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A H H o T a u H st 

LlncnepcHOHHhie cooTilcweHHSI H ycnoBHH yHHTapuocTu S -MaTpHUbl HCITOnb-

3yroTcst nnst aHanH3a ynpyroro paccestHHH t ·-KB8HTOB .aefiTpOH8MH HIOKe nopo-

ra pO)KneHHH ITHOHOB0 npe.aen MBnblX 9HeprHif paCCMOTpeH nnst pacceSIHHSI 't -
KBaHTOB RnpaMH c npoH3BonbHbiM cnnaoM. C noMOI..UbiO axcnEJruMeaTanbHbiX nau-

'a biX o cpoTopacmemreHHH neiiTpoua nonyqeua 3aanC;HMOCTb ceqeu!HI ynpyr9ro )"'-d 
pacceHHHH oT aHeprnR. Pe3ynbT6T cnnbHO oTnH'!aeTcst oT n~nynbcHoro npn6nnme

HHH B WHpOKOif o6naCTH 9HeprHH• YtieT cpOTOpO)KneHHSl ITHOHOB Ha nefiTpOH8X OKa-

3hiBaeTCSI HeCyi..UeOTBeHHb!M B paCCMOTpeHHO:'i o6nacTH 9HeprHfi. 

F' 
L.I. Lapidus arid Chou Kuang-chao 
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1. BBe.aeHHe 

PacceSIHHe r -KBaHTOB .aeATpoHaMH npeacTaBnSieT. co6ofi npHMep npouec~a, 

Ha aMnmiTy.ay KoToporo cymecTBeHHoe BJ1Hf!Hue OKEl3bii:3a!OT Heynpyrue npoueccbi 

TaKue, KaK cpoTopacmenneHHe .aeiiTpoHa H cpoTopo>K.aeHHe MeaoHoB. Y'ieT BnHHHHf! 

cpOTOpO>K,!leHHf! IIHOHOB, B8:tKHOI'O IIpH SHeprHf!X "(- .;..KB8HTOB OKO~O IIOpora cpoTo

pO:tK.[leHHf! H Bbllfl~t Tpe6yeT .!10BOJ1bHO .aeT8J1bHOI'O l.l.H8J1H38 npoueCCOB 

H He paccMaTpHBaeTCH a.aecb. Bnn:HHIIe cpoTopacmenneHHH .aeiiTpOHa -Ha ynpyroe 

~-d -pacceHHHe a5nnan nopora cpoTopacmenneRHH n SHepreT~qecKne H9MOHoToH-

' Ill 
HOCTH, IIpHBO.[lf!lUHe K p93KOMY yMeHl.lU9HHIO ce'ieHHH Ob!J1H paCCMOTp9Hbl paHee 

UenbiO nacTonr.ueH: pa60ThT HBnHeTcSI npoee.aemre ocHoBanHoro Ha niicnepcHOHHbiX 

COOTHOllleHJHIX e.B:a/1Ii38 r-d. -pacceHHM:SI B 6onee lllHpOKOi'! o6na:::Tlf ::meprnil, 

r.ae ewe He c~~:a::.bmaeTcH po>K.aeHHe MeaoHoB. 

.. 

121 
n epBbie SKcnepHM9HT8J1bH bie .!18HHbie 0 pacceHHHH 0 -KB8HTOB .aeiiTpo-

H8MH B OOJ18CTH 50-100 JV... SB He YKJ18LlblB810TCf! B paMKII HMTIYllbCHOI'O rrpHOJ1M>Ke

/3/ 
Hllf! • 3TO BbiHY>KJl80T K npoBe,aeHHIO anamraa, He CBf!38HHOI'O C STIIM IIpliOJ1H• 

:tiu:mneM. C .apyroii cTopoHbi, BKna.u Meaonopo>K.ueHHH B aMIIliHTYLlY paccef!ltuf! 

ObiCTpo cna.aaeT HH:tKe nopora cpoTopo>K.ueHHH. 

M bl orpaHiftiHMCf! paccef!HHeM Bnepea. npH Bblt{lfCJ1eHliH LliiCnepc!!OHHbiX 

lfHTerpanoB yqlfThlB810TCH ceqeHHH 8J1eKTpHqecKOI'O LlHIIOJ1hHOI'O H M8I'HHTHOI'O LlH-

nonhHOro cpoTopacmenneH!rSI. 

