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J. IIocmaHO(JKa eonpoca 

~Ka.K H3BeCTHO, BpemiTJIBliCTCKOH npoqJIHHOH TeOpllll,z:tOn:>KHLI 6LITL 

nc)JIHOCTLIO acKmo-...eHLI. nroQLie _caTyauaa, . .z:tonycKaiOIJ.J;ae B03MO>KHOCTL . ·- _, ... - . . 
pacnpocTpaHeHaH carHanoB co cBepxcBeToBoii cKopocTLIO. B HacTOHIJ.J;ee . ' . . ' 

BpeMH cqHTa~TCH TBep.z:tO ycTaHC?BJieHHLIM, qTO H3 npHHJ.J;HDa npHqHHHOCTH 

Henocpe.z:tCTBeHHO CJie,z:tyiOT aHaJIHTHqecKHe CBOHCTBa aMDJIHTY.z:tLI 

pacce.RHHH, Ha OCHOBe KOTOpbiX MoryT 6LITL HaDHCaHLI )J;HCnepCHOHIIhle 

COOTHOWeHHH~ 3TO, O,z:tHaKO, eiJ.J;e He 03HaqaeT, qTo CaMO DO ce6e BLIDOJI

HeHHe .z:tHcnepcHOHHLIX cooTHOWeHHH /B :Kon)pLie cKopocTL caeTa Boo6uie 

He· BXO,z:tHT/ BO BCeX CJiyqagx rapaHTHpyeT OTCYTCTBHe CBepXCBeTOBLIX 

CHrHaJIOB. 

B ,z:taHHOH pa6oTe Ha OCHOBe npHHJ.J;Hna peJIHTHBHCTCKOH npaqHHHOC ~ 
TH paCCMOTpeHbl HeKOTOpble ):tODOJIHliTeJILHLie orpaHHqeHHH Ha aMDJIHTy

.z:tY pacce.RHJIH "Bnepe.zi"; KOTOpLie, HaCKOJILKO HaM H3BeCTHO, ):tO CliX nop. 

He o6CY>K.z:taJIHCb. MLI HCXO,IJ;HM H3 DOHHTH.H rpy{IDOBOH CKOpOCTH naKeTa 

B ):tHCJiepr.fipYIOIJ.J;~H cpe,z:te / 1 ~.~/ . H HCDOJIL3yeM DpH 3TOM H3BeCTHOe CO-
~ ' ., " . . -, . . . . . . 

OTHOWeHHe Me>K.z:tY DOKa3a TeJieM npeJIOMJieHHH, ODliCLIBaiOIJ.J;HM KorepeHT

'.Hoe B3aliMO.z:teiicTBHe npoxo.z:tHIJ.J;eii BOJIHLI A c MaKpocKonuqecKoii cpe

.z:toii, COCTOHIJ.J;eii H3 "aTOMOB" B, ·a aMDJIHTY.z:tOH .ynpyroro pacceHHHH 

.k+ B->A+B Ha HYJIEmoii yron B ~a6opaTOPHOH CHC_'X:eMe OT,cqeTa /3/,. 
, · MO>KHO O>KH,z:ta Tb, q'I'o DpH- TaKOM · DO,z:tXO,z:te B03HHKaeT HOBa.R HH!IJOpMaJ.J;HH. 

0 noBe.z:teHJIH aMDJIHTY.z:tLI ·p·acce.RHHH "Bnepe.z:t" t DOCKOJILKY npHHHMaeTCH 

BO BHHMaHHe HHTep4}epeHJ.J;HH na.z:ta~IJ.J;eH BOJIHbl C. 60JILWHM qucJIOM :pac-

. Ce.RHHLIX BOJIH. 06blqHO >Ke B KBaHTOBOH ,z:tHCDepCHOHHOH TeOpHJI HCCJie-

.z:tYIOTCH CBOHCTBa TOJILKO pacceHHHOH BOJIHLI, OTBeqaiOIJ.J;eii B3aHMO,z:teHCT

·.BHID .z:tByx .z:taHHLIX qacTHU /eM., H·anpaMep I 4/ , rn;: 4, §4.2/ . 
. JloKaJILHLie HepaBeHCTBa ,z:tJIH peaJILHOH qacTH aMDJIHTY.z:thl pacce.R

. HHH. "Bnepe.z:t", DOJiyqeHHLie. B HaCTOHUteH pa6oTe, Henocpe,z:tCTBeHHO 

CBH3aHLI C HeB03MO)KHOCTLIO nepe,z:taqu. CHrHaJia Jia MaKpOCKOnHqecKHe 

paCCTOHHHH. CO CK~pOCTLIO 6QJihWeH,. qeM. CKOpOCTb CBeTa "B BaKyyMe. 
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B cooTBeTC.TBHH c ·3THM HX cne,ll;yeT pa·ccMaTpHBaT:b KaK ycJIOBHH. MaKpo-
npHqHHHOCTH. · HaH6onee qeTKHe npe,ll;cKa3aHJiJI qTHOCJI~CJI :K cnyq~ro. Kor-
,ll;a o.,ll;H~ H3 tiacTH~ o6.ria,ll;aeT Hyneaoii Maccoii noKci11. · -~- · 

__. ..... 

•. 
• .. 

. ·- --··. ' . 

{. "'•,• 

. 2. Fpynnoeaj, CKopocm& u oeuxeHue' lleH~pa naiema! 
e oucnepzupyro~J~eii "cpeoe · · · ........ 

'- - . . . . ~-
. PaccMoTpHM ,ll;BH)f{eHHe BOJIHoaoro naKeTa B ,ll;Hcneprupyrome:H cpe-

,ll;e. 06o3Ha'-iHM. BOJIHoao:H BeKTop~ cooTBeT_CTByrom:Hii nnocKoii :BonHe B 
· ·· cpe,lJ;e, - k_,:. , . a qacToty.-:- w . II pH 3TOM HMllYJILC qacTH~LI B cpe,ite. · 

. i>aaeH fi k. , a jiiepruJI. 1i cu . . 3aKoil ,ll;Hcnepc:HH: onpe,ll;eJIJiel''!l!YHK~H·JI • 
· .. cu(k)-. , .r,ll;e ·k := •I k l· '·. Iiy,ll;eM cquTaTL', qTo·nornomeliile ·oTcyTc-f:BYeT · ---

/HnH H::M MO)f{HO npeHe6peqL/>· B noM cnytiae • Jm'w ( k)';: im k.;,. 'ir: 
:Ilyc'l'L. BOJIHOBaJI !l!YHK~HJI·jaoo6me·roaopJI, mo6oe BOJIHOBOe rione/ 

. ~ . ~ 
.HMe·eT BH,ll;:· ;· ' ~~' 

i ~ • " 

·, "I • ·., -to -to 

'P(;t) =f..· (.k ... ) ····;_~,, -_-iw-'(I.Jt 3 .... 

• ;t;.'i • ;. ~- ' ~·. 
. ~ ' 

.··' . .. c e ... e: ·dk ... •i' /1/ . 
., 

. ' ~ . 

· H3·: ycnoBHJI.HopMHpoBKH cne,ll;yeT, qTo 
. . .. · . . . 3 ~ _:. . \ .... · ·. .2 '3 ... 

(2rr).!:'f lc (kJI d k = 1 •.. , -. '/i.: ~: /2/. ;.- . - -· ·-~~ . 
. ; : ;, .~· I ; \ .· . 

C · yqeTOM /1/ H /2/ !llopMyna ,ll;JIJI' ~eHTpa naKe'I'a~/ cpe,ll;Heii koop~HHa.TLi i, 
l{aCTH~LI/ HMeeT.BH,ll;: .,.,_,, - ·· ·::· ·. . . ··· " ·v '··'::' ' 

t •:> • ~ .. " • ~ 

... ...... ... .... 3 ... 
R = f J.J! * ( r, t) r 'P ( r, t) d ·r 

1!, ,:,_ :-!' .. 
..• .. :~ .q. ~ ~ -+ -to 

= f.c*( k).-c(k ') . :- i AI'' i l''r .. e. e ~ .. icu.<~Jt, . -:i(J)(I&'iid.ikd-3:{aj:~~-/3~:-·r e .. e ·· 
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BLinonHJIJI HHTerpHpoaaHHe no qacTJIM :H yqHTLIBaJI·paaeHcTao:· ··- . . . 
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. i(.lc'-lc)r 3'-> 
f e · ' d · r 2: 

''t-' 

.. ..... "': 

MLI ·npiiXO,ll;HM K COOTHOD 
.... ... .... 
R = R0 + · vt , 

r,ll;e 
.,, .··•· ...... 

R = (2rr) Jrrl . .f 
0 

...... .. :· :3· 
v=(2rr) f lc 

PaaeHCTBO /56/ MO)f{HO 
· .. ·· ~ · ·· a~(kJ 

.. ,. v ·=· --:::;--: 

ak 

. r,ll;e qepTa 03HaqaeT ycpE 
Ta. EcnH MLI HMeeM ,ll;eilc 
HMllYJibCOB . h ~koqeHL 1 
nynLca 1ik~ /,To,.cc 

·:-to / 

dR 
,,,, __ _ a.~·(k 0) . 

.... ako :_: dt. 

.... 
r ,ll;e n -. e,ll;HHHqHLIH Be 

llo onpe,ll;eJieHHIO I 

.• noBaJI CKOpOCTL BOJIHOE 
pocTL coananaeT co eKe 
~ naKeTa; llo,ll;qepl 
pOCTH He CBJI3aHa C q 
!llopMLI naKeTa /CM.', Ha 

'• ,. 

JIJI BOJIHOBOrO 1 

~·~fk2+(Ac).
2 

J:tPYl 
. peJIJITHBHCTCKOH q8;CTHl 



a TL KaK ycJIOBHH. MaKpo
mo_c_HTCH K cnyqaro, Kor-
C>KOH; .,. 

