 

0HOKOB- XOH0~006pa3yDmero H OXHXKTe.llbHOrO. B XOJIO~OOOpa3yDDteM OJIOKe OXHJ:aeTCH HOpuaHbHH~ 

BO~Opo~, KOTOpiV. MOXeT OHTb HanpaBJleH Ha repuocraTHpOBaRHe H OXHa~eHHe KaMepu, B OHOK 

ox~xeRKH H B o&KXHTenL renHH B Kaqecrse xna~oareRTa. 

ycraHaBHH 

no Hyqanacb 

B npH 

~·< cu. 

Ba.erca B r 

~areni>Horo 

Paccua. 

a30ta I 6.111 

·teuneratyp 

pea:& Tope. 

ROHBepc1lll 

111ero 6.11ox 

B OJIOKe OJ:HXeHKH OXJla~TCH H KOR~8HCHpyDTCH ITO~ HeOOHbWHM K30HTOqHHu ~aBneHKeM BO~O- 1, C 

po~, ~eRrepKR HJIH HeOH. CTOpOHy. 

B OJIOKe OXHXeHHR npe~yCMOTpeHH KOHBepropu ~HR OpTo-napa npeBpal!leHHH. XKJXHR BO~OpO~ IT, ~ 

BH~aCTCH H3 Hero B napa-clJOpMe, a XK~KKR ~eMTepH~ B OpTO-~opue. no~qeA 

~JIR XOJIO~OOCSpa3yDDtero OHOKa MOryT OHTb HCnOHb30BaHH pasH~HHe XOJIO~JibHHe ~HKHH. C m. 
~eHbD BHOOpa HaKOonee pa~HORaHbHOrO H3 HKX OHHO paccqHTaHO H8CKOJlbKO BapKaHTOB . 

B raoH~e 5 npKBe~eH pe3yHLTaT 3THX pacqeros. KaK BH~HO H3 ra6nH~H,HaHHYliWHR pe3yHbTar B 

pe¢pHxeparopHOM pe7HMe ( OCHOBHOH pexHu paCSoru) ~er sapKaRT YI. MaHo orHwqaerca or nero 

BapHaHT Xi. BapKaHT Yl, noMKMO uanoro pacxo~a 3ReprwK,,o6.na~aer reM ~onoHHKTelll>HHJ.t npeHYY­

mecrBou, qro y aac BHnycKaerca npoMHmHeHHOCTbD ReoCSxo~Huoe ~nn Hero KOMnpeccopHoe o6opy~o­

BaHHe. Kpoue roro,no~oonaa cxeua nposepeHa HaMH na .Kpynnonaooparopnou OXHXHTeHe B0-21151 

Ha ocROBaHKH aumecKa3aHRoro K HcnonReRtro npHHHMaerca sapHaHT YI. 

llnR 6JlOKa OXHXeHHH 6HJIO paCCMOTpeHO HeCKOHbKO BapKaRTOB CXeUH. 

B O~HOU K3 HHX npe~ycuarpKBaJIOCb npoBeAeHHe opro-napa KOHBepCHH BO~OpOAa B KORBepropax, 

JRCnonoxeHHblX B BaHHe arr.mccpepHoro Mora, B BaRRe BaKyyunoro asora H B c6opHH~e x~uxoro 

so~opo~a. Pacqer nOKa3an, qro npH raKoR cxeue nonyqaerca orpH~areAhHaR pasRocTb reunepa­

ryp B O~ROM H3 TeiTAOOCSMeHHHKOB XOHO~HO~ 30HH XOH0~000pa3yDmero CSHOKa KJIH CSAOKa O:EH~eRHR. 

B ~pyrOM BapHaHTe OHOK OXHXeHHH COCTOHA H3 reiTJI006MeHRHKa-peaKTOpa H KOHBepropa, 
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• H H XO JlO,IlH!itl 

er xoJio.llonpo­

•x napoB. 

• TipH rewnepa-

ll COCTOHHKHM OT 

BPY neJiecoo6paa­

~ HaXO,IlliiJiaCb B 

lil'O,B;Hee HeKOH­

TL o:IHD:Te JIJI 

IIOJ:HO 6!iJIO 6!i 

~OBaHKe BeJIOCL 

:eltepHe:u li1JIH 

BHe yTel.leK .ItO­

IlL B BK,Ile .llBYX 

ITCH HOpMB.JibHiiH 

18pH, B 6JIOK 

i,l8.MeHHeM BO,IlO­i . 

c 

eJILIIHII npeH~y­

copaoe o6opy~o­

B0-2 li5~ 

B KOHBepropax, 

HIIJ$e J:UKO r o 

.IIOKa OliHJ:eHKH. 

OHBepropa, 

ycra.HaBJIHBae:uoro B c6opaHKe li:H.IlKOro BO,Ilopo,lla. B 3TOM sa.pwaare B rennoo6weHHHKe-peaKTOpe 

llOJiyqa.Jia.CL OTpHnaTeJILHB.H p8.3HOCTb Teunepa.Typ Ha ypOBHJIX 55 H 2J5°K. 

B npHHHTOK B8.pH8.HTe OpTO-na.pa. KOHBepCHH npOH3BO.IlHTCH DOCJ18,1lOB8.TeJibHO B KOHBepTOpe 

B8.HH!i 8.TMOC¢epHOrO 8.30Ta., B TeOJI006MeHHHKe-peaxtope H B KOHBeprope C60pHHK8. J:H,IlKOrO BO,Il0-

pO,Il8. ( c:u.pHc.l2). qa,CTb o6patHoro BO.IlOPO.Il8. 38. tennoo6YeHHHKOK-peaxtopow X nepe6paca­

saerca B tennooOweHHHK tenJioR 30Hh1 Y xoJio,llooOpa.3yDlltero 6Jioita c rew, uoe!bl MaOexan otpK­

uateJibHoro teunepatypHoro aanopa B tennoo6ueHHHKe YTI rennoBoR 30Hh1 oxHEHTeJibHoro Onoxa. 

PaccuarpHsancR ra.xze Ba.pHB.HT 3aYeHbl rennoo6weHHHxa YTI H BaHHbl arwoc~epHoro J:H.IlKOro 

8.30Ta l 0JIOK8. OKHJ:eHHH sa tenJIOOC!:MeHHHK-peaKTOp. ~TOT BapHaHT ,llaet JIHOO 0TJHU8.T8JibRbll 

TeMnepatypHbll Hanop, JIHC!O He.llODYCTHMO BYCOKyD He,llOpexynepanHD B YK8.38.HHOK TeDJI006MeHHHKe­

peaxTOpe. TaxoR peaynbtat nerxo o6~HCHHK, rax xax cy~ecrBeHaoe BH.IleJieHBe ten~a opto-napa­

KOHBepcHH Hai.IHHB.eTCH TOJibKO HHJ:e l00°K. · 

B pesynua.re npHHHTa CX8K8. OJ:HJ:HTeJIH, COCTOH~ero H3 XOJIO,Il000pa3yD-

§ 18. Tennosae H warepHaJibHHe 6ana&cbl OJ:HJ:HTeJIH 

TenJIOBHe H KatepH8.JlbHble 6aJiaHCH OJ:HJ:HteJIJI COCT8.BJ18HH .llJIH nRTH B8.pH8.HTOB ero pa60tH: 

l. CJIHB J:H,IlKOrO HOpMaJlbHOrO BO,IlOpO,Ila H3 XOJlO,Il000p8.3yD~ero 6JIOK8. B KaYepy HJIH Ha 

cropoay. 

II. PaOota XOJIO,Il000pa3yD~ero 0JIOKa OJ:Hli:HT8JlH B pe¢pHli:BpatOpHOK .. peJ:HMe C O,llHOBpeKeHHOD 

ll0,1l8.Q8H J:H,IlKOro HOpM8.JlbHOrO BO,Il0pO,Il8. Ha OJ:HJ:HTeJlb reJlHH. 

W. Pa6ota OJ:HJ:KTeJIH Ha CJIHB J:H,IlKOrO napaBO,IlOpO,Ila.. 

1Y. Pa6ota OJ:HJ:HTeJIH H8. CJIHB J:H.IlKOrO OpTO,IleltepHH. 

Y. Pa6ora OJ:HJ:HTena aa CJIHB J:H.IlKOro aeoHa. 

PeayJil>tatH pac1.1eros npHBO,IlHtca B ta6nHuax 6, 7, 8, 9, IO. 
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Tad JIJIIl a 5 

Cxewa xono~HJibHoro UHKJia .llasne- Pe4JpHZeDaropHidt venM Cn111B ZH~oro aopMaJibHOro CJIIIIB z~Koro napaso~opo~a 
Hille BO• .JlaBJie- Cre- .l'aCXO,II; 'Ro ono.Jia 
,Jtopo,Jta Hille ~e- neHb 3Hefr111B .Jlas- Cre- Pacxo~ .JlaB- cr.e- Pacxo~ 
~o ~e- raH,II;epa O:IH- Ha Kr. ,leHKe neRD 3Hefrn JleHMe neHb 3HeprMH Ha 

!(I raH~e- onTHM.~ ze- :1/BO~O- noc.11e ou- aa Kr. nocne o~- I Kr, 
pa,~ P ara HHft po,~~;a, 

~era a- ze- J:/BO~O- ~eraH _EeHHft n/Bo~opo~a, 
n.n. P ara 

CJIHBae-
tepa . HHft po~a, tepa yoro B KBTII 
on- CJlHBae- on) KaMepy 

THM. )~ uoro Tl/111, 
Para B KaMe- Para ·. 

py 

I 2 J 4 5 6 7 8 9 10 II 12 

l, lPOCCeJIHpOBaHKe BO~OpO,II;a. 
Oxn~eHHe a30TOM,KHnft~M 

150 0,363 I0,9 0,147 o,I no~ aT140C~epHYM ,ll;aB.IleHHeY - - 35,2 - 47,8 

IT • .JlpOCCeJIHpOBaHHe BO~OpO,Jta, 
Oxnaz~eHHe a30TOM, Klllna~u 
no~ aruoc~epHYM ~asneHIIIeM 

