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1. PaccMoTpHM pacceHHHe qacTHU, o6na.llAlOU1 HX cnHHOM, Ha nonRpH30B8HHhiX suJ.pax, 

B M8rHI!!HOM none I! II II B HeO!IHOpOllHOM 31IeKTpl!qecKOM IIOIIe ( III!50 II B TOM II B npyrOM O!I

HOBp9M9HHO). npHCYTCTBHe nonei! 1IpHBO!IHT H H.3Me HeH HIO II01Illpii38UMH Rllep, B '18CTHOCTB, 

K npeuecc11H. H cHo, 'ITO acneacTBHe 38BHCI!MOCTII nonllpM38UIHr R!lep OT apeMeHI! ceqeRMe 

p8CCel!H>Ill, B005me rOBOpll, T8K>Ke .'38 B IICIIT OT BpeMeRM. nycTb :repi!O!I rrpeU9C <. H II M HOPO 

50IIblll e Bp9M9HH B38HMO!I9i!CTBI!ll '18C TfOl Upyr C JlpyrOM r ti R , r ae R - p8!1HyC 
v 

!lei!CTBI!ll ll!lepHbiX CHJI, v - c;..: o 11o ::. Th rra .aaiOmRx ttacTHU. B 3 TOM npH5 JnoKeH Hn rrpH Ka>K-

.llOM C T OnKHOB9HHH paCC8HHH8 ItpO HC X O U UT TBK >Kb 1 K8K H. B OTC y TCTBUe DH SI! I HHX IlOne ft (3.ll8Ch 

CO,ll8p>KHTCH T8KJK9 8CT8CTB8HI · :;.e rrpeanono.>KeHHS 0 TOM, lJTO BH8WHH8 nonfl CYltlBCTBSHHO He 

BJIHliiOT Ha cTpyKTYPY saa i!MouellcTBHll ) .no3TOMY 3 u miCHMOCTb ce q eHHH oT n peMeHI! l!MeeT BHJl 

( CM. npano>Ke HHe I) : + 
o(t )= SpFp(t)F 

rae F -8Ml!JlHTy!l8 paCCe HHIIH '18CTII!lbl 118 HJlp9 B OTCYTCT B H9 BHeUIHIIX lf01I9tl 

p(t) = e'llo t pe tRot 

H o - raMHnhTOHH8H HApa ao BHSlliHSM none , p - II011Hp1138U UO UH 8 H M8T pi!U8 I!JIOT-

HOCTH CI!C TeMbl He iiTpOH + HllpO B H8'18JlbH biA MOMeHT BpeMeHn. 

38M8THM, "'TO H3M8H8HH8 OO nS1pH38UHH MOH03H8pr8TH"' 8C KOrO ny l.JK8 "18CTHU no ~ 1epe 

ABH.>K8H HS1 8 none He c yut8 CTB8 HHO rtp H p8 CC8SI HHH H8 oa nHOttHOM Slllpe . 3TO CBH3BHO C TeM , 

'ITO '18CTHU bl llOCT ilr8JOT llBHHOf'O Hllp8 C OllHOA H TOil >Ke, XOTH H OTnli YHOA OT nepBOH8'18Jlb

HOti , nonSipH3aune fi . B cnyttae pac c eHUI1SI B ToncTo fi MH W eHH '"18CTHUb! no.axonsrT K pa3nH"'HhJM 

Hllp8M C p83HO rr n onHpH38UH8fl. no 3 TO.My, lJT06bJ HCKJllO"'HTb BJlHSIHHe Bp8lll8HH'SI C OHH8 llBCTHU 

H8 H3M8H9HH8 HHT9 HCHBHOC TH BO BpeM9HH, TOJllllHH8 MHIU9HH non>KRa yaoaneTaopHTb yc-

IIOBIIJO f « C!__ 
Ul 

, rne W -'"18C TOT8 npeueCCHH CriHH8 l.J:A CTHUhl , 

PaccMoTpHM 5onee no.a.po6Ho, KBKHe ycnoaHH aon>+<Hbl 6b1Tb BhlflOilHSHbt , qToC3bJ HHTeH-

CHBHOCTb paCCSSlltHbiX '"18CTHU 38BHC 9Jl8 OT Bp9 M9HH. 

2. B cnyqa e pacc e stJBI Sl M enneHH I>IX rronHpH3o·aaHHhiX HeitTpOHO B Ha nonstpH30BBHH bi X SUJ-

paX Ce'JeHH 9 p8CC9HHIIH, npocyMMilpOB81!HO e llO COCTOHHHHM KOHeYHOil IIOIIllpH38UHil, IIM99T 

BB!I 
0 ~ -

- B9KTOpbl nonHpH38UHH paCCM8TpHB88MbiX l:f8CTHU . nocne BKnl0"1811H R 

MarHHTHoro n om1 nonll p H38UHH HUep H8'1111!89T npeueccHpoaaTb. TaK KBK OT apeMeHI! 38BI! -

CHT TOJlb KO nonepettHbl9 ITO OTHOW9HHJO K non10 CO C T&BnRIOlllH S B8KTOp8 nonstpH38UHH Sl.llep, 
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TO .llnH ITO.~Y '"lOHHH 38BHCSHUett OT BpeMeHn HHT9HCHBHOCTU p8CCeSJHHbiX He:A:TpOHOB nonHpU38-

UH51 Hel\T ,iC!i/08 TU .nKe ll01l>KH8 HMeTh nonepe'lHYIO KOMUOHeHTy. Tonmllll8 MHIU9HH no Yf<8-

38HHOfi DbiW e IIpHqHHe LlOntKHB y,:ro~neTBOpSJTb ycnOBHIO < < _:;f_ 
w 

EcnH S!llpO o6nanaeT KB8UpynonhHbiM MOMeHTOM H II yanax KpHCTanna IIM99TCII HOO.tl-

aopona0e aneKTPH'lOCKoa none, TO nOS!BnHeTCR KsaupynonhHoa pacmenneaae aaepreTK'lec

KHX ypOBHal\. nnR onpeneneBHOCTH paCCMOTpHM S!.tlpa CO CUHHOM 9UHHHU8 B H90.tlHOpO.tlHOM 

none, o6na.tl810IDBM 8KCHBnbHOl\ CHMMeTpHel\ B.tlOnh OCH 

I!H 38Bi-IC51T TOnhKO KOMUOHeHTbl nonHpH38UHH H.tl9p p x 

• B aToM cny'!ae oT apeM&-

H PY • noaTOMy .tlnH Toro, 

'<T06L HHTeHCHBHOCTb pacceSIHHbiX Hel!TpOHOB H3M9HHn8Ch C T9'1eHR9M BpeMeHH, HYlKHO, 

