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• OB!lAR XAPAIITEP~Till<A PABOTH 

. > .. AKTYaJib~OC'l'b npo6JieMbl •.•. Miao• MeTO~ . 'CCJie,nosrumn B81!l8CTBa 
6epeT. caoe HatraJio c pa60T1,1 T .J!H H ti.futra .1 , · r.ne anepa1,1e pac
Clr'.aTpHBa.'Ica BOilpOC O H8COxpaH8HHH . IIpOCTpaHl!'l'B8HH0£1 . Ill SapR,rtOBOlt . 

.. ti8THOCTJi IL CJia6wc Bsa11Mo,rteltCTBIUOC. QKC~epHMC:HTB.JibHOe 06Hapyi,:im'e 
pe3K08 acHMMeTpHH B pacnpe,ne.r.eHKH noaHTpOHOB µ- e - pacna.na. · 21 
H .f!BlfJIOCb OCHOEOlt p0ll,l\8HH:;tliOBOro S1,rtepao-<pH3HtleciturOMfr.l'O,rta HC'.'" 
cJte,rtoaaHHJl·CBoffcTB Ml)OHa H MIOOH.is: (Jie.r1to.ro aHa..ilora aTOMa.ao,n.opo,na 
- ca11aatt;io£t c111cTeMbl : ~+e- = l'IU. ,.J. H cnoco6oa HX_B3aHMo,neltc-r·mm 
_aa~ecTBe: p~R CMU:!::>R .>-cneK:P~CKOnHH. p5R. -MeTo,rtno <pH

; 3HtleCKOlt CyTH,. B03MOlKHOC'.1'JIM Ill nepcneKTHBaM, · CpaBHHI,; C MeTO,tl.OM 
. .R)1.epHoro 8,t9.I'HHTHOI'O pesoHaHCa (HMP) , a COOTBeTCTB8HHO, MLl $ R 
, :-MeTO,f\ · c · MeTo,noM 3.ne:,TpOHHOr<> napaMaI'HHTtto.ro peaoHattca. (3IlP). Me
. 'l'O,rtl,I lIMP H 3IIP OTHOCJITCSI K Macey c1111H-pe30HaHCHLIX MeTo,noB MOJie-. 
: ~JlllpiiOlt cneitTpoCKOilHH, noaToMy ecTeCTBeHHO 6y,neT aaaaaT& ~$R 
H Ml-l~R -MeTO,ll.bl ~ cmm-peaOHaHCHolt cneKTpOcKonHeR MIIJOHa.111 MIOOHlffi~ 

B 'l'etieHHe 6o;iee 30 Jle'l' nocJie. 195'7. ro,ne. _npo111cxo,n1rno (111 IlpOHC:
XO,IJ.R'T celttlac) c.icTeHaTv.tiecKoe HC<;:J1e,noaatt11e cBoli1cT& MJOOHa n MIOOHHSI. 
B,CCCP pa6om no qJlll3HKe ~oHa HatlaJIHCb npaKTHtleCKH,cpaay nocJie 
OTKpblTHJI HecoxpaHeHi1R tfeTHOCT11. B µ-e-pacnn;ne c licno;z1,aonaii11ewnytt
KOB Il\-Me30HOB, tp830TpOHa Jlf!Il Olilffll. fi«oHepai.m 3THX HCCJie;nOB:ll!H~ RB-

. 11R10TcR, H~tt.rypeaHtt, E.A.H_H1<on1,cttl'!l! (HA9), A.H.Airnxamm, B.r.Klipli.JI· 
non-Yrpio11oa ( ~HAH} .B 60-:-e ro;n~ 6mm. aanol!teHU ocHosu 11roOHHOro Me1'o~ 
].ta l,{CCl!e,.itOB8HHR neiQeCTBa. J,1 npHop.llTeT 3THX llCCJie;nonaH«~i 6e3yCJIOBHO 

. npHHa,rtJtel!t«T coaeTc~m.i · qiH3HKaM. B pa6oTax B.r. Hocoaa H M:.B.lIKOBJie-
nolt (itiMAH), H.r. l-1BattTepa H B.Il.CwtJt.r!.f. (MA3) . aaJI01KeHI:l Teope'l'IB1ec

. i<ue _OCHOBbl MKJOHHoro MeTo,na. B pa6oTa.x B.r .~lq)COBa, D.B.06yxoBa 11 
'AP• (ill'&li), M.M.I'ypeaHti:a, 6.A.HiiKOJibCKOI'O 11,np. (MA3) paspa.6oTaHN 
'31tcnep11MeHTa.JlbHL16 M8TO,rtl,I HCCJie,rtOBaHHJI _11. IlOJIOl!t8HO . HatlaJIO CHCTet-,a..; 
TlftleCKHM HCCJI8,rtOE8.HHRM qll13HKH Ill XliMHH B3aHMO,tl.8HCTl>111{ MlOOHa HMIOO-
.__, 
1) Lee T.D'., Yang C.N. Phys. Rev.; 1956, v.104~ No.1, p~254 • 
2) Gt.-.vin R:L.'·et·al. Phys. Rev., -1957; v~105, No.4,. p.1415~ 
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iurn c Bell\eCTBOM a lKM;Kon H ~·Bep,non ipasax *\ B :70'...e .ro)J.bl npo11cxo
,i:J.11T pe3KOe B03J)8.CTamie t.mCJJa pa60T C HCilO,'lb30BaHli6M .. '!>OHO£; tlTO, 
nprutt,ne B_C6I'O, onpe,IJ.e,1neT,Cfl DBO,IJ.OM ff CTpOii CBeTOCl-!JlbHh!X yci<0p11Te;.,.' 
'Jleit ;_ Me30HHhlx ¢a6pm{ S l N (illaei:rwap11a) ~ LAM PR ;(CillA) ;iRlU.MF' 
(l{ru-m,na) H C'6pa30Bai-i~el. TaM 6o.nbwC~O-.tlMC.18. HOBl,IX _3Kcnep11MeHT&Jlb_: .. 
HblX p 5 R . '."rpynn. B 1976 ro,ny nyll1eH a: SKcnJJyaTauim tl.l{)OHH:,IR Ka-. ; 
J.taJI HU CllHXpoi.urnirOT!)OH!i Jlllil<f/ II l·la'-iaJJ~Cb. 3KCTiep11Mei1TB.JlbHble 11CCJ!e-.' 
hoiiB.Hll.ll c MKio1-mM11 Ha yc-raiioBI<e· "M10om1n';. :'0;: · · :_ • · · .. · · 

B 70.:.e ro;1.11 i'.iat1aiJ11cb cncTeM~T11~ecK11e ~ccJie,no~aH~n i!'eTo,n01,1 
p $ R ·. aTOMapHIDC . r:oJiynpoBo,nmmciB. · ( Si_,Ge) / 11H!e,pec i< 3THM lfCCJiei ::: 

,noBB.HHsiM npeJK,ne scero cBJi:3aH c -reM, tiTo B MaJJOJier11poBa.HHWC o6pas..:_ 
uax 5i.. . 11 Ge. '3Kcnep11MeHTc!JlhHO tta6JJIOI\'l8TCR; ,noJJPOlKI-IBY[:111-li M!OOHl1£! ; 

~ MOHOKpttcTaJIJihl'STH:ic 3JJer.ieHTOB HBim1c~ no11~roH~M f? npoBepK11 ~bl-, 
BO,IJ.0B TeOpHH: B J.973 ro.u,y B pa6oTe rpyrmh! Bep1(JUI 3 ·. fj MOHO_KpH- : 
c•taJIJJaX • KpeMHl1.fl o6ttapyJKeHo. napaMaPHHTHoe · coc-r0Rttt1e ( "aHOMaJihlihli-1'' 

- MiooH11li), KOHCTaHTa cBepxToHnorci B3am,io,nelkTBl1ll. xcToporo CYil\eCT
:aemm. ( - 'B IOJ pa3) M6Hblll8 _o6~J-ioro• ( "riopMe .. m,Horo") M)OOHl-1.f! J,I Kpo..: 
Me Toro·o6Jia,naeT RBHo'aupaiKettHoit aHl130TpoTI11elino OTHomcHv.10 Koc.RM. 
Cl1MMeTp1!1! MOHciKp11CTaJIJJa. "HopMa.ribHbl~" H "aHOMaJibHh!H". MlOOHHI! npo_-' , 

, .f!BJlffiOTCJ'I B 3KCll€p111l6HT6 o,ni-toapeMeHHO; O,riilal(O lli,)Hpci,na 3Tl1X CvCTOSl..: 
H111! (1-1 oco6eHHO. 3'l·o, Ke.ca'eTCH '.'aHoManbHvro''_ IAJOOHI-l.fl) Chrna 3ara,noq- · ·· 

. HOil. Pememie 3TOI! aara,n,m _61,mo C,nHOH 1-13 :-ia,naq 3KCnepttM€HT8JlbHOir<;'. 
p5R '-Ppynnhl .il&l~.,, ... _ .· . .• · .. '.• · , ''i 

-B pa60'l'ax l1. H.I'ypeBlitla~ E.A.HttlWJJbCkO:CO 1-1 ,np. ( i1A3) 3aJIOJKSHbl :·, 
OC!iOB!i np11MeHeHlf.fl 1,r.oOHHoro MeTo,na ·.n1u1 -11cc11e,noaaHtt.fl MaI'HeTl1KOB~ ':'<;;' 
M.arm1THblli ~;~iieHT MIOOH(\ ,srn11JicJt t1yBc'!'Bl1T8.%Hh!M,i,mrttwrttb1U ·aoH:U,oM ,n.r.11/, 
113~eHV.fl DHyTpeHHHX Maf'HI-ITHblX noJJeli: 'B Jll-frl!l'?. ~TH· B03MOlKHOCT!i 6b1Jla · 
pacnpOCTpatteHh! Ha 113JtlCHl1e pacnpe,neJJeHl1.f1°M3.!'Hl1TH~ nq:nen Dripo~~ 
Jl6HHWC 3Jl8KTpOTeX~HtlCCKliX CT'Uli!X If C03,[.aH!l Ci10C06bi, npaY.TtttiecKOI'O 

*) P.acTomi:.aa -iac~~;:~:;-nocaffil\~~ui. 11c:::JJe,noDaH1,1.f!M . ;,·t: > :'-, 
3ap.RJ!(6H'lhi"MH 'MlOOHaMlf 11 no3TOMy s,necb He paccMaTp11r,a10'!'CJJ paGon.i , 
C 11CTIOJ!b30Baf:!HeM OTp11uaTeJJbHO 3apm<eHHblX MlOOHOB, -r,ne- ycnex11 . 
CCBeTc1rnx y~em.rx l(aK B TeopeTl1tl6ClrnX.,' TaK_l1 B 3!tcr:ep11MeHTailh'
HWC pa6oTa.XTaK:l(e CY!I\CCTB6HHl1; · .. · :. .; .:_. ,>:- ·,e:,_ '>. 

3) Brewer J.H.:etal. Phy:i. Rev. L~tL, 1973; v';J1; Uo,J·;:p;143;;, 
.-' •, -. _,' :·- .. • . . : ·, , -
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· np11MeHeH11a )-1-5 R -MeTo,na !ienocpe,ncTBeHHO B nnou3ac,ncTBe. 

B 1976 rop,y B KHHre, B.r.Baph!llleBcKoro 1:7 6e1JJa BblCKasami.'" 
11,ne.R, 'tl'l'O a'l'OM MlOOHl1.fl (a Ta'.OKe BO,I\Opo,n; M!O-:-MC30aTOM!l .R,nep, 06Jia
,naJOII(l1X cmmoM) a ocHOBHOM cocTorum11_ v.il~eT .n?TIOJIHY.TeJJbHyio RBaHTo:.. -
ayio · xapaKTep11CTl1KY -· 3JJeKTpl'lti0CKl1i% KBa,npyn0JILH~ • MOMeHT,. cpaiprn
Mbl8 no nOJ>R.nKY BC.r.litl:mu c .R,nepHh!Mli KBa,npynOJJhHb!Mli MOMCHTaM\1~ B . · · 
pa6oTax F.J/, DhlllOJJHeHHh!X B TR l U. MP, · 6una o6Hap:pteHa cJ1a6an aH11-, 
30Tpon1111 cuepxTOHKOI'O B3al1MO,ne8cTEl1.fl. "HopMaJib:iOI'O" MIOOHl-l.fl B RpH
CTaJJJJ~eCKOM ol -nBapue, tlTO H.6blJlq l1HTepnpeT11poaatto ~aK Kaa,npy
noJihHoe B3al-!MO,nencTBl18 mioml.fl . B . HeO)J.HOpO,nHhlX _· 3JJeKTpl1tleCKl1X BHy- .. 
Tp11Rp11c1aJJJJl1tlecR11x no,JJ.RX ~ Ha.nm«e KBa,npynoJJhHOPo MOMeHTa y MIOOHl1.fl 

. 01~1,maeT ttoaoe Henpaa11e1rne 11ccJJe,11.0Bam1Iii MeTo,noM p.5R - 11ccJJe,no-' 
88.HY.8 BHyTpeHHl1X <lJJCKTpl-ltlCCKIIX llOJleli; _iiTO CYil\eCTBeHHO pacm11pneT 
06-beK'l'bl J1l!CJl0,I\OBam1£1 1.llOOHHh!M , MCTO,I(OM, BRJl!Ctlrut 'Y.30JI.RT0pbl C l,leKy611-
qeCl(Ot\ c11MMeTp11eitBHyTp11Kp11cT8.JIJJHtlecKoro noJI.R, cerHeT03JJeKTpllKi111 

'T~.n; Il03TOMY ClfCTeMaT11tiecK11e .11CCJie,noaattirn KBa.n,pynoJibHbllC OCUl1JJJJ.f!..' _· 
lll1B MIOOHl1st ttaM :npe:ztcTaDJ!fl!OTCff Rpa~He BalKHh!IJil. 

, fuyt1eHlle npoueccoa, np011CXO,n.flll1MX C M!OOHY.eM, BruKHO H ,II.JI.fl BWiC,: 
.· H8Hll.fl • np.ipo,ub1/c~a6uro •. B3aMM0,1J.0~CTBl1fl .-, Hanp11Mep, ; OTcyTCTBllB '.. (JJu6o 
06Hapy,itElJil18) nepexo,na MIOOH118·•81¾Tl1M100Hl1li .f!BJJP.:eTCfl- Rpwrep11eM'cn-oa-' 

. ae)J,Jlll~OcT1r (,111160_; tt~cnpaaejvii-lB~CTH >.,saKOf:OB crixpatteHtt.fl 3JieK•rpottHO-, · 

· ro K MIOOHHOI'O. f en~ci~HbJX 'tl11CJlJI;,' ~n_ep~h!e 1-1a~Bda~mKH()CTh .113ytieHl1K 
3TOI'? npouecca ,6Wio ,yKaaB.Ho :BJ,j'.floHTeKopBo I~( IlepablU 3Kcnep11- • 
i.leH'l' · no noiicRy·: KOHBepciiit ,M10?liHA-aHTHM1001-mtL DblllOJIHeH Ha c1mxpolljK
JIOTpoHe NEV15; (KoJJyM611liCKl1H y1maepcHTeT; Cl!IA), )]..)].;AMaTc. ·.11, ,np. 7 I. 
·no11CKOB~e 3RcnepH~eHTbl 11, 'l,{e~o,nl1t.iecRa.fl 

0

ll(),IJ,I'OTOBKa I{ aHaJIOI'H'Q;iblM 
11ccxe,u.oarulll.RM a Jlffi~ BCJJl1Cb'·C "1978 ;ro,nai ·: O,nttaKO (io'JJee. nOJJHhlt\ 
TeopeTl!lleCRl11°1° ,i. 3Kcnep11MeHTaJJbHlilii: aHaJJl13 'B03MOl!tHOCTM . IlOCTaHODKl1 

-.. TaKOI'~, aKcnep11MeHTa ;HatlaJICn c '1986·-ro.iia WCBst311 CllOWOTOBKOI\, I(_ 

•· pa6oTe' Ha MocROBCKOI\; M'eao·HHOihqia6p111<e •• illH1 'AH CCCP .''nycK B _CTp()I\ 
. KOTOpoit ;oi1m~a-eTCR'. a' 6J1mttaiim11e. ro,ll.hl~ PaccMOTpeHbl TaK!te .· ,ri;pyr11e B03-

•••• ': '.' '.',• • - > - CO ~ • ;.;.....;..._.;....c, _____ _ 

-.· 4!.:~g~~-(~fip'~ j•:!~~~:~,~,~Ht.•;-~riTHKa :··~~;JJ.7113_\:,~a~~•, 9pe,n:·.: 

5) Brewcr_.J;H. ,et:aL; l'hys •. ·Rev. Lett.; 1979, v.42; No.12, p.808. 
•·. __ 13rewe_r.·J.rr. et_al'.''.Hyp. 'Inter,,: 1979; v.6, p.1"81. · 

6)•noiiietrop;o 't/ili'11''.:1/'I957~'):T~33{ B~2(3) .·,c ~5,~9-~ ·• 
;'7) 'Ama"to, J;.J. et aiY?hys';•·n~~;-i;~t:!.:':/19.6$, v.21~ No.25,p.1709. 

~~ . 
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!lOJKHOCTH npm1eHe1m~ MIOOHHo~o MeTo~a ,n1UJ ?Kcnep11MeH'raJihHOA npoaep"". 
KH TeopHH 3JieKTpocJia6oro 53amio,nelicTDH.R_. · · · · · · · 

·. UeJm 11 3a,natn1 pa60Tbl. ' I.. C03,IJ.aHHe Ha MHlOHHOM KaHaJI~ CHHXpo
UHKJIOTpOHa JU1H~ ycTaHOBKH ·"MloOHH/.\" H KOMilJleKCa annapaTypbl (3JieK-

. TPOHHaR Jior1ma, CHCTeMbl Ill-!TaHHR H CTa6H1iH3aUHH, CHCTeMH Hauepemm 
MaJlblX. r.iarHHTHblX noJieR, _cHcTeMi.l ynpas~emm H as'l'OMaTHKH ," KpuocTaTb1 , 

ll TepMOCTaTbl H T.,11..), Heo6XO,[;HM0!1 ,ItJISI ee 3KCnJJyaTfillHH. 11cCJiep,OBa~ . 
HHe nytll<OB MIOOHOB. , 2. CHCT€MaTmecitoe ; HCCne,noBaHHe· KBa)qlyrio.nbHO.;;,•: 

. ro BSaH~o,11.eacTBHffMIOOtUl.fl Ii HeO)l.HOpo.wn,ix BHYTPHKpHCT8.JIJIHt1eC1tIDC .. 

3.'leKTplitleCKHX no.,roc H HCCJI8,ll.OBaHHe B03MOlKHOCTH MlOOHHOI'O MeTo~a 
,nJIR 113ytiem1.fl HOBOI'O KJiacca Bel!\ebTB;· > s: , vlccJie,".(OBruiHe ·xapru<TepH~ 

CTHtleCKHX · coc'rORHHi\ a.TOMB.· .. MIOOHHff B a-roMapHbOC noJiy:tposo)l.HHKax H < , .. 
6HttapHWC noJiynpoBO)J.HHI(OBblX coe)l.HH~}!11RX:., · }lsyt1em1e npHpo,DJl •. "~OMa1lb; 
HOI'O" MIOOHIUI •. ·. 4. AHaJIHS B03MOJKHOCTH npifMeHel•Ulli: MllOHHOI'O ,MeTO,rta;' . 

,nJI.fl HCCJI8,It0BaHHR pe,Itl(HX pacna,u.OB. MIOOHa. ;. 5. Pa3Bl!TY.e . CnOC060B np11:'.':. 
MeHeHHR MeTo,noB cnHtt-pesoHaHcttolr cneKTpocKoniiH MIOoim 11 MDOHH.fl B · · 
IlpHKJ)'.a)l,HOii q>H3HKe H TeXHHKe.. . 

. ',' HaY;~HB.R 'HO~H3Ha. L' Ilpoae,iie~o~ si6nel)»~eHTaJ!h;-IOe 

HHe · napaMeTpos •· KBa,l!JlynoJihHOro s3a11Mo,neRcTSHR. tr.ooHnn ·• fl KpHCTaJIJIH
qecKo8 'pemeTK8 .·. o/.. -KBapua; Onpe,nef.etta 0!)1-!eHTa~ll.R oceff. Tetrnopa . , ... 

rpa,11.11eHTa 3J;8KTpwciecKOI'O llOJl.fl B HCCJie,izyeMh!X 06pa3uax l 2. Bnepiib!e"' 
npe,11.JIOJ,teH H peMH30BaH MeT0,11, 3KCnep}!MeHTaJ!bHOI'O. onpe,neJ1eH1m. 3HaKa. 

KBa,n,pynoJihHOA nocTorumoR cl . · oKcnepH°MeHT3JlbHO noKaaai-io ~ llTO 
yneJIHtl6HHeM TeMIIepaTypl:J o6pa3Ua npo11cxo,nHT H3Me1foti11e BeJil-!tll!Hbl. 1,1' 

3HaKa · rrna,l!JlynoJibH08 · nocToRHHOR, 06ycJ10B~eHHce · 6blcTpoti ,!lHqxpy3H~lf ;\ · 
MIOOHHff no CBOIIM MecTru.i JIOKlUIHSau1111. 3~· Ilpoae,neHbl>Cl'ICT,eMaTHt!eCKHe 
HCCJl8,ll,OBaHHS!. yc:JIOBHR. o6pa30Ba.HUS! l1 B3aHMri,nei1CTBIIR. c· pemeTKOR Be~\: 

ll1eCTBa "HOpMaJ!bHOI'O" II "aHOMa.JJbHOI'O" _ MIOOHH~;; .nm™arHHTHOA qipaKUWH 
a uoHoirpucTaJIJiex .itpeMii111r ·. n II p.:..T1ma nposo,n;iMocTwli m11poKoM itv.ll-:-· 
nasoHe TeimepaTyp. ·fipe}lJIO)JleHa cxe1,iil., naa11Mo.n,eAcTBl!fl .·M10Nm 11.·•MIOOHIIR'. 

