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}!HccepT8UHH HBnHeTCH 0606l!leHH6M KOMllJieKca HayqHo-MeTO'AHqe
CKHX H 8KCnepHMeHT8nI,HliX pa6oT, BI:monneHHHX aBTOPOM COBMeCTHO c' 
rpynnoit COTPY'AIDIKOB Jia6opaTOpHH Bh!COI(HX SHeprHit 06'.b6'AHHeHHOrO HH.:_ 
CTHTyTa H'AepHhlX uc6ne'AOll8HHit ll nepHO'A c 1957_ no 1970 rO'Abl. OCHOB
HliM SBeHOM SToro KOMllJieKC8 HMHeTCH cos,naHHe H Hccne.itOll_aHHe CHCT6M 
IOO-caH_THM6TPOBOit BO'AOPO'AHOH nys1,1pt,KOllOit Kauep1,1 C 'AI>I08PHOit CHCTe
MOtt Tennor,rnonHUHH. 'Kauepa 61:ma sanymeHa ll KOHU6 I964'r. H ll Teqe
HHe 5 neT ocTaBanacI> KpynHettmett ll CCCP 'AeltcT:ay10mett BO'A~PO'AHOit ny
ShlpI>KOllolt KaMepott. KaMepa o6nyqanac» Ha CHHXpoq,asoTpOHe O~H~ ll nyq-

Kax rr-- uesoHOB c 1o1unyn»coM 5 rsB/c. Bcero Ha Heit nonyqeHo 6onee 
600 000 4-~pOBblX pa6oqux cTepeoq,oTorpaq,Hlt • 

.IlHccepTaUHH cocTOHT Ha llB6'A6HHH,mecTH rnall H Bh!BO'AOB._ 

IlepBaH rnalla co,nepJKHT 060CHOBaHHe H OllHC8HHe ycTpOitCTBa, a 
TaKxe OCHOBHlie xapaKTepHCTHKH IOO-CM llO'AOPO'AHOit ny~blPI>KOBOtt KaMe
Pli c 'A»IOapHoit CHCTeuoit TennoHso_nHUHH ( IOO-cu BITK ) • 

KaMepa I ( PHc.I) BMecTe c .n»10apoM4 nouemena B uarHHTHoe 
none sneKTpouarHHTa MC-I2. Pa6oqu£t 06'.beM Kauep1,1 uueeT ocBemeHHYJO 
o6naCTI, 95 x 35 x 30 cu8 • Cpe,nHee MarHHTHOe none COCTaMHeT 
!8550 spcTe'A. 

/ MacmTa6 q,oTorpatflHPOBaHHH ll CP6'AH6M palleH I : IO. ToqHOCTI, BOC
CT8HOBnemm npocTp8HCTB6HHHX KOOP'AHHaT no X'f < O,I MM~ JioxHaH KPH
BH8H8 CJ!e'AOB ,nHH Sa'AePXKH CBeTa nocne npOXOX'AeHHH qacTHU ~o 2-x 
MCeK COCTaBnHeT I,2.10-5 CM-I. Pa6oqHe Sa'AePXKH 6b!JIH MeHee 2· MCeK. 

IlHTaHHe KaMepli XH'AKHM BO'AOPO'AOM ocymecTBnHeTCH HS OXHJKHTena 
,npoccen»Horo THna BO-IC MaKCHM8JlI>HOit npOHBllO'AHTenI>HOCTI,JO 70 JlHT
poB lKH'AKOrO BO'AOPO'A8 B qac. 

UHKnHqHoCTI> KaMepH 8 + II ceK. YcnemHo onpo6oBaH pexHM pa6o
Thl KaMepli c 'ABYMH n1mna1.m 'qepes 400 NCeK. 

~OTorpatpHpOB8HHe KaMepH ocymecTMHeTCH qeThlpI>MH 06'.beKTHB8MH 
"Pyccap-nnasMaT T2" Ha 'ABe nepq,opHpOBaHHble nneHKH illHPHHOit 80 MM. 

BasH tpOTorpaq,HpOB8HHH panH~ 500 H 3IO MM. OcBemeHHe KaMepH npOHB
BO'AHTCH TpeMH mmynI>CHHMH naMnaMH ~~K-50~ B KaqecTBe OTpaaaTeJII>HOii 
CHCTe_Mhl npHMeHeH CTeKnHHHhlitUpH8M8THqec~Hit pacTp. 

Kopnyc K8Mepb1H ee q,naHe{\H8rOTOBn6Hli HS OTnHBKH CT8JIH M8PKH 
XI8HI2M3T. XHuuqecKHii cpcTaB OTJIHDKH: C = O,I2%, St ,; 0,46%, 
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Mn= I,34%; s = O,OI3 ;P= 0,033%; c-z ;. !7 ,00% ; Ni. = II,90% 
1't. == 0,55%; !"10 = 3,00%. -HapylltHaH -H -BHyTpeminn 06011'0111t11 ,n1>10apa Ka-
11ep1,1 c11apeH1,1 H8 JiHCTOBOi CT8JIH uapKH IXI8H9T. BWIH npOB8,1(8H!,1 Mexa
llH1leCKH8 ucnhioraHHH_Maorepua11011 KaMepu npH TeMnepaType 293°K, 77°K 
H 20°K. HCIIHT8HHH BIUIIOllaJIH npo11ep1ty 'npo1lHOCTHliX H llJl8C_THll8CKHX 
c11ottcor11 ilpu pacor.Hlltemm H onpe,ne11eH1t1e'yjapHott BH8KOCTH Ha 1,1arH6. 
IlOK888HO, 1lTO 118TepH8Jlli yjOBJl8TBOpHIOT npe,n~flBJIH8WM Tpe6oBaHHHU. 

BTopaH r11a11a.BKJ1I01laeT aHaJIH8 CHCT8Y T8nJIOH80JIHizy!H KpHoreHHHX 
nyaup1>KOBblX Ka11ep. _Ha npHMepe IOO-cu BIT!C no,npo6Ho paccwoorpeH 110-
BHii THn T8llJIOH80JIHl.lHH KpHoreHHliX nyaiipl>KOBUX Kauep- ]tl>IOapHaH Te
nJIOH80JIHl.lHH, npe,I(JIOllt8HH8fl 8BTOPOM H 11nep11ue pe8JIH80B8HHBH HSMH Ha 
!00-CM BITK. 

IlOKB88HO, l{TO B -Ka!,aepe C ,I(l>IOapaott '1'8lllIOH80JIHl.ll-teii npocTpa11c.T-
110, OKPYllt8IOl!lee Kopnyc Kauepu, uollteT Haxo,nHTI>CH no.n H86HTOllHlill ,na11-
11e11HeM, onaro,napH 11.euy CYl!l8CTB8HHO CHHlltSIOTC!l Tpe6011amrn K repweTH'll
HOCTH K8M8Plii no11umaeTCH oeaonaCHOCTI, paOOTH, nocKOJII>Ky·npaKTHll.8-
CKH HCKJIIO'lleHa B08MOlltHOCT~ nona,naHHH B08,nyxa H3 nOM8Ul8HHfl B yKaaaH
HOe npocTpa11cT110; 11oauollt110-y11y11.meHHe TepMocTaTHpo11aHHH·pa6011.ero 
o6~eMa Kauepii nyTeM OXJlallt,neHHH CT8KJl8-HJIJIIOMHHaTopa CHapyl!G'I C no
MOl!ll>IO M8CTHblX KOHB8KllHOHHblX TOKOB raaa. B c11y11ae paarepM8TH3al.lHH 
Kauepu C AI>IOapHott T8nJIOH80JIHl.lH8ii KpHoreHHaH lltltl,I(KOCTl> BHTeKaeT B 
OXJI8l!,1t8HHNtt ,I(l>IOap; npH 3TOM aBapHiiHOtt CHTYal.lHH He B08HHKaeT 11006-
11{8 HJIH Olla B 3HallHT8Jll>HOtt-Mepe oc11a611eHa. 