MHHMbie qacTH aMnnHTYLl pacceHHHf! qepea BeJ1Ht{HHbi, xapaKTepH3YIOLUHe cpoTopac

meuneHue .ueiiTpoHa. 3aTeM paccMaTpHBa!OTCf! .aucnepcliOHHbie cooTHoweHHSJ anSI 

pacceHHHH Bnepe.a u TeopeMa ManbiX SHepruii • .[lHcnepclioHHbie HHTerpanbi oueHeHbi 

B o6nacTH SHepruA .. -KB8HTO,B Hll>Ke ~ 100 Msa. nonyqeHbl .aeficTBIITeJ1bHbi9 

ll MHllMb!e qaCTll 8MIIJ1llTYLlt o6cy_:tK,UaeTCS1 IIOJ1Hpll3Y9MOCTb .ueiiTpOHa li II0l1Hpll3ye-

MOCTb HYKliOHOBo 

2. ¢eHOM9HOJ10I'llt{eCKllH 8H8J1ll3 

K aK uaBecTHo, sneKTpliqecKaH u MarHHTHaSI MynbTlliiOJlhHbie BOJ1H0Bbl9 

cpyHKuuu cpoToHa Ye~' C ~) ( ;\ = 0
1
1) 

I 
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I'.lle I( - e.n:11HI1'IHbiH DeKTOp B.llOllb 11MIIYllbCa cpOTOHa B CHCTeMe ueHTpa Mace, 

U (K)- HOpMnpoBaHHbie wapOBbie cpyHKUI1U, a :Jem 

_, I (...., _, 

11- ~- '{2; Li.-tiJ) 
-J? ~ 

3"o= K. 

_, 
"L I (-:? • ~ 
J-r = ~ l L;.. I.J) /2 I 

- C06CTB9HHbi9 cpyHKUH11 CI111Ha cpoTOHa, y .llOBll9TBOpSI!OT ycno"DI110 IIOIIepe'IHOCTI1 

iZ. g C:x> (iZJ = o. 
e"' 

E CJII1 qepe3 

t·, -~ (!) I·~ UJ , 
7-1 : Vi. (-}) /3/ 

o603Ha'II1Tb CI111HOBhl9 cpyHKUI111 .n:eATpOHa, TO C06CTBeHHhl9 cpyHKUI111 IIOJIHOI'O MOMeH-

Ta J2., Ji 11 'I9THOCTI1 .llllSI t- cL. -ci1CTeMbl MOI'yT 6b!Tb IIOCTp09Hbl 113 /1/ 11 

/3/ .,., 
~ TM ':1 (:>.) lj .c~) ck') = L_ ce.r--z. ,z (~<"") 7~. /4/ 

JeM e M·z. z 

B CI1CTeMe UeHTpa Mace BCe _BeJIU'II1Hhl. B KOH9'IHOM COCTOHH1111 0603Ha'Ia!OTCSI 

CI1MBOJI8MI1 CO WTpi1XaMI1, narrp11Mep} k 1 
03Ha'IaeT 'HarrpaBJieHI1e 11MITyJibC8 cpOTOHa 

B KOH9'IHOM COCTOSIHI111• 

p 
M aTpHua pacceSIHHH T· rrpH rroMOilll1 /4/ MO:>KeT 6biTb 3arrncana B nn.n:e 

~(') , ..., 
11 " ( -, ). " u (~) .., 
:.J 'R.'I-I LK) Q 'U' .) . ( k). /5/ 

J J JeM 
T ~ ;,., 

:>.>.' 
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u.' 
alee, == 

9Cilll 
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06hl'IHhl8 apryMeHThl npUBOnHT K TOMy, 'ITO nnH p8CC8HHUH Bnepen CllllHOBaH 3BBn

