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OBll!AH XAPAKTEPHCTHKA PABOTll 

AKTY8.JII,HOCTI, T6Mbl. HHTepec K npo6neue npoBepKH 8.zlH}fOH TeOpHH 
aneKTpouarHHTH.blX z cnao.wc B38.lillO.zl6HcTBHH (SCB) rnamoy-Cana11a-BaauCiep
ra (rcB), OCHOB8HHOH Ha CilOHT8HHO-HapyweHHOH rpynne SU(2)L~ U(l), He 
ocnaCieB88T C KOHil,8 C8MH,lteCHTblX ro]:lOB. Sa 3TO BpeKH T80PHH SCB cyMena 
ycneDIHO onHCBTL BCe 3JI6KTpocnaCi1:,1e B~8HMO,lt8J;!C~BH_H nenTOHOB I K8JIHClpOBO
qu1:,1x CloaOHOB H KB8PKOB. B 1983 r. T80PHH rcB nonyqH.JI8-B8llH6Hmee 3KC
nepW46HT8.lII>HOe no,ltTBepJK.1t8HHe: CiuJIH OTKpblTbl npo11eJtyTolllihle w- H z0 

-

CloaOHbl I npuqe11 HX CBOHCTB8 OK838JIHCI, B no.JIH_OM COO,TBeTCTBHH C np_e,ltCK8-
38HHHMH T8DPHH. 

B TeOpHH SCB B,IlOJIHOH 8H8JIOrHH C KS.11. :ace H86Hll.zl86M.ble MOllHO Bblp8-
3HTI, qepea OAHY KOHCTBHTY c:aHaH J., H 11acc1:,1 :acex qaCTHD., :ao:a.neqeHuux 
B TeopHll. B 3TOM Cll.blCHe T60PHH 3CB ;118HCTBHTeHI,HO BblrJIHAHT KBK pacWH
P8HH8H KS.11., B p8ll.K8X KOTOPDH C yqeTOll KB8HTOBblX aqiqieKTOB (neTJI6BblX 
nonpaBOK) MOllHO CKOHI, yrO.zlHO Toquo BblqHCHHTI, H86.llll,lt8eMble BeJIHqHHlJ. 
8KcnepHMe_HT8JII,H8H npo:aepKa TBKHX ;a1:,1qucneHH£i HB.lIH6TCH B8JB:HeJ;lmm.t T8CTOM 
TeOpHH, OCiHBPYllt6HH6 KB8HTOBblX nonpBBOK B corJIBCHH C TeopeTHq8CKW4H 
npe;!!CK838HHHllH OKQHqaT6JibHO YTB6P.zlHT CTBTyc T80PHH SCB KBK pacupeu
HOH KS.11.. 

He B.b13blB88T COMHeHHH, _qTo TeOpHH SCB HBHHeTCH HH3KOaHepreTHqecKHll 
npe,lte.lIOM 6onee OCintel,i TeopHH. IlOB.blm8HHblH HHTepec TeopeTHKOB H 3KCnepH
ll6HT8TOpOB K paCCM8TpHB8ellOit np0Ci11eue OCi'.bHCHH8TCHT8Kllt8 H8]:l8Z,ltOit H8 
TO, qTo nOCT8HOBK8 BC8 60.nee Toquux 3KCnepHll8HTOB B ;IIOCTHrHyTOH 06-
nacTH aueprHit noaBOJIHT OCiHapyJmTI, HOBYll qJH3HKY KOCB8HHO no HeCionI>mHK 
OTK.lIOH8HHHM H3M6p6HHblX B6HHqHH OT npe,ltCK838HHH CT8H.zl8PTHOH T80pHH. 

TeopeTHqeCKHe H 3KCnepID46HT8HI,Hb18 HCCH8]:lOB8HHH HeJ;!TpHHHblX peaKD,Hit 
BHOCHT B6COll.blH BKJI8.zl·B npeD,H3HOHHYll npOB8PKY rcB-T80pHH. B 1986 ro,ltY 
noHBHJIHCI, peay.nLTBTbl npeD,H3HOHH.blX HauepeHHJ;! nap8ll8Tpa TeOpHH Sin2ew 
B nonynenTOHHblX ueJ;!TpHHHblX pe8Kil,HHX B 3KCnepHM8HT8X UEPHa (CDHS"H 
CHARM) H ~HAJia (FMMF H CCFRR). PeayJILT8T.bl H3M8p8HHit HSXO.zlfiTCH B xopo
meM corJIBCHH ,ltpyr C ,ltpyroM. 0TM8THII, qTo HCnOJII,30':aaJIHCI, p83Hbl8 aKcne
PHll8HT8JII,H.b16 MeTO.zlbl. Cpe,ltHee aHaqeaue napaueTpa rcB-TeopHH,·Ha:aneqeu
uoro 3THMH rpynnaMH Ha peaKnHM rny6DKOHeynpyroro pacceHHHH H8HTPHHO 
;IIHH mc=l.5 !'8B/c2 , TBKOBO! . . , 

Sin
2ew = 0.233±o.OD4- (aKcn.)±o.003(Teop.) (I) 

JleT011 I986r.B UEPHe HaqSJicsi HaClop ~ami:sx B~Konepm,eHTe CHARM-II, 
OCHOBH8H Il,6Hb KOTOporo - H3M8PHi'li C BblCOKOit TOtmOCTLIO ceqeHHH lIHCTO 
JI8nTOHHblX (CB060]:lHblX OT T80peTidqecKHX H80npe,lt6H8HHOCTd) npOil,6CCOB 
ynpyroro \1/4(V14)e- p8

