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Kaa::mnoTenunanhHbiil: noaxoa noryuoaa-Taaxe~naae 111 a nocnennec 

apeMH rnnpoKo ncnonhayeTCH npn nccneaoaaunn npoueccoa aaaHMoaeficT-

BHH 'I8CTHU BbiCOKHX 9HeprHii:, 

KaK naaecTuo, B Teopnn co cna6oii: cBH3biO noKanbHbiil: aayxqacTII'I-

Hblil:_ KB83HilOTeHUHan MO)KeT 6biTb ilOCTpoeH C ilOMOllibiO TeOpHH B03MYU!CI!I!ii 

B BH):le pHll8 ilO CTeileHHM KOHCTUHTbl CBH3H /1/, 

llnH CHnbHOii: CBH3H He cymecTByeT, Boo6me I'OBOpH, perynHpuoro \1<'-

Tona nocTpoennH noKanhuoro KBaannoTeuunana, n nonxon K onucaun~ npn-

ueCCOB CHnbHOI'O D38HMO):lefiCTBHH npH BWCOKHX 9HeprHHX1 pa3BHThlll B 

pa6oTax 121, ocuonau ua !jleuoMeuonornqecKoM Bbioope rnaaKoro nOJWJlJ.

noro KnaaimoTeuuuana 131• XapaK';-epl!bie napaMeTpbi KBaannoTenunann: 

: 3qJqJeKTHDI!hJii pannyc II IfUTeHCHBHOCTb B38HMOneRCTBHH B o61UeM cny'llll' 

_ MOI'YT 38BHCeTb OT 91!epi'I!H, 

noaqepKueM, 'ITO KaaannoTenunanhHbiil: noaxon c !jleuoMenonorH'!cc

KIIM rna):IKJIM noKanbllhiM -KB83liiiOTeHuHanOM II03BOnHeT annpoKCJIMHponnTh 

aMnnHTYllY paccemmH 11 !jlnanqecKofi o6nacTn, no ue rapaHTHpyeT, Boolillll' 

roaopH, npanHnhnoro anannTn'!ecKoro npoaon)KeHHH a ue!jlnanqecKyiO 

o6nacTh xl, 

x/ 
' HanpHMep, ltnH KBaannoTeuunana rayccoacKoro BHlza al\mmrTylln 

pacceHHHH SIBnsieTCSI uenoil: !jlyuKuneil: nepenauuoro HMnynbca, 'ITO lll'YIIl'l'

neTBopnTenbHO C TO'IKH apeHHSI nncnepCHOHHbiX COOTHOllieUHH / 4/ 
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TeM He Meaee, IIHTepecao II3Y'IIITb Te cneJlCTBlUI t K KOTOpbiM npli

BOJlHT CTporlie orpaHII'IeHIIH JlnH 8MDnliTYJl B $II3II'J9CKon o6nacTII
1 

JlOK8-

38HHbie B paMK8X noxanbHOfi KB8HTOBon TeOpiiii nonH, eCnli IIX npl!M9Hl!Tb 

K aMnniiTyJle paCC9H}IIIH1 H8fiJl9HHOfi }18 OCHOBe KB83IIDOTeHUII8nbHOrO ypaB

HeHRH noryHoBa-TaBxeniiJl39 C ITOMOmbiD $eHOM9HOnorii'J9CKOro rnaJlKOrO 

KB83IIDOTeHUIIana. 

PaccMoTpeHIIID aToro Bonpoca II nocBRmeHa JlaHHaR pa6oTa. 

B JlanbHenweM Mhi 6yJleM Hcnonb30BaTb cneJlyrom~e Hepa>BeHCTBa·, 

nonytJeHHbie B pa6oTax noryHOBa II MecTBlipliWBlinii, MapTeHa II llP 0 

/5/ 1. OrpaHIItJeHIIe JlnR aMnniiTYJlhi pacceRHIIR ( CHIIay) . 

1·r (E, e; I 
-¢(8J 

> e 

/a 
E ln E 

+ b ln E 
B(E) 

.rile a II b -HeKOTOphie nonomiiTenbHbie ITOCTORHHhi9o 

(0 

2. nng napaMeTpa HaKnoHa Jlii$paKUIIOHHOrO DIIKa {cBepxy) /B,7/ 

2 
B (E) -~ ln E .. 

3. nng nonHhiX CetJeHIIfi ( CHII3y) /S/ 

u > 
tot 

(2). 