Hmpa naKema! 
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J ,IJ;Hcneprupyro~eii cpe
VI<>ril:Hii nnocKoii :Bonue B 
UYJILC qaCTHULI B cpe,IJ;e. · 
u:H onpe,IJ;e"mi'e1''41YHKUHH • 
>rJIOIUeliB:e "oTCYTC.tB}'eT . 
iae · /m'iu(k) ~ Jmk = ir· · 
,· .mo6oe Bonuoaoe rione/ 

• ~ t • 

, .... , .. , .. 
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··.·~ 

/1/ 

.···. 
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: .. "/2/ .-.. •. . ;·o •' . '."•r ' 
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· .. ;; . 
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-+ -+ _, ' 
i(k'-k)r 3-> f e . . . d. r 

3 "3 ....... , " -> . 

- (2rr) o t(k -k '); 

MLI ~npifXO.IJ;HM "K COOTHOWeHHID · 
-> -> .... 
R R0 + vt /4/ 

•'- ._. ... - 'ti". ...· 3 ...... 

(2TT) /m fc(k) ak c*(k)d k , . ' ·'/Sa/ . , 

·-> 

v '/56/ 

PaBeHCTI~O /56/ MO)I(}IO nepenucaTL B BH.IJ;e·· 

... aw(kJ " ' 
v =· . --::;-- ' . ; '/6/ 

ak 
. r,IJ;e qepTa 03HaqaeT ycpe.I\HeHHe no HMUYJILCHOMY pacnpe,D;eJieHHIO naKe·
Ta. EcJIH MLI HMeeM ,IJ;erto C KBa3HMOHOXpOMaT.Ht{eCKHM naKeTOM /pa36poc 
HMUYJILCOB ft ~koqeHL MaJI no cpaimeHHIO. CO cpe,D;HHM 3mi.qeHHeM HM· 

nyJILCa 'Ak~ /,TO, COrJiaCHO /6/, .... 
dw(k

0
)._. dR. a_c~.dko) -> 

-- -· .n .. 
dt 

._.. 

. d~o .. ; ... . ako ._ . .f. 

;/7/' 

-> 
r.IJ;e n -: e,IJ;HHHt{HLiii BeKTop :B uanpaBJieHHH cpe.IJ;uero HMnynLca lr k0 

lw(k 0 ) 
eCTL HH t{TO HHOC KaK rpyn· Ilo onpe,D;eneuuro Benuquua . ; dk 0 

. · UOBaH CKOpOCTL BOJIHOBOrO naKeTa *. TaKHM.o6pa30M, rpynnoBaH CKO:. 
pOCTL COBUa,llaeT CO CKOpOCTL .llBH:>KeHHH UeHTpa KBa3HMOHOXpOMa THt{e • 
CKOrO naKeTa. IIo,IJ;qepKHeM, t{TO TaKaH HHTepnpeTaUHH rpymlOBOH CKO· 
pOCTH He CBH3aHa C qaCTO BCTpeqaiOJUHMCH Tpe6oBaHHeM COXpaHeHHH 
ciJopMLI· naK(lTa /eM.-, HanpHMep;/i/ , CTp. 420·437/. cflopMyJi'LI /5/ oc· 

·'.: . 
' ' 

