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3HepreTMKa C)KIDKeHHbIX ra30B
jJ-p meXH. Hay", nporjJ. A.B. CHHEB, A.II. IIAllIKOB

HMAllIPAH,
a-p meXH. Hay" O.c. KOQETOB

MTY UM A.H. KOCblZUHa

Nun-uniform electrical energy consumption creates the problem of surpluses
energy during low demand and its deficiency during peak loads. It is proposed
to solve this problem using the unit containing a cryogenic Stirling engine and
an electrical generator. Owing to peculiar features of Stirling engine, the unit
can serve as a capacious energy storage (in the vessel with cryogenic liquid)
and work as a generator in case of lack of electrical energy in the mains.

C MOMeHTa OTKpbITI151 :meKTpHqeCTBa H H306peTeH.H5I 3JIeKTpO-

reHepaTOpa qeJIOBeqeCTBO Hayq.HJIOCb npe06pa30BbIBaTb npaK-

THqeCKI1 Bce 113BeCTHbIe BI1.D.bI:meprl1H B 3JIeKTpHqecKyIO. KaK

H3BeCTHO, 3JIeKTpl1qeCTBO l1MeeT 60JIblliHe npeHMYll\eCTBa nepe.D.

,ll.pyrl1MH HCTOqHI1KaMI1 3HeprHH KaK B.nJIaHe ero TPaHcnOpTI1-

pOBKH, TaK 11C TOqKH 3peH.H5I B3pbIB06e30naCHOCTI111 3KOJIOrl1q-

HOCTH MeXaHI13MOB, pa6OTaIOll\HX Ha 3JIeKTp03HeprHH. O.D.HaKO

eCTb 11 np06JIeMbI, Ha)J. KOTOpbIMH pa6OTaIOT yqeHbIe pa3HblX

CTpaH: OCHOBHbIe 113HHX - BonpOCbI 3KOJIOrHI1 npl1 nOJIyqeHI1H

3JleKTP03HeprHH (oc06eHHO npl1 C)I<.HraHHH yrneBO.D.OpO.D.HOro H

Ji.D.epHoro TOllJI.HBa), a TaIOKe nOHCK HOBblX TeXHOJIOnm.D.JI51B0306-

HOBJl5IeMblX I1CTOqHHKOB 3Heprl1H.

fIpl1 BceH aKTYaJIbHOCTI1 3THX 3a)J.aq cyll\eCTByeT ell\e 11npo-

6JleMa COXpaHeH.H5I «113JIHllIKOB» 3JIeKTp03Heprl111 npH MaJIOM ee

nOTpe6JIeHHH H Ha060pOT, He06xo)J.l1MOCTI1 B .D.OnOJIHHTeJIbHOM

KOJlHqeCTBe 3JIeKTp03Heprl111 npl1 nl1KOBbIX HarpY3Kax. EbICTpbIH

nepeXO,ll. npe06pa30BaTeJIeH 3Heprl1H Ha 3KOHOMHbIH pe)l(l1M 11

06paTHO He BCer.D.aBbIro.D.eH CTOqKl13peH.H51 OnTHMaJIbHOro :KIl,[{,

a I1HOr.D.a11HeB03MO)l(eH. fI03TOMy n05lBJl5leTC5I 3a)J.aqa coxpaHe-

HH5I HeBOCTpe60BaHHOH 3JIeKTp03Heprl1l1, B HaCT05lll\ee BpeMJI

qall\e Bcero pelliaeMaJI C nOMOll\bIO 3JIeKTpoXHMHqeCKHX aKKy-

MyJI5ITOpOB, npHMeHeHl1e KOTOpbIX, B CBOIO oqepe.D.b, CB5I3aHO C

PJi.D.OMCJIO)l(HbIX np06JIeM.

