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nepayw11H B.H. 
P2-5990 

0 np11MeHeHIIII M0TO/la B.K.E. K Bb!'ll!CneHH!O a~innl!TY/l 

Bb!COK09HepreTll'l0CKOrO pacce1rn1rn Ha rna/lKIIX noTeHUl!allaX 

B 063ope paccMaTp11BaeTcg np11MeHeH11e KBa311Knacc11'!ecKoro MeTO/la 

B.K.E. K Bhl'!IICnaHl!!O aMll/1'.-ITYll paccegH11g 'la<::Tllll Ha rna;:m11x IlOT0HUllanax. 

0CHOBll00 BHIIM8Hl!0 o6pameHo Ha K8'!0CTB0HH00 on11caH11e KB8311KII8CCll

'!0CKDrO B38l!MOr.10llCTBl!g B pa3nll'!Hb!X 0611acTgx 1!3M0H0Hl!g Jll!H8Mll'!0CKII~ II 

KIIH0M8Tll'10CKl!X napaMeTpoB paccegHag, a TaKlKe Ha Q1!31!'10CKY!O i!HTepnpeTa

Ul!!O Ilpi!BO/l0HHb!X p03YllbT8TOB C TO'IKII 3p0Hl!g 113B0CTHblX KII8CCl!'l0CKl!X 

IlpllHUl!IlOB, 

Coo6~eHKa O6~8AHH8HHOrO HH0THTyTa •AepHWX H00~8AOBBHHN 
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--•--.-- _ ~ ,-~-n- -~-~---,--,-•~~~~-•~ ~~ "' ~ -, - - -~••-r"' 

\ 
;' 
I 

J 

~ 1, 

11 

;l 

l 
\ 

§~.BB en e H n e 

. HepemITllBllCTCKaSI KBaHTOBaSI MexaHHKa SIBnSieTCSI npocTeihneti nnHaMJI

'IeCKOH Mone:JblO, KOTopaSI BocnpollaBonnT OCHOBllbJe qepTbl BblCOKO::rnepreTll-
" / 1-8 ./ 

'leCKllX peaKUllll anpoHOB ll naeT aqiqieKTllBHbie MeTonbI aHamrna 9K-

" -- /9-11/ 
cnepHMeHTa, BeCbMa 6nll3Klle MeTonaM KBaHTOBOl!-Teopllll ll0il51 • TeM 

He MeHee no cnx rrop He cymecTByeT eme nocTaTO'IHo nonHoro o6aopa rro 

BbICOK09HepreTH'leCKOMY noBeneHlllO aMrrmJTyn pacceSIH!-151 Ha rnanKHX noTeH

unanax B HepenSITllBllCTCKOH Teopnn. 

3anaqa HaCTOSilllett CTaTbH - naTb no B03MO)KHOCTll KpaTKllH o6aop pe

aynbTaTOB rrpnMeHeHHSI MeTona B.K.E. K rrpo6.neMaM Bb!COK09HepreTH'leCKO

ro pacceSIHHSI qacTn:u Ha rnan1rnx rr0Te1mnanax. Mb1 He 6yneM BnaBaTbCs:I 

/4,12,13/ 
B cnO)KHbie MaTeMaT'-f'ICCKlle neTanH pacqeTOB n B rronpo6Hb!e KO-

/ 1,2, 10/ 
nnqeCTBeHHbie cpaBHettrrn C 9KCnepHMeHTOM • fnaBHOe BHllMilHHe 06-

pam<HIO Ha Ka'leCTBeHHoe OlIHCaHne KBa3li:KnaccnqecKoro B33HMonetiCTBHSI B 

paanH'IHbIX o6naCTSIX HaMeHeHllSI nnHaMtt'leCKllX n 11.:rneMaTH'leCKHX napaMeT

poB paccemnrn, a TaK~•-e 11a lpll3ll'll~CKYIO HHTep!IpeTaUHIO npnB~.[lE'l!HbIX pe

aynbTaToB C TO'IKH apeHllSI HaBeCTHblX Knaccn'leCKHX npIIHUHnoB. 

B HaCTOSillleM o6aope non MeTonoM B.K._E. noHIIMaeTcs:I npn6nn)KeHne, 

cornaCHO KOTOpDMY qiaaa pacceSIHIISI nporropUHOHanbH8 KnaccnqecKoii 'PYHKUIIII 
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/5 12-15/ 
nefiCTBIISI I • 0TM9TIIM, 'ITO B nIITepaType TepMHH "MeTO!l rrp116n11-

)K9HHSI B.K.E." 1IacTo ynoTpe5nmoT B npyroM, 5onee ysKoM, CMb1cne KBas11-

7i1 0 /2,8, 16/ 
Knacc111IecKoro npenena ➔ • EyneM pas11111IaTh "MeTo!l B.K.E." 

II "npene,'1 t ➔ 0 ", B npoTHBHOM cny'lae HaM He ns5e:lKaTh HenopasyMeHHi1: 

OTHOCIITenhHO HX o5nacTei1: npnMeHHMOCTH. 

B o5sope np11HSITh1 cneny10nme 06osHa1IeHnsi: V O - nopsinoK Benll'1:mb1 

rroTeHunana B ocHoBHofi o5nacTn ero 'cy1I1ecTBOBaHnSI, R - pasMep sTofi 06-

nacTrr, k - Monynh Ha'lanhHoro HMrrynhca, i=X - ne-5poi1:neBcKaSI nmma 

BOnHbI, f = ~ 2 
- Ha'lanhHBSI KHHeTH'lecKaSI 3HeprnSI, ( Macey paccenBaJOIIlefi-

CSI '!aCTHUbl nonO:lKIIM paBHOH emmnue)' 0 - yron pacceSIHHSI, 

EyneM c1InTaTh, 'ITO VO II R ¢eHoM~HonorH'l9CKll 38Bl!CSIT OT 3Hep-

rnII. 

flOT9HUH8nhH09 pacceSIHl!e xapaKT9pllsyeTCSI TpeMSI 5espa3M9pHbIMH rra-
X Yo 

paMeTpaMn: !!HHBMil'laCKIIMII, 1f II E , II K1meMaTH1IecKI1M, 0 , • B KBa-,. 

3IIKnaccil'lecKoM rrpenene, -9r--<< 1, MhI paccM0Tp11M cne.qy10ume 1IeTb1pe 

Vo • 
o6nacTII II3MeHeHIISI rrapaMeTpoB E , 0 

V0 X. ~ 
lrl >> R' 0 >> R 

.
1
Vo .

1
- X 

0 
~ 

-E' .s,R; -~ T 

Vo. -~ 
lyl-~R' 

~ 
0•>>R 

Vo t ~ 
1-·1,»-; 0 < -E R ,,, R 

( "CHnhHbl9 11 IIOTeHunanbI, 6onhlllHe _ 

yrnhI) 

( II cna6b1e 11 IlOTeHuIIanhI, Manbie 

yrnh1) 

( 
11 cna6b1e" rroTeHunanh1, 6onhlllHe 

yrnh1) 

( "cnnhHbie" noTeHunanhI1 Man1,1e 

yrnhi) 
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( 1.1) 

( 1.2) 

( 1.3) 

( 1.4) 

;I 

·I 
' 

II 

I 
I 

1· 

',t 

I 

Conep>K8Hlle rraparpa¢on cneny10mee. B § 2 KpaTKO ll8Hbl OCHOBHbi9 IIYHK

Tbi Knaccn'!ecKofi Teopnn paccem-nrn. B §3 nsnaraeTcSI cyTh MeTona B.K.E. 

