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Ba.e.QeHIIe 

B nocne.Qaee apeMH cTano aoaMomHhlM aa6nro.QaT& co

CTOHHIIH C BbiCOKIIM yrnOBhiM MOM9HTOM OCHOBHOH Bpa-
. I 

maTen&HOH fiOJtOChi B 'i9THO-'i9THhiX .Q9QlOpMlipOB8HHhiX H.Q-

pax /il. Tip~ STOM, OTM9'iB9TCH liHT~peCHO~ HBn9HIIe:. M?

M9HT IIHepUliii ~BnHeTCH MHOr03HB'iHOH QlyHKUIIefi yrnOBOH 

'iBCTOThi, T.e. KpliBBH IIMeeT S -'?opaaayro QlOpMy ( CMo 

puc. ~,t, II Kpiiaag). Yrnoaag qacToTa II MOMeHT IIHepuiiii 
(< . 

onpe.QenHroTCH, E;BK a. KnaccuqecKofi MexaiiiiKe: 

dE 
I 

~=cu, 
" 
1/cJ -= 5 ' 

d[ ( I) 
" 

r.Qe I = ...; I (I+ 1) • TipoiiaBo.Qaag annpoKCIIMIIpyeTcH KoHe'I-

HhiMH p~aaocTHMII Mem.Qy aaepriiHMII ypoaaefi ~onocht IiI 

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

2. BpamaTen~aasi aaepriiR 

B .Qaaaofi pa6o"re nayqaeTcH noae.Qeaue MoMeHTa IIHep

UIIII KaK tPYHKUIIH yrnoaofi 'iaCTOThi a Mo.Qen:~---~piiHy.QIITen&

aoro ·B~a~e~Iig'j 2/ • ~PII-~ ~TOM y~IIThi~aeTcH · B~IIHHIIe spa;.. 
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meHHSI TOnbKO HB H3MeHeHHe 3HepreTH'teC.KOH menn, TBK 

aa3:biaaeM0e Koplionnc~aHTlicrrapnaaane (CAP);. faMHn~-

TOHHBH SI!lp8 a CHCTeMe, apamarometiCSI C 'l8CTOTOH 

HMeeT aH!l. /3/ 

Hcu= -H SP + H pair - cui" ' 
+ + . 

H SP = ~ ( ~: i - >..)( c ; c; + c =-c 7'") 
I I t 

p +-- cp+ P , H .. 
paar 

+· + I c. c _ 
- I j • 

i 

cu, 

( 2) . 

(3) 

(4) 

3necb 

eii ~: . 

.o603HairaeT O!lHO'lBCTH'lHOe COCTOSIHHe C 3HeprH

COCTOSIHHe, COIIpSI~eHHOe IIO apeMeHH OTHOCH-
I 

TenbHO i , ·o6osHa'lHM 'le_pes i ·; Bee cyMl\Abi conep~aT 

TOnbKO COCTOSIHHSI C !JO.iiO~HTenbHOR rrpoeKtiHeH yrnoi30ro · . 

MD MeHTa aa ·ocb cHMMe-i-imH •. On epa Top I - ,;; -. KoMrro-
" 

HeHTa rron~oro yrnoaoro MoMeHTa * • 
nnSI abi'tHCneHHSI 3HeprHH a· saaHCHMOCTH OT 3Hepre-

TH'teCKOH menH ·~ onpenenSieTCSI raMHnbTOHHBHOM rrapHOI'O 

rronSI 

"" + Ho ( ~) = H sp - -M p + p). (5) 

BonHoaaSI ¢yHKUHSI OCHOaHOI'O COCTOSIHHSI 1 tfr J ~)> .nony-

qaeTCSI, KBK co6cTaeHH8SI ¢yHKUHSI raMHnbTOHHBHB napHO

ro IIOnSI ao aHyTpeHH~fi CHCTeMe: 

* Mbl npHaonnM ace abxpa~eHHSI .TonbKO nnst onaoro 
THna ayKnoaoa. 06o6meane aa cny'taii c aefiTpoHaMH H 

IlpOTOHBMH O'teaH!lHOo 
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·l 
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I 

.•. 

~ ~ 

H (M = H 0 (~J'~ cui , cu . " . ( 6) 

rne XHMH'teCKHR IIOTeHUHan A ¢HKCHpyeTCSI C IIOMOmbiO 

ycnoaHSI;-(7) !l!JSI cpenHero 3H8'l9HHSI 'lHCna, 'l8CTHU. 
. . . 

A A 

<tfrcu{MINitfrcu{~J>.-.<tfr/MINit/1 0 (~)> = N. ( 7) . 

