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AHHOT8UMSI 

0nMCbiB89M8SI KOHCTpyKUMSI MHlll9HM .llJlSI )Kl{,llKOI"O BO.ll0pO.ll8 M .ll9iiTepMSI 

o6ecne'IHBaeT xpaliemre C)i{l{)K eHHbiX raaoB B Te'leHHe '40-50 'IS COB. 

MHweHb npe.llH83Ha'leHa .llnSI nccne.llOBaHMSI npoueccoB B3aHMO.lleiicTBI1SI 

6biCTpbiX 38pSI)K9HHbiX '18C.THU C SI.llp8MH BO.llOpona JI.· ,lleiiTepHSI B ycnOBHSIX XOpOlllO. 

OI"p8HH'IeHHOii reOM9T~HH. 

K -MOMeHTY coCTaBneHHSI .ll8HHOI"O OT'IeTa Ha O.llHOii M3 TaKMX MMllleHeii 

6btnH BbiilOJIHeHbi OilbiTbi no- HCCne.llOB8HMIO peaKUHH p+ p- cJ.. + 5r+ Ha nonSI-

pHaoBaHHOM ny'IKe npoToHOB ripH aHeprHSIX 536, 616 H 654 MsB; _ Ha .llpyroii MHwe-

HH IlpOBe,lleHbl SKCnepHMeHTbi IlO o6pa30BaHHIO 38pSimeHHb!X O't -Me30HOB B 

-pel -cTOnKHOBeHHSIX IlpH Ep = 660 MsB. 
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YiCIIOJib30BaHHe B KaLJeCTBe MHll19HH C)KJ.fJK9HHbiX ra30B MO)KHO CLJHTaTb Hall-

'6onee uenecoo5pa3irhlM rrpirel\1olvi: i3 ·aKcrreprrMeHTaX: ri'o uccnenosaHliiO · rrponeccoa 

B3arrMoneii:cTBHH rrpoToHa c rrpoTOHOM n neii:TpOHOM, KoHcTpyKurrrr TaKitx MnweHeil 

non)KHbl o5ecn~LJ~MTb: .xpaHeHrre )Klfn~oro .~Pn.op?_fla. Hnn. ~~~\~PHH !3 :re~I~H~Ie nnu

TenhHOro Bp9M9HH 1 Manyro TOJIW:HHY CT9HOK KOHTeilHepa llJIH C)KH)K9HHOI'O raGa IIpH 

YCJIOBl!H BbiiiOJIHeHHH Xopowei1: I'90M9TpHH, H93HaLJHT9JlbH09 KOJIHLJ9CTBO IIOCTOpOHHe

r'O aewecTBa Ha rryni rrpoToHoB rry~IKa,·· rr, ·HaKoHeu, iiarrrr<Irre ~Heo5xonnMtrx yiloocTB 

IIpl! ll3M9p9HHH cpOHa OT IIYCTOI'O KOHT9ii:Hepa. 

:,·-
1 I MHW eHb B Brrne nhroapa c naoilHbiMH cTeKJIHHHhrr~u cTeHK8Mrr; 

2/ MHll19Hb B BHne .KOHT9HH9J:la .H3 II9HOIIOJIHCTUp_QiJa C a30THbiM .T9IIJIOBbiM 

1141 
8KpaHOM 

Mblll 

3/ MHW eHb B Brrne MeTanrrrrqecKoro i{oiiTeii:Hepa, rroMew:eHHor·o B OTKa'tr!Bae

/12/ 
oobeM . ; .. ": .~_ ,; . 

41 MrrmeHb • c ·npnHy n·uTenhHhnA 'oxJia)l<neHrre · r'a3oo5pa3Horo aonopona 

. . 1101 
)l{HllKHM r'9JIH9M 

BbropaHHaH H8MH KOHCTpyKUHH MHll1 9HH B Brrne M9T8JIJIHLJ9CKOI'O KOHTeftHepa 
/}3/ .. 

y)Ke Ob!Jia OIIHCaHa B JIHTepaType H ITO IIOJIHOTe BbiiiOJI~HMOCTH TpeooBaH.Hi1 1 

rrpenbHBJIH9MbiX K MHill 9HH 1 MO)l{9T C"'HT8TbCH OllHOi1 H3 HaHOOJiee y,iio6Hhix. 
/. ;.· .. 

XpaHeHrre >KHnKoro. nei1T.epnH B, ~.eTaJIJIH"'e<,;KOM. KOHTei1Hepe orrpenenHe:rc?J. 

BpeMeHeM H8XO>Kll9HIHI )KH[1KOI'O BO::-tOpOna B MHll19HH 1 TaK 'ITt' .MJ:>I 0CT8HQBHMC51 

Ha rrprreMax xpaHeHHH rrocrrenHero. 

npHeMbl llJlllT9JlbHOI'O :x:paHeHHH >KHnKOI'O Bonopona 

nprr •XpaH.eHHH >KHllKOI'O. Bonopona B KOHT9HHepe 1 : IIOM9U!_GHHOM ,B OTKa'IHBae::

Mhlll o6beM, rronaon Terrrra .K KOHTei1Hepy MOIKeT rrporrcxonHTb 38 CLJe.J:: 

i ,~. ·.' 

• 
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1/ TennonpOBO.llHOCTH aeTaneft1 COe.llHHSIIOWHX KOHTeftHep C Hapy>KHbiM KO>Ky-

XOM; 

2/ TennonpOBO.llHOCTH OTKa'!HB&eMOrO npOCTpaHCTBa 6naroaapSI HanH'lHIO OCTa

TO'lHOrO rasa; 

3/ TeMnepaTypaoro Hsny'leHHSJ :'!apes oTKa'!HaaeMOe npocTpaacTao; 

4/ KOHBeKTHBHoro nepe~ocia Terina BHyTpH cocyaa H ropnoaHHhl. 

.Qnst Toro, 'I\f6hl noaBO.ll Tenna sa C'leT 9THX. npoueccoa yMeHbWHTb 1 06bi'lHO 

npHMeHSJIOT cneay IOUI_I{c:' npHeMblo 

Pesepayap C >KH.llXHM BO.llOpO.llOM DOMewaiOT B 06'b9M 1 OTKa'lHBaeMbift .llO Bbi

COKOrO aaKyyMa~ TennoripoBO.llHOCTb rasa 6naroaapSJ STOMY cywecTaeuuo yMeHbwa

eTcSJ,. a KOHBeKTHBHbift nepeHOC npeKpawaeTCSI COBC9Mo C uenbiO YM9HbWeHHSl noTo

Ka TeMnepaTypaoro HsnyqeHHSJ aao.O:SIT asoTHhiR sKpaa. YcTaHOBKa TennoHsonHpo

aaaaoro 9Kpaaa C nonHpOBaHHhlMH CTeHKaMH npHBO.llHT K YM9HbWeHHIO noTOKa TeM-

nepaTypaoro HsnyqeuHst aononHHTenbHO a aaa pasa. 

ropnoBHHy pesepayapa HSroTaBnHBaiOT HS MeTanna C HHSKOft TennonpOBO.llHO

CTbl00' noaaecKy 9Kpaaa K ropnoaHHe ocywecTBnSJIOT a TaKOM MecTe, rae pac'!eT

Hbre SH8'l9HHSI TeM:nepaTyp SKpaHa H TO'!KH DO.llBeca B CTaUHOHapHOM COCTOSIHHH 

coanaaaroT. YaenH'leHHe anHHbi ropnoBHHbi npHBO.llHT aononHHTenbHO K TOMy 1 'ITO 

DO.llBO.llHM09 no ropnOBHH9 Tenno p8CXO.llY9TCSI He Ha HCnapeHHe :>KH.llKOCTH 1 8 Ha 

HarpeB BbiXO.llSI.Wero ra3a. 

B pesynbTaTe nonyqaeTcsr cneay_rowaSJ cxeMa KOHCTpyKUHH /pRe • .11. Coc ya 

C >KH.llKHM aSOTOM TaK>Ke HaXO.llHTCft. B B8KyyMe 1 a ero Hapy>KHast noBepXHOCTb 

nonHpyeTCH 0 ropnoBHHy 8SOTHOrO COCy~a HSrOTaBnHB8lOT HS MeTanna C HHSKOft 

TennonpoBO.llHOCTbiOo 

.Qnst cocyaa C >KH.llKHM 8SOTOM npaKTH'l9CK09 SHa'l9HH9 HM910T TennonpOBO.ll

HOCTb ocTaTO'lHOro rasa, TeMnepaTypuoe HsnyqeuHe, a TaK>Ke noaaoa Tenna K rop

noaHne. Llnst COCY.ll8 C >KH.llKHM BO.llOpO.llOM Tenno nO.llBO.llHTCSl rnaBHhiM o6p8SOM 

sa· cqeT TeMnepaTypuoro ri:snyqeuHSJ H TennonpoaoauocTH ropnOBHHhi. 06a STH npo

uecc a ueo6xoaHMo paccMaTpHBaTb a pac'leTax coaMecTuo. BhiXO.llSJWHR no ropno

BHHe ras 6naroaapSJ Tennoo6MeHy CO CT9HKaMH OT6HpaeT OT CTeHOK Tenno If STHM 

yMeHbwaeT noToK Tenna, aocTHrarowero >KH.llKOCTb. B cnyqae o6ecne'!eHHSJ xopo

wero Tennoo6MeHa DO.llBO.llHM09 Tenno yaaeTCSI YM9HbWHTb nO'lTH B .ll9CSITb pas 
1 

l 

no cpaBf 

CTeHKOll 

VIs 

llpOBO.UH' 

TypHOI"'O 

rne <Q: 
B9111PIHH1 

BH.UHO, 

weHHe 

Hapy>KH 

'lHHa He 

rasa, n· 

cg ero 

n1 
KOTOpblii 

B 

7 5o/o op1 

stanHeTc 

Hbifi:. BO. 

B >KH,UI 

ao>K.aae 

HO B '), 

HbiX ycJ 

B.' 

sanHBKC 

ao.nopo . 

TaKoil c 

YM9Hbll 

CM9Cb10 

.. K 

uecce. 
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no Cp8BHBHI110 C TBM, qTO HMBBT MBCTO npH OTCyTCTBHH TBnJioo6MBH8 MB>K.lly 

1161 
CTBHKO:i1 H I"830M ' 

~3 COBMBCTHOI"O p8CCMOTpBHHH npoUeCCOB TBMnepaTypHOI"O H3JiyqeHHH H Tenno-
/ 16 I: "' ,- · . - Q 

OT TBMnepa-npoao.oa?c-z:,~ no ropnoan:ae cne.oyeT ; qTo· KonnqecTBO Te·nna R 

Typaoro H3nyqeanH uene~~o6pa3HO 'y!V!e~brnaTb ·· To.iibKO :.oo Tex nop,· noKa QR >> Q1. · 

r.oe cQ1 -: Tenno, no.oBO.llH~Oe no ropnoBHHe. Ha pac; 2' npHB3.llBH8 pacqeTH8H 

BBJIHqn:Ha CYMM8pHO:i1 CKOpOCTH HCnapeH~H .j:QR.. _,:. Q:! • IB 38BHCHMOCTH OT QR 
Bu.o~o. qTo' ec~n : iQtt :::::= Qi , HanpHMep,· QR.- 1; 5 'C~.i ': ·, To nanbHe:itwee YMBHh:.. 

lllBHHB QR B .llB8 pa3a C nOMOlllbiO SKp8HOB HJIH nyTBM ynyqmeHHH nOJIHpOBKH 

Hapy>KHhiX CTBHOK, .ll8CT TOJlbKO HB3HaqHTBJlbHOB YMBHbWBHHB nOJIHOI"O nOTOK8. npa

quHa HBH3MBHHOCTH noToKa Tenna npli QR ~ 0: ·' · · CBH3aHa c TBM, qTo KOJIH'IecTBO 

1"838, npOXO_qHlllBI"O qepe3 I"OpJIOBHHYr YMBHbW 8BTCH H COOTB8TCTBBHHO YMBHbll18BT

CH BI"O SKpaHHpyiO~aH cnOCC?6HOCTb. • 

npM · xp'aHBHMM >KM.ll K\)I"O: BO.ll0PO.ll8. B03HHKaeT: Ll,?,nO,Jl,HHTBJlbHhiH HCTOqHHK Tenna. 

