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3aMKHyra5I ,n;pOCCeJlbHa5I MJiIKpOKpJiIOreHHa5I

CJiICTeMa, a,n;aIITJiIpyK):rn;a5IC5IK BHellIHJiIM ycnOBJiI5IM

JiIpe)I(MMy pa60TbI
B.r. CEMEHOB, B.M. EPMAKOB,
IWHd.mexH.HayIC A.r. BHHOKYPOB

000 ~HTKKpuDceHHaJ/ mexHuICa», c. OMCIC

Results of the development of a closed-loop throttle microcryogenic system
capable of automatically driving its refrigerating capacity towards
environmental conditions through regulating the compressor shaft rotational
speed are presented. These environmental conditions determine the system
thermal load and the specific heat of its cryogenic agent, as well as the
operating mode - both in starting and steady-state conditions.
The data given show a several-times decrease of the system power
consumption in steady-state conditions, significant increase in life and
reductio,? of weight and overall dimensions.
Problems related with ensuring the quality of regulation processes - i. e.
reduction of transient process time, vibration amplitude are discussed, ways
to solve them are given.

3aMKH)'ThIe ,npoCCeJIhHhIe MHKpoKpHoreHHhIe CHCTeMhI

(3,l{MKC) OTJIHqalOTCH pH,nOM ,nOCTOHHCTBH 3aHHMalOT

npOqHhIe n03HlUfH B MHKpOKpHoreHHoH TeXHHKe. O,nHaKo

pe3epBhI HX COBepllIeHCTBOBaHMHHe HCqepnaHhI. TaK, co-

BpeMeHHhIe CHCTeMhI He 06JIa,na1OT a,nanTaQHOHHhIMH

CBOHCTBaMHK H3MeHeHHIO yCJIOBHH pa60qero npoQecca:

pe)I(HMy pa60ThI, TeMneparype oKpy)KaJOIlleH cpe,nhI T ,~ oc
TellJIOBOH HarpY3Ke, KOTopbIe BOBpeMH 3KCUJIYaTaQHHMO-

ryT H3MeHHThCHB llIHpOKHX npe,neJIax. OHH npOeKTHpy-

IOTCHHa HaH60JIee TH)KeJIhIH, nyCKOBOH pe)KHM pa60ThI B

yCJIOBHHXMaKCHMaJIhHOHTeMneparyphI oKpY*aJOIlleH cpe-

,nhI. B MeHee TjI)KeJIhIX yCJIOBMHX3KCUJIYaTaQHH 3~C

HMelOT 3aBhIllIeHHoe 3HeprOnoTpe6JIeHHe H 3aHH)KeHHhIH

pecypc npH 60JIhllIOM H36hITKe npOH3Bo,nHMOro XOJIo,na.

HeKOTOpaH a,narnHpyeMocTh napaMeTpOB B cOBpeMeH-

HhIX CHCTeMax ,nOCTHraeTCH B pe3YJIhTaTe <pOpcHpoBaH-

HOH pa60TbI KOMnpeccopa B nyCKOBOH nepHo,n [1] 3a CqeT

YBeJIHqeHHH KOJIHqeCTBa3anpaBJI"eMoro B cHcTeMy KpHO-

areHTa • .ll:aBJIeHHe Ha ero Bxo,ne npH 3anycKe H npoH3Bo-

,nHTeJIhHOCThYBeJIHqHBaIOTC", 06eCneqHBaH 6hICTpOe ox-

JIa)K,neHHe06beKTa,n0 npoMe)I(}'TOqHOH TeMneparyphI npH

nOHH)KeHHhIXcreneHH C)KaTHHH 3HeprOno~6JIeHHH. DPH

TeMneparype, 6JIH3KOH K 3a,naHHoH M" KpHOCTafHpoBa-

HMH, H36hITOK KpHoareHTa aBTOMaTHqeCKH OTBO,nHTC" H3

KOHrypa QHPKYJIjlQHH B 6y<pepHYIO eMKOCTh. .ll:aBJIeHHe B

06paTHoM nOTOKe H COOTBeTCTBeHHOTeMneparypa B HC-

napHTeJIe CHH)KaIOTCH.CHcTeMa nepecTpaHBaeTc" C nyc-

KOBoro pe)I(HMa Ha cTaQHOHapHhIH. BCJIe,ncTBHe pa3rpy3-

KH KOMnpeccopa H ero 3JIeKTpOnpHBo,na HeCKOJIhKOCHH)Ka-

eTC" 3HeprOnoTpe6JIeHHe.

