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A H H o T a u u H 

C nOMOUlh!O 8H811HTH'l:9CKHX CBOHCTB H9KO.TOporo M8TpH'l:HOrO 9119M9HT8 

nepeCMOTpeH BbiBO.ZJ: ¢eftHM8H8 1 renn-M 8HH8 H JleBH 0 pesy1lhT8Te ron.n:6eprepa 

u TpeftMaHa no pacna.n:y 7[ -----4- f- + Jf 

noK838H0
1 

'iTO pe3y1lhT8T .r.T. cnpaBe.ZJ:1lHB .ZJ:11H 6onee WHpOKHX K118CCOB 

CH1lhHhlX B~8HMO.ZJ:eHCTBHH 1 B TOM ~HC119 H .IJ:11H 06hl'l:HOH nceB.ZJ:OCK811HpHOH TeOpHH 

nceB.n:OCK811HpHOH CBH3Ho nony'l:eH8 cpopMy118 1 KOTOpy!O .MO)i{HO HCn01lh30B8Th 

.n:nst sKcnepuMeHT81lhHOH npoBepKH npHHHTbiX npe.n:nonomeHHft. 06cym.n:aiOTCH aHano

ru'l:Hbie cny'l:aH .n:nH nenTOHHbiX pacna.n:oB ruriepoHoB u K-MesoHoB. 

~ . 

., 
" 

.I 



1. B B' e Jl e H II e 

B HacTos:tmee BpeMs:t yHIIBepcanhHas:t V-A Teopiis:t ¢eiiHMaHa II renn-MaHHa• 

Cy napcxaHa II MaplllaKa xopolllo cornacyeTcs:t co BceMII orrbiTHbiMII. naHHhiMH rro 
11 I . · 

· ~ -pacrrany II pacrrany }A- -Me30Ha • 8Kcrrepn:MeHTanhHoe cooTHOllleHIIe Be-

R l Jf~ e+v) 
poHTHO.cTeii nns:t JlBYX BIIJlOB pacrranoB 1[ -Me30HOB R r ) .· . . ,1\~ ..... +V 
To:m:e cornacyeTcs:t c TeopeTH'IecKIIM rrpencKa3aHHeM. Mo::m:Ho nyMaTb rroaToMy, 

'ITO yHIIBepcanhHas:t V -A Teopiis:t BepHa II nns:t rrpoueccoB 3aXBaTa 
' ' 

f- -Me30HOB 

B s:tnpe •. 

OnHIIM II3 Ba::m:HeiillliiX Borrpoco~ s:tBns:teTcs:t Bhi'IIIcneHlie Bepos:tTHCX:::TII pacrrana 

'}[ ~- M., -r V IIO YHUBepcanbHOii V -A TeOpiiii. 3TOT BOIIpOC 6bin ll3Y'I8H 
I . -· 121 

II0Jlp06HO B pa6oTe ron:r..n6eprepa II TpeiiMaHa Ir.T.I 'c IIOMOlllbiO T8XHIIKII 

JliiCIIepcUOHHOH 'l'80piin:. HecMoTpH Ha To, 'ITO r. T. c.Uenanii MHoro rpy6b!X 

IIpii6JJH)K8HIIH, 'IIICJ18HHbiH pe3yJ1bTaT IIX pa60Tbl IIO'ITII TO'IHO COBII8Jl88T C 8KCrre-

pHM 8HT8JlbHbiM • 

CoBceM H8J:J,8BHO ¢eiiHMaH, renn-MaHH n: neBn: l¢.r.n.l B O'I8Hb IIHTepec-
131 , 

HOH cTaTb8 rrepeCMOTpenn: 8TOT BOIIpOC · • 0Hll IIOKaaanu, 'ITO pe3yJ1bTaT r.T. 
MO)K8T 6b!Tb IIOJ1Y'I8H CTporo B H8KOTOpbiX MOJl8Jls:tX. YJMeHHO, 38IIIIU18M raMIIJlbTO-

HIIaH JlJls:l -pacrrana II 3aXBaTa fA -Me30HOB B BIIJ:J,e 

H _· ~ ( ·- L . -. . ..a: Po~. + \{ ) "' + het-m. conj. , Ill 

rne 

Lr~.. 

8. II ~ eCTb IIC8BJ:J,OB8KTOpHbiH II B8KTOpHbiH TOK llJls:l cna6biX B38IIMOJl8HCTBI1H 

COOTB8TCTB8HHO. ¢.r.n. YJl8J10Cb HafiTII Tpii M OJ:J,8J1II CIIJlbHbiX B38IIM0Jl 8HCTBIIH 1 

B KOTOpbiX IIM88T M8CTO. cneJ:J,yiOIU88 ypaBH8Hlle: 

L; Jf(X) 1 

121 
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1"'.0.9 0.. 9CTb nOCTOSlHHbiil: napaMeTp; }((X) - onepaTOp nOJISl nHOHOB. C nOMOIUblO 

ypaBH9HHS1 /2 I ct>.r .JI. noJiy'IHJlH peayJibTaT r. T. npOCTbiM H H3SliUHbi~, o6pa30M. 

ct>.r.n. OTM9TH.rur, 'ITO B CJ19.D.YIOIU9il: CT8Tb9 EepmTeil:H~, renn-MaHHa 

H THppHHI"'a HX peaynhT8Thl 6y.a.yT o6o6rueHhl .D.JISl n106oil: TeopHH cHJibHhlX. BaaHMo

.a.eil:cTBHil:. B HX HOBOil: TeOpHH, K8K r'OBOpHTCSl B/
3
/, nOS1BJIS19TCSl cPOPMcP8KTOp g>(S)1 

KOTOpbiil: B 06bi'IHOil: TeOpHH S1BJIS19TCS1 O'l9Hb CJlO:>KHbiMo no MH9HH!O ct>.r .Jl. TOJibKO 

B CJiy'!ae HX MO.[J.9Jleil: pa3yMH0 C'IHT8Tb, 'ITO 'j(S ). M9.D.Jl9HHO M9HH9TCS1. 