0

CC8HHHH H 06paTHOrop -paCnBA!• Ilp8,1lllOJI8I'88TCH 
aaperHCTPHPOB8TI, no 2000 006.blTHM ynpyroro vi' e - H 'Vi' e -pacceHHHH H 
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OKOno 10000 COOhlTHH 06paTHOrOfl-pacnaAa. lia COOTHOIDeHHlil 

It = o C ~ e _., v.,... e.) / G' ( vi'- e --~ e) (2) 

H 

R, = f5 ( vf'- e - vl"-eJ/ cr(v;,- e -;<--Ve) (3) 

Ha TaKOH CTaTHCTHK8 MOlllliO noeyqHTL cneAYfillllYfil ToqHoCTL (qHCTO CT8TH
CTHqecKyro) B onpeAeneHHH napaMeTpOB T80pHH 9GB: 

B S i.n.1Bw Ha (2) 

B j H3 (3) 

6 Si:n 1 0w:::: AftR, z 0.005, 

11p ~ I till~ -r- rr- O.OIO. 

(4) 

(5) 

0Kono 1000 COOhlTHH ynpyroro \If'- e. -pacceHHHH Yllt8 HaClpaHo. 
0CHOBHOlil uenLro HaCTOHmeit paClOThl HBllH8TCH Bhllil1Cll8HHe 8AHHhlM o6pa~ 

30M OAHOil8Tll8BhlX 3ll8KTpocna6ux nonpaBOK K ceqeHHHM rnyClOKOHeynpyrHX H 
ynpyrHX H8HTPHHHhlX peaKUHH npHMeHHT8llLHO K COBpeMeHHhlM H OYAJ'~M npe
UH3HOHHhlM H8HTPHHHhlM 3KCil8pHM8HTaM. 

HayqHaH HOBH3H8 H npaKTHqecK8H,U8HHOCTL. B ~HCC8pTaUHH B paMKax 
TeOpHH rcB H KBapK-napTOHHOlil MOA8HH CHllLHhlX B3aHMOA8lilCTBHH B cxeMe 
nepeHopMHPOBOK CnpHHHa BnepBue nonyqeH 8AHHhli1 Ha6op wopMyn AHR ABalltAhl 
AHiMJepeHuHanLHhlX ceqeHHH rnyCloKOHeynpyroro p8CC8HHHH H8HTPHHO B KaHa
nax aapHllt8HHOro (CC) H H8HTpanLHoro (NC) TOKOB C yqeTOM aneKTpocnaClux 
paAHaUHOHHhlX nonpaBOK {8CPIT). IlOK838HO, qTo yqeT 8CPIT npH aH8Jlll38 
A8HHhlX rnyOOKOHeynpyrHX pe8KUHH no R-OTHOID8HHfil npHBOAHT K YM8HLID8HHro 
napaMeTpa Sin

2
gw H8 BennqHHY IlOPHAKa 5%. 0CCll8AOBaH CABHr ~ Sin2

gw 

KaK ~YHKUHH MaCChl t-KB8pKa mt. PaapaCloTaHHaH nporpaMM8 BhlqHcneHHH no
npaBOK Ohlll8 npHM8H8Ha K BH811H3Y A8HHhlX uepHOBCKHX 3KCnepHM8HTOB. 
CDHSU)H CHARM [2) • QqeBHAHO, qTo C H83H8qHT8llLHOH MOAHqllfK8UH8H pe
aynLTBThl HCCll8AOBaHHH nonynenTOHHhlX peaKUHH, nonyqeHHhl8 B AHCC8pTaUHH, 
MOryT OhlTL npHM8H8Hhl H Allfl aHaHHaa AaHHhlX' HaqaBIUHXCH B 3TOM rOAY 3KC
nepHM8HTOB Ha "Het!TpHHHOM A8T8KTOpe" H 11KOMilll8KC8_MeqeHhlX H8HTPHH011 

~~B8 - Olllili Ha ycKOpHTene Y-70 H nnaHHpyeMblX 3KCnepHM8HTOB Ha YHK B 
li~B8. 

C yqeTOM OAHOil8Tll8BhlX 3118KTpocna6ux nonpaBOK BhlqHcneHU AHIMJepeH
UHBllLHhl8 ceqeHHH npoueccoB ynpyroro v ( \J) e - pacceHHHH npa E. -v ~ 

f 1000 I'aB. Bee pacqeThl BnepBhl8 npOB8A8Hhl C YA8PlK8HHeM mt •. 8TH pe
aynLT8Thl OhlllH HCilOllL30B8Hhl BilOCll8ACTBHH 8BTOP8MH paoOThl [3) AHR 
YAOOHOlil ~OPMYllHPOBKH SCPIT Ha H3hlK8 3~~8KTHBHhlX napaMeTpOB 8MilllHTYA 
Het!TpHHHhlX peaKUHit. OTMeqeHo, qTo AllH A8TeKTOPOB KanopaweTpaqecKoro 
THil8 3KCnepHM8HT8llLHO H80llfilA88MOil nepeM8HHOH HBJIHeTCH He aHeprHH aneK-

2 

t, 

(, 

TPOHa Ee: (H~ ~ = Ee,/E.,. ) , a aneK_TpouarHHTHoe aHeprOBhlA8neHHe 
Ee.+Er (H!ll I}= (Ee.+E1 )/Ev ). IloKaaaHo, ~To paAHBUHOHHaH nonpaB
Ka cf ( E-.,, ~) Mana ( f 3%) H cnaoo aaBHCHT OT lJ B .OT}1Htnte OT 6onLmol1 
( ~ 8-10%) H CHllLHO 38BHCHl!lelil OT ~ nonpaBKH cf (E,..,, ~) 

Ilp8AllOllteHa HOB8ff npoueAypa pacqeTa BK118Aa peanLHhlX'~TOHOB ll pa
AH8UHOHHYfil nonpal!KY, yqHThlll8fill!l8H 3KCnepHMeHT8llLHhl8 ·ycnOBHH. Ha npHMe
pe CHTyaUHH,OliW'A88MOft ,lJ,JlJI "HeftTp:HHHoro 'A8T8KTOpa" HwBS - OHHH,noxaaa
HO, qoro yqeT l!JlllffHHH 3KCil8pHM8HT81ILHhlX.KPHT8pH8B OT6opa. Yll8llHqHB88T 
qacneHHoe auaqeune 8CPIT Ha 2-3%. 

