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ITpHJlO>KeUHe M 

BepWHHBhIe qaCTH FAf H Fv f H KOHCTaHThI Ci. 

'. B 3TOM IIpIIJIO)KeHlIlI co6paHhI BepIllIlHIIhIe 4>yHKD;IIH, KBJDlIOIIlHeCJI qa-

CTblO O.n;nOneTJIeB:DIX 31IeKTpOCna6bIX nOnpaBOK K pacna.n;aM Z --+ vii, Z --+ 

l+t-, Z --+ UU, ee, dd, ss. B CJIy'tJae pacna,na Z --+ bb B neTJIe MOJKeT pacrrpo

CTPaRJITbCil t-KBapK, n03TOMY BepmIllIHbIe nonpaBIrn He CBO.n;HTCsr K 'lliICJIaM, 

a KBJIHIOTC.K 4>yHKD;I1ilMH OT ffit (CM. IIpIIJI02KeHIle N). 
KOHe-.:m:hIe 'tJaCTH BepmlIHHIillC <pyHKrurii npHBe,neHbI B [?], CTp. 29, 30. Co

OTBeTCTByroIllHe Bblpa.JKeHlIil 3aJUICKT OT ew(sw) I:I mw/mz. Pa60TaSI B paM

Kax O.lUIOneTJIeBOrO rrpH6JIlDKeHlIH, M:bI 3a.\1enHeM ew 11 mw/mz Ha e, a Sw 
Ha s. IIo3ToMY Tor,zl;a KaK BepIIllIIIHhIe ~YHKD;IIII B [?] 3aBlICHT OT mt, ma H 

HOBOR 4>H31IKlI, Hamn KBJIKIOTCJI "tJJi:ICJIaMH (CM. T3JOKe IIpIlJIO)KeHHe L). 
B 3TOM llpIlJIoJKemrn: npHBe.n;eHhI TaK)Ke OTCyTcTBylOIIJ;Re B [?] 6eCKOHeq

HhIe QaCTl1I, Heo6xo,IlHMble ,IlJI.K npOBepKll COKpam:eHIlH 6eCKOHe"'IHOCTeft B <l>n

3H'tJeCKRX Ha6rIIo.n;aeMhIx. 

HaqaeM C pacna.na Z --+ vv: 

(M.1) 

lIJIJI pacna.n;a Ha rrapy 3apH.iKeHHbIX lIenTOHOB lIJIlI KBapKOB HMeeM: 

(M.2) 

FAf = 4: [af(3vJ + aJ)A2(m~, mz) + Fi] , (M.3) 

r.n;e al = ad = -1/4se, au = 1/4sc, vf = (Tl - 2QIs2)/2se (T4 = TI = -1/2, 
T; = 1/2, Ql = -1, Qd = -1/3, QU = 2/3). $yHKD;lIlI FI paBHbI: 

I 1 .2 3c 2 
FL = -83 A2(mz,mw) - -43A3(mz,mw) , (MA) 

s c s 

(M.5) 

(M.6) 
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LlJnI BbPIHCJIeHIDI FVI II FA! Ha,n;o orrpe,n;eJIHTL 3HaqeHIDl Tpex KOHCTaHT: 

A2(mi,mw), A2(m~,mZ) II A3(mi,mw). 

2 7 2 2 ) (2)A2(mZ,mw) = -2 - 2c - (2c + 3 In c 

+ 2(1 + c')2 [lnc'ln C~c') - Sp (-~)] , (M.7) 

'_ r.ne 6hIJIO HCnOJTh30BaHO mW / mZ =c; Sp(X) - cPymrn;mJ: CneHca: 

1 dt 7["2 

Sp(x) = -!T In(1-xt), Sp(-1) = -12 (M.8) 

HCnOJIb3YjI (11) II (11), nOJIj"IIIM: 

A2(m~,mz) = -~ - 2 - 8Sp(-I) (M.9) 

HaKOHen:: 

5 2 2 2 2 _/ 1 
= - - -c + -(2c + l)v 4c2 - 1 arctan -r:~===:= 

6 3 3 v'4c2 - 1 

2~c'(c + 2) (arctan v'4~ _ 1r. (M.10) 

IIpIIBe.neM BhIpaJKeHHX .nrrx paCXO.ZI:XID;HXCX qaCTeH BeplTI1iJIDU,TX cPyman:n2r, 
OllHChIBaIOIUIIX CBjI3b Z -6030Ha C JIenTOHaMH: 

divFv = 8& ~~w ,divFvl = divFAl = -divFv (M.II)
7["8 

IIepe~eM K B:bPmCrreHmO KOHCTaHT Ct. Ha'tIHeM C orrpe,n;erreIDIH. CorrracHo 

I?] 
(M.12) 