/3/ 
nocne H3Y'l9HHS1 pa60Tbi M hi npHWJlH K BbiBO.D.Y' 'ITO peayJibTaT r. T. 

Sl,BJIS19TCS1 xopomHM npH6JIH2K9HH9M .[J.JISl 6onee WHp'oKHX KJiaCCOB CHJibHbiX B38HMO

heil:CTBHil:. B HaCTOSliUeil: cTaTbe TaKoil: BbiBo.a. paccMaTpHBaeTcSl npn cne.a.yiOrunx 

npe.a.nono:>KeHHSlX: 

1. MaTpH'IHhril: sneMeHT (n..l do<Rc(o) lp> 
2. 

HBJIS18TCH 8H8JlHTH'l9CKHM 

no nepeMeHHoil: S=-Cfn-JfJ. 
2. Ecnn MaTpH'IHhril: sneMeHT KOMMyTaTopa npn paBHhiX BpeMeHax paBeH HyniO~ 

TO MO:>K9M HanHC8Tb .D.HCnepCHOHH09 COOTHOW9HH8 6e3 Bbi'IHT8HHHo 

3. BKna.a. 6nn:>Ka il:mnx CHHI"'YJISipHocTeil: B .a.ncnepcHOHHOM cooTHomeHIIH 

npeo6na.a. aeT. 

C Hameil: TO'IKH 3peHHH ¢opM-cP8KTOp 'J($) .a.eil:cTBHT9JlbHO M9.lJ.JI8HHO 

M 8HS19TCS1 B JII060il: TeopHH, B KOTOpOil: HM99T M8CTO .D.HCnepCHOHHOe COOTHOWe-

HHe 6e3 Bhl'IHT8HHS1 .D.JIH H8KOTOpOr'O MaTpH'IH0£'0 9Jl8M9HTa. 

B § 2 H § 3 npHBe.a.eH BbiBO.D. peayJibT8J;8 r.T. B caMOM o6mE)M BH.a.e. 

' 
noKa38HO, 'ITO peayJibT8T r. T. SlBJISieTCSl xopom liM npn6nn2KeHH8M H .a.mr o6br~moil: 

nceB.[J.OCK8JIS1pHOil: Teop.HH C nC9B.D.OCK8JIS1pHOil: CBSI3bl0.• nony'l9HO COOTHOW8HH8 Me:>K• 

.lJ.Y nceB.[J.OB9KTOpHOil: KOHCTaHTOil: ~A .[J.JIH 

na.a.a H nC9B.D.OB8KTOpHOil: KOHCT8HTOil: CBS13H 

Mbi MO:>I{9M H3M9pHTb ~AP ~Ap H f 

JA -aaxBaTa, ~A .D.JIH f -pac-

f .D.JISI fl- . -aaxBaTa. nocKOJibKy 

OT.[J.8JlbHO, npoBepKa 9TOI"'O COO~HO-

ill9HHS1 M9:>K.lJ.Y KOHCT8HT8MH SlBHTCSI 'lyBCTBHT8JlbHOil: npOB9pKoii: npHHSITb!X npe.a.noJIO:>Ke

HliH 06 YHHB9pC8JibHOCTH nceB.D.OB9KTOpHOil: CBSI3H B cna6oM B38HMO.D.9il:CTBHH H 8Ha

JIHTH'IHOCTH H9KOTOpOr'O M8TpH'IHOI"'O 9JI9M8HT8. 

B § 4 aHaJIOI"'H'IHbiM o6paaoM paccMoTpeHbi nenTOHHhre pacna.a.hr r'ImepoHoB 

H K-Me30HOB. noK838HO H3 .a.aHHbiX no BpeMeHH 2KH3HH .K-Me30HOB, 'ITO nceB.a.o-

. B9KTOpH8Sl KOHCT8HT8 CBS13H 

pacna.a.a .Heil:TpOHOB. 

~AY.a.mr J3 -pacna.a.a r'HnepoHoB MeHhllle ~A .D.JISI ~ -



• 
-f:l 

U· PeaynbT8T ron,lloeprepa H Tpeii:MaHa 

OooaHa'liiM nceB.llOCKannpHhiii: onepaTop i. do(~ qepea Q(:x) 

i. do( F; (x} =:. Q(x). 131 

<oiQ(o)J7T> = ~~o(<ol ~(o)/JT), /4/ 

r.lle 2(11. ecTb 'leTbrpexMepHhiii: IIMnynbc nnoHa, MaTpH'lHbrii: ·aneMeHT <of ~(o) 17i) 
' l:lll' 

Bbipa.maeTCH B BH,lle 

<ol ~(oJ!lT> = -lo< F(m2
) !J~7o, /5/ 

r.lle 111. ecTb Macca niioHa, F (m::a) ecTb nocTOHHHhiH napaMeTp, KOTOphiH onpe-

no.llCT8B1IHH /5/ a /4/, nony'liiM 

<o I O<o) /71) = ~ h1.2. F /12 7-o. /6/ 

BcpHeMCH Tenepb K paCCMOTpeHIIIO J3 -pacna,lla II r 
Hhiii: sneMeHT <n.f ~(o} /f) a oomeM cnyqae nMeeT BH.ll 

