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ITopwlleBbre aeTaaaepbi c npnBOilOM KnanaHoB nopwHeM Bbrroano oTnn-:

'<IaroTcsr OT MaWHll C TpallHUHOHliOfi CXeMofi npHBOila KnanaHOB OT Kyna'<IKO

BOrQ Bana npOCTOTOfi KOHCTpyKUIIH 1 llajle;>~mOCThl01 BOSMO:>KHOCThlO SHa'<IH

TenhHOrO nOBbiWeliHSI 6biCTpOXOilliOCTlle 

B CoBeTCKOM Corose nepBbre Moaenn TaKnx Mawnn 6bmn cosaallbi B. 

MocKoBCKOM snepreTII'<IecKoM HHCTIITyTe B~. BpoasrHCKHM II COTPYilHIIKa
/1,2/ 

MII • 

B 06~eannenaoM IIliCTIITyTe sraepllhlX nccnenoBaHIIfi paspa6oTall n 

nyruen B 9KcnnyaTaunro. liOBbifi THn neTaanepa c npnBonoM KnanaHoB nopw

. /3/ "" aeM • vTOT neTaanep npennasaa'<Iell nnsr O:>KH:>KIITensr Bonopona nponsBo:-
. ' /4/ 

llHTenhliOCThlO OKOnO 350 n/qac • 

flpnnunn neticTBHsr.MexannsMa rasopacrrpeaeneHnsr·aeTaHnepa nosrcHsr

eT pnc. 1. Koraa nopweah 1 np~6nn:>KaeTcsr K HH:>Kllefi MepTBoti TO'<IKe (no

no:>Keane_ I ) 6y~THK 6 nopwasr .na6eraeT na BbmycKaoti Knanan 5 n oTpbiBa

e'l' ero oT cenna. B u.immmpe Ha'<InaaeTcsr npouecc Bbrxnona n npn aanh

HefiweM JlBH:>KeliHH nopuinsr K Bep~efi MepTBofi To~Ke - BbiTanKHBaHne rasa 

ns unnnHnpa ( nono:>Keane II ). 'BbmycKHoti KTianaH 5 6yaeT OTKpbiT ao 

;ex nop, noKa noanpy:>Knaennasr BTynKa 3 ne sacTaBHT Knanan ·noaasrThCsr n 

C~eCTh lla ceano •. flpy:>KHlla .2 Ha'<IHHaeT C:>KHMaTbCSI1 B UllnHHilpe npOHCXOilllT 

npouecc c:>KaTHsr ocTaBwerocsr rasa ( nono:>KeHne III ) • B sTofi ¢ase Ton

KaTenh 7 na6eraeT na BnycKaofi Knanan 9, no Knarran ocTaeTcsr saKphlTbrM, 
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IV VI 
Puc. I. llpuauun neilCTBHSI MexaHH3Ma ra3opacnpeneneHHSI. 1 - nopweHb; 
2,4,10 - npy>KHHbi; 3 - BTynKa; 5 - KnanaH BbinYCKa; 6 - 6ypTHK UOpWHSI; 
7 -. TOUKaTenb; 8·- I'OUOBK8 UHUHHApa; 9- KUaUaH. BUyCKa; }} - perynSITOp 
OTCS'IKII BbinYCKa. 
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TaK KaK cyMMa ycn:nn:i!:, aei!:CTBY_JOIIIHX Ha Hero CO CTOpOHbi 

BepCTHSI, 6onbiiie CYMMbi ycn:nn:i!:, aei!:CTBYIOIIIHX CO CTOpOHbi I 

B npoueccax aanonHeHHSI v n paciiinpeHHSI VI Bbiii~ 

saKpbiT0 TaK KaK ero . ynep)KHBaiQT npy)KHHa 2 H pas HOCTb lll 

CTOpOHbi KnanaHao 

B nanbHeiiiiieM unKn pa6oTbi nosTopSieTcSI. TaKoii Mexa 

KnanaHos nossonSieT nony'l:HTb lflasbi rasopacnpei:teneansr n HI 

nnarpaMMy, Hn'l:eM He oTnnqaromnecSI oT Tex, KaKne o6ecnetJ 

Kyna'l:KOBbiii npnson. B To )Ke speMsr STOT MexaHHSM npome~ 

MeHbiiiero KOT,IH'l:eCTBa neTanei!:, BeCb pasMeiiieH BHYTPH UHilF 

6yeTCH CBSISH ero C KOneH'l:aTbiM .BallOMo QqeHb npOCTO per) 

ceqKa snycKa. 0Tcy TCTsne canbHHKOB B MexaHHsMe npnson~ 

Hane)KHOCTb n 6esonacHoCTb pa6oTbi. B npouecce ·pacmnpeH~ 

BOS HHKHYTb 'neTnSI' Ha HHllHKaTOpHOi!: JlHarpaMMe: KaK TOilb 

UHnimnpe CTaHeT paBHbiM JlaBneHHJO B· BbinyCKHOii Tpy6e, Km 

aBTOMaTH'l:eCKH OTKpOeTCSio 

KnanaHbi neTa.Hnepa · pasiieceHbi apyr oT apyra. 8To m 

nn'l:HTb nx npoxonHbie ce'l:eHnsr, yMeHbiiiHTi. noTepn: oT apocc 

Hannqne npsrMoToKa pa6oqero rasa s unnnaape_ CHH)KaeT rnJ 

noTepn n BHyTpeHHHii Tennoo6MeH. 
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IV VI 
neiicTBJHI MexaHH3Ma rasopacnpeneneHHSI. 1 - nopmeHb; 

a>K"""1l 3 - a'rynxa; 5 - xnanaa Bhmycxa; 6 - 6ypTHK nopmast; 
· - ronoaxa nHmmnpa; 9 - xnanaH. ·anycxa; 11 - perynstTop 

4 

·r 
! 
j 

1 

TaK KaK CyMMa ycn:mdl:, AeHCTBYJOIItliX Ha Hero CO CTOpOHbl BnyCKHOrO OT

BepCTHSI, 60llbllle CyMMbl yCllllliH0 Aeil:CTBYJOIIlliX CO CTOpOHbl UllllliHApa. KnarraH

OTKpOeTCSI, KOrAa TOliKaTellb yrrpeTCSI B AHO rHeSAa B IIOplliHe (rron~*eHHe 

IV. ) • · 3To rrpon:cxoAHT B6nn:3n: BepxHeil: MepTBoil:_ TO'IKH. B un:nHHJlpe aa

'IHHae;cSI rrpouecc HarronHeHHSI. ITpn AanbHeil:JIIeM riBn:*eHHH rroplliHSI BHn:a 

BnyCKHOH Knarraa 6yAeT ocTaBaTbCSI OTKphlThlM IIOA Aeil:cTBHeM pasaocTH 

ycn:nn:il: rrpy*n:H 4 n: -10 ( rrono*ean:e V ) • Knanaa saKpoeTcSI, KOrAa ycn:-

nn:e npy*HHhi _10 cTaHeT 6onbJIIe ycunn:SI IIPY*HHbi 4 ( noiro*eime VI -- ) ~ B 

iui:nHHApe H·a'IlleTCSI npouecc pacJIIn:pelln:SI . rasa. Cuny rrpeABapn:Tenblloro 

c*aTHSI IIPY*HHbi 10 BIIYCKlloro _ Knarralla MO*HO _perynn:poBaTb· BHHTOBbiM 

MeXaHHSMOM 11. -3TO IIOSBOliSieT Illi8BHO II B mllpOKliX rrpeAenax liSMeHSITb 

/5/ 
OTCe'IKY BnycKa 

B rrpoueccax HarronlleHHSI V II paCIIIHpeHHSI 'VI BbinyCKHOH Kllaiiall 

saKpbiT, _TaK KaK ero _ yAep*liB8tQT IIPY*HH8 2 II pas HOCTb AaBneliHH IIO o6e 

CTOpOHbl Kli8II8Ha. 

