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1. BBegenue. Macca Tom-KBapKa sIBJISE€TCS BaK-
HBIM TEOPETUICeCKHUM I1apaMeTPOM, KOTOPBIN U3BJICKAeT-
¢Sl U3 IKCIEPUMEHTAIbHBIX JaHHbIX Tasarpona u BAK
(cm., nanpumep, [1] u 0630per [2—4]). Cpenu pasziauy-
HBIX OIIpeJIeJIeHUil IIepeHOPMUPYEMbIX MacC TOI-KBapKa
HauboJiee YACTO UCIIOJIB3YIOTCs TIOJIIOCHBIE U Oeryiiue
maccel. [lomocnas macca M ompemensieTcss B CXeMe
EPEHOPMHUPOBOK Ha MacCoBOil mosepxHoctu (on-shell
(OS)) u3 ycaoBusi HATMYMSI TIOJOCA NEPEHOPMHUPOBAH-
HOI'0 Ipolararopa l-KBapKa B MHUHKOBCKOU BpPEMEHH-
nosiobnoit obnactu mpu p? = M7, Berymas macca
Ton-KBapKa M (112), 3aBUcAmas OT MacTaba mepeHop-
MHEPOBKH /i, OIpeeaseTcs B Moaudunnposannoii MS-
CXeMe MUHAMAJIbHBIX BBIYUTAHWMN, CBI3AHHON C IPOIE-
JLypOil pa3sMepHON PeryJIspU3aIiii.

TTomocHast Macca — KOHEYHAsl BEJIMIUHA, KOTOPAd,
OJIHAKO, TIO/IBeP?KeHa, BJIUSHUIO OOJILIINX IepTypOaTuB-
ubix nonpasok KXJI [5]. Dror addekr cBazan ¢ npo-
apnenneMm undpakpacubix (UK) penopmasnonos [5-7).
OHu pUBOJAT K TOMY, 9TO IepTypbaTuBHbIe KO3hDU-
IIMEHTHI COOTHONIEHUST MeXK Ty OoJII0cHOil My u Geryineii
maccoit T (112) daxTopuaIbHO PacTyT ¢ yBeTmdeHueM
nopsijka reopun Bosmymiennii (TB) 8 KX /I [5-12]. dans-
Hasl 0OCOOEHHOCTH 00YCJIABIMBACT ACUMIITOTHIECKOE I10-
Benenue psaga 1B s paccMaTpuBaeMOro COOTHOIIEHUS
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B KXJI. B cBs13m ¢ 3TuM, B KOHKPETHBIX (PU3UITCCKUX
UCCJIeOBAHUSIX BayKHO 3HATH, KOIJA 9Ta ACUMIITOTUYE-
CKasl CTPYKTypa HAYHET MPOSBJIATHCs. OIEHKN BKJa-
108 Beicmux nopsaakos TB k M, /m, (7 )-oTHomenmO
B KXJI, BbInosiHEHHBIE B [12] M TOMOIIM PE3YJILTATOB
paboTsl [13], yKa3bIBAIOT HA TO, YTO NEPBBIE IPOSIBIICHNUST
€ro ACHMIITOTUIECKON MPUPOIHI HAOJIIOJAIOTCS TOJIBKO C
ceapmoro nopsaka TB. Oxnako, B Crangapraoit Moe-
s (CM) Takke HEOOXOIUMO YUUTBHIBATH JIEKTPOCIIA-
6bte (DC) mounpasku. B OS-cxeme onu GyHKIMOHAIB-
HO 3aBHUCAT OT HOJIIOCHBIX Macc dactur, CM, rakmx kak
Tor-KBapK, W u Z-6030Hb1 1 6030H XuUrrca. Jra 3aBUCH-
MOCTDb OT Macc 0COGEHHO BazkHa Ha MaciTabe p? ~ MZ,
e maccel My, My, My meckonbko menbine My. Tlo-
9TOMY, U3y4YeHUE BO3MOXKHOM aCUMIITOTUYIECKON CTPYK-
Typer My /M (M?)-coornomenus B 9C cekTope mpe-
craBJisieTcsd DoJiee CII0XKHOM 3a1adeil, 94eM B CIydae 9u-
croit KXJI. Jlajiee Mbl YBUIUM, 9TO y4eT 3TUX dPdeK-
TOB MOXKET IPeBhINaTh BKAa bl KX /I monpaBok.

B CM oruomenune M, /m;(1?) copepKut Tpu Tuma
[IOIIPABOK:

M,
— :1+5QCD 2 +5EW 2 +5QCD><EW 2’ 1
=0 () 46" (12) (42), (1)

re 0QCP ) §EW §QCDXEW KX 3C u cmemranmbre

KXI-9C Bruamapt TB coorBercrBenno. OHu umeror ciie-
AYIOIINI BUJ;
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59D t) = 3 53P 7))

n>1 A
5EW(N2) _ Z 5EW(M2)< oe(NQ) >n (2)
2O O i o (7))
n—1
6QCD><EW(M2) — Z ICC%SI_)]:EW(MQ) «
n>2 k=1

() (e )T

Buech as(p?) = g2(p?)/4m, a(u?) = e*(u?)/4m; gs m
€ — KOHCTaHTbI ¢Bs13u Kajmbposouynbix rpyun SU(3). u
U(1)em cooTBercTBenHO, sin Oy (1?) — cunyc yria Baiin-
6epra. Bee stu mapamerpsl ompemesiensl B MS-cxeme.
B sToMm cirydae 3aBucsiniue ot mMacurraba KoaduineH-
o1 5V (1?), 5ES?ZEW(M2) SIBJISAIOTCS QyHKIMAMU Oe-
IYIIUX MacC TON-KBapPKa, 3apsyKeHHbIX W u HefATpaJib-
HBIX 6030HOB Z u H.