< n.l ~ (o) If> = ~ [ J 't_ ~ + ij ( D ·- o J v j (). 
. A o< S I p In lo< t1 S f r 

/8/ 

r.lle ~A H. f . ecTb HHB8pH8HTHbie cpyHKUHll OT S :d;: - (If-f,)~ 

npll:MeH~ISJ . paBeHCTBO /3/• K p -pacna,lly H 38XBaTy f- -Me30Ha, nony-

/8/ 

no.llCT8B1IHH /8/ B /8/, HMeeM 

/10/ 
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UeHTpanhHOit npo6neMoit HBJ'lSieTcSI Iiaxo)K.n:eHne CBSI3H Me)K.n:y M~TpH'IHbiMH 

9J19M9HT8MH <nl O(oJ If> H (o(Q(o)/7T> , 3TO HaM Y.ll88TCSI C.ll8J18Th, 

9CJ1H MCnOJ1b30B8Tb CBOitCTBa 8H8J1HTM'tJHOCTH MaTpM'IHOI"O 9J18M9HTa 

(n,/ Q(o) /f)-= 

T(S) 

• II Yr Up T(S) I. IA.h 5" 

.2 
J2G-F;n + T(s), 

.2 -S+m 

/111 

11 2 I 

r.n:e r; 8CTb nepeHOpMMpOB8HH8SI KOHCT8HT8 CHJ'lbHhlX B38MM0ll88CTBH8 nHOH0B 

c HYKJ'lOHaMn; T' ( S) ecTb cpyHKUMSI, aHaJ'lHTH'IecKaSI B o6nacTH 

IS I< 3m2.. 113/ 

BhiBO.ll cpopMyJ'l 1111- I 141 ,npoBO.llMTCSI B. § 3. B § 3 6y.n:eT noKa3aHo TaK)Ke,. 

'ITO T'(S) .n:ettcTBHTeJ'lbHO SIBJ'lSieTCSI Me.n:neHHO MeHSiroruelcSI cpyHKunel .llJ'lH Manhrx .£. 

B o6nacTM 

IS/< m..z. 
cpyHKUMSI T 1

(S) c xopowea TO'IHOCThiO annpoKCHMHpyeTcH KOHCTaHTol. 

· nepennweM 1121 B BM.ll9 

TCSJ /2G Fnl/'· 
-S+m, JCS) I 

r.n:e e· 
" 

Cj(S)- 1 + o< 
s -ln.~ 

ln..z. 

CpaBHHBaSI 1111 n c 1101, nony'IMM 

2 M ~A -t f S = - ~G :_;r_;
2 

J'W, 
0'I9Hb B8)l{Hhlii cpaKT COCTOM1 B TOM, 'ITO paBeHCTBO 1161 HMeeT M8CTO 

.llJ'lSI J1I06biX s 
noJ'lO)KMB s = 0, nony'IMM 

1141 

/151 

116/ 

:l.M gA~ 
f =- ~G-fjfo) JA, = ~A(O), 117 I 

J 
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3TO H eCTb OCHOBHOH pesyllhTaT cf>.r .Jl., nonyqeHHhiH BnepBbie B paooTe rollb.llOepre• 

pa n TpeiiMaHa. 

DnR. f- -saxaaTa 
M m:l. .2. 

S= ')A. - o.:J m/' I -
M-t~ 

Vis 115/, 1161 H 1111 
xl 

nonyqnM 

1181 

cy; 

Bhxpa*eHne 1181 RBliR9TCR ToqHhiM cooTHoweHneM Me~.uy JA , f .un~ f -sax-

BaTe H ~A .llliR f -pacna.ua, KOTOpoe MO)KHO npoBepHTh B OllbiTe. Cne~,yeT sa

MeTHTb, qTo BhiBO.ll paaeHCTBa 1181 · nponaao.unTcR caMbiM oomnM cnocoooM npn 

li!OOOM aHaqeHHH o( • KaK 6y.ueT noKaaaHo B § 3, 9TO HMeeT MeCTO noqTH 

.unR niOooii Teopnn, B KOTopoii MaTpnqHhiii sneMeHT (ttl dol 8 ( o} J f) 
OOliB,llaeT aHaliHTHqeCKHM CBOHCTBOMo 

no.ucTaBliRR 9KCllepHMeHTallbHbie SHaqeHHR ~ JAf ir F B 117 I, nony-

qnM 

'j(o) = o.8. I 191 

0TC!O.lla C llOMOUlh!O cpopMyllbl 1151, HaXO.llHM 

d.. = o.Z. 1201 

no.uqepKHeM, qTo peayllhT.aT r. T__, cnpaae.uliHB TOllhKO .llliR Tex Teopxdt, B KOTo-

phlX HMeeT MeCTO HepaBeHCTBO 

o( << 1. 
3ToT aonpoc 6y .ueT o6cy*.uaTbCR B § 3. 

xl "" ..;:1TO COOTHOWeHHe B HeRBHOM BH.lle co.uep)KHTCR 

.H TpeiiMaHa 17/ • 
B cpopMyne ron.uoeprepa 
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m .. AH8JIHTIPIHOCTb MaTpH"'HbiX aneMeHTOB 

BepHeMCH Tenepb K Bhi"'HCJieHHIO MaTpH"'Horo aneMeHTa 

/5/ 
,Uei\CT6YS! CT8H.ll8pTHbiM MeTO.llOM t nn:weM 

(n[ 0(o)/ r>. 