CUMOCTh MaTpnuhr T H:MeeT BRa 

I 81 

+ i ~[ (sfi2eJ) (s[!(ej) ~ (s~e1) ( S'rJ2'e])] 
I 

...., ..... , 
rae € ll e. - BeKTOpbl ll011Hpll38Ullll. cPOTOHa B HB'IBJlhHOM ll KOH8'IHOM COCTOHHH_, 
HX, COOTBeTCTB8HHO, a s - onepaTop B8KTopa CllHHa ne~!PDHa, KOMITOHeHThl KOTO-

poro S; y nosneTsopHIOT KOMMYTBUllOHHb!M COOTH.Oll18HUHM iliDcPcPUHa-K 9MM9pa 

[ Si, SJ] == i iii~ S" 
.., 

si si ~" + siC s i sj = s,J sK -+ sA"k si . 
/8/ 

J1 Cll0Jlh3YHt KBK ll B pa60Te 0 
/4/ 

pacceHHllll , anH OllllCBHUH ll01lHpR-

/10/ 

/4/ 
C llOMOll1hiO /10/ MeTonOM, pa3BllTbiM .B , MO)f{HO ITOCTpOllTh MaTpuuy 

ITJ10THOCTU KOHe'IHOrO COCTOHHllH H Bbi'lllCJlUTh BCe Ha6JtiDnaeMbi9 B9Jlll'IUHbi. Herro-

nHpll3DBaHHoe ce'leHne pacceHHRH snepen paBHo 

/11/ ·' 

rne ~- nonHoe ce'leHne saanMoneii:cTBnH, BKJtiD'laiDruee KaK ynpyroe, TaK u He-
..., ..., 

ynpyroe saanMoneficTBnH ; 1 =-/'f/ It:. 

06paTnMcSI K ci:JaaoBoMy a Hannay. Y'lnThiBaeM aMnnn:Ty nhr aneKTpuqecKoro 

nunonhHoro n: MarHRTHoro-nunoJihHOro nepexonoB. 
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r.n.e qepes &j· o6osuaqeuo napuuan&Hoe ceqeuue cpoTopacmenneuan B cocTonuaa J 
C BKnlO'I9Hlf9M MHO:/KHT9JIH ( 2j +1), 

3. Kpocc-cHMMeTpiUI H .D.HCOepcHOHHh!C COOTHOW9HUH 
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3anas.n.biBaiOmaH aMnmiTy.n.a .n.mr r:.d -paCC9HHHH BOepe.n. MO:IKeT 6b!Tb 
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Auanornquo .D.JHI onepe:tKaiOmeii: aMnnnTy.n.hr HMeeM 
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.[(ng cny'iaH pacceSIHHH Bnepe.u HMnynhC .ueiiTpOHB .P MO>KHO IIOnO>KHTh paBHblM 

PaCCMaTpHBaH COOTHOllleHHH, KOMnneKCHO COIIpSI>KeHHble K 1231 II 1241, 
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OooaHaqaSI B .nanbHel\meM A(v} C (v) n c;l)(v) qepea L1 (v) L.tc"> n L~C..,J, 
COOTB9TCTB9HHOt a B(v) qepea L~ (v) , aarrnmeM .nncrrepcnoHHbie cooTHome-

HUH .llllfl CK811SipHhiX cpyHKUiili: B Bli.ll8 

• 00 

Re L (v0 )- Re.L.,,z.,s{P):::. ~vo\,J ANiht L.,,2,~(v) 
.,,2.,~ .1r .L. v(II'--Vl-} 

Vp 

1291 

li 
co 

' -~ L'1 (v,) - Yo Re Lli {o) :::. ~
3 iJ #li. Wt L~ (II) 

.11 · tJ'- ( v'-- v/) 1301 
vi> . 

r.ne .J'1> - rropor cpoTopacwerrneHHSI .ne:liTpoHa, npHMepHo paBHhifi 9Heprnn CBSI3H 

. .ll9f!TpOHa. 

ll.TiSI TOT'0 1 qTQObi MO:>KHO ObiliO BOCTIOJlb30BaTbCSI COOTHOill9Hli51Mli 1291 Ii 1301 

.llJlfl peanhHoro aHannaa, Heooxo.llHMO 3HaTh L L./~1 ,2 ,
3 

I 0 I H L ~ I o I, 

T .e. BbrqncnHTh aMTIJlHTy LlY 't - d. - pacceSIHHSI B oonacTH 3Heprn:li, 6m13KHX 

K HylliO. 

B peaynbTaTe BbrqncneHnii, npoBe.neHHbiX B cne.llyiOmeM paa.nene, oKa3bi-

saeTcst, qTo 

e.'2. 
Re. L (o) =- /VI~ ~L L~.~ (17)= 0 ' ( e )2. f2e Llf (o) ~ fro -Md 

1311 

r.ne fo - MarHHTHhlfl MOMeHT, a MJ. - Macca .ne:liTpoua. 

