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I. B B e ~ e H H C 

D p a 6oTe/
I

I 118 OC lIoB~"ieTona HClUlhl 'lem: i1 Go 30HHIiY. n epeMellHtlX 11 

npnO.7lli.lKelU1R IiopHa-MaplfoBa! ':' OfVIO 110.11yqerJ() :ilJa-BH(·~Iw. e 

J . 
elf <\ ~,1t)'> . . A : - r \ kit)>-r) i~ ..~ <t: r / t );>~ )t' s/,· ,[! , 

, , ·1 , 
~ . .( I . (1) 

0 IlMCllBa'Oll\e8 n I'OJJ,acc KO.ll.lle J(TMBHOro cnOHTaHHoro l13JlyqeHI1H B CI\CTeMe 

J~Byx.Y1JOBH8BblX l1 3./l'Y'laT (>'JIei1 (aTOMOB) npl1 Y'lCTe HCOllHOl lOJl llOro yuurPCHI151 

JlH'HIHI. np~l :J 'roM IIJle,UIIOJlar8JJ0Cb. 'ITO H3JI}"l.aTeJJYI B Ha'l8JJbHHv, MOMCHT 

Bp€Me JllI llO,Ul'OTORlJeHIi B TaJ, Ha3liBaeMOM OJlOXOBCKOM cocTomrnH/G•3/C [10­

MOlUblO KorcpewfHoil Jla3epHOZ HaKa'1.KY!. BeID!'!nHa <;2;;- ( t-)>.Il'Jlry}JI1PYJOll(8H 

B Yl)aBH8HMM (1). onpe,UeMeT cpe,nHee 3H8'leHl1C cyr'lIMaplloV, pa3HOCTI1 Hace­

JleHHocTei1 ypoBHei1. AI l13JIY'l.aT8.JJCY, ; <', -BpeMR lKH 31ill O,ll.Horo 113JJY'!a-

TeJlR; T -HeonHO pOnHoe BpeMR J!(113HJ.l YI~aTeJJeli ( r« ~) ; a:' -re­

OMeTpl1'1.ecJaui qeYTOp; j -napaMeTP. XapaKTepl13YiOUUW BKJI8Jl aHTi1pe 30­

HaHCHbiX "IJIeHOB B r8MYIJThTOHl1aH B3cHlMo,Uei1cTBI1R npM HeO.l\HOpOnHOM ynrupe­

HID! mmH'l1. 

I1cCJle,UOBaHHe YPaBHCHI1R ( I) ObIJIO BlinOJIHeHO B ynOMffi!YTOii BIi!JIC pa­

OOT/I / Jl.JJR pa3JIH'UlblX cJIY'IaeB. '10JlY,'1.eHo pellleHJlle. O[1l1Cb!B8JOllle e cBepx­
2M3JJ}"l.aT9JThHWi I1MnYJlbC Tlma ceKaHca/ ,3/, B npe.n:llOJlor.;eH.ID1 OTCYT­

CTlIl1ll HeO,ll.H0p0,UHOIb YJIllIPeHl1R mIHIDI. Y'leT a1!l1ffHl1R HeOnHop0,UHoro yrIJI1Pe­

HYlR ID!H~ B rrepBOM nOpRnKe no 7' npHBOnl1T K ypaBHeHl1~ PHKKaTH C 

pewelilleM. Bttp3lKeHHblM 'lepe 3 llHJIl1H'upYl'leCKl1e IPYHI<IOrn BecceJIR I YI 2 po.ua. 

B HaCTOHll\e~ paooTe ,UanKM oOJlee nOJIHoe YI .ueT8JThHOe OITHC8Hl1e BnH­

RHI1!! HeO,UHopO,ll.HOro yuurpeHI1R JIHHIDl Ha nOBeneHl1e cBepXH3JIY'!aTeJlbHoro 

HMTIYJlbca. ITPl1 3TOM oy,UeM HCXO.lll1Tb. KaK H paHbWe, H3 ypaBHeHHR (I). 

2. CKMMeTpH'lHHH CBepXR3JIY'lBT8JThHHH RMIIYJIl>C T1IIIa C8K8HCa (CTa,n;RR t<..4'; 

PaCCMOTpl1M CHa'l8JJa nOBeneIDIe HMnYJlbCa B HHTepB8JJe BpeM8HR t<<:./, 
Korna BJrnffHJ.le HeO,ll.HOpOnHoro YIDMpe HJII!! JII1lillll rrpeHeOpelKHMO MaJIO. B 3TOM 
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C.JI}"!ae IDileeM e.-<p (- 1'/7) ~.1 . YpB.BHelllie (1) ynpomaeTcH II IIpR­

llliMaeT c.JIe~YIDIl1Kli BH~: 

J <i2;/tJ) = - /tI"!: -+ ~3\- !;-<R.~(t)"\.+ ~<R.Jt ):L. (2)
.7 rt ( ;.. ' 0 '1' to) 0 '/ to ;c-

Ero CT~apTHOe peWeHXe: 

/ 12 (t-)I'> -== ~ - C fh £ C (t _,J.. ) 
'" :!: / )( :;)i:' - t;; 'h? ) (3) 

r~e 

t -= J.. -V /v,2'Jt' '2, 2i..;V~ +-1. I (4 )
'}.. £ 

}! 

?;) til C'- f/2 "X.' +Z R.. ~(o»T;'H - (5)
t.. 'k:C C -r L/!l '£ - <IZ}: (oj> 

OITKCHBaeT H3BeCTHllil CBepXK3.lIY~aTeJIbHHM KM ITy.lIbC THna CeKaHCa/2 ,3/ 
( CM. P}!c. I ) : 

'. . ~:2. Z · _ " :K' L ... - . _r(t-) - liQ ~. - .~ Co.: It t- !-m ( 6) 
{ cJ Q ~ 

""c;V 

C ,ll;JIRTeJIbHOCTblO 

r­
~ ( 0 (7)(Iv' 

2 ~C 

3~eCb Ii .Q 0603Ha'laeT cpe.nHee 3Ha'lelllle paCCTORlil1R Me~ BepXHIDil H 

HRllHm! ypOBHm.m R 3.JIY'l.aTe.JIe~. A HHTeHCRBHOCTb H3.JlY'leIlliR I (t ) , Oilll­