KaK y~e 6bmo- oTMe'teHo, a sToii pa6oTe nsyqaeTcSI ann

SIHHe apameHHSI TOnbKO HB menb ~ t II03TOMY IIpH abi'lHCne-

HHH · · 1 tfr ~ ( ~) > Mbi y'lHTbi~aeM 'tneH cu I,. nnwb a · nep-

aoM nopstnKe Teopnn aosMymeHHSI. Torna cpenaee saiqe

HHe , OI!ep~Topa I " nHHeHHO no yrnpaoil 'lBC'l_'OTe, "'TO np~

aonH; K o6bi'lHOMY abipa~eHHIO _nnSI M~MeHTa HHepUHH ~ / 3
/: 

<t/1 cu rt:.J I I,. I tfr..J_M> = cu ~ r~J, . 
·,. ·, ,'2 " 2 

~ ( !:.) = I 
i<i 

2 

(u;v 1 -u1 v;) 
li; 1 ] +li;rl 

E.+ E. 
I 1 

.rne -·:.....:...· ---..,---
• • . 2 ' . 2'' 

E . = ..} ~ + (t . - >..) , 
t I 

2 ' . 
u . 1 . . ~: : -:>.. . 

I = - (.1 ±' · I ) • 

v 2 2 E 
i i 

(8) 

3HeprHSI ao aHyTpeHHeil CHCTeMe eCTb cpenHee 3Ha'leHHe 

raMHnbTOHHaHa H cu • lJTo6bi nony'lHTb ee, ncnonbsyeM 

MeTon, npenno~eHHbiH a. pa6oTe /3/. 

Hs Toro, "'TO I t/1 ( !:.)> cu . stansteTcSI npn6nn~eHHoil co6-.. 
CTaeHHOH ¢yHKUHefi napHOI'O I'8MHnhTOHH8H8 I! wr ~) •. en~-
nyeT: 

< t/1 cur t:.J IHcu r~J I alp c.> ( t:. J > = a . . , a ~:. , 

< t/J J t:.J I 1i cur t:.J I _a t/J cur ~J ( 9) 
>= 0. 

acu 
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ilepBbie npoH.3BOJlHbie_ nonHOH ::meprHH. 
. ,_ .. 

E cu ( !:i) = <"' cu (A) I_H w I "'J A)> . 

no !:i w w nonyqaK>TCH ·c noMombro.ypaBHeHHfi (8) H {9) · 

B cnenyromeM _sane: 

aEw(AJ 

a!:i 

aE~(A) 

aw 

""'2<t/Jw(!:i} IHo-Ho(AJI, a¢w(AJ > a A ' 
( 10) 

;..:.~ . 
. == .. a 4/J r !:iJ 

2<!./J (AJIH
0
-H (AJI. w_ >-:-w~(A) •. {11) 

w o aA ... 

2 

BTopaS!: nponaBOJlH~H 
a _Ew(A) 

aw a !:i 
He aaBHCHT OT nopHJlK8 

JlH~~epeHUHpOB8HHH, no3TOMY 

== 

2. < t/1 rAJ I a H o rAJ 
w . ·riA 1---a(J) >+w 

a 5r llJ 

a A 
= 0. { 12)-

Cnenosa.J.enbHO, 
:::::::: == 

a H (A) . . . a H (A) · 
<t/1 rAJI . . o ·-lt/1 (AJ>-<t/1 fAJI. 0 1!./J(!:iJ>= 
· w .• aA .w 0 aA-.'"' 0 {13) 

w 2 a 5ri:\J 
-y~ 

HaTerpupyeM ypasaeaue {11): 

. 2 

Ew (A) :d._ ~ 
0 

(A) -: ; ~ (A) 

+ <t/1 w (A) I Ho -Ho (A) I t/1 w( A)> -<t/Jo( AJI H~ -B:( AJI t/1 i A)>. {14) 

Ha o6biqaoii: ~aKTopuaauHH cpenaero aaaqeHHH napaoro . 

I'8MHnbTOHH8H8 

6 

•:-",'' 

• I 

t 
·, 

! . I 
f 

. ·] 

.,.__,. 

... -~ 

j 

. . . ' + 2 
<t/1 (AJIH . 1!./J:(!J.)>·=:....G<t/1 (AJIP lt/1 (!:i)>: cu tJaar cu · - cu cu 

.... (15) 

H COOTHOIIIeHHH { 13) cnenyeT OKOHqaTenbHOe Bbipa:>KeHHe 

JlnH aaepruu: 

E w .( !:i) = E 
0 

( !:i) 

2 
w 

'"""T~rAJ 
. . 4 • 

w 2 a~rM 
+-

2 aA 
(A-< !./Jo(!:iJIP+Lt/1 (A)>)- ~G(a~(AJ)_~-

0 16 a11 {16) . 

Hs lj>aKTopuaa~HH { 15) cpaay BHJlHO, qTo MHHHMyM aaep- . 
., 

I'HH, KOTOpbiH nonyqaeTCH H3 ypaBHeHHH { 10), H8XOJlHTCH 
' . . . /Jl 

B TOqKe caMocornacoBaHHH A. eq 

+' 
A eq = G < t/1 ,.J A ) I P I t/1 (A e ) > ..., eq W q . (.17) 

H qTp B 9TOH TOqKe YJlOBneTBOpHeTCH COOTHOIIIeHHe 

aEw(Aeq) =-w~(Aeq) . . · { 18) 

aw E. 