bOJIee 3<p<peKTHBHhIMcnoc060M a,nanTaQHH 3,l{MKC K

yCJIOBH"M pa60TbI HBJI"eTC" aBTOMaTHqeCKa" no,[(cTpoH-

Ka qaCTOTbI BpaIlleHH" Balla KOMnpeccopa [1]. .n:n" 6bICT-

poro OXJIa)K,neHH" 06beKTa ,[(0 3a,naHHoH TeMneparypbI B

nyCKOBOH nepHO,n qaCTOTa BpaIlleHMH H COOTBeTCTBeHHO

xOJIo,nonpoH3Bo,nHTeJIhHOCTh CHCTeMhI nOMep)I(HBaIOTC"

MaKCHMaJIbHhIMH. 3aTeM no cHrHany OT ,naTqHKa TeMne-

paryphI H3 30HbI KpHocTaTHpOBaHMH OHH CHH)KaIOTC" H B

,nallhHeHllIeM aBTOMaTHqeCKH nOMep)KHBaIOTCH no OTKJIO-

HeHHIO TeMneparyphI OT 3a,naHHoro 3HaqeHMH Ha MHHH-

MaJIhHOMypoBHe B 3aBHCHMOCTHOTBHellIHHX yCJIOBHH.CH-

CTeMa pa60TaeT KaK peryJI"TOp TeMneparyphI npH MaK-

CHMaJIhHOMYBeJIlfqeHHH no cpaBHeHHIO CHeperyJIHpyeMoH

pecypca H CHH)KeHHH 3HepronoTpe6JIeHH", qTO Ham",nHO

HJIJIIOCTpHpylOT ,naHHhIe HcnhITaHHH MaKeTa CHCTeMhI npH

pa60Te ero B pe)I(HMe KpHocTaTHpOBaHMH 06beKTa C Ten-

JIOnpHTOKOM 1,2 BT, npH TeMneparype 78 K (CM. Ta6JIH-

QY). TaKoe )Ke ynyqllIeHHe O)KH,naeTCHH no pecypcHbIM

nOKa3aTeJIHM.

CJIO)KHee 6bIJIO ,nocTHrHyTh CHH)KeHHH MaCChI H ra6a-

pHTOB CHCTeMhI B CBH3H C nO"BJIeHHeM B ee COCTaBe HO-

Boro Y3JIa - 6JIOKa peryJIHpOBaHMH qaCTOThI BpaIlleHH".

.ll:o HacToHIllero BpeMeHH 3TO c,nep)I(HBaJIO pa3pa6oTKy pe-

ryJIHpyeMhIx CHCTeM.

Too,
TIOTpe61U1eMM MOm-

Too,
TIoTpe61U1eMM MOm-

°C HOCTb, BT (CHCTeMa °C HOCTb, BT (CHCTeMa

pery nHpyeMM) perynHpyeMM)

60 77 + 20 * 25 52

50 65 + 20 * 7 45

35 57 0 36
npHMe'l8HHe. MowaoCTh HeperynHpyeMoli CHCTeMbl 270 - 290 BT
C )"leTOM 60 BT, nOTpe6nlleMbix BeHTHJllITOpaMH;
* 20 BT - MOwaOCTh, nOTpe6J1l1eMali BeHTHnllTOpaMH, KOTopble 06-
.ayBllIOT KOMnpeccop H BKilIO'IaIOTCli aBTOMaTH'IeCKH, no Mepe He-
06XOllHMOCTH.



B nOCne.D.Hee BpeMH B CBH3H C COBepllleHCTBOBaHHeM

OTe4eCTBeHHOH :meMeHTHOH 6a3bI H pa3pa60TKOH 60nee

npOrpeCCHBHbIX CXeMHhIX pellleHHH 6noKa perynHpoBaHHH

4aCTOThI BpameHHH BaJIa 3neKTPOnpHBO.D.a nOHBHnHCb nep-

CneKTHBbI YMeHhllleHHH ero MaCCbI H ra6apHTOB.