'IT05b! Hal!T)'OHhl 6b!llH rronHpKaoeaabi non yrnoM K oca KBa.tlpyrronhaoro pacmerrneHHR. TaK 

Kax uaonsoponaoa anaK·rpH'IecKoe none ae Bhi3b1BaeT rrpeueccaa cnasa ael\Tpoaa, TonmKBa 

x/ 
MBIDeB:H He O:K..83biB89T ~·. ·fl'J qHH£ R8 p8CCM8TpHB8.6MOe HBnQBH8 

3, BKniO'<HM napannenhHO oca KBanpyrron.,Horo pacmerrneaaR Mara;rraoe none J{ H 

6y.neM H3M9pl!Th HHTeHCHBHOCTh paCCeSIHHbiX Hel!TpOHOB HHepUHOHHblM .tl9T9KTOpOM C pa3pe

ill810IDHM apeMeaeM, 6onhUJHM nepaona npeueccHH, Hcao, '<TO B aTOM cnyqae MLI 6yneM H3-

Meps.Th HeKOTOpOe UOC TOSIHHOe BO Bpe,ieHH 3H8'!eHHe HHTeHCHBHOCTII Hel\TpOHOB, EcnH Te-

nepb HSqSTb H3Me HRTb M8rHHTH09 Il01I9 1 T0 1 K8K H3B~CTH0 1 rtpH 3H8q9HHB IlOnH 

Q a2"'-
:H: 0 = -;.< ~} • 

rue Q -KB8JlpynonhHbift MOM€HT Hnpa , 

It~ 
-MarHHTHbiA MOMeHT HApa, 

-rpauaeHT 3neK TPH"< e cKoro nons. B ToqKe pacnono~eHHll Rnpa, 

UpOH30l!:.tleT rrepece'leHHe ypOBHeil, COOTBeTCTBYIOIDHX npoeKUHS!M CnHH8 in - 0 H - I 

( anH + I) aa aanpaanealfe rrons.. HeTpyuao BHneTh, "<TO np11 aToM onaa H3 KOMUOifeHT 

• • /2 ,3 / 
BeKTOpa nOilS!pH38UHB S!llp8 OCT8H OBHTCH H Mbl 06Hapy~HM BC!IUeCK HHTeHCHBHOCTH 

pacceHHHhiX aeATpoHOBxx/. AHanorH'<Hble acrrneCKH acnencTBHe •ocTaHOBKH" nonHpH3BUHH 

6ynyT H86JI!Oil8ThCH H npn pacceSIHHH H8 S!llJ08X, 118 KOTOpb!e neliCTByeT TOnhKO M8rHHTHOe 

none, H3M9HHIOlQeecH BO BpeMeHH C H9KOTOpOfi OIIpenen€'HHOJ1: lf8CT0TOt1 n (eM. npano-

lKen11e III ) , nns. ycTp8HeHHSI BnHRHHSI npenecCHH Hef!TpOHOB TOnlUHH8 MHWeHH, no-npelK-

He My, llOillKHB yUOBneTBOpl!Tb ycnoBHIO << v w 
x/ /1/ 

CneuyeT, npaaua, y'leCTh, '!TO aeiiTpORhi npeneccHpyiOT H B s.uepHOM none On-

HBKO, ecnH CT9II9Hh ITOnS1pH38UliR MHUJeHH H960nhll1BH , BnHHHH9M H.llepHOro nonH MO>KHO 

rrpeaeope'<h. 

xx/ TaKae lKe acnnecKH scnencTBHe "ocTaHOBKH" nons.pH38Ill!H 6yuyT aa6niOU8ThCH H 

B IIHTeHCHBHOCTH ll3nyqeHHbiX nonHpH30B8HHbiMH S!Up8MH Y -KB8HTOB llllH {3 -aneKTpo-

HOB. 
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HHSI HHTeHCHBHOCTH B 03HHK810T T8K>K e IlpH pe30 H8HCHOM p8CCeSIHHH CBE! T8 H H3lly'!eHHH Y -

KB8HTOB S1Jlp8MH, ecnH Cl1HH B036y>KJleHHOI'O COC TOSIHHSI npeuecc•rpyeT BO BHeWHHX IIOl!SIX, 

B qacTHOCTH, npn nepece'!eHHH yposHell Ha6nJOnaeTcSI scnnecK HHTeHCHBH OC TH, He aasHcSI

lUHll OT Bp9M9HH/
4

/ , 0JlH8KO MQ>KJlY 3THMH JlBYMSI l!Bl!eHHliMH HMQKITCSI H HeKOTOpb!Q paa

l!H'IHH, 8 CHMOM nene, IIOllllpH38UHll ll03 6y>KJleHHOI'O COC TOSIHHSI C03)l8eTCSI B CBMOM BKTe 

B036y>KJleHHSI, B TO BpeMSI Kb.K HeltTpOHbl paCCQHBBIOTCSI Hll 38p8Hee IIOl!SipH30B8HHb!X !IJlpBX 

H RBnH10TCR fl03TOMY nHWb HHLtRK8TOp8MH COCTOHHKR Hllep . 9 COOTBe1'CTBRK C 3 TRM, B 

nepBOM cnyqae p9'lb MO>KeT HJlTH TOllbKO 0 pe30H8HCHOM p acce RHHII cpOTOHOil, B TO Bp9MSI 

KBK BO BTOpOM 3HeprH!I pacceHBB!OlUHXC!I H el!TpOHOB B0061l.le He HI'p8eT HHKBKOl! pOl!ll, 

4 . llpH no6asneHHH nmrepe qHoro nonH h nepeCe '!eHHe ypOBHell CTBHOBHTC SI HQBOa-

MO>K.HbJM. J.1HT9HCHBHOCTb p8CC9RHHbiX H9ATpOHOB B 3 TOM CllytJ ae BCSr,lla nepKO.O.Hl.J:QCKH 

3HBHCHT OT BpeMeHH , llpK 3TOM , eCl!H nanarotUHe HeJITpOHb! TIOl!SipH30BHHbi anonh CyMMap

