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Y'l9IIHI" C8Kpt'lflpb cue~ COB8T8 

.llOKTOp flimno-M8T811al'Jl't&CJCIIX H8YJ( 

ll.A. 68TYCOB 

Jl3llJAH YJ\PAf{'l'Ef'11eTL1KA l 'AEU'fl:I 

AKTY8JlbHOCTb rrpoOJJeMhl 

KaK xopomo H3B8CTHO, CTaH.UapTHafl MO.Il8Jlb f'JJ31llOY-fla~oepra - CaJJaMa [1 J 

:rBe) , OO'be.mrnfl!Wlafl 3Jl8KTpoMarHHTHO8 H CJlaOoe B3aHMo.nelaCTBHfl, 

npeKpacHo corJJacyeTCfl co BC8MH H3B8CT!illMH 3KCrrepHM8HTaJlbHliMH .!{8H!llMH . 

B 1971 ro.ny OliJJO ITOKa3aHO [2 ] , 4TO 3Ta TeOpHH RBJlfl8TCfl rrepe 

HOPMHJJY8MO8. 3TO O3HaqaeT, 4TO KalK.I{afl H8OJll0.!{88M8R B8JIH4HH8 MO*ST OliTb 

Bli4HCJ18Ha B JllOOOM rropH.I!K8 TeopHH BO3MYlll8HHfl C HCITOJlb3OBaHHeM KOH84HOro 

4HCJla CBOOO.IllillX rrapaMSTpoB. Ito CHX rrop, O.I{H8KO, OTKPliT BOrrpoc O TOM 

flBRfl8TCfl JIH f'Be KB8HTOBO-ITOJ18BO8 T8OpHe8, HJIH *8 OHa J!Hlllb 3(txl)eKTHBHO 

OITHCHBaeT 3Jl8KTpocJJaOoe B38HMO.!{88CTBH8. UTB8T Ha 3TOT Bonpoc oy.neT .naH 

Tor.na . Kor.na TO4HOCTb 3KCrrepHM8HTa ITO3BOJIHT .Il8T8JlbHO npoBepHTb CTaH

.napTHYIO MO.!{8Jlb C TO4HOCTblO .no 3(txl)eKTOB BliClllHX rropH.I!KOB TeopHH 

BO3MYlll8HHfl. 
B HaCTOfllll88 Bp8Mfl B8.llYTCfl 3KCrrepHM8HTli Ha HOBliX e + e - - KOJJJJa8.nepax 

1EP H SLC B OOJl8CTH Z0 - pe3OHaHca. Y*e ce84ac 3aperHCTpHpOBa!ll .Il8CflTKH 

TliCfl4 pacrra.noB Z0 -Oo3OHOB. B OJIH*aamee ape MR, rrocJJe Toro KaK cse

THMOCTb YCKOpHT8Jlfl LEP .IlOCTHrHST 3aITJJaHHpOBaHHo r o 3Ha48HHfl, Ha LEP 
Oy.I{eT p0JK.!{8TbCfl OKOJJO 10

7 
Z0 -(JO3OHOB B ro.n! 3TO ITO3BOJIHT, H8npHMe p , 

H3MepHTb ceqeHHe 4HCTO Jl8rITOHHOro npouecca e + e -~ + µ- BOJIH3H 

Z0 - ITOJJIOC8 C TO4HOCTblO OKOJJO O. 2% , 4TO .nacT YHHK8JlbHYIO BO3MO*HOCTb 

rrpoBe pKH CTaH.UapTHO8 MO.!{8.IIH C TO4HOCTblO .no KB8HTOBliX rronpaBOK. lIJJfl 

3TOro HeOOXO.I{HMO rrpoBe.neHHe Bli4HCJJeHH8 HaOJJIO.I{aeMliX B8JIH4HH C 

COOTB8TCTBYIOOl88 TeopeTH48CKO8 TO4HOCTblO . 

B T848HH8 ITOCJJe,mrnx Jl8T B PH.Ile T8Op8TH48CKHX rpyrrrr , B TOM 4HCJ18 H B 

.nyOH8HCKO8 rpyrrrre pa.nHaUHOH!illX rrorrpaBOK , TipOBO.I!HJIHCb .Il8T8Jlb!lle Bli4HC

Jl8HHfl 3Jl8KTpOCJJaOliX pa.nHBUHOH!illX rrorrpaBOK (f'll) B paMKaX me K rrpoueccy 

e+e - -If (f-KOH84Jru8 Jl8ITTOH HJIH KBapKJ (CM. [3 - 6 ]). B HaCTOf!UIH8 BpeMfl 

pe3yJJbTaTli 3THX paC48TOB HCITOJlb3YIOTCfl npH 8H8JIH38 .naHJruX , ITOJJY48HHHX 
Ha LEP (CM. , HanpHMep , [ 6-9] ) • 

UeJJblO HaCTOfllll88 paOOTli flBJlfl8TCfl Bli4HCJleHHe Ha OCHOBe me ITOJJHOro 

ceqeHHH H HHTerpaJJbHO8 acHMMeTpHH srrepe.n-Ha3a.ll rrpouecca e+e- --+ If 

(f~e) C Y48TOM 3Jl8KTpGCJJBOliX Pn C TO4HOCTblO He xyme 48M 0 .2% B oOJJBCTH 

Z0 -pe3OHaHCB , a TBKme CO3.llBHH8 rraKeTa nporpaMM .llJlfl BHBJIH38 ITOJJY488MliX 

Ha 1EP 3KCrrepHMeHTBJlb}!HX .naHJrux . 

HayqJrue p83YJlbT8Tli H HOBH3Ha. CJ18.llY!OOUl.8 HOBli8 p83YJlbT8Tli Bli.llBHraIOT

Cfl aBTOpoM .llJlfl 381llHTli : 
1. B paMKax CTaH.UapTHO8 MO.ll8.IIH 3Jl8KTpGCJJaOoro B38HMO.ne8 CTBHR 
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Bbl'IHCJJeHII KOMIIJieKcHIIe (fx)pM--{J)aKTOpbl rrpouecca e + e - -+ If , HH.nYUH

poBaHHble O,!UlOil0TJJeB!lMH CJJaO!lMH rrorrpaBKaMH. JeTaJJbHO 113Y'10HlI me CBO0:

CTBa B OOJJaCTH Z
0 

-pe3OHaHCa B .norryCTHMOM .nuarra3OHe 113M0H0HHH rrapa-

MeTpoB Mz' II\.• Mn·• a
9

• , 

2.. Bb1'111CJJ0HO , IlOJJHOe ceqeHHe OT 11 HHTerpaJJbHaH acHMMeTpHH 

Brrepe.n-Ha3a,n AFB rrpouecca e+e--+ ?f C Y'l0TOM CJJaOblX Fil rropH,nKa O(a). 
Ilo~a3aHo, 'ITO CYMMapHII0: BKJJa.n CJJaOblX rrorrpaBOK B IlOJJHOe ceqeHHe BOJJH311 

Z
0

-rroJJIOca rrp11 .norrycTHMblX 3Ha'!eHHHX rrapaMeTpoB He rrpeBblmaeT 4%. 
IloJJy'leHII Bblp.aJKemrn JlJJH OT 11 A B CJJY'!ae, Kor.na Ha'!aJJbHIIe 11 KOH0'1HIIe , , FD 
'!aCTHUbl IlOJJHpl13OBaHII. 

3. · IlOJJY'l0HlI aHaJJHTl1'10CKH6 BblpaJKeHHH ,nJJH K3J (KBaHTOBO-3JJ0KTpO

,[\VIH8Ml1l!8CJHIX) Fil K OT 11 ~e B rropH,nKe O(a} Oe3 yqeTa BO3MOlKHIIX 

KHHeMaT:1'!'18CKme orpaHH'!elillft Ha HMITYJJbCbl KOH0'1HblX '18CTHU, KOTOpble MOPYT 

OblTb HaJJOJK6HlI B 3KCrrepHM0HTe. IlpH 3TOM Y'ITeHII KaK BKJJa,nbl 113JJY'10Hllft 113 

Ha'la~bHoro 11 KOH6'1HOPO COCTOHHHft, TaK 11 me HHTep:tiepeHUHOHHb10: BKJJa.n. 