B aeu1eCT1.le. • 4. Ilpoae,11.eHa 3KCnepl!MeH•raJibHru! npoaepRa. MO,ne.nH ll!OJie:., 
KYJIS!pHOro pa~m,aJia. ,nJIR "aHOMaJibttOro" MllOHHR,:, 5. Bnepshie IlOR8.3aHO. 
HaJIHtlHe. COCTOJltiHi\ "ttopi-:.a.nbHOI'O" Ii "aHOMaJibHOro" MRJOHHfl B 6111.iapHOM ; . 
noJiynpOBO,Il,HIIKOBOM C08)'.l,HHeHHH ·. Ga./\s · ... Ilo,t8.31llla yH11BepcaJibHOCTb : •• 

• • '• • A •, • '••• •,,,,: 

M€XaHll31,m Baav.Mo,neilcTBHfl MlOOHa H MIOOHHR. B aTOMapHb!X OOJ!yllpOBO)l.HH-o', 

Kax u B 611t1apttwc ·. nonynpOBO)l,Hl!l<OBhlX COeWtH6rm.f!X., 6. npoae;ieH~ .~b?; 
...,,,,_;~ 

'· 
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OOC;TaBJieHHe OCHOBHb!X 3twnepl1MGHTaJibWdX )..(UHfill'Y, xap8.'<TepH3YJOIJ\11X 
COCTORHHe "aHoMa:11,HOro" M]OOHHil H "anol.lllJ!hHOI'O" BO)J,OfO,na (06aapy--
1KeHHoro B Kp8MHIIVI Mt;TO.IJ.011 3IiP /B/) . K yCTUHOBJieHU o6q80l!Th HX . 

. CTPYKTyp •.. 7. Ilpe,rr,.iro;;.om l{alieCTBeH!!a.FI. l,1!!Kpoc1:om1c1ec1:a.a Mo.n,e.lb 
B3aHMO,ll.eAcT~Hfl noJIOJ!(TTTCJlbHO ::ie.pruKGHHOI'O !JlOOliU C BG'l\GCTBOM M,miemi 

C MOMeHT3.. Ha_tJaJia TepMaJil!3D.UHll ,i\O MOUeHTa pacna,na 1/,TOOHa. 

: IlpaR'rl1tleCtmH U6HHOCTb.. I. PesyJlbTaTbl pa60Tbl ·nOJIC3};!,! )l,.llfl 

6oJie'2: I'Jiy6oKoro noHHMaiurn ¢vr3mm siam10.ueikTBHR 3aproKeHHbIX MI00HOB 

c Bell!eCTBOM. B }'-SR -,-3KcnepnMeHTax ttapR,Izy c 11cc,1e,u0Be.Hwi1.1 ueJio
ro pR,11,a ·roHKHX qm3V.lJeCKl!X; 3rµpeRTOB, •raKV.X, Hanp11uep, KaK BJll1HHl1e 
cpe)ll,I 'Ha ,csepxTOHKOe B38.TTMO,nefiCTBHe B DO,nopo,e.ono,no6:rnM aTOMe' 

MOJKHO pemaTb Jj nonpocu; BDJKHh!e ,IlJlH TeXHOJIOT'l1¾ noJiynpdBO,Il,HIU(OB. 

OTO :aonpOCl:J O COCTOJTHHH so.n,opo,na B 3T 1iX coe,n:memrnx, 0 C'.:'PYKType 

BHYTPHKpHCTaJIJIHlIGCKOPo noJif!, o po;m 1,ciHueHTpa1~1111 HOCr!1'eJiei1 sap!!:.. 

.n,a, Tune .npoBO,lJ,HMOCTH, 0 mHpl!H(~ oanpeqeimofi 30Hbl ,IlJlR. B3aEMO,nei1-
CTBH.fl Bo,nopop,a. (MIOOHV..f!) C KOMI10ll;H':a.Ml1 I10J1ynpOBO,IJ,HIIKOEblX KOMII03W-

. u11a, o saxsaTe ao,nopo,na Ha CTPYKTypHble H >1MnJ1aHT,l::iJOBamrne np11Me

cv., 0 CTeneH':l ):lHCJIOU11pODRHHOCTH TeXH~eCKHX MaTepuaJIOB H PH,IJ. Ti.PY
I'HX BOllpOCOB. 2. Ilpe,nJIOlKetta HOBM IIOCTaHOBKa aKcnepnMehTa no 

nOHCKy 6esttei1Tf'\IHHOI'O pacna,na !,".,00!:fa C Il:lMOU;b!O ycTaHOBim, 11CilOJlb--

3YJOll!efi CTatt.naJ?THYD p.. SR ..:TexHHKY, ,11.onoJIHeHH'JIO Ha auxo.11e 3JieR
TpOHHoro TenecKona Marr:t1<l'HhlM cneKTpoMe•rpoM. 3. Tipe,nJioieHa H_oaa.a 

HH3KO<pOHOBaR MeTOAHKa ~CcJieAOBaHl!.f! nepexo.ua M~OHHH-aHTHinooHtti1. 

Ilposcp,eHa '3KciwpHMeHTaJibHaR oueHKa, q:oHOBh!X yc.,ontti1 r. npe,11,.aarae
MO~ OOCTaHOBKe, 3KCnCpHt1eHTa. 4. Ilpe,n.,,olKeH H peaJIH80B8H cnoco6 

onpe,11,eJieHHR Mar'Hl!THOti TeKcTypll tt cnoco6 onpe,neJiemrn napa.MeTpos 

MarHHTrlOfi Hed)l.Hopo,i:iHocTH qieppoMarm1THblX Ma-repv.a.rroa. Ilpoae,11.eHo 
:mcnepHMeHTaJlbHOe HCCJie,noRaHHe BJU!RHl-1.fl pa.3JII!t!Hb!X pelKHMOB Tep1m- ' 

qecKOH o6pa60TKH 'o6pa3UOB 3JieRTpOTeXHl1tleCKHX CTaJJefi Ha nape.MC ,'PU 
TeHsopa Marm:•rtt'on TeKCTypl:J II HanpaaJieHlfe Ha.\lal"HlflleHHOCTH .r.o~:eHOB. 
·5. Ilpe,rr.JI~,eH jll peMH30BaH CllCC06 onpe,n,eJieHHll KOHUeHTpB.UllV. pa,n.ua:.. 

IlHOHHHX .ne¢eKTOB B CJia6oJieI'HpOBaHHh!X nc:1ynpOBO)l,Hl!KaX II 1130.:urro

pax •. 6. OKCil8!)H!leHTllJ!hHO Il0Ra38J-IO, qTO cyi;ieCTBOBS.Hl!e KB&,l!JlynOJ!b-

8) roneJIKHHCKHA ~.B •• HeaHHHblH H.H. flHCbMa n R31'1l?, 
1987, T.I3, n.2, c.105 • 
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Horo MOM8HT11 Ml00Hl1.H OTY.pb!BaeT HOBH8, B03MOlKHOCTH B MlOrJHHOM Me•ro,ne 

H MOlK8T .6h!Tb HCTTOJJb'lOBaHO ,IVIR ·tt3ytieHlrn H60,ll.HOPO,D.HLIX BHyTpHKp11-

CTaJJ::IBieCKl1X • sJJeKTp,ftle·c Kl1X · noJJefi; 

_···Anti~6a.:.1YIH- p;6oThi 11. ny6JJVIKarum. OcttOBHble pe3yJJhirriThl ,ll.H~cep- _ 

Tcrnm ,JJ.OKJJa,n,blBaJJl1Cb Ha HaycIHh!X cer,nrnapax B Jiffi1>, HI'81'i,: Jl.Hil OIB11; 
Hr,. ceccirnx 0T.neJJ2mrn r1JJ,epHoti cjm:rn1rn AH- CCCP a 1978~1988 r.r~; iia 
311MHl1X. UlROJJax Jil!i1i:/ HO cjJV.3~Ke ;r,npa .. H 3JJeM8HTapHb!X _ traCTVIl.l, (YCTb-•. -·, , 

-Hap3a 8CCP, !980~ 1987, 1989), Ha Dcecoio3H1!X COBeniam1mc'. (MocKBa, 

1979; 3BeH11ropo,n, I98I; 1983, !985,\1987; AJIMa:..:ATa,1989)~ 'Ha 

MeY.t,ny1-mpO,ll.HbL"<.: ROHipep8Hlll1r!X u)ly6He \cCCP, 1977, 1987)' 1{.<opttxe ·,
(Ul1•ei1:tap1rn, 1978) , Ba~rnyaepe (KaHa;ia, 1980 ), Uh-1Mo,ne (Rnott1111~ < -
1983), Ynca.ne., (WaeUHR, !986), Dpare (4exOCJ10BS.K11R, 1989), Moc,rne 

(CCCP' !989). MaTepllaJJ ,n,uccepTau1111 OTpal!leH B 37 ny6JJ11Kau11RX a· 
COBeTCKOii, 11 3apy6elKHOii netraTJ-l. , ' , , 

CTpyw~ypa ,n11ccepTaU1rn. .D,11ccevrau»R cocT011T 113 BBe,nett1rn, 
TTRTI-! I'JJ8.B I-! 3aKJ!IOtI81U'..H 1 CO,nepr.U!1' 75 pxcyHKOB, .15 Ta6JJHU ·11 Cill1COK 

JJHTepaTypb! 113 I85 HauMellOBaHl1i1. ,06ll\H;,i o6oeM ,JJ.l1CCepTamrn 232 
CTpaHl1llh! • 

CO,IJ,EPFAHHE. ,[\fCCEPT AUvH1 

, Bo BBC,ll.8Hl111 KpaTKO OII;;CaHa Mc;optrn pa3~11Tl1R MIOOHHOI'O MeTo.n,a 

HCCJIC,UOBaH11i1, ·ccpopMyJJl,!pOBaHa U8Jlb ,u11ccep'i'a1!110HHOH pa<5oTbl, ,ll.aHO -

c60CHOBaHile aRTYaJJbHOCTl1 ,ii B8JKHOC'i'l1 o6CJ)K,UaCMUX, npo6JieM. 

. B nepsoll l'JiaBe , pa~C;.laTpnaaIOi~R OCHOBHb!S np11HU11Il~ y100HHOI'O 

MeTO)'.l,a l1CCJ!e,n_oBamrn 1 ,rr,aHO . on11caH11e. ;r.apa1,Tep11CTl1K IlycIKa MIOOHOB -

. Mro-Mea◊HHOl'o· .Kru,/:Jla cnHxpoimKJJoTpoHa Jii1H'.l) 11 ycTaHOBlm "M~ott11!1"; 

Ha KOTOpOil 11 npOBO,Ul1m!Cb 3KCnepHMCHT11JibHU8 '11CCJ1e,ucrnaH1111 •. BJIOK- . 
-cxeMa ycTaHOBKl1 ~MIOoi-mi1". IlOKa3aHa Ha p11c, l. · 0cHOBHh!Ul1 , 3Jl8MeHTB.- · 

Ml1 ycTaHOBKl1 RB;J.f!iOTCfl: -;!l~HT 11JlJJ.HU110HHhl8 CtleTtl11itl1 ( l-:5) )l.JJR per11_: _. 

CTpamrn OCTS,HOB!rn:Uaxc.H B ~mllleHX M U'OOHOB 11 Il0311Tp0HOB _ j-J,-e ·~·-• pac~ 
na,na; KOJ!blta reJJbti.POJJbUa' (!{I') ,l]..11fl C03,Ua.Hllfl B o6JiaCT!1 l,ll{UleHl1 0)1.HO- • 

pO,IJ,HOI'O MarHl1THOI'O no.irn, HanpaBJICHBO~O nepneH;J,11KYJJ.f!PHO,,CH:i.) ·11ii11 _ 
naparJieJibHO (H ;i ) 0':'HOCl1TeJibHO. HanpaBJJ8Hl1fl Ilycl:Y.l;l MDOHOB; ,K0M.:TJ8H~ 
Cl-!PYJOfil.i{e 1caTymKl1 (KK)- ,l].Jlfl KOMneHcau11u MarHil'tBOro IIOJJR 3ei.!iuir .'pac-
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P11c.I.' 

cem!Horo MLI'HX'l'BCr'O TTOJJR OT 

Mal'Hl1Ta ycKOpllTCJ!fl 11 MaPH;1THb!X 

3Ji6ti8HT0!3 M'O-M830HHOI'O ltaHa.i1a, 

(j)l!."lbT'[)bl (!)I: <12 II KOJJJlllMaTopu 

l{r 11 K2 ,I(Jl,H fl()JJytieHIU! MaKC11MY
Ma OCTllHOBOK M,10HOil 3, HCCJJ::;,uye

MOil 11.11rueH11? 3a,n,aH11.H ¢op:.1u · nytr1m 

11 nopora !)Cl'l1CTpauv.11 Il03UTl)0HOB; 

3Jl8KTpOHHUfl JJ01'11Ka. 06JJaCTb pac

UOJ;OiKElHIU! MHlll8Hl1 Ii: o6opy,uoEiaua 

Cl1CTeMOi1 Kl,)HOCTUTOil 11 •repMOCTa

TOB. 
OcHOBHOti np11Hu11n ~SR -Me

TD.D~ CCTb per11cTpaUJ1.H aKTOB 
BJJoK-cxeMa ycTaHOBKl-1 "MI00H11!1" ~ 't _,. e+ V V, -pacna,noa 

~ ,' ,, , •• · . ', . _ OCTaHOBHBlllifXC,H MR)OHOB _ 1i onpe,ne-

JJCH11e _no 3Toil'11Hq:OpMall1111 aMUJll1TY.D. xapaKTep11CTIBI8CK11X COCTOJiHHti:, 

BKJitotraIO!J111X a ce6R \-1.-t , H03MOF.:HhIX · nepexo,noB MelK,ny HI-IMH '11 noJ1.Hp113a;.. 

· U1111 MlOOHa B KaJK)lOM C0CTORHl111. )],JUI KaJK,n.oro 3apel'l1CTp11pOB8J{HOPO aK

Ta pacna,na. 113MCpReTC.H l1HTepBaJJ BpeMCHll MmK.ny OCTaHOilKOH }-'+ 11 

BUJ!eTOM TT0311TpOHa pacna,ua B ,naHHOM TeJJCCHOM yrJie 11 CTPOIITCR spe- · 

MeHHa11 rHcTorpaMMa co6HTttii Ne+-\ t). 
·B nepneH)ll1KYJ!.f!PHOM MarHHTHOM IlOJJe Mal'H11THblH MOMeHT MIOOHa 6y

.ri,eT npeueccHpoBaTb, C JJapMopoBOH tWCTOTOil: 

·, (J) = ~ ~ e.\i ,· (I) 
, , , L f-\ : , , I h - ffip C 

r,IJ.e \"~ . - MarH11THHli MOMeHT r.<iooHa; l - ero cn11H_ H BP~MeHHaR 3a

a11c11!'loCTb Ne.t l t.) a 3TOM CJiyciae 6y.n,eT >1MeTb a1-1,u: 
·, + ,' -t ,·. ' l Ne+.ll)1~ = \\l

0 
e. /'t l \+ utR)(o5 W~ t] ->r (\), {2) 

r,ne NO -.: MHOlKl1TeJib, onpe,neJJReMblil CyMMapttoli CTaTl1CTl1KOH s1ccrrep11-

M8HTa; 't == 2,19703(4)-I0-6 c - apeMR JKl13Hl1 Mrootta; ct(R) 
K03qXp11Ul18HT ac11MM8Tp1111 }'-e - pacna,n.a, CJia60 3aB>!Cffil\11i\ OT 3qi-

qieKTIIBHOil TopM03Hol1 T~Jl!JIHHU M11wett11 R; Wµ=21i.(t)/-( _; Kpy-
roaaii t;aCTOTa npeuccc1rn cn11Ha MlOOHa; ~ - , !pOH CJJycialiHb!X COBTI3.,'ICHl1H 

{B Ha!llv.x ycJioB11Rx' cp /No<. 0 ;OI, no3TOMY a JJ/l.,/IhHe!tllv.x ai.ipa-,:emrnx 
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B8.'il{l!IUJOii (? (y;,,eM rrpeHe6pePD.Tb). ~ 

B npo,noJJbHOM r:oJJe npeueccmi cmm:i 

Ne•(~) 
Mr.OHa OTCyTCTDyeT 11 ,IJ.Jl/1 

HMee:i,.,t: 

[ Net-\ t) 1f ~ No e.-t /'t [ 1 + Q lR)). 
.. : II . . (3) 

}fa. pHC. 2 npusejem,i 3ltCilCpMMCHTa.rr:,HbI8 CileRTpbI }-1-e - pac

na,na D.YPJJepo,ne B nopneH,IJ.11Ky.1IP.pHOM 11 npo,nOJibHOM Mll!'Hl1THhlX llOJIIDC, · 
llO.ilyt.!OHHL:e Ha ycTaHOBlW 0UrooHMt". 

F11c.2. DETHrv\.l 11 SPrtHCP'I l'IRX V 1_1;:19,, RJ '.< =1"1'<'1' .; ,. • 

•EP[R; ,_ .<a,e,;, · ,;,,;,,: a.) · 3Rc:iepm.1eHTllJlbH,UH cneKTp 

; ~ .•\ ~-c - pacna.na MlOOHOB, 
I~ J \_ ::::1 ·"' .F, · .;". J~TllHO['l1B!lll1XCR: n yrJiepo,ne :,,. ·, ;.•·\;.,i ,,.; ,~. " , . n · r -::i 
t_· ·.. ·. _· .::_·''A::•.\,:,'\}_ ... ./''\,/\_..-~-...• ~.--.·j (l'. 3,r,,:r, = 4,05 /cir-) B nepneH-1' ' "' ',' ; '''. ,' .-~-'' ,..c,, ..,, , ... ,.,. .· • 

·"'--'· ---~::...:..~.....:~."" ... .;...~·-· ::. ... ';;.;..;;-,:c ,IJ.11KYJU!pHOM MllI'HllTHOM noJie 

",..,,, 11 "'"'"' . H .I. = 354 3 (a) II B npO,iJ.OJibHOM 
l'rn:t Y • 2~79 !11 X "UUl ' 
mtR:: ;:mi, Mws ("', IlOJie H

11 
=_250 8.(6). ~OT0-

'1-' 0) I ~•,1.;-u...,.., . . rpa.¢1111 c GKpatta Pi. cn:ien •. UeHa l --' '° 1r-.. • -
1 • • A"'•~ .• ,.,.,, .neneH1111 KaHana 
I .,. ~ /\.-""'........,,.,.._ , .. .,. , . . . . :~ -- · · ...,..,,_,,. __ , 6 = IO Hc-rumaJI. 

·--- .l~-:---··.~---~---·· .. - :--~--~~:1:·.--:,.::.-~::;.>-Zd. - . 
t:~:l(,:. ~--~.~ .. :,~ >I lo~liiE: 2•H;2~;!g~•lttE~~!f1": 3••111n:u 

.. , .. 10,u ':WVMT£i ,-,ot,1u3, tO!JlolT i't , •• i 

. . ~. 

lilarm1THb!V. MOM6H'I' CflJJ'31c'.HHOl! CHC·I'0}1U t,-\*e- ~ Mu..i (MJO~mm) OCT!> 

CyMMa UaI'Hlf'WhlZ ll.O!t.eHTOB U.'.OOHa H 3JIOKTpOHU II npHMepHO paBeH Mar- . 

HHTHoMy MOMOHTY a;ieKTpoHa }-t Mu.;;; eh/ 2 me C. ·, . )J,rrn Tp1mJieT

Hor-o eocT011H1rn MKJOHM/I => $ 1 ( J = I, tn = I) JiapMopoaa \!aCTOTa 
npeuscc1m: · . eH · 

(J_\-\u ~ 2 tneC' (4) 

T. e. npm1.eptto B 103 pa.3a 60JibillO l!aCTOTJ:.I npeuecc;m B noJie H · CB"-. 

60,nHoro 1,r.-ootta, .-tiTO ,nae•r aoo1,107:\HOcTb s1wnep11i,1eHTam.Horo pll3rpattll:.. 

tiemrn 3TIIX,!!,Byx cocTORH,:ti. Kai; noHa3?.HO H.M.PypeBM\!eM, B.'A.HH- .· 

KOhbCKlL\l. 11 ',np. , / 9/, O,!J,HOqacTOTH8.li npE:!lOCCilR: MlOOUll/1 C ~pyroaoil 

-------------
9) fypesr.J. H.lf. 11 Ml• il:2~, 1971, T.60; n.2, c.471. 

~,-·.f 

II 

qacTOTOil: '(AJ I-II.\= 21i. ( ·t.) M1.t '. RBJIR:8TCR: Jll1lllb npH6Jilil!(6Hl18M, 

cnpaae,n.1mBblM npll ,):\OCTaTO'qHQ 1,:a.r.mc BpeMeHax Ha6JIIO,UOHl1R:. B ):\6i1CTBl1-

•. T6JlbHOCTll npeMOHHa/1 KapT11Ha aaBHCHMOCTH Net-( t) 6y,neT ' onpe

,ne.rurrbCJ'I HeCKOJlbRIJMll traCTOTa.MH, CB.ll:3UHHb!Ml1 co caepxTOHKliM pac-

' IqOI"JIOHl16M ypOBHefi :mepr11H CHCTOMbl ( t-\ °'" e - ) B MllI'HHTHOM IlOJie. . 