H nenaeTCSI rrepexon K KnacCil'leCKOH' TeopIIII paccesimrn, KOTOpbill B03MO:lK9H 

nmuh Ilpll . ycnOBIISIX ( 1.1). 3To 9/lIIHCTBeHHaSI 113 BbIIIleyKasaHHbiX 'l9Tb!pex 

06naCTe1'i. rae TepMHHbl "MeTOJl B.K.E.,, n "npeaen t ' no ➔ 0 . ,, non-

HOCTh!O aaeKBaTHbI. 

B §4 pacCMOTpeHbl o6naCTJI ( i.2) n ( 1.3). 06cy:lK!l8!0TCSI 3HKOHanhHbl9 

Moaenn, ang KOTOpbIX Bb!IlOnHSI0TCSI ycnoBne: 

l'im 
E➔ oo 

Vo(E)R(E J ➔ O. 
E ~ 

§5 IIOCBSIIIl0H Bonpocy 06 3HepreTH'l9CKI!X rpa1rnuax rrpnMeHHMOCTH 3ll

KOH8nhH:>r·o npI16nI1:lKeHHSI II o6Cy:lK!l0HH!O ¢II3H'l9CKOi1: KapTHHbl paccemusi B 

o6nacTII ( 1.4). 

B aaKn101IeHnn KpaTKo nepe'lncneHhI xapaKTepHbie -'lepThI, npncy1I1ne 

pacceSIHHIO Ha rnallKHX IlOTeH_unanax II OCHOBHhie Ka'leCTBeHHhie H3M9H9HIISI, 

B03HHKa!OIIIHe C poCTOM IlOTeHunaahHOii 3He prnn. 

§ 2 •. Knaccn1IecKaSI, MexaJrnKa 

TeopHSI pacceSIHHSI KnaCCH'leCKHX 'laCTHU CTpOHTCSI Ha OCHOBe npencTaB

neHIISI O TpaeKTOpHSIX llBll)K9HHSI, KOTOpbie onpenenSIJOTCSI C IlOMOIIlh!O xapaK-

TepHCTil'l9CKOi1: ¢YHKUHH faMilnhTOHa 'S(p, 0 J • SIBnSIIOIIl9HCSI pellleHneM ypaB-

'HeHIISI faMilnhTOHa-HKOOII ll 38BIICSIIUeii OT yrna paccemrnsi 0 11 Ha'lanh-

HhIX ycno_Bufi: nMnynhca, k II IIpiluenhHoro rrapaMeTpa p 

S(p, 0)= t. i kp + 5icn (p ). ( 2.1) 
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I 
I 

.. 

Pa.rurnnhHYIO ttaCTb q>yHKUHH faMHnbTOHa 

·s Kn (-p) =k f dr v 7 - V(r) - E:_ _ k 
'o E ,2 

.00 

.J dry 7- P
2 

P r2 
( 2.2) 

B }lanbH9HIII9M 6y}leM uasbIBaTb KnaCCH'19CKOfi q>yHKUHeii JleiiCTBHSI.' 3}leCb 

r 
0 

- KnacCH'l9CKaSI TO'IKa rroBopoTa, HBnH10IIIaHCH KOpHeM ypaBH9HHH 

1 - Vfro ) - ~ - 0 E - . 1 
( 2.3) 

YpaBH9HHe }lnH TpaeKTOplIH nonyttaeTCH 113 Bblpa)KeHHH (2.1) nyT~M Jlllq>q>e-

peHUlIPOBaHHH ero no np11uenbHOMY napaMeTpy 

+ 0 <P J = 2 .. L.-s (p J. 
- - dp ~n. 

( 2.4) 

B none OTTanKHBaHHH ST0 ypaBHeHHe lIMeeT KOpeHb nHIIIb rrpll sHaKe MHHYC 

nepeJl 0 . , a B none npHTSl)K8HHH - npll . 3HaKe nn10c 0 

.U11q>q>epeHu1rnnhHOe cetteHlle pacceHHIIH ttacTlIUhI, nponeTa10meii c npn-

uenbHblM napaMeTp0M p , saJlaeTCH q>opMynoii 

!!.!!._ = _P __ ,j ~II 
dO ·sin 0 d0 

(dO= ~1rsin0d0 ), ( 2,5) 

113 KOTOpoii cneJlyeT, 'ITO }lnSI rnaJlKlIX noTeHuHanoB V(r) I 06pama10IIIHXCH 

B Hynb T0nbK0 npH r ➔ .OO • nonHoe cetteHlle pacceHHHH paBHO 6ecKOH8'1HOC-

Tll: 

0max 

u =f±!......dn=2" J d0 
' · dO o 

plj :: '.I "'17p 
2 

(0); p (0) =.oo. ( 2.6) 

B }lanhH8iillI8M STOT q>aKT 6yJl8T Ba)KeH npll aHan11se KBa3HKnacclI'l8CKOI'0 

pacceHHHH Ha ManbI8 yrnhl B o6naCTlI ( 1.4) • 

~~-

6 

i 
'j 

,1 

§3. CyTh MeToµa B,K.E, H rrpeµenhHhitt II_fillexoµ K 

K/18.Q.CJI'IeCKoiL Teo mm pacceHHK.H 

AMIInlITyJla pacceSIHlIH B KBaHTOBOtt MexaHlIKe, pa3nO)K9HHaH no nap

u11anbHbIM BOnHaM, lIMeeT BlIJl: 

j; .oo · 21oe 
f(0)=-- ~ (U+1J Pe (cos0)(e -1). 

2ik &:o (3.1) 
✓ 

/4~12-15/ 
CornacHo ·MeT0JlY B.K.B. q>asa 0e B KBaSHKnaccHttecKoM 

rrp116n1I)KeHHH, i-- .<< 1 • M0)KeT 6bITh san11caHa KaK npeJlen, K KOTOpOMy 

CTpeMlITCH npll r ➔ .oo pas H0CTh q>a3bl KBaSIIKnaccH'IeCKOii BOnHOBOii q>yH~

UlllI B none V(r) II q>aSbI BOnHOBoii q>yHKUlIII cso60JlHOJ'O JlBII)K8HHH. 3TOT 

npe}len C TO'IHOCThlO JlO HecymecTBeHHblX JleTaneii paBeH OTH0IIIe}llIIO Knac

ClI'leCKOii q>yHKUlIII JleiiCTBlIH (2.2) K noCTOHHH0ii ITnaHKa: 

B.K.E;l p 
oe . e= x 

·s.11:n<P) 

:1; ( 3.2) 

B CYMMY ( 1.3) npll ~ .<<1 BHOClIT BKna}l 6onbllIOe 'IIICno napu11anbHbIX 

BOnH.' IToaTOMY C }lOCTaT0'IH0 xopollieii TO_'IH0CTh!O STY cyMMy M0)KHO saMe:.:. 

HlITb lIHTerpanoM no rrp11uenhHOMY napaMeTpy p=~ e 
(3.2) aMrrm1Ty}la (3.1) npHHIIMaeT B1111: 

k . "° ·sKn< P J 
H0l=rj pdp ~~ (cos0)(exp{2i t 1-1). 

• TorJla c ytteToM 

( 3.3) 

<l>opMyna 
0

(3.3) 6yJleT JlnH Hae lICX0JlHOii a J:WlibHeiillieM Hsno~eHIIII. 

