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Pa6oTa Bblnonaeaa a_na5opaTopHH TeopeTHqecKofi ¢H3ll~H 
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O6~enHH9HHOr0 HHCT~TyTa RA9pHb!X Hccnenoa~HHfi,· 

0q>HUH8/lbHb!9. Ollll0;~HTbI: 

llOKTOP ¢H3HKO-M~TeMaTHqecKHX HSYK, . np6¢eccop n.a: BonKOB, 

noKT0P q>H3HKo-Ma:reMaTH'!eCKHX aayK1 npo¢eccop E,B, · MenBenea, 

no~Top ¢'~3~Ko-~aTeMa;Hq~CKHX ·aayK, npo¢eccop H,A, 1.JepHHKo~. 

/·. 
Benymee aayqHO~HCCnenoaaTenbCKoe·yqpeJKll9HHe: HHCTHTYT 

. q>H3HKH Bbl~i~HX saep~~fi, Cepnyx~·a. . . , . . 
\, ,,. . .; , . , 

I. 

AaTope¢epaT•pa3ocnaii" 1970 rona 

3al!lHTa llHCCepTaUH~ C0CT0HTCR ! 1970·rona Ha 3a-, 

cenaHHH yq~Horo. coaeTa na5'apaTopmi TeopeTn-tjecKofi q>H3HKH OHHH, 
.; ; •·:·... ~ .. . . . . ' " 
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C :nnccepTaunefi M0JKH0 03HaKOMHTbCR a 6n6nnoTeKe OHHH, 
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.ACMM~l{A rP_AroB ~ERIIMAHA 

CneQH8JlhHOCTb 041 -· reope~~ecKIUI ct,H3HKa. 

~BTOpe¢epaT nnccepTaUHH Ha C0HCK8HHe yq~aofi 
cTeneirii A0KTopa q>H3HKO-MaTeMaTHqecKHX HayK · 

4WUl~ffi~ ·m;~ 
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''f.ec:i'p1rn B03MYllleHHH no cnx nop SIBnSieTCSI ennHCTBeHHhIM pe

rynsipH?IM MeTQnOM _B TeOpllll nonsi ll He TOnl,KO B ane_KTponHH13MJ!,K8_,. 

rJ:te oHa npeKpacao. aapeKpMeanoaan~ ce6si, Ho li _B cnnhHhIX. aa_anMo'."' 

nelicTBllSIX, . HeCMOTPSI ·au iia 6onhWYIO Benn'IHHy' KOHCTBHTbl BaaiiM~- . 

.aelkTBHSI, Hll · aa acnMnTOTl!'!ecK_nli, no-a11n11M0My, • xapaKTep· psi,aa; 

ITO'ITll !(BlKJ:laSI ll,3 irnelt B Teopllll Cl!nhHhIX B3al!MO,Qeli:CTBIIH n1160 . 

·pon11nach 11a sKcnepnMeHTOB B "na6opaTopnn rpaqi°oa cf>eli:HMaHa", 

n1160, npell(ne 'IeM aaaoeaaTb .aoaep11e, .aon)l(Ha 6h1na npoli:TI! npoBep-.· 

KY B Helt, HpKnlt npnMep ToMy - npencTaBne1t11e MaanenbcTaMa; 

IlOilhITKII .aoKaaaTenhCTBa KOToporo B CYlllHOCTI! BOapo.a11n11 Teopl!!O 

.B03My:meHl!Ji:_ B c~r:l!blthlX B38IIMOneltcTBllSIX, . Pe1;1)l(l!,3M -_ STE! roc~on

CTByromasi ceJi:qac 11neonor11si KaK a o6na.cTn B1,1coK11x sHepr11Ji:, TaK 
: ' 

JI B o6naCTll pea,~H8!JCOB-'I8CTl!U - T8K)l(e He Mor 6bI CTOnh yc_neui- . 

HO npOHIIKHyTh a·: ST~ o6na<;:Tll0 He npofi,asi npoaepKy Ha rpaq>ax cf>eJi:h-
.. · / 1 2/ · . .. . . 
Malia ' , Teopl!S! B03Mymeanli: ne)l(l!T .B OCHOBe ll KB83l!IlOTeHUl!a;. 

/3/ . . . /4/ 
aero no.axona · . , 11 pe.a)l(11eacKl!X· aeTBneanli: , 

Bee STO CBl!,QeTenbCTByeT 06 orpoMHOH .sBpllCTl!<ieci(OJi:·ueH

HOCTll Teop11n aoaMymeun_li 11 · o pon11, KoTopyro 11rpaeT ocaamea11e 

. na6opa~OpHH rpaq>oB' 6o~ee ~OBe·pw~HHhlM annapaTo~; 

Eonee Toro,. ~h1xo.a B o6nacTb cI1epxBh1CoKnx·· saepr11li (S), 

CBSl38HHhlH C paaBl!THeM YCKOpl!TenbHOli:· TexHHKII, np_l!Ben· K ocoa

HBHIIIO ueHHOCTII Teopim B03MymeHnli:, KaK nonyKa'!eCTB~HHoro ,n na)l(e 

KOn11qecTBeHHOro annariaT_a, .n6o B STOJi: o6nacTn B03HHK8IOT H~Bhie . 
.. 2 .• 

napaMeTphI T11na ~ /S , .t / S m 11 - Macca qacTnu 

11 KBa.apaT nepe,aaq11 l!Mnynhca), a Teopnsi aoaMymeanli: HacTonhKO 

3 
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ynpomaeTClI1. _'!TO B onpeneneHHblX cnyqalIX ynaeTClI npocyMMl!poBaTb 

~ ·ac.l!MnTOTll'!eCK.11. CTapume qneHbl ( CO CTeneHHOli TO'!HOCThJO) 
I~ . • 

~ rpacpoB • TaKoe cyMMllpoBaH.11e,• OAHaKo, HeMblCill!MO 6e3 

npenBapl!TenbHOli pa3pa60TKII acpcpeKTIIBHOrO MeTona, KOTOpb!ll 6bl 

CBlI3bIBan aCl!MnTOTIIKY rpacpa C AOCT8TO'IHO 06m11M11 qepTaMII ero 

Tononor.11qecKoro cTpoe1111lI, TaK11M11 KaK Han.11q11e onpeneneHHoro 

copTa nonrpacpoB onpeneneHHOli CTPYKTyphx. ( 3aMeT11M, '!TO pacnpo-
. /6/ . 

