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BBFJLEHME 

O~HHM M3 BamHeHillMX a~eMeHTOB TP~UHOHHOH MeTO~KK rro~pR3auHOH

Horo 8RCrrepKMeHTa fl~eTCR rrO~~pH30Ba~aR TBep~OTe~bHaR MMilieHb. B ~a
óopaTopIiH ~epHHX rrpoo~eM pa3paóoTaHH 1,2/ H B/T7~eHHe pH~a/~eT HC
rrO~b3yroTCH B aRCrrepKMeHTax Ha YCRopHTe~HX M~B3 5 :vI]MffID 6 no~pH
30BaHHHe npoToHHHe, a B noc~e~Hee BpeMR H ~enTpOHHHe !~rneHH c 3aMOpO
~eHHO~ no~pH3auHeR H~epHHX CllHHOB. HaCTORmHH ~OR~~ nOC~meH H3~o~e

mno OCHOBHI:lX pe3Y~bTaTOB paOOT no C03~aHHIO rro~pH30BaHHHX MmlleHen B 
OMffH •. PeallH3~H HOBoro MeTo~a no~eHHH CBiR~3RHX TeMITepaTYP c no-
MOmbIO paCTBopeHHH ~~Koro 3He B 4He B OMflM CTHMy~HpOB~a npe~o
2KeIme o HOBOM rane MmIleHH - no~pH30BaHHOR "3aMOpOJKeHHOfi" ~er' 

'I'axoe npezorozeuae C5w:ro BhI):(!IIDIYTO HeranOEHM E. C. B 1968 rol1Y 4. Oc
HOBHaJI H,IJ;eR "38MopmKeHHOn" rrOJIRpH30BaHHOH MHIlleHH 3aIr...mo~aeTcH B TOM, 
~To noc~e ~OCT~eHMfl BHCOROH nO~p:vI3anKH c nOMOmbIO ~H~eORoro Me
TO,IJ;a, CBtI-rro~e BhI1CJIlOQaeTOH H BemeCTBO MH:IlleHH OXJIaJK,D;aeTCR ~O CBepXIm3
RIDC TeMIIepaTYP HHJKe 0,05K. IIpH aTOM TelmOBM penaxcanza CRCTem anep
IlliX C~HOB pe3RO 3aMe~eTCH, ~TO rr03BOJIReT rrOMeCTHTb MMIlleHb B c~aÓoe 

H MeHee O,IJ;HopO,IJ;Hoe noae MarHHTa, HMeIOmerO ÓOJlbIllyrO aneprypy, Eo'.n:ee TO
ro, aTO "y.nepDBalOlJ~ee" nOJIe, a BMeCTe c HRM H H~epHbIe cnaas MorYT 
MMeTb ~6oe WRRCHpOBaHHOe H~ H3MeHHeMoe B aRcnepRMeHTe HanpaBlleHHe. 

Ilpennoxenae no C03,uaHRIO !vlli'Jlerm "3aMOpO.ilteHHOrO" rarra Bbl3B~O 

Row~~eRCHhIe Rcc~e,IJ;OBmIHH B oÓ~acTH ~HaMHqeCROH no~pH3auHH H,IJ;ep 
(JUIff) npa cBepXIm3RHx rexrreparypax, lir3yqeIme CBOMCTB mut!<HX paczacpos 

3He B 4He :vI pa3paóoTRY peWPH~epaTopoB pacTBopeHHH 3He B 4He,co~eTa.ro
mHX ÓO~bIllyro MOmHOCTb O~~eHH.fI c rrpe~e~bHo HH3RHMH TeMITepaTYpaMH. 
EhI~a H3rOTOBJIeHa Crre~allDHa.H H3MepHTe~HaR :vI CBtI-annapaTypa, onpo6o
BaR lllHpORHn crreRTp oópa3nOB H OTpaÓOTaRa TeXHo~orHH rrpHrOTOBJIeHRR 
OnTI{M~bHOrO BemeCTBa MHllieHH. 3TH HCCJIe,uOBaF~~ saBepillHJIHCb C03,IJ;aHHeM 
B ByoHe ~ettcTByrome' i 8RcrrepHMeHTe no H3MepeHHIO C B p-p pacceHHHHrrrr 
c OKTHÓPH. 1975 r. / ~ . "aaaopoxemroã" rroJIHpH30BaHHoH npcroaaoã rvrn:me~ 
cpe~ pa3MepoB I M MMilleHH ~~ cepnyxoBcRoro YCRopHTe~ c ~'OH 
no nyqRY 20 CM .u~ BTOpR'llibIX ITy<IROB BUCOROfi eaeprza B 1978 r. 2. 

MHTepec 3RCnepHMeHTaTOpOB R rrü~pH30BaHHl:lM R.I(p~1 ~eHTepHH pTHMY.rrHpO
BM paOOTY no COS,IJ;aHMlO ;n;eMTpOHIDlX rrOJIJIpnSOBaHHHX l\ooneHeMo 3Ta paõora 
npOBo~~aCb HaMH Ha ~eHcTByromHX YCTaHOBR8X o 1981 r. B M~B3 H ]M}1ID. 

I. Ee~pH~epaToR RaCTBOpeHMR 3He B ~e - OCHODa llIT3M 

ITpH COS,IJ;anHH M0mHhIX pe~pR~epaTopOB paCTBopeHHH 3H~ B ~e ~ 
rrOJIRpH3üBaHHaX ~mmeHen W~ CTO~RHYJ1HCb o pH,IJ;OM ocoóeHHqcTeH, H~ KOTO
pRX xOTe~odb óu OCTaROBRTbCH 6o~ee' rronpOÓHO. ITapaMeTpU peWPM~epaTopa 

8Ól.Cnfi i'i~' bHk;rt v,HC-mryr \ 
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paCTBopeHHH ORaS~ ~emammee BXHHHHe Ha OCROBHHe xapaKTepHCTKKH 
"aaaopozenaoâ" TIOJIJIPHSOBaHHO' jeHH. OInICaHHe onaoro H8 rrepBOH8tIa.JID
HHX BapHaHTOB ~aHO B pa60Te I, BO BTOpOM MHllieHH lpHC. I) B YCTpolcT
BO cTyneHH pacTBOpeHHa BReCeH ~ cepDe8Hax'H8MeHeH~, 06yc~oBHeHHHX 

2015 ,16 17 18 1912 

~~~~s===I= 

, ~fb~nc 
111m; 1;w;' I 2, :J I 'Te 

~ 

PRC. I. CxaMa IllI3M-II. 