ITpocne}llIM Tenepb, K8KlIM o6pa30M npoHCXOJlHT rrpe}l9.:IbHblH nepeX0Jl 

OT KBaHT0BO-MeX aHlI'IeCKOH TeoplIH pacceHHHH K KnaCCH'IeCK_oii. rosoplIT_b 

0 TaK0M rrepexo}le lIM88T CMbICn nllllib B o6naCTlI ( 1. 1). Or:-.pa.HH'l9HHH ( 1.1) 
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-
1 

Yo t t--:1•»-
E R ' 

t 
0•» R ( 3.4) 

paBHOCIInhHbI .npeneny .f; I ~ ➔ 0 npH q>HKCHpOBaHHH BC9X OCTanbHbIX napaMeT-

poB pacceSIHHSI H 03HaqaroT, qTO nopSIJ:tOK KnaccnqecKOH cjiyHKUHH neficTBHSI 

MHOrO 5onhIIIe IlOCTOSIHHOll TinaHKa, a yron pacceSIHHSI MHOrO 5onhIIIe, qeM 

KBBHTOB8SI aeonpeneneHHOCTh Byrne. 

nocTaT_o-qao xopoIIIHM npn5nn:>KeHHeM nnSI nonnaoMoB ne:>Kaqnpa npn 
/131 

p •» 1 r H T sin 0 •~ 

"" . l P p ( cos0 ) = · [ e 

r -1 ·2 P · 0 /\ V. 1T y :s•r 

SIBnSieTCSI Bb1pa:>KeHHe 

p k0 TT 

1--y--'-r 
+e 

pk0 TT 

-r-r+•4 
]. ( 3.5) 

TioncTaBnSISI ( 3.5) B HHTerpan ( 3.3} n BbJqncmrn ero MeTOJ:IOM CTaUHOHBp-

/13-151 ,. 
Hoit cjia3hl ' cnpaBennHBbIM npH h ➔ 0 I ,JlnSI aMITnHTyJ:lhl pacceSIHHSI 

nony'iHM Bb!pa:>KeHH9 

. I * .. oo ½ kp0+ 2'S (p) -kp0+2S (p) 
;~f(0J=-v' •. fp 2 dp[exp{i · t Kn -i~l+exp{i · t Kn +i!!-ll 

21rs1n 0 O · · · 4 4 

daKn ik·p±0+-i2'S (p:) d0 = 
=v-expl+ Kn + ;!J..-(1-sign--(p) I, 

dO - - " · dp 

rne 

d~Kn 

dO 

"' pt. (0) 

d0( P±) lsin0 
:I dp"'+ 

8 

( 3.6) 

( 3. 7) 

( 3.8) 

) 

I 

l 

... 
·p + - sKcTpeManbHOe 3HaqeHii:e npnuenhHoro napaMeTpa, onpenemrnMoe na 

xi 
ypaBH9HHSI 

d 

dp: 
[t.kp 0-2S + Kn 

.. 
(pt J] = 0. ( 3.8) 

3naK nnroc HnH MHHYC B ypaBHeHHH (3.9) BbI5HpaeTCSI B 38BHCHMOCTH OT To

ro, KaKaSI H3 llBYX 3KCilOH8HT B ( 3.6) HMeeT 3KCTpeMyM~-- Ecnn noTeHUHan 

H 3KCTpeManbHOe 3HB'i9HH9 p 

unanbHOe ceqeane 

neil:cTBHTenI:,HbI, TO KBaHTOBOe nncjicjlepeH-

~ = l ~ H 0 > :1 
dO 

2 

coBnanaeT c KnaccnqecKHM, 
daKn. -dO 

§4. "Cnaoue' noTe1runanhJ" 

B cny-qae •cna5b!X .. IlOT9HUH/lnOB 

·1 Vo ·1 . X 1 ( ) . -. < - .« . 4.1 
E "' R 

nnSI cpaau pacceSIHHSI ( 3.2) cnpaBennnB nepBhifi -qneH paano:>KeHHSI ee B pSin 

. Vo 
no ManoMy napaMeTpy E 

B.K.E. L.oo V(r) dr =-
28 ,>.. = 2 x (pJ=-~f £!_· 

PIA . O p E ,f ,_ 
,2 

.00 

=-+1 V(\fp2 + ,! ) d~ 
2E 

R Vo < 1 • "'xr-

(4.2) 

(4.3) 

xi· 
BylleM C'iHTBTh .Clllil npoCTOThI, '{TO cymecTByeT enHHCTB9HHOe peIIIe-

HHe ypaBH0HHSI (3~9). 
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Ms (4.3) cnenyeT, 'ITO IIO IIOp.lIJlKY BenH'IlfHhl KnaCCH'I0CKa.lI qlyHKUH.II )l0HCT

Birn ,B o6naCTH ( 4.1) MeHbIIIe HnH paBHa IIOCTO.IIHHOH flnaHKa. 

ITonHHOMhI ne)l{aHnpa rrpn ManhIX yrnax pacce.1111n.11 n 6onbIIIHX rrpnuenh-

HhIX rrapaMeTpax, p ·>> 'X • 0 p .;;; ~ • aCHMIITOTH'I0CKH MO)l{HO rrpe)lcTaBHTb 

/13/ 
B BH)l0 

P . 1- . ( cos 0 ) = 'JO ( ~ ) • 
p/A A 

(4.4) 

nn.11 aMIInHTYJlhl pacce.lIHH.II B 3TOM cny'Iae HMeeT M0.CTO TaK H83bIBae-

/ l 1/ • /17,2/ 
Moe OIITH'I0CKOe I nnn 3IIKOHanbHOe ,rrpe)lCTaBneHHe 

. oo . 0 I 2 X O (p ) 
f( 0 ) = ~ f p dp 'J ( -f- ) ( e - 1 ) . 

. iA o O ,\ 

( 4.5) 

0 crrpaBerinHBOCTH M0TO)la B.K.E. B o6naCTH (1.2) roBOpHT TOT qlaKT, 'ITO 

a11anorH'IHoe rrpencTaBneHrre 

1 .00 . p I 2 IX O (p ) 
((0)=.-r- f pdp J

0 
(2,::sin-0 )(e -1) 

11\0 -A 2 
(4.6) 

/2 18/ 
B pa6oTax ' rrony'IeHo He_rrocpencTBeHHO rrs ypaBHeHIIH Wpenn11repa n 

6es pa3n0)1{0HHSI IIO rra;iurram,HbIM BO:IHaM. ITpn 3TOM JlaIOTCSI cneny10m11e 

/18/ 
rrpenem,I IIpHMeHHMOCTII 3ii:KO!lanbHOrO rrpeacTaBnel!HSI 

r- (4.7) 
0 «. vR, 

. Vo --i.-
1 E'I « v-t . ( 4.8) 

3TH ycnoBHSI qiaKTH'I0CKH 03Ha'IaIOT, 'ITO 

10 

I 

I 

i 
-I 
i 

s 
I max r I - I max XO l« 1 H J ( 2 R . ..!.._ 0 ). =·J ( R 0 ) 

0 ~ s,n 2 - 0 r ' 

T.e. Bb!p8)1{0HH.II ( 4.5) H ( 4.6) COBIIa)laIOT 

/19/ /13/ 
B pa6oTaX ( CM. T8K)l{0 ) nenaeTCSI YTBep)K)leHJre, 'ITO Bb1pa-

)l{eHHe ( 4.6) C qiasoi1:, Hai1:ileHHOH IIO M0TOJlY B.K.E., crrpaBe,/lnIIBO )lnSI n106bIX 

3Heprni1: H yrnoB. 0TM0THM, 'ITO yKa3aHnoe rrpe)lCT/lBneHHe B OTnH'IHe OT 

(3.3) rrpn yrnax pacceSIHHSI, rne cymecTBeHHa pasm1ua Me:llmy BenH'IHHaMH 

0 n 2 sin L 0 
2 

, He 6yneT YJlOBneTBOpSITb IIpHHUHIIy COOTBCTCTBHSI c 

KnacCH'I0CKOH MexaHHKOH. 

nnSI rrpencTaBneHHSI aMIInHTYJlhl B BH,'le (4.5), (4.6), TaK )1{0 K_aK H nm1 

Bb!pa)l{eHHii: ( 3.1) H ( 3.3) I crrpaBe)lnHBo· COOTHOIIIeHne, CBSl3b1Ba10mee IIOiIHOe 