B I1HCTHryTe MaIIII1HOBe.D.eHH5II1M. A.A.EJIanmpaaoBa PAH npl1

HCCJle.D.OBaHHHcxeM .D.BHraTeJl5l, HCnOJIb3YIOll\erO npHHWfll Ten-

JIOBbIX ra30BbIX MallIl1H C BHelllHHM nO.D.BO.D.OMTellJIOTbI, pa60Ta-

IOmHX no TepMO.D.HHaMl1qeCKOMY IIHKJIy CTHpJIHHra [4, 5], 6bIJIO

06pameHo BHI1MaHHe Ha TO, qTO OHH .D.OnycKaIOT pellIeHl1e, He-

B03MO)l(HOe .D.JI5I.D.pyrHXTellJIOBbIX MallIHH, a HMeHHO MO)l(HO no-

HH3HTb TeMneparypy KaK HarpeBaTeJl5l, TaK 11XOJIO.D..HJIbHHKa.Ta-

KI1M 06pa30M, HarpeBaTeJIeM CTaHOBI1TC5I OKpY)l(aIOll\a51 cpe.D.a C

IIpHcymeH eH TeMneparypOH, a XOJIO.D..HJIbHHKOM- KpHoreHHaJI

cpe,ll.a C)I(H)I(eHHOrO raJa. B pe3YJIbTaTe nOJIOCTb pacllIHpeHH5I

,ll.BHraTemI CTHpJIHHra 6Y.D.eTHaXO.D.HTbC5IIIpH TeMlIeparype OK-

pY)l(aIOmeH Cpe.D.bI, a nOJIOCTb C)I(aT.H5I- IIpH KpHoreHHbIx TeMne-

parypax BHYTpH KpHoreHHoro cocY.D.a.

OrcIO.D.a cJIe.D.yeT Ha nepBbIH B3rJIJl,ll. IIapa,ll.OKCaJIbHbIH BbIBO.D.:

eCJIH 06bIqHO IIpH IIOJIyqeHHH 3JIeKTp03HeprHH «TenJIOBbIM»

cIIoco6oM )J.Jl51nOBbIllIeHH5I Kl1,L{ npeo6pa30BaHH5I 60PIOTC5I 3a

YBeJIHqeHHe TeMnepaTypbI C)I(HraHH5I TOllJIHBa, TO B HallleM cny-

'me He06xo.D.HMO MaKCHMaJIbHoe IIOHH)I(eHHe TeMlIepaTypbI pa-

6oqero TeJIa (C)I(H)I(eHHOrO raJa). CJIe.D.OBaTeJIbHO, .D.JI5Ipa60TbI

yCTaHOBKI1, COCT0JImeH H3 KpHoreHHoro .D.BHraTeJl5l H 3JIeKTpore-

HepaTopa, He06xo.D.HM 3anac TOnJIHBa B BH.D.eC)I(H)I(eHHOrO ra3a,

KOTOPbIH MO)l(HO nOJIyqaTb, TpaT5I «H3JIHlllKH» 3JIeKTP03HeprHH.

B .D.aJIbHeHllleM npH IIOBbIllIeHHH nOTPe6JIeH.H5I 3JIeKTp03HeprHH

yCTaHoBKa nO)J.KJlIOqaeTC5I K nOTPe6I1TeJIIO.

TaKaJI yCTaHoBKa HaH60JIee 3<p<peKTHBHO C TOqKH 3peH.H5I 3KO-

JIOrHH 6Y.D.eTpa60TaTb B KOMnJIeKCe C «qHCTbIMH» HCTOqHHKaMI1

3JIeKTp03HeprHH, TaKHMH, KaK BeTpOBbIe HJIH COJIHeqHbIe CTaH-

IIHH. IlpH 3TOM TaK)I(e 6Y.D.eTBbIIIOJIH5ITbC5I <PYHKIIH5I cTa6HJIH3a-

IIHH HCTOqHHKa 3HeprHH IIpH H3MeHeHHH BerpOBoro nOTOKa HJIH

cyrOqHOM H3MeHeHHH COJIHeqHOrO CBeTOBOrO nOTOKa.

Ilpe.D.JIaraeMaJI .D.JIJIyCTaHoBKH cxeMa 3KOJIOrHqeCKH qHCTOro

KpHoreHHoro .D.BHraTeJI5I BbIIIOJIHeHa no MaTepHaJIaM naTeHTOB

[1,2,3]. YCTaHoBKa C .D.BHraTeJIeM no npe.D.JIaraeMOH cxeMe HC-

nOJIb3YeTC5I KaK 3JIeKTpHlJeCKI1H aKKyMymrrop qpe3BbIqaHHO 6oJIb-

1lI0H eMKOCTH, r.D.e3Hepr.H51 aKKYMyJIHpyeTC5I B cocY.D.e C KpHoreH-

HOH Cpe.D.OHC)I(.\1)1(eHHOrO raJa. IlpH 3TOM TeOpeTHqeCKH TepMo-

)J.I1HaMHqeCKI1H K03<P<PHIIHeHT nOJIe3HOrO .D.eHCTB.H5I(:KIl,[{ IIHKJIa

KapHo) MO)l(eT .D.OCTHraTb 70 - 99% B 3aBHCHMOCTH OT BbI6paH-

HOH KpHoreHHoH Cpe.D.bI 11TeMneparypbI oKpy)l(aIOll\eH Cpe.D.bI.

