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06mAR XAPAKTEPHCT~KA PA60T~ 

AHTyonbUDCTb TBMbl. npoueccw IPOrMeHTOljllll RABP np1,1 CPBAHIAX II BblCO

HIAX 3HeprlARX B KIAHBMOTIA4BCHOll o6nocTIA,• 3onpemeHHOll AnR CB060AHoro OAPOH-' 

HyKnOHHoro pocceRHIAR, 1A3Y40IDTCR y111e AOBHO, H041AHOR C n110HBPCH~X po6oT 
r.A.ReKCIAHO, M.r.MemepRHOBO 1,1 AP- noA06HblB pa60Tbl CTIAMyn11poeon1,1 B03~1AK-

.HOBBHIA8 B reope11,14ecHoll RABPHOll l11311He TOH H03blBOeMoll "lnyKTOHHoll" MO

Aen11, nepewM oe1opoM HoTopoll 6wn A.H.6nox11Hues. BnocneACTBIIIA po3s1,1nocb 

uenoR o6noCTb IACCnBAOBOHIAll - penRTIABIACTCHOR RABPHOR l1A31AHO. 
Ee IAHTBHCIABHOB P03BIATIAB IOHTIA48CHIA H040nOCb B 70-x roAOX C npeA

CK030TBnbHblX pa6oT A.M.6onA~HO O ~BOPHOBOll ~PIAPOAB KYMYnRTIABHblX npouec~ 
COB IA nocneAOBOBWIAX ecneA 30 3TIAM 3KCneplAMBHTOB. Aonee nocneAOBOn uenwll 

PRA TBOPBTIA4BCHIAX pa6riT, 06bRCHRIDm11x KyMynRTIABHblll alleKT C P03Hb1X na31,1-
[l1All. 0AHO rpynna 1,13 3TIAX pa6oT CBR30HO C po3po60THOll "lnyKTOHHoll" MOAB
n1,1 Ho KeopKoeoll ocHose. ApyroR npeAnonaroeT Hon1,141,1e MonoHyKnOHHblX Koppe

nRu11ll B RAPOX. Bo ecex MOAenRX nOA06Horo TIAnO POIIIABHl,18 HYMYnRTIABHblX OA
POHOB 06bRCHR8TCR 30 C48T 83(11AMOA8llCTBIAR HoneTommell 40CTIA[jbl C HOMnOKT

HblM, MOCCIABHblM, o6p03080HIA8M BHYTPIA RAPO- np1,1 3TOM, KOH npoe11no, B301A

MOA8llCTBIIBM H040nbHOll 40CTIAljbl IA o6p030B08W8llCR KYMYnRTIABHOll BHYTPIA RAPO 

npeHe6peroeTcR~ 
0CT08TCR HBRCHblM, HOCHOnbKO .3TO npeHe6pe111eH1A8 cnpoeeAnlABO 1,1 KOKO~Q 

ponb penRTIABIACTCKIAX alleKTOB e RAPB, oco6~HHO B 06nocT11 AOnpeAenbHOll 
' ,· 

lporMeHTQljl,11,1. noaTOMY HB06XOAIAMO MOABnb, HOTOPOR no3eon11no 6bl C BAIAHblX 

n031A[llAll nOHRTb np11pOAY KOK KyMynRTIABHblX, TOK IA HeKyMynRTIABHblX OAPOH

RABPHblX npoueccoe. 

Uenb po6oTw cocTOIAT e po3po60TKe coMocornocoeoHHOro noAXOAO K' Teo

peTIA48CKOMY OHon1,13y OAPOH-RABPHblX npoueccoB HeKyMynRTIAB~OrO IA KyMynRTIAB~ 

Hriro TIAnO, BKnID40IDmero B ce6R AIAHOMIAKY B3011MOA8llCTBIAR HdneTommell 4QCTIA

llbl, penRTIABIACTCKIAB RA8PHb18 alleKTbl, HyKnOHHblB IA HBHyKnOHHble CTeneHIA CB0-

60Abl B RAPB, KOTOpblll no3Bon11n !lbl, BO-nepBblX, C BAIIHblX n031A[llAll onlACQTb 

IAMBIDm11ecR 3KcneplAMBHTOnbHbl8 AOHHble, a, BO-BTOPblX, YK030Tb noCTOHOBKY HO
BblX 3HCneplAMBHTOB AnR IA3Bne4BHIAR np1AH[l1An11onbHO HOBOll IAHIOPMOljl,11,1 0 MBXO~ 

HIA3MB peoK[llAll IA 06 3K30TIA4BCKIAX, HBHYKnOHHblX, COCTORHIARX B RAPOX. 

Hoy4HOR HOBIA3HO IA npOKTIA48CKOR UBHHOCTb. HOBblM RBnReTCR CO~AOHIAB 

COMocornocOBOHHOro nOAXOAO K OHOnlA3Y OAPOH-RABPHblX npoueccoB npeAKYMYnR
TIABHoro. IA KyMynRTIABHOro TllnO, Y41ATblBOIDmero MBXOHIA3M peOH[llAll, penRTIABIACT

CKIIB RABPHble alleKTbl, HeHyKnOHHble cTeneH~ cso<loAbl B RAPOX. 
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Bnepeue OT4eTn"1B0 noK03QHQ ponb A"1HQMl,1Ki,1 B30"1MOAe~CTB"1R HaneT □ 10men 

40CT"1l\U C RAPOM B o6naCTi,1 AOnpeAenbHO" ~parMeHTOL\"1"1 RABP (nPBAKYMYnRTl,1B

HO~ o6naCT"1), KOrAO 3Hepr"1Sl H04 □ nbHUX OAPOHOB Eo ~ 4¼5 (f3B). B 40CTHOC
rn, noK03QHQ onpeAenRIO~QSI ponb M6XQHl,13MO B036YltlA6H"1R . L'l.-1,1306afu np1,1 

o6p030B0Hi,1i,1 nporoH'oe B h-A COYAOP6H"1RX B K"1H6MOT"146CK"1 30npemeHHO~ 
o6nacrn (K30) AnR cso6oAHoro N-N cTonKH0BeHr.1st np1,1 E0 ~ jt2 (f3B). 

Bnepeue noK03QHQ BQltlHOSI ponb penstTi,18i,1CTCKO~ CTPYKTYPU AB~TPOHO, 
oco6eHHO HQ M □ nux N-N POCCTOSIH"1SIX, np1,1 1,1ccneAOBOHi,1i,1 nonstp"130l\"10HHUX 

sten~H1,1~ e npoqeccax T"1na cTpr.1nnr.1Hra AenTpoHo, 4TO stBnsteTcst 4pe3eu4a"Ho 

OKTy□ nbHUM B CBR3i,1 C npoBOA"1MUMl,1 ~ n~aH1,1pyeMUMi,1 nonstp"130l\"10HHUMl,1 3Kcne
P"1M6HTQMl,1. 

0poBOA"1Tcst nocneAoB □TenbHU~ □ Han1,13 3¢leKTOB BTOP"14HUX B30"1MOAe~cT
B"1~ OAPOHOB B S!Ape. 00KQ3UBOBTCSI, 4TO "1X BKnOA B o6p□ 30B0H"1e KyMynsti~B
HUX 40CT"1l\ nocTeneHHO BUM~paeT no Mepe npOAB"1ltlBH"1Sl B o6n □ CTb npeAenbHO~ 

lp □ rMeHT □ l\"1"1 stAep. HcxoAst 1,13 cneKTpos KyMynRTHBHUX npoToHoB B d-N-cTpr.1n

nr.1Hre, CTPOHTCSI HOBOS! CTPYKTYPHOSI IYHKL\"1Sl Ae~ipoHO, no~eAeHi~ KOTopon 

OTn"140BTCSI OT o6U4Horo ~epM"1-AB~ltlBH"1Sl HO M □ nux BHYTP"1AB"TPOHHUX paccTOR
Hi,1R~. BnepBue noK03UB06TCR CBSl3b 1,1 pa3n1,141,1e M~OrOKBOpKoiux io~11,1rypaq1,1~ 

OT M □ noHyKnOHHUX KoppenRL\"1" B SIAPB. 