<.n.1 O(ol If> = - L u.. J J.4r e -if.l < o I T( 'l(r) O<oJ J 1 f > 
/211 

- h.. J..+i e " <o I ['/:,(rJ, 0(o>]lf> a(Zo), U* j -i.C.·r · c 

~('rJ= i. s+ SS/S'fnC~J ecTb onepaTop TOK8 .llJIS! HeiiTpOHHOI'O nonS!. r.ae 

B .aanbHeiiweM 6y.aeT onyweH KOMMyTaTop npn: pa6HhiX apeMeHax, KoTophiii .aan 

Obi .aononHHTSJibHYIO KOHCTBHTY 6 KOHe"'HOM Bbipa>KeHHH n: He noBTIHHJI Obi Ha aHann:

TH"leCKYIO CTpyKTypy M8TpH"'HOI"O 9JI8M8HT8, Hanpn:Mep, M8CTOH8XO>KlleHRe nOJIIOCOB 

H HX Bhl"l8Thl, TO"'KH 68T6JI8HHS! H To.llo 

3aMeTHM, 'ITO 

T(rzc~J Q(o>) = f){:-i:J [OCoJ,. 7 ~J] + ~lrJ Q(oJ. 

BTopoa qneH He .aaeT :eKna.aa 6 MaTpH"'HOM aneMeHTe. TaKRM o5pa30M 

<..n.l O<ollf> = -i.ii, j d+:u-if.·i e<-rJ < o 1 CO<oJ,JZCi'Jl I r>. /22/ 

~ 

B' cncTeMe Koop.an:HaT R =o /6/ 
nerKo noKa3aTb no MeTony Boronroooaa , 

f ~ 
'ITO cPYHKUHS! T(S) 6 /111 HMeeT nonroc npn: S = JrL. ·H pa3pe3, Ha"lnHaro-

. z ~ 

WHilCS! C TO"'KR 5 = 9Jn. • B OCT8JibHhiX TO"'K8X OH8 S!BJIS!9TCS! 8H8JIRTR"le-

cKoii, ecnn: n:MeeT MecTo cne.ayrowee Hepa6eHcT:eo 

/1m {',o / > / Im ,j r:,: -11;-/, /23/ 

rne .s 
fn&) M- 211 

K co>KaneHn:ro,· /23/ ynoaneT:eopsteT TOJibKO nnst MHHMoii Macchi HYKJIOH060 

Mbi npennono>KHM 6 nanbHeiiweM, 'ITO aHanHTH"'HOCTb MaTpRtJHoro aneMeHTa no .S 
He H3MeHHTCS! npH 8H8JIHTH"l9CKOM npOllOJI>KSHHH no M8CC060ll nepeMeHHOti. 
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.z. 
BwieT B nomor,e S = fYL nerKo Bbl'IHCJIHeTcH u paBeH J2fi<ofQ(oJf7r),J2f.,, 

TaKuM o6pa3oM, 

T( S) = !!s: Jrr"- (of OCoJfir>J.z'j. -t- T'c.SJ 
.• 

- ,fiG-FJn.z + T(SJ . 
- S-tm.-z.. 

--
I CooTB.eTCTBYIOIUaH nuarpaMMa ¢etiHMaHa .OJIH noJIIOCHoro 'lJieHa U3o6pa*eHa 

Ha puc. 1. 
n 

Puc. 1. 

/24/ 

T '(s} s -- a ""'
2
• B /24/ · e~Th aHaJiuTu'lecKaH ¢YHKURH c TO'lKofi BeTBJieHUH Jt'~ 

CneKTpaJibHoe pa3JIO)!{eHue ¢YHKUUU T'(S) !1M eeT BU.ll 

I 

T(SJ =- a.o /25/ 
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rne j(S') ecTb cneKTpanbHaH cPYHKUHH.· DnH Manhix Mo:>KeM pa3no- · 

t KOTOpbiH HMeeT pa.z:tHYC CXO.llHMOCTII . 9 m .2 

s 

... 

:>KHTb T'(S) B PH.ll .no S 

nonom:na·. 

· T'(sJ === 2: a sh. 
It }t J· 

11~rKO .ll,OK838Tb;. 'ITO npH 6011blllHX fl. 

Lim 
.. )1 _, ()() 

/ a~:s/ ~ /Sl· 
Bm.2 

noaTOMy ~ pSI.ll /26 I. 6biCTpO CXO.llHTCH B o6nacTII /5/<Jn..l. 

/26/ 

/27/ 

Ecnii cneKTpanbHBH cPYHKUHH ·He MeHHeT aHaK, To HepaaeHcTBo /27 I HMeeT 

M9CTO H .ll11H M811biX n . B STOM cnyqae, .llhH mo6biX n > 1 M hi HMeeM· 

04 

1 aM, I == -/r / J 
JJIT2. 

. f_(s? ds/' 
S'n+2 

~ 9~2 _!__/· J· Y(s~ ·;· · 
7[ s/·ht-ro/ S' . ' .. 

JtnJ. . 
I O.n I 
B }11. 2. 

,· 

f." 