ClffiaJOmaR q:opMy m~nyJIbCB, orrpe~e.JIeHB npoCTO K8.l< yMeHbUJelfHe co6CTBeH­

HO~ 3HeprHH UO~CI1CTeMH aTOMOB: 

I (-t) = - fir? -It </{~ (-t» (b) 

Yl3 q:oIJ.1YJlli (6) BH.ln10, 'lTO m.mYJIl,c CHMMeTpH'leH OTHOC:ZTe.JIbHO cBoero IIH­

Ka, KOTOplili nOCTRraeTCR rrpH t= tin :z palleH 

(9 )ts?- (AI~l-r /2d.. II'E -r i).111<1.<' 4 ·:.t>(o 

2 

AI :2 
-uponop~OHa.JILHOe C.lIaraeMOe B (9 ) YK83~BaeT Ha HaJIH'lHe HeOKHnaH-

HO 60JIbIDOll , Ha nepBHM B3r.lIRJl , CTeneH:i'l KorepeHTHoc TH B KBaHTOBOMeXaHH­

'leCROM CnOHTaHROM HarryqeHHH . B ne~CTBHTe.JIbHOCTI1 rrponop~OH8.JIbHOCTb 

;V2 M8KCKMa.JILHO~ HHTeHCHBHOCTH CBl1neTeJIbCTByeT npoCTO 0 nOffBneHHH 

XOPOlllO H3BecTHoro KJI8CCK'lecROro 3(plJeKTa AI qa3IfpDBaHHIU I13Jl)"lBTe­
.lIeR: KX nOJIR IDlTepcIJep:zpYJOT C yCHJIeUZeM ,lIJlyr .llJlyra , B pe3YJIbTaTe 'lero 

IUlTeHClffiHOCTb H3JlY'l9HHR rrponopUZOH8JThH8 ;V ;'; • B OTJIB'lHe OT ,lIJlyrJ1"X 

KO.JI.JI9KTHBffiD( flBJIeHl1i1. , rne Korep9HTHoC Tb HOOKT na c cl1BHilli 

FHc.I. 3aBHCHMOCTb OT BpeMellll HH­
TeHC}!BHO('~ Pl3.JlY'leH.lffi.I{tl/lo BYI.J1l.CJleHIDI BlillOY.Jie lW 
n o ~OPMY.JI9 (6) ~ c~ 

eX.. == I ,;II K = IDO (l ) , ;COO80 (IT), 300 (111 ) "­

I" = lit;,? / to 

PlH~B~ XapaKTep H o6yc­

.lIOEneHa BHelliHHM areHTOM, B npo­

ue cce CBepXH3.JIyqeHl1R CaMOrrpoZ3­
BOJIbHO B03HHKaeT aKTHBHBR Kore­

peHTHocTh 6.JIarOJaPR~eX8H:i'l 3MY pe­
8KllHH H~eHHR 2,3 . 3TO 03Ha'i8­

eT, 'ITO cymecTBOBaHHe CBepXR3XY­

'leHRR MO~O TpaKTOB8Th K8K pe3YJIb­

TaT cymecTBeHHor o OTK.Jll1Ka ~noro2 1. 6 8 10 
,llRUOJIR Ha nOJIR, C03.lI8.H~e BCeM}!

(10-2) tiro JlPyrHMH .mmoJIRMB. J3JIaronapR B38H­

MO.lIeJ;icTBIDIM aTOMOB '1epe3 nO.JIe H3­

.JIyqeHHR, B CUCTeMe rrpoHCXO.lIll.T Ha­

pacTrume KOppeJIRl4Bil .Jnm0JIbHHX MO­

MeHTOB BTOMOB, B9.JIK'IKHa KOTOp~ 

nOCTHraeT MaKCHMaJILHOro 3Ha'ieRKH 

K8K ~3 B MOM6HT t = tin . B 

peaJIhHHX JKCnepKMeHTarrbHHX ycnOBHRX/2 , /SH8'1eHH9 th1 llPHMePHO H8 

nopanOK llPeBOCXO~T ~Te.JIbHOCT~ CBepXBany'lBTeKLHOro HMDYJIhca ~. 
IIo3ToMY HMeHHO tm orrpe.lIeJlJIeT xapa KTepHH1!. BpeMeHHO~ :zHTepBaJl, H!t 

KOTOPOM ITpOl'ICXO,Ill1T BbICBe1UlB8.HHe CBCTeMl:l. B CBR.3PJ C arm.! 

B8JIRlU!Ha t m o6JilU1o Ha31lBaeTC.fI BpeMeH9M 3a,IJ.9PJiUW HMIIY.Illica. 
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or:r.~'fMM , Inc .1') 1J·iJ.11C\ (j ) ,"nl '(;lB(;.J1. ~Jffia TO.1!h ~O MR HeOOJ!},li!JU Bl-'IJ ­

: ~()1I no q,aBH~H ;1 '1 C HeO.II;HopO.n;HI.P.II BpCMe Hell/l JiU1 3H11 J13.nY'laTCJIe11 T 
~ -- T . Ta~ ' 11'0 liOj)MYJIll (G) , ( 7 ), ( S ) .n.e iicTB:1TCJThHO OID!C UB8JOT qx,p_ 

~;y c!3e1'xy':;''JY'!a'feJfbHOrO illAflYJII,Ca, e m I',JW T eJU,HOCT}' ].I BpOrMl. 3Mepiill'a: 
C'')'. >T I \CTC TI3CHHO , TOJIbKO l!OI'lJ,a 

(,, .:/ T ' ) 
(lu) 

1.! 1'0 rllol'l}I . ! 'fcn ~iJWl'elilleM rr:.'ei'e(1)e.'ltI1MOOTI1 BJrnJll:lliR Hp.OJUIopoMoro Yfi!l1pO­
11M! .~lIil.: . C • (' 3/,.'!,.iJYl'on CTOPOHU , fIOCHOJfbKY 13 1,';>aJIbHUX CiicTeMax .:., 

,> " ~-,., -,. !. , 
 A ~. i , TO C .::: .A i '~ T i/,~ y, n 03TOMy 113 (5)-(n 11 

