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1. OBIIJ;A.H XAPAKTEPMCTMKA PABOTbI 

1.1. AKTyaJihHOCTh TeMhI 

KsaHTOBa71 xpoMop,111HaM111Ka (KXA) on111cb1BaeT c11111bHb1e B3a111Mop,eiikTBlll7I 

:=rneMeHTapHblX LJaCTl/l~. c nOMOLL\blO MeTOP,OB Teop111111 B03MYLL\eHVllil no11yLJe

Hbl MHOroLJ111c11eHHb1e nop,Tsep>Kp,eHlll71 Toro, 4TO KXA npaBl/lllbHO on111cb1Ba

eT CVIJlbHble B3al/lMOp,eiiicTBl/l71 B 0611aCTl/l 6011bWl/lX nepep,a4 l/1Mny11bca Q2 >> 
1 r::iB2 [24, 25]. Op,HaKO np111 MaJlblX Q2 ;S 1 r::iB2 6eryLL\a5l KOHCTaHTa CB71-

31/l as(Q2) pacTeT, 4TO p,e11aeT TeOpllllO B03MYLL\eHl/llil Henp111MeHl/IMOVi. B TaKoiii 

c111Tya~111111 111cno11b3yeTc71 p,Ba nop,xop,a: B nepsoM cTp05HC71 pa3111114Hble VIK ycToiil

LJlllBble (T. e. Hec111Hry117lpHb1e) Mop,e11111 noBep,eHl/171 a 8 (Q2) np111 MallblX Q2, yLJ111-

Tb1Batow,111e TeM He MeHee peHOpMrpynnoByto ac111MnTOTlllKY np111 6011bWl/lX Q2 

( 11111111 Mall blX a8 ). Bo BTopoM nop,xop,e Ha ocHOBe p,111cnepc1110HHoro npep,cTaB-

11eH1117I p,1171 Koppe117ITopoB IT(Q2), CB7!3aHHblX c 111HrepecytoLL\lllM111 Hae aMn11111-

Typ,aM111 11111111 cPOPMcPaKTOpaMl/l, Ill lllX onepaTOpHoro pa3JlO>KeHlll71 no o6paTHblM 

cTeneH71M Q2 cTp071TC71 npaB11111a cyMM (nC) KXA [26], no3B0117llOLL\llle no11yLJ111Tb 

lllHePOpMa~llllO 0 noBep,eHllll/I l/lHTepecytoLL\lllX Hae Belllll4111H B 0611aCTlll ,lJ,OCTaTOLJHO 

Hlll3KlllX 3HaYeHlllVi Q2 '.'.::::: 1 f ::i82. 

Cpep,111 111cno11b3yeMblX VIK ycToii14111BblX Mop,e11eiil p,1171 ::ic:bc:beKTl/IBHoro 3a

p71p,a KXtJi oco6oe no11m+<eH111e 3aH111Maer aHa11111r1114ecKa7! Mop,e11b W111pK0Ba

Co11os~oBa [27], socxop,71LL\a71 CBOlllMlll KopH71Mlll K pa6ore [28], rp,e 6b111a nocTpo

eHa aHa11111T1114ecKa71 Mop,e.nb :?cPcPeKTlllBHoro 3ap7!p,a B K3A, 111 K pa6oTaM [29, 30], 

B KOTopblX 6b1.n111 nocTpoeHbl Hec111Hry11?1pHb1e ::ic:bc:beKTlllBHble 3ap7!p,b1 KXtJi Bo 

BpeMeHHonop,o6Hoiil 06.nacT111. 3Tor nop,xop,, Ha3b1BaeMb1Vi AHa11111T111LJecKolil Teo

p111elil Bo3MYLL\eH111iil (ATB), ocHoBaH Ha coBMeCTHOM 111cno11b30BaH111111 peHopM

rpynnb1 (Pr) 111 p,111cnepc1110HHoro npep,cTaB11eH1117! T111na LJe1111eHa-fleMaHa [31], 
LJTO p,aeT B03MO>KHOCTb onpep,e.nlllTb 3ePeP€KTlllBHblVl 3ap7!p, TaK>Ke Ill BO speMeH

HOnop,o6Hoiii 06.naCTlll (s > 0). np111 3TOM CTeneHHble p71P,bl 2=n dna~ CTaHp,apT-
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HOiii TeOpVIVI B03MYLJJ.€Hllliii nepeXOA71T B HeCTeneHHble P71Abl: 

rAe TL o6o3HaYaeT MVIHKOBCKyio o6naCTb, a SL - eBKJllllAOBy. B nOAXOAe oT

cyTCTBYIOT noArOHOYHble napaMeTpb1 111 OH xopowo cornacyeTC71 c Hlll3K03Hepre

T111YecKV1Mlll MOA€1171MVI [32] aApOHHOro cneKTpa. 

0AHaKo np111MeHeH111e ATB conpR>KeHo c npo6neMaMV1: 

1. MeTOA ynyYweHVl71 nepTyp6aTVIBHoro onV1caH1117I no Pr He MO>KeT 6b1Tb 

nonHOCTblO sK11ioYeH s ATB, nocKOJlbKY Pr-y11yyweH111e np111BOAV1T K Apo6-

HblM cTeneH71M KOHCTaHTbl CB713VI, a~[L]1, rAe L = ln(Q2/A2), a A ecTb 

MacwTa6Hb1iii napaMeTp KXA. To ecTb Tpe6yeTC71 0606w.eH111e ATB Ha c11y

Yaiii npo1113so11bHblX cTeneHeiii a~[L] VI, soo6w.e rosop71, Ha c11yYaiii 11t06b1x 

aHaJll/ITl/IYeCKlllX cPYHKU.llliii f(as[L]), B03Hl/IKalOW.111X np1t1 cyMMlllpOBaHl/llll 

P71AOB Teop111111 B03MYW.eH111iii. 

2. A1171 Bb1Y111c11eHV17I >KecTKVIX npou.eccos c aApoHaM111 s KXA 06b1YHO np111-

MeH7leTc7l cxeMa ¢aKTOp1113aLJ.Vllll BKJlaAOB 6011bWl/IX Ill MaJlblX paCCT071Hllliii. 

npVI 3TOM B >K€CTKOiii aMnJllllTYA€ B BblCWVIX nOp71AKaX no 3cPcP€KTlllBHO

MY 3ap71AY no.ris117!10TC7l AOno11H111TeJlbHb1e BKllaAbl s BlllAe npo1113BeAeH1117! 

cTeneHelii 11orapV1cPMOB ln( Q2 / µ~) Ha cTeneHb KOHCTaHTbl CB713VI, T. e. so3-

HV1Ka10T KOM6V1Hau.111111 T111na a~[L] · Lm. 

TaKlllM o6pa30M, All.s:t np111MeHeH1117! ATB B noA06HblX 3aAaYax Heo6xoAlllMO no

cTpOVITb ee 0606w.eHV1e, KOTopoe onpeAe11111T npas11111a pa6oTbl c yKa3aHHblMlll 

06beKTaM111. 

B ¢aKTOpV13aLJ.VIOHHOM nOAXOAe Ha611t0AaeMb1e ceYeH!/171 11111111 ¢opM¢aKTO

pbl npeACTaBJl71IOTC71 B BlllAe csepTKVI >KecTKlllX KXA-aMnJllllTYA ( c xapaKTepHblMlll 

111Mny11bcaM111 p2 > µ~) c yH111sepcanbHblMlll napTOHHblMlll cPYHKLJ.V171Mlll (11111111 aM

n11111TyAaMV1) pacnpeAeJleH!/171, OTBe4alOW.VIMl/I xapaKTepHblM lllMnyllbCaM p2 < µi 
1 Kor.n;a Mhr roBopHM 06 s¢¢eKTHBHhIX 3apa,n;ax KaK ¢yHK~a:x He Q2 mm s, a JiorapH¢MoB L = 

ln(Q2 /A2) HJIH Ls= ln(s/A2), MbI HCIIOJih3yeM Te :>Ke o603Ha'leHH5! sapa:,n;oB, HO apryMeHT CTaBHM He B 

KpyrJihIX CK06Kax, a B KBa,D;paTHbIX, T. e. ITHIIIeM BM6CTO a~(Q2 ), Ar_,(Q2 ) H Qtv(Q2 ) CJie,n;yroru;He Bbipa

>KeHHH: a~[L], Av[L] M Qtv[Ls]· 
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Ill napaMeTpV13Ytoll.\lllMlll BCto lllHcPOpMaU.Vlto 0 MaTplllYHblX 3JleMeHTax KBapKOBblX 

TOKOB no a,o.pOHHblM COCT071Hlll71M. np111MeHV1MOCTb cflaKTOp1113aLJ.lllOHHOro nOAXOAa 

B 3KCKJlto3VIBHblX npol\eccax 06b1YHO orpaHw-1eHa 0611acTbto AOCTaTOYHO 6011b

w111x 3HaYeHVIL1 Q2. TaK B 3a,qaye o ¢opM¢aKTope (CDCD) n1110Ha 111Meto~111ec71 

01.1ieHKV1 [33, 1, 2, 34] noKa3blBatoT, YTO ¢aKTop1113osaHHblii1 BK11a,o. s CDCD nvi

OHa AOMVIHVlpyeT np111 Q2 ~ 30 f38 2. no3TOMY AJ171 on111caHV17! CDcD n1110Ha B 

0611acTV1 yMepeHHblX 3HaYeH111ii1 nepe.n.a11 111Mny11bca Q2 = 1 - 10 f3B 2 Heo6xo

AlllMO npVIM€H71Tb HenepTyp6aTVIBHble MeTO,O.bl, a TaK>Ke HayYVITbC71 cornacOBbl

BaTb HenepTyp6aTll1BHble pe3yJlbTaTbl c pe3yJlbTaTaMlll, no11y11aeMblMlll B ¢aKTO

p1113aL\VIOHHOM no,o.XOAe. 0AHVIM 1113 MO~HblX HenepTyp6aTVIBHblX MeTOAOB pac

YeTa CDCD n1110Ha oKa3aJlC71 MeTOA npas11111 cyMM KXA [33, 35]: c ero noMo~bto 

6b1110 no11yYeHo ycnewHoe on111caHvte 3Kcnep111MeHTaJlbHblX ,o.aHHblX s 0611acT111 

Q2 < 3 f382, HO np111 3TOM 6b1Jla Bbl71BJleHa HenpvtMeHl/IMOCTb MeTOAa AJ171 06-

JlaCTl/1 npoMe>KyTOYHblX Q2 = 3 - 10 f 382, CB713aHHa7! C n071BJleHvteM paCTY~lllX 

c Q2 BK11a,o.os s onepaTopHOM pa3110>1<eH111111 TpexToYeYHoro AAV-Koppe117tTopa. 

AHa11ornYHa7t npo611eMa scTpeYaeTC71 np111 aHa111113e aMn11111Ty,O.bl pacnpe,o.e11eH1117t 

(AP) nvtoHa MeTOAOM nc KXA [36], ee YAaJlOCb npeo,o.011eTb c nOMO~bto BBeAe

Hll171 B ¢opMaJlVl3M nc KXA KOHLJ.enu,111111 HeJlOKaJlbHblX BaKyyMHblX KOHAeHCaTOB 

(HBK) [37, 38]. 

ALt1ccepTaU.V17l nocs71~eHa pa3BVITlllto 060111x Hanpas11eH111ii1 s KBaHrosoiil 

xpoMOALt1HaM111Ke c noMO~bto nocTpoeHLt171 o6o6~eHLt171 ATB Ha .n.po6Hb1e cTene

Hlll KOHCTaHTbl CB713111 -Apo6Ho-AHa11111T11111ecKoii1 Teopvtltl Bo3My~eHLilii1 (AATB) 

- VI pacw111peHlll7I nOAXOAa HeJlOKaJlbHblX BaKyyMHblX KOH,O.eHCaTOB Ha npaBvtJla 

cyMM AJ171 ¢opM¢aKropos. 