BeJIH'llIHa Lv OllHChIBaeT BKrra,n nenTOHOB II JIerKHX KBapKOB B nOJIKpIl3a

nnOHHbIe onepaTophI BeKTOplThIX 6030HOB II rrerKO MO.lKeT 6hITb nOJI~eHa l1I3 

cP0PMYJI IIpl1IJIoxeIDIil K ,n;JISlnOJISlpIl3a.uHOHHhIX onepaTopOB: 

2 304 4L v = 4 - 88 + 278 (M.13) 

D v B03Hl:IKaeT l1I3 60KCOBLIX l1I BepIIIHHHIiIX 3JIeXTpOCJIa6LIX IIOrrpaBOK K J-L
pacna.lIY [?]. BhIpaJKeHl1Ie .nJIg D CM. B IIpllJIo~eHHlil E, yp-HHe (E.8). lIJIK D v 

HMeeM: 

(M.14) 
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HaKOHeu: 
- 1287rs3c3 

Fv = 3& Fv (M.15) 

CpaBHIIBaJI (??) II (??), TIpIIXO.n;HM K BhIpa2KeHlIIO .n;JlK Gv , Bce HlITpe.n;lIeHThI 

KOToporo Terrepb onpe,n:eJIeHhI: 

(M.16) 

(M.17) 

(M.18) 

lIpHBe.n;eM <poPMYJIY .n;mI BepIIIHHHoiI ¢>YHKnmI: 

1287rs3c3 

FA = 3& FA / (M.19) 

HaKOHeu: 

(M.20) 

(M.21) 

r.n;e DR = D v , a LR = 0, TaK KaK IIw(mw) oTcyTcTByeT B OTHomeHlIB gV/gA. 
linK FR lIMeeM: 

-
FR = 

167r(c2 - s2)cs 2 
3& [-FVl + (1 - 48 )FAd , (M.22) 

II lPopMyna .D:JlK CR : 

CR=LR+DR+Fn (M.23) 

3TO IIplIJlO1KeHlIe 3aKaH"tfiIBaeM iPOPMYJIaMH .n:Jl.H em: 

(M.24)
 

(11.25) 

(M.26) 
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npUJIO)f(eHUe N. 

tl>yBKQRB t/J(t) II 6t/J(t) B pacua,zte Z ~ bb. 

lIJIj[ q>YHJGUIH 4>(t) Mbl HCnOJTh3yeM pa3JIOXeBHe H3 pa60ThI [1]: 

3 - 282{2 t¢(t) = 2 2 2 t + c [2.88ln2" - 6.716+ 
8 C C 

1 tIt+ i(8.368c21n c2 - 3.408c2
) + t2(9.126c41n c2 + 2.26c4 

) + (N.!) 

1 6 t 6 }+f3(4.043c In c? + 7.41c ) + ... , 

a ,n;mI fJ¢( t) HCIIOJTh3yeM JIH.ZJ;HPYJOmee npH6JIl2DKeBHe, BhPillcneHHoe B [1] l'I 

[1]: 

(N.2) 

r,n;e epymaUHI T~2) npoTa6yJIHpoBaBa B Ta6mme 4 .D;JIlI mH /'mt < 4. nm[ 
mH /'lTtt > 4 MLI nOJIL3yeMCJI pa3JlOiKCHHeM [?]: 

r12>(~) = 1~4 [311+247["2 +2821nr+901n2 r-4r(40+61[2+ 151n r+ 181n2 r)+ 

+ 1~Or2(24209 - 60001[2- 45420Inr -18000ln2 r)], (N.3) 

r,n;e	 r = t/h. llmI'Int = 175 r3B D mH = 300 r3B 

rp> = 1.245 . 
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IIpuno)KeHHe O.
 

ITonpaBKU 02Vi·
 

IIonpaBKH 62Vi ....., aas B03HHKaIOT 3a CqeT rJIIOOHHhIX o6MeHoB B KBapKo

BbIX 3JIeKTpOCJIa6hIX neTJnlX [?] (CM. TaK2Ke [1]). nJIa .u.ByX nOKOJIeHHH JIerKIIX 

KBapKOB (q = u, d, s, c) llMeeM: 

8~Vm(t,h) =2· [!(ls(mz»)(c2 - s2)lnc2J = (as(mz))(_O.377) (0.1)
3 n n 

6~VA(t,h) = 8~Vv(t,h) = 2· [~(a8(mz))(c2_ s2 + 20 s4)] = (~8(mz))(1.750) 
3 11" 9· n 

