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OHIWI XAPAKTEPHCTHKA PABJ'lli 

AK!YmHocn pa6oTH. B MeTO.IlHKe <flRsll"'ecKor< 
KOpliT9JIRX MamHO Bbl,n9JIJlT:& psi.I1 BallrnllX sa,na'l, HM91Jl 

MHOrRX HanpaMeHHA l!ICCJie,noBaHIIA: 

I. Paspa6oTKH BhiCOKOaqxpeKTKBHHX BepliHHHHX ~ 

~ rl!!Op~biX ycTaHOBOK B ~8KK9 BbiCOKl!IX 3HeprHJ 

OC06ernl0 aKTy8Jil,HOA B OMSK C l!I3Y'I91ll'l9M ~.llKHX I 
HOBllX 'l8CTKU C BpeM8H8Ml!l ~3Hl!l Io-12+10- 5 c. B 
.119T9KTOpoB ~ l!ICCJie,nOBaHHH TaKKX 'l8CTl!ln BCe '18U 
ROBbie KaMepH He60nbiDKX pa3MepoB, KOTOpble .llO~bl 
B8HHHM paspemeHH9M B MKKpoHHOM ~all830He H BHCOJ 
B HacTo~ee BpeMH yxe .llOCTHrHYTH sHa'lKTeJU>HHe yc 
paJKeHHft TpeKOB, COCTO~RX K3 rrysHp:&KOB C p83M9p! 
.~tecRTKOB MKKpoH. O,nHaKo 6HCTPO.IleAcTBHe rrysttp:r:.KoJ 
'!KB89TCSI npHMeHSieMHMK CHCT9M8MH pacumpeHHSI .II C< 
IToaTOMY ITOBHmeHHe 6HCTpo,neACTBHSI T8Kl!IX KaMep ~ 
sa,na'le:l! K, B CBSI3H C 3THM, 38CJIYlt.IIB81DT BHHMaH.IJH 
ITpKB9.119HKH pa60'19A ~OCTH B COCTOHHKe '!YBCTBH~ 
meMY Hs.JIY'Iemm 6es HCITOnb30BaHKH Tpa,nl!IUHOHHHX PI 

2, Paspa60TK.IJ H HCCJie,nOBaHM 3JI9KTpoHHllX .11E 
pa60'IeA Cpe.llOA, B Ka'leCTBe KOTOpoA HCITOnb3Y9TCSI 
Xe) ITpK BbiCOKOM ,naMeHKH HJIH TOT xe ras B KOH.1191 
ITpHMeHeHKe TaKKX .~teTeKTOpoB B ~sH'!ecKOM axcrrep1 

lliHTb MHOrHe sa,na'I.IJ, CBH38HHble C perHCTpauHe:l! Hel 
TO'lHiiM OITpe.lleJieHKeM KOOP.!1HH8T '18CTKU, H3M8peH.Ile! 
rrOJIJJoro rror;romeHBH H .llP· B aacT~ee BpeMH HaKOI 

ITOnb30BaH.IJH .118T8KTOpoB Ha OCHOBe KOH,n8HCHpoB8HHI 
B itMSKKe BbiCOKBX 3HeprH:I!, 0.!1HaKO MaJIO .IJ3Y'I8HH ID 
MelltyTotUI!iX aHeprHsrx. He.~tocTaTO'lHH cBe.~teHM o6 H< 
B ITJIOTHllX 6Jiaropo.!1HllX rasax K IDC CM8CSDC, ITOJIY'181 
.118BJI8H.IJH ITp.ll O.llHOBpeMeHHOM ITOH.IJllt8H.IJH T9MIT8p8TfPI 
CBe.118HHSI 06 YCJIOBHSDC pei'l'lcTpanaz 'l8CTKU B TBep.!O 

3. PasBHTHe aKcrrepHMeHTmHo:l! MeTo~K.Il Ha < 

ycTpoACTB. CHcTeMH Ha OCHOBe CBepxnpoBO.IlSilliiDC Mal 
pacmKpRDT BOSMOlltHOCTH ~3H'l9CKOro 3KCITepHM8HT8 I 
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IHMaTeMa~ecRHY HayK ~.A.EaTYCOB 

"' 

OHUAH XAPAKTEPHCTHKA PAID'IH 

AKzyam,Hoc~ pa6oTu. B MeTo~e qMS.JrlllecKoro aKcnepiiMeHTa na yc
KOJll'!TeJISIX MOlKHO Bll,ll;e.mtT~ Pff.,It BBiHux sa.n;atr. IIMel!lllliX o6mee sHatreHue ,nJIJI 

MHOriDC HanpaBJieHU~ HCCJie,noBBHIDI : 
I. Paspa6oTKU EHCOKO~KTKBHHX BeprnHHHHX TpeKoBUx .neTeKTOpoB 

,nJIJI rz6pH,IJ;Imx ycTaHOBOK B !lJHsHKe BUcmmx ~meprun. 3Ta-npo6JieMa cTa.n:a 
oco6emm · aKTY8JIJ>HO~ B c;:Blisu c · RSY"JeHUeM Fe.IUGIX npon:eccoB o6pasOBBHUH 
HOBHX. traCTHU C BpeMeHaMH ~SHU Io-!2~!0- 5 c. B KatreCTBe BeprnHHHUX 
,neTeKTOp<>B ,nJIJI HCCJI9,IJ;OBBHIIH TaKHX traCTRU Bee trall{e ll:CllanbSymTCH IIySHp:b
KOBUe KaMepu He60JI1>111UX paSMep<>B, KOTOpHe ,IJ;OJllKH!l 06Jia,IJ;aTI> I!pOCTpaHCT
B9HHHM paspemeHHeM B MHKpOHHOM ~anaSOHe H EHCOKHM 6HCTpo,neftCTBU9M. 
B HBCTOSllllee BpeMH yx.e ,IJ;OCTHrHYTH .. SHQ"lll:TeJI:bHHe ycneXH B IIOJIY"'~~ ll:S06-
paxeHIIft TpeKOB, COCTOBll{HX US IIySHp:bKOB C pasMepaMH OT H9CKOJI1>KHX ,IJ;O 
,neCHTKOB MHKp<>H. 0,IJ;HaKO 6HCTpO,neftCTBil:e IIySHpl>KOBHX. KaMep IIOKa orpaHH
trRBaeTCH npUMeHHeMHMR CHCTeMaMH pacmnpeHRH H COCTaEJIReT !0-50 fti. 
lloaTOMY IIOBHmeHHe 6ucTpo,neAcTBHH TBKHX KaMep HBJIHSTCH rrepcneKTHBHOl\ 
sa.n;atreft R; B CnffsH C ~THM, 3BCJIY7KHBBDT BHHMBHRH IIOHCKR HOBUX Cll0C060B 
Ilpl'IBe,IJ;eHHH ~6otreft ~OCTH B COCTOHHHe tryBCTBHTeJibHOCTH K HOHHSil:pyro
ll!eMY HSJIY"l9HHD 6es HCIIOJibSOBBHUH T~OHHHX pacmHpRTeJibHHX ycTpol\CTB. 

2. Paspa60TKR R HCCJie,IJ;OBaHHH SJI9KTp<>HHUX ,IJ;eTeKTOp<>B C llJIOTHOli 
pa6otreft cpe.noA, B KatrecTBe KOTopoA ucno;n,syeTcH 6Jiaropo,D;Huft ras (Ar, 
Xe) npu BUCOKOM ,IJ;aBJieHHH UJIU TOT ~e ras B KOH,IJ;eHCil:pOBBHHOM COCTOaHHn. 
ilpiiMeHeHHe TBKRX ,IJ;eTeKTOp<>B B qMSH"leCKOM 3KCIIepHMeHTe llOSBOJIHeT pe
mHT:b MHOrHe sa.n;atrH, CBIISBHHHe C perHCTpaUHeft HeftTpaJibHOrO HSJiytreHRH, 
TotrHHM onpe,neJieHHeM KOop.nmtaT tracTHD:, HSMepeHHeM' HX aHeprHH no MeTo.ny 
nOJIHoro norJiomeHHH H .np. B HacToHll{ee ·BpeMH HaKOIIJieH 6oJII>moA onuT uc
IIanbSOBaHHH ,IJ;eTeKTOp<>B Ha OCHOBe KOH,IJ;eHCHp<>BBHHHX 6JiarOp<>,IJ;HuX rasoB 
B qMSmte BUCOKRX 9Heprnft. 0,IJ;HaKO MaJIO HSY"J9HH ·nx BOSMO~OCTH IIpH npo
Me~O"'HHX 9HeprRHX. He,IJ;OCTBTO"'HH CBe,IJ;eHHH 06 HOHHSan;IIOHHHX npon:eccax 
B IIJIOTHUX 6Jiaropo,D;HHX rasax R HX CM9CHX 1 IIOJIY"l9HHHX IIyT9M IIOBHm9HHH 
,IJ;aBnelUIJI npH O,IJ;HOBpeMeHHOM IIOHH:lteHHH TeMIIepaTypU. llpoTHBOpetrRBH TaKXe 
CBe,IJ;9HHH 06.yCJIOBHHX perHCTpaUKH trBCTHU B TEe~ aproHe H KC9HOHe. 

3. PasBHTue aKcnepiDv!eHTa.JibHOA MeTo~ Ha 6.ase cBepxnpoBO.nSllllHX . 
ycTpoflcTB. CiicTeMH Ha OCHOBe CBepxnpoBO.nSllllHX MarHHTOB cymecTBSHHO 
pac~. BOSMOXHOCTH WHSHtrecKoro aKcn~pHMeHTa no cpaBHeHHD c.o6uqgu-



MH MarHHTBMH• ~OHHO CBBJllOIPOBO.ItRIIti'Ie Mlll'HRTHHe ycTpoftcT:sa (KBK 
H o6wnrue MarHRTll) ripHMBHSlDTCJi ,lt.1IJ!: cJx>eycRpomw: 'IJS.CT~, HX OTRJIOHBHRII 
H aH8JIH38 IIO m.myJII>CaM. 0,ItHaKO CYJilBCTBYBT psl;lt HHTepecH!lX o6JracTeft HC
cne~OBaHHft,'r~e CBBpxllpOBO~e MarHHTHHB CHCTBMll MOryT BHnO~D H 
.IlPYI'H8 <IJymw,IDI, BllTBKaKllti!B RS CIIB~~BCIWX BKCIIBpmMBHTaJII>HI:lX TpeOo
:saHHlt • 0,ItHO HS nepCIIBKTHBHllX Hanparor~HHiJ CBSISaHO .. C ripHMBHBHHBM cBepx
npoBO.wmtHX MarHHTHI:lX JIOByllleK ,IJ,JIR pememm. s~ati, Kor~ Heo6xo,mmo co
cpe~oTO"<IHTD B HBOOJII>moiJ 06HacTH npocTpaHCTBa HHTBHCRBH!le IIOTOKH HSY
tiaeM!IX "l8CTHU. HSBBCTHllM npe~OlltBHHBM,_ C~eJiaHHllM BIIepme Ha OCHOBe 

STOll MBTO,IJ;IIKH, SillJIJIBTCJi nHOHHM. R MIOOHHBJI MBrHHTHB.il JIOeymKB KaK HC- · 
TO"'HRK aneKTpOHHI:lX H MIOOHHI:lX HBftTPKHO *. 