I - a~eKTpOMarHKT, 2 - MHllieHD, 3 - BaHH~ Hcrr8pe~ ~e, 4 - IK
BaRRa ~e, 5 - yrOJIDH'IDt aacoo , 6 - Tpa~ OTRa1Iror IK-BaHHH ~e, 
7 - TpaKT OTRatI!tH 3He , 8 - SMeeBHK WIí! napcs 4K-BaHHhI ~e, 
9 - asoTHHI BaKyyMHHI 8KpaH, 10 - aSOTHaR BaHHa, 11- BI:iXO~ 

rrapoB 4K-BaHHH, 12 - Te~oo6MeHHHK, 13- 8RpaH cTyneHH paCTBOpeHHR 
14 ~sMeeBHR o~~eHKH 3He, 15 - SMeeBHK oxn~eHRff 4He, 
16 - 4K-BaHHa ~e, 17- rasoBHM Tenno06MeHHHK 3He, 18 - 6~OK 
Õ1IHCTKK 3He , 19 - ROprryc RpHOCT8T8, 20 - KaHarr ~ BBo~a MKllieHH 
H nytIKa tIabnm. 

He06xo~OCTDID YBe~HTD MOmHOCTh oxn~eHHR H 06ecrre~TD 60~ee HHS
Ryro TeMIIepaTYPY B peDMe ,IJ;HHaMLfleCRoí! IIOJIRpHSa:qID! (JUlH). MO,IJ;H~Kamm 

CTYIIeHH paCTBope~ (pRO. 2) rrOSBO~8 HaM aa OCHOBe 6a30BO~ l.mmemr 
YCTaHOBRH "IIP03A" 8/ paapaõorars ~enTepHeBIDt BapHaHT 3aulopmK8HHoi!: 
no~pHSOBaHHOM MKm8HH. 

8) KaMepa paCTBopeHHH 
B OT~He OT rrepBOM 3aMOpO~eHHOM MIDlleHH H rrepBOHa1IanbHOrO BapH

anra MHllleHH YpTaHOBRH "TIP03A" 3He BBO,IJ;HTCR B KaMepy paCTBopeHIDI CIm3Y 
1Iepes pacceHBaTe~D - rreppOpHpOBaHHYID B HH~eH 1IaCTH ~JIH~pH1IecKYID 

06oJI01IK,Y, 06pasyromyID c KOprrycoM KaMepU meJIeBOH RaH~ ~ nocTyrraromero 
3He• Bu60p. TaKoro crroc06a BBo~a 3He OdYCJIOB~eH TeM, ~TO 8RcrrePHMeHTU 
H aH~3 79/ rrOK8SanR HerrpHeMHeMOCTb B pe~e nnH Tp~~OHHoro cno
c06a paCTBopeHIDI "cBepxY-BHHS" c <PHRCHpOBaHHO:l1: rpaHimen paOCJIOeHHR 
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PRC. 2.
 
IIPHHUHInIaRbHaR cxeMa HH3KOTeMIIepaTypHo:l1: tIaCTH pe<ppKmepaTopa.
 

I - KOprryc BaHHH pacTBOpeHRH, 2 - pacceHBaTe~ 3He, 3 - Ka
TymKa P~-KoHTypa, 4 -orre~aHHHI Me~ rropomoK, 5 - H30Jrnp~ee 

RO~~O, 6 - pas~e~TeJIDHaH cTeRRa, 7 - RoaRCH~DI{HH RadeJ~. 
8 - yrOJInHHe TepMoMeTpH, 9 - OCHOBHO~ TeIIJIo06Mel11iHR, Ia -
BaRHa HCrrapeHMR, 11 - SMeeBHR oxn~eHRff 3He, 12 - rrpe~BapHTeJffi
HHfi TeII~oodMeHHH~, 13- IR BalfHa ~8, 14 - HrOJffi1IaT~ neHTMY1b, 
15 - paõoxee B8u.{eCTBO ~m:lIle.IDl:, 16 - rreJ;XÍlopHpoBaHHhrtÍ I\OHTefiHep, 
17- CB~-Ãpocce~, 18 - TerrJIOBOfi 8 RpaH , 19 - yrO~bI~ Hacoc, 
20 - nOJIaJI npooxa, 21 - 3MeeBHK 3He t 22 - xoaneacarop 3He , 
23 - ITOCTOffHH~ ~pocce~D 3He, 24 - Hro~~aTMH neHTHJIb. 

~as. B rrepBoM BapHaHTe YCTaHOBKH rrpH BepXHeM BBo~e 3He TeMIIepaTYpa 
rp~ li3-sa c~a60M Terr~onpOBOEHOCTH H HeBHCOI\OH CROpOCTH OTKa'IY~ 

rraCOCOB OKa3~aCb He~OCTaT01IHOfi, 'ITOÓ~ B036Y~TD Heo6xo~fi llOTOlt 
3He • COOTB8TCTBeHHO rrpOrrOpqHOHaJIbHaR CKOPOCTH paCTBópeHHH MOmnOCTD 
o~~eWAR bmmeHH ÓH~a TaRme HeB~CORoH. RpOMe Toro rrpH CTapOM crrocode 
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pacnpensaeaae TeMIIepaTYP~ B MmUeHH npa dOJThIlloft rennosoã narpysxe dIi!JIO 
HeO~OpO).:(HHM, a npa HeROTOpI:lX YC~OBHHX ~a.iKe HacíJIIo,IC~OCD BCltHIIamre 
BepXHen waSIi! c noc~e~mHM CRI:lBOM pe~n~a paCTBopeHHH. 

IIpn BBo~e c paCCeRHHeM ~e CHMSY paCTBopeHHe BCITJII:lBaKm.tefi ~erKo:l1: 
ROH~eHTpnpOBaHHO~ waSH rrpOHCXO~T paBHOMepHO no BCeMY o6~eMY MMIlleHH. 
B~o TaRXe TO, 1ITO B ,JJ;aHHOM cJIY'tIae paCTBOp ORa3I:lBaeTCR HeYCTOM~BHM 

no OTHomeHHID R Ten~OBO~ KOHBeRUKH, KOTOpaH RB~eTCR ropas,ICO ÓOJIee 
MOmHHM MeXaHH3MOM TeIIJIoo6MeHR, 1IeM OcíH'IHaIT TeIIJIOrrpOBO~OCTb. ITO-BM
~O~W, oóa MeXaHH3Ma, TeIIAOBaR RdRBeRUKff li paBHOMepHoe no oó~eMY 

3 
\... 



paCTBopeHHe nettcTB~ COBM8CTHO, oCeCrre~BaR OnHOpO~OCTb TeMrrepaTY~ 

H OrrTHManDHHfi n~ naRHOrO BapHaHTa pe~pH~epaTOpa PI30TepMH~ec~Htt rrpo
~ecc paCTBOpeHRH. KpHTepHeM 3a~OHHOCTH aToro YTBepmneHHH C~T COB 
naneaae BeJmqJl.[HhI H3MepeHHO~ MOnnrOCTM H 3Ha~emrn, BH'IlliCJIeHH.bIX ,IT,JIfI nne
aJIbHOrO H30Te~ec~oro rrpO~écca paCTBopeHHH 

"_ . rrt: I~) a!vá'7J,;2-2í;'(rj '7 li +I./-.;e*) /lu.?Q ""! '/ ~ vI .z/IF_ aJ.fI(YJ Z~ Lln3 t: jA 'J ,(I) 
. 