KOTOpbiH· CBH38H c,.nepeXO.llOM Op'I:O~O.ll<JpO.ll8 B napa~,<?LlOpO.llo 

~-~~~HOBBCHb~-cocioHHMM ~p~"Ko~H~THO:i1 TBMnepaT~pe·ao.oopO.ll C~CTOHT_H3 
n59to opT~.:..H 25cro i:rapaBO.llOpo.oa. npH T'el-in~paType KM:UBHHH Bo.oopo.oa paBHOBBCH_O:i1 

HBJIHBTCH CMBCb H3 ·0,3%' OpTo- H 99,7%' 'napaBO.llOPO.lla. noSTOMYt BCJIH I"83006pa3-. 

Hhri1 Ho~-opoil, B3~Thr:i1· ~pif · KoMHaTHoii' TeMnepa'iype, npeapaTHTh a ·mna.Koc-:rh, To •.. 

B >KH.llKOCTH, 6y neT npoHCXOi:lWrb ,KOHBBpCHsl OpTOBO.llOpo.oa B' napaBO.llOPO.ll, _COIIpo

BO>K.OaeM8H Bhl.llBJIBHHeM Tenna B 337,2 KaJIIMOJih. TaKoe TeUJIOBhl.llBJlBHHe npHMep-

• 
HO a '1 ~5 pa.3a 6onhw e, qeM 'TertnoTa H·c'napeHHH >KH.ll Koro' ao.oopo:oa. B HOpManb-: 

HhlX YCJIOBHHX CKO~OCTb KOHBepCH~ COCTaBJIHBT OKOJIO 1,25% B qac. 

-·. 
B.ecbMa Bhii"O.llHO KOHBepTHpoaaTb opToao.oopo.o a napaao.oopo.o n nepe.o 

~ ~ . . ' . . . . 

38JlHBK~fi B MHlll BHh. 3TO MO>KHO OCYlllBC.TBHTb nyT~~ nponyCK8liHH raaoo6pa3'~oro 
_: . ,.,; ', - ·. . 

ao.oopo.oa qepea npeaecHhri1 yronh, oxna::>K.oaeMhii1 >KM.llKHM a30TOM. B pe3ym:,.fa1-e - .. 
T8KO:i1 onepaUHH KOHUBHTpaUHH OpTOBO.llOpO.lla CHH>K8BTCH .llO 50%, H COOTBBTCTBBHHO 

YMBHbll18BTCH CKOpOCTb KOHBBpCHH B 
0,75 · .. 

I O.BO I~ 2,2 pa3a no cpaBHBHHIO c o6&rqHoi1 

CMBCb!Oo 

.c • KoHBepc~no o_p'f\)BOLJ.ppo.oa ~ nap?~o.oopo.o. MO>KHO ocymecTBHTh TaKme ·a npo-
, ....... ~.- .•. ·~t ... - •• ;, ~ /20/ 

UBCCB C::>KH>K BHHH 1 . BCJIH HCHO,Jlb30B?Th. KaTaJIHTHqecKHH MBTO.ll KOHBBpCHH 
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J1. 0DHCaHH9 KOHCTPYKUHH MHW9HH 

~HW9Hb /pHC~ 3/ COCTOH~ H3 TOHKOCT9HHOI'O UHDHHapH'19CKOI'O KOHTefiaepa 1 

KOTopblit coaep:>KHT :>KHaKHit aoaopoa HDH aei\TepHi\ 1 o6nyqaeMbii1 ycKopeHHbiMH . ' ·. 
'laCTHUaMHo Ocaoaaoe KODH'l9CTBO :>KHaKoro aoaopoaa aaxoaHTCS! B pe3enayape,. 

c KoTopbiM KoaTeitaep _ HMeeT Tennoaon Koa:raKT. Pe3epayap H KOaTettaep oKpy:>Keabi 

9KpaHOM 1 OXDa:>KaaeMblM :>KHaKHM. a30TOM, a BCS! KOHCTpyKUHS! DOM9Ul9Ha B OTKaqH-
0 ~ . . 

Ba9Mblfi 06'b9Mo ,. 

2 

Hapy:>K Hbtit KO:>K yx 
.~;.)· .. · 

Hapy:>KHbiit KO:>Kyx orpaHH'lHBaeT 3BMKHYTbii1 o6'beM, a KOTopoM ·aaxoaHTCH 
r~ ... r ~."' ;. ~- - . . r. .• ~ 

aayTpeaasrst KoacTpyKuHst, noaaeweaaast K ero aepxaeMy cllnaauy. K aToMy :>Ke 

ciJnaauy qepe3 · aaKyyMaoe ynnoTaeaHe npHKpenneaa ocaoaaast aapy:>KHast 'I'py6a· Ko:>Ky

xa aHaMeTpOM 210 MM H TODUlHHOit CT9HOK 3 MM1 K KOTOpoil: DpHBapea BepXHHit H 

HH:>KHHil: ciJnaHUbio HH:>KHHA ciJnaaeu coeaHaen c 6apa6aHOM 1 K KOTopoMy npHaapeaa 

Tpy6a BHyTpeaHHM aHaMeTpOM 48 MM 1 8 T8K>l~9 Tp8D9UH~BH,r:tHOe yaDH}I9HH9 1 pac-

nonaraeMoe aaonb ocH--DY'lKa. OKHa anst axoaa H Bbi~oaa ycKopeHHbiX qacTHU 

3aKpbiTbl naTyHHOi\_ cPODbt'Oit T.O,DUlHHOil: 80 MHKpOH HDH cPODbt'Oit H3 Hep:>KaBeiOuteft 

CTanH TODUlHHO:I\ :100:MHKp0Ro~-~ODbra paCDOllO:>Keaa H8 6oribWOM" pacCTOS!HHH. OT 

ueaTpa MHW eaH, 'ITO o6ecneqHaaeT 6<;>nee HH3Koe 3aaqeaHe ciJoaa, 'leM a cnyqae, 

Koraa cPODbt'8 pacnono>KeHa B aenocpe.z:tCTBeHHOil 6nH30CTH K CT9HK8M Boaopoa

HOI'O KOHTei\aepa. 0KH8 B BHae WHpOKHX me,neft HB 60KOBOft DOBepX~O(jTH 6apa6aaa 

ansr BbiXoaa BTOpH'lHbiX 'l8CTHU 3aKpbiTbl nHCTOBOil :>KeCTblO TODUlHHOit 0,35 MM1 KO

Topasr npHD8S!H8 K 6apa6aay ItpHD09M Il0C..:.40. Bo BTOpOi\ MHWeHH .Onst aToil uenH 

HCDODb30Banacb cPODbt'a H3 Hep:>K8B910Ul9ft CT8DH TODUlHHOi\ 100 MHKpoa, Ha 

pHc. 4 npHaeaeHbi pa3pe3bi MHweaen a nnocKOCTH ny'lKa c yKa3aaHeM B03MO:>KHbiX 

yrnoa aa6niOaeaHst anst Ka:>Kaon MH.W eaH. _ 

HH:>KHHA tl)naaeu 6apa6aaa nepexoaHT B CHCT9MY OTKaqKH 1 COCTOSllllYIO H3 

coeaHHHTenbHOI'O naTpy6Ka 1 ciJ_opBeHTHDSI, I"DYXOA 830THOA noaywKH 1 aHcPcPY3HOHHOI'O 

Hacoca uan;_lOO H cPOPBBKYYMHoro aacoca PBH-20. HaHnyqwee 3H8'19HHe BaKyyMa 
. . -7 . 

a 3BMKHyToM o6'beMe cocTaBnsteT /4 - 5/olO MM pTyTaoro cTon6a. CKopocTb 

HBTeKaHUS! CHCT9Mbl paBH& 1 MHKpOHY pTyTHOI'O CTon6a 38 CyTKHo 
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Hapy:>KHbifi KO:>KYX yCT8HOBli9H Ha onope, CKp9Illi9HHOfi C IIOBOpOTHbiM CTOliOM, 

H8 KOTOpOM pa3M9IU9H8_ H3M9pHT9libH89 annapaTypa. CTOli BTOpOfi MHlll 9HH CKpenneH 

c MarHHTOM CII9KTpOMeTpa. K OCHOBHOfi Tpy6e 4JnaHUbi npnnastHbi noC-40. CsapKa 

scex yanos t5apat5aaa npoiiaBeneaa aneKTponaMII .BH-48. 

AaoTHhlfi peaepsyap n aaoTHhlfi sKpaa 

nonsecKa BHyTpeaaefi KOHcTpyKunn: ocyul:ecT~neaa aa qeThrpex Tpyt5Kax. Tpn 

Tpyohi .llR8M9TpOM 12 MM H TOliiU.IfHOfi CT9HOK 0,2 MM 1 paCIIOliO>K9HHhi9 IIO Kpyry 

.llH8M9TpOM 120 MM1 H3I'OTOBli9Hhi H3 liHCTOBOI'O MOH9lib-M9T8lili8 HM./KM U-28-2,5-1 

nyTeM ot5pa5oTKH nasneaneM. K sepxaeMy 4Jnaauy aa·py:>Kaoro Ko:>Kyxa n K sepx

aefi f!:PhilllKe aaOTHOI'O peaepsyapa 9TH Tpy!'ibr npHII89HbL noC-40. OnHa Tpyt5a 

38K8H'iHBtl9TCS! ~KB03HhiMH OTBepCTHS!MH B BepXHHX 4Jnaauax Hapy:>KHOI'O Ko>Kyxa H 

aaoTaoro peaepsyapa. B ocTanhHhlX nsyx rnyxnx Tpyt5Kax cnenaHhl aet5onhmne oT

BepcTnst dnst OTKB'iKHo 

UeaTpanbHast Tpyt5a nnaMeTpoM 38 MM, Tonmnaofi cTeaoK 0,6 MM II nnn-

HOfi 500 MM .lf3I'OTOBIIeHa H3 liHCTOBOI'O MOH9lib-M9T8lili8 TOfi :>Ke MapKKo K 89px-

HeMy 4JnaHUY Hapy:>KHOI'O KO>Kyxa Tpyt5a npnnastHa noc-4o. Coenimean:e c aaoT-

HhiM peaep8yapOM ocymecT8neao qepea nepexonaoe KOIIbUO c IIOMOIUbiO Toro >Ke 

npnnoH. K BO.llOpO.llHOMY peaep8yapy U9HTp8libH8SI Tpyt5a npnnaHHa ncP-45. 
_. ".• . ... ... 