KpoMe TOrO, CHIDKeHMe Cpe.D.HeHMHTeHCMBHOCTMpa60-

TbI .D.BIDK)'mMXCHY3nOB KOMnpeCCOpa B perynMpyeMoH CM-

CTeMe, HanpMMep n0.D.lllMnHMKOB Ka4eHHH, n03BOnHnO npM

npOeKTMpOBaHMM MCnOnh30BaTb 06ner4eHHbIe no cpaBHe-

HMIO C HeperynMpyeMoH CMCTeMOHBapMaHTbI Y3nOB.

CymecTBeHHoe CHIDKeHMe 4aCTOThI BpameHHH BaJIa KOM-

npeccopa C.D.enaJIO .D.OnyCTMMbIM KpaTKOBpeMeHHoe ee

YBemf4eHMe B nyCKOBOM pe)l<HMe 6e3 ymep6a Ha)J.e)I(HOC-

TM CMCTeMbI. 31'0 n03BOnHnO YMeHblllMTb pa3MephI nono-

CTeH C)f{aTMH npM coxpaHeHMM He06xo.D.MMOH npOM3BO.D.M-

TenbHOCTM KOMnpeccopa.

TIpMMeHeHMe 60nee BhICOK0060pOTHoro 3neKTpO.D.BMra-

TenH npMBeno K YMeHbllleHMIO ero MaCCbI M ra6apMTOB, a

3a C4eT Mcnonh30BaHHH BbICOK03<p<peKTMBHOH3neKTPOTex-

HM4eCKOH CTaJIM 49K2<1>A nony4eHo nx .D.0nOnHMTenbHoe

CHH)f{eHHe.

CHIDKeHMe TennOBbI.D.eneHMH B KOMnpeccope B CBH3M C

nOHIDKeHHeM MHTeHCMBHOCTMpa60TbI n03BOnHnO cyme-

CTBeHHO YMeHblllMTb Maccy, ra6apMTbI M 3HepronoTpe6-

neHMe 06)J.yBaIOmnx KOMnpeccop 3neKTpOBeHTHnRTOpOB.

OHM BKnI04alOTCH no Mepe He06xo.D.MMOCTM,aBTOMaTM4ec-

KH, no CMrHaJIy OT .D.aT4MKaTeMneparypbI, yCTaHoBneHHO-

ro B KOMnpeccope.

B perynMpyeMoH CMCTeMe cymecTBeHHO CHM3MnaCb Ha-

rpY3Ka Ha <pHnbTP 2 (pMc.l) BCne.D.CTBMeYMeHbllIeHHH B

nOTOKe npo)J.yKTOB M3Hoca KOMnpeccopa M CHIDKeHHH KO-

nWIeCTBa l{HPKYnMpYlOmero 4epe3 <pHnbTPKpMOareHTa. 3To

n03BOnHnO B 2 pa3a YMeHbllIMTb 06'beM <pHnbTpa M COOT-

BeTCTBeHHO eMKOCTM 6.
TIPM BbI60pe cxeMhI CMCTeMbI He06xo.D.MMO 6bIJ10 06ec-

ne4MTb:

Tpe6yeMoe 6bICTpO.D.eHCTBMe B nyCKOBOH nepHO.D. npM

MMHMMaJIbHOM yBenWIeHMM MaCCbI M ra6apHTOB CMCTeMhI

MnpM ee MaKCMMaJIbHOH3HepreTH4eCKOH 3<p<peKTHBHOCTM;

BbICOKoe Ka4eCTBOperynMpOBaHHH, a MMeHHOMMHMMaJIh-

HYIO np0.D.On)f{MTenbHOCTh nepeXO.D.HbIX npOl.(eCCOB npM

MaJIOH aMnnMry.D.e Kone6aHMH, MCKnlO4eHMe B03MO)I(HOCTM

B03HMKHOBeHHHaBToKone6aHMH.