Kopnyc IOO-cu BIT!C (pHc.I) no,n11erueH K KpNruKe 7 H paauellleH 11 
]tl>IOape 4 - T8nJIOH80JIHPOB8HHOM cocy,ne C ,I(BOiiHNMH CT8HKaMH. IlpocT
paHCTBO,_ OKpylltaIOll{ee KOpnyc KaMepu I H aaKJIIOlleHHOe BO BHYTP8HHett 
llOJIOCTH iI>IOapa 4, HaXO,I(HTCH no.n HeOOJII,WHM H36UT01lH!iM ,naBJ18HH8Y 
c~·I,IS·I05 H/112 ) raaooopaaHOro 110,nopo,na. TenJIOH30JIHl.lHH KOpnyca 
Kauepu OCYl!l8CTBJIH8TCH: co CTOPOH!i ,I(Ha·H OOKOBNX CTeHOK - aBTOHOM
HOttTenJIOH30JIHpOBBHHOii CHCT8MOii - ,I(l>IOapou 4, CO-CTOPOHHKPHWKH 7-
neno,nBHlltHliM ,1(0CTaT01lHO BNCOKHM~(~I M) CTOJIOOM raaooopa3HOro 110-
,nopo,na. 

L1a11ollteHU peKOMeH.nal.lHi-1 no KOHCTpyi1po11anH10 ,n1>10apa ,nnH 1mrnpu. 
OnHcaH npe,I(JIOllt8HHNtt aBTOpou H OCYll{8CTB8HHNtt H8MH ,I(Jlfl 100-CM Bil!C 

~l>IOap HOBOro T~na - C rH6~oii BHYTP8HHett OOOJIO'l{KOii, onHpaI0-
11{8iiCH qepea H30Jlfll.lHOHHliii 11aorepiia11 Ha llt8CTKYIO BH8WHIOIO OOOJIO'l{Ky. 
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I . 

TaKaH KOHCTPYKUHH (PHO.I) n03BOJIHeT pa~OH6JILHblM nyTeM CH1'13l'ITL 
TenJionpl'ITOK K Kawepe TennonpoBO'AHOCTLll no BHyTpirnHett Oc50JIQ11K8. 
Ilp11B6'A6Hbl-P63YJILT6Tbl l'ICilblT6Hl'ltt l'I 3KCnJiyaTaU11H:'ALIOapa. 

JlaHa M6TO'Al1Ka ~eTaJILHoro pacqeTa Tennonpl'ITOKOB K KpHoreHHOtt 
KaMepe C 'ALIOBPHOtt CHCTeMott TenJIOH30JIHU111'1. PacqeTHUe l'I 8KCne'pRMeH
T8HLHble TenJionpl'ITOKl'I K IOO-CM Bill{ xopomo cornacyBJTCH -. 9Kcnepl'IMeH
T6JILHO IlOK638HO I qTo 1'130Tep1,rnqecK1'1e noBepXHOCTl'I B CTOJI6e: raaooc5paa
HOro_ BO'AOPO'Aa I H6XO'AHl!l8MCH B CB8TOBOM KOHyce IOO-cu BilK, l'IM8BJT 
IlJIOCKl'lti Bl1'A, 

B Tpenett rnaBe nocne anairnaa cHcTeu HaMe.HeH11H ;z{aBJieHRH Kpl1-
oreHHU:X: nyablpLKOBblX KaMep Il0'AP06HO l13JIOllteHa CHCTeMa 1'13M8H6,Hl'IH-'A6BJie
HHH (tM.Zl)IOO-cM Bill{ ( 'ABHO oc50CHOB6Hl'l8 OCHOBHbl:X: napaMeTpOB, onHca
HO YCTpottCTBO, 8 T6Kllte npl'IB8;!{8HU peayJILT6Tbl l'ICCJI8'AOB6HHH HOBblX 
3JI8M8HTOB l'I Cl1Jl _B ueJIOM ) , _ • _ 

OcHOBHue HOBue MeMeHTbl Cl1Jl roo-cu BilK ( p0c,2 ): a) _oc5~eu B 
!JPOCTpaHCTBe Ha;!{ Hl18KOTeMnepaTypHblM nopwHeM r B_npouecce pac5oTbl 
KaMepu He H3M8HH8TCH l1 aanoJIHeH BblT8CHl1TeJieM 2, qTQ n03BOJIH8T B 
3Ha~TeJILHOtt uepe yMeHLUIHTL T8IlJIOBbl;z{8Jl8HHH 1'13:..aa Heoc5paTl1MOCiH 
npoueccoB pacmHpeHHH - CJKaTl'IH pac5oqero Tena B aTou oc5~eue; 6) 'AJIH 
pacm11peHl'IH HCilOJIL3Y8TCH Y'A8Plltl'IB610ll(l1t1 KJianaH 4, qTQ ;z{aeT B03MOllt
HOCTL npOl'l3BO'AHTI, pacmHpeH11e c5ea npOTHBO'A6BJI6Hl'IH aa "cqeT BHyTpeH
Hett 8HeprHH ClltSTOtt pac5oqett lltl'l'AKOCTH KaMepu; B) c5eaoTK6THOe TOPMO~ 
lltemrn 'ABl1lltYIJ(l'IXCH Mac_c Cl1Jl ocyll(eCTBJIHeTCH B KOHUe pacnrnpeHl'IH nyTeM 
COY'AapeHHH C IlO'ABHlltHblM 'AeMn~epoM - uaccott s. 

IlpoaHaJil'l3HPOB6Hbl_paaJIHqlible Bl'l'Abl ynJIOTHeHHH Hl'l3KOTeMnepaTyp-_ 
HOro nopwHH. OnHcaH HOBbltt BH'A 11(6JieBOro YnJIOTH6HHH HH3KOTeMnepa
TYPHOro nopmnH. YnJioT11eHHe cocTOHT ia PH'Aa TOHK11:x nepaapeaaHHblX 
KOJieu, 1rnroTOBJI6HHblX 1'13 ~ToponJiaCTa 4 H nJIOTHO 'HaCallteHl!blX Ha nop
meHL. ITpHB6'A6H8 TeXHOJIOrl'IH HSrOTOBJI~HHH ynJIOTH6Hl1H. 9KcnepHM6ll-. 

. ·- .t:_, •. . , . ' 

T8JILHO noJiyqeHo, qTQ yTeqKH qepea T8K06 YnJIOTH8HHe aa UHKJI K8M6-
pb1 lleB6JIHKH, a npO'AYKTOD HBHOCa' oc5paayeTCH npl'I paeioTe 3Haq11T6JII,HO 
M6HLme,qeM B CJiyqae l'ICnOJIIi80BaiIHH KOllt6HblXM6Hllt6T. 

Ilpe'ACTaBJieHbl KOHCTPYKUHH l1 8KCnep11MeHT8JII,Hble 'A8HHble no pac5o
T6 repMeT11qllhlx ·ynnoTHeHHtt nopmHH, CO'A6Pllt6lllHX nepeKaTHBa101J(l'lecH 
M6Mc5paHbl ~ . -

JlaHa MeTO'AHKa pacqeTa nponeccoB TOPMOJ!t6Hl'IH B C11Jl nyTeM 
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coy;napemrn ;ztllHllYlllHXCH Mace. IloKasaHo, 'IITO_ pac'lleT1We H sKcnepHMeH
TaJI1>1We xapaKT8PHCTHKH·pesHHo-MeTaJIJIHt1ecKHX ;neMmpepoll 6JIH3KH. 

qeTllepTaH rJialla IlOCllH~eHa HCCJie;ztOll8HHE TepMO;nHH8MH'll8CRHX IU{K
JIOll llO;nOpO;nHOit nysblp1,KOllOtt KaMepbl. 