-. --::*.,---:~::-JI-H_B,;_O;_JI_H_O,;_B_O_r_o_n._a_K_e_Ta B BaKyyMe /3aKOH ,IJ;HCITepCHH, w(k) ='' 

~~~ jk2+(1c) .2 ~ I:n)yn'noBa~ c.K,rp9c!L'paBHa K~accu~ecl<oii ~i<o~-o-~:ru 
peJIHTHBHCTCKOH qaCTHULI V = -· --- . , · .. 

. . . w(k) 

·s 
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TaiOTC.Il· cnpaBe,llnHBLIMH H C y'le}'OM''pacnm.iBaHH~ naKeTa * .· · 3TO 03-::: 
Ha'laeT, 'ITO BO BC.IIKOM cnyqae npH OTCYTCTBHH nornoii{eHH.Il npoMe)KyTOK 
BpeMeHH. ·, B Te'leHHe 'KOTOporo fiOH.IITHe rpynnoBOH CKOpOCTH _HMeeT 
liJH3H'IeCKHH CMLicn,' MO>KeT 6LITL B npHHUHne CKOnb yro.l(HO 6onLWHM :_ . 

. /o6LI'IHO :Ha yKa3aHHLiii npoMe>KyToK speMeliH uaxna,llbiBaeT orpaus>ieulie · · 
2 . . 

d w(k) 2/ I 
t« lf..l-.. --2-l~k 2 /. 

. dk ·. 

EcnH naKeT A .llBH>KeTc.ll B cpe,lle, cocTo.Rmeii H3 noKO.IIJUHXC.Il · 
qacTHU B , aonuosoe qscno k , co_oTBeTcTBYJOU.\ee 'lac ToTe ·w -: . - . -

onpe,llenseTc.R no !IJopMyne 

,-----"-= Kn(K), /8/ ... 

r,lle ~K= :. )w 2 - ( y 2

) 

2 

- HMnyn&c 'l{acTHULI A B saxyyMe·, m -
Macca ·'laCTHUbl A , c • CKOpOCTb CBeTa BBaKyyMe, n (K) • noKa3a;. 
Ten&· np'enoMneHH.Il. llpH .llOCTa TO'IHO Manhlx nnoTHOCT.IIX N qacTHU. · B no
Ka3aTenL npenoMneHH.Il cB.R3aH ·c aMnnHTY.IlOitynpyroro/xorepenTuoro/ 
paCcesus.ft "snepe.ll" 'IaCTHULI A ua qac1-sue B B na6opaTopuoii ·cs· 
CT,eMe KOOp,llHH8T H3BeCTHbiM COOTHOWeHHeM /31: 

':.,•'. 

n(K) = 1 +.2rr 
Na(i<) .· · 

K2 /9/ 
.,.I 

. «<JopMyna /9/ cnpase,llnHBa npH nJQ6wx 3HeprBJIX, ecnH Ton&xo no-:-
··· ** Ka3aTenL npenoMneHH.Il Mano oTnH'IaeTCJI OT e,llBHBULI /eM. pa3,1len 6/ . 

· JinoTHOCTb N 1J ,llanLHeiiWeM Mbl 6y,lleM paccMaTpHBaTb KaK BCfiOMOra·. 
. TenbHblH napaMeTp. Mo>KHO Bcer,lla BLI6paTL N HaCTOnbKO ManLIM,__ 
. 'IT06LI BCUOnb30B8HHe 4JopMynbl /9/ 6LIJJO 38KOHHLIM. llpB 3TOM 

Rf!k e K + 
2rrN Rea (K) 

. /10/ ·, ... 
K 

· hnk· = 
217 N /m 'a ( K) . ' ~·: . 

1 
= -z-Na(K}_, · /llF 

·-· K 

'. ...~ ... ·. ;-, 

· ''.*,:-~Bns:ixaJI K uaweii TpaKTOBKa rpynno-aoit cxopocTB o6cy>K.IianacL· ',· 
paiiee. B P4iMKax xnaccaqecxoit 3rieKTPO.llBHaMBKB B pa6oTe JI.A. Baitll· · · 
WTeiiuah/ • ABTpp npH3HaTeneil ,D;.A. Kap>KHBUY, o6paTHBWeMy.er.o .. 
BHHt,~aulie ua 3TY pa6oTy. · ·· · · '' . · ' .. . 

·.*lot; ,COOTHOWeHBe /9/ TepJie:£ CMbiCn, ecnB aMnnBTy,lla pacce.RHB.Il . 
BMee'i' nonroc npB 0=0 • TaKBM cny'tlas MLI acxiirot~aeM B3 paccMoTpeH:u,.; 

• ' :·, ·~ ' ' ; • ;'; f. : . ..., .... 

·6 
• 

·-.. 

'1, ,, 

.·.:--

"· 

\, 

r.l(e a(K) • fiOnHOe Ce' 
cetleHHe a(K} O'leHL Ma 
eT pons /6onee ,lleTan&H:: 

· ·o6cy.l(HM B pa3,llene 3/. 
nonL30B8TbC.Il fiOH.IITHeM 
B',l(OCT8TO'IHO pa3pe>KeH 
pOCTb /CKOpOCTb ,l(BH>Kel 
pasua 

'v 
dw dw(K} 
--=. 

d( Rek) .dK 

·d Rea, 
=V [1+2rrN-(--

o dK 

KC 2 

r.lle v = -- • xnacca 
O w(K} 

'laCTHUbl . C HyneBOH MaC 

d 
· v = c[l + 2rr_N d;,l 

llpH OTCYTCTBBH nornOII{4 
pocTLID•pacnpocTpaHeHBJ 
xoii npH'IHHHocTB, He ~oru 
TaKBM o6pa3oM,.B.3TOM 

. ,,- 1•....-

no,llCTaBnJIJI /ll/ B /14/ 
TY.llY pacceJlHBJI: snepe,ll.; 

· -~ ··ti ·. ·R·~ a'~J-· · ((( ·. ;r;-r·- __ ' .. r 

.• 



HJI naKeTa * . · 3To 03 ':~ · : 
rornonteHHJI npoMemyroic 
lnOBOH CKOpOCTH HMeeT 
CKOJib .yrO,ltHO 60JIL.WHM : .... · 
KJia,ALIBaeT orpaHH'IeliJie 

TOJinteii H3 noK?JintHXCJI 
rByrontee l{acrore ~ ·. , 

18/ '" 

~LI A B BaKyyMe·, m -
KyyMe, n (K) .:. noKa3a
HOCTJIX N qacrHn. · B no
pyroro IKorepeHTHorol 
B · B na6oparopHoii ·cH
I: 

' ~ . ,• 

/9/ .; 

prHJIX, eCJIH TOJibKO no~. 
lHBIU.ilcM. pa3,AeJI61 **.:'· 
lTpiiBaTb KRK BCfiOMOra·· 
N HRCTOJILKO MRJibiM,_:. 

IHHbiM. llpB 3TOM ' '· . 

..•. /101 

•• $, '.''Ill/: . 
,,;. ... 

;. 

CKOpOCTB 06Cy>K.ziami.Cb :. 
KB B pa6ore JI.A. Balli- ·· · 
:BUy,· ~6pa rB]3WeMy . et:O. . , 

aMnJIBTYAa: pacceJIHBJI . 
>'18.eM B3 paccMOTpeHBJI~ 

,_. ' ;·. . .· ~' . ; ; • /'i: ~ . .... ·~· 

I 
I .. l 

·. 'j· 

I 

·I 
,_'j 

l 
,. 

r,Ae a(K) - nonHoe ce'leHHe B3aHMO.AeiicTBHJI qacTHU A H B • EcnH 
ce'leHHe a(K) oqf:mL Mano, TO nornonteHHe qacTHU •A · B cpe,Ae He Hrpa-. 
er poiiH l6onee ,AeTaJILHO ycnoBHH cnpaue,AJIHBOCTH TaKoro no,Axo,Aa MLI 

. -o6cy~HM B .pa3,lteJie 31. B 3TO:td CJiy'lae MO>KHO Henocpe,ltCTBeHHO BOC • 
noJIL30BaTLCH noHJITHeM rpynnouoii cKopocTH. Cor nacHo paueHCTBY 17 I; 
B ',ltOCTaTO'IHO pa3pe>KeHHOH MaKpOCKOfiH'IeCKOH cpe,lte rpynnoBaH CKO· 
pocTL I cKopocTL ABH>KeHHH ueHTpa KBa3HMOHoxpoMa TH'IecKoro naKera/ 
paBHa 

'v 
d(J) 

d(Rek) 

I d( Rek) 

dK 

·a Rea(K) - 1 d · Rea(K) ./i21 
[1 + 2rrN -d ( ----}] "'v

0 
[1-2rrN -( )], · · 

K K dK K 

KC 2 

r,Ae v = -- - :KJiaCCB'IecKaJI cKopocTL 'laCTHULI A. B BaKyyMe. ,lJ;nH 
0 (J)(K} 

'laCTBULI C HyJieBOH MaCCOH fiOKOJI 

d Re a'(K} ' -1 
·v-c[l+2rrN-(' Jl . 

. .. · , dK K ' 
1131 

llpil o'icyrcTBHB nornomeHBJI'rpynnouaJI c:KopocTL coulla.Aae'i I co cl<q
pocTLIO.paciipocrpaHeHBJI CBrHaJia'H, COrJIRCHO npBHUBfiY peiiJITBBHCTC·· 
Koii npB"'BHHOCTB, He :noJI>KHa npesi.Iwa TL cKopocrB cuera a uaKyyMe I 1 ;2/. 

-- TaKBM o6pa3oM, u. :JTOM cnyqae .i:(oJI>KHo 6LITL cnpane,AnH~o ~epaiJ~ucruo 
'3>'• .·'i 

v < c • 1141 

Oo.ACTaBJIJIJI 1131 B 1141, iiony'laeM cne,Ayromee orpaHB'IeHBe Ha aMnnH
TYAY pacceJIHBJI .. Bnepe,A ,AJIJI 'IRCTBU c Hyneuoii Maccoii .noKoJI: 

.'". .· .. > 1151 

.. :;;,.' 

.7· 
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B yJI&TpapeJIHTUBHCTCKOM npe.IJ;(me. 'ia:i<oe >Ke HepaneucTno Momuo uanH:.:.: 
caT& u a cnyqae, xor.IJ;~·Macca qacTHii:hi A_ .ue panua uyino.- ,·: . ·' , . 

· • . · HepaaeucTno /15/, noo6iiie ·ronopH, uocuT orpauuqeri.:HL'Ii(xapa~
Tep •. M&I nonyqJiJIH ero B.npe~IIOJIO>Ktmuu; tiTO UOJIHOe ceqeuue pacceHHHH ,: 

a ( K ').': . 