{3) 

C ITOMOmbiD HepaBeHCTB ( 1-3) Mbl. H8ft)leM BCIIMDTOTII'JeCKlie orp8Hli'l9HIIR 

Ha xapaxTepHbie napaMeTpbi KBaaiinoTeHuliana. 

B 1-M naparpa$e pa6oThi Mhi BhinliweM oueHKII aa .PII3IIIJecxl!e Be

nli'IIIHhi, KOTOpbi9- ITOH8Jl06SITCSI H8M BO BTOpOM naparpa$e JlnSI nony'l9HIISI 

OJ'p8HIIIJ9Hlifi Ha napaMeTpbi KB83IIITOT9HUH8nao 

4 



1. OueHKH Ha dlii3HtJeCKHe BenHtJHHhi 

PaccMoTpiiM 3anaqy pacceSIHHSI nnSI KBa3HIIoTeHuHanhHoro ypaBHeHHSI 

noryHOBa-TaBxenHn3e, OfUIChiBaJOmero pacceSIHIIe nByx CKangp·HhiX tJaCTHU 

paBHOii MaCChi 

(E 2 2 .. 2 -· 
- m - p ) <fJ (r) 

1 

( E -rronilaSI ::meprHSI tJaCTIIUhi B cuM: p 

KOMII1leKCHOM KBa3HIIOTeHUHa1le 05IUero Bllna /9/ 

2 r 2 
V (E, r) = 4igE ¢(-) e 

r 2 

, 2 
-t/1(2) 

'o 
0 

M hi rrpenrronaraeM, liTo <jlyHKUIIII 

orpaHrrtJeHhl, rrpHtieM rrpH 5onhrnnx !x: 

rP (X 2) "' dx 2V' 

( 4) 

v ) Ha rnanKoM 

(5) 

ll01IHHOMHa1lhHO 

( 6) 

a rrapaMeTphi KBa3HllOTeHUHana r o -(pan nyc B3llll:\1 one> fiCTBII~) II g 

( HHTeHCIIBHOCTh) 3aBHCSIT B 05IUeM cnytJae OT ::>Heprnn, nputJeM 

I g/ E I 0 rrpn E . .....: . ( 7) 

PacKnanhiBaSI BonHoByJO ljlyHKUIIJO no rrnpt!IIllllhiii>t:lt Bonua~t, Mox<ao 

aal1Til:. aMrrnrrTyny pacceSIHIISI B KBaanKnnccl!tJecKo~t npl!6mDIWHIIII I 101 

OcaoBaoii BKnan B rrapuHanhnoe pa3nomeuue onpenenHeTcSI 113 ypaBHeHrriixl 

xl 
3neCb Mhl IICil01lh3yeM MeTon KBll311K1lllCCI!lJOCKOf'O npU61lll)l{eHJISI 

B KOMilllOKCHOii o6naCTII yr.llOBOI'O MO~IOHTll I 11/ • 
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. d [) l 

dl 

(} 
= ± 2 

nnn B 6eapaaMepllbiX nepeMel!HhiX >. 

d [) (>.) 

d>. 
= + 

E r0 (J 

2'11 

1i(l+.l} 
2 

Er
0 

(S) 

(Sa) 

Opn· E -+ DO npaBaSI qacTb ypaBHeHHSI (Sa) BennKa n B03MOJKHbi cne.oyro

mne c~yqan 1101: 

dS(>-}· . , 
(I) -rna.oKaSI $yHKUHSI B A -nnocKocTn. 

d>. 
,Ung aMnnHTYAbi pacceHHilSl lla KBa3HflOTeHUHane (5) MOJKHO nony'IHTb: 

T (E, (}) 
- cp ( ()) E r ( ln E 1 ~ 11 

= e o (9a) 

Jl ) ~ 0pOH3BO.QHaS1 $a3bi HMeeT OC06eHHOCTH B ). -nnOCKOCTH1 H 

ocHoBHOfi BKna.o B aMnnnTy.oy .oaeTcSI 6nnJKaAmefi na HHX (min I /m A I ): 

X(E, (})"' e -cp'((J}Er0 
(96) 

OueHKH .onH nonHoro.ce'!eHHH pacceHHHH n napaMeTpa HaKnoHa .on$

paKUHOHHoro flHK8 1 Heo6XO.!lHMbie B .oanbHefirueM, Hafi.oeM H3 afiKOHanbHOro" 

npe.ocTaBneHHSl .OnH. aMnnHTY.!lhl pacceS1HHS11 cnpaBe.OnHBOrO B KB83HflOTeH

UHanbHOM flO.!lXO,!le npn BbiCOKHX SHeprHSlX B o6naCTH $HKCHpOB8HHbiX nepe-

/ 2/ 
.08'1 

·r (E, ll) 
iE2 r 2 
_____.£ 

4 IT 2 

DO ~(YI 

.r dy/0 r,fyro ll)(l ·- e ), 
0 

p2 

r.oe fl •nepe.oaHHhlfi HMnynbC, y 
2 

r 
0 

6 

(10) 

(:~! 
1 ' ' 

)l 

1. 