4. npe.nen MallbiX 9Hepr~:li .llJ151 t - d -paCC85IHHSI 

151 
THppHHr, noy, renhM8H H ronh.llOeprep noKaaanH, qTo npe.nenbHOe 3Haqe-

HHe aMTIJlHTYLlhi pacce5IHHSI H ee npOH3BO.llHOi% TIO qacToTe cpOTOHOB npu V =0 onpe-

.ll8l1SliOTCSI CTaTHqecKHMH ~tiOllCTB8MH .lll151 CHCTeM CO CTIHHOM 112 • 

Cne.llySI MeTo.ny, pa.3BHTOMY noy, Mbi rroKa:>KeM, qTo aHanorn:qHbie pe3yllbT8Tbl 

Cilp8B8.llllHBhl T8K:>Ke .llllfl CHCT9Mhl C 9.llHHHqHhlM CTIHHOM. 

r 
5 ~ MaTpHUa Lll151 paCC85IHHSI cpOTOHOB H3 COCTOSIHHSl I ~~ e I B COCTOSI-

I 9 ', e' I .naeTcSI une Bbipa :>K 8HH9M 

S =-e/ ~,·jej ('19,tJ:J-'!z. I 321 
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r.ae 
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1361 
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H T•Ll• s:IBllSIIOTCSI co6CTBeHHbi-

Dns:~ Bbi'IHcneHHs:I 1361 'H 137 I HaM Heo6xo.aHZ:w BbipameHHe nns:~ MaTpHUbi ToKa 

... 1 .... ..., (p.t. i \ r. > B o6nacTH M811biX ::meprHii C TO'IHOCTbiO LlO qneHOB nopH.llK8 Vf'c 
H <, ~~ J '}o J tj/) · c TO'IHOCTbiO no "/cz. . 

0K83biBaeTCs:I, 'ITO :3TH MaTpH'IHble ::meMeHTbi C Tpe6yeMoA TO'IHOCTbiO MoryT 

6biTb onpe.aeneHbi Ha ocaoBe o6mux npHHUllnoa, 

xl S Dns:~ npoH3BOllbHOro aTo caMoe o6mee BhipameHHe, ecnH UHTepecoBaTbCSJ 

"qneHaMH He BbiWe 11HH9HHblX no 9Heprllll, 
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TaK KaK j II jo SIBnSIIOTCSI 8pMIITOBbiMII onepaTOp8MIIs a B38IIMoneticTBIIe 

IIHB8pii8HTHO npii TpexMepHbiX BpameHIISIX li o5pameHIIII BpeMeHII, Hau5onee 05UlJIM 

BHnOM MaTpii'IHOI'O aneMeHTa TOKa B paccMaTpiiBaeMOM npii5nii:>Keiiiiii, 5yneT 

.., . 

< ~ I . I .., > e (..., .., [ ~ .., ..., s ~ ~ _, ..., ·;:> .,. _, ~' 
P:: 1 P1 "':u-1 P.,-t P2..) +iJV ~~ f{.-~J -+ C z S (S) P.+Pz.) + (~) ~+fz) SS 

II 

<P~11.pl~> =a.+ g (e/·+~2.) + d (P.-~)-+ il (sfF:.·i]) + 

/38/ 

' 

+ h{(Sp-;) (S~J + (sf;J (sf;Jj +~[ (s;J (Sl._J + CSr.)(Sf,[J, 
/39/ 

rne e. - nonHhrti aapHn, J'1·S :: f'o 
. f . h. 

- llOnHblll. M8I'HIITHbiH MOMeHT, a Benii'IIIHb! 

a . e , c • ot 
' ~ - IIHBapiiaHTHhle llOCTOSIHHhle. 

npH npeo5pa30B8HIISIX JlopeHUa ~~ BeneT ce5SI KaK KOMllOHeHTa 4-BeKTOpa. 