BayTpeHHHst cTeHKa ueaTpanbHofi Tpyt5hl ot5pa5oTaHa aa necKocTpyttaoM~~nnapaTe, a 

Hapy:>KH8H - OTIIOliHp088H8 .llO OII9CK8o 

Hapy>KHhrfi unnKH.llP aaoTaoro peaep8yapa nepexonnT 8 asoTHhrfi sKpaa, co

CTostmnfi H3 TOHKO::T9HHOro UHliHH.llP8 .llH8M9TpOM 158 MM II TOIIIUiiHOfi CT9HOK 1 MMJ 

II HII:>KHero 4Jnaaua, KOTOphre HsroTo8neHhi "Hs naTyan:. Hapy>Kaast no8epxHoCTb aaor 

HOI'O 9Kp8H8 008HT8 M9.llHhiMH TpyoKaMH .ll.lfaMeTpOM 1 CM II TOliiUimofi CT9HOK 

2 MM. Tpyt5Ka pacnono:>KeHa 8 anne 3Mee8KKa. B csoeit HH:>KHefi qacTH 3M998.1fK 

C09.llHH9H C TOHKOfi, .lf3I'OT08li9HHOfi H3 M9libXHOp81 8hlXliOIIHOfi TpyoKOfi .ll.lf8M9TpOM 

2,7 MM, KoTopast n:MeeT 8hiXO.ll 8 8epxHeM cpnaaue Hapy>KHoro Ko>Kyxa. Bhrxnon

Hast TpyoKa CliY:>KHT .llliSI IIpO.llY8KH .If O'i.lfCT KH 830THOI'O peaep8yapa. Hapy:>KHhi9 

CT9HKH 830THOI'O peaep8yapa H 830THOI'O 9Kp8H8 XpOMHp088Hhl H OTIIOIIHp088Hhl. 

K HH:>KHeMy cpnaauy aaoTaoro sKpaaa npnKpennea cbeMHhifi sKpaHahr~ 5apa5aa, na-
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I'OTOBneHHbill H3 nHCTOBOii Me',ciir; 3Kp8F!Hbill oapaoaH npenHa3H8'1eH nnst - OTBona 

Tenna .K 'a3oTHOMY aKpaHy. CTeHKII 'aK:paHHoro 6apa6aHa o'tnoniipoBaHhi. B aKpaHHOM 

oar)aoaHe, .unst nponyCK8HHSI. yckopeHHbiX '18CTIIU II BbiXona BTOpii'lHbiX '18CTIIU HMeiOT

CR OKHa, pacnono:>KeHHbie B COOTBeTCTBHH, C OKH8MII Hapy:>KHOi'O 6apaoaHa.' 0KH8 STll 

38KpbiThi aniOMIIHIIeBoit cponbroii Tonuumoii oKono 15 MIIKpoH. 3Kpa~Hbiii 6apa6aH 
,_ 

HMeeT BHII3Y CMOTpOBOe OKHO nnst OTK8'1KII 1 38KphlTOe niiCKOM C OTBepCTURMII. 

- -~ " 

BHyTpe~HRSI KOHCTpyKUIIR ueHTp1IpyeTCSI B CBOeii HII:>KHeii '18CTII OTHOCIITenbHO 
~ . 

H_apy:>KHOI'O 6apa6aH8 C ITOMOIUbiO Tpex IOCTIIpOBO~HbiX BIIHTOB, II3I'OTOBneHHbiX II3 

opraHII'leCKOI'O CTeKna. 

BdnoponHhlii pe3epayap 

Bo.uoponHhiii pe3epayap II3I'OToaneH II3 nep~aaeromeii cTanH MapKII 3n-4_48. 

ToliiUIIH8 ,_cTeHOK .:- l, MM. B, c_Boeit_ BepxHeit _qacTH BonopO,llHhiA . pe3epayap coenH-
. " . . 

HeH C Tpyooit, H8 KOTOpoii nonBerneHa BCSI KOHCTpyKUIIRo Tpy6a II3 MOHenb-MeT~nna 

nii~MeTpo_M 38 MM, . ~piiiT8RHa K pe3epayapy npHnOeM ncP-45. KpbiillKII pe3epByapa 

nepBoii MIIilleHH np1IIT8SIHbi K UHniiHnpy T8K:>Ke rJC·P--45. Bo BTOpOii MIIilleHII Kpbiill-
·~ ·.• ' 4 ,-j. 

KII pe3epByapa npiiBapeHbi K UHniiH.llPY aneKTponaMHo npc)'lHOCTb H B8KYYMITnOTHOCTb 
. '. ' ~ 

MeCT CBapKH- II IT8llKII BonoponHOI'O pe3epBya'pa IICITbiTbiBanacb nyTeM oxna:>«:neHHR 
, ,.,, 'H{J.\AXoDo··· . - ·-_,_.,.,_ ... ,, . ,. 

ero no Te_Mn~paTyphi ta30Ta. nocne nepBbiX IicnhrTaHHit B03HHKamr TpeiUIIHhr, KOTo-
• ! ,; .'. ~ ~ .• :· ... 

pore 3anenhiBaniicb noBTOpHoit caapKoii H naiiKoii. MecTa cBapoK 3any:>«:IIBanHcb 
"'"·r:" 

noc-40. 

Hapy:>«:Hbre cTeHKII uHnHHnpa H KphrrneK TIUaTenbHO oTnoniipoaaHhi no 6necKa. 
; :..: ,-, 

06'beM BonoponHOI'O pe3epByapa paBeH- 3,25 liHTpa. 
. ~ ~ 1 ~ " • - • ~ 

L{Ho pe3epayapa ~aKpbrTo TapenKoii, II3roToBneHHoii_ II3 _ Hep:>«:aaeromeii cTanii 

MapKII 3n-:448 •. AniOMIIHIIeBore npoKnanKII o6~cne'IH:BaroT BaKyyMHOe ynnoTHeHHe B 

ycnoBHRX pe3KIIX ;nepexonoB oT HOPM_anbHOii TeMnepaT)"Phi x HH3Koit. KoHcTpyKUIIR 

ynnoTHeHIIR cooTBeTcTByeT _ peKoMeHnauiiRM, conep:>«:aiUIIMCR B pyKo:BoncTBe B.A.lla-
- '/33/ . ,_, 

HIIC II JI.E.JieBIIHOii /l955rJ _ • 

BHyT~II pe3epByapi, B ~~pxHeit II HII:>KHeii'qacTIIJycTaHOBneH~ KOHtieHCBTOphl 

/pHC. 5/, npenH83H8'1eHHbie nnR H3MepeHHR ypOBHSI :>Kl:lnKOI'O Bonopona~ npoBon

HIIKH OT STIIX KOHn'eHC8TOpOB BbiBeneHhi Hapy:>Ky;; ·c: 

Bono 

an HE 

Tpy6J 

JioA 1. 

eM H4 

cxnee 

HCITOJ 

HOK T 

Byapll 

BO.llOp 

.ll R lUIII 

HOA rc 

Tonnu 

KOHTe 

BoA TJ 

WTOKy 

pacnpe 

Tpy6Kll 

'lHBae, 

KHM B1 

pRe. 6 

c 
naaneE 

( 

Me:>«:n) 
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U HnHH.llpH'IecKHii KOHTeiiHep I anneH.llHKc/ 

UHnHH.llpH'I:ecKnii KOHTe:iiHep /anneH.llHKc/, KOTOphiii aanonHsteTcst )KH.llKHM 

BO.llOpO.llOM HnH neiiTepHeM, COCTOHT H3 naTyHHOii Tpy6KH .llllB.MeTpOM 42 MM H 
~. v . . ·, . . ·~ . . . 

annHo:ii 100 MM, BepXltSISI 'laCTh KoTopotm coennHeHa c cl>naHueM. K HH)KHeii· 'l:acTH 

Tpy6KH. npHKneeH UHrrlrH.llp .llH8MeTpO M. 40MM1 KOTOphiii .· H3I'OTOBrreH H3 XOnO.llHOKaTaH

HOft 'naTyHHOii cl>onhrH TomunHoii 40 - 50 MHKpoa. ct>onhra cKneeaa B unmmnp Kne~ 

eM Ha ocaoae anoKcnnaoA cMonhr 3.D.-6 /Tnna apanh.llHTI. TeM )Ke KneeM unnnanp 

CKneeH C naTy.liHOil Tpy6Koii 1 a T8K)Ke C .llHOM KOHTeiiHepa. 0.llHH H3 KOHTeiiaepoB, 

HCIIOrrh3yeMbiX BO BTOpoii MHllleHH BhiTO'IeH H3 naTyHHOH 6onBaHKH 0 ToniUHH8 CTe

HOK TaKOI'O KOHTefiaepa paBHa 80 MHKpOH. 

BaKyyMaoe ynnoTaeaue Me)Kny cl>mlHUaMH anneH.llHKca .u aonoponaoro .peaep

syapa o6ecne'IHBaeTcSI aniOMHHHeaoil npoKnanKoii. 

Ha pHc. 6 noKa3aH paapea unnnanpuqecKoro KOHTefiaepa H HH)KHeii qacTH 

ao.uoponaoro peaepayapa. 

B HH)KHeii TapenKe BO,llOpO.llHOI'O pe3epByapa HMe!OTCSl .llBa OTBepCTHSI,· BbiXO

.llSIIUHe B anneH,llHKCo 0T O.llHOI'O OTBepcTHSJ .llO BepxHefi KphllllKH pacnpe.nenHTenh

HOfi ronoBKH TSIHeTCSI Tpy6a H3 MenhXHopa MapKH M H-70i3o aHaMeTpOM 's MM H 

TOrriUHHOH cTeHOK 0,25 MM. BTopoe OTBepCTHe coe,llHHSieT BO.llOpO.llHbi:lt peaepByap H 

KOHTeAHep nocpe,llCTBOM HI'Onh'I8TOI'O'. KnanaHa,,. KOTOpbiH •ynp~BnSieTCSI MerrhXHopo

BOft Tpy6KOA .llHB.MeTpOM 6 MM' H TOniUHHOfi CTeHOt< 0 1 35 MMo Tpy6x-a npHBapeHa K 

WTOKy HI'Orrh'laTOI'O KnanaHa' nOC-40. BepxHH:lt ee KOHeu BbiBeneH ·qepe3 KphilllKY .. 
pacnpenenHTenhHoA ronoBKH. Baua OT Hronh'laToro KnanaHa H.lleT 

Tpy6Ka - CHtPOH ,llHaMeTpOM 1,5 MM H TOniUHHOfi CTeHOK ·50 MHKpOH 1 KOTOpaSI OKBH

'IHBaeTCSI y caMoro· naa anneHnHKca n cny)KHT .onfi 3anonHeHHa annea.unKca )KH.u

KHM BO.llOPO.llOM H nocnenyiOIUero BbtUYCKa • .lJ.eTanH 9TOA ·KOHCTPYKUHH BH.llHhl Ha 

pHc. ~. 

CHcTeMa KOHTe:iiaepa 6bina HCIIhiTaHa Ha IIpO'IHOCTb H 'yTe'IKH IIpH. H36hiTO'IHOM 

.uaaneHHH 4 aTMoc<Jlephi. 

P 8.llH8UHOHHhie 9Kp8Hhi 

Onna H3 pa.uHaiiHOHHhiX aKpaaoa, HaroToaneHahr~ .na naTyHH, pacnono)KeH 

Me)K.uy aaoTHhiM aKpaaoM H aonopO.llHhiM peaepayapoM.; Hapy)KHaSI H BHyTpeaaaSI 
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noBepxaocT~ ero xpoMHpoaaHhl H oTnonapoaaHhl. PanaauHoHHhlft aKpaH 

ycTaHOBJ19H Ha aonoponHOM peaepayape c noMOl!lhlO Hao.nHpyrou.nrx onop H3 

opraHH'!ecKoro cTeKna /eM. pile. 3/. HH)!{Hee KOJ'IhUO c BbrpeaaMH, HaroToaneHHoe 

H3 TecpnoHa, HrpaeT ponb !ISHTpHpyromero ycTpoficTaa H Tennoaoro H30J'IHTopa. 