( 'J ) JlOJfyqaeM ,D.nn C.JIY'lM <.. 12,r ( , »=;1.-/:2 

17 ; .' I lo" 1 	 .~ If;> ,tt, " ,- ~.I I! ), ')\ 1'/' .- / ,, ' / 
~ 

- , ' '' , 1..1't . ! '(~l- . 	 t, , ;, .I 

~ 
'I 

t." t ('I" ,V'., 	 (II)
11-­I II 	 r 

3. 	 BJIHRHHe HeO.II;HOpOlJ,Horo yruHpeBKR ~ Ha cBep~~aTeJU,HHa 

HMIIym,o (CT8,I(HH r C'0 T ) 


i1epe~.D,eM Tcnepb l{ paocMoTpeWIlO J3J1I.!HHl1H HeO.l(Ho poJUWro YJ!II>JPe HJ.!H 

JIlUUUI Ha Ifo PMY 11 TIap8Me~'Pbl CDep XH3JIy' w Te JIbHoro HMllJ.IThCa , ormClffiaeMue 

q;op.1YJI8M!1 (11). lLnH 31'01'0 H80Cixo,nHMO I1CCJIe.D,OBaTh yprulHeHHe (I) B UH­

TepBaJIe BpeMeHJ.! T "" '; , l'.D,e cymecTBeHHylO POJIb YJKe iirpae T :pgJ<TOP 

e ,(/) (- t / 'T' ) , OllJ.fCLtB8J01llId{ sq~KT )J,etjJa3l1pOBru! )J,J1no.JIel1 aTOMO B 

BCJIe)J,OTBHe HeO.D,HOIX).D,HOI'O yumpeHH1'I JffiHI1H . B 06meM c;ryqae ypaBlleID1e 

( I) He KHTerplfpyeTOR . O.n,EaRO , a CJII1 lIpe)J,flOJIOJIUITb, "lTO B p a OCMaTpl1Ba­
8MOM MHTep BaJIe Bp eMelDf CBe pXii3JTyqa TeJIbmdi 'l.lIeH 

I'~ I ,Il, / '~ - <- R /1:» ~7e - t 
-	 4 ~, p (12 ) 

rrpe06~a.QaeT Ha.Q ~eHOM 

'/_,.,IV -r- <R~ / t-) , ( 13 ) 
"­

·l 

OllHCLtBa~~ HeKorepeHTHoe Rany'leHHe, TO YVaBHelrne (1) CMJIhHO J~poma­

eTCH If rrpeBpamaeTCH B CJIe)J,~mee: 

t 	 T.it <R~ !t- )>= -
~ (A/2 <I{z /f)) e-
I /.- Lt ­ (I4 ) 

IToc~e~ee ypanH eHHe MO~HO nepenlfcaTh B Blf)J,e 

l<IZ;t !t) 
~ t-' 

- r/T
:If 


<. AI)' ( I» -< - IV ILl ",,,, 


CTrumap TH08 vewmrne TaKOI'O YPaBH8HHR eCTh 

I.. iCJI It) -Al/) I' - / INa:: ,-,-., 1 , ) 

. 	 = E.xp /- --=- e:-y (- tj! )r (.11.1'1/ ' !..k.< (0 >.t- ;ill) \. (, 

n03TOMY' 

ZR), it ) = ;V Ih l T:(~ e-7/ 1
_ dO} 

(15)2. /... (,; 

rne J<OHCTaHTa S Oflpe)leJIHeTCH YCJlOBl1eM CIIiliBaHl1fl C peweHl1eM (3) B 

o 6JIac I'll t <..< 'T. OTC Kl)la HeTPY)J,Ho nOJIY'lJ1Th flO qJOpMyJIe (b) BblpaJReHl1e 

.ILJl.f! I1HTeHOlfBHOCTI1 I1 any'leHl1.f! B 06JIaCTlf t-r:-:> T 

lIt} .=t-? #2- t1jl (-1/ry//~dl 2! 1I~l:' e-r/c J).
L(I . . l 2t 	 (I6)

l ' 	 . ( / 

3aBHCl1MOCTh 01' BpeMe HH HHT8HCl1BHOCTl1 l1arryqeHl1fl (16) nOKa3aHa Ha 

l )HC . 2. ~3 qop l/ly JIU 11 plfCYHl<a BI1)J,HO, '1TO J"{eT BJrnHHJ.! fl HeO.D,Hopo.II;HOro 

YUMpeHJ.!R JIHHI1I1 fiJJ~ BO.l(HT K aCl1MMeTpl'Il1 KPilBOi1 OTHO CHT eJIhHO ITl'IKa. Ta­

KaH aCl1MMeTp.ii fl CBepXli 3JIJ"{aTeJIbHOrO HMTIyJIbca Ha6JIID)J,aeTCH B 3KcnepM­

M8HTax (cM.7~ ,3/ 11 TaM ~e ~TepaTypy). 
X'" 

Tenep}' 0603HatrnM "lepe3 trl< MOMeHT BpeMeHJ.!, llpJ.! KOTOPOM BblpaJKe­

wl e B npaBoli 'laCTJ1 YlJaBHemUl. ( 16) .l(OCTlfraeT MaKC\1MaJIbHOrO 3Ha'leHHH. 

TaKaf! BeJIH'UlHa t::; onp e)leJIHeT BpeMR 3a.QelJlKl<l1 oBepXli3JIyqBTeJU,Horo 

l1Ml1Y·1hca np" yqeTe lICO,l{HolJO.II;Hom ytlMpeHPl1'I JIHHIDI. YprulHeHHe Mil' Hee 

e CTh <1/-.-:0-/7' /2/ 7/V . .- t / '1' elY a -~-t e ,'1eN1 ') .!! e - o . (17) 
vf T 	 " ( v t':. i;;' 
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Pt{C . 2 . ~J:I'.,a cBep;o!3JIY'la­
'reJThHOl'O .fMIIYJIbCa IT1JI'1Il0/10 Y'le l'e BJIIDlHKfI neo,rr:HO­
p O,ll;Horo YJUHPeHlu l .ID1­

50 
 HKH . BH~CJl9HI1H B~­


llOJIHeHii no J.opt"YJIe (~.:2) 
~ M...Q.aMe '£!aMH T =-, 
,.0 'N' ( 1 . I 5 lA/ (Ill . 
IO 'N ( ill t' 11I~= . 30G ; 
t'"" = 0 .0 09 ~.' •40 'f:' = 0 .0033 ?;J ;I:=;V"i.? l-: . 