1.2. OcHOBHhie u;eJIH (n 3a,n;a-qn) nccJie,n;oBaHH.H 

We11b pa60Tb1 cocT07!11a s TOM, Yro6b1 s paMKax aHa11111T11111ecKoro nOAXOAa 

K Teop111vi B03My1.4eHvtiil KXA [27] nocTpo111Tb ¢opMaJlvt3M AATB, no3BOJ171to~viiil 

npvtMeH71Tb peHopMrpynnosoe y11y11weHLt1e 06b1YHblX nepTyp6aTvtBHblX p7!AOB c 

yYeTOM noporos n:1>1<e11b1x KBapKOB (rno6aJlbHa7! AATB), a TaK>Ke 111cno11b30BaTb 

ero s no,o.xoAe KXA-¢aKTOpLt13aL\111111 [39]. KpoMe roro, 6b111a nocTas11eHa 3aAaYa 
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0606Ll_\111Tb Ha cnyLiali1(npocTolil111 rno6a11bH0Lil) AATB 111 rno6anbHOLil ATB 111Met0-

LJ..\l!lec71 OAHOneT11esb1e c:PopMynb1 cyMM111posaH1117! HecTeneHHblX P7lAOB ATB. An71 

ynyYweH111.s:i on111caH1115l cDcD n1110Ha Heo6xoAl/IMO 6b1110 nocTpOl!lTb sap111aHT npa

s11111 cyMM KXA. YLilllTblBalOLJ..\l/llA He110KaflbHOCTb saKyyMHblX KOHAeHcaTos. 3To, 

B CBOIO OL!epep,b, AallO B03MO>KHOCTb ou.eHll1Tb BTOpolA Hen111,n,111pyt0Ll_\l/llA BKJla,[\ B 

CDcD mwHa c noMOUJ.blO AATB. 

nocTpoeHHbllA cjJopMaJll/l3M 3aTeM np111MeH7leTC7l B aKTyallbHblX A1171 cospe

MeHHOLil cPlll3111Klll aApOHOB 3aAaLiax, a lllMeHHO: 

• onpeAen.s:ieTc.s:i sa>KHOCTb yLieTa noporos T7l>Kenb1x KBapKOB AATB s 3aAa

Lie 06 ou.eHKe 3HaL!eHl/l7l W111p1!1Hbl pacnaAa Xl/lffCOBCKOrO 6o30Ha B KBapK

aHTl/IKBapKOBYK) napy bb; 

• onpeAe11.s:ieTC7! Ba>KHOCTb yLieTa BblCWl/IX nepryp6aTl/IBHblX nonpaBOK B TOLil 

>Ke 3aAaLie o w111p111He pacnaAa H0 ---? bb; 

• l/ICCJleAyeTC7l 3aBl/1Cl/IMOCTb pe3yJlbTaTOB pacLieTa c:PaKTOp11130BaHHOli1 LiaCTl/I 

nl/IOHHOro cDcD OT Bb16opa cxeMbl I/I MaCWTa6a nepeHOpMl!lpOBKl/I (µ~). a 

TaK>Ke MaCWTa6a c:PaKTOp1113au,111111 (µ~); 

• cTpo.s:iTc.s:i npas11111a cyMM KXA c HenoKaJJbHblMl/I KOHAeHcaTaM111 Afl7l c:DcD 

n1110Ha, Ha 111x ocHose All7l ABYX MOAeneLil HenoKaflbHOCTl/I saKyyMa KXA Ha

KflaAb1BalOTC7l orpaH111LieH111.s:i Ha noseAeH111e cDcD n1110Ha B 06nacT111 nepeAaLI 

111Mny11bca Q2 = 1 - 10 1382; 

• c 111cno11b30BaH 111eM AATB ou,eH111saeTC7! 0( a;)- ( TOLi Hee, O(A2)-sKnaA) B 

cDcD n1110Ha. 

1.3. HayqHaH HOBH3Ha n rrpaKTHYiecKaH u;eHHOCTh ,n;nccepTau;Hn 

Bee pe3ynbTaTb1, nonyLieHHble B AlllCcepTau.111111, 7lBJl7llOTC71 HOBblMl/I. B L1aCT

Hocn1, nocTpoeH HOBbllA annapar AATB, no3BOJ17llOLJ..\111Lil np111MeH7!Tb s paMKax 

ATB peHopMrpynnoBble c:PaKTOpb1 ynyLiweH1117l, a TaK>Ke yLI111TblBaTb c:PaKTop1113a

u,1110HHb1e Ill peHOpMrpynnOBble 11orap1t1cPMbl B KXA-aMnfll/ITYAaX. nonyLieHa HO

Ba71 c:PopMyna cyMM111posaH111.s:i HecTeneHHblX ps:iAOB s rno6anbHOli1 ATB 111 s 06e111x 

sepc111.s:ix AATB, npocTolil 111 rno6a11bHOli1. B 3ap,aL1e o pacnaAe x111rrcoscKoro 6030-

Ha B KBapK-aHTl/lKBapKOBYIO napy bb nocrpoeHa MOAellb np01113BOA71LJ..\eli1 cPYHKLJ,111111 
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Afl71 K03cPcPlllLJ,llleHTOB CTaHAapTHOL1 TeOpVIVI B03MYLJJ.eHVIL1. no11yt-1eH HOBbllil pe-

3YflbTaT 0 npaKTltJl-leCKOlil He3aBVICl/IMOCTVI pe3yflbTaTOB paci..ieTa ¢aKTOpV130BaH

HOli1 i..iacTVI nl/IOH HOro ¢opM¢aKTOpa OT Bbl6opa cxeM bl VI MaCWTa6a nepeHOpMlll

pOBKVI VI OT Bb16opa MacwTa6a ¢aKTOpV13aLJ,VIVI B rno6aflbHOli1 AATB. nocTpoeHbl 

HOBble npasV111a cyMM KXA Afl71 ct>cD nV10Ha. OH111 no3so1111111111 no11yi..iV1Tb Hosoe 

sb1pa.>+<eHV1e Afl71 3¢¢eKTlllBHoro nopora npV1611V1.>+<eH1117I 110KallbHOli1 AYaflbHOCTlll 

KaK cPYHKLJ,VI VI Q2 . c nOMOLJJ.blO 3TOro Bblpa.>+<eH 1/171 snepBble np01113BeAeHa ou,eH Ka 

no11Horo ¢opM¢aKTopa c yi..ieTOM Tpexnernesb1x BK11ap,os nop71AKa O(a~) Villi/I 

O(A2) B AATB. 

npaKTVIL!eCKa71 LJ,eHHOCTb AVICCepTaLJ,VIVI COCTOl/IT B TOM, LITO npeACTaBJleHbl 

y11yi..iweH1117I KaK nepTyp6aTlllBHOli1 LtaCTVI onepaTopHoro pa3110.>+<eHV17I, TaK 111 ero 

HenepTyp6aTlllBHOL1 i..iacT111, i..iro sa>KHO Afl71 paci..ieTos aApOHHblX KXA-aMnfllllTYA· 

Aa11bHelilwV1e npV1MeHeH1117I pa3BVITOro nop,xop,a ,LJ,JJ71 cosMeCTHoro aHaJ1V13a AaH

HblX rny6oKo Heynpyroro pacce7!Hlll71 (s esKflVIAOBolil 0611acTV1 111Mnynbcos) 111 AaH

HblX no e+e--aHHVlrVlfl71LJ,111111 111 pacnaAaM T-nenroHos VI 6o3oHos XV1rrca (s MVIH

KOBCKolil 06nacTV1 VIMnynbcos) npe,.a,cras117!eT npaKr111i..iecKV1li1 VIHTepec p,1171 cne

t..J.V1a11V1CTOB, pa60Ta10w,111x B 06beAl/IHeHHOM VIHCTlllTyTe 71,.a,epHblX VICCfleAOBaHl/llil 

(OV15ll!1, r. Ay6Ha), V1HcT111TyTe 7!p,epHblX V1cc11eAOBaHV1L1 (V151Vl PAH, r. MocKsa), 

VlHCTVITyTe TeopeTVli..iecKolil 111 3Kcnep111MeHTaJ1bHOli1 cPVl3VIKVI lllM. A. Vl. An111xa

Hosa (VlT3cD, r. MocKsa), cDl/l3VIL!eCKOM VIHCTlllTyTe I/JM. n. H. ne6eAeBa (ct>Vl

AH, r. MocKsa), Hayi..iHo-111ccneAOBare11bCKOM VIHCT111Tyre 71AepHoli1 cPVl3VIKlll MIY 

l/IM. A. B. (Ko6eflbLJ,b1Ha (HV1V151¢ MIY, r. MocKsa), neTep6yprCKOM VIHCTlllTyTe 

71,.a,epHolil cPlll3VIKVI VIM. 5. n. KoHCTaHTVIHOBa (nVlllCD, r. C.-neTep6ypr), VlHCTVl

TyTe cPlll31/1Kl/I BblCOKVIX 3HeprV1iil (VJct>B3, r. npoTBl/IHO), VlHCTVITyTe 71AepHOli1 cPVl-

3VIKVI l/IM. r. Vl. 5yAKepa (Vlllct> co PAH, r. Hosoc1116111pcK) Ill APYrVIX VIHCTlllTyTaX 

111 11a6opaTop1117lx. 

1. 4. Arrpo6au;M.5I ,n;MccepTaJJ;MM II rry6JIMKan;MM 

Pe3y11bTaTb1 pa60Tb1 ony6nVIKOBaHbl s ABeHaALJ,aT111 cTaTb71X [1, 2, 3, 4, 

5, 6, 7, 8, 9, 10, 11, 12] s >t<ypHanax, BXOA71W.lllX s cnVICOK BAK, a TaK>Ke s 

OAV1HHaALJ,aT111 ny611V1Kat..J.1117lx [13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23] s ,.a,pyrVlx 
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>KypHanax 111 Tpy,LJ.ax KoH¢epeH U,llliil. OH111 AOllO/KeHbl Ha cne,LJ.yt0ll.\lllX c111Mno3111yMax 

111 KOH¢epeH u,11171x B Pocc111111: 

1. 13-fi MeLK,n;yttapo,n;HhIH CeMHHap «KBapKtt'2004», r. ITyrnKHHoropbe, 

PoccHZI, 24-30 MaZI, 2004 r. 

2. MeLK,n;yttapo,n;ttaZI Boromo6oBcKaZI KOHcpepeHI.I,HZI, r. ,1J;y6tta, Pocc1rn, 2-

6 CeHT., 2004 r. 

3. Me:JK,n;yttapo,n;HaZI reJihMrOJibII,eBCKaZI illKoJia «Paci:.i:eThI ,D;JIZI COBpeMeH

HbIX H 6y,n;yn:r,ttx KOJIJiait,n;epoB», r. ,1J;y6tta, PoccHB, 22-30 HIOJIZI 2007 r. 

4. MeLK,n;yttapo,n;Hhifi CeMHHap no CoBpeMeHHbIM npo6JieMaM cpH3HKH aJie

MeHTapHbIX qacTHII,, nocBZIUI,eHHbIH naMZITH 11. JI. CoJIOBII,OBa, r. ,1J;y6-

Ha, Pocc1rn, 17-18 ZIHB. 2008 r. 

5. 15-it MeLK,n;yttapo,n;HhIH CeMrrttap no <l>H3HKe BhICOKHX atteprrrli «KBap

KH'2008», r. CeprweB IIoca,n;, Pocc1rn, 23-29 MaZI 2008 r. 

6. Me:JK,n;yHapo,n;Hoe Pa6oqee coBen:r,attwe «CTpyKTypa a,n;pottoB H KX)J;» 

(HSQCD'2008), r. raT'-IHHa, PocCHZI, 30 HIOHB-4 HIOJUI 2008 r. 

7. MeLK,n;yttapo,n;HaZI KOHcpepeHII,HB «PeHopMrpynna II CBZI3aHHbie c Hefi 

npo6JieMbI», r. ,1J;y6Ha, Poccm:r, 1-6 ceHT. 2008 r. 

8. MeLK,n;yttapo,n;Hoe coBMeCTHOe Pa6o'-iee coBen:r,attrre TafiBaHb-,1J;y6Ha 

«ITepe,n;oBbie py6eLKH ZI,n;epHofi cpH3HKH», r. ,1J;y6Ha, PoccIIZI, 28-30 MaZI 

2009 r. 

9. MeLK,n;yHapo,n;Ha5I reJibMrOJibII,eBCKaZI illKOJia «PacqeTbI ,D;JIZI COBpeMeH

HblX H 6y,n;yIII,wx KOJIJiafi,n;epoB», r. ,1J;y6Ha, PoccIIB, 10-20 HIOJIB 2009 r. 

10. 14-ZI MeLK,n;yHapo,n;HaZI JloMoHocoBcKaB KOHcpepeHIJ,HB, r. MocKBa, Poc

CHB, 19-25 aBr. 2009 r. 

11. MeLK,n;yHapo,n;HaZI BoroJI1060BcKaZI KOHcpepeHII,IIB, r. ,1J;y6Ha, Pocc:vrn, 

21-27 aBr. 2009 r. 

II 3a py6e:JKOM: 

1. The XXXVIth Rencontres de Moriond «QCD and High Energy 

Hadronic Interactions», Les Arcs, Savoie, France, March 17-24, 2001. 

2. The 6th International Conference on Quark Confinement and the 

Hadron Spectrum, Villasimius, Sardinia, Italy, Sept. 21-25, 2004. 
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3. The 46th Cracow School of Theoretical Physics: Zakopane, Poland, 

May 27-June 6, 2006. 
4. The International Conference «New Trends in High-Energy Physics», 

Yalta (Crimea), Sept. 16-23, 2006. 

5. The 9th International Workshop on Meson Production, Properties and 

Interaction, Krakow, Poland, June 9-13, 2006. 

6. The International Workshop «Nonlinear Phenomena in Complex Sys

tems», Minsk, Belarus, May 22-25, 2007. 

7. The International Conference «Hadron Structure'07», Modra-Harm6-

nia, Slovakia, Sept. 2-7, 2007. 

8. The International Conference «New Trends in High-Energy Physics», 

Yalta (Crimea), Sept. 15-22, 2007. 

9. The International Meeting «Excited QCD», Zakopane (Poland), Feb. 

8-14, 2009. 

10. The International Conference «Recent Advances in Perturbative QCD 

and Hadronic Physics», Trento, Italy, J.uly 20-25, 2009. 

11. The International Conference «Hadron Structure'09», Tatranska Strba, 

Slovakia, Aug. 29-Sept. 3, 2009. 