P □.3B"1T □ HOB □ R MOAenb ~parMeHTOL\"1"1 RAP □ B odnacrn 6onb111r.1x KYMYnstrnB-. -
HUX 41,1cen B POMKQX MOAen1,1 KBOpK-rnlOOHHUX CTPYH, npeAnOnaraiomast cymecTBO-
BQHi,18 MHOrOKBOPKOB~X KOHlr.1rypaq1,1~ B S!Ape. Pe3ynbTOTU.TQ~O" MOAen1,1 xopo-

1110 cornacylOTCSI C 3KCnep"1MeHTOM. nenOIOTCSI npeACKQ3QHi,1R O noB8A8Hi,1i,1 "1HKnl0-

3i,1BHUX cneKTPOB KyMynstT"1BHUX OAPOHOB 1,1 CTPYKTYPHUX S!AePHUX ~YHKL\"1n np1,1 
6onbW"1X KyMynRTHBHUX 41,1cnax 1,1 nonepe4HUX r.1Mnynbcax.· 

8 qenoM pe3ynbTOTU pa60TU P03Bi,1BQIOT HOB08 HOnpaeneH"1~ penstT"1B"1CT

CKOn stAepHon l"13"1K"1 - Teop1,1io npoqeccoB IP □ rMeHT□ l\"1"1 stAeP np1,1 npoMe111yT04-
HUX 1,1 BUCOK"1X 3He~r"1RX, BKnl04 □ imyio B ce6Sl MeXOH"13MU S!A8PHU~ .pe □ Kl\"1~, cy
mecTBeHHUM o6pa3oM y41,1Tueaiomyio penstT"1B"1CTCKr.1e stAepHue 3lleKTU ·1,1 KB □ PKO

eyio CTPYKTYPY S!APO. Pe3ynbTOTU T □ Koro TeopeT"14eCKoro OH □ n1,13a H □ wn1,1 np1,1-
MeHeH1,1e, C OAHO~ CTOPOHU, B TeopeT"148CKi,1X pa60TQX APYrHX QBTOPOB, C APY
ro~ CTOPOHU, np1,1 noCTOHOBKe HOCTOR.i,1X 1,1 _nnaH1,1pyeMUX B 6YAYmeM 3Kcnep1,1-

MeHTOB. 

Anst 3amr.1Tu BUAB"1r □ ioTcR cne!yiomr.1e ocHoaHue pe3ynb □ Tu, nony4eHHue B 
A"1CcepTay1,11,1. 

l. P03B"1T TeopeT"146CK"1~ nOAXOA K OH □ n1,13y Heynpyr1,1x npOTOH-A6~TPOH

HUX COYAOP6Hi,1~ B o6n □ CT"1 AOnpeAenbHO" ~parMeHTOL\"1"1, Y4"1TUBOIO·i,1~ 06pa30-
BQHl,16 6ap"10HHUX P630HOHCOB B npoqecce TQKl,1X 830"1MOA6nCTB"1~. noK030HO, 

4TO np1,1 H04 □ nbHUX 3Hepr"1RX Eo ==2:,;-3 (f3B) P03HOB"1AHOCTb 3TOro M6XOH"13MO, 
TpeyronbHUe A"1 □ rp □ MMU C B"1pTy □ nbHUM M630HOM B npOM61t1YT04HOM COCTOS!Hi,1"1, 
A □eT 6onbwoe ce4eH1,1e o6pa3oB □ H"1R npoTOHOB B npeAKYMYnRTHBHO~ 06nacT1,1, 
4TO cornacyeTcst c 3Kcnepr.1MeHTOM. 
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2. P03Bi,1TO penS!Ti,1Bi,1CTCK06 o6o6meH"16 BUW6YK03QHHOro nOAXOA□ - Op1,1Me

·HRR A"1 □ rpaMMHYIO TeXH"1KY Ba~H6epra 1,1 penRT"1B"130l\"1IO BOnHoao" IYHKL\"1"1 Ae"-

l: TP~Ha, npOB6A6H nOAP06HU~ □ Han1,13 npoqeCCOB AOnpeAenbHO" ~parMeHTOL\"1"1 

; - A6"1TPOHO. 
I 3. npr.1 1,1ccneAoB □ H1,11,1 nonstp1,13aqr.10HHUX steneHr.1~ e d- P crp1,1nn1,1Hre 

l 06Hapy1t1eHa "1CKnl04"1T6nbHO BOltlHOR ponb A"1HOM"1Ki,1 B30"1MOA8~CTBl,1Sl HO CP6AH"1X 
1,1 6onbWi,1X N-N POCCTOSIH"1Rx·; rHH >0,4¼0,5 (h), 1,1 penstT"1B"1CTCK"1X 

3¢leKTOB s AenrpoHe Ha M □ nux 'NN • 
4. P □ 3Bi,1TQ HOBOS! KBOPK-n □pTOHHQR MOAenb npeAenbHO~ ¢parMeHTOL\"1"1 

RAeP, B KOTOPO~ nocTpoeHa RAePHOR CTPYKTYPHOR IYHKL\"1R 1,1 CQMOcornacoaaHO 

on"1CQHU npOL\6CCbl crp1,1nnr.1Hra ABnTPOHO, ed- e'X , POIIIA6Hi,1R KYMYMl-

THBHUX M630HOB B h-d COYAOP6Hi,1i,1 np1,1 6onbW"1X X 
5. Paipa60TQH M6TOA Y46TQ nonepe4HOro AB"11t16H"1R KBOPKOB B CTOnK"1-

BOIO.i,1XCR OAPOHOX 1,1 RAPOX, 1,1cnonb3YR MOA8nb KBOPK-rnlOOHHUX CTpyH. B POM

KOX T □ Koro M6TOAO YAOBneTB0~"1TenbHO on"1CUBOIOTCR H □ 6nlOA06MUe sen"14"1HU B 

OAPOHHUX "1 OAPOH-RA6PHUX MRrK"1X COYAOP6H"1RX. 
6 .. Hcnonb3YR nocTpoeHHYIO crpyKTYPHYIO IYHKL\HIO RAPO a 3 □ B"1C"1MOCT"1 OT 

X 1,1 BUW6YK03QHHUn M6TOA, P03B"1T noAXOA K OHan1,13y npoqeccoB POIIIA6Hi,1R 

KyMynRT"1BHUX OAPOHOB C 6onbWi,1Mi,1 X 1,1 Pr • TaKO~ nOAXOA A06T C"1nbHYIO 

KoppenRQi,1IO cpeAHero nonepe4HOro "1MnynbCQ OAPOHOB (Pi) 1,1 X , 4TO 

cornacyeTCR C 3Kcnep"1M6HTOM. npeACKQ30HO nOB8A6Hi,16 cneKTPOB KyMynstT"1B

HUX □ APOHOB 1,1 CTPYKTYPHO~ stAePHO" IYHKL\"1"1 np1,1 6onbW"1X Pi 

• Anpo6ay1,1S1 AHCCepray1,11,1 1,1 ny6n"1KOU"1"1. OCHOBHUe pe3ynbTQTU A"1CC6PTO

l\"1"1 H60AHOKPOTHO AOKnOAUBOn"1Cb HQ C6M"1H □ pax na6oparop1,11,1 S!A6PHUX npo6neM, 

na6opaTop1,11,1 reopeT"14eCKo" l"13"1K"1, na6opaTop1,11,1 aucoK1,1x 3Hepr1,1" OHHH, Ha 
M61t1AYHOPOAHUX C6Mi,1HOPOX no npo6neMOM l"13i,1Ki,1 BUCOK"1X 3Hepr1,1" (ny6HO -
1986, 1988, 1990), rn Me1t1AYHOPOAHOM C"1Mn03"1yMe no n"10H-HyKnOHHUM 1,1 HYKnOH

HYKnOHHUM 830"1MOA8"CTB"1SIM (f □ T4"1HO - 1989), MeltlAYHOPOAHOM cosem□ Hi,11,1 no 

Teop1,11,1 MOn040CT"14HUX 1,1 KBOPK-OAPOHHUX C"1CT8M (ny6HO - 1987), Me1t1AYHOPOA

HO" KOHlepeHqr.11,1 no nonstp"13 □ l\"10HHUM stsneH"1stM e stABPHO~ l"13"1Ke (nap1,11t1 -

1990), BceCOI03HOM C"1Mn03"1YM6 no HyKnOH-HyKnOHHUM 1,1 OAPOH-S!A6PHUM B30"1MO

A8"CTB"1SIM np1,1 npoMeltlyT04HUX 3Hepr"1SIX (fOT4"1HO - 1986), HO C6Mi,1HOPOX 

HT3$, $HAH, nHH$. no TeMe A"1CC8PTOL\"1"1 ony6n"1KOBOHO 27 pa6oT B C0B6TCKO" 

1,1 3apy6e111Ho" ne40Tr.1. 

CTpVKTypa A"1CCepray1,11,1. nr.1ccepTOL\"1Sl COCT0"1T "13 BB6A6H"1Sl, nstT"1 rnaa, 

30Knl046Hi,1Sl 1,1 np1,1no1t16H"1S1; COA6Pltl"1T 177 CTPOH"1l\ MQWi,1HOn"1CHoro T6KCTO, 

eKnw4ast 45 p1,1cyHKOB, 61,16n1,1orpal1,14ecKr.1" cnr.1coK nr.1TepaTypu 1,13 181 H03BO

H"1st. 
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COAEPmAHHE PA60T~ 

Bo BB8!8H"11,1 1,13nomeH □ nocTOHOBKQ IH3"148CKO~ 30A04"1, AOHO O~OCHOBO
H!,18 QKTy□ nbHOCTH 1,1 BOlKHOCTH 1,1ccneAY8MhlX npo6neM, A □ nee KPOTKO ocee111oer
CH COA8PlKOH"18 AHCcepTOUHH. 