4. .PaSBHTHB MBTO,IJ;IIKH HSyqe:mm BemecTEa C IIOMOmDJJ }4. SR-MBTO~a npn 

HHSKHX TeMnepaTyjlax. OTH RCCJIB~OBaHRfl OCOOBHHO HHT9peCHll B CBSISH C 
. TeM, 'ITO B ycJIOBHSDC HHSIWX H CBBpxHHSIWX TeMnepaTyp MOryT H8HOOJI89 

OT"'BTJIHBO I!poSIBHTDCJi K:saHTOBlle eqqeKT!l ripH . B88HM0~9ftCTmni C BemeoTBOM 
IIOJIOlltHTBJIDHOro MlOOHa, KOTOp!rlJ RCIIOJII>SYBTCSI B fl SR-M8TO~e B RatieCTBB 
npoOHOft "l8CT~ml:l. 

,· . ·' · .. 

Uem, pa6oTII. UmD ~ccepT~ .IIB1I.IIBTCSI_ paspa6oTKB, :Kccne~oBa
HHe'a IlpmM9H9HH9 B·qHSH"'BCIWX _9KCII8pmM8HT8X HOBllX ~eTBKTOIJOB H 9KCII8-
pHM9HTBJII>HllX ycTBHOBOK, pa60TEll!JlOOC B o6JiaCTH KPHOreHHI:lX TBMnepaTyp •. 
0CHOBHll9 pas~eJIH ~ccepTa~ IrOCBSIIIlBHll IIOHCKaM nyTeft COS~aHHSI ~-C>-:' 
BO,ll;OpO~Oll Tiy3h!JlbKOBOll KaMeph!;C RCIIOJI~30Ba.HHSM B03~9llCTBIDI .Y:JIDTpasBy-. 
K8 Ha paOotiyro cpe)J;y; HCCJI9~0BaHHSIM ~ paspaOOTKaM aneKTpOHHh!X ,!1;9T9KTO

·POB Ha OCHOB9 aproHa H KC9HOHa OOJII>IDOll llnOTHOCTH;paspaOOTKaM :KpHOr9H
HhlX ycTpOHCTB - CB9pXIIpOB0~9ll MarHHTHOll JIOBymKH H KpHOr9HHllX Mlllli9~ 

H9ll .- )J,liSI II9pCII9KTHBHllX 3KCII9pHM9HTOB,CBSI3aHHh!X C H3Yti9HH9M IIpOIJ;9CCOB, 
BllSBaHHHX OCTaHOmmmm.mCSI MlOOHBMK H lmOHaMH B BemecTBe. 

· HOBHSHa paOOTll: 

I • liOJiy"<IeHll TpeKH HOHHSHJlYI!IIIHX ."'8CTHU B ~OBO~Opo,ItHO:It ny8llpD
KOBO:It KaMepe IlpH O,ItHOBp9M8HHOM BOS~eftCTBBH Ha paOO"<IYJJ ~CTD yJII>Tpa-
8B,1K8 H MBXaHH"'BCKOft paCIDHpHTeJII>HOft CRCTBMll, KOTOpaSI 008CII8"<IHB8JIB no
HRllt8HH9 ~aBneHRSI B paOO"'BM OO~eMe KaMBpll, COOTB8TCTEY!Jm99 Ha"laJIY ee 

· tiYBCTBHTBJil>HOCTH K HOHHSRpynqBMY RSJJY'IBHRD. IIpoBe~BHO ~BTBJII>HOB Rc
cne~o:samre ycnomfn cJx>p.mpc>EaHRSI TpeKOB B lm)tKOM BO~Opo~e B IIOJie ~aB-
JIBHHSI YJil>Tp88ByxOBO:It BOJIHll. . 

2. IIpe~Ollt9H8 K RCIIllT8H8 MO~eJII> HOBO! CRCTBMI:l paCJIIRpeHKSI ny8!lpD
ROBOft RaMBp!l Ha OCHOBe aH8RTpcl~aMH"l9CKOro IlpHBO~a CO CB9pxiipclBO~
mRMR OOMOTRBMK. 

* L , obashev V.M. and Serdyuk o.v. Nucl. Instr. and Math., 1976, v.1J6, 
p.61. 
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3. liOJiy"<IeHll CRCTBM~TH"'BCKHB 3KCII9pHM8HT8JII>Hll9.~8HHll8 0 nponeccax 
perHCTpa~ "l8CTHU B ripOIIOp~OHBJIDHHX C"l9T"'RK8X, 88II0~9HHI:lX aprOHOM, 
KC9HOHOM H HX CMBCRMH npR OOJII>IDOH IIJIOTHOCTR,' COS~a:saeMOft 88 C"l9T IIOBll
meHRSI ~aEJieHHSI (~o IOO aTM.).R IIOHRlltBHHSI TeMIIepaTypll (~6 I50.K) 88IIOJI
HRJJm9ro rasa. IIpn STHX YCHOBHSDC B CMBCH aproHa C RCBHOHOM OOHapyllteH 
H8M8T8CTaOHJil>Hllft eqqeKT IIeHHRHra, npHBO~ft K pclCTy HOHH88~ B Jia-
BRHe. 

4~ ,lleTBJII>HO RsyqeHll ~8T9KTRpyllll:IH9 CBOftCTBa C"'BT"'RKC>B R KaMep Ha 
OCHOBe KO~BHCRpclBaHHllX aproHa R KC9HOH8. llOKasaHO, 'ITO ~ C"'BT"'RKOB, 
san~eHHUX TBe~ aproHoM R KceHoHOM, xapaKTepHHM SillJIJieTcSI cTa6HJID
HUll HOllli88IUWHH!rlJ pelltHM paOOTll, KOr~a HMnyJIDC H8 BHXO~e C"l8T"'RK8 o6yc- · 
JIOBJIBH_COOpOM aHBKTpclHOB HOHH88~H# ITOK888H8 T8Kllt8 ~KTHBHOCTD HC-. 
IIOJII>SOBaHHSI MHOroaneKTpO,ItHllX.ROHH38~0HHI:lX KaMep Ha ~OM aproHe ,IJ,1IR 

CIIBKTpoMeTpHH "l8CTHIJ; npOMe~yTO"'HllX SHeprni!. 
5. ,lLJrSI j\ISR-MBTO~a paspa00T8H8 R npHMeHeHa B BKCII8pRM8HT8X cepHSI 

KpHOreHHHX MHID8H9i!, IIOSBOJIHBIDBJI IIpclHBBBCTH RCCJIB~OBaHHSI pJm8 npouec
COB, CBSISaHHllX C BSaHMO~elcTBHBM IIOJIOlltHTBJil>HHX MJJOHOB.CBemeCTBOM B 
~anasoHe TeMnepaTyp 4,2+300 K. 'CymecTBeHHllM pesyJII>TaToM BTHX RccJie
~oBaHR:It SIBRJIOCL 3KCII8pRM8HT8JlbH08 OTKpllTRB SIBnBHRSI KBaHTOBOA.HBKOre-

peHTHOl ~~SRH IIOJIOlltRT9JIDHOrO MJJOH8 B M9Tannax. , . 
6. PaspaOOTaHa H BBe~eHa B ~e!CTBRB KpynH8H CBepxnpoBO~aH_Mar

HRTHaSI JIOeymKS MHOrOIJ;eJIBBOro H88H8"19HHSI; IIOSB~aSI y)l;BplltRB8TD B pa
OO"'BM OO~eMe RHTBHCRBHUB IIOTOKH'H3yti88MllX "l8CTHU C RMTiyJIDCaMR ~0 100 
MaB/c. • 

IIpaKTH"<IecKaSI sHatiRMOCTL 
I. l1CCJI8~0EaHRSI, · II03BOJIHB1m8 IIOJIY"lRTD CJIB~ll sapsmeHHI:lX "l8CTHU B . 

~OM BO~Opo~e npn B03~8ftCTBHR H8 Hero YJIDTpBS~OM,Ba!Hll ,IJ,JIR·cos~a-
HRSI yJIDTpBSBYROBIIX nysiipLKOBIIX KSMep. . 

2. PesyJIDT8TU RCCJI8,!1;0BaHRA·npono~OH8Jll>HllX C"'BT"'RKOB BllCOKOro 
~8Bn8HHSI, HaiiOJIH9HHllX CMBCDJJ aprOHB. .R KC9HOH8, RCIIOJil>SyMCSI B COBMBCT
HOM npe~OltBHKR ~H-QIDlli-l1TScl1 ,lt.1IJ!: p88BHTHSI MBTO~a RSYtiBHH.II HBlTpHH
HllX B38HMO~e:ltcTBR:It C IIOMOmDD MHOrOTOHHOrO ~eTBRTOpa HeATPKHO Ha OCHQ-
Be TaROA CMBCH *. , . . . ,· . . 

3. PSspa6oTKH i<pnoreHHIIX MHiliBHBA ,l(JIIi HSyqeHKSI BemeCTB8 C IIOMOiill>D 
JIISR-MeTO~a Ha. ycROpHTeJie TBJia cma:poiJ;HKJIOTpoH B o6JracTR TeMIIepaTyp · 

4,2+300 K ~T OCHOBO:It ~8Jll>He:ltmero pa8BRTIISI II0~06HOA amrapaTYp!l ,lt.JIJ!:· 

BTOrO nepcneKTRBHOrO HanpaBnBHKSI HCCJIS~OBSHKA Ha YCKOpHTeJIRX C EHCQ
ROA RHT9HCltBHOCTbD nytiROB {B 'IJS.CTHOCTK, H8 ycTaHOBKe "~") B mRpoKOM 

~II8SOH9 TBMII8p8Typ BnJIOTL ~0 CB8pxHlil8RHX. 

. * IlmnHeBCRd A.B., ro.nY'rBHH H. A., .UOJiromeRH B.A. lil ,lijl. IIpeiipHHT . . 
HT~-59, Mo01rna, I979. 
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4. IlpnMeHeiDie CBepXIIpoBO,ItmlliDC Mai'HHTHUX: JIOByllleK S!M>eKTHBHO WIJl . 
pemeHHHMHOrHX sa~a~. cBHsaHHHX c zsyqeiDieM JierKHX MesoaTOMOB,-Kor~a 

B Ka~BCTBe cpe~H, r~e OIDI.06pa3yroTCH, HCITOJlbSyeTCH rasoo6paSHOe Be

nteCTBO *. 
IlOJIOl!teHHH ;IJ;l'ICCepTal@!, rrpe,n;cTaBJieHHHe ,!T,Jili Sall@TH 

I. PesyJlbTaTH zcCJie~OBaHHH l3JIWilOOI yJiJ,TpasByKS Ha poeT eysup:r,

KOB, muru;mrpoBSHHHX HOHHSHpYJOlllHM liS~eiDieM, B ~OBO~Opo~oft nysup:&

KOBOfi KaMepe U 060CHOBSIDie BOSMOl!tHOo/li COS~SHHH YJlbTp83BYKOBOfi llm,JU{O

BO~Opo~ofi nysup:&KOBOfi KaMepH. 

2. 3neKTpo~~eCKaH CHCTeMa pacmHpeHHH nysHp:&KOBOfi KaMepu Ha 

OCHOBe CBepXIIpoBO,ItmlliDC 06MOTOK. 

3. 3KcnepHMeHTaJI:&HHe pesyJlbTaTH liCCJie~oBaHHH! 

a) rasOBHX npoiTOpUaOHaJI:&HHX C~eT~KOB Ha OCHOBe aproHa 1 KCeHOHa 

H HX CMeCH BHCOKO:A TIJIOTHOCTH, nOJIY'IeHHOil nyTeM yne~eHHH ~aBJieHHH 

~o roo aTM~ H noHID!teHHH TeMnepaTYPH ~o I50 K pa6o~ero rasa; 
. . . -
6) c~e~HKOB Ha ~cHoBe TBePnHX aproHa H xceHoHa; 

B) MlioroanexTpo~Hofi ~oaprOHoBo:A KaMepu, rrpe~a·sHa~e1IHot! ~ 
crreKTpoMeTpHH H·~eHTH~ ~aCTHU rrpoMeJ!tYTO~ 9Heprzi1. . 