30 TaK KaK ypaBlIoHlHI (14 ) - ( 16 ) 
('lwm nOJ!J"1,eHtl B llpe,rr:UOJIom:e ­
HRH 0 npellc6peltUlMov. M8.JIOCTll 

B1ura,u.n l-I8KOI'epeHTHoI 'O H3.JIy'le ­

HHfI B ypaBl leHRI,\ ( I ). TO JIe rKO 

BH,JJ;CTb . 'iTO yCJlOBl1eM TIIlI1MeHJII­

MOCTJ.! I1 X flIlJlRe TC fl HepaBSHCTBO 

~l fl, .~<R~ (~,>2 ! e- t:.~;
4 . 

2 / 5 8 >........ .i. ;1! + / i{ (i '1f ) (I8 ) 

'/' 2 <.. " .-., I 

(1 0-2) tI'to 

',nS ;J 'f, j 'TN ~- t:' / 1' ~, ] .<- R-r (1.,: ) ::c .) ~ t: (19).2 "'-- t.; 

BePHeMCH K 60JIee ,ueTMbHOMY paCCMOTpemm ypaBHeHlrl! (I5 ). (16). 
ITpe.n.rroJIOXlIM • "lTO B H8"l8JIhllllA. MOMeHT t = 0 CHCTeMa C ,uOCTaTO"lHO 

60JI1>tnlIY '{HCJlO" H3JlY"l8TeJreA ( N.x> >> n llOJUlOCTl>1l BO 36~eR8 • T. e . 
<. R:.: {~; p-= /11'/ 2-, H BltlIBJt BRTHp830BB.HClWX 'LlleHOB TaR hiM. 'lTD 

rL~ I . Toma B 06..tta.CTJII t' <.< 'T llpHMeHJIIMH yprulHemm ( II) . IToCJIe ClJlH­

B8lIrut C (15), (16) nOJl1'lBeM 

T - -t rnb' = 
2l,v 

(20) 

CJIe,uOBaTeJThHO. ypBBHemUJ (15). (16) MOSHO nepellHcaTb B BlI,I(e 

<R~ (+) '" - r th! 2 ~AI (<i - t-In )] ) (21) 

6 

I / ' ) !; .~ IV~r~ - t/ T 
. / 
7 

­- rt = E (I , (-
11 r; 'JU (? .')- CC-Ia, )! } 

v /... (/v ' 
(22) 

me T eCTh llpKBe,nemme BP9MH: 

-;-_ '-;-/.1 )== '/ ( i _ t'- i IT) 
( 23) 

O~eTRM a,neCl>. 'ITO cJxlp.1YJUl (22 ) BnepBl:le 6wta nOJIY'ieH8 BomrcIJ81nlO 11 

Jy.EK8TO B pa60Te/
4/, nOCBRmeHHOa HCCJIe,uo~ paanK~~ PexHMOB 

cBspxaarryqeHKR B KrJroo6paaHoH cpe,ue, Ha OCHOBe ypaBHSmrR nnR yrJla 
MOxa. 

060aH8'lHM 'lepea t j) peweHife YPaB09HHH ( / 1) = ~" , CorJIacno 
(23) RMeeM . 

1 : ~I L/T> ( /1 (24 )
T - (_, 

HeTPY.JJ:HO Bll.IJ:en, 'lTO B TO'Ul:e i~ TJ ) ~ ::,'rth / 1-!,mJ. 4JHry_ 
.:! tV

PHPyr>IlIBJl B llpBBO~ 'laCTH yp8.BHeHlJR ( 22) . HMeeT oCTpIiA llHl<. B6Jm3il M8.K­

CHMYM8 nOBe,neHHe 3TOA ~~ XMeeT cJIe~ B~,n: 

,~ /' r /, J:?t (('It ) - t;~)} -,:: </( ell [ J1} (25)22/. 1 
r,ne BeJmlUIHa 

,- *' 'T' 
(;1.- := (A 

i "' (. l t)/ ) = ~ ~ (26) 
' t - (InI (~-'il f . I / 

~ f) 

Onpe,neJIR6T CTenem, cna,na C mrna. C .npyroi! CTOpoHli. CTSnSHD R3MeSemrR 

3KCUOHeflIOlB.JThHoro cJaKTOpa t",(j1I- tiT) B ITp8BOA ttaCTH (22) X8pru<T&­
pB 3yeTcR BeJDf'lHlIo.l! T . IT0 3TOMY JISI'KO Bll,I(eTb. 'lTO TOni M8.Kcnry­
hla -f ..... l1Jl8BOl! 'laCTB ypaBHeffiHJ (22 ) 6y,neT 6.lIH3M R -t..... 4 • T. e.

n J ~ 

T. * ~ -t T 1'17 ~ 
17-1 J) T- T ) (27) 

rH 
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ecnR Burro~eTcR yc~oBHe 	 ~CnO~30BaHHe STO~ qopMy~ BMeCTe C (24) H (26) .rr,aeT OKOffqaTanDHHa 

T ~--. 
) 'C- If 
"~ ( JI, ' 	 (28) 

KOTopoe cor~aCHO (26) SKBRBMeHTHO CJIe.n:yJOlD,eMY: 
, ­
~~ <.< i (29)

, ~ -t-

I - . "C 


llPH STOM MaKCHManbHaH HHTeHCRBHOCTb HanyqeRHfl RMeeT B~ 

If ~ .;J 1-­

I 	 11 ' (. / . I I. '- ) /- T. - '--' ..;­/
O:: . ,/A L L IV } "" '<. ' ~-rn! _ - _ '177 (30) 

. / rna.. 