4 ~ f m a(~') . BOI<pe~THOCTH K-tiK<K '<i- + 1\K ~- finu-~KO 

. .K' .: .. ·., . . .. -, .. 

I<- HYJIIo /:rro yKa3biBae'T aepx~:Hii HH.IJ;eKC B JieBOH ·"'aCTH nepaseu6-r:Ba;. 
.. . . ' ., __ 

:_ · . · · d Rea(K) · _: . 
1Io3TOMY B nei<oTop&Ix cnyqaHx npOH3BO.IJ;HaH dK ( __ JMO>KeTnpunu· 

.. : 'MaT& ·u ·o-rpuD:aTeJI&Hble 3naqenuH · * . Mo>Kuo, · O.IJ;naxo, O>KH.IJ;aT&, t{TO 
3TH. OTPHii:aTeJibllbie JHaqeHHH .IJ;OIDKHbl 6b1Tb orpauuqeHbl no a6cOJIIOTiiOH 
BeJIHt{HHe, npuqeM COOTBeTCTBYIQlli:HH BepXHHH npe,IJ;eJI ~ponopi:J;HOHaJieH 
nonuoMy ceqenuro .pacceHuu.si a(,{)._ Bonee .IJ;eTaJI&Ho _Mbi paccMoTpHM 

· -~TOT nonpoc B cne.IJ;yiOIIi:HX pa3.IJ;enax. 

3. Yclloeu.R MaKponpu'lwmocmu Oll.R 'lacmut~ c HYileeou ·. 
Maccou noKo.R 

PaccMoTpifM c TOt{KH 3peuui npHHii:Hna peJIHTHBHCTcxo:H·npuqun·· 
. HOCTH .IJ;BH>Kenue qaCTHii:bl c nyneaoii Macco:H' UOKOH. ·IIyCTb uaqaJI&HaH ' 
'.'npO.IJ;OJibHaH .IJ;nHHa BepOHTHOCTHOro nai<eTa, COOTBeTCTBYIOili:er() JTOH 
_.:qacTHli:e /neonpe,IJ;eJieHHOCTb KOOp.IJ;HllaTbJ B.IJ;OJib uaripaBJieHHHc:' -~BH>Ke.-
HHH~ panna 1\ z • Cornacno cooTuoweuuro neonpe.IJ;eneuuocTeii · · 1\ z =. 
=_yz2 -(Z)2~1Ii\k, r.IJ;e 7i6.k=yp2 -(p)2 - ueonpe.IJ;eneuu ~M_:. 

· nyn&ca qacTHli:&I. BpeMJl pacnpocTpaueuiu curuana. ua paccroHnue L- B 
.IJ;aHHOM. CJiyqae npe.IJ;CTaBJIHeT co6oii pa3HOCTb MOMeHTOB'·perHCTpaUHH: 
u renepaD:HH qacTHii:bi u B cpe.D;neM panuo L I v , r.IJ;e v - cxopocT& 

· · D:eHTpa naKeTa /rpynnonaH cr<opocT&/. YI<a3anuoe npeMH; o.IJ;na:Ko_, Mo· 
>KeT 6&JTb npHHii:HUHaJibHO onpe,IJ;eJieHO JIHWb C TOt{liOCTbiO ,f\ t ~ a ~ + . 

Li\v d 2 w(k) v 
+a 1 ~ , r .IJ;e 1\ v - I · 2 I 1\ k - ueonpe.IJ;enenuocT& . cxopoc-

· V dL . . . · 

TH qaCTHii:bl, a . H a l • KOHCTaHTbl UOpJI.D;Ka e,IJ;HliHii:bi, y<iHTbiBaiOIIi:He 
tiJopMy naJ<eTa /BTOpOH qJiell B Bbipa>KeHHH .IJ;JIH 1\ t COOTBeTCTByeT pac • 

_ .nJibiBanuro naxeTa npu ero .IJ;BHJKeuuu B .IlHCneprupyrome:H cpe.IJ;~/. C yqe
·ToM 3Toro ycnonue MaxponpuquauocTu ..IJ;JIH pacnpocTpanenus curuana 
• HMeeT BH.IJ;: 

~ _ d ( Re a(~t}) 
0 TH pe3ouancuoro nuxa ncer,lla -d _- > . 
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---·· --~--- --------~--
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c· 
1 ' -~ ( 1 + al 

'v .. 

,nnH npo3paqu&IX 
ryT 6bJTb l3bi6paHbl CKC 
cJie.IJ;yeT pe3yJI&TaT /1 

1 : 1 . 
~ -- < 0 .• 
.C . V -

,no cux nop M&I npe,lln• 
, nee&: xo.IJ; paccy>K,lleHHH 
lli:eHHH, eCJIH paCCMaTp 

L 
Meua - I, y.IJ;oBJieTE v 

1\ z. « L « 1 I fl 

:Sy,lleM Ct{HTaTb, 1 

B&x6epeM 1\ K 0 TaKHN. 

d Rea(K) 
JIHt{HH -d (---:-) H Ui 

K 'K 

jyCJIOBHe I<Ba3HMOHOX 
M~ny /13/ .IJ;JIH rpynno . • . 2 . . . ' .•. 

d . Re a(K) . 
- Nl T;'I( _ v )1.1\ ~<, 

d Re a(K} 
-· ( .. _· )>-· 
·dK K 

KOTO.pOe nepeX-~,llHT B 
~( K) == 0.· . IIpH yxaja 
L . 3Ha>ieuufl · TJ ;;,_ a{:J 

( . ' ,-

* Mbl HCXO.IJ;HM H 
MO>KeT 6&ITb o6uapy)J 
npo,lloJI&HOH .IJ;JIHHOH c 

_BepOJITHOCTb perHCTp 
· Taxoii no.IJ;XO.Il ·I<- ucc; 
npHllli:HfiY COOTBeTCTB 



:paBeHCTBO MOmHO HanHO: 
panua :Hymo. · • :. · ·· .; . 

r orpa~mqe:H.iil;~ii.x.apa~~ 
moe ceqeuue pacce . .HJIHR , 

"1•' 

~K<i<'<i- + A K •· 6iiu.3:Ko 
. ' 

,ii 'mcru uepaueuc'iaal. 
Rea(K.) · .. ···: 

-( _K JMomernpuuu-

o.n:uaxo, ·omu.n:arL, qro 
auuqeuLI no a6comoruoii 
Ipe.n:en ~ponopuuouaneu. 
'aJILHO _.MLI paCCMOTpHM 

. . 

Jcmu11 c ·uy;weou · 

mRTHBHCTCKOH·npHqHH· · 
oxoB:. ·IIycTL mi.qanLHas · 
lOTBe_TCTBYJOIUero :l'fOH 
• · uanpanneHH.H ·:z:tnume
e.n:eneuuocreii, · ·· -~ z = 
~ni>e.n:eneHHOCTL 'u}.{_;.· · 
Ia Ha paCCTO.HHHe £'· B 
MOMeHTOB' perHCTpaUHH . 

, r,lle . ti ·· • CKOpOCTL . 
oe-npeM.H,· o.n:ua:Ko .• Mo-' . 1:! . 
qJioCTLIO ,/:it :... a T + . 

IP~.ll_eneH~OCTL . CKOP!lC-

iJlHHHULI, yqHTLIBaiOIUHe 
\ t COOTBeTCTByeT pac
pyromeii cpe.IJ;el. C yqe
:npocrpaHeHHR curuaim 

d. ( Rea("}) 
cer,IJ;a d- . <;:,0. 
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1 a...:1, "al- 1. 
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l:iz 
a--

vL 

.· /:iz l:iv .. 
· . )l;ns npo3paqHLIX cpe.IJ; oruomeHHR L . H --· ·a npHHUHiie Mo-

ryT 6LITL BLi6paHLI CKOJIL yro.IJ;HO MaJILIMH, H H3 1161 Jienocpe.IJ;CTBeHHO 
cne.IJ;yeT pe3yJILTaT l14i: . 

1 . 1 * 
--=---<0. . 1171 
c.' v -

,L(o cux nop MLI npe.IJ;iionaranu, qro nornmueHHe orcyrcrnyeT. O.IJ;HaKo 
BeCL xo.IJ; paccym.IJ;eHHii ocraercs 6e3 H3Mtmeuuii.H npli uanuimunorJIO· 
meuus, ecnu paccMarpuBarorcs paccro.HHHR L lcoorBeTcraeH:uo-:Bpe-

L 
MeHa - I, YJlOBJieTBOP.HIOIUHe ycnoBHIO: 

v 

l:iz << L « 1 /Na(K). 1181. 

liy.IJ;eMcquraTL,qTo !ize,l/l:iKoH L5;1/Na(K},{3(1:!Ko «K,f3»1). 
BLI6epeM /:i K o Til.KHM o6pa30M, qro6LI OTHOCHTeJILHOe H3MeHeHHe Be;.. 

d Rea(K) 
nuquua;(-K--)H a(K} B HHTepBane (K-I:iK 0 ,K+I:iK 0 )6Lm'? ~ano 

lycJIOBHe KBa3HMOHOXpOMaTHqHOCTH naKeTal ~ llO.IJ;CTaBJIRR B 116/ !}lop· 
Mf.ny 1131 .IJ;JI.H. rpynnoBoii cxopocru' H npeue6peras Benuquuoii '·• 6. v _ 

2 . . . .V 

d. Re a(K} . 
-NidK·2( . K. Jl!:iK

0
, nonyqaeM HepaBeHCTBO: 

. d Re a(K) 
··-( ·---) >-

·JK K 

af3 1191 
2rr 

KO~o-j)oe nepeX~JlHT B COOTH'omeuile I 151' eciiH q,·opMaiiLHO UOJIO)KHTL 
a{!<)=; 0 . .. fl.pH yKa3aHHO~inh16ope BCUOMOraTeJJLHLIX napaMeTpOB /:i Z .H 
L . ~uaqeHHR TJ;, a(:J_ >> 1 H y=.KI l:ii<. ">>1 . o.nuaxo uepaJfeHCTBO . 1191 

: ·. " . . ·: ... . .. o .. •. . ·. ' .·· ;;· . '· ., ., : .. ·. 

* MLI ucxo.IJ;HM H3 roro, qro B xam.IJ;Liii Mo:MeHT BpeMeHH i qacruua 
MomeT 6LJTL o6uapy)KeHa · numL B xouequoii o6nacTH · npocrpaHCTBa c 
npO.IJ;OJILHOH ,IJ;JIHHOH 0 /:i Z 4; a1 /:ivt • llpH 3TOM 3I<CUOHeHUHaJILHO· MaJia.H 
,Bepp~THOCTL perHCTpaUHH "XBOCTa" naK_7TaHe iipHHHMaeTCR B pacqeT. 