1. 5. JlI·fqHbIH BKJia,n; aBTOpa 

OcHOBHbte no110>1<eH1117t 111 BbtBOAbl AlllCcepTaL.\111111 71Bll7tl0Trn pe3y11bTaToM 

caMOCT071TellbHblX 111cc11eAOBaH111lil asTopa. B Tex LlaCT7tX BbtnonHeHHblX s coas

TopcTse pa6oT, KOTOpbte OTHOC71TC71 K TeMe AlllCCepTal_\111111, asTopy np111Hap,11e>KaT 

nocTaHosKa 111 tjJopMa111113aL\11171 3aAaL1111, nposeAeHHb1e aHan111T111L1ecK111e pacL1eTb1 

I/I I/IX L!lllCJleHHa71 pea111113al_\11171 Ha KOMnblOTepe c nOMOW,blO naKeTa Cl/IMBOJlbHblX 

pacLleTos Mathematica. 

1.6. 06'heM II cTpyKTypa ,n;IIccepTau;IIII 

A111ccepTaL\lll7t cocTOlllT 1113 ssegeH1117t, n7tTlll mas, 3aKfl10L1eH1117t 111 ges7tTlll 

nplllllO>KeHl/llil, BKJllO'-laeT 41 p111cyHOK I/I 5 Ta6Jlllll.\, COAep>KlllT Cnl/ICOK L\lllTl/lposaH

HOlil JllllTepaTypbl 1/13 206 HalllMeHOBaHl/llil. noJlHbllil 06beM 179 CTpaHl/IL_\. 
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1. 7. Ha 3arn;11:Ty BhI,ll;BMraIOTC5I cJie,z:i;y10rn;11:e pe3yJihTaThI: 

(!) nocTpOeHa r.no6aJlbHa51 p,po6HO-aHaJll/ITl/ILJeCKa71 TeOp11171 B03MYLl.\eHl/liii, 

n03BOJl71tOLl.\a51 np111 MeH51Tb peHOpMrpynnOBble MeTOP,bl Ill ¢aKTOp1113aU,lllOH

Hble cPOPMYllbl Teop111111 B03MYLl.\eH111iii KXA B aHa11111T111YecKoM KXA-nop,xop,e 

c yi-1eTOM noporoB T51>KeJlblX KBapKOB. 

@ nocTpOeHa cPOpMyna CYMM111pOBaHl/l71 HeCTeneHHblX p71P,OB rno6anbHOiii 

p,po6HO-aHaJllllTl/IYecKOiii Teop111111 B03MYLl.\eHllliii. 

@ npo1113Bep,eH pacLJeT WlllplllHbl pacnap,a 6o30Ha X111rrca H 0 -+ bb B rno-

6anbHOiii p,po6HO-aHaJll/ITll1YeCKOiil reop111111 B03MYLl.\eHlllLil. c nOMOLl.\btO ¢op

MY1lbl cyMM111posaHV171 p71pps B p,po6Ho-aHa11111T111YecKoiii Teop111111 B03MYLl.\e

HVliil, npo1113Be,L1eHa ou,eHKa ow11160K npe,n,cKa3aH111iii Ha yposHe 3% B c11yYae 

yYeTa O(a~)-sKnap,a. YYeT CTapw111x BKna,n,os np111 3TOM npep,cTaBn71eT

C71 npe>Kp,espeMeHHblM, nOCKOllbKY OCHOBHOiil BKlla,lJ, B Heonpe,.QeneHHOCTb 

p,aeTC71 ow1116Koiii onpep,eneH11171 no11t0cH0Lil Maccb1. 

® An71 ¢aKTop1113osaHHoiii YaCTlll ¢opM¢aKTopa n1110Ha noKa3aHo, YTO s rno-

6anbHOtil ,n,po6Ho-aHaJll/ITl/ILJeCKOiii Teop111111 B03MYLJ..\eHllliii, npOVICXO,lJ,lllT pe3-

KOe yMeHbW€Hl/le 3aBl/ICl/IMOCTl/I pe3yllbTaTOB OT Bb16opa cxeMbl Ill Macwra-

6a nepeHOpM111pOBKl/I µ~ I/I OT Bb16opa MaCWTa6a ¢aKTOp1113au,111111 µ}, TaK 

YTO npo6neMa sb16opa Macwra6a 111 cxeMbl nepeHopM111posK111 npaKT111YecK111 

l/ICLJe3aeT. np111 3TOM aBTOMaTl/IYeCKl/I pewaeTC71 npo6neMa yYeTa noporoB 

T71>K€JlblX KBapKOB. 

® nocrpoeHO npaBl/IJlO cyMM KXA P,1171 ::ineKTpOMarHlllTHOro cPOPMcPaKTO

pa n1110Ha, yY111Tb1Bat0Ll.\ee HenoKanbHYtO CTPYKTYPY saKyyMHblX KOH,.QeHca

TOB, 111 Ha ero ocHose nony1.JeHb1 npep,cKa3aHlll71 p,n71 F7T( Q2) B eBKfllll,.QOBOii1 

o6naCTl/I nepep,ay lllMnynbCOB 1 - 10 1382 B O(as)-np1116n111>KeHl/ll/I. npo-

1113Be,.QeHa ou,eHKa ::i¢tj:>eKTl/I sHoro nopora s&D ( Q2) np1116n 111>KeH11171 110Kan b

Hoiil ,.QyanbHOCTl/I Ill c ero nOMOLl.\btO nonyYeHa ou,eHKa 3JleKTpOMarHlllTHO

ro ¢opMtj:>aKTopa n1110Ha F7r(Q2) B Toiii >Ke 06nacT111 nepe,n,aY 111Mny11bCOB 

c yYeTOM O(A2)-sKna,.Qa B r1106anbHOii1 ,.Qpo6Ho-aHan111T1111.JecKoiil Teop111111 

B03MYLl.\eHl/I iil. 
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2. OCHOBHOE CO~EP)KAHHE PABOTbl 

Bo BBeAeH111111 o6ocHosaHa aKryaflbHOCTb VICCfleAyeMoiii npo6J1eMbl, 

c¢opMyI1V1posaHa u.eflb VI 3aAaYVI AV1Cceprau.1110HHoiii pa6orb1, nepeY111cJ1eHb1 no

nyYeHHb1e B AVICCeprau,111111 HOBble pe3yllbTaTbl, VIX npaKTf/ILfecKa7! u,eHHOCTb, npeA

CTas11eHbl noJ1o>KeHV17I, BblHOClllMble Ha 3a~V1TY VI on111caHa crpyKrypa AV1Ccepra

LJ.V1V1. 

8 nepsoiii rnase «Apo6Ho-aHan111T111YecKa.s:t Teop111.s:1 B03Myw.e

Hllliii» AaHO VICTOpVIYeCKOe BBeAeHVle B nOAXOA aHallf/ITl/IYeCK0£:1 reoplllVI B03My

~eHVliii (ATB) B KXtJ.. rnaBHblMVI o6beKTaMl/I B 3TOM nOAXOAe 71BJ17llOTC71 cneK

TpallbHble nJlOTHOCTVI, c nOMO~blO KOTOpblX aHaJlVITVIYeCKVliii a¢¢eKTVIBHbl!ii 3a

P71A 111 ero u,enb1e creneH111 onpeAef17llOTC71 B eBKfllllAOBoiii 06J1aCTV1 B BVIAe AlllC

nepc1110H H blX VI Hrerpanos: 

A (l) (Q2) = Pn CJ dCJ. 100 (l) ( ) 

n 0 (J + Q2 ' 
(la) 

100 (l)( ) 
2{~) ( s) = Pn CJ dCJ . 

s (J 

(lb) 

Te >Ke cneKrpailbHble nflOTHOCTVI 111cnoJ1b3YIOTC71 AJ171 nocrpoeHVl71 a¢¢eKTVIBHO

ro 3ap7!Aa VI ero creneHeiii s 06nacr111 M111HKOBCKoro c noMO~blO AV1Cnepc1110H

Horo coorHoweH1117!, CB7!3b1sa10~ero D-cPYHKLJ,VllO AA11epa VI R-oTHOWeH111e. 3r111 

111HrerpanbHb1e npeo6pa3osaH1117I, AatOT B03MO>KHOCTb onpeAeJlVITb OAHOBpeMeH

HO aHaJll/ITVIYeCKllliii ac:Pc:PeKTlllBHbliii 3ap7!A KaK B eBKIIVIAOBOlil o6JlaCTl/I 3Ha'-leHVlli1 

KBaAparos nepeAaY V1Mny11bca, TaK VI B MVIHKOBCKOiil 06J1aCTVI 3Heprviiii. 

OrMeYeHo, YTO np111MeHeH111e K0Hu,enu,111V1 aHa11111TV13au,111V1 B 3aAaYax c 

HeCKOllbKVIMlll Macwra6aM111 VIJii/i AMI y11yyweHHblX no peHopMrpynne nepryp-

6ar111BHblX KX!J.-aMnJllllTYA rpe6yer 0606~eHV17I lllCXOAHO!ii ATB Ha AP06Hb1e cre

neH111 a¢¢eKTlllBHoro 3ap7!Aa, a raK>Ke Ha 111x npo1113seAeH1117! co creneH71Mlll nora

pvr¢Mos. tJ.eiiiCTBlttTeJlbHO, B CTaHAapTHOlil reop111111 803My~eHl/lli1 Mbl raK>Ke l/IMe-
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€M: 

• cpaKTop1113a41110HHYt0 KXA-npo4eAypy, KOTopa7! AaeT B03MO>KHOCTb pa3Ae-

11111Tb BKllaAbl 60llbWlllX Ill MaJlblX paCCT07!HlllVl Ill cpaKTlll'-leCKlll np111MeH7!Tb 

reop11110 B03MYL4eH111VI KXA AI171 on111caH1117! BKJlaAa Ma11b1x paccT011H111VI ( 06-

11acTb 60JlbWlllX eBKlll/IAOBblX Q2). np111 3TOM eCT€CTB€HHblM o6pa30M B 

>KeCTKlllX KXA-aMn11111TyAax B03HV1Kat0T 11orap111cpM111'-lecK111e cpaKTOpb1 Tl/I

na av[L] L; 

• peHOpMrpynnOBYIO 380lll0411110, reHep111pyt0L4YIO B napTOHHblX aMnlllllTYAaX 

cpaKTOpb1 B(Q2) = [Z(Q2)/Z(µ 2)] B(µ 2), KOTOpb1e s OAHoneT11esoM 

np1116Jl111>K€Hl/llll CBOA71TC7l K Z[L] rv all[L], rAe ll = 10/ (2bo) - AP06Hoe 

'-ll/ICllO; 

• peHOpMrpynnosoe ypaBHeHVle AJ17! 3cpcpeKTVIBHOro 3ap11Aa, KOTOpoe B 

AByxneTJleBOM np111611111>KeHllllll nplllBOAVIT K n07!Bll€HVllO BKllaAOB B 3cpcpeK

TVIBHblVl 3ap7!A TVI na --+ all[L] ln ( a[L]). 

TaKoe 0606L4eH111e Ha AP06Hble cTeneHVI 3cpcpeKTVIBHoro 3ap7!Aa, Ha3BaHHOe 

t:Jipo6Ho-AHa11111n1'-lecKoVI Teop111elii Bo3MYL4eH111VI (AATB), 6b1J10 npoBeAeHo B 

Haw111x pa6oTax [7, 9]. l/l311araeTC7I nocrpoeH111e AATB B OAHOnen1eBOM np111-

611111>KeH111111 c cp111Kc111posaHHblM Nf nony'-leHbl 7!BHbte Bb1pa>KeHV17I AI171 aHa11111T111-

'-lecK111x o6pa30B lllCKOMblX AP06HblX CTeneHeVI 3ap7!AOB, Av[L] Ill mv[L], np111 3TOM 

Av[L] Bblpa>KaeTrn '-lepe3 peAY4L-1POBaHHYIO TpaHc4eHA€HTHyt0 cPYHKLJ.VllO Jlepxa, 

F(z, v), VI OKa3blBaeTC71 4e110VI cPYHKLJ.VleVI apryMeHTa ll, a mv[L] Bblpa>KaeTC71 

nOJlHOCTblO '-lepe3 TpV1rOHOMeTpw-1eCKVle cpyHKLJ.111111. 06cy>KA€Hbl CBOVJCTBa 3TVIX 

cPYHKLJ.lllVl. 0TMeYeHo, LfTO eBKJllll,D,OBbl «o6paTHble CTeneHVI» A-m[L] = Lm cos

naAatOT c o6paTHblMlll CTeneH91Ml/I lllCXOAHOro 3cpcpeKTVIBHOro 3ap71Aa a-m[L] = 

Lm, B TO BpeM7! KaK A117! MlllHKOBCKlllX «o6paTHblX cTeneHeVI» B03Hl/IKatOT A0-

6aBKlll B BVIAe Hlll3WlllX cTeneHelii L c 7r2-Ko3cpcp1114111eHTaML11. 3Ha'-leHVl7! 060111x 

3ap71AOB B TOYKe L = 0 no3som1t0T HaM onpeAefllllTb Ko11111'-1eCTBeHHyt0 Mepy 

111cKa>KeHV17I np111 nepexoAe OT 06nacT111 M111HKOBCKoro K 0611acT111 EBKJ1V1Aa, 

Av(O) 
mv(O) 

(v - 1) ((v) 
2v-l 
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06cy>Kp,aeTC71 sonpoc, HaCKOJlbKO ClllllbHO OTJlll1'-latOTC7l aHalll!1T111LJeCKl!1e o6-

pa3bl p,po6HblX CTeneHeiil 3cPcPeKTll18HblX 3ap7!,LJ,08 OT p,po6HblX CTeneHeiil aHaJl1t1-

T1t1LJeCKlt1X 3ap7!p,os Ai[L] 111 2.li[L]. /Ji1171 3Toro ssep,eHbI OTHOC111Te11bHb1e OTKJlO

HeH1117! 8 Mlt1HKOBCKOii1 (.6.M(L, v)) VI eBKllVl,LJ,OBOiil (.6.E(L, v)) 0611aCT7!X: 

(2) 

Ha p111c. 1 noKa3aHo nosep,eH111e .6.M(L, v) (cJlesa) 111 .6.E(L, v) (cnpasa). B111p,Ho, 

LJTO KaK .6.M (L, 0.62) I TaK lt1 .6.E(L, 0.62) MeHbWe 5% npVI Q2' s ;::::, 1 r 382 ( LJTO 

oTseLJaeT L ;::, 2.4 np111 A = 300 M38). C p,pyroiil cTopoHbI, 111 l.6.M (L, 1.62) I. 
111 l.6.E(L, 1.62)1 cTaHOB7lTC7l MeHbwe 11111111 nop7!p,Ka 5% TOJlbKO np111 L ~ 5.1, 

T. e., np111 Q2, s ;::, 15.2 1382. B TO >Ke speM7l, l.6.M(L, 2.62)1 > 0.23 111 

l.6.E(L, 2.62)1 > 0.31 np1t1 L ,:S 5.1, T. e., nplt1 Q2, s ,:S 15.2 r3B2. 0Tct0p,a 

Mbl MO>KeM cp,enaTb BblBO,LJ,, LJTO aHaJIVITVI3a~VI71 p,po6HblX CTeneHeiil 3cPcPeKTlt18-

HblX 3apRp,os oco6eHHO sa>KHa np111 z; > 1. 