Ce'IeHIIe C MHIIMOll 'I8CThIO aMrrni'.JTyLlbl paccesimrn, 

a =4rr~lmf(O). 
t 

(4.9) 

ITpe)lCT/lBneHne aMIInHTYJlhJ, aHanorH'IHOe 3ttKOHanbHOMY C ll3Me/leHJISIMll, co

OTBGTCTBYIOIIIHMH penSITllBHGTCKOH JlBYX'IBCTll'IHOH KHHeMaTl!Ke, B03HHKaeT 

IIpH pelllGHllH KBa3HIIOTeHUJianbHOro ypaBHeHHSI noryHoBa-TaBxennase C 

/9, JO/ 
rna)lKIIM KOMIIJI0KCHhIM noTeHuIIaJIOM , a T8K)l{0 llpll cyMr,mpoBaHJlll 

. /11/ 
rpaqioB <PeiiHMaHa B HeKOTOphIX MO)l0JISIX KBilHTOBOll Teopllll nom1 

B HBCT::rnmee BpeMSJ 3HKOH8JibHOe npe/lCTaBnem1e ll ero MOJlliqllIKBUJ!ll 

HHTeHCHBHO JlCIIOJib3YIOTCSI )lJISI aHamrsa 3KCnepl!M0HT8JibHhlX /lBHHhIX ITO an
/ 2,20/ 

POHHOMY II smepHOMY pacceSIJlllJO. HcT:JpJI'I0CKtt K BbICOK03HepreTJl'IeC-

KOMy pacceSIHllIO a/lpOHOB 

/1/ 
OcHoBHaSI nneSI pa6oT 

/ ]/ 
OHO anepBble 6blJIO npIIMeH_eHO · a pa6oTax • 

3aKJIIO'IBil8Cb B paCCMOTpe;nrn HyKnoHa KaK HeKo-

Topoii onTn11ecKoii cpeJlhl, nornoIIIaJ<•llleil 1wi1 npenoM.nHJOllleil naual<'IIIl!e Ha 

I J 



Hee KBaHTOBO-MexaHII'IeCKIIe BOnHhI. CoBpeMeIIHoii: TeopeTII'I9CKOii: peanII3a

/21/ 
uneft aToii: nnen RBnReTCR Monenh 4y-HHra • 

ITpencTaBnemie (4.6) TaK ,Ke nmpoxo ncnon1;,3yeTcg, KaK onnH II3 oc-
. • /22/ 

HOBHblX cnoco6oB YHIITapII38UHII ( 4.9), pen)Ke-nomocHOII MO!lemI • B 

naHl!OM cny'!ae xo:.mneKCHbiii: noTeHu.nan IIHTeprrpeTnpyeTcg KaK pe3ynbTaT 

B38IIMoneftcTBIIR, B03HIIKa10mero npII ·o6MeHe pen)KIIOHaMII. 

/5 8/ . 
B pa6oTax ' nng aaann3a axcnepnMeHTa 6bm npIIMeHeH sq>cpeKTIIB-

Hhiii: MeTon, B ocaoBe KOToporo ne)KJrT npencTaBneane cpa3bI pacceRHIIR B 
· . /14/ 

Bb1pa,KeHIIII (3.1) B 6opHOBCKOM BIIne. l13BeCTHO • 'ITO o6nacTII IlpIIMe-

HIIMOCTII 6opHOBCKOro II KB83IIKnacCII'I9CKOro npn6nII,KeHIIii: nepeceKaIOTCR II .. 

/23/ • 
KaK IlOK838HO B pa6oTe , B KB83IIKnacCII'!eCKOM npenene 

npII6nII)KeHIIe nng cpa3bl COBnanaeT C 9HKOHanbHbIM. ITo9TOMY 

6opHOBCKOe 

npII L« I 
R /5/ 

MeTon, II3nO,KeHHblH B pa6oTax • HaxonIITCR B BeCbMa 6nII3KOM OTHOllle.,-

HIIH K MeTony B.K.B. C cpa3ofi B rrepBOM npII6nII,KeHIIII no IIOTeHuIIany ( 4.3). 

B 6onbll!IIHCTBe MeTOAOB aHanII3a 9KCIIepIIMeHTOB no CIInhHbIM B3aIIMO

neficTBIIRM, ncnonh3YIOmIIX 9HKOHanhHOe rrpencTaBneHIIe nng aMnnIITYAbI, 3a

BIICIIMOCTh V ( E) II R ( E ) Bb16npaeTcg ( IInII o6ycnoBncHa cooTBeTCTByiomeft · 

TeopIIeH) TaKIIM o6pa30M, 'IT06b! !pa3a paccegHIIR ( 4.3) C poCTOM 9HeprIIII 

MenneHHo, norapncpMII'!eCKII, y6hrnana TaK, 'IT06h1 npn aHeprngx 10-20 fsB oua 

·1 ·s ·1 o J ,I. /5, to; 221 CTaHOBIInacb MHoro MeHbll!e enIIHIIUhI: max 11'.n "' I h 

ITosToMy ocHOBHofi BKnan B aMrrnIITyny rrpII Manwx yrnax paccegJIIIg 

0.~ ! naeT nepBoe 6opaoBcKoe npn6nII,KeHIIe (cpyphe-06pa3 rayccOBCKo

ro noTeHUIIana). OITIICb!BaIOniee AII!ppaKUIIOHHb!H IIIIK. Beg UII!ppaKUIIOHJiag Kap

TIIHa Bo3HIIKaeT 3a c'!eT nepepacceganfi, T.e. y'IeTa cneny10mIIx '!neHoB pa3-
2, )( 0 

no,KeHIIR ( e - 1) B pgn rro X O B ( 4.6). 

C poCTOM yr.ita pacceRHIIR nncppaKUIIOHHblH pe,KIIM CMeHgeTcg opnpoBC-

KIIM 
d a - & 1<0 __ ,,, e 

dO 
(4.10) 

12 

/3/ 
B pa6oTe npenno,KeHa KBa3IIKnaccII'!ecxag IIHTepnpeTauIIg aToro 

p0,KIIMa KaK paccegHIIg B KnaCCII'!eCKII 3arrpemeHHYIO yrnoByIO o6naCTb. 

IleftCTBHTenhHO, KaK Mhl BHnenII B §3, npn 6onhll!IIX yrnax paccegHIIg, 

~ 
e '>> R' ( 4.11) 

nng aMrrneTynh1 crrpaBennnBa KBa3IIKnaccII'!ecxag cpopMyna ( 3. 7) c 9KCTpe

MBnhHhIM 3H8'Ic!HIIeM rrpnuenbHOro rrapaMeTpa; orrpenengeMb!M C y'IeTOM ( 4.~ 

113 ypa1rnemrn 

R0 
,:- R_!f_.2x (p). 

dp o (4.12) 

ITocKOnhKy neBag '!aCTh aToro paBeHcTBa cornacao (4.11) MHoro 6on~me 

enIIHIIUhI, a rrpaBag '!aCTh, R f- 2 )( 0 (p ) "' 2 X
0 

(p) 
p ,.- , cornaCHO (4.1), 

I!pll nefiCTBIITenhHbIX 3Ha'!e1{IIgX p MHoro MeHhllle enIIHIIUbI, TO 9KCTpeMyN. 