Bnepllbl8 BhlqHCll8H 3HepreTHq8CKHl1·Cn8KTP MfilOHOB B npouecce OOp8THO
ro/" -pacnaAa C ToqHOCTLro AO OAHOil8TlleBhlX 3118KTPOCll80hlX.IlOilP8BOK, Clea 
npeHe6pellt8HHH yaccol1 MfilOHa H C yqeTOM nopora perHCTP8UHH ~OTOHOB 

.BHyTpeHHero TOpM03HOro HanyqeHHH. H8it'A8HO, qTo B YCJIOBHHX aRcnepHMeH
Ta CHARM-II cyMM8PHBH nonp8BKB K Il01IHOMY ceqeHHro oClpaTHoro f- -pacnBA8 
COCT8B1IH8T - 4%, Il03TOMY ee yqeT H800XOAHM. C03AaHHhl8 nporpaMMhl'AHR 
8BM, peanH3YfillllH8 peaynLT8Thl HCC118AOBBHHH npoueccoB ynpyroro pacceHHHH 
BhlCOKOSHepreTHqecKHX ~roOHHhlX H8HTPHHO 3118KTPOH8MH H oClpaTHOrOJA -pac
Il8A8, HCil01Ib3YfilTCH K01I1Ia6op8UH8l1 CHARM-II npH aH8Jlll38 A8HHhlX B HaCTOH
l!l8e BpeuH. 

Ilpouecc ynpyroro Vee -pacceHHHH AOCTyneH AM accneAOBaHHH He 
TOllLKO. H8 ycKOpHT8llHX, HOH C aHTHH8HTPHHO OT peaKTOpa. B AHCCepTaUHH 
BhlqHC118Hhl, paAHBUHOHHhl8 nonpaBKH K nonHOMY H AHiMJepeHUH81ILHOMY no 3118K
TPOM8rHHTHOMY Bhl'A8118HHfil aHeprHH ceqeHHHM ynpyroro pacceHHHH peaKTOp
HhlX aHTHH8HTPHHO 5118KTPOH8MH. B OTJlllqHe OT CYl!l8CTByro~x B 1IHTepaType 
peaynLTaTOB npeACTaBneHHhl8 B AHCC8pT8UHH ~OPMY1Ihl BhlBOAflTCH 083 HC

Il01IL30BaHHH ynLTpapeHHTHBHCTCKOro npH011Hllt8HHH, qTo 'A88T B08MOlltHOCTL 
HX npHM8H8HHH 'Allfl mHpOKOro HHT8PB8118 3HeprHl1 Il8'A8fill!lHX 8HTHH8i1TpHHO 
I xaB ~ Ev 6 l TeB, B qacTHOCTH, A1IH aKcnepHM8HTOB Ha ASC. 

Ily611HK8UHH. no M8Tep11anaM 'AHCC8PT8UHH ony61IHKOB8HO 7 paCloT. 

AnpoClaUHH paClOThl. PeaynLT8Thl, nonyqeHHhl~ B AHCC8pTa~HH, 'A0Kll8'AhlB8-
1IHCL H o6CYJ1t'A81IHCL H8 C8MHH8pax IaClopaTOpHH TeopeTHqecKolil ~H3HKH H Ia
ClopaTOPHH ff'A8PHhlX npoClneM Oillili (ny6HB) 1 H8 COBel!lBHHHX IlO nporpBMM8 
HelilTpHHKhlX HCCneAOB8HHlil B li~BS (IlpOTBHHO). PeaynLTBThl 'AHR npoueccoB 

.4 . 
rnyClOKOHeynpyroro pacceHHHH HelilTpHHO HYK1IOHBMH yze npHM8Hff1IHCL K01I1I8-
6op8UHHMH CDHS [ l 1 H CHARM ( 2 J npH o6pa60TK8 COOTB8TCTBYfillllliX 3KCne
PHM6HTa1lbHhlX A8HHhlX1 8 peayn~T8Thl HCC118'AOB8HHH IlpOU8CCOB ynpyroro 
v;,- e. -p8CC8HHHH H oClpaTHOro f- -p8Cll8'AB HCilO~LayroTCH Konna6opau11ett 
CHARM-II npH aH8Jlll38 'A8HHhlX B H8CTOH~ee BP8WI. 

061,eM pa6oT!l~. naccepT8UHfl COCTOHT H3 BB8'A8HHH, 4. r11aB OC_HOBHOro 
T8KCT8, aaKnroqeHHH H 2 npmiozeHHtl. TeKCT )!HCCepTBUHH H8_1IOJK8H H8 
124 cTpaHl-i~axo- '.BKnroqaH 15 pacyHKOB H IO T86HHu. Ea611aorpa~11qecKHti 
cnHCOK 1IHTepaTypu CO'A8PlltHT 93 H8HM8HOB8HHH. 

