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§ J. 06 HHB8pH8HTHOCTH ypaBHeHHH llfpellHHT'epa OTHOCHTellbHO 

HepenHTHBHCTCKHX rrpeo6pa30BaHHD KoopaHHBT 

1. PaccMoTpHM <PopMynhi HepenRTHBHCTCKHX rrpeo6paaosaHHA KOOPilHHaTx': 

x' ( x - vt ) ( 1 
1 

+-
2 

2 

~) (1 1 .. ,t'==t +z 
c 

2 
v v 

-2)--2 
c c 

X ' 
(1) 

KOTOpbie COOTBeTCTBYIOT cny'iaiO, KOI'Jl8 qneHSMH IIOpSIIlKS v
4

/ C 
4 

MOlKHO 

rrpeHe6pe'ib rro cpasHeHHIO c l. 
Y 'IHTbiBSSI Jlanee TOT tPSKT, 'iTO ypaBHeHHe UJpellHHI'epa TSK )l{e, KaK 

HepenSITHBHCTCKOe ypaBHeHHe faMHllbTOHa-RK06H, OTpa)l{aeT CTpyKTypy Hepe-

' 
nRTHBHCTCKOi!: tPOpMynhi }lnSI 9Hepi'Hif, H IIpHHHM8SI BO BHHMSHHe He06XOJlHMOCTb 

cymeCTBOB8HHSI IIpe}lenbHOI'O rrepeXOJl8 OT IIepBOI'O ypaBHeHHSI KO BTOpOMy, 

Mhi srrpase yTBep)I{Jl8Tb cne}lyiOmee. 

YpaBHeHHe llipellHHrepa cooTBeTCTsyeT TOMY )l{e caMoMy rrpH6nHJKeHHIO, 

'iTO H BbiiiHC8HHbie Bbiiiie HepenSITHBHCTCKHe tPOpMynhi rrpeo6pa30B8HHSI KOOp

JlHH8T. ll09TOMy cne}lOBano 6hi 0)1{HJl8Tb 1 'iTO OHO T8K lKe, KSK H HepenRTH

BHCTCKOe ypaBHeHHe faMHnbTOHa-RK06H, JlOn)I{HO YllOBneTBOpSITb Tpe60B8HHIO 

HHB8pH8HTHOCTH OTHOCHTenbHO OTMeqeHHhlX rrpeo6pa30B8HHH. 

t.{ T06hi OTBeTHTb Ha IIOCTaBneHHbiil: BOIIpoc 06 HHBapHaHTHOCTH ypaBHe

HHSI UJpeJlHHI'epa OTHOCHTenbHO rrpeo6pa30B8HHH ( 1) 1 B03bMeM yKaaaHHoe 

ypaBHeHHe B tPOpMe 

x) 
LlnH IlpOCTOTbl Mbl orpaHH'IHMCSI 3JleCb paCCMOTpeHHeM OllHOMepHOI"O cny-

'18SI. Q6o6IIIeHHe ei"O H8 TpeXMepHblll: HHK8KOI"O Tpylla He npellCTaBnHeT. 
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~ 

a¢ 2 
i1i a2 t/1 imc 

t/1 (2) -+ = a t t. 2m a x 
2 

KOTOp8S1 IJOny'laeTCSI H3 06hi'IHOI"O ypSBHeHHSI llJpellHHI"epa C IJOMO!Ub!O H3BeCT-

HOA 3aMeHhl 

tPw 
2 

imc t t/1 exp ( n- (3) 

H KOTOpyiO Mbl 6y11eM H83biB8Tb aHanorOM KOB8pH8HTHOA lf>opMbl x) • 

TiepeXOilSI Ha OCHOBSHHH lf>opMyn (1) B llPYI"YIO (wTpHXOB8HHy10) CHCTe

MY OTC'IeTa H npeHe6pei"8SI 38BellOMO ManhiMH 'lneHSMH, llpHJleM K Bblp8)Ke-

HHIO BHI]a: 

a 1/J , 1 v ~ a· 1/J , a 1/J, ( 1 1 v 
2 

) i m c 
2 

·'· , 

~ + ]'" --;2"""Jt-- v ~ + 2 ---;2 + ~ ,'~' 

·t a21/;' 2 a2,,, a2lf;' 1 2 v2 a2rjJ' 
=-1-[--+.:L~-2L -(1+-L)+- ], 

2m a {.2 C 2 a X , 2 C2 a X, at, 2 C 2 C 4 at , 2 

KOTOpOe MO)KeT 6h1Tb nepellHCBHO B ljJOpMe: 

a·" , im c 2 
, i 1i a 2 ifJ • i il v 2 a 2 t/J • 

...:::..:J:.- + ~ 4/J m -- --- + -- - ---at' h 2m a x' 2 2m c 2 ax' 2 

it v ( 1 1 v ) a ( a ifJ, imc 
2 

·'· , ) ifi v
2 a ( a,,, , imc 

2 
,/, , ) --·~ +-----...--+~'!' +--- --.:::...:t:...+--::---'1'. 

m c 2 c. ax· at' n 2m c 4 at' at' n 

Hcrronb3YH nanee ypaaHeHHe WpennHrepa B naHHOil (wTpuxoaaHHoil) cucTe-

Me OTC'IeTa, IlpHil8M K Bblp8lK8HHIO: 

.!.:!:.:._ + ~..:.. 4/1 , = JL _ff_ + 
at' 'li 2m ax' 2 

l. v 2 a 24/1 , 1t 2 v 1 v2 a 34/1 , t. 2 v 2 
+-- -:2 -+----(1+--)-----

2m c ax'2 2m2 c2 2 c2 ax's 4m2 c4 

a aifl' 

at' ax' 

x) 
CMhiCil T8KOrO H83B8HHSI IlpOSICHHTCSI H3 ll81lbH8Hillero ( CM, 11, 2), 

4 

.,. 

(4) 

,,'• 

~ 

TaKHM o6paaoM, Mhi nony'lunu ypasHeHue, KOTopoe oTnu'lae 

HeHHSI llJpeJlHHI"epa (2) H8nH'IHeM Tpex llOCneJlHHX 'lneHOB B 11}: 

TipH 9TOM 811pHOpH COBepweHHO HHOTKYil8 He cne11yeT, 'ITO yKa3. 