150 0,5 0,256 H no~ BaKyyMOM - 8,34 - 24,63 - 0,154 35,9 

ill, JleTaH~HpOBaHHe BCero llOTOKa 
so~opo.Jta, nocne ~eraH~epa 
so~opo~ ~Boccenmpyercn B 
COOpHIIIK. XJla:l~eHHe a30TOM, 
KHnH DIHM no~ aruoc~epHY:u 

150 I6 0,584 6,8 I2 21,6 ;. ,JT,a.BJleHHe:U. 0,294 16 0,181 JO,O 

1Y • .lleraH~posaHIIIe scero noro-
Ka so,~~;opo~a. Tiocne ~eraH-
,~~;epa so~opo~ ~gocceJIKpyer-
Cft B COOpHHK. XJia:l~eHHe 
a30TOM, KHllHDIHII no~ aTMOC-
~epHYII ,JT,a.BJleHKe:U K no,Jt 

150 16 0,69 6,0 12 I9,8 BaKyfMOII 0,39 16· 0,235 26,5 

Y. .lleraH~HposaHHe Bcero noro-
Ka BO~opo,JT,a. llocne ~eraH-
,~tepa BO,!tOpO,II; no,JT,aeTCft B 
renJlooOMeHHHK. Oxnaz~ea111e 
a30TOII, KHnftlJIHM no,Jt aTMOC-
¢epHH11 ,JtaBJleHHeM I 50 16 0,675 5,85 16 0,336 19,9 I6 0,21 27,0 

I I 2 I J I 4 I 5 I 6 I 7 :r 8 I 9 I 10 1 II I I2-

Yl • .JleraH,JtHpOBaHHe Bcero noroKa BO­
:a:ontua lloc..11.e JI.B'l'B.HJlena BO.I.OOO.ll_ .. 



N 
....::1 

Y. letaH~KpOBaHHe BCero DOTO­
xa Bo~opo~. lloc4e ~etaH­
~epa BO~opo~ noAaeTCR B 
tennooOueHHKX. Oxnaz~eHKe 
asotou, KHDR~Y no~ atuoc­
~epHHu ~asneHHeM 

I I 2 

150 

YI. leta~HposaHxe scero notoxa so-
~opo~a. llocne ~etaH~epa so~opo~ 
no~aetca B tennoo6ueHHKK. Oxnax-
~8HK8 a30TOM, KHDR~HM no~ aTMOC-
«t>epHHY AaBAeHMBY H no~ saxyyuou 

YTI. leTaH~Hp0BaHH8 qacTH nOTOKa BO-

=I 

~opo~a. nocne ~etaHjepa so~opo~ 
~poccenHpyetcs B c6opHHK.Oxnaz~e-
aae a3otou, KKnR~u no~ atuoc«t>ep-
HYM ~BJ18HH8M . 

YW. leta~HPQBaHHe qacTH nOTOKa BO-
~opo~. nocne ~eta~epa so~opo~ 
~poccenapyetca B c6opazx. Oxnaa-
~eaHe a30tou, KHDR~Hu no~ atuoc-
«t>epBHu ~sneazeu H no~ saxyyuou 

IX. letaKAHPQBaHHe qactH nOTOKa BO-
~opo~. llocne ~etaa~epa so~opo~ 
no~etca B tennoo6ueRHHK. Oxnax-
~8HH8 a30TOM, KHDR~HK no~ aTMOC-
4>ep IIi M ,ll8. B Jie H HeM 

x. letaHAHPQBaHHe qactH nOTOKa BO-
~opo~a. nocne ~~KAepa so~opo~ 
no~etca B tenJioo6ueaaxx. OxAaz-
~8HH8 a30TOM, KHDR~RU DO~ atYOC-
«t>epHHu ~BieHHeu Jri no~ saxyyuou 

XI. letaH~HpOBaHHe qactH nOTOKa BO-
~opo~a. nocne ~eta~epa so~opo~ 
DO~aeTCR B TeDJI006UeHHHK.0XJiaK-
~8HH8 a30TOM, KHnR~HY no~ aTYOC-
~epHHu ~BJieBJrieu H no~ saxyyuou 

16 0,675 5,85 

J I 4 I 5 I 

150 16 0,77 

150 2 0,644 

150 8,5 0,678 

150 I,J 0,66 

150 12 0,671 

65 1,3 0,592 

~ 

16 0,336 .19,9 16 0,21 27,0 • 

6 [ 7 [ 8 I 9 I IO j II I 12 -

5,4 16 0,423 18,65 16 0,256 25,2 

6,IJ 2 O,J63 I9,IJ 8,5 0,197 28,2 

6,1 ·8,5 0,41 19,0 8,5 0,24 26,2 

5,97 1,3 O,J78 18,56 1,3 0,23 25,4 

6,2 12 0,4 19,3 12 0,235 26,5 

5,5. 1,3 0,367 17,76 1,3 0,21 24,3 



n 
TOlleK 

I 

2 

J 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

D 

14 

15 

16 

17 

19 

20 

21 

44 

Ta6mma 6 

1. CnHB ZH~Koro HOpManbHOro Bo~opo~a H3 xono~oo6pa3ynmP.ro 

6JIOKa B KaYepy HRH Ha CTOpOHy 

JlaBJieHHe, T-pa 1 
Tennoco~ep- Be~~~ecrBo KonHtieCTBO_., 

Para T°K :la.HHe 1 
Kr/tiac 

KKaR/Kr 

150 )00 966,7 r. BO~opo~ G1v =53 
G., =653 
GVl =294 

1000 

150 127,5 381,1 r .Bo~opo~ Gv =653 
Q,, =294 
Y47 

150 Bl 218,75 r.Bo~opo~ 947 

150 74,5 194,35 r .Bo~opo~ 947 

150 66 164,85 r.Bo~opo~ 1000 

I 50 56,1 121,93 r.Bo~opo~ IOOO 

16 35 83,II r .Bo~opo~ 1000 

1,3 21,3 3,2 X.BO~opo~ 423 

1,3 21,3 106 r .Bo~opo~ 577 

1,3 63 216 r .Bo~opo~ 577 

1,2 78,8 256 r .Bo~opo~ 577 

1,0 290 918,7 r .Bo~opo~ 577 

1,2 78,8 7,65 :.:.asor 3248 

1,2 78,8 55 r .a30T 3248 

1,0 290 108 r.asor 3248 

o,17 65 2,5 napo-z.cwecb z ... 620 
a3ora n.= 90 

710 

0,.1 7 65 50,5 r .a:Jor 710 

0,1r/ 290 108 r .asot 710 

16 34 62,5 r.Bo~opo~ 1000 

1,3 34 141,7 r.Bo~opo~ 577 

150 75 197,7 r.Bo~opo~ 53 
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7 

8 

9 

10 
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13 

14 
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.ro 

G1v =53 
Gv =653 
6Y1 =294 
000 

Gv =653 
G,. =294 
947 

947 

947 

[000 

000 

000 

423 

577 

577 

577 

.577 
I 

~248 
248 

577 

53 

.. 

!Hi: 

Ta6JIKI.la 7 

ll. Pa6oTa XOJlO.D;006pa3yDmero 6JIOKa OXKXHTeJIR B pe~pKzepaTOpHOU peZKUe C 
O.D;HOBpeMeHHOtt no,D;a4eA ZK.D;KOro HOpKaJibHOrO BO.D;OpO.D;a Ha OZHZHTeJlb reJIHR 

.UaBJieHHe. T-pa TenJioco.D;ep- BemecTBo KoJI~eCTBO, 
TOI!eK PaT a T°K zaHHe,. 

KKaJI/Kr 
Kr/tJac 

1 150 300 966,7 r .BO.D;OpO.D; G,v = 25,6 
&v =912,8 
Gv1 = 61,6 
1000 

2 150 91,84 258,85 r.BO.D;OpO.D; Gv =912,8 
Gv1 = 61,6 

974,4 

J 150 BI 218,75 r.BO.D;OpO.D; 974,4 

4 150 70 178,75 r .BO.D;OpO,ll 974,4 

5 I 50 66 164,85 r.BO.D;OpO.D; 1000 

6 150 47,4 90 r.BO.D;OpO.D; lOOO 

7 16 34,1 62 r .BO.D;OpO.D; 1000 

8 1,3 21 ,J 3,2 :a:.BO.D;OpO.D; 

9 1,J 2I,J 106 r.BO.D;OpO.D; 975 

10 1,3 63 216 r .BO.D;OpO.D; 975 

Il 1,2 78,8 256 r .BO.D;OpO.D; 975 

12 1,0 290 918,7 r .BO.D;OpO.D; 975 

lJ 1,2 78,8 7,65 Z.MOT 825 

14 1,2 78,8 55 r.a30T 825 

15 l,O 290 I08 r.a30T 825 

16 0,17 65 2,5 napo-z.cuech X.=JOO 
a30Ta n.=43,5 

343,5 

17 0,17 65 50,5 r.a30T 343,5 
~~ 

19 0,17 290 108 r .a30T 343,5 

20 16 29 29,44 r. BO.D;OpO.D; 1000 

21 I,J 33,1 IJ9,4 r.BO.D;OpO.D; 975 

22 16 22,3 6,3 :a:.BO.D;OpO.D; 768 

40 16 29 29,44 r.BO.D;OpO.D; 232 

29 



~ 

~qeK I ~aaJieHllle I T-pa 

~K at a 

41 16 29 

42 16 22,:33 

4:3 16 22,:3 

44 150 75 

1· Tennoco,~~;ep-
:laHHe 

KKaJI/Kr 
-

29,44 

6,:3 

6,:3 

197,7 

Be~cT BO 

r. BO,JtOpO 

Z.BO,I(OpO 

z.ao,~~;opo 

r .BO,li;Opo 

Ta6nHrta 

I 

I 

( 

~ 

8 

ill. Pa6ota OZHKHTeJia Ha CJIHB ZH,II;KOrO napaBO,II;OpO,II;a 

n 1 Jla.BJie-
to'leK HHe 

Pat a 

1 150 

2 150 

3 150 
4 150 
5 150 
6 150 
7 16 
8 1,3 
9 1,:3 
10 1,3 
11 I,2 
I2 1,0 
1:3 1,2 
I4 1,2 
15 r,o 
16 0,17 

17 0,17 

T-pa 
i>K 

:300 

II3,5 

81 
74,5 
66 
56,1 
35 
21 ,J 
21 ':3 
63 
78,8 

290 
78,8 
78,8 

290 
65 

65 

TenJioco­
,Jtep:raHHe 

KKa.t/Kr 

966,7 

:334,25 

218,75 
194,35 
164,85 
121,93 

83,II 
3,2 

106 
216 
256 
918,7 

7,65 
55 

108 
2,5 

50,5 

30 

BemecTBo 

r. BO,II;OpO,I( 

r .BO,II;OpO.I( 

r.BO,II;OpO,II; 

r .BO.I(OpOA 

r .BO,li;OpO,II; 

r.BO,li;OpO,II; 

r .BO,II;OpO,II; 

Z.BO.I(Opo.lt 

r .BO,II;OpO,I( 

r .BO,JtOpO,ll; 

r .BO,II;OpO,II; 

r.BO,JtOpO,ll 

Z.8.30T 

r.8.30T 

r .a30T 

napo-z. c11ec:b 
a30ta 

r.8.30T 

XOJIO,li;O 
6JIOK 

o6p. 

