


noeeAeH~e 3neKTpoMarH~THoro ¢opM$aKTopa n~oHa .F (Q) np~ 

BCHMnTOT~LI€CK~ 60JlbWHX nepeAal..laX HMny!lbCB Q MO>KeT gb!Tb Bbi-

4HCfl€HO no Teop~~ B03My~eHH~ 8 paMKBX KBBHTOBO~ XPOMOAHHB

MHKH /1·4/, B o6.naCTH, rAe BCeM~ BO~MO>KHbfMYI CTeneHHbiMH nonpaB

KaMH / 11 Bb1CWJ.1MH TBMCT.3MH 11
/ MO>KHO npeHe6pe4b, A11A .F 

11
(Q) HMeeT 

M€CTO CJleAY~~ee npeACTaBJl€HHe: 

x ¢(x, ~ 2 ) 11 + 0(1/Q 2)1, 

rAe ¢(x,~2)- BOJlHOBBA $yHK~HA, onHCbfBB~~aA nepeXOA nHOHB 

B COCTaB.nA~~He ero KBBPKH, HMe~~He /B CHCTeMe C.6ecKOH€4HbfM 

HMny.nbCOM/ npOAOJlbHbl€ HMnyJlbCbf XP H (1-x)P COOTBeTCTB€HHOj 

E(Q 2 ,p2, g, x, y) - aMnnHTYAB napTOHHoro noAnpo~ecca qqy*_, q'Q~· 

a (fy"+(y, 112) OnHCbtBaeT CI11-1AHHe napbl KBBpKOB q~q•, HMe~~HX 

1-1MnYI1bCbl yP'H (1-y)P', 8 KOH€4HbltlfnHOH /pHC. 1/,MoMeHTbl 

¢lyHK':!.HIII 0(x, ~ 2 ) nponOp\.tHOHBJlbHbl M8TPIII4Hb1M 3JleM€HTaM onepaTO-

pOB 1/Jy 
5
)'

1
,0°1/' TBII!CTa 2, npHLI€M fL- peHOpM~ttp0804Hbt~ napaMeTp 

A11R HOBbiX eepw~t~H. AMnJlHTYAa E ABnReTCA, KaK o6bi4HO, pAAOM 

nO XPOMOAIIIH8MIII4€CKOa:1 KOHCTBHTe CBA3H a 
5 

(p R ). B HH3WeM npH6J1~-t

)l(eHHH /pHC. 16/ 

p p' 

a/ 6/ 

1 
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r,q·e c F =4/3, N c =3 - CTaH,qapTHble u.seTOBble MHOMU1Te111'1. MHO>tUHeJlb 
xQ2 a '4HCfli1Tene BblpameHHR /2/ o6ycnosneH wnypoM ·y-MaTpHu, 
l\HpaKa, 

3aBHCHMOCTb 6opHOBCK:oro rlplo16JU1)f(eHHR /2/ OT f..L, f.L R B Aei1cTBH-
T~bHOCTH KOMneHCHpyeTCR BKna,qaMH ln(Q 2 /f..L 2 ), noRBJlR~~HMHCR 
B BbiCWHX nopR,qKaX no a 

8
• HMeeT CMbiCil BblfipaTb f..L, f..L R TaKHM o6pa-

30M, 4T06bl 3TH nonpaBKH ~11H KaK MQ)f(HQ MeHbWe. napaMeTp l/f.L 
(1/p. R) HMeeT npOCTOaii ¢li·13H4eCK~H CMblc.n: OH xapaKTepHayeT 
MSCWTa6, HS KOTOpOM 30H,qHpyeTCR CTpyKTypa OHOHa. TaKHM o6pa30M, 
eCJlH Mbl J.1C0011b3Y6M peHOpMHPOB0-4HYIO CXeMy, B KOTOpot1 g(p. R) 
COOTB6TCTByeT sepWHHe, B KOTOpyiO BXO'ART J.1MOY11bCbl , k l C BlllpTy
aJlbHOCTbiO ILi /T.e. kj_ =-JLi I, TO HaH6onee ecTecTseHHO Bbl6paTb 
p.2,f..L'k B J.1HTepsane xyY2 + xY2 /B HeKOTOpoH APYrOH CXeMe 8 
3TO COOTBeTCTByeT Bb16opy ji. ~:::! (xyQ 2 + xQ:)/ K ~ , rAe K S = AMO JA S, 
OOApo6Hee CM./5// •.4T06bl y6eAHTbCR B cnpaBeAnHBOCTH 3TOrO 
yTsep~eHH~, Mbl /COBMeCTHO C ~.-M.AHTTeCOM/ Bb14HCJ1HJ1~ OAHO
neTneBble nonpaBKH k aMnnHTYAe E(x. y). KaK H o>KHAanocb, 'npH 
p.~JL~•Q2· nonpasKH O(a~) K F 17(Q) 04eHb se)U'IKH, oco6eHHO A11R 
WHpOKHX BOJlHOBbiX ~YHK~HH. 3TO o6ycnoaneHO TeM, 4TO 