B nacrosmee spems KXJI nonpasku 5?CD, 5§CD,
53?0]3 u 5SCD U3BECTHBI OJIAr0/1aPs BBIYUCIECHUSM, BbI-
nosHeHHbIM B [14-19] coorsercrBenno. Hucteie DC
BraaIel 00V [20] w 6FW [21, 22] 6bun momydens B
AHAJIUTUIECKOM U IOJIyAHAJUTUIECCKOM BHJIE COOTBET-
creerHo. Cmemannast aByxnersieBas KX/-9C monpas-
Ka 58?DXEW u3BecTHA OJ1arojaps aHAJUTHIECKAM Bbl-
YHUCJICHUSAM, BBIIIOJHEHHBIM B [23, 24].

Kak y»e ynmomuHasocs B paborax [22-24], saekTpo-
ciiabbie 3 dEKTHI HE ABJISIOTCA TPEHEOPEIKUMO MAaJIbI-
MU JIJIsT COOTHOIIIEHUST MEKJLY ITOJIIOCHBIMEU ¥ OeryIiu-
MU MacCaMH TOI-KBapKa B TEOPETUYECKU BBLIJIEICHHOMN
cxeme Daetiwepa—Eeepaetinepa (PE) [25]. B sroit cxe-
Me BakyymHOe cpemmee v(p?) XHITCOBCKOTO TOJIS ITe-
peHopMupyeTcs U BXOAUT B olpejeenue Gerymeit MS
Macent caeyiormum obpaszom: g (p?) = v (u?)v(p?)/v2
(3nech y¢(u?) — Gerymasi OKaBcKas KOHCTAHTA CBA3H
ror-kBapka). I[Ipu 3roM, B OJHOIETIIEBOM IPUO/IHZKE-
mmn DC nonpaska xk M, /My (M?) npesbimaer O(as)
KXJI BKJIa I, KOTOPBII UMeET IPOTUBOIIOJIOXKHBIA 3HAK:
|6EW(MB)| > |69°P (M?)|. Yrsepsxaenne o BaxnocTH
ydera 3j1eKTpocaadbix 3 deKkToB B pasimanbie hpusnte-
CKHUE BEeJUYUHBI PaHee ObLIO CAeJaHo B psige paboT (CM.
[26-29] u ccpikn B Hux). [loxoxkas curyarus, Korja
9C BrIIAJ JOMUHUPYET HAT IEPBON HEHYJIEBOI MTOTIPAB-
kot KXJI, 6biia obHapykeHa B [26] mist p-mapamerpa
CM (orTHOIIEHHE AMIUIUTYJ HEATPAJILHBIX U 3apZKeH-
HBIX CJIAOBIX TOKOB IIPU HU3KKUX SHEPIUsIX ), & TOUHEE JJIs
sesimansbl Ap = 1 —1/p, B mupokoii ob1acT 3HAYEHNM
HEU3BECTHOI Tora Macchkl 6030Ha Xurrca ot 60 I'sB 110
1 TsB.

Hecmorps va Baxkaocts 9C adbdexToB, Mbl mpoje-
MOHCTPUPYeM, 4TO 110 (PaKTy OHU 8Ce eule Aubo Hedo-

0UCHUBAIOMCA, AUDO BOOOWLE HE YHUMBLBAIOMCA NPU Ne-
pexode om noaochol K be2yuiel macce Mon-KeapKa
B COBPEMEHHOI (DeHOMEHOJIOINYECKH OPUEHTHPOBAHHOM
smreparype. Ha 9T0 yka3pIBatOT IpUBEIEHHBIE HUZKE SB-
HbIE OIEHKU U CCHLIKK Ha PabOTHI O ITOH TeMaTHuKe,
BKJIIOUAsi pe3y/IbTaThl Pa3JIMYHBIX KoJutabopanuii ToBa-
rpora u BAK, cymmupyembie B peryssipHo Iepens3naBa-
eMOM COOpHUKE CBOMCTB 3jeMmeHTapHbIX dactuil PDG.
B ciyuasix, korma paccMmarpuBaercs nepexon or My K
My (1?), yaurbiBaroTces TobKo adbdexts KX (M., Ha-
upumep, sKcrnepuMmenTasbHble padorol [30-32]), a 9C
BKJIQ bl omycKaioTcs. /lanHasi paboTra mocBsiieHa 00-
CYKJIEHHIO U Pa3bsCHEHUIO TO IIPOOJIEMBI.

2. Posb ameKTpociadbbix 3P PeKToB.

2.1. Odnonemaesoti ananus. Ha omponeriaeBom
YPOBHE 1IepTypPOATUBHOE COOTHOIIEHUE MEXKJIy ITOJIIOC-
HO#t m Gerymeit maccamu t-kBapka B CM BbirisauT
CJIYIOMUM 00pa30M:

