
IJj I_ x - 7- 7-

B .KJ1rHaTOBYIY 

HEPACOJibiBAIOIUMECB BOJIHOBbiE OAKETbl 

B KBAHTOBOM MEXAHMKE 

P4 - 10650 



:)595/2-77 

~ne.'l'oB•s B.K£ 
- ecB Hepscnm!B&Dll'lll --

B.K.l1rHaTOBH4 

HEPACnJihiBAIOlUJ.1ECB BOJIHOBhiE nAKEThi 

B KBAHTOBOH MEXAHJ1KE 

HanpaeAeHo e "Foundations of Physics" 

P4 - 10650 



YlrHaTOBH'I B.K. P4 - 10650 

Hepacnn~saiDWKeCH sonHoa~e naKel"~ a KBaHrosoA MexaHRKe 

nocrpoeH KeKopMKpyeMbril HepacnnbrsaiDWKiiCH aonHosoii naKer, ynoa
neTaopHIDWKil ypaaKeHHID WpellHHrepa. Pacc~oTpeKa MOllHlPKKSUHH ypasHeHKH 
WpellRHrepa, n03sonsriDwasr nony'IKTb KOpMKpyeMbril aonHosoA naKer. npoH3-

seneHo o6o6weHM9 nnR penwr.BMCTCXOA MeXSHMKB. 
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P4 - 10650 
Ignatovich V.K. 

Nonspreading Wave Packets in Quantum Mechanics 

A nonspreading unnormalizable packet satisfying the 
Schrodinger equation is constructed. A modification of 
the Schrodinger equation is considered giving a normaliz
able wave packet. The generalization is made for the 
relativistic mechanics. 

The investigation has been performed 
Neutron Physics Laboratory, JINR. 
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lliHpOKO pacrrpOCTpaHeHO yfie)I(AeHHe, qTQ IIOCTpOHTb 

HepaCIIDbiBaiOII..{HiCH BODHOBOi rraKeT, YAOBDeTBOpHIOII..{Hi 

ypaBHeHHIO llipeAHHrepa, HeB03MO:>KHO. 0AHaKO HH:>Ke fiyAeT 

IIOKa3aHO, qTQ ecnH rraKeTOM Ha3biBaTb dJyHKI..{HlO BHAa 

Ill(-> ) f (-> -> ) iJ1;'_ iWt -r r , t = r- v·t e 

B KOTOpoi aMIIDHTYAa f HMeeT MaKCHMYM B TOqKe -;=;t ,HO 

KOTOpaH He06H3aTeDbHO HOpMHpyeMa, TO CKOHCTpyHpOBaTb 

TaKoi HepaCIIDbiBaiOII..{HiCH BODHOBOi IIaKeT BIIODHe B03MO)I(

HO. 

B AanhHeiweM ADH YA06CTBa a KaqecTae apeMeHHoi 

nepeMeHHOi B03bMeM KOMfiHHai..{HlO 1'lt /m, KOTOpaH HMeeT 

pa3MepHOCTb CM 2, H HMeHHO ee 0603HaqHM fiyKBOi t • IJpH 

3TOM IPYHKUHH W rrpeo6pa3yeTc 11 K BHAY: ... __. 

W(r,t)=f(r-kt)c ikr-iwt /1/ 

rAe k - 0603HaqaeT OAHOBpeMeHHO H BODHOBOi BeKTOp H 

CKOpOCTb qacTHI..{bl, OIIHCbiBaeMOi dJyHKI..{Hei qt , a W- qaCTO-
2 

Ta, KOTopaH a cnyqae f(r-kt)=constpaaHa k /2 . EcnH :>Ke 

f - He IIOCTOHHHaH, a HMeHHO 3TOT cnyqai HaC H fiyAeT 

3AeCb HHTepeCOBaTb, TO w ~ k 2 /2 . 0603HaqHM pa3HOCTb 

w -k2/2 qepe3 S 2f2 H fiyAeM IIOKa CqHTaTb s2> 0. IlpeA

CTaBHM aMIIDHTYAY f HHTerpanoM ~ypbe: 
- ->-> 

f(x)= f f (p)e ipx d 3p. 