rne h- (T, TBl1' V ) - MOJIJipHacI C~OpOCTb no-rosa I.UJIPI\YJllipyromeít CMeCM, 
3aBJlICHmaR OT TeMTIepaTypbI ~aMephI paCTBopeHHH T, TeMTIepaTypbI BaHHhI JlIC
napenaa TBM H CROPOC~~' OT~a~~H HaCOCOB ti; a'v (T, TEM) - xoánenrpa
nHR rrapa Ha.n; paCTBopOM B BaHHe HcrrapeHHH; ~~(T) - paBHOEeOHaH ~OH
nearparraa HM~eit ~a3hI pao-rsopa, .z'tV (T) - paBHOBeOHaR xomrenrpanarr 
nepxaeã ~aShI pac mopa; a;~- Ma~CIDJ1aJIDHaH M3 BeJIHtIMH Xt/(T, MTBM)
X'tv(T); AH3, A ~4,- rrapI.UJIaJIbHaH MOJIJipHaH TerrJIOTa nepexona 3He B ~e 

M3 BepXHefi ~a3bI B pa3CaBJIeHHbIfi paOTBOp~ orrpeneJIJieMaR OJIenyIDmIDAM OOOT-
HOmeHHHMH: 

tL ~ (2)= fI.3 ( X~ ('7) 'r) -/--(,/(7); 

LL 1-141 ~!"*(r:! T)-.p:(7)-(Eor fL"'f/+:-r!../-/;(7'J. (3) 

B 8THX BbIp~eHHHx H3( q:e (T), T) - MOJIHpHaH 8HTaJIbITHH rrpIDAeOHOrO ra
sa ~Ba3M~aCTMIJ; 3He B pacrnope ; H~ (4') - MOJIfIpHH:e aHTaJIbImH tIMCThIX un
~MX 3He M 4He, - aHeprMH CBH3H ~e B BepxHeit ~a3e rrpH aOOOJIIDTHOME04 
HyJIe q-eMrrepaTYP B npezteore BhIOORk!X ~OH~eHTpaUHfi 3He; L 04- TerrJIOTa 
HOrr~eHIDl: xacroro 4fle npa aCCOJIIDTHOM HYJIe TeMrrepaTYP; Jl? 4( Xé' (T), T), 
~ 4(T) - XHMH~eO~JlIe rrOTeHUHaJIbI ~e B HH~efi wase H B ~HOTOM ~e 00

OTBeTOTBeHHO. 
CooTHomeHHe (3) OCHOBaHO Ha Mone~ COJIbUMaHOBc~oro rasa rrpHMe

oefi 4He B 3He o o~ofi OTerreHbro oBoCOnbI 10/. BeJIH~Ha 8HeprJlIH OBH3H 
E04.orrpeneJIHJIaOD o HCrrOJID30BaHHeM pe3YJIbTaTOB pacoTbI /11/. OTMeTHM, 
~TO rrpRMeHefme COJIee rrpooToro OOOTHomeHHH nJIJi TerrJIOTbI rrepexona /I27B 
OéJIaCTH TeMrre~aTYP BhIme 0,2K HepaBHoMepHo, Ta~ ~aR B HeM He Y'IlliTbIBa
eTOH BJIllHHHe ~e Ha 8HTaJIbrrmO EepXHefi ~a3bI. 3~c/ePHMeHTaJIbHhIe naHHbIe 
nJIR TerrJIOTH rrepexona B paBHOBeORbIX YOJIOBHRX /13 xopomo oOrJIacyroToH o 
(1) npa ca ~, pannoa ":;t'u-- (T). OébItIHO ~oHu;eHTpaUHH napa X 1/ 

MeHbme paBHoBecHofi ~oH~eHTpau;HM BepxHefi ~a3bI ~~ , tITO rrpHBOnllT 
~ pa3neJIeHHID rrooTyrraromefi OMeOH. YpaBHeHHe (I) Y~HTbIBaeT 8TOT ~a~T. B 
c~ae X'v >eXU/ B ypaBHeHHH (I) npennoaaraerca, ~TO ~OHu;eHT

paUHH BepXHefi ~à3bI, rrOOTy~aromeit B ~aMepy paoTBopeHHH, OOBrra.n;aeT o 
~OHIJ;eHTpaUHeit rrapa B BaHHe MorrapeHHH. 3TO orrpaBenJlliBO, eOJIH rrOTO~ 

4 

nll~Y3HH 4ae B HeoBepxTe~ ROHu;eHTpHpoBaHnyro wa3Y He3Ha~TeJIeH ITO 
cpaBHeHHro c rrOTOROM rrooTyrraromeit un~oit CMeCH.~ MOllmHX pe~pHxepaTopOB 

paCTBopeHHH 8TO YOJIOBHe BhIrrOJIHHeTCH Bcerna. rrpeHeÓpe~eHHe pa3JIH~HeM 

TeMrrepaTypbI 3He Ha BXOne B RaMepy paCTBope~ H TerAITepaTypbI paCTBopa 
Ha BbIXOne PI3 Hee OÓOCHOBbIBaeTCH paO~eTaMH 2/ M rronTBep~aeTcH 8RC
nepaxearansno. 