PeaJibHO n aKcnep11MeHTe y,naeTCR tta6.mo):\aTb (np1111aMepett11R:x a cJJa6m: 

MaI'HHTHblX Il'.>.11/lX HJ..<. IOO 8) ,nae lillCTOTbl, 6Jil13K~e K £o Mu • 11 

• apeMeHHan aan11cHMOCTb HMeeT Bii,n 611ett11fi: · · · · 

. ._·. [Ne--lt)] :~ ~ N
0 
e-t/'t:{1-i; ½Q(R.)Cos ~~ui:: CosJtt 1. · (5) 

·-. . ·. '. ,, ..... 

r,ne Q. •. - .'tlaCT~T~ MO.nYJI~H~.· Ha6Jiio,11.eH11e ,neyxtra.CTOTHOilnpeueccHH '' 

Il03BOJIJ'leT HailTH- tillCTOTbl to /.ti.(. 11 .Q ·• KOTOpble CB/13aHbl C traCTO-

TOil ca'epxTOHRoro pacmenJJeH11R: aToMa MJOO!illfl c..c.) 0 B cpe;ne npocTblM 
'' ~ '' ,, 

cOOTHOWeH11eM .· W
0

-= W)t1.1 /J'l. . BemN11Ha • U) 0 , B caoro otrepel\b, 
. ' , + -

CBl!3aHa c paaMepoM ao,nopo,nono,no6Hoit c11cTeMbl ( p. e ) B cpe,~e~ 

Ha p11c.3 npe,ncTaBJieHa riicTorpaMMa [ Ne"' (t.)) ~1.1 a mraaJieH-

HOM KBapue (T = 300 K) • 

tJ -

:: Gi ~· . . I. . l .. .-· , l. ... I\WI 
:::: ··•:<• -
:::: • ...... t ·f 
It 1f .,. • 

soooi:::: · !_.·· .. f · 
~~ . . . ' · 1 · . 
0 

· 0 · 50 

P!-!C. 3. )J.ayxqaCTOTHafl npeU6CCl1R: MIOOHl1l! B nJJaBJJ6HHOM Irnapue 

(H.( = 3.7 8, T ,,; 300 K). )J.aHHUe HcnpaBJICHhl .. a pa,..na,n 

H MO,IJ.JIOHHYJO npeueCCHIO Ha tiaCTO_Te. CB060,nHOI'O M!OOHa •. : 

CnJIOil!Hble Kp11a1,1e- TeopeTHtiec:Kan aaa11c11MocTb, rioJiyqeH-

.· H~n .. rio ¢opMyJI6 (5). UeHa ,l\6Jl8HHJ'I KaHMa 6 = I,92 HC.' 

. B npo,i:icnbHOM noJJe aaB,HCliMOCTb Ne+ (f) 
TOpofi oc5paayeTCR:' >t.IOOHl1H, iiMe8T: Bil):\: 

):\Jill cpe,ll,bl, ·;. Ho-
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[- iJ -~(t)1 Mil;,~;.,_ N et/tr 1 + Q_--(R) 1( 1 +2X2_--):-; 
I' e. - II -- 0 • ' L __ - . 2, 1 +X2. J (6) 

r,ne X = H/H
0

, a BeJ111trlma H
0 

-_ npe,ncTaFJIHeT co6oR MllrHHTHoe no:

Jie, coa,nuaaeu.oe MarHmHh!M MOMeHTOM MJOClHa- Ha 3JieKTpOHe M!OOHl-1.11. IlpH . 

H ? H0 B 3Hat!HT(?~bHOH MP.pa HCt!e3ae! B3aHMO,ne!:lcTrHe Mtl.f'HHTHWC MO.__ 

MeHTOB 3JieK•r poHa Ii M!OOHa -l3 aTOMe MIOOHH.11. OTO o6cT0.11TeJJbCTBO ,naeT - . 

aoaMOlKHOCTb H,iie1-1Tt1qnrnau1m ¢opMN HaxoJK,neHH.11 aToMa MIOOHvi.11 B: cpe,ne ~ 
< PeaJJbHO B· 60JibW11HCTBe cJiyqaea · MK'OHHeaa.11 npeueccMa ·m!J 1-ia<5JOO-. 

,naeTC.fl BBH~ 6blCTpblX XliMK!lP.CKliX pee.KU~H MIQOHH.11; np~TeKaIOiqliX 38.. 

apeM.11 ~ 10- O -c , -· cYilleCTBeHHO MeH::.mee R03M01KHOI"O apeMCHH HalJJm-, 

,neHi-l.fl ,., !0-8 C, '. a TaK1Ke li3-3a HaJJvit!H.fl CilHH-06M&HHb!X B3aHMg,nel1-

CTBJ-!£\ MeJK,u,y 3JieKTPOHOM M!OOHHfI Ii 3JleKTpOH8.!.lli cpe,nu. 0,nHaKO 15ocBeH...: 

HO HllipOpMaUlilCI O npoueccax, npoldCXO,n.RqHX:c MJOOHHeM·a aeiqeCTBa,Mollt:.:. 

HO H3BJieKaTb H3 li3ME:peHl'!H ocraTC,tlHOH IlOJI.Rpl'l::iau1111 cmma M!OOHa -- < , 
(P 00,. _) , c,na11ra cp3.3i,r { O) lllOCJHHOl-t npeuecc1111. H. apeMeH11 pe.naKcau11u 

noJI.Rp11aa•m.11 't l. H 't ,'i np11· paa:rnt;Hb!X 3Hatiemmx MaI'HV.TH!,JX m\Jle8 

HJ., Hu 11 TeMnepaTypbl c-pe_n1,1. -- _ _ . _ 

06wnrue qiopMYJllil ,nru:i MaTeMaTw-i:ecKon 06pa60TKH cneKTpoB pacna

,na B nepneH,n11KyJTs;p1-;ou 11 npo,nOJibHOM Maf'HHTHblX no.ii.RX CJie,tzy10U1He: 

[Ne+ (t)t·::,_No et/tL1-~ q(~)e_otr €t/t~Coi(j~t~6)]+.'H <7> 

( N + ( 1:)] -~ N \tl:/t [ 1 + Q(R) P. ' e"t/t:, 11- 9:).' (B) , _ e 11 _o _ • - _ - 1, on _. __ _ 
H!KOMb!Mli m1pruJeTpaM1i .flBJl.fl!OTCH: No • 't.1. ;~ 'tu • p.1 OCT;, 

Haxo,nl'l'l'C.11 113 !<OHTpOJibHblX 113-Pu OCT.,. tu,_. ,·O . IlapmieTp .• Q(R) 
MepeH11i1 c ;mweHblO 113_ yrJJepo,na. · 

'Ilp11·pa60Te·a npo,noJibHblX MarHH'!'HbiX OOJIRY. He06XO,IlllMO;OOMHHTI,, 

-- t!TO pacnpe,ueJJeH11e. [ Ne+(t)J ,i _· -- , ).(8.BaeMoe Bb!paH.elil'!eM (8), Ha.Ii.:.-· _. 

6oJJee HH.p0p!.!8.Tl1BH0 ,n.ilR !ic.6JJro,neHirn H3MeHeHl1P. OOJI.Rpli3<>UIIH MlOO!:ia BO - -

BpeMeH11 (napru!eTp . 'tu ) , HO He Il03B0JIR6T OOJlytili'Ib &.6COJl!OTHOe 3Ha~ 

-..eH1'.e-ae.11v.q11;u.; P 11 ~c'l' •• Wt.fl onpe,neJie~HR .aeJJWliH~u P11 0
:~T~ -. tte- -

O()XO,nl1MO npoBO,nHTb HOpMHpOEKY nyTeM cpaBHeHUJl pe3yJ!bTaTOB ,t(Byx 
OIIbl'rOB, BTOpo!i 113 KOTOpblX Bl:mOJIHReTC.fl E nepneH;v,KyJIRpHOM OOJ,e~ 
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Ilp11 3TOM ,IlJI.11 j-MeHt.WeHHR Cl1CTeMaTl1t!eCKIDC norpel!lHOCTe8 BruKHO, t!T0-

(51,l OIIblTbl B nepneH,nm<yJIRpHOM 11 npo,nOJibHOM M8.I"H_l1THOM 'r.oJie npoBO,of

JJHCb, no E03MOiKHOC'l-li, O,IlrlOBpeMeHHO. B HaCTOR!l\eA pa6oTe npHMeiteH 

MeTO,Il "cK:peiqem,oc" li3MepeH11l1. Ha6op cneKTpOB )I.JI.fl HJ. 11 H II npo

ilo,nHJIC.11 H8. OOCJJe,noaa'!'eJlbHO O,Ill1H 3a APYl'JU~, a qacTR!.ill nyTeM MHO

roKpaTHOI"O nepeico,n8: _ H .1.-.. J:i 11 - H .i _ - H 11 ••• ; c- nocJie,!JYIOll\'1M Hx 

CyMM!ipOB8l'11-leM B ~a ~ 5 R -CilE:lKTpa., COOTBeTCTCYJOll\liX 113MepeHHIO 13 . 

nepneH,IllJKYJl.flPHOM_Yl IJPOAOJibHOM MaI'Hl'ITHOM iIOJie. 

, Bo -aTopoa rJiaae_• paccMoTpei-i xapaKTep cae:pxTOHKoro asru-iMo,nen

. CTBHa (CTB) B aTOMe MIOOHH.!1, BHe,::u>eHHOI"O B KpliCTaJIJlllt!eCKyio pe.neTKy 

B()tqeCTBa. 3Hepr11.11 CTB Mellt~' .ll'A!)OM (MIOOHOM) 11 3Jieit-rpOHOM B aTOMe 

M!OOHH.11 MO~eT 6b1Tb 30lll1Catta.B B11,ne: 

v(~, "s,11 ~ v1 (r)~-i + V2(r)t 3(s-ri)(i-~)-s-i_L (9) 

r.ne V1 (r),;16~if,erfb(r)/31, ·v2 (r_)=-2~ef14/r.r~, 
_..,,.. .. .... _.., _,. -.. _., -!> 

n = r1/r r = r. -r r·· u ---s r -u .----1 
- • 1 2. , 1 • I . e ' . If -_ 2. ' I 1~ _,. 

- KOOp,n11HaTbl, l.!aI'HliTH.ble MOM8HTbl I{ onepaTOpbl COHHa 3JieKTpOHa H ' 

· .ff,DJ)a, cooi-BeTCTBeHHO. Ilp11 o6bltlHOM aHa.imae caepxTOHKOI"O pac111en,ie

HH.11 ypoaHel-t aTOMOB, Haxo~11xc.R a 0cHOBH01A ·15 :cocTOrt'iHH,eTo

poe CJJ8.I"UeMOe B Bolpru!l6Hlil1 ,IlJI.11 V (r' 5. I) . ' He ytiHTblBatCT I TaK 

KaK np11 ycpe,1tHeHHl-I IIO cipepHt!eCKH CliMMeTpHt!H~MY COCTO~li!O OHO paa

HO Hy.mo. 0,nHs.Ko, KaK anepa1i1e noKa3aJI B.r.Bapblllleac1mn IO/, B3an

Mo~encTs11e, nponoprrttOHaJibHOe Va·, t.iolKeT npm.JeI:la.T~ 1( TpttnJleTHCMY 

COCTO.IIHl'l!O MIOOHtt.fl, Hanp11Mep, COCTO.A'.Hl'!e j ;1)1 ~ -B pe3yJlbTaTe, He 

113MeH.aa npaKTHt1ec1m 3Heprm1 Tpi1nJieTHoro ypoBH.R, MaJIM npHMeCb K 

HeMy_ --~ -cocT0~11R. np1rne,ncT K _ Y.a1.1ecTsem10 HOBOMy ~e3yJibTaTy -

K noSJ»JieHmo Y. CliCTE:Mhl 1rnam,ynoJ?bHOI"O MOMeHTa -Q. * . · -Hanh,rne 
IrBa,JWynoJibHOI"O _ MOMeHTa np11~0,JJ.l1T !< paCll\COJieHl!iO ypoBHelt csepXTOHRO!l 

IO) Bapblllieac1rnZl B~P. 'fl,gepHai onTmoi noJJSipH30Bal-!Bb!X 

) 
cpe,n - M11HcK, BPY, 1976, 141 C. '_ · . __ 

)f -
C1<a3aHhOe MOJ?:HO CJ:.i3.BHWfb C' aHaJ!CI'WlHb!M 11exaHI13MOM 
B031-ll1K'10EeH1:R K'Bn.npynciJ'lbHOI"O MOMCH'c'a y .nei1TpOHa. 
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CTPYKTyphl npH noMell\eHml l1 U. B H€0,I1,HOpO}J.HOe 3JieltTpmecKoe . (tta
npi!Mep, BHyTp11KpHCTaJIJI~rqecKoe) .·_ noJie ~ B 3TOM cJiyqae cnHHOBUii ra.:. •·· · 

MllJlb'l.'OHHaH . MlOOH¾H a O~CyTCTBile BHelllHero Ma.I'H~THOro mm.II HMe~T. BHP,! 
·-.·➔ -·1:··'.· ,. ... . 

}L = A5·1 -~ 6 Qi.i<ftK· ..... ·· . . (IO) 
-3,necb nepBoe ·cJiaraeM6e ecn,·•;;6bltlHOEl CBepxTOHitOe D;aH~IO,D.€~~TBl1e 
MelK.IJY CillffiaMl1 M!OOHa ( T ) ll 3JleKTf,OHa ( 5 ) ~ BTOpoe CJiaraeMoe - . 
KBa,IJJ)YilOJlbHCle _ B3a!1MO,nei1CTBHe. C Heo,iuiopop,Hl,IM 3Jlt3KTpHtleCKHM. IIOJl8M; 

A..; KOHCT8.HTa CTB; fi.K='o2f/oXi.OX~'. :;-- '.1'6H30p rpa}l'1CHTa~Jl8K
Tpl1tlec1wro · noJI.1r (r8II) ,_ co~aBaeuoro 01,pyJKtiH1-1eM B. rieHTpe. MIDomm; . 
• Qi.K=-Ci;-.\ l F~f_,~J: 1/~ F,}Oti<) · i ·_--'.onepaTop irna,DJJynoJI1,iioro 
MoMeH;a MlllOHHH; .· F' =.I,+ 5 _ -: _noJ1~h'.i1 tA011eHT, MIOoii11.1r; _. Cp = ¾ e_Q. 

· ,nn.1r ~ = I ( C12 = 0 .n,JIH F = 0); • Q -~- KBe.,DJJyno111,Hhlii MOM~HT MJOOHHn. 
Ecim Kp11CTaJIJl .· HaXO]i:ilTC.II BO BHelllHeM MarHHTHOM' none H, . CilHHO..; 

Bbl;\ r-aMH.1IbTOHHaILMJOo:rn.1r np1rn11MaeT_ a11.n.: • · · · · • 

- J{~A ~-r~·ioiKfi_K ~~epesH,-~ ~,IF'. 
..•. - .... _·,···.,··· :'-~---•.·•.->•·.:·'-:··•.·r'_,_.···.: .. ,· ' ,·· 

r,ne <J-e 11 pe ( ~~ 11 ,'--:Iv> ... COC>TileTc·raeHHO, ca- ...q:a.KTOP 11, Mai:'H~T- . 
Holi-1 MOW}HT 3Jl0K'1'POHa (MJOOHa) •. •·. · .• < <· .. .'. · . , '.. . · . 

IIoaep,em1e IlOJl.flPYl3?J-,11iJ. MIOOHOB B. COCTaBe aT~Ma M!OOHIJ.II 1io~HOCTblO ... 
onpep,eJl.fl0TCfl CTPYKTypoit 3Hepf 0TIBI0CKHX. ypoBHeri (II) ; IlocJ1e,1J,H11e . 
3aBHC.flT OT neJ11Jtil1Hhl H . 11 ero -cpHeHTall1~11 oTttocwreJibH~ rJ1aBHbllcoceit · 
TeH~O~a fSTI~ . ,l},nR: Ilp~H360JlbHOit Op118HTlmlil1 f'Jl8.BHblX OC01; T0H30pa I'8Il 
npH6J1IDKeHH1Ie. BhlpalK0hl1Jl ,nJIJ'! 3HepreTlftI0CKHX • ypo_BHP.it MO.JKHO. npe,11,C'.ra"-
B;JTb B BIJ)J.0: , ,' · .... •·. " .. ·• _ ,:,_ -.,. .· .,>c° 

E- :'-~A ~-w-VA i:t ~A'+w1/A ~, d;;jf(J;f) 
.,._o.·, _ _.-.=,: ··'···•:·\·.· .. 1.,-._:: _:, •.-.:._/ ·. '··· 

E2 ·!>\ t\/4 ~: u)_Jd;i J( 1r, {) _· 
\ . - J •' ';" ·. - . . .' 'I ..• -,·,·. _ .. \ '.. . . " .. ", - :-_~. 

r.ne' cl.~ eQ f~~· I ~Ba.npyno~~~~.IIn~cTORH~a,i 'MIOOHl1.fl D KpHCTaJIJle; 

· l\:. \ lfx;-:-f ~~)/fi& I <· •· .- ,napaMeTp,'- xapaKTep:-13yioir\11~ ?JiH30Tp°-mm 
TeH3◊p~ F3IT- B'Kp11CTaJIJie; lu:;t::: (lUe:±£4),/2: ;;'.Lue, ~: .w~· "f, ~J&CTO~- . 
Th! .,,a~cpcacKoi1 npeuecc1rn cnHHOB 3JI~KTp9c1a _ 11 MIOOHa B Ma!'Hl1THOW \ 
no:xe H; f (-0-,f) =- 3(0521)"~1 -t 11, 5Ln,1-"J Cos 2f :· - qiyHKUH~,.-_·onH-: 
c1saruJ~~ 1rnaeyynoJ1bHb!H BKJ)a.n, B ( H) ; .)J-~J ·:. TICJI;!PH"'.it u a3tt~iy~ . . ' 
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Ta.ilbHhllt yrJ!hl, xapaKTepl13yTClJll10 IIaKJIOH 
T8H30pa f8il. 

-· H 0TH'JCl!T0JIEHCJ OClf 

BpeMeHHan 3am!Cl1MOC'Cb ~el(':'Opa !!02J'!Jl!~3nlllrn MIOOHOB orrpe,neJIH
eTC.II -qacTOTaMIJ Bcex BU3MO?KHblX Il8paxo,noa_ l!.CiKAf ypOBHffMl1: 

W i.K ,. { Ct :EK )/t; ' .. .!Jpn-c.eM SKcnepm1eH'l'a.JlhHO JJ8I'l.l8 BCePo Ha6;no
p,aT1, nepexo,nN Me,?.,ny no.nyJ;OBHFHH Tpwmre?a (EI ,E2,E3), 1coTopae u 
1i0CYT OCHUBHYJO 11uq:op1.1mun<: 0 1rna,rrpynoJ1hHOM B3aM!,IO)J.8LiCTBl111. . 

B nepnhlX paCoTax, BEi101Jl!eHJ!hlX B JBi!l\n_pJM}i:eHh! H3MepeHmI 
napaMeTpoB KBa,i:pyno:IhHoro B3ai1Mo,neitcTB1rn MIDom1.1r a· cl -KBapue. 
Pa3pa60TaH cnoco6 '113MepeHi151' 3HaKa 1rn~,npynOJTb!!Ol1 TIOC'i'O.f!IIHOii d 11 
l10K8.3aHO: t.TO. npH 'a3MeHeHl111 TeMI1epaTypbl o6pa-:n.:a OT T = 293 K 
.no T· = 90 R HMeeT i.1ecTo 113M8HeHue :ma:•:a BKJJa,rr,a 1<B3.,npynom,H0ro 

03a11Mo.n,ei1cTBM.1I B cBepxTOHKoe pacn:(ermemie MIOOHlf.H; 8To MOJKeT 61,rrb 
CB.II3aHO Ra,( C H3M8H8HtleM .Opl18HTall'm rJ1aBHt,1X OCCH '1'8H30pa f3fi, 
·raK _l1 c npoueccoM .n.11cfxI;ysm1 i.i:-iloHv..fl. . __ . 

. 8T11 BOllf,OCbI 11 .IIBHJJHCb TOJ!q!WM ]i:JlR npose,nemm 6oJiee TlI\aT0Jlb

·. HhllC 11ccJie,11,0BaH11il ,trna.n.rynoJibHoro. Bsaw'-10,net'cTmrn i:rooHH.H B KpucTa.rr
JilfCiec1t0M d., -KBapnc. Hccm:i,noaamrn np0Ber,e1-11I Ha onTuqec'K11 ,rncTOM 

· MoH0Kp11cTaJIJie cl· .;KBapua ;r;.JI.1r cJie.IJYIOl!\llX Tpex op1-ie;iTauHii: l - on'... · 

T11qecKa.1t oc1, . C Kp11cTaJIJ1a HanpaBJieHa n rp.nb BeKTopa MarttHTHoro 
, ..... . .. Ai - ' . . 

IlOJI.II H, o,i:Ha 113 tJCeit BToporci nop;i,nRa Cl - B,IJ.O.!lb neKTOpa no;rnpH-
~ A _ _.,.. "' _,. • /\ 

3fmfll1 .!o; . II - Ao ocr, C B]i:OJ!b PO, ocb a. - B,ll,OJ1b H; I II - ocb C 
B,ll.OJ!b PO, oc1, O.. - nepneH,11,nKyJIRpHo H. 8Y.Cnep11MeHTbl npc:-::o,n,;macb B 
'l.'0MnepaTypHOM UHTepaaJie 75 ;. 300 K. 0CHOBHbl0 3KCnep11MeHTaJibHh!8 
.r(P.Hm,re ni:>Ka3aH1,1 Ha puc,4,5,6. ·. • · . , · .· · , . ··. 