HOI'O MBI'HHTHOr O TIOl!SI, T OliWHH B MHW eH H pOi!H He HrpaeT ( CM, I1pHMQ'l8HHe HB C Tp, 4), 

llycTb Tenepb h « l{ H. MHLLI9 Hb JlOJ1RpH 30D8H8 TBK, t.ITO y Hee 38CeneH TOnhKO ypOB9Hb 

c m =-= - 1. H 3 TOM cnyqae oTnJ.PIH B OT HynR scero o.aHa KOMnoHeHTa nonstpHaauHH p 
z ' 

IIOCTOSIHH8SI no apeMeHH, EcnH Mbi Te nepb 6yn e M MenneHHO yMeHbWHTh npononbHoe Mar-

HHTHOe none JJ.O 3H849HHS:I , TO yposeHb c m = -1 (unn c m - + I) nepeaneT a 

y poseHb c m = 0 . 3TO T n epeXOJl npORBHTCR B H3M 9H9HHH HHT9HCHBHOCTH p8CC€S1HHhlX 

Het\TpOHOB, T8K KBK MHW9Hb, y KOTOpOA: 38C8Jl9H TOllbKO ypOB9Hb C m = Q , ae.neT ce6R 

DflR M 91J.Jl9HHblX H9ATpOH OB,. K8K H e nOnS1pH30BBHH8R. 

~ p 9811 bHbiX ycnOBHSIX He nh351 .38CenHTb T011bKO ypOBeHb C m = - 1, HO MO)f{ HO n,o-

6 HTbCR p83nHqH5J B 38CeneHHOCTH COCTORHHft C m - I H m = 0 • YlHTeHCHBHOCTh pac-

CQ SIHHbiX He liTpOH OB r:Jy neT TOrn a nepHOnH 'IQC KH 381lHCQ Tb OT Bpe M9HH, HO npH HCHOJ!b30-

B8HHH HHepuHOHHOro D.9 T9KTOp8 3 T8 38BHC HMOCTb HC~e~aeT. B 3THX y c nOBHSIX B 

06l!8C Til nepece~eHHS! 6yneT I!MeTb MQCTO npe>KHHJI 3 cpcpeKT, npOIIOpUHOHHllbHbll! p83H OC TII 

aaceneHHOC Tel! yposHell c m = 0 H m ~-lx). 

5. PaccMoTpHM Tenepb cny~ • ll Dbt C Tpb!X HeliTpOHOB (H n H npoToHos ) . B nHcpcpepeH

u H anbH OM C9tt9 HHH p8CC 9HHH H T iJK K X '18C THU no~ns:teTC SI qn e H , llpO ,I O p UHOHBinbH biA ~ rk X; ) 7 • b 

rna ka H kb- II !tldllbHbilt H k.O H 04 Hhi.A: HMH y llhCbi H9i\ TpOHB (llpOTOHB ), p -aeKTOp 

flOnRpH38UU H RJJ.ep H 'i119 H, npOHO pUHOH 8fl bHbi.A < S S > k• k b 
k I k 

KBBnpynomtpHaaul! u MHweHH, B 3 TOM cnyqa.e OT speMeHH e>a BHCWT KBK yrnos o e pacnpene

neHHe, TBK II HCHMMeTpHSI HeftTpOHOB ( npOTOHOB ) OTHOC IITQl!bHO Ill!OCKOCTH pacreSIHHSI, 

x) no.no6HOe >Ke SIBl!QHHe MO>KHO, B npllHU l!lte, H8.6liJOn8.Tb T8.K>K9 B ClJyqae Y -~~a-
lly'leHH!l H {3 - pacnanOB llOl!Sip1130BHHHblX srnep B MBI'HHTHOM none ClpH HHliii'IIIH KB8Jlpy-

!10l!bHOI'O pacwenneHHSI ( CM, TB.IOKe npHMQ'IBH He HB CTp, 4) , 
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PaHee HHTeHCHBHOCTh pacceHHHbtX qacTHU, a cne.a.oaaTeJlbHO, H ee acnnecKH npH nepeceqe

HHH ypOBHBft:, 6btnH O.!.tHH8KOBbi HO BC9M Hanpaa neHH5lM. fi.CHC>t l.{TQ ttnBHbi, p8C C M8TpK B 89Mbl9 

Tenepb, ,ll8!0T p 8:3Hb!9 BKI!B,llbl no p83Hb!M H8np8B1!9HI!RM. 3BM9TIIM, '!TO 3cjJcjJeKT HM9 9 T 

MBCTO H TOr.llB , KOrllB nyqoK I18.ll8JOU1HX qaCTHU He 1l011RpU30B8H 1 I1pH 3TOM TOJILUHH8. MH-

weHH poni< He HrpaeT. 

6 . .Qo CI!X nop Mbl p8CC M8Tpi!B81!H p8CC9HHI!bJ9 Hel!TpOHbl , 06paTJ<MCll Tenepb K npo

XO.llliW9My ny'!Ky. KaK H3BeC THO, .llllSI npoxo.nHwero KorepeHTHoro ny'!KB non.llpH30BBHHBSI 

SI.U9pH8H MHW9Hb BB.O.B T C965l, K8K 06JI8CTb C M8rHHTHblM noneM, U8.IlpaB119HHbi M B.O.Oilb 

/I I • 
n01! S!p1!38UI!>I H.ll9p • flpH H8i1H ' IHH KBB.llpynOll b HOPO pacwenneHI!H Hill! BH9WH9J'O MBrHHT-

HOrO ITOIIH IT01151pH38UHSI H8qHH80 T 38BHC9 T b OT B pBMBHH, T8K qTQ B 3TOM cnyqae ll011SipH-

30BllHHBSI MHilJ9Hb 3KBHB811911TH8 06JIBCTH, B K OT OpOA .O.BACTByeT MBrHHTHOB llOJie, H3MBHSIK>-

weec SI a o apeMeHH c HecKOI!bK HMH '!BC T OT BMH. Xap aKT ep H3M9HeHHH onp e.nenHe T CH a enH'!H

Holl K BB.llpynonbHOPO p BCIUenneHHH II 1!8pMOpOB CKOll '!BCTOTOll n p e u eCCI!H H,ll9p B O BH9W H 9 M 