(0.2) 
6~VR(t, h) =0 (0.3) 

Pe3YJIbTaT BhIqHCJIemrii .umI TpeTbero nOKOJIeHHa .uaeTCH .n;OCTaTO'IHO 

CnOiKHhIMlI <PYHKUlUMH MaCChI t-KBapKa: 

(0.6) 

r.ue 

~ () asCMz) (0.7)
();s mt = 1 + ..l;La (~1 ) IntI21r s lVJ Z 

OTMeTHM, qTO 62Vi He 3aBHCKT OT m H, <PyHKIJ;lUl VI (r), A1(r) II F1( x) IIMe

lOT OqeHb CJIO)KHYIO q>OpMy II 6b1JIH BbPIH.CJIeHhI B pa60Ta.x [?], limI .uOCTaTO~

ao MaJILIX 3Ha-qeIIIIH apryMeHToB nplIBe.u.eM HX pa3JI02KeHHe (K pa3JIOJKeHIUIM 

113 [?] MbI .uo6aBIvm Ky51I~hIe qJIeHbI): 

Vi(r) = r[4((3) - ~] + r2328 + T3~!96 . + .. , (0.8)
6 81 25 x 27 
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21 49 689 33822A1(r) = [-6«3) - 3«2) + 4] + r[4«(3) - 18] + r 405 + 1"3 7 X 25 x 27 + ... 
(0.9) 

3 1 23 1 25
Fl(x) = (--«3) - -«2) + -] + x[«3) - -«2) - -]+

2 2 16 9 72 

2{1 25] 3{ 1 5 ] (0.10)+ x 8-«2) + 3 x 64 + x 30(2) + 72 + ... 
r,n;e «2) = 11"2/6, «3) = 1.2020569.... 

CYMMHPYx BKJIa.n;hI (??) - (??) H HCnOJTh3YK pa3JIOXeHlIK (??)-(??) llorry
"tllIM (BITnOTI> .110 1:JneHOB 1/t3):"V 

= (~s(Tnt»[_2.86t + 0.46ln t -1.540 _ 0.68 _ 0.211= 
2~ t t 

O:s(rut) (-11.67) (0.11) 
7r 

= c5~V/l( t, h) = (o:s(mt) )[-2.86t + 0.493 _ 0.19 _ 0.°51= 
2x t t 

= as(mt) (-10.10) (0.12) 
1r 

= (O:s(IDt»[_2.86t + 0.22 In t _ 1.513 _ 0.42 _ 0.~8] = 
. 1r t t 

= as(mt) (-11.88) (0.13) 
11" 

3TH q,OPMYJThI cnpaBe,nJIlIBbI ,nml mt > mz. B 06JIacTH mt < mz MbI JDI60 

nOJIaraeM ~Vi = 0, JIH60 HCnOJIb3yeM 6e3MaCCOBhID: rrpe.neJI 6~Vi = ~6~Vi. B 
JII060M cJIYTIae 3Ta o6nacTb ,naeT npeHe6pe)KJIMbfft BKJIan B 06I:IJ;J:rii q,.HT. 
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llpBJIO)J{eUBe P. 
nOnpaBKH 6s lli. 

Bo BTOpOM IIOpSI,llKe IIO crra60My B3aHMO,lleHCTBlUO IIOjffimIeTCH KBa.npaTlPI

RaJ[ 3aBlICRMOCTb OT MaCChI 6030Ha XlITrca [?]: 

{j IT _ a (mh)
P'm - 24 2 

1r mz x 
0.747 - 0 0011 

2 - . c 
(P.l) 

05VA = 05VII = 
a mJI 1.199 

24 (-2) X -2 = 0.0057 
1r mz 5 

(P.2) 

& mJI c2  52 
OsVR = --2-(-2)-2-2- X 0.973 = -0.0032

471" rnz s c 
(P.3) 

3.necb B 'tJHCJIeHBhIX OneHKax MhI lICIIOJIb30BaJIH fiB = 300 r3B. 
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IIOAUBCH DOA pHcyHKaMII 

PIIC.!.	 Z-6030H KaK pe30HaHC B aHHlITllJIXIJ;IDI e+e-. IIa

pa .pepMlIOa-aHTHq.epMHOn B pacna.ne Z-6030na 060
3naQaeTC.sI f 1, r.ne / MOiKeT 6hITb KaK 1IelITOHOM 