3aMeTIIM, 'ITO .z:t11H ~. -pacnana 

TO'IK8MH s =Q H s =-0.9 tnj. H8MHOrO M9Hblll9 '19M pa.z:tHYC CXO.llHMOCTH 

9m2.~ noaToMy c xopOlll9H TO'lHOCTbiO paayMHO 38M9HHTb. T'(S) O.llHOH KOH-

II )'l -aaxBaTa paccTOHHHe Mem:ny 

CT8HTOft H .ll11SI 

o.9m/./9m 2 

j3 -pa~nan a II nnH · JA -aaxBaTa /olllii6Ka IIMeeT nopSI.llOK 

"'- ~0 I. 

TaKliM 66pa30M, nony'IIIM OKOH'I8T911bHhiH peaynhT8T 

~ 

Ji'G-Fm JrsJ, T{S) = - _..:.S+Jrt.Z 

;-

·. ~ 
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j(S) = 1 + o( 

Tenepb nepeil:aeM K paccMoTpeHiuo aemttmHbi o(. • Ecmr MaTpll"iHbiil: ane

MeHT KOMMyTaTopa npli pa3HbiX BpeMeHaX He paBHSI8TCSI Hynro, TO. C o6rueil: TO'IKii 
. ' 

3peHnst Haao ncnonb30BaTb ancnepcnoHHoe· cooTHoweHHe. c. Bbi'IRTaHHeM. B aToM 

cnyqae B8Jlli'lll:Ha ~ UpOnOpU!iOHanbHa KOHCTaHTe Bhl'lliTaHRSI
1 

KOTOpast Morna 6hl 

HM8Tb 6onbwee 3Ha:'JeHHe; 

Ecn'n, Hao6opoT, MaTpli'IHbril: aneMeHT ·KOMMyTaTopa paBHsteTcst Hyn ro, To 

llliCnep~liOHHOe COOTHOW8Hii8 6e3 Bbi'IIiTaHRSI liM88T M8CTO. Tor.aa pa3yMHO CtJR-. 

TaTb, 'ITO BKnaa 6Jm:m.ail:weil: CliHPynstpiJ:?CTii npeo6naaaeT 1i B8.TIIi'lliH8 o( · Mana 

I. ~ .::::!:::: 0,2 < < 1 I. 

TaKHM o6pa3oM, pa3yMHO CtJHTaTb, .'ITO 9JCS) MeaneHHO MeHsteTcst anst 

nro6oil: T8:Jplili 1 B KOTOppil: liM88T, M8CTO llliCnepCROHHOe COOTHOr.i.reHil:e 6e3 Sbi'IIiTa-

HliSI. 

PaccMoTpliM o6bitJHy!6 nceaaocKanstpHyro Teopnro, narpaH:m.naH KOTopoil: nMeeT 

BIUl 
. -· 1\ ----> - . L =- N( 'd +Mo -i. ~ -c.-;r ¥s)r{ 

)rl ~ -2 
0 /l 
2. 

( d~tlf}'

t.. 

C UOMOIUbiO KanH6pOBO'IHOI"'O' npeo6pa30BaHiiSI 

Ct~+ i. ?vYsJif 
~ 

7[ + 

13/ 
nonytJiiM ITO CTaHaapTHOMy M8TO.llY, li3nO)K8HHOMy B -I~ 

' ' 

/28/ 

/29/ 
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~ 

Q(x) · -;::; - -::! · .ZCHo-H} -~ 
c; dot rc< = 2 G-o /'1 N IL -t l. ~ /'1 T .}3-_ N 

+ . 4M 0 T :l.H .< ---+ ~ ---Jo 

3 ~0 (trio /l -J- 4?to 7T 7[). 
. /30/ 

noKa:>K eM B .ll8HHOM cny"!ae, 'ITO KOMMyTaTOp npH paBHhiX BpeMeHaX .ami 

onep~·Topa · 0 He .aaeT BKna.a<?- B MaTpH"!HhiH aneMeHT <n ( O(o) If) 
cMqTpHM MaTpH"!HhiH aneMeHT KOMMyTaTOpa 

~ 

I= < 0 / :l G-o /'{ 7 + t.' :;_(:t>-H) ~ J';. /V} N )' 

Via CHMMeTpH"!HhiX CBOHCTB HMeeM 

~· 

I i JJ r ~ U« 

YMHo:m.ag /31 I cneBa Ha MaTpiruy :Cis , nony"!HM 

L 3A UN' ;zi. <of rzcoJfiV> 
r.ae 

?(.C oJ =. i (q-o ?. 7T Ys- !{ + ( H.-HoJ IV 
;;o 

• Pac-

/31/ 

ecTb TOK HyKnOHHoro nonR. ~aeecTHo, 'ITO MaTini"!HhiH aneMeHT <of 7( o) / N > 
paBHHeTcsr Hynro, FI noaToMy I = 0. 

TaKHM oopaaoM, Mhi noKaaanFI, '!To B oohi"'HOH nceB.aocKangpJioii TeopHir cy

wecTBYeT nceB,llOBeKTOpHhlH TOK /28/, KOTOphlH Y.llOBneTBOpge~ BCeM TpeooBaHFISIM. 