3 



CO~EPlKAHHE MCCEPTAUHM 

Bo BB686HHM A86TCH KP8TKMJ.i o6aop peayJILT8TOB npeUM8HOHHUX H8Mepe
HMH napaMeTpOB I'CB-TeOpMH MS HeJ.iTpMHHUX peaK~J.i, IlpOBO,ltETCH o6aop JIH

T6P8TYPH, K8C8Dlll6HCH P8CCM8TPHB86MHX B AMCC6pT8UMM BOnpocoB. 06CYlK'A8-
6TCH 8KTY8JILHOCTL T6MH, Kp8TKO MSJiaraDTCH OCHOBHUe uenM pa60TH Mee 
COA6pllt8HMe. 

B rJI8B6 I AHCC6pT8UMH B p8MK8X rCB-TeOpHH M KB8pK-Il8pTOHHOJ.i MOAB
JIM CMJILHHX B881WOA6HCTBMJ.i BHBOAHTCH Blip8llt6HMH AJIH 'ABS~ 'AHqJqJepeHUH-

8JILHOro d 'o' / o( ~ cl!f ( '1. M ~ - cKelinMHroBue nepeMeHmrn), O'AHOKpaT
Horo r10 / rua M noJIHoro cetieHHH C. c- M NC- rny60KOHeynpyroro paccea
HMH (8HTM) H6HTPHHO HYKJIOH8MM. B § I A8Hbl OCHOBHHe nOJIOlK6HHH CX6Mbl · 

nepeHopMMpOBOK CMpJIMHa, B KOTOpoJ.i npOBOAHTCH Bee BlitIHCJ16HHfl. HeaaBH
CHMUMM napaMeTp8MM ~BJIHDTCH Il0CTOflHH8H TOHKOti CTPYKTypu J.._ e,m =I/137 
M M8CCH BC6X tI8CTMU, BOBJI6tI6HHUX B Te opmo. Ilap8M6Tp Teop1,rn S Lrl I. 8w-= 

I - H,Z/ M ~ BHpalltaeTcH B aToJ.i cxeMe qepea qiHa11qecKHe Maccu M w 
M _Me , T.e. He HBJIHBTCH HeaaBMCHMUM. 

Ilaparpaqiu 2 M 3 nOCBfllll6Hli pactieTy C6tI6HHfl CC-rny60KOHeynpyroro 
paCC6HHHfl HeJ.iTpMHO HYKJIOH8MH B OAHOil6TJ16BOM npH6JIHlK6HHM. BlitIHCJI6HHH 
IlpOBOAMM, npeHe6peraH M8CC8MH BCeX qiepMHOHOB IlO Cp8BHeHHD C KMH6M8-
TMtieCKHMM MHB8PM8HT8MM .s, t, L(. • IlpHMl,IM CtieTOM 06HapyllteHa H638BHCM

MOCTL, cl 1o /olX.ctJ OT M8CC1,1 KOH6tIHOro KB8pKa mi , tITO H8XOAHTCH B 
cornacHM c TeopeMoJ.i KMHOlllMTH-JIM-Hay:m6epra. CetieHHH d R-(5" / cix. of~ M 

o/ 0 / cl~ 38BHCflT JlMWL OT M8CC1,1 JienTOH8 mt M M8001,1 H8tI8JILHoro KBapKa 
mi. B BUpallteHHe AJIH noJIHoro cetieHHH BXOAMT JlHWL mi, • B 8TMX lite napa
rpaqiax 060YJKA8eTCH MO'AeJILH8fl 38BHCMMOCTL IlOJ1YtI86MblX peayJILTSTOB. B §4 

npMBeAeH cnHcoK qiopMyJI AnnYC-rny6oKoHeynpyroro pacceHHHH, nonytieHHUJ.i 
B noJIHoJ.i 8H8JIOrMM C npeAUAYlllMM naparpaqioM. B §5 H8J.iAeHa nonpaBKa 

ASi.nt.a.,, KOTopyD Heoc5xOAMMO BHBCTM npM SHBJIHae 'ABHHux no R.-oTHorueHHD 

( R. = 15,:.,; / o'c"c.) B 38BHCMMOCTM OT BeJIHtIMHbl Mt. • 06HapyllteHo, tITO 
CABHr tJ Si:n.t 0w B nrnpoKoM MHTepBane 30 raB 5: mt. f 240 raB npaKTMtiec
KM He 38BMCMT OT m~ M MOllteT npHBeCTM K

0

YM6HLW6HMhl napaMeTpa S~n 1 8w 
HB B6JIMtIHHY nOpftAK8 5%. §6 nOCBHllleH 06CYJKA6HMD no~ytieHHUX BblpalKeHHti, 
AeMOHCTpMpyeTCH MX BHCOKBH HBA6JKHOCTL. 

B rJiaBe n BlitIMCJIHDTCH 3CPil K AH~epeHUH8JILHl,IM no nepeMeHHliM y, M 
~ cetieHMHM peaKUMH ynpyroro pacceHHMH BliCOK08HepreTMtI6CKMX HettjpMHO 

8JieKTpOH8MM. Bee pactieTH BliilOJIHeHH C YA6PlK8HHeM m~ • B §I 060CHOBH

B8eTCH Heo6XOAHMOCTL AJIH aKcnepMM6HTOB C 8Jl6KTPOM8rHMTHHMH KBJIOpMMeT

PBMM BbltIMCJ16HHfl AH~epeHUHBJILHOro cetieHMfl Vte -pacceHHMH no nepeMeH
HOti g • Ilaparpaqiu 2 M 3 noCBHllleHu IlOAP06HOMY BbltIHCJI6HHD B OAHOneTJI6BOM 
npM6JIMllteHMM AM~epeHUHBJILHHX 06tI6HHH olo/c{~ M aG'/o/~ npH 
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Ve.e.- M Ve.e. - pacceHHHH M nonpaBKH O (WTpMXIlYHKTHPHlie 