(e, J.1., T, Ve, VJl ' vT ), TaK H KBapKOM (u, d, s, c, b). B nocrre.n

HeM C1IYllae 3a c-qeT B3aJIMo.n;eRCTBlU[ C rJIlOOHaMH napa 

rrnapK-anTHKBapK npeBpamaeTClI, KaK ITpaBHJIO, B MHO

rOa,IJ;pOHHOe COCTOmHe. BbIXO,lunIJ:M CTpeJIKa Ha 3TOH II 

IIOCJIenyK>mmc nlIarpaMMax OTBeQaeT lICrryCKamIIO .pep

MHoaa (/) II norJIOmemno aHTHepepMIIOHa (e+), BXO.nH

max - IlCrryCKaHHIO aHTH<!JepMHOHa (1) 11 nor1l0:rn;eHHK> 

<!JepMROHa (e-). 

P:u:c.2.	 BKJIa.n napbI tt B nporraraTOp Z-6030na (a). 

BKJIa,n; neT1Il! C B:u:pTyaJThHbIMH Z-6030HOM II xnrrcoM B 

nponaraTOp Z-6030na (b). 

P::uc.3.	 O.n;HoneTJIeB:ble .nnarpaMMbI B pacrra.ne MIOOHa. lleTJIH B 

rrponaraTope W-6030aa (a), (b), (c), (d); B W-BepmlIHe 

(e), (f) 11 (g) II BHe:rmmx epepMHOHHhlX illIHIHIX (h), (i), 
0), (k) (aRaJIor1ftIHhIe ,n;I1arpaMMhI .nJIH e H fie nO,IJ;pa3y

MeBaIOTcH), a TaIOKe .nHarpaMMl:J THIla KBa.IlpaTHKa (1), 
(nl), (n), (0). 

PlIcA.	 Pacna,n; MK>OHa B npeBeCHOM npH6JIIDKeHlIH (a) H B 110

KaJIl:>HOM "tleThIpexq>epMHOHHOM nplI6JIH)J(emm: (b). 
311eKTpOMarHlITHIlle rrOnpaBKH K pacrra.ny MIOOHa B 110

KaJIbHOM nplI61I11iKeHHH (c) -(g). 
311eKTpoMarHHTHbIe nOrrpaBKlI K ,6-pacna.IlY nenTpoHa: 

B npeBeCHOM llpH6JIH:JKemm: (h), B qeThIpexepepMHOHHOM 

IIpH611IDKemm (j). 
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P1IC. 5.	 <l>OTOHHaJI nomqUI3aUHK BaKyyMa, npJiIBO,lUIIIJ;ail K JIO

rapH.pMJrtIeCKoMy 6ery 3JIeKTpOMarHHTHOrO 3ap.H,D;a e .H 

"nOCTOnmOB: TOHKOH cTpyKTyphI" Q' == ::, KaK .pJHKIJ;I!H 
q2, r.n;e q - 4-mmyJIbC .poTona (a). 

HeKOTophIe 113 ,Z:(HarpaMM, ,Z:(aJOIIJ;HX BKJIa,Z:( B co6CTBeH

HYIO 3Heprmo W-6030Ha. (b)-(g). 
HeKOTophle H3 .n;HarpaMM, .n;aIOIIJ;IlX BKJIa,Z:( B co6CTBeH

HYIO 3Heprmo Z-6030Ha (h)-(n). 
HeKOTopbIe H3 ,Z:(HarpaMM, ,Z:(aIOmHX BKJIa.n; B Z ~ I ne

pexo.n;hI (0)-(r). 

PHC. 6. , BepIIImIHhle TpeyroJIbHhIe .n;HarpaMMhI B pacrra.n;e Z -+ 

ZI (a), (b), (c). 
IIeTJIH, nepenopMBPyIOIllHe BOJIHOBhIe «pyHKIJ.HB JIerrTO

HOB B pacna.n;e Z -t If. (AHaJIOrlpmhle neTJIH HMeIOTCK, 

pa3yMeeTcSI, .II y aHTHJIenToHoB) (d), (e). 

TlWhI ,U1IarpaMM, nepeHOpMHpyIOIIJ;IIe BOJIHOBYIO .pyHK

ron<> Z-6030Ha D pacna.n;e Z ~ ZI (f), (g). BHpTyaJThHbIe 

'tlaCTHIJ;bI B neTJISIX Te )Ke, lITO H o6cy)K,UaBIII1IeCK BIillIIe. 

PHC. 7.	 BHpTyaJIbHhle t-KBapKH (a) H W -6030HhI (b), (c) B .po

TOHHOH nOJISIpH3aIJlD! BaKyyMa. 