CTpaHeHHalI Hb!He TexH.l!Ka CynaKOBa , HecMOTplI . Ha npocTOTY 1 

CTpanaeT l!MeHHO OTCyTCTBl!eM TaKoli o6mHoCTII). HacTOlIIU8lI )lllC

cepTaUl!lI. uenl!KOM .. nOCBlime11a nocnenoBaTenbHOMY· 113IlOlKeHll!O pe

weHJilI .. 9TOli npo6neMbl. OcHoBy ee conepJKaHl!lI COCTaB11n.11 KaK pa-
. /7-15/ . /16-19/ . 

60Tb1··1'!BTOpa . ,•TaK II pa60Tbl • 

fnaBHblM 06'beKTOM pa.CCMOTpeHlllI lIBillieTClI 9KCnoHeHUllailhH8R 

cpopMa "113BeCTHOI:O a -rrpencTaBneHlllI . 'llucxon&Ma AillI BKnana 

rpa¢a· paccelIHl!lI G 

f 
, "" Il da . 
1 -T' -::-f ·J v expliA(a)S+JCa,t,m)!. 
;G·o·JT(a) . 

( 1) . 

· .. s-u . 
me: S = --· , . a .J( a, t , in) - n.11Hefi11a!I cpyHKUlllI no t .11 m 2 

. . . 2 
(\,·, · /',. u -:- 06b!'!Hble MaH~enbCTaMOB~io1e ·nepeMeHHble (cM: 

p11c>1».' HcHo, '!TO noBeneH.l!El ~yHKU.llll T G np.11 ·s ➔ oo onpene-. . . ' 

. nlieTClI xapaKTepoM o6pameHlllI. B Hynb A (a) B HeKOTopofi o6na.;. 

CTI! llHTerpl!pOBaHl!lI IlO a II IlOBeAeHl!eM D (a) B 

P, 

__.p 

·t 

t 5 

' <~) P11c. I 
(S) 
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'l 

9TOli o6naCTll, KOTOpble, .. B CBOJO oqepen&, CBlI3aHbl C TOIIO- ; 

norneli rpacpa. ITepBalI rnaaa AllCCepTaUllll noCBlIJUeHa 

. . ~ 171 0. . D() . 
BbllICHeHl!IO '9TOII CBlI311 •. Ka3anoc&,. '!TO a lIBnlieTClI CYM-:-

MOli BCeB03MOlKHblX npOll3BeAeHiiu··napaMeTpOB a: , COOTBeTCTByro

lU.IIX. Illl.HlllIM, KOTOpbie HYlKHo· CHlITb; >iT06b! cnenaTb .113 G nepe~ 

BO; -r.e. pai3opB8Tb BCe llllKilbl, He HapywirB CBlI3HOCTII BepWllH, 

TaK 'ITO B ialKnoe tt3 npou3aeneHnli Bxoiiii~ no onHoMy npencTa-

Bl!Tenro oT. acex e He3aBl!CllMblX UIIKilOB. IlnlI K09cpcpllUl!eHTa . 

-1 
D (a) A (a,) =A (12/34) -A (13/24) = A (14;23) ( 2) 

K8lK)lblli 113 ·qneHoB, CKaJKeM A (12/34), lIBnlieTClI cyMMOli · BCeB03-

MOlKHbl:t np0113Be)leHllli a . , COOTBeTcTByroumx IlllH.lllIM, CHlIT.lle KO-

TOpbiX nenaeT .113 G - 2 nepeBo c Bepwu11aM.11 11,2 I B on-

11oli KOMnoHeHTe .11 I 3,4 I - B npyr:oli, T,e. 'nmi o6pa3oBaHlllI KaJK

noro cnaraeMoro, BXOAlimerp B A (12/34) , HYlKHO nyTeM CHlIT.lllI 

Il.l!Hllli pa30pBaTb rpacp Ha )lBEl CBlI3Hble qacTll 1 OTA0Il.llB Bepw.l!Hbl· 

1,2 OT 3,4 ( aTy onepauuro Ha3oBeM s -ceqe1111eM), 11 KalKJ:lyro 

113 qacTeli npeapaT.l!Tb B nepeBo .• 0TCIOIW cnenyroT BalKHbJe CBOliCT

Ba A II D 

I. ITp11 a> 0 D(a) > 0 II A(ik /fm)> 0 

II. Ecn11 V -nonrpacp G TO np11 3aMeHe av ➔ ,\a v AillI vi;; V 

B npenene ,\ ➔ 0 

C 

D(a) ➔,\VD (a)D ,(a); A(a) ➔ ,\qA'(a); J 
V G 

➔ J 
G G 

(3) 

rne CV - '!llCilO He3aBl!CIIMblX UllKilOB V 

CTlirl!BaHl!eM V B TO'IKY a • q-1 

G' - nonyqaeTclI 113 G 

MllHl!ManbHOe q11cno KOM-

no11eHT; Ha KOTopoe pa3pb!BaeTClI V npu nro6oM S -ceqe11.1111 

( T.e.. s -llnl!. . u . ._ce•i'eli11.11) • B '!aCTHOCTII, ecn11 XOTlI 6bI OAHO 113 

S -ceqeH.llll He 3aTpar11;aeT V I TO q = o, . a ecnn nro6oe . S-ce-
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"!eHne paapbrnaeT V . A XOTH 6b1 OAHO 113 HIIX pa~pbIBaeT V Ha 

ABe "!acTn, TO q = 1 •. B nocneAHeM cny"!ae noArpacp V H83bIBa-

eTc.si' 1 -nonrpacboM,. -CTllrnBaHne ero ·B TO'IKY npeBpamaeT, G 

B cna60CBll38HHbIH, He 38Bl!Cllllll!H OT I rpacp G' Tnna pnc. 16. 