TorAa Bhipa:>KeHHe /1/ MO:>KHO 3anHcaTb cneAyiOII..{HM o.6pa-

30M: 
_.. _, 2 [ _, _, 2 2] I 

- ipr-itp /2+it (p-k) -s -> -> -> 
W(r ,t)=Jf(p-k)e 

2 3 
d p. /2/ 
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)l.mi Taro 'IT06bl <iJYHKUHJI IJI (r, t) y )l.OBnCTBOpHna ypaBHCHHIO 

Illpe.IJ.HHrepa 

L 'I1 = 0 w ' 131 

r)l.e 

L =id +.~/2, 
Ill t 

141· 

ueo6xo.IJ.HMO, 'IT06bi nocne)l.uee cnaraeMoe B noKa3aTene 

3KcnoHeHTbi o6paTunocb B uynb. Ho npu 3alJ.aHHbiX s H k 
3TO B03MO)KH0 TOnbKO B TOM cnyqae, ecnH f(pJ CO)l.Cp)KHT 

qJaKTOp o (p 2 -s 2 ). llycTb, HanpHMCp, 

f ( p) = c 0 (p 2 - s 2 ), 

r.IJ.e C - IIOCTOJIHHaJI, TOr)l.a 

w ct. t) 

-+ -+-+ 

=
2

rrc sin~s~-kt.ll_e ikr-iwt 

I r -kt 1 

IlpH'ICM 

W"'j_(k2+S2 ). 
2 

151 

161 

171 

06paTHM BHHMaHHC Ha 3aBHCHMOCTb IJI OT napaMeTpa S • 

Ecnu npHHJITb, 'ITO c He 3aBHCHT OT s , TO npu s .... "" 

IJI (;,t) -+ o(lt-ktl )eir;:+-iwt IBI 
s-+oo 

Ecnu )KC nono)KHTb c-1/ y S, TO 

I 'I' (r, t) f - o 
... ... 

(\r-kt\). 191 
S-+-oo 

llapaMeTp S xapaKTCpH3yeT lliHpHHY BOnHOBOro naKeTa. 

llpH S -+ 0 UlHpHHa B03pacTaeT, U B npe)l.ene s -•0 <iJyHKUHJI 

'!' .IJ.On)KHa nepexo.IJ.HTb B nnocKyro BonHy. TaKoH: nepexo.IJ. 

)l.CHCTBHTenbHO HMCCT MeCTO, ecnH npH s-> 0 K03<P<lJHUHCHT 

c nponopuuoHaneH lis • Tor.IJ.a 

IV (r, t) --+ e 
s-+0 

4 

-+-+ 
ikr-icut 

llOI 

llpe.IJ.CTaBnJleTCH qpe 3Bbi'IaH:uo npuBneKa TenbHbiM no no
)KHTb 

s '"a k, I 111 

r)l.e a - <iJeuoMeHonorH'ICCKHH napaMeTp. Ecnu npu 3TOM 

B Ka'ICCTBC C B3J1Tb TaKyiO <iJYHKUHIO c(s) , 'ITO 

c (s)-
1/ -y'S, 

1/s , { 

s ~"" 

s .. o, 
1121 

TO no Mepe pOCTa CKOpOCTH 'laCTHUbl k npOHCXO)l.HT HC

npepblBHblH nepeXO)l. OT BOnHOBOH OnTHKH K reoMCTpH'fCCKOH. 

CooTHorneuue 1111 no3BOnJleT HHTepnpeTupoBaTb <tacToTy 

17 I KaK KHHeTH'IecKyro 3Hepruro 

1 2 2 
(<) ~ -- k (1 ~ ({ ), 

2 

HO He C MaCCOH 'laCTHUbl 

Mace on 

m 
m 0 = ~~-a2 · 

1131 

m , a C nepc~opMHpOBaHHOH 

1141 

0TMeTHM, 'ITO BOnHOBOH naKCT 161 HCHOpMHpyeM. 3TO 

HC MernaeT HCCne)l.OBaHHIO npooeCCOB paCCCJIHHJI, IIOCKOnbKY 

HOpMa B HHX HCKniO'faCTCJI, HO 3aTpy)l.HJleT HHTepnpeTaUHIO 

C TO'IKH 3pCHHJI onpe)l.eneHHJI nnoTHOCTH BepOJITHOCTH P = 
2 = ! 'I1 1 . Mo)KHO nu ycTpaHHTb 3TOT HC.IJ.OCTaToK? OTBCT 