-0.05 ···································· 
__ ,, .. - _,,;,,,,,.""" 

,,•' .,,. "" ,,,. 

/// //,,,. ... 
/ I' L 

-0.1 

-0.15 

-0.2 

2 4 6 8 10 2 4 6 8 10 

Pvic. 1. CJieBa: CpaBHeHne pasm:FIHbIX KpHBbIX ,IJ;JIII .6.M(L, v) KaK ¢YHK

u;nti: L = ln( s /A 2), OTBeqarolll,HX pa3JIW-IHbIM 3Ha'-remrnM z;. CrrpaBa: To :1Ke 

cpaBHeHHe ,IJ;JIII .6.E(L, v) KaK cPYHKD;Hfi L = ln(Q2/A2). Ha o6enx rraHeJIIIX 

CilJIOIIIHbie ( qepHbI8) JlllHHH OTB8t-IaIOT 3Haqeamo z; = 0.62, CHHHe nyHKTHp

HbI8 -- V = 1.62 H 38Jl8HbI8 IIITpHXOBaHHbI8 - ZJ = 2.62. 

0606w.eH111e Ha cnyYaiil BbICWVIX neTenb MO>KHO nposop,111Tb p,syM7t nyT71-

MVI. B nepsoM nop,xop,e 111cno11b3Yt0T pa3110>1<eH1t17l /JiATB ,LJ,JI71 MHoroneTnesbIX 

seJlVILJVIH no op,HoneTnesbIM 3ap7!p,aM. Bo BTopoM, 6oJiee MOW.HOM nop,xop,e 111c

no11b3Yt0T TOLJHbie Bblpa>KeHVI71 ,LJ,115l MHoroneTJleBblX cneKTpanbHblX nnOTHOCTeiil, 
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c nOMOLl.\blD KOTOpblX, nOllb3Y71Cb l/IHTerpallbHblMl/I npeACTaB11eHl/l7IMlll, '-ll/IClleHHO 

BOCCTaHaBlll/IBalDT caMl/I aHalll/ITlllLJeCKllle 3ap71Abl Ill CBTl3aHHble c Hl/IMl/I cPYHK

U.1/11/1. BTopoVi MeTOA, KaK 6011ee TOLJHb1Vi, l/lcno11b30BaH A1171 ou.eHKl/I TOYHOCTl/I 

nepsoro: oKa3anocb, LJTO TOYHOCTb pa3110>1<eHl/l7I ,QATB A1171 Al2) I/I Ql~2) Aa>Ke s 

O(ci)-nop71AKe AOCTaTOLJHO xopowa. Hal/l6011bwl/le owl/l6Kl/I OTBeYalDT 0611acT111 

s6n 1113111 L = 0, Ho y>Ke p,1171 ILi > 2 OHi/i cTaHOBl/ITCTI MeHbWe p,ec71TblX AOlleVi 

npou.eHTa, LJTO rosopl/IT 06 OLJeHb BblCOKOVi CKOpOCTl/I CXOAl/IMOCTl/I pa3110>KeHl/l71 

,QATB. 

06cy>Kp,eHa TaK>Ke «aHaJll/ITl/l3aU.1/171» 6011ee CJ10>KHblX Bblpa>KeHl/IVi, COAep

>Kall\l/IX KpoMe cTeneHeVi 3ap71p,a ( a(2)r eLl.\e I/I cTeneHl/I norapl/lcPMOB 3ap71p,a 11111111 

norapl/lcPMbI nepep,aLJ111 I/IM ny11 bCa, T. e., ( a(2)) v L. LJl/lc11eHHb1e pacLJeTbl on.RTb 

>Ke BblTIBJlTllDT BblCOKYID TOLJHOCTb pa3110>KeHl/l71 ,QATB: OHO l/IMeeT TOLJHOCTb 

nopT1,o.Ka 1-4% so sceiil o6nacTl/I L E [-10, + 10] ,0.1171 v E [l, 2] npl/I yLJeTe 

0( ci)-sKna,o.os. 

B c11ep,y1DLl_\eM pa3p,e11e ma Bbl paccMoTpeHo nocTpoeHl/le rno6a11 bHOVi sep

c111111 PiATB, B KOTOpoVi YYl/ITbIBalDTC71 noporn o6pa30BaHl/l71 T.R>KellblX KBapKOB. 

0TMeYaeTCTI, LJTO 1/13-3a HaJll/ILJl/l71 CTyneHLJaTOVi cneKTpanbHOVi nnoTHOCTl/I ,o.a

>Ke B O,D,HoneTneBOM cnyYae OCHOBHOe peKyppeHTHOe COOTHOWeHl/le HapywaeTC71 

I/I 3aMeHTleTC71 Ha 6onee CllO>KHOe. no3TOMY 1/135HJ_\Hble cPOPMYllbl np1116J11/1>KeHl/ITI 

cPl/IKCl/lposaHHoro N1 3p,ecb Henp1t1MeHl/IMbl I/I npl/IXO,O.l/ITC71 nonb30BaTbC71 l/IHTe

rpanbHblMl/I npeACTasneHl/ITIMl/I. 5naro,n,ap71 TOMy, LJTO cneKTpallbHble nnOTHOCTl/I 

c cPl/IKCl/lpOBaHHblM LJl/ICJlOM c:PneLilsopOB npoCTO CB713aHbl c aHanl/ITl/l31/1pOBaHHbl

Ml/I 3apT1,lJ,aMl/I B Ml/IHKOBCKOVi 0611aCTl/I, yp,aeTC71 nonyLJl/ITb TIBHble cPOPMY1lbl ,lJ,1171 

2l~lob;(l) [Ls]' ,QnTI eBKJl 1/1,D,OBOiil o6naCTl/I Ta Kl/IX npOCTblX ¢opMyn HeT, HO Mbl TaK

>Ke MO>KeM see csecTl/I K 3cPcPeKTl/IBHOMY 3ap.RAY npl/I NJ = 6 c KOHeLJHblMl/I 

nonpasKaMl/I. 

Bo BTopoiii r11ase «CyMM111posaH111e PHAOB Teop111111 B03Myw.e

Hllliii B ATB 111 AATB» paccMaTpl/lsaeTC51 nepecyMMl/lposaH111e p71,lJ,OB Teo

p111111 B03Myw,eHl/IVi s ATB 111 AATB. lilHTepecHoVi oco6eHHOCTblD KaK ATB, TaK 

I/I AATB oKa3anacb B03MO>KHOCTb Bb1no11HeHl/l7I nonHoro cyMMl/lposaHl/ITI nony

LJaeMoro HeCTeneHHOro p71p,a, OTBeLJa1Dw,ero CTeneHHOMY P71AY o6bJLJHOii1 Teo-
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p111111 803MYLLiieH111ii1. nocTpOeHbl see Heo6xOA111Mbl€ cPOPMYllbl Af171 cyMMlllpOBaHl/171 

HecTeneHHblX P71AOB, no11yYaeMblX B aHan111T1111-1ecKOM nOAXOAe s KaYecTse aHa

n111T111YecK111x o6pa3os cTeneHHblX P71AOB Teop111111 B03Myw,eH111ii1 All71 sepcvrvr t:JiATB 

c cPll1KC111pOBaHHblM N1. np111 3TOM nonyYatoTC71 pe3yflbTaTbl, onpeA€J171€Mbl€ B 

OAHOneTnesoM np111611111>1<eH111111 lllHTerpanoM Hlll>Kaii1wero HeTp111s111a11bHoro aHan111-

Tll1 YeCKoro 3ap7!Aa Ai+v[L - t] c secoM 

(3) 

cTp0711.ililllMC71 no 111cxoAHOii1 npo1113BOA71W,eii1 cPYHKu,111111 P(t) Af171 cTaHAapTHblX nep

Typ6aT111BHb1x K03cPcPVIU,111€HTOB pa3JlO>K€Hll171 

TaKoe cyMM111posaH111e oKa3anocb B03MO>KHblM nposecT111 111 B rno6anbHOii1 

(A)ATB, npaBAa cPOPMYllbl np111 3TOM cepb€3HO ycnO>KH71toTC71. nocTpoeHHbli:1 

¢opMaJ11113M n03BOJ171€T no-HOBOMY OU,€Hll1Tb HeonpeA€J1€HHOCTlll, CB7!3aHHbl€ c 

o6pb1BOM P71Aa Teop111111 B03MYLLii€H111t:1. 

Ou,eHeHa sa>KHOCTb noporoBblX 3cPcPeKTOB B nepecyMM111posaH111111 rno-

6anbHOii1 ATB Ha np111Mepe ABYX npoCTblX MOAenet:1 npo1113BOA7!W,eii1 cPYHKu,111111 

Ptoy-1 (t) = 6(t-2) (A1171 K03cPcPll1U,111€HTOB ~oy-l = 2n-l) 111 Ptoy-2(t) = t e-t (All71 

K03cPcPll1U,111€HTOB ~oy-2 = n!). lllMeHHO, npOB€A€HO cpaBH€Hl/le TOYHOii1 cPOPMYJlbl 

nepecyMM111pOBaHll171 ( c nOJlHblM yYeTOM noporoBblX 3cPcP€KTOB) c Hall1BHOL:1 ¢op

My11oii1, rAe noporosbre 3cPcP€KTbl yYTeHbl M111Hll1MaJlbHblM o6pa30M. Pa3HOCTb 

M€>KAY TOYHOii1 111 HaVIBHOii1 ¢opMynaMll1 onpeA€J171€TC71 3aBl/IC71UJ,111M OT L YVICJlOM 

nOCT071HHblX BKJlaAOB B111Aa ((.6.kQli[t])) Ptoy(t) ck= 4, 5, 6- OHll1 npOCTO AeJlatoT 

Ha111sHoe nepecyMMvrposaHHOe Bb1pa>KeH111e HenpepblBHblM Ha noporax T7!>+<enb1x 

KBapKoB. Vix a6contoTHa71 se11111Y111Ha 111MeeT nop7!AOK 3% Af171 nopora f = 4, 1 % 

- AJ171 nopora f = 5 111 0.1 % - AJ171 nopora f = 6. npoBeAeHa TaK>Ke ou,eHKa 

noporoBblX 3cPcP€KTOB B €BKJ1111AOBOL:1 0611aCTll1. 3A€Cb OTHOCl/IT€JlbHa71 pa3Hl/IU,a 

Me>KAY TOYHoii1 111 Ha111sHoiil ¢opMy11aM111 111MeeT nop7!AOK 2.5% np111 L rv 5 vr 0.5% 

np111 L ~ 12. 
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B TpeTbeiii rnase «Pact..teT w111pt11Hb1 pacnaAa H 0 ---* bb a 

AATB» paccMaTp11rnaeTC7! np111no>KeH111e ,QATB s 3ap,aLJe pacLJeTa w111p111Hbl pac

nap,a 6o3oHa Xlllf-rca H 0 Ha KBapK-aHT111KsapKosyt0 napy bb. (Hal.Jana o6cy>Kp,a

eTC71 CTaHp,apTHbli:1 nop,xop, K pacLJeTy r(H --7 bb)c nOMOLJ.\blO cneKTpanbHOi:1 

nnoTHOCTVI Rs s MS-cxeMe c yLJeTOM 3BOnlOL\Vllll KaK 3¢¢eKTlllBHoro 3ap,s:ip,a 111 

ero CTeneHet:1, TaK Ill MaCCbl b-KBapKa: 

r(H--+ bb) = rb(m2) Rs(Mi£) 
o b 3 m2 ' 

b 

rp,e rg(m~) = 3 Gp MH m~/4v'27r, mb VI MH - nonlOCHa71 Macca b-KBapKa 

Ill Macca Xf/lffCOBCKOro 6o30Ha, Rs(M'k) = m~(M'fI) Rs(M'fI), a mb(Q2) -

3BOnlOL\lllOHlllPYIOLJ.\a7! Macca b-KBapKa. 5lBHble MHOroneTJleBble pacLJeTbl o6blLJHO 

npOBOP,5HC7l B eBKn111p,osot:1 o6naCTl/I p,n71 COOTBeTCTBYIOll\el:1 Koppemnopy CKa

n7ipHblX b-KsapKOBblX TOKOB cPYHKL\111111 Ap,nepa Ds, LJTO cpa3y p,aeT p,n71 Rs co