M, QCD /1 s2 /. 2 O‘S(ﬂQ)
— =1+ M _—
mt(MQ) + 1 ( t /M ) A7 +
2
4+ SEW 2/, a(p?) 7 4
L (M )—47Tsin29w(u2) (4)

e s (p?), a(p?), sin? Oy (u?) ompesiesensr B MS-cxeme.
OTmMeTnM, 9TO MBI He OyJIeM Pa3IadaTh IOJIIOCHBIC 1 Oe-
I'yIIIHe MACCHI YACTHIL B BBIpazKeHusx 1y 02 2 (M2 /p2)
u 6FW(M?/u?), mOoCKONBKY STO NMPHUBOAUT K TMPEBbI-
IICHAI0 PAaCcCMaTpPUBaEMON HaMU OJHOIETJICBONH TOYHO-
cru. To ke camoe Kacaercst u macmtabos pu? = M? u
p? =m3(m?). JlanHble yTBEpKICHUs MOYKHO HATJISTHO
IPOMJLTIOCTPUPOBATE Ha IIPHMEPE PEIeHUs OIHOIICTIIC
Boro peropmrpynnosoro (PI') ypasrenus, onpemessio-
mero 3pdexT 6era KOHCTAHTHI CBA3U CHJILHOIO B3AUMO-
JIEHCTBUSA B CJIyYae NIECTH AKTHBHBIX ADOMATOB KBAPKOB

—f). 2\ A as () ~
(= 0 M) ™ T ) ) e A7)
~ O‘S(m%) s (M)
1—7-0.1/(4) In(162.52/172.42) 1+ 0.0066

~ (7). TIpenebpe:KnMo MaJioe “HC/I0 B 3HAMEHATE-
e coorBercrByeT O(rs)-HIONPABKE K KOHCTAHTE CBSI3U B
OJTHOIIETJIEBOM TIPUOJINKEHUN.

B nmammoit pabore Mbl Oy/ieM HUCIIOJIL30BATH CJIEITY-
IOIe 3HAYEHUS IOJIOCHBIX Macc dacrturn, CM: M; =
~ 172.4 TsB, My ~ 125.10 TsB, My ~ 80.38 T'sB,
Mz ~91.19 5B [1].

OnnoneriieBast O(as) monpaska KX /I K oTHOIIEHAIO
M,/ (u?) 6BLa BbIMUCTEHAa MHOTO JleT Hazaj B [14] u
paBHa:

M2
§9CP = op (4—31n—2t). (5)
W

B dymmamenrasbrOM mpesncraBienun aareopsr Jln
kasOpoBoHO# rpynel SU(N,;) ¢ KOJIMIeCTBOM I[BETOB
IMucbma B 2K9TD
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N, xBagparwuassiii oneparop Kaszumupa pasen Cp =
= (N2 — 1)/(2N.). Ona wacTHoro ciyvas IBETOBOI
rpymubl SU(3), peasmusyemoii B npupoge, Cp = 4/3.

OnnonerneBass O(a) DC nompaBka K OTHOIICHUIO
M, /mi(u?) 6bita nocunrana B [20] mouTH TPU JecATH-
Jrletus Ha3a1. B 9Toit pabore oHa ObLIA TIPEJICTABIICHA B
obrmeit bopme, CpaBeIMBO JIJIsT TPOU3BOJIBHOTO Tsi-
2KeJioro kBapka. [lockosibKy B TO Bpemsi mMacca 06030HA
Xwurrca He ObLIa M3BECTHA, 9Ta MOIPABKA ObLIA BBITUC-
JIEHA ISl PA3JIMIHBIX BO3MOXKHBIX COOTHOIIEHUN MEXK-
Ty MaccaM¥ 9YaCTHII, JAONUME BKIam B 61" . Takske
OHa BBIPAXKAJIACh Y€pe3 CHHYC U KOCHHYC yTJia cJaaboro
CMEINBAaHUs, JIEKTPUIECKHE 3apsijibl KBADKOB U Tpe-
ThU KOMIIOHEHTBI CJIa00ro m3ocnuHa. Mbl ucmosib3yem
9TO NpPEACTABJICHHE I Caydas (-KBapKa B peajlbHON
obnactu mace, tne My > Mp/2, My > Mz/2, u BBI-
paxkaem 0V "epes MOMIOCHBIE MACCHI TOTI-KBapKa, Ka-
JIMOPOBOYHBIX O030HOB 1 0030HA XUITCA. DTO MPUBOJIUAT
HAC K CJICIYIONEMY Pe3yIbrary?):

M2
FEW = o™ O P W Wy (6)

102,
+ 5—M12{ +

102,

202, 9 M?

17 Mi 1 M}
72 M2, M

z —|N.—t
4 M2, M M2, M?,

M2, M? 1 My M
5> M+ — s In—5- —
oMz " MZ 16 M2 M7 MG
1 M} | M} L M3 (M3 3
_ - n _ - _2
8 Mz, M- M3 4 M2\ M} 2
M3, (3 M}

|

X
N 2 M3, M2
M —MZ  \AMZMZ 9 M}

5 M} 3 M} 17 M )

144 M2, M}
M? M7 (10 5M; 8Mj,
"3z T (3 93 9%
7T MZ  4AM3 17 M3 )
T2M3, 9 M7 T2 M3, M?

AM? 1/2 My
X M% -1 arccos 5, +

1 ML [4M? 3/2 My
S 1 7
+ SVERYE ( ) arccos | oo ) (1)

2)B npenene M2 /M? < 1 (3necs B = W, Z, H) ou cornacyercs
¢ pesynbraramu [33].

x 1

x 1
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5EW,(L):1+§M152_1M%_§MI2{_

! 3 8M2, 3MZ 8M2,
My 3 MGy M ®
2 M2 4AMZM% ‘M2, M?,

Beipaxkenusi (7)—(8) mpuBesieHbl B TPHUOJIKEHUM,
KOTJIa JIEWCTBUTEIHHO MAJIBIMU BKJIAIAMIY, CBSI3aHHBIMUA
¢ maccoBbiMu b dekramu [20] serronos (e, i, T) u Apy-
rux Gosiee Jlerkux KBapkos (u, d, s, ¢, b), mpeHeGperaor.