. . ~ . 
IlpHlle;neHO llJIHHHHe Ha,Heo6paTHMOCT1, npol\eCCOll pacmHpeHHH-cxa

THH B IU{KJiax Ka!,18pbl HeKOTOpliX uepaBHOBCClWX npOl\eCCOB: _ TpeHHH, 
T6nJI006MeHa, sarpHsHeHHH pa6oqett lltH;ztKOCTH. 

· OnHCaHa -aimapaTypa, . npm,eHHBW8HCH ;nJIH HCCJie;ztOll8HHll IU{KJIOll 
IOO-cu BilK. 

]J)IH aHanmia IU{KJIOB nocTpoeua p-u- 'T7 ;n1rnrp!JMMa ;nJIH lllli;nKOro 
napa-Bo;nopo;na B:MeT8CTSC5HJI1,HOM COCTOHHHH ( PHC.3-). 110K838HO, liTO 
pacctmT8H1We·HSOSHTPOnliC5JIH3KH K 8KCnepHMeHTaJI1>HWl,'llOJiy'lleHHlill HS 
IU1KJioB·roo~cM·BrrK~ _, · · 

H3JIOXe1W pesyJI1>T8Tbl 8KCnepHMeHT8JI1,HOro, HCCJie;noBaHHH ~KJIOB 
IOO-cu BilK B ;nHanasoHe TeunepaTyp"26-28,3°K, KOTOpble,B' OCHOllHOM, 
CBO;ztHTCH K CJie;ztyil~e.uy: · / . . -. . . . . . -

I)' Bnep:able 8KcnepHM6HT8Jl1,HO HC:cJIEi;nollamt ~KJibl C 60JI1,mott npo
;ztOJIJKHTeJI1>HOCT1,D npol\ecca pacm:apeHHH H ~KJia .B ~emiu. IlpH saue;nJie-:-

- ' . . ; , 

HHH npol\ecca pac~HpeHHH ~6HapyxeHO CJie;nyD~ee: ;nJIHTeJI1>HOCT1,,npOl\eC-
ca npH MH!'}HMSJJl>HOM ;naBJieHID!, ll Kauepe Pmi.n ll KOHl\e pacmHp8HHH 
yBeJIH'IIHllaeTCH qponop~OH8JI1,HO yMeH1>W8HHD CKOpOCTH pacmHp8HHH (Ha-:
npmiep, pHc.4 ) ; npol\ecc pacmHpemrn, :aso6pallteHHHtt ll p-E . ;n1rrnrpaM-

- ' . ,., ~~ 

ue, H8 H3UeHHeTCH ( cTeneHI> pacmHpeHHH €. : · <-~ ◄ , r.1te Vi, H V1 
- COOTlleTCTBeHH0,061ieu pa6o'llero TeJia,KaMepbl ll 'L

1 
TO'IIKe ~KJia H ll 

TO'IIK8-1 - nepe;n pacompeHH8M)i H806XO;llHM8H IlOJIHaH CT6IleH1> pacmH"".' 
peHHll B ~KJI8 f. max . ]VIH ;ztOCTHllteHHH O]lHHSKOBOrO neperpeBa H8: Ye
HH8TCH. B aTroc HCcJie;nonaHHHX npo,1toJiimTeJI1>HocT1, H CKopocT1> npol\ec
ca pacmHpeHRH H3M8HHJI8C1, He 60Jiee, qeu B ;nna pasa. TSKHM o6pasou, 
a1tcnepHM8HTaJI1>Ho Bnepl3ble noKasaHo,'-qTo saMe;nJieHHe npol\ecca~pacllllr'l-:
peH~H MO~eT OKaaaTI>CH iieJiecoo6pasHblM KBK C TepMO;nHH8MH'll8CKOtt TO'll,
KH speHHH, T8K H C TO'llKH speHHH o6ecnetieHHH llblCOKoro Ka'llec;Ba Ka
uepbl KaK <pHSH'tleCKOro npH<5opa. 

2) OC5H~pyxeuo, tiTo npHKall;lloit ·TeM~epaType nepe;n pacm111peHue.u 
1"'-1 it.ueeT uecTo HeKHtt KplllTHt1ecKHtt neperpell (A 'f" )1<P (HanpHMep, 
PHC~5 ). B ~KJiax, cos;naD~HX neperpeB 60JI1>me KPHTH'lleCKoro, C 

' . 
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ylleJIH'lleHHeM neperpella pe3KO BOSpacTaeT y;neJII>HaH HH;llHKaTOpHaH pa-
6oTa B ~KJie f ( e., f pdv = ~ pde.) "' HeoC5xo;nm,aH CTeneHJ, 

. 'Vt o O 
pacm111peHHfi B I\HKm, E.mo" • IlpH T1=2B,3 I{ (A Tn)Kp= I,8 K; npH 
T1 = 27 ,4°K (A Tn)K? 2,2°K. 

3) Ilony'll~HO, '!ITO npH HSMeHeHHHX 061ieua Kauepbl, o6ecnetIHllaIO
~HX CTeneHI> pacmHpeHHfi llO;nopo;na B neperpeTOH o6nacTH OKOJIO 0,35%✓ 
pa6oTa e~ O,I 'lJ)I./IJ,.JI. H ;llOCTHraeTCfi neperpello.Tn: npH Tr=28,3°K' 
A Trf= I,3°K; nplll Tr= 27,4°K o. Tn<= I,4°K;. npH Tr =26,2°K ATo,::: I,6°K. 

]J)Ifi I\HKJIOB, B KOTOPblX cos;naeTCfi neperpeBATn<D,5%, npoll,8CQbl pacmH
peHHfi H ClltaTHfi 6JIIIISKH K H303HTPOilH'll8CKHM ( RanpHuep, pHC. 6 ). 

4) Ha P.E ;nHarpauu ll,HKJIOB noJiy'tleR KOB@JHI\HeHT a;nHa6aTH'lle
CKOtt C:atHMaeMOCTIII XH;nKoro napa-llo;nopo;na. 

5) 9KcnepHMeRTaJII>HO noJiylieRO, liTO BpeMH BOCCTaHOBJieHIIIH B I\HK
JiaX o6paTHO nponopUHOHaJII,HO ll8JIHttHH8 nepeoXJiax;neHHH JitH;llKOCTl4 nepe;n 
pacmHpeHl4eM H HH;ztHKaTopuon pa6oTe ll I\HKJI8, qTo uaxo;nl4TCH B corJia-

CHH C Teop1r-iell. 
6) CpallHeHH8 ]lHHaMHlieCKOro TeilJIOBbl]leJieHl4H C 14H'AHKaTopnon pa

C>OTOH e ll I\HKJiaX I00-CM B!1I{ IlOKaSSJIO, ttTO TellJIOllbl]leJieHHH, He OT
pallteHHble HH;llHKaTOPHOit pa6oTOH e , COCTaBJIHIOT OKOJIO 20%. 

IlHTaH rnaBa IlOCBR~eua llOnpocaM 06ecnet1eHHH liHCTOTbl CHCTeM 
RpnoreHHOii Kar.repbl H, ll neplly!O oqepe;nI>, ttHCTOTbl ee onTHlieCKHX CHCTeM. 

B 8TOH CBH8H MaTeM8TH'll6CRIII H 8KCnepHMeHTaJI1>HO HCCJie]lOBaHa T8PMH
tt8Cltafl H KOHIJ,eHTPal\HOHHafi ;nH<fxIJY314H npHMeceil. 