KpaHHe Ba)l(HO OTMeTHTb, qTO yCTaHoBKa 3a6HpaeT TenJIOByIO

3HeprHIO .D.JI5Ipa60TbI .D.BHraTeJl5l H3 oKpy)l(aIOmeH cpe.D.bI, npeo6-

pa3Y51 ee B MeXaHHqecKYIO HJIH 3JIeKTPHqecKYIO. A yqHTbIBaJI,

qTO yCTaHoBKa He BbI6paCbIBaeT B aTMOC<pepy npO.D.yKTOB rope-

H.H5I, ee OTJIHqaeT nOBbIllIeHHaJI 3KOJIOrHqeCKaJI qHCTOTa.

Ilp06JIeMbI, CB5I3aHHbIe C npe.D.JIaraeMbIM pellIeHHeM, BO MHO-

rOM COnpJl)l(eHbI CpaJBHTHeM COBpeMeHHblX TeXHOJIOrHH B 06JIa-

CTH KpHoreHHbIX TeMneparyp. OqeBH.D.HO, qTO COCY.D.C KpHoreH-

HOH Cpe.D.OH, KY.D.a nOMell\aeTC5I MexaHH3M, .D.OJI)I(eH 06JIa.D.aTb

3<p<peKTHBHOH TellJIOH30Jl5lIIHeH H CHCTeMOH 3all\HTbI OT BHelllHHX

MeXaHHqeCKI1X B03MymeHHH. 11 paJYMeeTc5I, He06xo)J.l1MO KOMn-

JIeKCHOe HCCJIe.D.OBaHHe pa6oTocnoc06HoCTH Y3JIOB H MexaHH3-

MOB, HX .D.OJIrOBeqHOCTH B KpHoreHHOH cpe.D.e.

PaCCMOTPHM OCHOBHbIe oc06eHHOCTH TeXHHqeCKoro pellIeH.H5I

yCTaHoBKH (CM. pHCyHOK).

,L{BHraTeJIb C BHelllHHM nO.D.BO.D.OMTenJIa COCTOHT H3 Tpex Ka-

Mep A, B H C, COe.D.HHeHHbIX Me)I()J.y C060H H B IIeJIOM 06pa3yIO-

ll\HX repMeTHqHyIO cHcTeMy, 3alIOJIHeHHYIO ra30M B PaJJIl1qHbIX

<pa30BblX COCTOHHH5IXno.D. .D.aBJIeHHeM nOpH.D.Ka 20 MIla.

KaMepbI A H B TenJI0I130JIl1pOBaHbI. CTeHKI1 KaMepbI C 06JIa-

.D.aIOT BbICOKOH TenJIOnpOBO.D.HOCTbIO, H BHyrpeHHI1H ee o6beM

HMeeT TeMnepaTypy oKpY)l(aIOll\eH Cpe.D.bI.



YcmaH06Ka, cocmoJlUJ,aJI U3 KpUOi!eHHOi!O 06Ui!ameJlJl U

3J1eKmpOi!eHepamOpa, UcnoJlb3yeMaJl 6 KalfeCm6e

aKKyMyJlJlmopa 3Hepi!Uu:

A U B - menJI0U30JlUp06aHHble KaMepbl;

C- HemenJI0U30JlUp06aHHble KaMepbl; 1, 9 - 6aJlbl;

2, 5 - 6J10KU /{UJlUHOP06; 3 - nopUlHU; 4 - lUamYHbl;

6 - pei!eHepamop; 7, 8 - KOCble lUau6bl; 10 - pomop

3JleKmpOi!eHepamopa; 11 - pomop 3J1eKmp006Ui!ameJlJl;