B pa3Aene 1.3. paCCMOTpeHbl paCXOAlllllll,eCll _rpaq>bl II IIOKa-

38HO,_ "!TO Anll n106oro copTa pacXOAIIMOCTeli ·perynllp1130B8HHbIH 

B~naA OTnll"!aeTCll OT ( 1) aa_MeHoli B IlOAbIHTerpanbHOM Bblpa)KeHl!II 

av ➔ P; 1···P1 av· 
. p 

IlOArpaq>bI 1 ••• r . , II AeliCTBl!eM Ha Hero OIIepaTopa 
it ·· Ip 

·ecnn Ill!Hllll V BXOAIIT B paCXOAlllUl!eCl! 

I 

O
J f!i[ dp. (I_p1• 

1 & • l 

w 1 a w+I 
) (-) I 

ap_ 
1 

p Ci ] 
I ' 

rAe 

r1 
C i II 

' a 

e - 'll!Cno UIIKnOB II nl!HIIH paCXOAlllllerocll IIOArpacpa 
I /17/ 

w =2c _ n .- IIHAeKc f (w > O) (B. pa6oTe .- , 
I i LI · I I - • 

MeTOAY. KOTOpoli .Mb! B OCHOBHOM cneAOBann, 9TO 6b1no AOKa-

38HO ·TOnbKO Anll HenepeceKaJOIUHXCll ll uenHKOM COAepll<alllllXCll Apyr 

B APYX:e no.ctrpaqioB). • 
. . /7 8 9 16/ 

• BTopal! rnaBa AHCCepTaUHH OCHOBaHa Ha pa6oTaX ' ' ' · 

II IlOCBl!IUeHa aCl!MilTOTHKe rpacpoB paccel!Hllll npn s ➔ <X> ' TO"!Hee, 

Be.ctylllllM.oco6eHHOCTllM MennllHOBCKoro o6pa3a BKnaAa rpacpa 

+ 
cl> -: ( j' I ) -

G 

. e . 
"" TI da f ~-jAjl (0(A)+0(-A))cJ(a,t,m)• 
o D2(a) 

ll CBll38HHOro C T ( S, I ) cpopMy noli 

T::: ( 
G 

l /3 + i-"' (-S) i ±_(S) i 

S,t >=--I 
-ti~ · · r < · 1 o-ioo sin Tl J J + 

cl>::: (" I) d 
G J' i 

(4) 

(5) 

(TmaTenbHblH nepeXOA K MennllHOBCKOMy o6paay Tpe6yeT pa3Aene-
+ 

HHll "!eTHoti II He"!eTHoli np11_ aaMeHe s ➔ -S "!acTeti T 
0
- , T.e. BbI-

AeneHnll cnrHaTypbi). HcHo, "!To BeAymne oco6eHHO~T11 cl>+-(j,t)/1 ( j+H 

COBil8A8IOT c BeAylllllMII oco6eHHOCTl!Mll napunanbHOH aMnnl!TYAbl 

B nnocKoCTII KoMnneKcHoro yrnoBoro MoMeHTa. 

6 

.• I 

7 .. 
f 

. i 
I 

l 
· 1 

Ha Bb!pa)KeHml (2), CBOHCTBa 1 11 cpopMynbI ( 4) cneAyeT, 
. . . ... + . . 

'ITO oco6eHHOCTllMII cl> - (j, t ) l!BnllJOTCll non10ca, B03HIIK!}l0Illlle 

113 o6nacTH HHTerpnpoBaHnll no. a , r.cte A ( a ) = 0 • flo crro-

co6y ~6pameHl!ll A B Hynb HX MO)KHO paaAenllTb_ .Ila: 

1) KpaeBbie 1 K_or.cta A(a) o6pamaeTCll B Hynb BMecTe c _HeKo

TOpblM Ha6opoM napaMeTpOB .. a • ( Ha Kpa10 o6naCTH llHTerpnpoBa

HHll); 

2) HennocKne, Kor.cta .<\(a) = 0 aa C'leT coKpameHHll cnaraeMbIX 

B ( 2) C pa3HbIMH 3HBKaMH. OHH CBOHCTBeHHbl TOnbKO HeIInOCKHM 

rpacpaM, KOTOpb!e Henb3ll HapncoBaTb 6ea nepeKpelllllBBHllll nnHHli, 

He MeHllll pacnono)KeHHl!.Bepwnn 1,4 (He C'lllTBll BHyTpeHHllX. 

co6cTBeHH0-9HepreTH"!eCKHX ll BElplliHHHbIX 'IBCTeli) • 

B paaAene II .2,.ctoK~aano, "!TO nono)KeHne Kpaeaoli Be.ctymeli 

oco6eHHOCTH onpeAenlleTCll t -IIOArpacpoM . V c MaKCHManbHbIM HH-

·AeKCOM; W . . = 2 c y- f =fi . E10 oKa3bIBaeTCll non10c npn i_ = n,. 
IIOpllAOK KOToporo paBeH MBKCHManbHOMY "!Hcny He3aBl!CHMb!X 

