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§1. BB ea ea He 

B aacTostmee BpeMst xopowo usaecTHhI cne.oyromue aae o6nacTH npHMe

aeHHst TpexqacTH'IHbIX ypaBHeHHii: 

a) usytJeHHe BbICOKO9HepreTHtJe~Koro paccestHHst Ha cnomHoii cna6o
/l/ 

CBH38HHOii CHCTeMe (aeiiToH) i 

6) pactJ~Tbl napaMeTpOB TpextJaCTH'IIIbJX CHCTeM anst -BblHCHeHH.st npupo
/2/ 

llbl staep!IbIX B38HMO.QeiiCTBHii • 

B nepBOM cnyqae HCITOnbsyeTCH ¢opMyna fnay6epa H3 aeperi.stTHBHCT

CKOii TeopHH 

➔ ➔ 

, t (A) -aMnnHTyaa oaHoKpaTaoro paccestHH.st, 
n,p S(A) - ¢opM-

¢aKTop cnomaoii tJaCTHUhii Bo BTopoM cnyqae - ypaaaeaHst 4>aaaeeaa, KOTO

p1,1e nocne oTaeneHHst yrnoa1,1x nepeMeHHhIX B cenapa6enbHOM npH6nit:meHHH 
/3/ 

MO)KIJO CBeCTH K CHCTeMe O.!llIOMepabJX ypaBHeHHii • 

Dnst HccneaoBaHHH TaKoro poaa B8)KIIO BbIHCHeHHe ponH penstTHBHCTCKHX 

~¢eKTOB, KOTOpoe ocnO)KffsteTCH TeM, 'ITO npH ¢opMynHpOBKe TpexqacTH'IHOii 

38.!l8'IH B paMKaX TpaaHUHOHHOii cxeMbl KB8HTOBOii TeopHH non.st ( KTn) BO3-
x/ 

IIHKaIOT 4-MepHbie ypaBHeHHH • 

xi TpexMepaast ¢opMynHpOBK8 penstTHBHCTCKOii 38.!l8'IH .!lBYX Ten 61,ina 
pa3BHTa B KB83HITOTeHUHanbHOii TeopHH noryaoaa H TaaxenHase/41. ITpH
MeaeHHIO aToro MeToaa B 38.!la'Ie Tpex Ten ITOCBHIUe!Ibl pa60Tbl/5,6/. 
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TTpencTaamreT HHTepec paccMoTpeTb oTMetJeHHbie Bbillle nsa acrreKTa 

TeopHH Tpex Ten Ha OCHOBe TpexMepHOfi cpopMynHpOBKH KTTT, rrpenno-
/7/ 

>K9HHOfi KanbIIIl9BCKHM • B paMKaX T8Koro rronxona K pennTHBHCTCKOfi 

npo6neMe ypaBHeHHn, OIIHCb!B8!0ll!He nsyxtJaCTH"IHYIO CHCTeMy B HMrrynbCHOM 
/8/X/ 

rr_pencTaBneHnn, IIMeJOT sun 

➔➔ . ➔➔ I ➔ ➔ ➔➔ 
t{p,q)=V{p,q,Eq)+~ fV{p,k;Eq)..J..k_ t{k,g) 

· (2 17 ) · {k 0
)
2 2q0 -2k 0 +iE 

( 1 .2) 

{2Eq-2Ep)'l'q{p)=~ f V(p,k;Eq)'l'g(k) dk 
(2 ") . ( k o) 2 

( 1.3) 

rne E = v m2 + k 2 
k 

ko 
I a HHB8pll8HTH88 aMrrnnTyna HOpMHpOBaHa cornac-

HO paBeHCTBY 

da 

dw 

'I < ➔ ➔ > ·1 2 
. t p, q . 