AOCTIIraeTcg nIIlllh npII ManbIX 3Ha'!eHIIgx IlpIIuenbHOro napaMeTpa. HanpIIMe 

B cny'!ae neficTBIITenhHoro rayccoBcKoro rroTeHuIIana 

v,,,_2v _.l.. 
- -- e 1c2 

v7 

~1a3a II 9KCTpeManhHoe 3H8'IC~Hlle p IIMeIOT BIIn 
p2 

R Vo 
ix (pJ=xE e - ,iI 

0 

P ::; ; R v .en 2E 0 
Vo 

E -v0 ·» 1 0 • 

(4.13) 

( 4.14) 

B oTnII'!IIe OT KnacCII'IeCKoro Bb!pa,KeJIIIg nng ce'!eHIIg B ( 3.10) B03HIIKaeT 

aKcrroneHunanhHbiii: cpaKTop ( 4.9). 

13 



/3/ 
B pa5oTe . npenno*eHa KBaanKnaccnqecKaH nHTepnpeTaung aToro 

pe*nMa KaK pacceHHllH B KnaccnqecKn aanperueHHyro yrnoByro o5nacTb. 

IleiiCTBHTenbHO, K8K Mb! Bnnenn B §3, npn 5onblllllX yrnax pacceHHllH, 

( 4.11) 

nnH aMnnnTynb1 cnpaBennnBa KBaanKnaccnqecKaH $opMyna (3.7) c aKcTpe

ManbHbIM 3Haq3HneM npuuenbHoro napaMeTpa, onpenengeMbIM c yqeToM (4.3) 

113 yp;gme111rn 

R0 d ( J ---r--=R-lx p. 
i\ d p o 

(4.12) 

TTocKonbKY neBag qacTb aToro paBekcTBa cornacHo (4.11) MHoro 5onhllle 

ennHHllbI, a npaBaH qaCTb, R /p 2 X O ( P J "' 2 X0 (p} , cornaCHO ( 4.1), 

npn neiicTBHTenbHbIX 3HaqeHllHX p MHoro MeHbllle ennHllllbl, TO 8KCTpeMyM 

nocTnraeTCH milllb npn ManbIX 3HaqeHnHx npnuenhHoro napaMeTpa. HanpnMep, 

B cnyqae neiicTBnTenbHoro rayccoBcKoro noTeHunana 

V ( r } 

,2 
2V -,;i 

=--- e 

v" 
"' ~1aaa n aKcTpeManbHoe 3HaqeHne p 

p2 
R Va - ,iI 

lx (p} =~ - e 
o i\ E 

P ~; R v {'n 2E 0 
Vo 

( 4.13) 

llMe IOT BllJl 

( 4. 14) 

B oTnnqne OT KnaccnqecKoro Bb1pa*eHHH nng ceqeHIIH B (3.10) BO3HllKaeT 

8KCITOHeHUll8liblibIH qiaKTOp ( 4.9). 

13 



Eonee rronpo6eoe, MaTCMaTn'lecKII CTporoe II TO'l3oe Bhl'!IICneHne aMrr

nlITYAbI paccesIHHSI Ha raycCOBCKOM ITOTeHuliane B naHHOW o6naCTII c rro

MOIUblO MeTona B.K.E. II C IICITODb30B8HIIeM KOMrrneKCHO.ii: rrnoCKOCTII pamiy-

141 
ca•seKTopa rrposeneHo B pa6oTe 

CnenyeT OTMeTIITb, '!TO KOMITneKCHOe 3Ha'!eHne p B03H!IKaeT TaK)Ke 

rrplI - rrpo1I3B0Db~OM no BeDII'ltIHe KOMrrneKCHOM IIOTeHlllwne. llnsi TaKl!X rro

TeHunanoB y:lKe HeT qeTKOW pa3HIIUbl Me:lKny KnacCII'!eCKH JlOCTl!)KIIMbIMII 11 

eenoCTll:lKIIMbIMll yrnaMII pacceHHllSI.-
Vo -X 

IlocKo.ribKY B pl!ccMaTpllBueMOM 3necb cnyqae l E I « R aMrrnn-

Tyna_ paccemmsi srrepen orrpenem1eTcsi 6opHoBCKIIM rrp116m1:lKe1meM, To oT 

BeDII'l'J:Hbl MHIIMOW '18CTII IIOTeHuliana cymecTBeHHO 38BIICIIT OTHO!!Ie1rne yrrpy

roro ce'!eHIISI K HeyrrpyroMy II neii:CTBIITenbHOW '18CTII aMIInIITYJlbl Brrepen 

K MHIIMOW. IlocnenHee OTHOllieHIIe rrpencTaBnsieT IIHTepec B CBH31I C ycTaHOB-

/241 
neHHbIMII B pa6oTe o6IUIIMII KpIITeplISIMll HapymeHnH TeopeMbl IloMepaH-

'lyKa 06 aCIIMITTOTII'!eCKOM paBeHCTBe ITODHhlX ceqeHIIW B381IMO~eii:CTBIIH qac

TIIllbl II 8HTII'!8CTHllbl. A _IIM9HHO, H·apymemie IIMeeT MecTO, ecnlI nnsi aMrrnu

TY::lbl Brrepen BbIITODHHeTCH COOTHOllleHHe 

Ref( E;o) 
Im f(E, 0) 

1 
l'nE 

➔ 0. (4.15) 

Ilonpo6eoe paccM0TpeH1Ie sToro Borrpoca nnsi rroTeHulianhHOii: Monen1I, rne 

BblITODHHeTCH aCIIMITTOTII'!eCKII ycnomie 

. . 161 
B pa6oTe 

14 

Vo(E) 
E << 

~ 
R(E) 

, rrposeneeo 

'r . 
. \ 

i r r 
f, 

l 

- • .,,<.,,7 

I{ 
1:21 
,;i 

t' i 
J 
"/4 

I 
l 
I 
'1 

t 
;! 
J. , 

\ 
t:~--}iti 

xi 
§5. "C11nhHb1e~ rr0Tem-11Ianb1 II Manbie yrnb1 paccemmsi 

B paMKax KBa31IKnacc1I'!ecKoro MeTona B.K.E. MeHee Bcero 1Iccneno-

BaHa o6naCTb 6onblll1IX KD8CCII'10CKIIX qiyHKUIIW neil:CTBIIH :1 maxS :1•>> t 
KD 

nnu "cIInbHhlX" ITOTeHUIIanoB 

Vo I 
E-, >> 

~ 
R 

II MlWblX yrnoB pacceSIHIIH 

e < 
t 
R 

( 5.1) 

( 5.2) 

Pe3yDhT8Tbl, KOTOPbie l!MeIOTCH. B DIITepaType, rrony'!eHbl, B OCHOBHOM C 

IIOMDl.;-{blO 9fiKOH8DbHOro Dp1I6DII:lKeHIIH, HBDH:OIUerocsi, KaK Mb! y:lKe OTMe'!a

nn, qacTHbIM cnyqaeM MeT_ona B.K.E. OnHaKo Borrpoc 06 seepreTII'!eCKIIX 

rpa'IHUaX crrpaoennlIBOCTII 9WKOHanbHOro rrp1I6n1I:lKeH1IH He COBCeM _s1cee. lJa-
121 

me Bcero c'!nTaIOT , '!TO rrp1I6n1I)KeH1Ie crrpaBennlIBo rrplI ycnoBIIII 

I '!.2.. I « ' . < 5.3) 
E 

u 1181 
Ilp1I6D1I)KeHH8H oueHKa qneHOB 9llKOH8DhHOro pa3DO:lKeHIIH naeT orpaHII-

'!eHIIe: 

1 
Vo ·

1 
.T 

, E « v R , ( 5.4) 

KOTopoe C TO'IKII 3pemrn KnaCCII'!eCKOro rrpenena * ➔ 0 Dp1IHUIIITII8DbHO OTDII~· 

qaeTCH OT rrepBoro. C npyroii: CTOpOHbI, IIMeeTC;H 

u 1261 
HIie 91!KOH8DhHOrO rrp1I6D1I)KeHIIH B cnyqae 

pHJl pa6oT, rne rrplIMeee-

:X- Vo y- « -- .<< / IIDII R E 

xi 125-301 
B II3DO)KeHHH § 5 Mb! 6yneM cnenoBaTb pa6oTaM 
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/27/ 
npu V0 (E ) "'E HaxonHTCH B cornacuu c ¢uauqecKHMH peaynhTaTa-