OTBeTCTBYIOll\ee pa3nO>KeH111e: 

Rs(s) = 3m~(s) [1 +I: rn a~(s)] 
n:2'.l 

Ko3cPcPVIL\flleHTbl rn 3p,ecb cop,ep>KaT xapaKTepHble 17r2-sKnap,b1 1
, CB713aHHble c 

aHanV1TV1LJeCKlllM npop,on>KeH111eM creneHei:1 noraplllcPMOB, no71Bn7llOLJ.\lllXC7l B Ds. 

nocne 3TOro npOBOP,lllTC71 aHanl/13 Rs B ,QATB. (Hal.Jana CTpOVITC7l aHa

nVITl/l3aL\11171 Bb1pa>KeH1117I P,J171 Rs c K03cPcPlllL\V1eHTaMV1 dn, 3acPV1KCV1posaHHblMV1 

Ha 3HaLJeHVl71X, OTBeLJalOLJ.\VIX N1 = 5. npVI 3TOM yLJeT 3¢¢eKTOB, CB713aHHblX c 

nepeHOpMV1pOBKOi:1 MaCCbl b-KBapKa, npVIBOP,VIT K Heo6xop,111MOCTVI aHaJll/ITVl3111pO

BaTb Bblpa>KeHl/171 T111na (a5 [L])n+vo (1+6a8y1 , LJTO rosopVIT o Heo6xop,VIMOCTlll 

l/ICnOnb30BaTb ,QATB. c nOMOLJ.\blO ~ATB nocTpOeHbl rno6anbHble aHanl/ITl/ILJe

CKl/le o6pa3bl ~~2l;~~ob[L] sb1pa>KeH1t1i:1 

B ,n,syxnernesoM npV16n111>KeHV1V1 1t1 aHaJlV1TV1YecK111e o6pa3bl ~~3l;~~0b[L] 6onee 

CnO>KHblX Bb1pa>KeHl/li:1 B TpexneTJleBOM nap,e-npV16JlV1>K€Hl/IVI. nocne 3TOro nplll-
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rp,e sepxH111li1 lllH,JJ.eKc (l) o6o3HaLJaeT neTnesol.1 nop.71,JJ.OK ;,somou,111111 111 s TO >Ke 

ca Moe speM.71 nop.71,JJ.OK nepTyp6aTV1BHoro pa3no>KeHl/l71 Ds-cPYHKu,111111. ::ho Bb1-

pa>KeH111e eTpOlllTC.71 1113 Tex >Ke caMblX K03cPcPlllL.J,VleHTOB dn. LJTO I/I eBKJllll,lJ.OBa 

D (l);5 rh 6 (l)·glob 
5 -'+'YHKIJ,1/171, TaK LJTO mo anbHble aHan111T111LJeeK111e 3ap71,JJ.bl ~n+va so6pa11111 

s ee671 see 3cPcPeKTbl 3Bo11t0u,vi111 Maecb1, a TaK>Ke see 7r2-BKna,n.b1. 
-.o,ATB 

nocTpoeHa TaK>Ke no11Ha7! aHaJll/ITl/l3aU,1/171 Rs '71BHO Y4111TblBafO~a71 3a-

Bl/ICl/IMOCTb Ko3¢¢111u,111eHTOB pa3110>1<eHV1?1 OT Nr KpoMe cneKTpanbHblX nnoTHO-
(l);glob 6 (l)·glob 

eTeii1 PBn+vo{ ... }' OTBe4atO~lllX rno anbHblM aHaJll/ITl/l4eCKl/IM 3ap7!,JJ.aM ~n-t'.vo , 

no71B71TC71 TaK>Ke p,ono11H111TenbHb1e rno6anbHb1e cneKTpanbHble nnoTHOeT111, no

CTpoeHHble Ha OCHOBe Bbipa>KeHl/liil Tl/Ina dn(N1) j5~~+vo{. .. }' KOTOpble p,ap,yT HaM 

HOBble a Han 111T111 l..fecK111e 3ap7!p,b1 ~~~~~~t. CooTBeTCTBYfO~a.71 nonHa.71 AATB 

¢opMyn a Ta Kosa: 

R(l),D,ATB( ) - 3 A 2 s s - m(l) [ 
l ~(l);glob ( ) ] 

~~2;glob(s) + L n+;~dn 3 . 

n2:1 

C T04Klll 3peHl/171 npl!IHL.J,111na aHan111T1113au,111111 scero Bb1pa>1<eHl/l7f «KaK l_\enoro» Ta

Koii1 nop,xop, npep,cTaBn71eTc7! HaM Ha1116onee nocnep,osaTenbHblM. B MlllHKOBeKoiil 

o6naCTl/I OH nplllBOP,l/IT K pe3yllbTaTaM, OTJllll'-lHblM OT LJaCTl/ILJHOiil aHaJll/ITl/13aL.J,111111, 

KOrp,a K03cPcPlllL\l/leHTbl pa3JlO>KeHVl71 «3aMopa>Kl/IBafOTC71» Ha KaKOM-1111160 3Ha-

4eHl/ll/I N1 (s 3Toii1 3ap,a4e eeTecTseHHOii1 npep,cTaBn71eTrn 06b1LJHO 3aMopo3Ka 

Ha 3Ha4eHllllll N1 = 5). 
Ha p111cyHKe 2 nposep,eHo cpasHeHl/le pa311111YHblX no,n,xop,os K paeYeTy Rs. 

(l)·Z 
nyHKTl/lpHa.71 Kpl11Ba7! OTBe4aeT O,D,HOneTJleBOMY nop,xop,y AATB (c AN1'=5 = 

111 M3B, no11y4aeMoe 1113 Tpe6osaHl/l71 mil);glo\m~) = 0.120), KOTOpbllA l/IMl/l

TlllpyeT no,n,xo,n, «HalllBHOIA Hea6en111H1113al_\111111» 5pop,xepcTa, KaTaesa 111 MaKcsen

na [40] vi oKa3blsaeTe71 Hlll>Ke 41/1CTO nepTyp6aTl/IBHoro pe3ynbTaTa 5aii1Kosa, Ye

TblpK111Ha lll KfOHa (5YK) [41] (wTp111xosaHHa7I Kp111sa71, A~~=5 = 231 M3B) Ha 

8%. T pexneTnesoii1 nop,xop, AATB c «3aMopo3KoV1 » K03cPcPlllU,llleHTOB dn(NJ) 
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Ha 3Ha4eHLt1lt1 dn(5) (raK>Ke KaK 1t1 B npeAblAY~ltlx ABYX nOAXOAax) c A~;=5 = 
261 M3B ( HOpM1t1posKa Ha 2li3);glob ( m~) = 0.120) npeAcras11eH Ha 11esoiii 4aCTLt1 

p1t1cyHKe 2 cn11owHoiii 111t1H1t1eiil. B1t1AHO, 4TO OH oYeHb 611Lt130K K pe3y11brary 5YK 

(or111t11..J1t1e 1t1Meer nop71AOK 2%, a ec111t1 cpasH1t1BaTb c rpexner11eBblM pe3y11braroM 

5YK - 1.5%). noAXOA >Ke AATB c nOJlHOiil aHaJllt1Tlt13a4Lt1eiil Nr3aBl/IClt1MOCTeiii 

Aaer pe3y11brar, noKa3aHHbriil cn11owHoiil Kp111soiii Ha npasoiil 4acr111 p111cyHKe 2 111, 

KaK Mbl lt1 O>K1t1Aa11111, OKa3aJlC71 M€HbWe «3aMopo:>KeHHOro» pe3y1lbTaTa. 3ro OT-

111111..Jllle MeH71eTC71OT12.5% (nplll MH = 50 r3B) AO 16.5% (npltl MH = 150 r3B). 

TaKlllM o6pa3oM, p71A cTaH,n.aprHoiil reop1111t1 B03My~eH111iil KXA Lt1 HecreneH

Hoe pa3110>1<eH111e AATB B 06nacr1t1 6011bw111x norap111cjJMoB L OKa3blBatoTC71 6111t13-

K111 B c4eHap111Lt1 c 3aMOp03KOiii K03cPcPlll4ltleHTOB dn(N1) := dn(5) Ha 3HaYeHlt151X, 

OTBeYalO~ltlX N1 = 5. nonHa5! AATB c aHaJ11/1Tlt13a41t1eiil BCeiil 3aBlt1Clt1MOCTlll nep

ryp6ar1t1BHblX pe3ynbTaTOB or N1 ecrecrseHHO ,n.aer Apyroiii, B HaweM cnyyae 

MeHbWltliil, pe3yllbTaT, nOCKOJlbKY TaKa7! aHalll/ITl/l3a411171 3cjJcjJeKTlllBHO ycpeAH51eT 

K03cPcP1t14Lt1eHTbl dn(N1 ), YTO npltlBOAlllT K VIX yMeHbWeHl/llO Ill, KaK pe3yllbTaT, K 

yMeHbWeH1t110 sceiii cyMMbl HecreneHHOro P71Aa. 

B 3aK11104111re11bHOM pa3Ae11e rnaBbl 06cy>1<Aaerc71 np111MeHeH111e Mero,n.a 

cyMM1t1posaH1t17I HecreneHHblX P5!AOB AATB A1171 aHa111t13a HeonpeAe11eHHocreiil 

npeACKa3aHVliil WlllpLt1Hbl pacnaAa rHo-+bb(MH). )J.1171 3TOro no lt13B€CTHblM nep

Typ6aTlllBHblM K03cPcPLt14111eHTaM dn(5) c n = 1, 2, 3, 4 Mbl nocrpo11111111 AI171 HI/IX 

~ 2 
34 Rs(MH) [f::iB ] 

' 32 .......... 
...... ...... ...... 30 .... .... ---- --- --

28 

26 

24 24 

22 

60 80 100 120 140 60 80 100 120 140 

P1t1c. 2. PesyJihTaTbI pac-Y:eTa BeJIH:qHHhI Rs(M~) B pasJIHqHhIX rro,n;xo,n;ax (rro-

51CHeHH51 CM. B TeKcTe) . 
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¢aKTOplllaJlbHO pacTyW,ytO (no ll1t1naTOBY [42]) MOAellb 

JH = cn-1r(n+1) + (3 r(n) 
n l+/3 ' 

c napaMeTpaMlll c = 2.4 VI (3 = -0.52, OCHOBaHHYIO Ha npOV13BOAflW,eii1 cPYHKU,llllll 

R (t) = /3 + t/c -t/c 
H C (/3 + 1) e . (4) 

0Ka3allOCb, YTO 3Ta MOAeflb AOCTaTOYHO 6111113Ka K npeACKa3aHlllf!M, OCHOBaH

HblM Ha np111Hu,1t1ne MVIHV1Ma11bHoiil YYBCTB1t1Te11bHOCT111 [43], KaK Allfl lll3BeCTHblX 

K03cPcPlllU,llleHTOB dn(5) c n = 1, 2, 3, 4, TaK lll Allfl Helll3BeCTHOro K03cPcPlllU,lll

eHTa d5(5). C noMOW,btO MOAe11111 npo1t13BOAf!W,eii1 cPYHKU,llllll PH(t) 1t1 ¢opMy11b1 

nepecyMMlllpOBaHl/lfl HeCTeneHHblX PflAOB AATB, no11r1eHHOii1 B r11ase 2, npo

BeAeH a Han 1113 ow1t160K 06pb1Ba pa3110:>1<eH1t1fl AATB Allfl R5APT[L] B 0611acT111 

L E [11.7, 13.6], OTBeYat0w,eii1 0611acT1t1 Mace 6o30Ha X111rrca 80 - 180 r3B 

~~ 2 
np111 AQCD = 201 M3B, KOTOpafl cooTBeTCTByeT 2lf0 b(mz) = 0.122. B 3TOii1 

3.0 

0.025 .62[L] --- ---
0.02 ---------------0. 015 - - -

3.5 rH-iib [MeV] 