' 

3. YcnoBHH, cTa6unbHOCTH 

raMHltbTOHHaH·B 'na6opaTOpHOH'CHCTeMe CBH38H C ra

MHnbTOHH8HOM BO BHyTpeHHefi CHCTeMe. cne.ctylOIIIHM .o6pa-

30M !Jl: " I . 

. A· A. . 

H
1 

= Hw + wl, w = !ff.' ( 19) 

C noMOIIIblO ypaBHeHHH (18) MO:>KHO y6eJlH.TbCH, qTO nep-. ~ . ' ~ ·- . . . " . . 

B8H npOH3BO.ctH8H OT 3~epx;"_HH no.. fi o6pamaeT.CH B Hyn:E:) 

7 



B TeX :IKe CBMbiX ,T?"'K8?C _/!. e q K8K B na6opaT.OpHOH CHCTe

Me1 T8K H BO BHyTpeHHefl: CHCTeMe, T.e. MO:IKHO Bbl"lHCliHTb 

paaHoBecHoe · aHa"leHHe menH nH6o npir aanaHHOM yrnoBoM 

MOMeHTe1 .nH60 npH aariaHHOil: '18CTOTe: 

aEr (!!.) ~- = o, 
a!!..· ' . 

!!.=!!. e q 

aEw(l!.J~-- . = 0. 
.. af!. . w 

: f!.=f!.eq 

(20) 

OnpeneneHHSI yrnoBOH '18CTOTbl ( 19) ·· H: MOMeHTa · HHepUHH • · 

( 18) · coananaroT c onpeneneHHSIMH1 ·naHHbiMH B ypaBHeHHSIX 

(1). YcnoBHSI cTa6HnhHOCTH B na6opaTopHoil: HI ao BHyTpeH

Hell:-cHcTeMe pa3nH"l8JOTCSI: 

> a2E, (!!.~· 
a/!. 2 

, 

!!.=!!. eq 

a 2Ew(l!.!) 

al1 2 
w 

. !!.=l!.eq 

( 21) 

'·ITo6bi pewiiTh aonpoc o TOM1 ;HMeeT nii aHeprug KaK 

<iJyHEUHSI /!. M8KCHMYM HnH MIIHHMyM1 ):{OCT8TO"'HO TOrO 

<PaKTa 1 'ITO <iJyHKUHSI E I·w ( !!.) He IIMeeT HIIKSKIIX nonrocoB 
·, -. ·. .. .. . . . ' .. .. ' . . . . ,., . . 

II paCTeT MOHOTOHHO npii 6onhillHX 3H8"leHHSIX /!. • B aTOM 

cnyqae c yMeH&meHIIeM menH nepaag Hyneaag TO"lKa nep

aofl: npoH3Bonlioil: - aTo MHHHMyM1 aaTeM cnenyeT MaK-

cHMyM, llOTOM CHOB8 MHHHMyM H To!lo 

Bon poe o ~Ta6nn&Hoc;H o"<IeHh Ba:IKeH, .noaTo_MY:, o6-

cynHM Te naa · cnyqag, KO"J;Opbie noKaaalibi Ha puc. 1. Hx. 

8 

) 

. ! 
}I 

:.J 

~ \, 

i ,, 

B03HHKHOBeHHe .38BHCHT .. OT .. t:;TpyKTypbl _OllHO"l~~TH"lHOr~ ,· 

cneK'fpa. 3ToT aonpoc paccMoTpHM noanHee. 

B nepaoM c,Jty'lae. ( o6oaHa"leHHOM.,Ha pH~~" 1 qepe3 l) 

9HepreTH"leCK8SL menh H COOTBeTCT)3Y~mHii: _MoMeHT Hlier.- . 

UHH OCT8JOTCSI, Oll_H03H8'1HbiMH <iJyHKUHSIMH '18CT0Tbl W H 

o6nacTH CTa6HnhHOCTH B na6opaTOpHOii:, H BHyTpeHHeii: CHC-
. . . ' ~ . . . . -

TeMax coananaroT. Bo B~opoM. cnyqae aaBHCHMOCTh menH 
'• '' 

oT _qacTOTbi. HeonHo3Ha"lHaSI; Y"laCTOK KpHBoii: A C Me:IKllY .. • .,, . .::. 