4. 06HapyXeHHH:A B'CMBCH aprOHa C KCBHOHOM ITpH BHCOKHX ~aBJieHII.RX 
HBMeTacTa6HJI:&HHtl ~KT. IleHHKHra~ 

. 5.-KpHOreHHHB MHlliBIDI ~ HCCJIB~OBSHHH BBntBCTBS B o6JiacTH IDISKHX 

TeMrrepaTYP C ITOMOnt:&Kl JA SR-MBTO~a. 
6. 3KcnepHMBHTaJI:&HHB pesyJlbTaTH, liJIJIKlCTpHpynllliB npHMBHBHHB KpH

oreHHHX MHmBHet! B J1 SR-SKC_rrepHMBHTSX no IrsyqeHHD ~@JySHH nOJIOJKHTBJI:&

HHX MIDOHOB B MBTSJinax, HCCJIB~OBSHHD CBOi!CTB CBBpXIIpoBO~ero C~, 
rroHcKaM aTOMa MIDOHHH B"MBTa;rnax~ 

7. CBepxnpoBO~aH MariDITH8H JIOBYillKa ~ 9KCITBpHMBHTOB, Tpe6~ 

ntHX KOHneHTpagrm B orpaiDI~eHHOM npocTpaHCTBB HHTBHCHBHHX nOTOKOB Ko

pOTKOl!tHBJ'ntHX ~aCTHn (mrOHOB, MIDOHOB) c HMeyJlbC8MH ~0 roo MaB/c. 

8. Ilpe,ItJIOl!tBHHH no npaKTH~BCKOMY HCITOJI:&SOBSHHD pesyJI:&TaTOB ~C
cepTagrm. 

Anpo6aiJ,IDI pa60TH. PesyJlbT8TH ~ccepTawm ~oiur~BaJIHc:& Ha ceMH

Hapax_ JlHII OHIDI, MH~~. Ha Me~ap<>~oA KOHq>epeHI@! no npH6opaM ,!T,Jili 

(pHSHKH BHCOKHX SHeprl!:A (II>paCKaTH, ~TaJIHH, S.:.I2 M8H I973 r.), H8 Pa6o
~BM COBBntaHHH no TBXHHKB nysup:&KOBHX KaMep ()Jy6Ha, 8-II anpeJm I969 r.) 

Ha Ill Meit,eyHapo~oM conentaHHH no nponopnHOHaJI:&HHM H .u;pe:A!foBHM · KaMepaM 
()Jy6Ha, 6-I 0 HlllUl I 978 r. ) • . . . 

* AMaJI:&cKHt! r .M., repacKKH E.B. , I'pe6KHHHK B.r. H ~· IlperrpirnT .JJWN?, 
.If! 337. Jla~pM. I977. · - • · 

Fiorentini G., Pitzurra o. Nuovo Cimento, 1978, v.4JA, p.J96. 
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II;y6Jnma!!!!!'. no :pesyJlbTaTBM · BWIOJIHeHHHX ncCJie.noBSIDIA ony6moM.

Ho 20 pa60T B M8TBpmiJISX yKSSaHHHX BHDIB · KOH<lJepe~ H COBBntaHHA, a 

Ta.KJtB B lcyl)HaJiaX StiA.Il, Jt3~, lliJ:c:&Ma B JKm, ·l!t'.N), .)JJIH, AKycTmBCKHtl 

JKYPHaJI, B rrpenpmiTax H coo6nteHHJDC OIDIH, B 6!lJIJieTeHe O~OT3. 

06i>~M: ,l[HCCBpTamnt• )LHCCBpT8Il;IJR cricTOHT liB BBB~emm:, nHTH rJiaB; 

Blffio~oB H saitlliRemm: o6ntHM o6i>eMOM 238 CTpaHHn, BKJIJJ'IM 87 p:acymcoB, 

9 Ta6JIHn li.CTIHCOK JIHTepaT1PH, co~e~! 3I5 Has~. 

. CO,nEPJKAHHE PAID'IH 

Bo BBB,IJiSIDm _KpaTRO H3Jlai'8JJTM npe;$ocH.JIKn BOBHHKHOBeHHH psma · 
rrepcrreKTHBHHX 3~8~ B MBTO~e ~B~BCKOrO 9KCITBpHMBHT8 Ha ycKOpHTB~ 
JIJtX; 060CHOB!lB8!lTCH aRTySJI:&HOCT:&, HOBRSH~ ll ilpaRTmBCKaJI ~H8~0CT:& 

pa60TH B CBJIBH c pemeHHBM airzx a~a~; xapaxTepzayeTCJI co~eplltB.HHe oT- . 
~BJILHHX rm ,IiHccepT~m~UI. .. . I '. . . 

' _, ' 

IlepBaH rJiaBS rrOCBHnteHa paspa60TKaM ll HCCJIB~OBSHRRM 6HCTpO~e~CT-
:syDIII!X Jm,ItKOBO~Opo~ nyaup:&KOBHX RBMep, rJiaBHUM ~6pa.SOM 1 ruwep, 

ITpHBO~ B COCTOJIHHe ~CTBHTBJI:&HOCTH K ,liOHHBJitPYDIIeMY HSJJY"'BHHD .. C 

ITOMOilll>ll yJlbTpaSBy-Ka. .. , . . .. 

YJlbTpaaeyxoBHe nyaup:&KOBHe KaMBPH (Y3I1K) ilpHMBKallT :BmfMmme 

6HCTpo~e!CTBHBM H TBM, 1JTO B ,lmX CJIOlltHM MBXaHH1JBCKaH CHCTe.Ma pacWH

peHHH pa6o~ero 06i>BM8 BaMBHJIBTCH MaJIOHHBPnKOHHOft yJI:&Tp83ByKOBOft CRC

TBMO!. B Y3IIK Ha. aapo~eBHA napoBOi! eysHpeK B xOuntOCTH ~e~CTBY~T rre-

peMBHHOe ITOJIB ~aBJIBHHH! . 

P(t) =Po + PmSi.n. (2'Ji f t) ,. 
r~e P 0 :- cTaTriecxoe ~aBJieHHe_ B KaMepe, Pm - aMTIJIHTY)J;a ~aBJieHHH B 

yJlbTp83ByKOBOA BOJIHe • t ";" _1!8CTOTa YJlbTp8BByxOBorO. rrOJUI (Y3II) • · IlpH xa

paKTBpHHX 11acToTax · yJI:&TpiSIJYKS. nop~Wtli ~eCJITROB H coTeH Kl'n BpeMemt 

paCTHKBHHH ~OCTH B BOHBX ~CTBHTBJI:&HOCTH K KOHHBH~eyY liB~BHmD 

. OROJIO 10-4-ti<T"5 c, 1JTO cyDteCTBeHHO 6oJI:&me BpeMeHH pocTa sapo~e:BHX 
nyaup:&KOB ~0 KpHTlf'IBCKBX pasr.tepoB (.:.. I<T"10• c). IlOBTOyY rroporOBaH • 

ITJIHTY~a ~aBJieHHH PJIIk · yJI:&TpaaeyxoBOro ·nOJUI, HHJte xo'l'opoA nyaupex .pac

TeT B Y3IIK, MOJtBT 6HT:& oneHeHa TaRHM llB o6paSOM, KaK H BeJm1DIHB. C6po
ca • ~BJIBHWI B 06~01 nyaup:&KOBOft KaMepe • . T. e. 

PmK ::: 11pK -t- APo 1 

r~e l!. Px -. I<aBHT~OHHaH npo~ocT:& ltH,IJ;ROCTH IIJlH cTaTmecKOM pacTHKe

HD, A Po - cTaTmecxoe nepezaTHe llH,lU«>CTH, xapaxTBpiiBYIIItee rrpeBH!IleHHe 

cTaTmecxoro ~Marum P0 -~ ~eHHeM HBCHJIIBHHJ.a napoB P6" • 

. XapaxTepmle BeJllf'IHHH aMIIJIHTY~ ~eHHH Pm B ynTpaSByKOBO! BOJI-

. He,He06XO,Jl;II[Mile ,It.liSI pBI'IICTpanml ~CTHn, COCTaBJI.RilT ~ D.Jntoro BO~Opo~a 
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III>H 27 K ... 3 aTM., motKOro remm np:a: 4,2 K - 0,3 aTM., (ppeoHa IIpH 
34oc - 8 aTM~ · CooT:seTOTBYJJitlle BH'l'eHommoon YJil>TJlElsByltOBOro nOJIJI ooo

TaEJIHJ7r 90 BT/~ .It1IJI motKOro BO.n;opo.n;a; I,8 BT/a.2 .It1IJI ~oro re.mm 

R 82 BT/OJl- ,It1IJ1 (ppeoHa • .IJ:ooTUeHHe Tamrx: BMWmTy.n; .n;aBJiemm K HHTeHORB
HOCTel YJil>TpaSBYKOBOrO ITOJISI (sa ROK.JIIllreHHeM OJiy'UU!: U.D;Koro remm) Jm

JISI8TOJI BeC!>Ma OJIOZHOI S8,ll;a'lel. · 

MOEBO B~e~Tn H80KOJil>KO BTanOB B pa5BRTHH M9TO.n;RKH perKCT~ 

'!aoTm:t· B D.JtKOOT.RX, no.n;:seplltemmx llJIW!HRI) YJil>Tpa3BYKQ. 

Ha paHHel CTa,nHR ROOJI8.D;OBBHRI _(CM., Hai:rp:a:Mep, *) 6wm: ITOJ!y'le:mi 

.n;oxaaaTeJil>OTBa oyiiiecT:seHHoro omuteHRI! KaBRTSUHOHHm:: noporoB Ll Px .It1IJI 
MHOI'IDC l!R,ltKOCTe! IIPR o6.ny-qemm RX KOHR3zpj'JlltKMK '!aOTRilf3MK. 3aTeM .n;e

Jia.JIRoi:. H80.D;HOKpaT:mie UOIIbtTKK Uo.ny-qKTL TpeKK '18CTm:t a· UOMOIIIDJO YJil>Tpa-

5BYK8. (HanpRMep, 8 ). . 

llpKHUHITKannHO,EOnpOC 0 perKCTpaUKH '18CTKU C ITOMOmblO 

YJil>TpaaBYKS 6un pemeH B Ham:ax pa6oTax .ItJISI cnyqag ~oro BO.n;opo.n;a.K· 

.B npoBe.n;eHHm:: HeaaBKcKMo pa6oTax rpyrrrrn UEPH -. ,ll;JIJI> MY'!M ~oro re

.mm: 3BBE. 

Bo3MOEHOCT» COS.D;BHRH U.D;KOBO.D;Opo.D;HOI Y3ITK 6una 060CHOBaH8 B SKC

nepRMeHTax, BUITonH6HHHX 0 UOMOIIIDJO . .D;elcTB,1Kmel U.D;KOBO.D;Opo.D;HOI ITy5Hph

KOBO~ KaMepu, B KOTOpott O;nHOBpeMeHHO C BoS6y3.D;eHKeM YJil>TPa3BYK0BI1X 

Kone6~1 MOr 0Cyiii6CTBHRThCR OrpaHH'I8HHI11 neperpeB XH.n;KOCTH, B!13BaH

Imft 0611'1IDIM paCIIIRpKT8Jll>HI1M ycTpOICTBOM~ .IJ:HarpaMMa .D;aBJieHKI B TSltOI 

KOM6HHBpoBaHHol'oKcTeMe·npe.n;cTaBneHa·Ha PHC.I. Be~a .n;aBneHKR P0 
MeHRnaOn B npo~ecce. 8KCIT6PHM8HTa B SaBKCKMOCTK OT B!160pa CT6IT6HK pac

mKpeHKR pa6o'!ero o~eMa KBMepu K·Mor~a .n;ocTKraTh HCXO.D;Horo cTaTK'Iec-. , . 
Koro .n;aBneHKR P0 • . . 