M BrHHTHOM n one. Ecnn HccnenoaaTb T erre p b nonH p H38UH JO Bhtwe.uw Hx q ac T uu , T O OKB>Ke~ 

C SI, l.{ T O ee H 8I1 p 8 BJ19 HH9 1 B006LU9 r OBOp51 1 38B HCHT OT Bp9M9HH H T OII LUHH bl M H WB HK . TeOp HSI 

.ll B H>KeHHR npOH:3B01lbliO 11011HpH30B8HH OrO HB:ATpOH8 5 ITOC T OHHH OM K nep e M 9HHOM O OIIHX, B 

T 8 K >K9 H9KOT Op b l e '1 8C TH bl 9 Clly'!BH paCCMOTpe H b! B np1!1!0>K9HHH 11 • 0TM9THM, '!T O BBI!-

lly ne pH O.llH 1..J. 9C K Or O H3M9H 9 HHR llOilH OrO C9Y 9 HHSI C T 91..J.9 HH 9 M Bp9M9HH 1..J.HCIIO tt8C T HU , npo 

W9.llWHX qepe3 M H W9 Hb, T 8K>K9 38BHCHT OT Bp9 M 9 HH , n pH nep eC9'!9HH H yp OBH9 lt B n p o xo-

.ll. R I.l...l9M ny'iKe 6 y.o.eT H8611 10.08T bCH B CllJIBCK K B K B IT Oil HOM ttHC 119 qSC T H U 1 TSK HB HHTBHCHB

H OC TH '!8C T HU , 061!8,ll8!0ll1l! X H9KOT Opb! M on p e.neneHHb! M 3 H 8 '! 9 HH 9 M n01!Rp H3 8 U H R ( n p e .nno-

1!8P89T CH, '!TO He ltTpOHbl pePI!C T pHpy!OTCH HH 9 p l!HOHHblM .ll9T 9KT Op OM ) • 

H ce RB I!eHHH B n p o x o.n H nteM ny'! K e HM9!0 T HHT epecHy!O oco6eHH OC Tb B T OM c ny'!ae , 

K Or.na 3cjJcjJe KTHB H09 nep9M 9 H H09 ll01!9 C T 8 HOBHTCH 0'191l b M81lbi M no Cp 8B 119 HH!O C nOC T OHH-

H blM llOJieM . 3 TB OC069HHOC T b COC T OHT B T OM , li T O BllHSIHH9 nepeMSHH OrO ITOJI SI HB ll 0 11RpH-

38UH!O H li HT9 H C HBHOCTb n p OXO.llHIU9PO ny'!K8 I!M99T p930HB HCHb! lt X8p8KT9 p, npH '! 8C T OT 9 

nepe M9HHOPO nOI!H , p 8 8 HOA napMOpOB CKOA '!8C T OT 9 Up9 U9CCHH HeltTp OHOB, p e3KO H 3M9 HH 9 T-

CSI KBK B 911H l{ H H8 llOC" T OSIHHO:A YBC TH ll011RpH38UH H 1 T BK H 8 Mfli1H T Y.ll 8 IT011SipH38U H H 1 nep eOJJ.H

tt9CKH M9HSIJOLUBA CSI CO Bp9M9HBM. To >K9 C8M09 OT HOCH T CH H K HHT €HCHBHOC T H npOXO.URUJ.€-

1'0 nyqK8 ( CM. T BK>Ke n p111!0>K9HKe U) . B.nanl! OT pe3 0H8HC8 B l!HR HI! e Man oro nepeMeHH OPO 

llOJIR HeCyLU9CTB 9HHO H. JlOB9.ll9HH9 nyqKB Ilp8KTH1..J.9CKU U911HKOM Ollp9.ll911 R 9TCH llOCTOH HHbi M 

noneM. TaKH M o6 p a30M, T e N6HeHHH"" HHT BHCHBHOC T H H nonstpH 38UHH HeATp OHOB a n p oxO.llR -

Ul9M nyqKe, 0 KOTOpbiX rOBO p HIIOCb BbiJJJB, B CllY1lae MHW 9 HH C .llOCT8TOttHO M 8110 A llOilH-

pH38UH9A CTBHOBHTCR 38M9THbiMH T O.'lbKO npa p930H8HCHblX q8C TOT8X. H CBH3H C 3THM 

Cll9Jly9T OTM9 T HTb, '!TO 06bi'!Hbli! nap8MBPHH T Hb!ll pe30H8HC H p8CCMOTp9HHblll H8MH paHee 

6 

I 

I 
J 



/ 1,5,6 / 
napBMBI'IIilTHhiJ:I p e30H8HC BTOpOI' O po.aa ~cit"r.J 'i9CKK SIBn!IIOTCll nHlli b lBCTHhiMH cny-

qaS{MK uenoro xnacca arianorK'!Hb!X l!BllSHBll x ) . 

PaccMOTpeHHhre Bhrwe !IBneHBll MOryT 6a"'b KC11 01lb30BBHbl .an11 H3MepeHHSI MarHKTHb!X 

K KBB.UpynonbHblX MOMSHTOB li.U9p, a TBK>Ke .Llllll C03QBHH>I nynbCHpyJOill>IX ny'!XOII HeATpo

KOB, nepaall H3 yxa3aHHhrx uenell Mo>K e T 6~ITh. n o-aa.aHMOMy, .aocTHrHYTa .aa>Ke npa paoo-

Te C MHW9HHMB, ll0l1HpR38UHR K OTOpbi X M&Jia. 

Pacce.HHHe HeATpoHoB Hl1 ...l.l.' ryax , HaxOJlHlllHXCH ~o sHew HeM none 

OnepaTop raMHnbTOH8 .Llllll 'l'C'::Ii!''"' Hel!TpOH + li .UPO 80 auewueM :>nexTpOMBI'HHTHOM 

none RM99T BHJl: 

H 
... 2 ... ... 3 

P ( s}() - "·· (" }() + L Q o E ( ( ~ ) -
2

- - 1!11 .- v a f3 ~'a a + V 1 r)+ V 2 r)(CT ·S 
m a,f3=r 1-' 

( ! ) 

r.ae p H 
r 

m - onepaTop HMnynbca 11 Macc a ueATpoHa, ". 
~ 

H a ero MBI'HHTHblll 

MOM9HT H onepBTOp CllHHB, S - MBI'HHTllhlA MOM9HT, TSH<! Op KBB.Upynonb-

HOI'O MOM9HT8 H onepaTOp CllKHB Si.Upa, II E - HBnpSI>KSHHOCTH MBI'HHTHoro a :>nex-