Ilp1me,11,eHHUC ::mcneprn.mHTaJlbHble ,rr,aHmJe yKasmia:oT i:ia l·!e06XO)J.>l:
MOCTb ytI§Ta npotiecca ,II.HClXPY31111 · M!OOHl1.II, BJ!l1RHl18 KOTOporo paCTeT C 
pOCTOM TeMnopaTypbl _06pa3ua, a Ta!()Ke Il03DOJI.1IeT YCTD.HOBl1Tb B03MOi!t

. Hble TQql{l'( .l!OKaJIH3aillf11 MlOOHH.II B CX. -Kl3apue B np0uecce .n.u.fxiiy3:n,1 . 
· (pHc.7). · · · 

Ilp1rne,neHHhle pe3yJlbTaThl IJ'lKa3h!Ba'OT; trrO ,11,WP:PY3lf.lI M:OOHl1R 110 '., 
B03MOlKHblM M8CTaM ero JJOKaJil13ailill1 _· B: peweTRe o6pa31~a· C!{a3bIBl18TC.II •. · . 

y,Ke B ociJiaCTH Tei,mep~Typ:.90-:-!20 K; 0,IUiD.KO CROl)OCTb .nu4iflysm-J ' 
B .. 3To.it · ci6J1acT11: .TeMIIepaTyp· ,n.ocTa'fo'tlHO. · Me;xneHHrui n . 3TOT np6uecc · 

'. - - . . . . '." ' - . 
He BJI11.:ieT Ha BeJimurtty 113M~P/JeMhDC :napaMeTpoB; KBa,npynoJ11,iioro B3a if'."' · 

. _Mo,11,eitc'!'Bi1Jt B o6pMue •--~ #apruieTpu ireH30p~ T_JII/, IlpOTllllOnO;i01KHa1t . .. 
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81tcnepHMeHTaJibHM s aa11cHMCCTh ,;pasHOCTM 
ttaCTOT npeuecc1m. M u.0'. D . cl: sw;_·""·: 
o'r neJI.1ttlffibl BHeJJJHero MarHwrnoro :nOJlJr :: 

npu·T_;. 75 K.CaeTJibl~ TOttK~;:.opHeHT~~ 
· Ulist I. Te.M~bl6 TOttKH H ·,maJ(pa.;rHKH .~>, : 

>; opHeHTBJllrn n/ IlyttI<THpHble 'KpHBble:..C ( / 
• 

0 TecpeTntteCKHH pactteT/\)•···. 

. . . }?.P~t.'5i .· , 
+<;•:/>;'., ,;.,. Tel'mepaTypHast ,38.BllCl1MOC'.1'b· CKOpOc•rH 

.. . ; <: ; ,ii, peJiaKcaUHH MlCOHHfl B . cl. -KBapue. . . 
· .,,,BHeuJHeeiv.a!'H.f'l'HO{noJie.>H '=7oa:r: 

CseTJT.l:IH TOtJKH _. cipiieHTa~i-ui 'rf "t :'\:' 
'.TBMHI>:Ei To1nm /: op11~HTau~sr n:·, · 

,,.,· . ~ -- < - ; ~- ,.,. -~ 

,.. . ,,.·.·- . ·'\ .. ,; .:·v- ';' :r -;~,,~-?;-~ :~~ ;··,[ 
Kapr11Ha. Ha6Jil('~ge;c~;ilpM ·. T •;j~:It; ir1e'1-~~J~'ph·an·6~•ru10B;;c~}~~~ 

,·· Cl12JlbHO-C/1MMeTpi,p-mwt.' a .• J<Dll'APY?OJihH~it 'llOCTO.f!HH~fl '<di yMem,lllaeTCst 
110 .lleJnitmHe ll • HeHi:eT-::,iiaiC. r'f~Kite 1131JeH~Hv.e EElJ10l:m1,1 11 _•. CJ1M;'1E:,Tp11nf i 

·· ::;:y;:;;;::ija,3:~Mrf tt~1::z:.:P,::t:tt:it:;:~~z~cf t;:~\~:it1' 
. ~au1111 •• Ecirn CKOpOCTb . nepaxo ribs i.OOOH~J!. irn' O)tHOI'O MeCTOTIOJIOJKCHHli°-'~'< 
DJ)'/I'Ce 1/t. 6ype'!' MHOI'O 60.u,Iiie I ell ; TO 'ero non6,iicm-ie ',IJ.0.1ll':~(): 
onpe,ne~St;bCf! ··ycpe,UJ[HHl.M. CllHHO~hlM !'aMttJJl,TOJ~a!IOM, ,lmHCLISaK•U\HM/ c\'/ 
UTOM C !tBaf{PynonbHhlll! MOMElH'l'OM B HeO,IJ.l-iOpo:u.HOM 0.1:CK-i-p~eci:oM IlOJI(L'i:. 
B 3TCM ~;Iyt;a~ ycpeJJ,!lCHl'e ITb yh1a:-i' npl1BO,IJ.llfT>K TOl,ty ;. 'tlT() cpe,iurnn;· c'-

. . - . ,• , . . -~ ... · ' ~ , ',· 

0 y 

. 80 

··-~ .... -:~ 

·r,;-f :);•:~:(~ 
··•;';;'.,~,-///~ 

r.oc: 

·~ IQ_; (C 

7.:i.--. 
... 
A ,• 

? 

-PHc.6~_··.·. 

TeMI1epa-
;_ TypHafl ':3aBHCl1MOC'i'b irna,npynoJibHO
. ro. BKJ:a_na A \l13 . B pa3HOC'?b tta-
. CTOT npeuecc1m MU: · D . 

cl '.".'KBapue nptt · H.1. = 70 3. 
. 6) 'l'eM!!epa-rypHast 3aBl1Cl1MOC':r . 

.. cK6pocTl1 pc;m...,.ca.mrn Mu. . B 

· c( .:.Kaapue Bo· BHeUIHeM Ma;Hr ·HoM 

noJie HJ.= >?O 3. CaeTJible TOttKlf 
opHeHTaUMfl I. TeMHble TOttKV.' 
opaeH'I i.nm II. Ksa.rwaTmm 

IR III. 

CTp'yt,Typa KpHCTaim1 cl ' .;..'<Bapua 
(.r11~ .ct5oKy, neprieH,41mym1pHo 
CJIOl!M). O , Cb, ·o:_ aTo~ror !(pemnm. 

? AToMb, KncJiopo,IJ.a pacno.ilciKeI-ru B , 

C UCHTp~ • !:>t -5 i. , cameil (Ha · 
·.--··~. . ·- :, -'"\ ~ ~ 

·:puc;' 1-1e·-noKasriH.H) .···a,·, d 1 -Qi-
. o~H' cxw.ieTpliw 2-ro nopR,nKa. 

L~ ,">l,£, l ~ :;. MecTa JT0Ka.Ji113a..: 
: ; u.iw MIOOHHf! ,n,;1i1 cJiy'-.i'af! 

. :(:ly:::Kaapua; 

•.... ·.Jf7Jf;f , .. 
rpa,IJ.aeHT 116,1j{/<fi~/7 .. ,:'.IH)TCpW1 ;~~-yEcTuyeT'\.Mu._ ,cupep.::a.>Jqlli"i 

'6b!CTp;,;e;nepe'c~o'i<J ~~e:i\,ny csom.f:'tH>i~KOTei:JiepnTypHW..m no;;or.:er.mu.:a .3 
~- . . .-. - .. . 
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r/. -KBapue, 6y,n,eT l'iMBTb aKCJ,laJib'iYJ0 CHMMBTp11!0 OTHOCl1T8JlbHO OCI! 

.c, · a Ha6JIIO,JJ.aeMaR l'Ba,upyn;JJbHa.fl ITOCTORHP.a.fl <. d.. :> ::: e Q ( f z l )' 

113t.!3HUTCii CJie,JJ.y.OD.1Y,M _ o6pa30M: _ ·_ - . - ·. . -

( cJ. /: [ Sln 2J.; -½ Cos2olo lt-~)] ·cL -
cL~ ~ yro;r :\1ei;;;r.ry ochY-J c~1;✓.MeTp,;11 re~3opa I'3II 1i. o~b:o C r<p11cTaJ1Jia. 

!!?opMyJia _ (I3) xopoI;J'.l on11cwBaeT 31,cnep11M3HTaJlbHyJO c11Tymum, CBH)J.e- ·

TeJibCTBYR B ITOJ!b3Y Toro' , qTo B!:JCOK0'1'8I,mepaTypHbiti C.'lYlJa!i onpe,n,e- . 
JIF!8TCR UeJil1KOM p,wf,-py311ew. , . 

Cyfl:\8C'J'BOBaHJ-f6 1rna,n_pynoJibHOro MOMei1Ta 1:IOOfiH.fl OTKpr,maeT H0Bbl8 
B03M0t.{HOCTl1 B MIOOHl!Ol.l H8T0,n,e, CB,!3aHl-l1!C C HCCJie,JJ.OBaHJ-fe!A' KBa,npy
ITOJibHOrO pacn;~nirnmrn ypOBHefi ~llOOHH.fl _H l~~XaHH3Ma ero KBa,npynom,1mtt 

peJialtcauim D BeqeCTBe, 3 3TO!A CMbiC.ll~ l\ntJOHHhlll ~!eTO}'\ CTaHOBHTCfl .
CXO,Il,Hb!M c m.;epHh!M -1ma,n,pynonbHh!M peoo~aHc_oM ii MOJKeT . 6b!Tb _11cnoJib30-

BaH ,Il,Jl!:! 113j'l.!8HIIJ1 HG ,TOJ!bl(O Marnwrma:, HO H H80,Il,HOpO)J.HblX BHyTpH
Kpl'iCTRJIJIH~ecKl1X 3JI8KTplftl8CKMX IlOJJett. 

B Tpe-:rbeti rJTaae _ np11~0,n.RT~fl pe3yJibTan1 3Kcnep~1!eHTaJibHmc nc-
c;re,n,osaHMil '1HOp,11s~1bHOro"· ( Mt.<. ) . l1 "aHoiA8JlbH01'0 11 

( M~*) MIObHH.!l B _. 

aTOMapHI:,IX IlOJJJllpOBO)ii~l1KaX (Ha npm,iepe 5~ . ) H 6~!HapHhtX IlOJiyripo-

BO,n:HlfKOBHX C08)J.l1i-10Hl1.flX (Ha IIpllMepe Ga. As ) ; . . • . • . ••--- -••. 
Bne_P,Bhle "aHmt.a,1hHhlv.". :.E>OHl-lil 6h!JI o6HapJJKeH. B KpeMHJ11l1 K.M.Kpoy 

11 ,np. 137 B Hl73 ro;zy. BoJiee TUI.~TeJibHUe -31:cnepHMeH'l'aJ!bHble v.cc;re'.'" · 

,n,oaaHHfl "aHoMa.'IbH!IA:" 'tlacTOT B Kpe1,1mm 6,,;m1 BblTIOJnteim B.,TT.IlaTepco

flOM 11 ;up. /II/, a T~/i6Tl1q~c1~11.r1 anam-1a Kl.!ltbe;roycoBblll, B'.H.I'ope.rr..; 
KHHUM If B.Il~CMlrn!'olt 21. B IIOC.'16,ll.,.VlOIJ\HX 3KCil§~llMCHTax "8.HC3MaJib-
l-'.i>'l111 1,r.oom1tl 6HJI 061-1apy,:1eH Tairn;e D · rep1.1ruma I l I a_ a.m1.aae 1 14/ • 

. C l\8Jlblu _HCCJIO,nOBamrn i,•exaHl13!Ja B3alfol0,!(elic·rann aTOMa_ M!OOHHJi B 

MOHOKpncTa.1.rrax, aTOMapHbJX nol!ynpoBo,nmnWB Ha ycTaHOBKe f'M1001-rnit" ,' 
6f.ll!H npone;ueHbl; Cl1CT6M(j,Ti-ftJ6CKl!6 '• J-fCCl!6f.OBa:-Il-fl1 cJ1a6oneri-ipoBaHH!i!X o6-
pa3UOB ltpCt'.HHR p8.3HOro THna npOllO_lJ.lf!,IOC'l'll D umpOROM_ ,n,nanasone _TeM

nepaTyp (60-730 K). B 3ncnep.n.ie1i'rax onpe,n€JJ.f!Jll-!Cb all,!1Jil1TY,!J.J:,1 BC6"' 
B03MOEIN..< COCTOmmlt 1,nJOHa B Kpew-11-m npH pasm1mn,r.: TeMIIepaTypax, 

----------------------II) Patterson B.D. et al. Phys:Rev.Lett., 1378,v~40, 1'1o.20,r,. l.347. 

12) Be,1oycoB 1J.M~ ii ~p. H,,T;l,i; 19'78, ;~74, B.?. 1 c.629;· - _•- > 
__ , . , , i'-.75, B.o~I2), c.I999.-

I3) Graf H. 1,t a:!.. Hyperf. Inter., 1979, v;6; p.177. 

14) Eolzschuh et al. Prqs. Rev., 1932, v.,c,2_5, p.1272. 
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CKOpOC'J.'b penar-cawm y1rn.3&.HHNX' COCTOP..!Htt !t -B03MOJK!-illtl nepeXOM,I .· 

Me'iK}Jj HHM»~ 3J<cnepuMe:m,: npoao,n,ttJIHCb · RµK B nep11en,nmqJ1.f!PH1lX,. Ta:< 
11 B npo,r,011hHWt M5.l'UHTI-lb!X nom~ · B yc;roanmc 6@cTpcii; !)eJiaKcau:-111 c11-

-,. CT8MU cmmos MiOCHOcf Ta;{a.q noe•w~OBKa C>!Th!TCB 6o;ree UHcpOp?1aTltBHa, . 

ITOCKO~~Ky npo,hOJJ:bHOe t-lartIHTHOe. IlOJie 3 3Haql-!T€Jll,HO¾'. CTeI1e1-m npe..: 

,IiOTBpU!flaeT ,n,e~C''lBl'\e ,nerIOJI.flP~!3yJ0i!{i-tx ¢aR'l.'OpOB. · Ilporpaw.m. om,rro3 .c 
KpeMHi1eM B:tJIIOl.lti..'!a H3l!epeHH.i! ,nayx THITOB. B YCJIODHiiX, i<or,na rrpeuec:

CHOHHbie 'tlacTOTbl Mu_:.:. -u • M~ * -cod·o.1ErnH ,n,ocTynttbl ·.n.1rn: .HX npm.101~0 
tta6JOO,nettira, ... .rcno.!ibaoaa.nc.fl .11.eTo,n -BH,neJ1ett11a_ cooTae'l.'GTByHlilll'iX 1pypi,e-

< ·. -Ko1.moffe}iT pacnpe,[ieJ1e1-mR apeM§H'-- p-e. ·•- pacna,noBB. nei;nett,n:11KY
JiflPHOii MarHl1TllOM IlOJie·~, BTopoii Tiim ll3M8p8HHil .·.i., KOTOpHY. npeuec:cM

OHHble tiacTOTH -M~ •_If Mt./, coc•!'o.fri-rnn He l13ytiaJrncr,, CJI,YJKHJI ,n,JIH 
- - , - ~ •" . . . :· '. - . ~' . . . . . ' . 

HCCJJe,n,OB6.HHR xapaKT81Jl>CTllK rrpouecca ,neno.n,rphsat.MlU-.tOOHOE E KpeM-
mrn: B nepneH~1rny1mpHb!X H npo,o.oJibHEIX MarHHTrrotx noJJmc. liacl'b noJJy
qeHHhDC 3KCnepaMeHTai.bHhlX ,nllHHblX np~,I(CT~B.'leHa _ Ha ptic.8-IO." Ha -

pMc.6 rip11Be,nem,i peayJlbTaTbl q>ypbe_;;IHaJlll3a Sl:tcnepmteHTaJibHb!X cneK~ 

~pOB ,U,.,1.fl 06pa:m1i' Kpe.1,1w1,1 p-Tima npOBO,!ViMOCTH npH T = 60 K: 113 
piic.B, BH)I.HO, ;tlTO np:1 ,T ,;; 60 K B Kp6MHl111 Ha6JIIO,Il,8.F)'!'CH COCTO.f!Hlf.!l .. -.,.-- •-•-- .·. . -·:· : .·.. . ,. . . 

M1e,'::Mu \w•·p.t -.n11aMarHHTHrut qipaituMH •. Ha p110.9;IO 3aa.rcHMOCTH 

. el.-, Hu."-· ';, _- M11: rin <F 1 
"''.w12"''4 :i,,,tC · 

• ·.i;.,·.•s:·:· .·' 

;0&us:~ 
: .!lO MO J50 I 

J,) ~:; J;M.'\ -•· .: Cne~;p!,! tta6r.:o,u.aeMl,l)C tta_CTOT a 
1/.1-: .. 0: · 

2 0 
_ \ o6pa.sue KpsMH1m p-,r1ma npu 

-<,;-• 
0 

~ ~ -~-~-~-- 1~~:[:J:(~:•-_'.:L~: :>·,• -~ab~~~~:-.~:~;:::aq;~::&HU 
>.,-.. ~1020,30,40:50~0 Z50Ztill-, .. ~ Mm.-:•::cifoi'oiL'ittfic'M••::n?i"'L(' .... · . ' 1.0 [•r-Mtt•r:-1 · ; . --- ,:, . , . . .. · _. """" .. 1:1 -_ -~ 
-: : ~ ·is~/- '[wti1iJ. ',--:~ .. <-' :_ ,' . , -
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PHc.9. 
· TeMnepaTypHrui: 3a.BliCJ,U.:OCTb ·., P 0 
· (Bsepxy) lf. 'A (mmsy) win· . • 

KpeMJ-rnn p-Ti-.na npli H .1. ,.. 420 3 -. 
(CB8TJible lCpy.KKH) _Ii H ii = 200 3: 

. (qepHNe Kpy,it1rn). H_IDKe 400 K 
3JiaqeHY,J'i /\ < I. I05 

C ~r : . 
W_Ha pHCYH~e He IlOK8.3aHU. 

Po .' 
l,C 

.o .-n-S;. 
·• - p-,Si 

0-). . t,:1,t 
Z5 

ff [N "l j ! H ·~ 
0,6 

! 
I ~ ~ 

as-1 ,4 f I ' I " ,d 4 l r ½ -- . . !i_ . . --t 
'? 

~" . ½ 10 :~ § 

l 
a2 . ~ ' 

I 

cl Jo 
I· . . 

;:oo ,Jo zb;l H, 3 .•• o--,--:,.?:.:-r-:.rM-1--,---....,....:..;_J ><,1 . 

P1,1c. IO. 3amtCJ-IMOC'i'b. H:l';!a.Jli.HOn nOJISIPH3al\HV. p O "'it" Ci"Ol,~CT:1 ee · .. 

peJI.!KCaUlm · f\ O'I' HS.'lpmt:CHHOCTt1 npO,n.OJibHOI'O M!lI'r'HTHOI'O 
!JOJIH a KpeMl!HH n VJ p-THna ·npu T = 78 K (e.) wa., · 

• ~pr::MH1rn n -Tim a npH T _:.: 204, 293 I{ (Ci) • BeJI11ttmrn 

Jt,l,! p--1<peMHM MeP.bille I-IO~ c~I H Ha p11cyHRe ue IlOK8.3B.liLI. ,, 

\ 

'-- · 2I , -· 

aat1a.'lbHOi1 rro.11apm:Jam:H MIOCnoa H cKopocTH ee peJiam:auAA "A 13' 

ftepnett,ll.IIKyJJapHb!X U npoµ,OJ1bHb!X MaI'HHTHm: l"iOJJJ'IX. AHa.'llf3 no;1y,.iemmx 

sxcnepuMeH'l'aJI:0!-1.UX ,nz.I·U-n.JX. npoBe,neHHbrlt. B ,n.J{CCeprS.Ul11f,. npm,O,ll.HT K. 