B nepBm:: OIIb!Tax KcnoJu.aoBMac» IJ,WIKH,IijlK'IecxaR qx>eycRPYJlllM yJil>Tpa-

3BYKOBBR CKCTeMa. llwnm.n;pK'IeCKKI K3JlY'I8T6Jll> H5 ce~Olm:poBaHHOI Kepa.:_ 

MKKK THTaHaTa. 6apRSi KSJlY'IM YJil>Tpa3BYKOBI1e Kone6SHRH Ha pe30HaHCHOI 
'laCTOTe t 0 = I4·Krn K COS.It~ . .ztaBJieHKe B YJil>Tpa3B,YKOBOI ~o~e 
p m "" I, 2 aTM ~ UPH MeKTpK'16CKOM HanpmteHKK Ha 06KJia,ItKaX xepaMKKK -I. 2 

KB. b.nKKI BO.D;Opo.D; B KSMepe HBxO~OJI uPK TeMrrepaTYpe T = 27 K ('ITO 

OOOTB6TCTBOBMO .D;aBJieHKD H8CHnt6HHOro napa p ~ = 4,8 aTM.) K KCXO.D;HOM 

cTaTK'IecxoM .n;anneHRH P~.= 5,8 aTM. llpK·neperpeBe, cos.n;aHHoM o6!1'1Hol 

paOIIIRpKT6Jll>HOI CKOT6MOI, OOOTBeTCTByJOmeM MKHHMaJil>HOI 'iyBCTBRTeJil>HOCTH 

KaMepu K KOHK3HpyD!I9MY H3JlY'I8HKD, UOOJie BBe,D;eHRSi yJil>Tpa3BYKOBoro KM-

*Sette D. and Wanderlingh F. Pnys. Rev., 1962,·v.125, p.409. 
** Hughes A.L. In: Proc.' Intern.· Coni'. Instrum. for IH.gh Energy 

Pbysics, 1960, Berkeley, po99o:· 
'*& -

Brown R.C.A., Hilke H.J., Rogers A.H. Nature, .1968, v.220, p.1177• 
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P:a:c.I .IJ:aarpa.MMa H3M8H6HHH .u;aBneHKR BO BpeMeHK B pa60'18M o6~eMe rry-

3!1pbKOBOI KaM6p!iiijlKCOBM8CTHOM .u;eloTBKK.YJil>TpaaBYKS K Mexa

HK'I8CKOI paciiiRpK~eJil>HOI .cHC'¥eMI1: P~ -, KCXO.D;HOe CT~TK'I8CKOe 
.u;aBneHHe; P 0 - oTaTK'Ie.cxoe .u;aM~HHe B lm.u;KOCTK, coa.u;aooeMoe 

paCm:ll:PHTeJil>HOI CHOTeMOA Ha U8PHO.D; BBe.u;eHKR yJiiTPaBBYKS; P0 -

.u;aBneHHe HaC111118HHm:: napoB; P'l - .u;aMeHKe noporOBOA 'iyBCTBK

TeJil>HOOTK; Pm .:.. aMilJIKTy.n;a .u;aBneHWi YJil>TpaBBYKOBOro .nOJIJI; 

APo - cTaTK'Iecxoe nepezaTKe D.IJ;KOCTK; APx - KBBHT~OHHast 
rrpo'IHocTL XH.D;KOCTR; APe - KaMeHeHKe .u;aMemm, coa.u;aooeMoe 

paomKPRT~HO! CKCT6MOft; ~l - ~Te~OCTl> KMITyJil>Ca MexaHH

'18CKOrO pac:umpeHHH; 1:'2 - ~TMl>Hocu KMrrynca YJil>TpaaBYKB; 

Ll1: ~ a8,ll;epmta ~ 'ISCT~ noOJie Ha'!Ma yJil>TpaaByxoBoro 

KMITyJil>Oa; A t 2 - 38,ll;6pllllt8 qxlTOC~eMKK ITOOJI6 BBO,D;a .rry'IKa '18CT~; . 

At3 ~ ~TeJil>HooTL KMfiYJil>ca ITy'IKa 'lacTm:t. 

rrynca ,ll;JIKTMnHOCTn!O I0-I5 MC.Ha6JIJWJ;a.JIKCn Henpep11BH!1e ITO BCeMY. npo-
OTpaHOTBY TpeKK Jr -MeSOHOB 0 9Hepr:a:eft. 340 Ma}J (PHC.2). . 

B .u;aJil>HelmeM HaMK KCITOJil>SO~On one~aJil>HO paapa60TaHHI18',It1IJI 

KPHOreHHHX ~ocTeA cocTaBIDie ~ocxocTepmieEHe .za~aT~, cocTo~e 
K5 KepaMK'IeOIOIX mal6,. CJ[QT!lX aJ?MHPYilliKM HaJipJmeHHeM~ C ITOJJ!OIIIDil Ha.IIpaB

JieHHWC HaBCTpe'IY 1J:PYT .u;pyry .u;eyx TaxRX H3JJY'I8.T6~el 6wm: Oqxlpmp<lBaHH 

B U',ltKOM BO,D;Opo.u;e MOCKKe OTOSvme BOJIHI1 Ha 'ISOTOTe 38,4 Kl'n C 8MIJJiliTY
.u;ol .u;aBJieHRSi. ~..., 3 aTM. B peayJil>TaTe 6wm rrOJ!y'leHhl OJie.u;u Ir -MeBOHOB o 

. , 
aHepr:a:el 340 UaB UPH cTaTK'IeoxoM .u;aBneHHH B YSUK P0 = P0 = 5,I5 aTM., 
KOTOpoe npeB11111~0 .u;aBJieHHe Ha0111116HHHX napoB P6 = 4,8 a'!V •. (T ~ 27 K) · 
Ha 0,35 aTM. ,Il;JmTeJil>HOCTb YJil>TpaBBYKOBOrO m.mynca COCTaBJmlla 4,5MC. 
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PHc.2 ~OTOrpaqHH cne~OB OTpHnaTe~HHX DHOHOB C SHeprze! 340 MsB B 

~oBo~opo~oA nysblpDKOBO! KaMepe B y~TpasBy.KOBOM no~e,rrpK 
cTeneHH pacmKpeHHH, coqTBeTcT~el MHHHManDHOI ~CTBKTex&
HOCTH KaMepH. a - 6es y~TpasByXa, 6 - 'c y~TpasBy.KOM·. Ycno-

. . . . . . r 
BWI sKcneiJllMeHTa: T = 'Z7 K, P6 = 4,8 aTM., P0 = 5,8 aTM., 

Pm<>< I,2 aTM., 'tr = IO MO, '1:'2 = I5 Me, f = I4 KI'It. 

Hccne~oBaHHH ycnomtll · <llepMHpOBaHHH TpeKOB B YSITK nomsMH orpaHH

~B~ee BnRRHHe KaBHTBUHOHHHX HBHe~ Ha llOB8pXHOCTH HS~aTenel Ha 

8MII.7IHTy.IJY p m ~aMeHWI Y~Tpa8ByROBOro llOJifi. nOSBMMH . oneHHTD BpeMJI 

pocTa ( ... 2 MC) Dy8b1Jll>KOB ·~0 pasMepoB - 2·I0-2+I0-I CM, npocne,nRTD, 

H3M9H9HII8 MOTHOCTII nyBbipDKOB H8 Me~e '!ffi.CTHnbl CO BpeMeHeM, npoB8CTII 

CpaBHeHHe SRcnepHM8HT~HbiX ~aHHHX 0 pocTe DySbiJll>Ra C TeOpeTKq8CKHMH 

pactieTru.m. 3aBHCIIMOCTb ~ca DySbiJll>I\8. oT BpeMeHH, pacTyll{ero B y~Tpa

SByROBOM no~e, ~ c.rrytiM Jm.IU{oro BO~opo~a, npe~cTal3JieHa na pPic.3. 

oKcnepRM9HTbl noJ<aSMH, ~TO sapo,nHmeBbiA Dy8blp8R RpPITKq9CROrO p8SMe

,P8,. 06paSOBaHHu!i B no~epllO~ RO~e6aHRff, COOTBeTCT~ft MHHliMYMY ~aB
Jielllui B. Y~TpaSByROBOff BOJllie, B CJI8.IJYKI!Ili~ no~epPIO,IJ;, ROr.n;a ,IJ;aBJieHHe 

,IJ;OCTHr88T M8RCHMyM8, fi8 .saXnOITUBa8TCH, 8.TO~RO CORpa~aeTCH ,IJ;O·H8RO

TOp!iX PaSM8poB. Il ilOCJie.nYiooleM nyB!lp8R Bblp8CT88T ,IJ;O l:lH.n;m.mX paSMepOB 

sa HecRo~Ro nepiio.n;oB y~Tpa3By.KoBOro noJIR.· ~RsR'!ecEaR npR'!HHa_ TaROro 

pOCTa MOlK8T 6biT:& CBHS!¥18 C S<lxi:eRTOM Bblllpm..irreHHOii T8MOnepe.n;a~ ~, 

* Al<yJIII'!eB B.A., AJieRceeB B:H., Hayro~HHX K~A., .'l'Ra'!eB JI.r., lllecTa

I:on B.,ll. OHmi, PI3-SJ27, .1Jy6na, I970. 
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1 o·' L__.___.__._-:':-_, · 
0 20 l.O 60 80 t (nep110.Qbl) 

Pnc.3 CpaBHeHHe pac'!eToB c 

s~cnepHMeHT~HHMH pesy~ 

TaTaMII no pOCTy nyBblp:&KOB 

~ Jm.IU{OBO~opo~oii Y3IIK. 

ilpliBO~eii R TOMY, 'ITO B cpe~eM 

BO BpeMeHR rroTOR Te~ B y~Tpa

SByROBOM n~e OR8Sb1Ba8TCH Ha

np8l3JI8HHbiM liS XGY,IJ;KOCTII B nyBblp8R. 

06 STOM CBII,IJ;8T~CTBY8T Ra'!8CT

B8HH08 cor~cRe na piic.3 sRcne

pHMeHT~HHX pesy~TaTOB C T80-

p8TR'!8CRHMH pac'IeTru.m (CMO!llHM 

RpRBaH), n~eHHbiMH JI.r. 'l'Ra'Ie

BUM II B.)l.lllecTaROBbiM B paMRaX 

npe~cTal3JieHHii o ~meHHoii 

Tennonepe.n;a'!e. 

B nepBOii r~aBe npe,D;CTal3JI8Hbl T8RlK8 pesy~TaTbl RCilbiTaHIIH npe~OlK8H
HOI ,IJ;Jifi 6biCTpo.n;eiiCT~eii Dy3bip:&ROBOii RaMep~ MO~eJIII 9~8RTpo,D;IIH8MII'!8C

ROii CIICT8Mbl p8CmKp8HIIH, CRHOBOii llpPIBO,IJ; ROTOpoii BKniD'I88T B ce6H CBepx

npoBO.nmrtYJO llO,IJ;BlilltHylQ RaTymRy, ITOM8~8HHYXJ B pacceHHHOe MBrHHTHOe ll()Jl:e 

CBepxnpoBO~ero CO~eHOII,IJ;a RaMepH II B39IIMO,IJ;eiicTn,ymmyiD C STHM noJieM B 

pesy~:&TaTe npoTeRBHHH no nen nepeMeHHoro TORa, ROMMYTIIPY8MOro no orr

pe.n;eneHHOMY SaKOHY. 