(HnH HX CyMM8) JlOmKHbl 15hiTb MSnbiMH BenH'IHHSMH H 1109TOMY 

OTI5poweHhl x) • A KOnb CKOpO Mbl He MO)KeM HX OT6pOCHTb, TO 

CK838Tb, 'ITO ypaBHeHHe llJpeJlHHI"epa He HHB8pH8HTHO OTHOCHTeJ 

THBHCTCKHX npeo6p830B8HHA KOOpllHHST (1). 
Tip8Bil8, 3/leCb TpyllHO He 110Jlll8TbCSI HCKyWeHHIO H He BB 

mueCSI ecTeCTBeHHbiMH, 8 H8 CSMOM aene HMelOWHe CMbiCn I"HIJOTl 

TenbHhie ycnOBHSI, KOTOpbie H 1103BOnHnH 6bi OT6pOCHTb ( KSK M4 

'leHHbie Bhiille 'lneHhlo 0K83biB8eTCSI OllHSKO, 'ITO 9THM 11eno He 

eTCH, BCTSB Ha TSKOA llYTb, Mbl llOn)I{Hbl BBeCTH H ewe OJlHO r 

Koe ycnosue ( CM.. HanpHMep. /1 I): 

a· t/1 2 i·m c2 a t/1 __ ._w« _w 
at 2 ---:r- at 

KOTopoe 6bi o6ecne'IHBano B03MO)KHOCTb nepexoaa o't ypaaHeHHH 

JlOH8 K ypaBHeHHIO llJpeJlHHI"epa, 

CTpeMneHHe coxpaHHTb ypaaHeHue lllpellHHI"epa MO)KHO n 

H3BeCTHO, 'ITO B Hau6onee B8)1{HbiX cny'laSIX CTSUHOitapHbiX CO 

I]SeT 15eaycnOBHO 11p8BHnbHbie OTBeTbl, 011H8KO Mbl BCe-TSKH 110n: 

CSI na TaKoA war. TiocneJlyiOwee paccMoTpenue JlOn)KHO eme 6olJ 

HaC B 9TOMo 

2. PaccMoTpHM nepenSITHBHCTCKOe ypaaHeHue faMHnl 

B cjlopMe 

as 
at 

_1_( ~)2 
2m a X 

+ m c 
2 

KOTOpylO Mbl 6y11eM H83biB8Tb KOB8pH8HTHOA lf>opMOA. 

a ifl, 
X) HCKnl0'18HHe COCTaBnHeT 'lneu BHA8 V 

3
/ C 

4 

ax, at' 
)1{8T 6b!Tb ll0K838H8 llOCT8TO'IHO CTporo ( CM, §2) • 
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2 
i me 

t 
r/1 

i1i 
2m 

a2 r/1 (2) 
a x 2 

CSI H3 o6hi'IJHOI"O ypaBHeHHSI llipe,I:IHHI"epa C IIOMOWbiD H3BeCT-

r/Jw 
2 

ime t r/1 exp ( -,r-

,~:~eM Ha3biBaTb aHanOI"OM KOBapHaHTHOH <j>opMbl x) • 

(3) 

a OCHOBaHHH <j>opMyn (1) B apyryro (wTpHXOBaHHyiD) CHCTe

eHe6peraSI 3aBe,I:IOMO ManbiMH 'IJneHaMH 1 IIpH,I:IeM K Bbipa)Ke-

~ a··'·' 1 v _'1-' - v 
+ T "'72 at' 

a ·'·' 1 2 • 2 '1-' ( 1 v ) 1 me , 
-a;:' + 2 --;;-2 + -t.-- 1/J 

a 2.p· v 2 
--+-

#~ 2 ax- c 

az _ ,, , , a z ·'· , 2 2 z , 
.....:::....:z;- 2....Y.. -1:.--(1 + ..L .Y.-) + _v_ ~ ] 
a X' 2 C2 a X, at' 2 C 2 C 4 at , 2 ' 

T OhiTb nepenHcaao B ljlopMe: 

imc 2 
' ifi a 2 1/J' ii\ v 2 az"'' 

+--r.--</1 z----+------
h 2m a x' 2 2m c 2 ax' 2 

1 v ) a ( a 1/J' imc 
2 

·'· ' ) iii v
2 a ( a·'· ' ime 

2 
·'· ' ) +----..--+,:--'/-' +--- ~+-::--'1-'. 

2 c - ax' at' n 2m c 4 a t' at' n 

nee ypaaaeaHe WpeAHHrepa a ABHHOii ( lliTpHxoaaaHoJ;I) CHCTe-

npH,I:IeM K BWpa•eHHID: 

imc 
2 

' i'li a2
·'·' -- </1 = -- ..::...z_ + 

ii 2m ax' 2 

a 21/J ' 1t 2 v 1 v2 a 81/J ' t 2 v 2 a a.p ' 
--, + --0 --;;- ( 1 + - -:;) --8---2 ~ ---a X'" 2m" C" 2 c" a X' 4 m C at' a X' 

(4) 

KOI'O H83B8HHSI npOS!CHHTCSI H3 ,1:18nbHeillllei'O ( CM. n. 2) • 

4 

~ 

TaKHM o6pa30M, Mbl IIO.ny'IJHnH ypaBHeHHe, KOTOpoe OTnH'IJaeTCSI OT ypaB

HeHHSI llipeaHHrepa (2) HanH'IJHeM Tpex rrocneaHHX "!neHOB B npaaoii 'IJaCTH. 

OpH aTOM anpHopH coaepweHHO HHOTxyaa He cneayeT, 'ITO yxaaaHHbie "'neHbi 

(HnH HX CyMMa) ,I:IOmKHbl !5hiTb ManhiMH BenH'IJHHaMH H ll09TOMY MOI"YT 6hiTb 

OT6pOWeHbl. x) • A KOnb CKOpO Mbl He MO)KeM HX OT6pOCHTb, TO BbiHY)K.IleHbl 

CKa3aTb, 'ITO ypaBHeHHe llipe,I:IHHI"epa He HHBapHaHTHO OTHOCHTenbHO Hepensr-

THBHCTCKHX IIpeo6pa30BaHHH KOOp.CIHHaT (1). 
Opaaaa, 3,1:1eCb Tpy.CIHO He IIO,I:I,I:IaTbCSI HCKyWeHHID H He BBeCTH (Ka)Ky

WHeCSI ecTeCTBeHHbiMH, a Ha CaMOM aene HMeiDWHe CMbiCn I"HIIOTe3) ,I:IOIIOnHH

TenbHbie ycnOBHSI 0 KOTOpbie H II03BOnHnH 6bi OT6pOCHTb (KaK Manhie) OTMe

'IJeHHbie Bbiiiie "'neHhi. 0Ka3biBaeTCSI O,I:IHaKO, 'ITO 9THM aeno He orpaHH'IJHBa

eTCSI. BcTaB Ha TaKOH IIYTb, Mbl AOn)KHbl BBeCTH H ewe O,I:IHO I"HIIOTeTH'IJeC-

xoe ycnoaHe ( CM.. HanpHMep. /1 I): 

a4r;, __ ._w« 
at 2 

2i·me2 ar;,w 
--:rat (5) 

xoTopoe 6hi o6ecrre"!Heano eoaMO)KHOCTb rrepexoaa o't' ypaaHeHHSI KneiiHa-fop

aoHa K ypaaHeHHID llipeaHHrepa. 