CpaBHeHRe qoJlMY~ ( 26), (27), (30) C q:o}NYJI8M1I (II) .naeT 


,- -;f - . .,. -~ 


{.J\.. > (4 " ! >.- .1 .c... / (31)
1"11 ( /7"7 ·) n il. r.;< - r h ) ..( 

3TO 03HaQaeT, 'iTO HeO.nHOpo,nHOe ymRpeHRe JllfHIDI ITpIffiO.nHT K yB9JIK'lemoo 

,Il,JI}lTe~HOCTH CBepXH3JIY'laTeJThHoro HMIIYJII,Ca L".tv"'", BpeMeHR 3a,n;e:p!(KH 

T k 
11 yMeHbmeHID) MaKCBMyMa HHTeHCHBaOCTR HanyqeHRR j - ~ . B qaCT­

a~~ CJIy'iae, KOr.na T» i , IDIIeeM rrpoCTO t.,?f-...,. ;- , '7;,': ~ T , 
_ ~ _ 	 17/ / V AI"" ,?1 ;)1 

/ ....,.. I , 'lTD l1 '>ltlUlaeTCR. DoJIee TO'iHM OueHKa .lI.lIH BpeMeHR 38­
- ,:,#, U ~ ,'hvl/t: .nepxKR MOlleT 6HTb uOJIY'ieaa Ha OCHOBe upn6JIR1teHHoro pemeHRfl 

ypaBHeHRR (17 ) CJIe.n~ 06pa30M. 

0603H8.'iIDII 1;r 7\'" - -tTl = L1 • BBl!.UY MaJIOCTR BeJIRllRlill L1 no CpaBHe-

HRXJ c T' H COrJIaCHO onpe,nMemm (23) RMeeM 

T - tn, (-( f /I" ):::::: T-I .c. 	 (32)
177 I n T 

C ,npyroH CTOPOHH, ypaBHeHRe (17) .rr,aeT 

TNe 1-; / ; _ . . ! ("I f;:;) - ern l
T - - f h 	 (33)

J. 7/1/ 

llO)lCTaBRY Tenepy, (32) B (33). C y'ieTOM MMOCTH ~ UOJIY'lllM 

~ ';f­
(,.t. . _ .L Lj (34 )~ -	 - (h -­
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r,ne ~TeJII,HOCTb HMDYJII,ca ~ A'-OIlJ!lCIlBaeTCfl q:oIHYJIol! (26). OTCIl,na 
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PRC. 3. 	SaBHCRMOCTH ,Il,JI}lTeJThHOCTR 
lOOIYJII,ca 'Z-':;' (a)R WeMe­
HR 3a.u;epxKH f:;' (6) OT He­
O)UIopo;n;aoro BpeueHll U 3HR 
r . BlARcJIeHRR BWlOJIHe­

lW no q:oINY~8M ( 2 6)R (36) 
.lI.lIH CJIy'iM t-rn = 10 0v • 

'~t- . ) 
(r1 ~- /!': ~ J (36)

/ - 0 17 ( /v 

. ~ - of' 
SaBRCRMOCTI. t", H I IV OT Heo.n­

aopo,Illloro BpeMeHR lU!3HR HanyqBTe­

JIeM 'T , OIll'ICaHHM q:op,fyJIBMI!: 

(26) H (36) ,nOKa3aHa H8. pHC. 3 

.lI.lIH CJIY'UlR 1;..,., = 10 ,(/V • H3 PH­
cyaxa BR,nBO, 'iTO B OTJIRqRe OT MO­

HOTOHHO y6HBa~ro rrOBe.neHllfl 

~ 7"" "'"(;- J¢yHKll;HR i *" (T)/ rn "' ­
o6Jra,naeT MaKCRMyMOM B TO'iKe 'I/z'",= 

::1,3. IloBe.neHRe B o6JIacTRT;:: 

'T/t <. 1,3 03Ha'iaeT, 'iTO CJImllKOM 

tn 
6o~woe ~flHRe HOO,naOpo.nHOra 

yumpeHldSl JIHHKH ITpilllO.nHT He K yBe­

JIH'ieHRD, a K yMeHbmeHHD BpeMeHH 

3a.u;eJllKKR IDIIUyJII,ca. A aTO, C nep­

Bora B3r~a, ORa3HBaeTCfl HeoxH­

,nBHHHM. DHO cymeCTBeHHO OTJIHqaeT­

CS! OT nOJIY'ieHHoro BHIlle pe3YJII,Ta­

Ta .lI.lIH CJIY'lM T >;/ ern' CM • q:op­

MYJIY (3I), H OT p'e3YJIbTaTOB .npy­

l'RX aBTOPOB/2-4i'. llpH'OOla TaKOlt 

OC06eHHOCTH rrOBe,neHKR 3aBRCRMOC­

TH f rH 
r OT T 3aKJITO'iaeTCfl B CJIe­

.nyDIIleM. 

~3BeCTHO, 'iTO B npouecce H3­

JIY'leBIDl l1MelOT MeCTO .ItBa npoTKBO­

UO~OlKma:, KOHKypHpyDIIRX ifaKTOpa: 

~3RpoBKa ~o~el! aTOMOB, 6JIaI'O­

,napS! B3aHMo,neHCTBRIl 'iepe3 no~e, R 

.neqaaHpOBKa HX Bc~e,nCTBHe pa3JIR­

~ co6CTBeHHHX 'iaCTOT ITpH Heo~­

HOPO)(HOM ynmpemm JIHHB1l:. Ko r.na 

T >;:>c rJIaBHYI> POJII, RI'paeTn 7 , 

tpaKTOP qa3RpOBKR, 06YCJIOBIDlllIHi!: 

1:1 	 l) 



cBepXRanyqaTe~Hoe IIO­

lIt)1 Io Be~8HHe HMny~ca. ~aK­

TOp ~8~3KpOBKH ~IIO­

~e~, CB.ff3aHHHH C H90~­12 
HOPO,lOWM ynmp9HHeM Jm­

10 mm, ITpHBOmrT K 38Me~­

neHKID YCTaHOan9HHR 8 
MaKCHMEUnBOB BEl.lllf'UnibI 

6 CYMMapHoro ~O~HOro 

MOMeHTa aTOMOB, ~e~o­

BaTe.m.HO, K YB8Jm'I9mm 

Bp9M9HH 3anepxKH HM­
J. .it'­

rry~ca I rH • A Ror~a 

T' IIpH6mmaeTcR K tr~' 
2 L. 6 8 10 c~ecTBeHHyD po~ Ha­

~aeT HrpaTh npyroa 
( 10-2) t /To ¢aRTop - ne~3HPOBKa 

~IIo~ea aTOMOB. TaR 

PlIe. 4. RaK TaKru! .ne<Ia3lfPOBKa 3aBHCIlMOCTI. OT BpeMeHH t HBTeHClm­

HOCTH HanyqeHBR (22) ITpH C~HOM BnH­ BHSHBaeT 3aTyxBHH9 CYM­

mum H80.ltHOpo,I!Horo ymap8HHR .1IlllIlm 
 MapHoro ~O~Horo MO­( T ::- T"..,) . BWlHCJIeHHR BIffiO.IIHeHH C 