TO"lKOii: neperH6a A .u TO"lKOii: nepece"leHHSI c oc&ro _!!.= 0 

cooTBeTCTByeT MaKCHMYM~ E w (!!.) • cnenoaaTen&HO~ pe

weHHe BO BHyTpeHHeR CHCTeMe He SIBnSieTCSI CTa6HnhHhlMo 

B pa6oTe I 41 npennonar.aeTCSI• 'ITO B .To"lKe, neperu6a npo-
- . ·. ···' 

HcxonHT <PaaoBbiii:· nepexon nepaoro pona, T.e. aHepreTH-
;_:_: 

• . ~ ' ' -: <-; '. 

qeCK8SI menh HC"le3aeT cpa3y II Ha6nronaeTCSI CK8'10K B MO-
.. . .. " 

MeHeTe IIHepuiiii
1 

B peayn&TaTe qero HeKaSI o6nacTh aHa~ 
' .·, ~ c 

qeHIIii: yrnoBoro MoMeHTa "aanpemeHa". HecTa.6un&HOCTh 
_, ..... 

'•'-,' 

pemeHIISI - cnencTBIIe TOr0 1 'ITO TO"'H8SI 9HepriiSI OCHOB-
. . 

Horo COCTOSIHIISI npii aanaHHOii: "lBCTOTe SIBnSieTCSI O!IH03H8'1-
-· ..... - ·' . ., /12/·"· 

. :; ~. 

HOH <iJyHKU~eii: yrnoBoii: '18CTOTbi w • 
. . . ;". --\ ~ ., ··:·" ·' .· ~-

B cBSI3II c TeM
1 

'ITO coxpaHSiromeii:cSI aenH"liiHoii: SIBnR~ 
". ~ ·; ' ~ : . ' . ~--

eTCSI yrnoaoii: MoMeHT1 a He yrnoaag qacToTa1 Hy:IKHO II3Y

qaTh ~~~~BIIe cTa6nn&aocT~ B ~~6op~i-opHoft 'cii~TeMe. 
Tipn aanaHHOM ;r~oB~M MoMeHTe nony.J:aeTcSI, q;·; 'o6nacTh 

A-~·,. ~c;a~TCSI cTaf>HnbHofi: BcBH~H c a~k~ ~pH ya~rtn"le-. 
HHH _yrnoBor~ M~~~~;a .aH~~~~;~qec~ag m~nb. i.e·~ nanmeT-

-~ 

-. . . ' . . . . ~ ..... - --·- ..... ;: . . ~ -_ .-· . . -· - . - .. 
cg .. no :-Kpnaoii: 1t llO TO"'KH C H n'a·~~e no ocn . !!. · = 0 • H .. 
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· nonyqaeTcSI THnH'iHaSI MHoroaHa'iHaSI· aaaui:::HMOCTh MOMeH

Ta UHepUHU OT ·.yrnoBOil: qaCTOTbl ( KpHBaSI[/ Ha puc~ 1) •. 

06nacTh ,; aanpemeaaoro" yrno:Boro MOMea;a a p~6oTe; I 4/ ;. 

SIBnSieTcSI oT~eaKoM · Kpaaoil: H Me)l{ay ·TO'iKoil: neperli6a 

A u TO'iKoil: B aa puc. I. Mbi aaecb nouqepKHeM, 'iTo-· ... . . . . 

MHOI"03Ha'iHOCTb MOMeHTa KaK cpyHKUHH yrnOBOil: 'iaCTO- :~· 

Tbl cnea'yeT H3 'Toro, 'iTO Mbl Tpe6yeM coxpaHeHHSI yrno;... 
. '' . . .._, 

BOI"O MOMeHTa ( TO'iHee, COXpaHeHUSI TORbKO ero CpeaHe-

I"O 3Ha'ieHUsi) o 

· 4. _CoxpaH:eaae qucna. qacTuu 
,· . 
4 • ••• • 

Ecnn HayqaeTcSI o6iiaCTb, rJie HcqeaaeT aaepreT~'iec--
·. 

KaSI menb !J. 1 TO Hy)I{HO o6paTHTb BHHMaHHe Jia TOT cpaKT, 

'iTO co6CTBeHHaSI_cpyHKUHSI iiapHOI"O raMHRbTOHHaHa lt/J (A)> 
. .. . • . • · .. (!) . -

( cpyHK~;!HSI ;:Rna EKlll /3/) ae SIBnSieTcSI co6cTaeauoil: ~cf>yuK-
UHei{ onepaTopa 'iHCna 'iaCTIIU. floa~OMy· BMeCTO l't/Jcu(ll)>' 

ncnonbayeTcSI cpyHKUHSI P N I 1/1 cu (~) > , T.e. cpy.HKUHSI. TII

na EKlll, cnpoeKTnpoaauaaSI no q~cn~ qacTIIU I 5/ ~ llpn -·. . . · .. 

STOM. COXpaHSieTCSI 3aBHCIIMOCTb KoaipcpJIUIIeHTOB U . 1 V·. 
• < • • < • • < • ~-· • ' ' 

oT auepreTn'iecKoil: menn, onpeaemieMaSI ypaaueuneM ( 8). 