KaprlfHC B3Ul1MO.neV.C1'Bl1R ll.JOOHW!, B 06pa:3ue, 1<01.·opyiO MC?JiO' npe,I(CTa

BHTF, B BH:Ue cJieJlYIDll1CV. cxe1m: 
.. · .. + -
e) p -f e. •' . (lf3 B8.JieHTHOft 30HN) - Mu: ; 
6). Mu -t- [ :SL+ e-e~ Si..+] 7. t p-+ e-e·· 5t1- J ~i.. •-+ e7 

(B soey npoaO,n.lfMOCTV.) ;. ' . •... ,, . 

a> q.te.-e.·5r''] sL+ + e.-. <113 30Hl:l rip<1BO,lt~MOCT\{) =-
.. [·' + - -c•-+1 (·-~·+e-) . . U e e .,)L •• , vl; . • 

Ilpoue~} 'a).·. ec:Tb '. o6pascaa:~m:!" lAJOOHHJ'I. KOTopoe . 3llept<etmteC!{H acer,na 

BO::JMO;\tHO, · eCJilf noTeHUlfaJI liOHW3aillfH MRJOHH.R npeBH<lfA:eT mlfP.rny aanpe-
. ~eHtton acm.r mlJlynpoao,ll.Hims,. llpouecc 6) lfHTepnpe-rwpyeTca. 1<m< nepe

;:o.n · Mu -- ~~-, ; at-:Tl1Bll.U11GHHb!it 6apbep a F.peHhH~ paBeH 0,18 3B • 

'nponec.c s)""C00'L'IH?TC'l'BY8T _nepexo,naM p,+.;:'.? Mel'' ' TO e<:_T~ no,n CH~-:_ 
BOJIOM Mu . nonpM~eaaeTCS-: pa,n.mmJJJ:.Hal'I 0110'.'E:ll.a q.(+ee SLT](~i €), 
B T<OTopon SJISJ;;T}.10H .lOKaJIU30B!lH _P.a 0,I(HOM 113 eoce,nmnc C MJOOP.OM aTO-

MOB ,1:peMHlfn •. ', . ·. . . . . . · , 
. : . C uem,IO nposep1rn Mo,ue;m MOJieKJJIJ'IFHOrc pa,n1rnaJia ,n..na . Mt.c* -
ccc.Tomi·v.R ~cne,neHo v.ccJie,noaamrn. BJI¥.J'IHH~ pa,n1,1at111CHlfilX ttapy:neH~ 

MOHOKpl1CTa.JIJla KpeMHlffl V. IlOCJIO;zyTOlljero J,JX OTiintI'a Ha COOTHOme1me .ru.1-
l:IJIHTYJl "nopMaJibHoro"· H "attoMa.JI!:>Horo" · MJOOHH.R It _ri:taMarHlfTHolt ¢pat<-

. hi-m. IlOK83aHO. 'QTO no,n.emnlOCTb COCTOJ'!Hlflt Mu u. Mu~ B o6pa'.3-
' ue pa.3.Hlf1.!iia.'. COCTOJ'Ilrne Mi.-t. . 6blC'!'pO }l;UqxpyH,n.1tpye";" no pemih-Ke, B 

TO Bp6M.A: Y.aK COC'l'O.flHH~ M1~ ,If- 'npe,ncTaBJI.ffeT Co6olt, 06'be!tT. :iec'l•KO 
CBJ'I3aHHU8 c pemeTKOfi o6paaua. . . _ . . 

'C ueJir,ro nposepKV. yttHBepcaJJbHOCTH MElxai-,;ia°Ma 'ssa;u.,on.ei!cTBlf.ff . 
L'lJOHa ll MKlOHlln B BSI:\8CTJ3e Il00B8,U~Hbl HCCJier,.osaHlf~ Cionce C.'IClKH!,IJC 

nonynpODO,l),HHlCOB:' Bn~pBLJe · ~oia.3aHO H8.'llftlHe COCTOru-rnn Mu II Mu"" 
'B apceHHt'iS !'a.nJIHH-' i1cCJ!O,!!,OBaT.C.ff 06r.,aae11 Ga }\$ • ierv.poiiaHl-!bl8 . 

'xpOMC;I;( p 3: I08 Oi•CM,· .. ••t P1 = 2•,:rn1~ CM-3). HCc.'!eiosaJiaCb TeM

nepe.TyptiM :iaslfci-lM<)CTb. Haqa)ri,tton ai'.mJI~Ty,n.u II c,,;opocT11 pe11aKcaru111 
·,, MICOHt10n KOMIIOHCi:iTU r.<:i;;sipY.3aIJHV. ,D nepneH,!1.lf!<ynHpHOM H IlpOilOJlbHWC 
, Mari-iiiTHi,ix noJiitx: If no.n;ytl&P.bL saBncv.Moc~H ;· aHa.JJONtiH!le. npHse.11,e;;i;mA 

Habuc.9, IO .rtaHHw,(: ]LJlfl ~i.- ~ aKcnepl-!!.leHTMoH:ote ,[l.3HH.'Je t3 nepneHc: 
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,ll,V.IcyJI!'!})HOM l10Jie YKa:3$8.IO'.r Ha xap~~Tepp.;,i~ poc·r. IlCJlffPH3anV.H Mlvt'H...; 
. HOll K01ffiOHc!iTll. n o6JI8.CTl1 '1'1:mnepaTyp-160..:200 K ll_HfJA T ·;;:. fi)Q l(, 
t!T~ CBR;la.JIO cnep-9XO):lal,l!:1. Mq~-f-+., 11 Ht.;~}-\"?:- .• 3KcnepttAleH..:: 

' Tb: .B npo,nOJibHb!X IlOJIIDC y:ta3bl6aiO'l'; 'tl'::-0 If aHOMa:ribHU½" .MJOOH~ll, · cyn;e-: . 
c·.rayrn1-111it B l,ci ~5 . mm T < !70 K; 06,1a,naeT 6onee Clf.:IbHOit caepx-> 
TOHY.Oll CBRShlO. (cpaKTOp .. yc . .inei!iu,. "'. 2. T. 3), ·'iet:L aHe~1or;,r-.uoe. COCTOR-

n:w B SL • Ilpru;1ce 113M8pG!-me :;.e.cfoT' caepxTOHt:oro p&C!Jlemietm.R .· . 
ypOBHen ML\-,/ .. E MOHOKpV.CTa.Max G,Q As '.11 Gap ' . !103,t\H~e--npo-
ue.neHO :s f'5I _ c 11cnoJib3;BryHi!,i annapaTyp@ wcoKOl'O paspeT_Tle-
HV..fl B CHJibHt!X llB.I'HHTHblX IlOJIHX 1°r. CpaeHcHt,e )l.8Hllb!X' no . &a A5 \ 

GQ p ... C fu'ia.JIOI'l!t!Hh!l,ll-i pesyirhTll.T&.m m:i''5L:. ii'. &e. . ro_Dopsi:T. ·06 

y1maepc~'lbH~CTH M8Xll.Htt3.1✓.9. BSaHM~,l\e~~r~~.ii:o ,t':- , _B, Kp11CTWJ1llf:JC-
KHX pe□eTKa.'{ aT0Mapp.r,rx H 61mapHI:.iX: IJ0Jlj'IlpCB0)l.P.11K08~ .'. ;'· :. . . , ..... 
• . B p&OOTC . /a/ Me'J'O)l:Oi..r' BIIP 'ii RpeMHi:111; anepBh!e'o6Hap;y~eHO.napa.-

.· 1.iartt!1THOe COCTOaHiie ~; pll3pemeHHOi , CBBpXTOHY.Oit 'c·rpyY.'I'ypOH OT 11,nep' · 

BO,nopo,na . (ueHTP $ i..; --AA9); wmJ!SHTl1:fJOBlill~hlX s o6pa38U rrpH T=80 K •. •·· 
ConocTaBJI8Hl1e . CCHo'imhlX 3Kcnepm;l86T8J.IbHhlX ·, ,ll,3.HhUX; xa paRTep:-rsynrq~x 

'COCTO~Hl1r. ' Mu* 11 St -M9 °B' Y.peM!-!!111' no1-:a31iaae;r; _wi·o: St -AA9 SIB.:: 

JI!'{eTC;J ··ao,nopo,uw,n.4 '&HaJIOI'OM t'aHOMW!bP.OJ':Jn 11.!00HV.P.,: )l,1rr cpaBHStll1H 
CBOMCTB ' M!..I ~. i1' .. s L -AA9 6hlJia. Bbl!lOJIHeHa ,l\OiiOJJHV.TeibHaf( cepiifl/., 
3TIP-sicnep11M3H~os. UeHTp > 5 t ~AA9 i!BJiie~c!'! C'ti6.iibHoiM Mipa!30Ba/ .. 

m:eM D pemeTKe RFeMHHR 11 ycTOW;11BC Ha6.mc.i-ie;CII B -reqeHl1e ,n.iiHTe.iib-. 
HOI'O Bpci:.ieml nocJie n1mJ1a1-1Talllrn BO,nopo,c.a rip« yc.nOBHH xpruieHHR 06~ /. 

·pa3UOB npA ,TeMne:pa·rypax. ttinKeJSO It ... Ilpon,:;;,neHHWl._M30X!)OHf:IIH OT)l(Hf :.
. · noi<Mb!BaeT; · tiTo' B_ 06J.Tac-r-11 Tei,mepaTyJl. I90-2IQ K. O?HocmeJ!Hm.fl ,no.risi: 

ueH'IJ)OB; .Si. ~AA~j11e~maeTCl!, a l}PH< T;;·2ro K'.Heoopa:rliMO lfC'tle--
3aeT (pv.c. II) , t;TO • CBR3aHO 'C pacna.noM (anmiriiJiln.uieli) nap~ar'Hl1T~OM • 
KOHfHrypau1111 •. MK B11)].P.O V.3 p~c. I2_ TeMilep~Typ!ib!e 'oi5.niicT11,' r,ne'/ .': ·•. : 

~~:~lf ~~~!;~{11~~ii1i~~;~~ii:i~,: 
·Si.-AA9 !i Mi/'.·' (H( Mu) 'pacnoJioiiteHU; B, U8HTpe'•c,S i..-SL ic'.ii'n:mY 11:. 
--------·-.::..-~..:. . ·--- -~""-., . . ' . ,<:::>·;~./:'\-, 

15). Schneider J • .N. et.'a1: 

-

i ·, 

1, 
I" 
iJ, 
I 
! 

23 -

]~ 

I-'••\ I . ' .; ,- ' . \ ' . 

~ . '.~ Pim. II. · 
· . 

I , ,, ' 
r- . ,, - . . _v!P.Te.sc11_ aa_ o:::Tb SHI'-c-wmura (a orH • . 
! e,n.) CT T€M.iiepaTypbl 113-:;;,.:poHHOI'O 

41- • \ . . . • 
' . . \_;. < , .. •·• OTlltHI'& '(t = 15 MMH.) T~eliTp0i'l 

,·_··~-•:,,.,_\: •. 5L ,-AA9._. Ha1tJ10HH. r.u1 'nyH1tT:-rp1-:rui J:¥.HH~ 
.·. '· · ,· -.. - ... · -. Te~mer,aTypHa..R 06.11aCTb nepexo,na 

.. ~-'- 21;or..1c M_tt:--:~+. __ . 
HX oa~.R,UOB~e COCT~.f!H·Y.~ (HO~Tpai/;~ce) oo;- .·_ ··._ ·._ ' 

·_ ilpHB0,ll,11TClt imt.ec~aeHHas! Ul1KpOCKOnlltleCK:J.R i1.o,u,eJ!:!, B3a;1t0,ne~

p-a11.R,: r'.-t .c aeII1eCTBOM W1I!IP,.HU S MOMeHTa Ha'tlaia Tepue.J111~;;.mm !J.O · 
MOM€,H!'a ·pacna~a j-i \<; H paccMaTpi13ae:.;oi:i Mc.ne.11:i-i' c;,,"JleCTBe1-:h)'lO pDJ!b 
Hrpa!OT ;tte.,nTenr.oBI:W ripoueccbi; npom:XO,IJ,ru1!118 _3a speMei1a, t.iettbmue 

. ro-I~{c;/· B 'J'.Si{eHY.e KO·roporci ripo11CXC)l:-!T b6pa30ilam,;e :acex H:16JiiO
,.na~y~ co~TOfiH;.1~ •• l3Y.JI□lialOw,IDl ·\-t-t;__ H HX TepMaJm3aforn. : 015pa.3oaattmi 
C!OCTORHY.11•. Mu · ... B 3Tofi MO.!(en11 paccMaTpHnae-:-cn 1:aY.. 3a_xaaT Mt.t. · . . + .. •· . ., · .• ·. . . . . .. 
(v.;m M .·) · 110P.I13all110!-:HOH_ ~_BH3bl0~ l1p1rne,n_eH1,i pe:'Jyn;,TaTbl pac-qeTOB 
:meproT~SCKOi1 Y•~To~rnBOCT!-l _ napaMru'HV.THWC KOMI1Jl€-KC'Oll a· pel!leTK8 
!(pE:MHXfCnp11>noca,n1te"i:io,nopo.na (Mro6Htrn) Ha O.J:lHOYpa•rHO 11. /i!lyxKpaTHO 
lfOHH30~aHnYlO Cllll3b aTo:.1a KpeMHl'.lil B pellleTKe i>IOHOKpHC;aJIJia. lbKa.3a
ito ,'. 'tl1'0 1-')lfl O)J.liOKpa.THO • IIQl\H30BruiHOtl c:akzi BO,r.opu.ny '. (womnr, ). :me~- .· . 
reT;!lleCKH 'ahlI'O.J:lHO 38.HflTb CBH3eUeHTp11p0B8HHOe :nc.;ioJKeinie. IlpH. HOHM_. 
;auirn ,ci,ayx (11 oo•Jie,~) CBsi:3e8 b03H~!-SeT c~e1t1em:e. yaeJlbHOr'O aTOMa_ 

Jq)€MH11JIB ueJK,noyairae l1 iO:.-i'.il1KaL1111a.it :aa1<:aHCl1R 3a.'CB3ThiRaeT f,._TO~! BO
p_opo,na' (~noO~HH) .... 'sa!{ai-i<.:Y.CP..HclJI" Mo,rie;ii, •.. 

. } { l!O;~e~~tt ·rnaai> 8.H!JI~3!ip)'IOTCfl. B031.;~~HOCTl1 l!CilO:.h30B8lnf$I 
)!eTO;TJ.O~ \!Ill'.H-:-fC3CHa.HCHOM :cneicTpoCKOOt1if M!OO!-ir.:11. ldJCOHlUt ·.B. q:u:w1:e •. 
'ti:ac-rim.> / >: "<>·_ ··_ . ,:.· · <·: ··••· · •- · · : 
. ;, .•. B pa60T~)C:/I6,I7ky!<63a.HO --~a iioai.101KHOe HaJJH'tl~f! jl rrp1100)lt3 

.. ', '~. ' .:. '·. _,, '- , ·_; ' '. _._ •-,, , - . ·'- . . - ·, , . ,. -' -, . 
, . , -, ------- ------------

i;~·/ft}!!rt:,f)~~Y,;~[J;/i-!;:·'. Z2:::f;~;: ::1:·•B_~~:·5:~ig.9!. 
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6e3MaCCOB!,IX I'Oll.nCTOYHOBCKMX HJll1 IlO.tlTH 6e3Ma~COB!,JX nceD)l,OI'OJl'A'"' 

CTOYHOBCKiiX Cl030HOB, ripu Mcnyc1caHHH KOTOFWC ·,.1eHnmc.1t rJiepMUOH~ 
apOMS.'l'bl, - C'l·paHHOCTb, ll!OOHHtlli 3apa,n It T .,n. TaKue Cl030Hl,1 ()!:Ji!;( tta.a 

. 3Balibl <pa.MH.'lOHaM.H. ~ar.r,WOHU BJ3HllK8.'vT, ecm, B Teop,rn, l3 KO'l'OpoR 

npucyTCTnyeT I'Ol,)1130HT8.JlbHaH· CliMMSTpmI, Hlv!ceTC.II )l,OITO.nHltTeJlbHM 

I'JI06a.JibHa.n CUMMeTp1t.1t,. Kciroprur cnCHTam:o Hep~1llaElTCl'I O,llHOBpeJ.ieHHO 
('. I'OpH30HTt1-'lbHOH CHMMeTp:1eil~ Ha.JIY.trne qiar.iHJIOHS. - (i )J,OJ!l\CHO npH

Jl0.I.11Tb Y. pacna,~rut · t~ - eel , Kt - n t cl.; BepOJITHOCTH KOTOpb!X 
prumu: 

. .. h'\·2 ~ 

[fu .. ecl.)::-' -~ '( _-r: ')-·-1 m~mK 
0\1· . ~6:n. <.n,> ' lo K Jld. -16'.Ji. <i\>m.;1 (14) 

!'}J,e me , ml-' . , ml(' t m i;t . , m S - i1acCI:J . e_, j-( -:re!ITOHOB t Kao Ha 
It q , S -1rnapKOB; <. l\) - cpe,llHee BaKy,YMHO(:) 3Haqem1e ?~I'I'COB
C!WI'O fiOJI.II, OTBS'J'CTESHHOI'O 3a uapyi:ieHue roplf30HTa.JlbHOV. 0HMMeTpHH. 

Pacna.ri 'J-\+~ e.+cl. ,nae~ ;JoHoxpow.aT11qecKyio :JI»HViiO c attepP11en 

noswrpoHa E = En,,1x = 52,83 MsB. 0THOC:lf'IeJihHa;;.· Bep~l'ITHOCTb pacna-

,n1 p- €.o!. .· K OClhJtlrlO~, pacna;zy p- eVV onpej:(eJil'!eTC.II 

eOOTHOir:eHHCM: r, ( . ' . 
Rct = ". ~-eoLJ/t: (1--1-e.1ivJ. 

. ' 
(15) 

Tipu. Hc.'~ltll{H pacna;a,a )--\ _:. ecl. B FOHUe cnetnpa fJ03!1TpOH08 pacna,It/3. 

!J. - e.,\)V ,nom"eH Ha6JTro,r>;aToel'! yaKliH nu!C. o1eHRa ,BeY.lftllfHU Rd. 
OhL'la noJiytiCH'i • B sKcnepHMeHTe TR l Lt MF' /IS , r,ne noJiyqeHo orpa-6 . · ... 
HlftleHue: R.i. ·~· . 2,6.ro- . . 

B ,nuccepr~uv. np~,rvr6JKeHa Ho Bal'! noc':'e.HOBKa. 3Kcnep11M~H'.l.'a no. 
no11cKy qiaMY.J!OHa c noMO!Jlb!O yc'I·amiBlm, MCllOJih3Y,O!l\en CTrui,f\D.PT'iYJO 
~ $ R -Texmmy; ,nono.r.HeHHYJO Ha m,i;w,ne 3JIElRTpOHHOI'O TeJiecnona Mar-:
Hl:!THWA c11e1cTpoMeTpciM. c pa:spew~Hl:!eM no ·attepruu He xyi;te rn-4. IIo
nMf.!Ho, tl'l'O, ttamltll-19 pacna~f p:.::. eol· '. . llpl-!B0,l:!.11T K l:!3MSHeHmO, aCl!M-

Me'l'pr!H 1r-e.. - pa~na,o,a C C Ha ROHUe :crreKTpa .t.lltllieJIRUO cf,OIJMYJie: 

ell c' .'\ • 
.. -= . 1 +Rc1-/~0 

·/ . . . . . 
r;:_e C - KOajxf:HUl1'3H'l' acm,'iMcTpml r.p;[ ).! 7 ~cl.; -· pac:;: · 

13) Jc,didio A. P.t al. Phys. Rev;,'\986;.v.34D,.Ifo.7, ,p'.i967~ 
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na,na, 
0

AC,. · - 3HepreTWieCROe pcspeI!18HHe Mal'HHTHO!"C ClleKTpOMe>rpa. 

PaccMOTpe!-!a BC3lliOJ!'iHOCTb 3KCm:pHMeH'l.'8.JibHOI'O y:i1ytnIIeHl:!R npe,ne

JIOB Ha Macey npaBoro . W R 6oaotta B omirax no 11cc;ie,noaamr.o BKJia

}J.a npaswc TOKOB B . p-e. .. ..:. pacna~e nYTeM M3yqeH1t1-1 ::mepreTv.t1ec1~0-. 

ro cneKTpa noawrpottoB .. c noMOUlb!O . Marm1-rHoro cneKrpOMf-Tpa. CY111e

CTBYR:JlllM Ha gerog.:'-ll'I oueHRa ~Jll'I i~accbl WR : : · · rn (WR)>· · 
>. 406 raB/c"' 11. I, IIoKaaaHo, ttTO yJ1yqwett11e sHepreTv.trecKor-o pas:.. 

pemeHH/l'. cneKTpoMeTpa AC, )1.0 J?OBHl'I AC, = ro=-4noosoJiiie·r ,u.aTb 

OI'paH,ltleHMe Ha Macey WR Ha ypOBHe -~ 800 I'aB/c2, a npu 

Ac, ~ I0~5 Ha ypoaHe "' I,2·ToB/c2• IIpe,tVIo:iteHa cxeiia !3Kcnepi
MeHTa.'lbHOit annapaTypbl ,!Vl.l-1 Il{:·OBe,neHI!!! TaKHX HCCJle,nOBa.HHit •. 

· IIpO)l,J!Ol!teHa HODaa Hl-!3KCqJOHO&M MElTO,l:!.HKa HCCJie,11,oBB.HHl'I nepexo
.na 'MlOOHHit-aHTlfM'OOHHtl; B KOTOpoU cpaKTOl/1 o6iiapy;,K'3HH.a ajlcpeKTa_ l'IBJ!st..; 

e'l'C.!i peI'V.CTpa.lUt.11 Bb1COn03H9,'JI'eTW.Hh!X 3JieJ<•rpcuoB CT pacna}J.a· . 

p.-~ e.-: \)"ii. . • CxeMa pacnoJio.itealfl'! annapaTypr,1 :a ::n:criepHMeHTe JU-Rili 
noKaaa.Ha Ha pv.c.I2 H•COCT011T H3: I -'.-rpaKTa nyqKa !JOBllpXHOCTHb!X 
MIOC>HOB; :II - O(JJiaCT.! B3amrn}J.e~CTBHH, .B KOTOpOi1 llpe,I.\YCMO'l'pOHa 

Ta!O!te B03M01KliOC1'b ai-laiusa t,-t·S ~ .:..cMI'HaJia M!{lOfllf.a; HI -sJieK'.l.'POH-. 
HOI'O (n03HTpOHHOro) -rpaKTa C Mal'HMTHblM aHaJiV.30M 3Har.a·qacT11ui,i1£>; 

. . ••.-• . . ·, 

P11c. 12. CxeMa pacnOJJOlK8HHH 3.'18M8H'l;OB 

ft) BKJ!IOqeu~e Ml.!-I'Hwra a !3.r.e:<ii;oHHCM TeJieCKone 11eo6xo,n1:Mo llJ!H 
y~TpS.HCHlf:1 <;::Olla npv. nepe3&pR,nte ll03HTpOHOFI Ha CTeHKax 
sJieueHPOB np:mopm10HanbHW: 1ca1,1ep. · 
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TJ - MaI'P.IITHOI'O cneKTPOMe'I'pa 11. nponcpUlllOHa.JlbHI,JMH KaM6J?aMU Ha JiV.-. 