IloitaaaHo, liTO B npouecce pa6oTbl Kauepu HMeeT uecTo Henpepblll
uoe nocTynJieHHe rasoo6paaHblx npHuecett B npocTpancTllO, 0Kpyllta10II\ee 
HJIJIIOMHHaTOP Kopnyca KaMepu. linaro;napH rpa;nHeHT8M KOHU8HTpal\HH Ill 
TeMnepaTypbl npHMeCH ;nnqxIJyH;nHPYIOT K HJin!OMHHaTopy H, llNMepsaH Ha 
ero noBepXHOCTIII, nplillO;llHT R IlOHBJieHHIO ~oua Ha ~oTorpa~Hruc. HanecT
Hble pauee cnoco6bl 6op1>6bl c sarpHaHeHHfiMH He nosllOJIHJIH o6ecneli14Tl> 
paUJ40Han:r,mu, oeipasou ;nJIHTeJI1>Hy10 pa6oTy· Kauepbl 6es noHllJI8Hl4H ~ona. 
On14CaH npe;nJiollteHHblii H8Ml4 HOllNll cnoco6 sa~Tbl OT 'sarpH3HeHIIIH OTllep
]leBlllliMH rasaMH Il0ll6pXHOCTeil cocy;noB, ORpyllteHHWC HeKon;neHCHPYIOII\HMCH 
raBOM, a TaKllte HHSKOTeMnepaTypnaH,IlY8Npl>ROllaH KaMepa, B KOTOpOil 
npHMeHeHH6 yKasaHHOro cnoco6a Il03BOnHeT Ha;nelltHO sa~HTHTl, HJIJIIOMHHa
TOP OT nocTynJieHHH Kero nollepXHOCTH Bb1Mepsa10~X npHuecett. 
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CyUUIOCTJ, cnoco6a aaWimqaeTCH B TOM, qTo OKOJIO Bal!lMmaeMOlt noBepx
HOCTH opraHHayeTCH noTOK tmCToro H8KOH;D;8HCHpymmerocH raaa ( ;ltJIH 
BilK-Bo;zi;opo;zi;a ). qHCTHtt raa nepeMemaeTcH B HanpaBJieHHH, npoTHBono
JIOlltHoM HanpaBJieHnm ;zi;Hqxpyami: npm,ecen ( BBepx K KPHDIRe ;zi:1,mapa ). 

IlpHBe;zi;ew SKCnepHMCHTaJII.Hl:le peayJII.TaTH no YPOBHll ~OHS, IlOHB
JIHID!llerocH Ha ~oTorpa~nHX IOO CM BilK npH paaJ1HqHHX cnoco6ax no;zi;ro
TOBKH Kaweps K pa6oTe. SKcnepnMeHTSJII.HO IlOJlyqeHo, qTo KOJIHqecTBO 
BlilMepaaIDI!lMX npHMecen, ;zi;ammee aaMeTHHi1 ~OH, COCTSBJIHCT OKOJIO 70 
HCM3 Ha I M2 IlOBepxHOCTH HJIJIIDMHHaTopa, a TOJII!lMHa CJIOH npHMecen npH 
STOY paBHa OKOJIO ro-I MKM •. 

B cooTBeTCTBYlllllHX paa;zi;eJ1ax TeopeTnqecKH H aKcnepnMeHTSJII.HO 
HCCJleioBaHa KOHU8HTP8ItHOHHaH H TepJIHqecKaH ;zi;nqxpyaHH npHMecett B 
IlOTOK8 raaa npHMCHHTCJII,HO K KpHoreHHOtt Kawepe~ BHaqaJle MaTeMaTnqe
CKH pacCMOTpew COOTB8TCTBYID!llH8 Bonpocs no ;zi;n(fiiilyBHH ;D;JIH O;D;HOMepHo
ro ·noTOKa 6HHapHoll CM8CH B OTCYTCTBHl4 BH8mHHX.CHJI. BHBe;zi;ew ~opuy
Jll:l ;ltJIH onpe;zi;eJleHHH IlJIOTHOCTH IlOTOKa MOJleKyJI, a TaKllte KOHUCHTpaitHH 
MOJICKYJI O;D;HOi1 H3 KOMITOHCHT. B paSJIHqHHx ceqe:inmx IlOTOKa npH aa;zi;aH
HHX rpaHHqHHX YCJIOBHHX. IloJ1yqeHHOe ypaBHCHHe ;ltJIH IlJIOTHOCTH IlOTOKa 
Nt MOJleKyJI nepBoro KOMilOHCHTa 6HHapHoi1 raaoBott CMCCH B HanpaBJle
HHH r. ;D;JIH YCJIOBHi1 pa6om KpHoreHHOtt KaMeps ,H YCT8HOBHBmerocH co
CTOHHHH aanHCHBaeTCH B BH;D;e 

((
T2 )"" (f\,0)21 

N = (n} (D,2)1 (T,-T2 )W(n10)4 -=r:i - ("-\0)1 

t 1 T1 \-I t 1 - ( T2 )""] 

~~ ~ . 

(I) 

{ 
19 T \-\ ' [ 1 R3KCfl \ 

W= (;,2),tC'f1-T2)- ~ ot(oo) I\\O~o Tr,..d (2) 

B STHX ypaBHCHHHX ( f\. >r- o6mee qHCJIO MOJl6KYJI B e;zi;HHHUe o6~eua 
cuecn B ceqeHHH I, r;zi;e i; = O; (1)r2>r- KOSifxpHitHCHT KOHU8HTpaitHOH
HOi1 ;D;HqxpyaHH ;ltJIH 6HHapHOi1 CMCCH I-2 B ceqeHHH I; Tr H T2- COOTB8T
CTB8HHO TeMnepa~ypH raaoBott CMCCH B ceqeHHH I H B ceqeHHH 2(~ =H ); 
(f\.IO)I H'(l"\.I0)2 - COOTBCTCTBCHHO KOHUCHTPSIU!H MO~eKyJI nepBoro 
KOMilOH6HTa B-CM8CH B ceqeHHHX I H 2; 191 - CKOPOCTI, IlOTOKa raaoBott 
CMCCH B ceqeHHH I; H - paccTOHHH8 116:at;zi;y ceqeHHHMH I H 2; 
[ oL (oc>)] f\. --;,'Q - Tepuo;zi;HqxpyaHOHHaH IlOCTOHHHaH 6HHapHOlt Cll8CH 

10 ;ltJIH UO;D;8JIH TB6p;D;!i1X mapoB IlPH f\ 10,CTP6MH!ll8i1CH 
K HYJlll. ,• 
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.T\~Ta . - cpe;zi;Hee BH~qeHHe OTHomeHHH Tepuo;zi;nqxpySHOH-

HHX IlOCTOHHHHX 6HHapHoll cuecH, onpe;zi;eJ18HH08 8KCnepHM8HT8Jl~HO ;ltJIH 
HHTepBaJla TeMnepaTyp TrH T2. • . . 