'4 rr 2 
S2p 

·s 
2 p 

= 4E
2 

p ( 1.4) 

B cnyqae Tpex "I8CTHU B paMKaX T8KOfi cpopMynnpoBKH MO>KHO rrony"IHTb 
• /12,13/ xx/ 

pennTHBHCTCKnfi aHanor ypaBHeHHH ~anneeaa 

xi /9/ 
B pa5oTe IIOK838HO, "ITO ecnn B K8"I9CTBe rrnoCKHX BOnH. rrpocT-

paHCTBa ,!lo5aqeBCKoro lICI!Onb30B8Tb cpyHKUHH lliarrnpo/1O/, peanH3YIOII!He 
YHHT8pllb!9 rrpencTaBneHH8 rpyI!Ilbl nopeHua, TO B ypaBH9HHH ( 1.3) MO>KHO 
rrepefiTH BKOHcpnrypaUHOHHOe rrpencTaBneHHe H rronytJHTb pennTHBHCTCKHfi 
8Hanor ypaBHeHH8 WpennHrepa, B KOT0pOM cao5onHblll raMHnbTOHH8lI 8BnneT
C8 KoHetJHo-pa3HOCTHbIM orrepaTopoM. Ha ocHoBe aToro ypaBHeHHn ecTecT
BeHHbIM o5pa30M CTp0HTC8 TpexMepH88 penHTHBHCTCK8H Te0pllH IIOTeHunanbHO

ro pacceHHIIH/11 /. 

I . 
xx n .. n nH naneKCOB 1,J, L 

= I 1,2;3 l , 1 ,;, j ,;, e 
rrpnHHThI cn.eny10mne orpaHntJeHnm Ii, J, £ I= 
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3 

T '= I T, 
r =, 1 

T /8, 

( 1.5) 
➔ 

+-1- ft (plk)~--""'"
1
----

(2 TT )a l e kol k ~ ~ o 
L z..:. k k,+i£ 

r= 1 

r.lle t (p I q) HopMHpoBaHa cornacao ( 1.4) n onpe.llemrnTcH ypaBHeHneM 

YpaBH8HlISI ( 1.2)-( 1.B) BbirmmHT KaK reoMeTplI'I8CKHe o6o6meHHH ypaB

HeHHH KBaHTOBOH MexaHHKlI lI ~OpMynnpyIOTCH B TepMHHax HMnynbCOB npocT

paHCTBa no6a'feBcKoro, peannaoBaHHoro Ha BepxHefi none rnnep6onon.lla 

( 1. 7) 

ITosTOMY IlfllI lIX pemeHHlI II nccne.QoBaHIIlI MO)KHO npIIMeHHTb MeTOitbI, 

aaanorH'fHbie MeTo.llaM HepenHTlIBlICTCKOH TeopHlI, B 'fBCTHOCTH, STD 11O3BO

nHeT BBOlllITb OTHOCHTenbHbI0 nepeMeHHbie nocpe/lCTBOM onepaunu cnO)K0HlIH 
/14/ 

Ha runep6onoIIlle 

➔ ➔ ➔ ,.. ➔ pO 
p '=fl k p =p(-) k =p-k[-_ -

m 
_ _.p_k ___ ], p , 2 = k 2 = m2 

. . 
mCm+ k 0 

HBnHIOill0HCH o6o6meHH0M HepenHTlIBHCTCKlIX IIOCTpoeHIIH nocpe.llCTBOM npe

o6pa30BaHHH rannneH. 

B llaHHOH pa6oTe Mb! o6cylllIM MeTO/lbl pemeHHH penHTlIBlICTCKlIX 

Tpex'faCTH'fHblX ypaBHeHHH ( §3) lI Ha llplIMepe cenapa6enbHoro 11p116nH)K8-
x/ 

HlIH llnH IIOT8HUHana B3alIMOll8HCTBHH B 3alla'fe llBYX (§2)_ H Tpex Ten (§3) 

xi B paMKax KBa3HIIOT8HUIIanbHOro 11O/lXOlla cenapa6enbH08 npn6nH)K8HIIe 
paccMaTpHBanocb B pa6oTe/15/. 

5 



npoaeneM K8'J8CTB8HH.08 CJBBH8HH8 penSITHBHCTCKHX H aepenSITHBHCTCKHX 

ypaaaeautt npH onpeneneHHH aaeprHH CBSI38HHb!X COCTOSIHHfi:. B §4 Ha OCHOBe 

· ( l.5) o6cy)KJlaeTcSI aonpoc o penSITHBHCTCKOM o6o6meaun cpopMynhI ( 1.1). 