Ha 3TOT BOIIpOC OTpHUaTeneH. KoHe'IHO, npH nocTpOCHHH 

IIaKeTa 161 6bin )l.OnymeH npOH3BOn: BO- nepBbiX, npH KOH

KpCTHOM Bbl60pe K03$$HUHeHTOB pa3no:>KeHHJI 151 H, BO-BTO

pbiX, B TOM, 'ITO s 2 B cooTHorneHHH 17 I nonaranocb nono
)KHTenbHbiM. 0)l.HaKO, KaK 6y)l.eT BH)l.HO HH)KC, H3 BCCX 

B03MO)KHblX BapHaHTOB TOnbKO Bblpa)KCHHe 161 HMeeT MaK

CHMYM B TO'IKC r:, k t H c<lJepH'IeCKH CHMMeTpH'IHYIO BOKpyr 

3TOH TO'IKH aMnnHTY.IJ.Y f . 
qT06bi H36aBHTbCJI OT HCHOpMHpyeMOCTH, He06XO)l.HMO 

Bbi6paTb K03<P<lJHUHeHTbl t( p) B pa3nO)KCHHH 121 CYJUCCT

BCHHO OTnH'IHhlMH OT 151. Ho TOr)l.a )l.CHCTBHe onepaTopa 

Illpe.IJ.HHrepa I 41 ua <iJyHKUHIO 1J1 npuBe.IJ.eT K Bblpa)KeHHIO 
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1 .-.2 2--.---
L w -~- - r r <r- k) - s 1 c <r- k) x 

Ill 2. 

i pr ~ i p 
2 

t/ 2 + it [ ( p- k 1
2 

- s 
2 1/ 2 3 

x e d p, 

OTJIH'IaiO~eMyCH OT HYJIH. 0,11,HaKO eCJIH Sbi6paTb 

2 ·- • -- ____ _5 ____ ----3 
f(p) . 2 2 +i( (277) p - s -

TO OTJIH'IHe OT HYJIH 6y,11,eT HMeTb MeCTO TOJibKO S 

TO'IKe: 

L w =-- C·O U'-1 t). 
Ill 

1151 

1161 

O,II,HOH 

1171 

Ko3<iJ<iJHUHeHTbi <l>ypbe 1161 He o6ecne'IHSaiOT HopMHpyeMo

CTH <iJyHKIJ,HH 1IJ • ,[(eHCTSHTeJibHO, npH nOJio:>KHTeJibHOM S 
2 

HMeeM 

-· ±is\r'-ktl -+-> 
ikr-iw t 118/ 

w u·. t) = 
e 

c --------- e -· 1 t -kt 

B qacTHOCTH, npH s" 0 Sbipa)l(eHHe I 181 nepexo,II,HT s O,II,HO 

H3 Sbipa)l(eHHH, npe,II,JIO)I(eHHbiX ,11,e- fipOHJieM !I . 4T06bi 

o6ecne'IHTb HOpMHpyeMOCTb, He06XO,II,HMO nOJIO)I(HTb, 'ITO 

S 
2 

OTpHIJ;aTeJibHO, T .e. 

B 

6 

2 2 
s = -q < o. 

3TOM cnyqae HOPMHposaHHaH <iJyHKIJ,HH 'P (r-: t ) 

-'I I .:~ kt 1 
e q 

w < £ , r ) = v 2-;; -------- e 
1 r -kt 1 

1 2 2 
w =--(k -q ). 