E(t) (x,y) -E(O) (x,y) { 1+ 

131 
2 a• 

+k ln-~- + f (x,y) ln(--) + f (x,y)]l 
~2 1 ~2 2 

R 

8 /3/ RBHO BbiOHCaHbl JlHWb 411eHbl, Aa~He OCHOSHOH BKnaA B F 77 (Q). 
,llns:t onpeAe.neHHOCTH 3anapaMeTpH3yeM BOilHOBble '$YHK~HH ClleAYIOlltHM 
o6paaoM: <(> (x) -(x(1-x))'. TorAa 

r 

F (1) (Q)- F(O)(Q){ 1 + asCF [ _L- g_ ln Q 2 +0(.!..)]1 /4/ 
rr 7t_ 217 r2 r fL2 r 

.4 Heo6xoAJ.<1MO nOA4epKHYTb, 4TO He TOJlbKO F17 • HO H noAbiHTerpanb
Hoe Bblpa)KeHJ.<1e ~*E¢ B /1/ He 3aBHCHT OT ji.,JLR• noaTOMY MO>KHO 
6paTb p., JL R 3aSJ.<1CR~HMH OT X, y. 
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npH M8JlbiX r. 4T06bl CKOMn€HCHp0B8Tb 

0(1/r 2 ) -BKJlaA, He06XOA~MO B3RTb 

CP€AH€€ 3H84€HH€ napaMeTpa X /HJlH 

<!>OPMYJle 

Ha~t~6onee CHHryJlRPHbiH 

~2~i 312 Q~ rAe x -"exp(-1/r) -
y I, onpe,qeneHHoe cor nacHo 

lnx =<lnx>~( 1 ¢(x) lnxdx)( [
1
.fi&dx)-l 

• X X 
0 0 

3aMeH1M, I.!TO X 04€Hb Ma.no npH r < 0,5. 3TO 03H848€T, l.lTO 

~pH WHpOKO~ BOJlHOBO~ ¢YHK~HH CTpyKTypa nHOHa 30HAHpyeTCR 

/5/ 

a Ae~CTBHTenbHOCTH Ha paccTORHHRX R-1/XQ, ropaa,qo 6onbw~t~x, 

4eM MO>t<Ho 6blno o>~<HAaTb i'!CXOAR 1o1a Ha~t~eHoH o~eHKi'! R -1/Q. 
Ben HOBble ¢YHK.t.U•1\o1 ¢(x, p.2 ), e nplo1HLt\o1ne, H€1'13BeCTHbr, nocKOITb-

KY OHH 8KKYMYIU1PYIOT VIH¢lOpM8~VIIO 0 AHHSMJ.o1K€ HS 60J1bWJ.o1X p.SCC,TOR

Hio1RX. KX,O npeACKaableaeT I1J.o1Wb HX aaoniO~HIO c pOCTOM f.l 2. 0AH8KO 

"MRrKyiO" BOJlHOBYIO ¢>YHK~~IO ¢(x,M":i /rAe M -"1/Rconr.o-300-
600 MaB - napaMeTp, xapaKT€PJ.o13YIO~HH pa3Mep n~t~OHa/ MO~HO 

CBR3STb C ¢IYHKI...\Io1€H pacnpe,qeJ1eHJ.o1R 8a!1eHTHbtX KBapKOB 8 nHOHe 

[val (x,~"J: ¢ 2(x,M2)_fval(1-x,M2). 3aMeT~M, "TO np" r 2»M2 

3TO C00THOW€HH€ HapywaeTCR B CHilY TOro, 4TO 3BOJ1101...\HR ¢IYHK~HH 

¢ lo1 f /T,e. HapyweHH€ CK€H11HHf8/ HM€€T pa3HYIO npJ.o1P0AY· ¢yHKI...\HH 

pacnp€A€11€HHR fVal (X, /). 2 ) H3M€PRJU1Cb 8 npOLt€CCe ttp -+p.+f.L-X npH 

~ 2 -"30 r.B ~ ~ np" X- 1 f val (x) BeAeT ce6R. KaK (1-x) /6/ . Hcnonb-

3yR xopowo H38€CTHYIO ¢>opMyJly 171 

!6! 