12- pa60lfee meJlo (CJlCUJlCeHHblU i!a3); 13 - cucmeMa

3anpa6KU; 14- KJlanaH

KaMepa A nOCTOgHHO 3anOJIHeHa KplmreHHoli cpe)J,oli- C)I(H-

)I(eHHblM ra30M 12, KaMepa B nepBOHaqaJIbHO TaK)I(e 3anOJIHe-

Ha )I(H)J,KOli KpHoreHHoli cpe)J,oli, KOTOpag B np0I..\ecce pa60ThI

yCTaHoBKH nepexo)J,HT B ra3006pa3HylO tPOpMy (pacxo)J, pa60-

qero TeJIa). KaMepa C nOCTOgHHO 3anOJIHeHa raJOM CTeMnepa-

TYPoli oKpy)l(alOlQeli cpe)J,hI. MexaHH3Mbl )J,BHraTem (6JIOKH I..\H-

JIHH)J,pOBpacnmpeHHg 2 H C)I(aTHg 5) pa3MelQalOTCg B KaMepax

AHe.
QHJIHH)J,phl pacnOJIO)l(eHhI napaJIJIeJIhHO OCH BpalQeHlfj{ paB-

HOMepHo no OKpy)l(HOCTH; HX qHCJIO 60JIhllle 4, npe)J,nOqTHTeJIb-

HO 7 HJIH 9 B Ka)I()J,OM6JIOKe. B 6JIOKaX 2 H 5 I..\HJIHH)J,PhIpacnoJIo-

)I(eHbI nonapHo COOCHO.B Ka)l()J,OM I..\HJIHH)J,peHMelOTCg noplllHH

3, coe)J,HHeHHble qepe3 lllaTYHhI 4 co ctPepHqeCKHMH lllapHHpa-

MH CKa4alOlQHMHCJllllali6aMH 7 ()J,Jlg 6JIOKa I..\HJIHH)J,pOBpaclllH-

peHHJI) H 8 ()J,JlJl6JIOKa C)I(aTlfj{). Ka)I()J,M napa COOCHhIX I..\HJIHH)J,-

pOB 6JIOKOB 2 H 5 coe)J,HHeHa Tpy60npoBo)J,aMH - pereHepaTopa-

MH 6, me npOHCXO)J,HTnp0I..\eCC HarpeBa-OXJIa)l()J,eHlfj{.

bJIOK I..\HJIHH)J,pOB5 HaXO)J,HTCgB cpe)J,e )l(H)J,KOrOraJa. Pa60qHM

TeJIOM BHYTPH I..\HJIHH)J,POB2 JlBJIgeTCg raJ B ra3006paJHOM COCTO-

gHHH. feOMeTPHg MexaHH3MOB TaKOBa, qTO I..\HJIHH)J,pHqeCKHe

nOBepxHocTH lllaTYHoB 4 nOCTOJlHHO HaXO)J,j{TCgCBOHMH npJlMO-

JIHHeliHbIMH 06paJylOlQHMH Ha BHYTPeHHHX KOHH4eCKHX nOBepx-

HOCUX noplilHeli3, qTO y)J,ep)l(HBaeT Ka4alOlQHeCg lllali6hI 7 H 8
OT npoBopa4HBaHHJI. C)J,BHr no tPaJe Me)l()J,y )J,BH)I(eHHJlMH llla-

ryHHo-noplllHeBhIX rpynn B COOCHbIX I..\HJII1H)J,paxCOCTaBmeT 90°

6JIaro)J,apJl HaKJIOHy KaqalOlQHXCg lllali6 7 H 8 H nOBopory lllali6

OTHOCI1TeJIhHOB3aHMHo-nepneH)J,HKYmpHhIX oceli B l1JIOCKOCTJlX,

nepneH)J,HKYmpHhlx OCH BaJIa, qTO npH6JIH)I(eHHO o6eCneqHBaeT

peaJIH3aI..\HIO TepMo)J,HHaMHqeCKoro I..\HKJIaCTHpJIHHra.

B TenJIOH30JIHpOBaHHoli KaMepe A pacnOJIO)l(eH pOTOp 3JIeKT-

poreHepaTopa 10,BbIl10JIHeHHoro no TeXHOJIOrHH cBepXnpOBO)J,H-

MOCTH, C repMeTH3HpOBaHHhIMH 3JIeKTpHqeCKHMH BbIXO)J,aMH H3

KaMephI. 3JIeKTporeHepaTop JlBJIJleTCJIOCHOBHhIM cnoc06oM ne-

pe)J,aqH 3HeprHH OT KpHoreHHoro )J,BHraTem K HCnOJIHHTeJIhHhIM

MeXaHH3MaM (B03MO)l(eH BapHaHT CHJlTlfj{ MOlQHOCTH CBaJIa KaMe-

phI C). B KaMepe C pacnOJIO)l(eH pOTOp 3JIeKTpO)J,BHraTeJIJI 11.
.z:vur 06eCneqeHHJI pa6oTocnoco6HoCTH )J,BHraTeJIg C BHelllHHM