MH, nonyqeJIHbIMH B paMKax npyrux, 6onee o6mux MeTonoB. B qacTHocTn, 

nonHoe ceqeHHe pacceHHHH Ha JOKaBCK0M Il0T9HUHane npn VO "' f conrra-
u /28/ 

naeT c rpaHrrueu ~pyaccapa • 

OTM9THM, qTo MeTon CTaurroHapHOH q>a3bl (cM. §3) X0TH H HenpHMCHIIM 

nnH BbJqucncHHH KBa3HKnaccuqeCKOH aMrrnHTYllbl pacceHHHH Ha ManbI9 yrnbI, 

HO npu6nH3HT9abHO yKa3bJBaeT, Kyna CMemaeTCH o6naCTb npnuenbHbIX rrapa-. 
MeTpoB, K0T0pbie naroT 0CH0BH0H BKnan B llHTerpan (3.3). J.13 paBeHCTBa 

( 2.4) cnenyeT, qT.'.) np;i: ¥-<< I TQqKa 8KCTpeMyMa CMemaeTCH B o6naCTh, 

rne R .!L I S ( p) I "' I S (p ) i < 'Ii • n~cnenHee HepaBeHCTBo (CM. 
dp Kn Kn 

§4) oattaqaeT, qTo B nam-1oil: o6nacTJI KBaaHK,1accuqecKyro qiaay pacceHHHH 

M0:1KH0 annpoKCHMIIp0BaTh "6opHOBCKHM" npu6nH:1K9HH9M (.4.3). noaTOMY 

cnenyeT 0:1KHnaTb, qTo •ycnoBf!H ( 5.3) II ( 5.4) HBnHJOTCH nHlllh nocTaToqHbl

MH II 8HK0HanhH09 npu6nH:1KeHHe nnH aMIInHTYllbl pacceH HUH Ha rnamrnx 

noTeHunanax cnpasennnBo B nuqipaKUHOHHoii o6nacTH ManbIX yrnoB npu nro-

6bIX Il0T9HUHa.TibHbIX 8HeprHHX. 

Bb1qucnHM B KBaarrKnaccuqecKoM npu6nrr:1KeHHH ( 3.3) II0nHoe ceqemie 

pacceHHHH: 

(T 
t 

BKE 
1. 4 00 218 (p) 

= 411 A Im f( 0) = Im [ -!L f p d p ( e - 1 ) ] 
I 0 

2 

Ha rayccoBcKoM noTeHurrane: V( r ) = 2Vo e - "ii2 
y-;-

(5.1). 

( 5.5) 

B acHMilT0THKe 

TTpu6aBnHH H BbJqHTaH B Bb1pa:1KeHHH ( 5.5) non 3HaK0M KpyrnbIX CKo6oK 

q>yHKUHJO exp I i 2 X
O 

( p ) I , npencTaBHM nonHoe ceqeHrre B Brrne 

(T u + !t.u ( 5.6) 
t t aiiK, 

• 

16 

rne 
2 

V _{!.,: 
(T taJ'.i.K. = 411 Im [; jp d (1- 21x O (p) o . p e )] ; R O R 

2 x O (pJ=- "f"E e ' (5.7) 

!t.u 
t 

. oo 21)( 0 <pJ BKE 
411 Im [ i fpdpe (I-exp llio (p)-2ix

0
(p)I) • 

0 
( 5.8) 

AcHMilTOTHKa aiiKoHanhHoro Bb1paJKeHHH npu ! ~o I f- •>~· 1 
/2/ . 

qucnHeTCH C 'Il0M0!UhJO 3aMeHbl 

p2 
-~ 

e = x, 

(T 

t 8HK. 

p 
max 

1 dx 
= 211 Im [ iR 2 f --0-e 

0 X . 

R Vo I =Rvfn!TE 

RV 0 
-1-- X 

A E = 2 ) =211p 
max 

nerKO Bbl-

( 5.9) 

( 5.10) 

( 5.11) 

Ba:1KHO nonqepKHYTh, qTo OCHOBHOH BKnan B HHTerpan (3.7) naJOT 6onhlliH9 

npuuenhHb1e napaMeT,JbI p "'p 1 K0T0pb!e onpenenHJOTCH H3 ycnoBJIH 
max 

lx/pJ,,,1. 

nocne aaMeHbI, aHanornqHoii ( 5.9) ,· Bb1pa)KeHne ( 5.8) nm1 /1.u, rrpn

HHMaeT BHll 

!t.u 
t 

3nech 

1 12 Xo (O)x 

= 4 11 Im f dx e g (x). 
0 

.. BKE 
g(x)=-1-[explli[o (p)-x (p}]I- 1 ]I -

1-ix O p= Rvfn -
X 

17 

( 5.1 2) 

( 5. 13) 



-nncpcpepeHunpyeMaH n Hecm1rynHpmrn cpyHKUH SI Ha HHTepsane [ 0, 1 ] 

HSISI s (5.12) JIHTerpJipoBaHJie no qacTSIM, nony'IJIM: 

BKE 
210 (OJ 

11 u = -4 rrR 2 Im [ e - e 
t 2x (OJ 

0 

21x 0 <oJ 1 1 i2X (OJ 

2 X (O) f dx e 
O 

"dg ( x) 
o O -;;;-l· 

• Bhmon-

( 5. 14) 

1,fa nocneJ:1Hero Bb!pa:l!<eHHSI BHJleH 3HaKonepeMeHHhlll 

ro paano)KeHJIH B pHJl no 

xapaKTep aii:KOHanbHO-

BKE R .oo Vo 
[o (OJ- x

0
(0)],,. .:-I (-) ncn 

I\ n =2 E 

OueHKa riepBb!X qneHOB aToro PH/:18 C uenbIO Bb!SICHHTb rpaHHllbl npnMeHHMOC-: 

TH aii:KoHanbHoro npJI6nJI)KeHJIH ( 5. 7) npJIBOJlJIT K orpaHJI'leHIISIM CBepxy Ha 
V /18/ V 

senJI'I rrny _JL.. ....:.J!... « 
E E v~ R 

11cnonh3YR paano*eHJie KnaccJI'l.eCKoii: cpyHKUJIH neil:cTBJISI 

BKE. I _ 
28 ( p) 'p=yfn~ R 

V V. 2 1 -R...[x-0 + x2(...!.fl) -'·-O+yrrfnx)+ ... ] (5.15) x. E E • 2yrr 

JI nonaraSI X= y:j · Yo ·1 y R , llnR nonpaBKJI 
E ~ 

11u nony'IJIM npn 

:1 ~ I •» i_ ➔ 0. cneJ:1y10my10 oueHKy: 
E . R 

fim !J.u, 

R .1 Vo. T 

.
1
vo.

1
.,~ 

. E v7\ 

f dye 
0 

R 
-IV7tY exp I- iy 2 [1 + 0 <v}-r Jll -1 

iy 

V-r:· - I» V-,- ➔ O 
A E R. 

""0 ( 
.00 

f dy y 
0 

e 

R -IYJtY 

18 

. ~ 

),,.0(-). 
R 

( 5.16) 

3aMeTHM, 'ITO o6nacTJI :1 Ev O I « ✓ } JI 
R 

Yo•>> .i_ 
E R 

qac-

TJI'IHO rrepeceKaIOTCSI. CnenosaTem,Ho, aii:KoHanhHoe rrpu6nu*eHJie npnMeHHMo 

/:lnSI rayccoBCKHX noTeHuJianoB npOH3BOnbHOii: BenH'IHHhl. 