CTpeMneHHe coxpaHHTb ypaaHeHHe llipeaHHrepa MO)KHO nOHSITb. Beab 

H3BeCTH0 1 'ITO B HaH6onee B8)KHbiX cny"'aSIX CT8UHOHapHbiX COCTOSIHHH OHO 

aaeT 6eaycnoBHO npaaHnbHbie OTBeTbi. OaHaxo Mhi ace-TaKH aon)I{Hbl pewHTb

csr Ha Taxoii war. nocneayrowee paccMoTpeHHe aon)KHO ewe 6onbwe y6eaHTb 

HaC B 9TOMo 

2. PaccMoTpHM HepenSITHBHCTcxoe ypaaHeHHe faMHnbTOHa-.Rxo6H 

a cpopMe 

as 
at 

_1_( !!_)2 
2m ax 

+ m c 
2 

KOTOpyro Mbl 6y,~:~eM H83b!B8Tb KOBapHaHTHOI <j>opMOHo 

~ x) Hcxmo'leHHe cocTaBnHeT 'lneH BHAa v 3/ c 4 

ax'at' 
)K8T 6h1Tb ,I:IOK838H8 AOCT8TO'IHO CTpOI'O ( CMo §2) o 

5 
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8bip83HM 3aTeM KOOp,llHH8Tbl X H t ttepe3 x' H t' C IIOMOUlbiO 

¢opMyn (1) (H o6paTHbiX HM ¢opMyn). B peaynbTaTe ¢YHKUHSI S(x,t) rre

peii:aeT B ¢YHKUHIO S '(X ', t '). npH 9TOM1 K8K ObinO CIIeUH8nbHO OTMetteHO pa-

Hee /2/, ¢YHKUHSI S'(x~t ') 6yaeT yaoBneTBOpSITb ypaBHeHHIO Toro *e caMo-

ro BHaa: 
as· 1 as' 2 
-- =--(--) +mc 2

• 
at• 2m ax' (6') 

11Hatte 9TOT pe3yJibT8T MO*eT Ob!Tb HCTOJIKOB8H CJie.llyiOIIlHM o6pa30M• 

BoabMeM HeKOTopoe peweHHe S ( x , t) -ypaBHeHHSI faMHJibTOHa-.HKo6H. 

0HO ( IIOJIIIOCTbiO) OIIpe,lleJISieT COOOIO IIOBe,lleHHe HeKOTOporo KJI8CCH'I0CKOrO 

OO'beKT8 B Jl8HHOH CHCTeMe OTCtteTa. no H80JIIO,Il0HHSIM H3 Jlpyroil: CHCTeMbl 

OTCtteT~ IIOBe,lleHHe Toro *e C8MOrO OO'b0KT8 6y.lleT orrpe,lleJISITbCSI ¢yHKUHeH 

S '(x ~ t ') • npH 9TOM1 B cornaf;HH C IIpHHUHIIOM OTHOCHTeJibHOC1'H 1 ¢YHKUHSI 

S'(x~t') 6yaeT yaoBneTBOpSITb ypaBH0HHIO faMHJibTOHa-.HKo6H (6•) B HOBOH CHC-

TeMe OTC'lCTa. 

PaccMo-rpHM Terrepb ypaBHCnHe llJpe.llHIIrepa B ¢opMe (2) H ero perne-

HHe BH.ll8 (eM., H8IIpHMep, /3/): 

-t/2 im 
lfr(x,t)=.Ct exp( 

211 
x 2 

_ imc 2 

t 
t ), 

(7) 

KOTOpoe OIIpe,lleJISI0T COOOH 38KOH IIOB0Jl0HHSI HeKOl'Oporo KB8HTOBOrO OO'beK

Ta B .ll8HHOH CHCTeMe OTC'leTa. 

no H80JIIO,ll0HH'?IM H3 ;J.pyroii: CHCT0Mbl OTC'IeTa, 38KOH IIOB0Jl01lHSI ,ll8HHOrO 

KBaHTCBoro oo'heRTa aon*eH orrpeaeJHITbCSI Torn~ rpY!IKlH!GR: 2 2 ., 1 

1jJ '( X . 't , ) = C[ t, (1 + .1.. ~) + -;X, ( x • t- vt ')" ( 1 + T -;-) 
c -t/2 ~I 1 v\ 

) exp ( .if 2[t '(1 + 2 -;:-:t 2 c2 c 

c'a 
2 

[ t ' ( 1 + 1
2 
~ ) + ~ 

2
x • 1 I ) , 

c c 

KOTopaSI rronyttaercSI aa lfr(x ,t) B peaynbTaTe nepexoaa oT x 

t' Ha OCHOBUIIHH tlJopMyJI, OopaTHb!X ( 1 ~. 

6 

.-

+ ..!:. x'l 
2 

H t K x' H 

,,~~~1, 

(' 

'· 

.I 

''•t 

"l• 
,, 
i . 
j,; 

i; 

·~ 
r 

'.·i 

. ~~ 

l 
I 
~ 
I' 

I ,. 

no aHaJIOrHH CO CK838HHblM Bbiiiie, ¢yHKUHSI 1jJ '(x',t ') 1 COr, 

UHIIY OTHOCHT0JibHOCTH 1 .llOJI*Ha Y.llOBJieTBOpS!Tb ypaBHeHHIO llJpe,llH 

BOH CHCTeMe OTC'leTa: 

...!L + imc2 1jJ , = i\ a 
2
lj! , 

at' t 2m ax' 2 

0.1lH8KO npSIM8SI IIO.IlCT8HOBK8 IIOK83biB8eT1 'ITO 9TO He BC 

MeCTO. 

nonytteHHbiii peaynbTaT cneayeT C'!HTaTb npS!MhiM cneaCTBI 

pHaHTHOCTH ypaBHeHHSI llJpe.llHHrepa OTHOCHTeJibHO HepeJISITHBHCT 

pa30B8HHH KOOp.llHHaT. 