Taxou no.IJ;XOJl ·K- uccne.IJ;oBaHHIO ·. ycnoBHH :·npuquuuocru;.y,IJ;oBJieTBopseT 
npuuuuny coorneTCTBH.H c Jcnaccuqecxoii reopueii. , :· ~"·;c. : · 

···· ..... 9 
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- · M·omHo ycH.rlHTL~· np~~~B 7J- 1 .: )eM.. HH>K.e/. OcraeTc.H eme He:koTopaa 
. Heonpe:AeneHHocTL, cB.R3_aHHa.R .p pa36pocoM H~mynLcoa ~ AKo · ~ BenH-
~ t{HHa l'lKo · ., KOHet{HO,' DpHHHMaeT pa3HLie 3HatJeHH.R ~n.R pa3HLIX naKe.~ 

• :_ ·Toa~ JlcHo, o~HaKo, qTo cooiltomeHHe Mem~y peanLHoii H MHHMoii qacT.R
.MH ·aMnn-HTY~LI paccegHH.R :MO>KeT 6LITL ·c!lJopMynHpOBaHO He3aBHCHMO OT: 

· 1-ima H dJbp:MLtpaccMaTpHB-ae:MI.ix naKefoa. ,ll;eiicTBHTen:bHo,'KaK nerKo 
.. DOH.RTL, ponL :MaKCHMani.Horo 3Haqe:fi:H.R aenHt{HHLI. fl. K() ·. B HepaBe.HCT- . 

Be /19/. ~onmeH HrpaTL )capaKTepHLIH HHTepBaii BOnHOBLIX qHcen B .OK· 
· pecTHOC':fH i< ·, B KOTopo.M a:MnnHTy~a pacce.RHH.R H ee npo:HJ:Bo~Ha.R H~ 
MeHinoTC.R no nop.R~KY BenHt{HHLI, - npH ycnOBHH, t{TO 3TOT HHTepaan 
MeHLIIIe K •• EcnH me yKa3aJiHLIH HHTepaan npeBLIIIIaeT K 'c:rie~yeT Ct{H-

.... • A . ' . * . . . . ' 
TaTL'; t{TO UK 0 < K 0 - K • ·. , .:·_, 

: 

.. '· ··cornacHo /19/, ecnH ·' 

.. ;·a ·r Rea(Kt ) I /a(K) > 
.~K 1-d . K 
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2'rr 
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..:!_( Re'a(K) ).> 0. 
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· 3n'vno~:Bon.ReT. c~emiTL onpe~en~HHoe 3aKnroqeHHe o ~HaKe peanLHOH. 
qacTu a~mnHTy~Li pacce.RHH.R npH Hyneaofi: 3Hepruu •. B ca:MoM ~ene, 
nycTL. ·npH K-+0 • ceqeHHe a( K) · ocTaeTC.R KOHeqHLIM HnH ae~eT cethi. 
KaK K-9 ·r~e O<q <1-. CornacHo-'onTuqecKoii TeopeMe,s noM cnyqae ' . . I m a(O) = 0 • JlcHo, qTo ecnu Rea (0) 1- 0 , TO -

· · limK lad ( Rea(K) ) lla(K)- oo _· · /19':)y 
K-+0 K K . . 

B TO ?fC~ . B~eM.R BenHqHHa 'C npe~_cTaBn.ReT COOO~ _ KOHet{HOC ~Reno 
/npH ~~aqeHH.R?C K . 6nH3~.HX K HYJI_IO MHHHMYM'OTHOWeHH.I y=:= "'l\K;. ;' B 
_COOTBeTCTBHH CO CKa3aHHLIM BLIWe, eCTL KOHCTaHTa DOp.I~Ka e~HHHULI/. 
nonoMy·,, cor.iiacHO /19 , I' npH ~OCTaTOt{HO ManLIX K :"aenHt{HHa 

d .Rea(K).', · . ·.> · 
--. ( )~on>KHa 6,LITL nono>KHTenLHOH. 0Tcro~a cne~yeT, qTo 
dK .• K .. ; 

*:,,!B cnyqae.pe3ol,laHcHoro pacceJIHuJi'i'!.K.. :sr .. r~e:r;. wHpliHa· 
pe3oHaHca. · 0 · . -. •. 
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. l' .. -~ ,, MLI'--BH.Z:UiM, t{TO H . "'' ' .. 
. ,TaT: peanLHiu qacTL a1 

·· :Maccoii noKo.R Ha .rirooc 
' ' OLITL nono.)KHTenLiioii ·, 
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MHTC.R K Hymo DpH K _, 

a:MnnJI'fY~hl pacce.RHH.R 
K :-+. 0 . aenHqiiHa .. I a( 

~.,lJ;eHCiBHTen~HO, ~CriHJ 
· -· d(i<) 7- B!K a ; · npHqe~ 
, o6.RJaTenLHo y < O :· 

.• <: ; ; .. ~.· 

, i' . KaK ·HJBeCTHo, _:E 

. TOMCOHOBCKOro pacce~ 
:~ 2'. ' ·' 

(-.~), r~e e'- 3 
. : ··.:. m c . 

CKa3aHHLIM BLIIIIe CTaHC 
TOMCOHOBCKoro pacceJ 

. 'cJie~CTBHe DpHHUHDa DJ 
DpOTHBOpeqHBOfi: DpHqJ 

:· /He3aBHCHMO-OT ee KOI 
~OruKHO BLIDonH.RTLC.R -c 

· fipH BLIBO~e .'Iiep 
cnytiae npH. t. « 1/ Na 

. 'c:i<:ofo naKeTa onpe~en 
~BHmeHH.R naKeTa B nor 
Ho ManoA Heonpe~eneE 
a npu6motceHHH, nulieA 

' .· clcopocTLIO /13/ H npu 

.. ~-::- ·. . -B~HHe f:<.< 1 IN a( K) ·-Me 

. \ .. MO OT Ben&t{HHLI. ceqell 
\; . ' .. 1 . < .... ·· 
1\ . 

;, 

*To, qTo HenocpE 
: HeKoppeKTHOH, B ~aHH< 

pLIB.HOCTLIO aMnnHTY~L 
· "'*.Cor nacHo Teopu 

.. aMDDHTY~hl pacce.RHHK 
· nporiopuuoHanLHLI npu ! 

·. ilae a(O) =0, · qTo TaK>Ke 

.. 
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raeTc.R eiUe Hei<oTopa.R · 
ynLCOB 11: L\Ko ...• Benu-
_eHH.R ,ttJI.R pa3HLIX naKe:~ 
ILHoii H MHHMOH llaCT.R-
1poaaHo He3aBHCHMo or: 
:T&HTeJILHO, 'KaK nerKo 
.1 · L\ K.0··. a Hepase.HcT-
BOJIHOBLIX liHCeJI B .OK
II H ee npoH~BO,ttHa~ H~ 
IH; liTO 3TOT HHTepBaJI 
lllaer K_ , crie,ttyeT cllu·-

.• .. 

/19' I 
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!He 0 ;HaKe peaJILHOB . 
iprHH.· B caMOM ,ttene, 
liHLIM HJI~ Be,tteT. ce6Ji ,; 
~opeMe, a noM · cnyllae 
·o 

o6oi KoHeliHoe ~Reno 
·oTuoweHHJI'' y= ~ ~'a 
HTa nopJIAKa e,ttHHHUi.J/. 
a.nLix i K ·: ''senHliHHH; 
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~.,Re a(O) < 0 .* . :/20/ 
.. ·. '· . MLI'--~HAHM, liTO H3 npHHU~na np~;HHHOC;H CJie,ttyei sa;,<H~Iii'pe 3yrtL

.,.far: peanLiia.R llacTL.aMnnHTYALI pacce.RHH.R.'':Bnepe~" llaCTHULI c Iiyne.soii 
MaCCOH no:f<o.R Ha ni()OOH ,ttpyroii llaCTHUe npH HyJieBOH JHeprHH He :M:o)KeT 

·' OLITL nono.>KHTeJILHOH ' ecnH MHHMa.R llaCTL aMIIJIHTYALlpacce.RHH.R CTpe ~ 
MHTC.R K HYJII() npR · K ... 0 .. · B:biBOA o6 · oTpilna TeJILHOCTH peanLHOii ~acTH 
aMnJIHTY.ttLi pacce.RHH.R ''sriepe,tt" OCTaeTC.R B CHJie H B CJiylla'e, KOr,tta rrpH 

• · \ ·· , ,D;eiictuHTeJILHO, ecnu npH 3HalleHH.RX K 6JIH3KHX K HymO, : fte a(K}== ~(K 13, 
.,. • · ·•. K. :--. 0 .· . BenHtrH·H·a,, . I a ( K.) I ... , oo npu yc.JIOBHH,. ll. To K ll'3 !. m a(. K) / R e a(~)=O . 

\ · · a( K/ ~ 8/K a ; · npHlleM . a- {3 < 1 '.TO BLillOJIH.ReTC.R. cooTHOWeHH:e/19 . / ,H 

. " 

o6.R3aTeJILHo y < 0. · . 
..r. .[ . KaK H3BeCTH~, a'npe,tteJie HH3KHx,.'3HeprHH /llaCTOT/ aMnmiTy,tta .· 

. . ToM.COHOBCKoro. pacce.RHH.R <IJoTOHa Ha JIIOOOH llOKO.RIUeHC.R llaCTHUe pasHa . . . . . . . 

(-.~), r.tte. '. e - Jap.R,tt llaCTHULI, m - ee Macca / 6
/ .B cB~3H~~o· · ~ 

· .. me . . . -~ 

CK8.3aHHLIM BLIWe CTaHOBHTC.R .RCHO, liTO OTPHUaTeJILHLIH 3HaK aMDJIHTYALI 
TOMCOHOBCKoro pacce.RHH.R. - He CJiyllaHHOe OOCTO.RTeJILCTBO, a np.ii:Moe 

··cJie,ttCTBHe npHHUHna npHliHHHOCTif:. C Haweii TOliKH .3peHHH B JIIOOOH He· :· 
. npOTHBOpeliHBOft npHliHHHOH TeOpHH llaCTHU C HyJieBOH MaCCOH DOKO.R 