IIOArpacpoB C HH.cteKCOM O , T.e. TBKHX, "!TO Hll OAllH ll3 HllX-Henb-

3ll IlOCTpOHTb ll3 nnHHH nocne.cty10mnx. 3TOT peaynbTBT MO)KHO no

Hl!Tb, ecnn y'leCTb, . "!TO aaMeHa 

f -1 

a ➔ Aa ,!Ida ➔ Av d,\!Ida /3{1-Ia t;;:V) 
V.. V V V V 

( 6) 

IIpll y'leTe CBOHCTBa fl .ctaeT 

. d,\ i-n "" 
cl>(j,1) -f-,\ f!Ida· o(l-Ia t;;:V) ¢,(,\,a,t,j)-· 

0 ,\ 0 . V V 

( 7) 
1 

---fllda o(l-Ia t;;:V)cp(0,a,1,n), 
_j-0· ,V .. V 

T.e. Bb1'1eT B non10ce_ onpe.ctenlleTcll rp_acpoM G' ( pnc. 16_). IToBTopllll 

Ty me npoueAypy Anll KaKoro-To .ctpyroro -noArpacpa C IIHAeKCOM 

0 o nony'IHM :rron10c _BT0poro. IIOpllftK8 II T • .ct. HapamnBaHHe II0pll.ctKa 

non10ca o6pbIBaeTCll _ n_n6o IIC"!epnbIBBHlll3M BCElX I -rro.ctrpacpoB C llH-
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lleKCOl',/o ·, nn6o ·TeM, 'lTO HOBbie ,\ He ·cMoryT :o6paTiITbCSI. 

a Hynb :na--:ia llOSIBHBWliXCSI paHee o -<pyHKUHil THITa. o (.I· ·:_.Ia)( a a

Bl!CHMbifi· t -rroi:trpacp) •. 

M'nallwl!e rropHllKH · Bellymero rrohroca B03Hl!Kai6T ua-aa • Hea-

c11MriToT11'lecioro' pellmMa OllHOro 11n11 aecKonbKHX"ll3 yKaaaHHhIX 
. . . 

t -n'ollrpa:qioa, KOTOpblil MOJKHO onpe1lem1Tb KaK Bbl'll!Taa11e ITO/ll!H-

TerpanbHOil • qiyHKUllll. Tl!ITa cf> a ( 7) ITO COOTBeTCTBYIOlIIIIM .\ 

B nyne. 3Ta M·eTO/ll!Ka Y'l~Ta' Mnalliunx oco6eanocTeii rrpoBelleirn 

3/leCb B~epBbie. 
• /8 17/ 

·PaccMoTpemrn paCXOllS!llll!XCSI qacTell ITOK83bIBaeT 1 
, 'lTO 

Hanll'lHe B t. -ITOllrpaqie r BHyTpeHHIIX -He3aBl!CHMblX paCXOllSI-

llll!XCSI qacTeil r ... r 
I r 

yaennq11aaeT ·nopSillOK · o6ycnoanennoro HM 

rronroca ,Ha r (aa HeKOTOpblM HCK!}IO'leHneM), n6o HapHllY c o6pa

lll0HHeM B Hynb npn (avr:;, VI.'. 0, A(a) o6pamae·TcSI B Hynb, 

HanpllMep, II np11.1 a vr:;, V - r, . p I I;+ 0. TaKIIX 1lOnonH11TenbHb!X 

Ha6opoB MOJKHO. BBeCTII -:.r WTyK. 3aMe'laTenbHO, 'lTO aCIIMITTOTIIKa 

BKnalla t '.'.'ITOllI'paqia1 C01lepJKa1I1eI'O paCXOllllMOCTII ( nnn ,ero ITp0113-, 

BOllH01i: _.no fn S npn O ~ 0 ) . qiaKTopuayeTc51 ua ac11MnT0TnKn 

H_errepeceKa!OlIIHXC_SI paCXOllSllIIHXCSI 'laCTeil H aCHMITTOTHKH t -ITO/lrpa

qia, y KOToporo ace OHH CTSIHYTbl B TO'lKH. 3TO YK83bIBaeT Ha 

B03MOJKHYIO aa6nIOllaeMOCTb KOHCTaHT rrepeaopMllpOBOK _aapHlla 

II BOnUOBblX IPYHKUHil ( B KOTOpb1e co6npa!OTCSI BKnallbl paCXOllH

MOCTeil) npn Bb!COKHX SHeprnsix, 1160 nocne cyMMIIPOBaHIISI_ OHH 

BOilllYT B Bblp8l!(0HHSI llnH acnMITTOTHK aMrin11Ty1l. 

HennocKHe oco6eHHOCTH ( p83/len II .5) CBH3aHbl C 6onee 

cnoJKHblM CTpOeHneM rpaqia. 'lJacTn'-mo OHII 6bmll paCCMOTpeHbl 

· / 19/ • 
B pa6oTe ' HO CTOnb rronHhlll aHan11a nx llBeTCSI anepBbie. 3/leCb, 

KaK 0Kaaanoc1,1 pa60Ta10T llBa KOHKypnpyromnx MexaHn3Ma. 

TiepBblil H3 HHX CBSI3aH C 'll!CTO BHyTpe1rneil 'i8CTblO 06nacn1 

HHTerp11poaaHHS1 no a • TionoJKeH11e oco6eHHOCTeii SToro Tnna 

orrpellenSieTCSI S' -CBSl3HOCTbKi. rpaqia, T.e.- MIIHl!ManbHblM 'lllCnOM 

aepwnH ( k -1). CHSITHe KOTOpbIX n11_waeT rpaqi 38B11CIIMOCTI! OT s 
(coxpaHSISI ero CBS13HO?Tb), rrpl!'l0M .CHSITHe mo6bIX k-2 aepWl!H 

( HanpnMep,. b Ha pnc. 2a) ne paapywaeT HennoCKOCTH <iacTeil 
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(a) ( 6) 