BTopofi panaauHOJlHbi.ft . aKpaa, HaroToaneHHbifi H3 naTyHHOfi cponhrH, .. TonmHHOfi 
., 

0,1 MM, OKPY*aeT aaoTHhi~ aKpaHHhifi 6apa6aH. OT aKpaHHoro 6apa6aHa aKpaH Hao-

nHpoaaH CTOfiKaMH H3 Tecp~OHa nHaM9TpOM 5 MM H BbiCOTOft 20 MMo 

':" 

.. 
YKaaaTenh ypoaHH 

YKaaaTenb ypoBHSI HaroToaneH no npHHUHny eMKOCTHoro naT'IHKa, rrcnonbay

.romero paanH'!He a nrraneKTpH'!ecKHX n6cTosiHHbiX )!{HnKOCTH H ·ra·aa • .llaTi{HKOM 

SIBJ'ISilOTCH nBa HenonBH)!{HhlX KOHneHC8TOp8 B BHne·nJ'IaC~HH /prrc. 5/ •. npeHMyl!le-

CTBO 9MKOCTHOrO M9Tona onpeneneHHSI ypOBHSI no cpaBH9HHlO· C OCT8J'IbHbiMH MSTo

naMH COCTOHT B OTCyTCTBHH nonBH)!{HbiX '18CT9fi 1 a T8K)!{9 B ycTOft'IHBOCTH llOKaaa

HHft a npouecce aanHBKH 1 Korna aa-aa 6biCTporo oxna*neHHH H 6ypHoro KHneHHH . . 

)!{HnKOrO Bonopon~ B03HHKB9T HSCTBUHOHapHOCTb BC9X T9pMOaHHBMH'I9CKHX npouec-

COB. 

npoBOaHHKH KOH:a.eHCaTOpa!!. BbiBeneHbi 

HBPY*Y. qepea ynnoTHeHHH· a ·pacnpenemaTenhHOft ronoaKe H noncoenHHeHbi K KneM

MBM . Q -MeTpB 1 C ilOMOl!lblO KOTOpOrO npOH3BOaHTCSI. H3Mep9HHSI B9J'IH'IHHbi 9MKO-

CTH. 

Yf30J'IHTOphl KOHaeHC.aTOpa H npOBOaHHKOB HCllbiT8Hbi H8 npo6ofi llpH HBllpSI)!{e

HHH 300 aorihT. CoenHHeHHH npoaonHHKOB c KneMMaMH Q :-MeTpa nporraaeneHbi 

He HenocpencTBeHHO, .a .qepea naa nocne.aoaaTenhHO BKJ'IlO'!eHHhiX. paanenrrTenbHhiX 

KOH.ll9HCaTopa 1 paCC'IHT8HHbiX H8 pa6oqee H8llpS1)!{9HH9 500 BOJ'IbTo $Ta Mapa npeno-

CTOpO)!{HOCTH llOJ'IHOCTblO HCKJ'Il0'!89T B03MO)!{ HOCTb llO.llBO.ll8 C9T9BOrO H8UpSI)!{9HHSI 

OT Q -MeTpa K KOH.ll~H~aTopaM B cny'lae np~60SI BXO.llHOfi J18Mllbi Q ~ME:!Tpa. 

P;<:~.cnpe.aenHT.e.nbHaH ronoa.Ka H nynhT ynpaaneHHH 

Pacnpe.aenHTenhHaH ronoaKa /pHc. 7/ nprrcoe.arrHeHa K aepxHeMy cpnaHUY 

aapymHoro KO)!{yxa '!epea ynnoTHeHHe. ¢naHeu pacnpe.aenrrTeJ'IbHofi .ronoBKH HMeeT 

caepxy HanpaanHromyro Tpy6Ky nnH aanHBO'!Horo crrcpoHa, ynpaanHromyro Tpy6Ky 
' 

~i 

HrOJ'Ib 

Tpy6R 

KH 

po.aa, 

CT9HK1 

'!epea 

naane: 

o6ecne 

CBMH 

OKOH'IS 

6annoH 
q 

J19HHSI. 
~> 

1<: 

Cil~'II.fB· 

a aanp. 

K 

ocym ec 

neftTepl 

cocy.aa 

C BKTHB 

*HnKor 
"~ - ! . 

TeMnepa 

raa~o6p. 

.naaneHH 

coenH.He 

'18Tbifi E 
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HI"Oilh'laToro KnanaHa. KOHTeti:Hepa, a TaK:m.e ynnoTHHIOillYIO cHcTeMy .ueti:Tepueaotl: 

Tpy5KH. K 5oKoBotl: cTeHKe pacnpe.unTenhHOtl: ronoaxn no.uxo.uHT Tpy5Ka .unsr oTKll't-
~t~~~· .. f.:-~·- • "'~ •• '> ••• ~ :~,-~_-:.,. ~-,J'· ·' ~ - . ~ 

KH ao.uopo.uHoro peaepayai:l'a,·· a ··1-'ai{*.e-cHcTeMa' Bhlxnona raaooGpaaHoro ao.uo-

po.ua, COCTOSIIllaSI H3 CO,e.UHflHT.ellbHbiX T,py5oK H B:piXIIOTIHOI"O: BeHTHIISI. B 5oKOBOfl: 
~,._ ~,~- ·. ·' :_·: .... -.:.~--~-~-": . .,.'......,': ..... .: .. ; :.:.~ 

cTeHKe pacnpe.uenHTellbHOfl:. I"OIIOBKH HMeeTCSI TaK:>Ke .llBa CTeKIISlHHbiX H3011SlTOpa, 

qepe3 KOTOpbie Bb!XO,llSI;t: .. TIP.ZBO~~~~r _OT K?,H.U_eH?aTop.oa. 

Ha n:~~h! .... Y~,paan~~~Sl (P.~c •. ~8/ .Bhi~~Ee~hi. ~~~<;>B~~~XM.EfT~hi,. H3~~pSI!QlllHe 
aaaneHHe B ao.uopo.uHOM peaepayape H B KoHo;r~ti:Hepe. TpH Hronb'laTbiX a_eHTHIISI 

"·fi, ':_1~ : ·; !'1~; .. :.-·,;' .,• ~··:. ,. -,;~·,~f:! (}':.' •," :.. ·._., : • '.· •;. r • -·- ·• 

o5ecnequaaiOT ynpaaneHHe aceMH no.uroToBHTenhHhiMH onepauH~MH,. a Ta~~e J::!pouec-
... ·-. ·. ~ .... ·• . . . ' 

caMH aanHBKH ao.uopo.ua, c:m.H:m.eHHSI .u eti:TepHSI H aaaepmaromH~H onepauHSIMH nocne 

OKOH'IaHHSI OTibiTa. 1..£eTBepTbiti:··Hr01lb'18Tbi:lt :BeHTHm>. yCTBHOBileH a· BbiXIIOTIHOfl: CHCTeMe• ·---- ... ,\,- .,_ ... ;. ' .. -~ ... ·~ ....... ~.. ~ . . -- "' -- ,. ,.,. ... -..... 

OpH pa5oTe c MHmeHbiO HcnonhayeTcSI BTopotl: ¢opaaxyyMHbitl:- Hacoc,. a Tax:m.·e 
•t:'' ·~-\ ~~ . :.}:~:.·· , .. - ... ~ ·. ·-"'~· .: •. , ·.r: .. ::.~t ~-· . .. :--·~! -:~ _.U~ _·,.' \; . 

GannoH c renHeM. Bee coe.unHeHHSI B pacnpe.u enHTenhHotl: ronoaxe H. Ha nynhTe ynpaa-
ll' •• , -.·.:.>·~· :.·_;.,:_;~_):~·:·, -,f"'~!: r ';~_ .. :~'~"- l,··~-·- .... f: __ ;- t _: •• 1._~: .•.... ·; ... '·.:·· l r,·h· . ~ ,.· 

119HHSI.- BBKYYMTI~OTHbie. 
. .. .. : . . '•'' . J :-Jt ~ l. 

' " 

KoHCT~Y}~UHSI,:C.HcPO.f!a,. ~cntyll_bayeMQr,O . .unSI ... 3811J!:BKH·· *.H.ll~Oro Bo.uopo.ua. o'5e

c~e'I.J.il3ae: B03M.O>K ~OC?,Tb, ,nepe!tp~~B~H.HH 3!i11H ~O'IHOfl: T.py5KH~ .a;. ';r,aK:m.,e YIIIIOTHeHHSI 

B HanpaBIISIIOille:lt Tpy5Ke pacnpe.u enHTellbH_Ofl: ronOB~Jf•4, 

.. 
.. ; -~-

lleti:TepHeBbitl: pereJiepaTop 

: ~ ~ 
,. ! . .-:·"·· r-;:. ~-::. (J·~· ~·r:-· ·, :; .. ;, --..: 
KoHCTpyKuH·~: MHmeHH noaaons:~eT npoHaBO.llHTh C:>KH:m.eHne .ueti:Teplfsr,· KOTopoe 

ocymecTBnsteTcSI S ')leti:TepHE!I:iOfl:! Tpy5Ke. •Xp'aHeHHe 'raaa ;H per~Hepaulra" mH.llKOI'O: 

aeti:TepHSI npOHCXO,llHT B CHCTeMe, COCTOSiuie:lt H3 6annoHa 9MK0CTblo 40' ~~TrlO'B .H .. 

cocy.ua eMKOCThiO 5,8 nuTpa, aanonHeHHoro aKTHB.HpoBaHHhiM yrneM /pHc. 9/. C()cy:-.u 
·" '· 

.'~~ ·" ,. .. -~~· . "'- ;.',.~ .• 

c aKTHBHpOBaHHhiM yrneM oxpa:m..uaeTcH B npouecce pereHepauHH .uo TeMnepaTypbi 

:lliH,llK~rO as6Ta~ C~dy·~- coaep>KHT, 1,6 ·~·!' 8KT,ll~~pOBaHHO~~GY~11Sl 0 :·~-~~CO~~;O·~~ ,n.pH 
· ·: -·· ·. r: ... J • • ~ ~ • •• t. ·: · <' • .. • ~ j; · 

TeMne·paType >KH.llKO!'O 830Tli npH HOpM81lhHOM . .ll8BileHHH TIO!'IIOTHTb 200 _IIHTpOB 
. . ' . ' . . . • .• !' ~ ,; . .. . . ':" -.•. :::~) t 

raaooGpaaHoro .ueti:TepHH. PereHepaTop aanonHSieTcSI raaoo5pa3HbiM .ueti:TepneM .uo 
... ~ _ ... ; ~· • ,. ., ,.~, • , ,' ,_ ""''' ]'·"-~~: {.· ·.:""::. ~: ; ~ L"' ~ ~ ··,. • ' 

.uaaneHHSI oxono 5 aTMoc¢ep, 'ITO coo:z-ae:cTayeT -49 r .ueti:TepHSI. BannoH H. cocy.u 
,,l .• .... 1_;.,. ••• f. • -~ • .. ··.~. <':'). ,. ~' ~ 

coe.uH.HeHhl HenocpeilcTBeHHo. Ha Bbixo.ue cHC::TeMbi 5annoHa H cocy.ua HMeeTCSI Hronb-
.. ~:~ 4'·1!..' ' '~-- '•; J."t .., ~· ',' .... -:..: •• :· .. , ~:~._. < ...... ,,,~ ,. 

'18Tbitl: BeHTHilho )laaneHHe B ·COCY.qEl,H3MepsreTCSI-M8HOMeTpOM Ha 10 aTMOCcPep. 
-. • • ~ ,- "~~- :-~ ~-- ~·~··~: .. <r - .. , ~ -~' ~- · •• :: :· ~~) . '~ ·, • ...-~ .'t' .· .. ~. ' 

: ....... \; 
o..} •• ' '' 

~- ~-' ' ., 
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111. TennoeoA pacqeT ·MHWBHH 

A3aTH&rA pe3epeyap H a30THbrA 8KpaH 

B TennoeoM pac'leTe a30THOA cHcTeMbi .oocTaTO'IHO yoiecTi.: 

a/ Tennonpoeo.oHOCTb ocTaro'IHoro ra3a; ~/ TeMnepaTypaoe H3ny'leHue 

qepe3 B8KYY¥H09 · npoCTp&HCTBO~ e/ TennonpOBO.OHOCTb no.o.oep>KHB8,101UHX Tpyo 

H U9HTpHpy10IUHX BHHTOBe 

A. Tennonpoeo.oeocTb ocTaTo'leoro ra3a 

Koacl:>cl:>HuHeHT Tennonpoeo.llHOCTH ra3a npH HOpMan&HOM _.oaeneHHH H TeMnepa

Type - QOCTOSIHH8SI eenH'IHHSo D_nR B03.0YX8 KOScPcPHUHBHT TennonpOBO.OHOCTH paeeH 
-5 T o -s · X0 =6,1•10 Kan/rpa.o.cM.ceK npH • SOO K H Xo •1,775•10 Kan/rpa.o.cM.ce~ 

npH T = 80°Ka EcnH oTKa'IKH ue npoH3BO.OHTb1 TO npH cpe.oueM 3Ha'leHHH 
- -5 
)( 0 =-4:.-10- Kan/rpa.O.CMoC9K B STOM HHTepaane TeMnepaTyp DOTOK Tenna Ha 830THbdt 

pe3epayap DIIOIUa.ObiO S = 6 1 1•1 03 
CM2 COCTaBHT . 