nerKo OLteHio1Tb noeeAeHJ.1e eonHoeo~ ¢YHKI...\Io1H ¢(x, M ~ a o6naCTH 

Ma!lblX x: ¢(x, M 2)-xr(M 2,A~, rAe 

171 

B peaynbTaTe r 5 0, 2 np1o1 A > 100 MaB. Boaapa~aRCb K HaweMy 

o6cy~A€HV.IO, A8HHOMy nOCJl€ ¢0pMyJ1bl /5/, Mbl MO~€M 38KJ1104J.1Tb, I.ITO 

OCHOBHOH BKJ18A 8 Frr(Q) 8 A€HCTBHTeJ1bHOCTW AaeTCR o6naCTbiO 

X,y-X, B KOTOpOH -<k.~ < 10-3 Q 2 ,T.e. BHpTya!lbHOCTb rJliOOHa, 

KOTOPbiM 06MeHHB810TCR KBapKH, ropa3AO M€HbWe TOrO 3Ha4eHHR 

-<k ~>-M 2 ::.0, 1 + Q, 3 raB 2 , np1o1 KOTOpOM H€J1b3R npeHe6peraTb S¢

¢eKTaMH, o6ycnoaneHH~MH KOHei.IH~MH paaMepaMJ.1 nHoHa. TaKJ.1M 

06pa30M, np!4 Q2"S_100Q ra8 2 Mbl ¢laKTHI.I€CKH He HM€€M Aena C Ma

I1biMH paCCTORHHRMH H nonaraTbCR H8 aCHMnTOTHI.I€CKHe ¢lopMY11bl 
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KBaHTOBOi:1 XPOMOAJ.1-HaMJ.1KJ.1 HeJ1b3.A. He!lb3.A, 8 llaCTHOCTJ.1, OT6pacbr
B_aTb CTeneHHbJ6 nonpaBKJ..1, KOTOpble BnOJlHe MOryT HMeTb BL-1A 
O(M 2 /<k2:>l "0(M 2/xQ 2 ). a He O(M 2/Q2). 06cyAHM 3TOT sonpoc 
6onee no,Qpo6Ho. 

BL-1pryanbHOCTb o6MeHL-1BaeMoro rn~oHa MO~Ho aanHcaTb KaK 
k2~(p 1 -pl)2~p2+pl2...2(plpt), rAe p1 ,pt - "MnynbCbl KBapKOB 
/CM. PHC. 16/,~!leH 2(p

1
p') H ,QaeT MHO~HTe!lb xyQ 2 8 3HaMeHaTeJle 

Bblpa~eHJ.1.A /2/, LlneHbl p f,pJ.2 B Bbrpa>KeHHI-1 /2/ OT6poweHbl, nOcKOJlb-
Ky OHJ.1 COOTBeTCTBY~T CTeneHHbiM nonpaBKaM / 11 BbiCWit1M TBit1CTaM 11

/. 

Boo6U-~e r6aop.A, cpe,QHHe 3HalleHI1.A aen11llHH p~,p'12 Moryr aas11cerb 
OT X, B HaCTO.A~ee speM.A HaC 11HTepecyeT Jli1Wb 06JlaCTb X, y- 0. 
EcrecrBeHHO O)I{I1,QaTb, llTO KsapK, lt1MeiOIL\11H OlleHb Manyro AOiliO lt1Mnynb.! 
ca ni10Ha, 11Meer cpeAHIOIO Br.1pTyanbHOCTb nop.A,QKa o6parHoro paa
Mepa o6DeMa, B KOTOPOM OH 3aKJ110ll€H, T. e. n110Ha. Mbl npHMeM, 
11CXOAR 113 3TOrO, llTO <p 2>=<p' 2).:::-M 2 nplt1 X, Y- 0, J.1 annpOKCit1Mit1py
eM -k 2 B€JlJ.1411HOi:1 xyQ 2+ 2M 2• B11brya!1bHOCTb KBapKa MO~HO 01..4eH1t1Tb 
aHanorl1llHbiM o6paaoM: -(P'-p

1
) 2 ::xQ 2 +M 2 .TaKI1M o6pa3oM, Bbrpa}l{e

H11e /2/ Heo6XO,QI1MO 3aMeHHTb Ha 

E(AAh_y) ~ 2"CF a,(~d (xQ2) 

Nc (xQ2+M2)(xyQ 2+ 2M2) 
/8/ 

r,Qe (~A.A) 0603HallaeT npOeKI...Il-110 Ha 11 aKCJ.1ai1bHbleJt onepaTOPbl 
(fty y 0° (,bJ13 BbJpa>KeHit1.A /8/ CJle,QyeT, llTO BKJla,Q o6naCTI1 x~Q np11 
H€ ~.rfJ.1WKOM 60JlbWI1X Q 2 o6peaaeTC.A np11 X- M 2/Q2, TOr,Qa KaK BOJl
HOBafl ¢YHKL!H.A nO,QaBJl.AeT IlHWb BKJla,Q o6naCTI1 x<X. 3ro 03Hal.laer, 
llTO npH Q2<M2/X .::-0 /10 3 r3B 2j noBe,QeHI1e ¢opM¢aKTOpa n110Ha 
CyU,.\eCTBeHHeHWit1M o6pa30M 3aBI1CI1T OT M 2 ,T.e. or· pa3Mepa nHOHa, 
r.1 3TO .ABil.AeTC.A He,QBYCMbJC.neHHbiM yKa3aHHeM Ha TO, llTO TeOpl-1.R 
B03MYU\eHHH a ee npocreHweM aap11aHTe a 3ToH o6nacr11 Henpi1M€Hit1-
Ma. 

