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BeeoeHue 

XopOWO H3BeCTHO, 'ITO OCHOBHble napaMeTpbl, onpe.IJ.e· 
JIJIIO~He Ka'leCTBO llOJIJipH30BaHHOB MHWeHH, TaKHe, KaK I<03$
$HU.HeHT YCHJieHHJI Jl,lJ.epHOB llOJIJipH3aU,HH, BpeMeHa Hai<a'IKH 
u penaKcau,uu nonBpH3au,uu, Tpe6yeMaJI CBlJ. Mo~oCTb, 
3aBHCJIT OT MHOrHX, 'laC TO TPY.!J.HO KOHTponupyeMbiX ycJIOBHH 
npHrOTOBJieHHJI o6pa3U,a. TaK, .!J.JIJI MHWeueii Ha OCHOBe l ,2 -
nponan.ZJ.Hona unu JTHneurnHKOJIJI /eM. CCbiJII<H a/I I I c na
paMaruuTuoB: llpHMeCbiO Cr+V cy~eCTBeHHO HaJIH'IHe llpH· 
Mecu Cr+ll~ KaqecTBO ueo6xo.ZJ.HMbiX MaTepuanoB, o6nyqeuue 
CBeTOM. C llOJIBJieHHeM MHWeHeB C "3aMOpO)I(eHHOH" llOJIJipH-. 
3au,ueii npou.e.ZJ.ypa oT6opa uau6onee Ka'leCTBeHHbiX o6pa3U.OB 
ycJIO)I(HHnacb e~e 6onee, T.K . .ZJ.JIJI pe$pH)I(epaTopoB, pa6o
TaJOIIJ,HX Ha paCTBOpeHHH 3He B 4Jie C 60JibWHMH llO 06'beMy 
MHWeHJIMH I 15-30 eM 3 I, ueo6xo.ZJ.HMbl o6pa3U,bi,.ZJ.JIJI nai<a'IKH 
llOJIJipH3aU,HH KOTOpbiX Tpe6yeTCJI MHHHMaJibHO B03MO)I(HaJI 
CBlJ. MoiiJ,uocTb. CyiiJ,ecTBYIO~He ycTanoBKH .ZJ.JIJI H3MepeHHJI 
napaMeTpoB .ZJ.HHaMH'IeCI<oii nonBpH3au,uu JI.ZJ.ep / ,D,llJI/ B pa3-
JIH'IHbiX o6pa3u,ax B .ZJ.Hana3oue TeMnepaTyp 0,8-4,2 K ue 
npucnoco6neubl .ZJ.JIJI 6blcTpblx H3MepeuuB: H cpaaueuuii napa
MeTpoa pa3JIH'IHbiX o6pa3U,OB rnaBHbiM o6pa30M H3·- 3a ue
B03MO)I(HOCTH CMeHbl HCCJie,lJ.yeMoro o6pa3U,a 6e3 OTOrpeBa 
KpuocTaTa. B uacTOJI~eB: pa6oTe onucaua npocTaJI ycTaHOBKa 
.ZJ.JIJI uccne.ZJ.oBaHHJI ,D,llJI B .ZJ.Hana3one TeMnepaTyp0,8-4,2 K, 
npu'leM CMeua uccne.ZJ.yeMoro o6pa3u,a MO)I(eT npoH3BO.IJ.HTbCJI 
6e3 oTorpeaa KpuocTaTa uenocpe.ZJ.cTaeuuo npu renueBbiX 
TeMnepaTypax. l13Mepeuue napaMeTpoB ,D,llJI .ZJ.JIJI o.ZJ.Horo 
o6pa3u,a H npH O.!J.HOB H3 TeMnepaTyp /0,9; l ,28; 4,2 K/ 
3aHHMaeT OKOJIO 3- X 'laCOB. 3a O.!J.HY renHeBYJO 3aJIHBKY 

B KpHOCTaT y,lJ.aeTCJI npOH3BeCTH H3MepeHHJI napaMeTpOB 
Tpex- 'leTblpex o6pa3U.OB. ,ll,nJI onpe.ZJ.eneuuJI cTeneuu JI.ZJ.epuoi 
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nongpHJa~HH, speMeH HaKa'IKH H penaKca~HH npHMeHeH Q
MeTp C ~eCTKOH aBTODO~CTpOHKOH DpHeMHOrO nocne~osa
TenbHOrO KOne6aTenbHOrO KOHTypa. HHJKO'iaCTOTHbiH CHrHan 
o6pa6aTbiBaeTCjJ: CTp060CKODH'ieCKHM ''box-car,. HHTerpa

TOpOM. 