§2. Cenapa6enhaoe npn6nrrmenue s pengruaucrcKofi 
38/l8tJ_!:l_ llBX!_ Ten 

CnenySI. aepenSITHBHCTCKOfi: Teopnn, paCCMOTpHM cnytJafi: HenoKanhHOI'O 

noTeaunana c paanemnomnMIICSI nepeMeHHhIMII: 

V ( p, q➔) = - g v ( p ) v( q ) , ( 2;1) 

rne - cpyHKUIISI, COOTB8TCTByromaSI cpettHM8HOBCKOMy nponaraTopy 

(8 =- ) 
H) 

V (ii: q➔) = 
(217)3/2 

µ2-(p-q)2 

1 
2 

(217 )3/2 
➔ ➔) 2 ) 

v(p(-)q (2.2) 
s +v 1 +<p(-)q >2 

H nepexonSII~aSI · B ripenene 6onhwnx Mace B 06b1tJHb1fi: noTeaunan IOKaBbI, 

Mbl orpaHHtJHMCSI aan6onee npoCTbIM BapnaHTOM annpoKCHM8UIIII pea

nHCTHtJ8CKOI'O noTeH_uuana ( 2.1). B aToM cnytJae B cncTeMe nayx tJaCTIIU 

MO»<eT 6b!Tb oilHO CBSI38HH08 COCTOSIHII8 C M8CCOfi 

m 12 = 2 - I W 12 I = 2 - a 2 ' 
➔ 

·. dk 
BonaoByro cpyHKUHIO KOToporo MO»<HO HafiTH II3 ( 1.3) ( d {l k = --0- ) 

k 

'I'm (k)=N .v(k) 
12 . 

2Ek-m12 

N -2 = f V ( k) 2 

(2 E k- m 12) 2 

d {l k' 

· ff) . 
. . B pa6oTe ncnonb3Y8TCSI CIICTeMa 9/lIIHIIU m = C = 1 

6 
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. a aHeprnH. CBH3H onpenenHeTcH na ycnoBHH: 

_l_=f( ) -m 12 • 

I ( z ) = 1 
f 

(2 1T ) 8 

AMnnnTyna pacceHHHH HMeeT Blill 

v ( k) 2 

2k O + z 

t( p~ q i Z ) =- g V ( p ) V ( q ) , 

T (z) = ___ l __ _ 
1 - g I (-z ) 

l1aTerpan, onpenenmoruni!: I ( z ) , MO)KeT 6b!Th Bhl'IHCneH ( z <S_ l ) 

( 2.6) 

( 2. 7) 

--2 -- --2 . --

1( ) " d I 2 [ yl-z . 1 1-z yl-8 ., 1-8 " z-8] 
2 z = - - -- -- - --- arctg v--+--- arctgv---- - --- t 2 8) 

2 dB z-8 z 1 + z 8 I +8 4 z 8 • · 

B cnyqae cna6ocBH38HHOi!: CHCTeMhl 

µ << 1, a« 1 

nnH ycnoBHH (2.5) MO)KHO nonyqnTh npn6nn)KeHHOe paBeHcTBO 

1 
g 

2 

--"---[1- - 3-µ(2a+µ)]ea I 
µ(µ+a)2 8 a 

( 2.9) 

( 2. 10) 

KOTOpoe oTnnqaeTCR OT COOTBeTCTByIDmero ycnOBHR B HepenRTHBHCTCKOi!: 

TeOplili MIIO)KHTeneM B KBanpaTHOi!: CK06Ke. 

B CliCTeMe Tpex penRTliBHCTCKHX qacTHU nByxqaCTHql{aR aMnnHTyna 

t if onpenenReTCR ypaBHeHneM ( 1.6). 