nO)J,BO)J,OMTenJIa BpalQeHHe BaJIOB 1H 9 )J,OJI)I(HO6hITh CHHXpOH-

HhIM, qTO )J,OCTHraeTCg C nOMOlQhlO ynpaBJIJllOlQerO np0I..\ecco-

pa. TIPH HaJIHqHH yrnoBoro paccornaCOBaHlfj{ BaJIOB reHeparopa

H 3JIeKTpo)J,BHraTeJIg npoI..\eccop BhI)J,aeT CHrHaJI Ha comacylO-

lQHli yCHJIHTeJIh, KOTOPhIli YCTPaHJIeT paccornaCOBaHlfj{, yCKOpAA

HJIH 3aMe)J,JIAA )J,BH)I(eHHe pOTopa 3JIeKTP0)J,BHraTem 11, qTO H

o6ecne4HBaeT CHHxpoHHoe )J,BH)I(eHHe KaqalOlQHXCJllllali6.

CxeMa CHHxpOHH3aI..\HH 3HaqHTeJIbHO ynpolQaeTcg B cJIyqae

MeXaHHqeCKoro COe)J,HHeHAABaJIOB 1 H 9. TIPH 3TOM OTna)J,aeT He-

06XO)J,HMOCTh npHMeHeHlfj{ 3JIeKTpo)J,BHraTem, O)J,HaKOB03HHKa-

lOT np06JIeMhI MHHHMaJIhHOli TenJIOnepe)J,aqH no coe)J,HHHTeJIb-

HOMY 3JIeMeHry H 3tPtPeKTHBHoro ynJIOTHeHlfj{ Me)l()J,y KaMepaMH

A H e. CJIe)J,yeT TaK)l(e y4ecTh, 4TO B 3TOM cJIyqae 06e KaMephI

6y)J,YT )I(eCTKO CBJl3aHhI Me)l()J,y co6oli, H HX nepeMelQeHHe OTHO-

CHTeJIhHO )J,pyr )J,pyra CTaHOBHTCg np06JIeMaTH4HhIM (B onHcaH-

HOM paHee BapHaHTe CBg3h Me)l()J,y KaMepaMH 3JIeKTpHqeCKM H

nocpe)J,cTBoM CHCTeMhI pereHepaTopa, qTO )J,aeT B03MO)l(HOCTb

PaJJIHqHhIX BapHaHToB KOMnOHOBKH KaMep).

TIpoBe)J,eHHhle ()J,ocTaT04Ho yCJIOBHhle) paCqeThI nOKaJhIBalOT,

qTO no Maccora6apHTHhIM xapaKTepHcTHKaM npe)J,JIaraeMM yc-

TaHOBKa npeB30li)J,eT 3HepreTHqecKylO yCTaHoBKy C)J,BHraTeJIeM

BHYTPeHHero cropaHlfj{ H npH 3TOM 6y)J,eT 3KOJIOrHqeCKH qHC-

Toli, HCnOJIh3yg B0306HoBmeMoe «KpHoreHHoe TOnJIHBO». AK-

KYMyJIHpylOlQM eMKOCTh yCTaHoBKH B Maccora6apHTHhIx COOT-

HOllleHHJIX MO)l(eT npeBhIlllaTb )J,BHraTeJIH BHYTPeHHero cropaHlfj{

Ha JIerKOM H TJI)I(eJIOM yrJIeBo)J,opo)J,HOM TOl1JIHBe (6eH3HHoBhIe H

)J,H3eJIhHhle). CJIe)J,oBaTeJIhHO, npHMeHeHHe raJOBbIX )J,BHraTeJIeli,

pa60TalOlQHX no I..\HKJIYCTHpJIHHra, C03)J,aeT npe)J,noChIJIKH HO-

Boli KpHoreHHoli3HepreTHKH M06HJIhHhIX H CTaI..\HOHapHhIx Ma-

lllHH, r)J,e TOnJIHBOM BhIcrynalOT C)KH)I(eHHhle raJbI (a3OT, BO)J,O-

pO)J" reJIHli).
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