TpHqecKOI'O nor.eA, KOTOpble OTllH'!Hbl OT HyllSI 8 H9KOTOpoll OI'p8HH'i9HHOA OOllBCTH rrpOC TpaH-

H - noTeHuaanbl B3BHMo.aellcTBIIll Hel!TpOHa c Si.UpOM, H.apa 

TBIOTCSI H91lO.UBK>KHO 38Kp9111l9HHbiMH, 

BonHOBBSI cj:lyHKUH!I .P ((, t) , orracbiBBJOll.lB!I npouecc paccel!HH!I H9liTpOHOB Ha li.Upax, 

y .aoaneTaOp!leT ypaaHeHHJO Wpe.aaHrepa 

HY, (2) 

n p9.UCT88HM 1/J (I) 11 aa.ae 

{3) 

r.ae ¢1 "f"t..- co6cTseHHble cj:lyHKUHH onepaTopa H , Y.Ll08119T80pS110ll.lH9 ypaBHSHHSIM 

{4) 

Tax xax HeliTpoH o6pa3yeTc11 sHe non11, :>HeprHR Ee H9 38BHCHT OT OpHBHTB~HH CfiHHB 

Hel!TpoHa, 0Ha MO>KeT Oh!Tb npe.acTaaneHa a aH.ae c yMMbr :>HeprHH na.aaJO!Uero HeATpoHa 

11 :>HeprHH R.apa 'e .ao paccel!HHR 

x) 
To'IHO TBK )1(9, .anH nonHpH30B8HHoro CBJ!5Tf a aHanorH'!HbiX ycnoaHRX B03MO>KHbi 

He TOJibKO pe30H8HCHbl9 rrep9XD.llbl, yK838HHble B , HO H '6K9HHSI' KpyroaoA H JIHHBAHOA 

1l011SipH38UHH, HM9101UH9 p930H8HCHblA X8p8KTe p, 
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11 2 
E - k e- Lffi + 'r (5) 

3necb - BOn H OBO A: BeKTOp He RTp OH8 B o6nacTH 1 r Jl.B BHeWHee n one p8:SHO Hynto. 

nyc Tb T enepb <!> P - C06CTB8HHbi8 cjlyHKUI<H onepB T Op B B 3BIIMOJl8 JI CTBH!! IIJlpB C BH8W

IIHM 110118M, npH 3 TOM 

Ho<l>P = · '• "'• • 
( 6) 

r na ~ ~ 3 

_ 11 r s R·l _ ~ Q fla E 
(,.)" a, f3.= r a a ~ 

( 7) 

Ho= 

3BniiW8M BOilHOBbie cjly HKUIH! dJ e B BHJl8 

¢ f = ~ a f o <l> o (8) 

BenH'liiHB a e. npH cjJHKC H pOBBHH hlX HHJl8KCBX II p 11p8JlCTBBflR8 T C060JI C llHH Op 

fiO HH.UOKcaM H e RTpoH a . HeT py.u Ho BH.U8Tb, '11'0 ,unll &ep 

wy~ Cll r. T eM y ypBBH8HHI!: 

Mhl MO>K 9 M H 8llHC8Tb cneLlylO-

~ 2 

( E f - ' o ) "fo _P_ a 
0 

+ ~ < p I WI m > a , 
2m r.p m fm 

(9) 

r.ue 

w l'n (;}{)+ V,(r )+ v.(r)(;S) . 
( 10 ) 

3aMaTHM , 'IT O Ka>Knbrll 113 MBTpH'lHhi X a neMe HTOB < p I WI m > npe.ucTaBnlle T co6oll .ua yx-

pRJlHYIO MBTpHUy 8 CllHH OB OM 11pOCTpB HCTB8 H8JITpOHB , 

npH p ew eHH H 3B.UB'IH 0 p8CC8stHHH H SJI TpOH B HB li.Up8 y.U06HO nepeliTH K C H CT8M8 

HHTarp an bH HX ypaB H8HHJI: 

a e. 
(0) 

a 1 or. 
lk ,; - ;" ~ 

m e '"· -;:;---:, f ...::.._,.1-,-.. ----:::;~;--,-,, ,~ 
2 "11 ' _, 1 

~ < p i W i m > ~f d 
m ,m 

a , 
r ·, ( II ) 

r.ue 

12m (Ep -c ) fiT p 
vk·+ ~<·r.-•.l k r. 

np11 3 TOM 
~ .. 

(0) t k r (n) 

a p =· e 
( 12 ) 

(n) 

r.ne u - c nHHOBBll q yHKUHll liB.UBIOwer o H e liTpoHa. E c nu aa speMR npoxo)f(,ueHHll 

o6n8CTH, 38HHTOA n oneM, CflHHOBO e COCTOHHH e He ATpOH8 H3M9 HH9TCQ H93H8qHTenbHO ( T. e . 

" Hr. ~ }{~ 
-

0
--- << I ) • B <bopMyne ( 10 ) MO>K HO n peHe6p<' 'lb •rne HOM - " n (a ) • OllHCbiB BIOWHM 
11v · 
B38HMon.eAcTBH e ue ATpoHa c MBr HKTHhiM n oneM . B 3 TOM c nyttae 
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{ 13) 

Ecnn 1< ToMy >K.e 

2m (< ~ - ! 
R « 1, 

fi k ~ ( 14) 
w R 

HJIH, 'ITO TO >K&, 
v << 1 ( a.ue c h R - cpe.unnl! pa.u11yc aaanMo.uet<C TBHSI KeJ!Tpona c 

- 1.{8CTOT8 IIp€09CCHH H.O.p8 BO BH9WH9M llOJJS), TO M OMH O Cl.JH T8Tb, lJTO 

• npv. 3TIIX npe.unon o>KeHKSIX CHCTeMa KHTerpanbHblX ypaBHflHHl! (II) coana.ua-

8T C CHCT8MOll ypaBH8 HHl! , OllHCbiBB!OlUHX paCC8!1HHe Hal!TpOHB Ha !!.!lpe B OTCyTCTBH H anew

nero nonS!. Cne.uoaaTenhHO, ¢~ MO>K no npe.ucTaanTb a BH.lle cyMMhl nana!OJUe l! n pacxo-