OnucaHue KpuozeHHOU 11acmu ycmaHOBKU 

YcTpOHCTBO KPHOCTaTa H BCDOMOraTenbHOrO BaKyyMHOrO 
o6opy~osaHHR cxeMaTH'iHO noKaJaHo Ha puc. 1. B ~aHHOH 
ycTaHOBKe H@OllbJOBaH KpHOCTaT C ~H~KHM 4He, DOJBOllRIO· 
~HH nony'IHTL c noMo~LIO Hacocos .liH-2000 u BH-4 TeM
nepaTypy o6paJ~a B HHTepsane 0,8-4,2 K. renueBLIH cocy,IJ. 
o6'beMOM 9 A OKpy~eH Me~HbiM 3KpaHOM, BaKyyMHO npunaRH· 
HbiM K saHHe c ~H~KHM aJoToM / V = 10 A/. Oxna~~eHue 
renuesoro cocy~a H pa6o'leil BCTaBKH /eM. puc. 2/ ~o 
T = 77 K MO~eT npoHJBO~HTLCR nu6o Henocpe~cTBeHHOH 
JanHBKOH ~H~Koro aJoTa B cocy~ c nocne~yiO~M y~aneHHeM 
ero, nu6o HanycKOM Tennoo6MeHHoro raJa ( 4 He) B npo
CTpaHCTBO Me~~y aJOTHbiM 3KpaHOM H renueBbiM COCY~OM 
H:a speMg ~ 5 11acoe. B nocne~HeM cnyqae nepe~ renHeBLIM 
oxna~~eHHeM,KOTOpoe JaHHMaeT OKOnO 1 'lOCO, DpOHJBO~HTCR 
OTKa'IKa Tennoo6MeHHoro raJa HacocaMH saKyyMHLIM 
BH -461 u ~HcPcPYJHOHHLIM U.BJI -100. renueBLIH cocy~ coo6-
~aeTcR C BepXHHM clJnaHI..{eM KpHOCTaTa ropnOBHHOH HJ TOH
KOCTeHHOH Hep~aBeiO~eH Tpy6bi ¢100 MM, 'ITO DOJBOllHllO 

CMOHTHpOBaTb HeJaBHCHMYIO OT KpHOCTaTa pa6o'iyl0 BCTaBKY 
/puc. 2/, BKniO'iaiOll.\YIO B ce6R CBepxnpOBO~R~H MarHHT, 
CBq MHOrOMO~OBbiH peJOHaTop 15 c CBq ~pocceneM 3 H 
HaCTpOe'IHbiM DOpWHeM 16. 3Ta BCTaBKa nerKO BbiHHMaeTCR 
HJ KpHOCTaTa H MO~eT JaMeHRTbCR COOTBeTCTBYIO~HM 

ycTpoicTBOM ~nR ~pyrux JKcnepuMeHTOB. TaK, B pa6oTe/2/ 
HCDOllbJOBanCR 3TOT ~e KpHOCTaT, a pa6oqag BCTaBKa BKniO
qana B ce6R CBepXHHJKOTeMnepaTypHYfO CTyneHb, DOJBO· 
nR10~y10 ~ocTuraTL TeMnepaTyp nopR~Ka 0,05 K. BpeMR He
npepbiBHOH pa60Tbl ~aHHOrO KpHOCTaTa npH O~HOKpaTHOH Ja· 
nHBKe ~H~Koro renHg co CMeHoi Tpex -qeTLipex o6paJUOB 
cocTaBnReT npuMepHo 14 11acoe. CMeHa o6paJuos npoHJ· 
BO~HTCR nocne HanycKa aTMocclJepbl renHR B renueBLIH cocy~ 
y~aneHHeM HJ pa60'ieH BCTaBKH BOllHOBO~a 9 /puc. 2/ 
c yKpenneHHoi Ha ero KOH~e aMnynoi 13 c uccne~yeMbiM 
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I - C5<•npo6odorJ<w COMHOud 