B Aallblleil:JIIeM un:Kn p·a6oTbi rrosTopSieTcSI. TaKoil: Mexalln:sM .rrpn:Bona· 

KllaiiaHOB IIOSBOliSieT IIOny'IHTb ljlaSbl rasopacrrpeAeneliHSI li liH.AliKaTOpllyJO 

AHarpaMMY, HH'IeM He OTllli'IaJOIItlleCSI OT TeX, K8Klle o6ecne-.:i:n:BaeT -06bJtiHhiH 

KYliB'IKOBbiH npHBOA. B TO *e BpeMSI STOT MexaHHSM npome, . COCTOHT liS 

MeHblllero KOliH'IeCTBa AeTaneil:, BeCb pasMemeH BllyTpll UllllliHApa - He Tpe-· 

6yeTCSI CBSISll ero C KOliElH'IaTbUd.B8liOM. QqeHb IlpOCTO perrnn:pyeTCSI OT

Ce'IKa BIIyCKa. 0Tcy TCTBHe CallbHliKOB B MexaHHSMe IlpliBOAa IIOBbiJIIaeT 

HaAe*HOCTb n: 6esorracHoCTb pa6oThi. B npouecce -pacJIIn:peliHSI He· MO*eT 

BOSHliKHYTb 'neTnSI' Ha liHAHKaTOpHOH AHarpaMMe: KaK TOllbKO AaBneHHe B 
- ' . . . . 

UllllliHApe CTaHeT paBHbiM AaBneHHJO B BbinyCKHOH Tpy6e, i<:nanall BbiiiYCKa 

aBTOMaTH'IeCKll OTKpoeTCSI. 

KnarraHbl AeTaHAepa pa3HE!CeHbl Apyr OT Apyra. 3To IIOSBOliHeT yBe-

llli'IliTb.liX IlpOXOAHhle Ce'IeHHSI0 yMellblllliTb IIOTepn: OT Apoccenn:poBaHHSI. 

Hann:qne npSIMOToKa pa6oqero rasa B un:nHHApe_ CHH*aeT rn:ApaBnn:qecKn:e 

noTepn: u BHyTpeliHHH Tennoo6Mell. 
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KoHcTpyKTUBHa.sr' cxeMa JieTaHJiepa lljJt!JlCTaBnema Ha:· puc. 2. Me-
~ 

xaau3M JlBU:lKeHu.sr 2 - o6:E::I"lHbiH KpusoiiiUIIHo-IIIa TyHHbiii. KapTep. 1 TIIIa-

TenbHO repM'eTUSOBaH U HaXOJlUTCH IIOJl BOJlOpOJlOMo OopiiieHb 3 ,CHa6:lKeH 

nopiiiHeBbiM ynnoTHeaueM 4, pa6oTaromeM npu KOMHaTHoii TeMnepaTyp~. Hu:lK

H.sr.sr "laCTb UUnUHJlpa 5 UMeeT BOJlHHyiO py6aiiiKY Jin.sr CHHTUH Tenna TpeHU.sr. 

BbiTeCHUTenb .7 H "xonOJlHbiH" TOHKOCTeHHbiH UUnUHJlp 6 OTJien.sriOT· pa6o"lyiO 

SOHy UUnUHJlpa OT "laCTefi, pa60TaiOIIIHX npu KOMHaTHOH TeMnepaType. B ro

nOBKe, UUnUHJlpa 11 pasMemeHbl BIIYCKHOH 13 U BbinYCKHOH 9 KnanaHbl. Me

XaHJISMbl IIpliBOJla KnanaHOB8 U 10 ycTaHOBneHbl B BbiTeCHUTene. Ha BXOJle 

n BbiXOJle. rasa us JieTaHJiepa UMeiOTC.H !fliinb Tpbi-pecnsepbi 20 n 21. Bee 

qacTn, pa6oTaromne npn HUSKOH TeMnepaType, saKniO"leHbi B KO:lKyx 15, sa

nonHeHHbiii CTeKnOBaTOH. KO:lKYX OTKa"lUBaeTC5I !flopBaKyyMHbiM HaCOCOM. 

Tpy6onpoBOJlbi 16, 17, coeJIUH.HIOIIIIIe JieTaHJiep c O:lKH:lKUTeneM, UMeiOT aKpa

HO-BaKyyMHYIO uson.Hunro. Ha BbiiiYCKHOM Tpy6onpoBoJie ycTaHosneH npeJio

xpaHnTenbHbiH KnanaH 19. MexaHuSM perynupoBKH OTCe"lKH cnycKa 18 Bb!He-

CeH Hapy:lKy U IIOSBOnSieT MeH5ITb npOUSBOJlUTenbHOCTb MaiiiUHbl B IIpOIIeCCe 

pa6oTbi. TopMo*eHne JieTaHJiepa ocymecTBn.HeTC.H BOJl.HHbiM HacocoM. 3To 

IIOSBOn.HeT perynnpoBaTb "lUCnO o6opOTOB. neTaHJiep CHa6:lKeH KOHTpOnbHO

USMepRTenbHbiMH npn6opaMU 1 IIOSBOnSIIOIIIHMH Henpepb!BHO cneJIUTb sa Ka

"leCTBOM ero pa60Tbi. nnSI CH5ITHSI UHJlHKaTOpHOH JlUarpaMMbl HaMU UCIIOnb

SOBaHa.C HeKOTOpbiMH nepeJienKaMU npOCTa.H H HaJie:lKH85I CXeMa C IIbeSo-
. /6/ 

aneKTpn"leCKliMH JiaT"lUKaMn JiasneHn.H, paspa6oTaHHa.H so BHI1XI1 • 

CnrHanbi oT JiaT"liiKa 12 n oTMeT"lUKa 14 JiaBneHnii nocTynaroT Ha 

aneKTpoHHbiii ocrinnnorpa!fl Tuna C-1-4. Ha nHJIIIKaTopHyro JIIiarpaMMY Morri-

6biTb HaHeCeHbl TaK:lKe OTMeTKH yrnOB IIOBOpOTa KOneH"laTOI"O Bana OT !floTo

aneKTpU"leCKOI'O JiaT"lliKa (Ha pnc. 2 He. noKasaa). 3aMep TeMnepaTyp 

ocymeCTBnSieTCH MeJlHQ-KOHCTaHTaHOBbiMll TepMOIIapaMll (npn pa6oTe B nyc

KOBOM pe:lKIIMe) 1 nnaTIIHOBbiMll o6paSUOBbiMll TepMOMeTpaMU COIIpOTUBneJ.IU5I 

n KOHJleHcaunoHHbiMU TepMOMeTpaMn, sanonHeHHbiMU HeoHoM. B JiuanasoHe 
0 ' ' ' . 

TeMnepaTyp 44-30 K nocneJIHne o6ecrre"luBaiOT TO"lHOCTb saMepa He xy:lKe 

0,05°K. 
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Pac. 2. 06mal!: Ban· neTaHnepa. 1 - KapTep; 2 - MexaHH3M ABHlKeHB> 
3 - nopwellb; 4 - nopwHeBoe ynnoTHeHae; 5 - 'Tennblli' uanHHAPi 6 
nOAHbiH' UHnBHAPi 7 - BbiTeCHBTenbi 8 - MeXaHB3M npBBOAa BbinyCK 
R:nanaHa; 9 ·- KnanaH BbmycKa; 10 - MexaHB3M npaBOAa BnycKHoro 1 
11 - ronoBKa uanaHnpa; 12 - narqaK nasneHBS!i 13 - KnanaH· snycKl 
14·- OTMeTqBK ABBneHBS!i 15 - BBKYYMHblH KOlKYXi 16 - Tpy6onpOBOt 
KBi 17 - Tpy6onpOBOA BbinYCKBi 18 - perynSITOp OTCeqKH. BUYCKBi 
19 - npenoxpaHHTellbHbiH KnanaH; 20 ..:. cjlanbTp-pecaBep BbiriycKai. 21 
pecasep snycKa. 
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KoHcTpyKTIIBHaSI cxeMa .oeTaH.oepa llptOllCTaBneHa Ha pRe. 2. Me-. \ 

llBH:lKeHHSI 2 - OObi'IHhiit KPHBOIIlHUHO-IIlaTyHHhifi. KapTep. 1 TUxa- '·· 

repMeTH30BaH H HaXOllHTCSI UOll BOllOPOllOMo llopllleHb 3 CH80:lKeH 

hiM ynnOTHeJ{ReM 4, . paoOT8IOIIleM npH KOMH8THOit TeMnepaType. HH:lK- · 

Tb UHnHH.Qpa 5 HMeeT BOllSIHYIO pyoalllKY .onSI CHSITHSI Tenna TpeHHSI. 

"xonOllHbiit" TOHKOCTeHHblit UHnHHllp 6 OT.QensriOT· paooqyro 

'laCTeit, paooTaiOIIlHX npH KOMHaTHoit TeMnepaType. B ro

unnnH.opa 11 pa3MeiiieHhr BnycKHoit 13 H BhmycKHoit 9 KnanaHhi. Me-

npiiBo.oa KnanaHoB8 n 10 ycTaHoBneHbi B BhiTeCHHTene. Ha Bxo.oe 

ra3a H3 .oeTaH.oepa HMeiOTCSI cjmnbTphr-peCHBepbr 20 n 21. Bee 

HII3KOit TeMnepaType, 3aKniO'IeHhl B KO:lKYX 15, aa

Ko:lKyX OTKa'l:HBaeTCSI cjJopBaKyyMHhiM HacocoM. 