Vcnosnb3ys BBINEPUBEIEHHbIE 3HAYEHUST [TOJTFOCHBIX
mace My, My, Mz, M, Mbl IPUXOIUM K CJIETYIOIIEMY
YHCIEHHOMY BHLY TIOHpaBKH 05" 3):

M2
OEW — _24.26 4 25.801n M—g (9)

Ob6paTuM BHUMAHHE HA OJUH WHTEPECHBIH (hakT.
HawuGosbinne BKiIapl B Beipaxkenusix (7)—(8) obycios-
JIGHBI JUarpaMMaMi, UMEIOIINMU BUJ “TOJOBACTUKOB’,
a caMble 3HAYUTEJbHBIE W3 ITUX BKJAI0B OOBEICHBI
B pamky. llociegane Bo3HUKAIOT OJarojapst Juarpam-
Me, M300parkeHHOi Ha puc.l, W paBHBI CJIaracMoMy

t t

-

Puc. 1. OguoneryieBast BakyyMHasi AuarpaMMa, BHOCAIIAST
HauGOoJIbIIN BKIaZ B Koaddunuent 55"

N.M}/ (M3, M%) ~ 26.21, koTOpOe NPaKTHIECKH I0JI-
HOCTBIO OIIPEJIEJIsIeT UTOTOBbIE 3HAYeHns KOI(DDUIIIEH-
?W’ Oy 5?W’ L (em. (9)). Ono comepxkutr Tpu
YCUJIUBAIOIIMX MHOXKUTEJIsI: YUCI0 11BeToB N, = 3, 11po-
ou MZ/M3, ~ 4.6 w M?/M% ~ 1.9. Bxmouenne “ro-
noBactukoB” B cxeme OE B MHOXKECTBO COOCTBEHHO-
SHepreTUYecKux guarpamm PeifHMaHa B TEOPUU C HAPY-
IMIEHHON KAJMOPOBOYHON CHMMETpUeil HeOOXOMMMO JIJIst
COXPAHEHUsI KAJINOPOBOYHON MHBAPUAHTHOCTH COOTHO-
menus mexky M u T (u?) [20,22-26,34]. Bapuant
MS-cxembr IEePEeHOPMUPOBKU, B KOTOPOH CyMMAapHBIA
BKJIAJT BCEX “TOJIOBACTUKOB’ DPABEH HYJIIO, OBLI M3ydIeH

3) [laHHOE BBIPAyKEHHE COTJIACYETCS C YMCIICHHBIME PE3yJIbTaTa-
Mmu pabor [23, 24].
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B [27, 28]. OgHako, Kak GbLIO IIOKA3aHO B 3TUX paborax,
IpUMEHeHHUe JAaHHOI CXeMbl IPUBOJAUT K CyIIeCTBeHHOM
3aBUCUMOCTH OT KaJIUOPOBKHU.

PaccmorpuM Teneph BhIpazkeHume (4) Ha MaciTa-
6e p? = MP?. Jlns mosrydenust GMCICHHBIX 3HAMECHMI
as(M?), a(M?), sin® Oy (M?), ucriobsyem ciietyrorue
Havadbuple Jganusie ag(Mz) =~ 0.1179, a (M%) =~
~ 127.952, sin® Oy (M2) ~ 0.231 [1], ssosormonnpy-
eMble Ha MacHITad Macchl TOI-KBapKa.

CootsercrBytomue PI' ypaBuenusi, ompenessitomniue
Ger koHCcTaHT CBsi3u g U & B CM B OHOIETIEBOM TIpH-
Ginkenun (cM., Hanpumep, paboTsl [35, 22, 34] u cepLi-
KW B HAX), BBITVIAAT CIEAYIOMAM OOPa3oM:

da 2
2 s _ 2
W —8,u2 = <11 §nf)a ,
da 4 20
2 (742 —neN, )a® 1
A < T+ 3ne + 5-na >a, (10)

rae as = /4w, a = o/4mw, ny — AHCIO APOMATOB KBap-
KOB, NG — KOJUYIECTBO TMOKOJieHuit depmmonon, N, —
ancsio peros. B CM zasucumocts a = €2 /1672 ot mac-
mrraba MOXKET OBITH OIpejeeHa MCXOAs W3 Oera KOH-
cranrsl g rpynusl SU(2),, koucranrsl ¢’ rpyuust U(1)y
u coornomenus 1/e? = 1/g%> + 1/¢'2. Bxnan 4ng/3
B (10) coorsercrByer [-dbyuxiuu KD/ B omHonerse-
BoM npubsmkenun; wien 20ng N, /27 — BKIaJ BepXHUX
U HUXKHUX THUIIOB KBAPKOB B ITOKOJIGHUSIX C YUCJIOM N}
ciaraemoe —7 — 3ddekT B3anmoeiicreus porona ¢ W-
6GO30HOM.

[Ipu nepexosie ¢ macmraba pu? = M2 na p? = M?
dukcupyem ny = 5, ng = 3, N. = 3. B Takom ciy4ae,
pemmenust ypasaennii (10) npuHIMAOT BHI:

s (M2
as(ﬂ2) ~ ( Z) o
1 23 as(M32) ) M7
3 4m 12
2 a(M%)
~ 11
a(p”) Ta(i2) M2 (11)
1+ — In—2
3 A4nm 12
Wcnonb3yst  BBIMIENPUBEICHHBIC  3HAYEHUS — JJIsk

as(M2), a (M%) u noncrasnsas ux B (11), noaydaem
as(M?) ~ 0.108, a1 (M?) ~ 127.58.