KPHBue) AJIH vi'- e - M ~e. - pacceaHHH npa paaJIMtIHIDC Ev • 

5 



Evf. IOOO raB. B §4 npe].{noJKeHa npoue;z{Ypa pactJeTa BKna,lla peam,ttux cpo
TOHOB B pa].{HB!lHOHHYID nonpaBKY, Y'lHTUBBIDmaR 3KCnepHM8HT81lbHHe ycnoBHR. 
Ila M6TO].{j' MOHTe-Kapno Bli'lHCneaa BepORTHOCTb HBC>irID,lleHHR pe81lbHhlX cpOTO
HOB. Ilo1IHBR nonpaBKB nonyqaeTCR Bli'll!T8Hl!6M C6'l6HHH, OTBetJaIDmero ].{HC
Kpl!Ml!Hl!pOB8HHHM COClUTl!RM C RBHO aaClnID,ll88MliM TOpM03HliM ~OTOHOM H3 ce
'l8HHR, paCC'll!T8HHOro ].{1IH H].{881Il!3l!POBBHHOH CHTYB!lHH, OTBetJaIDmeii cny
'lBID n01IHOH H8H8Cl1IID,ll88MOCTH cpOTOHOB. B §5 H8H].{6HH 'll!C1I6HHU6 B61Il!'lHHl:l 

O,llHOneTneBHX nonpaBOK B nepeMeHHHX ~ H 'j-

J n ( E - ) " ( d 6'v': I cl [ - 1 ) · 1 0 O Z c 6 > 
v,~ d6':e.ldg • 

l! nonpaBK8, CBR38HHBR C ytJeTOM 3KCnepl!M6HT81lbHl:lX ycnoBHli: 

J J ol6'6r 
rr,r(E -)= dz.. d9'p d\icl2d5'p ·100"!. (?) 

0 Y, ~ cl6'D/ d~ 0. 

Il01IHBH nonpaBK8 C ytJeTOM (7) OTPH!l8T8jbH8 l! p8BH8 no MOJ:1Y1IID paCCTOH
HHID M6JK].{Y COOTB6TC:TByIDmHMH KPHBHMH cf, (EV. ~) l! t. d' 6

"( Ev. 9) HB 

pHc. I. B aToM JKe naparpacpe ycTaHOBnetto, 'ITO npH Si.n 0w =0.20-t0.23 
BenH'lHHa K9,Il pa,llHB!lHOHHHX nonpaBOK cf R, K OTHoweHHID fl-=- Ove / 6ve, 
nopa,llKB O.I-t0.6%, '!To MeHHe TO'lHOCTH uaMepeHHH ~ R.:-~- 5% B BblnonHeH
HHX H npOBO,llHMhlX 3KCnepuMeHTBX. §6 noCBRmea oClcyJK].{6HHID H8,ll6JKHOCTH 
nony'leHHUX peaynbTBTOB, TBM JKe ccpop11ynupOB8HH OCHOBHHe.BHBO].{li ,llBHHOH 

rnaBu. 

B rnaBe ill ].{HCCepTB!lllH Bli'lHC1IHIDTCH O].{H_.?Il6T116Bl:l6 aneKTpocnaCl~e no
np8BKH K IlOnHOMY .H ,l{HcpcpepeH!lH81lbHOMY no ~ C6'l6HHHM ynpyroro Vee -

pacceHHHH npu peaKTOPHUX atteprHHX 8HTHH6HTPHHO. 
B § I OTM6'l86TCH, 'ITO B OT1lll'llle OT cymeCTBYIDmux B nHTepaType pe

aynbTBTOB BC6 cpOpMynH ].{BHHOH rnaBbl BHBO].{HTCH 063 UCil01Ib30B8HHH ynLT
papenHTHBHCTCKOrO npuClnuJKeHHH, 'ITO Il03B01IH8T HCil01lb30B8Tb HX BnnOTb 
,l{O O'l6Hb Hl!3KHX 3Hepruli H8'l81lbHOro 8HTHH8HTPHHO. PBC'l6Tl:l B6CbM8 Tpy
,ll06MKH H Blifi01IHHIDTCH C UCil01lb30BBHH6M Cl!CT6MH 8H81IHTH'l6CKUX BH'lHCne
HHH Ha 9BM SCHOONSCHIP. Ilaparpacp1,1 2-4 nocBameHH Henocpe].{CTB6HHO Bl:l
'lHC118HHID ].{HcpcpepeauHanbHOro d6'/rtg u nonttoro 6' cetJettuLi, npu aTOM 
,ll8MOHCTpHpyeTCR BHCOK8R acpcpeKTHBHOCTb CHCT6Mli 8H81IHTH'l6CKHX BH'lHCne
HHH SCHOOUSCHIP ,ll1IH peweHHR T8Koro THna 38].{8'1. TaK KBK npoMelltyTO'lHHe 
H OKOH'l8T61lbHli6 Bupal!CeHHH B6CbM8 rpOM03,llKH, Cl01lbW06 3H8'l6HH6 npuoelpe
T86T npoBepKa peay1IbT8TOB. Ilaparpacp 5 IlOCBHmeH CUCT6M6 T8.Kl!X npoBe
pOK. B 3TOM JK6 naparpacpe npuBe,lleHU 'lHC1I6HHli8 3H8'l8HHH 9QPil K Il01IHOMY 
H AHcpcpepeHUH81lbHOMY C6'l6HHHM n2ouecca. "3 PHC. 2 Bl!].{HO, '!TO O,l{HOil8T-
1I6B8H aneKTpocnaClaH nonpaBKa d~(Ev),BWIHCJI8HH8R no TO'IHHM cpoPMJnBM, 

6 

] 
~ 

·1 

J 

-6 -£ -2 0 2 

-1.5 
I g IE..,./lf:,B I 

-2p 

-2,5 

-3,0 

5 11E~),¼ 

0 
o,s 

-1 

-2 

~ 
-3 

_, 

I 
61E..,.,Y),¾ 

y 

Pac. 2. 