4. Bbl'IHCJJeHa acHMMeTpHH A B rrpouecce e+e- -+ ff c yqeTOM 
. FD 

JJH.nHPYIOOime BKJJa.noB K_an rrorrpaBOK BblCmmc rropH,nKOB TepHH BO3MymeHHH. B 

IlOJJy'leHHblX BblpaJKeHHHX aHaJJHTH'l6CKl1 Y'lHTblB8JOTCH KHH0M8Tl1'10CKHe orpa

HH'l6HHH Ha HHBap11aHTHYJO Macey KOH0'1HblX '18CTHU. IloKa3aHo, 'ITO BKJJa.n 

113JJY'l0HHH 113 KOHe'IHOr~ COCTOHHHH, a T8KJKe BKJJa.n HHTep:pepeHUHH 

113JJY'l0HHH 113 Ha'!aJJbHOPO 11 KOHe'!Horo COCTOHHHft, MOJKeT CTaTb 
/ 

cymecTBeHHIIM (IIpH yBeJJH'leHHH orpaHH'!eHHH Ha HHBap11aHTHYJO Macey 

KOH0'1HIIX '!aCTHU). 

5. IlpoBe.neH pac'!eT rroJJHoro ce'!eHHH oT H HHTerpaJJbHO0: acHMMeTpHH AFe 

,nJJH JIP()Uecca e+e-_-+ ?f C Y'l0TOM BO3MOlKHIIX KHHeMaTH'l0CKH]{ orpaHH'!elillft 

Ha aKOJJJJHHeapHOCTb HMITYJJ.bCOB KOH0'1HlIX 'IaCTHU, Ha 9H0prHH Kam.noro 113 

KOH6'1HblX lliepMHOHOB, a TaKJK8 Ha yroJJ pacceHHHH KOHe'lHblX llieIJMHOHOB 

OTHOCHT0JlbHO OCH ITY'!Ra. 

6. Co3,naH naKeT IIpHKJJa,nHIIX rrporpaMM, ITO3BOJJHIWU1X IIpOBO.nHTb pac'!eT 

rroJJHoro C8'10HHH 11 HHTerpaJJbHO0: acHMMeTpHH Brrepe.n-Ha3a.n C Y'l8TOM CJJaublX 

11 Kan Fil c TO'lHOCTb!O nopH,nKa 0.1%. IlaKeT rrporpaMM MOJKeT OblTb 

11CilOJJb3OBaH rrp11 aHaJJH30 .naHHIIX, IlOJJY'l8HHblX Ha LEP, C U8Jlb!O rrpe

UH311OHHO0: rrpoBepKH cTaH.napTHo0: Mo.neJU1 11 orrpeneJJeHHH rrapaMeTpoB, a 

TaKJKe .nJJH Mo.neJillPOBaHHH 9KCII8pHM8HTOB. 

IlpaKTH'l8CKaH ueHHOCTb 

Ha OCHOBe BblIIOJJHeHHblX B .nuccepTaUHH pacqeTOB aHaJJH3HpYIOTCH .naHHble 

3KCIIepHM8HTOB LEP ITO 113Y'l8HHIO rrpouecca e+e--?f B oOJJaCTH 

Z
0 
-pe3OHaHca. AHaJJH3 rrepBblX .naHHIIX IlOKa3aJJ corJJac11e C MHHHMaJJbHOtt 

CTaH.napTHO0: Mo.neJJb!O C TpeMH IIOKOJJ8HHHMH Jl8IITOHOB 11 KBapKOB 11 IlO3BOJJHJJ 

2 

f, 

orrpe.neJrn:Tb TaKHe (f)yH.naM8HT8JlbHlI8 rrapaMeTpbl Teop1,m, KaK Mz, rz 11 .np. · 

CTpYKTypa .nuccepTaUHH 

nuccepTaUHH COCTOHT 113 BBe.neHHH, IIHTll rJJaB, 3aKJJJ0'18HHH, .nBYX 

IIpHJJOJKelillft 11 CIIHCKa UHTHpY0MO0: JJHTepaTypbl, conepJKamero 120 HaHMe

HOBalillft. 06'beM ,[\11CC8PTfil\1111-II5 CTpaHHu, BKJJIO'laH 20 pHCYHKOB 11 10 

TaOJJHU. 

ArrpoOaUHH pauOTbl 

Fe3yJJbTaTl:l, IIOJJY'l8HHl:l8 B .nuccepTaUHH, .noKJJaJlblBaJJHCb Ha Hay'IHIIX 

cewrnapax JlaCiopaTopmI H.nepHblx rrpoCiJJeM 11 JlaOopaTopHH TeopeTH'lecKo0: 

4}113HKl1 OO'be,nHHeHHooro HHCTHTYTa H,nepHblx l1CCJJe.noBalillft, Mem.nyHapo,!UlOM 

ceMHHape no (1)113HKe e + e - -B3aHMo.ne0:cTBH0: (Jl.yOHa, HOHupb 1 988) , 

M81KJlYHapO.nHIIX KOHIP3peHUHHX no Z-$13HKe Ha LEP B F'l11IrOepre (arrpeJJb 1989 
r. ) , Bpa0:TOHe (Matt 1989 r. ) 11 UEFH ( ceHTHOpb 1989) , a TaKJKe Ha 

ceMHHapax KOJJJJaOopaUHH )IE.II~~ (UEPH) B 1988-1989 rr. IlpHKJJa.nHIIe 

rrporpaMMl:l, CO3,naHHble Ha Oase pac'leTOB, BhlITOJJH0HHblX B ,n1,1ccepTaUl11,1, 

T8CTHpOBaHbl B UEPH 11 11CITOJlb3YIOTCH JlJJH aHaJJl138 ,naHHhlX no 

e + e - -aHHHPHJJHUHH Ha JIEII l8, 9 l • 
IIyOJJHKaUHH~ Ilo MaTepHaJJaM, rroJJy 1rnHHblM B .nnccepTaUHH, orryOJJHKOBaHO 

12 paOoT B BH,ne CTaTe0: B 4}113l1'18CKl1X lKYpHaJJax, Tpy.nax KOHIP3pettUH0: 11 

rrperrpHHTOB. 

COlIEPlKAHME PAEOTH 
Bo BBe,nemm KpaTKO oOcyJK,neTCH COBp8M8HHU0: CTaTyc CTaH,napTHO0: 

MOJl8JJH, a TaKJKe BO3MOJKHOCTl1 ee IIp0UH3l1OHHO0: rrpoBepKH Ha ypoBHe 

KB3HTOBhlX rrorrpaBOK B OYJlYD!11X 3KCIT8pl1M8HT3X. UCHOBH3H U8Jlb paOOTbl

pac•rnT noJJHoro ce'!eHHH 11 1rnTerpaJJbHO0: acl1MM8Tp1111 Brrepe.n-na3a,n rrpouecca 

e+e--+ Z, 1 -+1! B OuJJaCTH Z
0

-IIOJJIOC8 C Y'l8TOM 3JJ8KTpOCJJaCiHX Pil. Bo 

BBe,neHHH .naeTCH OO3Op JJHTeparypbl, IIOCBHill8HHO0: llCCJJe.noBaHHIO 3TOPO 

rrpouecca. 

B rrepBO0: rJJaBe BH'IHCJJHeTCH ITOJJHO8 C8'!8Hl10 11 acHMMeTpl1H rrpouecca 

e + e--1r B Hl13ill8M rropH,nKe Teop1111 BO3Mymelillft (B OopHOBCKOM 
, . 

rrpHOJJHJKeHHH). B I'BC B OopHOBCKOM rrpl16JJHJK0HHH 3TOMy rrpoueccy OTB8'Ia!OT 

,n11arpaMMl:l C OCiMeHOM (fx)TOHOM 11 Z~-O030HOM (J!;l1arpaMMa C OuMeHOM 

XHrrcoBCKHM-~bo3oHOM BHocaT B ce'leHHe l1C'le3a!O!Ue MaJJH0: BKJJa.n). 