2.5 

0. 01 .63[£] 

o. 005 .64[L] 
------- ----- ------- ----- 2.0 

L 
12 12.5 13 13.5 

P111c. 3. CJieBa noKa3aHbI OTHOCMTeJibHbie OIIUI6KM Ll.N[L] c N = 2, 3 M 

4 o6pbIBa HeCTeIIeHHOI'O p.H,n;a ,Ll;JI.H IIIMpMHbI pacrra,n;a I' fiO-tbb[L] TIO OTHO

llleHmO K pesyJibTaTy TIOJIHOro cyMMMpOBaHM.H KaK cPYHKIJ;MM JIOrap11cpMa 

L = ln(M~/ A2). CnpaBa IIOCTpoeHhI caMM lllMpMHbI r H-tbb y2Ke KaK cPYHK

IJ;MM Macchi 6osoHa X11rrca MH B rrepecyMMMpoBaHHoli ,lI.ATB ( crrJiomHa.H 

KpMBa.H) M B o6opBaHHbIX (Ha IIOp5I,n;Ke N) ,lI.ATB. 3,n;ecb JIMHM.H c KOpOTKOM 

mTpMXOBKoli OTBeliaeT N = 1, c HOpMaJibHOM mTpMXOBKOM - N = 2, a c 

,IJ;JIMHHOM - N = 3. 
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06nacn11 Ls < L < L6, TaK LJTO o6~aTJ ¢opMyna cyMM111posaH1AT1 ynpow,aeTCTl K 

r~:b1 [L] = rg(m(l)) { 2t~'[L] +; {ti.62ll+vo [!] ))B 
vo 

+; { fill+vo [L+A5- 1f~J ~B } (5) 
vo 

c Pv0 (t), onpeAenTJeMofil no (3) IA (4) c napaMeTpaMIA c = 2.4, (3 = -0.52 IA 

v0 = 1.04. PacCL-11t1Tb1san111cb OTHoc11nenbHb1e ow1116K111 

rFAPT _ [L. NJ 
~ [L] = 1 _ H -i-bb ' 

N rFAPT -[L] 
H-i-bb 

(6) 

06pb1sa pTlp,a AATB 

rFAPT -[£·NJ =rb(m2) {2(glob[£]+d ~dn2(glob [£]} 
H-i-bb ' 0 (i) vo i L...t 1rn n+vo ' 

n=i 

(7) 

Ha nop.71,LJ,Ke N. Pe3ynbTaTbl 3TIAX pacL.JeTOB noKa3aHbl Ha p1ACYHKe 3, s BIAp,e 

3as111c111MOCTefil ~N[L] OT L p,nTl N = 2, N = 3 111 N = 4. Xopowo BIAP,HO, LJTO 

y>Ke ri;_:bb[L; 2] AaeT TO'-IHOCTb nyi-1we L.JeM 2.5%, B TO speMTl KaK r~_:bb[L; 3] 

AOCTl/lraeT TOLJHOCTl/1 nopTlp,Ka 1 %. 

TaKVIM o6pa30M, p,nTJ paC'-1eTa w1Ap111Hbl pacna,LJ,a 6o30Ha X111rrca c TOLJHO

CTblO 1% B o6naCTl/1 3HaL.JeHIAfil ero MaCCbl ffiH = 60 - 180 138 snonHe AOCTa

TOLJHO yi-1eTa BKna,D,OB C K03cPcPlllL\VleHTaMV1 do, di, d2 V1 d3, a yL.JeT BKnap,a C d4 

nplllBO,LJ,lllT K ynyL.JweHIAIO TOLJHOCTVl /J.O 0.5%, LJTO He CTOnb Ba>KHO, noCKOnbKY 

ow1116Ka onpe,o.eneHl/171 non10cHofil Maccb1 111MeeT nop.71,Ll,OK 2%. 

Ta6Jinu;a 1. I1epTyp6aTHBHbie Koa¢qrn:u;neHTbI dn cTerrettttoro pa3JIO)KeHH5I 

Ds B ,z::r,e¢opMnpoBaHHbIX Mo,z::r,eJIBx B cpaBHeHHH c ncxo,rr,HbIMH. 

Koa ¢¢ HIJ;HeHTbI di d2 d3 d4 ds 

I1epTyp6aTHBHbie pe3yJibTaTbI (NJ = 5) [41) 1 7.42 62.3 620 

Mo,rr,eJib P+(t) ( 4): c = 2.62, (3 = -0.50 1 7.85 68.5 752 10120 

Mo,rr,eJib P_ (t) ( 4): c = 2.25, (3 = -0.51 1 6.89 52.0 492 5707 

nocne 3TOro nposep,eH aHanlA3 LJYBCTBl/ITenbHOCTl/1 pe3ynbTaTa nepecyMMIA

posaHl/171 s AATB K ,o.eTanTJM MOAen111posaH1117! npo1A3BOATJ~efil cPYHKL\llllA P(t). 
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~fl.Tl 3Toro Mbl 111cno11b30BaJ1111 ,LJ,Be ,LJ,ecjJopM1t1poBaHHb1e MO,LJ,e11111 P±(t), s KOTOpb1x 

nepTyp6an1BHb1e K03cPcP1t1L\1t1eHTbl Jn yo111eHbl (P+(t)) 11111111 ocna611eHb1 (P_(t)) 

OT 5 ,LJ,O 15%, ,LJ,eTaJl1t1 CM. s Ta6Jl1t1L\e 2.1. Pe3ynbTaTb1 noKa3aHbl Ha 11esoii1 naHefl1t1 

p1t1cyHKa 4 B Blt1,LJ,e nOJlOCbl, BepXH7171 rpaHlt1L\a KOTOpoiii onpe,LJ,e11.T1eTC.T1 yc11111eHHOii1 

MO,LJ,ellblD P+(t), a H1t1>KH.T1.T1 - oc11a611eHHOtil MO,LJ,e11b1D P_(t). 

3.5 r'}J__,bb [MeV] 35 r~__,bb [MeV] 

3.0 • 3.0 

2.5 2.5 

2.0 2.0 

100 120 140 160 180 100 120 140 160 180 

P1t1c. 4. CJieBa: 1Ilrrp1rna pacrra,n;a r~-tbb KaK cPYHKI.l;II5I MaCCbI xnrrcoB

CKOro 6o3otta MH B rrepecyMMHpOBaHtto:H: ,II;ATB c pa3JIH'-IHbIMH Mo,n;eJI5I

MH rrpOH3BO,I1;5IIIJ;8H cPYHKD;HH p ( t). ilIHpHHa IIOJIOCbI orrpe,n;eJI5I8TC5I ,D;BYM5I 

9KCTpeMaJibHbIMll MO,D;8JI5IMH p ± ( t). CrrpaBa: ilIHpHHa pacna,n;a r~ -tbb KaK 

¢yttKD;H5I Macchr XHrrcoBcKoro 6o3oHa MH B rrepecyMMHpoBaHHo:H: ,Il;ATB 

rrpll BapHaD;Hll mb = 9.051 ± 0.097 raB B COOTB8TCTBllll c OD;8HKaMH KIOHa-

1liTai1:Hxay3epa ,IJ;JI5I mb(mb) = 4.189 ± 0.045 fsB (44). 

B1t1,LJ,HO, YTO Heonpe,LJ,efleHHOCT1t1, 1t1HAYL\1t1pyeMb1e TaK1t1M1t1 1t1cKa>KeH1t17lM1t1 

npo1t13BO,LJ,5l~eiii cPYHKL\1t11t1 P(t), oKa3blBalDTC5l nop7!,LJ,Ka 0.6%. B TO >Ke speM.TI, 

ow1t16Ka onpe,LJ,eneH111.T1 no111DcHoii1 MaCCbl oKa3btsaeTc7! 6011bwe (CM. Ha npasoiii 

YaCTlt1 p111cyHKe 4), '.:::::'. 23, TaK YTO cyMMapHa5l no11yw111p111Ha nOJlOCbl Heonpe,LJ,e

JleHHOCTetil HaWlt1X npe,LJ,CKa3aH111ii1 VlMeeT nop5l,LJ,OK 3% lt1 onpe,LJ,ell5leTC5l B OCHOB

HOM Heonpe,LJ,eneHHOCT5lMll1 3HaHV15l nOJll{)CHOiii MaCCbl. 

TaK1t1M o6pa30M, ~ATB no3so115leT He TOJlbKO OL\eHlllTb 3cjJcjJeKT aHaJl1t1-

T1t13aL\111111 Nr3as111c1t1MocTeiii nepTyp6aT111BHblX K03cPcP1t1L\111eHTOB, KOTOpb1iii np111-

BO,LJ,ll1T 15%-HOMY nOHlll>KeHl/11{) w1t1p1t1Hbl pacna,n,a KaK B 2-, TaK lt1 B 3-neTJleBOM 

np1t16111t1rKeH1t15lX, HO 111 OL\eHlt1Tb Ba>KHOCTb yYeTa CJle,D,ylD~lllX nepryp6aTLllBHblX 

nonpaBOK: np1t1 TOY HOCTl/1 onpe,LJ,eJleHl/15! KBa,LJ,paTa nOJll{)CHOiii MaCCbl nop5lp,Ka 1 % 

noKa npe>K,D,espeMeHHO yY1t1Tb1BaTb 4-neT11esy1D nonpasKy, nocKOllbKY 3TO ,LJ,aeT 
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YTOY HeH1t1e nop7!p,Ka 0.5%. 

B YeTBepToiil rnase « Pact..teT cl:>aKTOpV13yeMoii1 t..taCTVI cl:>opM

cl:>aKTopa n1110Ha B ATB VI )J.ATB» nposep,eHo 06cy>Kp,eH1t1e pacYeTa cpaK

Top1t13yeMoii1 YaCTl/I 3JleKTpOMarHl/ITHOro cpopMcpaKTOpa (<t><t>) nl/IOHa B CTaH

p,apTHOM noAxop,e KXtJi-cpaKTop1t13aL\111111. B nepsoM pa3p,ene paccMaTp1t1satDTC7l 

OCHOBHble MOMeHTbl cpaKTOp1113aL\lllOHHOro pacYeTa cDcD nl/IOHa, onpep,e115leTC7l 

aMnmnyAa >KeCTKoro KXtJi-nop,npoL\ecca vi ssop,111TC7l aMn11111Typ,a pacnpep,e11e

Hl/l7! (AP) KBapKOB B n1110He. 

3aTeM on1t1cb1saeTC7l 3BOJHOL\1117l EcppeMosa-Pap,IDWKl/I Ha-5pop,cKoro-

nena>Ka (EP5n) [39] P,fl71 nl/IOHHOLil AP KaK B OP,HO-, TaK I/I p,syxneTJleBOM 

np1t16Jl111>KeHl/l7IX: Ba>KHblM OTJll/IYl/leM p,syxneT11esoii1 3BOfllDL\l/ll/I OT OP,HOneT11esoii1 

71Bfl71eTc71 pacn11b1BaH111e AP s Bb1cw1t1e rapMOHl/IKlll, YTO np1t1sop,1t1T K 3aTpyp,He

Hl/llD Y1t1c11eHHblX pac'-leros. 0TMeYaeTrn, '-ITO y'-leT Pr xapaKTepa p,syxnernesoiil 

3BOfllDL\l/ll/I, nposep,eHHbliil s pa6oTe [5], np1t1BOP,l/IT K 3aMep,neHl/llD 3B0111DL\llll/I. 

tJin71 cpeH0MeHonorviL1ecK111 lllHTepeCHblX HenepTyp6aTl/IBHblX Mop,enelil AP n1t10Ha, 

a l/IMeHHO, p,syrereH6ay3pOBCKl/IX MOp,e11eii1, B '-ll/ICJlO KOTOpblX BXOP,71T I/I Tplll nony

Il71pHble Mop,en111, ac111MnTOTl/IL1ecKa7l, YepH71Ka->t<111THl/IL\KOro (Y>+<) I/I 5aKynesa

M 111xaiilnosa-C recpa HI/lea (5M C), ypasHeHV171 ,D,ByxneT11esoii1 3BOlllDL\ltH1 ynpow,a

IDTC71. Ha np1t1Mepe Mop,enl/I 5MC npoaHa111t13lllposaHa sa>KHOCTb 111cno11b3osaH1t17l 

p,syxnernesolil 3BOfllDL\l/ll/I B pacYeTax cDcD nl/IOHa B O(a;)-np1116111t1>KeHl/ll/I. no

Ka3aHO, YTO B 3Tl/IX pac'-leTax p,syxner11esy1D 3BOfllDL\l/llD MO>KHO 3aMeHl/ITb Ha 

op,Honer11esy1D - reHep111pyeMa7l np111 3TOM ow1116Ka MeHbwe 1 %. 