1 - l'fodtjltflqu~ KOmiJU.IKU 

J - CIN dp«<Mo 

' - *m!tn ,..,_} 

5 - T~ dArt HtKmpoUtnJ ,.JfJHilfnOPG 

6 -"'-"" ,.Jt.l ...... 'I"Jiflfn""""

, - C n*'•HOI tktOCMKO 

1- tiJnaHftl 

9- IJDJrHO&d 

fO - KOfttJ"fO onopHO• 

rt -8"'1 K06tno 

12 -IJuortJpatlftl 

13 -ll,•my/IQ c o6pGJ1.4t»f 

f' -KOmfJWirO KDM4Df'MMHO~ trOHmypa 

t5 • PtJoHamop 

16 - Hormpolo.tHtMU ntlfJfiJIHb 

Puc. 2. BcmaeKa e Kpuocmam OA.R ,4II.R e ouana3oHe meMne
pamyp 0,8-4,2 K. 
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o6pa3~0M. TaK KaK cMeHa o6pa3~a npoH3BO.Z:.HTCH B Te'leHHe 
KopoTKoro npoMe)l(yTKa speMeHH, TO soccTaHosneHue HH3KOH 
TeMnepaTypbi nOBTOpHOH OTKa'IKOH He Tpe6yeT 6onbWOrO Bpe
MeHH H 6onLwux JaTpaT )I(H,L{Koro renuH, KaK npu nepsoHa
qanbHoii OTKa'IKe OT 1T = 4,2 K. EcTeCTBeHHo, 'ITO npu 3TOM 
3Ha'IHTenbHO ynpo~aeTCJI KOHCTpyK~HJI BepxHeH \faCTH pa6o
qeif BCTaBKH, TaK KaK He Tpe6yeTCJI WJD030BOrO ycTpOHCTBa. 
,!J;nH OTKa'IKH napoB renHH HCnOnb30BanHCb HaCOCbl IiH-2000 
H BH-4. llpH 3TOM B .z:.uanaJoHe TeMnepaTyp 4,2-1,2 K npu
MeHHncH TOnbKO HaCOC BH -4 CO CKOpOCTbiO OTKa'IKH 45 A/c, 
a B .z:.uanaJoHe TeMnepaTyp 0,8-1,2 K - Hacocbl IiH- 2000 
H BH- 4, BKJDO'IeHHble nocne.z:.osa TenLHo,co CKopocTbJO OTKa'l-

3 KH no renu10 B HHTepsane 3,6-5,5 10 A/c. XonocTaH Ha-
rpy3Ka KpuocTaTa, o6ycnoaneHHaH BHyTpeHHHMH TennonpH
TOKaMH ITennOBbiMH MOCTaMH, o6ny'leHHeM, CBepXTeKyqeif 
nneHKOH 3 Jle B WHpOKOH ropnOBHHe, TOKOBBO,IJ,aMH CBepxnpo
BO,lJ,Hwero MarHHTa H ,IJ,p.l, COCTaBnHeT 150 MBm, npH 3TOH 
MowuocTH B xonocToM pe)I(HMe c noMo~biO BH- 4 ,IJ,OCTHraeT
cH ,IJ,aaneuue 0, 7 MM pm. em. IT= 1,2 Kl. llo,IJ,KniOlJeuue Bbi
COKOCKopocTnoro uacoca BH- 2000 no 3BOnHeT npu ,IJ,auuoii: 
xonOCTOH Harpy3Ke ,li,OCTHraTb ,IJ,aBneHHJI OKOnO 