2 

-+-> 
ikr- i(ut 

1191 

pasHa: 

/201 

' \ 
I 

\ 
:.J 

Bbipa)l(eHHe 1201 TaK)I(e 6hiJIO npe,II,JIO)I(eHo ,11,e- I>poiineM 
1 
l/ H 

He3aSHCHMO HCCJie,II,OSaHO S pa6oTe/2/ , r,11,e aHaJIOrH'IHO 

I 111 q nonaranoch pasHbiM a k , npH'IeM nocToHHHaH 

a oueHHsanach no pe3yJibTaTaM 3KcnepHMeHTos c ynhTpa

xono,II,HbiMH HeHTpOHaMH: a =- 10-4 
. 

Haif,II,eM Tenepb see S03MO)I(Hble <iJyHKIJ,HH, KOTOpbie MOryT 

6hiTb npe,II,cTasneHhi s sH,II,e I 1/. ,[(nH 3Toro no,II,cTaSHM j 11 
S ·ypasHeHHe /31 H HaH,II,eM ypasHeHHe ,11,11.11 <iJYHKIJ,HH f(r-kt): 

[ia +ikV 
t r 

... 

1 2 ... 
+ -(A + s ) ] f (r- kt) = 0 . 

2 r 
/211 

3,11,eCb V r H i'lr o603Hal.faiOT npOH3SO,II,Hbie no KOOp,II,HHaTaM ,.. ....... 
r . Bse,II,eM HOSYIO nepeMeHHYIO /; = r--x t, TOr,II,a ypasHeHHe 

121/ nepenmneTCH s SH,II,e: 

2 2 ... 
(i'l/;+S )f(/;)=0, /221 

o6~ee perneHHe Koroporo npe,II,cTaBJIHeTCH pH,II,OM 

f(t;) .. Lq Y ([)j (l;s), 
eM eM e 

1231 

r,11,e Y eM - rnapOBbie <iJyHKUHH, j f (/; s) - c<iJepH'IeCKHe 

<iJyHKIJ,HH fiecceJIH, a a eM - K03<iJ<iJHIJ,HeHTbl pa3JIO)I(eHHH. 

H3 sbipa)l(eHHH 1231 sbiTeKaer, 'ITO c<iJepH'IeCKH CHMMeTpH'I

Hoe perneHHe npH s 2 > 0 e,II,HHCTseHHO. CooTBeTcTsyro~ee 
Sbipa)l(eHHe ,II,JIH 'P cosna,11,aeT C 161. 3aMeTHM, 'ITO BKJIIO

'IHTb a pa3JIO)I(eHHe 1231 c<iJepH'IeCKHe <i>YHKIJ,HH XaHKeJIH HJIH 

HeiiMaHa HeJib3H, T .K. 3TH <iJyHKIJ,HH HSJIHIOTCH perneHHeM 

He ypasHeHHH 1221, a ypaBHeHHH: 

(I'll; +S 2 ) f • 0 ( { ) . 124/ 

EcnH s ypasHeHHH /22/ C'IHTaTb s
2 

oTpHIJ,aTeJibHbiM : s~~2j, 
TO o6~ee perneHHe 3anHrneTCH s SH,II,e p.11,11,a no c<iJepH'IeCKHM 

<iJyHKIJ,HHM .fiecCeJIH MHHMOrO apryMeHTa. IlOCKOJibKY 3TH 

<iJyHKIJ,HH paCXO,II,HTCH npH /;-> oo , TO, C O,II,HOH CTOpOHbl, OHH 

He HMeiOT MaKCHMyMa S TO 'IKe f"" k t , a C ,II,pyrOH - He 

nO,II,,II,aiOTCH <iJH3Hl.feCKOH HHTepnpeTaiJ,HH. YpaBHeHHe )l(e /24/ 
B cnyqae oTpHua TeJibHoro s 2 HMeeT perneHHe, y6bmaro~ee 
Ha 6eCKOHe'IHOCTH, HO CHHryJIHpHOe npH /;cc 0 . 06~ee pe

llieHHe CHOBa 3anHCbiBaeTCH B SH,II,e p.11,11,a 
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.... ~ (I) 
f(c;)=2 q Y (c;)j (isc;)+bK (q,;) /25/ 

fM fM e 0 ' 
(I) 