16, 171 COe.QHHSIIOIIIHe lleTaH.Qep C O:lKH:lKHTeneM, HMeiOT :3Kpa

H30nSIUHIOo Ha BhmycKHOM Tpy6onpoBo.oe ycTaHOBneH npe.oo-

KnanaH 19. MexaHH3M perynHpOBKH oTCe'IKH cnycKa 18 BhrHe-

ll U03BOnSieT MeHSITb npOH3BOllHTenbHOCTb MalllHHbl B npouecce 

TopMo~eHHe .oeTaH.oepa ocymecTBnSieTCSI BOllSIHhiM HacocoM. 8To 

pery~HpOBaTb 'IHCno OOOpOTOB. ileTaH.Oep CHaO:lKeH KOHTpOnbHO

IiTenbHbiMH npn6opaMII 1 U03BOnSIIOIIIIIMH Henpepb!BHO cne.QHTb 3a Ka

ero paoOTblo llnSI CHSITHSI .HHllHKaTOpHOfi llHarpaMMbi HaMH IICUOnb-

.C HeKOTOpbiMH nepe.oenKaMn: npocTaSI n: Ha.oe:lKHaSI cxeMa c nbeao

/6/ 
eCKHMH .oaT'In:KaMn: .oaBneHn:sr, paapaooTaHHaSI Bo BHI1Xl1 • 

14 .oaBneHn:it nocTynaroT Ha 

ocr.iHnnorpacjJ Tnna C-1-4. Ha HHlln:KaTopHyro .onarpaMMY MoryT 

TaK:lKe OTMeTKll yrnOB UOBOpOTa KOneH'l:aToro Bana OT cjJOTQ

·llaT'l:llKa (Ha pn:c. 2 He noKa3aH). 3aMep TeMnepaTyp 

SI MellHD-KOHCTaHTaHOBbiMll TepMOUapaMll (npn: paooTe B nyc

nnaTHHOBbiMH oopa3UOBb!Mll TepMOMeTpaMll COUpOTHBne.I.IHSI 

TepMOMeTpaMn:, aanonHeHHhiMn: HeOHOM. B .on:anaaoHe 
0 .· . . . . . . 

44-30 K nocne.oHne o6ecne'IHBaroT TO'IHOCTb aaMepa He xy:lKe 
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o.__,S_.:;.IO:.._I:.;,S__.:;ZO CJOf 

PHc. 2. 06mHli- BHJl JleTaHJlepa. 1 - KapTep; 2 - MeXaHH3M JlBHJKeHHH; 
3 - nopwellb; 4 - nopwaeaoe ynnoTHeHHe; 5 - 'Tennhlli' uHnHHJlp; 6 -. 'xo
noJlHhili' UHUHHJlp; 7 - BbiTeCHHTenb; 8 - MeXaHH3M UpHBOJlB BhinyCKHOI'O 
Knanaaa; 9 ·- KnanaH BhmycKa~ 10 - MexaHH3M npHBOJla anycKHoro Knanaaa; 
11 - I'OllOBKB UHllHHJlpa; 12 - JlBTqHK Jl8Bll9HHSI; 13 - KnanaH anyCKa; 
14-- OTMeTqHK JlaaneHHH; 15 - aaKyy..;Hbili KOJKyx; 16 - Tpy6onpoaoJl anyc
Ka; 17 - Tpyf5onpOBOJl BbiiTYCKa; 18 - perynSITOp OTCeqKH BUYCKa; 
19 - npeJloxpaHHTenbHhili Knanaa; 20 ..:. ,PHnbTp-pecHaep BblnycKa;_ 21 - ,PiinbTp-
pecHaep anycKa. 
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n~Bnemur H3Mepsrnncb MaHOMeTpaMn TO'!Hb!X ll3MepeHnH (MTH) Knac-: 

ca 0,6. 

Hn)Ke npnBeJleHhi ocHOBHbie TeXHnttecKne JlBHHbie JleTaHJlepa. 

nuaMeTp UUnUHJlpa 

XoJl nopnmsr 

naBneHIIe H8·BnycKe 

naBneHne Ha BbinYCKe · 

TeMnepaTypa Ha BnycKe 

KonntteCTBO .nepepa6aThiBae

MOI'O BOJlOp0Jl8 

pactt~THOe 

¢aKTlltteCKOe 

t{ucno o6opoToB 

40 MM 

100 MM 

100-150 6ap 

6-40 6ap 

48-42°K 

3 
1200 HM /ttac 

. 3 
700-800 HM /ttac 

JlO 400 o6/Mna. 

Eonee HllSKoe, tteM pactt~THoe, KonntteCTBO nepepa6aThiBaeMoi'o I'asa o6'bsrc-: 

. HSI9TCSI T9Mi 'ITO T8KOB8 ¢aKTll'l9CK8Sl npOll3BOJlUTenbHOCTb liM9BillliXCSI B 

HameM pacnopsr*eHnn KOMnpeccopoB. B CBsrsn c·aTnM ttncno o6opoTOB JleTaH

Jlepa B pa6otteM pe)KnMe HeaenuKo - 160-200 o6/MuH. 

TaK KaK JleTaHJlep TaKoii KOHCTpyKunu c noJl06HbiMll napaMeTpaMn cos

JlaH BnepBbJe 1 OCT8HO.BllMCSI 6onee UOJlp06HO Ha HeKOTOpb!X ei'O 

H a puc. :3 · noKaSaH , pas pes uunnHJlPOBoii I'pynnhi MalllliHbi~ BnycKHoii 

KnanaH 14 c HanpaBnsrromeii n ynnoTHnTenbHoii npoKnaJlKoii.ns ¢ToponnacTa 

3 pacnono)KeH El C'beMHOM CeJlne JI3 Hep)KaBeromeii CTann X18H10T. npnBOJl 

KnanaHa ocymecTBnsre:rcsr TonKaTeneM 9, nMeromnM TeKcTonnToByro' py6amKy. 

npy)KllHbl 5 ll 13 ns 6epnnnneBoii. 6pOH3bl o6ecne~uBaroT HY)I{Hyro BennttnHy 

oTcettKn BnycKa. J1sMeHeHue oTcettKll nponsBOJlliTCsr pei'ynsrTopoM 12. Han-

6onee OTBecTBeHHhiM ysnoM MamnHhi srBnsreTcsr BbmycKHOH KnanaH 7. YnnoT-
, . 

HeHJie ei'O no CeJlny npOllCXOJlllT OJlHOBpeMeHHO no JlBYM nOBepXHOCTSIM1 nos-

TOMY Tpe6yeTcsr TlllaTenhHasr o6pa6oTKa ceJlna n ynnoTHnTenbHhiX noBepx

HOCTeii KnanaHao B npouecce Jl0!30JlKll M81llllHbl 6binll ncnb!T8Hbl MHOI'O'lliC-

8 



ri:sMepsrnHCb MaHoMeTpaMH TO'IHbiX H3Mepeanii (MTI1-) Knac-

npHBeJleHbl OCHOBHbie TeXHH'IeCKHe JlaHHbie JleTaHJlepa, 

MeTp UHliHHJlpa 

BnycKe 

BbmycKe 

aa BnycKe 

nepepa6aTbiBae-

40 MM 

100 MM 

100-150 6ap 

6-40 6ap 

48-42°K · 

3 
1200 HM /qac 

. 3 
700-800 HM /qac 

JlO 400 o6fMHH, 

~1. 

• 

HH3Koe; 'IeM pac<JeTHoe, KOliH'IeCTBO nepepa6aTb!BaeMoro rasa o6'bsrc-. 