BTOpas! r~aBa iurccepTBUHII ITOCBRII!8Ha paspa60TitaM II IICC~e,IJ;OBaiDUIM 
~eRTpoHHUX .n;eTeRTOpoB C llnOTHOff pa60'Ieii cpe.n;ol Ha OCHOBe 6~opo~UX 

rasoB. 
HeCMOTpsi Ha ycne:m. B p83BHTIIH STIIX ~eTeRTOpoB, ilpiiB8,1JJllli9 R CYnte-

CTB8HHOMY pacmKpelll!ll B03MOlKHOCT81 qwrSKq8CROro SRcnepiiMeHTa B 06~CTII 
IISMepeHHI ROO~aT '!aCTIIn, cneKTpoMeTpliH ~8RTpoHOB II J-RBaHTOB Ma

~ snepntl, wopiiMeTPIIH ~eJ5TpOMBrHHT1IWC II _a.n:poHHux ~nen npz · Bbl

coRIIX snepriiHX, c~ecTBYeT ~ npo6~eM me npHMeHeHIIH.·~ .n;eTeRTOpoB 

c Tpa,nRUHOHHbiM rasoBbiM nanoJnieHHeM (.ir, Xe If me cMecii c CH4 ) npii sna

~T~OM YBeJIII'leHIIH ,naBJieHHH nanOJIHSmitero rasa na6JID,ItaeTcH ciDDKeHHe 

CKOpoCTII .n:pei!ifa HOCHTMel sa~a, yY8HDID8HHe MaKCIIM~HOrO KO~eH
Ta rasoBOro ycRHeHHH, YBe~eiD!e pado-qero HanpsmeHWI c'!eTtmROB, Yi:Y.n:
meHHe snepreTH'!ecRoro paspemeHIIH, noHBHeHKe HecTa6~nocTel B pa6oTe· 

C'le~OB. ~ ,D;8T8RTOpoB Ha TB8p.ItbiX II :m,n;RliX Ar H Xe (sa IICKJIIl'!eHHeM 

. npoBO~OlJHUX ClJ8TtmltOB Ha D,IJ;KOM Xe) BOSHHR88T npo~eMa n~eHHH npo-
llOpni[OHanHOrO pasMnOJteHwt. }LJtll RMOIJllM9TpoB Ha OCHOB8 ~ J.r H Xe 

H8,IJ;OCTaTOlJHO H3y'!8Hbl HX B08MOJtHOCTH ~ cneKTpoM9TpliH II ~eHTH~ 
'!aCT~ llpOMeJKYTO'IHHX SHepriift. 
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ITpe~cTasneHHue B ~ccepT~ nc~e~oBaHHH rasoHano~eHHHX c~eT

~oB (~ aHO~a I0t30 MRM, ~ KaTO~a 6-!4 MM) BI<JIJ11IBDT B ceM R::iyqemre 

SaBHCHMOCTH KO~SHTa · pa3MHOlK8HWi (aMIIJm:TYJl;Hl:le XapaKT8pllCTRKR) H 

aHepreT~ecitoro paspememm oT npwroJKeHHoro HaiJp.RJitemm B HHTep:saJIBX 

HsMeHeHd ~asnemm · 5+IOO aTM. H TeMIIepaTypU !00+300 K HanOJIHJ'II:mero ra

sa (Ar, Xe) wm rasoBUX cMecei! (Ar + CH4 , Ar + Xe, Ar + Xe + CH
4
). 

Ka~eCTBSHHO HOBH8 pesy~TaTH n~eHH npH RC~e~OBaHHH C~e~OB 1 
·san~eHHHX CMSCLID aproHa C KCSHOHOf!; B OT.1IH'IH8 .OT C~ST~OB BHCOKOrO 

~aBn8JmSI Ha ~CTOM Ar, Mil CM8CR Ar + 0, 5% Xe H96Jmna8TCSI SHB~Te~HHI! 
. C~ aMIIJIHTY~ X9paKT8pRCTRK B oCSJJ:acTD MSHLIDHX paclo~· Hanpm!t8Jmi! 

KaK npH KOMHBTHOi!, TBK H Iij)H Hl't:SKHX T8MII8paTYp8X; COXpaHSISTCSI ~OBOJID

HO BHCOK08 SHa~eHHe ( - I03
) MBKCHM~HOrO K09~8HTa rasOBOrO yc:w:re

mm· BIIJIOTL .rio T8MII8paTYP. - !50 K (pzc.4) H npzCSJIH5HTM:bHo B ~ pasa 

y~aeTcSI aHepreT~ecKoe paspemeHHe (pHc.5). 
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Ar•20%0i.. 

- __ !. ___...L -..L....-.1_--JL----L--' 

2. 3 . 4 .. 5 6 7 8 9 10 11 12 13 

HAnPR>KEHHE,K8 

PKc.4 AM!rJmTY~e xapaKTepzcTmut nponopUHoHaJIDHoro 

C~eT'UtKS npH BHCOKHX ~asneHRSIX H .Jm5KHX TeMIIepaTYp8X~ 

Ha OCHOBaHHPI n~emrn::X 9KCIT8PHM8HT9~HHX ~aHHHX Mil Ar; Xe H 

CMecH Ar + 0,5% xe·HalneHu saBHCHMOCTH nepBoro KO~eHTa Ta~ceH-
~a o( B ~e ~ : t(~), r~e P- iasneHHe, E ...; Hanpm!t8HHOCTL MSKTPH-

.qecKoro nOJI.fl. ITOJiitleHHHe sHa~emm . ~ npz 6~~ ~asneHRSIX saMeTHO 

BUrne, ~eM npH _HHSKHX 3E ~BneHRSIX. . 

* Kruitbof A.A •. Pbysica, 19401 v.7, p.519.· 
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40 60 80 100 0 20 40. 60 

HOMEP KAHAAA 

PHc.5 CneKT~ HMnY~COB npH ~asneHHH 50 aTM.·H KOMHaTHoa 

TeMnepaTYpB: A - oT peHTreHOBCKHX 1-KBaHTOB K-JIHHHH 
Me~ Mil aproHa ( - 2?% FWHM) H CMSCH Ar + 0, 5% Xe 

( - 13,6% FWHM) ; B - OT J-~TOB 2~l Am ,nJl.fi aproHa 

( -12% FWHJI) .H CMSCH Ar + 0,5% Xe (- 6,2% FWHJI). 

IlOKa5aHO, ~TO HOBHe Ka~8CTB8 C~e~mtOB BuCOKOrO ~asneHHSI Ha CMe

CH Ar + 0,5% Xe cBSisaHH c ~on~Te~Hoa HomrsauHea B ~aBHHe sa c~eT 
nponecca: 

.Rr * + Xe - .Rr + Xe++ e 

3TOT npouecc, nsBeCTHui! .nmr rasoBHX cMecen Hl!sKoro ~asneHHSI * KBK 

"H8M8T8CTacl~Hid\ ai{llleKT IleHHHHra" 1 6M OclHapylKSH HaMH B. CMSCSIX Ar H 

Xe npH BHCOKHX ~asneHRSIX. . 
l1c~e~oBaHHSI c~e~RKOB (~ aHo~a IO MKM, ~. Ka.To,na 6 MM), sano~eH-

HHX TBep;nm.m aprOHOM H KC8HOHOM,IT0Ka59~, ~TO Mil TaKHX C~S~mtOB xa

paKT8pHHM SI~eTcSI cTaclKnDHlln HOHHSBUHOHHlln pelKHM pacloTu, KOr~a l!M
ny~c Ha BHXO~e ocly~OBn8H cclopoM MSKTpoHOB HOHHSauHH· Hapsmy C 9THM 

HaclJID,l{aSTCSI ycKneHHe ~aCTH HMny~COB ,no aMIIJIHTY~t npe:BHmaiCIIlHX aMIIJIHTY

~ HOHH58UHOHHHX HMITY~COB B .., roo pas~ BoJIDmH8 HMITY~CH xapaKTepHSYJOT

CSI H8CT8cl~HOCTLD BO. Bp8M8HH ITO aMIIJIHT~8 H HHTSHCHBHOCTH. 

CpaBH8HH8 aMIIJIHTY~ HMnY~COB OT C'le~OB, san~eHHHX TB8p.n;Oft H 

~01 (!esaMH, IIOKaS9~0 1 'ITO B IqlHCT~e SaxBaT MSKTpoHOB npHMeCEMH 

IIpH ~peaifle K aHO~ . OKaSI:lB88T SaM8THO MSH:bmee BnHSIHH8 HB BeJIHtmHY CHI'

HMB HB BHXO~e. llpoBe,neHHBSI OUSHKa K09<J:xl:imH8HTOB peKOMclHHBIJ;Jm K B lm,li;-

KHX . H TB8p,Itl:lX Ar H. Xe ITO~TB8:pll!.Il;98T 8TOT pesy~TaT: •. 

* Kubota S.J. Phys. Soc. Jap., 1970, v.29, p.1017. 
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KTB.Ar = 0,4Iz0,03 RB/cM 

Kx~Ar = 0,52±0,02 ttB/cM 

KTB.Xe = O,I9z0,08 RB/CM 

Rx.xe = 0,42;t0,03 RB/cM * . 
J{pyra.R: Bal!UiaR: X8paKT8pHCTmta Cl!ST'mKOB - 3H8p!'STHll8CK08 paspeme

HliS - COCTBBJIJIST ·~ !2% (llOJIHaR: ImipHHa Ha ll0JIOBHH8. MaKCHMyMa) B c.nyqae 

llt!WtOro x TBep.ztoro Ar H ~ !5% B CJiyl!ae TBep.ztoro Xe .ItJIH Er = 660 ttaB. 
Bo BTopol r~aBe npe~cT~eHH TBRXe onxcaHHe H pesy~TaTu HCDHTa

mm ~oaprOHOBOft MHOrOMSKTpo.n;HOI HOHHSar(KOHHOI KBMepH, npe.n;HasHa

'IJSHHOI ,It1IH HSM8peHHsr npo6eroB H HOHHSar(KH l!BCTJ:m (npoTOHOB, · DHOHOB) 

ne6~rimx aneprxl ( < !00+200 MaB) • .neTeKTHpynl!aR: llaCT:& KBMepu npe~
cTaBJIJieT co6oil CTOIIKy (o6meA BHCOTOI - !00 MM) HS 48 ~OCKWC TOHKWC 

(20 MKM) MeKTpo~oB ~aMeTpoM IOO MM, pas~e~emmx npoMeJKyTKBMH -2 MM. 

CHrHan:&HHe H BHCOKOBO~THHe MSKTpo~ ~8T8KTHP,1mlllel 'IBCTH l!epe~TCSI .. 
. TaK, liTO BCSI KBMepa pas~eMeTcsr Ha 24 CSKnRH. CHrHM OT D;SH~oro 

3~8KTpo~a KaJt.D;Oi CSKD;Im no~aeTCSI Ha OT~e~HHA npe,eyCMHTe~. 11CDHTa

HHSI KaMe~ rrpQBO~C:& C llOMOI!ILD ~OaKTHBHHX J- H 0C -HCTOl!HliKOB · 
60Co, !3 Cs, 24IAm H OT KOCMHl!ecm ~eft. Pesy~TaTH HCDHTSHHI llOKa

S~, liTO 3HepreTHl!8CKOe paspemeHHe ·B OT~~Oft CSKnRH COCTSBJIJIST 

-!50 K3B (no~as:r: WHpHHa Ha llOJIOBHHe· MBKCHMyMa), DO OD;SHKSM TOllHOCT:& 
HsMepemm npo6era t~ac'i'HD;H MOllteT 6HT:& - 100+400 MKM. 