2a. 06cy.llHM ,llaJiee BOIIpOC 0 TOM 1 BbliiOJIHSieTCSI JIH ,llJISI 

aa ( 7) Tpe6yeMoe ycnoBHe 

a2 ¢ 

ax at 

2 2 
m c 

v--·'· 1\2 'I' ' 

Bb!BO.Il KOTOporo 6y.lleT .ll8H HH*e• 

B aToM cnyttae, HanpHMep, anSI peanbHhiX '!aCTeii:, 6yaeM HI>. 

wee IlpHOJIH*eHHOe paBeHCTBO 

x 1 2 3 -kx 
- [1 +-(.X.) )cos¢+----

t c2 t 2 mc2 t 2 
sin rp "'v cos¢, 

rae 
mx2 me 

2 
t 

cp = 2t t - ---r- KOTOpoe, K8K HeTpy,llHO BH,lleTb, 

OOXO.IlHMOCTbiO HapyiiiaTbCSI ,llJI$1 

-tgrp .,._c2/v2 mv2t 
h 

"'- c2 /v2' 

'ITO COOTB0TCTByeT 3H8'!0HHIO cjla3bl 
1 cp"' (N + -) TT 
2 

'!HCJ!Oo 

' rJJ 

AHanorH'!Hb!H pe3yJibT8T 6yaeT CJI0,1lCTBH0M IIO.IlCT8HOBKH BO 

UHH BH.Il8 (7) B Bblp8*0HH0 1 orrpe,lleJISIIOIIIee COOOH CYMMY ttJieHO 

KOTOpb!X IIOCJ!e npeoopa30B8HHSI ypaBH0HHSI llJpe,llHHrepa K HO: 

OTCtteTa IIpOTHBOpettHT Tpe6oBaHHIO HHB8pH8HTHOCTH. 8 9TOM Cl 

7 



38T8M KOOpAHH8Tbl X H t 'i8p83 x' H t' 

o6paTHbiX HM cjlopMyn). B p83ynhTaT8 cjlyHKUHSI 

HIO S '(X', t'). npH 9TOM, KaK 6hin0 CII9UH8nhHO 

C IIOMOillbiO 

S ( x, t) rre

OTMe'ieHo pa-

st S '(x ', t ') 6yneT ynoaneTaopstTb ypaaHeHHIO Toro )1{8 caMo-

as· 1 as·2 
--=--(--) +mc 2

• 

at' 2m ax' (6.) 

T p83YJibT8T M0)1{9T 6hiTb HCTOJIKOB8H CJie,!ly!OIIlHM o6pa30M, 

HeKOTOpoe peweHHe S (X , t) -ypaBH9HHSI faMHJibTOHa-fiK06H, 

) OIIp8A8JISieT co6010 IIOBeAeHHe H9KOTOpOI'O KJI8CCH'i9CKOI'O 

OH CHCT8M8 OTC'i8T8. no Ha6JIIO,!l8HHSIM H3 ApyrOH CHCT9Mbl 

HH8 TOI'O )1{8 C8MOI'O 06beKTa 6y.neT OIIpe,!leJISITbCSI cpyHKUHefi 

9TOM, B COI'Jia~HH C IIpHHUHIIOM OTHOCHTeJibHOCTH, cpyHKUHSI 

OBJieTBOp.iiTb ypaBHCHHIO faMHJibTOHa-fiKo6H (6•) B HOBOH CHC-

M rerrepb ypaauc:me lllpe.nnnrepa B cjlopMe (2) H ero pewe

HarrpHM8p, /3/): 

·'·( t) Ct-tl2 ( im xz imc2 t) 
'~' x, =. exp- ----211 . t 1i ' (7) 

Jl5H~T C060H 3aKOH IIOB9A9HHSI HeKO'!'OpOI'O KB8HTOBOI'O o6beK

CTeMe OTC'!eTa. 

8HY.'.1M H3 .:lpyrOH CHCT8Mbl OTC'ieTa, 3aKOH ITOB91l9HHSI ABHHOI'O 

E'T<Ta AOJilKeH OIIpeAeJH!TbCSI TOI'Aa f\JYHKTJifQil:: 
0 

·, 2 
2 

-112 im (x't-vt'fP+}-;-> 
] exp (--1 

~ 2[ t '(1 + .1 v
2
) + ~ x'l 

2 C" c:J 

[t'(1 +..1_~) + ~x' 
2 c2 c 2 

' (1 + ~ ~ ) + : 2x ' ] I ) , 

ercSI 113 tjJ(x ,t) B peaynbTaTe rrepexo.na oT x H t 

nnr ¢opMyn, o6paTHhiX ( 1 ~, 

6 

..-

K x' H 

"•/ 

·,{. ,[ 

jfl ' 

~ 
,l~. 
I 

l !· 

.. 

no 8H8JIOI'KH CO CK838HHbiM BbiWe, cpyHKUHSI t/J '(x',t ') , COI'JI8CHO IIpKH

UHIIy OTHOCHTeJibHOCTH, Jl0JI)KH8 YllOBJieTBOpSITb ypaBHeHHIO llJpeJlHHI'epa B HO

BOH CHCTeMe OTC'ieTa: 

atjJ' imc2 , it a2
tjJ' 

-.-+--t/1 =-=---
at' t 2m ax' 2 (2') 

0JlH8KO IIpSIM8SI IIOJlCT8HOBK8 IIOK83biBaeT, 'iTO STO He BC8I'Jl8 HM88T 

M9CTO. 

nony'ieHHbiH pe3yJibT8T CJie)lyeT C'iHT8Tb IIpSIMbiM CJI8ACTBH8M HeHHBa

pH8HTHOCTH ypaBH9HHSI llJpeAKHI'epa OTHOCHT8JlbHO HepeJISITHBHCTCKHX rrpeo6-

pa30B8HHH KOOpAHHaT, 

2a. 06CyJlHM ABJiee BOIIpOC 0 TOM, BbiiiOJIHSieTCSI JIH JlJISI pellleHHSI BH

.[{8 ( 7) Tpe6yeMoe ycnoaHe 

a 2 T/1 

axat 

2 2 
m c 

v--·'· .f. 2 'I' ' 

BbiBOil KOTOporo 6yAeT ll8H HH)I{e, 

8 9TOM CJiy'iae, HaiipHMep, AJISI peaJibHbiX 'i8CTefi, 6yAeM HMeTb CJieJlyJO-

mee IIpH6JIHlKeHHOe paBeHCTBO 

X 1 X 2 ] 3 .fix - [1 + -( -) cos¢+- sin cp .. v cos¢, 
t c2 t 2 mc2 t 2 

rAe 
mx2 mc 2 t 

cf>=zrt-,- , KOTOpoe, KBK HeTpyAHO BHJleTb, 6yAeT C He-

06XOAHMOCTbiO HapylliBTbCSI llJl5! 