4T06bl npO,QBI1HYTbCR ,QaJlbWe, Mbl npe,QnOJlO>KHM, llTO npeAJlO
H<eHHa.A Bbrwe MOAI1¢11Ka1..411.A KBapKoaoro 1-1 rnrooHHoro nponararopoa 
.ABJl.AeTCfl XOTR 11 cJ)eHOM€H0!10r11lleCK11M, HO AOCTaTOllHO TOI.IHbiM 
cnoco6oM ylleTa Ha116onee aa>KHbrx creneHHbiX nonpaaoK. B 3TOM 
C!lyllae 3aKOHHOCTb npHMeHeHH.A TeOPI-111 803MYU,.\eH11H 3aB11CI1T OT 
BeJ111llHHbl KOHCTaHTbl CB.A311 a 

8
(f-L ~ ). Cor naCHO apryMeHTaM, nplt1Be

,QeHHb1M BbJWe, B Kal.leCTBe f.L~ B /8/ H€06XOAI1MO B3.ATb BeJ11.1ll11HY 
-<k2>,r.e. xyQ2+2M2. TaKHM o6paaoM, as a HaweH aa,Qal.le acer,Qa 
MeHbWe, 4eM a (2M2 ).113aMopa)I(J.18aHJ.1e 11 3¢¢eKTHBHOi:1 KOHCTaHTbl 
CBR31t1 Ha eem14~He a 8 (2M.2 ) J.1Meer npocroH $1131t1ll€CKJ.1i1 CMbrcn: 
r!l~OH BHYTP1t1 m10Ha He MOH<eT lt1M€Tb AJlHHY 80!1Hbl, 60JlbWYIO pa3Me
pa nY1oHa, 1t1 Mbr ~t~MeeM ,Qeno cJ>aKTV14eCKH c a

8
, ycpe,QHeHHbiM no 

soaMO~HbiM paccTORHitiRM M€)1(AY KBapKaMI1 a nl1oHe. Cne,Qosare!lbHO, 
np~-1 M 2 ;::0, 1 r3B 2 Ha Te0plt110 B03MYIL\eHit1i1 MO)I(HQ Ha,QeRTbC.A TOJlbKO 
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a TOM cny1.1ae, ec.n~~t ~OM _:s 0,1 r3B /a 3TOM cny1.1ae a 8 (2M
2 )/1T.~ 

< 0, 15/, ~MeHHO Ha raKOM 3Hal.leH!-H1 AMOMHacraHsaer rpynna 

~T3¢ /S/, bOJ1bW~~te 3Ha4eHlltfl AMOM'nonyl.laeMble npH SHSII\113e AaHHbiX 

no rny60KOHeynpyrOMy pacceRHlii~,MOmHO o6~RCHHTb AOCTaTOI.IHO 

6onbWHMH /Heyi.IJ.1TbiBaeMbiMH/ creneHHbiMI-1 nonpasKaM~~t, B AanbHeHweM 

Mbl noKa>KeM, \.ITO npH A :::o, 1 ras +0,2 raB YAaeTCR nonyi.IHTb AIIR 

F rr (Q) xopowee cornacHe c cyu.,\ecrsyiOlltHM\.1 3KCnepHMeHranbHbiMH 

AaHHbiMH. 
nocKOilbKy OCHOBHOVJ BKilaA B ¢QpM¢aKTOp AaeT 06IlaCTb X-M 2/Q2, 

Mbl ¢aKTHI.IeCK!-1 HMeeM Aeno c ¢eHHMaHOBCKHM MexaHH3MOM19(. B 3TOM 

CIIyl.lae, KaK XOpOWO H3BeCTHO, He06XOAHMO Hai.IHHaTb aHa!lH3 $OpM

¢aKTOpa CO CTaHAapTHOH AHarpaMMbl $QpMa!lH3Ma bere-Conn~~tTepa

MaHAe!lbCTaMa /pHC, 2/. 0AHaKO B COOTBeTCTBYIOIQee Bblpa>KeH!-le AIIR 

F (Q) B 3TOM CilY"ae BO~AYT <l>YHK~~~ 
" ¢(x,kt) 1-1 He06XOAYIMO 3HaTb YIX 

ndseAe~e no k • KpoMe roro, a 

apryMeHTe BOnHbsoH ~YHK~YIH 
c/J(x, k t + xq} , OTHOCRIQea7iCR K KOHe4-

HOMy COCTOfiHI-110, noRBHTCR HMny!lbC 

~Ho cornacHo ypasHeH~~tiO Dere

ConnHrepa X""Ksx At-1arpaMMbl, H3o6-

pa*eHH~e Ha p~c. /15/ ~ /2/,:>KB~-
saneHTHbl C TOI.IHOCTbiO AO nonpaBOK 

P~c.2 nopRAKa 0~;) K RAPY K. ~cnOilb3yR 
npH6n~~t>KeHHR, npeAJ1o>KeHH~e paHee, 

Mbl 3aMeHReM p~,p'f HX cpeAHlltMH 

3Hal.leH~~tRMIA, a 3aTeM IAHTerpHpyeM no k t 1-1 k{. B pe3y!lbTare .F77 (Q) 
Bblpa~aeTCR TOilbKO 1.1epe3 BOil HOBble ¢YHK~HH, npOHHTerp~~tpoBaHHble 