B nepeotl rnoee 1,1ccneAyrorcH pe3oH □HCHhle HBneHHH B npoueccox ffiporMeH

rou1,11,1 nerKHX HASP. B § I POCCMOTP"1B08TCfl ponb M8XQH!,13MQ B036YlKA8H!,1fl 60-

PHOHHhlX P830HOHCOB B o6p □ 30BQH!,11,1 npOTOHOB B P-d pe □ KUIAHX B K30. Ko-

48CTB8HHO OH □ n1,131,1pyroTCH cneKTQTOPHOfl AH □ rp □MMQ (p1,1c.I) 1,1 PflA B03MOlKHhlX 

C 
x~ r . =k::::: ' 

a) 6) B) 

AK 
r) JI) 

P1,1c.I. CneKTQTOPHOfl AH □ rp □ MMO. 

PHc.2. HeKoTOpble AH □ rp □ MMhl pe □ KUHIA 

AH □ rp □ MM eroporo nopHAK □ no Pd--PPn • 
h-N B3 □ "1MOAetlcrn1,1ro (p1,1c.2), 

A □ rom1,1tl AOBOnbHO 3QM8THhltl, QB H8KOTopotl KHH8MQT!,148CKOtl o6nOCT!,1 1,1 onpe

A8nflrom1,1tl BKn □ A B npoueccbl AonpeAenbHOtl ffip □ rMeHTOUHH HASP. B § 2 nOAP06-
HO 1,1ccneAY8TCH M8XOH"13M nornomeHHfl BHPTy□ nbHoro M830HQ HYKnOHOM B 

Pd--PPn pe □ KUHH ( p1,1c. 2B). noK □ 3hlB □ ercH, 4TO. OH Mom er 6h1Tb p □ 3HOBHA-· 

HOCTbro 1,1306 □ pHoro MeX □ H"13M □, KOrA□ npouecc NN---,rNN (cM. BepxHroro eep-
WHHY p1,1c.2B) "1A8T, B OCHOBHOM,·4epe3 o6p □ 30BQH!,18 A-1,1306opbl B npoMe-

lKYT04HOM COCTOflHl,11,1. BKn□ A AH □ rp □ MM THn □ p1,1c.2B B "1HBOP"10HTHbltl 3HepreTH-

48CK!,1~ cneKTP npoTOHOB, Bblnerorom1,1x B 30AHWW nonycffiepy B 30BHCHMOCT!,1 OT 
IAX Kl,1H8MQT!,148CKOtl 3Hepr1,11,1 T, MOlK8T 6h1Tb npeACTOBneH B cneAyromeM BHAe: 

_1 _ d6 _ A I ,- ,2 d6 d -- - r-,r .--
PGiot dT dTTI 

( I) 

r AB d6/ d T,r - cneKTP TI -Me3oH □ no Kt1Hern4ecKoti sHeprn1,1 T1r , pom-

A8HHhlX B npouecce NN-1rNN ; A - HeKorop □ R cno6o MBHRrom □ HCfl c T IYHK-

UHH; Fk- lopMl □ Krop, o6ycnoBneHHhltl BHBM □ ccoBocrbro BHpry □ nbHoro TI-
MB30H □; p - HMny nbc KOH84HhlX npoTOHOB; 6fj - nonHoe C848H!,18 P-d 
COYAOPBHHR. H3 (I) BHAHO, 4TO cneKTP npoTOHOB, COOTB8TCTByrom1,1ti AH □ rpaM-· 
Me p1,1c.2B, nOA06eH 3HepreTH48CKOMY cneKTPY TI-M830HOB 1,13 pe□ KUHIA 

NN--TINN , Koroputl HMeer pe3oH □ HCHhltl xoponep np1,1 H □ 4 □ nbHOtl 3Hepr1,11,1 

4 

nporoHoB T0 ::: I (rsB) c M □ KCHMYMOM np1,1 TTI::: IOO¼IIO (MsB) 1,1n1,1 

X = T / Tmax::: 0,6¼0,8, -rAe Tmax- MQKCHM □ nbHOR KHHBTH48CKQR 3HeprHfl 
npoTOHOB, POCCBRHHhlX B ynpyroM ,~-d CTOnKHOBBHH~ noA T8M }1{8 yrnou, 4TO 

1,1 B pe □ KUHH Pd - PPn • T □ Koe noBeABHHe d6/dT7T o6ycnoeneHo reu, 
4TO np1,1 TO ::: I ( rsB) npouecc NN ---TINN HAST, r n □ BHhlM 06po3ou, 4epe3 

o6po30B □ H"1e 1,1 pocn □ A Ll.-1,1306apu, r.e. NN--LI.N - TINN • Aonee no

KQ3h1B08TCR, 4TO MBXOH"13M M830Honornome~1,1R B 
p1,1c.2B, MOlK8T 6b1Tb npH4"1HOtl 6onbworo BhlXOAO 

Hroro nonyclepy B pe0Ku1,11,1 Pd -- PPn np1,1 
CKOnbKO rsB) 3HeprHRX H040nbHblX 40CT"1U. Ho 

Thi poc4ero HHB □ p1,1 □ HTHoro AHllepeHUH □ nbHoro 

AetlrpoHe, 1,1306p □ lKBHHblti HQ 

HYKnOHOB, Bblnerorom1,1x B 30A
x > 0,2 1,1 He6onbW"1X (He

p1,1c.3 npeACT □ BnBHhl pe3ynbTQ

c e 4 e H 1,1 R ~ _g_§__ 
PGtot dT 

"!;. I 

a ,ot\ 
I 

oi1ro[\ 
: i / -[.,~ 
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I 
I 
I 
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P1,1c.3. 3 □ BHCHMOCTb HHB □ p1,1 □ HTHoro AHllepeH-
UHOObHOro C848H"1R npoTOHOB B pe □ KU"1"1 

Pd -=--PPn or x • lllrp1,1x0B □ R KPHB □ R 

- BKn □ A cneKTOTOpHoro MBXOH"13MO, 

cnnowH □ H - cyMM□ PHhltl BKn □ A rp □ IHKOB 

rnno p1,1c.Za,e, ::l, 

nporoHoB, 06po3yro1111,1xc~ B npouecce [:>d--PPn , 
npo1,1Hrerp1,1pos □ HHoro no cose B HHTBPB □ ne 

(-I,-0,67) ~ p1,1c.3o 1,1 (-0,67,-0,33) - p1,1c.36 

C Y4BTOM AH □ rp □ MM p1,1c.2a,B,1 TOM }1{8 np"1B8ABHhl 3KCnepHMBHTOnbHhl8 AOHHhlB 
np1,1 HMnynbCB H040nbHhlX npoTOHOB po= I,66 (fsB/c), 4TO COOTBBTCTBYBT 

T0 ::: I (rsB). 

8 § 3 rn □ Bhl I OH □ n1,131,1pyeTCR ponb POCCMOTP8HHoro B §§ I, 2 M8XQH!,13-

MO B noRBnBH!,11,1 PB30HOHCHO-nOA06HblX nHKOB B cneKTpe MOCC ABYXHyKnOHHOti 

CHCTBMhl, mNN ' 06po3yro111etlcR B P-d 1,1 P- 4He COYAOPBHHRX. noK03blBOBT-
Cfl, 4TO TQKOtl MBXOH"13M MOlKBT 1,1M!,1THpOBQTb 3TH nHK!,1 np1,1 mNN , COOTBBT-

CTByrometl CYMMB MOCC HyKnOHO 1,1 6opHOHHOro pe30HOHCQ ( A, N* 1,1 T.A.). 
B § 4 np"1BOARTCR OCHOBHhlB pe3ynbTQThl, nony4BHHhl8 B nepBOtl rn □ Be. 

Bo eropotl r nose 1,1ccneAyrorcR Mex □ HH3Mhl pe □ KUHH d P-PX , noA06Hue 

pOCCMOTP8HHhlM B rn □ Be I, HO np1,1 6onee BhlCOKHX 3HeprHRX HQ40nbHhlX 40CT"1U 

c y4eroM penRTHBHCTCKHX slleKTOB B ABtlrpoHe. 
8 § l AOBTCR KPOTK"1tl 0630P reopeTH48CKHX nOAXOAOB K Y4BTY penflT!,1-

BHCTCKOtl CTPYKTYPhl ABtiTPOHO. AKU8HT"1PYBTCR BHHMOH"18 HO ABYX "13 HHX. 
B nepeoM BepwHH □ d- NN (cM. p1,1c.4o) CBOAHTCR K eonHoeotl IYHKUHH ABtl

rpoH □ (B~A) 'i" ' KBOAPOT MOAYnR KOTopotl HMBBT 06hl4HYW BBPOflTHOCTHyro HH
repnperou1,1ro, 3 □ BHcRmetl B o6meM penRTHBHCTCKOM cny4oe or ABYX nepeueHHux, 
HHBOPHOHTHhlX OTHOCHTBnbHO npeo6p030BQH!,1ff nopeHuo: nepeMeHHOtl CBBTOBoro 

IPOHT □ X 1,1 nonepe4Horo HMnynbc □ Ki BHYTPHAetlrpoHHoro HyKnoH □• Bro-
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P1,1c.4. AIAarpaMMW npouecca 