&,, =5 
Gv =71 
Gv1E22 

9 
8 --· -1000 

Gv =7 
GVI =22 

947 

947 
947 

1000 
1000 
1000 

423 
577 
577 
686 
686 

2310 
2720 
2720 
z.=6 
n.• 

9 
8 -

20 
90 

7IO 7 
710 

:u 
1\0JillltleCT-BO T0'18K 

K.r/qac 

768 19 

74:3 20 

25 
2I 
31 

25,6 32 
JJ 
36 
37 
44 

ltoJIH'IeCTBO_, 
u/qac 

6JIOK .... • 
onzeHM TOtleK 

- l 

- 2 

-
J -

- 4 
5 - 6 -

42:3 7 

42:3 8 
9 -

314 10 

:314 Il 

410 12 
13 -
14 - 15 

- 16 

-

• 



--1 

• 
Jl:H'118CTB0 
u/qac 

768 

743 

25 

25,6 

KoJIJrl'lleCTBO_, 
U/'llaC 

OJIOK 
onzeHM 

423 
423 

314 
314 
410 

jj 
TO'IIeK 

19 
20 
21 
31 
32 
33 
36 
J7 
44 

If» 
TO'IIeK 

1 

2 

3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
D 
14 
15 
16 

JlaB.Je-
HH8 r 
Pat a 

0,17 
16 
1,3 
2 
2 
2 
2 
2 
150 

J!a.Bne-
HHe , 

Para 

150 

150 

150 
150 
150 
150 

16 
1,3 

1,3 
1,3 
1,2 
I,O 
1,2 
1,2 
1,0 
0,17 

T-pa ,.. Tennoco- BeutecTBo KO.IIHQ8CTBO,. 

T°K ,~~;epma~r~e, xr/'llac 
KKKaJI/Kr XOJIO,II;OOO. 

OJIOK OJJOK 
ODZ8HHJI 

290 108 r.a30T 710 
34 62,5 r.BO,II;OpO,II; IOOO 
34 141,7 r.BO,II;OpO,II; 577 

300 950,3 r.BO,II;OpO,II; 312 
90 285 r .BO,II;OpO,II; 31? 
81 223 r.BO,II;OpO,II; 312 
33 19,14 r .BO,II;OpO,II; 312 
22 -120,06 x.napaBo,~~;opo,~~; 312 
75 197,7 r .BO,II;OpO,II; 53 

1Y. PaOoTa OZKEHTe.IIR Ha C.IIHB ZH,II;KOrO OpTO,JJ;eRTepHR 

T-pa Tennoco- Bell{eCTBO KoJIHqeCTBO ~ 

T°K ,~~;epmHHe ,, XOJIO,II;000p. Itr/qac · 
KitaJI/xr OJIOK 

O.IIOK 
O:IHZeHHJI 

300 966,7 r.BO,II;Opo,ll; (},, .. 53 
&" ·713 
6111 =234 

1000 

II7,4 346,75 r .BO,II;Opo,ll; G" =713 
&Ill =234 

947 
8l 218,75 r .BO,II;OpO,II; 947 
74,5 194,35 r.BO,II;OpO,II; 947 
66 164,85 r .BO,II;OpO,II; 1000 
56,1 121,93 r.BO,II;OpO,II; 1000 
35 8J,II r.BO,II;Opo,l 1000 
21,3 3,2 J:.BO.lOPO.Jt 423 423 
21,3 106 r .BO,II;OpO,II; 577 423 
63 216 r .BO,ItOpO,II; 577 
78,H 256 r .BO,II;OpO,l 667 3JJ 
290 918,7 r .BO,!tOpo,ll; 667 JJJ 
78,8 7,65 z.a30T 2550 200 
78,8 55 r.a3or 2750 
290 108 r.a30T 2750 
65 2,5 napo-z.c:uec~:o z •• 620 

a3ora n.= 90 
710 

JI 



JHf. .ila.BJie- T-pa, Tennoco- Be111ecrBO 

I 
TOlleK pHe' T°K ,~J;epxa.HMe, 

ara KKaJl/Kr .. 

17 0,17 65 50,5 r .a30T 

19 o,r7 290 108 r.a30T 

20 16 34 62,5 r .BO,Il;OpO,Il; 

2I 1,3 34 I4I, 7 r. BO,Il;OpO,Il; 

JI 2 300 475,15 r .)J;eRrepH~ .... 

32 2 90 142,8 r .)J;e!.lrepidl 

J3 2 8l I28,5 r .,~J;e tlrep:d 

J6 ~ 26,J J2,87 r.,IJ;etfrepHR 

J7 2 26,J -J2,6J :a:.~etlrepHtl 

44 150 ?5 197 r.BO,Il;OpO,Il; 

Y • l?aOoTa OZH:OTeJIJI Ha CJl!tfB lt"K,ItKOrO HeOHa 

JU; .llaBJie- T-pa ' Tennoco- BellleCTBO 

TOlleK HJ.fe , 0 ·' ,ll;epxa.HRe ~ 
Para 

T K KKaJl/Kr 

I I 50 300 966,7 r .BO)J;O pO,Il; 

2 150 121,3 361 ;45 r.BO,Il;OpO,Il; 

3 I 50 8I 218,75 r. BO,Il;OpO,Il; 

4 ISO 74,5 I94,3S r.BO,Il;OpO,Il; 

5 ISO 66 I64,3S r .BO,Il;OpO.JJ; 

6 150 56,1 121,93 r .BO,Il;OpO,Il; 

7 16 J5 8J,II r .BO,D;OpO,Il; 

8 l,J 21,3 3,2 J:.BO,Il;OpO,Il; 

9 I,J 21 ,J 106 r .BO,Il;OpO,Il; 

IO 1,3 63 216 r. BO)J;O po,ll; 

II 1,2 78,8 256 r .BO,Il;Opo.JJ; 

12 r,o 290 918,7 r .BO,l{OpD,IJ; 

J2 

~=-~------------

XO.IIO,Il;006p. 
O.IIOK 

7IO 
7IO 

1000 
577 
-
-
-
-
-
53 

Ta6nHna lO 

XO JIO)J;006p. 
O.IIOK 

G,t = 53 
& v =681 
Gv1 =266 

1000 

G" =681 
GVI :266 

947 

947 
947 

IOOO 
IOOO 
1000 

42J 
S77 
577 
722 
722 

Kon~oNecr,Bo 
xr/qac 

... 

O.IIOK 
O:EH:IeHHR 

664 
664 
664 

664 
664 

KoJIHileCTBO > 
Kr/llac 

6.1IOK 
O:IHJ:eHHR 

-
-
-
-

423 
423 
-

278 
278 

}fj 

rollelt 

1J 

14 

IS 

16 

17 

19 

20 

21 

J1 

32 

33 

36 

37 

44 

B raoJIHUe 

OlleHL 0JIH3KHi! 

3THX cxew c r 

0 THOWeHKH OHH 

B m6JIHue 

Ta0JIJIIT.Ui BJII,IJ;IIO, 

cxeMe XI: 

l) MeHLme 

2) MeHLWJdl 

J) MeH.bWJie 

O,ll;HHaKO BOt! XOJIO 

• 



I. 

~ 
I 

KoJIHlleCTBO,. 
lt1' /'lac · 

dJIOK 
OXHJ:eHH.fl 

664 
664 
664 

664 
664 

l\oJIH\IeCTBO > 
xr/qac 

OJIOK 
OJ:HlteHH.fl 

423 
423 

278 
278 

~J{! 

TO'IeK 

13 

14 

15 

16 

17 

19 

20 

21 

31 

32 

33 

36 

37 

44 

.l{a.BJie-
HHe ,., 
Para 

1,2 

1,2 

1,0 

0,17 

0,17 

0,17 

16 

1,3 

2 

2 

2 

2 

2 

150 

T-pa., 
T°K 

78,8 

78,8 

290 

65 

65 

290 

34 

Terrnoco-
.nepza.HIIIe, 

KKaJI/Kr 

7,65 

55 

108 

2,5 

50,5 

108 

62,5 

34 141,7 

300 88,5 

90 36,6 

81 34,4/29,5 

29,6 

2~,6 

75 

13,4 

2,4 

197 

§ 19. Jleraa.nep 

Be111ecTBO 

:a:.aaor 

r.aaor 

r.a30T 

rrapo-:a:.cuecb 
as ora 

r.aaor 

r.aaor 

r.Bo,nopo.n 

r.BO,ll;OpO,ll; 

r .HeOH 

r.HeOH 

r .HeOH 

r.HeOH 

J:.HeOH 

r.Bo,nopo.n 

XOJIO,D;006p. 
6JIOK 

2854 

3038 

3038 

1:.=620 
II.= 90 

'110 

no 
710 

1000 

577 

53 

KoJIH'IeCTBO , 
KI' /t~ac 

6JIOK 
0 XHJ:e HH.fl 

184 

3950 

3950 

3950 

3950 

3950 

B raOJIHUe 5 rroxasaao, 'ITO cxeMH Y1 H XI xono.nooOpa3yD~ero UHKJia .namr MHHKUaJibHYa 111 

oqeab dJIH3KHa .npyr K .npyry pacxo.n :mepr111111 Ha no JiylleHHe I xr .n.nxoro Bou;opo.na. GpaBHeHHe 

3T!t!X CXeM C TO'IKJII apeHH.fl yCJIOBHa paOom Ill KOHCTpyKUHH ){eTaH,JJ;epa IIOKa3aJio, 'ITO B 3TOU: 

OTHOmeHHH OHH He paBH03Ha'IHH. 