2 2 m v 2t ., 2 
. tg ¢ .. - c I v .. - c" I v , 

h 

1 
'iTo cooTB8TCTBY8T 3Ha'ieHHIO cjlaabt cf>"' ( N + T) " , rne N -uenoe 

'iHCJIO, 

AHaJIOI'H'iHbiH pe3yJibT8T 6yAeT CJieACTBHeM ITOJlCTBHOBKH BOJIHOBOH cpyHK-

UHH BHJl8 (7) B Bblp8)1{eHKe, OIIp9Jl9Jl5!101llee C060H CyMMY 'iJI9HOB 0 IIOSIBJI9HHe 

KOTOpbiX IIOCJie rrpeo6pa30B8HHSI ypaBHeHHSI llJpeJlHHI'epa K HOBOH CHCTeMe 

OTC'ieTa IIpOTHBOpe'iHT Tpe60B8HHIO HHBapH8HTHOCTH. 8 9TOM CJiyqae OK83bl-

7 



i. 

saeTCSI, 'ITO, CKa)KeM, JlnSI Jl9i!:CTBHT9nbHbiX 'lneHOB ycnOBHe HX ManOCTH 6y

Jl.9T c Heo6xoJlHMOCTbiO aapywaTbcsr s6naaa 3Ha'leHHsr cf> .. N " ( tg cf> ... v 2 j c 2 
). 

noaToMy npeHe6peraTb paccMaTpHsaeMhtMH '!neHaMH Henbasr, a cne)losaTenh

ao, -npeo6paaosaHaoe ypasHeHHe lllpeJlHHI"epa He MO)KeT 6btTb npHseJleHo K 

Tpe6yeMOMY BHJlY (2•). 

§2. HepengTHBHCTCKOe aonaoaoe ypaanenHe 

J.HH)K9 Mbl llOllbiTaeMCSI nony'IHTb HepensrTHBHCTCKoe BOnHOBOe ypasHeHHe, 

xoTopoe 6ht He cTpaJlano OTMe'leHHhiMH Bhtwe H~JlOCTaTKaMH. DpH aToM 6y

JleM HCXOJlHTb H3 pensrTHBHCTCKoro sonHosoro ypasHeHHSI Knei!:Ha-ropJlOHa: 

1 a V, a2¢ nfc2 

~-v"'· c2 at 2 (8) 

.nanee )Ke paccy)KJlaeM cneJlyiOUlHM o6pa3oM. 

KaK H3BeCTH01 BHJl ypaBHeHHSI (8) OTpa)K8eT COOOi!: CTpyKTypy pensrTH

BHCTCKOi!: !fJopMynht JlnSI nonHOi!: SHepl"HH. DpH 3TOM nesasr 'laCTb COOTBeTCT•• 

syeT KBaJlpaTy nonHoi!: sHeprHH, nepshll!: 'lneH nesol!: 'laCTH - KBaJlpaTy HM-

nynhca, a sTopol!: '!neH - xsaJlpaTy Macchi. no aaanorHH c TeMH coo6-

pa)KeHHSIMH 1 KOTOpbte npHMeHsrnHCb ttpH nepeXOJle OT penSITHBHCTCKOI"O ypas

H9HHSI raMHnbTOHa-.HKOOH K HepensrTHBHCTCKOMy/2/x) 1 B )laHHOM cny'lae MO)K

HO CKa3aTb 1 'ITO B npHOnH)KeHHH, onpeJlensreMOM !fJopMynaMH npeo6pa30B8HHi!: 

( 1), JlOn)KHO BhmonHsrThCSI ycnosae xx): 

a 2 2 2 2 
__ t/1 .. ...!:__ ( ~ t/1 ) ' (I) 
ax2 c2 1\2 

a TaK)Ke cssraaHHOe c HHM ycnosae xxx) 

x) 
Aaanorasr MO)KeT 6biTb ewe 6onee nonaoA, ecna npa STOM onapaTbCSI TaK-

)1{9 aa cywecTsosaaae npeaenhaoro nepexoAa oT ypasaeHHSI KneAaa-ropAoHa 
K ( penSITHBHCTCKOMy) ypaBHeHHIO raMHnhTORa-.RK06Ho 

xx)~SKTH'IeCKH CnpaBeAnHBOCTb 9TOI"O ycnoBHSI1 (KaK cneACTBHSI RepaBeHCT
Ba (5) ), noApaayMesanacb H paRbwe. 
xxx) 

O!Sa sseAeRHbiX ycnoBHSI e_cTecTseaao BbmonaSIIOTCSI AnSI cny'laSI nnocxoA 
BOnRbl. 

8 

~ .. 

:1:· -1. a 2¢ 
2--- .. 

c at 2 

mac 2 

v ¢. 

Konh cxopo Mbt npHHSinH ycnosae (I) 

KOpHSI H3 OOeHX 'laCTei!: ypasHeHHSI (8) 

, TO MO)KeM nocne 

a 2 1 ; 2 • z ;~ 2 2 a 11 ·'· 
_1 (2l) =~¢1"yl-(~¢)_, __ '~'. 

c 2 at 2 11 i\ 2 ax 2 

socnoJlbaosaTbCSI paano)KeHHeM s pSIJl. Dpa aTOM nony'IHM cneJly< 

)KeHae: 

I . 2 a 2.1• I 2 tmc 
-{¢_'I' ) + -r- "' a t 2 

it 
2m 

a2¢ 
-.-2, 

ax 

KOTOpoe, KaK YBHJlHM B )laJlbHei!:WeM 1 COOTBeTCTByeT TOMY )Ke Ca 

nH)KeHHIO, 'ITO H !fJopMynbi ( 1) • 

Hony'leHHOe TaKHM o6pa30M ypasHeHHe (5) OTnH'IaeTCSI, 0' 

BHJl8 ypaBHeHHSI llJpeJlHHI"epa (2) !fJopMOi!: nepBOI"O 'lneHa B nE 

2 • .nnsr TOI"O, 'IT06bl yoeJlHTbCSI B HHBapH8HTHOCTH nony'le 

ypaBHeHHSI (S) OTHOCHTenbHO npeo6p830B8HHi!: ( 1), He06XOJlH 

CJlenaTb cneJlyiOmHA war. 