BonHOBaSI cPYHKUIISI fj/, r> ' SIBnSIIOUl85lCSI HenpiiBOniiMbiM npencr aBn8HII8M 

HeonHOpOnHoti rpyllllbl nopeHua, npeo6paayeTCSI cnenyiOilliiM o6pa30M 

., L ~ I n ( :) / 1~ fp,f<> --4> /P, 14> ""l(_tc-r-' L,pJ r -p,Jl>, 1401 

rne Rr~r{L,f) - BpameHII8 CllHHa nprr npeo5pa30B8HIIH nopeHua. KOTopoe pac-

/6 7/ 
CMaTpHBanOCb B t • 

!"" 
PaccMoTpHM nBe KoopniiHaTHbie CIICTeMbi. 

~ ~ _, 
B onHoii A = 0 H Pz_ ::: p . , a Bo BTopoti 

_,.., . ~ I 
P., = } ~o :- E i :: cr t,., z. 

g, jJ + 1,_ [ ~""fJ £9- (1- ~"') + !fr £,] 
. ' .., .., 
~ = IY [E ~{!J::J] 
2o M f £} 

' /41) 0 

_, 
BTopaSI CHCTeMa nBH:>K8TCSI OTHOCHT8nbHO nepBOti CO CKOpOCTb!O 'V -s,._ 
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. u'lfl. 
npu npeo6pa30B8HI!ll nopeHua OT nepBOH CIICT8Mbl KO BTOpOH C TO<JHOCTbiO no /C 

. 4 ~-~ . 

o ( .. ) . (s [pcy]) 
f\. L, p :: 1 ... L • 

.:Z.M2 

.Uanee Mbl HM88M C TO'lHOCTbiO no ,-/c. 

( P ~} J1./ q; >I :: Ct ~ g ( p!Z" ~p'f + ~ 2.) T- d {P,i- + 'j/~ -l- if (s{,p-.tt-Ji+ 
4h}c?,p+~J(S:p-:i-J +{sr;JtsiJf + 

/42/ 

/43/ 

+ a > CS: p+tJ Cfi J + (si J (.s: l-ti-J 1 == 
! 2 , I 44/ 

~ [1-; (S~!JJJ ~4-{<Pij./o) + (£. (P~tj'i•>J} ~ o.-iq_ <fj 
1- ~1.q}-+fp2.+h (sp)(sf) +~~·L(P·i?) +i :;- csrFctJJ. 

l1 o /43/ cnenyeT, 'ITo 

·a..=e )C.:;o, 

a no /44/ 

/45/ 
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nepaoe H3 KOTOpbiX, K8K 9TO H Ll01I:>KHO 6biTb 1 COBna.uaeT C M8Tpli'IHbiM sneMeHTOM 

TOK8 HepenSITHBHCTCKOil: 'I8CTHUbi 1 B38HMO.[leil:cTBYIOLUeil C M8I'HHTHb!M noneM /cM,
1 

181 () 
HanpnMep I. 0Ka3&raaeTcH,. 'ITO cnaraeMoe, co.uep:m:amee t> a Bbrpa:m:eHn:n /45 I 

1 

He .uaeT BK1!8Ll8 B OKOH'I8Te1IbHbiH pe3y1IbT8T, 

C noMOLUbro 1451 nerKo nony'IHTh, 'ITO 

S =- (j~J" ?/'f' C P' -+q/ -p -cy)( 'I Cfo y,.'}- '!~ f ~t (e'€) -~ ~ 9o (s[!'ej}(/1-~~) 

!:.t_~ ( S rficCJ- [e '} ]1\-~ f(e~""') (s-"[f,'eJ) -(er;c)(S [tjej)j146 I ~ LJ ~ M~L 1 
. . 

H1IH Ll1IH M8TpitUbi T 

-T:: ~~Ce'-e:J-~~~v(~-:MJ(s[-e'.e]J-i ~,_(s[re~J-fe~1])-

-~ [Cel>v'J (s [Ci't'J) -(e'cfJ(s [tj;e)}. 
Mv · 

147 I 

.llnS:r pac~eHHHH anep~Ll 

-T · = e.,_ (e'€) -tv (5 [e! iJJ{.I!!.- ~j 2 

~ .S fVJ 1481 

OTKy Ll8, npit s =1 H cne.uyeT 131 I. 