B raOHHue Il npHBe.neHY ocHOBHYe napauerpY pa60TY AeTaH){epos no cxeu:au Y1 H XI. Ks 

raomro;Y BH.n:no, 'ITO .n:eraH.n:ep no cxeue Yl HMeer cJJell;yllJIIHe npeKUyllleCTBa nepe.n .neTaH,Ilepou: no .. 
cxeMe Xl: 

l) ueHbme creneHb na,neHHJI .n:asneHHJI; 

2) ueabmH~ nepena.n: reu:neparyp Me~y sxo.naJIIHM 111 B~XO){RIIIHM raaou:; 

J) ueHbmHe pasuepY UHJIHH,npa npH 6o1Ibmeu: KOJIH'IeCrBe nepepa6arYBaeuoro rasa H npHMepao 

· O,l(HHaKOBOR XOJIO,l(OIIpOH3BO,l(JIITeJibHOCTH. 
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TaKHY o6paaou, B ~eraa~epe no cxeue YI uoxao OKH~tb yYeHLmeaHR renxosHx norepb or 

aenonaotH pacmapeaHH, saytpeaaero iennoo6ueaa,renxonpxroKa zs OKPYKBD~el cpe~ H no renJo­

BHY MOCTaM, a, CXe~OBaTeHbHO, H 6onee BHCOKOrO K.n.~. 

Hmxe paccuarpzsaercH ~eraa~ep TOHbKO ~nH cxeMH YI. 

B TaOnHne 12 npHBe~eH OpHeHTHpOBOQHHI pacqer ~eTaHAepa ~XH ~BYX OCHOBHHX peKHMOB pa­

OOTH OZHXHTeng: peXHMa CHHBa K~KOrO HOpMaHbHOrO BO~Opo~a (I) K pe¢pHxepaTOpHOf0' pexz­

ue C BH~aqeH 25 Kr/qac XK~KOfO BO~opo~a Ha renKeBHI OKHXKTeXh (ll). 

06~He KCXO~HHe ~aHHHe ~XH pacqera: 

I. KonHqecTBO nepepa6atHBaeuoro ra3a G = 1000 Kr jqac 

2. lasneaHe nepe~ ~eTaHAepoM P1=I50 aTa 

3. lasneaKe sa ~eTaa~epou P5 = 16 ara 

4. lasneHHe B KOHne pacmzpeaHH P3=20 aTa 

5. ,UKa6aTHQeCKKI K.n.~. ~ =0, 7 

6. OtHOCHTeHbHO ueprBHR o6~ey eM =0,2 

7. OraocHteXbHHV. o6~eu nKnHa~pa nocne 3aKpHTHH BHnycKaoro &nanaaa cs =0,2 

B. qzcno UHHHH~pOB 1:, = 2. 

Cne~er oruerHTL, qro npKHHTHe sAecL senKQKHH P3, eM, ts H T.A. HOCHT OpHeHtHpO-

BOQHHV. xapaKTep. llpH OKOHQaTeHbHOY pacqere ~eTa~epa CHe~yeT onpe~enHTb OnTHYaXbHHe HX 

saaqeaaa c nenbD nonyqeaHH MaKCKYanbaoro K.n.~. 

.;. 

B aacr~H~ee speMH B KpKoreaaou or~ene !B3 npoBOAHTCH axcnepzuearanbaoe zccne~osaHHe 

~eTaH~epa, pa6orav~ero cosuecTHO c o~xzreHeu B0-2 no raKoR xe cxeue, KaKaH npHHHra s~ecb. 

06~~ B~ ~eraa~epa npe~crasnea aa pKc.I3. 

Ta6nHna II 

n~:.l I 06osaMe- I Pas- I cxeua YI l Cxeua XI 
HHe uepH 

I. Konzqecrso nepepa6aTHBaeuoro rasa G xr/qac IOOO 610 
2. lasneaHe nepe~ ~era~epou P. ara 150 60.65 
J. Aasxeaze sa ~eraa~epou Ps ara 16 I,3 
4. Creneab naAeHaa ~asxeHHH P1 / Ps · - 9,36 46,1 
5. %aMnepaTypa nepe~ ~eraa~epou r .. OK 56 66 
6. Teuneparypa sa ~raa~epou Ts OK 35 21 
7. n~eaze reuneparypu t.T OK 21 45 
B. Xono~onpozsso~zrenbHOCTb a. KKan/qac 3880 4400 
9. tasnea~e B )oane pacmzpeHHH 

pacqeraoe Pz, ara 20 5 
10. Y~enLHHV. oo~ev s xoane pacmzpeazg v3 Jis/Kr 0,0357 0,220 
ll. 0THOCHTeHLHHH OO~ey UHHHH~pa v - I 3,76 
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I JOBOX ~oTep> oT Ta6n•ua 12 

~~ cpe,llH H no tenJJo-
}i!Jf. 06oaHatl. Paaue- Cnoco6 Pe:m:Hu paoo TH 
nrr p!i o rrpe.ne .11. 1 I n 

l Teuneparypa raaa nepe.n OK cu.pact~et 1 56 47,4 
CHOBH!iX peXHllOB pa- .neraH.nepou T1 IlHKJia (16 

ppn:epaTopHoro · peu- 2 Teunepatypa rasa sa OK T s .ztHarp. 35 34,1 .zteTaH.ztepOM Ts -
3 3HTaJihnUH ra3a aa 

.netaH.nepou LK KKaJI/Kr -"- 83,11 62 

4 3HTaJihDHH rasa nepe.n lH .neraH.nepou -"- -"- 121,9 90 

5 J!et!CTBHTeJihHI:l:~ TeiTJIO- a Lg neperra.n · -"- -"- 38,8 28 

6 A,ztHadaTMtleCKHR rerrJio-
ll La9. neperra.n -"- -"- 55,5 40 

7 CyuMapHaH xono.nonotepH /j, l noT -"- 16,7 12 

8 Y.zteJihHli~ o6~eu B KOHI.te v2. MS/Kr HaiTOJIHeHMH T - S .u;Harp. 0.,018 0,016 

€.5 =0,2 
9 Y.neJihHI:l:R od·r,eu B KOHI.te 

V?J pacmHpeHHH -"- -"- 0,0:357 0,0222 

10 Y.neJihHHY. o6~eM B KOHI.te Vs BbiXJIOITa -"- -"- 0,04 0,025 
t. HQCH OpHeHTHpO-

01 II CrerreHh HarroJIHeHMH 0,504 0,720 
lTD OOTDaJlbJme HX 
I 

12 Otcet~xa Brrycxa t2. 0,405 0,665 

lbHOe HCCJie,u;oaaHHe IJ "lHCJ!O 060p0TOB n 06/MHH. .ztJIJJ penua 1 300 ·187 
rrpHWITO fi .ltJlH 

xaKaH npHHJJta a.nech. pe:nua 

14 v s G v3 ~3 

06'beM UHJIKH.ztpa M 
60n:l [1+EM-~11+oJ] , I ,13·10 

Vs 
15 OrHomeHMe xo.na nopmHH K 

-'-CxeMa XI 
.n~re.uetpy sa.naeucJJ 2,5 

16 J!HaMeTp IlHJlHH.ztpa .a MM 85 

610 17 Xo.n nopmHJJ .Ail MM 2IO 
60 .. 65 18 Cpe.ztHHH cxopocTh 
1,3 nopmHH c"' M/cex 2,1 I ,31 
46,1 19 JV!axc J.ruaJlbHOe 
66 nopmHeBoe ycHJIHe no p 
21 PH.ItY Kr 8500 

45 
4400 

5 
7 0,220 

3,76 



r JI A B A Y 

rEJIUEBAH OlJJtilillTE.JThHMI YCTA.HOBKA 

Bse.~teHHe 

renHeBaR OZHXHTeRLHaH YCTaHOBKa npe,ltHa3HaqaeTCR )tRR TepMOCTaTHpOBaHKH ZK)tKHM renHeM 

cBepxnpoBO.~tn~ero coneHOH)ta uHorouerposo~ Kauep~ npH T =4,5°K. 

OXK~HTeRLHaH ycraHOBKa npe,~tycuarpHBaet B03MOEHOCTL pa6or~ csepxnpoBO.ltR~ero coneHOH.lta 

npw llOHHXeHHOR reuneparype T=2+2,5°I\ 3a cqeT KJ.meHMSI XK.ltKOro reJIKR no,~t BaKyyMoM. 

XOJIO)tOnpOK3BO)tKTeJILHOCTL O:IKXHTeJifl nplll pa60TC Ha CJI!IIB B yCTil.HOBHBWeMCR peEKMe COCTil.B­

JIReT OKOJIO 110 BaTT 6e3 yqera TellROB~)teJieHMH B COJICHOH~e 3a cqer ~eTCKTOB B CBepxnpOBO~Hl-f­

KaX lll BHyTpeHHHX KOJ!TaKTOB, senKq!tmy KOTOp~X 0UCH¥1Tb TlJY.ltHO. 

KpoMe Taro, B nepliiO)t 3allOJIHeHHfl COJICHOH)ta, HC06XO~HMO OEH~HTL 10M3 ~H)tKOfO reJIHH. 

flpHeMneMOC BpeMH 31l.llOJIHeHW! OKOJIO CYTOK. 

llonouy npHHHuaeu xo.Jio,~tonpoK3BO)tHTeJibHOCTh O:Z:KllrHTenn N =250 BaTT ( 400 JI/qac li:H.n;Koro 

reJIKR), QTO ,Jtaer B pe~pHXCpaTOpHOM peli:!IIMC OKOJIO 1000 BaTT. 

AJIA oxna~eHHR csepxnposo,~tn~ero MarHHTa 3a 24 qaca HeoOxo,~tHMO J600~/qac UKPKYJIHpyD­

JIIero renHn. 