PaccMoTpHM caosa ypasae~e Knel!:aa-ropJloHa H 6yJleM 

T8K. Konb CKOpO STO ypasHeHHe HHB8pH8HTHO OTHOCHTenhHO npe 

flopeHU8, TO OHO C HeOOJtOJlHMOCTbiO (npH ManbiX CKOpOCTSIX) Jl 

HHB8pH8HTHO H OTHOCHTenbHO ( BbiTeKaiOUlHX H3 npeo6pa30B8HH 

npeo6paaosaHHA (1). 
DepeXOJlSI H8 OCHOB8HHH !fJopMyn (1) K JlpyroA (wTpHXOB8H 

Me oTC'IeTa H npeHeoperaSI aaseAOMO ManhtMH 'lneHaMH ( nopsrl 

H MeHbWe), npHJleM K Bbip8)KeHHIO BHJla: 

2 2 2 2 3 2 

_1_~ .. ~-~ ifl'+_!_.L.!.J..: 
·C

2 at' 2 ax' 2 ft 
2 

C
3 

C at'ax' 

8 



K8)KeM, anSI aeACTBHTenbHbiX "'neHOB ycnOBHe HX ManOCTH fiy

HMOCTblO HapywaTbCSI B6nH3H 3H8"1eHHSicp .. N7T(tgcp .,.y 2jc 2 ). 

6peraTb paccMaTpHsaeMbiMH "'neHaMH HenbaSI, a cneaosaTenb

BaHHOe ypaBHeHHe llipeaHHI'epa He MO)KeT 6b!Tb npHBeaeHO K 

Hay (2•). 

§2. HepengTHBHCTCKoe aonaoaoe ypaaHeHHe 

llOllbiTaeMCSI nony"'HTb HepenSITHBHCTCKOe BOnHOBOe ypaBHeHHe, 

CTpaaano OTMe"'eHHbiMH BbiWe H~aOCT8TK8MH, llpH STOM 6y

H3 penSITHBHCTcxoro sonHosoro ypasHeHHSI KneAHa-ropaoHa: 

a¥ 
---2 
c 2 at 

a2 .p 2 2 

-- - ..!!!..£__ 1/1 • ax 2 t 2 

y)KaaeM cneayiOWHM o6paaoM, 

(8) 

THO, BHJl ypaBHeHHSI (8) OTp8)1{8eT C06oA CTpyKTypy penSITH

nbi JlnSI nonHoA aHepi'HH. llpH STOM neBBSI "18CTb COOTBeTCT•• 

nonHoA aHeprHH, nepabiA "'neH neaoA "'BCTH - xaaapaTy HM-

oA "'neH - KBaapaTy M8CCbl, llo 8H8nOI'HH C TeMH C006-

Opbie npHMeHSinHCb npH nepexoae OT penSITHBHCTCKOI'O ypaa

H8-.HK06H K HepenSITHBHCTCKOMy/2/x), B aaHHOM cny"'ae MO)K-

0 a npH6nH)KeHHH, onpeaenSieMoM <flopMynaMH npeo6paaoaaHHA 

monHSITbCSI ycnoaHe xx): 

a 2 2 2 2 
__ .P .. ~(~ 1/1 ), (I) 
ax 2 c 2 11 2 

Hoe c HHM ycnoaHe xxx) 

H MOlKeT 6biTb ewe 6onee nonHoA, ecnH npu STOM onupaT&CH TaK

CTBOBBHHe npeaen&HOI'O nepeXOAB OT ypaBHeHHSI KneAHa-fopAOH8 
CTCKOMy) ypaBHeHHIO faMHnbTOH8-.RK06H. 

lcKH CnpaBeAnHBOCTb 9TOI"O ycnoBHH, (KaK cne.llCTBHSI HepaBeHCT
>.llpaayMesanaCb H paHbme, 

lseaeHHbiX ycnOBHSI ecTeCTBeHHO BbinOnH.SIIOTCSI .llnH cny'l851 nnOCKOA 

8 

.. -

_1. a 21/1 2 __ ., 

c at 2 

m2 c a 

v 1{1. (Ia) 

Kon6 cxopo Mbi npHHSinH ycnoaHe (I) 

KOpHSI H3 o6eHX "18CTeA ypaBHeHHSI (8) 

0 TO MO)KeM nocne H3Bne"'eHHSI 

a 2 l 12 . 2 I 2 2 a .. ·'· 
_1 <...i:.i.._> =~.Pl2v 1-(~l{l)-l--'~'. 

c
2 at 2 1i oft 2 ax 2 

BOCllOnb30B8TbCSI pa3nO)K9HH9M B pSIJl, llpH STOM rrony'IHM cneayrowee Bb!pa-

)KaHHe: 

I . 2 a21jJ I 2 IIDC 

-{1/1-) +~ 1/1 a t 2 

i1i 
2m 

a 2 1/1 

~· ( S) 

KOTOpOe, KBK YBHaHM B Jl8nbHeAweM, COOTBaTCTByeT TOMY )1{9 C8MOMY npH6-

nH)K9HHIO, 'ITO H <flopMynbi ( 1), 

Hony"'eHHOe T8KHM o6pa30M ypaBH9HHe (5) OTnH'IaeTCSI, O'IeBHaHO, OT 

BHaa ypasHeHHg WpeaHHrepa (2) <flopMOH nepaoro "'neHa a neaofi qacTH. 

2, .[lnSI TOI'O, "'T06bi y6eaHTbCSI B HHB8pH8HTHOCTH nony"'eHHOI'O H8MH 

ypaBHeHHSI (S) OTHOCHTenbHO rrpeo6pa30B8HHH ( 1), Heo6xoaHMO CHa"'ana 

caenaTb cneayiOWHA war. 