PHc.8.	 rJIIOOHHhIe IIonpaBKH K 3JIeKTpOCJIa6oB KBapKoBoH ne

TJIe co6CTBeHHoH 3Hepnrn: Z-6030Ha (a)-(c). 

XnrrcOBhI rrOrrpaBKH K 3JIeKTpOCJIa6oH t KBapKoBoH rre

TJIe Z 6030Ha (d)-(f). 
llByxneTJIeBhle XHrrcoBhI nonpaBKH (g)-(j). 
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Pac. 9.	 Vm KaK ¢>YHKUl'UI mt .nmI Tpex 3HaqeHHE: mH: 60, 300 H 

1000 r3B COrJIacHo ypaBHeHIDO (??). IlyHKTl1IpHaJI na

pa60JIa t = (1ntfmz)2 COOTBeTcTByeT rrpIl6m:DKemno 

BeJIbTMaHa. CrrJIOllIHaJI ropR30HTaJIhHaJI JIHHHK OTBe~a

eT 3KCnepHMeHTaJIbHoMy' 3Ha~eHHIO V~zp, a illTpHXOBliIe 

ropll30HTaJIbHbIe JImIHH naIOT ero nepxIllIir R lIlDKHlll1: 
npeneJI Ha ypoBHe 1(J (a). 

Vm KaK <pyHKUIDI mH nJIa: Tpex 3Ha~eHHR 7nt: 150, 175 
II 200 r3B, corJlacuo yp-HIllO (??). (fOpR30HTaJIbHI:.Ie 

JImnnI Te :>Ke, qTO Ha pRC. 9(a),(b).) 

Pnc. 10.	 VA KaJ( ¢>YHKIUUI mt. (OCTaJIbHlile rrOKCHeHIHr aHaJIOr~

HliI nOSICHeH:wIM K pRC. 9) (a). 

VA KaK epYHKllIDI mH nJU Tpex 3HaqeHHH mt: 150, 175 IiI 

200 f3B. (CM. nOnImCb non pnc. 9) (b). 

PRC. 11.	 VR RaK <pyma::taa: Tnt. (OCTaJIbHbIe IIOKCHeHHSI aHaJIornq

HliI rrOSICHeHIUlM K pIIC. 9) (a). 

VR KaK $YHKIJ;HSI mH nmI Tpex 3Ha~elll.Ill: fflt: 150, 175 II 
200 f3B. (eM. nOnrmCb non pIIC. 9) (b). 

PIIC. 12.	 Pacrran Z --+ ee, conpoBoLK,naeMLIH BTopH~HoIi rrapoIi bb, 
p0JK,lleHHliIR BRpTyam.HbIM rmooHoM 9 (a). 

Pacnan Z --+ qq C BlIpTyaJThHbIM rmooHoM g, KOTOplilii 

CBK3bIBaeT CTOpOlry KBapKoBoro TpeyroJThHHKa C BRem

HeR KBapKOBOH JlJ1IHHeIi. llllarpaMMI>I TaKOrO THIIa nOKa 

He B~CJIeHhI (b). 
BepillHHHaJI 3JIeKTpOCJIa6aJ1 ,nHarpaMMa C yqacTHeM t
KBapKOB, ,naIOm;aJ[ BKJIan B pacrra.n Z --+ bb (c). 

O,nHa 1I3 ,l(HarpaMM, OIIHCbIBaIOm:nx rJIIOOHHliIe norrpan

KlI K .D:HarpaMMe pnc. 12(c). 

PHC. 13.	 libOJrn:mm X2 D nJIOCKOCTH fit, mh, IIOJIy~eHIIl>Ie qtH

THponaHlIeM 3JIeKTpOCJIa6hlX rronpaBOK B rrpe;::UIOJIO)Ke

HlIII, "tlTO npSIMhle H3MepeffiIJI MaCChI t KBapKa .na.nYT 

mt = 150 ± 5 f3B. 
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Pnc. 14. To lKe, qTO Ha pIlC. 13, llmI mt = 175 ± 5 r3B. 

Pnc. 15. To )Ke, 'tJTO Ha pRC. 13, llml mt = 200 ± 5 r3B. 

PIIC. 16. BepmHBa C BHpTyaJIbHbIMH i CKBapKa.\Ulll BRHO, W (a). 

PeaKD:I1.i: e+e- -+ W+W- C BllpTyaJIblThIM epOTOHOM RJIH 

Z-6030HOM (b). 
PeaKIOI.i: e+e- -+ HZ (c). 

PRC. AI. TpeXqaCTIPIHaJI: BepmHHa. 

PH:C. A2. qeThIpexqacTIPIHaJI: Beprrnma. 
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