····· ': ·/He3aBHCHMO OT ee KqHKpeTHOH CTpyKTYPLI/npH YCJIOBHH':lim Jm a(K) . 0 
noJDKHO BLIDOJIH.RTLC.R COOTHOWeHHe /20/ ** • K'-+.0 Re a(K} 

. fipH BLisoite .'Hepa&eHCTBa /19/ npe,ttnonaranocL,liTO so. BC.IIKOM 
cnytiae npH t. « 1/ Na( K) c .. c~opocTL. ne~Tpa KBa3HMOHoxpoMaTH>Ie-

.. c:Koro naKe;a onpe,tten.lle.Tc.R .rio <IJopMyne /13/. Cneiluani.HLift .aHanH3 
.ttBH>KeHH.R naKeTa a riornoiUaioineii cpe,tte noKa3LI·saeT, liTO npil'.ttocTaToli
Ho ManOa Heonpe,tteneHHOCTH HMDYJILCa 7i L\K CKOpOCTLUe.HTpa ~aKeTa 
B npH6niDKeHHH, JIHHeiiHoM no nnoTHOCTH N , cosmi.ttaeT c rpynnosoii 

' \~---·:- ·. 
1 

• cKopocTLro/13/H npu 3HalleHH.RX t·~ 1/NafK)c .TaKHM o6pa3oM,Tpe6o-
-B~HHe ~«1/Na(K} MO>KHo oT6poc-&t&. Tor,tta, Ka3anoc.L6LI;'He3asD:cu-· ·. 
MO. OT .BenBliHHLI CelleHiUI a( K) ': A_~JDK~O 6LITL cnpaBe,ttiiH~O Hepa&eHCT.; 

·,. 

. ;:_. ~-;" 

*To, liTO Henocpe,ttCTBeHHO npH K =0 <IJopMyna /13/ cTaHOBHTC.II 
' HeKoppeKTHOii, . B ,ttaHHOM. CJiyllae He HMeeT 3HalleHH.II B CB.II3H C Henpe

pLIB.HOCTLIO aMnJIHTYALI a( K) · H npoH3BOJIOM a .. BLI6ope napaMeTpa N. 
; ..... ** CornacHO. TeopHH YHHBepcaJILHOro . cna6oro'B3aHMO,tteHCTBH.II, 

; aMnJIJiTY.ttLI pacce.IIHHJI HeHTpHiiO H aHTHHeHTpHHO JII06LI¥H·llli;CTHJla¥H 
nportopnuoHaJILHLI npH MaJILIX. 31{eprii.IIX K . ; TaKHM o6pa30M, B 3TOM cnr--· 
'lfae a(0)=0, liTO TaK>Ke cornacyeTC.II c/20/. · . '·/·: 

; II · .... .,.., 



BO /15/. TaKoe 3aKmoqeHHe, O,nHaKO, 6blJIO 61>1 nocneWHbiM. B CaMOM 
·.nene, KaK y:>Ke OTMeqanocb BbiWe, noae,neHHe a~mJIHTy,nbi pe3oHaHcHoro 
pacceHHHH HBHo He cornacyeTcH c cooTHOWEmHeM /15/u a TO >i<e apeMH 
y,nOBReTBOpHeT 60Jiee CJia6oMy orpaHH"l{eHHIO /19/. 3TO CBH,neTeJibCTBy· 
eT o· TOM~ "l{TO IlpH · ~ , . CyuteCTBeHJIO npeBblWaiOIItHX ,nJIHHY CB06o.ziHoro 
npo6era L 0 =1/Na(l<~ucxo,nH.'LIM HepaBeHCTBOM /16/, aoo6~e roaopH, 

. noJILJoaaTbCH ·y)Ke HeJIL3H. H ,neiicTBHTe~bHO, npu oq(mb 6oJILwux' 3Ha· 
'qeHHHX .napaMeTpa o= NaL aepoHTHOCTb npoxo)K_neHHH qacTHUbi qepe3 
cnoii BeutecTBa CTaHOBHTCH 3KcnoHeHuHaJibHO Manoit, H y)Ke He HMeeT 
cMI.xcna CBH3biBaTb c pacnpocTpaHEmHeM naKeTa nepe,naqy KaKoro· nu6o 
liJuJuqecKoro cHrHana * ·H03TOMY Mbl. 6y,neM cq:HTaTL, qTo B liJopMyne 
/16/ LS:.l /Na(K)f3, r.ne {3 -1. B HTore Mbl CHOBa B03Bpai:QaeMcH K He• 
paBeHCTBY /19/ C KOHCTaHTOH 7] ""l. lf3JIO)KeHHblH no,nxo,n, O,nHaKO, He -·. 
II03BOJIHeT yKa3aTb ~OHKpeTHO HH)KHHH npe,neJI B03MO)f(HbiX 3l{aqeHHH 

d Re a(K) a( K) 
OTHOWeHHH d-( )/--

K K K 

4. ,l(ucnepcUioHHble COOT!IHOJUeHUJI, 3HQK KOHCT!IclHT!Ibl Bbl'lUT!IQHUJI 

U 'lUC/lO Bbl'lUT!IQHUU 

IloKa)KeM, qTo orpaHuqeHHH I 15/ u/19/.cornacyroTcH c ,nucnep· 
CHOHHbiMH COOTHOWeHHHMH ,nJIH aMIIJIHTy,nbi pacceHHHH liJOTOHa· Ha IIPO": 

. H3BOJibHOH noKOHI:QeiicH qacTH:Qe; KOTOpble HMeiOT au,n:: 

. ·.. 2 oo'. (:) 200 . r·;· 
· R · · . · , K aA y · K a .... A y . . 

· Re~(K)= e~(O)+K ReaA(0)+-2 P J---dy+-2 J---- dy. 
4rr 0 y(y.:..K) 4rr y(y+K) · 

. 0 ·. . 

3,necb aA (y) ;. IIOJIHOe ceqeHHe pa9ceHHHH .liJoTOHa 90 CIIHpaJibHOCTbiO 
A · Ha MHWeHH C 3a,naHHOH IIOJIHpH 3a:QHeH npH 3HeprHH 7i c y (A = ± 1 ) . , . . . . 2 

. e 
Rea · (0)= Rea · (0)=- ·--

+1 -1 · m c2 • KOHCTaHTa Bbl"l{HTaHHH, paBHaH TOM· 

* 0CHOBbiBaHCb Ha aHaJioruqH~IX coo6pa)KeHHHX,'MbJ.np~ o6cy)K_ne· 
HHH YCJIOBHH MaKponpH"l{HHHOCTH np_eHe6perami 3KCIIOHfHI:QHaJibHO MaJIOH 
BepOHTHOCTblO perHCTpa:QHH '"XBOCTa" •IIaKeTa, /CM. ·'npHM~'llaiJHe Ha~ 
CTp. 9/. . . ' . . . ~- ~·~ 

,.12 

r 

r • ~ 

i 

• : 
q 7 

I 
i '·. ., 

I. 

\ 

• 

... 

. ~.-
~ ,'' ~ . 

.COHOBCKOH aMIIJIHTy,ne, 
' •'. - -. -· 

TaHHH, rrporrop:QHOHaJibHl 
pacCeu:Baie.iiii I 6/: 

' · · · · Ecnu liJopMaJILHO n 
a TpeTbe~f:<meHe 4Jop:My 
, B. JTO.M . CJiyqae HHTerpl 

... peHUHPOBaTb 110 rrapaMe 
. pHBaeMOM npHGJIH)KeHHH 

d Rea\ (K)., (a (KJ=OJ 
·.-( 1\ • ) 

dK.; . K 

.~ .-·Ta.'K KaK a(y)>O i• 
, BeHHO IIOJIO)KHTeJibHa.!l I 
HHeM pacceHHHH rrpu ,na1 

.· Hbie. COOTHOWeHHH ,nJIH lP• 
ay/15/. ; ' .· · 

-ToqaaH 4op:Myna .n 
· ... · K+&o' -dy 

,neCTBa p . .. f .-·-· 
. y-K 

K-11K . 0 

) 
. 2 

d Re a"?.JK. _ .e 
-( . ) - 2 2 
dK K m.c K 

· .. 

l OO'a-AJy) 1 
+-- J .. dy+-.. -

4ir2 o {y+i<) 2 . 4rr2 

r,ne 11K 8 - mo6oij: HHTe: 
q~TBepTblH HHTerp 

r_ne K -:-11K0< e.> K. + /1~ 
~: . 

·. d aA(~)I 2 
~I d 2 J 11K0 «a A {K), H 

K . 



ihi nocru~·WHbiM. B caMOM 
~¥llHHTy,nbl pe30HaHCHOrO 
!e~/15/HB TO me BpeMH 
l9/. 3TO CBH,neTeHbCTBy
~~O~HX ,nnHHY CB060,nHoro 
[ ./16/, B006~e rOBOpH, 
npH oqeHb 6onhwHx· JHa
:o)l(.neiJ:HH. qacTHUbi qepe3 
· MaJ10H, H y)l(e He HMeeT 
ra riepe,naqy KaKoro- nH6o 
cqH'!aTh, qTo B t!JopMyne 
>Ba B03Bpa~aeMCH K He"' 
Hhlii no.nxo.n, o.nHaKo, He 
:n B03MO)I(HbiX ~HaqeHHH 

. KOHCIIIClHI/IbJ 6bf'IUmaHUJl 
r.HJ. 

. cornacyroTcH c ,nHcnep

.cce_HHHH t!JoToHa· Ha npo~ 
elOT BH,n:: 

200 . 
' K C!.;;.). (y) . . 
. -:-_; J--- dy. 

4 rr2 y ( y + K) , 
0 

roHa C() cnHpanbHOCTblQ 
:meprHH ncy('A = ±1), 

BbJqHTaHHH, · paBHaH TOM-

:eHHHX,. ~~r:npJI o6c~~e
: 3KCllOHeHUHaHbHO Manoii 
a, /cid. "npHM~ttaiiHe_ ·~a~ 

• • '·' •• ~· '. J. 

·. 

• ~·· r 

': 

I 
1 

l :• 

. < 

. . ·_: .. ~ 
•.,-:;_'" , . 

. COHOBCKOH_ aMnnHTy,ne, Re a~l (O)=~Rt: ~lO!-._:rnopa~ KOHCTaHTa Bblq~--· .. 
TaHHH, nponopUHOHaHbHaH KBa,npaTy·aHOManbHOrO MarHHTHOrOMOMeHni. 
pacceHaaien.ft: I 61: ·· . · _.: . . : · · · ·· , . 

. Ecnll. t!JopManbHO nonO)I(HT~ a). ( K )=0, no,nHHTerpanbHOe B~Ipa)l(eHlle 
B TpeTbeM:.qneHe t!JopMynLI /21/ He 6y,neT HM~Tb oco6eHHOCTH npH y=K • 
B. 3TOM. cnyqae HHTerpan B CMbicne rnaBHoro 3HaqeHHH MO)I(HO ,nHtiJ!lle·-. 

.peHUHPOBaT? no napaMeTpy K KaK o6bJqHbiHHHTerpan /71, 'HBpaCCMaT~·, 