Q ' -5 ...a2Q. 3 3 4 
0 

= 4•10 • 5 ~6,1•10 •86•10 .. 8,88•10 Kan/'lac. 

4 S.Ba•lO 
CKopOCTb HcnapeHHSI :>KH.OKoro a30T8 npH ltTOM oy.oeT paBHa 88,5 .103 ... 1 IIHTp/'lac. 

KoHB9KUHR ue o~na Y'l~eaa B 8TOM pac'leTe H cl:>aKTH'I9CKaR CKOpOCTb HcnapeHHSI 

oy.oeT 3Ha'IHT~IlbHO _60ilblU9, 

0TKa'IKa py~SWKH DpHBU.OHT K CHH>K 9HHIO ScPcPBKTHBHOCTH KOHB9KUHH 1 a TaK>Ke 
' '· . 

K YM9HbW9HHIO TennonpOBO.OHOCTH1 TSK K8K .OIISJ pa3p9:>K9HH~X ra30B TennonpOBO.O-

HOCTb nponopUHOHallbH8 .oae~~HHIO~ rpaHHU8 pa3.oena o6naCTH DOCTOSJHHOrO KOScPcPH

UH9HTa H ero nHaeaaoA 3aBHCHMOCTH onpe.oenseTcH .oaeneuHeM Po. 1 npH KOTOPOM 

.omma ceooo.oaoro npo6era MoneKyn cpaeaHeaeTcs c xapaKTepHbiMH pa3MepaMH oT-

Ka ... ueaeMoro o6'beMa, Toe. K.or.oa Ac.p ( p.,) :::: d.cp , r.oe dcp - cpe.ouee p~c-
. ' 

CTOHHHe M9>K.OY CT9HKaMH 1 paBHOe OKOIIO 5 CM B Jl8HHOA KOHCTpyKUHHo B nepBOM 
_ . . _. " ( · ). - 7•1 o-6 • 1ao •. 5 . 

npu6nH>K9H.HH MO>KHO npHHHTb c:;J.cl' • A,f P• • . CM, OTKy.oa 
... -3 · Po -4 Po = 10 llllM . pT.cT. EcnH ilaeneuue e py~awKe paeuo p -10 MM.pT.cT.1 TO· 

X • ')(of. - O,i }(0 1 a CQ. • 0,1 Qo •8880 Kan/'lac. CKopocT& ucnapeaHH 
Po 

CO· 

II If' 

co 

KHC 

py) 

HOI 

na 

H~ 

r.oe 

aepx 

DOCT 

HOCT 

OTHO 

T = C1 

3 HlP.!~ 

HOCTI 

CKop 

SKpaH 

...____ 
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.· 

COCT8BHT 0,} nHTpa/~ac. 

HapyweHHe aaxyyMa npH oxnamaeHHOM a30THOM pe3epayape npHaeaeT K yae

nH~eHHIO TennonpOBOD.HOCTH H Bf:J3biBeT KOHB9KUHIOo 0D.H8KO OCHOBHOil: scpcpeKT 6yaeT 

COCTOHTb B TOM 1 ~TO Ha IIOBepXHOCTH pe3epayapa CKOHD.9HCHpyeTCH Bnara H yrne

KHcnoTa. 3TO B 0~9Hb CHnbHOit CTeiieHH CK8>K eTCH Ha OTpa:>KaiOWeil: IIOBepXHOCTH Ha. 

py>KHbli CT9HOK pe3epByapa, npHBeD,eT K yaenH~eHHIO HHT9HCHBHOCTH T9MIIepaTyp

HOrO H3ny~eHHH 1 KOTOpoe I KaK 6yD. eT IIOK838HO HH.:>Ke1 _C03D.89T OCHOBHOil: IIOTOK Terr

na K a30THOMY pe3epayapy. 

B. TeMnepaTypaoe Hany~eaHe ~epe3 BaKyyMHOe rrpocTpaHcTao 

noTOK TeMnepaTypHOrO H3ny'l:eHHH Me:>«:;oy D.BYMH. KOHUeHTpH'IeCKHMH ccpepaMH 

HnH D,nHHHbiMH UHnHHD.p8MH paBeH 

rae HHD.eKc i OTHOCHTCH K BHyTpeHHeil: IlOBepXHOCTH 1 d - K BH9WHeil: rro-

r- 5 2 4 
-' IIIIOW8D.b BHyTpeHHeil: IIOB9pXHOCTH 1 0 "'4,9•10 Kan/M ~ac rpa.ll -BepXHOCTH 1 

A. • 
IIOCTOHHH8H CTecpaHa-50nbUM8H8 1 ei H eo3-: HCIIYC~aTenbHhie CTIOC06HOCTH IlOBepx

HOCTeit, Tt H To - ycTaHOBHBwuecH TeMnepaTyphi noaepxaocTeli, .P .. A;/A o 
OTHOWeHHe nnoma.ll eA • .DnSI 830THOrO pe3epByapa B D.8HHOJi KOHCTpyKUHH HM99M 

TO' =300qK; Ti "' 77°K ; Ai~o- 1,7; ei = 0,1• e.,. =0,3; e.,+~i~;-e.,)p =0,01. 

3Ha'I9H"!9 e;, =0 1 } COOTB9TCTByeT XOpOWO OTIIOnHpOB8.HHOH XpOMHpOB8HHOfi TIOBepx

HOCTH a30THoro pe3epayapa. B pe3ynbTaTe nony'IHM: 

CKopoCTb HcuapeHHH a3oTa rroa aeRcTBHeM aToro noToKa pasHa 0,45 nHTpa/'!ac. 

PaccMoTpHM B03MO:>KHbie nyTH YM9HbiL eHHSI TeMnepaTypHoro H3nyqeHHH. 

B. PaD.HaUHOHHhlR aKpaa 

C STOfi uenbiO MO>KHO HCTIOnb30B8Tb paD.H8UHOHHbifi SKpaH. npu OTCYTCTBHH 

9KpaHa rrnOTHOCTb IIOTOKa T9MTiepaTypHOrO H3ny'l:eHHH paBHa 
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::~1 == o( (~
4 -r: ), 

rne '1: 11 1"; - TeMnepaTyphr nosepxaocTefi, · Ecnn: noMecTHTb sKpaa, B KOTopoM 

ycTaHOBilTCSI TeMnepaTypa: 1; 1 TO nOTOKil TeMnepaTypHOr'O ll3J1YlJ9HilSI OT nepBOH 

noBepXHOCTil K SKpaHy ll OT altpaHa KO BTOpofi, OOJtee'· XOJlO.llHOH1 noBepXHOCTil B ycTa-

HOBHB!!l9MCSI p9)KHM9 OY.llYT pa.BHbi; T.e. 

2' - . . 4 4 " Lt d~Q32 
d_Q_f~ = o< (1";-T3) =- ex. (T3-~) = d.c: ~+ , 

OTKY.ll8 T.4- T4 = r-r" _ T~t 
1 ~ l'3 2 n:n11 T9" =- ~ (T/ + T/) 

noTOK TeMnepaTypHOr'O ll3JlylJ9HilSI npll H8JllllJilll SKpaHa f5yneT 

d.2Q92 1.. d2
Q12 

dS c:Lt = .2 d.S ctt ' 

paBeH 

T.e. YCT8HOBJ19Hil9 O.llHOr'O 9KpaHa npllBO.OilT K YM9HbW9Hil!O nOTOK8 B .aBa pasa. 

np11 aanlllJilll n. sKpaaos noToK yMeHbWHTcst B ( n+ i) pas, 

B- KOHcTpyKUHH MHW eHH npe.aycMoTpea· panHaUHOHHhrfi aKpaa, oxsaTbiBaiOIUHfi 

2 
OOKOBYIO nosepXHOCTb 9Kp8HH0r'O f5apaf5aHa 1 nJtOIU8.llb KOTOporo-0,2 M • 

B pesynhTaTe noToK Tenna yMeHbwaeTcSJ aa senH~HHY 

Q 9 -5 
1::. = 1/2•0,2•0,07•8,1•10 •4,9•10 Kan/qac =2•800 Kan/qac, 

PesynbTHpyiOIUil:tl: nOTOK TeMnepaTypHOr'O ll3JlY'I9HHSI COCT8BllT 

Qo = Q- AQ = 13.200 Kan/qac. 

r. TennonpoBO.llHOC.T.b qepes nonnep)KHBaiowHe Tpyohl 

ll U9HTpn:py!OII.[He BllHTbi 

Koscj:Jcpn:uHeHT TennonposonaocTH aep)KaBeiOruefi cTaJtH, Moaenb-MeTanna 11 

llPYf'llX cnnaBOB 1 HCnOJlbsyeMbiX B KplloreHHOH T9XHilKe, YM9HbWaeTCSI C YM9Hbwe

Hil9M TeMnepaTyphl. npll BhllJilCJl9Hilll nOTOKa Tenna H900XO.llllMO Y'IllThlB8Tb STll 

saBHCilMOCTll. B nepBOM npn:6Jtll)K9Hilll MO)KHO npn:HSITb, ti:To KOScpcj:Jn:uHeHT Tennonpo

BO.llHOCTll 38BllCllT OT T9MnepaTyphl JlllH9HH01 T.e. 

k-o{+~(T-T1). 
' 

i~ 

Ecm1 

Tpy6 

Yf HTe 

none 

rne 

3Ta q 

o6pa6 

0TCJOl 

cpopM) 

qc 

ce'IeHI 

E 

HOCTll 

Tenna, 

a.a.J,f 
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EcnH BOCITOJ!b30B8TbCg YCJIOBH9M ITOCTOgHCTBa ITOTOKa Tenna BO BC9X ce~eangx 

Tpy6bi 1 TO 

J.1HTerpnpyg 9TO Bblpa)I<9HH91 ITOJIY'IHM: 

dT _ q, '}" + c~ 
d.~ («-~T!)4-~T 

no.aCT8BHB rpaHH'IHbl9 YCJIOBHg: 

T'll9 Cl. - llJIHHa Tpy6b! 1 HaXOllHM: 

qa.- (~-~T1)(T2-T") + ~ (T2
2

- T1
2
). 

3aBHCHMOCTb K09cfJcfJHUH9HTa Tennonpo BO.llHOCTH MOH9Jib-M9T8JIJI8 1 . HCITblT8Bll.l9I"O 

o6pa6oTKy .ll8BJI9HH9M 1 onpe.lleJigeTcg CJI9llYIOlllHMH KpatiHHMH 3H8'19Hllml.m: 

300 
K = 0,06 Kan/rpa.lloCM.C9K; k11 

==0,034 Kan/rpa.a.cM.ceK. 