r.11.e K
0 

(x) - cciJepuqecKaR cbYHKIJ.HR XaHKenR MHHMoro 

apryMeHTa, y6hiBaiOIIJ.aR Ha 6ecKoHel.fHOCTH KaK e-x . Hop

MupyeMoe perneHHe 3)l.eCh e)l.HHCTBeHHO. 0HO cclJepH"''eCKH 

CHMMeTpH"''HO, H COOTBeTCTBYIOIIJ.aR ciJyHKIJ.HR IJI COBna)l.aeT 

C /20/. 0)l.HaKO nO)l.YepKHeM eiiJ.e pa3, "''TO 3Ta ciJYHKIJ.HR 

HBnHeTCH pellieHHeM He ypaBHeHHH llipe)l.HHrepa, a ypaBHeHHH 

. 1 ~ .... 
( 1 a + -A ) IJI = c ·o ( r - k t ) , 

l 2 /26/ 

r.11.e c - nocTOHHHaH, onpe)l.enHeMaH HOpMupoaKoii: IJI 
YpaaHeHue /26/ BbiXO)l.HT Ja paMKH o6hi"''HOH KBaHToaoii: 

MeXaHHKH, T.K. OHO HCO)l.HOpO)l.HO, O)l.HaKO,. OT)l.aBaH )l.aHh 

COJ1HTOHHOH MO.LJ.e, yKa)l{eM, "''TO ciJYHKIJ.HH /20/ HBJ1HCTCH 

pellieHHeM CnC.D.YIDIIJ.ero HenHHeHHOro ypaBHeHHH: 

2 TT > 1 I L ' -- o ( v --- ) I t/' = o , 
Ill c l,l,l 
~ 

r.n.e o (x) - o -cbyHKIJ.HJI ~upaKa. 

I1pe.D.CTaBJ1CHHe BOJ1HOBOH ciJYHKIJ.HH B BH.D.e naKeTa, nyCTb 

.LJ.a)l(e H HeHOpMHpyeMoro, ll03BOnHeT no-HOBOMy B3rnHHYTh 

Ha npoueccbi pacceHHHH u .n.aeT B03MO)f(HOCTh npe.n.cKa3aTh 

HBJleHHH, B KOTOphiX llpOHBJ1HeTCH TaKaH xapaKTepHCTHKa 

YaCTHIJ., KaK rnupuHa naKeTa. KoHKpeTHbie npoueccbi 6y.n.yT 

paCCMOTpeHhl B .n.pyroif pa6oTe, 3.LJ.eCb )l{e TOJlhKO paCCMOT

puM npuHuunuanbHbie nyTu perneHHH Ja.n.aq pacceHHHH. 

lJOCKOnbKY llaKeT RBJ1HeTCH HeCTaiJ.HOHapHhiM o6pa30BaHHeM, 

T .K. ero nonO)I{eHHC MeHHCTCH B llpOCTpaHCTBe CO BpeMeHeM, 

TO He HBnHeTCH CTaiJ.HOHapHOH H 3a.D.al.fa pacceHHHH .LJ.a)f(C B 

He JaBHCHIIJ.eM oT apeMeHu noTeHuuane. O.n.HaKo nocKonhKY 

CB060.D.HbiH naKeT npe.LJ.CTaBnHeTCH B BH.D.e pa3J10)f(eHHH no 

nnocKHM aonHaM, a ypaaHeHue lllpe.n.uHrepa He JaTparuaaeT 

K03$$HIJ.HeHTOB pa3nO)f(CHHH, TO 3a.D.al.fy pacceHHHH MO)f(HO 

pelliaTh CTaiJ.HOHapHbiMH MCTO.D.aMH .D.nH Ka)f(.LJ.OH nnOCKOH 

BOnHbl. 

B peJynbTaTe pacl.feToB nony"''HM, "''TO aonHoBaH cbYHKIJ.HH 

BO BHelliHeM none npe)l.CTaBnHeTCH B BH.LJ.e 

-+ - ... ... - i p
2 

t/2 -+ 3 
IJI(r,t)=fo(p-k)e x{p,r)d p, /27/ 

8 

.,. 