IlpH paCCMOTpeHHH ;zi;nqxpysHH B WIOrOKOWIOH8HTlUIX cuecsx IlOKa.Bano, 
qTo B PH;D;e cnyqaeB ( ;D;HtppY3HH npHMecett) ;ltJIH pemeHl!H'MO:IHO HCilOJII.-_· 
30B8TJ:, ypaBH8HHB, nonyqeHHHe ;ltJIH 6HH8PHOtt cuecH~Ha OCHOB8 noJly-: 
qeusx ~opuyn ;zi;aHa 11eTO;D;HKa pememi:a sa;zi;aim o ;zi;nqxpysHH npHuecett 

npHM8HHT8JII.HO K KpHoreHHOtt KSMepe H onpe;zi;ene~HH H806XO;D;HMOtt CKO
pOCTH IlOTOK8 raaa, orpa~HqnBammett KOJIHqecTBO.;D;HiM/YH;D;HPYEmHX npnue
cett K WlJIIDMHHSTOpy, KaMeps Ha sa;zi;aHHOM ypOBHe. IloKasauo xopomee . 
cornacne SKCnepHM8HT8 C pacqeTOU no·;zi;HqxpysHH npHM8CeL! KJU!Jlll)IHRa-

TOJ}Y IOO-cu BllK. via HOIIOrpalOIH (pHc.7), nocTpOeHHottno ypaBH8HHE 
(I), BH;zi;HO, q!fo ;zi;aze npH cpaBHHT8JII,HO BHCOKOtt KOHU8HTP8Inl:H asoTa 
( 1IfHMecett) B ceqeHHH I ( y xpsmKH_ ;zi:1,mapa )(n ro\;zi;o9TaToqHo HMeTI. 
IlOTOK rasa, OMa,J{IUlmHlt He60JII,mott CKOPOCTI.ll ~1 t qTo6s KOJIHqecTBo 
asoTa ( npHwecett ) , ;zi;niM/yn;zi;npymmero K ceqeaHD 2 ( IIJI.oc_KOCTidlJI- . 
JllllmHSTOpa h 61:lJ!O CHHllt8HO Ha HCCKOJII,KO nopH;D;KOB. 'Ilpo;nyBKS BO;D;Opo
;zi;ou BnyTpemiett nonocTH ;zi;1,1>apa ·roo-cu BilK c 06~e11Hott c:KopocTLD 
0,5 HMs/qac, ll:TO cooTBeTCTByeT cpe;zi;Helt m,rnettHott cicopocTH noToICa B 
ceqeHHH I 'l-94 = I,4•I0-4 M/cex,o6ecnetmBaeT pa6oTy icaueps 6es 
1IOHBJI8HHH ~OH8 B TeqeHH8 24 CYTOK. 

B 5TOtt rJ18B8 paCCMOTpeHhl TSKJtEl BOITPO.Cl:l O'IHCTKH: BO;ztopo;zi;a OT 
npHuecelt H Bonpocs samHTB onTnqecicnx noBep:iCHocTett Kopnyca Kaueps 
OT IlWIH. ~IDII.TPSUHH BO;D;Opo;zi;a B I00-CY BIIK ocy~eCTBJIH8TCR ~TopoIIJiac
TOBHYH ~HJILTpaYR c paauepauH nop r·uxil, ~HJ11,irpaMH c ~HJILTPYIDI!lMY 
Me11eHT011 HS TKSHH tPilil II qiHJi1,irpa1m HS· nopHcTott 6poHSH c pasuepaw 
nop 40-70 .MKM. 

-Ilpe;ltJIOllt8HHh18 H ocymecTBJ18HHhle Ha IOO-Cy BilK Meps H ycTpottCTB8 
HS;D;eXHO o6ecneqJ4BaET Sall\HTY OllTHqeCKHX CHCT8Y KaYeps·oT-38rpH3He
HHtt. B O;ztHOJI HS ST81IOB sxcmryaTaUHH icauepl:l Olla npopa60T8Jl8 B Tel!e
HHe I,5 Jl8T 6es pas6opm1. IlpH .STOY 61:lJ!O npoHsBe;neHO 7 nycKOB_H c;zi;e
JISHO 60J1ee 600 OOO,:pa6otmx. InfKJIOB, O;D;H8KO sarpHSH8HHtt, KOTOpue Tpe-
6oBaJIH 6s pas6opicy xauepH, He noHBHJioc1,. 

B mecTott rnaBe paccuoTpeHH BOilpOCl:l TepMOCTSTHPOBaHHH, H8KOTO
pse BH;zi;lil 01ITHqecICHX HCKaxeHHtt, a TaKJte B01IPOCl:l T8XHOJIOrHH pa60TH 
KpHoreHHott·nyaHpI.KOBott xaueps. 
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IloKasaHo, qoro B Kauepe c ;nlillapHol Te1UI0HsoJ1Ha;Hel np111 HSJIHqH111 
rasa no;n HS6blTO'IIHblll,'AaBJieHHeu cliapy:im Kopnyca · · y;naeTcft'Kou-
neHcHpoBaTI> 97-98% Te1UionpHTOKa c no1101Jlr,11 pa.l(HaTopa- orennoo6ueHHH
Ka, pasllelJleHHOro no nepH~8~HH CHapy:im HJlJillllHH8TOpa H Tell C8WII 
06ecne11HT:J, TepuoCT8THPOB8Hi18 K8M8Pbl C ropH80HT8JII,Hl,lll,pacnonoxeHH
eu MJillllHH8TOP8 npaKTH'lleCKH 6es 'TeunepaTypma: rpa,l(HeHTOB B pa6o
'118M o6~eue~ 0nHC8Hbl H npoaH8JlH8HpOB8Hbl paspa60T8HHbl8 Halm paanHq
Hble llO]{H~IIIKSLU'lH CHCTBll TepuoCTSTHPOBSHHH !00-CM BIIK. CHCTellbl o6ec
ne'lll!B81lT,HeSaBHCHllYD CTa6MH881.U'lll TeunepaTypbl H ,l(SBJieHHH B pa6oqeu 
o6~eue H BO BHYTP8HHel IlOJIOCTH ;nr,Dapa c BliCOKOit TOl!HOCTbl>, a Tan:e 
KouneHCHPYllT yTellKH Hs:xauepbl •. TepllOCT8THPOB8HHe ocymecTBJIHeTCff 
D'AKHM'BO,l(OpO,l(OH, llOCTYil81llJlHJl,H8 .OlltHl!tHTeJ1ff Henocpe,l(CTB8HHO'B T8M0-
06MeHHHKH, pas11e11leHHUe CHapylltH HBHYTPH KOpnyca KaMepbl. 

,llaHa ueTO,l(HKa 11aTeMaTHqec1t0I onewm om1160K B nonpaBxax Ha cue
ll(eHHH H Ha pa,l(Hyc xpHBHSHbl cne1toB aapslleHHlil 'llac1rHn,·ooycnoiineHHblX 
H8CTa6HJII,HOCTHllH TeunepaTYpbi H ,l(aBJieHHII B CTOJ16e rasoo6pasH01'0 BO
;nopo.l(a, tiepes KOTOpul Be;zteTCff WOTOrpa~HpOB8HH8 B Kawepe C ,l(ltll8PHOI 
T81UIOHSOJ11tl.U'lel. IloKasaHo, 'IITO B8JIHl!HHbl sTHX omHOOK :ztJiff IOO-cu BIIK 
npeHe6pe:im110 uanu. 

IlpoaHaJ1H8111POBaHbl TeilJ10Blile Hanp11J1temrn B u,JillYHHaTope ~pH ero 
oxnallt]{eHHH. B!ilB8,l(eHa WOPYYJ18 JtJIH paCll6'1'8 ,l(OllYCKae1101t CKOpOCTH OX
naz.l(eHHII npH Kl3aSHCTanHOH8PHOY peuue. ~OPYYJIOI Y'IIHTlilBSllTCH Te.1me-
paorypHble rpa]tH8HTbl Ha IIOB8pXHOCTffX: WIJillllHH8TOpa ~ :· ' 

' ' 

B STOtt rnaBe HSJIOllteHbl_SJieueHTbl T8XHOJ10r111q~CKOI cxe~,,CHCT8Mbl 
06ecne'118Hlllll 6esonacHott pa60Tlil, BOllpOCbl T8XHOJIOrHH IOO-cu.BilK. 