Pd --PX 

pot! - noAXOA rpocca, s KOTopoM d - NN 
sep1111,1Ha He· CBOAt,1TCS1 K ~(x,K1.l , a pac
KROAWBOeTcsi no .penstTl,18l,1CTCKl,1M l,1HBOPl,10HTOM, 

np1,1 3TOM B03Hl,1KOmT 48TWPB H8l,13B8CTHWB 

~YHKUl,1l,1, Bl,1A l,1 napOMBTPW KOTOPUX ~OXOASIT
CSI l,13 OOt,1CQHl,1S1 3RBKTpl,148CKOfO l,1 MOfHl,1THO

fO ~OPM~OKTOPOB ABHTPOHO l,1 era CTOTl,148C-
l{l,1X XOPOKT8pl,1CTl,11{. B nocneAYWll!BM pOCCMOT

PBHl,1l,1 CYll!BCTBBHHO l,1COORb3yBTCSI nepswt1 OOA
XOA Y4B!O penstTt,1Bl,1CTCKt,1X 3~~8KTOB B ABM

TPOHe. 
B § 2 P03Bl,1B08TCSI MBTOA l,1CCRBAOBQHl,1SI d -N Heynpyr1,1x peOKUl,1M, 

BKRW40W11!l,1M B ce6si penstTl,18l,13QUl,1W B$A l,1 M8XQHl,13M peOKUl,1l,1. AHORl,13 npoBOAl,1T

CSI B C6H B POMKOX Al,10fPOMMHOM TBXHl,1Kl,1 Bat1H6epra, T.e. BMBCTO ~et1HMOHOB

CKl,1X rpO~l,11{08 BW4l,1CRSIWTCSI Al,10fPOMMW CTOPOM Teopt,11,1 803MY11!8Hl,1SI (CTB) B 
C6H. np1,1 3TOM rpO~l,11{l,1, ynopstA048HHW8 BO BPBMBHl,1 l,1 COOTBBTCTBYWll!l,18 ~nyK

TYOUl,11,1 BOKYYMO, AOWT BKROA OOPSIAKO 1/P, fAB P - l,1MOYRbC H040RbHWX 40C

Tl,1U, 003TOMY l,1X BKROAOM npeHe6peraeTCSI, 4TO cnpOBBARl,180 npt,1 6onbllll,1X P. 

Y4l,1TWBOWTCSI rpO~l,11{l,1 BOROTb AO BToporo OOPSIAKO h- N 830l,1MOABMCTB~SI, 

np1,1seAeHttwe Ha p1,1c. 4. 061111,1t1 Bl,1A 0Mnn1,1TYAW npouecca d P--- PX npeA-

CTOBRSIBTCSI CRBAYWll!IAM o6p030M: 

{i) 
r AB F d 

5 ' 
F. = 2 Fl i l 
d i:1 d 

- OMnn1,1TyAW, COOTBBTCTBYWll!IAB OTAenbHWM rpO~l,11{QM p1,1c.4; . 

F~1)= f1NN '¥(X,,Kil 
• 12x,11-x111½ 

Fl2 l=f ¥(X2;-Kil . 
d 2,NN I 2X2!1-X2IIY2 

(2)' 

f1,NN • f2,NN - OMnn1,1TYAW N-N 830fllMOABMCTBl,1£'1, COOTBBTCT-
syro1111,1e Ht,11KHt,1M sep1111,1HaM A1,1arpaMM 4a 1,146; , X1,X2- nepeMeHHWe cseTo-

soro ~pOHTO npOTOHO l,1 HBMTPOHO ABl'ITPOHO COOTBBTCTBBHHO; Ki l,1 - Ki -

1,1x nonepe4HWe 1,111nynbcw. 
A1,1arpaMMW p1,1c.4B-A BW4l,1CnSIWTCSI, l{QI{ yK03WBOnOCb BWIIIB, B pOMKOX CTB 

B C6H c 30Mettot1 HepenstTt,1Bt,1CTCKot1 B$A HO pensiT1ABt,130BOHHYW 1:!!(X,.Kil • 

06111ee BWPOfflBHl,18 Anst rpa~l,11{08 PIAC.4B-A npeACTOBnsteTCSl B cnBAYWll!BM Bl,1Ae: 

6 

·" 

'-t 

(3-Sl -gP J rN111rN121dx 

Fd = (21r)3 4 J E IK1lEIK2l E(q) (3) 

J¥1X.KilG(X,Kil d
2 K_i: 

r AB BBBABHW CRBAYWll!IAB 0603H048HHSI: rj1) IA rfl - Ht,11KHSISI l,1 BBPXHSISI 

BBQIIIIAHW h -N B30l,1MOABMCTBl,1M B_Al,10~fOMMOX p1,1c.4B-A COOTBBTCTBBHHO; 
G=[Ed- EIK1l+m-E(q)-Ex+1£] - ABYX4acrn4HOst cso6oAHOst 

~YHKUt,1st rp1Atta, KoTopasi 3an1,1cwsaeTcsi A □ nee s nepeueHttwx X IA Ki; g 
- KOHCTOHTO Ct,1RbHOfO B3Ql,1MOABMCTBIASI, g2/41T = 14,7. nplA 3TOM IAMOYRbCW 

HYKROHOB K1 , K2, npOMBH!YT04HOt1 40crnuw (CM. p1,1c.4B-A) l,1 IAX 3HBP-

fl,1l,1 3001ACWBOWTCSI B nepeMBHHWX X l,1 K.1 • BonHOBOSI -~YHKUIASI 1:1[ B 06111011 
cny4ae 3QBIACIAT He TORbKO OT OTHOCIATBnbHOfO IAMnynbCO HyKnOHOB, HO IA OT 

HOnpasneHIASI C6H. Ecn1,1 swrlpaT·b onpeAeneHHOe HOnpas.neHIAB n 3TOI'! Cl,1CTB

Mhl, OHO BU61ApaeTCSI, 1{01{ 1,1 BO MHOfl,1X pa6oTOX, npOTIABOnonomHWM Hanpasne-

HIAW HaneTOWll!BM HO MIAIIIBHb 40CTl,1UW, TO B$A'±'" 6YABT 30B1AC8Tb OT IAHBO-
pt,10HTO K2 =(m 2 +Kf )/(4x(1-x )-m2 • nanee "Y! CBSl3WBOBTCSI c Hepe

nstTl1BIACTCKOl'I B$A <l!H.p. , HO 3as1,1csi111et1 OT K2 , cor_nactto pa60Ta11 KapMa

HOBO B.'A., rapceBOHl,11!1Bt,1n1A B.r., l{o6ylllKIAHO A.n. l,1 CTpt,1KM-OHO M.11., ~P,OHK

W,PTO JI.JI., 

m2+Ki 2 114 2 
¥( X,K ) =( 4 x(1-x I ) ~H.p.1 K I 

nanee, 1,1cnonb3YSI OMnn1,1TYAY Fd , BW4l,1CnSIWTCSI H'a6nWAOBMW8 sen1,14t,1HW, B 
40CTHOCTl,1, l,1HBOPl,10HTHWM l,1HKnW3l,1BHWM cneKTP OPOTOHOB B CTPHnn1,1Hre 
d P--PX Ed6/d3 P • noKa3wsaeTcsi, 4To npH E0 > 2 ( rJB/HyKnoH) 

BKnOA rpa~1,11<os p1,1c.4B-A B Ed6 /d3 P nocrenetttto naAOBT c pocToM E0 • 

0AHOKO np1,1 3Hepfl,1SlX H040nbHWX 40CTl,1U, 6nt,131{l,1X K OPBABnbHOM ~parMeHTOUHH 

SlABP, E0 = 4t5 (r3B/HyKnOH), OH He fllC48308T COBCBM, 0 B OOPBABneHHOH 

l{l,1HBMQTl,148CKOH o6nacrn, 0,2 < X .< 0,8,, AOBT AOBOnbHO ·3QMBTHWH, BKitOA. 