PaccMoTpHM cHoaa ypaaHe~e KneAHa-ropaoHa H 6yaeM paccy)KaaTb 

TaK, Konb CKOpO STO ypaBHeHHe HHB8pH8HTHO OTHOCHTenbHO rrpeo6pa30B8HHH 

JlopeHU8, TO OHO C Heo6xoaHMOCTblO (npH ManLIX CKOpOCTSIX) aon)KHO 6biTb 

HHB8pH8HTHO H OTHOCHTenbHO ( BbiTeK8lOWHX H3 rrpeo6pa30B8HHH JlopeHU8) 

rrpeo6paaosaHHA (1). 
llepexoaSI H8 OCHOB8HHH <flopMyn (1) K JlpyroA (wTpHXOB8HHOH) CHCTe

Me OTC"'eTa H npeHe6peraSI aaaeaoMo ManbiMH "'neHaMH ( nopSiaxa v ~ c 
4 

H MeHbWe), npHaeM K Bbip8)KeHHIO BHJla: 

2 2 22 8 2, 
_1_ !...!..:._ =: .21 -~ 1/1 , + _y_ _1 .!._j:_ 
'c

2 at' 2 ax' 2 il
2 

c 3 c at'ax' 
(9) 

9 



I 
I 
r 

'LfT06bi yaoeneTBOpHTb aanee BblllBHHYTOMY Tpe60B8HHIO HHBapH8HTHOCTH1 Mbl 

aomKHhi oT6pocHTb nocneaHHA 'lneH a npaeoA 'laCTH. B paMKax paccMaTpH

eaeMoro npH6nHlKeHHSI 9T0 1 0'19BHllH0 1 MOlKHO caenaTb 1 ecnH. BbinOnHeH01 H8-

npHMep. ycnosHe 

a2"', 
ax• at• ""v 

m2 c 2 

""""f2 "' , ' (II) 

Y'IHTbiB8IOlllee TOT cllaKT1 'ITO OTHOWeHHe OT6paChlB8eMOro 'lneHa K H8H60nb-

WeMy aonJKHO 6htTb no nopS!llKY eenH'IHHhi paeHo v 4 /c 4 • 

3, ITepeA:aeM Tenepb K HenocpeaCTBeHHOMY llOK83aTenbCTBY HHB8pH8HT-

HOCTH ypaBHeHHSI (S) OTHOCHTenbHO HepenSITHBHCTCKHX npeo6pa30B8HHA KO-

OpllHH8T (1), 

ITpHMeHsrsr npeo6paaoeaHHSI (1) K ypaeHeHHIO ( S) H npeHe6perasr aa-

BellOMO ManhiMH 'lneHaMH 1 npHaeM K BbtpalKeHHIO BHlla: 

2 a2 , 2 

-(t/J'~(2[1+~-2v a .P' (--.P-)-tll/2+ ~ .p, 
at' 2 e 2 ax'at' at, 2 t 

i1i a2.p' ifi v2 a 21/J' rti v a2.p, 
=----+----.-. +--(--) --

2m ax' 2 2m e 4 at' 2 m e 2 ax'at' 

( s, ) 

ITpHeneKaSI aanee ycnoeHe (II) C y'leTOM I a), paanolKHM 11neH a Keaa-

p_aTHhiX cKo6Kax a psra. B peaynbTaTe 6yaeM HMeTb: 

it 
2m 

a 2.1. t/2 . 2 -( t/1, 'f' ) + t me .p 
~ --r-

a2.v 
~ + 

1 v2 , a2.P' t/z it v 2 i.t.' a 2 ·"' , t/2 a 21/J, -t/2 it v a2.P' 
+- -(1/J --) +--~ - v __:_.._z:_.p (---) -----

2 e
2 at' 2 2m e 4 at'2 ax'at' at' 2 m e 2 ax'at'' 

tfTo KacaeTCSI cyMMhi ( ~28 ) eToporo H TpeTbero 'lneHoe a npaeoA 'laCTH, 

TO OH8 MOlKeT 6btTb npeacTaeneHa a BHlle 

-~ 2 t/2 aa.,,• t/2. 2 a2·'·' t/2 
I =--t_n _ _ v_t/1,- (____.!._) [ 1me t/J'-(1/J' --'~'-) ]. 

23 2m e 4 at' -r;- at' 

10 

I --

OnHpasrcb aanee a•, yp8etteHHe ( S) 8 aaHaoA: \ wTpHxoeaaHoA) c 
lj ., 

c'leTa, nepenHwe~ noeneaHee abtpaJKeHHe a <flopMe 

~-
28 

= ( "', a
2
tf!' )/2 .:!_2 _1_( imc

2 "'') 
at•2 c2 2 T 

i'tt a 21/J • 
2m ax' 2 

C y'leToM ycnoaH Sl ( I ) Tenepb MOlKHO CK838Tb 0 'ITO OTHOWeHHE 

K nepBoMy 'lneay neeoA: 'laCTH 

(J 
28 

• .1. ~( imc2 1/J')-1 iL a2rjJ, 
2 c 2 ... 2m a x.2 

cocTaBnSieT no nopsraKy eenH'IHHhi v 4 /c 4 , TaKHM ot5paaoM, BTOpl 

HM 'lneHSMH MOlKHO npeHe6pe'lb, 

AHanorH'IHhlM nyTeM anB OTHOWeHHSI 'leTeepToro H nsrTor 

nepaoMy 11neHy neaoA 'IB.CTH nony'IHM eenH'IHHY 

(J 

411 

2 
~ - 1 a t/1' imc 2 , -1 

- < at' 2 > v ax' at·< T"' > 2m 

i't 1:L 
ax' 2 

OTKYll8 H8 OCHOB8HHH ycnoeHA (II) H (I) 6yaeM HM9Tb 1 'ITO 

4 4 
u •V/c. 

40 

Ho STO 03H8'18eT 1 'ITO 'leTeepTbiA: H USITbiA 'lneHbl T8KlKe MOryT 

weHbi, 

B pe3ynbTaTe B WTpHXOB8HHOA CHCTeMe 

a2 t/1' 1/2 • 2 .+ -( t/J, ) + ImC t/J, = _I_n_ 

a t • 2 
. . -y;- 2m 

OTC'IeTa BHll ypl 

a'Jtf!' 
ax' 2 

6yaeT Tenepb nonHoCTbiO aaanorH'IeH BHllY ypaeHeHHSI (S) • A 

eT
1 

'ITO HHB8pH8HTHOCTb ypaBHeHHSI ( S) OTHOCHTenbHO npeot5p~ 

aoKa3aHa. 