CaBrKKa 3HAYEHUSI CUHYCa YTIJIa CJIaboro CMelnBa-
HISI, OIpeJieleHHoro B MS-cxeMe, ¢ HAYaIbHON TOUYKH
nopmuposku p? = MZ B koneunyio p? = ME ocymects-
JISeTCs HaMH IIPH MOMOITH ceAyTomeil (hopMyIILl, TIOTy-
vyeHHOH B [36]:

sin 19W(M2
Q(Mf) a(M t

0 M 1-—
aarg) S O (M) a(013)) "

— 12
132 MZ (12)

(Jz(Mf)(GQE)1 M} 18 a t))

IMpumenenne dopmyasl (12) maer npubiuzkeHHOe
smauenne sin® Oy (M?) =~ 0.234 (no cpaBHenmio ¢ Ha-
JaJIbHBIM 3HAYCHIEM Sin’ Ow (M%) =~ 0.231 ma macmrTa-
6e maccel Z-6030HA).

Ucnonbayst reneps Boipaxkenus (5), (9) coBMecTHO
c HaI‘x’I,aeHHbIMI/I BBIme 3HAMeHUAMU s (MP), a1 (M?),
sin? @y (M?), mpuxomum K anciennoii popae 3amicn co-
OTHOINEHMS] MEXKIY TOJIOCHBIMA W OEryIiMyI MaCCaME
TOII-KBapKa, HoJydeHHoro B pamkax ®E-cxembl B mep-
BoM mopsiiike TB:

M, O(as) O(a)
~ 14 0.046 — 0.065 = 0.981 < 1 13
i 1 <1m). (3

Buzano, aro ognonersieBast 9C momnpaBKa mpEBBIIIa-
et KX/I nonpaBky, 1 ee y4eT u3MeHsieT 3HaK CyMMapHO-
ro BKJIaJa B oTHOIIEHNE (13), BBIYMCIEHHOTO B IIEPBOM
mopsnke TB. Jlannsiii adpderT Takxke cieayer us pe-
3ysabTaToB [24] u [22] upu My = 125 I'sB.

[ToxoxKkast cuTyaIust BbISIBJISIETCS U JJIsI ITUPUHBI PAC-
maga 6o30Ha Xurrca B nBa GOTOHA U3 PE3YIBTATOB pa-
6orol [37], rae BuepBble OblIa BHIYMCIIEHA YETHIPEXIIET-
neas monpaBka KX/ u mpuBeseHO YuCI€HHOE 3HAUTE-
aue apyxnersieBoro DC BKiajga (CM. TAKXKE OPUTMHAIb-
Hble craThl [38, 39|, rue sror DC BKa OBUT SBHO BBI-
qucsier). VI3 stux pabor ciaeayer, aro 3ra IC monpaska
[0 BEJUYUHE OYeHb OJIN3KA K JIBYXIIETJIEBOMY BKJIAJLY
KX/I (a Takzke 3HAYUTEIHHO GOJIBIIE YETHIPEXIIETIIEBBIX
spderroB KX /1) u umeer pOTHBOIIOIOXKHBII IO OTHO-
IIEHUIO K HEMY 3HaK.

Bepnemcst x obcykaenuio orHomenns M,/ (M?)
(13). Ero uncieHHBIH BUJ HAXOAUTCS B TIOJHOM COTJIA-
cun ¢ pesynbraramu [24, 22]. OTMmeTnM, 9TO B pasHO-
cru Mexty mMaccamu My u My (MP) (wim mexxay My u
iy (m2)) Bemmanna O(a) DC BKIAMA COCTABIAET TO-
paaka 10 ['9B. dcuo, uTo 3Ta Gosbimas mompaBKa 3Ha-
YUTEILHO TPEBBIIIAET BCE CYIIECTBYIOIINE TOTPEIITHOCTH
B OIPEJIEJICHAN TapaMeTpoB, Bxoasnmx B (4) u (7)—(8),
TAKHX KaK KOHCTAHTBI CBA3M, Sin” Ay, MACCHI YaCTHII.

B cBoto ouepejib, u3 pe3yNbTATOB PA3IUIHBIX KOJI-
sabopanuit, Hanpumep, DO (cm. [30]), CMS (cm. [31]) u
ATLAS (cm. [32]) cemyer, uTo npejcTaBiIeHHbIE B JaH-
HBIX paboTax COOTHOIEeHUs MexKty My u T BKIIIOYAIOT

YKax y2Ke OBLJIO YIIOMSHYTO paHee, B IlepBOM Iopsiike 1B
m(M7) = e (m7) B yp- (4).
IMucbma B 2K9TD
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B cebsg auwov KX]I nompaBku 6e3 ydera 3jeKTpOCa-
6b1x 9ddexToB”) . DTOT PAaKT BLI3BIBAET HEKOTOPYIO Ha-
CTOPOYKEHHOCTh U TOJHUMAET BOIPOCHI O BeJMUYNHE Oe-
IYIAX MACC TON-KBAPKA, MOJYIEHHBIX U3 SKCIIEPUMEH-
ranbHbix gaHHbIXx BAK n Tasarpona, 06 ux mpeacras-
Jlennn B TekyineM Boirycke PDG, a rakake 06 yuere 9C
acbdekTon B orromrenmu M, /T, (1?).