. pHBaeMOM npH6nH)I(eHHH 

; d Rea>.JK) .. (a(K)=O) 
:-( ) 

dK. . K . 

2 1 oo a>.. (y) . 1 oo a_.l.JrJ . 
---,-..,.--~- + -PJ dy +- f dy 
mc2 K 2,. ·4rr2' ·0. (y-K) 2 4rr2 ( . ·;2 . • 

0 _Y+K :· . 

c 

. TaK KaK a(y)>O i• npaBa.JI qacTb COOTHOWeHHH /22} eCTb.~Cy~ec;·~, · . 
. BeHHO nono)I(HTenbHaJr BenHqHHa. TaKHM o6pa30M, ecnH nonHbiM ceqe
HHeM pacceHHHH npH ,naHHOH 3HeprHH MO)I(HO npeHe6peqb, ,nHcnepCHOH
Hbie cooTHoweHHH ,nnH liJoT(ma Henocpe.ncTBeHHO · npHBO,nHT :K HepaBeHCT
By'/15/ •. : · : · .. ·. · · . . . : ·' · . 

:}__( Re a( K) ) 
d K K C yqe_TOM TO )I( • . 

1 00 . ~-x rrJ . . ..-
dy + --2 f '' .2 dy + 

4 TT K+~ (y-K} .. 
Ko . 

/23/-

, ·a>.. (i<) 
dy.__···...,--

2rr 2~K 
. . 0 

Be.!llf~HHa .. 
.. ; .... ,'' 

13 



d Rea A (K) 
-(-__.;..;-

1 a A ( K) . (/ 2 a A (g) 2 . . 

) >- 22 ----[7 + O(!. 2 I ~K0 I aA (K))] 1241 
dK .. K 77 AK . dK . 0 . 

KoTopoe cornacyeTcn c 1191 lnpH noM 71 = 1 /" 1. OrMeTHM 'iaK>Ke liH-

TerpanbHOe HepaBeHCTBO 
. da. (K) · · 

d ReaA(K) 1 2K'a/y)-a/K)-d; (y-K} ·aA(K) ,. 
-. r J > -;--?l I dy- __ 

2 
_; 12.51 

a K. K 4 77 0 ( y - K) 2 77 K 

KoTopoe cTaHOBHTcn o'leBH.UHbiM, ecnH no.n;cTaBHTb a 1231 AK. 0 ·= K • 

,I:(nH TipOH3BOnbHbiX 'laCTHU C HyneJIOti: Maccoti: TIOKOH H CTIHHOM s 
,D;HCTiepCHOHHbie COO'fHOWeHIJ'!/C .UBYM.II Bbi'IHTaHH.IIMH TipH y'leTe nepe :- -
KpecTHoti: CHMMeTpHH I eM. .4 , § 7.11 coxpaH.RIOT BH.U 1211 c 3aMeHoti: 
a_,\ (YJ ... ;_A. (y), r.ne a-:_A (y} - nonHoe ce'leHBe pacce.RHH.II aHTB'IaCTBUbi 
(A:-± s). B COOTBeTCTBHH C pe3ynbTaTOM 1201 npB KOHetJHOM Ce'leHHH 
aA (0) · lnoo6me roaop.11, npH lim "a (K.) = o) /KOHCTaHTa Bbi'IHTaHH.R 
.non>KHa 6biTb OTPHUaTenbHOti: HnH paBHOti: uymo. B HTpre j~ nonmql aeM· 
Bbipa>KeHHH 1221 H 123/ • C O'leBH,D;HOti: 3aMeHoti: e ... e a! 7 , 

. ..: . , · m C 2 K 2 K 

a_A (y) ~ 0 -A (y) , _- H COOTBeTCTBeHHO HepaBeHCTBa 1151 H 1291. 
JICHO, 'ITO ecnB HCXO,D;HTb H3 ,D;HCTiepCHOHHLIX COOTHOWeHBti: C O,D;HHM Bbl· 
'IHTaHBeM: 

Re aA (K) 
K a A (y) K oo ~A (y) 

Rea(O) + - 2 P I dy-
4 

2I . dy,l26l 
4 77 . y-K 1r Y + K 

0 . 

BCe yKa3aHHble I}JopMynbl OCTaiOTC.II .6e3 H3MeHeHHJi. 
. Heo6xo.naMo no.n;qepKHYTL, 'ITO .n;HcnepcaoHHble cooTHoweHHH 121/ 

H 126/c nono>KiiTenbHOI KOHCTaHTOH Bbi'IHTaHH.II Re a (0). npH ,D;OCTaTO:tt· 
Ho Maiihlx K Iie y.n;oaneTn()p.RroT ycnoaaro MaRponpa'IHHHoc1-a /191. 
TaKHM o6pa30ld, o.n;Ha TOnbKO aHanHTH'IHOCTb aMnnHTY.Ubl pacce.RHH.II B 
o6meM cnyqae eme He o3Ha'laeT, 'ITO TeopH.R anToMaTH'IeCKH npH'IHHHa. 

HHTepecHo, 'ITO ecna /m a(O) = 0, ycnonHe MaRponpH'IHHHOCTH 
Re .a(O) =::; 0 ·HaRna.n;blaaeT ;3anpeT ·Ha . .n;HcnepcHOHHble -cooTHoweHHR · 
6e3 ·· Bblt.(HTaHHti:. ,I:(eii:CTBHTenbHO·,. H3 ·CO()TBeTCTBYJOIUHX: ;1\HCnepcliOHHbiX 
cooTHOWeHBii, KOTOpble cnpaoe.n;nHBbi npH ybnooaa lim I a( K) I = 0: 

·.R·e·a£KJ, ~- ~P·_· Ioo ~~(yJY 
, .4rr . --· "'()" <Y-K. 

K-+oo 
. ,., ?· ' 1 "" ... . 

dy -t:>;~4772J a-;\(y)'j 
o· ··· Y~K. 

"~-'14 

dy' 

t 
·I. 
~ '. 

i· 
I 
' 

_;. 

... ... \ 
···"·. 

'•.;, 

·:~ ~ 

cne.n;yeT np·oTBBonono>KE . .· ;: : • . . I~ . Oo.. . • 

. Re a(0)'':=.-:--
2
·· J[a\··(y) 

'477 ;'1\', 

. i .o ... 

31-o 03HattaeT, 'ITO B np1 
'laCTHUbi C H·ym;BOH MaC 
CKOMY COOTHOWeHHIO: 

lim I~ 
K -+ oo. 

. ' . 
JaMeTHM, 'ITO .ecnB Heo( 
ablae cTil. HepaseHcTs.o 1 

. . . ~ ., ' . . . ~ . . . 
TOnbKO Ha nono>KBTenbl 
onpe.n;eneHHC)M BLI6ope'3: 
n_a· cny>KBT y_I<a3aHHeM 
pocTa aMnnBTY.Ubl pace~ 

·lim -
K->OO 

TaK>Ke npe.n;cTaBn.ReT col 
'IHHHOCTH,./T .e. ycnOBH.II 

·' .. . ' . ' 

HOe. YT~~p>K.IJ;eH~e,; .O.D;Hl 

l< 
H3no>Keaawl oLiuie 

4. ,.'. • 

'laro pacce.RHH.R qacTHUbl 
ycnosae .MaicponpH-.iuH.ilo 
HbiX orpaaaqeHHi H:a noli 

HO, TaK KaK B 3TOH cny~. 

... 

· 7* lJHCnO • q · onpe.n;• 

· ·. I a(K) I " 
lim . q-l . t. 

K 



(g) . 2 . 
-2 -I !:J.K0 faA ( K))) 1241 · 

r /. On.feTHM TaK)Ke lin-

,() 
...;.(y-K} a ( K) . 
-tly-·-A ___ ,· 1251 
. • 2 TT 2K . 

LBHTb B 1231 !:J.K. 0 ·= K • 
CCOH OOKOJI H CDHHOM 5 

LHHJIMH npH yqeTe nepe • 
!lOT BH.IJ; 1211 C 3aMeHOH 
paCCCJIHHJI aHTHqacTHUbi 
' npu Kone~IHoM ceqenHH 
'/ KOHCTaHTa BLJqHTaHHJI 

~ B u~pre j~e"~fJJ'IaeM · 
L .... ' 
·mc 2 K 2 · .. K 2 

aBeHCTBa 1151 H /291. 
)OTHOWCHHit C O,llHHM Bbl· 

. oo ~A (y) 

z f r. f K dy,l26l 
0 

HHA. 

1HHbiC COOTHOWCHHJI 1211 
Rea (0) npH .IJ;OCTaToq~ 

~KponputiiiHHOCTH I 19 I. 
lMDJIHTY.IJ;bl paCCCJIHHJI B 
ITOMa THqecKH npH'IHHHa. 
He MaKponpHqHHHOCTH 
:pCHOHHLie .COOTHOWeHHJI 
J3yromax: .IJ;HcnepcaoH:nLix 
IHH. lim I a( K) I 0: 

.. : 

. CJIC.IJ;yeT npOTHBOOOJIO)KHOe HepaBCIJ:CTBO: 
' ' TOo 0 ·~,. 0 00.0 ' :: • ,· > ·.: > ; 

' 1. ' . - .. ·'' 
Rea(O} .= 

4
1r

2 
J.[aA·(y~+ a_A(y}].dy ·:; 0. 

.I. 

'' 

. o. 

3To o3uaqaeT, qTo B npaqimuoii Teo pail aMnn:H1:y.IJ;a · pacceJIHHJI "snepe.IJ;"· 
qacTHUbi c ny.ilesoii Macc~iinoKoJI .IJ;OJI)I(Ha y.IJ;osneTsop.liTh acHMnToTaiie
CKOMY COOTHOWCHHIO: 

lim I a A ( K ) I =I 0 . 
. K -+ oo 

1271 

3aMeTHM, qTo ,eCJIH neo6XO.IJ;HMOe. qHCJIO BbJqHnlHHH q ~ 3 * ,Y)KC HCJib3», 
BLIBCCTH nepa.BeHCTB.Q 1191 H3 .IJ;HCnepCHOHHbiX,CO~THOWCHHH,. o'nupaJicb·, 
TOnbKO Ha nonO)KHTe.iibHOCTb 'nonuoro.ceqeuu.K'pacceJIHHJI l~a)Ke npH 
onpe.IJ;eJieHHOM ~bi6ope '3ila:Ka KOHCTaH.T BbJqu~aHHsf.. no sceii BH)J;HMOCTH, 
:no· CJIY)KHT YKa3aHHeM ,Ha TQ, _qTo H3BCCTHOe orpauaqeHHe :till; CTeneHb . - --~ . . . . ' . : . . . " . ' ' 
pocTa aMnJIHTY.IJ;LI pacceJIHHJI 

lim ~a A ( K) I = 0 
K-+DO K l 

'1281 

TaK)Ke npe.IJ;CTaBJIJICT co6oii CJIC.IJ;CTBHe npHHUHna peJIJiTHBHCTCKOH. npH· 
qHHHOCTH../T.e. ycnoBH11 "Ma~po'npaqHHHOCTH" H aHaJIHTIJ:qHOCTH/. ,lJ;aJi-· 

' . ' . . . . ' . ' .. ) 