B nepeMeHHb!X CliCTeMbl ueaTpa-Macc 

( 2.11) 

nocne nepexona K OTHOCHTenhHhiM HMnynhcaM 
/13/ 
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➔ 

k j f = p I(-) A ie 
➔ ➔ 

➔ 

➔ P1+Pf ,\ o=----
Ji. .,--

v s Jf 

p I --
V87[ 

sTo ypaBHeHne rrpnHHMaeT Bnn 

2 
s ie =(pi +pe) 

. ➔➔ ➔➔ I ➔ --.d ➔ ti e(i7. k '; P 1 , z ) 

( 2.12) 

t if (k,k'; p 1 ,z) = V 1 f (k, k')+ --
3
JV/k,q1~~ 

(2 TT ) I ,\ ( q . J 

,\o=;l·+ ;~ • 

z - [ 2q O ,\ o + P ?l +i-;-( 2. 13) 

(2 q o) 2 

B rrpn6nmKeHnn ( 2.1) aMrrnnTyna 6yneT orrpenenHThCH Bb1pameHHHMH Tnrra 

( 2. 7), rne I( z ) = I ( z , p ) , 

2 
H-z, p ) =- _!__ J ___ v_(...;q_) ____ _ 

(21r)3 z-[2q0,\0+pO]+if 

dq➔ -

,\ 0 (q O ) 2 
( 2.14) 

B cny'Iae, Korna z rrpHHannemnT nncKpeTHOMy CIT8KTpy cna60CBH3aHHOll 

Tpex'IaCTH'IHOt\ CHCT9Mbl 

m 3 =3-IW l=3-K 2
, K«l, . 3 ( 2.15) 

nnH I (- m 8 , 0) Momii:o rrony'IHTh rrpn6nnmeHHoe BbipameHne, aHanorHtJHoe 

( 2.10), 

I ( - m 3, 0) "' I K • 

§3. IlapµnanhHblll aHanns penHTHBHCTCKHX TpeX'IBCTH'IHb!X 

YpaBHeHnu JlnH BOnHOBb!X cbyHKUHll 

( 2.16) 

PenSITHBHCTCKHe ypaBHeHHH nnH BonHOBb!X ~yHKUHll B cny-qae pacceHHHH 

oTnenhHOH 'IaCTHUbl (HarrpnMep, I ) Ha nByx npyrnx, HaxonHmHXCSJ"B CBHSaH
/16/ 

HOM COCTOHHHH, HM8IOT Bnn 
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➔, 

<+) p j ; p')+(j ➔ i')] • 
--- j 

-./s ~e 

(I) ➔ ➔ . 

rne <I> (kl £,P I)- aCHMilTOTHqecKaSI BOnHoBaSI cpyHKUHSI, KOTOpaSI Bbip8)KaeTCSI 

qepe3 BOnHOBYID cpyHKUHID llByxqaCTH'lHOro CBSI38HHoro COCTOSIHHSI paBeHCTBOM 

<1> 0 '(k 0,p )=(2rr) 3 8(p(-)p
0

)¢ (k
1

o). 
j L l I I m j£ L 

nnSI TO)K/leCTBeHHblX '18CTHU 9TY CHCTeMy MO)KHO 38IlHC8Tb B BH/le 0/lHOrO 

ypaBHeHHSI, npHqeM yno6ao Hcnonh30B8Tb cnenyIDII!He nepeMeHHhie: 

➔ 

1 ➔➔ ½ 
k ,o [ 'O( ,o "o) '] 2 =-== p p +p +pp 

-./2 

II O ./1 ( ➔ ➔ ')2 P =v + p+p . 

B 9THX nepeMeHHblX ypaBHeHHSI ( 3.1) MQ)KHQ npencTaBHTb cnenyIDII!llM 

o6pa3oM: 

➔ ➔ 3 ➔ ➔ ➔➔ ) 
\JI ( k. p ) = (2 TT ) 8 ( p (-) p ) ¢ ( k ) + G O ( k' p; z X 

0 m 

dp➔' 
X J [ t ( k, k, ; p' z ) + t ( k~ - k , ; p • z ) ] \JI ( k,,. ; I ) ---o-

p , op ,, 

rne 

9 
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( 3.4) 

( 3.5) 