B perynMpyeMoH 3,ll;MKC He06xo.D.MMOe 6bICTpO.D.eH-

CTBMe B nycKOBOH nepMO.D.MO)f{eT 6hITh 06ecne4eHO Tonb-

KOB pe3ynbTaTe YBenM4eHHH 4aCTOThI BpameHHH BaJIa KOM-

npeccopa 6e3 npMMeHeHHH BhIllIeonMcaHHoro TPa.D.Ml.(HOH-

Horo <pOpcMpoBaHHH ero pa60ThI 3a C4eT YBenM4eHHH .D.aB-

neHMH BcaCbIBaHMH. Ho TOr.D.ayTpa4MBaeTcH BbIHrpbIlli OT

nOHIDKeHHH CTeneHM C)f{aTHH B 3TOT nepMO.D., 4TO cyme-

CTBeHHO CHIDKaeT 3<p<peKTMBHOCTbpa60TbI KOMnpeccopa,

YBenM4MBaeT ero Maccy M ra6apMTbI. KpoMe TOro, 3a C4eT

pOCTa 4aCTOTbI BpameHMR B nyCKOBOH nepMO.D..D.Mana30H

perynMpoBaHHH 3Ha4MTenbHO pacumpHeTCH, 4TO 3aTpy.D.-

HReT nony4eHMe BbICOKoro KTI,ll; 3neKTpOnpMBO.D.a BOBceM

.D.Mana30He M BbI3bIBaeT POCT MaCChI 3neKTP0.D.BMraTenH.

TI03TOMY McnOnb30BaJIM KOM6MHMpOBaHHYIO cxeMY <pOpCM-

pOBaHHH.

B pe3ynbTaTe 3TOro M npMMeHeHMH COBpeMeHHOH 3ne-

MeHTHOH 6a3bI M MaTepMaJIOB Macca pa3pa6aTbIBaeMOH

CMCTeMbI CHM3MnaCb Ha 15 % no cpaBHeHMIO C MaCCOH

HeperynMpyeMoH 3,n;MKC, HecMOTpH Ha BBe.D.eHMeB co-

CTaB 6noKa perynMpoBaHHH 4aCTOThI BpameHHH BaJIa 3neK-

TPonpMBO.D.a. CymecTBeHHo YMeHbllIHnMCb M ra6apHTbI.

Ha pMC. 1 M306p~eHa npMHl.(HnMaJIbHaH cxeMa 3,n;MKC,

BKnI04aIOmaH KOMnpeccop 1, <pHnbTP 2, MMKpoTenno06-

MeHHMK (MTO) 3, 6noK aBTOMaTM4ecKoro perynMpoBaHHH

.D.aBneHHR(BAP,ll;) 4, 6noK ynpaBneHHH (BY) 5, 6y<pepHYIO

eMKOCTh 6. B OTnH4Me OTTpa)J.Ml.(HOHHOHcxeMbI .D.pOCCenb-

Hoe yCTpOHCTBO 7 BbInOnHeHO B BH)J.eperynHTopa .D.aBne-

HHR «.D.O ce6H», a BAP,ll; 4 nO.D.COe.D.MHeHBMeCTO I-H cry-
neHM KOMnpeccopa K ero BhIXO.D.Y.OH .D.OnOnHMTenbHO Ha-

.D.eneH <pyHKl.(MeH c6poca .D.aBneHHHHarHeTaHMR npM OCTa-

HOBKe CMCTeMbI )J.JlHpa3rpY3KM BhlnyCKHOro KnanaHa KOM-

npeccopa M nO.D.rOTOBKMero K nOBTopHoMy 3anycKY. Bpe-

MR nO.D.rOTOBKH,KaK npaBHnO, )f{eCTKOorpaHWIMBaeTCH Tex-

HM4eCKHM 3a.D.aHMeM, n03ToMY B cxeMY .D.OnOnHMTenhHO

BKnlO4eH 06paTHbIH KnanaH 8, OTceKalOmMH OTBAP,ll;a npM

OCTaHOBKe KOMnpeccopa OCHOBHYIO4aCTb KpMOareHTa BbI-

COKOro .D.aBneHHH, 4TO 3Ha4MTenbHO yCKOpHeT pa3rpY3KY

BblnyCKHOro KnanaHa KOMnpeccopa.