H!UIX .. 3~epJKeK;. Y - . cne«TpoMeTpa IIOJmoro nor·Jioro,emrn. Jj,i!.a .. eepoRT-:- · 
HOCTH tta6JIIO,nemrn nepe,co.na M:-:- M·: noJiyt1aeM ouem(y:_ 

. (- .. .. . . .· : .. ··'Ao · .• .. ·• .·. . ·· .·· 
. . ?,M) ~"' F~\~)VJM 6 /\c-i-J\ocp{-9.Enop),.. .·· <. < 

r,ne F(M) .: 7 ~ep<H!THOCTb _061mpy;itemrn: MIOoiuni a nuKyyMe,_(W!fi ~~tio-;? 
pa. TOHnmc: a.JI,OMlllm,esw: ¢cJibI'.::., .F {.M) . =. 0, !2); W H = %, 5. IO. • :t 
-:- aeposr.l.'HO:!Tb 'nepcxo,n11 M - M, B BaKyyMe (_J= 6/G F ':: OTHO!llt:l!He. 
1toHCT2.P.Tbl n3av.Mo,nelicTBHfi ii npriuecce M - M & K :eo1-1c'l'aHTe cJin60-
r0 B3aY.MO,~ei'lcTDl!f! {i F' ) ; 6 ~ 0. 9 - ~el(TJ/IBHOCTb peI•JIICTpaui-rn . .• 
6b!CTporo 3JleKTpOHa; .·· j\

0 
= 4,52•J05 C-~ - CKOpoC'r'b pacna,na MlOOHa; .·• 

}.~ = !I,4•105 c'-::1 .;:;·cKopocTb saic:Ba.Ta ~- · .: a ~AesoaT011e M- ; 
<Z/(j}_ ,Enop) - ¢ym:l(iffi TeJieCHOI'O. yr;ra _Q _lll nopora perHcTpau1rn 
6bICTp0I'O 3JieKTpOHa EITPP~, ')J..11.fi .Q. , .= 0, I5 CTep. \I Enop.· -~ 30 MciB . 

· !lH.Q ,E
110

p) = 3,6·JO-:-;;,.}aK,1M.oo~oM: •· · · · 

· P{M) > 2,?·'io-9 ~J 2 ~ .• .. . .. .. . 

Il~TOK "r.oa:PXHOCTlil#lf ~L~OiO~ ~c~~OU~!{Jlo'JP._OH~ Ju,~~'.:- 3. 104 ~/~ . ':' 
:ie .. 200 .t.aCOll pa6~T,bl ·N~:/ ,2._,!6-,IP;°, 1-1_::t(l'1)·,N~'t ?\·:oo.~.·}~~i.•;trI'°,: 
TI03BOJIH.eT lJ,a'tb :.OUSHRY ,n;ifi B6JIJ/lllliHbl ' j-;.:Ha ypoBHe':. f.:. 0,1~ .•. .n.nn . 
CiyJJYl!leR MesottHoii qia6pmrn J1il!1 AH CCCP'oJKu,naeME.:e 31tati:eHJ11:t)V.R aeJIH-_", 

~11HH .. t (ec;111 a-.f¢eltT nepcxo.o,a M ~-';M ue 6y~eT o6HapyieH)>· ..; . ·•···· t < ro-3• .ilytL!lliii ;OF.C:ilep!iMCHTll.JlbHbtR pe3yJibTM' lj8. Cero,nttsi ng _ ~c;.; 

c.ite,noaam!lo nep~xo,na M 2 if: no;x~ieH 13 TR_\UMP./J.91
:",f<\9,3;_. 

Ilpone~eH aHaJIH3 !pOHO!lUX' yCJIOB'ntl B npe,nnaraeMOii ~OCTaHOBY.e. :' 
. 3RCi1epm1eHT!t C Yt!_e'l'.OM 'npo'iiecco·B· o6p~~aaHHS! ·nap: (QU) '.·,=-aoa11Mo'.iiell
CTEHSi B Y.OHeqHOM COCTOSiHHH '(BKC) H iiepeaap11:nili Ha ·aJI'(3l(TpOH!l.X MH-:-' 

.m-;m1 ... _(il)_._}11)KfJ;2_aHo ,' ~io_·~~p~Sl'?H()CT~-~oH~;i :rip~u~gco~ ;JiJ'¢6~~ =:?• 
=. ·W ori :t: W BKC ·_: +W if" ~~H.!l'-"!~i1.h."9. !;1:¥te,-11r.t~rou;e~~-it~oueH!{vf ,}J)lst ~e.:-\ 
r..o llTHOCT_V. .· mc:pexo)ia .. M -~ ·-;,!, •.. 11 ·. C~'TijeC-rayeT' MeXUHYl3M', noiaBJIElHJ/IJt a~ux\!) ·.• 
npo~eCCOB nyTeM .io6pe2aii~u1 peri1cTp11pye~'oro. V.Hf epBiuia. ::i»epr'»Hr~ < ; 
3JleKTpOH08· ... Ii'3. Bb!C'JJ{Ol'lnept'6T}!'IeCttOM •KOHU0'3tiepPeT~tJeCKO,I'O>cneKTpa.: 
TaK, ec1111. He, ·per1tcTp1ipcriaTb\3ilimTpO!-t,: ;c•-.··3H8t:JI'l1eit·:·H1ilKe:40 M38/ TC ;··· 

::~I::::,::::··::i~u:i:;t,~iJ:Tt~;·::!::,::.;1:1;;~:·., 

. .:_. 27 _· 

perHcTpaum1 qioHOBb!X ~iieKTpoHoB paBHa: 
. .•. · ·. .;.S · . ·. -12 • . -? •.Won =.7,2•IO , w BKC = 3,3·IO , Wn = 4,6-I0 • 

. C ueJ1b,; nposepim · peayJibTaTOB · orieHK~ · cpo1-1a lll Bble5opa nopcra •· 
o6pe3aHHSi no 3Hepl'llllll SJieKTpOHOB B ·. npe,nJiaraer.ml:t UOCTaHOBKe Sltcne
pm,:eii-ra im' MIOOHHOIJ . KaHane c1mxpo~HKJIOTPOHa Jl.11il~ npoae,neHO :'lKCne
puMeHTa.JlbHOe HCCJJe,noBa.HY.0 airnpreTlfl!6CKOI'O cneKTpa no;mTpoUOB J/1 
SJieitTpOHOB, B.HJieTG.IOll!JIIX J/13. MJ/IID6HH llOCJie oc·raHoBirn B Heil nytma no 

. JJO:Kl1TeJ!bHO 3aprJKeHHWC .MIOOHOB (MJll!lieHb . Cu. ... · ~ .. TOpM03HM TOJIIIl?.HA. no 
nytmy 6~3 r /c-;/-) _. Mcnonr,:ioaa.Jicfi Mar-<iHTI-Mi ci:teKTpoMeTp Ha octto:se 
cneKTpoMeTp1iqecRoro Marm,iTa CII-56 J/1 npciao.JJotIHb!X · nponopuHOHMbHIDC 
Ka.Mep co CoeMOM J/IHqJOpMaullllll Ha J!!1HJ/IJIX ::ia;1iep.'KKl!. B •.ra6JIHUe. I npe,n
CTaBJieHa . Olle"'Ka 'aepORTHOCTil Bl:WeTa ~OHOBOI'O 3Jl6KTpOHa OT . aem11:m
!-1:bl En; BbltUlCJJe~Hasr li3 r.pnae,nemrux 3Kcnepm;eH'l'a.JlbHb!X ~aHP.bllC 11 
pacc~uTaHHaa ,UJifi npouecca nepesapR,nKH.Ha ~JieKTPOHax MJ/lllleHJ/1 (a 
Aainn,oc ycJioaifmc 31<cnep'11MeHTa - BbICOK03HeprHtn-lbli1 ~ 8Q M3B nytlOK 

. MIOOHOB_ J/1 TOJICTaR MMlllcHb-GTOT npouecc npe06Jia,naeT H3.,It ,nJ:yrlil,lif D03·-
. MOlKHbIMH npciuecCaMM). . . 

Tati.1I1tlia I 

Ouemm a~o,na: no:v.Tp~HOB H ifJOHOBWC: 3JleKTpO!iOB H3 Mmnem1 
...: .. - ·::::T======= • == . _ = • ·: ::::::: .·- .· .. _, =..::====:':;:::::==:::::::::T=:::::=::= • = , :..; ·== ,..-

. · .• • ·. • · • • • · · SKCil N . ·. · 3KCil • PAC'l • 
En,MaB; N OCT ; Ne.+ ~Ne.-;, W = <?./r-t~·f ; rlJ f!Pl1B -; vI . ; 

-~ ~ 7-I08 \4s20Trn; !,28.IO~ . r 2,46·I0-6f 6,6.I(l-6; 

40 I•I09 ~10380~ 5 : ··4,8I0 I0-4 _ .. ·.· ~9,25·I0.:.7~4:5.Jo-6~ . . . . . . - . - . ==============================~~==~=======:====================~= :··· < En - ~OpOI'. o6pe::>attlllfi cnc~Tpa t1~~Jlfi (~r.i~HKa); ·. '.,. < 
• N OCT - rmc110 'OCTD.HOBOK M'i<lOHOBB. M,ruiemf (~; 6,3 I'/cLf); . 
~ e•l Ne;-)_- '4l1CJIO aaper11cT:p:1poaaHHbr,C n03lllTPOHOB (aJieKTpoHOB) 
_ . SKCil ' .. a ~neKTpo;.;e1'pe; _y,n.ooJieTBOPRK'IIµIX KPlllTepmrn oT6opa; 
\<J IIP.IB -:- mrn,naeMoe 3Ha~eHM6 B8Jll1"~11Hl:,l OTnO!lleH111t N.e.-/N'?-t: , .• · · · • < npHBet,eHHOe K TOHKOl{t,Ulll!eHM ( At ; 0,027 I'/cM2); 
'v-L:1?q -:-· pact1eTHOe 'sHaqemie ile1rnqii!iliOT~OmeHllR. Ne.-/Ne.1-

·. lJ,Jifi TOHKO~ MnlileHH (At; 0,02? • /cLf). 
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MK BlI,nHO H3 ~'a6Jlm.~ l' _U3Mepemrue 3Haqe•UiR oepOP.'rl-iOCTl1 -ne~
pe3P..lJf!,IJ.Kl1 l-!a 3JJE:l('l'pOHax. M:rneHn xopo□o COI'.JiacyioT_CR . C Ebl'til1C:!E:HHl;,!Ml1 

:mat1eHl!FJ.m. 

8 IlRTOif r.rraae p:~.CCMOTpem. B03t,l0ll'.P,OCTl1 rrpm,•eHeHn.ir MeTo,nos 
crr;,:n-pe:::oP.aHCHIJH cne!\TfCCY.0!1Hl1 1-!l<.lOHci ii MlOCH!-!H ,r\JI~ pe□f')Hll$I r:rpn.:., 
!{.ilS,DJ«,!X 3c.,naq E· QJ~31rn8 ;J :rexmme. . . • ' - . . . . . 

!1pe,1JJ!OateH 11 pean1130Ba,{ crrocoCi orrpe,Iic11er111R MaI'HlfTEoiL •reKCTY'"'. '.' 
pu u c-oco6 onpe,ne1reHl1R ns.p_ai.1e·rpoB M8l'Hl1'1.'P.OH HeO,IJ,HOJ)C,!J;HOCTl10qJO~. 
p0W).I'H°i1THHX ua-:-epmiJJOB. 

KG!ATICHe!i'i'L1 '!CH30pa uaI'Hll'l'HOii 'l'E:KCTypH EL.'tlfiCJUr.OTCF C _llOMOu\blO. ' 
"f>on"yJJ;,. · · · · · · · ·· · · 
'j:' j_JJl -lli~, , ,' . .. , , . . '' ;· i 

.· -···.·.·· :_• .. · : .. ,·: ___ ,· .,·~:i:;7:.··· 
cl N (t, K) =N0 \ 1-1- u:P~ (o)K~ (ncl~ + ;t«f (t))] e ·. _f di, .. 

r,ne ·; · ···•. < · , ·· gJg > .. · " · 
ndf=> ~<nd.n~> =(-2 f' '>, > 

. . .. ',>. <' .•.. , .·. - ~<'i':·' .' ·,· . ,, 
f«r (t}= < ( \~-nit np) Cos 3tt > +.e~?tSP1Si:r1 3gt,>. ·. (21) :' 

3)1:ech d N (-L;K )- tmcJJo ~d;,~Tp'.iHOB ft-e - pacnap.a BO ope-<" 
M€/'iHCM imi-ia.ne t t tt2np1lJleH1111 K ( Ki: - KmmoaenTa); N0 -1mp
\urpy10n;xii 1.11-;m:rwi;eJ:r.; ":'~, - 1,o::-if;rmi1rn1IT . s.c11:;,:ic•1;pm1; Pt. ( o) ~\ - -noJI.P.-, 
p~samrn ny<wa p.\ np;it '=. O; Tlcif 7'ToE20p Ma.i'rilfTHO!ij,ei<cTyp@;; 

P-clr-,. -. TCH30p I'WJI:Ip;-r2a!.1Vii1; (t~ ;, -/peMR lKl13HU.,_MroHa;• ~ - Mal\.:. .. , 

p.oc. ;:on. ,;q_._e. c··.·.K·o· e .• n .. o~.e .... ,r;.c•.·'·1\?'i. a ... r._ t_ .cl.·.·_:•.·. b ... ··f>.: -. ·1_: .• o .... MIT_·°..·He·u·.T·hl·/:; __ ·_ $ 1:1. _}•'. - .... ;_.•c11 .. M_:_B_ o .. JI.•· K~>OHelte pa;•. <f - n,pO!.'.a!'H~lTHOe ~T~O!.'l:1:f':: JVI.:'!'. 1':1?0Ha Y~oljSd" ,':"., 3,nH--;-\ 
HW-<Hblfi. 8.nTl'!t!l1Ysl8Tpt-NPK~ '1'81130p ::5-:-ro pattr9:;; -~' <;: ':,-iOpT; B~KTCpa // < ·' 
Y.00p,lll'll3.TH~i1,ocu.:, ·~· ,, . '., -~ / ;_' ·: .: ._,' •' 0 , , >\> 

· Te~30_:r:n1 co u 0,pi1xa111)',,:) ~~·.;i 'Y:<1.p, ·. ·; ·3a;na?Hble·_B'-JJa6~pa.TOpHotl:
c.,'.;_?TeMe K"Opu1rna.T, CB.n3_al-il:I ~ COO,TB6T_C!BY:O~llMl1, "r6H30pa 'Ii rl~f-> ' l1 

}1..d. ~ B cv.cTeMe;;:oop,nViiaT o6~n: noq,e{LCT!lCM i~aTpttll noaopoTa: 
· . ~1pl1 Ee!<OJlJl:1H%p!,GCT;; 

0

B8J,Topon: JlC'fia.llhHOf'ci, Mal'liHTHCI'O !IO.ill'! H 

· 5.:5.I;;:r:;:~~:ti~i;ir1 m~~:?.~f ;~e~I~rr~ii~ ;~;:;:· 
t ,,;- 0. imc.r.o n,13v,TpOHoB pacn~tr. ii ~3.Jn.:i Te.'1£CHbln .yroJJ ll 't1a.npa~->,i 

. . ··. •.· '· ,.-· ,, ·-" , : .·.>, .,. __ , ._, 
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· J1e1ittw1< B MOMeHT Bpe1,1ei-!i, O'l t ·: ,no; -l+_d± ··6y;n.C'i onpe,ne.r..ii'l'bCF. 
qiopMyJio'1. (I9) ~ Ilpa 'pa3.ril1tIP.OH Opl1enTat!l1lf.'OCipa3IIa OTHOCWl'elibHO nyq
l{a M:OOHOB . z . HanpaBJJem1,i, HS. perl!CTPIIPYf~J.lllifi Ct.iei'tll!l{ '6y,ricT · ll3M8Hh"?h
c.ri 3RCnep~MeHTBJ1bHO i1au.n:o,naetlaRBeJIHV.llH&,

0 d N (t; !{) / d-1: ; ,,:,, e. 
· 6y,neT •· MeHRTbC.P. KaK OTHocv. eJibHoe V.lfCJJC . nr '3HTpoHoB; sape:rl'!cTplipo- ·• 

Baffilb!X\~tI~TtlHK?M' T~i(u ii,r,c pacnpe,neJJem1e ·no' BpeMe· •·1~ 3TO o6CTOfl-
. T~JlbCTBO lf ; ,naeT :031JC)KH?C;b cnpe,neJieHHH Tei1,3op::m ·n_, f> . lf ' r¼r-, (c) 
. ; C11MM8Tp11tIHhlM TeH30p i:'.-!'O pattra .·, \1 a.JS ·. · xapaKTepasyeT F• ;-:: . 

CTp06HHOCTb ,!J,OMCHOB: o6pa:n.ra~• f'JlaEHii!e OCV. 3TOPO TCH30paJIO!'l1'trHO .. 
Has Ba Tb• oc~li Ma'f'Hl1THOtt TertCTypc.:~ B • 3THX ocrrx '!'€!-Jg Op TerccTyphi . ' 

.• . n ·<l~.. 5>y,1J,eT · ,D,?.aI'O~aJ!bHhll~i ': a,B_eJ!l1T:H1Hbl ):\lfar'OHaJ!bHhllC 3.ii~IWHl'OB •, ., .. 
•' 6y,n,yT RBJIRTbCJ'I i:OJIW-I8CTD6Hl-!Otl .xapaKTepHCTmwn Ma!'HJ,!TH07.' 'l'eKC't'yPi'l 

.. •:.~g?;:J_iJE~~i-"1.x;p~~:;e;~sy~? "8PfMe~~or1·· xoj

0

:?iRP11~,~~Ji1 ·. ai1-
, cru..i6Jiir,"."°oHo13/;i _cmpe,n.eJIReT BpeMeH:foe · pacnpe.neJ1eH11e. noan·r•poiioB 

• <; pabna,n{I, '. 'nona)1,a10~11X: .B perHCTpv.pyiom,in CtteTTilfK •. · ,l},:1fi o6pa3UOB • C · ,,ia.iib!M 
pa36pocoi-f·

0

IlOJieil.:B )ioMemu ero.•MOlKHO annpO!<CVMMpOBD.Tb iaK: 

.. Tl!?~;~~ltijtuf ~;~~ttcjhinpJ .. , .. •'pyroois 
ttaCTOTa . ~ . 6y,noT onpe,ll8J!J'!TbC.R MO,!JyJJeM Cpe,nttero MA.PH!iTHOl'O. ITOJI:I . 

_P :rioMeHai,:(: }i/\pa36pccoM 3HatI8Hlfll :'>TJ1X Il()JIO~. • .. ·. . .. •' '',• 

· .•. , ... :<::a )4!1CCePTaIUlH; npl1BEl,lJ,8HbL pe3yJJbTaT~ aKCl1?PHMCHTa.JlbH•JI'O lfCCne-
. )10BafUi,!: CeMH. <>6pa:fo,OB ~J'eKTpO'.i8XHI1tJ8CROi1'cTa.Jrn;:,, 0rip6~GJlt:HI.i'' toi1no; 
.; HeHTll 'l'eHiopa MaPHlfTHoij' TeirnTypLI ~!, iia.iipaBfCHl½S! Ha1iar,1mtteHi1oc·;u ·, . 

i(.:,nbM~H<>B :B ~cc~e,(\9B afl::iw. ,;or.ipa;uaxi• rioJJ~'llCHhrBenh~H!ib1 . cpa11ttCI'C .• ir.ar-· 
• ·•· miTHor'o', flO~J'I .• ~ •· IL~a3 6poc ~ i· '';:' 'i.1aI;H}!THh!X noJJei D ·. ~~OM6Bd.X -~ ..• I po-; . 

~e,neHO 's1<cnepm.1e~TM~HOe 11ccJie,uoB~H,H3 . BJlliRHl1_R' fp~X~ PM~H~Hb!X ,· pe,"'. .. 
·.' lKM~oa•.·_.T6IJMlftte'cKO~ 0Sp,a60T~a::o,6pasuoB,:~Jiei:-rp:0TeXH~eci'o1{ C~tlJUl .:ria_ .. 

"napdJ.leTpl,I; TEiH3<0 pa; Mil:'HMT~of,TeKCTyphi, .. IJ HanpaBJie Hl16 .,Hill.!aI'H!il!'3HllOCT' 
,ioMJHoB: /1 '.~ :B&mim1.i.ii'Jiilitl, O.;.JKii~ ~c.· .np11JIOlK

0

eli11e1.1, paC!Tflri!B~;J~er:c:. }!9.