OcHOBHble BlilBOllH CBO'AffTCff K CJie,l(ylllJl8llY• 

·I. CnpoeKTHPOBaB,·HSJISllteH H nyll(~H.B SKCIIJiyaTanHll,KOYruieKC CH
cTeY IOO-caHTH~8Tpo~ott BO.l(OpO]{HOtt·nyslilpr,KOBOI Kauepbl C ;nr,11apuol 
T8IIH011180JIHnHe«:·xauepa, CHCTBlla HSlleHeHHff ,l(8BJI8HHff, KpHoreHHble 
H TeXHOJ10rH'lleCKH8 CIIICTew. Kauepa.Blil,l(ep:atHBaeT JtJIHTenr,ay11 HenpepliB
HYll•Pa6oTy. Bcero Ha . .HeR nOJiyqeao 6onee 600 000 pa6011HX c1repeo
wo1rorpaw111tt. 

2. IlpeJtJIOJteHa, paspa60T8Ha H HCCJI8,l(OB8Ha Ha IOO-cll BilK HOBaH 
CHCTella T8llJ1011180JIIID;l!III KP140reHHblX nysblpI,KOBliX Kauep-,,l(I,llapHalt Ten
J101/180J11lnHff. B STOtt CBIISIII: a) npeJtJIOllteH, ocyll(eCTBJieH Ill IIICCJI8,l(OB8B 
;llbllap HOBoro Tl/IDS - C l'IIIOKOI BJiYTpeHHett OOOJIOl!KOI, 

'· - IO -

If 

:t 
( 

0Illlp81llll8ICH qepes HSOJIHnHOHHbll llaTepHan Ha zecTKYll BHemHllll ~60J10ll-
KY; 6) paspa6oTaHa ueoro,l(Hxa ,l(eTanr,aoro pacqeTa TeIIJionpHTo-
KOB K Kauepe C ;nr,11apHOI TelUIOH80J1ftnH8lj pacqeTHbl8 ,l(8HHli8 no Tf3llJIO
npHTOKSll :S IOO-cu BilK xopomo cornacyllTCff C 8KcnepHll8HT8JII,HWIJ1. 
B) 8xcnepHll8HT8J1I,HO IlOK888HO, q1ro HSOT8PllHll8CKHe nonepXHOCTH B 
CBBTOBOY KOHYC~ CTOJ1da raaoo6pasHoro Bo;nopo,l(a B 100-cll BilK Hll81lT 

nnocKHI BH'A. r) ,llaaa 11eTO'AHKa 11aTe11aTH'llecxott oneHKH onTH'llecKHx 
I/ICK8litem1tt', o6yCJIOBJI8HHHX aeCT80HJII,HOCTI,I) ,l(8BJleHHff H Te.1mepaTypli 
raaa., H8:X:O]{lt1Jleroc11 BO BHYT.PeHHeit llOJlOCIH ,l(I,I08pa. IloKaaaHo, qTci Be.;. 
J1H11HHa' STHX HCKallteHHI B IOO-cu BilK 118J18 ~ , 

3. Ilpe;ztJIOlleHbl, paspa60T8Hbl H HCCJ1e,l(OB8Hli HS 40 Cll BilK H 
IOO-cll BilK HOBbl8 CHCTellbl H8ll8H8HJ!ff ;naBJl8HHII KpHoreHHOtt nysblpI,KOB,ol 
Kauepu, co.l(epxalJlHe HOB!ile pemeiraa: nopmaeBoro ycTpottcTBa, lllBJieBoro 
ynnoTHeHHR HHSKOTellnepaTypHoro nopmHH, cnoco6a'ocTaHOBKI! ,l(BHEYIJlHX

c11'qacTel, ·YCTPOICTBa ltJlff pacm111peHHH. 

4.' Ilpo:ee;i:teHH 111cCJie;noBaH11111 TepllO;itHHauzqecxHX UHKJIOB nysHpuo
BOtt 1ta11epu. B CBHaH-c· STHY: a) nocTpoeHa p-o;..'T' · ,l(Harpauua 
JtJIH lltlll;ztKoro napa-:iio;i:topo.l(a;B YeTacTa6HJI:r:.Hott o6nacTH. 6) BnepB!ile. 
aKcnep11111eHT8J1J,HO Ha 100-cu BilK HCCJ18]{0B8Hbl nHKJ1li, OTJ1HqalllJlH8Cff. 
npo;i:ton:imTenr,Hocull nponecca pacmxpeHHH H nHKJIB .B I\8J1011. 06H_apyxe
Ho,, qTo np111.aa1,1e;nneHHH nponecca pacm111peHH11 ( B onpe;i:teneHHblX npe.l(e
nax,) yBeJIH'IIIIIB8eTCff JtJIHTeJ1I,HOCTI, nponecca npH·WIHID.laJlJ,HOM ;naBJieHHH, 
SHeo6paTHuocTr, nponecca pacllllllpeHHH He HaueHHeorc11. 6) Ids s1tcnep111-
11en1ranr,Horo HCCJ1e;i:tOB8HHff nHKJIOB Ha IOO-cu BilK OC!Hapyxeao CYB18C?BO
B8HHe KPHTH~8CKmc neperpOBOB, llOJ1Yll8Hbl 88BHCHIIOCTI! HH,l(HK8TOpaolt 
pa6ooru H cTeneH111 pacm111peHHH OT Ben111qmw neperpeBa, B!fflBJ18Hbl npe
,l(eJir,Hble neperpeBH, nonyqeH KOBqlq)Ha;HeHT a,l(111a6aTH'llecxott cJ1tHuae11ocTil 
lltlll;ztKOro napa-Bo.l(opo,l(a. 

5. IlpeJtJIOllteHbl, paapa60T8Hll Ill HCCJie;noBaHH HOBbl8 cnoco6bl H 
ycTpOtiCTB8~ H8,l(8XHO o6ecne'IIHB811lntHe IIHCTOTY.OIITHqecKmt llOB8,PXHOCTett 
KpHoreHHOtt nysblpI,KOBOIKauepu. Ilp111 sTow TeopeTHqecKH H sKcnepH11eH-
1ranr,Ho HCCJl8,l(OB8H8 KOHneHTP8nHOHH8ff H T8PllHlleCK811 'AH~YSHII npH11e
cett B. no·ToKe rasa npHuemtTenr,ii:o K KpHoreHHott xa:uepe; nony'lleHbl pac
qe:rH!ile q,opuyJIH;, noKasaHo xopomee cornacHe a1tcnep1.nreHTa c paclleTo:u 
no 'AH!lxPYBHH np11111ecett K HJ1J11DIIHHaTopy IOO-cu.BilK. 

6. Ilpe;i:tJioxeHbl, paapa6o:raHbl H HccJie,l(oBaHbl HOBlie cHcTe11u 
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TepMOCTaTHPOBaHHB KPHOr6HHOi nyaupLKOBOtt xauepu, BKJID'llaDIItH8 pa:ztHa
TOP, paa11ell{eH1Wi caapy:im xawepu H Hecyll{1111 ocHOBHym Te1IJI0By11 Harpya
Ky. MaTeMaTH116CKH nonylleHa ~opwyna MR pac11eTa :nonycTHMOA CKOPOCTH 
oXJiaz:zteHl'!R MnDYHHaTopa npH KBaaHcTam10HapH011 peimwe. 0Tpa6oTaHa- · 
Y:zt06HaR TeXHonorH116CKaR ~xewaIOO-cu BIIK~ Bblpa6oTalW T8XHOnorHt1e..: 
CKH6 npHeW. 

7. ;llLJOapHaH CHCTeMa Te.nnOHBOnHmrn, CHCT~Ma TepuocTaTHpOBaHHR, 
BKJIJO'llallll{afi pa;zuiaTop, OCHOBHU6. 8JI6118HTbl T6XHOnorH116CKOlt cxew; Tex
aomirH116CKHe npuew, CHCTeW '06ecne11enHH trnCTOTbl, BnepBb18 peanHao
BaHH!le Ha IOO-CM BIIK, BHe:ztpeHH OBK JIBS mum npH HameM co:nettcTBHH Ha 
2- MerpOBOll BO:ztOpO:ztHOit KaMepe. "Jlio~Hna" • . . . 