IlOJJHO8·Ce'!eHHe MOJK8T ublTb 3aIIHcano B Bl1Jl8 CYMMl:l Tpex 'lJJ0HOB, OTB8-

'I8IO!Ul1X Z
0 

-OOM8HY, oOMeny (fx)TOHOM 11 me HHTep:tiepeHUHH 

s 121Cr r
1 ~ + 00 + 00 

(3-Mz)z+sI'z/Mz Mz ' ,z z z ... "z z 
a; ( 1 ) 
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r}le Mz -Macca, a I' z U rr, .. , COOTB6TCTB6HHO IIOJIH8H U rrapll,ll8JlhH8H llillpillill 

Z
0
-0030H8. B0Jlll3U. Z0 

-IIOJIIOCa OT B OCHOBHOM OIIp6,ll6JIH6TCH IIepBHM 'IJI6HOM, 

HM6KXUHM p630H8HCHYIO 38BUCHMOCTh OT S. B Bllp8lK6Hllll ( 1 ) Y'!TeHa 
S-38BUCllMOCTb WUpillill Z0 -0030Ha, IIpllBO}lffillaH K C,llBUry MaKCUMyMa C6'!6HllH 
Ha -35 MsB (CM., HarrpUMep, [10]). 

11HTerpaJibH8H acUMMeTpUH BIIepe,ll-Ha3a,ll orrpe,ll6JIH6TCH CJl6.llYIOOU™ o0pa30M 
1 0 

1 [Ida Ida ] AFe= oT uc de - uc de. • (2) 
0 -• 

r,lle e=cose, e-yroJI MeJ!UtY HM!IYJihCaMU e+ U f. B OopHOBCKOM rrpuOJ!llmeHllll 

rrpu S=~ acUMMeTpUH MomeT 011Tb 3aIIllcaHa B Bll,lle 

+ - "' 3 AF8 (e e -Lf) = 4 A.,Ar , (3) 
r,lle 

voao 
A= r r , 

r (Vo)2+(ao)2 
r r 

(4) 

r,lle v; U a;, COOTBeTCTBeHHo, BeKTOpHaH U aKCHaJihH!le KOHCTaHT!l, 

BXO.llHlllU6 B HettTpaJibHlltt TOK. Ll:3 IIpHBe,lleHHoro B!lpameHUH, BH,llHO, 'ITO 

B6JIU'IUHa acUMMeTpUU Ha IIOJI!Oce 'IYBCTBUTeJibHa K STHM KOHCTaHT8M. 

B rJiaBe BTOpon oOcym,llaeTCH HCIIOJih3Y~MaH B 'pa00T6 rrpu pac'IeTax PII 
cxeMa rrepeHOpMHpOBKH Ha MaCCOBOtt IIOBepXHOCTU [11 ]. B STOtt cxeMe 

HCIIOJ!h3Y6TCH CJI6.llY!OlllHtt HaOop He3aBHCllM!IX rrapaMeTpOB 

a, ~. ~. M.., 11\,, II\• er , (5) 

r.lle M" -Macca xurrcoBcKoro Oo3oHa, mt -Mac ca t-KBapKa, II\ oOo3HB'!aeT 

MaCC!l OCTaJibH!lX ~YH.llBMeHTaJibH!lX ~pMUOHOB, a ef-rrapaMeTpll MBTPHUll 

CM6IllUB8HllH KaOuOOo-KBOaHWH-MacKaBa. B STOtt cxeMe s1n2e., He HBJIHeTCH 
H638BHCUM!.lM H OIIp6,lleJIHeTCH [12] KaK 

s1n
2 e., = 1 ~ 

.M2 
z 

(6) 

Macca W-0030Ha (KOTopaH H3MepeHa C OTHOCHT6JlhHO IIJioxon TO'IHOCTh!O) 

MOmeT 011Tb B!lpameHa 'Iepe3 KOHCTBHTY µ-pacrra,lla Gµ [ 13] • Bll'IHCJIHeMaH 

TBKllM o0p830M Macca M., (a CJie,llOBaTeJibHO U s1n2e.,) 38BHCHT rrpH 3TOM OT 

HeU3BeCTH!lX rrapaMeTpOB mt H MH, KOTOp!le BXO,llHT B PII K B6p0HTHOCTU 

µ-pacrra,lla. B -oOJIBCTU Z0 -pe30H8HCa HeOOXO.llllMO TBKme Y'IHT!lBBTh 
XpOMO,llUH8MH'l6CKUe IIOIIpBBKU. LfTBK, HaOJIIO,llaeMlle ,llJIH rrpouecca e+e-...:.....+-ff, 

Bll'IHCJieHH!le B paMKax MllHllMBJihUOtt CTBH.llBPTHOtt MO,lleJ!ll B0Jlll3H 
Z0

-pe30H8HC8, 38BHCHT OT CJie,llyJOOIHX rrapaMeTpoB 

~. M", 11\,, a,. (7) 
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naJiee B STOtt rJiaBe ,llBeTCH KJiaecn~KBIJ,llH BCex SJI6KTpoCJia011x rrorrpaBOK 

K rrpoueccy e+e--ff H oOcym,llaIOTcH HX oomue cBottcTBa. Bee ·rrorrpaBKU 

pa30UBaIOTCH Ha ,llBB KJiacca: 1rnn rrorrpaBKU, KOTOp!IM OTB6'l8!0T ,llUarpaMM!l, 

OTJIU'Ia!OlllUeCH OT OopHOBCKHX HaJ!ll'!HeM .llOIIOJ!HllT6JlhHOro ~TOHa (peaJibHOro 

HJIH BllpTYBJihHOro), U CJiaO!le (Bee OCTaJibH!l6). Kem rrorrpaBKU B6JIHKH 

B0Jlll3H Z0 -pe30H8HCa H 3aBHCHT OT YCJIOBlltt SKCIIepUMeHTa. BcJie,llCTBH6 

KaJ!llOpOBO'IHOtt UHBapHBHTHOCTH 3TH rrorrpaBKH MoryT Bll'IHCJIHThCH He3aBHCllMO 

OT 0,llHOII6TJieB!lX CJIBO!lX rrorrpaBOK. CJia011e rrorrpaBKH 3H8'IHTeJibHO M6Hhlll6 

SJieKTpoMarHHTH!lX. £1x Bll'IUCJieHUe, O,llHaKo, rrpe,llcTaBJIH6T OOJibUJOtt UHTepec, 

T.K. OHH CHJ!hHO 3aBHCHT OT CTPYKTYP!l H rrapaMeTpOB Teopuu. 

B Konue STOtt rJiaB!l OIIllCaHa HCIIOJih3Y6MaH B paOoTe IIOCJl6,llOB8T6JlhHOCTh 

Bll'IHCJieHutt. Bll'IHCJieHUH rrpoBO,llHTCH CJie,lly!OlllUM oopa30M: 

1. <!MKcupyIOTCH 3H8'!6HllH rrapaMeTpOB (7). 
2. Bll'IHCJIHIOTCH 3HB'IeHUH M., H s1n2 8.,=1-M:1M: 
3. B!l'IUCJIHIOTCH rrapll,ll3JlhH!l6 H IIOJIH3H lllllpHH!l Z0 -0030H8 C Y'I6TOM O,llHO

II6TJieB!lX PH. 
4. Bll'IHCJIHIOTCH CJI30!le Pil B rropH,llKe O(a) K IIOJIHOMY C6'!6Hll!O OT H 

acUMMeTpun Brrepe,ll-Ha3a.ll A • 
. FB 

5. Bll'IHCJIHIOTCH Kan Pil K C6'!6HUIO U acUMMeTpUU B rropH,llKe O (a) , a 

TaKme Jlll.llUPY!OlllUe BKJia.llli BllCWHX rropH,llKOB Teopuu B03MYUJ6Hutt. 

CJie,ny!OlllUe ,llBe rJIBB!l 33HllM8IOT ueHTpaJibHOe MeCTO B ,llUCCepTauun. 