Ecmr nceB,llOBeKTOpHhll TOK 
---+ 

8= 
RMeeT 6ohl"!HhlH BH.ll 

-~ 

!Vr~~N; 
TO MaTpi-i"!Hhifi aneMeHT KOMMyTaTopa He paBHHeTCH Hynro R .llliCllepCROHHOe COOT-

HOWeHHe oea Bhi"!HTaHRH, BOoowe I'OBOpH, He HMeeT MecTa. Da:m.e B 9TOM cny-

. "!aeM er.Tb Ha.ae:m..aa Ha TO, 'ITO peaynbT8T r .T • cnpaBe,nnRB;. 3TOT BOllpOC oy,neT 

0 ocy :>K,ll eH B npRnO )K e~Rlro 
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J 
1 Y. JienTOHHhre pacnaa hi rrmepoHoe R I<-MeaoHoB 

3KcnepnMeHTanbHhill: npeaen anst !3epostTHOcTell: nenTOHHhrx pacnaaos 1\ R z 
T'RIIepOHOB H8 O.I::(RH IIOpSI.I::(OK MeHbW e TeopeTR"leCKOT'O 3H8~IeHRSJ 1 Bhi"lliCJ19HHOT'O Ilpli 

npeanoJJO:lK9HRR 1 "!TO scpcpeKTRBHhie KOHCT8HThi CBSJ3R B pacnaaax rRIIepOHOB paBHhi 

17 I · . 
KOHCT8HT8M CBflSR B r -pacnaaax o MHOT'R9 8BTOphi BhiCK838Jlli MHeHRe 0 TOM, 

"!TO, no-BR.I::(liMOMy, YHRBepC8JlbHOCTb Cna6hlx B38RMO.I::(ell:cTBRll: He pacnpocTpaHSJeTCSJ 

Ha paCII8.1::(hi CTp8HHhiX "!8CTRUo ·TeM. He MeHee, pa3yMHO npeaiiOJlO:lKHTb CYlll9CTBO-

B8HRe urpa~R"l9HHOll: YHRBepC8JlbHOCTR lnenTOHHhlll: TOK B Bli./::(9 IIIIlS/• 
.:;r; 

B aanbaell:weM npeanonaraeM, "!TO K-Meaoa ecTb nceeaocKanstpHhrll: MeaoH, 

v R A B38RM0.1::(9ll:CTBRSJ HMeiDT MeCTO .I::(JlSJ J19IITOHHhlX pacnaaos cipaHHhlX 

q·acTnu. B' sToM cnyqae raMRJlbTOHHaH · anst cna6hrx .pacnaaos cTpaHHhiX qacTHU 

HMeeT TO:lKe et~a /1 I. 

M aTpRt:IHhill: sneMeHT anst pacnaaa rHnepoHOB HMeeT, eoo6me roeopst, TpR 

qneaa 

<NIOcoJfY) 

rae 

utJ { ~ArYocr~ + iJrlC~-f:,;~ -Yot.c~-fyJ] ~ 

+ ifr (fy ~~)"' Y.,} Uy. 
1321 

133./ 

noBTOpSISJ Ular 38 Ul8T'OM paccy:lK.I::(9HHSJ 1 npoeeaeHHhie B § 2 H § 3, J19T'KO 

nonyt:IHTb cneayiDmee paeeHcTeo 

- 1341 
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rae G K'( ecTh nepenopMnpoBannaH KOHCTaHTa CBH3H anH k YN B38IIMO-

aefi:cTBIIti, FK ecTh nocTOHHHhi.i% napaMeTp, CBH3aHHhii% c pacnaaoM K-MesonoB, 

(ol ~(oJ/K>= -1c(Ft</12~o• 1351 

· M O)KHO onpeaenHTh FK ns aaHHhiX o BpeMeHII )J(If3HII pacna.aa K-J<-+JI .. 
. f 

B 1341 Ty(S) 9CTh ~yHKUIIH, ananHTIIqecKaH B oonaCTH 

.l 
IS I < ( ml< +.2m7T). /.'36 I 

0o03HaqHM KIIH9THqeCKYIO 9H9pf'HIO OTaaqH HyKnOHa !:3 CHCTeMe IIOKOH f'IIIIepo

Ha qepe3 TN . Bhrpa*aH S qepes fN , nonyqnM 

s .z 
(My- MAt) -2My TN. 137 I 

B aaHHOM cnyqae S , cooTBeTcTBYIOI!liie J pacnaay n f -pacrraay, pac-

nono*eHhi o.qenh 6nH3KO apyr oT apyra no cpaBHeHIIIO c paccTOHHIIeM Me*aY 137 I 

H 5 = ( }11_K -f .,2 Jrl7r }2. • noaTOMY C Xopowei% TOqHOCThiO· MO)KHO 38M9HliTh 
I . 

Ty ( S). na oany KOHCTaHTY Q.y • T aKHM oopasoM 

(MN +My) 3AY -t- frS ""? 
fi-~<r F~< tnl<~ 
-S+m., I< 

+ ay. 1381 

CooTnowenne 1381 MO*HO ncnonh30BaTh ann npoBepKII ynnBepcanhHOCTII nceBno

BeKTopnoro ToKa B nenT6HHhlX pacnaaax cTpaHHhlX qacTnu. 

npnMeHstst aiicnepCHOHHYIO TeopHIO ronaoeprepa II TpeiiMaHa nnH ~yHKUHH 

fr , HaXOaHM 

fr ~t<Y Fk. 1/ 

+ Ty(~J, 2 -5 + ml< 
1391 
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-" 
rae \ y t S) ecTb cpyHKUHSI, aHanHTIIqecKaSI B o6nacTH 1361, KoTopyro c xopomefi 

TOqHOCTbiO MO)KHO 3_?MeHHTb Ha KOHCT8HTY 

no.[lCT8B1lSISI 1391 B 1381, rronyqHM 

a.' y 

CoOTHOlll eHHe 142 I SIB1lSieTCSI o6o6rueHHeM cpopMy1lbi ronb.[l6eprepa H TpefiMaHa 

anSI pacrraaa cTpaHHbiX qacTHU. 