10- 2 MM pm. em., lJTO cooTBeTCTByeT T = 0,8 K. CB4 o6-
nylJenue o6pa3~a npHBO,li,HT K ,IJ,ononHHTenbuoii: Tennoaoii: ua
rpy3Ke H llOBbiWeHHIO ,IJ,aBneHHJI H TeMnepaTypbl B renHeBOM 
cocy)J.e. BKniO'IeHHe CB4 MowuocTH 200 MBm Be)J.eT K no
BbiWeHHIO TeMnepaTypbl .D.O 1,35 K I P = 1,6 MM pm. em./ npu 
pa6oTe c O)J.HHM uacocoM BH-4. llpH pa6oTe c IiH-2000 
BKniO'IeHHe MO~HOCTH 200 MBm Bbl3b1BaeT noBbiWeHHe TeM
nepaTypbi B KpuocTaTe )J.O 1 K. ,ll;anbHeii:wee ysenHlJeuue )J.aB
neHHH npHBO,li,HT K CpbiBY pe:>t<:HMa OTKalJKH H3- 3a npeBbiWe
HHJI MaKCHManbHO )J.ODYCTHMOH Harpy3KH Hacoca IiH-2000. 
TaKHM o6paJoM, HHTepaan TeMnepaTyp 1-1,2 K KaK 6bi oKa-
3biBaeTcH B "MepTBOH 30He", O,IJ,HaKO ee nerKO nHKBH)J.Hpo
BaTb, yMeHbWaJI npOXO)J.HOe CelJeHHe TpaKTa OTKalJKH. ilpH 
3TOM, KOHelJHO, CKOpOCTb OTKalJKH H MaKCHManbHO ,li,ODyCTH
MaJI CB4 MOwHOCTb ocTaiOTCH npe)I(HHMH, pacTeT nHWb 
)J.aBneuue u TeMnepaTypa B renuesoM cocy)J.e. Bee uccne,IJ,o
aaHHH, KaK npasuno, ocywecTBnHJOTCH npu onpe)J.eneHHbiX 
TeMnepaTypax 10,9 K; 1,26 K; 4,2 K/, npH'IeM B Ka)l(,li,OH 
o6naCTH TeMnepaTypbl TpaKT OTKa'IKH 003BOnHeTnO,ll,ll,ep)I(H
BaTb nO'ITH CTa~HOHapHyiO TeMnepaTypy B WHpOKOM HHTep-
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sane csq MOIJ.lHOCTH. KoHTponb ~aaneHHJI H TeMnepaTypbl 
ocymecTBnJieTCJI C nOMOIJ.lLIO ~BYX pTyTHbiX MaHOMeTpOB 
c npe~enaMH HJMepeHHH 760 MM pm. em. H 150 MM pm. em., 
~u4xtlepeHu,HanbHoro MeM6paHHoro MaHoMeTpa Tuna OM 
c npe~enoM HJMepeHHH ~o 10 MM pm. em. H TepMonapHoro 
~aT'IHKa Tuna JIT·4M. 