CMCTeMa pa60TaeT cne.D.YlOmMM 06pa30M: nepe.D. 3anyc-

KOM Hanpj{)f{eHMe nO.D.aeTCHB BY 5 M B BAP,ll; 4, eMKOCTb

6 nO.D.KnI04aeTCH K nMHMM 06paTHoro nOTOKa C nOMOmhIO

3neKTpOMarHMTHoro KnanaHa, BCTpoeHHoro B BAP,ll;, a OT

npRMoro nOTOKa TeM )l(e KnanaHOM OTceKaeTCH. TIocne

BKnlO4eHHH CMCTeMbI M 3anonHeHHH KpMoareHToM nMHMH

npHMoro nOTOKa .D.O.D.OCTIDKeHHR.D.aBneHHH, 3a.D.aHHOrO B

.D.pOCCenbHoM perynHTope 7, OH oTKpbIBaeTcH, M B .D.aJIb-

HeHllIeM nOMep)f{MBaeT 3a.D.aHHOe.D.aBneHMenpHMoro no-

TOKa. TIPM .D.0CTM)f{eHMMnpOMe)f{YT04HOH TeMneparypbI

OKOH4aHMH pe)f{MMa nOBbIllIeHHoro .D.aBneHMHHa BXO.D.eB

KOMnpeccop no CMrHaJIy OT .D.aT4HKaTeMneparypbI 93neK-

TpOMarHHTHhIM KnanaHOM BAP,ll;a 4 OTKnI04aeTCH eM-

KOCTh 6 OT nHHMH 06paTHoro nOTOKa. Qepe3 BCTpoeHHhIH

B BAP,ll; nHeBMoperynHTop eMKOCTh 6 nO.D.KnI04aeTCH K

nHHMH npHMoro nOTOKa, H H36bITOK KpHoareHTa OTBO.D.HT-

CH B Hee H3 l.(HpKynHl.(HOHHOro KOHrypa. ,ll;aBneHHe B 06-

paTHOM nOTOKe H TeMneparypa KpHOCTaTHpOBaHHH CHH-



)l(aIOTCH .LJ.O3a.LJ.aHHhIX3HatIeHHH. CHCTeMa BhIX0.LJ.HTHa

3a.LJ.aHHhlHTeMneparypHhIH pe)I(HM, H tIaCTOTa BpaIQeHMji

BaJIa KOMnpeccopa no CHrHaJIy OT .LJ.aTtIHKaTeMneparyphl

9 CHH)I(aeTCH H B .LJ.aJIhHeH1lleMaBTOMaTHtIeCKH nOMep-

)l(HBaeTCH Ha MHHHMaJIhHOM ypoBHe, 06eCnetIHBaH HaH60-

JIee 3KOHOMHtIHhIH pe)I(HM ee pa6OThI. IlpH 3TOM OnTHMaJIh-

Hoe .LJ.aBJIeHHenpHMoro nOTOKa cTa6HJIhHO nOMep)I(HBa-

eTCH .LJ.pOCCeJIhHhIMperyJIHTOpOM 7 He3aBHCHMO OT npo-

H3BO.LJ.HTeJIhHOCTHKOMnpeccopa. TeM caMhIM .LJ.OCTHraeT-

CHHaH60JIee OnTHMaJIhHOe COOTH01lleHHe ero KI1,ll; Cy.n.eJIh-

HOHXOJIO.LJ.OnPOH3BO.LJ.HTeJIhHOCThlOKpHOareHTa.

HaH60JIee CJIO)l(HOHOKa3aJIaCb np06JIeMa 06eCnetIeHMji

BbICOKoro KatIeCTBa peryJIHpOBaHHH, T.e. MHHHMaJIhHOH

np0.LJ.OJI)l(HTeJIhHOCTHH aMnJIHry.LJ.hIKOJIe6aHHH B nepexo.LJ.-

HbIX npoL\eccax, HCKJIlOtIeHMji B03MO)l(HOCTH B03HHKHOBe-

HHHaBTOKOJIe6aHHH. 31'0 oc06eHHo B~HO )l.JIHaBHaL\HOH-

HblX CHCTeM, r.LJ.eB YCJIOBMjiX BhICOKHX CKopocTeH H 6hICT-

phIX 3BOJIIOQHH B npocTpaHcTBe pe3Ko H3MeHHIOTCH Ten-

JIOBaH Harpy3Ka Ha 3)l;MKC, BHe1llHHH TeMneparypa H

COOTBeTCTBeHHOTepMO.LJ.HHaMHKa.LJ.pocceJIbHoro L\HKJIa,'ITO

MO)l(eT Bhl3BaTh OTKJIOHeHHeCHCTeMhI OT pe)I(HMa.

CJIO)l(HOCTh np06JIeMhI yCyry6JIHeTCH He06xo.LJ.HMOCThlO

06eCnetIeHHH KatIeCTBeHHoro peryJIHpOBaHHR He TOJIhKO

TeMnepaTYphl, HO H tIaCTOThl BpaIQeHMji BaJIa KOMnpecco-

pa • .ll:JIHTeJIhHhIeKOJIe6aHMji npH 60JIh1ll0H aMnJIHry.LJ.enpH-

BO)l.j!TK CHH)I(eHHIO KI1,ll; 3JIeKTpOnpHBO.LJ.a,pecypca H BH6-

POIIIyMOBhIX XapaKTepHCTHK CHCTeMhI.