B o6nacTu 9Heornt11 Hit:>Ke nopora clJOTopo:m:.ueHitH Me3oHoB Ha .ueilTpoHax, 
e::. 

cnaraeMbie1 38BHCHLUite' QT. cnnHa, Ll8IOT He3HB'IItTe1lbHbiH BK118Ll B ce'IeHHe, T8K 

K8K no CpaBHeHitiO C HyK1IOHOM M8CC8 HLlp8 YLlB8HBaeTCSI 1 a M8I'HHTHbiH MOMOHT 

3H8'IHT91lbHO yMeHbW89TCSI• 

5. Pe3ynhT8Tbi aHann:3a. 06cy:m:.ueHite 

8Kcnepn:MeHT81lbHbie Ll.BHHbie 0 clJOTOp8CLUenneHHH .uefiTpOHa HMeiOTCSI BnllOTb 

· .uo ~ 500 Maa
191

• Pe3yJibTaT&r pac'IeTa Re(L1 .. ~Lt. -.~Ls) 
anSI qero .uocTaTO'IHO cae.ueHnfi o nonHbiX ce'IeHitHx, npn:ae.ueH&r Ha. pn:c. 1, rae 

e'-1. 3Ha'IeHHSI .[leil:CTBHTeJibHOH 'I8CTH 8MnJIHTYLlbi H306pa:>KeHbi B LlOJISIX jft-ipCt 

IKpHBaH 1 I. 8HepritH clJOT.OHOB It3MepHeTcH B .uonHx nopora clJOTopacmennenitSI 
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aeiiTpOHa ro .:. ~ . TaM )Ke npHBeaeHa 3aBHCHMOCTh OT aHeprHH MHIIMOH qac-

l 2. , 
TII '\ -t ~ L~ -+ ~ L3 

noaa BJISI !OI.UIIM B paceM aTpiiBaSMOH o6nacTH 9H9pl"IIH -Jo ~ 100 M 9B OKa3bi

BaeTCH BKnaa cpoTopacmenneHIIH c V ~ 76 M9B • .DnH apyriix aMnJIIITy.ll Tpe6yeT-

CH 6onee aeTaJihHbiH aHaJIH3 cpoTopacmenneHHH. EcnH cTJHTaTh, TJTo .llJIH .llPYI"HX 

aMnJIIITya pewa!OI.UIIM oKa3biBaeTCH ·aKnaa cpoTopacmenneHHH c Vo _::; 80 Maa, u 

1101 
BocnonhaoBaThCSI aHaJIH30M .De CaapTa ll· MapwaKa , To oKa3biBaeTcH aoaMo>I<-

HbiM oueaHTh .lliiCnepciiOHHbie TJaCTH acex CKanHpHLIX aMnJIIITy.ll. OaHaKo, TJTO .llJIH 

b- d - paCC9SIHIISI pOJih 38BIICHI.UIIX 9T CnHHa aMnJIIITY.ll CHJihHO yM9HhW89TCH no 

cpaBH9HII!O C ·r - ~ -pacceHHIISM, Ha piic. 2 npHBeaeaa aaBHCHMOCTh ceTJeHIIH 

r- d paCC9SIHHSI Bnepea OT aiJ:epriifi. C pOCTOM 9HeprHH t -KBaHTOB .. ce-

'19HII9 b- d. - paCCSSIHHH BHaTJaJie 3aMeTHO YM9Hhill89TCSI no cpaBH9Hll!O C TOMCO

HOBCKHM npeaenoM, a aaTeM 6btCTpo I "~ 4 M aal npeBbiruaeT ero, aocTIII"aH B 

o6nacTH 20 < v < 80 MaB aaaTJeHHH B 4 paaa npeBbiWa!Omero (fl.YM~c~: 

YTJeT MarHHTaoro .llllfiOJihHoro nornomeaHH, cymecTBeHHoro B6JIII3II nopora, 

Ill 
npHBO.llli.T K . .l:(OnOJIHHT9JihHOMy p93KOMy "npoaany* C9TJ9HHSI C "noJIHOH nonyruHpl!-