H3MepeHue napaMempoe J!II.R uccAeoyeMbJX 
o6pa3l.IOB 

~ 

HaJHaqeHHe 3neMeHTOB cxeMbl /puc. 1/ ~nB aao~a 
B pe30HaTOp H KOHTpOnJI CBq MOIJ.lHOCTH XOpOWO H3BeCTHO. 
0TMeTHM nHWb TOnbKO, qTo 3HaqeHHe MOIJ.lHOCTH CBq, no· 
CTynaJOmeii: B BOnHOBO~ H H3MepJieMOH ·no pa3HOCTH na~a10· 
meii: H OTpa)l(eHHOH OT Harpy3KH MOmHOCTH, eme He n03BOnJI· 
eT cy~HTb 0 MOIJ.lHOCTH, nornOIJ.leHHOH o6pa3IJ,OM, H3· 3a 
HanuquJI noTepL KaK B aonHoao~e. TaK u cTeHKax pe3oHaTopa. 
fipu6opbl ~nJI H3MepeHHJI MOIJ.lHOCTH /TepMHCTOpHaJI ronOBKa 
M5·50 u MOCT M3· 22/ ucnonLJYIOTCJI nuwb ~nJI KOHTponJI 
CTa6HnbHOCTH BHeWHHX ycnOBHH o6nyqeHHJI paJnuqHbiX 
o6paJu,oa, qTo noJBOnJieT c~enaTL JaKnJOqeHue o cpaBHH· 
TenbHLIX BenuqHHaX nornomeHHJI CBq MOIJ.lHOCTH paJnHqHbl· 
MH o6paJu,aMH. )J,nJI HJMepeHHJI nonJipHJau,uu JI~ep, apeMeH 
HaKaqKu u penaKcau,uu nonJipuJau,uu a ~aHHOH pa6oTe ucnonb • 
JOBaH HOBbiH Q ·MeTp C )l(eCTKOH aBTOnO~CTpOHKOH 
qacTOTbl npueMHoro nocne~oaaTenbHoro Kone6aTenbHoro 
KOHTypa/3/ • B 3TOM Q • MeTpe ~nJI CTa6HnHJaiJ,HH HHTerpanL • 
HOH HHTeHCHBHOCTH 6aJOBOH nHHHH ~OHa OCTaToqHOH ~yrH 
HaMH npHMeHJieTCJI aBTOnO~CTpOHKa ~a3bl onopHoro Bq Ha· 
npJI)I(eHHJI cxeMbl aaTono~cTpoii:KH qacTOTbl. Pa6oqaJI qacTo • 
Ta Q ·MeTpa 112 MF1.1, ~nuTenLHOCTL paJaepTKH qacTOTbl 
2 Mc,~eauau,uJI qacTOTbl 500 KFI.#. XapaKTepHoii: oco6eH· 
HOCTbiO 3Toro npu6opa no cpaBHeHHIO c onucaHHbiM a I 4/ 
JIBnJieTCJI BbiCOKaJI ~o6pOTHOCTb npHeMHOrO KOHTypa H, cne· 
~OBaTenLHO, 6onLWaJI qyBCTBHTenLHOCTb. 3TO o6CTOJITenb· 
CTBO nOJBOnJieT pa6oTaTb C ManbiM ~aKTOpOM JanonHeHHJI 
( TJ) o6pa3IJ,a H OT~enHTb OT nocne~Hero perHCTPHPYIOIJ.lYIO 
KaTyWKY npHeMHOrO KOHTypa. 06pa60TKa HH3KOqacTOTHOrO 
CHrHana npOH3BO~HTCJI, HaCKOnbKO HaM HJBeCTHO, BnepBble 
C nOMOIJ.lLIO CTp060CKOnuqecKOrO "box-car" HHTerpaTopa. 
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Ha puc. 3 BBepxy noKa3aHa 3anacb HeycaneHHoro carHana 
npH 'f = 1 K /C/lll=2: 1/ H 3allHCb ero HHTerpanbHOH HH
TeHCHBHOCTH. Owa6Ka npa H3MepeHHH HeycaneHHoro carHana 
± 1 ,5~. XopowaJI noBTOpJieMOCTb pe3yilbTaTOB H CTa6Hllb
HOCTb Q - MeTpa npH H3MepeHHH HeycaneHHOrO CHrHana 
ll03BOllJIIOT llpH HCClle)l.OBaHHHl cepHH O)l.HHaKOBbiX llO 'IHClly 
npOTOHOB B 1 CM:1 H 11 o6pa3UOB H3MepJITb HeyCHneHHbiH 
CHrHan llHWb y O)l.HOro H3 HHX, 'ITO CyJ.UeCTBeHHO COKpaJ.U8,eT 

apeMJI accne.IJ.oBaHHJI aceii cepaa. Ha puc. 3 noKa3a
Ha xapaKTepHaJI 3anacb ycaneHHOro carHana c noJIJIPH3auaei: 
±40~ H 3aBHCHMOCTb CHrHana OTPHUaTellbHOH llOllJipH3aUHE 
oT CBq MOJ.UHOCTH HaKa'IKH. HIDKe noKa3aHa xapaKTepHaJI 3a
nacb KPHBbiX penaKcauaa H HaKa'IKH nonJipH3aUHH. Bee 3TE 
)l.aHHble npHBe)l.eHbl )l.llJI O)l.HOrO H3 npOH3BOllbHbiX o6pa3UOE 
1 ,2-nponaH.IJ.HOHana c npaMecbiO Cr+ V H KOHUeHTpauaeii npa-
6nH3HTenbHO 2,2-10 ID cnuH/cM3 . 

B 3aKniO'IeHae Bblpa)l(aeM 6naro.IJ.apHOCTb P .JI.XaMH.IJ.YnH
Hy, O.H.II(eaeneay, A.O.Opnoay H H.3.KpaxTHHOBY 31: 
H3rOToaneHHe y3noa KpaoreHHoii qacTH ycTaHOBKH H npa-
6opoa .IJ.nJI accne.IJ.OBaHHJI ~llJI, IO.A.Ycoay 3a noMOJ.Ub B H3-
MepeHHJIX napaMeTpOB ycTaHOBKH. 
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