ITpH rrona~e 3He CHH3Y HeoÓxo~o He norrycRaTb ~aR M3ChITRa, Ta~ H 
HenOCTaT~a 06mero ~OJIHqeCTBa 3He, ~TO rrpHBO~T ~ yxynllieHHID paÓOThI pe
~pHJKepaTOl?a• .1I,.7.rR OCJIer~eHHR noncopa OITTHMaJIbHOrO ROJmtIeC'l'Ba 3He ROp-' 
rryc ROHTefiHepa BbIrrOJIHéH TaKIDII OÓpa30M, ~TO oÓpa3yeT B BepXHefi tIaCTH 
BMeCTe c pacceHBaTeJIeM 3aM~HYTym rrOJIOCTb, c~ro ÓaJIJIaCTHhIM OC~eMOM 

nJIH HeéoJIblliOrO ~OJIH~eCTBa 3He• B CJIyqae M3ÓHT~a He Ha~anJIHBaeTCH, a 
rrpH HenOCTaT~e - pacxonyeTcH TaR, ~TO HeH3Ó~p~e ~OJIeCaHHR rrOTo~a 3,e 
B 3Ha~TeJILHO~ CTerreHH crJIaJKHBaIDTCH. ITonoCHbIfi rrpHeM OITJlICaH B paCOTe I~ 

OCHOBHue ~OHCTPY~THBHHe pa3MepbI RaMepbI paCTBopeHHH: BHYTpeHHHH 
nHaMeTp paéo~éro ~oHTefiHepa 19,6 MM, ~JIHHa 200 MM, lliHpHHa sa30pa ÓORO
BbIX ~OJIbu;eBbIX ceKTopHbIX Ra~aJIOB nJIH BUxona pacTBopa - 1,5 MM,cpenHHH 
TOJImHHa CTeHO~ ~oprryca, pacceHBaTeJIH H ~OHTe~Hepa - 0,7 MM. YcrrelliHaH 
3KCITJIYaTaIJ;RH B MHOrO~HCJIeHHhIX OITbITaX rrORa3aJIa u;e~eCOOÓpa3HOCTb BbI60pa 
naRROM ~OHCTPYKIJ;HH ~aMepbI paCTBopeHMH. ~ 

o) TerrJIOOCMeHHH~ 

TIpn nDH H B 3aMOpO~eHHOM pe~e TpeÓOBaHRH R TerrJIOOÓMeHHHRY cy
meCTBeHHO pa3JIK~HH. 

B pe~f8 c 60JILlliOM MOmHOCTLID OXJI~em1fl, BUCO~O~ CROpOCTbID nOTORa 
H cpaBHHTeJIDHO BHCO~O~ ~úI peWPH~epaTopOB pãCTBopeHHH T6MilepaTypoü 0,3K, 
COJI:ólll8íl ncsepxaocrs ae HEJLfIeTCH HeooxonmvroM:. BaTOM "MOiKHO yOe,nH'I'DCR, 
OIJ;eHRB~ Heo6xo~ nOBepXHOCTb c nOMOmBID COOTHorneH~, rrpHBe~eHHHX B 
paéoTe 2/; a~OrrepHMeHT ;a~e rrerrocpenCTB6HHO rrOnTB6p~aeT aTO 3a~JIID~e
HHe. GCHOBHoe TpeÓOB8HHe ~ TerrJIOOÓMeHHHKy B Ta~OM pe~1e - oÓecrre~Tb 

rrepeHoc· 3He rro RaRaJIaM CO cBepXTe~HM pacTBopoM Óe3 éOADlliHX rroTepb 
OCMOT~eCKoro naBJI8HHH. OcoceHHo B~HM 0~a3hIBaeTCH H3Ce~aTb BOSHH~HO

BeHIUI Ty'pCYJIeHTHOOTH t ~TO onpeneaserca reOMeTpHetl ~aRaJIOB TeIIJIOOÓMeH- . 
HRRa. OrrTRMaJIbHHM c aTo~ TO~~H 3peHHH rrpenCTaBJIEeTCH HJIH pa3ÓHeHHe ~a
HaJIa c paCTBOpOM Ha Wio~eCTBO MeJIRHX, H~ HcrrO~D30BaHHe Y3Roro ROJIbIJ;e
Boro RaHaJIa COJIblliOrO nHaMeTpa. B HameM BapHaHTe TerrJIOOÓMe~HRa peaJIH30
BaHH oÓe B03MOiKHOCTH: rrpenBapHTeJIbHaR ceRIJ;HH TellJIOOCMeHHH~a TRrra "TPYÓ
xa B TPyc~e" HMeeT ,UJIH paornopa 14 ~aHa.JIOB, OCHOBHarI ceKIJ;IDI - OnI-l:H Y3
R~ ~OJIbu;eBoit KaHaJI illHpHHOM I MM H ~8MeTpoM 30 MM. 

B 3aMOpOXeHHoM pe~e rrpH CBepXHH3~X TeMITepaTYpax BeJI~HHa llJID
manH rroBepXHoCTH JlIrpaeT oCHDBrryID pOJID. KpOMe Toro, CJIHlliKOM ÓOJIblliOe rro
nepe~Hoe ce~eHHe ~aHaJI?B, HeOÓXO~KMO~ nJIH oéecrre~eHHR pe~a nrrH,Mo~eT 
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cymecTBeHHO YXY~HTn XapaRTepHCTHRH Terr~ooéMeHHHRa ~PH CBepXHHSRHX 
TeMrrepaTYPax, TaR ~TO rrpHXO~TCH H~TH Ha HSBecTjHM ROMrrpOMHCC. KpHTe
pHH B~HHHH TeTI~OrrpOBO~HOCTM HS~O~eHH B paéoTe 2/. Heoéxo~HMYID Be~
~HHY ~OmanH rroBepXHocTH;q MO~O o~eHHTb rro ~opMy~e: '\' 

'~ l'_~ 
.f1v[I3T!#] F~--a)P;: 'rj-$ ~J z: A!J-# ._(t-a2.TV 

(4) i 
[(t -a) 'r- ZJtt+~~~/~~ rã'fj (Cl3 -1aJ a .15# 

r~e T - TeMrrepaTypa RaMep~ ~aCTBopeHHH, T3-TeMrrepaTypa 3He Ha Tenno~ 
ROHne Terr~ooéMeHHHRa, t2 -rrO~aH Terr~OBaH HarpYSRa, ti - CROpOCTb 

nRPRyAAnHH 3He, a.;') , af'-Ro3CWmIJ,HeHTbI corrpOTHB~eHHH KarrMnH ~AA 3He PI 

pacrsopa, 15 =I07. ,II)K/MO~b2, a- =25 .IJ)It/Mom2 .BHpaJKeHHe (4) nozyseao 
~Jm H~e~bHoro HerrpepbIBHoro Tell~ooéMeHHHRa B oé~acTM TeMTIepaTYP HH~e 

O,I K. 
OCHOBHOfi Terr~ooéMeHHHR rrpe~cTa~HeT coéoM crr~OlliHyro Me~nXHOpOByro 

TOHROCTeHH,yID TpyéRy ~KaMeTpOM 34 MM H ~~HOn ORO~O 500 MM C 40-RO~nne
BbIMK CeRnHRMH TO~HOH 1-2 MM H illHpHHOH ORO~O lO MM. CeR~H HS crre~eH

Horo Me~Horo rropoillRa ~aMeTpOM 40 MKM pacrro~araIDTcH CHapymH H BHYTPH 
TpyéRH HarrpOTHB ~pyr ~pyra, RaR rrORaSaHO Ha pHc.2. PaspbIBH Me~y ceR
nHHMM UlKpHHOH 2 MM aanomreas RO~bnaMM' MS Te~OHa. AHa~a noxaaasae-r, 
~TO npH TaROM Ro~~eCTBe H30~HpOBaHHbIX ceR~IDt TeMooéMeHHHR ~o~eH 

ébITn é~SOR R HerrpepbIBHOMY. PaC~eTHaH rrOBepY~OCTn OCHOBHoro Terr~ooé

MeHHHRB paBHa 4 + 0,4.104CM2. 