4. B aaKniO'IeHHe oTMeTHM cneayiOmee. 0'1eBHllHO, 'ITO noJ 

MH ypaeHeHHe ( S) MOJKHO ceecTH K ypaeaeHHIO lllpeaHHrepa, 

abmonHeHO TaKoe cneuHanbHoe ycnoeHe 

-(1/J~ t/2 
at 2 > 

arfr 
at 
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HTb .aanee Bbl.llBHHYTOMY Tpe60BBHHIO HHBapHBHTHOCTH1 Mbl 

rrocne.aHHA qneH a rrpaaoA qacTH. B paMxax paccMaTpH

HHSI 9TO, O'ieBH,llHO, MOlKHO c.aenaTb, eCnH BbiiTOnHeH01 Ha-

a'Jt/I, 

ax'at' 
"'v 

2 2 
~ t/I 

11 2 

(II) 

<lJaKT, 'iTO OTHOW9HH9 OT6paCbiBa9MOI'O 'ineHB K HaH60nb-

b no rropSI.llKY aenH'iHHbi paaHo v 
4 I c 

4 
• 

Terrepb K Herrocpe.l1CTB9HHOMY .110KB3BTenbCTBY HHBBpHBHT-

(S) OTHOCHTenbHO HepenHTHBHCTCKHX rrpeo6pa30BBHHA KO-

eo6paaoaaHHH (1) K ypaaHeHHIO ( S) 

neHaMH, ITpH.119M K Bbip8lK9HHIO BH.llB: 

H rrpeHe6peraH aa-

v2 
[ 1 +- -2v 

ez 

2 a2 , 2 a 1/1, 1/1 -1 1/2 i me ·'· , _ _.:...._(--.) 1 +--'I' 
ax'at' at'" t 

a 21/1, it 2 a 
2
1/J' ili < v ) - ~ --.. -+-----; 

2m e4at'2 m e ax' at, 

( s,) 

ycnoaHe (II) C Y'i9TOM ( I a), paanolKHM qneH B xaa.a-

pM. B peaynbTaTe 6y.aeM HMeTb: 

2 

=_iL ~ i me .p 
+ ---:r- + 

2m ax' 

' 1 /~ it v 3 l.p' a~,,,' ,1!2 a2.p' - 1/ 2 itv a2
.p' 

-) +- - - - v _::_....r_.p (---) - -- --
2 2m e 4 at '2 ax, at' a t' 2 m e 2 a X 'at' , 

( 1,23 ) BTOpOI"'O H TpeTb9I'O qneHOB B rrpaaoA 'i8CTH 1 

rrpe.acTaaneHa a BH.lle 

v2 ,-1/2 a2.p, 1/2 ime2 ' , a2.p, 1/2 
-.P (-) [~"' -(1/1 --) ]. 

e
4 at' h at' 

10 

,,.:. 

OrrHpaHCb .aanee Ha ypaaHeHHe (S) B .llBHHO~ \WTpHXOBBHHOA) CHCTeMe OT-

cqeTa, neperrHweM nocne.anee BbipalKeHHe a <tJopMe 

I.. 
28 

aa.,.• 1/2 2 • 2 
= ( t/I , __:!_ ) .!.. _1 ( 1mc tjJ , ) 

at' 2 c 2 2 T 
i'tt a 2t/I ' 
2m~ 

C yqeToM ycnoBHH (I ) Terrepb MOlKHO CK838Tb 0 'iTO OTHOW9HH9 (a ) l, 23 23 

K nepaoMy qneHy neaoA qacTH 

C7 28 
• .1.. ~( imc 2 tjJ')- 1 d\ a

2
tjf' 

2 c 2 "" 2m a X ,a 

COCTaBnSieT ITO rropMKY aenH'iHHbl v 4 /c 
4 

• TaKHM o6pa30M, BTOpbiM H TpeTb

HM qneHaMH MOlKHO rrpeHe6pe'ib, 

AHanOI'H'iHhlM nyTeM .anB OTHOW9HHSI 'i9TBepTOI'O H ITSITOI'O qneHOB K 

nepaoMy qneay neaoA qacTH rrony'iHM aenH'iHHY 

a 
411 

2 
~ -1 a t/I' imc 2 , -1 

- < at' 2 > v ax' at'< T tfi > 
i't 1:L 

ax' 2 2m 

OTKy.aa Ha OCHOBaHHH ycnoaHA (II) H (I) 6y.aeM HM9Tb 0 qTO 

4 4 
a • v / c 
4~ 

Ho 9TO 03Ha'iaeT, 'iTO 'ieTBepTbiA H ITSITbiA 'ineHbl TBKlK9 MOI'YT 6biTb. OT6po-

weHbi, 

8 peaynbTaTe B WTpHXOBaHHOA CHCTeMe 

a2 t/I' 1/2 • 3 ·+ -( t/I , ) + 1m c t/I , , _•_n_ 
at' 3 ~ 2m 

OTC'ieTa BH.ll ypaBH9HHSI (S ') 

a~~¢' 

o·x' 2 

6y.aeT Terrepb rronHOCTbiO aaanorH'ieH BH.llY ypaaHeHHSI (S) • A 9TO 03Ha'ia

eT, 'iTO HHBBpHBHTHOCTb ypaBH9HHSI ( 8) OTHOCHTenbHO rrpeo6pa30BBHHil ( 1} 

.aoxaaaHa. 

4. B aaxnJO'ieHHe oTMeTHM cne.ayJOwee. QqeaH.aHo, 'iTO rrony'ieHHOe Ha

MH ypaBHeHHe ( 8) MOlKHO caeCTH K ypaaHeHHIO llJpe.aHHI'epa, ecnH TOnbKO 

abmonHeHo Taxoe crreuHanbHOe ycnoaHe 

I 

-( tjJ _ij;_ 1/2 

at 2 > 
atfi 
at 
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HJ1H 1 B "18CTHOCTH 1 

a~I/J_ ..li_ ~ 
1/1 atz- < at > • 

Pemas rronyqeHHoe TaKHM o6paaoM AH~~epeHUHaJlbHoe ypaaHeHHe, Hati:aeM, 

'ITO BOJ1HOB8H !IJYHKUHH, 8MY YAOBJ18TBOpHIOW85!, A0Jl)KH8 HM9Tb BHA: 

t/J ( x, t) = C 
1 

( x) exp [- C 
2 

( x) t ] , 

OTKYA8 ( H8 OCHOB8HHH (3)) AJ15! 1/J 6yaeM HM9Tb: 
m 

imc 2 
1/1 w • C 

1 
( x) exp I [ ~- C 2 ( x)] t I 

KpoMe TOI"'01 CJleAyeT OTM9THTb 1 'ITO 1 H9CMOTpH H8 H9J1H'H9ti:HOCTb 

ypaaHeHHH (S) , rrpHHUHrr cyrreprroauuuu ans aonH ae EpoAns coxpaHHeT 

CBOIO CRJly, 

AaTop 6nal"'oaapeH B.n. PH6uoay H B.n. BaHHHKY aa aHHMaHue K pa6o-

Te. 
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29 anpenH (969 ~oaa. 
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