HccnBAYWTCSl BKnOAW OTABnbHWX Al,10fPOMM, npt,1B8ABHH~X HO p111c.4 np111 pd= 9 
(r3B/c) 1,1n1,1 po= 4,5 (r3B/c/HyKnOH). AHan1113 "npOBOAl,1TCSl B Cl,1CTBMe, fAB 

H
0

040nbHWt1 ABHTPOH ABIIIH!BTCSl. a HyKnOH Ml,11118Hl,1 noKOl,1TCSl. Ha PIIIC .5 npeACTOB

neHW pe3ynbTOTW POC48TO IIIHKnW3fllBHOfO IAHBOPIIIOHTHOl"O cneKTpO Ed6 /d3 p 

nanee 3Tl,1 me AIAOfPOMMW p111c.4 BW4111CnSlWTCSl,IA np111 6onbl!IIAX H040nbHWX,3Hepr111-

SlX, B 40CTHOCTl,1, np111 Ea= 9 (r3B/HyKnoH), np111 KOTOPWX KIIIHBMOTIA48CKOS1 rpa

HIAUO o6p030B0HIASl KyMynRTIABHWX npoTOHOB AOnblllB, T.e. OPBABnbHOB X 6onb-
111e, 48M np1,1 POCCMOTPBHHWX POHee Ea· noK03WBOBTCSl, 4TO np111 X > O,Bt0,85 
OCTOBTCSl, B OCHOBHOM, BKnOA cneKTOTOPHOt1 Al,10fPO~MW, (p111c.4a), OCTOnbHWB 
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B § 3 HccneiyroTcH no
nHPl-130UHOHHble HBneHHff B 
d P--PX cTpHnnHttre 

a POMKOX npeAnomettttoro a 
§ 2 nOAXOAO, Y4l-1TblBOID~ero 
KOK penHTHBHCTCKYID CTPYK
Typy A8~TPOHO, TOK H M8-
XOHH3M peOKUHH. 8blBOAHT
Cff o6~He BblpomeHHff Anff 
nonHPH30UHOHHblX XOPOKTe
pHCTHK~ B8KTOPHO~ nonHpH-
30Ul-1H KOH84HblX npoTOHOB 
ff H T8H30PHO~ KOMno

H8HTbl nonHpH30UHl-1 l20· no
K03bl808TCH, 4TO BKnOA He
cneKTOTOPHblX AHOfPOMM OKQ
3bl808TCff cy~eCTB8HHblM 
0,2 (rsB/c) < q < 

np1-1 

0,4 (rsB/c) HnH 0,6 < x < 

P1-1c.5. _30BHCHMOCTb npoTOHHoro cneKTPO B CTpHn
nHHre dP--PX OT HMnynbca npoTotta 
B CHCTeMe nOKOff A8~TPOHO. KPHBble: I -
BKnOA rpalHKO pHc.4a; 2 - cyMMOPHbl~ 
BKnOA AHOrpaMM PHC.4o-r; 3 - BKnOA 
PHC.4a-6; 4 - BKnOA p1-1c.4s; 5 - BKnOA 
pHc.4r. 

npette6pemHMO MOnbl, KOTOPbl~ He onHCbl808T 3Kcne
PHM8HTOnbHble AOHHble o Ed6/d3 P a cTpHn
nHttre dP--PX _B · 3To~ o6nocrn. 3To BHAHO 

H3 PHC.6. 

PHc.6. 

. , \ 

\, 
·, 
\ 

\ 

~i h 
\ 

\ 

p•d-p•x 
Q•8.9 r3B1c 
E\.'!80° 

. :;; " 
·~ . i 2 

·\ -------<\J 
I ' 

~JOii 
6 

\'\½. 
I ' . \ 

I ' . I 
I ~ 

I 
I 

I I 
i I 
• I 
I I 

- 300 '<XI 500 flXJ' q..11:t.t 

BKnOAbl cneKTOTOpttoro M8XQHH3MO 
(pHc.4a) c B~~ THnO Pe~AO (WTPHX
nyHKTl-lPHOff KPHBOff) H C HeHyKnOHHO~ 
KOMnOH8HTO~ A8~TPOHO (~TpHXOBOff Kp1,1-
BOH) B cneKTP npoTOHOB 8 CTpHnnHttre 
dP~px ·, Pd::: 18 (rsB/c) HnH 
P0 = 8,9 (rsB/c/ttyKnott). 

I __, 

0,8, oco6eHHO Anff nepeA04H nonHPH30UHH :le =<.P /'f , fA8 'f - BeK-
TOPHOff nonHPH30UHff A8~TPOHO (CM. PHC.7, 8). 3TO HarnHAHO Bl-lAHO H3 pHC.8, 
7' r Ae npHB8A8HM T 20 H ~ B 3QBHCHMOCTH OT P03HblX nepeMeHHblX . q ' K ' 

X npH Ed= 9 (rsB); 3A8Cb - HMnynbc KOH84Horo npoTOHO, Bblne-
TOID~ero H030A a CHCTeMe noKoH A8~Tpotta, K- penHTHBHCTCKH HHBOPHOHTHOH 
nepeMeHHOH: K2 =(m2+K 2 l/(4x(1-Xll- ~2 , x - nepeMeHHOH cseTo-• 

8 

" 

' 

1D 

05 

0 Pi..• • S ~ I 77 

0 

~ 
-w 

.-1 • 1 . 
~ ·; ,. .... --f--

_,.__,. ,. ... 'J 
-ts 

__..._..,,,,, 

-2.0<:--........................................ ~ ................ - ........ ~-
o 0.1 02 03 0~ OS D.6 07 QB 09 10 K IGeV1t:l 

noes ClT78 025 032 037 Q42 CV..5 0.49 052 054 q IGeV/t:l 
055 D.60 065 0.69 0.73 077 080 0.82 085 0.86 X 

PHc. 7. 3as1-1c1,1Mocn r 20 a cTp1,1nnHttre dP--PX · OT q, K , x • 
KpHBble: I - BKnOA cneKTOTOPHOrO M8XOH1,13MOi 2 - rpalHKOB 
p1,1c.4a-B, 3 - pe3ynbTOT POC48TO B cneKTOTOPHOM M8XOHH3Me 
1,13 paCioTbl *, rAe eepurntta d~NN (pHc.4a) s1,141,1cnRnacb 

. MBTOAOM rpocca • 

a: 
. 14 

12 
10 
08 
06 

J_J I 1 .r·-
04 
02 
0 

-02 
-04 
-06 
-08 
-10 

. / \ '• 
._,/ 

L 
0 01 02 03 0~ OS . Q6 07 q (GeV,tJ 

0104 023 037 056 083 1.36 65 K(Ge'Ucl 
053 062 0.68 075 0.83 091 D.99X 

P1,1c.8. 3aaHc1,1!.iocT1> nepeA04l-1 nonRpH3au1-11-1 · ae OT q , K , x 
Kp1-1a~e: I~ BKnOA cneKTaT6pttoro MexaHH3Mo (p1-1c.4a), 
2 -·cyMMOPHbl~ BKntiA rpalHKOB (pHc.4o-a). 

* 6payH M.A., ToKapea -M.B.·MaTep1-1an1,1 CHMn03HYMO no HYKnOH-HyKnOHHblM H 
OAPOH-ffA8PHblM B30HMOA8~CTBl-1ffM np1-1 npoMemyT04HblX 3H8PfHffX. raT4l-1HO, 
1986, c.311. 
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soro ~POHTO, Ki - nonepe4Hbl" HMnynbC BHYTPHAe~TPOHHoro HyHnOHO, vY\ -

era MOCCO. nonee HccneAyeTCH sonpoc, MOIKHO nH orpOHH4HTbCH OAHO~ cneH

TOTOPHO" AHOrpOMMO~ PHC.40 AnH OOHCOHHH T20 H ~ npH X < 0,8. noH0-
3blBOeTCH, 4TO npH TOHHX X Heo6XOAHMO Y4HTblBOTb, HOH H npH onHCOHHH cneH

TPO Ed6/d3 P , AHorpoMMbl pHc.46-A. nonb30BOTbCH OAHHM cneHTOTOPHblM 

MeXOHH3MOM MOIKHO TOnbHO npH 6onbWHX x, x > 0,8t0,85. 
B § 4 OHOnH3HPYtOTCH npoueccu d N-PX , Hor AO npoTOHbl suneTOtOT 

,' ~ 

nOA MOnblMH yrno~rn, COOTBeTCTBYIOIIIHMH 6onbWHM yrnoM 8 s c.u.M. NN , 
8*:::rr/2 • AHOnH3HpytOTCH TOH me, HOH H B §§ 2, 3, OTAenbHble BHnOAbl AH
orpOMM PHC.4. OCHOBHO" BHnOA 3AeCb 'AOIOT rpo~HHH OAHOHPOTHoro N-N co

YAOPeHHH (pHc.46), OCTOnbHble AHOrpOMMbl AOIOT TOIKe 30MeTHbl" BHnOA B HeHo

TOPO" HHHeMOTH4eCHO" o6nOCTH. npoBAO, COOTHOWeHHe BHnOAOB, HOOPHMep, AH
orpOMM PHC. 4s " 4r, Apyroe, 4eM s d - P cTpHnnHHre. noH03blBOeTc H, 4TO 

B HHHeMOTH4eCHO« o6nocTH, COOTBeTCTBYtOllte" MOnblM N- N POCCTOHHHHM 

r~..i< 0,4 (illM), H3 scex AHOrpoMM PHC.4 HeHC4e30IOllte« OCTOeTCH TOnbHO/ 
AHOrpoMMO OAHOHPOTHOrO; B OCHOBHOM, IKeCTHOro N-N CTOnHHOBeHHH (pHc.46), 

HOTOPOH a6nH3H HHHeMOTH4eCHo« rpOHHUbl He onHCblBOeT 3HCnepHMeHTOnbHble 

AOHHble. 
B § 5 npHBeAeHbl OCHOBHble pe3ynbTOTbl, nony4eHHble BO BTOpo« rnose. 