. ·. npittemui;: 2 -~>6hlCTpb11\ o·rlli;ir (6e,~. paCTHI')1BaIOI.jt?PO ;HO'ff9F'/4CliHf;); · .. -. 
·.3 ·~ 1,m)i.rieH~:hlH or;.rnr '. IloKa38.HO -·• tITO I-till :E,tl.~}1~1· fTlr.·ura. np11GO,!!HT _K. ' 

.•. 6,n~OOCHol\ i.larl'11'l'HOtl. T8l{~Type /,)l,1:R: 2_ i 3~f'O: 1)61!\111,!QB,_O~~llf a .1Jal1£)c1B~. 
Jieirne -~cl..I'HIITHOl\,'TeI,CTyphl B, 06pa3uax Mettee ri1,rp'll!:eHO ,· fiIJl!tit?M 60.11,..: 

'we1t;~113'0Tpornien ~?Jia~qST· o6p8.3eU, _CTcxui,e,uIUi(no pe;u:uy. 3. lloKa-
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sruta c~eCTBCHHa.H pOJib 'IOY.pb!Tl/Ul l1 npvmosepXHOCTHb!X CJI00B MeTa.nF.a · 
B q:opMapoaamm Mar_ HHTHO!i TeKCTypbl MaTep11aJia. IIpoae,neHHHe liCCJie,no-:- · . . . . 

aat.H.<t Il0Ka3I,1138.E)T B03MOlKHOCTb HCil01Ib30Bamm l.fiOOHHOro MeTo,na ,n.JJ.H 
KOHTp0JIJl Me..rHHTHblX CBO:iCTB MaTepHaJIOB_ Ha pa.3JH!l.lHl1X CTB.,!llil'DC npml3-
BO,nCTBa. ' . . .• ·. . . . / · · i •.' . i : . . . : . . . . . . . 

Ilpe,nJIOl!(eH ,1 peaJIH30BaH, cnoco6 onpe,neJiemrn KOHUCHTpamm pa
,nHauliomrux ,naj)eKTOB B -!Jia6oJier,:poaaHHb!X . noJiynpoao,nHm<ax H H30Jin>
Topax. Ilo1tasruio, ttTO :mcnep11:Me'iTa..1bHO H3MepReMUe \-'SR · -napa.Me'.l'~ 
pbl 3aBliC.fIT OT KOHUeHTpaD;lili•pa,nv.auv.oHHb!X ,naj)eKTOB (Tuna CMellleP.Hb!X 
aTCMoB) J3 c6pa.:ine. C uem,ro _m,y-qemm a0sMOlKHOCTHnpmwttett11ii .·. _•. \ 
\J.$ R -MeTona · ,n~.H ,ned/eKTOCKonuu caepx~mcThlX MaTepv1a.iioa · a.· Jll1H\li 6bl.::. 

.n11 11cc.rie,noaa.HU o6pasllbl coaepmeHHux JqJliCTaJIJIOB _l{peMHHJl 11 KBapna, ·· 

.0 KOTOpble BBO,nHJIOCb. KCHTpOJIHpyeM.oe. ttl1CJIO pa,nHauHOHHb!X ,11,aj)eKTOB .. 
11yTeM o6JiytteHl1:Jl HCX0,11,Hb!X o6pa::ir~OB _6h!CTpbIM!1 HeiiTpOHaMH peaKTOpa C 
nocJie,nyIOJJ\ID-1 me cTyaettttaThTM OT1KHro1.1. _Kom~etiTpau1m aae,neHHblX pa,nHa
UHvl-lHblX ,necpeKTOa onpe,t;ena.r.acb MeTo,noM scfxpetcTa· XoJIJia Ha. KOHTPOJib..: · 
HhlX o6pasuax KpeMHH.H, o6Jiyttae31lhlle BMecTe c v1ccJie,nyeMI,LMH o6pM~aMH • 
3r.cnep1™8HTa.JlbHbl8 \-'SR _-cneICTpbl. B nepU:AH~irny.'rnpHOM Mar'H_;ITHOM no- • 
Jie 00 3 co,neplKaJIH B ce6e tt&cTOTbl ·npe1-1ecc1m. cocTO.RHMil: I-' · , Mu. . 
11 Mu..,_ ·(TOJ!bKO -]J,,'l.R. KpeMmm). tiacTb noJiytteHHb!X ·a pa6o'i'e ·,nrutHhlX_ .. 
npe,r:.cTaBJiem,1 a Ta6Jim.~e 2. ··_·. · • ·.· , · · ..•. · · 

Ka:K BH,11,HO l'i3 Ta6mmbi . 2; •· ,nJIJl KpeMHH~. imir6oJiee qyacTBHTeJibHbIM. 
napa.MeTpOM, saaH JllllHM OT KOHI~eHTpawm D 06pas1\e ,ne¢eKTOri, aBJI.HeT
C.H naparr.eTp ./\ H~ • ,IlJIR ~aapna>-:- CJJ ; KOTOpI,Ie 11 MoryT CJIYJKWrh ... 
HHAHKO.TOpaMH co,nepl!(aHMJ'I pa,nHauHOHHb!X ,neqieKTOB B HCCJie,nyeMblX 

o6pasuax~ · .. · . •.. .· . 
B ,n,11ccepTan,rn TaKJKe .npcaHaJI!1311pOD8Ha' B03MC'lKHOCTb np11MeHBHH.R 

P.OBOrO p $ R 2. :-MeTo,na ~\ IloKa3aHO, q'.i,o np11MeHeHne B }-\s~ 2. -3K
cnepm..reHT8 nponopUliOHaJibHblX mwep ,nJiit perHcTpauH11 TOl.lKM .ocTaHOBKH 
f.f.OOHa_ B Mlfil!eHH II H8..'1paBJicHll.ft Bb!JieTa Il03HTpOHa pacna,n,a C npocTpaH-· 
CTI H~ paspeweHMSM He xyiice. -qeM rn-:2 'CM, U03BOJI~eT: noJiytiaTb . ' 

l!HqJOpMar.iim .· 0 ··• npocTpaHCTBeHHOH. KOppeJI.HQHH ;Mar'HHTHhlX noJieii ._· B-. 11CCJI~--' 
,nyeM~M ci6pasue. H H3MepRTTJ -KOppeJI~~omm~).~liyCH (.r c ,:c x~p~K·f:;_ 
TepHbl!J MaCWTa6oM nopll,nKa JO;..ZJ; C;M, . · .. ·.· : · · ·,•· .· ::,_ .. , ' · .. ·:.'• 

' -· _, .. ',·<·~ ,-;-"¼-,"'",'.'>:'....-. ~ 

*,--~~~; \'.;R2. -1ieTo,n,a, ocHoBruiHa.H. Ha ·cTa'l'liCT11½~cKo~ a~~113e. c~~j 
6b!Tllti ~-e. - pacua,na, npol1CXO,rr;IlllHX B Ma.JIOH Bbl,IJ,8JIBHHOi1 06.'la:..· 
C'rH npocTpaHCTBa MHWBIIH, npliHa,nJie;n1T 8, H. ropeJIKl!Hy. . : . 
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Ta6JIHUa 2 

Ilapaide;tphl cocTO.IJHHl1 p.+_,H · Mu. .·• :a oi;pa3uax Kprir.m;m H, KBapua 
. npu pa3Jll1l.lHblX ICOHUeP.T~HIDC B HHX pa.i{.is1moinmx ,neq;e;tTOB 

T...:===-r===== , =·T===::::=::::::: •==== ·====:::::::.======~===========.::.::::=:'I" 
: : KoHUeH-: · . \!,~?. -napaMeTpu --c-----= 
: : Tpatl11.IJ : • , • : 
: :,ne<peKToa; r_. • .. :A 1050-I: C :\ 105c-l: 
: ; . . CM-3 ;_ . · ,:"'l\ .. : }-- ' · : M LI . : /\ Hu' : 
=:x::--!-- -.-• • --!'---- • --- •: --.- ,:-_--•. -.• •N•--- ... --•----.-.. -----!-, --- -- • --•: 
; fi3 : . 8~1012 : 0~021±0,008 : 0,05 : 0,047±0,0II : <·, 9±2 . : 
: 

11 
~ 3~1015 ·; 0,033±0;006 ~ - " - : 0,0t'x):!:Q,09 ; : 43±8 

~ :· 6-1015 : 0,045±0,007 : - " i.. : 0,046±0,008 : 52±II 
·• ·: ·. · 1016: 0,0,42±o,006 : .. ..: " - . : 0,05l±J,0l5 : 121±40 

~,;., :: : 2· 1018 :o 031+" ··o·g· ~= :.. "· • .. *' ,· : *' 
• ti) : ..• : : .I -v,v : ..... - : .. . ·.-: .. , : - • 
•=· =============~==~========x==~=;=~=~~*~====;===~===z======-~==• ::,:::,:· ··14.:· .. :·.· .· : .· .·:. : .· : g .: .IO . :0,02I7±o,0I4 : 0,05. :0,0,t4T..:0,0022: · 3:!:l . . 

'i >': 2·I015 :0,0598±o,0030: - " - :0,0391±0,0025:. I±o.6:. 
8 ' -:. ~ roIB =o l637±o 0027: - " - · =o 0214:to· 0055: ·• 4±2 

. o;. ~,2:ro19 ~0;2239±o:0024~ . - "-i.. ~o:oo57.!:o:oo5'l~ o,5:t2,o 
; ~ =.:. ::_·- .;~-: ... =· =~_ .. : .,.· =· . -=· -·-=-·.;,===:.::=.::: ·=·-=~=<.:: '-·==::=· --'. = · . .:.=====:· ·. :~'. ·_;_ 

!E) C~rH~1.i-,M~.':};&~criep~~;~!~b~O~.: i5R -cneKTpe OTCj'TCTJoyeT. 

,, B 3~~JllOT-IeHHl1,,C~Op~JIHJ)OB8Ji!l ;CHO~H~e ~e;yJILTa.T~·- ,n11c::~pTa:.. 
naOliHOH pa6ow •. 0hH cacih.HTC.IJ •. }C CJie,nyiollleMY: ·. . . 

I. . ~03~atta\c~ario13~a ;;Mroo~i1A''. npe'.nttas~atzeHH~ ')l.'!R lfCCJie
!(OB~H~.IJ Bell1eCTBa MeTO,IJ,O~f Bp8.li\8HHR·_.cri~Ha MIOO~a. K .hOMTIJleKC _enr;apa- .. 
'!'yp1i; Heo6xo,nHMHH lJ,IIR g§ 3KCITJI~;a-rau~m> 0rJI!1tll1TeJ!bHCH oco6eH-2' , 
. HOCTb!O Y~TaH_OBKli. ;'?l.room:il~. OT 'cyrr\BCTBY!OiJIHX :.:l)bl~O)mn CTeneHb ~ <l)U{O..: 
po,11,HOCTH t.larttttTHOI'O nona 'il Mec'l'e. pacnoJ1oli\ett11a iicc.iie,eyeMoli i.mrneHH · 
(o-rtiqcHTeJi&Haa tteo;ittopOW{CCTb' ·noJifl. H·e xy;r,e io-5~, xopornrui Jt()J.!IleH..: 

. caum! l>!af'HHrHOio .no.na 3e!~Jllf _ 11 pacceiiHrlOI'O !10Jl.lJ MaI'HaTa y::KOpH'l'e.na 
• H -3JieMeHTOB 11.'COBHOro(iiHaJia. (i<ouneiica1111ir '.no ypoami ro:-2 3pc?e,11,)_, .' 
rJiy60KM .CTeneHb . 3Kp~tmpOBK11 qJOT03JleKrpomrux . Y,..!HO:t;Te.nelt cuaHTttn
Jl.lJllliOHHblX c~eT~i-moa OT UJ!,!fili¼H BHeui:-iero. l;al'~mT11oro ·noJIR. Hp0i38AC:- .. 
H03KCllCpl1Me~TaJl~HOe·icc~e,r..ollaH?.C·XapaKT6j)i-lCTnK IlyttK08 l,!lCOHOB Ha
BblX0,11,e i,fiO:..Me30HHOro _iairn.JJa cnHXpor..:,rn.1·0TpoHa. JUID •. 

- ' ' ' . , "!J ' ... ~ .~ , . ' . .•, - ~ 
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2. - ~c.'le,llOBaJu,1 napa.MeTpi,1 perifc-rpHpYllllleR ~acTH y~m.HOBKH 
"M!ooHHR" Ha nyqKeMroOHOB (BpeMeHHoe paapemeHMe, HHTerpa;1bHBJI H 
w,$1)epcHUllaJlbHM Hem1He'1HOCTb- KOt!BepTOpa apeMSI-KO,ll, KaJIW6pOBKa 
11peMeHHOR mK8.JIH H T.JJ..). Ilpone,lleHH Kan116pono'llHh!e HaMepeHHSI Ha . 
8TaJIOH.'ll,IX Mm!leHJIX (yrnepo,11,• nnaaneHmrlt Knapn). Paan1m,1 cnoco6hl 
s1:cnep11MeHTaJI&Horo HCCJie)lo~aHHh xapaifrep11ctJ111ttocicioc c'ocTorumR 
trooHHSI H MiOOHa s i1ccJie,llOBSJiHHX o6paauax eyreM npiweHeHHR MeTO,llH
KH "cKpe~eHHJ,IX"_ H8M8peHHR B nepneH,11HKyJI1IPHOM

0

H DpO,llOJlbHOM Mar-
' • .- ,c ·, ' ..• 

HHTHWC DOJUDC. 

3. . . Ilpoae,lleHO 8KCnep1n«eHTaJlbHOEl HC£fl~,llOBam1e . napaMeTpoa 
KBSAPyDOnbHOrO B3aHMO,lleRCTbHSI aTOMa MIO~HHR B KpHCTaJIJill'tleCKOR pe~. 
meTKe cl .:.Knapua s o6nacTH TeMIIP-paTyp 75-300 K ,llJl.fI Tpex opHeHTa
UHR oceR-CHMMeTpMU o6paaua OTHOCHT8JlbHO HallpaBJieHHR BH8mtt<Jro 
warHH·rttoro no.11R H noJIRpHaauHH ny1ma MlOOHOB. Onpe,llP-JieHa opHeHTa.:.. 
lU!J!·ocen T6H30pal"pa,llH6HTa3JieKTpll'lieCKllrO DOJIJt B MOHOl<pHCTaJIJie 
d. -KBaptia. IloKaaaHo, '!lTO B _06JiaCTH TeMDepaTyp 75-120 K_ HMeeT .. 

M8CTO·M8,llJleHHast ,llil4lW3tfli MIOOHH.:t no TpeM B03MOll!HblM M6CT&'..Jl0KaJIH-
381U'H. ero. B pemeTKe o6paaua. ··. . . ·• •• 

. . . . -· ·-
4. Bnepa1,1e npe,n.no11teH 11 peanHaoaaH MeTO,ll s1<cnep~eHTa-'Ib'foro 

onpe,iieJieHHH aHa.Ka Kaam,yrioJibHOR nocTOHHHOR d ; IloRaaaHo, tlTO npH 
nepexO,llA OTT= 90 K p,o T=_293 K. npo11cxo,11HT.11aMeHeH11e aeJIHtlHHhl 
H 3HB.Ka KBa,u.pynOJJbHOf\·noc-roIDIHOR, 06yCJIOMeHHoe_61,1cTpoR_)tl$pya11en 

• ''•. • J 

i..'J:lOHIISi no CBl)IW HH3KOT8MIIepaTypH!ilM. M8CT&4 JIOKaJIH3aulll!'. • 

5. Ilpoae,lleHU cHcTeMa;11qecKH8 1tccnep,riaaa1mycnoa11n o6paao
BaHlffl H naaw,oJJ.eRcTBHs c peweTKOlt nell!ecirna "HopMa.n&Horo.; H "ruio~ 
MaJJbHOro" MlOOHIISi, ,llHaMa.I'HIITH08 ¢pam.tHH 13 MOHOKpliCTa.JlJiax KpeMHHSi .. 
n H p-THna npoao,w.MOCTH · B WIIJ)OKOM ,11,Hanaaotte TeMnepa-ryp 60-73'.> K. 
B o6JiacTH HH3KIIX TeMl'lepaTyp 60-200 K o6HapY1fteHhl "i3ce B03MOlKHble co.:. 
cTomrn.!l "t1op.1.iaJI&Horo" H "aHOMaJibHoro" MJOOHl11!. HccJJe,llOBB.Ha TeMne:'" 
paTypHail 3aBlfCMMOCTb ·. 8.MllJIHTY,llbl H opeMeHH peJiaKCallilH 3THX COCTOSI
HHR~ . fuMepeHl:,I tiacTOTbl caepXTOHKOI'O .. 'S3aHMO,lle'1cTBHR B aTOMe_ MIOOHHJl. 
BH1?.4PeHHO~O B KpHCTaJIJill'lieCKyxl pemeTI<y' KpeMHHH. . . . . 

6. fuytieHa TeMIIepaTypHM' .3aBH~HMOCTb H saBHCHMOCTb .OT BE:Jllf
q,!Hl,I MarHHTHOI'O noJin: ru.mJIHTY,l!.bl COCTOstHHR H CKOpOCTH peJiaKC8.llHH 
nOJJI!p1138.llilH MIDOHa H MlOOHll:l B npo,noJJ&HblX H nepueH,llHKyJin:pHUX Mar-

- .33···-

HHTHhlJC_nOJISIX. Ha8,neiru·TeMIIepaTypP.H9_Q6JIS:CTH, B KO'I'Opl,IX DpOY.CXO
,llliT nepexo,llbl Me'1tJlY paaJI~H cocTOSiHHmilf. Ilpo11al3e,lletm. oueHKa 
BblCOT!» aKTmiait110HH'JI'O '5ap~epa . A C. · np11 BC'l'YIJJI6Hf!H LIJOO!iHR B XH
MHtleCeyD peaKU11ri c a.ToMaM11_pemoTKl!'..KpeMH11n·c•o6paaoaatt11eM·,11Ha
MarHHTHOro coe,nmieHHSi ( t:,. E · .. ,; • a.IS 3B). Il::,,011ane,l!,eHa ouemra ,l:tOJllf 
pa3Jlll;tllb!X KOMi10'.i8HT COCT0RHHl1. BK,IKltl.aIO~il:r. B ce6n }-\ -t - B RpeMHIIH. 
BO IiceM HCCJie,nCBB.HiiOM lfHTepsa.iie _TPt.,mepaTyp. IloKaaaHO OTCYTCTBl!e 
He,1tOCTaJ011ieR iIOJISipl!'.:::auuil (HeytiTekHblX KW!WiOB B31i¼MO)teRcT~HR ;.!!COHU , 
B o6paauax KpeMH:rn). IlpeMOlitCHa ~xeMa B3al!MO,IteiicTBY.Jt MIDOHa H MI:0-. * .. ·. . 
HHn: n Bell!eCTse, n KO~opoM no~ CliMBOJ!<:>M Mu ( "a.HOMa.JibHIDl" · MIOOHHR) 
DO,llpB.3j'M~Bil.eTCR MOJieKyJmpmdt pa,r!,HKaJI TIUla: l ~t-te-,q-t ~) ( SL +~-r . 

... 7; Ilpoae.iietta 8KCilep~iAeHTa.JlbHBJI ripoaepKa uo,ne.r.11 M0;[8KyJI-Fip
HO,·~ ~,llttHe.na ,n.nn Ml.l-l'-.: IloKMf.!HO, 11To no,llBmr.HocT:, iocT.oRH118 Mu. 
11 Mu* B ri6paatie Kp8MHI-\H CYJl;ElCTBenHO pa3Jii-!llHR. Cocfomme ,Mu 
<ihlCTJJO ,n11rMlyH,1tifpyeT no pemeTKe, B TO spell.~ Kal<COCTOJlHlle MLt* 
rrpe,t.CT3.BJJSleT co6o8. 061>eKT, JKeCTKO canaattirutt c pemeTKOR o6paaua •.. 
BnepBI,IE! nCKa.3/Uf'J.HaJ!lltlHe COCTORHHR t-\l( .· If Mt.t * B 61rnapHOM 
l!OJiyDpOBJ,llHHk.ioM coe,nimeHHlf Gu As\: ~ "AHOMa'IbHL1R" MiOIJHll/;I CYllle
C'.'ByeT B Ga. As ' ~Pli T < 170 ILi{ 06Jia,r;aeT 6oJiee CHJibliOH Cl3epx
TOl-iKOH CBJl3b?:l (¢aKTOp yc11JleHl1R • .: 2 T" 3); qeu B ~i . IloKasaaa.. . 
Yffl1l'lepcaJ!bHOCTb ~eXaHll3Ma BsaHMo,neikTBl1Jl _lt.lOCHa II. M!JOHUJI B aTOMap-
HID'. noJiynj;oBo,IUiHKax ;i e · Ciimaprn,1x noJ,ynpoao,nti1m~Bl,DC coe,nm1eH1m;,c • 

. a> 1lponeieH8- conoc·;~niieHHe OCHOBHblX :3KCll8p11!48HTaJiblU,IX ,11,aH-·.. . . . . .·. . . . ,• . * . . .· .. , . · ... ·.· . . 
H},I}.;_ xapaKTep11ayIOJ{i1x cocTorurne. Mu· 11· ao;:i,opo,1toco,11,Ppi:ca;ii11n uenTp 
Si -AA9, 66Hapyie1-1Hbli1 if KpetlHhll MeTo,iioM 3IlP. ITOK2.38JIO; .tlTO i.a-

. .. . . . . . . ~ 

pa1<'1°ep c11r..iueTp;rn ·csepxTOHKOrb B:JaHMo,nel!cTBIIJl o,11,11tta.1roa ,n.JHr Mt.t 
V.. 5i..--AA9. Conna,n.'.ilOT (c ytle~OM H30TOITi.ioro; oqxJ)eKTai rJ!aBhHe'. 3ha~. 