Pnc. 2 

Z i' H _ Z;. • CooTB0TCTBYIOlIIHH TaK_oMy CTpOeHl!IO HerrnOCKOCTll 

ITOIIIOC B rronOJKHTenbHO-Cl!I'HaTypaoil 'laCTII OKaqhrnaeTCSI B TO'lKe 

( ·) k-3 j =-k k...: I_ 2 ' T,e. C B03pacTae_M k llOBOnbHO 6bICTpO llBII-

JK0TCSI aneBO II yJKe npn k = 3 OK83bIB80TCSI B T()'lKe j = -6 

( 'lTO COOTB0TCTByeT y6bIB8HHIO S -
6 

). TaKlle oco6eH~OCTli (a~ 

IICKnIO'leHneM;6b!Tb MOJKeT, k = 2, T.e. rpaqioa Tnrra pnc. 26, 

JlnSI KOTOflbIX D-
1
A(a) =(n-1.-,) cn-¼ Jz, 

2 

n · rronroc, Kj:laT11ocT& 
z I 

KOToporo paBHa.:ncny nennocKnx aaeHbeB Tuna Z' ,, pacrronoJKeH 

npll I = -1 ), ITO-Blllll!MOMY, He nrpa!OT .cymecTBeHHOil pon11 

B Bb!COKOSHepreTH'leCKOM noBelleHl!H, B OTpnuaTenbHO-Cl!I'HaTypHylO 
. •, . . 

'i8CTb OHi! BKnalla He ll8IOT. 

Eonee IIHTepeCHblMH OK83blBalOTCSI 'nonyKpaeBbie' ·oco6e11HOCTI!, 

KOTOpb1e o6ycnoaneHbl rrpeBpameHneM rpaqia B. llBYCBSl3Hblil ( TIIITa 

p11c. 26) ~ocne CTSII'HB8HHSI B TO'lKY HeKOTOpblX nollrpacpoB C l!HlleK

COM w .• 3TOT .MexaHH3M, npnBOllllT_ K KpaTHOMY .nomocy B TO'lKe 

w -1 npn'leM rropsillOK ero onpellemieTCSI KaK qncnoM ··cTHr·naaeMbIX 

rrollrpa¢oa, TaK 11. qncnoM 06paaoaaaw11xcg rrocne 11x_cTHrnaaHnH 

3BeHbe'a Tl!Ila . Z;, z;. HMeHHO STOT T11n 'c11nrynS1pHOCTeil !Jpeapama-
. 3 

eTCSI rrpll cyMMl!pOBaHIIII HeKOToporo Tnrra rpaqioa B TeOpllll ¢. 
. • /20/ 

B llBIIJKYlllllilCS! MaHllenbcTaMOBCKHH paapea na KOToporo ceilqac 

.121/ 
Bb1pocno ueno_e HarrpaBJieHne B qi11anKe BbICOKIIX sHepr1111 

HanoJKeHHbie B rrepBblX llBYX rnaaax Hllel! 11 MeTOllbl pacnpo-

CTpaHSIIOTCSI B .rn. Ill na, .cnyqafi rpacpoa co cmi11opnb1M11 n11H11S1Mn. 

Bee paCCMOTpeHne rrpoBOllllTCSI llnH cnyqag Me30llHH8Ml!Kll 

£,· =gifiy <fref,+hef, 4 

ni 5 
- elll!HCTBeHHOil KOHcpopMHO-IIHBap1rnHTHOil 
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i) 
:i 
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(i. 
l 

1,1, 

B ·rrpenene HyneBb!X Mace Te0plm IIII0H0B II HyKn0H0B. ( B qiyH-
' · ,' . · - . · . /22/ ,· 

naMeHTanbH0CTH 3~0~0 rrpl!Hllll!Ia Hae y6e)l(na10T HCCnenoBaHHH . )! 

·Hannqne ~ncnnTeng B rrporraraTopax crr11aopHl>ix qacTl!ll ·rrpn-
/ 10/ ' . , '• ' 

B0llHT: · • . K II0HBneHHIO B Bb!pa)l(eHl!H nm1 BKnana· .rpaqia (.1) rrpen-

3KCIIOHeHullal!bHOro. MH0)l(HTeng G (a, p ) ( llllll MHO)l(HTeng g .<a ,j , l ) 

.... · . ( ) . ,, ·, /23/ 
B Bb!pa)l(eHHH '!'Hila· 4 nng Menn11H0BCKoro o6paaa 06b1qHbIX . ,. 

HHBapHaHTHbIX aM!IJIHTYll 1T N - 'n 

HMeeT Bllll' 

N N - pacceHHHH), KOTOpb1fi 

,, " " 
G(a,p

1
),,;,Il 

·o<..a' 
(l+Ra,)Y(f f .... f 

a a1 a 2 a /1 
), 

rne Ka)l(nofi CIIIIHOpHofi lll!Hllll 'a C00TBeTCTByeT MH0)l(HTenb 

f = a (a); + b (a); + c (a);+ rn .. a ,a , . ,. ,.a a . a (rne p =L (p
1
,-p2)• 

' 2 ' 

I . 
q --(p -p 

"'7··2· ', '2'· 3 

. I 
r=-

2 
(p +p), a 2(p q)=S 

,2 3 
enl!HCTBeHH0e 6onb-

rnoe cKanHpHoe rrpouaBeneH11e 3THX BeKTopoB), ·orrepaTop Y ycTa

HaBn11BaeT rrpaBHnbHhifi .rropHll0K · y -MaTpHn, a orrepaTop "crrapuBa-

HIIH' R . , aaMemieT •• f · .... f , Ha ··Y ···Y ••• r (t,) .. nanee 
aa I lO/ a a µ. /1 aa 

ycTaHaBJIHBaeTC.ll CBH3b K03q>q>IIUHeHTOB a, b, c , C00TBeTCTBy10-

!UIIX CIIIIHOpHOfi JIHHHH a , coen11HH1011lefi T0qKII H ll k ( "Haqano" 

H 'KO~e~") 't TOIIO;Orl!efi rpaqia (c~. ( 2) r· 
A (k, H; 1,4) 

a ~· - . . b 
a vD(a) a 

A_(k,H ;?,3) 

a D(a) 
_a . . 