... 

1' 

• 

r)l.e X (p' r) - perneHHe 3a)l.al.fH pacceHHHH, KOr)l.a na)l.aiO

IIJ.aR BOnHa HMeeT BH)l. exp(iPrJ . llpu t-+-oo HMeeM IJI( r,t) -+ 

... IJI
0 

(r,J{0 ,t), r.11.e IJI 
0 

paaHo /6/ npu k= k
0 

, a k 0 - cKo

pocTh HaneTaiOIIJ.eii: l.faCTHIJ.bi. llpu t -+ oo 

-+ ...... _. ... -- 3 3 IJI ( r , t) "' f g ( r , k ) IJI ( r- r ,k , t )d r d k , 
I I 0 II I I 

/28/ 

T.e. npe)l.CTaBnHeT Ha6op naKeTOB,pacceHHHWX B MOMCHT 

. t =0 H3 TOl.feK r1 H pacnpOCTpaHHIOIIJ.HXCH CO CKOpOCTHMH 

1(
1 

• AHanorul.fHoe nocTpoeHue oKa3hiBaeTCH Bo3MO)I{HhiM 

TaK)f(e H )l.nH naKeTOB /20/, ecnH COOTBeTCTBYIDIIJ.HM o6pa-

30M MO)l.H$HIJ.HpOBaTh KBaHTOBOMeXaHHYeCKHC ypaBHeHHH 

)l.nH napuuanhHhiX aonH. 

~0 CHX nop BCe pacCy)f()l.eHHH llpOBO)l.HJ1HCb TOJlbKO )l.J1H 

HepenHTHBHCTCKOrO ypaBHeHHH llipe)l.HHrepa. ilOCMOTpHM 

Teneph, MO)f(HO nu Hail:Tu aHanorHl.fHoe perneHHC naKeTHoro 

Tuna )l.J1H penHTHBHCTCKoro ypaaHeHHH KneiiHa- l'op)l.oHa, 

KOTOpOe 6y)l.eT 3allHCbiBaThCH CJ1e)l.YIDIIJ.HM o6pa30M: 

r a 2 
- Ll + 1 l IJI = o. 

l 
/29/ 

3.n.ech apeMH t H KOOP.D.HHaTbl r 
C llOMOliJ.hiO e.D.HHHIJ.t 0 -hlm 0 c 2 

Macca l.faCTHIJ.W. 6y.n.eM HCKaTh 

B BH.D.C 

c.n.enaHhi 6c 3pa3MepHhiMH 

u r 
0

"' h I m
0 

c , m 
0 

-

perneHue 3Toro ypaaHeHHH 

........ 
_. .... ikr-iwt 

IJI ~ f (r - {3 t )e /30/ 

r.n.e ~~- ; I c , v_. - cKopocTh l.faCTHIJ.hi. llo.n.cTaBHM /30/ 

B /29/ H Haif.n.eM ypaBHCHHe .D.nH f(f) , r.n.e f x r- j1 t: 
2 2 .... _. .-+-+ ...... 2 -+ 

[k -w + 1+2Iw {(3V ) -2I(kV )+{f3V) -t>.]f(,;)=O. /31/ 

I1oTpe6yeM,"''T06bi nuHeHHbie npOH3BO.D.Hbie B3aHMHO CKOM

neHCHpOBanHCh. 3TO B03MO)f(H0 TOnbKO, ecnH k = p [3 , 
w =p , a p - HCKHH napaMeTp nponopuuoHanhHOCTH Me)f(.LJ.Y 
_..... 22 2 2 2 
k H (3 • 0603Hal.fHM k - w +1=1-p (1- {3 )=-S , TOr )l.a ypaBHe-

HHe npuae.n.eTCH K BH.D.Y 

2 -+->_2 2 
[~ -(f3V J +S ]f(,;)=O. /32/ 

9 



.... 
BbJ6epeM CHCTeMy I<OOp)J.HHaT Tai<HM o6pa30M, 'IT06hi {3 
6hiJIO napaJIJieJihHO OCH Z , H nepeH)J.eM I< HOBhiM nepeMeH-