. . •. ·.. . ' - . ·:·.. . i·' .'!': * ·. . 
tleHHSI: Tettsopa caepxTOHKOI'O B3aV.MO,ll8HCT.B>I.R UE:HTpOE _· M:.4 ... H .· i 
5 l -.V.9'' o6iacTJ1 TeMIIepaTypi:ion ycTOllllllBOCTll H TH!l CHMMeTp1111 me . 
3JieKTpoP.~·. CJ- -TcH:fopoa ;· ?,;Ki-IM o?p9.3oM, n_c saoit1{ cap!icTHB.M. 
ueHTP, 5L -f.Ag r,o,no6~H MLt a. v. RB.'IReTcn: ao,nopo,m:w.r aHa.noroM _ 

. "aHOt.!aJibHOI"O'.'. 
0

M',OOHl1/'I.· ITp11B~eqem,e P~3YJibTB.TOB KBaHTUBOXl1MRtl8CKl1X 
· pacqe-:-os ciJJeKTpoH:ioil · cTpyKTypi. Mu , no~1e'lleHttoru, a pasJJlNHble 

TOtIKH KPHCTaJJJil1llCCKax MaTp11ii Kpe!,!HHa » a.;niasa, 'nQKa:3usaeT, tlTO · 
caoilcTaa. · Mt.1. , :pacnoJ!oieHHOM ii TOllKax 3C (uettTp X-X c.-nP.~i!'; 
X :.. 8.TOMI,i SC. C) pe::ieTOK KpeMHHl'I n 'am.:aaa·, BaicO,nir:'CSI: B Ra-:.eCT-o 
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BeHHOM ·cooTB8TCTB1m c HSBeCTHblM~, CB'JliCTB~~ ~ rutOM~b~o~o" · MJOOHHSJ 

(ao,u.opo,na). YcTaHC.'B.neHO sapst,D.OBOe COCTOSJHHe ueHTpOB Mu 1(-. H 
· S i.-AA9 ( tteHTpaJ!bH'Je) • · · .• . . ' · ·,, • . · . · . . . 

9. Ilpe~o~e~a KatJ~C~EeHHast 
0

Mlf!rfiOC~OnlftleCKast MO,D.e~b ~38.IU!O~ 

~elicTBrut . }l + c. Bell!eCTBOM Mlfil!eHlf. c Mo~eHTa Hat1ana · TepMa.iIH3ariHH . 
/J.O MOMe~Ta pacna;J.a }-\ + t D' KOTOpOli cyrqecTB~HHYJO poJib HI'p8.!0T Ha,u.-, 

Te,1JIOBHe · npouecc1,1 B3aHMO,neliCTBHSJ i-t"" c, tiaCTlftJHO. HOHlf30BaHHOl1. ,' 
pemeT!<Oli MOHOKpHCTaJIJia. 06paso'Bamie COCTORHHSJ 111.f ~ B 3TOR MO,D.e-. 

.nH paccMaTplfBaeTCSJ: KaK 3aJCBaT . Mt.t (HJIH t,l + ) HOHH30BaHHOR CB!r3bll. 

IlplfBJietie~e· pesyJI&TaTOB pact1eTOB 3HepreTlftleCKOl1 YCT0'1tll1BOCTH n~
p~HlfTHblX KOMIIJieKCOB B pemeTke KpeMHHfl npH nocaAKe B0,D.Opo,u.a 

(ir.iooHHsi) Ha HOHH30B8.liHylO, CBSJ3b noKasb!BaeT, tJTO ,D.JI!'I. O,IJ.HO!<paTHO . 
HOHH30BaHHOfi CBSJ3H i3o,nopo,uy ,(MPJOHHIO) 3HepreTl{tJeCKH Bbll'O,D.HJ aa
Hmb cimseueHTPHPOBBJiHOe noJioJKeHHe·•· (Tot1Ka BC) •. , •· · •• ·· .. · .· · · 

· B peayJI&TaTe rrponeAeimoro umma H<:CJie,noBaHHfi peineHa ·npo6Jie- ·· 

wa "B.HoMaJI&ttoro". Mioomut, .nnepa1,1e ~03HHKillM .B, 1973 fO.nY. · 

IO. AHaJrnTlftleCKH noitasaHo, tl'.TO npH HaJilftlHlf n np!1po,ne><5es

waccoaoro I'OJI,ttCTOYHOBCKOI'O (i1Jra ~OtlTH 6esMaCCOBOI'O nceB,nOI'OJI,tt-:- '.. 
CTOYf!OBCKOI'O) 6030Ha - qJaMlfJIOHa ed.) H CBfl3aHHOI'O C l:UIM B03MOlKHO_; 

ro pacna,na M100Ha ~ ➔ ecl. , ·saa11c11MocT& K03ql!JHUlieHTa acID,1MeTp1m 

µ~e. - pacna.na. OT , 3HeprHH HMCeT aHOMaJIHIO B · BbICOK0::1HepreT11tJ~C
KOM KOHUe cneKTpa MHmeJISJ. Ilpe,ttJIOllteHa HOBaSJ nOCTa.HOBKa ::rncnepH- .· 

MeHTa nono11cey qJaMHJI~Ha c noMO!I!blO ycTaHOBKH, HcnoJI1>syroiJ\eli.cTaH

,nap'l'eyro p. $ R "-TeXHHey, ~onoJIHeHHyIO Ha Bb!XO,IJ.El. 3JIElKTPOHHoro Te.~ 
JieCKOna MaI'HHTffi,JM. CilE!K'l'pOMeTpOM C paspemE!HlfeM IlO 3H8pI'HH He. Xy,Ke 

10-4 •. Aa~ 011~HKa BKJia,na npouecca. p..:... e.cl. K o(5b!t!HOMY pacna,DY > . 
p. .. e vv · ·:" B ·3aBHCHMOCTH OT 3He'preTlftleCKOI'O paspenremm 3KCJie~ 

pHMeHTaJibHOfi annapaTypH. PaCCMOTpeHa B03MOMHOCTb 3KCnepUM8HT8Jlb.;_ ·· 

HOI'O ryqruem•SJ npe,neJIOB Ha Macey ripaBOI'O w R 6030H~ B OIJl,ITa)C • 

no HCCJie,D.CBaH~O BKJia~ii, IJPaBblX :OKOB B f-:-e. 7 pacna,ne ~ : . 

. II. Ilpe,ttJiblKeHa HOBast HHsKoq:om,Bast MeTo,11,1rna 11ccJie,noBaHl1SJ 

nepexo,na MIOOHlin - aHTHi-lJOOHHfi, B KOTopon q:aKTOM o6ttapy,iteHH.FI aqi:.:. 
q:eKTI} SJBJISJCTCSJ pet'ttCTpau1rn m,1cOK08H~preTHqHbJX. 3JieKTpOHOB OT pae;~ 

naAa v-"" .... e.-v" . IICKB.38.HO, tlTO HCnOJib30Batrne 3Ton !'8TO,Ill,KH nos..: 
BOJI.II8'I YJ!YtllllHTb c~ecTBetu;yio oueHKy BepOS!THOCTH nepexo,ria ·' 

I~. 

- 35 -

Mt\ -Mu. ,4aJF.e np11 npoBe,rremm 3KcnepHMeHTa Ha ycKopHTeJio c 
T,or.o!J Bb!Be.ne,u:oro f\}'tlKa rrpoTOHOB I ;. 2 1\ A. Attan»z q:oHOBliX yc110-
BHH B,npe,nJitl.1'6.8MOH nocTaHOBKe 3KCnepHMeHTa C ytJeT011·nponeci-.:0B 
o6paaoBaHHSJ nap, nepesapR,nKHHa 3JieKTpoHax MHmeHtt H s3ruwo,u.eA
CTBH.11 , B · KOH8'1.\HOM COCTOfil!ifH IlOKa3arl, . tlTO Ecp0.IITHOCTb qlOHOB!,IX npo
ueccoa · tt.f].(e m,e10lllelic.n cero,nHa aKcnepHMeHTaJibHon ou~HKlf ,ttJia ne- . 
pOJITHOCTa nepf?X0;:1a Mu- Mu. • 

I2~ ··.· flp0Be,1vmo .aKcnepnMeHTaJI;,Hoe 11ccr,e,nonaime 3HepreTHtiec:

Koro cnekTpa Il0311Tp0HOB 11 3Jl8KTpOHOB ~ BJlJieTaJOir,HX H3 Ulllll8HJf DOCJI8. 

ocTanoBRH B Heii nyirna noJ10JK11TeJ1bHO aapSDKeHHh!X MDOHOB (M11111em, . Ctl' , 
TOpM03HaSI TOJll!lllHa no nytmy 6,3 r /c,l-) C HCilOJib30BaHHeM Mal'HHTiiOI'O 

cneKTpoMe·rpa c · nponopti110HaJJbHllMH Kru.:epru.m Ha JIHHHm sa,u.epKKH ~ Ilo
JiytleHh! 3HepreTHqecKHe cne:Kl'p!,1 nos11TpoH0B H M8KTp0HOB npH II)Jyx' 

, . ,• t 
3HatieHH.f!X nopora··aHepr,m - 34 H. 40 MsB. IloKaaatto, tJTO 3KCD8pHMeH-:-
·ra.nbHaR, BepOSJTHOC~'b BbIXO,na !pOHOBOI'O 3.lleKTpot:a Haxo,nwrc.11 B xopomeM: 
COI'JlaCHH. C !JaCtleTHblMJ,f 3.HatieHKIDAH. / 

· ·I3. eye_nJ:OlKeH H peaJJl130BaH cnoco6 onpe)leJieHHSJ MarmrrHOli 

TeKcTypJ:,J 11 cn0co6 onpe,neJietmsr napaMeTpon M'aI'HHTHoA HeOAf!Opo,D.HOCTH 
q:eppoMaI'HHTHblX MaTepHa.noa. n,oaep,eHO 3Kcnep11MeHTa.~bHOe HCCJie,noaa
HY.6 C8Ml1 o6paauoa a.iier.TpoTeXhlftleCKOfi CTaJJH. Onpe,u.eJieHl,I KOMIIclHeHTl,I 
T8H30pa MBI'HKTHOfi TeKCTyp!i l1 HcmpaBJI8HHSJ HB.MeI'HHVeHHOCTH ,noMeHOB 

B 11cciie,noaa11Hb!X o6paauax. :Hoiiyi.eHH aeJIHtJHml cpe,D.Hero MaI'HHTHOro · 

IlOJIR • b O M pas6poc So O M8I'HH'rHb:X' noJieli B ,IJ.OMeHaX. ·Ilpoae,neHO ;' 
3KcnepHMeHTaJ!bHOe . HCCJie,noaaHHe. BJIH.f" .. 'IHR pa3JiHtlHWC pelltKMOB. TepMd

tleCKOfi o6pa6oTKH o6pasrroi3 . i3Jie1<r,,poTeXH»t1ecKHX c.ra.neA Ha. napaueTp1,1 

Ter1aopa MaI'HHTHOit. TeKcTypbl 11 uanpaBJieu11e Hru.iarHHtleHHOCTH AOMeHoB.· 
IloKasana CYJ!18CTBeHHast' pOJib IlOKpbl'l'lf.11 H np1moBepxHOCTH!iX C110E!B, ue
TaJIJia Bq:opM»ponamm MaI'HMTHOfi TeKc:TypbI MaTep;1aJia. IlpoBe.iteHH!le ·., .. , . . . . . . . . .. . ~ . 
HCCJie.n.oBau .. m no_K8.3l,1B81QT B03M01.<HOCTb: HCilOJlb30!3aHH1{ ·. M!OOHHOI'O MeTO

.n.a .n,nst KCHTpoJIJl MaI'HHTHl,JX caolici'a · MaTep11aJioa Ha pasJIHtifflryc cTa:.. · 
,IlllRX npOH3B0,IJ.CTBa~ · 

!4. 31,cnep11Me~~aJibHO IlOK8.3aHO t tlTO CYlll8CTB.)BaHHe KBa)U)y
nOJibHOI'O MOMeHTa MIOOHH.R OTKp!iBae-r Hoabie B03MO~OC'tlf B ~OHHOII 
MeTo,ne, CB.ll38HH1,18 . C . HCCJie,noBaHHeM. irna.n.pynOJibfiOI'O ~1!18IlJieHlfJl 
yp0BHen MIOOHIISJ HM8XB.Hlf3Ma era KBa,npynOJrbHOR peJia..:camiif B lletlle-.. . - . . . . . . .. 
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CTBe. B 3TOM CMhlCJie MIOOnHHl1 Mt:lTO,ll CTaHOBl1TCJl CXO,nHh'"M CJl,JJ,epHi>!M, 
KB8.,!IJ)yDOJlbHl,[M peaoHaHCOM 11 MOJKeT Ub.'1'b 11CilOJlb30BaH )l.J!Jl lll3J'-IeHl1.fl 
He TOJlbKO MaI'HJIITHblX, HO H H€0,!l..'iOp0Ulll:lX BHYTPi1Kp11CTaJIJ111tleCKHX 
3J18KTpHlteCKHX IlOJlefi •• , I~cJie,JJ,OBaHHe TeMnepa·rypaon 3aBHCHMC>CTli na.:... 
pa.M8Tp0B KBa,IIJ)~llOJlbHOI'O B3aHMO,nefiCTBliJl M!OOHliJl a' Bell\eCTlle HeCeT 
ua4Jopi.iaumo o npouecce .n.w'f)pysHH HefiTpa.JibHOi1 BO,!!,opo,nono,JJ,o6Hol1 Cli-

cTeMbl no KpliCTaJiitlill'.e~:toll pem§TKe 06pa3ua. , 

I5. ' Ilpe,ll,JIO~eH' H peaJIH30DaH. cnoco6 onpe,neJICHliJl KOHUEm-rpa:.. ' 

UHH pa,JJ,HalU!OHHbtX ,i:r.eq:eK'l'OD a cJia6oJierHpoaamrux noJiynpoao,nttli·Kax 
H 1130Jl.HTOpaY.. Ilpoae.n.eHO' 3KcnepHMeHT~lbHOe HCCJie,JJ,OBUHlie 1-15R ,' • .:. ' 
"18TO,JJ,OM 06:,a~UOD Kpet!Hlifi Ii KBapua, CO,J1,eplK8Jl1liX ·pa3Jllill'.H08 i.rncJIO : 
pa,nHrutHOHHIDC ,neqieKTO~ a ,n11anaa0He KOHUeHTpauHli. (8· 10

12 
+ · , · 

+ 2,1019)cM-3. floK8.3aHO,'f.lTO napa.MeTp aCHMM8TpH1i npeuecCHl-1 cnH-

Ha '(-\.+ .;,. c~ · (,nJIJl KBapua) Ii, CKOp0CTb pe.riaKCll.Ul-lli IlOJiffPli3aUlit.f cnH-
' lla \-l+ a MIOOH,tli '."" /I Mi.f (,n . .'!Jl KpeMHl-lJl) o6Jia,JJ,aJOT Bb1COKOl1 'f.lYBCTBH-: ,. 
TeJlbHOCTb!O K KOHUeHTpa.IlHH ,a o6paaue pa,nHailJIIOHH:,CX ,JJ,eqleKTOB HMO
ryT CJlyJKHTb HH,JJ,:.!KaTOpaMH liX. co,nepxmHHJl , a HCCJie,rryeMOM o6paaue. 

' ' ,' . ' ',•: : ' ' . '' ' ' ', ' 2 
I6. Ilpoa'-!aJIH3Hpoaa.Ha aosMOlKHOCTb npm.iimeHH.H HOaoro 'r' SR -

MeTO,JJ,a ri& · Henpepb!BHOM Il,Y'f.lKe MJOOHOB; ·• flOKa3aHO, tlTO npm,1eHeH1rn B 
~ 5 R '2. -:-t'IKcnepuMeHTt.. · nponopUhOhaJibHblX , K&1ep ,ll,Jlll perttcTpamiH TO'tl:.: 
iH oc•raHOBKli MIOOHa B MHIIJ8HH J/1 HanpaBJieHJIIHBblJleTa Il03JIITPOHa pac·
na,na c npocTpaHCTBCHHllM p8.3peweHHCM He JiyqUie, qeM 10-

2 
CAI, no.:. . 

saoJIJleT noJiytZaTb 1mqiopMa11mo o npoc-rpaHcTBeHHOli 1<oppeJ111U11H 1Aar
tiJ11THblX 'IIOJielr B, HCCJIC,JJ,YCMOM o6p8.3Ue J/1 J/13MCpllTb KO~eJIJlUHOHHblC 
pa,n11ycu ( 'f'c) c xapaKTepHblM i.lacmTa6oM nopJl,nKa IO CM. ·. 

0cHOBHbl8 pesyJI~TaTbl )l.HCCepramrn ony6JIHKOBaHll B pa60Tax: 

I. ropieea B.L, Kpyr.noa c.rr., Ky,nr..1ttoa B.11., KyibMHH JI.A.,. 
M11KJ11pI'bltlb1lHU C.M.; U1rnant1ea E.3., 06yxoa Kl.B., CaaeJibeB r.Vi., ' ' + ' 
~upcoaD.r., l!lep6a1<0B r.B. IIpoueccu ,nenoJIRPH3a1m11 'r -Meso-
HO& a MOHOK~ttCTaJIJlax KpeMHl11l~ ~- IlJIICbMa a l!(S'N, ,'_ 1978,. 

· T.27, B.7, 6.420-424. 
2. Gordeev V.A., Kruglovs;P •• Kuz'"min L.A., f,\ikirtichyants S.M., 

Minaichev E. v;, Obukhov Yu.V., Savelicv G.I.; Firsov V .G., · 

.Sct.orbukov G. V. · Proceuses of p.+ -Meson Depelariza tion, in · 
Silicon Single Crystals. - Hyverf. Intcr.·,1979,v.6, p.171-174• 

•. 
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3. Bapcori c.r., re;aJIOB A.JI.,· fop,neea B.A., KpyrJioa c.n., 

KottoIIJ:eaa p .ill.' Hy,nHHOB B.11.' Hy3bMl~H JI.A.' MHKJ/lp?U"-lb.flllU C.M.' 
Mirnatitieo E.B.' MRCH!l\8Da r .r.' 06yxoa D.B.·,, CaaeJibeB r. H.' 

: <I>11pcoa B.r.' !l\e116a1<0B r.B. ,· )i,~ll0J!Jlpi3C:.UJIIH 110JlOl!tHT€JlbHblX MJOOHOB 
B. CJ1a60Jier-t1pODaHHhIX MOHOitpJIICTaJIJlax Kpei.imiJl.: .,_ .. 
}i{3T<l>, !979, T. 76, B.6, c.21:98-2205. . < ; • .·. · 

4. ' Bapcon c.r.' feTaJIOD A.JI.; rop,ueea B.A~' Kpyi'Ji6B c,nq ' . 
KoHonJJeaa p .w: ; Hy,niiHOB B.11.' Ky3bMl1H JI.Ai, MHkttprbltlb.RHU C.M.' 
Mmrn.tiqea E.B~, Mm::,n11eaa r.r., 06yxoa D.B. 11 <fa~eJiben ,P.H., 
<I>11pcoa B.r.' fl[ep6aKOB r.B. XapaKT8J1ViCTlill:CCIC118 ,COCTO.RHIHI 
M!OOHllR. ( ~+-ue3mia), B KpeMHIHf ,B, np0,11,0JlbHWC ~HHTHbllC noJI.RX, 

JK3T<Ji, !980, T~79, !l.'4(IO), c. 1461-14
0

68. ..,. ··, .,_·,· ' .· 
fop.n:ea B.A~, Ooyxoa iO~B. }'~R :"."CneK-rpocKom1n a-roMa MX>OHH.11 
cp.+e. ) a KpCMH1111 :, ~..:. B c6, : "~l!3HKa e.TCMHoro R,liJ)a ~ · / · ., 
(MaTep11aJibl X.Y 3m:iHefi lllKOJihl JIHil.\D no qm3mce , rr,npa u s.neMeHTapHl,IX 
qaCT!iU), JleHHHPpa,n; Jll1H(j.>,. I980, c. 179-208. ,,' . . 

6. BoJiqeHKOB B.A., fop.neea B.A., E ::v.ceen B.A.,, MaaHOB E.M., · .. 
KonTeB B.[1;' l,hmlf~ 1 !,NbflHU C.M. ,P.1160B r.A.' ll(epda.l!OB r.B. 
3KcnepHMeHTaJibH08 JIICC.i:Ie)J.OBamie n,Y'f.lltOB ;.no-Kamuia Jll~ll). ' 
-.- I1penp11HT Jl.11)11.> Ni 617, JI., JIHB.1.i, 1980; 32 c. 

7. Barsov S.G.,. Geto.iov t..'.L., Gordecv V.A., K;nopleva R.i?., 
. Kruglo; S.P~. J.(udi;ovv.i.; Kuz'min°L.A.,.Miki~tychyants s.M., 

l!iinuichcv E.V., Myasishchcva G.G~,·C.ukhov Yu.v., Savel'~v 
. G.L; l!'irs~v ,V. G.; Shcherbak·o~ G. V. Char~bteriatic . 

· M~oni'ur~ ( 'r+ :-:i,leso~) St~~es iA Single-Crystal Silicon, 
- l!yperf. Inter., 1_981, .. v.E; p.409-A16. · ·,• • ·.,. ,,_. 

8 •. Bapcos c.r~, f'eTaJIOBA •. 11.; rop,n~enB.A., Kpyi•~b!l c.rr., .. 
Hy3bMHH]LA., Ml!KllpTWibJlHU c.M., ,06yxon D.B. ~ 1i,HpCOB D.I\, 
[\ep6a1coa f~B •. YcTaHODKa "M100H,JIIH~ ,JJ,JllI JIICCJie;nona~rnJl ~Cll\8CTBa 
MCT0,11,0M 1;pauiei-hrn. CillfHa ~ -Me3oHa ( t,\~R ~;eTo,no•·).. 

_;.;. Hperrp;iHT ;11£11 /i> {?59; ,JI., JlMii~., I98l,, 28 C· · . ,. ,•.·,' 
9; EapcoB er~, feTMOB A.JI;, fop:neeo B.A.', l"'ope.tmwH B.H., 

f'py3HH Il.Jl.: KpyrJioa ;c~IT;; h:y3brlaH JI.A., Me~bHl{tlYK B.Il., 
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