0JHXHTeJib )tOJIJ:eH OTJIHqaTLCR 60JlbWO~ Ha)J;eXHOCTLD H pu60TaTb Henpep~BHO B TeqeHKe 

Tpex-qer~pex He.n;enL, nocJie qero .n;onycKaercH npOK3BO.ltHTh KpaTKospeMeHH~n ororpes oxKlKKTeJISI 

)tJUl: yMJieHHH Hd.KOnJieHHiiX npHMeCeR. 

BpeMR OTorpesa H nocJie.n;yDJIIero oxJia~eHHR He .~ton:z:Ho npeB~marL 6 qacos so H36ezaaHe 

CHJILHOfG aarpeBa CBepxnpOBO.n;HIIIero COJieHOH,n;a. 

B nepHO.lt ororpesa OlKHXHTenn coneHOKl Oy.n;eT repMocTarHpoBaTbCH 3a cqeT HcnapeHHR XH.lt­

KOro reJIHH, HaY.OnJieHHOfO B IIOJIOCTK J.lafHHTa. 

B yCTaHOBKe npe,~tycuaTpliiBaeTCSl B03MO:IHOCTh CJIMBa EH.D;KOfO reJIHn Ha CTOpOHy. 

B KaqecTBe XOJIO)J;HRhHOfO UHKJia )J;JUl: re.IIHeBOfO OXHllHTeJUr MOlKC'l' 6HTL npJ.n.feHeH Jli060ii H3 

C y111ec TB yDJIIHX. 

§ 20. ilpMHUHII!IIaJibHaR CXCMa reJIHCBOfO O:IHXHTeJIR 

TaK KaK B KO:.ffiJICKC MHOfCMeTpCBOn KaMepH BXO)J;KT KpynHaSI ycraHOBKa )J;Jlfl O:I!IIXeHHR BOJl:O­

po.n;a, TO uenecoo6pa3HO B OEHEHTeJie reJIHR npHMCHHTb HUH60Ree Ha.n;eXHU~ UHKJI APOCCeJIHpOBaHHR 

c npe.n;sapHreJILHHM oxnaJ:,n;eHHeM BOAopo.n;o:u, KHn.fiiiiHM no.n; saxyyMOM ( pKc .14). Heo6xo.n;!IIMoe .D;JIR 

3'1'0ro xonHqecrso zH.n;xoro Bo.n;opo.n;a nocrynaer H3 ao.n;opo.n;Horo OXHJ:HTeJIR. 

Ha CXeue pa60T~ OZH:IK'l'eJIR BO BpeMR OXJiaJrAeHHR COJieHOH)J;a CKa3~BaeTCR KOHCTPYK~KF. 

COJieHOH.D;a. 
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ITpe~no~araerca, qro npoexrHpyeMYA coneHo~ 6y~er o6n~arL pa3BHTO~ noBepXHOCTbO renno­

o6ueHa H MaROA TennonpOBO~HOCTLD B~OJIL OCR. 

B raxoM cnyqae BO BpeMR oxnaz~eHHR reMneparypa xonO~Horo renHR 6y~eT Ha oqeHL xopor­

xou yqacrxe noB~maTbCR ~o reMneparyp~ o6uorxH. IToarouy B HaqanL~R nepHO~ H3 coneHOH~a 

BbiXO~l'IT renJibiH reJIHH, KOTOpbiA HanpaBRJieTCSI npm.m B 06paTHbiH ITOTOK. 

ITponecc OXJiax~eHH.II H)l.eT CJie~DHIIIIM o6pa30M ( pHC .I 4). C:Ka.TbiA reJIHA nO,!taeTC.II KOMnpecco­

paMH K HJIH cne~J/IaRbHOR ra3o~yBKOR, npoxo.n.HT ace rennoo6MeHHJ/IKJ/I 1/1 BaHHhl 1/1 nocrynaer B 

CBepxnpOBO)l.RHII/IH COJieHOJ/1)1. CITC. Ha nepBOH CTa)l.J/11/1 OXJiaZ)I.eHJ/IR COJieHOH)l.a C%aTbiH reJIJ/IH OXJia­

E~aeTCR B renJI006MeHHJ/IKe l 1/1 IA a30TOM 1/1 BaHHe ZJ/I)l.KOfO a30Ta IT 1/1 ITA. Bee HJ/IXenexa~J/Ie Te­

nnoo6MeHHJ/IKJ/I 1/1 BaHHbl Ha 3TOV. CTa)I,I/IH B TenR006MeHe He yqacTBYDT. B 3TOT nepHO)l. T6ITJI0BaJI 

Harpy3Ka Ha BaHH~ XJ/I)l.KOfQ a30Ta n 1/1 ITA 3HaqJ/ITeJibHO Bhlme, qeu npH ycraHOBJ/IBWeMC.II peZHMe, 

T .K. B rennoo6MeHHJ/IK l He nocrynaK>r xono.n.Hhle o6paTHble no TOKH renHR J4 Bo~opo.n.a. C reqe­

HHeu BpeMeHJ/1 XOJIO~HbiH TeMneparypHbl~ $pOHT nepeue~eTCR K BbiXO.JI.y 143 06MOTKH, TeMneparypa 

reRHJI, B~XO)l.R~ero 143 CITC, 6~CTpO CHJ/IEaeTCR ~0 Teuneparyphl reRHJI 3a BaHHOR ZH.JI.KOfO a30Ta. 

B 3TOT UOMeHT 06paTHbiH nOTOK reRHJI nepeKJIDqaeTC.II C RJ/IH14H l Ha JI14HHD 2, no KOTOpOR HanpaB­

JIR6TCJI B rennoo6ueHH14K I, 1/1 BKJIOqaerc.R no~aqa ZH)I.Koro Bo.n.opo.n.a B BaHHY IY. AHanorHqHo 

npOJ43BO)l.I/ITCR nepexnoqeHHe C JI14H14H 2 Ha JIHHHD 3 14 BKJIDqeHMe 0TKaqKJ4 ZH~KOfO BO~OpO~a.Kor.n.a 

Teuneparypa reJIHR Ha BbiXO)l.e 143 CITC ITOHH3HTCR )1.0 reuneparypbl BaKyyMHOfO ZH~KOfO BO~Opo.n.a, 

o6pa.rHYR renHR nepeKJIOqaercR Ha JIJ/IHD 4, .n.aBJieHHe cmroro ren1m nOBblmaerc.R .n.o pa6oqeR 

BeJIHqHHbl, ~poccenHpoBaHHe ero .n.aer .n.anbuenmee noHHXeHHe reuneparyphl, H coneH014.n. oxHaz.n.aer­

CR e~e Ha O.JI.HY CTyneHbKy. ITOCJie ITSITH TaKHX CTyneHeK HaqHHaeTCR OEJ/IEeHHe reJIH.II. ConeHOH)I. 

OKOHqareRLHO OXJiaJt)l.aeTC.II, BKJIOqaeTCR JIJ/IHJ/IR 5 H )l.bDap COJieHOH)I.a 3anOJIHReTCR ZH)l.KHM renHeM. 

0CHOBHaR qacTb 1/lCnapeHHOfO B COJieHOJ/1)1.8 reJIHR HanpaBJIReTCR Ha OXJI~eHHe ITO)l.BeCOK J4 BBO)l.OB 

H B03Bpamaerca no JIHHHJ/1 6 Ha BcacbiBaHHe KOMnpeccopa K , qacu renHR B03Bpa~aercR B 

pe$pHZeparop no RHHMH 4. 

B nepBbiA nepMO)l. OXJiaE~eHHR, KaK yze rOBOpHJIOCb, TeiTJIOBble Harpy3KH renJI006MeHHJ/IKa 

renneR 30~ H BaHHbl ZH.n.xoro aaora 3HaqHreJibHO Bhlme, qeu npH ycraHoBHBmeucR peZHue. lloaro­

uy uenecoo6pa3HO HMeTb caMocroRreJibHble rennoo6ueHHHK IA H BaHHy ZH.n.xoro a3ora ITA, BKRO­

qaeMble Ha nepHo.n. oxnax.n.eHKH c reu, qroObl,coxpaHRR HOPMaJIL~e pa3uephl pe$pHzeparopa, yBe­

JI14qHTb ere yHHBepcaJibHOCTL~ TaKaR Jte B03MOZHOCTL HMeeTCJI B OTHOmeHHH BaHHbl EH~KOrO BO~O­

po.n.a. 

ITpHHIUmHaJibHaR cxeua OEHI:HTeJIR npe.n.craBJieaa Ha pHC .15. 

Pe3yJILraTbl pacqeroB uarepHaJib~X H rennoB~X oanaHCOB npHBO~TcR B Ta6JIHUe IJ. 
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TaonHua 13 

Hcxo~aue ~aBase H pe3y~brars pacqeros YarepaanbHHX H ren~ossx Oanaacos re~aesoro pe~pKEeparopa 

Bell(ecno .nas.lleHHe,, PaOora OXHEHTe~H H~ C~HB XM~KOrO Paoora oxaXHre~ B pe~paxeparopaoM 
P aTM. re.llu peXHYe-repMOCTaTHpOBaHHe MarHHTa 

Kon-so,. Teweparyp, Ten•oco••P- KoJI-BO, Texneparypa11Ten•oco,ep>aHH 
xr/qac ToK xaaae~ xr/qac ~K KKaJI xr 

KKaJI/Kr 

reJIHR ra3ooopasHHR 30 428,5 300 377,8 428,5 300 377,8 

reJiaH rasooOpa3HHR 30 428,5 101,3 IJ0,72x) 428,5 89,6 116, 52x) 

reJiaR rasoo6pasHHR 30 428,5 8I I05,32 428,5 81 105,32 

reJIHI ra3000pa3HHR )0 428,.5 19,6 25 32x) 
' 

428,5 17,5 21 ,9aX) 

re.11aR ra3ooopa3HHR 30 428,5 16 19,75 428,5 16 19,75 

reJIHR rasooopasHHR roxx) 428,5 7,25 6,75x) 428,5 6,I5 5 07x) 
' 

re .IIHR XH.JUtHR 1,3 48,8 4,4 2,7 - 4,4 2,7 

renHI rasooopasaHR I,J 379,7 4,4 7,2 428,5 4,4 7,2 

renxR ra3ooopasusR 1,3 379,7 15 2I,88 428,5 15 21,88 

Bo~opo~ saxyyYHHR 0,08 25 78,6 320,5 IO 78,6 320,5 

renml ra3ooOpasHHR I,I )79,7 78,6 101,54 428,5 78,6 IOI,54 

renmR ra3ooopasusR I 379,7 280 350,8 428,5 280 350,8 

A3or ra3ooopa3HHR 1,2 228 78,8 55 IOI ,2 78,8 55 

A3or rasooopasusR I 228 280 105~8 IOI ,2 280 105,8 

A3or XH~KHR f,,2 228 78,8 7,65 IOI,2 7t3,8 7,65 

Bo~opo~ XK~HR 1,2 25 2I 67 ,I IO 21 67,1 

Bo~opo~ BaKyyYHHR 0,125 25 15 162,7 IO 15 162,7 

x) 3H8.'1leHHH ren .noco~epxaaxR, noJiy'lleHHHe pa.c'lleTHHM nyreY . 

xx) B pacqerax npHHHro, 'liTO ~as.lleaxe cxaroro re!BB B rennooOYeHBHKe ill 

K3MeHBeTCH paBHOMepHO no ~nHHe ren.ll000YeHBKKa OT 30 ~0 10 aTM. 