B XO.LJ.eHcnhlTaHHH yCTaHOBJIeHO, tITO KatIeCTBeHHoe pe-

ryJIHpoBaHHe CBH3aHOCOnTHMH3aL\HeH KOHCTpYKL\HHMTO.

Jho6aH CHCTeMa peryJIHpOBaHMji (CP), npe.LJ.Ha3HatIeHHaH

)l.JIRyCTpaHeHMji BJIMjiHMji BHe1llHHX B03.LJ.eHCTBHHHa pery-

JIHpyeMYIO BeJIHqHHY, HMeeT BHYTpeHHHe nOMeXH, HCXO.LJ.jl-

IQHe OT 3JIeMeHTOB CHCTeMhI [2] . .ll:JIR HX YMeHh1lleHMji B

CP 06hItIHO BBO.LJ.jlTCH.LJ.0nOJIHHTeJIhHhIe3JIeMeHThI - <pHlIb-

TphI, cTa6HlIH3aT0PbI H T..LJ..B pa3pa6aTbIBaeMoH CP oc-

HOBHhle BHYTpeHHHe nOMeXH CBH3aHbI C npOL\eCCaMH, npo-

TeKalOIQHMH B MTO. POJIh )l(e cTa6HlIH3aTopa HapH.LJ.YC

npHMhIMH <PYHKL\HRMHHrpaeT .LJ.pOCCeJIh-peryJUlTop 7 (CM.

pHC. I), KOTOphIH yCTpaHHeT KOJIe6aHMji .LJ.aBJIeHMjinpH pe-

ryJIHpOBaHHH pacxo.LJ.aKpHoareHTa.

Ho C pacxo.LJ.oMCBH3aHa H .LJ.HHaMHKaTenJIOMaCCo06MeH-

HhIX npOL\eCCOBB .LJ.Byx<pa3HOMnOTOKe KpHOareHTa B MTO.

06JIacTh .LJ.BYX<pa3HOronOTOKa MHoroKoMnOHeHTHhIX KpHO-

areHTOB, KOTophIe HCnOJIh3YlOTCH B cOBpeMeHHhIx CHCTe-

Max, 3amiMaeT 3HaqHTeJIhHYIO tIaCTh TenJIo06MeHHOH no-

BepXHOCTH MTO. )l;Hana30H H3MeHeHHR paCXO.LJ.anpH 3KC-

nJIyaTaL\HH peryJIHpyeMoH CHCTeMhI OqeHh 1llHpOK. IlycKo-

BOH paCXO.LJ.MO)l(eT npeBhI1llaTh CTaL\HOHapHhIH B .LJ.eCHTKH

pa3. fH.LJ.p0.LJ.HHaMHqeCKHHpe)I(HM TeqeHMji npH 3TOM MO-

)l(eT H3MeHRThCH OT MeJIKO.LJ.HCnepCHoro C paCnhIJIeHHOH

)l(H.LJ.KOH<pa3OH.LJ.OpaCCJIOeHHoro C pa3.LJ.eJIhHhIMHlIH KJIOq-

K006pa3HhIM, 6eCnOpH.LJ.OtIHhIMTeqeHHeM <pa3 npH MaJIhlX

pacxo.LJ.ax [3]. TenJIOOT.LJ.atIaB napoBylO <pa3Y cyIQeCTBeH-

HO OTJIHqaeTCH OT TenJIOOT.LJ.atIHB KHnHIQYIO )l(H.LJ.KOCTh,H

B03MO)J(HhI pe3KHe CKatIKH TeMnepaTYphl nOTOKa. PeryJIH-

pOBaHHe TeMneparyphl yCJIO)l(HHeTCH, eCJIH B TaKOH 30He

TetIeHHH OKa3hIBaeTCH .LJ.aTtIHKTeMnepaTYphl CPo Pa3HH-

L\a K03<p<pHL\HeHTOBTenJIo06MeHa C OT.LJ.eJIhHhIMH<pa3aMH,

cJIYqaHHhlH xapaKTep KOHTaKTaC.LJ.aTtIHKOM.LJ.OnOJIHHTeJIhHO

.LJ.ecTa6HJIH3HpyIOTperyJIHpOBaHHe.