JlHccepTaIU!R OCHOBaHa Ha cne~nll{11X ony6~HKOBaHH!lX pa6oTax aB
TOpa: 

K rnaBe I 

I.Cryogenics , ~' le 3, I58 (I966) (COBMeCTHO c H.H.BanaH:ztHKOBUM, 
B.A.BenymKHauu, JI.B.rono~aHoBuu, A.r.senL:ztOBH11eu, D.K.Ilununemco). 

2.Nucl.Instr. and Methods, 20, II4 (I963) ( COB-
M6CTHO c A.BoEenoaoromu, A.A~Eenym1mHott, P.BHHaBepou, B.H.B1rno
rpa:ztOBUJ.1, B.B.rnaronemu, A.r.senL:ztOBHlleM, H.K.Sen:&:ztOBHll, 
9.B.Koay6cmu,, P.M.Jle6e:zteBblY, M.MaJIU, H.H. Men:&HHKOBOtt,_ A.M.Mo
llC86BblM, H.C.CaHTOBUY, JO.A.Typ6HHblY, E.II.YcTeHKo, H.B.qyBHno, 
l) .A • filHlllOBblM) • 

3 .;llenOHl,lpOBBHH~H ny6nHKSIU!H .91Hffi, E~.:,248I, ;lly6Ha, I965 ( COB!.18CTHO 
c P.M.Jle6elt8BWI, D.A.lliHmOBUM ) • 

K rnaBe II. 

I. ABTopcKoe CBH:zteTen:&CTBO le I53486. EmmeTeH:&, N~ 3, I963. 

2. a) Monastberichte DAW zu BerJ.in, Band 7, Heft 10-11,s.812, 1965. 

6) ;lloR!lai Ha Y HHTepHaIU!OH.an:&Hoti KOH~epeHIU!H no WHBHK~ · H Tex
HHKe HHBKHX · TeunepaTyp, ;llpea:zteH,I965 ( a) H 6) coBueciruo' c 

. A .r .8en:&]IOBH11814). . . 

3. a) Ilyaup:&KOBble ,Kauepu. OHHH,.I3-4446, CTp.I2I, ;lly6Ha, I969 •. 

6) .lloKJia:zt 5.9 Ha Pa(Jo11·eu c:oBelI{aHHH no TeXHHKe nyaup:&KOBHX xauep, 
;lly6Ha, I969. ( a) H 6) COBM6CTHO c JI.E. ronoBaHOBblll n A.r. 
SenL]IOBHllell )~ 
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4. a} Monastberichte DAW zu Berlin, Band 7, Heft 10-11, s.812,1965. 
6) .llOKJIB;lt Ha Y lriHT8PHSIU!OHan:&HOSl KOH~epeHIU!H no. g)H8HK6 H UXJU!l(8 

HH8KHX TeMnepaTyp, ;llpea:zteH, I965 (a) H 6) COBY6CTHO C JI.E.ro
BOBBHOBUY H A.r.sen:&:ztOBHlleu)~ 

5. IlpenpHHT OHHH, 8-33I6, ;lly6na, I967 ( COBY8CTBO c H.r.!HH~e1mo, 
B.A.EenyD1K2BblY, A.A.EenyDIKHBoA, B.A.BacHn:&eBWI, l.E.ronoBaHo
BUY, A.r.sen:r,:ztoBH11eu, H.K.Ben:&;ztoBHll, D.K.IIMHneHKo, D.A.llhl:moBWI). 

K rnaBe m. 
I. ABTOPCKOe CBH;zteTen:&CTBO ~ I55566. EmneTeH:&, ~ I3, I963. 

2. a) Monastberichte DAW. zu Berlin, Band 7, I-left 10-11,S.813,1965. 
6) ;lloxna;tt Ha Y liHT8pHalO{OHanLHott KO~epeHIU!H no g)H8HK8 H T8XHH

K8 HHBKHX TeunepaTyp, ;llpea:zteH, I965. 

3. a) Ilyaup:&KOBU8 Kauepu. OHHH, I3-4446, CTp.2I9, ;lly6Ha, I969. 
• I . 

6) JloKna:zt a.IO Ha Pa6011eu COB8ll{aHHH no T8XHHR8 nyaep:&KOBUX Ka-
uep, ;lly6Ha, I969~ 

4. ABTOpCKOe CBH;zteTen:&CTBO ~ I35544. EmneTeH:&, ~ 3, I96I { COB
Y8CTHO C A.B.EenoHOrOBHY H A.r.sen:&]IOBH116Y ). 

s. ;lloKJia;zt rio Ha I BceconsHOY COBell{aHHH no ~H8HR8 H T8XHHR8 HHBRHX 
TeunepaTyp, MocKBa, I963 ( COBY8CTBO c A.B. EenouorOBWI H A.r. 
8en:&;ttOBH11611). 

6. a)Pbysics and Techniq. of Low Temp, Prague, p.226, 1964. 
6) JloKna;n: 5 Ham liHT8pHalO{OHan:&Ho«"KOH@6PQHIUtH no ~8HR8 H Tex

HHK8 HH8KHX TeunepaTyp, Ilpara, I963 (a) H 6) COBll8CTBO C 
A.B.EenoHoromur H A.r.sen:r,:ztoBHqe11 ). 

7. llpenpHHT 00ml, ~ 2254, ;llydHa, I965 ( COBM8CTHO c A.B.EenoHoro
BWl,·A.r.senL:ztOBHll811, A.Y.YoHceem,iu, M.~.mawpaHOBWI ). 

a. X MewHapo:ztHaR ROH~epeHlO{B no ~.8HR8 BUCOKHX aueprz«. howa
;ztaT, T.2, CTp.490, 1966 ( COBM6CTHO C A,B.EenOHOrOBWI, A.r.8en:r,
JtOBH118Y, A.Y.MOHC66Bblll 1 M.;ll.illa~paHOBblY ). 

. K rnaBe IY. ·. 

I. a) Ilyaup:&KoBue KaMep1,1. mum, !3-4446, cTp.89, I969. 6) ;lloKna;n: 
5.I Ha Pa6oqeU·COBemaHHH'no T8XHHK8 nyaHp:&KOBHX Kauep, 
;lly6Ha, I969. 

. · ,- I3 -



2. a) IlyaHpbKOBHe xauepH. O~frn, 13-4446, CTp.93, 1969. 6) no!CJIB]l 
5.2 HB Pa6oqeu coBemaHHH no Texmute nyaHp»xo:emc xauep, ny6-
Ha, 1969. 

K rJiaBe Y. 

1. ABTOpcxoe CBH]leTeJibCTBO ~ 283422. bllllJieTeH», ~ 31, 19?0 ( COB
MeCTHO c A.r .3em,]lOBHqeu ) • 

2. ABTOpCKOe CBH]leTeJibCTBO ~ 309 329. EIOJIJieTeH», ~ 22, 1971 ( COB
uecTBO c A.r.3eJib]lOBHqeu). 

3. nenOHHpOB8HH8H ny6JIHKBI.UlH OO!fil, E2-8-6164, ny6Ha, 1971. 

K rJiaBe YI. 

1. a) Monastberichte der DAW zu Berlin, Band 7, Heft 10-11, 
s. 812, 1965. 6) no- . 