8KCI1epHMeHT81lbHhle .[l8HHhle 
. :1. ~ 

o ~peMeHH )KH3HH K-Me3oHa H 

rroKa3biBaroT, qTo Fl< < < f7r • noaTOMy Ilpli Cp8BHeHHH 1401 C. 1161 BH.[lH0
1 

qTo C TOqHOCTbiO .[lO a..,...
. 2. . 

jAy<< 
HM eroT OllHHaKOBbiii rropSiaoK. STaT cpaKT 

iloaqepKHeM, qTo Ham MeT6.ll nerKo o6o6ruaeTcSI H Ha cnyqafi cKanSipHoro 

K-Me30Ha H Ha llPYI"He Bli.[lbi cna6biX B38HMO.[leiicTBHii. IHarrpHMep s + p I. 

B cnyqae, Koraa OTHOCHTenbHaSI 'qeTHOCTb K H YN. rrono)KHTenbHa, Mbi 

~MeeM .[lena C .[lliBepi"8HUHefi BeKTOpHOI"O TOK~ 

L do( Yo( (X) :E 0 (X.), 1421 

- ' 
MaTpHqHbiii aneMeHT (IV/ ~(o) J Y> HMeeT BH.ll 

<NIVtJ.(oJIY> __:_ 
1431 

<NtOcoJ/Y) 
I 

i.J C MN- My) Svr -t oly 5 J ii, Uy 
1441 
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- JlerKO noBTOpHTh OCTallbHbl9 pacCy)KJl9HHSl H .OKOH'IaT9JtbHaSI <l:JopMyJta HM89T Bli.Il: 

(Mr~-MylJvr-t dys -· 
~ 

G-Kr Fi< mK + ay • 
.-: - S T Jr'lK 

npHM9HSIS! .IlHCnepCHOHHyiO ~eopHIO Jl11Sl <l:JyHKUHH o(y 1 HaXO.IlHM 

ely .= GkYFk 
;it 

-S+h'll< 

noacTaB1IS!Sl 146 I B 1451' nony'IHM 

{ 

+ a.y ·• 

(M"- My) ~t-Y GKYFK -ray- Q~S. 

CpaBHHBast /47 I c 1161 BH.IlHO, 'ITO c TO'IHOCThiO ao 

( ;:; t ;;;_ 
""" 

( iMN F!< G!<Y).2. 
(}1N-!1y) F.,- ~7T I 

5C ( ~~r )2, 

ar _:_ a.~s 

14n I 

1461 

147 I 

1481 

rae c. HM99T nopSI.IlOK 9./lHHHUbi. nosTOMY B C1ly'Iae CKanstpHoro K-Mesoua, ManaSJ 

P.dpOS!THOCTh 1l9ITTOHHOrO pacnaaa rHrrepOHO~ Morna 6hl 6hlTb 06bSICH8Ha T01lbKO 

TeM, 'ITO KOHCTaHTa CBS13H GKY Jl11 Sl J<rll B3aHMO.Il9iJ:CTBHS! M8Hblll8 ITHOH-

HYKJIOHHOH KOHCTaHThl r; /1. ~ 

3aMeTHM, 'ITO 1\ H 2 MriryT HM9Th paBHYIO OTHOCHT81lbHYIO 'I9THOCTb, 

PaccMoTpHM sTOT cny'Iafi. Llnst rrpocTOTbi Mbi HasoaeM K-'IaCTHUY cKanstpHofi, ec.nu 

OTHOCHTenbHast 'IeTHOCTh K I H 1\ f{ stBnsteTcst rrono)KHT91lhHOfi, rrceaaoaeKTOpHo~,

ecnH OHa OTpHUaT91lbHa, B C1ly'Iae ITC9B.IlOCKa1lstpHOrO .K-Me30Ha, COOTHOlll9HH8 140( 

crrpaaeanHBO ansr pacnaaa -/\ - 'IaCTHUbi ., a 147 I crrpaaeanHBo ansr pacrrana 

2 :- 'IaCTHU, ecnH Mbi sanHllleM (N/ {Z (o)/2) B BHne 1431. B cny'Iae cKansrpuoro 

K-MesoHa, Hao6opoT, 147 I HMeei MecTo anst pacnaaa 1\ -'IacTHU, a 1401- nnst 

Z - 'IaCTHU, 8C1lH 3aiTHlll eM <NI ~CoJ/~ > a BH n e /32 I. 

~~ N•• • ••• 0 0• ···• • • • 

~ 

~ 

.... 
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3ttM9THM, qTo COOTHOW9HHe 1381 H 1451 MO)KHO HCnOJib30B8Tb ,llJISJ onpe.oe-

JI9HHSJ nepeHOpMHpOB8HHbiX KOHCT8HT CBSJ3H G-KY . , 9CJIH 6y.oyT npOB9.ll9Hbi TO'IHbie 

3KCnepHM9HThl no H3y'!eHHIO pacna,llOB CTp8HHhlX '!8CTHU. 