0,llHoneTneBaa aneKTpocnaClaa nonpaBKa 
d"t (Ev), BH'l.HcneHHBH no TO'lHlilM 

(cnnomHBH Kpl!B8H) .H no ynLTpapenHT.HBHCT
CKl!M cpopMynaM (mTpHXOB8H KPHBBH). 

E~ •0,1M3B 
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PHc. 3. 

0,llHOneTneBaH aneKTpocnaClaa nonpaBKa 

d (Ev,~) K8K 4JYHKU.HH nepeM8HHOit j 
npa Tpex 3HB'l6HHHX aHeprrui na,llaID~ero 
8HTHHeitTpl!HO. 

H8B81I.HK8, HO ,l{1IH HH3KHX E..., Cl!1ILHO OT1IH'l88TCH OT nonpaBKH, BH'l.HC-
1I8HHOH no Y1lbTpap81IHTl!BHCTCK.HM cpopMynaM. Ha pac. 3 npl!B6].{8Hlil 0].{H0Il6T-
1I6BH8 aneKTpocnaClHe nonpaBKH cf ( Ev, 9) KBK 4JYHKUHH nepe11eHHoit ~ npu 
Tpex aaatJeHHHX aaeprm1 aatJanLHoro BHTHHeiiTputto ( E...,=O.I; I.a; 
IO MaB). 

B rnaBe lY,llHCC8pT8Ul!H BH'l.HC1IH8TCH aHepreT.H'l6CKHit Cll8KTP MIDOHOB B 
npouecce oClpaTHorop. -pacna,l{a. B §I OTMetJaeTca, 'ITO B ycnoBHHX aKcne
puMeHTa CHARM-II BC8 BH'lHC1I8Hl!H H60ClXO].{HMO npoBO,llHTL, He npeHeClperaa 
uaccoit MIDOH8 H C Y'l8TOM nopora perHCTpauuu qJOTOHOB BHYTP6HHero TOp
M03HOro H31IY'l6HUH. Ilaparpacp 2 nocBameH H8XOl!C,ll6HHID 8H81IHTH'l6CKOro BH
p8JK6HHH ,llJIH aHepreTutJecKoro cneKTpa clf{:;, /d~ ( do'!t, - ,llllcpcpepeH
uaanLHoe C8'l8HH8, OTB6'l8ID~ee HHK1IID3l!BHOH llOCT8HOBK6 3KCnepHM6HT8, 
~ : E,.._ / E.v ) • B §3 nonytJeHo aHa1IHTH'l6CKoe BHpaxteHae .llnH attepreTa-

qecKoro cneKTpa d ~rem/ d ~ 1 w > w , OTB6'l8ID~ee BK118.llY ,llHCKpmmim-
poBaHHhlX coelutait BHYTP6HHero Topuoattoro aanytJeHHH ( W : Er/ E..,) : 

"'"'o.ic 
d 6'r,rem :. J d'\fsrem E ( E ) d W (8) 
cl~ 

0
d~dw. r · 

Ba].{ cpyHKUHH C (Er) , aa,llaIDmett acpcpeKTHBHocTL peracTpauuu Top11oaHhlX 
WOTOHOB ,ll6T6KTOpOM, 38BHCHT OT KOHKp6THO~ 3KCll6PHM8HT81ILHOit YCT8HOB
KH. B K8'l6CTB6 npa11epa p8CCMOTP6H npocTeitmali cnyqait, KOr~a 
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Jr npa Er> fr 
E (Er)= lo npa ErL l:r · 

{9) 

Ilaparpaqi 4 noCBH~eH aHanaay peayJILT8TOB qacneHHOro cqeTa a Bb!BOABM. 

1115 25 so 100 200 500 1000 

-1 E~f3B 

-2 r- - - --:..:-:;.;-=-----
-3 

-L 
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-11 

-12 ~ I ' 
60 (E~I,¾ 

Ha pac. 

Pac. 4. ~ 

Pa,llaal\aOHHaH nonpaBKa cf~ (E~), 
BbfqacneHH8H no TOqHbfM {cnnOII!H8H 
KpaBBH) ll ynLTpapenHTllBllCTCKaM 
{mTpaxopaH KPRBBH) qiopuynaM. 

4 aaoopa~eHa nonpaBKa 
It 

er ( EJ = ( :~ . -1 }- 100 % , 
{IO) 

BbfqacneHH8H no TOqHbfM {cnnomH8H nHHllH) ll ynLTpapenHTRBaCTCKllM (nyHK-. 
TllpH8H JIHHaH) ~OpMynaM B mapOKOM AaanaaoHe aHepran naA8IO~erOH6HTpa
HO {OT nopora peracTp81.\all E..,, =I0.9 raB ,llO E.,, =I TaB). J,13 aToro'p.11-
cyHK8 BRAHO, qTo Bnnon .zlO E..,, =100 raB RMeeTcH cy~ecTBeHHoe paaJI.11qae 
nonpaBOK, nonyqeHHb!X no TOqHbfM ll no np.11onaJKeHHb!M qiopMyJiaM. B pal1.oHe 
MaKCaMyMa l\6PHOBCKoro Hei1TpHHHoro nyqKa m.11p0Koro cneKTpa ( W BB) 
E~ = IS raB nonpaBKa paanaqaIOTCH noqT.11 B 3 paaa. Ha pac. 5 noi<aaaHa 

7 

6 

5 

L 

3 

2 

6~(Evl,¾ 

11 15 25 so 100 200 500 1000 

Ev, f3B 
nonpaBKa 

d&t ( EJ = :~rem -10070 

8 

Pac. 5. 
t 

IlonpaBKa cf& ( E..,,), _BhfqacneHH8H 

np.11 paanaqHb!X Er. 