B n71TOM pa3p,ene 111cc11ep,yeTC7l np1t1MeHeH111e ATB s 3ap,aL1e pacYeTa 

¢aKTOp1t13yeMolil '-laCTl/I nlllOHHOro cDcD c Bb16opOM Macwra6a ¢aKTOp1113aL\l/ll/I 

µ~ = Q2. TaKolil Bb16op np111sop,111T K 111cL1e3HoseH1111D 3BOfllDL\lllOHHOro nora

p111¢Ma ln[Q2 / µ~] s >KeCTKoLil KXtJi-aMn11111ry,D,e nop,npol.\ecca. OcHOBHOiil L\eflblD 

3p,ecb 71BJ171eTC71 aHaJ11/13 3aBl/ICl/IMOCTl/I pe3yJlbTaTOB OT Bb16opa cxeMbl I/I Mac

wra6a nepeHopM111posK111. Op,HaKo np111 3TOM B03Hl/IKalDT 3B0111DL\lllOHHble ¢aK

TOpb1 E~0 (Q2 ,µ5) r-v a~n(Q2 ), r,D,e Vn = 'Y~o)/(2bo) - p,po6Hble '-ll/ICfla, npo

BOP,lllTb aHaJll/ITl/l3aL\l/llD KOTOpblX B ATB HeT B03MO>KHOCTl/I. no3TOMY B [6] Mbl 

nposop,1t1n111 L1111c11eHHoe peweH1t1e ypasHeH111Lil 3B0111DL\1t11t1 EP5n c aHa11111T111L1ecKolil 
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KOHCTaHTOL::i CB713111. TaKVIM cnoco6oM 6b111V1 111cc11eA0BaHbt cTaHAapTHa71 cxeMa 

nepeHopM111posK111 MS c HecKOJlbKlllMlll cnoco6aM111 Bbt6opa MacwTa6a nepeHop

MlllpOBKlll (cTaHAapTHblL::i µ~ = Q2, no nplllHL\Vlny MVIHVIMaJlbHOL::i LlYBCTBVITeJlb

HOCTVI, no MeTOAY 6btCTpeL:1weL:1 CXOAVIMOCTVI, npOCTOe VI MOAVlcPVIL\VIPOBaHHOe 

BLM-npeAnV1caH1117!), a TaK>Ke av-cxeMa. 

npoL\eAypa aHanVITVl3aL\Vllll nVIOHHOro cjJopMcjJaKTOpa B O(a;)-nop7!AKe Be

AeT K HeOAH03Hal.lHOCTlll: ec11V1 Mbl 3aMeH7leM a 8 (µ2) --7 A 1(µ2), TO KaK nocTy

naTb c KBaApaTOM 3cjJcjJeKTVIBHOro 3ap7!p,a, a;(µ2)? lllcTOpVILleCKl/I 6btll0 npeA

JlO>KeHo ABa peL\enTa ,L1,ei1cTs111iil: 

(i) TaK Ha3btBaeMa7! cxeMa «Ha111BH0L1 aHanV1TV13aL\lllVI», s KOTopoL::i 

a;(µ2) --7 [A1(µ2)] 2. 3aMeT~M, LlTO B 3TOM n0,[1,XO,[l,e KBaApaT aHaJlVITVILleCKOL::i 

KOHCTaHTbl CB7131/1 He l/IMeeT AV1Cnepc1110HHOro npeACTaBneHl/171, a 3Hal1VIT VI nVIOH

HblL::i cPOPMcPaKTOp TO>Ke. 

(ii) CxeMa «MaKCVIManbHoiil aHanV1T1113aL\V1V1», KOrAa a;(µ2) --7 A 2(µ2). 

B 060V1x cflyl.la71x B Kal.leCTBe aHaJ1V1T111L1ecK111x 3ap7!,ll,OB A 1 (µ~) VI A2 (µ~) V1c

no11b3osa11V1cb AByxneT11eBbte rno6anbHbte 3ap7!Abt Ai2);glob(µ~) VI A~2);glob(µ~). 

Ha pVlc. 5 noKa3aHbt nonyLleHHble pe3yflbTaTbt A117! cjJaKTOpV13yeMoii1 YaCTVI 

nlllOHHOro cPOPMcPaKTOpa B pa3J11/1LlHblX nOAXOAax: B CTaHAapTHOL::i TeOpVllll B03My

~eHVIL1 KXA (cnesa), s cxeMax ATB c «HaVIBHOiil aHanV1TV13aL\V1eii1» (s L\eHTpe) 

111 c «MaKc111ManbHOii1 aHanV1TV13aL\111eii1» (cnpasa). B cnyl.lae cTaHAapTHOVi Teo

pVIVI B03My~eHlllii1 Mbl BVIAlllM 6onbwoe paCXO/t<AeHVle npeACKa3aHVIVl B o6JlaCTVI 

Q2 = 1 - 50 f 382. Ha 11esoM p111cyHKe noKa3aHbt npeACKa3aHlll71, OTBeYatOLL\Vle 

CJleAYtO~l/IM MaCwTa6aM nepeHOpMlllpOBKlll: CTaHAapTHOMY µ~ = Q2 (wTpV1-

XOBaHHa7! JlVIHV17!), BLM c µ~in = 1 f3B2 (cnflOWHa7! f1111H11171), FAC (wTpV1x

nyHKTlllpHa7! J1VIH11171) Ill PMS (nyHKTV1pHa71 J1VIHV17!). npocToiil BLM-Bbt6op npVl

BOAVIT K pe3yllbTaTaM, npOCTO He noMeLL\atOLL\VIMC71 B BVl,[l,VIMOL::i LlaCTVI pVICYHKa. 

B c11yL1ae ATB c «HaVIBHOL::i aHan111T1113aL\V1eii1» (Ha pVICYHKe B L\eHTpe) Mbl BVIAVIM 

He CTOJlb 60JlbWOe paCXO>KAeHl/le npeACKa3aHVlii1 B o6naCTlll Q2 = 1-50 r3B2 no 

cpasHeH111t0 co cTaHAapTHOL::i Teop111V1 B03MYLL\eHVlii1 KXA, oco6eHHO ec11V1 yLleCTb, 

LlTO Tenepb noKa3aHbl npeACKa3aH1117!, nonyYeHHbte c BLM-npeAn111caHV1eM (nyHK

TV1pHa71 JlVIH1117!) 111 B av-cxeMe (wTp111x-nyHKTV1pHa7! J1VIHV17!). Ho see >Ke 3TO pac-
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Pltlc. 5. Pe3yJibTaTbI ,Il;JI.H Q2 F!act, rroJiy-Y:eHHbie B CTatt,n;apTHOit TB ( cJieBa), 

ATB c «Ha:rrBHoit attaJIHTH3au;:rrnit» ( B u;eHTpe) H c «MaKCHMaJibHOit attaJI11Trr-

3au;11e:fi» ( crrpaBa). 06o3Ha-Y:eHH.H KpHBbIX CM. B TeKcTe. Bee pac-Y:eTbr rrpoBe

,n;eHbI ,II,JI.H peaJIHCT.rrqecKo:fi aMrrJIHTY,II,bI pacrrpe,rr,eJieH.rr.H BMC. 

XO>Kp,eHltle 3aMeTHO V1 OCTaBn7!eT Bonpoc 0 Bb16ope Macwra6a OTKpblTblM. A BOT 

p,m1 ATB c «MaKClllManbHOVi aHan111Tvi3al.\111elil» (Ha pltlCYHKe cnpasa) sonpoc o 

Bb16ope MacwTa6a npaKTlt1LJeCKlt1 He BCTaeT soo6LL.\e: see cxeM bl ( o6o3HaLJeHlt171 

KplllBblX Te >+<e, LJTO V1 Ha L\eHTpanbHOM pltlCYHKe) p,alOT npaKTl/ILJeCKltl OP,Hlll 111 Te 

>+<e pe3ynbTaTbi! 3ToT HeTplt1Blt1anbHbliii pe3ynbTaT nplt1MeHeH1115l ATB, c Haweiii 

TO'-lKlll 3peHV15l, CBltl,D,eTellbCTByeT 0 MOW,Vl nplllHl_\Vlna aHanlllTVl'-lHOCTVI B KBaHTO

BOVi Teopvi Ill nOJl5l. 

B cnep,yfDw,eM pa3p,ene Mbl ¢viKc111pyeM MacwTa6 ¢aKTop1113aL\VIVI µ~ = 

const, raK LJTO rereH6ayaposcK111e Koa¢cb111'-\111eHTbl a2(µ~) vi a4(µ~) TaK

>+<e CTaHOB71TC5l KOHCTaHTaMVI, a MaCWTa6 nepeHOpM111pOBKl/I Bb16111paeM npo

nOpl.\ltlOHaflbHblM Q2: µ~ ARQ2. B3aMeH y Hae B03HVIKaeT p,o6asoK 

(a;(.\RQ2)/7r) ln(Q2 /µ~). KOTOpb11i1 s AATB npeo6pa3yeTC7l K svip,y 

[ a;(.\RQ2) In ( ~;) l11SB c~l;glob(.\R Q2) - A~2);glob (.\R Q') L(.\R Q') 

+ A'):glob ( .\R Q') In ( ~) 

nonyLJaeMble nplll yLJeTe 3TOrO BKnap,a ¢¢ Mbl 6yp,eM o603HaYaTb 

[ F:act( Q2) J .LJ.ATB. Ha pvicyHKe 6 M bl noKa3b1saeM pe3yflbTaTbl pacYeTOB Ta

KlllX <P<P np111 pa3Jll/1'-lHblX 3HaLJeHV15lX MaCWTa6a ¢aKTOp1113al.\lllVI (cM. no,n,nlllCb 

nop, pvicyHKOM). Pa3n111LJHb1e Kp111sb1e Ha p111cyHKe OTBeLJafOT pa3nVILJHblM cxe

MaM 111 Bb16opaM MacwTa6a nepeHopM111posK111 (o6o3HaLJeH1117! cornacosaHbl c 
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o6o3HaYeHl/l5lMl/I p111c. 5): cn11owHa5l Jll/IHl/l5l cooTBeTcTsyeT BLM-npegn111caH111t0 c 

µ~in= 1 r3B2, WTp111XOBaHHa5l Jll/IHl/l5l - CTaHgapTHOMy Bb16opy AR= 1, WTp111X

nyHKTlllpHa5l (noYTl/I CJ11/1BaeTC71 co WTplllXOBaHHoiil) - av-cxeMe, nyHKT111pHa71 -

BLM-npegnVJcaHl/l tO. 

~~-~-----..~-----,-·~ 

0.4 (Q'F%'"'(Q'Jl.uATB 0,4 (Q'F%"'(Q')j.UATB 0.4 [Q'F[""(Q')j,!J.ATB 

0.3 ' 0.3 ' 0.3 " 

0.1 0.1 0.1 

Q2 [roB2J Q2 [rsB2J Q2 [f,B2J 
10 20 30 40 50 10 20 30 40 50 10 20 30 40 so 

P111c. 6. Pe3yJihTaThI ,rt;JI.H Q2 F;act, rrony"l!eHHbie B rro,n;xo,n;e ,II;ATB c pa3JIH"l!

HhIMH MaCIIITa6aMH ¢aKTOpH3aIJ;HH: µ~ = 1 I'sB2 ( CJieBa), µ~ = 5. 76 I'sB2 

(B n;eHTpe) H µ~ = 10 I'sB2 (crrpaBa). 0603Ha"l!eHH5I KpHBbIX CM. B TeKCTe. 

Bee pac"l!eThI rrpoBe,rt;eHbI ,rt;JI5I peaJIHCTHl.!ecKoil aMrrJIHTY,rt;hI pacrrpe,rt;eJieHHTI 

BMC. 

Mb1 Bl/l,D.l/IM on71Tb, YTO see Kp111sb1e oYeHb 6111113Klll ,n.pyr K gpyry: w111p111-

Ha nOJlOCbl OTHOClllTeJlbHO u,eHTpanbHOiil Jll/IHl/11/1 lllMeeT nop7!,D.OK 7.53, a ec11111 

He yY111Tb1BaTb ,n.ocTaTOYHO 3K30TlllYecKoe BLM-npegn111caHV1e - TO 111 sosce 53. 

3aBl/ICl/IMOCTb caMl/IX pe3yllbTaTOB OT Bb16opa MaCWTa6a ¢aKTOp1113aU,l/ll/I TaK

>Ke OKa3blBaeTC5l OYeHb Ma110Vi: OTHOCl/ITeJlbHa5l pa3HOCTb Me>K,n.y pe3yJlbTaTaMlll, 

OTBeYatOLI.1illlMl/I µ~ = 1 r3B2 Ill µ~ = 10 r382, COCTaB115leT 13 ,[1,J15l cnyya71 av

cxeMbl (,n.n71 ,n.pyrnx sb16opos MacwTa6a nepeHOpM111posK111 - el11ie MeHbwe), a 

ec11111 cpaBHlllBaTb cnyYaVi µ~ = 1 r3B2 CO cnyL!aeM µ~ = 50 r3B2, TOrp,a OTHOClll

TeJlbHa.71 pa3HlllL\a pe3y.nbTaTos goxo,n.111T ,n.o 23. TaK111M o6pa30M, VJcnonb30BaH111e 

np111Hu,111na aHamHl/IYHOCTl/I TaK>Ke CHl/l>KaeT 3aBl/IClllMOCTb OT Bb16opa MaCWTa6a 

¢a KTOp1113a U,111111. 

C.ne,n.yt0LI.1i111iil pa3ge11 nocB7!LI.1ieH peweH111t0 npo611eMb1 noporos n:i:>Ke11b1x 

KBapKos ,n.n71 cDCD nVloHa s no,n.xogax ATB 111 PATB. CyTb caMoVi npo6neMbl 

Ta Kosa: Hesegy~a.71 nonpasKa K cDcD nponopu,1110Ha11bHa K03cPcPlllL\llleHTY bo 111, 

TaKl/IM o6pa30M, 3aBlllCl/IT 5lBHO OT N1. no3TOMY np111 Bb16ope N1 B ¢opMynax 

p,1171 cDcD no cTaHp,apTHOMY peu,enTy µ~ = Q2 111 cp,s111rax µ~ Ha noporax T.7l>Ke11b1x 
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P111c. 7. PesyJihTaTbI ,IJ;JIR Q2 FJact, IIOJIY'-IeHHbie B rro,n;xo,n;ax ATBMaxAn, ,D;ATB 

c cPHKCI1pOBaHHhIM MaCIJJTa6oM cPaKTOpH3aI.J;HH H ,n;ATB c µ~ = Q2. 06osr-rn

'IeHH5:I KpHBhIX CM. B TeKcTe. Ha rrpaBOM pHCYHKe rrpocTo yBeJIH'IeH MacIJJTa6 

OCH op,n;rrnaT, 'IT06bI JIY'IIIIe MO./KHO 6bIJIO ymr,n;eTb Bee TpH KpHBhie. 