:a - .SO! !::! ~ ... a C'DJ:l \......l_C4 ............... 
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TeXHonorHqecxaa cxeua reneesoD oxxzereHbHOR ycraHOBKH npe~ycuarpesaer oqecrxy reneH~, 

nocrasAHeuoro B 6annoHax. OqemeHHYR reneR Hs or~eneHKH OQHCTKH nocrynaer B ~sa xounpecco­

pa npOH3BO~HT8HbHOCTbD 1200 ~/qac K8Z~I H CZHMa8TCH B HHX ~0 J0 arM. Cra6HHH3anKH ~B­

H8HHH so scacusammeu xonnexrope xoMnpeccopa o6ecneqKsaercH rasronb~epou. CzarYR renHI npo­

xo~er qepes 6ROK MaCHOOQHCTKH. Ha BpeUH OXHaE~8HHH MarHHTa BKHDQaeTCH taKZe H rpeTHR pe­

sepBHHI KOMnpeccop. noarouy 6nox nepsoaaqanbHOro oxnax~eHHH coneHOH~a paccqeraH Ha 

3600 u3/qac renKH. 

3areu cxarul renel aanpaBnHercH B ozezerenb reneH. 

B cxeue npe~ycuorpeHa B03MOZHOCTL oxn~eHHH csepxnposoASmero coneHOH~a reneeu, KH­

nHmHM no~ BaKyyuou. Orxaqxa renHH H3 ~Lnapa coneHOH~a npoH3BO~HTCH saxyyuHHu Hacocou. B 

3TOM cnyqae ~bDap COH8HO~a DODOHHH8TCH ~KHU renHeM H3 C60pHHKa. 

Kor~a OS»ZHT8Jlb reJIHH pa6oraeT Ha CJIHB renHH, TO ZH~KOCTb, HaKODJieHHaH B C60pHHKe, 

CHHBa8TCH B ~bDapH DOTpe6HT8JIH. 

B cxeue npe~ycuorpeHH ~sa KOMnpeccopa, xoro~e nossoKHnr: 

I) OQHmarb CHCT8UH OT npeuece~ nepKyRRnHel reRHH qepe3 6HOK OQHCTKHj 

2) saxa qzsaTL renul B waposym euxocrb H B 6annoHH. 

Ororpes reneeBoro ozezerenH H ~Lnapa coneHoe~a npoH3BO~HTCH ropHqeu reneeu. lnH rpem­

mero reneH B cxeue npe~cuorpeHa neqxa. 

EnoxH uacnooqxcTKH nepHo~qecxe pereHepHpymrcH ropHQHM asorou. Asor H3 6noxos uacno­

OQHCTKH y~aHHeTCR OTKaQKOR BaKYYMHHM HaCOCOU C J- + 4- pa30BHM 3aDOHH8HHeM qHCTHM re­

JlHSM. 

lHR npOMHBKH pa3HHQHHX C~CT8M H OTKaqKH H30HRnHOHHHX npOCTpaHCTB npe~yCMOTpeHH Ba­

KYYMH.bl8 Hacoc.bl. 

YnpasneHHe nponeccaMH oxezeHKH H repuocrareposaHHR aBrouarHsHpyercH. 

r Jl A B A Yl 

CHCTEMA ABTOMATHqECKOrO YTIPABnEHKR O!HiHTEHhHaMH YCTAHOBKAMH 

.UM BO.UOPO.D.A, JmnTEPIDi, HEOHA H I'EW 

KpeoreHHHMH nponeccaue xauepu ynpaBHRDT cne~ym~e czcreyy: 

I. CzcreMa ynpaBJI8HH~ np0H3BO~CTBOM ZH~Koro BO~Opo~a B 3aBHCHU0CTH OT ero norpe6ne­

HHR, r.e. czcreua aBrouarmqecKoro perynHpOBaHHR ozezerenLHOR ycraHOBKH. 

2. CHcreua aBrouarHqecKoro ynpaBneHHH renzesol ozeXBrenLHOR ycraHOBKOD. 

J. CKcreua perynHposaHHR KOnHqecrsa ZH~oro so~opo~a, no~Baeuoro x xauepe ~HR 

no~epzaHHR ee reuneparypHoro peZHua B pa6oqex ycnoseax ( cecreua repuocrarHPOBaHKR). 
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§ 21. HasnaqeHHe 

CHCTeMa aBTOMaTHqecxoro ynpaBHeHHR OZHEHTeHLHOft ycTaHOBKOI MHOrouetpOBOtl KaMepH npe~­

Ha3Haqaerc.a: 

I. ~n.a ynpaBneHHR OZHZHrenLHOft ycraHOBKOR B peZHMe repuocrarHpoBaHH.a xauepu. 

2. ln.a ynpaBneHHR OZKZHTeHLHOtl ycTaHOBKOI B peEHMe MaKCHUaHLHOI XOHO~OnpOH3BO~HTeHL­

HOCTH ( 3aDOHHeHHe KaUepH H CHHB OEHZeHHHX ra30B Ha CTOpOHy). 

J. JR.a CHrHaHH3aqHH Od asapHtlHHX napymeHHRX peZHMa H OTKnDqeHHRX COOTBeTCTByD~eR anna-.. 
parypu. 

4. AHa perKcrpaqHK padoqHX napauerpoB c sanHCLD Ha neare. 

TiepBHI peZHM COOTBeTCTByeT padoqeuy peEHuy KauepH. B 3TO Bpeu.a pa6oraeT TOJILKO XOHO~O­

odpasyD~K~ dJIOK OXHEHTeHhHOI ycTaHOBKH ( dHOK OZMEeHKR He pa6oraer). B KaMepy nocrynaeT 

HOpUaHLHHR ZH~KHR BO~OpO~ B KOJI~eCTBe,He06XO~HMOM ~HR ee TepMOCTaTHpOBaHHR. PerynHpOBaHHe 

XOHO~OnpOM3BO~HTeHbHOCTH ycTaHOBKH Ocy~eCTBRReTCR aBTOMaTHqeCKHM no~60pOM ~aBJieHHR CEaTOrO 

BO~OpO~a Ha BXO~e B OZH!:HTeJIL ( npH sa~aH!IOM KOHHqecTBe qHpKyJIHpyn~ero BO~opo~a). 

BropoR peZHM Bxnvqaer: 

a) 3~JIMBXY xauepu HOpUaJILHHU XH~KHM BO~OpO~OUj 

6) sanHBKY xaMepu napaBo~opo~ou, opro~eftrepHeM HRH HeoHou; 

B) cnHB ZHAKOro napaBo~opo~a nocropoHHeMy norpe6Hrenm. 

BapHaHTH BTOporo peEHMa a), 6), B) HeCKOHbKO pasnHqaDTCR Me~y C060I. B cnyqae a) pa­

doraeT ronLKO xono~oo6pasyD~HR 6noK, a B cnyqa.ax 6) H B)-xax xonop,oo6pasynmHR, rax H 6nox 

OQJ:eHH.!J. 

Kcxo~HHM ycnoBHeM aroro peZHMa RBHHerc.a no~epEaHHe onTHMaJihHoro ~aBneHHR cxaroro so­

~opo~a Ha BXO~e B OZHZHTeHb B sapaHee sa~aHHOM HHTepsane. 

CMcreua aBrouarHqecxoro ynpaBneHKR renHeBoR oJ:HZHTeHLHOR ycraHOBxo« nRTHuerpotol xaue­

pu npe~HasHaqaerc.a: 

I • .JtnR ynpaBHeHHR pa60TOlt ODDTeHbHOR YCTaHOBKOlt B pe!:HUe TepMOCTaTHpOBaHHR CBepx­

npoBO~.a~ero coneHOH~. 

2. ln.a ynpaBHeHHR OZHZHTeHLHOR ycraHOBKOlt B peZHMe MaKCHMaHbHOR XOJIO~OnpOH3BO~HTeJih­

HOCTH. 

J. JtnR CHrHaJIH3aqHH Od aBapHIH!iX aapymeHHRX peli:HMa H OTKnDqeHKRX COOTBeTCTByD~ero 

Odopy,D;OBaHHR. 

4. ln.a perHcrpanHH padoqHX napauerpoB c sanHChD Ha JieHTe. 

B peZHUe TepMOCTaTHpOBaHHR B COJieHO~ nO~TynaeT EH~KHR renHR B KOJI~eCTBe,HeOdXO~HUOM 

~n.a no,~~;~epzaHHR padoqero ypoBHR ZH~xoro re~HR B ~LDape coneHOH~a. PerynHpOBaHHe ocy~ecr­

Bnaerc.a no~dopou Heodxo~Huoa xono~onpoH3BO~IIlTeni>HOCTM ycraHOBKH, onpe~en.aeuoR ~asneHHeu 
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•· I czaroro reBHR Ha BXO~e B OXKZHTeBb ( npH 3a~aHHOY ROHHQeCTBe ~HPKYHHpyn~ero reHHH). 

B peZHYe uaKcHyaHhHoR xono~onpOH3BO~renhHOCTH npOH3BO~wrca: 

a) 3anonHeHue ~hnapa coneHo~a ZH~KKM renHew; 

d) CHHB ZH~xoro renHR nocropOHHewy norpedHrenn. 