DO 

i 
xrrJ=__:....ra 

2E 2 .' 
-DO 

OonHbie ceiJeliHSI onpE 

C1 
tot 

817":3 
--1n g2 

a napaMeTp ··llaKnoHa 

B 
. d . 
it" [ 1~ I ·r 

.UnH 'IHCTO ·MHHMOrO l 

u· 
tot 

B 

~ I I 
gr 

0 
2 

r (l1 
0 

~ r :( 

l r · 
0 

2. Q!:J 

.UnH Toro, '1To61 

ayeMCSI orpaHH'IeHHSI~ 

00.!lCTaBnS1Sl (9a 

aB + b ln E .< 



• 00 2 2 

' ' x.rrJ, --
2 

.f,dzV(E, 
p + z 

2'E ' 
-oo 

r 2 
) .. 

0 

nonllbie cetJ:elliHI onpeJlenHM H3 onTHqecKoli TeopeMbi: 

a 
tot 

a napaMeTp ll8Knolla JlH~paKUHOHJIOrO nHKa - H3 COOTllOlli9llHH: 

B 
d 2 . 2 

d t. [ ln I T I ] I ~c 0 ( t "' - f). } 

nnH qHCTO MHHMOrO KB83HnOT9llUHana HMeeM: 

a 
tot 

B 
r 2 (gr->0} 

1 r :(ln gr )z/11 (gr

0 

· ... oo J. 
0 0 0 

2. OrpaaHqellHH · Ha napaMeTpbi KBaaHnoTelluHana 

(II) 

( 12) 

(13a) 

(136) 

( 13B) 

( l8r)· 

nnH TOr0 1 'IT06bi nonyqHTb BepXllHe rpaHHUbl 

3Y9MCH orpaJIHqeJIHHMH ( 11 2) • 

r H 
0 

g , Bocnonb-

noJlCTaBnHH ( 9a,6) B ( 1) H yqHTbiBaH (13r) 1 nonyqHM: 

· . E • z!v 
aB + b ln E 6 (ln E) (ln g) , ( 14) 
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rne 
- 1/v B cnyqae (/) 

( = ~ 2 

2 B cnyqae (II). 

EcTeCTBeHHO, HepaBeHCTBO ( 14) He nomKHO npOTIIBOpe'liiTb ( 2). no::JTO:>.iy 

B cnyttae ( II ) KoHcTaHTa CBSI3H orpannttena cTenenbro norapH£!11\ta ::Jnej:wnn: 

I g ! $. ( ln E) Y ( Y - npOH3BOnbHoe), ( 15) 

a nnSI r 
0 

nonyttHM n3 ( 14): 

r 
0 
~ ln E. 

B cnyttae (f) KOHCTaHTa CBS13li 1 Boo6me roBopsr, MO)KeT paCTII KaK HeKOTO-

paS! cTeneHh ::JHeprnn: 

I g I < E 
a 

(0 < a < J). 

PaccMoTpHM cHa'!ana cnenyroruyro o6nacTb: 

'Eo< Jgl < Ea, 

rne. o -cKonh yronHo Manoe nono)KHTenhHoe '!Hcno. 

npn 8TOM H3 (15) cnenyeT: 

r 
0 

/ (ln E) 
1 

2v 

( 16) 

( 17) 

PaccMoTpHM Teneph cny'lafi norapn¢MnttecKofi aaBncnMoCTH HHTeHCHB
/ 

HOCTH B38HM0fl(,ijCTBIHI OT 8Heprnn: 

lg ::: ( ln /;' ) y ( y - llpOH3BOnhHO) ~ 

npn 9TOM Jlf)[JfJBeHCTBO ( 14) MO)KHO nepenncaTb B BHlle: 

a r 
2 

+ b ln r; 
() 

.• ( ln E) 2
- llv ( 19) 

OrcJOna cnenyeT, 'ITO npn v > nnSI r cnpaBennnno orpaHnttenne ( 17). 
0 
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Ecmr >Ke v .< 1 , orpaHHlJeHHe. ( 19) HapyiiJeHo, H cn.ylJafi (I) ne-

. B03MO>KeH. C.neJloBaTe.nbHO, npH v .< 1 o6~3aTe.nbHo llO.ll>KHhi cymecTBo

BaTb OC069HHOCTH npOH3BOilHOfi !fla3hlo 

Hai!:JleM Tenepb HH>KHHe rpaHHUhi ll.llSI napaMeTpoB KBa.3HnoTeHuHa.na. 