3KcnepHMeHTaJIhHhIe HCCJIe.LJ.OBaHHHnpOBO.LJ.HJIHChHa

CTeH.LJ.e,c06paHHoM Ha 6a3e cxeMhI 3)l;MKC, KOTopaR .LJ.O-

nOJIHeHa npH60paMH 12 - 18 (CM. pHc.I). B OXlIa)l()l.ae-

MOH Macce 10 YCTaHoBJIeH .LJ.aTtIHKTeMneparyphl 11. nhI-

CTpO.LJ.eHcTByIOIQHMHCaMOnH1llYIQHMH nOTeHL\HoMerpaMH

12, 13, 14 perHcTpHpylOTcH tIaCTOTa BpaIQeHHH BaJIa

KOMnpeccopa, TeMneparypa B MTO H B OXlIa)I()l.aeMoH

Macce COOTBeTCTBeHHO. .ll:JIHynpOIQeHMji peryJIHpOBaHHH

tIaCTOThl BpaIQeHHR BaJIa KOMnpeccopa HCnOJIh3yeTcH

3JIeKTpO.LJ.BHraTeJIh nOCTOHHHoro TOKa. CTpeJIOqHhlMH

npH60paMH 15, 16 H3MepHIOTcH TOK H HanpR)J(eHHe pe-

ryJIHpyeMoro nHTaHMji, a 17, 18 - .LJ.aBJIeHHH06paTHoro H

npHMoro nOTOKOB. nJIOK peryJIHpOBaHHH qaCTOThI BpaIQe-

HHjl, pa3MeIQeHHhIH B nY; BbInOJIHeH no HaH60JIee npo-

CTOH, CTaTHtIeCKOH cxeMe H HMeeT npHeMJIeMhle ra6a-

pHThI H Maccy.

C L\eJIhlO CHH)J(eHHjl xapaKTepHOH )l.JIH TaKHX cxeM [2]
«CTaTHtIeCKOH 01llH6KH» no peryJIHpyeMoH BeJIHtIHHe, 3a-

BHCRIQeH OT HarpY3KH Ha CP, 6hIJI yBeJIHtIeH K03<p<PHL\HeHT

YCHlIeHMji (tIyBcTBHTeJIhHOcTh) peryJIHpyeMoro 3JIeKTpO-

npHBO.LJ.a.LJ.O10 06/(c·K). B pe3YJIbTaTe MaKCHMaJIhHaH

«CTaTHqeCKaH 01llH6Ka» CP no peryJIHpyeMoH TeMnepa-

TYpe npH OTCyrCTBHH KOJIe6aHHH He npeBhI1llaJIa 0,5 K. .ll:JIH

nOJIYqeHHR npHeMJIeMOH .LJ.HHaMHKHperyJIHpOBaHMji 6hIJIa

YBeJIHqeHa H nOCTOHHHaH BpeMeHH (HHepL\HOHHOCTh).

AMnJIHry.LJ.a, tIaCTOTa H np0.LJ.OJDKHTeJIhHOCThKOJIe6aHHH

perHcTpHpOBaJIHCh B KOHL\enyCKOBOro nepHO.LJ.aH B CTaL\H-

oHapHoM pe)I(HMe npH B03MYIQalOIQeM B03.LJ.eHCTBHHpe3-

KHM H3MeHeHHeM TenJIOBOH HarpY3KH Ha CHCTeMY. B XO.LJ.e

HCCJIe.LJ.OBaHHHHCnhlTaH pR.LJ.KOHCTpYKL\HH MTO, OTJIHtIa-

IOIQHXCR reOMerpHqeCKHMH napaMerpaMH KaHaJIOB HH3-



Koro .l\aBJIeHIDI H paCnOJIO)f(eHHeM .l\aT4HKa TeMneparypbI.

B Ka4eCTBe KpHOareHTa HCnOJIb30BaJIaCb CTaH.l\apTHag

a30TXJIa.l\OHOBag ra30Bag CMeCb.