HOe.· YT~~p)K)J;eHJ!e,, O.IJ;HaKO_, Hy)K.IJ;aeTCJI. ~B ~TP.()rOM )J;OKa_3aTCtJbCTBe • 

5. CAy'laii HeHyAeeoii Mac;c~_l noKo.R 

· . . ~3JIO)KeHHLil BLIWe MeTO)J;~MO)KHO B npHHUHne npa~'eH~Tb HK ~~y-. ... ... . . .... ·. ... . . . · . ' . . me. 
qaro pacceJIHHJI qacTHUbl, Maccai(OTopoii ne,pasua uynro. ITpu K_$; T . .. 
ycnosue MaKponpaqHHHOCTH./~ 6/.He Ha~na.IJ;biBaeT. HHKaKHX. cyme CTBeH .
HLIX orpauaqeHHii Ha noBe~eHHe aA.mJIHTY.IJ;bl pacCe?IHHJi lqTO ecn~CTBCH.· 

' . .• ~ - ~~ ... ' ,· '- ' . ' ~. ' ' .. ' ~ . . . 
c-.. v

0 
· w(K)..:. K'c 

no, TaK KaK B :noii cny~ae ... c w(K) -Ii.· B·qacT_HOCTH, 3HaK 

· ·* qHCJIO q · onpe.IJ;eJIJieTcJI· H3 yCJIOBHJI ' .lim 
K-+ oo . I a(K) I ·· '· .,_, • ' ·· · 

lim f. 0 . . ;·;·-.. ; 
K. q-1. 

15 . 
. · ~ 

1 a(K) 1 l 

q· 
K 

p,,' 

1;', 

. -· 

. . -,...· 

.;. 



',"-..· 

Re a(O} MO:>KeT 6biTb npoH3BOJibHbiM. JierKo BH~eTL, 'iTO B YJibTpapen.H
THBHCT.CKOM npe~eJie orpaHH'ieHH.H .Ha. aMllJIHTY~Y pacce.HHH.H ,''nnepe~" . 
CBO~.HTC.H K HepaBeHCTBaM /15/ H /19/. ECJIH rrpH 3TOM aMnJIHTy~a He 
OC~HJIJIHpyeT, Mbl MO:>KeM . C'iHTa Tb, 'iTO /). K/ K ~1. 0TCIO~a CJie~yeT 
aCHMllTOTH'ie CKOe H~paBeHCTBO. 

·.;, 

d Re a(K} 
K -. - ( ) /a( K} > - C , /29/ 

ifK K 

r ~e C • -• He 3aBHC.HIQa.H OT 3HeprHH KOHCTaHTa nop.H~Ka· 1. 
B. CBH3H c COC>TH(nmiiiHe:M' /29/ HHTepeCHO o6cy~HTb c:lnya~HID, 

B03HHKai<l!QYIO. ripH. llapymeHHH Teope:Mii Ilo:MepaHH)'Ka: .lhnecTHO, >iTo 
eCJIH aCHMiiTo~·H·tieci<oe paBeHCTBO 'ce'ieHHH 'iaCTH~bl b ' H aHTH~IaCTHUbl 
b . He HMeef .. MeCTa~ Le,- a(<x{=a/:.';(oo)~aj; ! T<? :':u:3 aHaJIHT.H'ieci<':Hi ,· 

CBOHCTB aMnJIHTY~bl H Tpe6o:BaHII.H nepeKpeCTHOH CHMMeTpHH /cM./4/' 
rJI. 8/ Henocpe~CTBeHHO CJie~yeT, 'iTO npH' K __,:do <' . 

. . 1 
Rea (K) =-Rea -'-(K) =: .- 72 Ka'lnK , /30/ 

b b 2 7T 

r~e ··a'=~- (a(oo)::.:;(.;;,)).JaMeTHM/ 'iTO B· ~aHHOMC.Jiytiae .· OTHOiiiemie ··: 
]ma(K} /Rea(K). KaK ~mi: 'iaCTH~bl, TaK H. ~JIH aHTH'iaCTH~bl CTpeMHTC.H'K .. 

'HYniO: II03TOMy, Ha nepBbiH B3rJI.H~, Mo',lcJ{o npeHe6pe'ib nornoitieHHeM 
H BOCllOJib30BaTbC.H YCJIOBHeM MaKponpH'iHHHOCTH B clJopMe /15/. JierKO i. 

. BH~eTb, 'iTO O~Ha H3 aMnJIHTY~ /30/ 3TOMYYCJIOBHIOHe Y~OBJieTBOp.HeT,, 
H .rpynnona.H CKOPOCTb ~n.H 'iaCTHUbi' b . np:H a'> 0 'HJIH aHTH'iaCTII~bl 
b n~H '! '< ,.q B np~~eJie ozHp {jpJibillHX~I,IeprHH npeB~ImaeT CKOpOCTb 
CBeTa· B BaKyyMe. {v -->c(1 + -Wz4)}~ 0TCIO~a HanpamlinaetC.H"BbiBO~, 

. .. . . ' ,. 7T K. . .. .. ·•. . • . . .· ,. . . .. 
'iTO HapymeHHe TeopeMbl IIOMepaH'iyKa npoTHBOpe'iHT npHH~Hny npH'iHH-
HOC1:H. O.iUIRKO .B paMKaX.Ha·cTO.HIQeii pa60Tbl Mbl He'MO)KeM :noro pemH·_. 
TeJI~HO YTBep)K~aTb; llOCKOnbKY rrpH K __,· oo . . . . . 

. d .. Rea(K) )/, (.} +~~> )_. 
K -( a K --> - 2 · ..,.. --:;--2 

dK K 2rr a(oo) 4rr 

. T.e. HapymeHHe TeopeMbl IIOMepaH'iyKa He npOTHBOpe'iHT aCHMllTOTH
. qecKoMy HepaneHCTBY /29/. Bo.JMO>KHO, · 3To :HepaBeHcTno HBJI.HeTc.H 
CJIHillKOM CJia6biM, TaK 'iTO BOllpOC 0 CB.H3H TeopeMbl IIOMepaH'iyKa C 
npHH~HllOM npH'iHHHOCTH OCTaeTC.H OTKpbiTbiM. 

16: 
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Jo' ••• • •• ••• 

· PaccMoTpeHHbie E 

. . pacce.HHHH "nnepe~" oKa 

.. ·~~~. ;tieM fcnoaHx auanH . . . 
:>Ke apeM.H OHH .HBJI.HIOTC.Il 

l ·:<.; . :6a.H iienpOT:HBOpe'iHBa.H -~ 
• 1 .. • : MH_THna/19/HJIH/29/ . ..: 
~' '· · qa.Hx, Kor~a ~Hcnepc:HoH 
~ B HeJIOKaJibHbiX TeOpH.HX. 

I 
HecKOJibKO cnon c 

· . · xoiopax clJaKTH'iecKH ne: 
.· . G~e~yeT ,no~qepKHYTb, 

t
·.· ,, . , i))6pa30BaHHH :ieorepeHTHI 

[·' OAKHWM K 3aKJUOqaeTCB 
·, HbiMH BOJIHaMH> pa'cce.Hl 
, "anepen": 6e3 nepe~a'iH 

: cPOPMYJibl /9/ B .ripH6JIH:>K 
. ·. pe~", - 'iTO no~TJJep:>K~ 

~J ·• 

~. 
~ . . . .. 
i. 

·~--

MHoroKpaTHoro pacce.HH 
eCTb ace OCHOBaHH.H ciJH 
JaHHbiX c' HHM.cPOPMYJII 

. noiiliocTbro · onpan~aHHLn 
· ' Au.fop . · Bbipa,Kae· 

B.H.OrHeBeUKOMY H n'o• 
H ~eHHble COBeTbl: 

. 1.1 L.Brilloiii'n:: Wave Propaga 
' . . ' 

2.'JI.H. ·MalloeAbtu111aM • . 
U KBclH1110BOU MeXaHUI 

3.1M.Lax. Rev:Mod.Phys., 23, 
4. P.HoeH •. · CoyoapeHu.R 
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PacCMOTpeHiiLie BhiWe orpaHH'IeHH.H Ha nose,IJ;eHHe aM:niiHTY.D:LI 
·. ·· pacce.HHHH "Bnepe,D;" oKa3LiBalOTCH B ~enoM cymecTBeHHO 6onee cna6LI
• . ':idH, ~qeM y'cnolm:H: aiianHTHt{HOCTH H nepeKpeCTHOH CHMMeTpHH>'Ho 'B TO 

)Ke · BpeMH OHH .HBn.HroTc~·H 6onee o6mHMH. C .Haweij: .tQtiKH 3pe~HH:, nro-
6aH HenpoT:imope'IHBa.H Te.OpH.H ~onmHa 6LJTL_COBMeCTHMa C Tpe6oBaHH.H

; MH THna I 19 I HnH /29 I. 3TH HepaBeHCTBa ,IJ;On)KHLJ u'iinonHHTLC.H'H :8 cny'·.: 
qa.JIX, KOr,IJ;a ,IJ;HCnepCHOHHLJe COOTHOWeHH.H HecnpaBe,IJ;nHBLI, - HanpHMep, 
B HenoKanLHLIX TeopH.HX. 

HecKonLKO cnoB o 4JopMyne /9/ ,D;nH noKa3aTen.H. npenoMneHHH, . 
KOTopa.H 4JaKTH'IeCKH ne)KHT B ocHoBe pe3ynLTaTOB Hac'io.Hmeii pa6o'i'LI. 
CneAyeT no,IJ;'IepKHYTL, 'ITO. npH nro6LIX 3Ha'leHHHX 3HeprHH MexaHH3M 

. :' .o6.pa30Ba'uH.H ·KorepeHTHOH .BOnHLI B MaKpOCKOITH'IeCKOH Cpe,D;e .HBn.HeTC.H 
. e.IUIHLiM H 3aKnroqaeTC.H B HHTep4Jei>eH~HH mi.,IJ;alOmeii BOnHLI CO BTOpHq-

·, HLIMH BOnHaMH, pacce.HHHLIMH BCeMH aTOMaMH cpe,IJ;LI B HanpaBneHHH .. 
. "Bnepe,D;": 6e3 nepe,D;a'IH HMnynLca. 3TO yKa3LJBaeT Ha YHHBepcanLHOCTL · ·; 
. 4JopMynLI /9/ B npH6nHmeHHH, nHHeHHOM no aMnnHTy,IJ;e pac'ce.HHH.H "Bne::. .. 
, pe,D;", - 'ITO no,IJ;TBepm,D;aeTC.H np.HMLIMH pacqe'TaMHA/paMKaX Te.OpHH ··:

MHOI'OKpaTHOrO pacceJJ:HHH /eM. /31 .Is/, q_Tp. 688, 9 * /. OonoMy . 
ec'iL Bee ocuoBaHHH c'-IHTaTL,·'ITO npHMeHeHHe cooTHOWeHHH/9/H cBs-.·. · 
3aHHLIX c HHM 4JopMyn /12f,.H /13/ :K npo6neMe ·npH'IHHHOCTH JIBnnic.R ·. 
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