Pacemorpum Temeps 3aBucumocts KX u 9C mo-
IpaBoK B yp. (4) or Macmraba B 06/1acTH BBIIIE OPOra
POKJEHMsI TOI-KBapKa, a ToYHee B IpoMexyTke M; <
< p < 2M;. Yrobsr m3bekaTh IMPEBBIIMIEHUST TOYHO-
CTH PACCMATPHUBAEMOTO B JAHHOM pasJesie OJHOIEeTIIe-
BOTO TPUOJINKEHUsI, CJIELyeT YUUTHIBATH 3aBUCUMOCTD
oT MacmrTaba TOJBKO B K03bduimenrax 51QCD (5)
OEW (9), mpenebperas mpm 3TOM Gerom JpYTHX Tapa-
MeTpOB, BXoasmx B yp. (4). Iisa wHanGosee npasono-
JTOOHOII OIIEHKU B JaJibHeleM Mbl OyneM (DUKCHPOBATH
3HAYEHUS (g, O U sin’ Oy Ha MacmTabGe Macchl TOT-
KBapka, mosaras o, (pu?) ~ as(M?), a(p?) ~ a(M}),
sin? Oy (u?) ~ sin® Oy (M?) ma Bcem muTepBame M; <
< n < 2M; ipu ny = 5.

IIpenebperass moporoseiMu 3¢ peKTaMu, HE YyUn-
THIBAEMBIMU HA OJIHONETJIEBOM YPOBHE, M WCIOJIb3YsI
BBITITETIPUBE IeHHBIE as(M?),a Y (MP),
sin? Oy (M?) u soipaenus (5), (9), momygaem puc. 2,
JeMoHCTpupylommit  3asucumocth My /s (u?) ot
macmrabda B mepsoM nopsake TB B8 CM.

SHaYCHUA

0.2 " .
=== 1 -1loop QCD
— 1 —loop EW
‘—“ 0.1 Total [
S|2 o
IS '\
01f  TTTe—— ]
0.2 : : :
200 250 300

Puc. 2. (IIsernoit onnaiin) Oxnonernessie KX/ u 9C mo-
IpaBKH K Mt/mt(/ﬁ) — 1 B marepBane M; < p < 2M;

W3 sToro pucynka BUIHO, ITO U3ydaeMas OTHOIIET-
sieBast DC nonpaeka JoMuHUpyeT Hal ronpaskoit KX T
Bo Bceit obnactu M < u < 2M,. Bosiee Toro, ona mpo-

5)B camom nese, aumib Tpexmerienble 3 derTsr KX pacemar-
PUBAIOTCSI B COOTHOIIEHUH MEXKJIy IOJIIOCHBIMU U OEryIIUMU Mac-
camu Ton-keapka B patore [30] (cm. dopmymny (3)) m B [31] (cm.
c.23), rme ucnosbsyercs nporpamma RunDec [40]. B paGore [32]
IPUHUMAIOTCsI BO BHUMAHUE JIUIIb OIHONETJIEBble BKJaabl KXJI
(cM. 3akIOUeHHE STOM CTATBU U CHOCKY #9).

IIucema B 2KOTP® Tom 115 Bem. 11-12 2022

THBOIIOJIOZKHA €My 10 3HAaKy. TakuM o0pa3om, cyMMap-
Hasl TOoIpaBKa repBoro mnopsijka TB okasbiBaeTcst oTpu-
aTeJbHON.

Crenyer Takxke OTMETHUTb, UTO OmHOIETIeBOH DC
sraan 65V (9) MoxkeT GBITH dopmaavio OOpaIeH B
HyJab Ha Macitabe pd = M7 exp(—0.94) ~ (108 I'sB)2.
B stom caygae moxkuO pacemarpuBarh Tos1bK0 KX /T mmo-
paBKy, KOTOpas Ha JAHHOM MacHiTabe CTaHeT PaBHOM
6P ~ 1.6. Unrepecno, uro ecau ocrapurs B (7)-(8)
JIAIID JIJUPYIOIINI 10 BEJUIHHE BKJIAJL “TOJIOBACTHKA”,
1306pazkKeHHOro Ha puc. 1, To u3 mepeiijier B oueHnb 61u3-
kuit Mmacmtab i = M7 exp(—1). Onnaxo, u pi9, u fig J1e-
JKaT HI2Ke Macrrraba MacChl TOI-KBapKa, IJIe, KaK Ipa-
BUJIO, HE UCTIOJIb3yeTcst Gerymas mMacca Mg (4?), obbrano
paccMaTpuBaeMast B 00JIACTH MAJIbIX PACCTOSHMUIA.

B macrosiiee BpeMst cpejin HU3KOMACIITAOHBIX 0000-
menunit Oeryimeit MS Macchl TSKeI0ro KBapKa IIOHd-
tre MSR-cxemmoit mMaccor mg/ISR(RQ) [41, 10] siBasteT-
cg ogHuUM u3 Hambosiee momyssipHbix. MSR-macca mo-
KeT ObITh MPOOJ/KeHa 70 Macmraba R, jexariero
HIXKE MAcChl PACCMATPHUBAEMOIO TSXKEJOro KBapKa (B
HallleM ciiyuae — Tol-KBapka). Ha mpakrTuke sra BO3-
MOXKHOCTH ocytecTBisgercd B KX/ 6iaromapst auneii-

HO# 3aBUCHUMOCTH pa3HOCTH moJirocHOi m MSR-maccsr
My —mMSR(R?) = R Y 6)5Ra?(R?) or macmraba R.
n>1

B nepsoM nopsiake TB Mbl IIpeiiaraen paccMoTpeThb
caenyiommee OS-MSR cooTHoIeHne [jisi TON-KBAapKa,
UMEIOIee Ty YKe JIMHEHHYI0 3aBUCUMOCTH OT R u pac-
mupstonee ero KXJT sepcuro [10] Ha caywait CM:

Mt - m}f\/ISR(R2) =

(16 ag(R?) a(R?)