no k t ,k ~. Mo>KHO, raKHM o6pa3oM, aa6b1Tb o npo~eAype ¢aKTOp~r~3a

~HH H paccMaTp~~taarb AHarpaMMY 16 npocro KaK 6onee YA06Hoe 

npeACTaB!leH\.1e AVIarpaMMbl 2. rnaBHOe AOCTOio1HCT80 AYtarpaMMbl 16 

COCTOJ.o1T 8 TOM, I.ITO npH Q 2~oaCOOTBeTCT8YIO~Io1e Bblpa>KeHI-lR rnaAKYIM 

o6pa30M nepeXOA.fiT 8 aC~~tMnTOTYtl.leCKHe $OPM.}'IIbl /1/, /2/. 

B np~~tH~Hne, KpoMe aKcHanbHOH, Heo6xoAHMO paccMarpHaarb ace 

OCTaJ1bHble $Hp~eBCKHe npoeK~VIYI BOIIHOBOC1 ¢yHK~HYI, HeHyneaoH 

BKIIaA AaiOT TaK>Ke nce~OCKan.flpHaR H TeH30pHa.fl npOeK~HI-1, COOTBeT

CTBYIOlltHe OneparopaM 1/Jy 5Dnlft 1-1 fy5crp.vD nt/t TBio1CTa 3, npH aCHMnTO

Tio11.1eCKVIX 3Ha4eHHRX Q2 HX BKnaAbl lo1Me~T AOnonH1r1TeJ1bHbiC1 ¢aKTOp 

A 2/Q 2no cpaBHeHHIO c BKilaAOM onepaTopos fy5 YvD nl/1 rs~~tcra 2. 
3aMeTHM, OAHaKo, 1.1ro een~~t41o1Ha A aHOManbHO aenlo1Ka: 

m2 
<Oldy uiP>~if ---""'--

5 " mu+md 
/9/ 
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r.e • .\::::: 1,8 f38, ecn1-1 mu+md==ll M38. CneAOBaTe!lbHO, 3TI-1Mr.1 
eKna.QaM!-1 H€!1b3.R npeHe6perarb, eo BC.RKoM cnyl.lae npr.1 Q2< 6 f382. 
llnR nceB,QOCKan.RPHOC1 npoeKLtl-11-1 r.1MeeM Bblpa)f(eHHe, aHanorr.14Hoe /8/: 

/10/ 

rAe ¢p(x) ::>..p(x). PP 
0TMeTr.1M, 4TO npH M 2 =0 aMnnr.1TyAa E( )(x,y) r.1Meer e cnyl.lae 

X- 0 Cr.1Hryl1RpHOCTb 1/X 2 .no3TOMy r.1HTerpHpOBSHr.1€ no X B/10/,QaeT 
,QOn011HHT€JlbHbiC1 ¢aKTOP (Q 2jM 2) 1-r , KOTOPbiC1 npr.1 MSJlbiX r npaKTr.1-
l.l€CKr.1 KOMn€HCr.1pyeT OTCYTCTBr.1€ Q2 -<f>SKTOpa 8 l.lHCJ1r.1T€Jle BbiPS)f(e-
HH.R /10/. ,llpyrr.1M1t1 cnoeaMitl, F\;P)~Q) ee,QeT ce6R, KaK (Q2)-1-r 
a He KSK (Q2 ) - 2• KpoMe TOro, .F<: {Q) t.1M€€T ,QOnOJ1Hr.1T€11bHbiC1 
6onbwOC1 MHO)f(r.1Tenb (.\/M)2 > 10 no cpaeHeHHIO c .F~AA). TaKoH >Ke 
¢~KTOP r.1Me':_T r.1 .F ~TP) - e~naA I 'TP o6oaHal.laer npoeKLtHIO Ha 
if'Y a .p ~ <f,y if,j: 

5 P.'' "" ' 5 

y(l+x)Q2 

xyQ 2 + 2M2 

y 

l . 
/11/ 

npl-1 M2 =0, KSK nerKO 3SM€Tr.1Tb, aMnJlltiTy,Qa E(TP)(x.y) ltiMeeT 
Cr.1HrYJ1RPHOCTb 1/x 3, 0,QH8KO, r.1CnOJ1b3y.R ypaBH€HH.R ,QBr.1>K€Hr.1.R, MO>KHO 
nOKS3STb, 4TO ¢lYHKLtr.1.R cf>T (x) r.1M€€T ,QOnOJ1Hr.1T€J1 bHbiC1 MHO)f(HT€11b 
x(l-x) no cpaeHeH"IO c ¢p(x). 6 pe3Y11bTaTe F~TPJ_(l/Q 2) 1 +•. 