; C 
a 

A_ (k,H ;2,l)+A
0

...!k, ;3,4) 

Aa D(a) 
a 

I! K03qiq>l!llHeHTa raa' C00TBeTCTBYIOlllero CIIapl!BaHHIO JillHHfi a 11a' 

A_. ( k • H ; k , H) 

aa ' '2i ci a 
a a 

Ha. (10Jil!HOMl!anbHOfi aaBl!Cl!M0CTH g (a ,l, j ) OT j cnenyeT, 

qTo oco6eHHOCTll <ll(j, t), 'KaK. I! illJH CKanHpHbIX rpaqioB,. B03HHKalOT 

T0JibK0 H3 o6naCTI! A =0 ·, !I03T0MY BCH Knaccncpl!KaUl!H. oco6eHHO

CTefi 0CTaeTCH. TQfi )Ke, ,qTo -11 ·nng• CKanHpHblX· rpaqioB. OnHaKo 

10 ,. 

aaBIICl!M0CTb g OT a M0)l(eT cMemaTb 3TII oco6eHHOCTI! BrrpaBo 

l!nl! BJieBo. B qacTH0CTH, KalKnoe crrapl!BaHl!e CIIIIH0pHblX llllHHfi 

onHoro l · -rronrpaqia HnH nocnenoBaTenbHaH. paccTa_H0BKa Ha Hl!X 

BeKT0p0B aa P ll baq 113 _'i a M0)l(eT CMeCTl!Th orrpenenge

My10 l!M o_co6eHHOCTb Ha ,elll!HllllY BllpaBo, a K8lKilaH ~apa BHyTpeHHl!X 

11m1 BHelllHHX CIIIIH0pHbIX n11m1fi, !Ipl!MbIKa10mag K 
-•· . , A 

' Ba ( crrpaBa)' M0lKeT !Ipl!H0CHTb 0lll!H BeKT,op a;; p 

lll8Tb oco6eHHOCTb B!IpaBo Ha 1/2. 

l .,-rro11rpaqiy. cne

" (b aq) 11 cMe-

3TH CBeneHHH II03B0JIHIOT oueHHTb CBepxy II0JI0)l(eHHe oco-
• . . I 11 12/ 

6eHHOCTH, naBaeM0II n106b!M l -rronrpaqioM, I! II0Ka3aTb ' ' qTo 

H 
W ma~ {1 '.::, 0, qTo C00TBeTCTByeT p0CTy ( f n S) (rrpll H0pMl!p0BKe 

l!HBapl!aHTHblX aM!IJil!TYll Ha rrepBbifi 6opHOBCKl!fi qneH). IT pl! 3T0M 

oKa3b!B8eTCH, qT0 38 TaKy10 oco6eHHOCTb MoryT 6b!Tb 0TBeTCTBeHHbl 

T0JibK0 t -nonrpaq>bl C qeTblpbMH BHelllHl!MI! n,l!HIIHMH, K0T0pbie 

H83BaHbl HIJpaMH ( ecn11 OHi! He nenHTCH B t - KaHane !IO llBYM lll!Hll

gM) 11n11 061,ea11HeHl!HMH HIJep ( ecn11 nenHTCH) • .HcHo, qTo n106ofi 

rpaqi pacceHHHH HBnHeTcH n1160 HnpoM, n1160 061,en11HeH11eM gnep! 

ilanee noKaabrnaeTcH, qTo BepxHHH rpaHnua n= 0 nocTl!)l(l!Ma 

nng gnep Tnrra p11c. 3 ( a-n) ( T.e. nng Hllep c uenb1M rrepenaHHbIM 

yrn0BbIM MOMeHTOM) 11 HenoCTl!)l(l!Ma nng Hllep 3e ( c 

h):UU)I ~ ·;;:1 
a b C 2 J e 

P11c. 3 

, MOMeHTOM) 0 y· K0T0pblX {1 0Ka3bIBaeTCH paBffbIM -112, H gnep 3)1( C 

n =; -1. ( 3To COOTBeTCTBye; 6onee Hl!3K0My pacrrono)l(eHl!IO 

Ha rpaqi11Ke LJ:y-4>payq11, qeM 6oaoHHb1x). 

1K 

CTerreHb rron10ca rrpu n = 0 aaBHCHT OT q11cna "pa60Ta10m11ic' 

gaep ll o6oelll!HE!Hl!fi 0 K0Topoe CBH38HO C G -qeTH0CTblO B . t -KaHane. 

ilng rpaq>OB C G ,I,. -1 ( 0HH cocTaBneHbI ua Hnep Tnrra 3 a-n, rrpn-

qeM B Hnpax 3r qncno rrpoMeMyToqHbIX MeaoHoB qeTHo) MoryT "pa6o-

11 
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( T,e, • /:taaaTh ITOITIOC Ilpl! j = 0)' ace SI/:lpa, KpoMe 3 )K, 11 'ace 