I'JIBBa TpeTbH IIOCBHllleHa Bll'IHCJI6Hll!O CJI80!lX PII K rrpoueccy e+e--ff B 

rropH,llKe O (a) • B s3. 1 Bll'IUCJIHIOTCH KOMIIJI8KCH!le ~pM-¢aKTOpll, 

UH.llYUHPYeM!le O,llHOII6TJI6BllMU CJI80llMU rrorrpaBKaMU. IlpH STOM HCIIOJ!h3YIOTCH 

MeTO.llli, pa3BHT!l6 B paOoTe [ 14 l. B STOM CJiy'!ae Y'I6T CJiaO!lX rrorrpaBOK 

~8KTH'I6CKH CBO,llUTCH K CJie,lly!OlllUM 3aMeHaM B OopHOBCKOtt 8MIIJIHTY.ll6 

rrpouecca 

a - a(sJ= 
a 

11-IIF(S)l2 
1' 

Gµ - Gµ p
1

(s) 

v0 = 219 -4Q sin
2 8 - V

1
=21

9 -4Q s1n
2 8 ~1

(S) a a a W a a a, wa 
,n, 

ca=e,f) 

··-o O O 1 1 1 1 1 -Q 1 'e 1 V.,f = V
0

Vr - V,,r=- +V.,+Vf+ b .,Q1s Il .,~., 1 (S) , 

(8) 

(9) 

(10) 

(11) 

r.lle r:-TP8ThH rrpoeKIJ,llH U30CIIUHa 

IIOJIHpU381J,llH BaKyyMB ~TOHB, 8 p
1

, 

~pM-¢aKTOpll, HM6!0lllU6 CJl6JlY!OlllHtt BlU( 

'l8CTllllll- 3,lleCh n;-¢epMUOHH8H 

~:,f, H ~:r - CJia011e O,llHOIIeTJI6B!le 
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1 a 1 l a 2 1 - 1 1 1 F f = 1 + ~f (S, ••• ) + 0 (1t) + , (f =p ,<£ ,fry) (12) 

rne ~f1
-KOMIIJieKCHl1e ~YIIBlUIB rrepeMeHHoa s, 3aBliCffilU1~ OT rrapaMeTpOB (5), 

a TaKJKe OT 3apHnOB yqacTBYIO!llliX B rrpouecce ~pMliOHOB. M3-3a TOPO, qTo 

<£:r"-£:~ , B oomeM c~qae rrpli yqeTe PIT HapymaeTcH oopHoBcKaH 

~KTOpli3aUHH BeKTOpllliX KOHCTaHT (v:r=v:v;,. T.e. 

v:r = v:V: + ~v:r • (13) 

8TO CBH3aHO, B OCHOBHOM, C rrorrpaBKaMli K BepmHHaM. O~aKo, BCJiencTBlie 

HepesoHaHCHOPO BKJiana BepmliHH!lX rrorrpaBOK, B0Jlli3li Z0 
-ITOJIIOCa 

~aKTOpH3aUHH C oqeHb xopomea TO~OCTb!O BllIIO~HeTCH (~v:r « v:r). 
Burro~eHH!le B paOoTe pacqeTU ITOKa3UBaIOT, qTo B0Jlli3li Z0

-ITOJIIOCa 

~pM--<f}aKTopu cJiaOo 3aBHCHT OT s. OT~e peaJibHoa qaCTli ~pM--<f}aKTOpa 

p
1 

OT 1 He rrpeBumaeT 0.01 Ilpli 3HaqeHliHX mt .li MH, JieJKammc B CJie~IOOlHX 

oOJiaCTHX 

60 < mt < 220 rsB 10 < M
8 

< 1000 rsB. (14) 

PeaJibHaH qacTb ~pM--<f}aKTOpoB <£:,r, BeCbMa CliJlbHO 3aBHC.liT OT 3HaqeHHa 

rrapaMeTpoB, li nJIH THJKeJioro t-KBapKa ~e~-£:,r,"'+0.07. MJrnMue qacTH 

~pM--<f}aKTOpoB rrpaKTliqecKH He 3aBHCHT OT 3HaqeHJia rrapaMeTpOB .li He 

rrpeBumaIOT 0.005. Pe·aJibHaH qacTb a(s)/a(O) COCTaBJIHeT Ilp.li S=M~ OKOJIO 

+0.06, a MHHMaH qaCTb 3TOPO OTHomeHHH paBHa -0.02. 8JieKTpoMaPHHTHaH 

OerymaH KOHCTaHT8 a(s) JiorapH(fl,.mqecKH 3aBliCliT OT m,. 

O~MeTHM, qTQ rrapaMeTp s1n
2
ev• orrpeneJieHHUa COTHomeHHeM (6) .li 

BUqlicJieHH11a .li3 µ-pacrrana. CliJibHO saBHCliT OT mt .li M..· O~aKo, 

3~KTliBHl1a sin
2
e:rr =S1Il

2
0v<£:,r,, peaJibHO orrpeneJIHIOllllfll: BeKTOpH!le 

KOHCTaHTU, BXOnffilUie B HeaTpaJibHUa TOK, BeCbMa cTaO.HneH OTHOCliTeJihHO 

BapHamm 3TliX rrapaMeTpoB. Ha plic. 1 HnnIOCTpHpyeTCH 3TO BaJKHoe 

CBoacTBO. 

lJaCTb BMana ,Dl'.Iarp8MM C OOMeHOM nEYMH W li nBYMH Z0
-0030H8Mli, 

HMelClllaH CJIOJKHYIO 3aBliCliMOCTb OT Cose, He BMIOqeHa B ~pM--<f}aKTOpU li 

paccMaTpHBaeTCH oTneJibHO. 8TH rrorrpaBKH, o~aKO, HMeIOT Hepe3oHaHcHUa 

xapaKTep li BHOCHT oqeHb Manua OTHOCHTeJibHUa BMan B ceqeHHe 

paCCMaTpHBaeMOPO rrpouecca B0Jlli3li Z0
-pe30HaHCa (OKOJIO 0.001%). 

B §3.2 BuqacJIHIJTCH ceqeHHe OT li ac.HMMeTpHH '\.e C yqeTOM CJiaOux 

rrorrpaBOK. no~ OTHOCHTenbHUa BMan CJI80UX rrorrpaBOK B ceqeHHe 

IIpOUSCCa e+e---.µ+µ- COCTaMHST OKOJIO 1%. B0Jlli3.li Z0
-ITOJIIOC8, a _MH 

c~aH b-KBapKOB B KOHS~OM COCTOHHlili 8Ta BeJ!li'mHa ~OCTHraST rropHnK8 

4% • CeqeHHe HMHSTCH ITJiaBHoa (f)yHKl.UiSa mt H ~ H ero BeJIH~a B 

MBKC.HMyMe MeHHSTCH Ha :,,Q.5% Ilpli BapHaUHH 3TliX rrapaMeTpoB B rrpeneJiaX 

6 

·, 

J 

i1 

il 

Q.2-4-0 I ■ t Ii I I I I I I I I I I I I I I I I I 111 I I I 11 I I I I I I I I I Ii 

0.230 

0.220 

0.21050 

' ' ' 

MB= 10 1'38 
MH= 100 1'38 
MH=1000 1'38 

100 150 

sin21'-,aff 

" 
' 

" 
' ' 

" 
' ' ' 

" 
' 2 ' sin19w 

200 

mt (I'3B) 
250 

Plic. 1. 3aBHC.liMOCTb Sin
2
0v .li s1n

2
0:rr 

pa3Jlli'IHHX 3HaqeHJia Maccu XliPPCOBCKOPO 0030Ha 

OT MaCCH t-KBapKa nJIH 

(Mz=91rsB, as=0.12). 