KpoMe Toro, C'iiiTaeTcSI, 'iTO ·cpmoKTyaunn qncna qacTnu 

npe)l{ae. acero anHSIIOT ua uyneayro a!IeprHro E.(} ( !i) • Pac

•t.eTbi. noKa3~IBalOT 1 . 'iTO TIInJI'iHaSI pa3HOCTb HyneBbiX auep

I"Hil: E ( ~) B coceaunx SILt pax II MeeT nopSiltOK · 10 M aa, 
. 2 . 

a paaaocTb KIIHeTII'ieCKIIX aileprnfi apariteumr ~ -~ ~ (~} . . . . 2 

10 
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L '( 
I 

. ( .... 
··l 

-t· 
: ,_ [ 

l 

l' 

npn ( h cu). ~ = O, i? Ma:B ~H.~= ~(~~0} oKa3biBaeTcSI no

pSILtKa _1-2. Mas •. DoaToMy rrpoeKTII.Pf)Ba_HII~ ua npo?TpaH~ 

CTBO C ltaHHbiM 'iHCROM 'iaCTIIU npOBOl{IITCSI TORbKO B 'iRe-

ae E0 (~} , T.e; 

2 N 
E (!!.) 

N 
=Eo(!!) 

(!) 

~~(~) (22) 
.(!) 

·. (!) 2 ·. : .. . < 

+-(~ ...::<t/J 0 (~).IP·. 11# 0 (~)>) 
a ~ r l!J · cJ 4 a ~ r M 2 · 
·---- G( )·) 2 . . . . . . a!!. . 16 . a~ . 

rae 

N 
Eo(~) 

. < tPo ( M I H o P.N I tP o ( ~)> (23) 

<t/J (!!)IP. I t/J ( M> : 
0 . N. 0 

Pttc~e.T aenH'iHHhi (23) . npo:Beaea IT~? . MeToay · npn6nH)!{eHiioro 

: n.poeK;~poaaaJm,_ npean~)l{eH~~My' ~ pa6oTe ~hI. 
~- Coo;~oiireHIISI (1), (18), (19), (20)~Ko~op,bieTO'iH~ 

yaoane;aopSiro.Z.cfi a·. EKlll-npn6nn)l{eHnH, a aToM cnyqae 

TaK)I{e BblUORHSilOTCSI c· .Xopomeil: TO'iHOCTblO~ 

5. 'lJncneHHhie pac'ieTbi 

"· . . B 'iircneHHhiX pac'l:eTax ncnonb30Bana'cb OltHOqacTII'iHhle 

:Bonao:Bbxe cpyuKUH_n a no~eauaane Byac~-CaKcoua . I Gl ~- Kou..: 

cTaHThi napuoro aaaHMoaeficTBHSI · 6bmH : Bhi~paHhi ~aK~ ~'iTo-· 

6bi nony'iiiRIICb npaBHlrbHhie paGHOCTII . Mace 'ieTHO;...'ieTHbiX 
• < • • • •• • •• •• < •• < 171 
II .He'ieTHbiX SILtep, T.e. KOHCTaHTbl p n. H Pp II3 pa6oTbl . • 

Koraa . y'iiiThiBaeTcsi np~-eKTnposaane no 'incny q~cTIIU . npn 

a a.tiaaaoil: napaofi KoHcTaHTe G, p 
11 
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I 
I. 

npn6nH3HTenbHO H8 SO~ OTHOCHTenbHO 3HaqeHHSI, nonyqeH

HOrO 6e3 npoeKTHpOBSHliH·, 8 auepreTnqecKaSI menb yaenH-

qHB89TCSI npnMepHO H8 20%. 

QqeHb y.uo6Ho H~KaTb' Hynn nepaofi nponsao.uHofi aHep

rnn no /). n H /). p BO BHyTpeHHefi CHCTeMe, T8K K8K B. aTOM 

CHCTeMe B03MO)!{H0 pewaTb 3a.Uaqy ,llnSI HefiTpOH.OB n· npOTD

HOB o~.uenbHO ( B na6opaTopHofi CHCTeMe aTO He T8K). Ta-. . . 

KHM o6pa30M, CT8HOBHTCSI oqeBH.UHbiM cne.uyroiilHfi alfl-

!fleKT I 111: .uonycTHM, qTo nMeeTcSI a!fl!fleKT nepern6a B cue

TaMe HefiTpOHOB, a B CHCT9M9 npoTOHOB menb H3M9HSI9TCSI 

o6biqHbiM oopa30l).{.C pOCTOM yrno:B'oro MOM9HT8 nocne Toq

.KH · nepern6a yrnoaast qacToTa yMeHbwaeTcst n, cne.uoaa-
·..:·'!:·. 

TenbHD, npoToHHBSI menb yaenuqnaaeTcst no Tex nop, noKa 

onstTb He HaqnHaeTCSI poeT yrnoai:>fi qacTOTbi n coi:>T'BeT- . 

cTayromee yMeHbllieHne menu~ _ 
PacqeTbi 6bmH npoae.ueHbi_ · .nnst stilep peit!coseMem~Hofi · 

o6nacTH c napaMeTpaMH .ue!flopMailHH I 6! 