A aTop Bbipa)KaeT cep.oeqayro 6na:ro.o apaocTh npocp. M.A. M apKoay, 

n'pocp. fi.A.CMopo.oHHCKoMy, npo(p. L{)Ky Xya-royaH, , Xa Uy-cro H B.Yf .O:rHeaeuKoMy 

38 HHTepec H o6cy)K.oeaHe peaynhTaToB. · 

' 1:;:1 

n p 'H ii 0 )K e H H e · 

B 06bi'IHOH TeopiiH nceB,llOB9KTO:pHbiH TOK HMeeT BH.ll 

·~ 

~ = N r ~ 'fs-/'11 I A. I I 

IA.21 

J].n.H To:ro, '!To6br Bbi'IHcnHTh MaTpii'IHhrii aneMeHT <o / Q(oJ/7f), aanHweM IA.21 

B ,BH.ll9 

:r.oe 

4 

OCx)-

, J .::.,cTb TOK Meaoaao:ro nonsr. Y'IHTbiBasr, 'ITO MaTpH'IHbiii aneMeHT 

< 0/ j (o)} 71> paBeH Hynro, nony'IHM 

<ofQ(oJ/'lr} = r.· (Jn>.../li:JIF./Jif. 

06loe.lllmeuuwit HHC'II'l • : • 

uepuwx accneAOBaNH~ ~ 
6H6nHOT KA J 

IA.41 



-· 1~ 

Teneph nepeii,n:eM K pacCMOTpemuo <n I Q(o) I r.> . nepemuueM I A.7 I " 

B BII,ll e 

. 0 (X) - . 4~·; . .211 T + Q(.c<) J IA.51 

~~ 

r.n:e onepaTop 0 (X} 'nMeeT an.n: 1301. 

B ll.8HHOM cnyqae MO)!{eM HanncaTh ,lliiCnepCIIOHHOe COOTHOWeHIIe 6e3 BEI'III

T~~IISI .n:nst MaTpnqao~o aneMea_Ta <n.l Q'(o)Jf>, noniDCHhiii qnea KOToporo onpe

.n:e'nsteTcst a· 1121. TaKnM o6paaoM, 

< n_ I 0 ( o J If> - ( 1-~·;.:lff} q. J. ( SJ FCSJ ,J'ii; iii, (,. U:f ~ 
I A.6/ 

-+ < n f 0' ( o) If) 1 

r.lle o{ (5) II f (5} ecTh cpopM-:-cpaKTop .n:nst cpyHKUIIII pacnpocTpaaeansr 7f -Meao

HOB II ~epwnaoii: qacTn, cooTBeTcTaeaao •. Ecnn nepBhiH qnea a I A.6 I Man :xo 

cpaaaemuo c llOJilOCHhiM 'IJieHoM, TO peaynhTaT r.T. liMen 6b! MeCTO II .n:mr OOhi'I

H oil Teopnn. 

npe.n:nono<KIIM, 'ITO nepBhlH qneH B I A.51 npeo6na.n:aeT~ CpaBHIIBast I A.5 I II 

161, nonyttiiM 

F~ 
2Ho 
(fo 

.2. 2. . 

Jno -Jn 'F • 
1'1/z::..J. 

llli:J 
' 

C noMOlllhlO I A~BI nepBhiH ttnea B I A.61 Bhipa*aeTcst B BII.lle 

2Ho-tH 
3 Mo 

2. 

Jn · c/.(.sJ F(S) (F42G- i Ji., Ys- t.y). 

I A.7 I 

IA.BI 

nocKOJihKY 
. ' . .t :;z. 

B TeOpHII B03MyiUeHIIH aemi'IIIHa tflo-Jn KBa.n:paTII'IHO paCXO,llliTCSI 1 

O'I9Hh BepOSITH0 1 'ITO 

2.Ho1f( 
3Mo 

2 

Jr} JCsJ fCsJ << 1. I A.81 
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B STOM cny~ae rrepBhl~ ~neH B IA.61 -ne~cTBRTenhHO Man no cpaBHeHnro c rronroc

HbiM ~neHOMa nosToMy HaM Ka)KeTcst, ~TO peaynhT8T r.T. crrpaBennnB H nnst 

o6br~Ho~ Teopnn. 

VIHTepecHo aaMeTRTh eme npyro~ rrpnMep, B KoTopoM rrceanoaeKTop_Hbi~ 

TOK RMeeT BHU 

--- lA.lOI 

nerKO ITOKa3aTb rrpstMO H3 I A.l 01'. ~TO MaTpH~Hbi~ sneMeHT nnst J - pacrrana 

paBHSieTCSI Hynro. 

DnaepraHUHSl ITCeBUOBeKTOpH~O TOKa B STOM cny~ae paBHsteTCSI 

~ ~ 

0\x) = \ ~ot. ~ 
---.:.,1 . . ~ 

= Q (X} - j (X). 

I A.Ill 

0Tcrona rrony~HM 

----. IA.l2/ 

I A.I3t 

noniDCHbi~ ~neH paBHSieTCSI 

I A'.I4 1 

CpaBHRBast I A.l41 co BTop,biM ~neHoM B I A.l31, yannRM, ~To OHR nMeiDT 

oanHaKOBbi~ rropstUOK li B3aRMHO, COKpamaiDTCst·. 

VIa aToro rrpnM epa Mbi 3HaeM, ~To nnst Tex TeopR~, a KoTopbiX nRcrrepcnoH

Hoe cooTHoweHne 6ea Bbi~nTaHliSI nnst MaTpn~Horo aneMeHTa <( 'Y\. \ O~o) \ f > 
He nMeeT MecTa, aoo6me roaopst, peaynhTaT r. T. He stBnsteTcst xopowRM rrpH6nn-

)K eHlieM. 

PyKorrnch rrocTyrrnna B nanaTenhCKli~ OT nen 
14 MapTa 1960 rona. 
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