Hcxo~RHM ycnoBHew aroro peXKwa HBHHerca no~ep&aHHe onTHMRHLHoro ~aBneHHH czaroro re­

HHR Ha BXO~e B OZHZHTeHh B 3apaHee 3a~HHOM HHTepaane. 

§ 22. YcnOBHR padOTH annaparypy 

HcnonHHTeHLHYe ycrpoRcrBa H ~aTQHKH cHcTeNH aBTOMRTHQecKoro ynpaBneHHR ~onzHH padorarh 

BO B3PHBoonacHHX nowemeHJMfX KareropHH Bia. HeKOTOpHe ~TQHKH H HCnOHHHTenhHHe ycrpoRcna 

woryT dYTh pa3Me~eHH ~HCT&HUHOHHO B rner{W<aHhHOM fiOMe~eHHH C fiOHHZ8HHOA KaTeropHe£t B3pYBO­

onaCHOCTH. 

§ 2J. CHCTeMB. aBTOMaTH'l8CitOPO ynpaBneHHR H CHrHaJIH3a~HH 

J!OrHQ8CKaR CHCTeMa peryHHpOBaHHR ycTaHOBltOA OZHZ6HHSI 

ao~opo~a, ~eurepHH HHH HeoHa 

I. CHCTeMa YBSI3HBaer wez~y COdoA perynRTOD QHCJia odopOTOB ~eraH~epa HH~ ( ecHH ~e­

TaH~ep He padOTeT) ~pocceJihJW£1 BeHTHHh, B8HTH.Jih 3aKa'lKH BO~Opo~a B peCHBep H B8HTHJih no­

fiOJIH8HHSI BO~opo~a H3 pecHBepa B CHCTeMy. 

He3aBHCHMYe CHCT8NH perynHpOBaHHSI ycTaHOBKOR OZHZeHHSI 

BO~OPOAa, ~eATepHR HJIH Heoaa 

2. PerynHposaHHe ypoBHR ZH~oro a3ora B arwoc~epaott saHHe xono~ooopaaynmero onoxa. 

J. PerynHpoaaHue ypoBHR ZH~xoro aaora B saxyyYHoR saHue xono~ooopasyn~ero OJIOKa. 

4. PacnpueneHHe no roxos czaroro so~opo,~ta B xono~oodpa3yn111ew onoxe. 

5. PerynHpOsaHHe ~aBneHHH 3a ~era~epoY. 

6. Cdpoc so~opo~a H3 ra3rOJih~epa npH ero neper.onHeHHH. 

7,9. PerynHpOBaHHe ypOBHR ZH~KOrO BO~opo~a B cOopHHKe XOJIO~Oodpa3yD~ero OJIOKa. 

8. PerynHposaHHe He~opetynepauHH sa rennow xoHue rennoooweHRKKa rennoR 30HH onoxa 

ODZeHHR. 

IO. PerynHposaaHe ypOBHR ZH~xoro a30fa B arwoc~epsoR sasHe Onoxa oEHzesua. 

11,12. PeryHHPOBaHHe ypOBRH ZH~KOro BO~OpO,~ta B CdOpHHKe OJIOita OXHEeRHH. 

IJ. PerynHpoaaHHe ~asneHHR B crauaosapHHX eWitocrax ~oro a3oTa. 
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14. PerynKpOBaHHe ~aBB8HKH H TeuneparypH B DellKe Ha BKHHH rpeD•ero a30~a K 6AOKaM 

OllHCTKH; npe,u;yCMaTpHBaeTCB 01'KJIIlll8HHe D8llKH DpH OTCyTCTBHH p:l.CXO~a rasa. 

15. PerynHpOBaHHe ypoBHett XK~Koro asora B 6no&ax OllHCTKH. 

16. PerynHpOBaHKe ypOBHeA XK~Koro asora B noBymxax nepe~ BaKyyMHHMH HacocaMH. 

17. llODOAHeHHe rasrOBL~epa ~eJrepHB HAM H80Ha H3 peCHBepOB npH npe~HHKMaHLHOM 3Ha­

tleHHH ypOBH.fJ. 

I8. ABrouarHqecKaH 3aKallKa BO~opola H3 rasronblepa B mapoBHe eMKOCTH. 

19. ABTOMaTHll8CKaH 3aKallKa ~iTepHB HAH H80Ha H3 ra3rOAL~~pa B mapOBHe eMXOCTH. 

norHll8CKaB CHCTeMa perynHpOBaHHR ycTaHOBKOI 

OQJ:8HHB reAHJI 

20. CHcreua yBJI3HBaer uez~y co6ott lPOccenbHHI BeHTHAL nepe~ coneHOHlOM HHH nepe~ 

c6opHHKOM ZH~oro renHJI, 6alnac, BeHTHnL saKallKH renHJI B pecHBep, BeHTHAL nononHeHHJI 

reAHR H3 peCHBepa B CHCTeMy. 

He3aBHCH:We cacrew perynHpoBaHHJI ycraHOBKOtt 

OZHZ8HHB reAHJI 

21. PerynHpOBaHHe ypoBHJI ZHlKOro asora B aruoc~epHoi BaHHe renHeBoro OZHZHrens. 

22. PerynHpOBaHHe ypOBHJI ZHAKOro BOAOPOAa B BaKyyMHO~ BaHHe OZHXHTeHJI. 

2J. Pacnpel8H8HHe DOTOKOB CJ:aTOrO reHKJI Ha BXOAe B OXKEHT8Hh. 

24. C6poc re.IIHJI H3 rasro.llb~epa npH ero nepenonHeHHH. 

25. PerynapoBaHHe ~BneHHJI H reuneparypy B nellKe Ha HHHHH rpeo•ero asora; npe~ycua­

rpHBaercJI O-TKJIIlll8HHe DellKH Dpll OTCYTCTBHH paCXOAa ra3a. 

26. ABTOMaTH'Il8CKaH 3aKa11Ka renHJI H3 ra3rOAbAepa B mapOBH8 enoCTH. 

§ 24. CHcreua aBapHIHoH carHaHH3~HH 

CHCTeMa aBapHHHOH CHrHaJIH3agHH BHAaer 3BJKOBOH H CB8TOBOI CHrHaJIY npH ~OCTHZeHHH 

rrpe~enhHHX 3HalleHHH perynapyeMHx pa6oqHX napauerpoB. 

§ 25. CHcreua perKcrpauHH pa60llHX napauerpoB 
C 3aDHCbD Ha H8HT8 

3anKCH Ha ne&Te DOA.IIezar 3HalleHHR ~BHeHHI OZHJ:aeMHX ra30B, ypOBHH ZIIAKOrO a30Ta II 

BOlOPO~ B BaHaax, z~oro BOlOpO~a, ~eHrepHJI, HeOHa H renHR B C60pHMKaX, TOllKH 3auepa 

TeMrreparyp BHYTPH OZHZHTens, pacXOAOB ra3a, KOHU8HTpaUHH ZHA&OrO napaBOAOPOAa H 
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OpTO~e~TepHR, KO~eHTpaUHH CYMMH npHMece~ H KHCROpOAa B BO~opo~e, ~e~TepHH H HeOHe, H 

KOHUeHTpaqHM CYMMH npv.MeCe~ B TeXHOROrHqecKOM renHH. 

3 A K n 0 q E H ~ E 

HHze npHBOMTCSI OCHOBHHe napaMeTp!i KpHOreHH!iX CHCTeM, llOJiytleHH!ie B pe3ynbTaTe npopa-

60TKH 3a~aHHSI Ha npoeKTHpOBaHHe. 

I. Bo~opo~HliH OEHXKTenb ( B!iCOKoro ~aBnenHSI c ~eran~HpoBaHHeM ncero noroKa Bo~opo~a) 

a) XORO~OnpOH3BO~HTeRbHOCTb B pe¢pHzepaTOpHOM peEHMe 

6) npOM3BO~HTeJibHOCTb no EH~KOMY HOpMaRbHOMy BO~Opo~y, 

no EH~KO.My napaBo~opo~y 

B) llpOH3BO~HTSRbHOCTb no XH~KOMY opro~e~repru:> 

r) DpOH3BO~HTeRbHOCTb no XH~KOM}' HeOHy 

~) DpOH3BO~HTeRbHOCTb KOMil~CCOpOB 

e) ~aBJleHHe CJB:aTHSI 

x) pacxo~ ZH~Koro a30Ta (MaKCHMaRbHHit) 

2. Bo~opo~Hli" ~eTaH~ep 

a) tiHCJIO D;HRHH~pOB 

6) ~HaMeTp D;HRHH~pa 

B) xo~ nopmHH 

r) tlHCJlO 060pOTOB 

~) nopmHeBoe ycHJlHe 

l:j6 KBT 

423 Kr/qac 

312 Kr/llac 

664 Kr/qac 

3950 Kr/llac 

12000 -,i /qac 

150 aTM. 

3900 Kr/llac 

- 2 

- 85 MM 

-210 MM 

-310 oel/MHH 

-8500 Kr. 