A 165 {3 40 = 0,02 {3 20 = 0,28 • 
{3 20 =. 0,30 t . {3 40 =· 0,02_ • A = 173 

3TH:· pacqeTbi noKasann, . qTo. BD3HHKaeT a!fl!}JeKT .. neperli:-. •. .. . - ~... . 

6a a cncTeMe I,IefiTpDHOB npn N . = 90, 92, 94, 96; npn · . . -. . . ~~ 

N > 98 a!fl!fleKT ucqesaeT. B cncTeMe npoTOHOB B o6nacTH -- ·' . . . - ·~ . . . 

Z = 66-76 menb ocTaeTCSI_ OJlHD3HaqHofi !flyHKUHefi qac- . . . . •. '. ·. .. .. .: . 

TOThlo _3ToT pesynbTaT coBna.uaeT c aKcnepnMeHTOM: que~ 
. • . ,. . • . . . -i . 

na HefiTpOHOB BO BC9X pe,llK03eMenl:iHbiX SI.Upax, B_ KOTOpbJX . . . ....... ·" .• . -, 

Ha6nro.uaeTc~ alfl¢eKT neperu6a, uMeroT sHaqea,nst Me)!{.!ly 

! 

90 n ·sa /tl. Oco6eHHD HHTepecuasr . cnTyauim · nMeeT 

Mec:ro B. nsoTodax ~b~ H Hf , r.ue ~nst Jv ~- 96 >a!fl~eKT 
cy.me·cTByeT, a~'.umi ·N = 98 ero y)!{e HeT. · 

. . ~~. . ·. .- ·: +' . + 
B~_o6nacTH, N · = 90-96 ypoBHH 112 H 3/2 us. no.uo6o-

noqKH i Hh . H8X().USITS:SI a6nH3H noaepXHOCTH <l>epMHo no-
. . - . -· . . ._· . . _. . .. ' . . ~ . . 

· aTOMY . K8)!{9TCSI, ._.qTo a<lJ!fleKT neperu6a CBSI38H C 8THMH 

ypoBHHMH. MeTo.unqecKHe pacqeTbi no.uTaep)!{.U8IOT aTo _ 

npe.unono)!{eHHe: ecnn ypoaeHb l/2·unu 8/2 H3 no.uo6ono-
• . . . ·f -~ • ,.. -

qeK. huh • i .Hh, J 15; 2 Iiaxo.uHTCSI a6nnsu noaepxHoc-

TH .<J>epi.m, 'TO . .UnSI ·T8KOH CHCTeMbl HyKnDHOB nonyqaeTCSI 
' ' . ' . . ~ . ·. "':: 

MHorosHaqHast saBHCHMDCTb aHepreTnqecKofi menu oT yrno-
,.). , . ~ . . . . .. '.. . 

BOH qaCTOTbl H COOTB9TC.TByromee noBe.UeHHe MOMeHT8 

HHepUHHo 

· ... nnst. npe.ucKasa~nst queen HyKnoHoB; PP~. KoTopbiX MD)!{-· 

HO O)!{H.UaTb aHoManbHOii saaucuMocTH'MoMeHTa uaepuHH 
. ~ . . . . . . 

OT yrnOBDii qaCTOTbi, H8.!l0. 3H8Tb paBHOBeCHYIO .ue¢opMa-
. -··-· ) . . . . . . ' .. ; ~ . . . ~ 

UHIO, J:lOTOMY qTO non0)!{9HHe ypoBHeii 1 ~ 2 H 3/ 2 H3 
, - •.. ·. . - . 

fiO):l06onoqeK ~ ul 2 , i !J. 3 f2 t j 1512. CHnbHO 38BHCHT 
• . • •• • • i • • • 

- I~ 
oT .ue¢opMauuu. Hcnonbsyst .pesyn?TBTbl CTpyTHHCKoro . ) ... ... . .: . . .. ;. 

o6 o6onoqKax. B .ue¢opMnpoaaHHbi'f: stnpax ( o()nacTH c .Ma

nofi nnoTHOCTbiO a6nH3H noBepXHOCTH <l>epMH) ,Mo.:ilmo 'ripen-
.~ . ~-.- ' . . . . . . . . . . 

CK838Tb o6naCTH, , r.ue SI.UpO HMeeT OTHOCHTenbHD CT86Hnb-

HYIO paBHOBeCHYIO .ue!flopM8UHIO H O.UHOBpeMeHHD Bbillie-

· yK838HHbi9 ypoBHH. 1/2 H 3/2 H8XO.URTCSIB6nH3H noaepXHOC-.... _. -. . ··. , - . . - ·: . ' . ·,· . 