{II) 

np.11 Tpex aHaqeHaHx napaMeTpa Er =0.5; I.0; I.5 IaB. B 
r paqie nonyqeHh! nonpaBKH, ycpe,llHeHHb!e no cneKTpy W BB: 

aT01.1 JKe napa-

<i<l,\E..,,)) = -2.7% 

<S:cEJ> = I.0% np.11 
{12) 

E1 = o.s raB. 

OoHapyJKeHo, qTo B ycnOBllHX a1wnepaMeHT8 Clli,.RM-II CYMM8pH8H nonpaBK8 
K ceqeHH!O {-3.7%) npeBb!W86T Ol!CH,ll86Mb!6 OWH6Kll B H3MepeHHll noJIHoro ce
qeHllfl 6 ( 66/6 = 2%) ll B6JIHlrnHb! p ( A y(,P -:: I%)' qTo ooycnOBnHB86T 
H600XO,llHMOCTL HX T~8T6JILHoro pacqeTa H yqeTa. 
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Pac. 6. 

Pat4r,H81.\llOHHb!6 nonpaBKa d: ( f v, ~ ), Bb!qncneH
Hh!e KaK WYHKl.\a.11 nepe-
1.1eaaoi1 ~ npa paannqHh!X 
aHaqeHHHX E..,, • 

Pac. 7. 

IlonpaBKH cf& (E..,,,~) , 
K8K ~YHKI.\HH nepeMeHHO~ 
Hb!X aHaqeHHHx E..,, a 

BNqncneHHb!e 
j npa paaJIHq
Er = r raB. 
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Ha puc. 6 H puc. 7 IlOKa3aHU nonpaBKH 

H 

ft ( d~:); I dtt 
cfo. (Ev.~)= do' 6/dj 

cl 6'r.re.m / cJ ~ 
Jf>(Ev,lJ)= d6' 6 /ol~ 

-1). f 00% 

· (00% 

(13) 

(14) 

(Er= I raB) npH qeTupex 3HaqeHHHX aHeprHH na,llaBJutero HeHTPHHO 
Ev= 15; 25; 100 H 1000 faB. ,llJIH yqeTa BKJia,lla Bh!ClllHX nopH,llKOB TeopHH 

B03MYuteHHii B HHqipaKpacHoii o6nacTH npoBei:ieHa ripoue,llypa aKcnoHupoBaHHH, 
B pe3yJibTaTe qero ,llHqiqiepeHUHBJibHOe ~ -pacnpe,lleneHHe 

cf. 't 
d6 ____,[e .. (E,,,~)-cf6 (E-v,~)]. (15) 

d~ . 
H3 IlJIOCKOro B 6opHOBCKOM npH6JIHlK8HHH CT8HOBHTCH KOJIOKOJI006pa3Hh!M' 06-
HYJIHBlut_eMCH Ha KHH6M8THqecKHX rpaHHU8X ~ =- ~ r11.i11, mil.?(• 

B 38KJIBJqeHHH Cq>OPMYJIHpOB8Hhl OCHO~Hue pe3yJibT8Thl, nonyqeHHhl8 B 
,l.\HCC8pTaUHH. . 

B npHJIOlK8HHHX AH B npHBa,lleHh! pacqeTU H6KOT0Ph!X HHTerpaJIOB. 

0CHOBHU6 pe3yJibT8Thl. nonyqeHHhl6 B AHCC8pT8UHH: 

I. B p8MK8X rcB-TeopHH H KB8pK-napTOHHOH MO,ll6JIH CHJibHOrO B38HMO
,ll8HCTB11H H B cxeMe nepeHOPMHPOBOK CHpJIHHa BnepBue no;uyqeH 6AHHhlH Ha
Clop qiopuyn ,llJIH ,llBallC,ZU,I ,llHqxllepeHUH8JibHUX ceqeHHii rny6oKoHeynpyroro pac
ceHHHH H8HTPHHO HyKJIOH8MH B K8H8JI8X 3apHlK8HHOro H H8HTpaJibHOro TOKOB 
C yqeTOM pa,llHaUHOHHh!X nonpaBOK, ITonyqeHh! T8KlK6 qJOPMYilhl AJIH O,llHOKpaTHO-
ro do/ ol~ H noJIHoro ceqeHHi1 aTHX peaKUHii. · 

2. C yqeTOM BUqffCJI6HHh!X pa,llHaUHOHHh!X nonpaBOK nonyqeHO yToqH8HH08 
3KCnepHM8HTBJibH06 :rnalleHHe napaue Tpa TeOpHH 5i..nL Q w • IToKaaaHO' ll:TO 
Yll8T PIT npH BHBJIH38 ,ll8HHh!X no R,-oTHOW6HHBl MOlK6T npHB8CTH K YM8Hbme-

~ t . 
HHBl ,)lll ew Ha B6J!Hll:HHY IlOPfiAK8 5%. 