( 14). PacqeTU ITOKa3HBaIOT, qTo ecJIH B BHpalKSHlili ( 1 ) MH OopHOBCKOPO 

ceqeHHH 1iCITOJib30BaTb ITOJIHUe li rrapuaaJibH!le WHp.liHl1 Z
0 

-0030Ha C yqeTOM 

3JieKTpDCJia0HX PIT [151, a(M~) BMeCTO a(O), a TaKJKe yqecTh HeOOXO,Dl'.IMUe 

KXll rrorrpaBK.li, TO TO~OCTb TaKOPO rrpHOJI.lilKeHliH oyneT He xyJKe 0.2% Ilp.li 

l"s=Mz±rz. 
AcHMMeTpliH AFB Ha pe3oHaHce C yqeTOM cJiaOux. rrorrpaBOK MOlKeT OU Tb 

3aITHCaHa B Bline 

A1 = 3 A1 A
1 

+ ~A• 
FB 4 & f FD ' 

(15) 

r ~e A; ( e ) namcH BHpaJKeHHeM ( 4 ) c saMeHoa v:,r, Ha v:,r,, a ~e 

BKJIIOqaeT qacTH rrorrpaBOK K B6pmHH8M li qacTH rrorrpaBOK, CBH38HHUX C zz H 

WW oOMSHOM, HS Bome.nnrn:e B rrepBHa qJieH B (15). Be~a ~B COCTaMHeT 

:,,0.0015 JtJIH __ MKJOHOB B KOHS~OM COCTOHHlili (mt=100rsB), a MH c~qaH 

b-KBBPK?ii' :,,0. 0043 H CJiaOo 3a~_HCHT _OT rrapaMeTpoB m,_ li ~. 0CHOBH8H 

38BliCliMOCTb OT rrapaMeTpoB coneplKliTCH B rrepBOM qJISHS H rrpHBO,Dl'.IT K 

B8pH8Ulili Aia Ha :,,(). 01 rrpH H3MeH6Hlili rrapaMeTpoB B rrpeneJiax ( 14) (.ztJIH 

MKJOHOB B KOHS~OM COCTOHHHH). 

B paOoTe _ rro~qemi"- BHpalKSHHH MH oT H i\,8 B CJIYqae, Korna HaqanbHUe 

li KOHeqHJ1e. qacTHUU ITOJIHpH30B8Hl1. 8TH p63YnhT8Tli MOPYT OliTb 

HCITOJ!b30B8Hl1 rrpH 8H8Jlli3e naHHUX no H3MepeHHIJ ITOJ!Hpli38~ KOHS'IHHX 

7 



TayOHOB Ha LEE', a TaKJKe IIOCJJe IIOJJY'IelllH IIOJJHp:1130BallllX IIY'IKOB Ha 
YCKOpHTeJJHX SLC :11 LEP. 

B KOHUe &Toro rraparpa¢a KOpOTKO OIIHCaH rraKeT rrporpaMM DIZET, 
C03,naHHH8 .nJJH pac'!eTa OT :11 ~B C Y'IeTOM CJJadllX fll. IlpoBO,nHTCH 
cpaBHellle IIOJJY'I8HHHX C IIOMOUU,IO DIZET pe3yJJbTaTOB C pe3yJJbTaTaMH .npyrnx 
aBTOpOB [161. IloKa3aHo, 'ITO pe3yJJbTaTbl corJJacymcH C TO'IHOCTblO He xyJKe 
0.1%. 

TOT ¢8KT, 'ITO CJJadue PTI rrpaKTH'!eCK:11 He H3MeHHIOT dopHOBCKYIO 
CTPYKTYPY OT :11 AFB .naeT B03MOJKHOCTb IIpOCToro Mo.neJJbHO-He3aBHCHMOro 
rro.nxo.na K aHaJJH3Y 9THX HadJJID.naeM!lX. 3TOT rro.nxo.n paccMaTpHBaeTCH B 

§3.3. Ilp:11 ,9TOM CBOdO,nHHM:11 rrapaMeTpaMH HBJJHIDTCH Macca H nrn:pmi:a 
Z

0
-do3oHa, rrapaMeTp p, a TaKJKe· rrapaMeTp s1n2 e:rr, orrpe.neJJHI<IllHtt 

, BeKTOPHYIO KOHCTaHTY Hetl:TpaJJbHOro TOKa. 8TOT rro.nxo.n HBJJHeTCH 
IIpHdJJHJKeHHHM, T. K. B HeM He Y'IHTblB8IOTCH MlillMHe 'IaCT:11 (fopM--(flaKTOpOB, 
S-3aBHCHMOCTb (fopM--(flaKTOpoB, 8 TaKJKe rrpe.nrroJJaraeTCH, 'ITO HMeeT MeCTO 
¢aKTOpH3aUHH BeKTOpHHX KOHCTaHT. Pac'IeTbl IIOKa3blBaIOT, 'ITO 9TH 
IIpHdJJHJKelillH He IIpHBO.nHT K dOJJbmoa 'IHCJJeHHott OmHdKe B Ce'!eH:11:11 :11 

acHMMeTp:11:11 (l::,,o/o,:,,,fiAFB !, 0.2%). 8TOT rro.nxo.n pa3YMHO HCIIOJ!b30B8Tb B 

CJJY'Iae y'!eTa B03MOJKHHX pacnrn:peHHtt CTatt,napTHOtl: Mo.neJJH (TaKHX KaK 

cyrrepcHMMeTpHH), Kor.na B Teop:11:11 B03HHKaeT dOJJbillOe 'IHCJJO HeH3BeCTllllX 
rrapaMeTpoB :11 TO'!Hlitt pac'!eT PTI CTaHOBHTCH O'IeHb CJJOJKHHM. TaKotl: 
¢8HOMeHOJJOrH'IeCKJitl: rro.nxo.n Ha -·~rrpaKTHKe MOJKeT OK838TbCH BeCM8 y,nodHHM 

H3~3a IlpoCTOtt 38BHCHMOCTH OT :11 ~B 'OT CBOdO,nHHX rrapaMeTpOB. 
I'JJaBa '!eTBepTaH IIOCBffilleHa Bbl'IHCJJeHHIO Kon pa.nnaUHOHHHX rrorrpaBOK ,nJJH 

rrpouecca e+e--If(n1). IlocJJe,nime .naroTcH HeKorepeHTHotl: CYMMotl: 
BHpTY8JJbllllX rrorrpaBOK :11 rrorrpaBOK, CBH3aHHHX C H3JJY'IeHHeM peaJJbllllX 

¢QTOHOB, CB000,nH08 OT ~aKpaCHOtl: paCXO,nHMOCTetl:. Pe3yJJbTaTbl 
8HaJJHTH'I8CKHX Bbl'IllCJJeHHtt cpaBHHBaIOTCH C pac'!eTaMH MeTo.noM MOHTe-KapJJO 
[ 17, 18 J. B §4. 1 IIpllBO.nHTCH pe3YJJbTaTbl aHaJJHTH'IeCKOro pac'!eTa OT ll AFB 

C Y'IeTOM Kan rrorrpaBOK B rropH,nKe O(a) .nJJH CJJY'IaH, Kor.na He 
HaKJJa,nHBaIDTCH B03MOJKHH8 (Ha 9KCIIepHMeHTe) KIDJeMaTH'IeCKHe orpaHH'!eHHH 

Ha HMrryJJbCbl KOHe'IllllX '!aCTHU. BKJJa,n 9THX pa,nnamIOHHHX IIOrrpaBOK BeC,bMa 
3Ha'I:11TeJJeH (Ha pe3oHaHce IIOJJHoe Ce'Ielille YM8HbmaeTCH IIpHMepHo Ha 35%). 
3TO CBH38HO rJJaBHHM o0pa30M C ll3JJY'I8HH8M ¢QTOHa :113 Ha'!aJJbHoro 
COCTOHHHH, COIIpoBOJK,naeMoro pe3oHaHCH08 e + e - -aHHHrHJJHUHett. BepOHTHOCTb 
ll3JJY'I8HHH co.nepJKHT IIpll 9TOM OOJJbmoa JJorapuflM BH,na 

L=log(s/m:> , (16) 

KOTOplitt B OOJJaCT:11 Z
0
-pe30HaHca paBHH8TCH ""-25. IlorrpaBKa, CBH3aHHaH C 

ll3JJY'I8HH8M :113 KOHe'!Horo COCTOHHHH B CJJY'!ae OTCYTCTBHH KIDieMaT:11'!8CKHX 
OrpaHH'IeHHtt Ha HMrryJJbCbl KOH8'IllllX '!aCTHU, MaJJa ll COCTaBJJH8T t ,:,,,0.0017 
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,.I 

!) 

l\ 

,'{ 

.nJJH OT. B CJJY'!ae AFB 9Ta rrorrpaBKa paBHa O. B paOOTe IIOKa3aHO, 'ITO B 
IDITept,epeHUHH ll3JJY'I8Hlltt :113 Ha'IaJJbHoro ll KOH8'!Horo COCTOHHlltt HMeeT 
MeCTO KOMIIeHcaunH BHpTY8JJbllllX rrorrpaBOK (BKJJa.n .nnarpaMM C OOMeHOM .nBYMH, 
¢QTOHaMH, a TaKJKe ¢QTOHOM U Z0 -0030HOM) ll IIOIIpaBOK, CBH3aHHHX C 
ll3JJY'IeHHeM peaJJbllllX (foTOHOB. 