B TpeT:&el r~aBe ~aeTesr ODHCaHHe ~a x~oreHHHX yoTpolcTB .It1IH 
3KCITSPKMeHTan:&HHX YCTaHOBOK Ha YCKOpl!Te~. 

JLnsr HOBOrO HanpaBJieHHSI HCMe~OBaHHti BellleCTBa C llOMOI!ILD fH SR-MeTo
~a paspa60T8H8 H BBe~eHa B ~eftCTBKS CSpHSJ: HHSKOTeMnepaTypHHX MHWSHSft, 

ll03BO~a.R: BHITO~T:& D;RKn 3KCll8pHMeHTOB B HHTepaane T8Mn6paTyp-4,2+ 

300 K no Hs;0reHHD ~{ixWSHH llO~OlltHT6~HIDC MIOOHOB B B81!18CTB8, IIOHCKSM. 
STOMa MIOOHHSI B M6T8JIJ.lax, HCMS~OBBHHD CBOICTB CBSJlXIIPOBO~ H Mar
HHTHHX M8T8pl!MOB. 

B f!SR-MeTo~e llacTHD;aMx, so~YJlllHMH BemecTBO, SIBJIJIDTcsr nOJIJIIlH
soBaHHHe nOJIOlltHTS~HHe MIOOHH. CBOftCTBa B81!18CTBa HSYl!amcsr no HSMSHe

.HHD B HeM HalJ~HOI IIOJIJipliSar(KH nytiKa MJ:X>HOB, sa KOTOpott MOlKHO Me

~T:&, H86JIJJ,IJ;a.R: yr~OBOe pa~npe~e~eHHe _nOSHTpoHOB · fi-t--+ e++Ye +~-pacna
~a. 3KCII8PlJM8HT8~HHe ~aHHHe IIO~DTCSI B ~e BpeMSHHOrO CIISKTpa 

N3(t) , r~e N3 - tm:MO saperHCTpl!poBaHHIDC IIOSHTpoHOB f+~ e+ -paCII~a, 
~eTanrtHX B OIIpe~e~eHHOM HaiTpaBlleHHH, a t - BpeMII MSl!QJY MOMSHTilMU OC-

_TBHOBKH MIOOHa B B81!18CTB8 H Bu~eTa IIOSHTpoHa pacn~a. Ms BH~sa 3TOrO 

CIISKTpa (r~~!Y) MOryT 6HT:& n~eHH CBe~eHHSI 0 CBOICTBaX B81!18CTBB H 0 
B3allMO~e:i1cTBHH C BSI!ISCTBOM llOJIOlllliT~HOrO MIOOHa. 

* 06o~OBCKHI M.M., ilOKal!MOB c.r. ~.H.T., I979, 5, c.829. 
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B ~aHHHX 3KCII8PKMSHT8X HCII~30BaHCH nytiOK IIO~OXHT~HHX MDOHOB 
OT cmix:po:c;muroTpoHa Jiffii Ollilli c HMITY~CaMH roo MaB/c, HHTeHCHBHOCTLD • 

2•!0
5 

I/c·x no~xsa:c;ael 85%. Oco6eHHOCTH HcMe~oBaHHti B nyqKaX MDC

HOB He60JI:&mol HHTSHCHBHOCTH (no CpaBHeHHD C HHT8HCHBHOCTSIMH.Dy1IKOB 

MesoHHHX · ita6PHK) npe~'l>SIBJUilOT crreD;H~ecKHe Tpe6oBaHHSI K xpaoreHlillM 

MKWSHSIM. Ha OCHOB8
1

3TKX Tpe60BBHRI MHWSHH 6~ BHIIO~SHH TaKHM o6pa-

30M, 'ITO OHH 068CII8~ 6mmol TMSCHH!i yrOJI (a Me~OBaT~HO, BHCQ

xyD CKOpoCT:& Cl!STa) ,It1IH perHCTpa:c;Hli nOSHTpoHOB ~+- e+. -pacn~a, 
nosBO~ YMSH:&l11KT:& <lJoH (~OIO%) OT .BSBHMO~elcTBIDI MIOOHOB CO CTSHKaMH 
KpHocTaTOB, cos~ YMOBHSI .ItJIH 6ucTporo ycTaHOMemm TeMnepaTypu o6-· 
pa3o.a H cTa6~Horo ee no~ei»Ji8HHSI (zO,I K) B~anasoHe 4,2+300 K. 

Ha pl!c.6 npe~cTaMeH cxeMaTHtiecKHI llepTellt o.n;Hol Hs TaKKX MHmeHen, 

pa6oTal!lllel na llpHHD;Hlle o6,eyBB o6paso.a noTOKOM xo~o.n;Hororasa, TeMITe

paTypa KOTOporo pery~eTCSI Ha BXO~e K 06pasny C nOMOIII:&D·HarpeBaTSM, 
ynpaBJIJieMoro aBTOMaTHtJecKH • 

PHc. 6 CxeMa KpHocTaTa NISI f s~axcnePKMSHTOB B ~anasoHe TeMnepaTyp 

4,2+300 K. I -:- BaityyMlilill KOJKyX, 2 ·- KOHTeiiHep .ItJIH o6paso.a,· 

3 -. ci6pase:c;, 4 - Tpy6xa NISI no~l!H xo~o~oro rasa, 5 - narpe

BBTe~. 6- BHXO~ rasa, 7 - MSKTPHtJeCKHI pas~eM, 8 - OKHO HS 
M~apa, 9 - OKHO liS 6ep~eBOD 6poH3H, IO - OTBepcTH·e .It1IH 
. o6,eyoo o6paso.a. 

KpHoremrne MHWSHH o6ecne~ ll@leKTHBHoe ~Be~elllie f'l SR-axcne
PKMSHTOB. llpH HHTSHCKBHOCTH MIOOHHOrO -llYl!KB 2•I0 I/c l!HMO OCTaHOBOK 

MDOHOB B B81!18CTBe (- 4 r/CM
2

) COCTaBMo
3 

-10
4 

!/c, a CKOpoCT:& C'ISTa 

nosHTpoHOB fAT~ e+ -pacn~a - I,5•IO I/c. llpl! 3TOM BpeMII Ha6opa 

Tpe6yeMOA CTBTHCTmtli (- 2•I0
6 

C06HTd) . .It1IH O.n;HOi! T8Mll8paTypHOft T01IKH 

HS rrpeB~O 20+30 MHH. 
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B STO~ xe r~aBe rrpe~CTaBn9HH OnHcanne H pesy~T8TH HCfiHTBHHfi. 

KpyDHOfi CBSpxllpDBO~efi MBrHHTHOfi ~OEYIDKH MHOro~e~eBoro H8BH8~8HHR 

(pnc.7). O~o ns rrepcrreKTHBHHX rrpHMeHeHnfi TaKOfi ~OB,YWKH cBHSaHO c HBY

'leHHeM. SKBOT~SCIUIX 8TOMOB. 0CHOBHHe :X8paltTep:I!CTm ~OBymKH M8.IJ.Yl!lllH8: 

7 

10 

5 

9 

BliyTpeHHI!fi ~aMeTp KaTYJII8K ' - 380 MM 

BHelliHHfi ~aMeTp KaTyllleK · - 750 MM 

BHCOT8 KaTYJII8K - I86 MM 
lJHMO KaTylli8K .J - 2 
BaCCTOHHHe Me~ ~eHTpaMH KaTYilleK 

CBepxnpooo~n MaTepnM 

MarHHTH8H ~ B ~eHTpe 

MarHHTHaH ~ B "ITp06Ka:x" 
3anaceHHaH MarHHTHaH aHeprHR 

Pa6o~il TOK 

KOHCTpyKTHBHaH IT~OTHOCTb TOK8 

BpeMH 6HCTporO BHB0~8 SHSprHH 

BpeMH BB0~8 TOK8 

Pac:xo~ ~oro re~ 

6 

4 

3 
12 

2 

11 

- 700 MM 

- NbTi, NbZr 

- 2 T 
- 3,7 T 
- I ,5 M.lfJK 
- 950 A .. - 5·I03 

A/cM
2 

- -25 c 
- -35 MHH. 

- 20 JI/~ac. 

PHc. 7 CxeMaT~ecRHfi ~epTex 

cBep:xrrpoBO~HI!lefi Mar

HHTHoft ~OBYJIIKH. 

I - cBep:xnpoBO~aH 

KaTYJIIKa, 2 - KpHOC

T8T K8TYWRH, 3 -
orropHoe Ko~no Me~ 

KpHOCT8TaMH, 4 - CT8-

HHH8 Kp:I!OCT8T8, 5 -
BaKYYMHHft KOJ!tYX, 6 -
830THHfi 6a~OK, 7 -

re~eBHfi 6a~oK, 8 -
~p.!8, 9 - TS~el!tKB 

CTaHHHH Kp:!!OCT8T8, 

8 .f :::.t!t \•t ! ,., \•y 
I0 - MOIIIa.nKa ,ll,liJI 

o6cnyxHBannH, II -
o SO eM K8M8pa,. B KOTOpoi! 

.Y~BpMHBaDTCH saxBa~eHHHe ~o~ofi ~acT~, I2- asoTHHfi aKpaH. 

14 
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qSTBBpTaH r~BBa ~CTp:HpyST rrpmMeMeHHe paspa60T8HHOfi KpHOreH

HOft annapaTy:pH B j(SR-8KCIT8pmM8HTa:x. !3~8CL rrpe~CTaBnSHO HSCK~KO 
HBH6o~ee CYIII8CTB8HHNX 8KCrr8p:I!M8HTMDHHX·pesy~T8TOB, ITO~SHHHX ITpH 

H3~8HHH.B8III8CTBa C ITOMOIIIDD IT~OXHT~HNX MDOHOB ITpH HHSKHX TeMrrepa-

TYJlBX• 
· B JIBR-MeTO~e BKCIT8pHM8HT~HHfi CITSKTp N8 ( t), rrpe~cTa~ sa

BHCHMOCTL OT Bp:SMSHH 'IIHM8 ITOSHTpoHOB pacrra~a . Jf+ ~ e + + Ye + ~ , ) ,ll,liJI . 

~. KOr~a MBrHHTHHit MOM8HT MDOHa rrpeneccHpyeT B rrorrepe~OM MBrHHT

HOM rr~e, OnHCHBaSTCH BHpSXSHHSM *: 
N(t) =No e_-tf-cr [i-a3 P(t)Co.s w.rt], 

r~~ N0 - 'IIHMO OTC~STOB B MOMSHT.BpeMSHH t = 0; r,.. "= 2;2 MKC - rre- . 

pHO~ ITO~CIT~a jWT; a9 ~ 9KCIT8pHM8HT~HHfi KO~SHT 8CHMM8Tp:HH 

yr~OBOrO pacrrpe~e~eHHR IT03HTpDHOB pacrr~a B MOMeHT Bp8M8HH t = O; 
P( t) -~ 38TYXBHHR ITOMp:I!SanHH B pesy~TaTe ~~LHNX B38HMO~efi
CTBHfi K ~:IrK IT~OXKTS~HOrO MIOOH8 B,Kp:I!CT~SCKOi! pemeTKe; 

w}l = 1 ~. B - e ~aCTOTa ~apMOfrBCKOfi rrpe~eccHK CrrKHa jW + B ITOJie B 

(r~e 1 fl = -- = 0,85·IO pa,JU'c-rc). · 
mf1 C .. . 

Wymal;wi P( t) KMeeT CJie,lly!JIId mr.n; **: . 