Dnst aToro onpeJle.nHM JlonycTHMhie rpaHHUhi aKcnoaeauHa.nbHoro noBe.qeHHSI 

aMIT.llHTYilhl p8CC9SIHHSI B o6.naCTH 60.1lbliiHX yr.noB npH Bh!COKHX 9H9pi'HSIX: 

. - cp ({}) B IL ( ln B) n ( 20) 
IT(E,fJ)! .. < e . 

I'lle IL -cKo.nb yrollHO Ma.noe nono>KHTe.nbHoe lJHc.no; n 

lJHc.no. 

Hcno.nb3YSI (3, 9a, 6, 20), HafilleM orpaHHlJeHHSI Ha 

r > 
0 

·(ln.E){j 

z-p. 
E 

f3 1 {j' · -npOH3B0.1lbHOo 

lid > 
( ln E) f3'· 

I-JIL 
E 

.. 

- npoir3B0.1lbHoe 

r H 
.0 

g 

(21) 

TaKHM o6pa30M1 HaMH · no.ny'IeHhi cnellyromne orpaHHlJeHHSI Ha xapaKTep

Hhie napaMeTphi KB83HnoTeHuHa.na: 

OrpaHHlJeaHe 

ll.llSI g 

;:; . a 
E .<lgl .< E 

OrpaHH'IeHHe 

ll.llSI r
0 

(lnE){j. . l .E)z-z/2r.r· ---<r .. <( n 
'E 1-;,t 0-

(8-> +0; O.<a.<l) (!L .. + O) 

'.'(. L 

•)' - npOH3B0.1lbHO 

. (3 -npOH3B0.1lbHO 

(lnE ){j 
-~-· ;.<r .< ln E 'Ez-p. o-

9 

C.ny'Iafi 
( [,1/ ) 

l 

I 

11 

B03MO>KHh19 
v 

v - npo

H3B0.1lbHo 

v > 1 

v -npo

H3B0.1lbHO 



B K8'18CTBe rrpHMepa BblllHIUeM orpaHH'I8HHSI . Ha xapaKTepHbie napaMeTpbl 

nnSI JlBYX JlaH6onee 'I8CTO BCTpe'IaiDIUHXCSI BHLIOB KB83HITOTeHuHanoB, 

I<na3nrroTeHunan 

2 121 
--

V(E,r}=4iE
2

ge 
,2 
0 

2 
I'(Lr)~4iE g 

-d•JI+r21,2 
e o 

\ 1 1 + r 2fr 2 
0 

llorryCTHMbl8 I'p8HHUbl H3MeHeHHSI rrapa

MeTpOB KBa3HrroTeaunanon npn E ~ ~ 

(lnE)f3 a (lnEl ~ 
-

1
_ < I g I .< E ; 

1
_ < r .< ( ln E) 

E 3J1 E J1 o-

1121 

(lnE)f3<lgl 'S,(lnE/; 
I-Jfl 

E 

f3 
(ln E) < r .~ ln E 

I-Jl 0 
E 

!Ill ii!lei!Hhie orpaHII'IeBHSI a a napaMeTphi KDa3HITOTeHunana MDI'YT 6biTb nc-

nonb30DOIIW rrpH 8H8nH38 BWCOK081lepreTH'I8CKOI'O paCC8SIHHSI 'I8CTHU B paM-

KIIX KBa3HITOT8HUH8nbHOI'O ITOJlXOJl8o 

ABT'?Phl Bh!pa:>K810T rny6oKyiD 6narouapHOC'I'b A.H. Tanxennn3e, n.B.Wnp

K ony, B.r. KaLihiiUencKoMy, O.A. XpycTaneny 3a none3Hbie o6cy}l{neHHSI n 

KfJHTIPICCKHe. 38M8'18HHSI, a T8K}I{8 B.P. fapcenaHH!UBHnH, c.n. KyneiUOBy, 

n.M. Canpnny, n.A. Cnerr'IeHKO, M.A. CMOHJlblpeny, A.H. CncaKSIHy, 

ll.E. TiopHHY 3a nHTepecHbie JlHCKyccHH. 
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