ITpJI'IJIHa crrpaBellnJIBOCTJI 8HKOHanbHOro rrpn6nJI)KeHHSI aMnnHTYllbl pac

ceSIHJISI Ha Manb1e yrnhI AnR n106b1X noTenunanbHhlX aHeprnii:, KaK n cmmosn-

no O)KH/:laTb, B TOM, 'ITO s JIHTerpane ( 5.5) 
. 2S Kifp) 

UIIH expl1 ~ I na'IHHaeT AaBaTb BKnall, 

6b1CTpo ocuunnHpy10nraSI cpyHK

cpaBHlIMbiii: C ennm1ueil: nHlllb 

B o6nacTH npnuem,Hh!X napaMeTpoB p"' p 
ma,c 

, rAe 
2SKn< p) 

fi - nopSI/:IKa 

eJ:11IHHUbl n, cnenoBaTenbHO, COBnanaeT c aii:KOHanbHOil: cpaaoil: ( CM. §4). 

TaKoe noBeJ:1enne nOllbIHTerpanbHOii: cpyHKUllll B ( 5.5) cpn3H'l3CKH 03Ha

'laeT cmihHyIO HHTepcpepeHUHIO /:IHcpparnpyIOIUJIX y~aCTKOB rrnoCKOil: B0nHbl pac-

ceHBBIOIUeil: CR qaCTHUhI, Jlml KOTopoil: p .< p . ( a TaK)Ke qacTH'IHOe 
ma,c 

HnH nonHoe nornomenne, ecnJI noTeHunan - KOMnneKCHaSI Benn'lnna). 

ITonpo6noe HccnenoBanne ail:KoHansuo.-o npellcTaBnemrn B cnyqae "cnnh-
~ /27 29 30/ 

Hb1x" noTenunanoB ( 5.1). 6bmo npoBeJ:1eHo B neAaBHHX pa6oTax ' ' 

noCBSIIUeHHblX acnMnTOTH'leCKOMY noBelleHHIO aMITnHTYll pacceSIHH.11 B neKOTO-

pb!X .MoJ:1enRx KBanToBoil: Teopnn nonR. ITpnMepoM TaKoro rroTeHunana B pen-
. /22/ 

)Ke-ail:KOlianhHOH MOJ:1em1 npn E ➔"" MO*eT cny)KHTb o6MeH .YnbTpano-

/30/ 
Mep0HOM • T.e. rronIOCOM PeJ:1)Ke, TpaeKTOpHSI KOToporo ner·JIT Bblllle 

TpaeKTOplllI non10ca IToMepaH'lyKa. ITono6naSI CHTyaUHSI B03HHKaeT TaK)Ke rrpn 
/27/ 

pacceRHHH 'I0CTHU B rpaBHTaUHOHHOM none 
.1Vo IR 

Cornacno cpnanqecKoil: HHTepnpeTaunn, nano*eHHoil: Bbillle, npn , E, 1-➔ "" 

crrpaBellnHBa THnH'IHO onTH'leCKBSI KapTHHa pacceRHHSI CBeTa na qepHoil: ccpe

/31/ 
pe C pacTyIUHM pa/:IHYCOM (nncppaKUHSI <PpayHrocpepa). AMnnHTYllY pac-

/30/ ( ( i2X . 
ceRHHSI HeTpyJlHO nony'IHTb JI3 4.5). IIOJlCTaBmrn BMeCTO e 0- 1) 

CTyrreH'laTyIO cpyHKUHIO 

0(p ma,c -p) = I J, P'.::Pma,c 

0, P •>p ma,c 

)fl 



p p 
f • ( 0 ) : i ~ J ( max 0 ) • 

SllK. 2 8 1 -r- ( 5. 17) 

ITpII :1 
V0 (E) R( E) 
-· --r--1 "'E n 
E i\ 

I n •> 0 ' B aCIIMilTOTIIKe E ➔ 00 , KOTOpll.11 

coa~anaeT c rrpenenoM t -+ 0 , II3 (5.11) II (5.17) cnenyroT pe3yn&TaTw 

6 
. /27,29,30/ 

pa OT 

.I a 
t 

CTpeMIITC.11 K 6ecKOHeqHOCTH, 

II • 0TJIOIII0HIIe peanhHOii: qaCTII K MHIIMOii: aMrrnIITY/lbl arrepen CTpeMHT

C.11 K Hynro. 

Ill ~➔ 
a In 

1 
2· 

IV • ilIIqipaKUIIOHHblM ITIIK cy:»meTC.11 TaKHM o6pa3oM, qTo I1pOII3B9/l9HII9 

ero IIIIIpIIHbl Ha at eCTh KOHCTaHTa. 

CTpeMnenne K 6eCKOH9qHOCTII (1) rronHoro ceqeHII.11 II nnqipaKUHOHHOH 

aMrrnIITY/lhI B KnaccIIqecKoM rrpenene 7i -+ 0 ca.113ano c TeM, qTo B KnnccH

qecKoii: MexaHIIKe BO BC.IIKOM none, 06pall1ll10llleMc.11 B Hynh TOnhKO rrpwr ➔ oo, 

rronHoe ceqeHIIe pacce.11HII.II OKa3bIBaeTC.II 6ecKOHe'UiblM ( CM. § 1). 0TCIO/la 

cnenyeT, qTo ocaoBHOii BKnan B rronnoe ceqenIIe npII -l~t>>} , TaK )Ke KaK 
~ ~ . . E 

n B cnyqae I -/- L ·.< R , naeT nmppaKuHoHHa.11 o6nacTb yrno:a. ITpII sToM 

xapaKTepHbiii: yron pacce.11Hnst onpe.':lensteTcSI :aennqIIHoA 

0< 
"' 

'X ---. 
P max 

(5.18) 

TaKIIM o6pa3DM, IlpH nJ06bIX llOT8HUIIanbHbIX SHeprIISIX KMHTOBbJe sqiqieKTbI ' 

pacce.11HHSI Ha rnanKIIX noTeHuHanax 3HaqIITen&Ho IIHT0HCIIBHee KnaccIIqecKIIX. 

ITosTOMY 3/l0Ch HellpHM0HIIMa qaCTO ncnonh3yeMa.ll oueHK8 nn.11 xapaKTepHbIX 
· /2 13 16/ 

yrnoB KBa3HKnaccnqecKoro pacce.11Hn.11 ' ' 
, Vo , R 
! R .( k ~"' .:!.,Q 

k . E ' 
e,,. t-..k "' t-..Ft-.. t 

k k 
(5.19) 
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C IlOMOmhlO KOTOpOii: B 
I 13/ 

MOHOrpaqimI 

Vo ➔ o 
E 

06ic.11H.11eTc.11 npenMymecTBeHHoe 

• lfa HepaBeHCTBa ( 5. 18) Mbl BII-pacce.11HIIe :anepen npII k -+ _.,. , 

llIIM, qTo :a o6nacTH :I :o :1 •» i Vo . 
c yMeH&ureHHeM E nponcxonnT 

na)Ke pacurIIpeHIIe nIIqipaKuIIoHHoro nnKa~ 

Pe3yn&TaTbI II • 1/1 He 3aBHC.IIT OT BenH'IHHhl a6cop6UIIOHHOil: 'lac-

TH noTeHunana, :a oTnnqne OT cnyqa.11 "cna6wx* noTeHunanoa, paccMaTpn:aaa-
/M/ . -· 

urerocst a §4. CornacHo pa6oTe , CM. ( 4.15), TeopeMa IToMepaH'lyKa o 

paBeHCTBe nonHbIX ce'leHHil: qaCTHUbI H aHTII'laCTIIUbI B TaKoil: MonenlI 6yneT 

BblllOnH.IIThCSI, H9CM0Tpst Ha poCT nonHoro Ce'leHHst. 