TeM; 'ITO TaKOBa cpaKTH'IeCKaSI npOH3BOJlHTel!bHOCTb IIMeBIIIHXCSI B 

pacnopsr~eHHH KOMnpeccopOB, B CBSI3H C 9THM 'IHCliO o6opOTOB JleTaH

pa6o'IeM pe~HMe HeBeliHKO - 160-200 o6/MHH. 

aK KaK JleTaHJlep TaKOH KOHCTpyKUHH C nOJl06HbiMII napaMeTpaMII C03-

epBbie, OCTaHOBHMCSI 6onee llOJlp06HO Ha HeKOTOpb!X ei'O oco6eHHOCTSIX, 

a puc. :3 noKasaa , pas pes UHliHHilPOBOH rpynnbi MaiiiHHbi~ BnycKHOH 

14 C HanpaBl!SIIOI!leH H ynnoTHHTellhHOH npoKli8JlKOH. H3 cpTOponnacTa 

lonmK<=>H B. c'beMHOM ceJXne II3 aep~aBeJOmeii cTann: X18H10T. Tipn:BOJl 

ocymeCTBl!SieTCSI TOl!KaTel!eM 9, HMeiOI!lHM TeKCTOliHTOByJO' py6aiiiKy, 

5 H 13 II3 6epn:llliHeBOH 6pOH3bl o6ecne'JHB8IOT Hy~HYIO Bel!H'IHHY 

BnycKa, HsMeHean:e oTCe'IKH npon:sBoJln:Tcsr perynsrTopoM 12. Han:

OTBeCTBeHHbiM Y3liOM M8IIIHHbl SIBl!SieTCSI BbinYCKHOH KnanaH 7, YnnoT

ero no CeJlny" npon:CXOJlHT OJlHOBpeMeHHO no JlBYM noBepXHOCTSIM1 nos.:_. 

6yeTcsr TI!laTenbHasr o6pa6oTKa ceJXna n: ynnoTHn:TenbHbiX ·noBepx-

Knanaaa, B npouecce JlO~OJlKH M8IIIHHbl 6blliH · HCnhiT8Hbl MHOI'O'IHC-

8 

I 
.I 

PHc, 3. Paapea qepea UHIIHHAPOBYIO qacTb AeTaHJlepa, 1 - 'xonoAHhlll' 

UHIIHHAp; 2 -·BhiT9CHHT9IIb; 3 - HBIIpaBIIS!lODlBSI; 4,5,13 - IIpy>KHHhi; 6 -BTYII

Ka; 7 - KIIBIIBH BbiiiYCKa; 8 - py6awKa IIOpWHSI:, 9 - TOiiKaTeiib; 10 ·- AaTqHK 

ABBII9HHSI; 11 - rOIIOBKB UHIIHHApa; 12 - peryiiSITOp OTCeqKH; 14- KIIBIIBH 

BIIYCKa; 15 - CSAIIO KIIBIIBHa, 

9 
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neHHhie BapnaHThl KOHCTpyKUH,ll Kll8II8H8 C ynnoTHHTenhHhlMH npOKll8llK8Mll 

H3 pa3HhiX MaTepnanoB: K0)1{8 0 ljJToponnacT 4, 38liHBKH H3 .MSII'KHX MeTanriOB 

H T.n. nyqnme pesynhT8Thl nony'leHhl C Kll8II8HOM H3 THT8H8 ll IIpOKll8llK8-

Mll H3 ljJTOpOIIll8CT8 ·3. nnsr yMeHh!lleHHSl. Bee a B Kll8ll8He Cllenaaa KOllhUe

B8Sl :npOTO'IK81 38IIOliHeHH8Sl TeKCTOliHTOM. l13 TeKCTOliHT8 H3I'OTOBlleHa H 

( . 
aanpaanstiO!llast py6a!llKa Knanaaa. BBHllY BhiCOK~?fi · TBepllOCTH ljJToponnacTa 3 

aa ynnoTHHTenhllhiX rroaepxnocTsrx ne o6pasyeTcsr CKOllhKo-im6yllh saMeTnoit 

K8ll8BKH, ll repMeTH'lllOCTh Kll8II8ll8 He napy!ll'aeTCSl IIpH OXll8)1{lleHHH MliiiiH-: 

llhl, neCMOTpSl H8 3H8'IHTellhllYIO pa3HOCTh B BeliH'IHlle TepMH'leCKHX lleljlop-
. . ' 

Maunit cellna (cTanh X18H10T) n Knanana.~(TnTan BT;..5). MexanHSM 

IIpHBOll8 BbiiiYCKHOI'O Kll8II8H8 COCTOHT H3 6pOH30BOfi BTYliKH 6. ll npy)I{Hllhl 

4, HalleThiX na TeKcTonnTOBYIO py6aiiiKY. 8 rropiiinsr; ITpy)l{nHa 4 nsroToanena 

H3 CT8llhl!Oi1 IIpOBOliOKH (CT8llh 70) H npOTO'leHa ITO napy)l{l!OMY H BHyTpeH~ 

neMy llHaMeTpaM TaK, 'ITO ceqeane BHTKa .6m13KO K npsrMoyronhHOMY. He

CMOTpsr na To, 'ITO npy)I{HHa pa6oTaeT npn HHSKHX TeMnepaTypax, I'lle yllap

aasr BSl3KOCTh CT8liH 6nH3K8 K HyniO, 0118 OK838ll8Ch BIIOlllle pa60TOCIIOC06- . 

a oil. 

BhtTecnnTenh 2 no:piiiHSI .nsroToanen H3 .:_;r:eKCTonnTa H ycTanoanen 

B Ulll!Hllllpe 1 C 3830pOM 0,1-0,15 MM ll8 CTOpony. Ha BhiTeCHHTene H},{eeT

CSl nanpaBliSIIOIIl8Sl BTYliK8 3 H8 ljJTOpOIIll8CT8 4 C llHCYllhljJHllOM MOliH6lleHa. 

XapaKTepnoit oco6e.nnocThiO TaKoit MaiiiHiihi sransreresr nanH'IHe 6onh

IIIOI'O MepTaoro o6'beMa. B Bhmonneanoit KOHCTPYKUHH a TOT o6'heM .cocTaa-. 

nsreT OKOliO 40% H ellB8 liH ei'O MO)I{l!O Cllell8Th Menee 20%. KaK IIOK838H.00 

llll)l{9
0 

ll8)1{e C T8KHM MepTBhlM 06'heMOM aljlljleKT.l!BHOCTh pa60Th1 M8lllllllh1 

ll0CT8TO'IHO Bh!COKa. 
' . 

B Ka'leCTBe nopiiiHeaoro ynnoTnenHsr 6bmH HCIIhiTaHhi o6hi'IHhie qy-

ryHHhte IIOp!lllleBhle KOllhU8 CO· CM83KOfi H K0)1{8Hhle M8H)I{eThi. B nepBOM 

cnyqae ll8)1{e npn CTpOI'Ofi ll03HpOBKe KOliH'l9CTB8 IIOll8B8eMOfi CM83KH He 

HCKll!O'l8eTCSl B03MO)I{HOCTh IIOII8ll8HHSl ee B XOliOllHhlfi UHliHllllPt 'ITO Bhi3hi-

10 



BaeT napywe.Hue pa6oTbi xnananoB. fly"l:WIIe pe3yJihTaTbi nony"l:eHbi c MBH)K.e

TaMII II3 o6e3)KIIpeHHOH KO)KII 1 'nl?OniiTBHHOH no,Ll BBKYYMOM napacfmHoM • .[lmr 

yJiy"iWeHIISI pa60Tbl ynJIOTHeHHSI B BO.LlSIHyiO py6awxy UIIJIIIH,Llpa no.LtaeTCSI 

TenJI.aSI BO.Lla • .[lJISI TBKOH MBWIIHbl 6e3yCJIOBHO nepcneKTIIBHbiM SIBJISieTCSI 

npnMeHeHIIe ·HeCM83biBaeMbiX ynJIOTHeHIIH 113 c!JToponJiaCTOBb!X HJIH l"pac!JHTO..;; 
' 171 

Bb!X KOMn03HUIIii • 

· Kax y)Ke yxa3biBanocb, .LteTaH.Ltep npe.LtHa3Ha"ieH .LtJISI BO.LlOPO.LlHOl"O O)KII

)KHTerisr. B CXeMy O~H)KeHIISI OH BKJIIO'IeH T8K1 'ITO qepe3 Hel"O npOXO.LlliT 

/4/ 
BeCb noToK l"a3a BbiCOKOl"O .LtaBnenusr • XapaxTepHbiMII oco6ennocTSIMII 

PBx 
pa60Tbi .LteTaH.Ltepa SIBJISIIOTCSI Manasr cTeneHb pacwHpeimsr --- < 10 

p Bb!X 

rlpii Bb!COKOM (OKOJIO 150 6ap) H8"i8JibHOM .LlBBJieHIIII H HH3K85I TeMnepaTypa 

H8BXO,Lle·(48-42°K). Depena,Ll TeMnepaTyp HeBeJIIIK BCel"o 8-10°K. rlpo

uecc paCWIIpeHIISI npOHCXO.LliiT B o6JiaCTH 1 l".Lle CBOHCTBa BO.LlOpO,Lla CIIJibHO 

OTJIII'IBIOTCSI OT CBOiiCTB H.Lle.BJibHOl"O 1"838. Doxa3aTeJib 8.LlUa6aTbl. nepeMeHeH, 

pe3KO MeHSieTCSI BeJIH"iHHa II ,Ll8)Ke 3H8K .LlpOCCeJib-ac!Jc!JeKTa:npu napaMeTpax 

·BXO.Ll8 a1 <0, npu n8p8MeTp8X BbiXO.Ll8 a 1 .>0 (puc. 4). 