TH <l>epMH. B :ra6nuue npuae.ueHbi HeKoTopbie qucna· HyKno- · 
. ' ,. ' '/" ' . . ~ 

HOB,. npH KOTOpbiX. MO)!{HO 0)!{H,!l8Tb 8HOM8nbHOrO noae.ue~ 

HHH MoMeHT8 HHepUHHo 

·.··: . 13 



B Kaqec'rae npHM~pa H:a puc. '2 npuaonHTCR cpaBHe~ue 

saimcHMocTH IiHepuuu · o'il' yrnoaoii qacTOThi, nonyqeHHoii 

H3 HaiDHX pacqeTOB H COOTBeTCTByromHX 8KCnepHMeHTanb

HhiX JlaHHbiX. PesynbTaTbl JlnSI npyrnx stnep 'aHaiiorHqHhi. 

KaqecTBeHHO aocnpoHSBOJlHTCSI aKcnepuMeHTanbHast KpH

Bast~ Mo>KHO,' onaaKo, OTMeTHTb HeKOTOpbie' HeJlOCTaTKH 

Harueii Monenu: - ;·-

- HaK~'IOH Kpuaoif B TotiKe w = 0 ' nponopuuoHaneH 'Ko

a4Jtl>uuueiiTy Heanna6aTH~IHOCTH B B pasno>KeHHH Eopa-

M oiTenbchaa. P.acqeThi Is/ noKa3anH, qTo npu N ·""' 90, 92 

6onbruast.'tacTb aToro H:oatl>tl>uuueHTa CBSI3aHa c BnHSIHHeM 

BpameHHSI. Ha 'paBHOBeCHYlO ·nelflopMaUHlOI KOTOpoe '3JleCb 

He yqHThiBanocb. 

- Cymec'rayeT pa3imua Me>Kny acHMnToTuqecKHM MoMeH

:roM HHeptiHH ( T.e. · aHaqeHHeM npH CaMOM BbiCOKOM CfiHHe, 

I'Jle MO.MeHT npH6nH3HTenhHO fiOCTOSIHeH) B 8KCnepuMeHTe 

H B Haruux pacqeTax. HyKiiOHhi Ha yKasaHHhiX Bhtrue ypoB

HSIX 1/2 H 3/2 nalOT 6onbiDOH BKnaJl B aCHMfiTOTHqeCKHH 

MoMeHT u'HepUHHe flpH H3MeHEiHHH JletiJopMaUHH C poCTOM 

" 
yrnoBOI'O MOMeHTa nonO>KeHHe 8THX ypoBHeif 'MeHSieTCSI 

H1 cnenoBaTenbH0 1 To>Ke MeHSieTCSI MOMeHT HHepUHHe 

BTopoii '8QltiJeK.T1 npenno>KeHHhiH B' pa6oTaX /9/ 1 . COCTOHT 

B TOM1 qTo· napa HyKiiOHOB H:a. 8THX ypoBHSIX pa3pbiBaeT

CSI; liy:KnoHhi nepeopueHTHpyiDTCSI 'napannenbHo ocu Bpame

HHSI H fi08TOMY He Jl8lOT BKnaJla B MOMeHT'HHepUHH .npH 

6onbWOM yrnoaoM MoMeHTe. ,i 

B saKnJOqeHue MO>KHO cKa3aTb1 qTo usyqeHue. 'a4Jtl>eKTa 

14 

. ( - .... ~ ..... 
.J 

·.~ ' -~· ·:.·:._··· :~ 

,j.., 

KOpH~nHC:-8HTHCnapHBaH~SI fi03BOnsteT fiOHSITb'Kaqec:~eH

HO a4Jti>e:KT. -~eperu6a: c. pocToM yrnosoro MoMeHTa Me>K~ 

JlY I _ = 12 H I = 18 aHepreTuqecK8SI .menb T8:i 6biCTpo 

yMeHbiD8eTCH ( H COOTBeTCTBeHHO MOMeHT HHepUHH yBe-
~- . 

nuqHB8eT.CSI ), qTo yrnoB8SI q8CToTa B aToii o6n~CTH yMeHb-
.,. 

ru8eTcst. HMesi:. ·a auny cp8BHHTenbHO M8neHb-~oe. qucno 

q8CTHU B stnpe, MO>KHO H83biB8Tb 8TO noaerieHHe tP830BbiM 

nepeXOJlOM H3 CBepxTeKyqero,COCTOSIHHSI B·HOpM8nbHoe. 

' ' B Tex cnyqastx, KOI'Jl8 aHepreTuqeCK8SI menb' Cp8B

• < miTenbHO nn8BHO ucqes8eT ( N > 98) ; He · HMeeT. CMhiCn8 
. ' 

roaopHTb' 0 tP830BOM nepexone. H8KOHeu,. H:ano OTMeTHTb; 

qTo yqeT ·npyrux 9ti>tl>eKTOB 1 K8K-~H8npuMep; II3MeHeHHSI · 

p~BHOBecHoii ,netl>opMaUHH 1 Mo>KeT npHBecTu· :K cnHruKOM 

pe~Ko~y· H3~e-aeHHro · MoMeiiT8 uaepuuu ./ 41·, 'KoT'~poe ·To-. . . . . 
- . ' 