Koprryc rrpe~BapHTe~bHoro TeMooéMeHHHRa HsrOTOB~eH HS Hep~BeIDmeH 

TpyéRH oémeH ~HOM 400 MM H ~aMeTpOM 12 MM. BH,yTPM Roprryca pacrro~o
*eHbI 7 rrap RoaRCH~bHbIX TpyéoR ~HaMeT~OM 3,5 H 3 MM. 3asopH .Me~ RO
aRCH~bHbIMH TpyéRaMH oépasyroT RaHarrbI He, pacTBop aarrO~HHeT BH,yTpeH
HHe TpyéRH H RaHarrbI Me~ BHeillHHMH. IToBepXHoCTb 3TOn ~aCTH Terr~ooéMeH

HHRa COCTaBXReT ORO~O 500 c~. 3~eRTHBHOCTn .paéoTbI rrpe~BapHTe~nHoro 
Terr~ooéMeHHHRa ROHTpO~pOBaEaCb TepMOMeTpaMH, YCTaHo~eHHbIMH Ha ero f 
XO~O~HOM ROH~e. 

naHHaR KOHCTPYKnPIH Terr~ooéMeHHHRa ~OCTaTO~HO rrpOCTa H OTBe~aeT 

BCeM Heoéxo~HMbIM TpeéoBaHHHM H B pe~Me nITff H B SaMOpOXeHHOM pe~e. \.J 
3aBHCPfMOCTn noraomeanoâ MOlI.lHOCTH OT TeMIIepaTYPbl RaJ'vfepbI pac raope

HHH rrpH paS~~HbIX SHa~eHHHX .TeMrrepaTypH BaHHbl McrrapeHMH Hsoép~eHH Ha 
pHC. 3. BH~O, ~ro 3RcrrepMMeHTa~bHble ~aHHbIe xoporno cor~acyroTcH c pac·· 
~eTHbIMH RpHBbIMK, IIO~eHHh.'Mll MS (I), Brr~OTn ~O TeMrrepaTYPbI 0,3K. ITpH 

PRC. 3. SaBMCPfMOCTn MOmHOCTPf 
Q[WJ 

ox~a~eHHH pe~pM*e~aTopa OT TeMrre
0,3 paTYPbI ~aHHbI pacTBopeHHH M BaHHbI 
0.2 HcrrapeHHH. 

o"C- /!X / e 

, /f
~x. 

0,05

f 
/1/ 

:::: #o~~/! 
o O-T 

S=lKJ >c-,,-o.9K 
0.02f j,' ""."~m I:, _:__os 

1 PnC. 4. CPIrH~ MarHHTHoro peSOHaHCa
0.01 I x 0.2.I 03I!0.4 O. 5 TlKJ0.1 anep ~eHTep:~m. 

éOEee BbICORMX TeMrrepaTYpax 3RCrrepHMeHT~HbIe SHa~eHMR MeHnlIle TeopeTK
~eCKHX, ~TO MO~O Oé~CHMTb B03HPIRHOBeHHeM Typéy~eHTHoCTH B BOSBpaT
HOM RaH~e Terr~ooéMeHHMRa. 3TO B~e~eT sa coéon rr~eHHe OCMOTMqeCKOrO 
~aB~eHHH B BaHHe HcrrapeHHH, Bc~e~CTBHe ~ero rrOBbImaeTCH co.n:epxaHHe ~e 
B nHpRy~pyromeH raSOBOM OMeCM. Ka~eCTBeHHO 3TO rrO~TBep~aeTCH Herroc-

pe~CTBeHH~ HSMepeHMeM ~OH~eHTpanRH, ROTOpaH Mor~a yMeHbmaTbCH ~O '50%. 
O~aRO 3Ta oé~aCTn TeMTIepaTYP rrpaRTM~eCRM He Mcrro~nayeTcH, TaR RaR 
MOmliOCTb o~~eHMH rrpH 0,3 K COCTaBAAeT ~O 90 MBT, QTO Brro~e ~OCTa

T~~HO ~~ nITff MHilleHH oé~eMOM 60 CM3 . ITpe~e~bHaH TeMrrepaTypa, ~OCTM
raeMaH B 3TOM MHilleHM, - 14,7 MK, B paéO~HX YC~OBMHX Ha ~Re YCRopHTe
~H M~B3 TeMrrepaTypa paCTBopa ORO~O 20 Ml{. 

2. BelJ~eCTBO 

MHllieHH c rrOAApH30BaHHHMM H~paMM BO~OpO~a H ~enTep~H, paapaéo
TaHHbIe B ]Hil OMflM, HcrrO~b3yroTCH B 3RCnepMMeHTax Ha ~xax c HHTeHCHB
HOCTbID, KaR rrpaBH~O, He rrpeBHllia~en Be~~HHY I08 ~aCTHn/CM2C. nAA Ta
RHX MHilleHeH Ha~éo~ee y~OéH@MH BemeCTBaMH HB~IDTCH ROMIlEeRCHbIe coe~
HeHHH IIRTHB~eHTHOrO XpOMa ~ (JZ), ROTOpbIe MOr~T éHTb CHHTe3MpO
BaHH B 3T~O~e, rrpOrraH~MO~e M ~p. CIIMpTax 115-1 I. TaROrO po~a KOMrr
~eRCH XapaRTepnSyroTCH ~OCTaTO~HO YSROM ~KHHeM 3~eRTpOHHOrO rrapaMarHllT
HOrO peSOHaHCa' (3IW)., rrpaRT~eCRH ijaOTpOrrHbIM ~ -waRTOpOM, rrpH ébIC
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TpOM OX~~eHHll OÓpa3yroT CTeR~a c O~OpO~HM_paCrrpe~e~eHHeM rrapaMar
HHTH~ neHTpOB. COBORyrrHOCT~ YRaSaHHUX cnoHcTE rrOSBo~eT rro~aTn BH
COKyID rro~pH3ar~ID ~epHNX cm1HOB Bo~opo~a li ~eHTepllR. ~CORaR rro~pH

SanHR ~OCTllraeTCR sa OTHOCHTe~HO RopOTRoe BpeMR. 