. /4/ 
K8K noK838JI pacq~T , .Ll8BJienue 38 .LteTaH.LtepoM cpaHIITeJibHO CJI8-

6o BJIIISieT H8 nOK838TeJIII pa60Tbl O)KII)K!ITeJISI. B npouecce HCnbiT8HIIH 8TO 

.Ll8BJieUIIe MeHSIJIOCb B WIIJYOKIIX npe,LleJI8X OT 6 .LlO 35 6ap • .[lOCTOBepHbie 

3Ha"ieHIISI Kn.Ll, Bbl"iiiCJI.eHHbie· no 38Mep8M BHeWUIIX n8p8MeTpOB
1

. MO)KHO 

. noJiy"iHTb TOJibKO npu .LlOCTBTO'IHO Bb!COKOM .Ll8BJieHIIII 38 ,LleTaH,LlepoM (He 

Menee 20· 6ap). Dpu 6onee HII3KOM B03MO)!(Ha 6oJibW8SI owu6K8 B onpe.Ltene-
·r ·,, 

HIIH 8HT8JibniiH1 T8K K8K IIa068pbi no"l:TII 8KBII.LleCT8HTHbl II30TepMaM B6JIII3II 

KpHTHqecxoii TO"iKH. Ecnu pacwnpenue 38KBH'IIIB8eTcsr B o6nacTII BJia)KHOl"O 

. napa ( Toqxa 4 na pucynxe 4), Bbi"iHCJIIITb · 3Ha"ienue Kn.Ll no 3aMepeHHbiM 

A8BJienusrM. II TeM!Iep8TYP8M Boo6me HeJih3SI. B aTIIX cny"i8SIX xn.Lt onpe- J 

.LleJISIJICSI Ii3 yp8BHeHIIH TenJIOBOl"O 6aJiaHC8 ycTaHOBKH no BeJIII"iiiHe CTeneHR 

.ll 
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Ha p1ic. 5 npMBeJ:ieHbi MHJlMKaTOpHbie JlMarpaMMbi )leTaH 

Te B paSHbiX pE!>KMMaX. .llMarp_aMMbi a If 6 _ nony'ieHbi npM KO 

nepaType rasa Ha BXOJle B JleTaHJlep 11 pasnM'i~biX aenM'iMHa: 

Ka. To'IKH. Ha JlMarpaMMax - oTMeTKM yrna noaopoTa KoneH~ 
0 

'lepes Ka)KJlbie 15 • 

ManaSI aenM'iMHa cTeneHM o6paTHoro C*aTMSI B aToM -p, 

eTCSI He TOnbKO 6onbllllfM MepTBbiM 06'beMOM1 HO If SHa'iJITel 

Te'iKaMM rasa 'iepes BbmycKHOll- KnanaH. YcnoBHbill noKaSaTe 

C)KaTMSI, paCC'iJITaHHblll 6es y'ieTa yTe~eK, -MeHbllle e)lMHMUbi. 

BOSpaCTaroT Uplf C)Kif)KeHHif JlaBneHMSI Sa )leTaHJlepOM1 Ha 'iTC 

UOSIBneHMe XapaKTepHoro SaBana Ha nJIHiflf BUYCKa-()lMarpaM 

flp11 CH!f)KeHMif TeMnepaTypbi xapaKTep MHJlMKaTOpHbiX Jl 

meCTBeHHO MeHSieTCSI ( B,r) • ,UaaneHMe B KOHUe C)KaTI:ISI _ peSK 

Upl:l TOll )Ke Benl:l'ii:IH9 OTC9'iKI:I BbmycKaj )laBneHUe B KOHUe 

SHa'ii:ITenbHO Hlf)Ke Uplf TOll )Ke Benl:l'li:IHe OTC9'iKWHUyCKa. 3 
- -

yaen~:~'leHMeM rioKaSaTenSI aJll:la6aTbi np11 _ TeMnepaTypax, 6nH::: 

Koll, a TaK*·e CH1:1*9HI:IeM OTHOCJITeni:..Holl r:ienl:l'li:IHbi nepeTe'iE 

c yaenl:l'leHMeM pacxo)la rasa 'iepes JleTaHJlep. OnTMManbHar 

Ka B pa6o'leM p9)KifMe 0,55-0,71 'iTO SHa'iMTenbHO Bbllll9 1 'ie 

HbiX' MalllMH. · 

EonblllOll I:IHTepec npeJlCTaBnSieT MccneJlOBaHI:Ie pa6oTbi 

B pe)KJfMe1 KOr)la B KOHU9. paCllll:lpeHMSI nony'ia9TCSI Bna)I{Hbl~ 
/4/ - ·. 

'ieCKI:I B aTOM cny'iae cTeneHb O*M*eHMSI JlOn*Ha aospac 

Bb!CK8SbiB89TCSI MH9HMe 1 'iTO Up if T8K0ll _ pa6ote )lOn)KeH · peSJ 

Knll B pesynbTaTe. yaenM'leHI:ISI Koa<jlqmuneHTa TennooTJla'lu o· 

K CT9HK9 1 a rl:l)lpaanu'ieCKI:Ie yJlaphl MoryT npMB9CTM K n~no 

Mbi uccneJlOBanl:l pa6oTy JleTaHJlepa B TaKOM pe*MMe · n y6e, 

STM onaceHI:ISI Hanpac.Hi>r. Ecnu .oaaneH1:1e sa JleTaHJlepoM noc 

KO ( Bbillle 8-1 0 6ap), xapaKTep If a<jJ<jleKTI:IBHOCTb pa60Tbi llo 

BI:ICSIT OT TOro, KaKOBO COCTOSIHI:I9 BOJlOpOJla B KOHU9 . paClllM: 
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Ha pJic. 5 npHBeJieHbi HHAHKaTOpHhie JlHarpaMMhi JleTaaaepa npH pa6o

Te B paSHblX pe}KHMaX. JlHarpaMMbl a H 6 nony'l:eHhl IlpH KOMHaTHOH TeM-, . 

nepaType rasa Ha BXOJle B JleTaHJlep H pasnH'l:lihiX aenH'IHHax OTCe'l:eK anyc.:... 

I{a. To'l:KH Ha JlHarpaMMax - OTMeTKH yrna noaopoTa KoneH'l:aToro Eiana 

0 
'l:epes Ka}I{Jlhie 15 • 

Manag BeliH'l:HHa CTeneHH o6pa THOrO C}KaTHSI B 9TOM pe}KHMe 06'bSICHSI

eTCSI He T01IhKO 601IhWHM MepTBbiM 06'beMOM1 HO H SHa'IHTelibHbiMH nepe

Te'l:KaMH rasa 'l:epes BhmycKHoii KnanaH. YcnoBHhiH noKaSaTenh nonHTpOHhi 

C}KaTHSI1 paCC'l:HTaHHbiH 6es y'l:eTa yTe'l:eK 1 MeHhWe eJlHHHllbl. OepeTe'l:KH 

BOSpaCTaiOT IlpH C}KH}KeHHH JlaBneHHSI Sa )leTaHJlepOM1 Ha 'ITO yKaSbiBaeT 

nosraneHHe xapaKTepHoro sa a ana Ha 1IHHHH anycKa · ( JlHarpaMMhi 6). 

0pH CHH}KeHHH TeMnepaTypbl xapaKTep HHJlHKa TOpHbiX JlHarpaMM cy

weCTBeHHO MeHSieTCSI .( B 1r) • JlaaneHHe B K0HUe C}KaTHSI peSKO B03paCTaeT 

npH TOH }Ke BeliH'l:HHe OTCe'IKH BhmycKaj )laB1IeHHe B KOHUe paCWHpeliHSI 

. 3Ha'IHTe1IhHO HH}Ke IlpH TOH }Ke BeliH'IHHe OTCe'l:KH BllYCKa. 3TO 06'bSICHSieTCSI 

yBeliH'l:eHHeM IlOKaSaTeliSI aJlHa6aThl IlpH TeMnepaTypaX, 61IH3KHX K KpHTH'l:eC

. lcoii, a TaK}Ke CHH}KeHHeM oTHO_CHTenhHoii aenH'l:HHhi nepeTe'l:eK B casrsu 

c yaenH'l:eHHeM pacxoaa rasa 'l:epes neTaHJlep. OnTHMalihHasr oTCe'l:Ka anyc- . 