1 
G o ( k~ P; z ) = (2 " ) a 

1 

✓<2 k o )2 
4

2 o • Z - + p -p_ + H (3.4) 

ii) 
IlapuHam,Hbiti aHanH3, cneaySI aepenSITHBHCTCKOti TeopHH , BbIIlOnHHM 

/17/ 
a penSITHBHCTCKOM KaHOHHqeCKOM 6aaHce_ , nocTpoeHHOM c IlOMOWbID 

nonaoti CHCT9Mbl yrnOBbIX cpyHKUHti 

'!:l " " f .\ LM( k' p ) I C 0 , Y 0 (k)Y, (;), 
Lm,ll./l Lm ll./l ( 3.5) 

,_ ) A) 
rue Y fm (k .HY.\ (p - ccpepnqec1me cpyHKUHH 

. /l ➔ 
aanpaaneane BeKTopoB k H p , C ~ M , 

Lm, ll./l 

OT yrnoB, xapaKTepH3YIDIIIHX 

- K09tpq>HUH9HTbl Kne6rna-

ropaaaa,. 

D.nSI qacTHoro cnyqag paccM~TpnaaeMoti aaaaqn, Koraa MoMeHT Konn

qecTBa llBH>K9HHSI CHCT9Mbl llBYX qacTHU, Ha KOTOpoti pacceHBaeTCSI TpeTbSI, 

paBeH aynro ( f 0 .. 0 ) 

'JI f,\ L ( k, p ; p O ) 

, CHCTeMa ypaBH9HHti llnSI napunanbHbIX BOnH 

-➔➔ ➔ ,,,, ,, 

'l'_(k,p; p 0) = I 'l'f.\L(k,p;p )'!:lf.\LM(k,p)Y*LM(po) 
f.\ L M 0 

HMeeT Bllll 
1 2 <~e=-l 1+(-0 I): 
2 

'l'f.\L (k,p;p 0 )=(277)
8 

k ,, , 
p 

0 8( 
cf, Mo ( k)Bo 8 , P p- Po) 

t,O ll.L + p 2 

( 3.6) 

( L) 

+2~ 0 G 
0
(k,p;z)I J. dk"dp '. 

(, f '.\, pp'0p"0 
t !k,k '; p,z) K f,\,f '.\, (p,p ',k ,, 'l'f '.\, L (k'',p '; P 0 ), 

Ji-) C /3/ 
M. 
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rae 

y ( 2 k , 0) 2 + p 2 + p 0 = V (2 k ,, 0) 2 + p , 2 + p , O 

2 -----
£(0)= _l -;[2k'o -p'o2y(2k'o)2+p2]. 

PP 

PeaynbTaT HHTerpnpoaamrn B ( 3.8) cneayroumii: 

K (L) ( '·k'')=(411)a/2 (2.\, 1)-½}.; (-l)f+f:.m .;.m'c,\ .0 C .\'m'-m 
f.\,f',\'p,p' + l'ni,f-m f'm',L-mx 

rae yrnb1 0 , v 

x Y~ (v,O) '.Y 0 , , (v',O) Y,, 10;0), 
L m L m · /\ m-m 

, 
' V orrpeaenHIOTCH COOTHOllieHH~MH 

Cos 0 = £ ( 0 ) , Cos v = i;-; 
, Cos v '= 

k ,,; 
k'p k"p 

( 3. 7) 

( 3.9) 

ilnH KOpOTKOJl9HCTByromnx ITOTeHuHanoB tf 6bICTpO y6bIB8IOT C pOCTOM 

f , n CHCTeMa nnTerpanbHbIX ypaanenHii (3.6) cTaHoBHTCH Koneqnoii. B 

cerrapa6enbHOM rrpn6nH)Kennn TaKne ypaBHeHHH aorrycKaroT qHcnennoe perne-

B qaCTHOM cnyqae, Koraa CHCTeMa Tpex qaCTHU HaXOJlHTCH B CBH3aHHOM 

COCTOHHHH ( <I> = 0 ) 1 a B38HMOJl9HCTBHe HMeeT MeCTO TOnbKO B s 

COCTOHHH!f n xapaKTepnayeTCH nenoKanbHbIM ITOTeHuHanoM ( 2.1), BbnHoByro 

cl>YHKUHIO MO)KHO HCKaTb B BH)le 

ilmI a ( p) H3 ( 3.1) rronyqHM HHTerpanbHOe ypaBH9HH9 

11 



a ( pJ = 2 ~ r( m 
3 

, p ) f v ( k ')v ( k ") GO ( k ", p ') a (;,) d P, 
· p'op"o 

( 3. 10) 