Bo Bcex pac'!eTax TOpM03HHe ¢QTOHH YCJJOBHO pa3,neJJHIOTCH Ha MHrKHe ll 

JKeCTKHe. MHrKHe (foTOHH HMeIOT 9Heprmo MeHbme, 'IeM 9KCIIepHMeHTaJibHOe 
pa3pemeHHe, ll, CJJe.noBaTeJJbHO, HeHaOJJIO,naeMH. l1x BKJJa.n ll3MeHHeT BblCOTY 
Z0 

-IIHKa; He ll3MeHHH (fopMH Z0 
-JJHHHH. HarrpoTHB, ll3JIY'Iellle 9Heprll'IHHX 

JKeCKHX (foTOHOB llCKaJKaeT Opetl:T-BllrHepOBCKYIO ¢opMY Z0 -JilfillIB rrpaBee 
pe30H8Hca, IIpHBO.nH K 9ftll)eKTY "pa.nnaunoHHoro XBOCTa". 

B §4.2 Y'IHTblBaeTCH OCHOBHOtt BKJJa.n rrorrpaBOK BblCmHX rropH.nKOB Teop:11:11 
B03MymeHHtt "MeTo.noM 9KCIIOHeHUHpoBalllH" BKJJa.na MHrKHX (foTOHOB ll BKJJa.na 
JKeCTKHX ¢QTOHOB, llCIIYCKaeMUX KOJJJJIDieapHO HMIIYJJbCY ll3JIY'Ial0ll\e8 '!aCTfilUl 
[ 19, 20). B 9TOM CJJyqae C y'!eTOM rrorrpaBOK, CBH3aHHHx C ll3JJY'IeHHeM :113 

Ha'!aJJbHOro COCTOHHHH, BblpaJKeHHH .nJJH OT ll OFB=AFBOT MoryT 0b1Tb 3aIIHCaHH 
B BH,ne CBepTK:11 

oA = JG:<s:R>o:<sR)dR, (A=T,FB) (17) 
R 

S.necb 
~ -• 

G:(s;R) = ~
8

(1-R) e C1+as•v(s)l + a:(s;R) , (18) 

~ =2a(L-1) 
e 'JC • (19) 

r.ne R=M:f/s, ~f-HHBapuaHTHaH Macca KOHe'IHHX ¢epMHOHOB, o:-ce'!elille 
(wrn: acllMMeTpllH) C Y'I9TOM CJI80HX rrorrpaBOK. 0TM9THM, 'ITO Y'I9T CJia6blX 

¢QpM--(flaKTOpOB B rrpouecce C llCIIYCKaHHeM (foTOHa ((foTOHOB) BHOCHT 
3aMeTHHtt BKJJa.n B HaOJJID.naeMHe BeJJH'IllHH. 0,nHaKO, C .nocTaTO'IHOtl: CTerreHblO 
TO'IHOCTll (fopM--(flaKTOpbl, a TaKJKe a ( S) MOJKHO ~CHpOBaTb rrpll YS=Mz. 

IlepBHtt 'IJJeH B ( 18) Y'IllTUBaeT BKJJa.nu ll3JIY'IelllH MHrKHX :11 KOJIJJHHeapllllX 
¢QTOHOB BO Bcex rropH,nKax Teop:11:11 B03MYII\eHHH, a T8KJK9 BHpTYaJJbHHe 
rrorrpaBKH B rropH,nKe O(a). <!>YHKUHH a:. Bbl'IllCJieHHaH B O,nHOIIeTJJeBOM 
rrpnOJJHJKeH:11:11, OIIHCblBaeT peryJJHpHYIO IIpll R=1 '!aCTb rrorrpaBOK, CBH3aHHblX C 
ll3JJY'IeHHe~,,:JKeCTKHX ¢QTOHOB. 0TMeTHM, 'ITO 9T8 ¢YHKUHH HMeeT pa3JJH'!Hutt 
B:11,n .nJJH I•,,, ce'!eHHH ll acHMMeTp:11:11. 0,nHaKO, BOJJ:113:11 Z0 -pe30H8HCa. 

ucrroJJb30BaJIBe a~ B BupameHHH .nJJH oFB He rrpuBo.nnT K 3aMeTHott omnOKe. 
3TO CBH38HO. C .noMHHHpOBaHHeM BKJJa.na MHrKHX (foTOHOB. O'IeBH,nHO, 'ITO B 

( 17) COOTBeTCTBYIOll\HM BblOOpoM HHJKHero rrpe.neJJa IDITerpHpoBaHHH 
R>Rm,n =4m;/s MOJKHO y.feCTb orpaHH'!eHHe Ha ~r wrn: Ha &Heprll!O JKecToro 
(foTOHa ko =1'S ( 1-R) /2. BupaJKeime ( 17) MOJKeT OHTb oOoOmeHO Ha CJJY'!a:ll, 
y'!eTa TaKJKe ll3JJY'I8HHH :113 KOHe'!Horo COCTOHHHH: 
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OA = JG: (s;R)G: (s;R,R)o: (sR)dR + a: (R) , (19) 

R f . 
r.ne (l)yHKI.UiH KOHe'lHOro ns.nyqelll'IH GA MOJKeT 011Tb IIO.ny'leHa aHaJlllTll'l8CKll, 
eCJlll yqeCTh saKOH coxpaHelll'IH 3Heprnn-llMIIY~bca TO~hKO B rrepBOtt BeplIIlllie. 
B B11paJKeHllll (19) oi rrpe,ncTaB~HeT coooa B~a.n nHTep(l)epeHI.Ulli Ha'la~hHoro 

A . 

ll KOHe'lHOro ns~yqelilltt, KOToplltt B paOoTe B!l'lllC~eH B rropH,nKe O(a) ('ITO 
COOTBeTCTByeT TpeOyeMott TO'lHOCTll). 0TM8TllM, 'ITO B c.ny'lae cymeCTB8HHl1X 
orpalll'l'!elilltt Ha 3Heprmo (l)oTOJia (k

0 
:s 1 rsB) , norrpaBKll, CBHSaHH!le c 

KOH8'lHl1M ns.ny'lelll'leM, BHOCHT saMeTH!ltt BK~a,n. 3TO JKe crrpaBe,nJlllBO ll ,n~H 

BK~a.na nHTep(l)epeHI.Ulli B c~yqae AFs· 
Ha pnc. 2. ll 3 llpllBO,nHTCH saBllCllMOCTll OT ll ~B OT s B OopHOBCKOM 

rrpnO~eHllll, a TaKJKe C Y'l8TOM K31l pa,nnal.l,l'IOHH!lX norrpaBOK rrpn paSJlll'lH!lX 
sHa'lelll'IHX R. Y'leT K31l norrpaBoK (.n~H npouecca e+e---.µ+µ-. R=R. ) 

mm 

C,nBllraeT IIO~OJKelll'le MaKCllMYMa ce'lelll'IH BrrpaBo· OT Mz Ha "" 110 MsB , a 
SHa'lelll'le Ce'lelll'IH B MaKCHMYMe YM8HhmaeTCH Ha ""26% (ecTeCTB8HHO 3Tll 

2.0 

1.5 

1.0 

0.5 

_ _ _ _ Rm111=4m:/S 
- - Rmm=0.9 

_ _ R.m,,=0.99 

Q.Q I I I I 11 I If I I 11 I I I I I I I 111 I I I I I I I IP I I I I I I I I If l I I 

86.5 89.0 91.5 94.0 96.5 

Ecm (fsB) 

Pnc. 2. SaBncnMocTn no~oro . ceqelll'IH npouecca e + e ---.µ + µ - B 

OopHOBCKOM rrpno~eHllll ( C~OmHaH KpllBaH) ll C Y'l8TOM K31l rrorrpaBOK 
(IIYHKTnpH!le KpnB11e ) OT sHeprnn B cncTeMe ueHTpa Mace, no~y'leHH!le c 