TpeTbH rnoso nOCBH11teHO HccneAOBOHHIO OAPOH-HAePHblX npoueccoB B 06-
nocTH npeAenbHO~ ~pOrMeHTOUHH HAep, rAe po3nH4He CTPYHTYPHblX ~YHHUH« 

HAPO H HyHnOHO npOHBnHeTCH 04eHb CHnbHO. 
B § ! yCTOHOBnHBOeTCH B30HMOCBH3b npoueccos POIKAeHHH HyMynHTHBHblX 

OAPOHOB, B03HHHOIOIIIHX OT ~porMeHTOUHH soneHTHblX HBOPHOB,, T.e. HyHnOHOB, 

'TT - H ir-Me30HOB. Cor nocHO OHOnH3Y, npoBeAeHHOMY B npeAb1AY11te« II r nose, 

cneHTP HyMynHrnBHblX npoTOHOB, o6p03YtOIIIHXCH s dP--PX CTpHnnHHre, Tonb

HO npH 6onbWHX x, HOH YH03blBOnOCb suwe, onpeAenHeTCH cneHTOTOPHO« AHOr

POMMO« PHC.4o.06bl4HO npH POCCMOTpeHHH HYMYnHTHBHblX npoueccos B o6nocTH 
npeAenbHO~ ~porMe~TOUHH nonb3YIOTCH nepeMeHHo«, COOTBeTCTBYIO~e« MHHl1MOnb

HO« uocce MHWeHH, npH HOTOPO~ o6p03YIOTCH HYMYnHTHBHble 40CTHUbl. noaTOMy 

B m H B nocneAYIOIIIHX rnosox TOIKe Hcnonb3yeTCH 3TO nepeMeHHOH, HOTOPYIO 

MOIKHO onpeAenHTb e111e TOH: X=P'/Pmax, , rAe P' - HMnynbc OAPOHO, 

POIKAeHHOro B h- A COYAOPeHHH, Pmax - MOHCHMOnbHbl« HMnynbC 3TOro Me 
OAPOHO, HO o6p03YIOllterocH B CB060AHOM h - N CTOnHHOBeHHH. Tor AO cneHTP 

npoTOHOB pdN= Ed6/d3P s d P--PX cTpHnnHHre npH 6onbWHX x, T04-

Hee npH I/2 x > 0,8, MOIKHO npeACTOBHTb, cornOCHO n rnose, s cneAYI011teM 

BHAe: 

l:¥(X,K1ll2 tot_ x tot 
PciN- 2(1-X/2) 6NN =2GN/d(X,K1)6NN 

(4) 

IO 

l 

~~ 
_'} 

'J 

np" aToM G~(x.K1) ecTb ~YHHUHH pocnpeAeneHHH HyHnoHos s AB~TpoHe, 
HOH OHO onpeAenHnOCb "B § 4 rnOBbl n, HO TOnbHO 3A8Cb Of: X ~ 2. TOHl1M 
o6po30M, cneHTP HyMynHTHBHblX npOTOHOB B POCCMOTPHBOeMo« o6nocTH X onpe

AenHeTCH pocnpeAeneHHeM HyHnOHOB B Ae~TPOHe GNd. 0AHOHO, HOH nOH030HO 

B rnose n H HOH, B 40CTHOCTH, BHAHO 113 pHc.6, PdN He onHCblB08TCH, ec
nH· Hcnonb3080Tb BblPOIKeH11e (4), o6bl4HWM pocnpeAeneHHeM HyHnOHOB THno 

nopHIKCHO« B$n HnH THOO ~YHHUl1H Pe«AO. noaTOMY BblPOl8Hl1e 'THnO (4) MOIKHO 

HCnonb30BOTb AnH onpeAeneHHH HOBoro pocnpeAeneHHH HyHnOHOB B HAPe·, B 

40CTHOCTH, B Ae«TPOHe, TOH H03blBOeMoro.a~~eHTHBHOro pocnpeAeneHH- HyHnO

HOB - TA. TorAO B cny4oe ~porMeHTOUHH iAPO npH 6onbWHX X 11HBOPHOHTHbl~ 

npOTOHHbl~ cneHTP, no OHOnorHH c (4), MOIKHO nPBACTOBHT~ s BHAB: 

p A-N. Fi= O ,.,__ X~ ( x.) 

nonee YCTOHOBnHBOeTCH CBH3b, HCnOnb3YH STY ~yHHUHIO TA MeMAY 

H HyHnOHHO~ FN CTPYHTYPHblMH ~YHHU11HMH H MelKAY cneHTPOMH 

HblX Me30HOB p A-h H M830HOB, POIKAeHHblX B h - N COYAOPeHHl1 
. A 

FA(X,Q2)= J TA(J.)FN{l ,Q
2

)ddv 
X 

A 
. pA,_.h(X,P1l,;J TAPN--h( l ,P1Jdd.. 

(5) 

HABPHO« FA 
HyuynHrnB-

P h-N: 

(6) 

(7) 

3AeCb ~YHHU11H TA MOIKBT onpeAenHTbCH nH60 MOnoHyHnOHHblMH HOppenHUHHMH, 
nH60 MHOrOHBOPHOBblMH HOH~HrypOUHHMH. nonee Hcnonb3YIOTCH pe3ynbTOTbl T80-

peTH4eCHoro oHonH30 rny6ottoHeynpyroro pocceHHHH Ho HAPOX, nony4eHHble B 

po60TOX APYr11x OBTOPOB, B 40CTHOCTl1, A.B.E~p~MOBO, 4TO ~ 06111eu cny4oe He 

cy111ecTByeT CBH311 THOO (6) C eAHHO" ~YHHu11e« TA AnH nt06oro pocnpeieneHl1H 

HBOPHOB 11 rnt00HOB. B 40CTHOCTH, AnH aoneHTHblX 11 MOPCHl1X KBOPKOB ·~ HAPB 

nony40IOTCH P03Hble ~YHKU1111 TA. ~3-30 aToro 11 AnH on11caH11H EUC-at~j~To 
BBOAHTCH AOnonH11TenbH08 pocnpeAeneH11e• MOPCHl1X HBO~HOB B AAPe, HOTOpoe 

TOHOe IKB IKeiTHOe, KOH 11 B HyHnOHe. CociTHomeH11e (7) C 8A11HO« ~YHHUHe« TA 

onpeAeneHo AnH cneHTPOB OAPOHOB, o6p03YIOlltl1XCH OT ~porMBHTOU1111 TOnbKO BO

neHTHblX HBOPHOB, T.e. Tit, K·~M830HOB~ CneHTPbl me OHTl1nPOTOHOB p 11 

K--Me30HOB anl1CblBOIOTCH C noMOlltblO APYro« ~YHHUl111 TA. B 3TOM COCTOl1T po3-

n11411e MOAene", on11pot011tl1XCH HO MHOrOHBOPKOBble HOH~11rypou1111 11 MonoHyHnOH

Hble HoppenHU1111 B HAPOX. 
B § 2 A~TOnbHO HCCnBAYBTCH ~YHHU11H TA(x). Ecn11 npeAnOnOIKl1T.b, 4TO B 

HAPB cy111ecTByt0T MHOrOHBOPHOBble ~nyKTOHbl 11n11 HOPOTHOAe«cTBYIOlltl1e MOnoHyH
noHHbl8 KoppenHUH11, TO pacnpeAeneHl18 TA(x) npeACTOBnHeTCH B B~Ae: 
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. A. A 
TA(X) = ~ PK TK(X) 

K=1 
(8) 

r Ae P~ - sepo11rnoc1b 3H-KBOpKoso" (1,1n1,1 H-HYKROHHot:1) Koppen11111.11.1 , T K(Xl 

- 3ffiffieHTl.1BHOB pacnpeABRBHl,18 "HYKROHOB" 1,1n1,1 3q -6BCl.1BBTHblX KROCTBPOB B 

TOKOM o6p030B0Hl,11,1. PacnpBABRBHl.18 KBOPKOB B IIAPB q(X) CBll30HO C l,1X pac

npeABRBHl.18M B HYHROHB ~ornacHO CBBPTKB (6). 0TCroAO ARI! pacnpeABRBHl.111 

KBOPHOB B 3K-KBOPKOBO" 6ec11seTHO" Cl.1CTBMB l,1MBBM: 

, 'A . , 
qK(X)= J TK(d..)qN(X/cL)d d.. 