rae r (m 
3
, p ) orrpeaemreTcsr ( 2,6), ( 2. 14) rrpn z = m 3 • 

EcnH IIOnllbIH op6HT8nhllblH MOMeHT OTHOCHTenhHoro JlBH;>KeHHSI B TaKoii 

CHCTeMe paBeH Hymo ( L = 0) I TO <pyHKUHSI a ( ;) 38BHCHT TOnhKO OT 
➔ 

Moaynsr BeKTopa p H orrpeaensreTCSI OJlHOMepHbIM ypaBHeHHeM: 

00 

a ( p) := 4 TT ~ r( m
8 

, p ) f J ( p, p'; m 3 ) a ( p ') p '
2 

d p ' , 
0 

( 3. 11) 

rae 

I 

J(p,p';z)= I 
-1 

v.(k')v(k")G (k",p';m) dy ;y= 
· · 0 ,0 n O . 

p p 
''""'" Jl p (3.12) 

B ypaBHeHHH ( 3. 11) Bbipa;>KeHHe 

W ( p, p '; m 3 , m 
12 

) = 4 TT ~ r ( m 3, p ) J ( p, p'; m 3 ) ( 3, 13) 

MO;>KHO paccMaTpHB8Th K8K o6o6meHHblH IIOTeHunan. Cpasae11ne 8CCHMIITOTHK 

IIpH p ➔ oo 

Jpen.(p,O;ma ),,,p-3'5; Jpetp,p;ma):=p-4•1 JHep.(p,0;K):=J8ep. (O,p;K):= P-6 (3.14) 

IIOK83b!B8eT, qTo pensrTHBHCTCKHH aHanor IIOTeHunana SIBnsreTCSI "6onee 

CHnhllbIM" H) • 

B CBSI3H C 9THM MO;>KHO 0;>KllJl8Th, qTo IIpHMeHeHne ypaBHeHHH THIIa 

(3.6), (3.10) ansr yqeTa penSITHBHCTCKHX 9tptpeKTOB B paMKaX paccMaTpHBae

Moro rrpn6nH;>K9HHSI rrpnBeJleT K yBennqeanro aaeprHH cssrsn TpexqacTnqaoii 

CHCTeMbI, 

pen 
*) B cnyqae cna6o cBsr3alIHhIX cncTeM pasmrqne Me;>KJly W (0,0; m 3 , m 

12
) n 

w aep(O,O; K 'a ) OK83bIBaeTCSI He6onhWHM, HarrpnMep, ecnH B CHCTeMe 

HYKnOHOB B KaqecTBe CBSI38llllb!X COCTOSIHHii paCCM8TpHB8IOTCSI aeiiTOH H TpH-
THii, TO pen Hep 

W (O,O;m 3 ,m 12 ):=W (0,0; K,a 12 ). 

12 



§4. BbiCOK09HepreTHqecKoe pacceRHHe Ha CBR3aHHOM COCTORHHH 

B KaqeCTBe npyroro npHnO*eHHR penRTHBHCTCKHX ypaBHeHHH ~anneeBa 

Mbl paCCMOTpHM BbiCOK09HepreTHqec1coe pacceRHHe Ha Manbre yrnbI'. aneMeH

TapHDH qaCTHllbl ( HanpHMep, nepBon) Ha cna60CBSI3aHHO H CHCTeMe geyx 

npyrux qacTHU (BTopag H TpeTbR). 