11x irerr~peceKBIOIUHecsr 061,ea11HeHnH; ·.;.~e. ,acero 2n- l'l: x o6oeKT 

n - o6mee 'Il!Cno sraep, X - 'IIICIT0 SIJ:lep 3)1{)', fplitpbl 

C G '= -1 C0CT0SIT 113 SI/:lep p11c, , 3a II 3r C He'IeTHblM 'IIICIT0M 

rrpoMe)KyT0'IHhIX rrnoHoa, TaK11e srapa He MoryT pa6oTaTh aMecTe 

c 061,eanHeHHeM, B KoTopoe OHi! BX0/:ISIT, rros-roMy '!Hcno pa6oTaIO-

, IUHX '061,eKTOa 0K83bIBaeTCSI 2n,-h -n T+ x , rae 0 :r- o6C.:: 

mee qncno sraep THrra 3r, a h - q11cno rpynrr sraep 3a, 

HanH'll!e a pa6oT8IOIUIIX SI/:lpax II 66oe/:ll!HeHHSIX aHyTpeHHIIX 

paCX0/:IIIMOCTefi rrpl!a0J:{lIT K yBenH'leHIIIO ITOplIAK8 IT0ITIOC8, Pe3ynh

T8T !IX y'IeTa He 0TITl!'IaeTCSI. OT pe3ynhTaTa J:lfllI CKansrpHblX rpa-

' tpOa ( CM, abJW,e), 

B pa3aene III ,5, Mbl rrepexo/:IHM '. K H3y'IeHHIO HerrnocKHX oco-
, /12,18/ · . 

6eHHOCTeft a Me30J:IIIH8MHKe • HMesr B BIIJ:IY, 'ITO nI06oft .rpatp 

paccesrHl!SI a Me30/:IHH8MHKe,. KaK al!J:{H0 113 abIWeH3IT0)KeHH0ro, 06-· 

naaaeT Kpaeaoft oco6eHHOCThIO rrpn j =O, Mbl IIHTepecyeMCSI T0flbK0 

HerrnocK11Mn 6co6eHHocTsrM11 rrpn Re j ~ 0, flpe)KJ:le iicero aoKa-

3~iaaeTcsr, 'lTO • HerrnocK11e• rronIOca rrpn Re j ~ 0 rronH0CThIO 

K0°MfleHcnpyIOTCSI HYITSIMll
0 

g (a,j,t) a 3TIIX T0'lKax, 8 rronIOca rrpn 

. j = ·o. ao3HHK8IOT nHWb OT aerrnocKIIX 3aeHbea Tl!ria Z ,I lI Z; 

Ha .. p!!C, 26, cKa03b' K0T0pbie rrpoX0/:IHT X0TSI 6b1 0/:IH8 CfIHH0pHaSI 

uerrb, B oTnH'Il!e OT 'cKansrpHhlX rpaqioa HerrnocKHe oco6eH~ocTn 

B Me30J:ll!H8MHKe MoryT aaaaTb 'Bic'naa TOITbKO B 0Tpl!UaTenhH0-Cllr-

HBTYPHYIO 'IBCTb aMnn11Ty/:lhl, 

3aaHCHMOCTh rrpeJ:{3KCIT0HeHTbl g OT j M0)KeT a HeK0T0pblX 

cny'IBSIX rrp11aoJ:1HTh K K0MrreHcau11H'HeK0Toporo rropSIJ:IKa fI0ITIOC0B 

rrpll j = 0 ( K8K rrnocKHX, TaK II Kpa~abIX)' T,e. g(a. j,t) "'j°'g'~a,j,t), 

rrpn'leM 'IlICITO a 0K83bIBaeTCSI paaHblM rrono_anHe qncna 3BeHhea 

( 3aMeT11M, 'ITO srapo TaK)Ke sransreTcsr 3aeHoM! ) , '1epe3 K0Topoe 

rrpoX0/:IHT 0/:IHa HYKIT0HH8SI uerrb nnIOC 'IeTaepTb 'Illcna aHeWHHX 

HyKIT0HHblX nnHIIH rpaqia. OTCI0/:18 cneayeT, 'ITO /:IITSI nI06oro rpaqia 

.11 N _ 11 N N - paccesrH11sr a > 1, HeTpynHo rroHsrTh, 'ITO rrocne 
, _/24/ - . 

cyMMl!poaaHl!lI oco6eHHOCT8H 3T0T K0Mfl8HC11pyIOIUIIH MH0)Kl!-

Tenh rrpna0J:IHT K rrporropunoHanhH0CTI! abI'leTa rronIOca Pe/:llKe ero 

12 

., 

'· 
' 

. rrpno)KeHHIO ~ (t) 11, rrpoaanaM a,, 3aa11c11M0CTH J:llltptpepeHUHanhHblX 

" 
i::e•i'eHnil sTnx peaKunft OT rrepeaaaaeMoro HMrrynhca, ioraa-a (t) = O. 

/13/ 
Co6npasr Bee 3TH pe3ynhT8Tb1,, rrony'IaeM , 'ITO rropsrJ:toK 

Il0ITIOCa rrpll j = 0 /:IITSI rpatpOB pacceSIHl!SI pa'aeH 

. H H+ +m, 

I"/:18 m - 'IHCno HerrnOCKHX 3BeHbeB,· CKa03h KOT0pbJe rrpoXO/llIT 

O/:IH8 nnn aae CillIH0pHbJe uerr11 •. B. CBOIO O'Iepe/:lb 

H + = 2 n + r + x· -a _ 1 
oi-t .·' 

rae r - •rncno BHyTpeHHHX paCX0/:ISIIUHXCSI · 'l8CTeft, 8 /:IITSI rpaqioa· 

6e3 co6c:raeHH03HepreTH'IeCKl!X BCTaaoK Ha Me)KSIJ:lepHblX ITHHHSIX 

11+ =2n+r+x-~"''-h-i · 
0=-1 • T ' 

• 
rae qncna n,a,n T lI h oripeJ:1eneHhl BbIWe, BbI'leT 

)Ke B rronIOce SIBITSieTCSI rrpo113aeJ:1eHneM BKIT8/:IOB 3aeHbeB lI HeKoero 

KoM6HH8TOpHOI"O MHO)KliTensr, CBSI38HHOI"O C 'llICITOM SI/:lep II pa3-

MelU8HHeM no HHM pacXO/:IIIMOCTeil. 