KJI8]l Ha Y HHTepHal.UlOH8JlbHOtt KOH~epeijnHH no ~H3HKe H TeXHHKe 
HH3KHX TeunepaTyp, npea]leH, 1965 (a) H 6) COBYeCTHO c A.r. 
3eJib]lOBHqeu ). , 

2. ·a) IlysHp»KOBHe KaMepH. OH!fil, 13-4446, CTp.117, ny6Ha, 1969. 
6) no!CJIB]l 5.8 HB Pa6oqey COBemaHHH no TeXHHKe nyaupbKOBWC Ka

uep, ny6Ha, 1969. (a) H 6) COBM6CTHO.C A.r.SeJib]lOBHqeu ). 

3. a) Monastberichte der DAW zu Berlin, Band 7, 
Heft 10-11

1 
8 1 811 1 1965. 6) nolCJla]l 

Ha Y HHTepHal.UlOHaJlbHOtt KOH~epeHnHij'nO ~HSHKe H T6XHHK6 HHS
KHX TeMnepaTyp, npes]leH, 1965. (a) H 6) COBM6CTHO C A.r.3eJib
]lOBHqey H H.K.3eJib]lOBHq). 

4. noKJia]l 12 Ha ceKnHH "TeXHHKa Ol!Ulllt6HHH11 Ym BceCOllSHOro COBema
HHH no ~H8HK8 HHSKHX T8MnepaTyp, KHeB, 1961 ( COBM6CTHO C 
X.E.roJIOB8HOBllY ). 

5. noKJia]l 2 Ha ceKnHH IITexuruca Ol!Glllt6HHH11 Ym BceCOllSHOrO COBemamm 
no ~H8HK6 HHSKldX TeunepaTyp, KHeB, 1961 ( COBYeCTHO c H.H.Ea
JIBH]IHKOBUY, A.B. EenouoroBHY, !.Il.EenouoroBott, B.A.BenymKHHHu, 
A.A.EeJiyDIKHHOtt, X.E.roJIOBBHOBllM, A.r.3eJib]lOBHqeu,H.K.3eJI»]lOBHq, 
X.r.Open, D.K.IlHJIHneHKO ). 

PyitonHCb nocTynHJia B H3.D;aTeJibCKHll 
OT.D;8JI 

4 $eBpaJia 1972 ro.n;a 
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PHc.I. 100-cu Bo.n;opo]!RaH ~sHpuoBaH xauepa OHHH · 
l - Kopnyc xauepH; 2;3:--. a,reupouarHl!!HlC-12; 4-11»map . 
KaJl8pH; 5- CHC'1'8118 HSY8H8HJIH IBB.718Hllll xauepu; 6-pac'l'p; 
7- KPHIIIX8 lt»mapa• 8-·no.n;BecKa; 9-c'l'eKJIO-lUU[J)DHB'l'OP 
Kopnyca K81l8PH; f□:--a&111H'l'HHlt DJimotHB'l'OPi II-JIJ!J!IIIDIHB
'l'Op lt»l>Bpa; I2➔0'l'OBIIIIBPB'l'i I3-0CB6'1'H'l'8Jlbi 14- MBPKIIPO-
BOqHHli ll;H'l' • . · ' 
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200HM 

Bepxmrn t1acTI, 

HHJICHJUI '118CTI> 

PHc.2. CHcTeua BsueHeHHH 'A8BJieHHH !OD-cu. BilK 
. I- HH8KOTe11ne pa TY pID,li , n, 0 pme HI>; , 2-:suTe CHHTeJI. Ii; 

' ' ' 

·3~.nopmeHii·;n11a cxaTHHf 4~Y'A6PDIB8Ell\HH KJianaH; 
5- nO'ABHJmlii 'Aellnq,ep - Y8CC8 • , , ,. , 
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\ b,~-t t1:1-K111 11{·lK v 1 :1m u : 
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:11 f ffi lThllNltl. tttfttl \lslfllli 
3ft · · 35 V•-10 1 .a.olio so 3( :,2 3.3 

PHc.3. : p-1'"~ -r ;ztHarpai,11~ .:ztJIB Dltl(Oro napa-.Bo;nopo]!a. 
1 06JiaCT» neperpe!lioro cociromuu1,pacclfflTaHa no ypaBHeHHD BaH-;nep-Baanca c riepe-
: J18HHWIH KOBq)(pH!tH8HTBJIH O..' H ·r, • ·. , · , . 

· I,2 :.. rpaHH~ 'IIYBCTBH'!'eJI1,HocTH K peJIHTHBHCTCKHJI 11acTH1tau ( 2~ :noJiyt1eHa Ha' I00-
011 BIIK; I- no ;zt8HHI,IJI ;npyrmc anopoB - cu • .:ztHCCepTBitHI>_); . 
3-9 - yCJIOBHI,ie nponeccH pacll!HpeHHH ( cu. ;nuccepTaitH1> ). 

' ' 
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PHc.4. Ociouurorpauw 38BHCHMOCTett ~aBJieHHH B xauepe p H CTenemi pacDIHpeHHH f OT Bpe-
ueHH 't" ;it11H IUfKJlOB ( I )1 H. ( I )2 IOO-cu BilK~ . _ . · 
B IUfKJie (I )2 cxopocTH n~o~ecca pacmHpeHHH ueHDme, ~eu B ~KJie ( 1 )1• B o6omc IUfKJiax 
T1 = 28,3°K, P1 = 6,9•IO a/u2, Pmtn = 3,7•I05 a/il-, tmait= I%, A'L = 25 ucex. , 
BH~Ho, ~TO ;it:IIHTenDHOCTD npo~ecca npH IIHHHManDHO)( ~8BJI8HHH B KOH~e pacmHpeHHH B ~KJie 
( I )2 6onme, ~eu B ~KJie ( I )J. 

'. 



f,.,.. if!. 
" ii7f 

2 (t.Tn).,. 

Pi'IC. 5. CT6JI6HJ, pacnmpeH!4H. e m<l" H y;iteJII,H8H IUQBKHOl)H8H paoo
Ta l'.. B 88BHCHMOCTH OT COS;itaBaeuoro neperpeBa 6 Tn B IU1KJI8X 
I00-011 BIIK. . · · . 5 ? 
KpHBHe I OTBOCHTCH K IUUCJiaM, B KOTOPWC P1 = 6,8•!0 H/r; 

KpHBHe 2 - K ItHMau, B KO!Opl,IX P. = 5~8•Io5 .,.,;.. 

P•10·5 
I 

-lfo 

5 

4 

3 

2 

0 1 1,5 £,% 
PHc.6. 0CIU1JIJIOrpa1111a 88BHCHUOCTelt ;lt8BJI8HHH B Kauepe p ,OT CT8ll6HH 

pacmHp8BHH e JVIH IU1KJIOB IOO-cu·BIIK npH paSJIHtmHX M8KCH
M8JII,BHX CTeneHHX pacmHpeHHK E: 0\0.)( • · 

B IU1KJI8X T.=26,2°K, ~= 5,2•!05 H/Y2--. BH;itHO, ~TO npH 
t:: t,\o.,<'- 0,5% HH;ltHK8TOPH8H pa6oTa l'.. B IU1KJ18X MBJia. 
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PHc.?. HoMorpaMMa 38BHCHMOCTet'y~enDHOro KOBH~6CTB8 ;tU11ip;j)y1QOtpym

utero 830TB N ,t B O~OMepHqM no,ozce .• CM8CH 880!-BO~opo;it B 

38BHCHMOCTl'J. O! CKOPOCTH no,ozca B ce~elil'I~ I 1'-1 IJPll pas-

XH~ KOH~8HTP81\HHX asoTa B ce~eHHBX I •.2 (f\10>1 H 

. (I\ 10>2 • , .· . . . . - , . , C • 

. PacctmTaRa no 'ypaBH8HHll (I) ~fl YCXOBH!.t pa60TH IOO-cu·BIIK 
•;( CMo ~HCCepT81\Hll ) • '. , . . 
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