3ech koaddunuentsr 16/3 u —24.26 ectb He3aBUCH-
e ot PT' siorapudmos wienbt B Boipaxkenusx (5) u (9)
COOTBETCTBEHHO. 3aMETUM, UTO BKJIAJIBI ‘TOJIOBACTUKOB”
He ncue3aroT. B ypasHenuu (14) oHU Bce ele cozeprKaT-
¢ B KOHCTAaHTHOM Ko3dddurmenre —24.26 mepsoit 9C
[IOTTPABKH.

HUcnonb3ys renepsb Boipakenne (14), dopmyasr (11)
na macmrabe p? = R? = p?, oupenenennom Bbiie, u
coornomenue (12) ¢ R? = p3 Bvecro M7, nomyvaem:

M, O(as)  O(a)
— '~ 1+ 0.03 —0.04. (15)
mS (1)

Takum 06pa3oM, B pacCMaTPUBAECMOM 31ECH TTOIXOIE
Jmaxe npu o ~ 108 I'sB oxnonersieBast 9C mornpaska,
Bxozsmas B OS-MSR orrommenne (15), cpaBauMa ¢ mo-
npaskoit KX/ mepsoro mopsizika TB. Ymomsaem Takxke,
910 062 TU BKJIAJIa HEMHOTO MEHBIIE, YeM Te, KOTOPbhIe
npusesensl B (13) misa coornomenus My /T (M?).
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2.2. Ouenru 6bicuwuxr nopadkos meopul, 803Myuie-
Hul. HalloMHUM, 9TO K HACTOSIIIEMY MOMEHTY BPEMEHU
B ypaBHeHuu (1) BBIYUC/IEHBI HE TOJBKO OHONETIIEBBIE
HOIPABKY, HO TakxKe u AByX- [15, 16], rpex- [17, 18], ue-
reipexneriesbie [19] KX/, cMmemanubie aByXIerieBble
O(aas) KXI-9C [23, 24] u asyxuernessie O(a?) DC
[21, 22] nonpaBku. Y4IuTbIBasi 9TU PE3YJILTATHI, MOXKHO
[OJIY IUTh CJIEIYIONEE NPUOAUNCEHHOE BbIPANCEHUE TTITS
M, /mi(M?) B cxeme @E, HopMEpOBaHHOE Ha MacITabe
IIOJTIOCHOM Macchl {-KBapkad):

M, O(as)  O(a2)  O(ad)  O(ay)

——— =~ 1+ 0.046 + 0.013 + 0.004 + 0.002 —
i (M7)

O(a) O(aas) O(a2)
~0.065 + 0.002 + 0.005=1.007 (17)  (16)

[pubmuzkennsie snavenns O(aas) u O(a?) Bria-
JOB HEIIOCPECTBEHHO CJIeYIOT U3 [237 22]. Opnako, mo-
CKOJIbKY HCIIOJIb3yeMOe B 3TOI paboTe 3HAYEHHUE TTOJTIOC-
HOI MACChI TOI-KBAPKAa CJIETKA OTJINIAETCSI OT TeX, KOTO-
pble IPUMeHSINCH B [23, 22|, To u 06CyKIaeMble 1ByX-
[IETJIEBbIE MTOMPABKY TAKYKE HEMHOI'O OTJIMIAIOTCS OT UX
aHaJIOroOB, MPEJICTABJIEHHBIX B YKA3aHHBIX paboTax.

Bripaxkenue (16) jmeMOHCTPHPYeT, UTO CyMMa, OJJHO-
u pByxiersieBbix DC u cmemanubix KX/I-9C nonpaBok
[OYTH OJIHOCTHIO KOMIIEHCUPYETCsl EPBBIMU Y€ThIPh-
ms Briaagamu KXJI. Ormernm, uro B oramane ot O(«)
caraemoro, wienbl O(aas) n O(a?) MoI0KATETLHD 1
conocrasumbl ¢ Bemunnoit O(ad) sriagna. Takum 06-
Pa30M, BKJIOYEHHE IJIEKTPOCIA0bIX 3DDEKTOB B cxeme
OF cuibHO BiIMsIeT Ha BEJIMYUHY CYyMMAPHON MOMPaBKY
K COOTHOIIIEHUIO MEXK/Iy IIOJIIOCHOM u Oerymeit MmaccaMu
TOI-KBapKa TaK»Ke U B 0oJiee BBICOKUX mopsakax TB.

Ciretyer TakKe yIOMSHYTb, YTO yIPOIIEHHBIH CIy-
vait, Korja Besuanbl My, My npejmonaraorcs 3HaYN-
TesqibHO OOsbIuMu, wem My, Mz, paccMaTpuBajics B
[21, 22]. B aroM npubiinKeHUN BeJUIUHA JBY XIIETIEBOI
9C monpaBKu OKa3bIBAETCs B 2 pa3a MEHbINE UCTHHHOTO
sHauwenns u cpasanMa c sesraunoi O(al) sraama. Kpo-
Me TOro, sIBHBIIl He3aBHCHMBIIl pacder [33] mosBosser
CIeJIaTh BBIBOJI, YTO HE TOJILKO omHoneTaesoit DC dieH,
[peJICTaBJIeHHbIH B ypaBHEeHUsX (7)—(8), moJIHOCTHIO CO-
rJIacyeTcs ¢ ero (pOpMoii 3aIUCH B BUJIE PA3JIOYKEHUSI 110