B o6naCTH BbiCOKHX aHeprHH MO)KB:O · npeHe6peqb OTHOCHTenhHblM llBH*e 

HHeM B cna60CBR3aHHOH CHCTeMe (V 23 = 0 ) H, orpaHHqHBIIIHCb BT0-

( 1.5) /18,6/, nnn 
pofi HTepauuefi ~ n aMnnHTy.[{hI ynpyroro pacceSIHHR nonyqHTb 

Bb!pa*eHHe: 

4 ( 4. 1) 

+ <<I> r It a 1 Got 12 I <I> 1 > = I Tr ' 
r= I 

<I> r , <I> 1 - aCHMilTOTHqecKHe BOnHOBbie <pyHKUHH ( 3.2) ),rge, HanpHMep, 

I H III cnaraeMbJe B nepeMeHHbIX ( 3.3) 

(4.2) 

HMeJOT BH.[{ 

(4.3) 

X 

(4.4) 
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3anatia CBOJlllTCSI K npeo5pasoBaHmo sTnx Bhrpa)KeHnfi Ii npennono)Kemrn, 

'ITO B o5nacTll Bb!COKllX SHeprnfi 

-(k-k') 2 =2(d
0
-l) « k 

➔ ➔ ➔ 

d=k(-)k' 
(4.5) 

JlBYX'I8CTll'IH8SI aMnnnTyJla 38BllCHT TOnhKO OT nepenati_ll 

➔ ➔ ➔ 

<k I tje(z,p)jk'>= tje(z, t\) (4.6) 

n 5b!CTpo CTpeMHTCSI K Hymo BHe o5nacTH ( 4.5). 

B penSITHBllCTCKOfi ¢opMynnpoBKe Heo5XOJlllM0_5onee )KSCTKoe npenno-
➔ 

no)KS,IIHS O ITOBe)leHllll t(z, d •. l1MeHHo, 5yneM . C'IllT8Th, 'ITO 

5b!CTPO y5hIBaeT BHe o5nacTH *' dz,K) 

Iii 12 
«l (4.7) 

ll ITOKa)KeM, 'ITO TaKOMy orpaHH'ISHlllO 3KBHBaneHTHO npennono>KSHlle O TOM, 

tiTo B ( 4A) Jla!OT BKnan nm11h cocToSIHHSI co sHatieHHSIMH nMnynhCOB1 ynoBneT

BOpSI!OlllllMH ycnOBIISIM 

➔ . 

I d n I = I p n + - 1- p I « 1 , f = I 2,3 I , n = I i , f I . 
L n ._ L 2 n (4.8) 

Hs (4.8) cnenyeT 

I kan ., L\ « 1 
3n (4.9) 

➔ ·2 
do p .,L\n , 

Ln n Ln 

,..) B npnBO)lllMh!X Hll)KS ITOCTpOSHllSIX npennonaraeTcSI, 'ITO T8KOMY )KS 

ycnoBlllO ynoaneTBopSieT BonHoBaSI ¢yHKUllSI cna5ocBSI3aHHofi cncTeMhI. Ha 

npnMepe, paccMoTpeHHOM B § 2 , BllJlHO, 'ITO B cnytiae )lefiTOHHOfi BOnHOBOfi 

¢YHKUllll TaKoe npennonO)KeHne SIBnSieTCSI peanllCTll'ISCKllM. 

.,!,~ 
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OTKyJla am1 SHa"leHidi HaneTalOIIUiX HMrrynhCOB 
➔· 

ltl.o l«P c.n I 

HMeeM 

➔ ➔ ➔ ➔ 

/!J,. 0 (-) p "' /!J,. 0 - p 
tn n L n n 

Y"IHTblB8H ( 4.10) H COOTHOIIIeHHe BHJla 

H II 

T,,2 

➔ 

( 4.1) MO>KHO rrpeJlCTaBHTb cneJlylOIIIHM 
➔ 

➔ tl. 
= dz, tl.) S( ± --), 

2 

sc_!_)= I 
2 (2 77 ) 3 

➔ 

nocne BBeaeHHH HOBOfi rrepeMeHHOfi q 
➔ 

k 2 I=- ( ks, + q) ' 

(4.10) 

( 4.11) 

o6pasoM: 

( 4. 13) 

( 4. 14) 

yaoBneTBOpHromefi ycnoBHHM ( 4.9), ( 4.10), III H IV en.am e Mhie HS ( 4. 1) 