IIapBM8Tp8MH.-C,{,/):-, = 300 . 7~= 0 0189 t; M8HTa H, C~e~OBaTe~­

T,.· c 0 0033 to · 'f = °0169 7;, ( I) , 


HO , CTpeMHTCR YMeHI.­O!...0156 Lv (11J6 O,QI23 t:;" (W) , O ,O~O 
i (IY), 0,0 23 L. (Y) . L

() 
= N M? / ( .. . WHTh HHTeHcKBHOCTh H3­

\.') ... ...... 

~eHHH no 3KcnoH9~­
aJiI,HOMy 3aKOHY, TO BpeMR nOCTIDK6HHH mnta :~HallHHaeT YMsm.UJaTnCJJ. 

TIp!! aTOM YMeHhwaeTCR MaKCRMant.HaR HBTeaCKBHOCT~,H, KOr~a ~~ tl> ' , 

HMY'l8HHe nepeCTaeT 61>lTb CBepXH3.JIY'IaT8JI1,IDlM ( CM. pHC. 4). OTCll.ll:a ~erKO 
rrOHRTh nOBe~eHHe ifiyH.KIU!H 1 -N. (T) , ITOl<a3aHHOe Ha pRC. 36." . 

PaCCMOTpHM TeIIepI. YCJIOBHe ITpHM9HHMOC TH oueHXH ( 36). HeTpYlU'o BH­
~eTh, qTO OueHKa ( 27) c~8nyeT H3 (36) ITPH yC~OBKH (29 ) . TaR 'ITO 3TO 

YCJIOBH9 eCTh H KpHTepKH llpRMeHHMOCTH (36 ) KaK rrpH6~eHHR BHcwero ITO­

PRJ(Ka. Ho C ~yroH CTOPOHH, IIOCKO~KY B peaJiI,/lliX CHCTSMax A-/~> I, TO 

~1 .A/l:' » .1.. n 03TOMy ~,, '» 1,;;. BCJI9,ItC TB!!e 3TOro OueHl<a (36 ) xopomo 

OllltCHBaeT 3HaqSIU!9 BpeM9HH 3a,neparot CBepXl'l 3JIy'Ul'reJr:hHoro HMJIy~ca ( 22) 
IIJlH 60JIS9 CJIaOOM YCJIOBIDI. '18M YCJlOB1I9 (29) : 

T.> t r77 + r2 (// (37) 

lJHCJI9BH09 HCCJIe~OB8l!He qop.!yJru (22 ) , o lllJCblB8lOIllel! qop,lY m.my~ca, H 

Oo;SHKH (36) n O,ItTBsJlll.llaeT C~8JIB1ilWiI BHBO~ (eM. T3OJUlll.Y). PaC'IeT 110­

Ka3HBa9!' , qro B CJIy1laeAl~ = 300 , CJIe,ItOBaT8JII.HO,rn. / ;-- :O,OI89 , 

III 

7t" 
T a 6 ~ H ua. CpaBHeHHe 3HallelIIlli BpeMeHH 3a,neplKKH RMIlY..1Ihca rrnj 

IIOJIY'lelllU.lX 'lHCneHHHM HC~e~OB8.HReM qoPMYJIll (22), 

C OU9HKOtt ( 36) H TaKlKe C on9HKoi1 (27) l3olll'lilrumo­

JIYJlUlaTo. BJ:l1lliICJIeHIDI BHIIO.IIHeFlli .MR CJIY'l.M II z 
",300, tn. = 0,0189 co ' ~ = 0,0033 ~ 

---------------================ 
- - ---.,,';/~-, (x. 1.(' .~) Pe3Y~TaT 

GueRRa (36) OneHKa (27)~ 'rnCJIeHHoro
T/ t: (>< i l. old RCCJIe;nOB8.HRR E-ll 

4,6 2 , 3 2 ,3 2,45 

4,2 2 ,34 2 ,34 2,51 

3,9 2,4 2 , 38 2,60 

3, 6 2 ,45 2 ,42 2,71 

3,2 2,5 2 ,45 2,86 

2 ,9 2, 58 2 ,41 3, 08 

2,6 2, 63 2 ,04 3,45 

1,6 2 ,40 HeIIpHJlleImMa HeIIpIDlleHmm 
-------- ======== 

7;.// t; = 0,0033, oo;ell1\B. (/:-no qop.fyJIe (36) ~OBOJIbHO XopoWO cor~acy­
8TCR C TO~ pe 3YJIbTaTOM HCCJIe~OB8.HRR qopMy~ (22) .MR Bcex 8Haqe­

HIlA r , y,nOBJIeTOOpJl:IiIlRX YCJIOBHll (37)(T. e. T.> 0,026) . tmc.rreHlIlDll HC­

I / h. 51 CJle,nOBaIDleNl MOlilliO TaKii(e UOKa3aTh, 'ITO 

B CJIYllae HeO,UHOpO,lJ,flOrO BpeM8Hl1 JKl13Hl1 \13 ­
1 JIY'ID T8JIe~i T IIopil,ll;Ka t .....:T~ t 'm i1

410 /'7:,d(T-Tm)/~ 1,cpopMYJIa (22 ) ]d, B0001l16 

rOBopR, p ellleHHe YPaBH9IDl.H (I ) OIrncrma­

lOT BCe-'l'aKH Hem U- " r op6aTI,cM" HMTIYJIhC 
7 C YMeHhmeHHOH aMJ1JlliTy~o~i H YMeHbllleHHH!.3.10 I BpeM6H ffi~ .nOCT~eIDl.H ~a ( cM.pac . 4, 5). 