Ka B pa6o'leM pe}KHMe 0,55-0,7, 'ITO 3Ha'l:HTe1IbHO BbiWe, 'l:eM JlliSI B03JlYW-

lihiX' MaWHH. 

Bonbwoii HIITepec npeACTaansreT HccneJlOBaHHe pa6oTbi JleTaHJlepa 

B pe}KHMe 1 KOr)la B KOHUe paCWHpeHHSI nony'l:aeTCSI B1Ia}I{Hb!H nap. TeopeTH~ 

/4/ 
'l:eCKH · B 9TOM C1Iy'l:ae. CTelleHb 0}KH}KeHHSI Jl01I}I{Ha B03paCTH. 06b!'l:HO 

BbiCKaSbiBaeTCSI M!leHHe, 'ITO IlpH TaKOH. pa6ote A01I}KeH · pe3KO YXYAWHThCSI 

KllA B pe3y1IhTaTe.yBe1IH'IeliHSI K09<jl<jlHUHeHTa TellriOOTAa'l:H OT .)KHJlKOCTH 

K CTeHKe 1 a rHJlpaBliH'l:eCKHe yJlapb! MoryT IlPHBeCTH K Il<?liOMKe MaWHHhi. 

Mbi HCcneaoaanH pa6oTy JleTanaepa B TaKoM pe}KHMe H y6eAH1IHCh 1 'ITO 

9TH onaceiiHSI HanpacHi>x. EcnH JlaaneHH·e sa JleTaHaepoM nocTaTO'l:HO BbiCO

KO ( BbiWe 8-1 0 6ap) 1 xapaKTep H s<jl<jleKTHBHOCTb pa60Tbl MaWHHbl He sa.:. 

l3HCSIT OT TOro, KaKOBO COCTOSIHHe BOAOpOAa B KOHUe ·paCWHpeHHSI! ras, 
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Bna':lKHbiit nap JWH JKHllK.OCTb, .Lla:lKe eCJlH B KOHUe pacumpeHHSI noriy'laeTCSI 

. 100% . :lKH.UKOCTb ( l:{HarpaMMa e ) 1 · Kn.U l:{eTaH.Uepa llOCTHraeT BeJlH'IHHbi 

·o,75-t0,8. PacumpeHHe B aTOM cny'lae saKaH'IHBaeTcst paHbwe, '!eM nop

weHb .UOfilleT .UO HH:lKHefi MepTBOfi TO'IKHL BbiiiYCKHOfi KnanaH aBTOMaTH'leC

KH OTKpbiBaeTCSI1 KaK TOJlbKO . .UaBneHHe B UHJlHHllpe CTaHeT paBHbiM l:{aB

neHHJO B BhmycKHOM Tpy6onpoBoae. He npe.ucTaBnsteT oriacaocm H pe:lK.HM, 

KOr.Ua B .UeTaHaep llO,UaeTCSI :lKH.UKHfi BO.UOPOll1 C:lKaThifi .UO 100-150 6ap . 

(.uHarpaMMa :lK), TaKofi pe:lKHM BOSHHKaeT B pe3ynbTaTe nepenonHeHHSI 

c6opHHKa O:lKii:lKHTensr Boaopo.uoM, B pesynbTaTe ~ero Tpy6a noaa'ln rasa . 

B aeTaHaep oKaShmaeTcst no.u sanHBOM, B ~npouecce o6paTaoro C:lKaTHsi 

,UaBneHne B ,UeTaH.Uepe CTaHOBHTCSI BbiWe 1 'leM ,UaBneHne BO BnyCK!iOM Tpy-

6onpOBOl:{e1 BnycKHOfi KnanaH cpa6aThiBaeT KaK. npe.uoxpaHHTenbHhrfi. KaK 

H B ·cnyqae "e", nHHRSI pacwnpeHnst H.UeT o'leHb KpyTo, pacwnpeHne saKaH

'IHBaeTcst npe:lKaeBpeMeHHO. 

PesynbTaTbi. HCnbiTaHHfi ,UeTaHaepa npH KOMHaTHOfi TeMnepaType rasa 

Ha BXOl:{e HOKa38.Hbi Ha rpaqmKaX pHC, 6, HeBbiCOKaSI a¢Jcj>eKTRBHOCTb ,UeTaH

.uepa B. 9TRX ycnOBHSIX o6'bstCHSieTCSI 3Ha'IHTeJ1bHOfi BeJlH'IHHOfi noTepb no 
. 3 

OTHOWeHRIO K KOJlH'leCTBY nepepa6aTbiBaeMoro ·rasa ( 100-180 HM /'laC), 

Oco6eHHO 6onbwoe BJlHSIHHe oKaSbiBaiOT nepeTe'IKH rasa 'lepes BhmycKHOfi 

KnanaH. MaKCHManbHhie SHa'leHHSI a.uHa6aTHoro Kn.U, aocTnrarowne 70-75%, 

nony'leHbi npn · creneHn pacwnpeHnst · oKono 2 ,5. · TaKofi pe:lKHM cooTBeTCTByeT 

npaKTR'leCKR nonHoMy pacwHpeHHIO rasa B UHnHHape (npouecc Bhrxnona. 

OTCyTCTByeT); ·.uaBneHne B KOHUe o6paTHOrO C:lKaTRSI 6nR3KO K ,UaBneHRIO 
/8/ . 

BnycKa - 9TO yMeHbWaeT BpellHOe BJlHSIHHe MepTBOrO 06'beMa ; B TaKHX 

ycnOBHSIX o6ecne'IHBaeTCSI ny'IWaSI repMeTH'IHOCTb BbiilYCKHOro KnanaHa, 

KpnBast 1 Ha pncyHKe pacc'lnTaHa no ypaBHeHRIO, npnBe.ueHHOMY B 

/9/ 
pa6oTe : 
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HnH :lKHllK-OCTh • .na:lKe eCJIH B KOHUe pacnmpeHHSI nonyqaeTCSI; 

(llHBI'paMMa e ) 1 Knll lleT8Hllepa llOCTHI'aeT BenH'IHHbi \,,_ 

aTOM cnyqae 3aKaH'IHBaeTCSI paahme, 'leM nop

MepTBofi TO'IKH;_ BbinYCKHOfi KJianaH aBTOM8TH'IeC

b-~uu<>eTCSI, K8K TOnhKO _ll8BneHHe B UHnHHllpe CTaHeT paBHbiM-llaB

BbinYCKHOM Tpy6onpoBOlle. He npellCTaBnSieT onacaocm H pe:lKHM, 

B AeTaHAep nOAaeTCSI :lKHllKHfi BOllOPOll, C)!{aTbifi llO 100-150 6ap 

B03HRKaeT B pe3ynhTaTe nepenonaelillSI 

O)!{II)!{HTenSI BOllOPOllOM1 B pe3ynhTaTe 'lei'O Tpy6a noll8'1H I'a3a 

oKa3hiBaeTCSI noll 3aniiBOM. B npouecce o6paTHOI'O C)!{aTns:i 

AeTaHAepe CTaHOBHTCSI Bbillie 1 'leM llBBnel'me BO BnyCKHOM Tpy

BnyCKHOfi Knanaa cpa6aTbiBaeT KaK npeAoxpaHHTenbHhifi. KaK 

"e", niiHHSI pacwnpeHHSI HlleT o'leHh KpyTo, pacmnpeane 3aKaH-

npe)!{tleBpeMeHHO. 

e3ynhTaThi ncnhiTaHnfi AeTaanepa npn KOMHaTHOfi TeMnepaType -rasa 

noKasaHbi aa rpa4JnKax puc. 6. HeBhiCOKaSI s4J4JeKTHBHOCTh neTaH- · 

- STHX ycnOBHSIX 06obSICHSieTCSI 3Ha'IHTenhHOfi BenH'IHHOfi noTepb no 
. - 3 

K- KOnH'IeCTBY nepepa6aTbiBaeMOI'O I'a3a ( 100-180 HM fqac) • 

60nhlliOe BnHSIHHe OKa3h!BaiOT nepeTe'IKH I'a3a 'lepe3 BhinyCKHOfi 

• MaK_CHManhHhie saa'leHHSI aAna6aTaoro Knn, nocTnraromne 70-75%, 

Hbl npH creneHH paClliHpeHHSI ·oKono 2,5.- TaKOfi pe)!{HM COOTBeTCTByeT 

'leCKH nonaoMy pacwnpeHHIO ra3a B unnHHllpe (npouecc BhiXnona 

eT); ·naBneHHe B KOHUe o6paTHOI'O C:lKaTHSI 6nH3KO K ll aBneHHIO 

. /8/ 
STO yMeHblliaeT BpellHOe BnHSIHHe MepTBOI'O 06'beMa ; B TaKHX 

repMeTH'IHOCTh BbinYCKHOI'O Knanaaa. 

pHCyHKe paCC'IHTaHa no ypaBHeHHI0 1 npHBelleHHOMY B 
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270 o go tso 270 

'-:--_L_ _ _!_ _ _L _ _J. !I" !I" 
270 0 90 180 270 270 0 90 1&0 270 

L---L--___j~-L-----1 ':1" 
270 0 90 180 270 

100 t P •Psx C\_ 

e 
!1. 