P(t.) = ex p [ -.26 2 1:2 [ e-t/-r: ..:. 1. -r·· tft J], 
r~e 'f: - cpe~ee BpeMH rrpe6HBaHHR ~~ynnefi 'l8CTKUH B MSMSHTap

. HOfi ~afiRe KpKCTMJia, 0-:- CKOpoCTL 38TYX8HKH ITOMp:1!38UHH B OTCYTCTBHS 

~@lysD. ~ P( t) ,ll,liJI He~~:pynnero MIOOHa nepexo~T B P( t) = 
'= e-

02 tz., a ,ll,liJI 6HcTpD~~ero MIOOHa- B P(t) = e-2 0"
2
-r;t 

Ilp:l! OnHCBHKK BKCIT8p:I!M8HT~HHX ~aHHNX KCIT~syeTCH TaiOKe B~a 

A= I/te , r~e te - BpeMH saTyJraHHR noJIJII)nsanKK B "e" pas. B OTCYTCT

BHe ~@lysHK A= o. 
BrrepBUe MSTO~ H3~8HHR ~~3D ITO~OXKTS~HHX MIOOHOB B M8TaJIJlnX 

ITp8MOX8H B pa60T8 li.li.IYI>eB}itffi H .zu>·. **':. Ha OCHOBS BTOro MSTO~a II 
paspa60TaHHOfi HH3KOT8MITSpaTypHOfi MSTO~ HBMepeHHfi, ITpOB8~8HO ~8-

TMLHOS HB~8HH8 ~®JYSHH ITOJIOXHT8Jl:CHHX MlOOHOB B Me~ H pH;J;e .zu>yrHX 
MSTaJIJIOB. B pesy~LTaTe ,6urro SKCrrepHMSHTaJILHO· OTKPHTO HOBOS HB

~eHRe - KBaHTOBaH HeKorepeHTHaH ~@lysHH rro~oxnTe~HHx MEOHOB D xpzc

T~ecKoft pemeTKe MeTMJia• 

* ~ . . . . ·. 
Garwin R.L. et al. Phys. Rev., 1960, v.118,' p.271. 

!BE MparaM A. m:tepH~ MarneTHBM. lUI, M., I963, c.407. *** . . . . . 
Gurevich I. I., Meleshko E. A., Muratova I. A.'· Nikolsky B.A., 
Roganov v.s., Selivanov V~I., Sokolov B.V. Phys. Lett., 1972, 40A, 

p.143· 
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Hm!te npRBON!TCSI pesyJILTaTH, ITOJJY'ieHHHe ~ Me.Jni. 06pasen noMe

ma.rrcsr B nonepe'IH06 MarmtTHOe ITOJie HanpmteHHOCTI>II 70 8. IlpR COITOCTSB

Jiemm: no MeTomi" HBXMeHI>umx K1lBJUlSTOB N3 Ct) c N(t) 6wm: onpe.zteJieHH ne

JIKlmHH A , 6', 1:· H IDC saBKCHMOCTH oT TeMITepaTypH (pHc.8). Hs p>~c.8A 
BH,ItHO, ~TO npR T < 80 K BeJ!HqHHB J\ npHHHMaeT ITOCTOSIHHOe SHa~eHHe 
( o ) , ~To cBH,I(eTeJII>cT:syeT o6 oTCYTCTBHH .D;HqxpysHH. IIpH T > 80 K Ha6JID

.ztaeTcsr.no.zt6apbepHasr ,ItHqxpySHSI ITOJIOXHTeJILHOro MIIOH8 B M6.Jn!, KOTOpaSI ~ 

HHTepBBJia TeMITepaTYP T = IOD+250 K (p:~~c.8E) xopomo ormcHBaeTcsr qx>pq-

JIO~: . ~ - - qf"/rp' 
--~e 'C , 

r.zte ~= ro<?,6I;t0,04)- ~acToTa ~HeJIHpoBBHHSI, QJA= (562;ti7) K
lmeprHH, Heo6xo.JniMasr ~ pacmHpeHHSI nopH B MeMeHTSPHoD ~eDKe. Bemr-

'lHHa ~ MOJiteT 6HTb npe.ztcTaBJieHa B BH,I(e : 

V = y e- 2/t. v' 2 mf' t(. & 
. fA . 0 . , 

r.zte . V
0

- ~8CTOT8 ·KOJie68HHD npRM6CH B Kpl'ICTaJ!JIH~eCK;t! pemeTKe (- :i:o13 

I/ c), i) - ITOCTOSIHHBSI IIJraHKa, mfl- M8CC8 MIIOH8 1 U - BHCOTa ITOT6H

!4HaJ!bHOrO 6~bepa ( ~ 4000 . K) , g - nmpHHa ITOT6lW,l!aJ!bHOrO Clapbepa 

( .... I,5+2•I0 eM). 

A 

O,J 

~~'n • 
\ 

0,2 
'u 
"b 

< 01 . 
0 

\ I 
\ 

100 
T,K 

I 

'-> ......... ·-.-..-
200 300 

5 

T,K 
300 150 100 80 

10'~\'li 
ju 1o't .,.: 
- I 
- 105 '{ 

10~'L,.._._._._~~....J 
D,2 0,6 . \0 

11f1T,K-1 

Pac~8 PesyJILTBTH HsyqeHHSI ,ItHqxpysKH nOJIOXHTeJILHoro MDOHa 

B MOHOKpl'ICTBJIJie M6,ItH. A - T6MIT6p8TYPHBSI 88BHCHMOCTb · 

CKOpoCTH peJISKCanRH .A CIIHHa ITOJIOUTeJILHOrO MDOHa. 

liJraBHasr Kpl'IBBSI npe,~tCT8EJISieT co6o! pac~eTHYII SaBHCH

MOCTI> A ( T) • E - 88BHCHMOCTb i- = f C+ ) . . IlpSIMWr 

- pac~eTI:lasr 88BHCHMOCTI> • 

.}6 

.fo-1 SR-MeTo.zt e@leKTHBeH T8Kllte ~ ITOJJY'i6HHSI. KomecTBeHHHX .ItaHHHX 
0 CBOftCTBax CBepxiipOBO,u;mmOB. 3TO ,ItSMOHCTpRpy6TCSI Ha npHM6Pe CBHHI!Jl 

(cnepxnpono.u;mm I Po.zta), .ztnR KOToporo npR Pa~ sRa~eBHSii BHemHe

ro MarmtTHoro nOJISI H 6llJIH. HSMepeHH. BHYTpeHHHe MarmtTffile nOJISI, oneHeHa 

.1DC HeO,ItHOpo,ItHOCTb . B HOpMaJ!bHHX 06Jl8CTRx npoM6lltyTOtriJoro COCTOSIHHSI CB6px

npoBO,ItHHKS H ~6Hll OTHOmeHHSI Me'ZJIY 06'b6MaMH, 38RHM8e:MblMR ROp.!aJ!bHO! 

H CB6pxnpOBO~eD qasaJ.m. • · ·~ 
CJie.IJYBlltll:i\ SKcnepHMeHT, ocHOBB~ Ha · MeTo.zte ~ .· npewrol!teHHOM B pa-

6oTe H~H.I'ypeBH'la c COTPY,ItHHKEIMH *, cBSisBH c i:ro:~~cxioot aTOMS MDOHHSI B 

MeTaJ!Jl8X. B pesyJILTaTe o6MeHHoro pacceSIHHSI SJieKTpoHoB npoBO.ztHMOCTH Ha 
SJieKTpoHe MIIOHHSI npoHCXO,ItHT OrrpOKH,ItHBBHH6 CITHH8 SJl6KTpoHa MIIOHHSI C · . 

~CTOTOD, SHB~TeJILHO npeBHmBIIlteD traCTOTY CBepxTOHKOrO. pacuteiTJieHHSI 

OCHOBHOrO COCTOJIHHii 8TOM8 MIOOHHSI. BcJie.zicTBH6 STOro· D M6TW6 H638BH-· 

CHMO OT TOrO, cymecT:syeT HJlH He Cytll6CTBY6T. B HeM MIIOHH~, Ha6Jm.naeTCSI. 

npeneccHSI CITHHa npaKTH'!ecKH. cno6o,ItHoro MDOHa BO BHemHeM nOJie B c ~c
TOTOD ()) = ~ G . , liOSTOMY BTOM. MIIOHHSI HCKaJ!CSI ITO H3M6H6HHII llSCTOTll 

npeUeCCHH c~·MIIOHB BCJl6,ItCTBHe TeMUepaTypHOro HSMeH6HRHH8 HeM KOH

TaKTHOrO ITOJISI 'BK UOJJSipH30BBHHOrO 8JleKTpoH8 MilO~. Ha6qaeM8SI .'IBCTQ-

TB npeU6CCHH CITHHB fl + 38IIHIII6TCSI *: ·. . . 
e ·· . : , . . ·. · .u 

U)HabJJ. (T) = rnrC (B+BK) = W~ _.M.U ~ W (i + o< -;p), 

r.zte o( = p(o}'(~{o)]BBK.' f(O)H [_p(o)]BaK,- ITJIOTHOCTH nC>JTiioBHX qJymt-
~.SJI6KTpoHa Ha MIOOH6 MIIOHHSI BBeut6CTBe H B B8eyyMe1 COOTB6TCTB6HHO. 

ConocTaBJieHHe. TeopeT~ecKo~ saBHcHMocTH ·w ~a6JI. ·C aKcnepRMeH

TaJILHHMH H3MepeHHRMR ~acTOTH npeneccHH ( UUsKcn~J,npH TeMITepaTYpBX 

TI -4,2 K r T2- 90 K llpRBO,ItSIT ~ Al,- CuR Zn K, SHa'leHHSIM . 0( ~ 
= (O±I)•H) , (-I,5±I)•I0-4 H (O±I)•IO 4 ; COOTBeTCTBeHHO, ~TO MOlKHO 

llHTepnpeTHpoBBTb KBK. OTCYTCTBHe CBSI38HHOrO napaMBrHHTHOro COCTOSIHHSI 

( }f~e-) B .liCCJie,ItOBBHHI:IX _MeTaJIJI8X, . . . 

B llSITO~ rJiaBe PaCCM8TpHB8IDTCR nepcneKT.IiBll HCUOJ!b30B8HHSI paspa6o

T8HHHX .zteTeKTopon qacTHU H KpHoreHHon arniapaTypu~ B 'lBCTHocTH, oneHH

naiDTcsr B03MOlKHOCT.Ii YJibTp83BYKOBHX ITy3HpbKOBI:IX KBMep B COCT8B6 rH6p:l!.It

III:IX ycTauonoK n. {f!HsHKe oocoiWX :meprHn; odc~eTcsr Iic~QJII,BOBBHHe pe-

3YJibTaTon, ITOJIY'l6HHI:IX ,ItJlll 3Jl6KTpoliliUX ,IteTeKTOpoB HB OCHOBe aproua H 

KCeHOHB . 6.0JlbiDOil ITJIOTHOCT.Ii; HaMe'la~CSI IJYT.Ii ,ItBJILHeiiDiero pa3BHTHSI KpRQ_ 

reHHOn annapaTypll·.·~. JA SR-MeTO.zta; p8CCM8TpHB8IDTCSI nepcneKTHBHHe npR

MeHeHHSI cnepXitpono~en MBrHHTHO,il JIOBymKH. B 3KcnepHMeHTax Ha ycKopH

Te.JISIX. 