X 

(9) 

~YHK111.10HORbHbl" Bl.1A qK{X) np1,1 6onbwMx x, x > I, onpeAen11e1c11 113 PBA-

IKBBCKoro nOBBABHl.111 KBOPKOBOt:1 CTPYKTYPHO" ffiYHKl.11.11.1 np1,1 X--K • B POM-

KOX MOABRl.1 ~BOPK-rnrooHHblX CTPYH TOKOB noBBABHl.18 l.1MBBT CRBAYrom1,1~ B11A: 

qK{X)- £;Rf0)( 1- X~) 2(1-.IB(O))( K-1)+ d.R- 2J.N (IO) 

rAe XK=X/K ; c:LR(Ol= 0,5, d.N(O)= -0,5, J.8(0) = -0,5t0,0 - nepe

ce4eH1.111 6030HHblX ( p, f , Az , W ) , YCPBAHBHHO~ HYKROHHO~ 1,1 YCPBA

HBHHO" 6ap1.10HHO" ( N' A,) 1paeKrnp1,1" PBAJKB. np1,1 3TOM cnaraeMoe d.R( 0)-
-2clN{Q):::3/2 B nOK030TBRe qK( X) COOTBBTCTBYBT pacnpeABRBHl1ro BORBHTHblX 
KsapKos ,B HyKnoHe, a AonoliH1.11enbHbl" MHom1.11,enb (1-XKJ2(1-Ts!O)HK-1l . 

o6ycnosneH BBPOIITHOCTbro 30MBARBHl,111 (K-I) HYKROHOB (KBOPKOB 11 A11KBOPKOB)~ 
noACTOBRllll rnnepb (IO) B (9), np1,16n11_JKBHHO np11 6_0RbWl1X d., nony40BTCII 

ARll pacnpBABRBHl,1ll TK(d.) CRBAY.romee BblPOIKBHl.18,: 

T KIX)= CK xAK(K- xi BK. (II) 

np1,1 3TOM BK= 2(1-J.g{O)l(K-1)-,1 

anpeABRllroTCll 1,13 ycnos1,1t:1 HOPMl.1POBKl1: 
• A BBRl.1411Hbl AK ,1,1 CK 

A A 
f TK{c:L)dcl = 1 ; J c:L TK(d.)dc:L= 1- AK 

0 , , O··, - . 
KOTOPblB CRBAYroT 1,13 YAOBRBTBOPl1TBRbHOro 'on1.1cOHl1ll EMC-3ffiffieKTO, 
Rl1411HO CPBAHB~O 11MnynbCO KORRBKT11BHOro "MOPll~ B K-ffin~KTOHB. 

AK - BB-, 

~Mell 06m11" ffiYHKlj~OHORbHbl~ Bl.1A TA(x) (8), (II), onpeABRllroTCll AOnee 
napaMeTpbl pacnpBABRBHl,1ll 3ci,-KnOCTBPOB B AB"TPOHB rd(X) 113 ffil1T11POBOHl1ll 
cneKTpos. KYMYRllTl1BHblX npoTOHOB 113 c1p1.1iin11Hra dP--PX np11 I/2 x > 0,8, 
1.1cnonb3Yll CBll3b (5). np~ HOM, ccirnacHo (8), Tci(X) = P1dT1(X)+ PjT2(Xl 
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r AB Pf= 1- pf • Pe3yRbTOTbl ¢11rnpoBOHl1ll 3KCnepl.1MBHTORbHblX AOHHblX cne-
AYrom11e: d-.e, {0)= -0,05, A2= 0,34, p2d ::: 3,6%. ~1cnonb3YII HO"ABHHOB 3~

~BHTl1BHOB pacnpeAeneH1.1e HYHROHOB s ABt:1TPOHe Tci(X) , A □ nee nposep11e1c11 

COOTHOWBHl18 (6) ARll CTPYKTYPHblX ffiYHH1.11.1t:1 llAPO FA( X) 1.1 HYKROHO .FN( X) • 

B § 3 Bbl411CRllroTCll 11HKRro31.1BHblB cneKTPbl KYMYRllTl1BHblX TI - 1.1 K+-MB30-

HOB, poJKABHHblX B P-d coyA□ PeH1111, 11cnonb3Yll cooTHoweH11e (7) 11 H □ "ABH-
Hbl" B11A ¢YHK111.11.1 Tci(Xl. np11 3TOM nony~ae1c11 snonHe YAOBJie1sop1.11enbHOe 
cornoc11e POC4BTOB C 3KCnepl.1MBHTORbHblMl,1 AOHHblMl,1. 

B § 4 o6cyJKAOBTCll CBll3b 11 P03Rl.14118 MHOrOKBOPKOBblX KOHffi11rypa111.1t:1 11 

MOROHYKROHHblX KOPPBRlll.111t:1 B llAPB ■ neMOHCTPl1PYBTCII, 4TO 1.1 TB, 11 Apyr1,1e 

Moryl 06bl!CHl.1Tb noBBABHl18 cneKTPOB KYMYRIITl1BHblX OAPOHOB, B03Hl1K □ rom1,1x OT 
ffiporMBHTOl.11111 BORBHTHblX KBOPHOB, T.e. P, TI~, K+. CneKTPbl IKB 40CTl111, 
06pa3yrom11xc11 OT ~parMBHTQljl,111 MOPCKl1X KBOPKOB B IIAPB, T.e. p, K-, on1,1-

CblBOroTCS1 COBBPWBHHO no-p □ 3HOMy. 

B § 5 npl.1BOAIITCS1 OCHOBHblB pe3yRbTOTbl, nony4BHHbl_e B llJ rnase. 

4BTBBDTOS1 rnasa nocs11meHO OHORl13Y pon11 MHOrOKPOTHOro POCCBS1Hl1R B 

OAPOH-IIABPHblX npo11eccax o6p □ 30BOHl1S1 KYMYRllTl.1BHblX 40CTl1lj. 

~§I 11CCRBAYBTCS1 BHROA o6p030BOHl1S1 pe30HOHCOB, B OCHOBHOM, BBKTOP

HblX, B npoMeJKyT04HOM COCTOS1Hl1H np11 POlKABHl111 KYMYRS1Tl1BHblX M830HOB HO llA

pax. np11 3TOM Y411Tb1B08TCS1 TORbKO ffiepMl.1BBCKOB AB11lKBHl1B HYKROHOB B IIAPB ■ 

noK03blBOBTCll, 4TO Kl1HBMOTl.14BCKOS1 rpOHl1110 BblRBTO MB30HOB B K30 MOJKBT YBB
Rl1411TbCS1 30 C4BT MHOrOHPOTHblX POCCBS1Hl,1~ HORBT □ rome" 40CTl111bl BHYTPl1 IIAPO. 

C o6p □ 30BOHl1BM PB30HOHCOB, 1co6BHHO TSllKBRblX, BHYTPl1 RAP□-· 0AHOKO KORl,1-

4BCTBBHHO TOKOB nepepacceS1Hl18 AOBT BKROA B cneKTPbl n·-MB30HOB B 06nac11,1 

I< X < 2, HenpeBb1Worom1,1" 20t30% OT 3Kcnepl1MBHTORbHblX 3H048Hl1t:1, a np1,1 

x > 2 CTOHOBl1TCll npeHe6peJKl1MO MORblM. 
B § 2 1,1CCRBAYroTCll pon11 MHoroKpOTHoro paccesiHl1R 11 HBHYKROHHblX CTene

HBt:1 CB060Abl B RAPB B npo11eccax o6p030B0Hl1R OAPOHOB C 60RbWl.1Ml1 nonepe4-
HblMl1 11MnynbCOMl,1 Pi HO IIAPOX. MHoroKpOTHOB POCCBS1Hl18 POCCMOTPl.1BOBTCR B 

POMKOX OAAl.1Tl.1BHO" KBOPKOBOt:1 MOABRl1. noK03blBOBTCR, 4TO nepepacceRHl18 KBOp

KOB HORBTaromero aApoHO BHYTPl.1 RAPO AOBT AOBORbHO 30MBTHbl~ BKROA B cneKTP 
no Pi 11 no3BORS1BT on1.1COTb 3Kcnep11MBHTORbHblB AOHHble TORbKO np11 

Xi= 2 Fl,/$~ 0,6t0, 7' r AB Js - 3HBPrl1R CTORKl1BOrom11xc11 40CTl111 B 
C.lj.M. h - N COYAOPBHl.1R. A np1,1 6onbW11X Xi' Xi > 0, 7 OCHOBHOt:1 BKROA 
B cneKTP AOBT MBXOHl13M OAHOKPOTHoro lKBCTKoro POCCBllHl,1R HO ffinyHTOHOX RAPO. 
np11 3TOM cymecTBBHHO 1,1cn~Rb3YBTCR HO"ABHHOB B llJ rnase pacnpeABRBHl,18 

KBOPKOB B IIAPB qA(x) • Bb141,1CRRroTCll cneKTPbl !JT~ -MB30HOB C 60RbWl1Ml,1 Pi , 

POlKABHHblX B P-d , P-C12 · B301.1MOAB"CTBl1llX, A-30B1.1Cl1MOCTb cneKTPOB 

np11 X.1. = 0,81, rAe rnaBHbl~ BKROA AOBT ffinyKTOHHblt:1 MBXOHl.13M. PB3YRbTOTbl 
POC4BTOB YAOBRBTBOPl1TBRbHO cornacyroTCll C onblTOM. noK03blBOBTCll, 4TO HB
HYKROHHblB c1eneH11 CB060Abl B llAPB Moryl 6b1Tb npl.1411HO" 60RbWOro BblXOAO 40C-

Tl111 C '50RbWl.1Ml.1 Pl B h -A B301.1MOABllCTBl1llX np11 Xi -- I. 
13 



B § 3 HccneAyeTCH MHOrOHPOTHOe pocceHHHe HyMynHTHBHblX 40CTHU, 06-

pa3ymmHXCH B HAPe noH □ nbHO, 30 C4eT "inyHTOHHOro" MeXOHH3MO, POCCMOTpeH

Horo B rnase ru. 06cymA □ eTCH npo6neMO HeTpHBHOnbHOH A-30BHCHMOCTH cneH

TPOB HyMynHTHBHblX OAPOHOB. neMOHCTp~pyeTCH, 410 nepepacceHHHe HyMynHTHB

HblX 40CTHU BHYTPH HAP□ AOeT AOBOnbHO CHnbHym A-30BHCHMOCTb HX cneHTPOB. 