4T06bl n011Y4r.1Tb F 
17

(Q), He06XO,Qr.1MO B3.RTb CYMMy BKJlaAOB /8/, 
1101 "1111. np" 11 =O, 1 136, M2 =O, 14 1362" sonHOBblx <I>YH"~"Rx 
r:f;(x,M 2),YA0B11€TB0pfll0ll.lr.1X /7/, nony4aeM KpHByiO, nOKS3aHHYIO HS 

pr.1c. 3 /wTpltlxoeaHHa.R J1HHH.R/. 0Ha HMeer npaBHflbHYIO ¢opMy 1-1 npo
XOAitiT B6J1H3H OT 3KCnepHM€HT811bHbiX T04€K. 

CTSHASPTHOe B03pa>K€HH€ npOTHB ¢ei1HMaHOBCKOrO M€XSH1t13MS CO
CTOHT 8 TOM, 4TO ero BK118A nOASB11€H Cy,QSKOBCKHM ¢0pM¢laKTOpOM, 
B03HHKS~r.1M B p€3Yl1bTSTe cyMMHpOB8HHfl nonpaeOK no as.HaH60nee 
BS>KHbl€ 1-neTJ1€8bl€ nonpaBRH .RBHO Bblnr.1CaHbl B Bblp8}f{€HHr.1 /3/, 
8 BbiCWitiX nOp.R,QK8X 3Titl 8KJ18,Qbl 3KCnOH€Ht.tHPYIOTCA H ,QSIOT MH0}f{H-
Te!1b S(Q 2,r"l/S(xyQ~I' 2 ), r11e S(Q 2,r 2 ) -cyAaKoBcK"" ¢>opM-
¢aKrop KeapKa e KX,Il: 
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0.~ ---------

o.:~ 

02 

0.1 

/12/ 

np~t~ BbfBOA€ 3TOi:i $OPMY11b1 YllV1TbiB811Y1Cb KSK rnaBHbl€ ,Q88)1(Abii10f6-

P111¢lM1114€CKI-1€ BKJ18,Qbl (a ln2 Q2jj:t2)~TSK H CI1€AYIOIL\lr1€ 36 fl188Hb1MI-1 
s 

(aNln2N-1Q2j 11 2)110/ /eM. T8K}f(€ 1111/. KaK 1.1 paHee, Heo6xo-

A~t~~o np0!-13 B€CTJ.1 38M€Hy xyQ 2-+ xyQ 2+ 2M 2 a MHO)I(J.1T€Il€ 'S(xyQ 2 ,IJ. 2). 

KpoMe Tore, nocKOilbKY a Bbrpa>KeHHRX /8/, I 10/, /11/ npe.Qnona

raeTcfl, LITO Y1CnOJlb3YIOTCR MRfKVI€ BOJlHOBbl€ $)1HK1..1141-1 c/;(x, M2) lO 

a I 12/ Heo6xo,QV~MO noJ10)!(I-1Tb 11 2..M 2. T8KI-1M o6pa30M, a n6,QbiHTerpanb

Hbre Bblp8}f{€Hl.1A 8 ¢0PMYI16X /8/, /10/ Ill /1.1/ H€06XO,QVIMO ,Q068Blr1Tb 

MHO)I("Te!lb S(Q2,M2)/S(xyQ2+2M2,M2).B pe3YilbTaTe np" A =0,1 laB, 

M 2 =0, 111 r382 AilA Q 2F rr(Q) n011Y48€M KpiiiBYIO, nOK836HHYIO H8 

p~t~C. 3 /CnJ1QWH8A JlVIHlt!A/. npaKTI-14€CKY1 T8K8A }f{€ KpHBSA nony48€T

C~ np" A =0,2 laB, M2 =0,21 laB2. 

B o6nacn1, rAe xyQ2<<2M2, MHO>tunenb S(xyQ2+2M2,M2)ol..leHb 

6m'I30K K 1 V1 S(Q2,M2) AaeT, KaK H O>KHAailOCb, CyAaKOBCKOe nOAaB

JleHI-'!e, Bbli)S}I(aiQ~eecfl s yMeHbweHI-1111 se!11-11..11-1Hbl Q 2.F17 (Q) np1-1 Q 2?; 4 