0TCIO.ll8 
-4 

1.17•10 • no.llCTaBJigg 9~H 3H8'19Hl!Sl B 

<!JopMyny 1 nony'IH M 

-4 
{) Q. =2 5•10-2• 223+ 

1
•17• 10 

-v • · 2 5,6+4,9=10,5, 

jJJIHHa nO.llB9CHbiX Tpy6 830THOT'O pesepayapa paBHa Q 16 CM 1 a ITJ!Olll8llb 
. 2 . 

C9'19HHg s =0,97 CM /acex '19Tb!p9X Tpy6/. 

KonuqecTao Tenna, nepe.a aaaeMoe no 9THM Tpy6aM 1 paaHo: 

Q = 0,97• 
1 ~65 =0,64 Kan/ceK = 2300 Kan/'lac. 

EcnH npeae6pe'lb TeMnepaTypHoti saaHCHMOCTbiO KoacpcpHuueHTa Tennonpoao.ll

HOCTH Opi"8HH'l9CKOI"O CT9KJ1a H npliHgTb 9T'O paBHblM ko =6"10-
4

, TO KOJ1ll'l9CTBO 

Tenna, nepe.ll8B89MOT'O qepes U9HTpHpy!Olllli9 BHHTbl COCTSBHT / S = 115 CM
2 i 

O.al,5 eM/: 

Q. 2 -4 223 
=1,5 CM •6.10 •-,---

5 
=0,134 Kan/ceK =480Kan/qac • . . 
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TaKHM 00p830M, IIOTOK Tenna· K 830THOH CHCTeMe CKna,llbiBaeTCSI H3 cne,llyiOIUHX 

"'acTeA: 

1 I TennonpoBO.llHOCTI;>··ocTaTO"'Horo raaa - 3880 xan/qac. 

2/ TeMIIepaTypHOe H3ny"'9HHe "'epe3 BaKyyMHOe IIpOCTpaHCTBO IIpH .-<HanH"'HH 

Kan pa,llH8UHOHHOT'O 9KpaHa BOKpyr 830THOT'O 3KpaHa - 13200 -- .: .· 
qac. 

3/ TennonpOBO.llHOCTb IIO,llBeCHhlX Tpyo ~ 2300 Kari/"'aC 

4/ TennonpOB.llHOCTb UeHTpHpyiOUlHX BHHTOB 4800 Kan/qac. 

.. 1'{2 . 

· Q...: -. 19~860 xan/"'ac. Bcero aa aaoTHbiH peaepayap . , ~ 

Bee 3TO Tenno H,lleT aa Hcn'apeHHe >KH,llKOT'O aaoTa, CKpbiT8SI TennoTa HC.!I8P.~':";· 

HHSI KOTOpOT'O paBHa' 38,5' Kan/CM~ >KH,llKOCTH. CKpO~Tb HCIIapeHHSI >KH,llKOT'O 830Ta 

COCTa.DHT 

191860 = 0,5 nHTpa/"'ac. 
38,_5· 103 

Y"'HTbiBaSit "'To oo'beM aaoTaoro' peaepayapa paBeH 4,25 nHTpa, aaH:neM 

ac!Jc!JeKTHBHYIO ,llnHTenbHOCTb XpaHeHHSI >KH,llKOT'O 830Ta 

' ·. 

< 't" N2 
0 

4,25 
0,5 =;8,5 "'acoa. 

Pac"'eTHaSI aemr~Juna cxopocTH -ucnapeaHSI >KH.llKoro aaoTa aaxonHTCSI_ a corna-

cHH C HaoniO.ll 89MOA1 TaK K8K npH YCT8HOBHBWeMCSI pe>KHMe_.B 830THbiH pea~p-

Byap IIpHXO,llHTCSI .llOnHBSTb ·- } nHTp · 830Ta "'epea K8)i{.llbie 4 "'8C8
0 

Bo.llopoLiHbiH peaepayap 

'·';'A. TennonpoaoD.HocT& nonllep>KHaaromeA TpyoxH c y"'eToM Tennoo6Meaa 
·':'· ,,· 

Me>KllY BbiXOllSIUlHM T'830M H CTeHKaMH 

8hl"'HCnHM IIOTOK Tenna qepe3 OCHOBHYIO IIO,ll,ll9p>KHB8 IOUlYIO TpyoKy o Yf CXOllHM 

OIISITb H3 JlHHetl:aoA. 3aBa::HMOCTH K03cPcPHUH9HTa TennonpoBO,llHOCTH OT T9MIIepaTypbi 

·k- o( + t>(T-T~). 

:~ 
./'-
~~ 
...(_'>... 

' L·-

Yf 

p 

Ul 

rt: 

.ll4 

a¢ 

ne 

Tel 

TO 

ooe 

o( 

q( 

II pH 
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k"'l=! -2 k20 -2 
Yfcnonb3YH 3Ha'I9HHH =3,4•10 ; = 1•10 0 HaXO.OHM 

P ==4,22·10-4, a ol.- f3 Ti = 0,16•10-2 • Tor.aa 

• 0,56·104 =0,09 + 1,18 =1,27. 

npH .OnHH9 Tpy6hl Ha y'laCTKe .00 a30THOI'O peaepByapa 

rua.aH ce'leHHB 

Q 

S = 0,72 cM
2, nony'laeM 

0,72 • 1.27 
32 

= 0,0286 KanlceK 103 Kanl'lac. 

32 CM H nno-

npH .OBH)f{ 9HHH BbiXO.OHIU9I'O raaa no Tpy6,e npOHCXO.OHT Tennoo6MeH M9)f{.OY 

ra30M H CT9HKaMH Tpy6bi. 8TOMY cnopo6c TByiOT M9.QHbi9 .OHCKH 1 ycTaHOBneHHbie Ha 

,aefiTepH9BOii: Tpy6e, KOTOpbi9 HM910T OTBepCTHH .OnB BbiXO.Qa raaa. 

PeunrTb aa.aa'ly 0 Tennoo6MeHe B aTHX ycnoBHHX 0'19Hb Tpy.aHo. npn oueHKe 

a<jl<jleKTa Terinoo6MeHa Mbi HCXO.OHnH H3 peaynbTaTOB pac'leTa H H3M9p9HHii .anB 5o

nee npocToro cny'lasr. B Haw eM cny'lae cne.ayeT O)f{H.QaTb yMeHbweHHe noToKa 

Tenna npH6nH3HTenbHO B 3 paaa. TaKHM o6paaoM, noToK Tenna 'lepea Tpy6y c y'le

TOM Tennoo6MeHa, 6y.aeT paBeH Qo .-.. 10: .._ 35 Kanl'lac. 

S. TennonpoBO.OHOCTb ynpaBnHIOUl9fi Tpy6KH H Tpy6KH 

.aefiTepHe~oA CHCT9Mhl. 

EcnH Ha Tpy6KaX He ycTaHaBnHBaTb M9.0HhlX .OHCKOB 1 O.OHH H3 KOTOphlX 

o6ecne'IHBaeT TennoBofi KOHTaKT c aaoTHbiM peaepByapoM, To: 

-2 oL =1,•10 i 

Q. = 50 CM~ .:::.T = 280. 

-2 1,79•10-4 4 2 q,a= 0,64·10 ·280+ 19·10 - 4•10 I 
2 

1,8 +8,1 

n = 9,9 • 2 '--'\. 50 0,13 CM = 0,026 KanlceK 94 KaJt I 'lac. 

9,9 

YcTaHOBKa .aHcKoB npHBO.OHT K TOMY1 'ITO rpa.aneHT TeMnepaTypbi Ha y'laCTKe, 

npHMbiKaiOUl9M K BO.OOpO/.lHOMY peaepByapy, UOHH3HTCH. npH aTOM 

1
, 'I .~.-,:·.:· .. i~\ ~=·»"\, .• oli.:.);.Ui~J:1HM~ l ., 6i116JU10TEHA 



~ : 

I qa =1,27 

Q 

' a_ = 30 CM 1 a 

=1,27•0,13 
30 
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0,0055 Kan/ceK 20 Kan/qac. 

Tennoo6MeH BbiXO.!lSllllero ra3a c Tpy6KaMH yMeHblllHT aToT. noToK ao 

Q- 20 ...... 7 IKan/qac. 
3 

UonOIIHHTellbHO K 830THOMY pe3epsyapy ITOCTynHT Tenno 1 paBHOe 

q,a_ = 10,5 U = 20 CM s = 0,13 CM
2• 

Q- 10,5 
20 ~ 0.13 0,068 Kan/ceK · 245 Kan/qac, 

KOTOpoe ITO'iTH He H3MeHHT yCIIOBHSI xpaaeHHSI JKHaKoro 830Ta B pe3epByape, 

B. TennonposoaHoCTb qepe3 nonncTHponoshle H Te¢noaoBhle H30IISITOphl 

paanaunoaaoro aKpaaa 

C'iHTaeM KOa¢¢nuHeHT TennonpOBOaHOCTH ITOIIHCTHp01l8 BeliH'iHHOH ITOCTOHHHOH, 

k -4 2 
pasaoit 0 = 3•10 Kan/rpaa.cM.ceK. Toraa npn S =0,6 CM ; a. = 2 eM; 
~ 0 . . 0 _al = 40 /TaK KaK TeMnepaTypa paanaunoHHOro aKpaaa pasaa oKono 60 K I 

Q -4 40 = 3• 10 ·•0,6· 2 = 13 Kan/qac. 

I_ · -4 
AaanorH'iHO anH Te¢noHa 11\o = 6•10 Kan/rpaa.cM.ceK. 

s = 0,21 cM
2 ; CA. = 2 CM ; bT = 40°. 

Q -4 -3 3 • Q = 6•10 40•0,21·112•10 •3,6·10 = 9 Kan/'iac. 06mnfi noToK =22 Kan/'iac. 

r. TeMnepaTypHOe H31IY'ieHne 

UnH BoaopoaHoro pe3epByapa n anneaanKca HMeeM: 

To= 77°; e;, · = 0,1 eo = 0,3 Ao'A.-'/1 L 1,5 ; 

e. eo _ 0,1· o,s 
e.,+ e,( 1-e .. ':> p - o,3+0,1· 0,1· 1 ,5 

0,075; s ""0,2 M
2 

no 

Pa; 

HHI< 

B }:: 

B a 

Hap; 

c 

nycll 

TO 

rae 

BHHX 

npHB< 

rae 

peHH! 

npnc; 
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noTOK TeMnepaTypHOrO Hany'I9HHSJ COCTaBHT 

'Q 8 -5 = 0,2•0,075•0,36•10 •4,9"10 = 26,5 Kan/qac. 

2 
PaJlHaUHOHHbiit aKpaH oxaaTblBaeT nnomallb oKono 0,1 M , 'ITO npHBOJlHT K yMeHbWe 

AG =~..J... 0,075· 0,36. •108• 4,9•10-B =6,6 Kan/qac, · 

B peaynhTaTe : ~o~ 20 Kan/'lac. 

npeJlB8pHT9nbH09 MCUbiTaHH9 MHW9HH 6binO npOB91l9HO C OTKpbiTbiMH OKH8MH 

B aaoTHOM axpaae. TeMnepaTypaoe Hany'leHHe, npoHHKaromee qepea aTH OKHa OT 

.Hapy)KHOrO KO)KyXa paBHSJnOCb 

Y'IHTbiBaSJ acpcpeKTHBHbiit yron~ aaxaaTa TeMnepaTypHoro nany'leHHSJ H aaKoH nc"'" 

nycKaHHSJ - c.os 9 , HaXOJlHM JlbniO nornomaeMoro Hany'leHHSJ: 

TO 

rile 

1 75 ~ ~, 0 = /2 • 2 • t /13 •0,8 = 0,14 HnH '-'(0 = 420 Kan/qac. 

Ecnn 9TH OKHa aaxpblTb oTpa)KaiOlllHMH .cponbraMH1 'ITO. 6brno Cllenaao nb31lHee, 
. . I 

r!1 1 - 2 · 3 9 1 - 5 8 . !'F:"'o· 4 I '-'<.o = 5• 0 • 0, •4, • 0 •0,36•10 = 26 xan/trac, a ~ = xan 'lac. 