>Ke MO_>KeT Bbi3hiB8Tb 8HOManbHYlO 38BHCHMOC~b MOMeHT8 

,H:Hepuuu oT YI'J}O~oif q8cToThi. C npyroii GT_o~oHhi, cM~mu-

aaaue Me>KJly nonoc8MH 

TO>Ke MO>Ke':r, _ Bbi3biB8Tb 

c p83HhiMH MOMeHT~MH nHepUHH 

8Qltl>eKT neperu68 /.91. __ : TonbKO 

.. ·nonpo6Hble · pacqeTbl1 B KOTOpbiX yqHTbiB8lOTCSI Bee ·Bbirue-. ' . 
H83BaHHbie CTeneHH CB060Jlbi, no3BOnstioT pemHTb aonpoc 

0 TOM 1 K8KaSI H3 HHX naeT C8MhiH Ba>KHhiH BKn8Jl. 

ABTop Bbipa>KaeT 6na!'onapaocTb. no:KTop~M H.H.nstToBy, 

P.B.n>K·onocy H M.H.'LJepaeiD 38 none3Hoe o6cy>Kneaue 

. pe3yltbT8TOB p860Thl H UeHHbie 3aMeq8HHSI H . n.KapaJl>KOBY 

· - 38 n~Momb B qucneHHhiX pacqeT8X. 
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PyKonncb nocTynnna B na.naTenbCKHii oT.nen 
12 MapTa 1973 ,ro.na 

Taonnua 1 

. LJncna HyKnOHOB, npH. KOTOpbiX Q)!{H.llaeTCSI 8HOM8nbH85l 
·aaBHCHMOCTb . MD MeHTa HHepUHH OT yrnDBOH 'I8CTOTblo nng 

. CHCTeMbl HyKnOHOB, B KOTOpO:ii 0)!{H.ll8eTC5l s<i><iJeKT, npH
Be]leHbl KB8HTOBbie 'IHCna ITO/lODOno'IeK, HrpaiOIIIHX OCHOB-

HYIO ponb 

· lJncno npoToHoB 

'. 

68 

58,60 

h:ul2 

90-94 

i nl2 

66-72 

. 46,48 

l.Jncno ae~Tpoaos 

90-96 

iu/2 

72-76 

148, 150 

. j 15.12 

116, 118 

i 1312 ({3.<0} 

58 

h 1112 

3KcnepHMeHT8nbH85l 
HH<iJOpM8UHSI_ - . 

CymecTsyeT pSIIl 
aKcnepnMeHTOB I 1l 

J1MeeTci 0/lHH 
aKcnepnMeH~ I 1l 

132 Ce 

He~ aKcnepHMeHTOB 
( TPYilHO?TH: 
CITOHT8HH.Oe ]lene
HHe,. a -pacnall) . 

HeT aKcnepnMeHTOB 
(HeiiTpOHOH30hlTO'I
Hbie SIIlpa) · 

He-r aKcnepnMeHTDB. 
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ll, [ 111 'I] 

'J/!J [Mev-'] , 

50 

·05 
(~wl[f1,VZJ 

. I 

Pnc. 1. · CxeMaTH'IecKaSI saancnMoCTb paanoaecnoii meliH 
A eq · H COOTB9TCTBYlOIIl91'0 MOM9HT8 HHepuHH ~ OT. yf<"no

BOH 'laCTOTbi cu •• MacmTa6 no ocn l3,6cuncc na o6enx : 
qacTHX pncynKa OJlHHaKoa. TonKne· ·nnnnn Ha aepxHeM pil:
cyHKe CBSI3biBalOT TO'IKH c OJlHHM n TeM )Ke yrnotibiM M:o
MeHTOM na Kpnaoii 1/ n na ocn A = o • Cny'lan I n 11 
o6Cy)KJl8lOTC5I B T9KCT9o 

18 

_, 

30 

1 [MeV"'-] 

10 

.OS 

,., 
E, -~h -

(l,wilMtVZ) 
.I 

Pnc. 2. 3KcnepHM9HT8nbH85I H Bbl'IHCneUH85I 38BHCHMOCTb 
MoMenTa naepunn- ~- oT yrnoaoii qacToTbi nmi 162Er n 

172 Hf • 3KcnepnMeHTanbHbie naHHbie ns. pa6oTbi hi. 
TiapaMeTpbi a pac'leTe: noTeaunan Bynca-CaKcona {3 2o = 
.,; 0 1 3 1 {3 

40 
= 0 1021 A· = 1?3; pa3HOCTH Mace P ( l62 Er}= 

= 1 0 Msa P (162£r}= 1 0- Maa P ( 172H'J = 1 1 Maa I - I _p I I_ p J, I I 

P
71 

(
172 Hf) = 0 1 8 M aa. KoHcTaHTbi P p n Pn onpenenSI-

lOTCSI c noMOrllblO ¢opMynbi ( 4.50) a pa6oTe hi. .... 
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