.llS1lU9 liCS1 CtP9pK'I8CKOi! BOi!Hbl ~~ 

I k ' '" e 

( 15) 

3.ll8C b X~ - BOIIHOBBSI tPYHKllH!I, OllH CbiBH!OlUB!I HB'IBI!hll08 Cl1HHOB08 COCTO >!HII8 H9l!TpOHa 

(n ) ( ' ' (I") CD ) H Hllpa npn q,nKcHpoaannol! a n eprnn Slllpa < ~ ( .P ~ = u <ll ~ ) , H k • :: I · 1 t 

(n) 

F~=Fu <1> 1 , 
( I B) 

r.ue F - o6&!'1Hhll! onepaTop pacceHH KSI a OTCyTCTBHH anewHero nom1, .uel! c TBY!OWHi! a 

CllHHOBOM I1pOCTpaHCTB8 H8l!TpOHB K SI.Llpa. 

no.LlC T BBII!I !I ( 15 ) B ( 13 ) , llOIIy'IHM 

-I.:'..£ l 
h 

.p ( t) =! };c rFre 
pace . 

... 
1-e- "' F(t)~-

r ( 17) 

0TClO.llB .UHq,<PepeHUIIBIIbHOe C8'!9 HH 8 paCC8!!HH!I l1011!!p1130BBHHOrO He l!TpOHa Ha ll011HpH30BaH-

HOM SI.Llpe, HBXO.llHlUSMC Sl BO BH9WH9M none, nocne cyMMHpOBBHHH flO KOHStiHbiM COCTOHHH-

HM fi0liHpH38UHH HM99T BH.O.: 

+ 
=<F (t)F(t)>=~ 

k,f 

Ct,) Cn)+ 

;Fkt 
e 

+ ( n l ( nl 

) + (n) 
u + (n < k ! F F I e > u > 

Sp F p p ( t1 F 

(o) 

3ll8Ch P U -IIOnHpH38UHOHH8ll M8TpHU8 fll!OTHOCTH He ATpOHB, 

( 18) 

( 19 ) 

r.ue p - MBTpHUB l1110THOC TH H.llpa llpH t = a( Pe. = c e c* 
k orrpe.nenHeTcH no 

<j:>opMyne ( 7), qepTa oanaqae T ycpe.unenne no ancaM6nlO . 
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nPvtnO>KEHVIE II 

ilBH>Ki!HHe npOH3BOflbHO flOHRpH30B8HHOrO H8ATpOH8 B npO,!lOfl bHOM flOCTOHHKOM 

H spama10meMcR norrepe'IHOM MarHHTHblX nonnx 

Ypa sHeHHR, o npeaenHIOLUHe aasHcHMOCTb cnHHOBOA cPYHI<UHH HeATpOHa 1/J = · ( ~~) OT 

pBCCTOliHHR f B .ll.Onb H 8IT p a sneHHSI .LlBH>K9HHS1 flY'tKB, RM8JOT BH.O. 

de, 
iy= 

d co 
j_ 

df 

1 CLQ w' -ta --;- <-r c 1 + T e 

1 ( "'o w' . ta 
-;--Tc•+Te 

f .. tw-
e v c 2) ' (I) 

twL 
e v c 

1
) 

ra e "'o - n a pM o p oscKBH 'I BC TOT B npeueccHH HeATp o Ha B noc T OHHH OM none , 11 w' - aaep-

rHH B3 8 HM0.0.9A C TBHR Cfl HH 8 C none peqHblM MBrHHTHbiM nOn eM 1 
a .. 

- yron Me>Kay OCbiO X 

H H8fl p 8B118 HH8M nonepeqHOrO nang B MOM8HT B11 9 T8 He ATp OH8 B 0 6118CTb B38HMO.ll eACTBKK 

(npe anonaraeTCll, 'ITO OC b KOOpaHH8T Z HanpaaneHa no u oc To HH HOMY non10) , ru 

qacToTa nepeMeHHor o nonH, CKOpOCTb aBH>K 8 HHH He ATpOHOB, 

l .!!!..l. 
nocne noacTBHOBitH 

v - cpelfH"" 

, -t+-v 
c 1 ::: .c fe H C 2 cc; ·e 2 

"" M bl IT01lf'i89M CHCT9My 

ypBBH8HMl! ann c I· H c'0 c nocTOHHHblMH Ko aciJciJHuHeHTB MH, KOTo p yiO nerKo paapewKTb. 

lj pe3yf1bT8Te p eW8 HH8 CHC TeMbl ( j) HMBeT &Ha : 

rae 

wf 
-11-- -I a •v Of . "'o-w . Of 

c 1 = e [Ccos--•t--Sln -lc 1(0) 
v 20 v 

iCtJ' . nr c. (0) J ' sin 2IT' e 

c,-
wf 
~~ fl p w

0
-w 

e [(cos - + i "2n-
v 

sin Of lc 
2 

(0) 
v 

n ~'h ;:;; -«>>• + • w' -

- i w ' . Ia . nr 2"1 e s1n v c 1(0) ] 

(2) 

( Cl (0)) - CllHHOB8R <tJy KKUHR HeJ!TpOH 8 npH BXOae B Oi5UBCTb n e l!C TBHR llOf!R, 3BM8THM 
c2(0) 

T9fl9ph1 ttTO ClJ838 a M9Hst9TC SI CO B p8M8H9M flO 38KOHy 

a = wt . 

Y'IHTblBBH 3TO, C ll OMOWbiO B OUHO B OA <tJY HKUHH ( 2 ) nerKO H8 l!TI! Bp8 M9HKYJO 386RCHM.:lCTb 

nonRpH38UHH HeATpo H a npH Bbixone H3 oonacTH B 38HMoae l! c TBHR. A!IR KDMn o HeHT &eJ<Topa 
~ 

f10UllpH38UHH p fl 0f1Y'1810TCR c nea y!OLUHe Bblp8>K 9HHR : 

<o> 2 ne 
p : P [(cos -

v 

+ ( "'o -.w • '20') sin 
nr 

v 

cu , . 2 nr 
- 4i'i" SID V 

+ 
(O) t''(w -<u) 2 flf w' e 

P [ 0 sin -coswt --sin211-sin wt ] . 
X 4{1 :l V 2fl V 

10 

1 ·+ 
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P = · cos~ 
X V 

(D) 2 or "b-"' .• 2 oe w'
2 

2 e 
IP [oos - - {--..rr- l sin -+--sin !1-cos2w tl+ 

X V .l.H V 40 V 

f!.t oils 2w t I + 
v 

~ 

e co> e ~o -w w, " e 
+ :sin~ IP lsin20- . ~2 - · ~sin n -sin 2wt I ·+ 

V x V L H 4 !} V 

(0) 