B OCHOBe MeTo~a CllHTesa TaRHX ROMrr~eRCOE ~e~T peaRUllH BOCCTa ali 
HOMeHIDI coe,mmemm t?t. ( VI ) B cpene ,!U!O~OE~C~O]llliOCT~ caareaa 
ROMMeRCOB COCTOHT B TOM, tITO ROMIT~eRC ~ ( JL ) RBMeTCR rrpOMeJKY " ITOtIHHM rrp~\TOM. KOHetIH~H rrpO~RT peaRUllH - rrapaMarHHTHHe ~OMIT~eRCH I

Ct. ( /I(). B ocpaanax, ROTopHe llQl!.OJllJSyroTCR B MmIleRRX, neocxonaao 
C03~aT~ EHCORyro ROHI~eHTpaUllIO U (J( ) OT 2,5.1019 no 1,8 20 rra I010 

I
I

paMarHHTHHx :o;eHTpoE B CM3 (I/cM3) rrpll BOSMOmHO HH3ROH ROH:o;eHTpa:o;Hll 
~ (~), rrplicYTcTBlle ROToporo pe3Ro cORpamaeT Bpew~ CITllH-peilleTOtI

HO~ pe~aRca:o;Hli li orpaH~BaeT rrO~tIeHHe MaRCHM~~HOn ITOJI.F.[PHsaUllH/ I 6, 
171 

• J.Lm:r Toro, tITOÓI:l rrO.nytIliTI, ROMIIJIeRCbr U ( li) ÓbIJI BHÓPaH rrp,0jeCC I 
~ 

Tej;lMll't.leCIwro BOCCTaHOMeHlifI tJ.t, ( VI) rrpa ITOH~e;HOM ~aB~eIDm 71 • 
lloc~e~Hee Heoóxo~o ~~ y~~eHRH ll3 peaR:o;HOHHOH CMeCll BO~, ROTOpaR 
oópasye~fl rryn ORHc~eHHll ~o~a li rrpHBO~T R YBe~krqeHHID ROH:o;eHTPanllM 
C3~ (I/I) 16-181. llpH HCC~e~OBaHllH oópas:o;oB, rrpllroTOB~eHHbrX MeTO

.nOM Tep~ItIeCROrO BOCCTaHOMeHRH, Ha c~TpoMeTpe 3IW c tIYBcTBllTe~~
HOCT~IO 1011 liCM3 rrpHcYTcTBEJI t3-t. ( /11) S8JlletIeHO H6 ÓbI.JIo. B03MOJK
HOCTb rroJ.lY'tleHHR Bh100~oi1: ROH:o;eHTpaD;M:M ~MrrJIeRCO:B U ( V ) B ~llOJIax 
B 3Ha~Te~Ho~ Mepe OÓR3aHa rrpMM.eHeHHID B RatIeCTBe OKHCJIllTe~eH órrxpo
MaTOB, B ROTO~X oóa aToM~ xpoMa paCnOHOJKeH~ p~OM B ÓH~epHoM ROMIT
JIeRoe.·BHYTpMMOJIeRy~pHOe B3aHMO~enCTBMe tIeTHpeX- li meCTMB~eHTHoro 

xpoMa Mo~eT rrpolicxo~T~ tIepes ~c~oponHbrn MOCTHR,H peanH3yeTcR Mexa

Im3M . f3c (C!l) - fÁ(/v ) 

Ot(/V) +ú(l77)-,ZÚ(.tJ, 1181	 I 

I 
I 

~ TIpOTOHHOH~0JI.F.[pH30BaHHoi1: MHilleHll cHHTesllpyeTcR ROMrrJIeRCHOe I 

coezaaerrae Vc (JL) B nponaanaone - 1,2. lloBHilleHHe xomtearpanaa 
ROMTIJIeRCa ~o 1,6,1020 - 1,8,1020 I/cM3 ~OCTHraeTCR ROHueHTpllpOBaHHeM 1,J'peaRURoflHoH MaCCH 71/. 

KOMITJIeRCH c ~eHTepllHCO~ePJK~ ~raH~aMH ~ MHilleHH c rrOJIRpH30 ~ BaHHbtMII! R.lIp8MH ~eitTepHR CHHTeSHPYIOTCR B araaaaoae Hnponaamrone RaR 
qaCTH~O, TaR li nO~OCT1ID ~eHTepHpOBaHHHX c ROHueHTpauHeH ROMTIJIeRCa 
OT 2,5.1019 ~o 7.1019 I/cM3 /19-22/. 

~ paóo~ oópa3nax	 MHilleHefi rro~eHH BHcoRlle 3HatIeHHH rrOJIRpH3a:o;HH 

8 

C ÓOJI~illHM BpeMe~eM peJIaRea:o;HH rrOJIRpll30BaHHbIx rrpoToHoB II ~enTpOHOB 
(TaÓJIHll;!i 1, 2). 

TaÓJIllua I 

MMilleH~ Cpe~Hv.x	 MllilleH~ ~~ BTOPHtI-
YCTâHoBRa paSMepOB	 HHX tIaeTH:o; ITYtI~OB, 

BbICORllX aHeprnll 
-

MeCTO aRCnJIyaT~ oillIM, JIIDI<I? M<I?B3 

PaSMep MllilleHll ;5 2,8 CM; e = 3 9.5 1,96 CM";3é'= 20 eM; 
2,5 CM; V=15 eM V = 60 CM 

MaRCllM~1HaR rro~pll3a~IR ± (98±3)% +~90+3~% 
- 94±:3 % 

MarHllTHoe rrOJIe 2,69 T 2,08 T 

BpeMF.l HaRatIRll ~() 0,8 Pmay 50 MHH 40 MHH 

Pe~ ~llHaMHtIeC~on T=O ,3K, MOll\HOV1 T=0,3K, MomHoc~
I10JIRpll3aI.J;ID1 CBLI=I2 MBT =	 CBLI=90 MBT, ,,= 2

70 ITy, h~:::3,6 x	 56 rrn, li", = 3.10
x 10 MOJI1/c MOJIJ;l/c 

3aMOpOJKeHHHH pe~ T :::: 0 K, T = 0,02 K, 
= -sMo~/en. I6035 

:3	 Ji~ = 2.IO-3Mo~1/c 

BpeMR peJIaRCauH~ B 3aMOpO
JKeHHOM pe~Me 

,
MarIDITHoe ncne 

IToTpeÓJIeHHe ~~~oro reJIllH 
pe~ ~HaMHtIec~OH rrOJI.F.[pll
sauaa 

7:1000 tI 
t: 

2,69 T 

1,1 JI/tI 

~ ~I200 tI 
7:'" ~ 800 tI 

0,45 T 

2 JI/.tI 

3aMOpO~eHHbIH pe~M 0,7 JI/tI 0,5 JI/tI 

~aEllM OópaBOM, MbI ITOJIaraeM, tITO cllHTeSllpOBaHHHe ROMITJIeKCHHe coe
,1l;HHeHHH HBJIF.l:IDTC$I OrrTYIMaJIbHbINrn ~M MHilleHeH c "SaMOpmKeHHOH:" noaspaaa
UHeH ~ep BO.nOPo~a II ~eHTepHH. 