HhiM ~ =~. /y'1-{32 . B pe3yJihTaTeypasHeHue/32/cse-:7. z 
)J.eTCH I< BHJJ.Y /22/, 06I.Qee pemeHHe I<OTOporo )J,aeTCH Bhl-

pa)l(eHHeM /23/. lJaCTHOe pellieHHe, cd>epH'IeCI<H CHMMeTpH'I

HOe B I<OOp)J.HHaTaX (' , paBHO j 0 (~"s). llpe)I()J.e 'leM Bhi

llHChiBaTh OI<OH'IaTeJihHOe Bhipa)l(eHHe )J.JIH 'I' , llpHMeM, 'ITO 

, 1 t-a2 
P ~-v---- , 

1- {3 2 
/33/ 

r.u.e a - Hei<OTOphiH napaMeTp. llepe:H.u.e1.1 Teneph I< ecTecT

BeHHhiM pa3MepHhiM r H t . Tor.u.a )J.JIH lPYHI<IJ.HH IIi llOJIY'IHM 

cne.u.yiOI.Qee Bhipa)l(eHHe 

r.u.e 

'I' ~c sin sR ik7-iwt 
- ---e 

R 

--1-----
R =v x2 -t y2 + Jz-=.~J~

(1-{32) 

mv 1 
k= -r 2 t;" • 

y'1-{3 

mc2 
w 00 1 

[Cff n-
me 

s ""a _.fi._ 
tt 

/34/ 

/35/ 

H Macca 'laCTHIJ.hi ill O CBH3aHa C MaCCOH, BXO)J.HI.QeH B Bhipa-

)l(eHHe )J.JIH k H W , COOTHOllieHHeM: 

m 
0 

m ., _____ _ 
-----yl + a2 

/36/ 

<l>yHI<IJ.HH /34/ CHOBa HMeeT BH)J. nai<eTa, HO HeHOpMHpyeMoro. 

ECJIH )l(e COOTHOllieHHe Me)I()J.y MaCCaMH B3HTh B HHOM BH)J.e: 

m 
mo ~-----

yl-~ 
/37/ 

H C'IHTaTb, 'ITO '.:paBHeHHe )J.JIH CB060)J.HOH 'laCTHUhl HMeeT 

BH)J. THlla /24/, 10 BOJIHOBaH lPYHI<IJ.HH MO)I(eT 6biTb 3allHCaHa 

CJie)J.yiOI.QHM o6pa30M: 

10 
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... 
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~ 
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I' --> .. e_,, ikr-iuH 

'I'=C--e 
R 

/38/ 

llai<eThl /34/ H /38/ 06Jia)J.aiOT TeM CBOHCTBOM, 'ITO rrpH 

ITOCTOHHHOM rrapaMeTpe a lliHpHHa nai<eTa S I TO)I(e rro

CTOjJ:HHa, ll03TOMY HeT HenpephiBHOrO nepeXO)J.a OT BOJIHOBOH 

OITTHI<H K reOMeTpH'IeCI<OH. "l{To6hl Tai<OH nepeXO)J. HMeJI 

MeCTO, He06XO)J.HMO rrpe)J.ITOJIO)I(HTh, 'ITO a 3aBHCHT OT CI<O

pOCTH. HanpHMep, rrycTh 

a~ a B. /39/ 
0 

Tor.u.a, C O)J.HOH CTOpOHhl, Mhl HMeeM iKeJiaeMbiH nepeXOJJ., 

a c .u.pyro:H - npu (3 • 0 HMeercg nepexo.u. I< HepenHTHBHCT

CI<OMY CJiy'laiO. 

AsTop 6naro.u.apeH B.H.Jiyi.QHI<OBy, IO.H.lloi<oTHJios-

ci<oMy H A.B.CTpeJII<OBY 3a HHTepec I< pa6oTe H HeO)J.HO

I<paTHhle 06Cy)I()J.eHHH, a Tai<iKe r .r .liyHaTgHy, 3.Kanyc

IJ.HI<Y H M.H.Uiupoi<oBy - 3a none3Hbie 3aMe'laHHjf. 
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