2~=o~-o~-g~o~~MJo~~270 

40 

so 

40 

20 'JIC 

L..___j_-L,------:!----1 !1. 
140 210 o go 180 

Puc. 5. OcuunnorpaMMW HHilHKaTopHhiX uuarpaMM ueTaHuepa npa pa6oTe 
a pa3HhiX pe)I{HMax. a,6 - T = 290°K, nycKoaoll pe)I{HM; a,r - T 

0 . = . = 
43 K, pa6oqull pe)I{HM, ll - pacwupeHue B o6nac·Tb ana)I{HOI'O napa; 
e - T = 38,4°K, T = 32,1 °K, a KOHne pacwapeHHSI-)I{H/lKOCTb; 
:lK- - T BX_ = 27°K, Ha af81~ B lleTaHnep )I{HilKOCTb. 

BX 
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P.,g 
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0.4 
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Puc. 6. 3aBHCHMOCTb 
1 - Teopnst/9/; 2 -

3 - P "" 60 6ap, 
BX 

.a... 
4 7 6 7 8 9 10 20 P~«z. 

anua6aTHOI'O KIT.Il .ueTaH.uepa oT cTeneaH pacumpeHHSI. 
P "" 100-125 6ap, T "" 290°K, n "" 290 o6/MHH; 

BX BX 
T "" 290~, n "" 290 o6/MHH. 

BX 



= 1 

1-(a') 

+ K - K b 0 - a0 -1 

K-1 

(a') K 

p BX 
npH a 0 = 0,5, b fF 0 , C0 = 0,3, a '=a , K = 1,4. 3lleCb a = -p-- -

Bh!X 

CTeneHb. paCWHpeHHSI1 · ao - OTHOCHT9nbH8SI BenH'IHHa MepTBOI'O 06'heMa, 

b 0 - oTCe'!Ka BhmycKa, c 0 - OTCe'!Ka anycKa, K - noKa3aTenb allHa-. 

6aTbi, 

Tiony'!eHHbie peaynbT8Thl YK83b!B8IOT Ha TO, 'ITO npH COOTB9TCTBYIO-

. IneM ITOll60pe OTC9'19K· anycKa H BbinYCKa MO)KHO ll06HTbCSI BnOnHe YllOBneT

BOpHTenbHbiX ll0K838Tenefi pa60Tbl ll9T8Hllepa B 8THX ycnOBHSIX, 

B Ta6nHue 1 npHBelleHbi pea.ynhTaThi o6pa6oTKH aKcnepHMeHTanbHbiX 

ll8HHhiX B p9)KifM9 nony'!eHHSI )KifllKOI'O BOllOPOll8o TipH paC'!eTaX IICITOnb30-

T S . /12/ " 
BaHa - llHai'paMMa llnH napaBOllOPOll8 , Ha KOTOpOH HaHeCeHbl H306a-

pb! ·llo 340 aTM, 0TKnoH.eHHe caoii:CTB · opTo- H napaMOllHcpHKauHil: BOllOPOlla 

HeBenHKO H He npe Bb!W89T OWH6KH 1 CBSI38HHOfi C HeTO'IHOCTblO CHSITHSI mipa

MeTpOB raaa no T-S llH8I'paMMe If HeTO'IHOCTblO C8MOil: i:marpaMMbl B STOil: 

o6nacTH. 

Ta6nHua. 

p BX PBbiX T· BX T Bh!X. 
Tf Bll Tf Tfs 

6ap OK e 

135 30 43,3 36,0 0,76 0,8 0,74 

133 24,~ 43;45 34,8 0,8 0,87 0,8 

.134 21,5 43,35 34,4 0,8 0,87 0,8 

125 18 43,5 34,5 0,7 0,8 0,7 
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B OTlleiibHbiX cny'laSIX 6bmo nony'leHo SHa'leHne allna6a.THoro·· Knll llO 
. • t~ . 

0,85, 0CHOBHOii: npH'IHHOii: 3Ha'IHTenbHOI'O pas6poca llaHHbiX no Knll SIB~ 

1lSieTCSI1 KaK y)l{e ynOMHHa1lOCb 1 ·cTeneHb I'epMeTH'IHOCTH BbinYCKHOI'O. 

KnanaHa, KOTOpbiii: O'leHb 'IYBCTBHTeneH K nonallaHHIO I'pS13H Ha ynnOTHH

TenbHbie ."noBepXHOCTH, 

KpoMe o6menpnHsrToro ·allua6aTHoro Knll 1J = 
all 

/10/ 
ue 1 npHBelleHbi 3Ha'leHHSI SKCepreTH'IeCKOI'O Knll: • 

~s 1-2 ~e2-3+ e 
·---- "' 1 '1J e 

~e 1-3 ~s 1-3 

~i1-2 
~i 1-2' 

, B Ta6nu-

I'lle ~ e u ~s 

e 
-pa3HOCTH SKCepi'Hii: H SHTpOnHii: Me)l{llY COOTBeTCTBYIOIUHMH 

TO'IKaMH 1 - HHllHKaTOpHaSI pa6oTa, 3TOT KOS~~HUHeHT xapaKTepH-
. . 

SyeT noTepro OT He06paTHMOCTH B pesynbTaTe OTK1lOHeHHSI npouecCOB B ll~

TaHllepe oT nrieanbHOI'O allna6aTHoro. OllHaKo ero Henbssr ncnonbSOBaTb 

ll11SI OUeHKH TeXHH'IeCKOI'O COBepiiieHCTBa pa3liH'IHbiX MaiiiHH1 ·TaK KaK .3Ha

'leHHe STOI'O KOS~~HUHeHTa cyuieCTBeHHO 3aBHCHT .OT TeMnepaTypHOI'O ypOBHSI1 

CTeneHH paCIIIHpeHHSI H CBOii:CTB pa6o'l:ei'O rasa. a nocnellHeii: rpa~e Ta6nn-

" /11/ 
Ubi 1 Bbi'IHCneHa Be1lH'IHHa "SHTpOnRHHOI'O" Knll : 

1Js 1 -
~ s1-2 

~.s 1 _2, 

I1cnbiTaHHSI lleTaHllepa npOBOllH1lHCb B Te'leHne 1968-1970 I',I', COB-
/4/ 

MeCTHO C OlKR)I{HTe1leM BOllOPOlla 80-2, B CXeMy KOTOpOI'O OH BK1liO'IeH 

K HaCTOSIIUeMY BpeMeHH B OCHOBHOM 3aKOH'IeHa llOBOllKa 0Tlle1lbHbiX ys~OB 

H lleTaneii: MaiiiHHbi 1 H lleTaHllep HCn01lb3yeTCSI npn Heo6XOllUMOCTH nony-

· 'leHnsr 6onbrnoro K01lH'I:ecTBa )I{HllKOI'O BOllOP.Olla •. MarnnHa npocT~ H llOCTa- . 

TO'IHO Halle)I{Ha. B SKCnnyaTaUHHo 

Pa6oTa BbmonHeHa noll pyKOBOllCTBOM npo~eccopa A.r. 3enbllOBR'Ia,. 

nOMOIUb H nOllllep)I{Ka KOTOpOI'O noMOI'1lH. HaM UpeolloneTb MHOI'O'IHC1leHHbie 

TPYllHOCTH H Heylla'IH, 

. 18 

TiepBbiii: BapHaHT lleTaHllepa 6bin H3I'OTOB1leH B fla60pi 

npo6neM 06'bellHHeHHOI'O HHCTHTyTa SlllepHbiX HCC1lellOBaHHii:. 