MO)KJ{O rrpeo6pasoBaTb K BHJly 

➔➔, 1-lrv4+;: +v,+P~ -1 
p

1
q+1£ L _....,.._ 1 dn er 

y4 +p2 yl'+p2 
l · . I 

TaKHM o6pasoM, JlnH SHa"leHHfi HMrrynhCOB HaneTaromefi "18CTHUhI HS 
. ➔ 

( 4.10) B rrpearrono>KeHHH, "ITO .t ( z , tl. ) 6bICTpo y6bIBaeT BHe o6naCTH ( 4. 7), 
penHTHBHCTCKHfi aHanor <pOpMynhI fnay6epa IlpHHHMaeT BHJl: 

➔ . ➔ 0 ➔ 
· , (➔) ➔ tl. ) ➔ tl. I P 2 1 ➔ (➔ tl. T tl. =t (tl.)S(- +t (tl.)S(--)-- - -JS(q)t q+-)x 

I f p 2 n 2 (2 77)2 p O. p I P 2 

xd<f-_A_) d2~ 
2 qO 

(4.16) 
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rile 
0 .I ➔ 2 

P =v4+p.' 2 1 
p ~=v4+pf+vl+p➔~ 

B aaKnIDqeane c]lenaeM aecKonhKo aaMeqaanft. 

ITocTpoeamr, BbIIlOnHeHHbie B §§2,3, rrpeJlCTaBmIIDT, rro-BHJlllMOMY, 

aerrocpellCTBeaao npaKTnqecKnft HHTepec'B CBH3H c aanaqeft orrpeJleneanH 
*) 

penHTHBHCTCKHX nonpaBOK npn nayqeann HnepHbIX B3aHMOJleftCTBHft B 

o6nacTn HH.aKnx aaeprnn. 

Ilp1rnene.liab1e anecb KaqecTBeHHbre coo6pa*eHHH. o aaaKe penHTHBHCT

CKHX norrpaBOK OTHOCHTCH K llOTeHunanaM THITa (2.1), rrpn HX rrepeaeceHHH 

JlnH cnyqag noKanhHblX llOTeaunanoB 06b1qao HCITOnhayeTCH TOT qiaKT, qTQ 

cenapa6enhHbre n0Teaunanb1 nocTaToqao xopomo rrepeJlaIDT o6umft xapaKTep 

peanncTnqecKHX B3aHMOJleftCTBHft. 

HaKOHeu OTMeTHM, qTo npoueJlypa Bb!BO]la penHTHBHCTCKOI"O aaanora 

( 1.1) I rrpn KOTOpoft ncrronh30Bannch JlOllO nHHTenhHbie rrpeJlnO)KeHHH, yKa3hl

BaeT Ha TO, qTo 9Ta cjiopMyna HMeeT orpaanqeHHYID o6naCTh rrpnMeHHMOC

**) . 
TH 

ABTop Bbrpa*aeT rny6oKyID 6naronapaocTh rrpocjieccopy n.11. Bnoxna

ueBy, B.B. BenHeBy, A.n. 3y6apeBy, B.r. Kanh1meBcK0My n A.H. KBnanxnnae 

aa o6cy)KJleHHH n aaMeqaanH. 

----------------------
H) /}9/ 

B pa6oTe nnH aToft uenn ncrronhaoBannch penHTHBHCTCKHe ypaBHe-
HHH 4>aJl]leeBa, llOCTpoeHHbre ITO MeTony 1201• Heo6xoullMOCTh B T8KHX nccne
Jl0B8HHHX HBnHeTCH aKTyanhHOH, T.K. pacqeTbI, HCITOnh3YIDIUHe rrapaMeTpnaa-
UHID t j e JlnH peanncTnqecKHX llOTeHunanoB, npnMeirnMyID B lllllpOKOM ,~,e_p-
Bane aaeprntt, JlaIDT aaHH*eHHoe (aa 15-20%) anaqeane aaeprnn CBH3H • 

~*> . /21/ ,i. . ( ) Cor,nacao , 'i'opMyna I. I HBnHeTCH Toqaoft: B rrpn6nn*eann Bb1co-
KHX aaeprntt rrocneJlYIDllllle HTepaUHOHHbie qneHbl rrepepacceHHHH COKpamaIDTCH 
c BaeaaepreT~qecKHMH BKnanaMn rrocnenaero cnaraeMoro B (I.I). 
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