I eM. Pille. 3 I. KorAa BKnaA o6nacTH x .... M 21Q 2 CVIIlbHO noAaeneH son-

Hose~ ¢yHKlH1ei:1: ¢(x,M 2) Y1 I111I11-1I CYASKOBCKVIM ¢opM¢aKTOPOM, 

7 



¢>ei1HM8HOBCKI-1C1 MeXBHJ.13M He pafiOTSeT, 4HCJleHHblt:i SHBJll-13 nOK83bl
saeT, 4TO np1o1 yMepeHHO 6onbwHx Q 2 ocHOBHoH BK11BA I> 80% np1o1 
Q2 :$_10 r3B2 J.1 2:_50% np11 Q2 :;100 ra8 2/ ASIOT npoeKL4HJ.1 -Ha 11 BbiCW1.1e 
TBHCTb111 : F (PP) 1-1 F (TP) OrMentM '-ITO F (TP) OTPJ.11..4aTertbHO 1.1 tr 11 , pp'f rr ' KpOMe Toro, [F~TP) [- 0,5 F( ao acei1 o6nacT" Q2'S_(06 r3B 2 . 
np" Q2- cornacHo /10/, 111! "MeeM F\;P2.-F ~TPJ, B o6nacT" 
Q 2> 1 Q4 ras 2 cyMMBpHbl~ BKilBA 3H1X npoeK4J.1C1 He npesblwaer 1 O% 
/111 YMeHbwaercR c poe roM Q 2;, a oCHOBHoH BKllBA ,Qaer F JAA), 3ro 
03HB4aer, 4TO npl-1 Q 2 >10 4 r3B 2 ,QOMHHHPYIO~J.1C1 BKJlB,Q 8 ¢0PM$8KTOp 
n1110Ha ,Qaer o6nacTb KoHe4HbiX x,y. B 3TOH o6nacTJ.1 xyQ 2>> 2M2 
J.1 ,QB8>K,Qbi110r8pJ.1¢MJ.14eCKJ.1e 4JleHbl ln 2(Q 2fM 2) ABYX S-c:paKropos COKpa-
11\BIOTC.A. B peaynbrare np1-1 AOcraroi.IHO 6onbWJ.1X Q 2 cy,QaKoBCKHH 
¢lopM¢laKTOP Bb!KJ1104aeTcR. OcTaiOUI"ecR a S(Q 2,M 2) /S(xyQ 2,M 2) 4neHbl 
npi-1BO,QRT K 38011~4~~ BOJ1HOBO~ ¢YHK~~~ ¢(x,M~:OH~ KBK 6~ CTpe
MRTCfl 3BM6H~Tb M 2 B ee apryMeHTe B6.11YIY~HOW xvQ 2, 

B aCHMnTOTY!Ke /¢aKTY!YeCKY! np"' G2 >>10 6 rsB~/--npoHaaeAeHHe 
Q 2.F 17 (Q) M6Hfi6TCR OY6Hb M6Af16HHO, npeHefiperaR norapH¢MYIY6CKOC1 
38BVICVIMOCTb~ KOHCTBHTbl CBR3Y! as OT (;;: H 3BOI1104Y!ee1 B0!1H0BbiX 
¢yHK~YI~, MO>KHO CYHTBTb, YTO Q2 .f 17 (Q) ='const. YTO COOTBeTCTBy6T 
np8BHJ1BM KsapKOBOfO CYeTa, C¢0PMYI1HpOB8HHbiM B nYIOHepCKHX 
pa6oTax MaTeeesa, MypaARHa H TaaxenV~Aae' 1 2'~ 6poACKoro ~ 
¢lappap /13/. 

HM66TCR TSK)I{e ew,e OAHB o6naCTb l,S;Q 2::;_ 4 raB2, 8 KOTOpQj:i 
g'2F 11 (Q)noYTY! nocTORHHO /eM. pHc. 3/. KaK yKa3blsanocb Bblwe, 
3TO fiB!1eHH6 HHKBK He CBfi38HO C M8!1b1M~ paCCTOfiHHfiMH H MBCWTB6-
HOH HHBapHaHTHOCTbiO. CoOTBeTCTBy~He nepeABYH ~Mnynbca .QaneKH 
OT BCHMnTOTVI4eCKHX, YTO npofiB!1fleTCfl, B YBCTHOCTH, B TOM, YTO 
npVI 66!1bWHX Q2 Be!1H4J.1HS Q2F 17 (Q)C0f!l8CHO PHC, 3 y6bleaeT. 
3KCnepHM6HT8!1bHOe OfiHapy)l{eHJ.16 TaKOrO yfibiBBHH.A fib1Jl0 fibl CH!lbHbiM 
apryMeHTOM B nOI1b3Y MOA6I1VI, np6An0)1{6HHOH B ASHHOH pa6oTe*. 
npH 3TOM He06XOAHMO nO.QYepKHYTb, YTO T60PHR B03My~eHHH B ee 
npocTeHweH ¢opMe /6ea MOAH¢HKa~HH nponaraTopoe/npe.QCKB3blaaeT, 
YTO a HH3WeM nop.A.QKe no as aenY!l.!HHa Q 2 F 17 (Q) nponop~J.10HBI1bHa 
a (Q) H COOTB6TCTBy~~afl T60p6TH46CKB.A KpHBa.A nepeceKaeT 3KCne
pH8M6HTBllbHYIO(Q2F;:KCII ::=.Q,4) nOI.4TH nOA npRMbiM yf!lOM npH Jli060M 
pa3yMHOM Bblfiope BOI1HOBOH ¢yHK~HH /CM, HanpY!Mep, pHC, 2 pa-60Tbl /3/ j, 