IIOMOlllhIO nporpaMM!l MUCUT. C~a011e rrorrpaBKll He y'lllT!lBaIOTCH. 3Ha'l8lll'IH 
napaMeTPOB: Mz=91I'3B, rz=2.467I'sB, B1n2 8=0.2317. 
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1 
i) 

1 
t, 

0.4 

0.2 

0.0 

-0.2 

/ --.,, -~--~-~-~-
'✓ 
~ 
~ 
~ 

____ R.m..=4m,2/s 
__ Rmi.=0.9 

_ _ Rmi.=0.99 

-Q.4111111111111 IP p 111 I! I 1111 I I I I I IP t I I I I I I I I II 17 

86.5 89.0 91.5 94.0 96.5 

Ecm (fsB) 
Pnc. 3. To JKe, 'ITO ll Ha pnc. 2, TO~bKO .n~H llHTerpa~bHOtt acnMMeTpllll 

anepe.n-Hasa,n. 

l.l,l'l(l)pll SaBllCHT OT HaK~a.zt11BaeM11x KllHeMaTll'leCKllX orpalll'l'lelilltt). Ms pnc. 2 
n 3 Bll.ZlHO, '!To·rrpn yc~eHllll orpalll'l'!elilltt (l)opMa Z0

-JlllHllll rrpno~aeTcH K 
OopHOBCKOtt (YM8HhmaeTCH BJlllHlll'l8 pa,nnal.l,l'IOHHoro XBOCTa). ACllMM8TpllH 
npouecca rrpn 3TOM CT8HOBllTCH 0JlllSKa K OQpHOBCKOMY SHa'leHIDO. 3TH (l)aKTll 
oO~HCHHIOTCH TeM, 'ITO rrpn Cll~bH!lX orpalll'l'l8lil'IHX Ha 3Heprmo llCIIYCKaeMoro 
(l)oTOHa ( k:a• < 1 !18B) , K31l norrpaBKll rrpaKTll'l8CKll rrporropl.l,l'loHa~bH!l 
ce'lelll'IIO yrrpyroro npouecca. 

B §4.3 llpOBO.ztllTCH pacqeT K31l rrorrpaBOK c Y'l8TOM orpalll'l'lelilltt Ha 
aKo~eapHOCTh KOH8'lH11X 'laCTlll.l ~ (~='JC-~', ~ •-yro~ M8JK,ny llMIIY~bCaMll 
KOH8'lH!1X qaCTlll.l) ll Ha 3Heprnn KOH8'lHl1X 'laCTllU. 3TH KllH8MaTll'l8CKll8 
orpalll'l'l8lll'IH (BMeCTe C orpalll'l'l8HllHMll Ha yr~ pacceHlll'IH KOHe'lH!lX qaCTlll.l) 
COOTBeTCTBYIOT yc~OBllHM 3KcrrepllMeHTOB (8,9] c perncTpal.l,l'lea ~eIITOHOB B 

KOH8'lHOM COCTOHHllll. Orpalll'l'l8lll'IH ~<(max ll E(f), E(l')>Emin Y'lllT!lBaIOTCH 
aHaJlllTll'leCK:0:COOTBeTCTBYICX!lllM llHTerpnpoBalll'leM KOHe'!Horo (l)asoaoro oO~eMa 
rrpouecca J~e-~ff7. ~H y'!eTa OCHOBHoro B~a.na BllCfilllX rropH,nKOB 
llpllM8HH8TCH M8TO.zt 3KCIIOH8Hl.l,l'lpOBalll'IH MHrKllX H KO~eapH!lX (l)oTOHOB. 

Ha pHCyHKaX 4 ·.ll _5 llpllBe.zteHa SaBllCllMOCTb OT ~max IIO~oro C8'l8lll'IH H 

acllMMeTpllll rrpn S=M: .zt~H pasH!lX SHa'lelll'IHX Emin" Ms pllCYHKOB Bll.ItHO, 'ITO 
llpll Emin )-{S/ 4 C8'!8lll'le BllXO,nllT Ha ~aTO. 3TO OSHa'!aeT, 'ITO CYJJ\8CTByeT 
oO~aCTh, B KOTopoa H8T saBHCllMOCTH OT HaK~a.zt11BaeM11X orpaHll'!elilltt Ha 
aKo~eapHOCTb, 'ITO BaJKHo rrpn B!100pe OIITllMa~bH!lX yc~oBHa 
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!max (rpa~) 
PHc. 4. IlOJIHOe ceqeIIBe rrpouecca e+e---.µ+µ-, BH'lHC~eHHOe C ITOMOmbID 

rrporpaMMH ZCUTCOS, IIpli S=M~. KaK tlJYHKUHH MaKcHMa~bHO ,norryCTHMOro 
3HaqeIIBH aKO~~eapHOCTli MIDOHHHX HMrry~bCOB ,n~H pas~qHHX 3Haqemnt 
orpaHlfqemnt Ha ::meprlili MIDOHOB , (Mz =91 rsB, r z =2. 467I'sB, s1n

2
0=0 .2317 ) • 

ToqJ?i rrpe,ncTaB~HIDT pesy ~bTaTH, rro~qeHHHe MeTO,llOM MOHTe-Rap~o ( 10
6 

COc5HTml:) • Onrnc5Kl1 pacqeTa MeTO,llOM MOHTe-Rap~o COOTBeTCTBYIDT pasMepy 
ToqeK. 

0.003 

0.001 

-0.001 
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PHc. 5. To ~e. qTo 11 Ha p:11c. 4, TO~bKO ,n~H HHTerpa~bHOtt BCHMMeTplili 
Brrepe.n-Hasa,n. 

12 

3KCITepHMeHTa. Ha 3Tl1X pHCyHKax rrpHBe,neHH TaK~e TOql{lf, rro~qeHHHe C 
IlOMOmbID DYMU2 MOHTe-Rap~o (MR) rrporpaMM!l [181. Cor~ac:11e .nBYX pacqeTOB 
.n~H pea~bHHX 3Haqemnt tmax l1 Emin He xy~e 0.4% MH OT l1 0.05% MH AFB. 

YBe~qeIIBe pas~q:11H Me~ .nBYMH pacqeTaMH ,no 0.7% rrp:11 yc~eHlili 
Kl1HeMaT:11qecKHX orpaHlfqeHillt CBaSaHO C CHCTeMaTHqecKott rrorpeWHOCTbID 
MR-rrporpaMMH. Ha pHCYHK6 6 IIpliBO,nHTCH saBHCl™OCTb OT OT 3HaqeIIBH 
Emin li~IDCTplipYIOO\aH BaWOCTb yqeTa l13~yqeIIBH 113 KOH6WOro COCTOHIIBH. 

1.:i() 

aT (Ho) 
- -A - -t.- - Ir - -i>- -~ - ,., - -- -b, 

1.45 

1.40 

(mu:=15° 

1.35 O 

Em1n (r3B) 
PHc. 6. 3aBHCHMOCTH IlOJIHOro ceqeIIBH rrpouecca e+e---.µ+µ- IIpli S=M~ 

OT MlilIBMB~bHO ,norryCTHMOtt 3HeprHH MIDOHOB C yqeTOM rrorrpaBOK, CBH3aHHHX C 
HS~yqeIIBeM HS KOHeqHoro COCTOHIIBH (CIT~OWHaH KpHBaH) H c5e3 yqeTa 3Tl1X 
rrorrpaBOK (rryHKTHpHBH KpHBaH). IloKasaHH Trut~e COOTB8TCTBYIOOIHe 
pesy~bTaTH, rro~yqeHHHe c IlOMOmbID MeTo.na MOHTe-Rap~o. (Mz=91rsB, 
I'z=2.467I'sB, s1n2 0=0.2317). 