3. Hccne,lloBaH CABHr A Si.n' Gw 38 Cll:8T pa,llHaUHOHHh!X nonpaBOK KBK 
4>YHKUHH MBCChl t -KB8pKa rn1: • 06ttapylK6HO, qTo t::,,. StnL0w B mHpOKOM 
HHT8pB8JI8 mt npaKTl11l:8CKH He 3aBHCHT OT mi. , , _ 

4. BhlqHCJI8Hhl ,l.\Hqiqiep8Hl\HaJibHhl6 no nep8M8HHb!M ~ H ~ C81l8HHH 
npoueccoB ynpyroro pacceHHHH Bb!COK08H8preTHqecKHX (BHTH) H8iiTpHHO 
3JI8KTPOH8MH C Yll8TOM O,llHOil8TJI6Bh!X 3JI6_KTpoc na6h!X nonpaBOK. PacqeTh!, B 
OTJIHqHe OT HM8BWHXCH B JIHTepaType, npOB8,ll8Hhl C Y.ll8PlK8HH8M ffit_ • IlOKB-
38HO, ll:To npu aHeprHH na,llaBJutero HeilTpHHo E-vf 1000 raB pa,llHaUHOHHaH 
nonpaBKa <f (Ev, ~) MB/la { f 3%) H cnaeio 38BHCHT OT ~ B OTJ!Hlll,16 OT 
Ciom,woii ( ~ 8-10%) H CHJibHO aaBHCHllleii OT ~ nonpaBKH cf (Ev,~) • OT-

IO 

M61l:86TCH, qTo ,llJIH ,ll6T6KTOPOB KanopnMeTpHll:6CKOro T.lma 3KCnepID16HT8Jib

HO H86/IBJ,ll86MOH nepeM6HHOi1 HBIIH6TCH g, a He~ • 
5. ITOK838HO, qTo npH 5i.n.!Sw = 0.20+0.23 H M8Jlh!X mt. BeJIHqHHa 

pa,llH8UHOHHh!X nonpaBOK K R.-oTHOW6HHBl M6HbW6 ToqHOCTH H~MepeHHii I),, R_ 
B Bh!IlOJIH6HHh!X H npoBO,llHMh!X 8KCnepHM6HT8X, HO CHJibHO YB6JIHqffB86TCH C 
poCTOM mt H IlPH mt = 90 raB YlK6 cpaBHHB86TCH C 8KCil6pHM6HT8JlbHOi1 

OWH6Koii. 
6. ll3yqeHO Bill1HHH6 3KCil6pl1M6HT8JlbHh!X KpHT6pHeB OT6opa ynpyrHX co-

6h!THH \lfl (VI'-) e - paCC6HHHH H8 B6ilHqHHY p8,llHaUHOHHOi1 nonpaBKH, 
ITpe,llJIOlKeHa HOBaH npoue,llypa pacqeTa BKJia,lla pea/lbHh!X q>OTOHOB B pa,llHauH
OHHYD nonpaBKY K C8'!6HHHM "\) ( V) e -pacceHHHH, yqHTh!B8Blll(8H 3KCnepH
M6HTanbHhl6 yCJIOBHH. Ha npHMepe CHTY8UHH, OlKH,ll86MOii ,llJIH "HeiiTpmrnoro 
.neTeKTOpa" OIDil1 - lii>B3,noKaaaHO,'lTO yqeT BJIHHHHH 3KCn8pHM6HT8/lbHh!X 
KpHTepHeB OT6opa YB6JIH'!HBaeT ll:HCJI8HH06 3HaqeHH6 PIT K ceqeHHBl 

V ( V.) e' - pacceHHHH H8 2-3%. 
I'- ~ -7. rro;uyqeHU qJOPMYJihl _.llJIH ,l.\HqJq>epeHUH8JibHOro no \! H IlOJIHOrO ceqe-

HHi1 npoueccoB ynpyroro Vee -pacceHHHH, cnpaBe,llnHBue B HHTepBane 
aHeprHil na,llaBJU(ero aHTHHeiiTpHHO l KaB ~Ev~ l TaB. IToKa3aHo, ll:TO 
3JI8KTpocna6ue nonpaBKH ,llJIH 3KCnepHM6HTOB Ha peaKTopax He npeBuwaBJT 
-2%+-3%, TeM He MeHee, HX yqeT ,llJIH COBpeMeHHh!X 3KCnepHM6HTOB Heooxo
,l.\HM. 

8. BhlqHCJI8H C TOll:HOCTbBl ,llO 0,llHOil8TJI6Bh!X 3JI6KTPOCJia61:lX nonpaBOK 
663 npeHe6p8lK6HHH MBCCOit MBlOHa H C yqeTOM nopora perHCTpal\HH qJOTOHOB 
BHYTP6HHero TOPM03HOro HaJiyll:8HHH 3HepreTH'l6CKHH cneKTP MDOHOB B npo
uecce o6paTHorof- -pacna,lla. 

9. Haii,lleHo, qTO B yCJIOBHHX 3KCnepHM6HT8 CHAR~II CYMM8pHaH nonpaB
KB K IlOJIHOMY ce11eHHBl COCT8BJIH6T -4%, ITOK838HO, qTo HeyqeT PIT npH o6pa-
60TK8 3KCnepHM8HT8JlbHh!X ,ll8HHh!X CHARM-II npHBe,lleT, H8IlPHMep, B onpe,lle
JI6HHH J, K CHCTeMaTHqecKoii OWHOKe, paBHOH HIIH ,llalKe npeBUW8Blll(6H CTaTH
CTHqecKyD OlllH6Ky H3MepeHHH J· 
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