llnsr rpaqioB C rronyuenbIM M0MeHTOM' HaM ITO Ka He. ·Y/:18fl0Cb 

rrony'IHTh npoc:roro peuen:ra ansr onpeaeneHnsr nopsr/:IKa aeaymero 

rronIOca npn · j = -1/2, OJ:IHaKo .11pnMeHeHne pa3pa6oTaHHoro MeToria 

K KOHKpe:raoMy rpaqiy 11mt' Knaccy rpaqioB !JeMeaneHHo aae:r ero, 

TaKHM. o6pa3oM, 0CHOBHblM /:IOCTH)KeHHeM /:IHCCepTaUHH lIBITSI

eTClI C03/:18HHe MOIUHOI"O'TorronornqecKoro M8T0/:18 H3ane'leHHSI c:rap

WHX lI Mfl8/:IWHX IIOPH/:IKOB B8/lY1Ueil c1mrynHpHOCTH rpacpoB, BKITIO'l8IO-. 

mero Bee H3/l0)KeHHbJe abnlle ·pe3YITbT8TbI; MeTOJ:18, KOTOpblll 38 

HCKITIO'leHlrnM HeKOTOpblX aeTaneli ( :rnrra 'lHCna lI copTa 'SIJ:tep 

lI 3aeHb~a) He HHTepecyeTCH aHyTpeHHHM CTpoeHneM rpaqia. (B03-

MO)l(H0CTH llpHMeHeHHH 3TOI"O MeTOJ:18, pa3yMee:rcsr, He orpaHII'lHaa

IOTClI pa_MKaMII Me30/:ll!H8MHKII), 

Tipoc:rasr II srcHasr :rononorn'IeCKasr Kap:rnHa aeJ:tymnx oco6eHHo

c:reft ITO3aonnna cpa3y )Ke nocne C03/:18Hl!SI MeT0/:18 npoBeCTH CYMMH-,. 

poBaH11e cHa'lana c:rapwnx rropsr/:IKOB Beaymen c11HrynHpHocT11 ~ 
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. :r:p_acj)oB paccesrnnsi, __ a aaTeM n ~ ee:-.nopsinKoB :,, naBwee; 

·,. :':\'_peaynhTaTe,· mipSIJ:!Y· C /lBlllKYWllMllCS? Il01IIOC8Mll PenJKe ll He

.. ~0Ji~ll~Hbie IJOpHeBbie. ,TO'lKll BeTBJieHHSI ·; ( B .npe/lilOlIOJKeHllll KOHe'l

HOCTll nepeHopMnpoBOK. 3apS1/l(>B ll BOlIHOBb!X cj)yHKUnli) ~ ::hn' oco.:.. 
·. - . . 

6eHHOCTll 06nana10T BCeMn npnBneKaTenhHb!Mll '.'lepTaMn_:· pei:IJKeB-

... ··•'·-· .. 

CKOH K8PTllHbI: _yHllB~pcanhHOC~h- oco6eHHOCTeli KaK ~nSI ynpyrn;,. '" 

T8K ll /llISI KB83nynpyrnx npoueccoB, _( T,e. 38BllCllMOCTh nx TOlihKO· 

:OT nepena~Hb!X KBaHTOBb!X:·'ll!Cen ll cj)aKTOpll38UllSI Bbl'le.TOB, ·STn 

qepTbl, KaK: IIOK838HO B 3aKnIO'leHnn, IIpOS!BlISIIOTCSI yJKe mi. ypoBl{e 

aenymnx CllHryri~pHoCTeli rpacj)oB) .- od~aKo BO~pOCbl CYMMll.po- . 

B8HllSI rp_acj)OB ;p~6y10T OT/lelihHOro ll3noiKeHllSI ll B .llllCCepT8Ull~ - ; 

He BKlIIO'leHbl, 

B KaqecTBe npnMepa n?nnoJKeH11si paaBnToro MeTona B_ rn, IV 

-paCCMOTpeHa acnMIITOTllKa sneKTpoMarHnTHbIX no,npaBOK K. aMnim-
. ·. /15/ 
Tyne paccesiHi!SI . . ' KOTOpbie llMeIOT 6onhWOe 3H8'leHne · /llISI no-

HllM8HllSI. 11 llHTepnpeTaunn SKCIIepnM_E!HTanhHblX naHHblX npn Bb!CO

KllX sHeprnsix, fioKaaaHo, -'ITO Teopnsi B03MymeH11li naeT B KaJK/lOM· 

nopsinKe lllif KynoH~BCKOH llHTepcj)epeHunn nonpaBKY TliIIa 

~T "',;~ ( fn S+._i 11) T-
0 

. ( rne T
O 

- acnMIIToT11Ka • sinepHoli' aMnnnTy-

/lb!), 'ITO cymeCTBeHHO OT1Ill'l8eTCSI OT KBaHTOBOMexaHll'leCKOH Benn-
. . /26/ - . 

'lllHbl STOH nonpaBKll ~ T = i c TO nnn COBII8/l810Weli C Heli. 

Ben_n'lHHhI, rrony'l.eHHoli B Teopnn. nonsi na npenrronoJKemisi o nocT~:

TO'lHO ·6bICTpoM y6b!BaHnn aMrrnnTy/lhI rrpn ·oTxone OT MaccoBoli 
/27/ . 

noBepxHOCTll • OTO OTnll'llle cnoco6Ho o6oSICHllTh 'HapyweHne' 
/28/ 

. TeopeMbl fioMepaH'lyKa • n6o nnsi pacceSIHllSI. aHTll'l8CTllUbl 

nonpaBKa (.1. T) nMeeT npoTnBononolKHhili aHaK, n ecn11 np11 S ➔ oo 

T0 .. i\. "'iSa 0 , TO a-'-u "'2" ca a0. (a= 1/137, a q11cno 

c.-rropSl/lK8 HeCKOnhKHX ennHnu). 
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