Ha pRc . 5 nOKa3aHO rrOB9~9Hl19 HMDY~ca, 

TIOJIY1l:eHH0 e llpn '!!den9HH OM PemeHliIK11 \J. .10 I 

1·~1I \ PHc. 5. 3aBHCHMOCTb OT BpeY9HH, " 

\ t IDIT9HCKBHOCTH HSJIY­
\ '1eHI'IR. IIOJIY'l.eHHM IIpa 

'IlICJI9HBOM psmeHIDl YPaB­
a8H1'IJl 0;) .MJf napaMs'ljlOB 
N =2 . 100 L =O,69 · m - 5 , 

- ,]IL 'Ln: 167 H~ 
'-. T = Tn-> - K t N' ,X 

110'l f 
LL ,t . , reI) , K := 2(IT) . A. =4­

0 1 3 t (HC ):1 CUI), k.. = 60Y). 

/I 
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;? ,- ,,­
ypaBHeIDf!l (1 ) ME CJIY'laH /// -=- ;:. 1u)- :t:=' = 0,(</ -1(. 

i.! 167 HC, 1 = 1;,,- If, <'A- • 

4. 	IIOBel!;eHHe lIH'1'eaCHBHOCTlI l'!3JIY'l9HIDr IlpH 60JThlJlliX BpeMeHax ( t» 'T ). 
3aMe~eHHe cBepXH3JIY'leHHE H OCTa'1'O~8H HHBepcan Hace~eHHOC'1'e! 

MIl 110.npo6HO o6cy Jl,H.ll}! B ITpe.1U4llYllleM naparpa4Je BJIrunme HeO,llHOpo,IlltO­

ro YJlIKPeHHR JIHHIDI Ha <IoIMY, BpeMH 3a,neplUW H ,ll.JIHTeJIbHOCTh HMIIYJIbca 

upa BpeMeHax: ilOPMKa ' / • PaCCMOTpHM Tenep'b, KaJ{ Be,nyT ce6R IDIBepcHf.! 

<R~ (I )l R RHTeHCHBHOCTh Ii! 3JIY'le1mR f (I ) B I<!HTepBaJIe 60JIbnmx BpeMeH 

i :>,> / (3~eC'b rrpennOJIaraJIOC'b, R8]{ H pamme, 'ITO T Mem,me BpeMe­

1m 	C110HTaHHOro paCTI8JlB I., OT~eJIbHoro H3JIY'laTe~ ) . 

06paTHM CHa'laJIB BIDIMaP.He Ha ypaBHeHIUI ( 21), ( 22), l1oJIY'leHHl:le 

H3 (I) B lIpe.IU10JIOJi{ eHIDl 0 rrpeo6JI8JlaHIDI CB6Pn!3JIY'lBT6JI'bHOH KOMTIOHeH­

Ttl H8Jl oOH'lHol1, HeKorepeHTHoH. Tal< R8]{ TIpH Z » ;i rrpRB6~eHHOe Bpe-

ME ;:-( / ) COrJIaCHO (23) rrpHlmMa6T rrp6,n9JThHOe 3HB'leHl<!6 

7 (1 ):> '1 ) = ' I (38) 

TO 	 H3 (21), ( 22) lloJIY'la6M 

;t,. ' - f 0 7<. 	 R (t) >/ ~ ---7 - ~ / 11 '/ - , ) 
Z / ,.t > .;> I A- ') f;" /~ 

t- <.< i.~ (39 ) 

"­i (I )jt>?! ( , 
t "-"- ( '.} 

3TO 03HB'laeT, 'ITO no HCTe'l8HHB BpeMeHH, 3Ha~TeJIDHO npeBHmaIDmero 

Heo6xo]tHMoe " ,lI.IlR nOJIHol.i ~eqa3HpoBKH H3JIY'laT8JI8i:i, OCTB8TCR 8rne 

HeKOTOpaR OCTaTO'!H8H HHB6pcHR H CBH3aHHaR C He~ HeBarry'l8HH8H 3HeprHR, 

3anBCeHHafi B CHCT9M8 B Ha'laJThHWt MOMeHT. 3To eCTh RBJIeillle 3BMe~eilllR 

CBepXR3JIY'!eHl'IR, 06YCJIosneHHo8 H60~OpOnHl:lM ymKp6HH6M nKHRH/2 / . OHO 

MOE6T rrpHBO~T'b K TaR HB3HBaeMOMY orpBHH'leHHOMY CBepXl'I3JIY'l6~2 ,5,~/ 
npH KOTOPOM H6 BCR, B TOJI'bKO He6oJI'bmaH 'laCT'b 3HeprKH CHCTeMH BTOMOB 

Korep6HTHO H3JIy'!aeTCR. 

IIPH BpeM6Hax T ~ '0 » 'T' I'1IaBHyD POJI'b B H3JIY'!8mm Brpa6!' '{Ite He 


KorepeHTHHH, a o61:l'UIllli rrpo1l6CC, R8]{ B~O H 3 CTPYKTYPH ypaBHeHl'lR 


(I). B cwry MaJIOCTl'I 3KC lIOH61~Horo \llaKTOpa 2,,/, /- t/r) ::::::: ( H 


CBH3aHHOro C HHM KOJIJIeKTRBHoro 'lJIeHB aTO ypaBHeHl'l6 nepeXOnBT B CJIe­


~ee: 

;;~ ZR~ Ii » == - ,i (.x: /v ' r <.. R", /t: »1 (40 )
(,_ 2 	 ) 

12 

OTC!),JJ;a nO;ry'laeM peDle1me .IJ.)lR HHBepCJm .( A~ (I ) >B 06JIaCTH 

~ .~ >:> ' j
t. 	 '"" L- . 

I I >( It t (V[- ( 	 (41)<-	 r ~ It )'> .., ,:l '- ) 
/ 

r~e llOCTOHHHaH ? orrpene~eTcR YCJIOBHeM CmRBaEHR C peWe1meM (21) 
B 06JIaCTH r' , '; . COOTBeTCTB:y1Ornee BIl1l8lKe1me .IJ.)lR HHTeHCHBHOCTH 

H3JIY'leHHR 	 - II~(:t. ,:;: ;: c; 	 (42 )I ( f )- ?'t~ 

OTIRCHBaeT H3B6CTHli! aKC110He~HHil 3aKOH pacrrana. 