Cpe.l\H HCnbITaHHbIX BapHaHTOB Y.l\OBJIeTBOpHTeJIbHOe

Ka4eCTBO nepeXO.l\HbIX npOI.\eCCOB nOJIY4eHO Ha MTO C

.l\aT4HKOM TeMneparypbI 1 (pHc.2), BCTpoeHHbIM B cep-

.l\e4HHK 2. 3<p<peKT .l\OCTHraeTCg B pe3YJIbTaTe nOBbIllIe-

HHg HHepUHoHHOCTH .l\aT4HKa 3a C4eT"ero TennOBoro KOH-

TaKTa C MaCCOHCep.l\e4HHKa H 4aCTH4HOH TennOBOH H30-

JIguueH OTnOTOKa KpHoareHTa. O.l\HaKO npH MaJIbIX pacxo-

.l\ax, C YMeHbllleHHeM TennOBOH HarpY3KH Ka4eCTBO pery-

JIHpOBaHIDI YXY.l\llIaJIOCb. KpoMe Toro, KaK npH nycKe CHC-

TeMbI, TaK H npH pa60Te B pe)f(HMe pa3HHua TeMneparyp

Me)f(,L(yCep.l\e4HHKOM H KpHocTaTHpyeMoH 30HOH COCTaB-

JIMa OKOJIO5 K, lITO C03.l\aBaJIOnp06JIeMbI npH HacTpoHKe

CHCTeMbI.

HaH60JIee Ka4eCTBeHHag .l\HHaMHKa peryJIHpOBaHHjI no-

JIy4eHa Ha MTO C npe.l\eJIbHO YMeHbllIeHHbIM npoxo.l\-

HbIM ce4eHHeM IUeJIeBOrO 3a30pa f B HcnapHTeJIe (CM.

pHc.2) H YBeJIH4eHHOH CKOpOCTblOOMbIBaHIDI nOTOKOMox-

JIa)f(AaeMOrO 06'beKTa 3. PacnOJIO)f(eHHaji no HanpaBJIe-

HHIO .l\BH)f(eHHjI nepe.l\ .l\aT4HKOM TeMneparypbI 4 H 06-

JIa.l\alOIUag 60JIblllOH TenJIOeMKOCTbIO Macca 06'beKTa

CJIY)f(HTCfJIa)f(HBaIOIUHM <pHJIbTPOMTeMneparypHbIx KO-

JIe6aHHH B nOTOKe KpHoareHTa, nocrynaIOIUero 4epe3

.l\pOCCeJIb-peryJIjlTOp 5 H3 3MeeBHKa 6. YBeJIH4eHHe CKO-

pOCTH nOTOKa H COOTBeTCTBeHHOK03<p<PHUHeHTaTenJIO-

OT.l\a4H nOBhIllIaeT 3<p<peKTHBHoCTh <pHJIhTpaUHH. KpoMe

Toro, YBeJIH4eHHe O.l\HOP0.l\HOCTHnOTOKa BCJIe.l\CTBHepac-

nbIJIeHHjI )f(H.l\KOH <pa3hI npH nOBbIllIeHHOH CKOpOCTH B

IUeJIeBOM 3a30pe cnoc06cTByeT yCTpaHeHHIO BJIHgHHjI

pa3HHUhI K03<P<PHUHeHToBTenJIo06~ .l\aT4HKa TeMne-

paryphI C OT.l\eJIbHhIMH <pa3aMH H cTa6H.,.H3aUHH ero no-

Ka3aHHH. OCHOBHOH He.l\OCTaTOK.l\aHHOH KOHCTpyKUHH -

TeXHOJIOrH4eCKag CJIO)f(HOCThCTbIKOBKH MTO C 06'beK-

TOM, CBg3aHHaji C 06ecne4eHHeM BeJIH4HHbI 3a30pa f He

60JIee 0,1 MM. BapHaHTbI CThIKOBKH B HaCTOjlIUee BpeMjI

HaMH npopa6aThIBalOTCjI.

B pe3YJIhTaTe HCnOJIb30BaHIDI HaCTOjlIUeH pa3pa6OTKH B

HeCKOJIhKOpa3 CHH)f(eHO nOTpe6JIeHHe 3HepfHH B pe)f(HMe

KpHOCTaTHpOBaHIDIH TaK)f(e yseJIHlJeH pecypc 3,l(MKC. Y.l\a-

JIOCh06eCne4HTh BbICOKoe Ka4eCTBO nepeXO.l\HhIX npouec-

COBCP, 4TO n03BOmeT npHMeHjlTh CHCTeMhI B o6'beKTax C

6b1CTpOMeHjlIOIUHMHCjI BHellIHHMH YCJIOBIDIMH. IIpH 3TOM

Macca H ra6apHTbI CHCTeMbI CYIUeCTBeHHOYMeHhllIeHhI.
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