Pe3yn&TaT Ill , a O = a =TTP 2 , nerKo IlOH.IITh II3. npnHunna 

1311 
. eL In max , 

Ea6nae , KOTOpblli rnaCIIT: "nononHIITenhHbie no OTHOIIIeHIIIO npyr K 

npyry sKpaHbI naroT OlllIHaKoBoe pacnpeneneHJie nnqiparnpyromero caei:a". 

0Tcrona HeTpynHo cnenaTh 3aKnroqeHne, 'ITO nonHoe KonJI'leCTBO cBeTa, pac

ce.11HHoro aa qepHoM Tene, paBHO Konn'leCTBY cBeTa, nanaromer~ Ha ero 

noaepxHoCTh n nornomeHHoro·IIM. 

Pe3ym,TaT IV ecTh cnencTBHe Toro, 'ITO npn pacce.11H1III Ha qepHoil: 

cqiepe nonHoe ce'leHne n pa3Mep nnqipaKUHOHHoro nn:Ka onpenen.11roTc.11 onHoil: 

II TOH )Ke aenH'IIIHOil: - panlIYCOM. cqiepbI. 

M bl paccMoTpenlI 3nec& nnurh 'laCTHbiil: cnyqafi .rnanKoro noTeHunana -

rayccoBCKIIli IlOT0HUIIan. 

TeM He. Me Hee . qJH3H'l9CKa.ll IIHTepnpeTaUII.11 nony'leHHbIX pe3yn&TaTOB 

/25 27,29,30/ 
_B pa6oTax ' no3aon.11eT nyMaTb, 'ITO OillICaHHa.11 BbIIIIe K8'19CTBeH-

_Ha.ll KapTnHa pacce.11HII.II B oCHOBHhIX qepTax cnpaaennnaa nn.11 acex *cunh

Hh1x* IlOTeHUIIanoa, nocTaTO'IHO 6biCTpO y6bIB810UIHX Ha 6eCKOH9'1HOCTII. 

Ecnn STO TaK, 'ITO 3H8'1HTenhHbI9 no BenH'IUHe noTeHUIIanbI MoryT 

6bITh annpoKCIIMIIpOB8Hbl 'lepHofi cqiepoil:. C panuycoM, SHepreTH'leCKa.11 3aBH

CIIMOCTh KOToporo onpenen.11eTC.II II3 noaeneHHSl COOTBeTCTByromeil: S~KoHanh

Hoil: qia3bl Ha 6eCKOHe'IHOCTH. B '18CTHOCTH,, H3 noaeneHHSl qJ83bl THila 
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-(P/RJN 

·se , ·s ➔ .00 , cnenyeT oueHKa nnH rronHoro cetJ:eHnH: a, 
/28/ 

0TMeTnM, 'ITO HapymeHne TeopeMbI <fipyaccapa nnH N < 

2 
N ,,,,(fns) 

(nanbHo-

neii:cTByIOIUlle IIOTeHunaJibi) ecTb cnencTBIIe HeBbIIIOnHeHnH ycnOBllH STOH Teo
/32/ 

peMbl B QJOpMynnpoBKe MapreHa 

3 _a K !J. 10 q __ JLlLll~e 

B HaCTOHIUeM 0630pe ·paccMaTpnBanocb rrpnMeHeHne KBa3nKnaccn:qecKo

ro MeTona B.K.B. K Bbl'IHCJI0Hlll0 aMrrnnTynhI pacceHHIISI Ha rnanKnX IIOTeH"." 

un:anax B pa3JIH'IHblX o5nacTHX ll3MeHeHHH n.nHaMll'I9CKllX n KHHeMaTHtJ:eCKHX 

rrapaMeTpOB pacceHJIHH. 

Oco5eHHOcTbIO KBa3nKnaccn:qecKoro B3aHMoneii:cTBirn- B cnytJ:ae rnaaKnx 

IIOTeHunanoB npoH3BOJibHOH BenntJ:IIHbl HBJIH0TCH npenMyIUeCTBeHHoe pacceH-:

HHe B nnQJpaKUHOHHOii: o5naCTII yrnoB. 0 .$. ii· 
C • .

1 
V0 .

1 
R 

pOCTOM IIOTeHIIHaJibHOH SHeprnn, : -- r ➔ _00 1 IIpH nepexone 113 

· -, Vo -, ~ Vo Ek • 
o5naCTH : T: < -- B o5naCTb - •>> - o5MeHHblll MexaHH3M 

.R . E .. R · , 
paccesrn1rn CMeHHeTCH 'IllCTO OIITH'I0CKllM ll B03HllKaIOT cneny10mne KatJ:eCT-

BeHHbie ll3MeHeHHH: 

1. norapnQJMH'I0CKHii: ·pOCT IIOJIHOl'O CetJ:eHllH n cy:m:emie mrtjJpaKUllOHHO

.ro rrnKa. 

2. 0THomemrn peanbHOii: tJ:aCTll aMIIJillTY!lhl Bnepen K MHHMOH n ynpyro

ro cetJ:eH'nH K HeynpyroMy He 3aBllCHT OT BeJIH'IllHbl a5cop5unoHHOH tJ:aCTH 

noTeHunana. 

3. HanntJ:ne nornomeHHH cymecTBeHHo BJillSieT Ha cMeHy pe:m:nMoB pac

ceHHHH c·. poCTOM IIOTeHun:ana B o5nacTH 5onblllllX yrnoB. A nMeHHo: !lJlSI ., 

MHHMblX noTeHunanoB opnpoBCKllH pe:m:HM coxpaHHeTCSI, nnH neii:CTBHTeJibHblX 

CMeHHeTCSI Knaccn:qecKnM n npu V •> E Boo5me ncqe3aeT. 
0 "' 

22 

PacceS1Hne· Ha "cn:m,HoM" rnanKoM noTeHunane B o5nacTn ,ManhIX yr-

noB, 
R( E} VJE)' 

fim 

E➔.oo 
,\ E 

➔ _00 QJH3HtJ:eCKH aneKBaTHO nntjJpaKUHH CBeTa Ha 

'IepHoM mape c pacTyIUHM pannycoM, PocT pannyca ll nonHoro cetJ:eHHSI 

o5ycnoBneH IIOCTeneHHbIM y5hIB8HlleM IIOTeHUll8Jl8 npll r ➔ ,00 • 0Tpa)IWHlleM 

STOl'O QJ8KTa, B 'I8CTHOCTH, SIBJIHeTCSI 5eCKOHetJ:H8SI BeJIH'IHHa IIOJIHOl'O cetJ:e

HllSI B KnaccntJ:eCKOH TeOpllll. 

CnenyeT OTMeTHTb, "!TO BepXHlle rpaHHUbl cetJ:eHHH B38IIMOneii:CTBHH 

np_n BbICOKllX SHeprHSIX, ycTaHOBneHHbie H3 o5IUHX IlpllHUllIIOB KB8HTOBOii Teo

PHH nonSI, T8K)l{e cornacyIOTCSI C IIOJiyKJl8CCH'IeCKHMH npencTaBneHllSIMH 0 
/33/ 

pacceS1Hllll Ha cnnhHO nornoma10meM·mape 

ABTOp Bblp8)1{8E:T rny5oKyIO 5naronapHOCTb Ll.11.BnoXHHUeBy 3a CTHMy

nn:py10111n:e o5cy)l{!leHHSI II ueHHbJe 38MetJ:aHnH H B.M. Bap5amoBy 3a' IIOCTOSIHHOe 

BHHMaHue K pa5oTe, a TaK)l{e HCKpeHHee 5naronapnT A.A.ApxunoBa, B.A.MaT• 
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