aoii oKono 200-300 Kaa. WupHaa cyMMapaoro yMeHhWSHIISI ceTJeHHH 3H8'1IIT9JihRO 

Bonhruoe BJIHSIHHe aeynpyrHx npoueccoa, npoiicXO.llHI.UIIX H.a aeiiTpoHe, KaK 

uenoM, B aononaeaHe K npoueccaM aa oTaenhHbiX HYKJIOHax aeil:TpoHa, aenaeT 

H9B03MO)KHbiM npHM9H9Hll9 IIMnyJihCHOrO npH6JIII)K9HllH K ynpyroMy 
xl 

ceSIHII!O B wiipoKoii o6nacTH aaeprHii • 

Q'- ol - pac-

HaniiTJIIe aeynpyroro npouecca ~oTopacmenneaiiH aeATpoHa cKaahlBaeTcH oco~ 

6eaao CHJihHO aa nonHpHayeMocTb aeiiTpoH~. EcnH nonHpHayeMoCTh HyKnoaoa, K~K 

noKaaan Ba.naHH, uenHKOM cBSI3aHa c npoueccoM po*aeHIIH M eaoHoB, TO B nonSipn

ayeMoCTh .ll9HTpOH8 ll H.ll9p B006rue OCHOBHOil: BK.118.ll .ll8!0T cpOT05J.l:(9pHbl9 IIpOU9CCbl 

npH 3H8'1IIT9.11bHO M9Hhillll)!: 9HeprHHX. 

xl 
B nonyqeaaoM B caMoe: nocneaaee apeMH npenpnH're Wy.nT H Kanne aaHoBo 

p8CCM0Tp91Ill nonpaBKll K liMfiyJihCHOMy npH6J1U)K9Hli!O .l:(JISI t -d_ - pacceHHHSI H 

npHWJlH K 8H8.110I"HTJHOMY BbiBO.lly. 
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Ha /29/ cneayeT, ~To rronstpnayeMoCTh nefiTpoHa paBHa 

""' 

0-.J. :: cl(""'-+ O...(e)~ J [ReL,(vJ] .=. 1\c:z.f 6"-~;-(").J..I 
dv:t '/.oo !tJi 'J~ 

~~ (e) 
J... <<<A /49/ 

VD 

AHanorn•mast cpopMyna crrpaBeannBa n ami apyrnx st.z;t ep. OcHOBHyiO ponh B rronHOM 

ce~eHnn BaanMoaeficTBHH ~ (v) nrpaeT rrpouecc a:nrronhHoro rrornor..ueHnH. C 
/111 . /12/ 

y~eTOM aToro /49/ nepexoanT B naBecTHYIO cpopMyny M nraana .' /cM.TaK)!<e /. 

Ill 
noacTaHOBKa B /49/ Bhipa)!{eHne /41 I n /46/ na aaeT anst cyMMbi 

9l19KTpnqecKOll ll M8I"HllTHOll llOllstpnayeMOCTH aefiTpOHa 

d.o( == ~ 
fvlc.2. ( i\c.) 2. \ 2.. + Q -r t/f) ~ ~. (ft,-f"F· 2 ::: 

E. l (,q 1~ Me:. { 

-J9 3 o, 64 (0 C:.M 

/12/ 
~TO COBrraaaeT c peaynhTaTOM neBHHrepa H PycTrH • 

e{(~ rJ. («)/50 I 
I 

H ann~ne aHa~nTenbHoro BKnaaa cpoTopacr..uerrneHHSI B aM rrn:nTy ay yrrpyroro 

r-d - pacceSIHHSI ll B ll01ISipH3yeMOCTH aefiTpOHa He ll03BOllH9T llOlly~HTb Ha-

ne)!{Hbi9 3aKlll0~9HHS1 0 llOllSipHayeMOCTH Heil:TpOHOB ll3 9KCrrepHMeHTallbHbiX aaH" 

Hb!X 0 pacceSIHllH '(' -KBaHTOB MallhlX BHeprHR aefiTpOHaMH 0 B HeKOTOpOM rrpn-

6nn)!{eHHH rrpeacTaBneHne o rrons:rpnayeMocTn HefiTpona 1 rro-BnaHMoMy 1 MO)!{HO 

rronyqnT~ c rroMOI..UhiO . cpopMynhi BHna /48/ 1 ecnu rroa HHTerpanoM 

aaMeHHTb llOllHOe ce~ellne 't - d - B38HMOaefiCTBHS1 f>t (II) Ha pa3HOCTh f (II) 
n ce~emi·A cpoTopacr..uerrneHHSI o,a,-