Tal<HM 06pa30M. B lIHTepBaJIe ,..:.. .:: {',~ >> ! I HMeeT MeCTO JIKJIl'b 

o6wmoe ,HeKor6peHTHoe Cn OHTaHHOe H3,jlY'leIDf8, Kor~a_ a T OMll p acIIaJJ;aJOTcR 

He3aBHCHMO JJ;Pyr OT JJ;Pyra C xapaKTepHHM BpeMeHeM / J' He 3aBHCJ1ll1ID'l OT 

'UlCJIa aTOMOB Ii 

3aMe Tl!M, 'lTO npH 1"'/'> " l'I3 <IoPMYJIH (41) nOJIY'lBeM 

,,-t. 'A > /I, ' 
., 	 (43)<: 	Rz 10>1»_ ~ ­ ' ) , 

.0A­
( '-" 

B cJIY'iae OTCYTCTBHR HOO.II.HOPO,llHoro ynm-peHru! JIl'Ilflm RMeeM A = I 

( eM./1/ ) , I10:3Tor,lY 

~ 	 (44)( 	~; (rx»[.:: 
'" 

) 

/ = ':':-" 
3 TO 03Ha~aeT, ~TO BCR 3HeprRR, 3aTIaCeHHaR B CHCTeMe B Ha'laJIbHHfi Me­

MeHT Bp8MeHn, nepeillJIa B 3Hep~ H~8HnR. B CHY'lBe H80~OPOnHOro 

ynm-peHHR .JlHHID! BKJI8Jl aHTH})630HaHCHI:lX 'lJIeHOB B r aMKJIbTOilllaHe B38ID.10­

~6~CTBBR npHBOnBT K ~ ~ T. IT03TOMY 

Iv:'IV rC 	 (45)( 	 k)' (c>u) >/ '/ ­
' ) ;L

/T<.~ /--

HepaBeHCTBO ( 4 5 ) o3Ha~a8T , 'ITO B pe3y~bTaTe ~n He-

O.II.HOPO~oro ymHp8HKR JIl'IHl'IH nOCJIe np01l8cca HarryqeHRff OCTBeTCR eme Be­

RM HHBep CKH H CBR38RHaR C Hea HeHarryqeHHaH 3HeprHR . 

5. 	KpB'l'ep o nplDleBlDolOcn pe3YJI'bTa'1'OB 

3aKaH'lHBaH p acCMOTlJ8HHe BJIJ.UlIDIR H60;lIliOpoJtHOro ynm-pemrn JIHIDm Ha 

cBepXR3JIY'!8 TeJIbHWi mmyJI'bC, c<lxJp.1YJIKPy eM KPHTepHH TIpBM9tmMOCTl'I IIOJrY­

'leHHUX B §§ 2-4 p e3YJIbTaTOB. .lIJm npoCTOThI 6yl!;9M orpaIm'lIt!BaT'bCR c.Tj-

I :~ 

http:B38ID.10
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~aeM, ROr~a pa60~ 06~eM, B ROTOPOM HaXO~CH HarryqaTe~, !!MeeT Hr­

~006pa3HyID ~PMY. 

KaK 6blJIO YRa3aHO, p erneHl!le (21) )J,Jl.lI mrnep cID! HaCeJIeHHOCTBH 

<J<'::c (t)'./ H Blip8l!eIDle HBTaHCltJll{OCTl'J }f3.1Iy'iemm (22) B o CSJracTlI t", T 
crrpaBe,ll)IID3Il 'l'OJIhRO Tor,na. ROr~a BIDIOJIIDI8TCR YCJlOBH6 (18). C .Iij)yroA 

CTOPOlill , lIpH ~OnOJIHHTe.m,HOM npe~lIOJIOlltemm (23) WIH BpeMeHil 3a.neJlliUGI 

m.myJILC8 cnpaBe,nmIBI:I On;eHlU'l (27) .\!JIB ( 35 ), a Mfl )l.lIHTe.m.HOCTl'J-f:: 
m.myJIbC8 T./''--ou eRRa (26). EMil nO~CT8BlIM (27 ) B rrpaBYRJ 'l8.CTD (21), 
TO 	 no~y'mM 

( R~ (-t;! ) >:::: (! , 0TICj )(c1 (1':) .GJ!(:!\yOT 

3'1'0 OSHa~eT , ~TO yc~oBHe (18) aBTOMaT~eCKH BIDIo~eTCH. ec~ BN­

no~eTCR yc.noBlIe (29). C~e~OBaTeJILHo. 0 6lIlHM KpHTepHeM llpHMeHilMocTIil 

no~eHHUX B § 3 pe 3YJIbTaTOB RBnR8TCR BI:/lIO~eHRe COOTHOm6HBR (29) : 

Z IN/ ( / - i t1? ) <L i . 
3~6Cb B6JlH'mHll 1;.,., H ~ ollpe~e.ruooT BpeMR 3a,uep;uw H .ItJmTe.m,­

HOCTD HMIIYJILca IIpH OTCyTCTBHlf Heo~opo.n;Horo yumpeHIDI JIlU!l'll'I COOTB6T­

CTBeHHO. 3aBHCHMOCTH 3Tl'JX B~H OT ~c~a H~aTaneH B reoMeTpB­

~ecKOro rIsKTo pa ~ Blip8l!eHl:/ ~~.Jr~ (II ). Blm !lru<Topa 12 6wx rrpH­
76.miJKeHHo IIOJI}" IeH PeJlepoM 1'1 36ep.lIIl .IJ)UI p a3JIR'IHHX MaKpocROlIll'leClGIX 

ROHqJHryp~ ~p.!Ii pa6o'lero 06'beM8. )l.nR Kpyr~oro .IJ.JIHHHoro ItWnnl,llJla C 

lIHCJIOM ~eHeJIR IIOp~ I xopome~ amtpoKCRMaJJ;Hei! CJIyXJ!T Bllp8!teHlle 

~.2 
-x:=: 

.:S , A» ( ~_ ) ,;( A ' "\.. I-'.: 	 1.
FA A ~4 ) 	 (46 )1, ~ 

3nech A ,L -COOTBeTCTB~e llHO~ OCHOB8HHR B ~a~a , 
), -,Il..lIIDla BOJIBH B3J1Y'leHlUI . ).-fCIIOJIb3YR (II ) I!l (46 ), nO.1IJ"l86M 2-7 
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