3. M3MepeH~e rrOJIRpll3agRll ~eHTpoHoB 

B MmlleHll ~JIJI ycxopnrena B M<I?B3 MfI ll3MepeHllR ucnspasaitan ÓbIJI 
llcrrO~~30BaH Gt -MeTp c rrap~eJIbHHM ll3MepllTeJI~HHM Ro~eÓaTeJI~HHM 
ROHTYPOM. UeHTPaJI~HM tIaCTOTa Q -MeTpa 13,6 Mm, ~eBlla:o;HR tIaCTOTbI 
± 200 r<fu. ~R BH~e~eHllR CllrHaJIa llS lliYMa II rrOMex ÓHJIa pa3paóoTaHa 
CllCTeMa perllQTPa:o;nll I1epllO~tIeCRHX CllrHaJIOE HMP ~ep ~enTepllR c HaRorr
JIeHlleM II rrocJIe~~omHM ycpe~eHlleM. 

TeM ae MeRee Ha,n;eJKHO BbI~eJIllT~ TepMlltIeCrrn paBHoBeCHbIH CllrHaJI HMP 
~enTepllR rrpll T6MI1epaType 0,5 - I K, rrpllro~uH ~~ RaJIllÓPOBRll rrOJIRpH

9 
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Ta6J11lua 2 

BeiijeCTBD	 3Ta!UO'lOJI Ilporrannacx 

Co~e~HKe ~eftTepKR E %no 
Becy • 17,6	 rs.o 
Ma1<CllMBJIóHaR IlOJlffpJ{3~R :t(37±3)%	 +(37+2,5)% 

-(40:E2,5)% 

Bpeu~ pe~aRCaqHH no~pH3a 7~"'500 -rac 'Z+""1500 xac 
lmH B 3aMOpOJK8HHOM peJmM8 'l:=300 xac 1:... ",,750 nac 

Y,uep.uBaIDI.l.iee MarIDrTHOe noze 
E 38MOpOJ<eHHOM pe""'Me 0,45 T 0,53 T 

Jr. Pasaepa MIlllleUR: " 1,96 CM, ? ~ 20 CM, V~	 60 CM

2.	 Pemm .n;zH8MHt[8ClWfl: IlOJ]'}lPHSBIJ,mI: T = O,3K, MOlIUlOCTJ, CHI = 90 MET, 

V ~ 56 I'I'n, iÍ- ~ 3'IO-~OJIh!C, EpeMil uaRa'lRR noJUIpRsaum< no3
 
0,8 Pmax ~ 35 MIlH.
 

3.	 3aMopo~eHHUn peXRM: T ~·O,02K, fÍ ~ 2'10-3 MOXh!C. 
3 

3 aI.JJlH, no rrpe,n;CTaBHJIOCó BD3MD1KHf:lM. XOTíI OH J{ pOI'lICTpHpOBaJICII. ncsrc

MY M8TO,n; H8MepeflliR ITO~PH3aqRHJC ycrrexoM npmA8HR8tum ~ npOTOHDB H 

OCHODaHH.bJ.ti aa cpaIlH8IIHH HH'reHCImfIOCT8:H CarH8JIOB HMP OT CHCT8ML1 anep

HHX CIillHOD c lurHaMlIt:IeCK'ff YOWIeHHO:fi II paBHOB8CHOtt	 lIOJI.f[PM3~e1i B yc

JIOBWIX· íI,IJ;epJIO~3R'l[eCROrO 8RCnepIDY18HTa, B HalllHX YCTaHOBKax xe .HBJIíI

erca ITO,I(XOMlll.IDJl' ,lt)If{ .ue~TpOHOB. 

Ilml: Z3MepemrR ncnapasam..nI anep ll;eRTepHR B )J;HOJIax	 !iJCJIOJILsyeTcR 

.upyran B03MO~HOCTh, CBj3aHHa~ c ~OpMO~ cnORTpa cnrHana Ma~THoro 

pesoaauca ,uettTepI-IFI /24 • HaJ!H'tfHC B3anMO,llet:i:cTB~lJI KDa,n;pyaOJIl'>HOrO MOMeH

Ta ,n;e:HTporia c rpa..IUleHTOM 3J!e}\Tp~p.[eClíoro 11OJI.H M0JI8RYJlhI naona npl::l:BD,ll,HT It 

TO~ I 'llTO YPOBHH :meprmr .uettTpOHa B MaI'HH'l'HaM lI0JI8 CTB,HOBRTCR H83KBK

.rurOTaHT}{!l1;ffi. B CB.f:IS.lr c' 3TID.'I, cnexrp p8S0HaHCHOrO nOrJIOllleHH.R' COCTOHT 
H3 )lBYX illHpOIrnX JIID-.rnfl: c xopouio paapeuiemuaer Mal<clfMYMmm I l\8l\,II;WI J{3 
I<OTOp1:1X cooraercrnycv nepexo,rr,y c H3MeneHl:l:eM MarmITROrO h"BaHTOIlOro 

l.J:iICJIa na eJUIlillrcr (PH:o. 4). O'lleHb DEUKlUlM OOCTOJITeJIDCTBOM IIBJIsreTcII TO, 

'llTO TeH30p rpanMeHTa 9JI8l\TpK"YeCKOrO no~ MarreRY~ ,I:U!OJIOB OOJI~aeT aI< },
I 

CHanbHO~ CHMMeTpHen, B CRnY 'llero aTn ~HHH cODnanaroT npv. CliMMeTp~qHOM 

OT00MJtemm OTIlOCHT8JI:DHO I.J;eHTpalIbHOil 'llaCTOT.I::l c JmHetlHf:IM YBeJIH'llemreM 
HJm YNJeHbllleWAeM op,nKHa'r O,1!.HO:M "19 JlHmrlt B R pas , 3TOT Koa~eHT, 
Ha3.b!BaeMWl: napaaerpox aoml.MeTplUI cnexrpa .ID~p r 0,IIH03!-IalffiO casaaz C ITo
ARpH3auxeH P R B~CTpaaBaHHeM A: 
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(5)P'V 

(i<-:fj2 
(6)A RZ+!<"f:/ 

TaKHM o6paao~r nPH onpe,ueJIeHHR nOARpH3aqHH ~ep ,llenTepHII B MHille

HB OCHORHM SB,IJ;a'll8 saK.lIlOtlaeTCJI B O?~,ueJIF cnexrpa CHI'HaJIa 1lMP H: 
BemPllrnEl aCJlMM8'l'pmI aroro cnexrpa 1.22. . 