TOHHe atieHTbl Moryl 06bHCHHTb A-30BHCHMOCTb HMnynbCHblX cneHTPOB TOnbHO 

K·-Me30HOB H npOTOHOB. 
B § 4 TOHme OHOnH3HpyeTCH MHOrOHPOTHOe pacceHHHe B o6M4HblX, HeHy

MynHTHBHblX, OAPOH-HAePHUX npoueccax, HOB POMHOX MOAenH HBOPH-rnmOHHMX 

CTPYH (MKrC). npeAnaraeTCH HOBOH BepcHH MKrc, B HOTOPOH BBOAHTCH nocne

AOBOTenbHOe AeneHHe BHYTP.eHHero nonepe4HOrO HMnynbCO B OAPOHe K1 Mem

AY HBOPH-AHHBOPHOBblMH H HBOPH-OHTHHBOPHOBUMH CTPYHOMH. noH03MBOeTCH, 410 

nocneAOBOTenbHOe AeneHHe K1 AOeT 6onee CHnbHYID 30BHCHMOCTb iYHHUHH 
pacnpeAeneHHH q(K1 ) 01 4Hcna CTPYH, 4eM paBH □ MepHoe. 01cmA□ cneAymT 

P03HUe pe3y nb TOTU AnH H06nmAOeMUX BenH4HH B h - A MHrHHX COYAOPeHHHX, 

HOTopue CPOBHHBOIDTCH MefflAY co6oH. B POMHOX TOHO~ MOAenH YAOBneTBOPHTenb

HO onHCUBOIDTCH BCeB03MOfflHUe 3HcnepHMeHTOnbHble AOHHble 06 h - N H h -A 
CTOnHHOBeHHHX. 

B § 5 npHBOAHTCH OCHOBHble pe3ynbTOTU, nony4eHHble B rnase IY. 

B nHTOH rnase HO OCHOBe npeAn □ meHHO~ B rnase IY BepCHH MKrc H HO~

AeHHO~ B rnase Ill CTPYHTYPHO~ iYHHUHH HAPO P03BHBOeTCH MOAenb pomAeHHH 

HYMYnHTHBHblX OAPOHOB C 6onbmHMH X H P1 
B § I B baMHax TOHO~ M □ AenH paccMOTPHBOeTcH o6~a3oBaHHe HyMynHTHB

Hux Me30HOB B npoueccax AP -hX • CornacHo pe3ynbTOTOM rnas1,1 Ill pac

npeAeneHHe HBOPHOB B HAPe OTnH40eTCH OT HX pacnpeAeneHHH B HyHnoHe. EcnH 

npeAnonomHTb, 410 HyMynHTHBHMe Me30HU POfflAOIDTCH HO HAPOX 30 C4eT inyH

TOHHOro MeXOHH3MO, TO HBOPH HOfflA □ ro H-Hnac1epa B HOneTammeM HAPe MOmeT 

HMeTb MOHCHMOnbHU~ HMnynbc, POBHUH HMnynbcy 3T □ ro Hnocrepa. OCHOBHO~ 

BHnOA B cneHTP HyMynHTHBHMX OAPOHOB npH 6onbWHX X 6YAYT AOBOTb (j1,1c1pue 

HBOPHH, AHHBOPHH a HApe. 3TOT 6UCTPM~ HBOPH (AHHBOPH) MomeT HMeTb H 6onb
wo~ nonepe4HU~ HMnynbc 30 C4eT nocneA □ BaTenbH □ ro AeneHHS BHYTPeHHero no

nepe4H □ ra HMnynbCO K1 MefflAY 2H HBOPHOMH H AHHijOPHOMH B H-Hnac1epe. 

CxeMOTH4eCHH TOHOe AeneHHe H306pameHO HO PHC.9 AnH 6q -Hnac1epa. Pe3ynb

TOTU pac4eTO cpeAHero 3H04eHHH HBOAPOTO nonepe4Horo HMnynbCO HYMYnHTHB

HUX Me30HOB (P/>h B POMHOX TOHOH MOAenH_ npeACTOBneHM HO PHC. IO • 
B § 2 POCCMOTPHBOeTCH o6p030BOHHe HyMynHTHBHMX npoTOHOB B POMHOX 

TOHOro nOAXOAO. OHH Moryl o6p030BMBOTbCH He TOnbHO OT tparMeHTOUHH AH
HBOPHOB, HOH 30 C4eT cneHTOTOPH □ ro MeXOHH3MO, T.e. 3q -CHCTeMa-cneHTO

TOP, HOXOAHmOHCH B H-Hnac1epe, nepex □ AHT B HyMynHTHBHU~ npoTOH. T.e. Me

XOHH3M o6pa30BOHHH HYMYnHTHBHUX npoTOHOB COCTOHT H3 ABYX 40CTe~: TOH □ro 
me MeXOHH3MO, HOH H npH pomAeHHH Me30HOB H cneHTOTOPH □ ro MeXOHH3MO. 
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PHc.9. neneHHe nonepe4H □ ro HMnynbca 

/' 
~~ sq.-=~= sq. -~ ==----- -- ==5= 

BHYTPH 6q,-Hnac1epa ~ cny4ae pom
AeHHH HyMynHTHBHMX Me30HOB - 0 H B 

cny4ae o6p030BOHHH HYMYnHTHBHUX 

npOTOHOB - 6. 

<Pf> 
1¥1 

23 

2.1 

1.9 

1.7 

1.5 

1.3 

a 

1.1 f ,r l ,,,,(' 

Q7 ii ,,.....,,.....--fl I 
0.5 ,,.....-- II I I 
03 II I 
0.1 

16c..-......20~2~t. ~2.8~32~3.6~4-D -x 

6 -~:_ 
4 I\ ' 

\ \ ', 
I \ ' 

2 \ \ ',, 
\ \ ', 

1C!' \ ~' --.,, 
6 ' ', ',,, ~4 
4 \ :--,, '-."'3 

2 ',, ',,, 2 . ',, _____ :-_:-, 
02 00 1D 1~ 1.8 22 2li 3D 31, 3.8 Pj(GeV,t) 

6 

PHc.10. 30BHCHMOCTb cpeAHero 3H04eHHH HBOAPO

TO nonepe4HOro HMnynbCO HYMYnHTHBHMX 
npOTOHOB (WTPHXOBOH nHHHH) H 'TT -Me-

30HOB (cnnOWHOH npHMOH) OT x. 

~onepe4HN~ HMnynbC BHYTPH H-Hn□ cTepa B cny4ae 

cneHTOTOPHOro MeXOHH3MO B o6meM cny40e MOffleT 

AenHTbCH no-p03HOMy. POCCMOTPHBOeTCH npeAenb

HOH CHTYOUHH, HOrAO 4HCno AeneHH~ - MHHHMOnb

HOe' T .e. <P/> nocneAOBOTenbHO AenHTCH 
MefflAY "6enb1MH 1

.., 6ecuseTHMMH 3 q -CHCTeMOMH, 

KOK H306pameHO HO PHC.96 AnH 6'\,-Knac1epa. 

Ha pHc.10 npeACTOBneHU pe3ynbTOTM pOC4eTO 

<~.2>p AnH npoTOHOB B 30BHCHMOCTH OT X 
(mTpHx-nyHKTHPHOH nHHHH). Ha pHc.II npeACTOB

neHU pe3ynbTOTM pac4eTO OTH □ meHHH cneKTPOB 

p ( X, P 2); p ( x, 0 I 
A~ 

PHc.II. OTHOWeHHe HHKnm3HBHNX cneKTPOB 

R=F(x,P/)/F(x.O) B 30-

BHCHMocrn OT P/ . lllTPHXOBNe KPHBUe 

- AnH npoTOHOB, cnnowHue - A11H 

Me30HOB. 1 - X = 1,8; 2 - X = 2,5: 

3 - X = 3,5~ 4 - X = 2: 5 - X = 2,5~ 
6 - X = 3. 

B 3OBHCHMOCTH OT 112 
KYMYJIHTHBHNX npOTOHOB H 'TT -Me30HOB npH pa3-
HNX X. 

8 30HJlm4eHHH nepe4HCJleHN OCHOBHue pe3yJlbTOTN, nony4eHHUe B AHCcep

TOUHH. 
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