D. Tenrioahl~eneaHe npH KOHBepcHH opToaoJlopoaa a napaaoaopoa. 

CKOpOCTb KOHB9pCHH OpTOB01lOP01l8 onpeaenSJeTCSJ COOTHOW9HHeM: 
i dN. '-N 

No d1:. - K 0 7 

N 0 - aong opToMoneKyn, k nocTOSJHHaSJ KoaaepcHSJ. B HOpManbHbiX ycno-

k- 0,012 1 
/qac. Tenno, BbraenSJromeecg npH KOHBepcnH a }KHJlKOM aoaopoJle, 

npHBOJlHT K JlOUOnHHT9nbHOit CKOpOCTH Hcnap9HHSJ 1 paBHOH 

oi dt\ A\-\~ cHJ. 
n: d..t = ~ -;ft ' 

AHc - TennoTa KOHBepcnn, -TennoTa Hcna-

= },43 '!:_ 0,04/0 nocTOSJHH8SJ KOHB9pCHH cymecTB9HHO 38BHCHT OT 

npncyTcTBHSJ paanH'IHhlX npnMecea, nrparomnx ponb KaTannaaTopa. B qacTHoCTH, 
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npHCyTCTBHe KHCnopoaa B KOHU9HTpaUHH 0,01% yBenHqHBaeT CKOpOCTb KOHB9pCHH 

npH5nH3HTenbHO B 3 pa3a. 

npH 05'beMe >KHaKOI'O :aoaopoaa B 3,5 nHTpa CKOpOCTb HcnapeHHSI B HaqanbHbifi 

MOM9HT BpeM9HH 1 KOI'aa aonSI OpTOMOneKyn HaH50nblllaSI
1 

paBHa 

"d.d.~ l = 1,43•1,2•10-2·0,75·3,5•103 

~0 . 

3 34 CM /qac, 

a 99 
Q = 34• 7,6 = 260 Kan/qac. 

TaKHM o5pa30M , noToK Tenna K sonoponHoMy pe3epsyapy CKnaahJBaeTcSI H3 

cnenyromHX qacTeti: 

1 I TennonposoaHocTb nonnep>KHBaromeii Tpy5KH H 
Tpy5KH 

neil:TepHesoii 

2/ TennonposonHocTb Tennoswx H3onSITopoB - 22 Kan/qac. 

-· 42 Kan/qac 

3/ TeMnepaTypHoe H3nyqeHHe qepe3 BaKyyMHOe npocTpaHCTBO npH HannqHH 
paaHaUHOHHOI'O SKpaHa - 24 Kan/qac. 

4/ TennoBbxneneHne 3a cqeT KOHBepcHH opTosonopona B napasonopo.a B Haqanb
HhiA MOM9HT BpeM9HH - 260 Kan/qac. 

Bcero Ha aonopoaHhiA pe3epsyap Q
H2 

= 348 Kan/qac. 

CKopocTb ncnapeHHSI >KHaKoro sonopona B HaqanbHhiA MOMeHT apeMeHH non>KHa co-

CTaBnSITb 

348 = 46 CMa /qac. 
7,6 

8cpcpeKTHBHaSI anHTenbHOCTb xpaH9HHSI >KHaKOI'O BOaopoaa paBHa 

'tH~ 
0 

3 
3,5 •10 =75 qacoa, 

46 T.e. oKono 3 CyTOK. 

PacqeTHaH CKOpOCTb HCnapeHHSI >KH.llKOI'O Boaopoaa C OTKpbiTbiMH OKHaMH B a30THOM 

SKpaHe COCTaBnHeT 

348 - 24 + 420 
7,6 

a· 
100 CM /qac, 

a acpcpeKTHBHaH anHTenbHOCTb xpaHeHHH 
r:-,H2 
Lo 35 qacos. 

E 

~ 

n 

u 

~ 

) 

L 

a 

M 

!v 

c 
b 

. 
0 

I. 



:)CHH 

CSJ lf3 

Kan/qac 

'llflf 

CHa co-

a30THOM 

-21 -

'· ¢ aKTH'IeCKH Ha6mo.uaBllJ aHCSI CKOpOCTb HCnapeHHSI :lKi:r.q_ KOI'O BO.llOPO.llll B 9TH X ycno-

BHSJX paBHSJJiaCb 108 CM
3 /~ac B Ha'laJibH.bi:ii MOMeHT,.'-a 9cpcpe'I{THBHOe !apeMH xpaHe:-

HHSJ 

33 qaca. 

. •;.·. 

0TKJIOHeHHe Ha6JIIO,llaeMOti CKOpOCTH H<;:nap~HHSJ OT pac'leTHOif MO:lKeT 6biTb Bbi3BaHO 

HenpaBHJlbHbiM Y'J.eTpM Te.Mn.epaTypHOI'O .~3JIY,'~e?HSI }! CKOIJOCTH KOHBepcHH 1 a TaK:lKe 

:--: 
npeHe6pe:lKeHHeM TennonpQBO,llHOCTbiO .OCT8TO'IHOI'O rasa B 06'beMe 1 Henocpe,llCTBeHHO 

. • • • l ~ • • . .. ' 

OXB8TbiB8IOIJJ;eM ~O.llOpO.llHbii!: .peaepa_yap. 

1 Y:. n O.q I'OTOBKa M lfl~I eHH K OilbiT8 M 

' . ' ~ i 

Ll,JISJ o6ecne'leHHSJ ,llJIHTeJibHOI'O xpaHeHHSJ BO.ll0p0.ll8 
• ~ · "i , ): : ' •f • I , 

,llO 3ailOJIHeHHSJ MHllleHH :lK~.llKHM BO.llOpO.llOM co:3.naTh XOp·o~'tiu 'BaKyyM'B Ko:>i<yxe• 

If OXJI8,lllfTb BHyTpeHHHe .ueTaJIH .llO TeMnepaTypbi :lKHft_I{OI'O 830Ta. C 9TOH ueJibiO 

MHllleHb OTK8'1HBaeTCSI .ll~ ~aBJieHHSI ( 3 - 2 )x 10:~· Ml\1!' ~T.CT~.' 3aTeM 1 6e3 npe-

Kpameamt OTK8'JKU, Ha'I.HHae:I,;cSI aaf:!HBKa aaoTa B aaoTHbii!: peaepayap. Bo BpeMst aaJIHBKH 

Be,llyTCSI H~6JIIO,lleHHSI 38 Ba,KyyMOM 1 KOTOpbiil: . .llOJI~eH Henp~pbiBH'O yJiy'liJJaTbCH 1 

il£>.llHl_l Ma~~b .ll~ ( ~ ·_ ~)X ·i.0 .:_B "M~ ~T .c:•. L:i~, Ha'laJia 38JIHBKR :lKH.llKOI'O' 83o'Ta' B MH-

weHb BCTaBJISJeTCSJ BO.llOPO.llHbii!: CHcpOH·, a. peaepayap .llJISJ :lKR,llKOI'O BO,llopo.ua If 
~: •' -·· ,, : !·, -.. : lj_,,~ ~~,;.! :f.,·' .·,.·. :. -, .: . ,. ~ 

KOHTeil:aep OTK8'1HB8IOTCSJ BTOpbiM qJOpBaKyYMHbiM H8COCOM If H8ilOJ1HHIOTCSI reJIHeMo 
• ' I , • , ; , : } j . , .• '; ' . ~ i' ' : ' • 
VfrOJib'laTbifi :KJianaH, COe,llHHSIIOIJJ:Hii KOHTeiiHep ~ pe~epayapOM BO BpeMSJ OXJI8;.:. 

:lK,lleH~~~ <?TK,PbiTe ' 

,'1 

no Mepe· .OXJI.&JK.,lleHHSI J;l8BJ:!eHHe. reJIHSJ B Mlflll eHH HenpepbiBHO yMeHbriiaeTCSJ 0 

. ·-·· .. :;·;· 
'LJTo6bi He:· .llOilyCTHTb' 38C~CbiB81j:HSI ,B03.llY;'C.8 ~HY;T.P.b ~HllleHH1 .ll8BJieHHe. reJIHSI no.u

.u:ep:lKHBaeTCSJ. He.· HH:lKe •. 1 ,2; -; 1. 1 3 aTMoccP,epbio 0XJI~:lK,lleHHe. ~HyTpeHHKX .u'eTaJiett : 
... ·. ' '... .. ~. 

MHllleHH· Heo6xo.uHMO, npoao.uHTb. He MeHee 12 qacoa. PeKoMeH.uyeTcH oxJia:lK.UaTb, 
- . ' • i . 

1\. ,• ,_ -' 

MHllleHb B Te'leHHe 3Ha'IH:reJibHO 60Jiblllero BpeMeHH, HanpHMep .uo' } 15 - 2 CyTo'K. 
' ' ' • ,_ I ; f., ' ~ ~ 

0TKattKy npH :aToM He ae.uyT H TOJibKO nepe.u aanHBKofi :lKH.UKoro ao.uopo.ua · MHweitb 
· .. •; 

bTK8'1HBaeTCSI BHOBbe i' 

.. ~·: ·::. 
Henocpe.ucTBeHHO nepe.u aanHBKOM ao.uopo.ua cHcTeMa, aanonHeHHaSJ renHeM, 

oTKa'IHBaeTcH. B :aTHx ycnoBHSIX npoH3BO.llSIT H3MepeHHe Ha'laJibHhlX eMKOCTefi KoH

.ueHcaTopoa H3MepHTeJISJ ypoBHH. Hronb'laThlfi aeHTHnb ao.uopo.uHoro peaepayapa 
) 

n epeKpbiBaeTcH. 

·--....._ 
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~HaKHA aoaopoa qepea cH¢oa nepenHaaeTcH H3 nepeaocaoro abroapa. 3anop

HhlA aeHTHllb aoaopoaHoro cH¢oHa oTKphlaaroT, raaoo6pa3HhlA aoaopoa ycTpeMnHeT

ca B aoaopoaHhlA peaepayap. Ma6hlToqHoe aaaneaHe renHH a nepeaocHoM abroape 

roHHT mHaKHA aoaopoa qepea cH¢oa a aoaoponahlA peaepayap. nepea aToA onepa

UHeA H906XOaHMO OTKphlTb BhlXllOOHOfi B9HTH1lb aoaopoaHofi MHW9HHo 

Ma-sa 6ypHoro HcnapeHHH }KHnKoro aonopoaa a aoaoponaoM pesepayape 

H36hlTOqHoe llaBll9HH9 B CHCT9M9 aOCTHraeT 0,2 aTMoc¢ephl. 8 npouecce 381lHBKH 

npOH3BOaHT H3M9p9HH9 9MKOCTH HH>KHero, a 38T9M H Bepxaero KOHll9HCaTOpOB 0 no

Cll9 Toro, KaK aepxHHA KoaaeacaTop norpyaHTCH B mHaKHA aoaopoa, nepenHBaHHe 

npOH3BOaSJT eute 2 - 3 MHHYTbl 1 OOK8 He H8'1H9TCH CKa'IK006pa3H09 OOBbiW9HH9 aaa

ll9HHHo 3anonHeHHe MHW9HH Ha 9TOM 3aKaH'IHB810T 1 BbiHHMaiDT aoaopoaHhlfi CH¢OH H 

OTBepcTH9 pacnpeaenHT91lbHOfi ronOBKH 3aKphlBaiDTo 

Y. MaMepeHHH c mHaKHM aoaopoaoM 

· .. - ~ 

EcnH Heo6xoaHMO npoaecTH H3MepeaHH c mHaKHM aoaopoaoM B anneaaHKce, 

TO OTKpb!Bai<!T HrOllb'laThlfi B9HTH1lb anneaaHKCa, a BbiXllOOHOfi B9HTH1lb anH HCnapHID

lllero. aoaopoaa nepeKpbiBaroT. 4epes HHKeneayro Tpy6Ky mHaKHA aoaopoa nocTyna

eT a anneHaHKc. 3anonHeHHe aeaeTCH ao Tex nop1 noKa MaHoBaKyy~eTp anneaaHKca 

He CTaHeT OOK83biB8Tb CKaqKoo6pa3HOe HapaCT8HHe aaaneHHHo Vfrollb'18Th!A B9HTH1lb 

anneaaHKCa riepeKphlaaeTcB c noMOlllbiD aeHTHnB Ha nynbTe ynpaaneaHn • 

.QnB TOro, qTo6bl BbinYCTHTb H3 anneHaHKC8 mHaKHA BOaopoa, OTKpb!B8IDT 
D-· 

~~6nb'IBThlA aeaTHnb anneHaHKca H qepea aeHTHllb Ha nynbTe ynpaaneHHH noaaroT 

renHA T8K, ~T06bl ycTaHOBHllOCb H36biTO'IHOe aaan~HH9 OKano 400 MM pT.cT. ~Ha-' 

KHR ao'aopoa BbiXOaHT o6paTHO B pesepayap qepe3 HHKeneayro Tpy6Ky • nocne Taro 

KaK aecb aoaopoa nepenHncs a pesepayap, aaaneaHe B anneHaHKce peaKo yMeHb

waeTcB1 HronbqaTbiA aeHTHnb anneHaHKca nepeKpbiBaeTcst. 