3. renHeB!il OXHXHTe~b ( ~pocceRbH!ia C npe~BapHTeJILH!iM OXJlaz~eHHeM li:H~KKM BO~OpO~OM 

no~ BaKyyMOM). 

a) XOJIO~OnpOH3BO,IU'lTeJILHOCTb B pe¢pHEepaTOpHOM peZHMe 

6) KORHtleCTBO lB:H~KOrO reJlHR, CJlHBaeMoro Ha CTOpOHY 

B) ·xono~onpOH3BO~HTeRbHOCTb 6e3 B03Bpara HcnapReMoro reJIHSI B 

OJB:HlB:HTSJlb 

r) DpOH3BO~HTeRbHOCTb KOMllpeCCOpOB 

~) AaBJieHHe Cll:aTHR 

e) MaKCHYaRbH!iR paCXO~ li:H~KOrO a30Ta ( npH pa60Te Ha CJIHB 

JB:H)(Koro renH.II) 

x) MaKCHMaJILHliR pacxo~ ZH~Koro BO~opo~a ( npH pa6ore Ha 

CRHB lB:H~KOro reJIHR) 
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1060 BT 

48,8 Kr/qac 

255 BT 

2400 !? jqa0 

30 aT 

228 Kr/qac 

25 Kr/llac 



4. CBepxnpoBo~g~R eoneHOH~ 

a) MarHHTHOe none B ~eHTpe KaMep~ 

d) BHyTpeHHHH ~HaMeTp 

B) KOnJrqeeTBO eBepxnpOBO,li;HHKa ( N~ -75% z~ J/IRJ/1 N6 -50% l~ 

B Me~HO~ neHTe - neHTa CTeKnH) 

r) Bee Me~HOR ReHTH 

~) Bee KOHCTPYK~HOH~X 311EmeHTOB 

5. TennoHsonHUIIIH 

a) THn-MHOrOCROi!HM, eHeTeMa-~bllapHaH 

d) TOH~IIIHa J/ISOnHUIIIH BO~OpO~HOrO'~bDapa 

B) Tennonp~TOK qepe3 IIISOHHUHil BO~OpO~HOrO ~bllapa 

r) TORmiiiHa HSORHUJ/1111 re.llllleBoro ~bllapa (BapHaHT e BO~OpO~HUM 
3K:[ll.HOM) 

~) TennonpiiiTOK qepes 11130RHUIIIIl 

e) Bee BO~opo~noro ~bllapa 

6. XpaHeHJ/Ie rasa 

a) paCloqee ~aanen111e B xpaHIIIni~~ax ( paBHO t.fi.KCIIIIofl.nhHOMy 
~aBReHHD B KaMepe) 

6) sanae BO~opo~a 

B) sanae ~e~TepiiiH 

r) sanae He oHa 

7. llotpedHOCTb B XJ/I~KOM a30Te 

a) Ha oxnax.neHJ/Ie Kauephl 111 MarHIIITa ( B:peMH oxna:r~eHIIIH OKOJio 

3-X eyTOK) 

d) teKyll!ee noTpedneHJ/Ie ( des norepb np111 xpaHeHJ/1111 111 B 

rpyClonpoBo~ax) 
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40 Krc 

6 M 

2500 Kl' 

80 TH 

68 TH 

50 MM 

l ,06 KBT 

25 MM 

122 BT 

120 TH 

IO aT 

50000 Hrf 
55000 HJ3 

35000 ~~~ 

80 TH 

4,2 TH/qae 
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PHc.I. Cxeya cTa6HJIH3aUHH pemma pa6oT!l Ka.Mepll. 
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PHc.2. CXeMa CHCTeMH TellHOH30AR~HK KaMep~ H CBepxnpOBO~H~ero 
COHeHO~a. 
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PHc.6. Kp*rwqeCKH~ TOK 

KOPOTKOro o6pa3~a H3 rrpo­

BOJIOKH N& -50 7. Z1. 

PHc.7. KpHTHqecKH~ TOK 

KopoTKoro o6pa3~a H3 rrpo­

BO JIO KH N 8 - 7 j ~/. 1 7.. . 

PHc.8. KpHTHqer.K~1!-t TOK 

KOpOTKOrO 06pa3~a H3 JieHT~ 
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PHc.9. Co~eHOMA 6e3 3a3opa ~AR nyqxa. 3aBHCHMOCTH 

H~I{R), Jc=-f{R) H N np -=/{R)no TO~JIIHHe o6uoTKH cone-

HOH,Ila B ero cpe~Hel DJIOCKOCTH. 
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PHc.IO. llpMH~MnHanJ.maa cxewa 3BaKY~HH 3HepreH, 3anacea-
ROR CBepxnpOBO~R-HM C04eHOH~OM. 

r - reHeparop DOCTORHHOrO TOKa, 

OB - o6MOTKa B036y~eHHR reHeparopa, 

CPB - C)CeMa peryJIHposamm BosOy~eHH.R, 

A1 - aBrouar B uena neraHHR cnc, 
A2 - aBrouar B ~ene racHrenJ.Horo conporHBJieHHR R1 , 

R1 , Ra- racHreJIJ.HLie conporHBJie&u,. 

B3P - BLIKJIDqareJIJ. saKKHyroro peEHMa, 

CUC - CBepxnpoaO~R.HI COJieHO~, 

l - ~r~~K CpWBa CBepXnp,OBO~R~ero COCTORHHS CflC, 

Y - ycx.une u, .. 

P 3a•erswa my&repym~l paapa~HHK. 
. . •"' 
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PHc.II. CxeuauaHpOBaHBBJI saBHCHMOcn Tellllepatypy 

ren.s Ha BYXO~e H3 06MOTKH OT BpeueHH OXABZ~9RHR 

COJieHOH~a. 

Z1 - BpeMH OXJI~9HHH COJieHO~a OT 300 ~0 78 °K 

L2 - BpeMH OXJia.ZJteHHH coJiesoazta or 78 .ItO 20 °K , 

~ - BpeiiH OXJia.E,It9Hlm COJI9HOH~a OT 20 ~0 15 °K , 

?:4- BpeiiJI OXJJaz,n;eHHR COJI9HO~a OT 15 ,ItO 4 °K 

I 

( BKJIDqaer 5 npouezyroqHYx crynesex - B npHMepe: 

15-13,2; 13,2-11',2; II,2-8,8; 8,8-6,2; 6,2-4,2 °K). 

54 

II 

l 
I 

• 



IJI 
IJI 

N·r I# r G~ tH.r 

" 
,_yl : i I ¥ 

• 

I 

~J 

' 
lGI 

I 1 ... lA I .. 
···q~ ,,. 

I I I~ I . ' vj1 

--.!!L 

' 

i 

g 

f :a ;>oc 

• 

PHc.I2. Xo»O~Oo6pa3yiDmH~ 6ROK OXHZMTe!fl. 

IY - rennooOMeHHHK tenno~ 30HN saxyyMHoro a3ora, Y -renno­

o6MeHHHK rennoR 30HH odparaoro BOAopo~a, Yl - renRoo6MeH­

HHK renRo~ 30HW ooparHoro aaora, Ylli - saHHa HOPMaRLHoro 

a3ora, lX - renRoo6MeHHHK cpe~HeH 30Hbl, XI - BaHHa saxy­

yuaoro a30ta, XII - TeiiR006MeHHHK XOJIO~HOH 30Hbl, xm -AeTaH­

~ep, XlY - rennooOMeHHHK xoROAHO~ 30Hu, XY - cOopHHK z~­

xoro HOPMaJILHoro so~opo~a • 

:OJIOK o:a:HZeHHR, 

YTI - rennoo6MeHHHK renno" 30HU ooparaoro so~opo~a, 

I - saHHa aopMaJILHoro a3oTa, X - rennooOMeHHHK -peaKrop, 

XYI - coopHHK ZH~&oro aopMaRLHoro so~opo~a, 

~ 2sax - o6parauH saxyyMHbl~ a3or, 

G,v - BO~opo~ BblCOICoro .JtaBneHHR B renRoo6MeHHHKe, 

[;v - BO,!tOpO,!t BblCOKOrO ,ltaBReHHR B TenR006MeHHHKe, 

Gv
1 

- BOlO POl Bucoxoro )taBJieHM B renJioo6r.&:eHHHKe, 

N2 - odparHbiH a3or, 
)! - Oli:HZaeM!it\ r~: BOAOPO~ HJIH ,ltenrepHn, HRH HeOH, 

H2 - oOpaTHYH so~opoA, 

9 - ZH~KHH HOpMaRbHbln BOAOPO~, nocrynaomHM Ha 

renHeBuR oZHJmrem:., 

Hall- HopMa.RbH!it\ s~KHn BoAopo,!t, 
Jl~ - ZHlKHe napaBO,!tOpOA HJIH OpTOAet\repHH, HJIH HeOH. 
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I. KoneHqarHR Ban. 2. MacAHHUA aacoc. J. Kaprep. 4. Uenaaa nepe~aqa. 

5. KynaqKH BHnycxa. 6. ~RLTp-pecHBep BYnyCKHOR. 7. KnanaH BHITYCKHO~. 

8. ilpe~OXpaHHTeRLHHH KRanaH. 9. TpyOonpOBO~ oOparHoro BOiopo~a. 

IO. KnanaH BnyCKHOH. II. ronOBKa ~HRHH~pa. I2. KynaqKH BnycKa. 

IJ. MexaHH3M H3MeHeHHH orceqKH Bnycxa. 14. MaxoBHK. I5. CanLHHK. 

I6. MexaHH3M pacnpe~eneHHH. I7. CanLH~ ronxarena. 18. TonKarenH. 

19. BaKyyMHHA Kozyx. 20. ilLe3osneKTp~eCKHH AarqHK ~aBneHHH. 21. Tpy6o­

npoBo~ czaroro BO~opola. 22. KnanaH-saxnonxa. 23. TexcronHTOBY~ BYrec­

HHrenL. 24. ~nbTp-peCHBep BfiYCKHOR. 25. TenROBOR MOCT. 26. llopwHeBHe 

Kon~a. 27. Kozaaaa uaazera. 28. HanpaBnan~He. 29. UHnH~p. 

30. KpeR~KOn~. Jl. IDarya. 
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PRe .14. Cxew ,~tpoccenHoro reJIHeBoro pefllpw:a:eparopa· 
'c dJIOKOM npe,!tBapHteJII:.HOrO OXJiaJ:,IteHHR CBepxnpOBO,ItRIIlero 
COJieHOH,Ita. 

CllC - CBepxnpOBO.ItRIIIH~ COJieHOH.It, K-KOMTipeccop HJIH 
ra30.ItYBKa, 1,W,Y - rennoodMeHHHKH, n - BaHHa XH,~tKoro 

a30ta, 1Y - BaHHa EH.ItKOro BQ,~topo,~ta, Yl - C60pHRK XH.It­
KDrO re11HR, I,2,J,4,6 - JIHHRH .ltJIR odparHoro noroKa 
reJIHH H3 COJieHOH,Ita, 5 - JIRHHR OdpaTHOrO flOTOKa re11HR 
H3 C60pHHKa, 7,8 - ,~tpOCCeJibHHe BeHTHJIH, 9 - peryJIRTOp 
,ltaBJieHHR. 

.C: H. r;,... fl. lie &Ne (1/p. 

~ GHc 

*"'• 
PRe .15. llpHHIUmHanuaR cxewa 

renHeBoro pe~pw~eparopa. 
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