P . 
, e (c"o -<U}:.>' • f 

[
2
"'n sin2fl-cu• <>t ,- -~sin !1-sinwtl 

" v 40 v 

we (O) one 2 ne <> '
2 n e 

P & sin-IPx [ 008 __ - (.':'o -"' ) sin 2 ,._-·-sin· -cos2wtl,.. 
y v v 2!1 4!1 v 

(4) 

(O) w' e (w -w)w' . 2!1£ 
+ ·P l--sin2!1.-sinwt + sin- coswtll-• (5) 

• 20 v 40 v 

• co> "' -"' e , 2 2 e I 
-cos~{P [ ___ o __ sin 2!1_ -~sin f1-sin2wt •+ 

X 2!1 V 4!1 V v 

(0) w' f 
+ P l~ sin2!1 - cos wt 

• 2!1 v 

3Jl&CI> 

( 0) 

P;( = · 2Rec 1 (0) c~·(O) 

(0) 0 

p • H p x) 
- KounoaeHTbl Ha'lanhHol nonHpHaauHH aeATpoaa • B c ny'lae peaoaaaca 

Bb!plUK8HHll )lnll KOMUOH9HT non>!pH38UHH cy!lleCTB9HHO ynpO!ll8JOTC>I: 

(0) e w'~ (0) 

P = p cos w'- - · sinwtsin--P 
Z Z V V X 1 

p we 
Bsin ~, = · Acos - + X v v (6) 

p A sin~ - B cos 
w£ 

= · y v v 

w'f 2 (O) (OJ w'g 
A a - (1-2sin

2 ~sin wt)P x + P• sin -v- sin w t, 

• 2 w'l (OJ (O) w'€ 
B •-· SID 2-;-- sin 2wtP x + :P • sin -v- coswt 

07) 

npK 3TOM 

w ="'o· n = w' 

x) 
HanpasneHHe OCH X Mbl B bl tlHpaeM TSKHM ~tlp830M, 'ITO OHO COBUS)lSeT C HS'ISnb-

HOA nonepe'IHOA nonKpK38UK9A H9ATpoaa, TSK 'ITO Py = · 0, 
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EcnH II pH c' 3 JI9Te B M~j;rHTHOe none aeiiTpOH HMen TOnbKO Ol~HY, OTnH'IHYIO OT HyJJH XOMno-

HeHTY non,.pH3HUHH P • c P0 1 TO llO B~XO~e H3 H&rO 

p . Po co·s ~ 
v 

H He 3HBHCHT OT B peMeHH, nonep9'1Hbl9 >K9 KONnOHOHTbl C THBOBSITC SI OTJIH'IRbiMH OT aynH 

R H3M9HHIOTCH BO BpeM9HH C 'IHCTOTOII w 

p w'@ w'@ ~ wf 
= · ( sin --cos--sinwt +sin -coswt)P0 , 

v v v 

2. w'@ w'@ w '@ 
P = (sin -----. sinwt -sin-- cos- coswt)P0• 

y v v v 

(8) 

E cna >Ke BHH'Iane aeiiTpoH 15bln nonepe'!HononllpR30B4BHbiM, T.e. 

(0) 
p = 0 . , TO IIO Bblxone 

H3 o6nHCTH B34HM0li9IICTBRH 

P. 
CL>f. (OJ 

sinwt sin -v- P( x 

( 9) 

H 3HIIRCHT OT Bp9MeHH, nonep9'1Hble XOMliOH9HTbl B 3TOM cnyqae HMOIOT KHK liOCTOSIHHyiO, 

THK H nep9M9HHYIO 'IHCTH, npa 3TOM ll9p9M9HHHH 'IHCTb H3M9HH9TCH BO Bp9M9HH C 'IHCTO

TOII 2w 

ow'f • wf (OJ 2 w'@ wf (OJ 

P =·(1-2sin --sin wt)cos--P -sin ..,.--sin2wtsin-P 
X 2v V X ~ V V 

p 
y 

2 w ' @ 2 wf (OJ 2 w'@ wf (OJ 
( 1-2 sin ....,.- sin w tlsin -- R + ·sin ...,....-sin 2wtcos-- P x 

L.y V x .t.y V 

( 10 ) 

nPJ.1 Jl0)KEHJ.1E ill 

C naa a nepeMeHHoM MaraaTHOM none, aanpaaneaae xoroporo cpaxca p o aaao 

PaccMoTpHM Tenepb cnyqall, xoraa nonepeqaoe none paaao aymo, a npoaonbHOe 

none H3M9HH9TCH BO BpeM9HH C 'IHCTOTOII {l, 'ITO n pHIIOliHT K 38BHCHM OCTH OT BpeM9HH Bena-

'IHHbi pac m enneHHH : 

YpaaaeHHH ( II. 1 

a nerxo pe w aJOTC H 

"'~· = w 0 ( 1 +qcos(Gt + :a)). 

) l~JIH ny qKH HOIITpOHOB npH 3 TOM n pHHHMHIO T BHll: 

. de· I 
1-

df 
"' ne _o_ (1 + q cos (_ + a )c I , 
2v v · 

. dc2 "' o Of 
1~ = ·-~(l+ ·qcos(- +: a ))c 2 , 

v 

12 
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( [ W f Wo q . 0 ~ j 
c 1 0Je:xp ( -i -fv + -~ (sm ( .. v +·a )- sin a )) , 

(3) 

Wof Woq f 
c 2 ( f) =c 2 (U)e:xp (i [ -. -+ ( sin (O _ + ·a) - sina l!) . 