* Heo6XOAHMO OTMeTHTb, 4TO y6biBBHY!e Q 2.F 17 (Q) a o6nacT~tt 
Q 2 > 4 raB 2 O>IH1A86TC.A TSK)I{e It! B nO.QXOA6 .Ay6H~tt4Kitl It! Me~.qepRKOaa:/14/' 
ocH0aaHHOM Ha AHCnepCY!OHHOM aH8!1J.13e F17 (Q).B HHTepaane 
2::;Q 2~10 r3B "x Kp"BaR AJ1R Q2F "(Q) coana11aeT c Hawei!. 
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KBSHTOBa~ XPOMOA~HSM~Ka /B B~Ae npOCTe~we~ Te0p~H B03My~e

Hlr1J71/ npHMeHRnacb TaK}!{e 1-1 K APYrV1M ynpyrvtM npou,eccaM.· B 4aCT

HOCTII1, 8 pa6oTe/15 1 J1ena}!( VI 6pOACK!riC1 paccMaTPI-1BSJ1111 noBeAeHVi€ 

MSfHII1THOf0 ¢lOpMQ>SKTOpa npOTOHa 0 ~ VI ViCn0Ilb30BSm1 npH 3TOM 

04eHb y3KYHJ BOilHOBYHJ <I>YHK~~"' ¢(x1,xg,x 3 )-ll3'(x 1 -113) PAHaKo, 
KaK 6b1Il0 BnepBble 3SMe4eHO epeBaHCKOI-1 rpynnoa::i·/16~AJ1R TaKHX 

BOJlHOBbiX ¢lyHKU,VIJi ¢OPM$SKTOp GPM OTPI-1U.aTeneH Ill TeOpeTH'-I€CKSfl 

KpHBSfl B AeC1CTBHT€IlbHOCTlr1 HSXOAHTCR B BOnlrl~~eM npOTHBOpe4ViH 

c 3Kcnepi4M€HTSJlbHbiMIII ASHHbiMI-1. LIT06bl at 6b1n0 nonO>K~oH€:IlbHbiM, 

He06XOAHMO lr1Cn0Jlb30BaTb AOBOilbHO WHpOKy~ BOilHOBy~ ¢lYHKU,lr1~, 

H B03HV1KSIOT Te }!{€ npo6neMbl, 4TO VI Allfl ¢>opM¢lSKTOpa niiiOHa. 

npeABap~Hen bHbiC1 aHSJllt13 '-IMCTO SAPOHHbiX ynpyrV1X npot..~eccos' 

a TaK~e KBa3Jr1ynpyr~x npot..~eccos /HanpV1Mep, nose,QeHV1e CTpyKTyp

HbiX ¢>YHKI..IV1i1 np1r1 x ~ 1 I not<a3biBaeT, YTO OHV1 ell.\e 6onee YYBCTBV1-

TeJ1bHbl K 3¢>¢>eKTaM, CBR3aHHbiM C KOH€YHbiMV1 pa3MepaMV1 a,qpOHOB. 

3To 03HaYaeT, TaK~M o6pa3oM, YTO ynpyr1r1e npolleccb1 np1r1 3Hep

rV1fiX, ,QOCT~}I{V1MbiX t<at< HbiH€, TaK V1, 803M0}1{HO, B caMOM OT,QaJ1eH

HOM 6y,qyUJ,eM /V1MeiOTCfl B BV1,QY nepe,QaYV1 Q 2 ,:51Q4 -10 6 r3B2/, cna6o 

CBR3aHbl C ,QV1HaM!-1KOi:1 Ha MaJlbiX paCCTOfiHVIfiX VI ,CJl€,QOBaT€JlbHO,nOHRTb 

noee,QeHVI€ COOTBeTCTBYIOil.\~X aMn11VITY,Q MO~HO, BI-1,QV1MO, TOJlbKO 

B paMKaX MO,Q€11€111, B KOTOPbiX T€M Vllll-1 V1HbiM o6pa30M yYVITbiBaiOTCR 

3¢>¢>eKTbl, o6ycnoeneHHble HesblneTaH~eM KBapKos 1-1 rniOoHoB. O,qHa 

Vl3 TaKV1X MO,Q€11€~ V1 npe,QllO}I{eHa B HaCTORUJ,eH pa6oTe. ~3 CyUJ,eCTByiO

ll.lHX e mnepaType no,qxo,qos, MeHee CBR3aHHbiX c KX,ll, 1-1 Teop~r~elll 

B03MY!l.I€HV1ill, OTM€TV1M pa60Tbl /17.18/. 

B aaK!110YeHV1e asTop n011b3yeTcfl npVIRTHOIII B03MO~HOCTbiO no6naro

,qapV1Tb A.B.E¢>peMosa VI B.A.Mell.\epRKOBa 3a ~r~HTepec t< ,qaHHoH 

pa6oTe 1r1 CTVIMY11V1PYIOI1.\~e o6cy}I{,QeH~rtfl, a Tat<>Ke 5.n:~o4>¢>e 1r1 

M.A. WV1¢>MaHa 3a none3Hble 3aMeYaHI4fl. 
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