KBapKos TaK, LJT06b1 06ecne1..J1t1Tb HenpepblBHOCTb caMoro CDCD, Mbl no11y1..J1.11M c:DCD 

n1110Ha KaK HenpepblBHYID cPYHKLl,l/llD, HO Y>K Hl/IKaK He aHaJll/ITl/l'-leCKylD. 

PeweH1.11e 3Toii1 npo611eMbl B ATB nonHOCTbtO aHanornYHO peu,enTy r.no-

6an1113au,111111 3cjxpeKT1t1BHoro 3ap51p,a B ATB: 3as1t1C5lll\V1e OT N1 nepTyp6aT1.11BHb1e 

pe3y11bTaTb1 p,a!DT HaM 3aBVJC7lll\1!1e OT N1 cneKTpa11bHb1e n110THOCT1.11, pa3pb1B

Hble Ha noporax, op,HaKo reHep1.11pyeMb1e 1.11M111 1..Jepe3 p,111cnepcvioHHb1e 1.11HTerpa11b

Hb1e npep,cTaBJ1€HV171 3cPcPeKTl/IBHble 3ap51P,bl B eBKJll/IP,OBOii1 o6naCTl/I 51BJ17llOTC71 

aHanviT1.111..JecK1.11M1.11 cPYHKLJ,1!151Ml!1 s esK111.11p,osoii1 0611acT111. B MVIHKOBCKoii1 0611acT1.11 

Ce'-leHl/151 OKa3blBalOTC51 npOCTO HenpepblBHblMl/I cPYHKLJ,V171Ml/I. 

Pe3ynbTaTbl pacYeToB n1.110HHoro c:Dc:D B pa3HblX nop,xop,ax noKa3aHbl Ha 

p1.11cyHKe 7: nyHKT1.11pHa5I 111.11H1.117l OTBeLJaeT nop,xop,y ATB c «MaKCVJMaJlbHOii'i aHa-

11111T1.113au,1.11eii'i», WTplt1XOBaHHa71 11VIHl/l71 - tJiATB C µ~ = 5.76 r382, B TO speM71 

KaK cn11owHa5I 11VJHV17l noKa3b1saeT pe3ynbTaT IJiATB c µ~ = Q2 (se3p,e Bb16paH 

MaCWTa6 nepeHOpM1!1pOBKl/I µ~ = Q2). no11y1..JeHHOe COrllaCVJe (Ha ypOBHe 1.5%, 

LJTO MO>KHO ys111p,eTb Ha npasoii'i LJaCTVI p111cyHKa 7) Cl/lllbHO sneLJaTJ15leT. 

B 3aKnt01..J111TellbHOM pa3p,ene 3Toii'i rnasb1 MbI o6cy>Kp,aeM nepexop, B 06-

naCTb MviHKOBCKoro P,JlTI n1.110HHOro c:DcD vi po11b p,vicnepc1110HHoro npep,cTas11eH1117l 

B TaKOM nepexop,e. noKa3aHO, 1..JTO P,1151 on111caHl/l7l ct>CD n1110Ha B o6naCTVI M1t1HKOB

CKOIO aHallVITl/11..JeCKl/le 3ap7!P,bl 2lv(s) He npvirop,Hbl: y HI/IX OTCYTCTBYIDT MHl.tlMble 

1..JacT1.11, KOTOpb1e c Heo6xop,1t1MOCTblD P,OJl>KHbI 6bJTb y n1110HHoro CDCD. TaK1t1M 06-
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pa30M, 3ap71Abl 2lv(s) npv1rOAHbl TOllbKO A1171 on111caH1117I se11w-1111H T111na ceYeH111Vl 

R(s) = O"e+e---+hadrons(s)/o-e+e-___,µ+µ-(s). A ,D.1171 on111caHl/l7I cDcD B 3TOVJ 0611acT111 

Heo6xo,D.111Mo V1cno11b30BaTb 3ap71,D.bl A~lob ( -s). 

B nocneAHeiil rnase « Pact..teT non Haro cflopMcflaKTopa nvio

Ha B KXA npasvinax cyMM c He110Ka11bHb1M111 KOHAeHcaTaM111» Mbl 

nocTpOV111 VI VI n poa H a11V13111posa11111 Al171 ABYX rayccoBblX MOAe11eV\ He110Ka11 bHO

ro KX~-BaKyyMa TpexTol..feLJHOe npasV1110 cyMM KX~ ,D.1171 ~rneKTpoMarH1t1THoro 

cD¢ n1110Ha. K AOCTOl/1 HCTBaM TaKoro a HaJ11/13a CJle,D.yeT OTHeCTl/I He3aBVICl/1 MOCTb 

pe3y11bTaTOB OT npo¢1111151 n1110HH0Vl AP - 3TO np111BOAl/IT K yMeHbWeH11110 Teo

peT111LJecK0Vl HeonpeAe11eHHOCT1t1, CB513aHHOVl c napaMeTp1113a4V1eV\ nVIOHHOVl AP 

B Hl/l3KOVJ TOLJKe HOpM111pOBKl/1 (nop51AKa 1 r3B). KpoMe Toro, Mbl nonblTalll/ICb 

yMeHbWVITb BJ1V171HV1€ HapyweHl/151 Ka11V16poBOLJHOVJ l/IHBap111aHTHOCTVI, l/1HAY41t1PY

eMOVJ rpy6blM MO,ll,e111/1pOBaHl/1eM HeJlOKallbHOCTl/I BaKyyMHblX KOH,D.eHCaTOB: B Ha

WI/IX pacLJeTax Mbl yLJ11111 He TOllbKO MVIHVIMallbHYIO rayccosy MOAellb HBK, HO 

TaK>t<e I/I y11yLJweHHYIO MOAellb, pa3pa6oTaHHYIO HaMl/I B [10). 

OcHOBH ble npeACKa3a Hl/151 A1171 cDcD nVIOHa Fn( Q2) noKa3aH bl Ha pvicyHKe 

8 B cpasHeHVIVI c cyl..1.\eCTBYIOUJ.lllMl/I 3Kcnep111MeHTallbHblMl/1 AaHHblMl/1 (cTapb1-

M1t1) KopHe1111a [45) 1/1 (6011ee HOBblMVI) rpynnb1 Jlab [46). 0Ka3a11ocb, LJTO yl..feT 

0( a 8 )-BK11aAa B cneKTpa11bHY10 n110THOCTb noBblCl/111 npeACKa3aHl/1e A1151 ¢¢ B 

cpeAHeM Ha 20%' LJTO HeCKOllbKO M€HbWe npe,D.b1AYW.l/1X 04eHOK OTHOCl/1TellbHOVJ 

Ba>t<HOCTVI TaKVIX nonpaBOK [47, 34). 

KaK xopowo Bl/1AHO 1/13 p111cyHKa 8 4eHTpa11bHa5I 11111Hl/17! npeACKa3aHviVl A1151 

¢¢ n1110Ha, no11yl..feHHblX B y11yLJweHHOVl MOAe111.11, 11e>+<111T BHYTPll1 no11ocb1 ow1t1-

60K Ml/1Hl/1MaJlbHOVJ MO,D.elll/1 BnllOTb AO 3HaLJeHl/151 Q2 ~ 7 r3B2, LJTO rGBOp111T 

o cpaBH111MOM KaLJeCTBe npe,D.cKa3aHVIVl 06e111x rayccoBblX MOAe11eV\ HBK B 3TOVI 

0611acT111. OcHOBHOe OT111/1LJl/1e Me>+<AY 3Tl/1Ml/1 ABYM51 MOAe1171Ml/1 CB513aHo c pa3-

111/1LJHblMl/1 BK11aAaMV1 KBapK-rnt00H-aHTl/1KBapKosoro KOHAeHcaTa <I>qAq(Q2, M 2). 

no11yLJeHHble npep,CKa3aHl/171 XOpOWO Cor11acy10TC5l C pe3yllbTaTaMl/1 HeAaB

Hl/IX peweTOYHblX pacLJeTOB (48) nl/IOHHOro ¢¢ nplt1 Q2 < 4 r3B2. 

Mb1 nocTpo1t111V1 TaK>+<e 3cPcPeKTlllBHble noporn KOHTl.llHyyMa A1171 no,D.xop,a 

llOKallbHOVJ AyanbHOCTl/1, KOTOpbie no3BOJ15llOT B 3TOM nO,D.XOAe l/IMVITl/1 posaTb 
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Pl!lc. 8. HopMHpoBaHHhIH IIHOHHbI:ti: ¢opM¢aKTOp Q2 Frr( Q2) ,Il;JI5I MHHHMaJih

HOH ( IllTpHxoBaHHa5I JIHHH5I) 11 ,IJ;JI5I ynyLIIlleHHOH ( crrJIOillHa5I JIHHH5I) MO,IJ;eJie:ti: 

HBK ,IJ;JI5I )..~ = 0.4 2 B cpaBHeHHH c sKcrrepHMeHTaJihHhIMH ,r:i;aHHhIMH Kop

HeJIJia [45) (TpeyroJihHHKH) H na6. HM.,lI;:tKe¢¢epcoHa[46] (poM6b1). 

pe3yflbTaTbl, no11y'-leHHble HaMl!l B nOAXOAe 6openeBCKl!lX nc KX/l CpaBHeHl!le 

HaWl!lX npeACKa3aHl!lii1 c no11y'-leHHblMV1 paHee B nOAXOAe noKaJlbHOLil AYaflbHO

CTl!l [34] BblTIBJlTleT Cl/ICTeMaTlll'-leCKOe npeBblWeHV!e HaWVIX pe3yflbTaTOB. npl!lLfl!l

HOLi\ TaKOLil pa3HVl~bl TIBJ171eTC71 TOT ¢aKT, '-lTO 3cPcPeKTVIBHblLil nopor KOHTl!lHyyMa 

s&D ( Q 2) xopowo onpe,n.e11eH TOJlbKO s 0611acTl!l Ma11b1x Q2. tJ,1171 6611bwl!lx Q2 

aBTOpb1 [34] npeA110>t<lllfll!l no11b30BaTbC71 11orapV1cPMl!lL.fecKl!l pacTyW,l!lM noporoM 

LD 2 41T2 j'f'r 
so (Q ) = 1 + as(Q2)/7r' 

paBHblM 0.67 r3B2 npl!l Q2 ~ 10 r3B2. nocTpOeHHblLil HaMVI 3cPcPeKTl!lBHblLil 

nopor KOHTl!1HyyMa, VIMVITVIPYIDW,VILil pe3yJlbTaT nc KXtJ,, OKa3b!BaeTC71 Bb!We: 

s&D ( Q2 = 10 2) = 0.87 2. :ho 03HaL.faeT, '-lTO 0Wl!16Ka CTaHAapTHOIO npeAn vica

HVITI ,ll,1171 nopora s&D B 0611aCTVI Q2 = 10 r3B2 OKa3b!BaeTC71 nop71AKa 20%. 

Ha ocHose TO>t<AeCTBa VopAa Mbl nocTpoV111V1 [6, 11] npo~eAYPY cornaco

saHVl71 ¢aKTOpV13yeMOii1 '-!aCTVI cDcD nVIOHa, paCCLfl/ITblBaeMOLil B KOJ111V!HeapHOLil 

KXtJ,, c Mo,n.e11bt0 He¢aKTOpV13yeMorn BK11ap,a, no11y4aeMoii1 s noAXOAe 110Ka11b

HOLil p,ya11bHOCTVI c VICnOJlb30BaHl!leM nocTpOeHHblX 3cPcPeKTVIBHblX noporos KOH

TVIHyyMa. C ee noMOW,blD Mbl nocTpovi11V1 Bb1pa>t<eHvie p,1171 cDcD nvioHa s O(a;)

npl!1611vi1+<eHV1V1 B pa3BVITOM HaM1t1 nOAXOAe t:J,ATB. 0Ka3aflOCb, YTO 3TOT BKflaA 
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B aaKnto1-1eH111111 cyMM111posaHb1 ocHOBHb1e BblBOAbl AV1ccepTa~111111, a sa.>1<

Hb1e TexH111YecK111e AeTaJ1111 co6paHbl B AeB7!T111 np111110>1<eH1117!x: 

1. AsyxneT11esb1e Pr peweH1117! A1171 3¢¢eKT11tBHoro 3ap7!Aa s KX,Q. 

2. T pexneT11esb1e Pr peweH1117! AJ171 3¢¢eKT11tBHoro 3ap7!Aa s KX,Q. 

3. CneKTpa11bHb1e n110THOCT111 B l-neT11esb1x np111611111>1<eH1117!x. 

4. AHa11111T11tYecK111e csoii1cTsa <P(z, -v, 1) 111 F(z, v). 

5. AHoMallbHble pa3MepHOCTl/I 3BOlllOL\llllll n1110HHoii1 AP. 

6. nepTyp6aTl/IBHOe pa3JlO>KeHl/le Ds-cPYHKL...\111111. 

7. AH0Ma11bHb1e pa3MepHOCTlll 3BOlllOL\llllll KsapKOBblX Mace. 

8. napaMeTp1113aL\11171 HeJlOKallbHblX BaKyyMHblX KOHAeHCaTOB. 

9. Y111c11eHHb1e napaMeTpbl A117! npas11111 cyMM KXA. 
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