3TH aBe onepaUHH MOmHO npOH3BOaHTb OOBTOpHO H906XOaHMOe KOllH'I9CTBO 

pas. 
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Yl. Vl3MepeHHH c lliH.UKHM .uefiTepueM 

DefiTepHfi H3 pereHepaTopa rro.uaeTcH B npe.usapHTel!bHO oTKa~aHHhll arrrreH-

.UH!tC C DOMOlUbiO BSKYYMHOfi pe3HHOBOM Tpy6K.II BHyTpeHH.IIM .U.IIaMeTpOM 2 MM H 

TOl!lUHHOH CTeHOK 6- MMo 

Ha~al!hHoe .uasneHHe B pereHepaTope oKono 5 '~aTMOc<!Jep,. VI ronb~aTbifi BeHTHl!h 

HS Bb!XO.Ue pereHepaTopa OTKpb!BaeTCH H ra3006pa3-Hb!H .uefiTepHH IIOCTyrraeT B .ueii-

TepHeByiO Tpy6Ky, KOTOpaH rrpoxo.uHT ~epe3 BO.UOpp.UHb!H pe3epByap. nocKOl!hKY 

rrpH HOpMal!bHOM .uaBl!eHHH TeMrrepaTypa KHIIeHHH 2KH.UKOI"O BO.UOpo.ua paBHa 

I -252~7°C/, a .uefiTepuH /-249,9°C/,-To rrpoucxo.un:T c:>Kn::>KeHne .uefiTepHH Ha 

cTeHKax H ·oH cTeKaeT B arrrreH.un:Kc. no.ua~a .uefiTepn:H rrpon:cxo.uHT rro.u He6onhlllHM 

H36biTO~HbiM .USBl!eHn:eM OKOliO 0,9 1.0 aTMt ~TO YCKOpHeT C2KH2KeHn:e. 

npouecc C:>KH2K eHHH C~HTSIOT 3aKOH~eHHbiM 1 KOI".Ua .U8Bl!eHn:e· B pereHepaTope 

yrra.ueT .uo 2 aTM.· BeiiTn:nh Ha Bbrxo.ue pereHepaTopa rrepeKpbiBaeTcH.· 

Yll. 3aseplllaiOLUHe on.epaun:H 

nocne OKOH~aHHH O!IhlTa 1IpOH3BO.UHT n:crrapeHn:e .uefiTepHHo C 9TOfi uel!biO !IpH 

3aKpbiTOM KpaHe Me2K.uy 6al!l!OHOM H COCY.UOM pereHepaTopa aKTHBHpOBaHHbiH YI"Ol!b 

oxna:>K.uaeTcH 2KH.UKHM a3oToM. Crroco6HOCTh aKTn:Bn:posaHHoro yrnH rrornomaTb .uefi

Tepn:fi Bo3pacTaeT .uo 180 cM
3 

Ha 1 r yrnH. TaKHM o6pa3oM 1 1,6 Kr yrnH Mo2KeT 

rrornoTHTh 288 n ra3oo6pa3Horo .uefiTepn:H. B o6~eMe arrrreH.UHKca Haxo.nn:TcH 

240 CM 
3 

2KH.UKoro .uefiTepn:H, ~To cootseTcTByeT 190 n. ra3a. noaTOMY oxna-

:>K,UeHHbiH 8KTHBHpOBaHHb!il: YI"Ol!b He TOl!hKO IIOI"l!OLUaeT BeCb .uefiTepufi, HO H 

IIOHH:>KaeT .UaBl!eHn:e B arrneH.uHKce .uo 500 MM pT.cT. B aTn:x ycnoBn:Hx rroTepn: 

1"83006pa3HOI"O .uefiTepn:H 38 O.UH~UHKl! pa60Thl COCTaBHT He 6onee 200- 250 CM
3

• 

l!T06b! HCDapn:Tb BeCb .uefiTepn:fi 1 · He06XO.UHMO Y.UElliHTb 2KH.UKHfi BO.UOpO.U H3 

BO.UOpO.UHOI"O pe3epByapa. 3TO 1Ip0H3BO.USIT C IIOMOlllbiO BbiXl!OIIHOI"O CHlPOHa, KOTO-

p hifi ycTaHaBnHBaiOT B MHlll eHh ~epe3 pacrrpe.u enn:Tel!hHYIO ronoBKY. K oHeu cn:¢oHa 

.uoxo.un:T .uo caMoro .una so.uopo.unoro pe3epsyapa. Ecnn: yrrnoTHHTh aToT cn:¢oH 

B pacrrpe.uenn:Tel!bHOfi I"Ol!OBKe .II Ha.U 2KH.UKHM BO.UOpO.UOM C03.UaTb H36b!TO~Hoe 

.UaBnenn:e B 0,5 aTM, TO 2KH.UKHfi BO.UOpO.U y.uanHeTCH H ynaBliHBaeTCH BeHTHl!HUHOH

HOii CHCTeMOfi. 
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nocne nornomeHMH raaoo6paaaoro .aeitTepMH oxna)K.aeHMe cocy.aa c aKTHBHpo

poaaHHbiM yrneM npeKpaLUaJOT, BbiXO,aHoit aeHTHnh pereHepaTopa nepeKpbiBaJOT
1 

a 

KpaH Me)K.ay 6annoHOM M cocy.aoM OTKpbiBaJOT • .DaaneHMe B pereHepaTope Me.aneaHo 

UOBb!Wae·TcH LtO 5 8TMo 

0KOH"'aTenhHoit aaaepwaJOLUeit onepauueii HBnHeTcH y.aaneHue cne.ao~ raaoo6-

paaHoro ao.aopo.aa B TpaKTe: aonopo.aH~it peaepayap, MI"'01Ih"'aTwit BeHTM1Ih anneH

LtMKca, HMK91I9B8H Tpy6K8 1 ,aefiTepHeBaH Tpy6Ka - C UOMOLUb!O npo,ayBaHMH ITO 9TOMy 

TpaKTy raaoo6paaHoro renMH. 

LJT06b! HarpeB MHW9HM npOHCXOLtM1I 6ea IT01IOMOK 1 H906XO.l:tMMO OCT8BMTh OT

Kpb!TbiMH OTBepCTMH ,ann 381IMBKH )KM,aKOI"'O 830T8 1 OTKpb!Th MJ"01Ih"'8Tb!tl: B9H.TM1Ih 

anneH..ctHXC:c!l1 BbiX1IOITHOif B:9HTH1Ih H8 ny1IhT9o 0CT81IhHbl9 B9HTM1IH H8 rty1IhT9 nepe-

Kpb!B810T 0 

nocne Harpeaa MHilleHH "'epe3 20 - 40 "'8COB peKOM9H,ayeTCSI OTX8'-II!I.Th CMCTe

MY ao.aQttO.a~oro peaepayapa M annea,aMKca, .a aareM nepeKpbiTh ace BeHTHnM aa 

n y IIbTe YollPEI.BliOHH st.. 

Ylll. TexHHKa 6eaonacHOCTM 

raaoo6paaHwtl: a6.ao~o.a a cMeCH c aoa.ayxoM npe.acTaBnHeT co6otl: aapwao

onacHyJO CM9Ch 1 ecnH o6oeMHaH KOHUeHTpaUHH ao.aopo.aa B aoa.ayxe aaxo.aHTCH B 

npe.aenax OT 4,1% .ao 75.%. TeMnepaTypa aocnnaMeHeHHH TaKHX aapbiBOOnacHbiX 
. 0 . 0 . . . 

CMeceJ:t paBHa 350 + 590 C. noaTOMy npH pa60T9 'C )KH,aKHM BOLtOpO,aOM Heo6xo-

LtHMO npHHHM8Tb M9pbl1 . KOTOpb19 npe,aoTapamanH 6bi o6pa30B8HM9 OTKpb!TOt\ B3pbiBO· 

onacuoJ:t CM9CH1 a ·ecnH ~-.cnyqae aeapHH TaKaH cMecb H o6paaoaanach, coa.aaTh 

T8KH9 yC1IOBHH 1 KOTQpbl9 IT01IHOCTh!O HCK1IIO"'81IM 6b~ B03MO)KliOCTh B3pbiBa. 

Muw eHh .anH )KH,aKo,ro aonopona aaKpbiTa KO)KyXoM, coenuueHHbiM c Mo•.u:

aol% BbiTH)KHOfi B9HTH1ISIUHetJ:. VfcnapSI!OlUHfiCH BO,aopo,a Y.l:t81IH9TCSI B 8TMOCcPepy, MH

HYH na6opaTopaoe noMeLUeHRe, qepea raaooTaonuyJO Tpy6Ky. 

no.apo6Hoe OITHC8HHe_npaBH1I pa60Tb1 1 Tp8HCITOpTMpOBKH H BC9X onepaqHfi C 

yqeTOM Tpe60B8HH8 T9XHHKH 6eaonaCHOCTH npHBe,aeHO ~ HHCTpyKUHSIX. 

AaTopw pa6oTw awpa)KaJOT 6na~onapHoCTh A.r.3enh.aOBHt.t:Y H B.T.CMonstH

KMHY aa peKoMeHnauuJO pa6oTw no coanaHMJO ne8Tep~eaoro pereHepaTopa, r.renh-
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tfJ.epy, o.B. CaB'l9HKO' H r .E. KocapeBy 'a a y'laCTH9 B HCilbiTaHHSIX .,oeftTepHeBoro pere

aepaTopa, a TaK)Ke H .A.neTyxoay aa noMOlllb B uaroToaneHHH Bo.oopo.oaoro pe-

aepayapa. 

AaTop~ npH3H~TenbH~ K.A.Baftqepy H BCeMy Konne~THBY KpuoreHHoft rpynnhl: 

B.H.llMHTpHeBcKoft, IO.A. KyaaeuoBy H A.B. lieKMeHeBy ~a 6ecnepe6oftHyro pa6oTy 

BO.OOpO.OHOft CTaHilHH H IIO.MOlllb npH HCilbiTaHHSIXo 

PyKonucb nocTynuna a ua.oaTen~ocKHft oT.oen 29 aarycTa 1959 ro.oa. 

l1CnOnb30BAHHASI nHTEPATYPA 

llbroapbi .onSI .onuTen~oaor.o xpaHeHHst )K.H.oKoro a.o . .oopa..oa H renusr 
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