B.H. nMHTpHeBCKOii:, IO.A._ KysHeuoBy, a TaK)I{e COTPYllHHKaJ 

OTllena' H MaCTepCKUX na6opaTOpHH BbiCOKHX SHepruii: c 6m: 

.· H HHTepeCOM 3aHHMaB~~MCSI .STOii: pa60TOii: 1 aBTOpbi Bbipa)I{E 

6narollapHoCTb. 

()co6yro npusHaTenbHOCTb Mbi Bbipa)l{aeM npo~eccopy I 

sa ueHHbie coBeTbi n O'IeHb nonesHbie llliCKyccnu. 

fl H T e p a T y p a 

1 •. B~M. BpollsrHCKHfi, H.M. CaBHHOBa, "KncnopollHOe n aBTC 

cTpoeHue" UI1HTI1XI1MHE4>TEMAlli, N9 1, 1966. 

2, B.M. BpollSIHCKHfi, A.B. fpa'Ii:m. TaM )l{e, 

3. B.A. BenyrnKnH, H .<fl. foTBSIHCKRii:. ABTopcKoe CBRlleTenb< 

BronneTeHb nso6peTeHnii: N9 4, 1968. 

4. B.A. BenyrnKnH, H.ct>. roTBsmcKnii:, A.r. 3enblloBu'I, IO.K. 

TipenpnHT OI1HI1, N9 8-5237, 1970. · 

· 5, H.<l>, foTBSIHCKRH, ·ABTOPCKOe CBHlleTe1lbCTBO Ng 223104. 

uso6peTeHHii: Ng 24, 1968. 

6. E.M. ArapeB, n.E. Me.QOBap. 3neKTpOHHbie HHllHKaTOpbi 

KOMnpeccopoB, foCTOpi'H3llaT 1962, 

7. I1.X. KapaycoB, r.H. Bop3eHKOB, l):puoreHHOe, KHC110p0llH 

MaiiiHHOCTpoeHne N9 1, 1970. 

8. I1.B. naHH1lOB, B.T 0 KoBa'IeB, Te3HCbi llOK1lallOB COBeTCK• 

KOH~epeHUHH no ~HSHKe HHSKRX TeMnepaTyp, HoBocn6upc 

9. A.M. ApxapoB, HusKoTeMnepaTypHbie rasoBbie MaiUHHbi, 

1969 I'o 
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cny"laSIX 6blll0 nony"leHO 3Ha"leHHe aJlHa6aTHOI'O·. Knll llO 

pas6poca JlaHHbiX no Knll sm.;.. 

KaK y>Ke ynOMHHallOCb 1 'CTeneHb repMeTH"'HOCTH BblllYCKHOI'O 

KOTOphlH O"'SHb "'YBCTBHTeneH K nonaJlaHHID I'pSI3H Ha ynllOTHH

.' noBepXHOCTH. . 

KpoMe o6uienpHHSITOro Blllia6aTHoro Knll 7J = 
· all 

/10/ 
npHBSllSHbl 3Ha"'SHHSI SKCepi'STii"leCKOI'O Knll: 

. 7J e 
L\e2-a+ f 

L\ e 1-3 

= I 
L\S1-2 

L\S 1-a 

L\ i 1-2 
L\i 1-2' 

, B Ta6na-

0' 

L\ e. H L\ S -pa3HOCTH SKCSpi'HH li SHTpOnHH MS>KllY COOTBSTCTBYIDIIlHMH 

f - RHllHKaTOpHaSI pa6oTa. 8TOT KOS¢¢RUH8HT XapaKT8pH-

Heo6paTHMOCTH B pe3yllbTaTe OTKllOHeHHSI npOUeCCOB B ll~~ 
. . 

OT HASallbHOI'O aJlRa6aTHOI'Oo 0JlHaKO SI'O H8llb3SI HCnOllb30BaTb 

TeXHH"'SCKOI'O COBSpllleHCTBa pasnH"'HbiX MalllHH1 ·TaK KaK .3Ha

STOI'O KOScpcpHUHSHTa cyuieCTBeHHO SaBHCRT .OT TeMnepaTypHOI'O rpoBHSI, 

paClllHpeHHSI R CBOHCTB pa6oqero rasa. B noCllellHSH rpacpe Ta6nH-
• u /11/ 

1 Bbi"'HClleHa .. BellH"'RHa 6 SHTpOnHHHOI'06 Knll : 

1Js I -
L\ s1 _2 

L\S 1_2, 

I1cnbiTaHHSI llSTaHJlepa npOBOllHllHCb B Te"'SHHe 1968-1970 I'.I'. COB
/4/ 

THO C O)KH>KHTelleM BOJlOpOJla BQ~2, B CXeMy KOTOpOI'O OH BKlliD"'SH 

TOS!lll8My BpeMeHH B OCHOBHOM SaKOH"'SHa llOBOJlKa OTllSllbHbiX Y3llOB 

TalleR MalllHHbl 1 R llSTaHJlep HCnOllb3YSTCSI npR He06XOllliMOCTH hony-

g 6o1Ibworo KonaqeciBa >KRllKOro BOJlopoJla. , MawaHa npocTa H nocTa- . 

Hane>KHa.· B SKCnnyaTaUHR. 

Pa6oTa BbmonHeHa non pyKOBOllCTBOM npocpeccopa A.r~ 3enbllOBH"la, 

H nOJlllSp>KKa KOTOpOI'O noMOI'llH. HaM npeononeTb MHOI'O"'HCllSHHbiS 

llHOCTH R HeyJla"'R. 

18 

ilepBbiH BapHaHT llSTaHJlepa 6blll H3I'OTOBll9H B Jla6opaTOpHH SIJlepHbiX 

npo6neM 06'bellHHeHHoro HHCTHTyTa SillepHbiX nccnellOBaHHfi. K.A. Eafiqepy, . . 

B.H. llMHTpHeBCKOH, IO.A. KysHeuoBy, a TaK>Ke COTPYllHHKaM KpRoreH.Horo. 

OTJlena· R MacTepCKHX Jia6opaTopHR BbiCOKHX ·sHeprafi c 6onblllHM >K_en.aHH~M 
·H HHTepeCOM 3aHHM8BlllHMCSI STOH pa60TOH1 aBTOpbl Bbipa>KaiDT ·rny6oKyiO 

. . 
6nai'OJlapHOCTbo 

Oco6yro npnsHaTenbHOCTb Mbi Bbipa>KaeM npocpeccopy B.M. EpOJlSIHCKOI\ 
. . 

sa ueHHbie COBSTbl H O'lel!b 110ll83Hble llHCKYCCHHo 

JI H .T.e paT y p a 

1. B.M. EpollSIHcimfi, H.M. CaBHHOBa. "KncnoponHoe R aBToreHHoe MalllRHo

CTpoeHae" UI1HTI1XI1MHE!l>TEMA III, N9 1, 1966. 

2. B.M. EpollSIHCKHi1:, A.E. fpa'li:m. TaM >Ke. 

3. B.A. EenywKHH, · H .ll>~ foTBSIHCKH:Ii:. ABTopcKoe CBHlleTenbCTBO N9 208723, 

EronneTeHb nso6peTeHHH N9 4, 1968. 

4. B.A. E~:mylllKHH, H.ll>. foTBSIHCKHH, A.r. 3enbll0BH'l, IO.K. nnmmeHKO •. 

llperrpRHT OI1.HI1, N9 8-5237, 1970. · 

.· 5. H.ll>. foTBSIHCKHH. -ABTopcKoe CBHlleTenbCTBO N9 223104. EronneTeHb 

nso6peTeliRH N9 24, 1968. 

6. E.M. ArapeB, JI.E. Me.QOBap. 8neKTpOHHbie HHllHKaTopbi llllSI xonOllHllbHbi: 

KOMnpeCCOpOB. fOCTOpi'H3JlaT 1962. 

7. I1.X. KapaycoB, r.H. Eop3el!KOB. }S:paoreHHOe, KHCllOPOllHOe R aBTOI'eHHOE 

MalllHHOCTpoeHne N9 1, 1970. 

8. I1.E. naHHllOB, B.T. KoBa'leB. Te3HCbl .QOKllallOB COBeTCKO-SinOHCKOH 

KOHcpepeHURR 110 cpH3HKe HH3KHX TeMIIepaTyp, HOBOCH6HpCK 1 1959. 

9. A.M. ApxapoB. HasKoTeMnepaTypHbie ra30Bbie MalllHHbi. "Mai.uaHoc.Tpoem 

1969 r. 
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