B c~ae ,IleD:TepueBoro aapaanra MHllleHH YCTaHOBRX uIIP03A 11 npenna
pHTeJIbHaR OOpa60TRa noxyqeHRHX CHrHanOB npOR9BO~RaC:D arrrrapaTypotl B 
craanapre KAMAJ{ IlO~ YIIpaBJIeHKeM Mlll<po-3BM IDJ~OI, EUIlOJIHeHHOll aa ca

se MIlRpOnpOl1eccopa INTEL-BüBü. lfaROI1JIeHHWl ~ ycpe,n;>:eHlllill mIlf!- . 
pOBOa aKBHBaneH'l' aHaHOrOBoro CH:rHaJIa 3anHC.I::lBa8TCII Ha MBrHHTHyD ReHT,Y 

KacceTHoro HaROITHTe~ R B ~an:DHe~eM o6pa6BTHBanCH HB dOJIe8 MDmHoR 
-3EM. ITaReT rrporpaMM ~ Bu-qHc~eHH~ nOnffp~3~ B~~eT D.I::lrrO~HeHHe 

CJIeJlYllllll'X ocHOBHH.X npol1eJ1Yjl: 

1.	 YCTpaH8HHe aITnaparypHHx ~cl<axeHH:fi rrpH SaTIHCR CneI<TpOB; 
3. BfltUICJIeHHe rrapaae-rpa R ,Ha aTaM arane noJIHI.rlt onexrp 

pa3,lle~eTcII HB ~e ~H:, ~ l.J:ero RCnOJI:D3yeTcII CIDmMeTpHR H: MOHOTOH

HOCTh o6e~x ~RURJl ~OPMH nHHRll na yqacTRax Eue MaRCKMYMOE; 

3.	 rIeT CiIC·TOMBTRtl8CIGIX norpewHocTeit Q -Merpa, 
B MKilleHR cpe~x pa3MepOE ~ YCRopHTeJIR E ]]H~ Hp~ perRCTP"l1"~ 

crreKTpa 6~a npRMOHeHB OpHrRHanbHaR MeTO~Ra Hal<OnneHHH H ycp8~eHHH 

nepHo~~ec~ CH:rHanOB-~ c nOMo~D ~~pOBoro BOJI1~~eTpa H aMITJmTY~
Hora aH~9aTopa. KOTOPNB.ynpaB~C:D MHHH-3BM. ·06padoTI<a cn8l\TpOB l::l: 

orrpeneaenae BeJm't.J:HHU nOJIHpH98UHH IIPOR9BO~ôiC:D TaIDite c nOMoJ:Q:DlO aroâ 
~e SBM: HenOCpe,IlCTBeaaO rr06ne H:9M8peHHH 20. 

SaR.JIltltIeHHe 

B TaORRI.J;BX 1 H 2 nPMBe~eHH OCHODH.I::le napaMeTpH MHweHell. HcnoRDsy
eMHX B H~BS R ]Hfl~. CJIenyeT OTMeTHT1 6o~moe BpeMH pe~a}\c~. nanIIPR
30BaH.HI:iX .n:enTpOHOB MmUBlm l1~BS. MH: CB.fT3b1DaeM 'dTO ae 'l'O~:Dl\O C H1i3l\O~ 

TeMneparypo~ p8WpH~8paTopa. HO H C npKMeH6HHeM B l\a'lleCTDe pa6ol.J:era 

BemeCTBB MIDlIelW I\OMII~eI\OHorO COO,IlRHeIUu:r Ú ( V ), ClfHT89H:pOB8HHO,	 
ro	 B rrORlIOOT:&lO .nOtlTOpRpODaJIHHX BTaII,mmJIe H rrpOneH,1.UrOJI8. 

MH:WBHb o 3aMOpOJltBmrolt nOJIJTpH3aI..tMelt ,llB1hpOI-IOB B ITOJIHOCT1lO .ueRTe
pHpOD8.HHOM npOnDJI,mmJIB ouaa H:OnOJ[b30BB.l-l:e B moRe 1986 rena B axcnepa
MeHTBX no H:3MBpeHxro nOKMMBTpH:H 06pa30DaHMFI HefiTpaKbHHX M830HOB npH 
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coy~apeHHH ~r, K- H aCHM11eTpHH B~~eTa rrpOTOHOB Ha 900 B ~a60paTop
Hoií cacreae 7T-DI_p-f- npa HMnyJI:óce 4D faBio. 
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BOPHCOB H. Co. H Ap. PI3-86-734 
MHmeHH c 3aMopo~eHHoH rronHpH3a~HeH 

aAep BOAopop;a H AeHTepHH 

fI3JIO~eHhI OCHOBHbIe npaauansr H xapaKTepHC'FHKH MHmeHeii c 3aMO
;11 po~eHHOH rronapH3a~HeH aAep BOAopOAa H AeHTepHa, Hcrronh3yeMb~ 

B axcnepnaea'rax na YCKOpHTenax H<I>B3 H J1H5I<Il. B Ka"tIeCTBe BelI~eCT. na MH1IIeHeH rrpHMeH5IIOTCa KOMnneKCHbIe COe,uHHeHHff cr (V) B p;HOJIax • 
f~ OõCY/lCAaeTC5I YCTPOHCTBO H AaZOTCJI Ba~HeHUIHe xapaRTepHCTHKH MO~

I
I 

HbIX petPPH)l(epaTOpOB paCTBopeHHJI 3He B 4He, KpaTI{O orracan a CHC
TeMa R3MepeHHJI nOJIflpH3a~HH. OTnH~HTeJIbHO~ ocoõeHHOCThZO rrpep;
cr aannesarx MHl1IeHe~ RBjmeTCn AOCTH:m:eHHe õorrsmor-o BpeMeHH pert ax-

I
. ca~HH RAep ,ueATepHfl ~IOOO ~ B MarHHTHWx rronax OKOJIq 0,5 T. 

Paõo-rc IJbJrlOm'ICn8 B Jlaõoparopaa xnepasrx rrpoõne.sr mUIH. 

Ilpcnpmrr O(5'Lc,D,HlteHlIOrO \tHCTRTYTa anepastx HCcne11.0BaHHit .Ily6Ha 1986 
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i ITepeBog O.C.BHHorpaAoBoH 

Borisov N.S. et alo	 P 13-86--734 
Targets with a Frozen Polarization 
of Hydrogen and Deuterium Nuclei 

The basic principles and characteristics of the frozen spin 
proton and deuterium target used in IHEP and LNPI accelerators 
are described. The complex Cr(V) compounds in diols are used 
as target operating material. The structure and important cha
racteristics of 3He/4ue powerful delution refrigerators are 
discussed, the system of polarization measurement is described 
A characteristic feature of these targets is a long relaxation 
tiule (~IOOO h) of deuterium nuclei in magnetic fields of about 
0.5	 T. 

\~ .. The investigàtian has been performed at the Laboratory af 
Nuclear ~hysics, JINR. 
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