* fpe6HHHHK B.f:, I'ypelllf'l li~If •. H .ztp. IluCbf~a B l.c3'N>, 1975, ,22, ·c,36~. 
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BilBOJtH CO,l(S:pli[ST OCHOBHHS pesy.7ll>T8TH, D0JJY119HHH9 :8' .Jtl{ccepTtUJ14H: 

I. BilnonHeHa cepza axcnepmyeHTOB, HanpaB7leBHHX Ha·C03.I(BHHe HOBO-. 

ro TpeKOBOrO ,It6T8KTOpa - lm,JtKOBO.I(Opo,ItHOI Y'.IIL'l'Jl8SBYxO:S,OI Dy3Hpl.KOBOI 

RSMepH. B pesyJILTaTe 8THX SRCDepaMeHTOB BUepEHe DQnyq8HH OT~ST~e 
. TpeKI! l!OHKSHpYDitKX 'IUICTH.q ur -MSSOHOB c 9H9pl'Hel 340 MaB) DO,l( .I(elcT

Bl!SM ciiJOKYCl!pOBBHHOI f.IILTpaSByKOBOI BonHH B liDJ;ItKOBO.I(Opo,ItHO:I DyS!lpl.Ko

BOI KaMepe, B KOTOpol Ha MOMSHT BliO,Jta f.IILTpaSByKa . .I(SM9Hl!9 DOHlmaJIOCl. 

c DOMOIItl>ll M8XSH!ifll9CKOI p&CIIIl!pliTeJILHO:I Cl!CTSMH .ItO Dpe.I(eJia, COOTBeTCT

BYD!I9r0 Ha~any ee ~CTBl!TeJILHOCTl! •• 9 fCOBepneHCTBOBBHHNMl!.f.IILTpas:ey

KOBI:lMll H3JIY'IaTElJIJlMH, IIpH BOS,ItSil:CTBHH Ha D)tKOC'rb TOJILKO O,ItHOrO 

fJILTp&SByltll, ,l(OCTHrHYTa VJ3CTBl!TeJILHOCTl. . K l!O~S~SMy l!S.nyt!SHHD B 

JCH,ItKOM BO.I(Opo,Ite, H8XOM1119MCJ'I DO.I( l!SOHTO'IJHI:lM ,1(8l~Jl9HK9M 0,35 aTM. IIO OT

HOID9Hl!Jl K ,l(aBJl9Hl!J) HaCNIIISHHOro napa •. llpe.ItJiOJtSHB l! SaJIIl!llleHa aBTOpcKl!M 

CBI!,ItSTeJILCTBOM KOHCTPYKIJ,KJr f.IILTpaSByKOBOI DySHpl>KOBO:I KaMepH. 

2. HCCJIS,l(OBaHH fCJIOBWi iilOIUPOl31ml!JI TpeKOB HOHKSllpYIIIIHX 'laCTHD; 

IIO,l( ,IteiCTBl!SM. y'JILTjla.SByKa B u.ztKOM BO.I(Opo,Ite. liOKasaHa Ol'paH11tmBSD!IWI 

poJIL KaBl!TS~OHHmC. Jmn9Hl!l· HQ IIOBSpxHOCTl! ·fJILTPfls~OEDC l!S~TeJiel· 
IIpl! iiJOpmpoBfimm: Tp6KOB ~CTHD;, OD;9H9Ha CKOpaCT:& pocTa IIyS!ipJ>KOB .1(0 

BB,ItKMlDt p8SM8poB l! p8CCMOTp9HO :B.1IWDllt9 Ha KOHe~e . p&SMepH IIySHpl>KOB 

S@!eKTOB HX OO'b9,Iti!H6H.HJI B Y'.IILTpaSByKOBOM IIOJie. . . . . 
3. PaspaOOTBHa l! l!CIIHTaHa MO.I(eJii. SJl9KTpo,D;HH8MJ!lieCKOI Cl!CT6MH 

pacnmpeiUfJI paOO'!ero OO'beMa IIySHpl>KOBOI RaMS PH, OCHOB8HH8JI Ha BSal!Mo

,ItelcTBl!l! CB6pxllp0BOM11191 OOMOTKH CHJrOBOro Ilpl!liO,Ita -~ . IIO . KOTOpol IIpoTe

KaeT. nepeuemml · ToK; · KOMMYTHp1ewa· no onpe~E!Jiemio.,Y saxoHy, · c :PacceJm

HHM MarHKTHHM. nOJieM CB9pxllpoBOM1119rO COJISHO_IJ,tta KaMSP!l• KOHCTpytal;HJI Ta~ 
KOI ·Cl!CTeMH SalllHlll6Ha SBTOpcKl!M CBl!,D;6TeJILCTBOM. 

4 • · liPoBe.I(SHO. CHCT9M8Tl!'l9CK09 ·_l!CCJI9,1(0B8Hl!9. SMilJil!~ XSpaKTepHC

THK l! BHepreT~SCKOro.paspemeHHR npoiiO~OHSJll>HHX C'le~OB, SaiiCN1H9H-. 

HHX OJiaropo.n,moor rasaMl! (Ar, Xe) H l!X CMecmm IIpH .ItaBJiemtSIJC .ItO IOO aTM. 

ll: TSMnepaTYJ>&X B ,l(HaiiSSOHe !50t300 K. B pesyJILTaTe BTHX BCCJI6.1(0BaHHI 

B cMSCB aproHa C KC6HOHOM OOJI:&mOI UJIOTHOCTH OOH8pyE9H H9M9T8CT80HJILHHI 

sqxpexor IIeHHHHra, IlpliBO,ItRilld K pocTY xoHHstUJ14H B .namme. IIoxasaHo, '!To, 

no CpaBHeHl!J)· c .'ll!CTHM aprOHOM; ~ ·CMeCB Ar + 0,5% Xe Had.lm.naeTCH ·aHa-

. 'll!TeJILHOe f.nytm!9HB9 X8paKT9Pl!C'rl!K IIpOIIO~OH8JI'LHHX C'IST'll!KOB BO BCSM 

l!CCJIS.I(OBaimOM. ,l(l!anSSOHe orewepaTYP. liPH STOM CYJIISCTBeHHO (B I. 5t2. pasa) 

CHKia8TcH.pado~ee HanpHEeHl!e C'le'r'll!Ka, .COxpaHBSTCR ,It0BOJI:&HO.EHCOK09 3 . . . . . .. ·' 
( .;. IO ) SHa'leHl!e MaKCBM8JI:&HOro KO~SHTa raso::eoro fCl!JleiUfJI, y~a-
S'l'CR (- B ·2 pasa) sHepre'l'l!'lecxoe :Pe.spemeHl!e. · . . 

5. BilnonHeH D;i!KJI l!CCJIS,ItOBaHHI SJieK.TpoHHHX .1(9T9KTOpoB Ha KOH,lt9HCB~ 
poBaHHHX Spl'OHe H KCSHOHe. UKKJI BKJlJl~eT B ceOs.l l!S~eHl!e ,It9T9KTl!pYD414X 

CBO:ICTB D;Wni:H,D;pH'qeCKl!X C'lST'IHKOBi SaiiOJIHeHHHX :U,ItKJDOf l! 'l'BePJtl>IIO( apro

HOM l! KCSHOHOM, a 'l'aKZe MHOroSJISK'l'po,ItHOI HOmlsaiOIOBHOI K8M9PH, SaiiOJI-

18 

I 

!I 

HSHHOI lltK,ItKl!M. Spl'OHOM o .JI.na C'l9T'll!KOB Ha TBSp.ItHX aprOHS H KCSHOHe IIo

KSSaHO 0 ~TO XBPaxT9pHHJII pelltHMOM l!X paOOTH SlBJillSTCJt HOHl!San;KOHHHI pe-

DM (oes PaSMHOlltelmH) • .JI.na c'leT'll!KOB Ha D.ItKHX H TBep.ItHX aproHe· H · 

KC9HOH9. no.iry-qeHH ~eCTBeHHble ·. ,Itamrne 00 SHepreT~eCKOM. pememm B 

KOS~eHTax peKOMOHHanKK SJieKTpoHOB,B ~OH,It8HCHpoB8HHO~ CPe,Ite. HcCJie

,ItOB8HHJ! MHOroceKUHOHHO~ ~oaproHOBOA li:OHl!San;KOHHO~ KaMepH C IIOJI93-

HIDII 007>9MOM -I JI, paS,IteJISHHblM MHOllt8CTBOM TOHKHX IIJIOCKHX SJISKTpo,ItOB 

H8 CJIOH TOJIII!IDlOA .... 2 MM, noKSSaJIH, 'ITO TaKBII KaMepa MOllteT OHTI> BC

IIOJll.30BaH8'~ cneKTpOM9TpHH R ~8HTH~ '!aCTRD; (nHOHOB,' npoTOHOB) 

c sHepr:wn.m: < !00+200 MaB. IlpH aTOM TO'lHOCTl. onpe,IteJieHHJt npo6era '!ac

T~ MOEeT .I(OCTKraTl. IOot400 MKM; a aHepreTH'!ecKoe·paspe~eHHe B o~ 
,IteJil.HO~ ceronm: COCTaBJIJteT ~ !50 KSB. 

6. PaapaOoTaHH ~ ~sR-aKcnep~eHTOB KIJHOCTaTH! noanOJIHromne 

npoHSBO,ItHTl> HCCJIS,ItOBBHHJt o6pasD;OB B ,ItHanasoHe TeMnepaTYP 4,2-300 K 

npR TO'IHOCTH IIO.It.I(epmaHRJI TeMDepaTypU ±0,1 K Ha pasHHX TeMUepaTypHHX 

ypoBHRX. KpRocTaTu ooecnetiHJIH aqxpsKTHBHoe n:PoBe,IteHHe OoJll.moro D;HKJia 

HCCJIS,ItOBBHHil· B81Jt9CTB8 C llOMOI!Il.!O Jo1 SR-MeTO.I{8 Ha CHHXpoUHRJIOTpoHe .Jiffii. 
HaH60JI99 BalltHblS pesyJil.T8TU STHX HCCJIS,ItOBaHB~ CJie~e: OTKpllTO JtBJI9-

HH9.llO,It6api>epHOii HSKOrepeHTHOii ,Itii<MJYSBH IIOJl~lKHTeJil.HHX MIOOHOB B KpHCTaJI

~eCKOi! pemeTKe M9T8JrJIOB; -BIIepBHe. BUnOJIHSH 3KCITElpHM8HT no IIOHCKaM 

STOMa MIOOHHJ! B pR.I(S M9TaJIJIOB, pesyJll.T8T KOTOporo HHT9pllp9THpy9TCJl KaK 

OTCy-TCTBHS IISpaMai'HHTHOrO CBIIS8¥l:!Oro COCTOmmJI ( JA+e- ) B HCCJIS,ItOBBH

HHX MSTSJIJiax;. IIOKasaHa ~KTRBHOCTI> f' SR-MSTO,Ita · ~ KOJIH'l8CTB8HHOrO 

li:S~eHHJt CBOi!CTB CBepxnpoBO,D,HHKOB •. 

7. Coa,naHa ~-· ripooo,IteHHJt aKcnepmeHTOB Ha ycKopRTeJISIX MHoroD;eJie

B8J1 CBepxnpoBOMIIIM Mai'HHTHSJI CHCT9M8, COCTOSII!IM HS .ItBYX aBTOHOMHHX 

KSTYJIISK C BeyTpeHHHM ,l(H8M9TpoM ,.. 40 CM, paCCTOSIHKe M9l!QJY KOTOpHMH 

MOllteT BUOzpaTl.CJI HCXO,l(SI HS YCJIOBHJI.SKCIIepHMeHTa. 1IpOB9,It9HO HCnHTaHHe 

CBCT8MH npH HCllOJILSOBaHHH ee B Ka'l8CTB9 CBepxnpoBO.ItSJ:m8il Mai'HHTHOii JIO-

BYJIOOI, B pesyJILT8T9''l9rO nOJIY'leHO Mai'HHTHOe nOJie B IJ.9HTpe -2,0 T H 

Ha KpaSIX (B "npo6Kax~).- 3,? T. ' 
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