5 
, yrrpyrorq.z,po)!{aeHHSI MesoHOB o.Ji' H ce~e-

HHSI cpOTOpo)!{neHHSl ITHOHOB Ha rrpoTOHe tlp 

""' 
c{h ?! ::2- P J ::_ [Si:-C") .::_ Od;s (v) - 6:Ji (v) - 6f (vJ] /51/ 

"'~ 
llnSI llOlly~eHHSl CBeaeHHR 0 MarHHTHOR llOllS1pH3yeMOCTH aefiTpOHa Tpe6yeTCSI, 

rro-BnnHMOMy, aHa~HT9llhHO 6onee ·aeTallhHbiR aHanns cpoTopacr..uerrneHHH nei1:Tpona 
. · . xl 

H rrpoueccoB cpoTopo)!{aeHitSI MesonoB na aei1:Tponax • 

x/ . 
3aKlliO~eHHS1 0 MarHHTHOll llOllSipH3Y9MOCTII llpOTOHOB 0~9Hb ~yBCTBHTenb-

Hbl K rrpenrrOlJ0)!{9HHSIM 0 KOT0pbl9 rrpHXOaHTCSl nenaTb rrpH aH8llH3e · cpOTOpO)!{aeHHH 
ITHOHOB. np:n HCllOllb30BaHHH aHannaa BaTCOHa, H3 peaynhTaTOB /4 I cneayeT, ~TO 

MarHHTHaH ll0llSipH3yeMOCTh rrpOTOHa Mana. ~TOT BbiBOa 1 rro:-BHaHMOMY 1 He llpOT!i
BO~e~HT aKcrrepuMeHTallhHbiM aaHHbiM 13 I 
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CTporo ro:aopST, npo:aeaeuuoe B uacToSTmeil paooTe paccMoTpemre cnpa:aeamr:ao 

JlHWh llJISI pacceSTHMSJ :anepea. · B aHnOJihHOM: npl!OJIM>KeHMM ocHOBHhre peaynhTaThi 

ocTaiOTCSI cnpa:aeaJIHBbiMll l! anSI apyr11x yrno:a p~cceSIHMSI. OaHaKo npHMOro cpa:a

HeHMSI C 9KCnepHM9HT8JlbHhiMll ,ll8HHhiMll Mhl He npOBO,lll!Jlll, IIOCKOJlbKY B 9KCIIepHMeH• 

. /2/ "" TaX BMecTe C yrrpyi'liM HauJIIO,ll8JlOCb Heyrrpyroe paCC9S1Hl!e 'f -KBaHTOB .ueilTpo-

HaMll 

t"+ol .. h-+p + ... 

H eaa:auo EanaMH /qacTuoe cooomeuHe/ paccMoTp_en nonpaBKH K HMrrynhcHoMy 

IIpli01IH>K9HliiO B Heyrrpyi'OM pacceHHMH t' -KBaHTOB H npMWeJl K BbiBO!lY 0 TOM 1 

'ITO II •llliSI 9TOI'O npouecca B03HliKaiOT 38M9THhie nonpaBKH, CBST3aHHbi9 C cpOTOpac-

TaKHM oopaaoM MO>KHO, no-BM!lliMoMy, aaKniO'IHTh, 'ITO peaynhT.BTbi auamraa, 

y'IHTbiBaromero cpoTopacmenneuHe aefiTpoua IH po>KaeHHSI Meaouo:a/ H aKcnepMMeH

TanhHbie aat~Hhre o paccestHl!l! 't -KBaHTOB aei1TpouaMM B oonacTH aueprllii oKono 

50-100 M a:a, uaxoas:JTCST a cooTBeTcTBl!H apyr c apyroM. 

nJ1Sl001I9e Ha,lle>KHOI'O CpaBH9HliH peayJibTSTOB pacqeTa C 9KCII9pliM9HTOM 

npe.u:aapHTenhHO noTpeoyeTcST auan11a HeynpyrHx rrpouecco:a :a oonee wHpoKoft oonac· 

™ aHeprui1.' 

ABTOphr onaroaapHhi A.M. BanaHHy, B.l1. t01lb,llaHCKOMy II H.A. CMoponrmcKo

MY 38 MHOI'O'lliCJI9HHbi9 OOCY>Kll9lll1Slo 

PyKonRch nocTynuna B RanaTeJibCKMi1 oTnen 

7 Mast 1960 rona. 

06'J,elKHCHHWII HHCH:i:;'l 

nxepH~ HccneAO~aPM~ 

6H6ni10TEKA 
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