2v -m v 

0TCIO.ll8 RC H 0 0 'IT O npH {l 2 rr n BTOpOll '11!9H B XB8.llp8THhiX CKOOX8X 00p8Ul89TCR 
v 

s aynh, a uaqa nbHaR cpaaa a , K IJ'I'iJCJSH 083flHqH8 .O.fl .R p83Hh1X HeA:TpOHOB 1 Bblna.aaeT, 

'ITO rrpHBO.llHT K HC'I93HOB9HI<IO s peMBHH Oll 38BHCHMOCTH fi01!HpH38UHH Bb!W9.D. WHX '18CTHU. 

n o 1!y'I9HHbll p93y1IbT 8 T c paa y CToony<>T li3 TOI"'0 0 'ITO rrpll B blfi 01IH9HHK YXB3BHHOI"'O YCllOBHR 

.llOIT01IHHT91IbHblll: fiOBOpOT CITHH B 0 B bk'lbl i\BBMb! ll n ep9M9RHbiM IT 0ll9M, 00p8Ul89TCH B Hyl!b, 

EcnK MarHKTHoe none J{ - J( 0 + h cos ( n t + a ) 

H.llpO CO CITHKOM 

.t. ( ) ( C 1 (t ) 
'I' t • · c2(t) 

* 
) 

0 CITHHOB 0 9 C OCTOHHH9 H.llpB B M OM9HT 

, r.ae 

.ll9li:OTByeT H8 H9llO.llBK>KHOe 

onpe.ll91IH9TCH ~yHXUH9ll 

c I (t ) - c I (0) e:xp I - .j [ ~ + ~ (sin ( n t + a ) - sin a ) I I . 
2 20 

[ "'o t w . q 
c

2
(t) = c 2 (0)expli '""2"' + T (sin (Ot + :a) -sinal II , 

a ~KXCKpOBBHHBH nOCTORHHBH B9llH'IHHB, 

Bocnonio3y&MCR cooTaoweuHeM 

-!zBtn </> 
e 

<•) 
r.D.e 1 k (z) - oecceneabl ~yHxnHH, 

k --110 

k 

( -1) 

Tor.D.a .!liTH xoMnoueHT sexTopa nonapaaauKH R.llBP 

}; (-1) 
k,n 

p Mhl nony'IIIM: 

(4 ) 

(5) 

npK n = -~ 
k +11 

H p 
y CO.ll9p>KBT 'lll9Hb1 0 H9 3a&HCIIUlH9 OT &p9M9HH, 

3TO npHBO.llHT K TOMy 0 'ITO B pBCC9RHHOM H rrpOXO.llRUl9M rry'IXSX H9l!TpOHOB 0 B38HMO.ll9JI:-

CTBYJOUlHX C nonHpH30BBHHOJI ll.ll~pHOl! MHW9Hbl0 0 ITOM9Ul9HHOli B MBT'HHTH09 ll01!9 &H.llB 

H = Ho(l + qcos(Ot + a)) ,.llOli>KHhl HM&Tb MBCTO 'scnnecxa' HHieHC!I&HOCill H nome 

pHaauHH (ecnH ua6nJO.D.BHKe ae.D.eTcH c noMOlllbiO KHepnKOHHoro C'IBT'IKJta), HeTpy.llBO sa-

.ll9Tb0 'ITO npH ycpe.llH9HHH no Bp9M9BH 
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p 

p 

•+ •=f 
tl .... 

f 
( - 1) 

(0) 

J.<ef>J, <f}ll P . rosf f(qsina-.a )l 

•+>-f f+ :' e e co> 
= ll ( - 1) J. <-}lJ t (+) IP. sin [f< qsina - f.la )I ... 

(7} 

¢H3H'IeCKHII CMbiCIT p accMaTpHaaeMoro acjxpeKTB ,llOB01JbHO rrpOCT, L{acTOTB n peueCCHH 

C1JHH 8 R,llpa 38BHCH T OT !181JU'IHHY 1J01JHOrO 1J01JR H rrepRO,llH'IOCKH MOHROTCR OT CBOero HBH

MOHhUierO .llO HBH601JbWero 3Ha'{eHHH, nycTh rrepiiO,ll aTRX H3MeHeHHII HB1JlleTCll KpaTHbiM 

rrepuo.ayt rr p eueccaa, Bh!3hinaeMoA rrocTOHHHOII ~ocTaBrrHIOWeA ( HarrpHMep, p8BeH aMy). B 

aTOM cny<~ae nocne onp e.aeneHHoro 'IRena rrorrHbiX noaopoToB <~acToTa npe ueccHH oKa-

3L!BaeTCH M8KCHM81JhHOII ,ll1Jll O,llHOrO K TOrO )l(e yrna <f> K MKHKM81JbKOII ,ll1Jll yrna 

</> + :" • B peaynhTBTe aoHBrrReTcR rrocToRHHaR cocTnBrrRIO w aR norrepe<~Holl rronllpHaauax, 

HaiTp8BneHH9 KOTOp Ot! 8 JBHCHT OT ¢ , T.e.~ B KOHe'tHOM C"leTe, OT ¢ 83hl a 

Ecna )I( e rrepKO.llhl He HBITRIOTCR Kpa THbiMH .apyr .apyry, Harrpaanexxe ¢ Herrpe p biBKO 

CM8U188TCll H HK ITpH KaK OM uerrOM 'IHC1Je 1J01JHblX 1JOBOpOTOB He B03Bpaw a9TCH K KCXO,llKOMy, 

B peayrrhTBTe rrocTORHH aR cocTaBrrRIOwaR rrorrHpHaauHH HC<~eaaeT. 

n H T e p a T y p a 

1. B.r. 6apb1WeB CKHll, M.H. no.aropeuKifll . )!(3T<I>, 1L !050 ( 1964) . 

2. Kurt Alder, H,Albers - Scho nberg , E rnst Heer and T ,B ,Novey. Helv. Phys. 
Acta, 26, 761 ( 1953) . 

3. H,Albers- Schonber g , K,Alder, E ,Heer, T ,B ,Novey, P,Scherrer, Proc, Phys, So 
Soc, ~ N- 406A, 9 52 ( 1953), 

4. n.3aCTB.!>eHKO, M.no.aropeUKHlt. )!(3T<I>, 1§.. 706 ( 1963 ) . 

5. H.r. 6apb!WeBCKHII , B.n.niOOOWHU, M.H. no.aropeuKKII • .H,aepHaR cPH3HKa , .l· 22 ( 1965). 

6. B.r .6apb!WeBCKHA, B.n.niOoOWHU , M.H.no.aropeuKHII. nperrpKHT OH.HH, P-1840, 

Ily6Ha, 1964. 

PyKOITKCh rrocTyrrana B Ha.aaTerrhCKKII OT.aen 

25 ,PeaparrR 1965-r. 