B §4.4.,0illiCHBaeTCH CTPYKTypa rraKeTa rrporpaMM ZBIZON, cos,naHHHX MH 
rrpeUH3HOHHOro~ pacqeTa Hac5m,naeMHx .n~H rrpouecca e+e---+ff B oc5~aCTH 
Z0 -pe3OHaHca. IlaKeT l1M88T C~6.!lYIOO\YID CTPYKTYPY 

IM I ~ r• • • • • z m, M" aaco-~ z p v., vr v .. r 
MUCUT ]- OT AFB 

ZCUTCOS I- OT ~B 
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IlocJie Bll'illCJieHHfl MW li s1n2 ew paC'illTllBamcfl IIOJIHafl nnqnma rz li lllYHKJ..Um 
p1 li v:. '1r, v:r C yqeTOM CJia6ux rrorrpaBOK C IIOMOlllbD IIaKeTa DIZET (rJI. 
3). 3aTeM BllqHCJlflDTCfl K8Jl rrorrpaBKH K OT H AFB IIpli IIOMOl!Ul rrporpaMM 

MUCUT HJIH ZCUTCOS. IlporpaMMa MUCUT aHaJIHTITT6CKli paC'illTllBaeT ceqeHHe li 

acHMMeTpHD, rrpoHHTerpHpoBaHHlle no cose B IIOJIHllX rrpe.neJiaX C B03MOlKHHM 
orpaffnqeHHeM Ha HHBapnaHTHYD Macey KOH8qffllX qacT:im. B rrporpaMMe 
ZCUTCOS qncJieHHo HHTerpnpyeTCfl (B I!pOli3BOJlbHllX' rrpe,neJiax) yrJIOBOe 
pacrrpe,neJieHHe, IIOJiyqaeMoe IIOCJie CBepTKH 6opHOBCKOro yrJIOBOro 
pacrrpe,neJI6HHfl c COOTBeTCTBYJOOtett K8Jl lllYHKI.Uiett. 8Ta rrporpaMMa .naeT 
B03MOlKHOCTb HaJIOllrn:Tb (B aHaJIHTHqecKott qJOpMe) orpaHHqeHHfl Ha 
aKOJIJiliHeapHOCTb KOHeqffllX qacTHU li liX :meprHH liJili Ha liX HHBapliaHTHYD 
Macey. 06a B8pH8HTa pacqeTa K8.ll rrorrpaBOK MOryT HCIIOJib30BaTbCfl li. µJill 
Mo,neJibHO-H63aBHCHCMOM aHaJIH36. 

B rJiaBe IIflTOtt HJIJllOCTpHpYDTCfl B03MOlKHOCTli pa3pa60TaHHoro 
rrporpaMHoro o6ecneqeHHfl .nJifl aHaJIH3a ,naHHllX no e + e- aHHHrHJifllUIB B 
JienTOHll. B § 5. 1 MO.U6JIHPY6TCH :rncnepHMeHT no H3yqeHHD e + e - -+j.L + µ - U 

oueHHBaeTCfl TQqHQCTb orrpe,neJieHHfl napaMeTpoB CTaH,napTHOtt MO,U6Jlli C 
yqeTOM TOJlbKO CTaTHCTHqecKHX onrn:6oK. OlKl:1,naeMafl TOqHQCTb H3MepeHHfl 
MaCCll li illlipl!:Hll Z0 -6030Ha COCTaBJifl8T ""20 MsB (IIpli CKaHHpoBaHHH 06JiaCTH 
"'z±10 rsB B 13 9KBH.nl'ICTaHTHllX TO~ax no 1's , li Ha6ope CTaTllCTHKH B 
TeqeHHe 10 CYTOK B KaJK,nott TO~e). IloKa3aHo. qTQ OT He qyBCTBHT6JlbHO K 

II\, li MH. 
B §5.2 IIpliBO,nHTCH rrpHMep HCnOJib30BaHHfl rrporpaMMll ZCUTCOS rrpn 

aHaJIH3e peaKUlitt e+e--+µ+µ- li e+e--'t+'t- Ha ycTaHOBKe DELPHI [9]. 
Ha6op CTaTllCTHKH I!pOBO,nllJICfl B 10 TO~ax no 1'S B HHTepBaJie OT 88.283rsB 
.na 95.042I'sB. Beere aH8Jlli3HpoBaJIOCb 195 MIOOHHllX li 148 TayoHHllX 
C06llTlitt. CeqeHHe B KaJK,nott TO~e 6llJIO I!pOHHTerpHpoBaHO B .nnano30He 
yrJIOB 50° <0<130° (0-yroJI pacceflHl!:fl KOH8qffOro JienTOHa). UeJibKl aHaJllma 
6HJIO orrpe.neJieHHe napunaJibHHX JienToHHHX nrn:pHH r µ n r,:. JlJifl sToro 
I!pOBO,nHJ!Cfl O,nHOnapaMeTpITTecKHtt (lMT M6TO,UOM MaKCHMYMa rrpaB.nono.no6Hfl C 
napaM8TpoM r et =r • .rt ( l=µ • 't) , ql8KTITT8CKH flBJiflmtnMCfl HOpMHpoBKOtt qJI8H8 C 
Z-o6M8HOM B ceqeHHH (CM. (1)). McIIOJib30B8JlliCb 3HaqeHHfl MaCCll li Ilillpl!:Hll 
Z0 -6030Ha, li3MepeHHlle Ha YCT8HOBKe DELPHI B rrpouecce e+e--aHHHrHJiflJ..Um 
B 8.npoHll (Mz=91.171±0.030±0.030rsB • rz=2.511±0.065rsB). 

B rrpe.IJ;IIOJIOlK8Hlili µ-e li 't-e YHHB8PC8JlbHOCTH noJIYqeHH CJie.ny!WlRe 
pe3yJibTaTll 

rµ=83.0±2.9±2.4 MsB, 

r,:=81.2±3.3±3.2 MsB 
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(20.) 

(21) 

r.ne nepBafl OmH6Ka-cTaTHCTHqecKafl, BTopafl-CHCTeMaT11qecKafl. HeTOqffQCTli B 
Macce li mHpHHe Z

0

-6030Ha BKJIJOqeHll B CHCT8M8TITT8CKYID onrn:6Ky. Pe3yJibTaTll 
(lMTa ,nJifl MIOOHHOro KaHaJia rrpHBe.neHH Ha pncyHKe 7. 

1.0 [I I I 11 I I I I I I 111 ii I I I j I 11111 I 111 I I I I I I I 11 I I ii 

0.6 

0.5 

0.3 

aµµ (H6) 

50°(-0(130° 

DELPHI 

0.0 r, •,,, ■,■ ,I,,,,,,,,, 1,,,,,,,,, 1,,,,,,,,, 1 s d 
67.5 B9.5 91.5 93.5 95.5 

Ecm (fsB) 
Plic. 7. Pe3yJibTaT aHaJIH3a .naHHHx .UJifl rrpouecca e+e--+µ+µ-, 

noJiyqeHHllX Ha YCT8HOBKe DELPHI [ 9 l • <IiliTnpoBaHHe IIpBO,nHJIOCb C nOMOiltbID 
rrporpaMMll ZCUTCOS (CM • .neTaJIH B TeKCTe). 

IloJiyqeHHHe pe3yJibTaTH xopomo corJiacyIDTCfl .npyr c .npyroM, no.nTBepJK.nafl 
rHIIOTe3y µ-,: yHHBepcaJibHOCTH, a T8KlKe corJiacyIDTCH co 3HaqeHHeM 
JienTOHHott nrn:pl!:Hll. BllqHcJieHHott B paMKax CTatt,napTHOtt Mo,neJIH ,UJlfl mi=90rsB 
li M,.=100rsB, paBHOtt 83.4 MsB • 

Pe3YJibT8Tll pa6oTll Kp8TKO CYMMHJ)YID~Cfl B 38KJIJOqeHHH. 
B · IlpHJIOJKeHHH I IIpliBO.UflTCfl TO~e BllpalKeHHfl ,nJifl CJia6llX qJOpM--$JKTOpoB 

li ,nJifl BKJia,na ,!lHarpaMM c WW H zz 06M8HOM. 
B IlpHJiolKeHHH II IIpliBO,UflTCfl Bllp8lK8HHfl ,nJifl K8Jl IVYHKUlitt C yqeTOM 

pe8JIHCTITTet:jmx , KHHeM8TITT0CKHX orprumqeHHtt. 
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