6)Ha macmrabe p? = m7(m7) KX/ 4actb COOTHOIIEHMS MeK-
ny M v it umeer BUI: Mt/ﬁt(ﬁ%) ~ 1+0.04640.010+0.003 +
+ 0.001, tye smagenme Gerymieit MS maccel B3aTo us PDG(20)
u pasao mi(m?) = 162.5 I'sB. CooTsercTByomee 3HaueHHe
g (ﬁ%) = 0.1084 KOHCTAHTBI CBSI3W CHUJIBHOI'O B3aMMOJIEHCTBUS
OlpesesIsieTCsl IPU MOMOIM IIPEICTABICHUS] B BUJE YETHIPEXIET-
JIEBOTO PA3JIOYKEHUsI 110 OOPATHBIM CTENEeHsIM JIOTapudMOB C yue-
ToM ycsouii cmmeku (cm. [12]). KX wacre Boipakenus (16)
c p? = M} nesmawumeavHo OTIMYAETCS OT AHAJOTHYHOTO C

p? =g (m3).

masiomy napamerpy Ma/M? < 1 (3necy B =W, Z, H),
HO TakxKe u gByxiersieBoit KX/I-9C BkJja, moJrydeH-
HbIH B [23, 24]. DTOT aKT ABIAAETCS JOMOJHUTETHHBIM
[IOJITBEPKJICHIEM HAJIEYKHOCTU PE3YJILTATOB CJIOXKHBIX
JIBYXII€TJIEBbIX BBIUUCJCHUH, BHIIOJIHEHHBIX B [23, 24].

[TepeiiieM K CpaBHEHUIO 3HAYEHUSI OTHOIIEHUSI
M, /m(M?), upusenennoro B (16), ¢ aHAJOTHYHBIM
M, /i, (M2)-oTHOMEHeM, CJIeIyIOTIIM 03 Pe3yIbTaTOR
00pabOTKN IKCIIEPUMEHTAIBHBIX JIAHHBIX 13BaTpOHA
[30] m BAK [31, 32], rye 0JJHOBpEMEHHO OIPEJIEIISLIAC
u mosiocHas, u Gerymas B MS-cxeme Macca t-KBapka
(kak yxKe OBLIO OTMEYEHO B CHOCKEe # 06, pasjudHble
nopmuposkn p2 = MZ u p? = mi(m?) ne GymyT
CYWeCcmeerHo U3MEHsITh pe3yibrar). st 9Toil mesm
OIHUINIEM BKpATIE KaK (PUKCUPYIOTCS 3HAYEHUS ITUX
MaCC U HACKOJIHLKO OHU TOYHBI.

Kaxk usBecTHO, MojIocHast Macca t-KBapka Jalre Bce-
ro oroxuecrsasiercss ¢ ee Monre-Kapno (MC) ana-
jgoroMm (cm., Hanpumep, paborbl [30-32] u ccbuiku B
mmx). Dta MC macca MMC uspnexaercs us skcnepu-
MEHTAaJIbHBIX JIAHHBIX 10 POXKJIEHUIO TOI-KBAPKOB B Dp-
cronkHOBeHUsIX Ha Tasarpore (kosnabopaiu CDF u
DO0) (cm., nanpumep, [42, 43]) u B pp-CTOJIKHOBEHUSX
Ha BAK (komnabopamuun ATLAS u CMS) (cm., Hanpu-
Mmep, [32, 31]). Ona ucnosb3yercst Ipu CpABHEHUU W3-
MEPEHHBIX CEYEHU ¢ MPeICKA3BIBAEMBIMY TIPUA TTOMOIIH
reHepaTropoB cobbiTuit MC, BKIIOYAOMIAX CHMYJISAIIAN
[IAPTOHHBIX JINBHE JJIs MOJIeJIMPOBaHus 3P (DEKTOB al-
pormsaruu (cM. 0630psl [2-4]). Macca MC ompenensier-
¢ TaKAM 00pa3oM, 9To0bI ObITh HANOOJIEe COTJIACOBAH-
HOl € KCIEPUMEHTAJIBHBIMYU JIAHHBIMU 00 WHBapUAHT-
HOI Macce IPOJYKTOB paciiajia. Bo3HUKAET KOHIENTY-
AJTbHBII BOTPOC, Kak cBsazarh napaverp MMC ¢ momoc-
HOI Maccoll Torn-kBapka B pamkax CM. B macrosimee
BPEMsI 9TOT BOIIPOC IPE3BBIYAIHO aKTyaJIeH, TOCKOIbKY
TeKyIas IOorpentHocTh onpeenenus maccer MMC oka-
3bIBAETCS MEHBIIIE, 9eM HEOIPEJIeJIEHHOCTb €€ TEOPETH-
YeCKOIl MHTePIIPeTaIun, KOTOPasi [0 OPSIJIKY BeJIMIUHBI
cocrassier okosio 0.5 + 1 TaB [2-4, 44]7).

Hanpumep, ananans, BBIIOJHEHHBIH KoJtaboparmeit
ATLAS BAK B [32] na ocrose conocrasiennss MC mac-
ChI TOI-KBAapKa C €€ MOJIIOCHBIM aHAJOIOM B IIPOIECCE

tt + l-cTpys, IPUBOIWUT K CieAylomeMy 3Hadenmio M
C TOrPENIHOCTAMU pas3jndHbix TumoB: M; = 171.1 £+
+ 0.4(stat) +0.9(syst) "5 (theor) T9B (o cpasmemuio
co cpenanM 3HauenneM PDG(20) M; = 172.4+0.7 T'sB,

) OTMeTHM TAaK»Ke APYTOH MHTEPECHBIH BOIIPOC O BO3MOMKHON
CBSAI3U MEX/Ly IIUPOKO UCIIOJIb3yeMbIMU B HacTosmee Bpems MC u
[IOJIFOCHOIM MacCaMy TON-KBapKa C UX AHAJIONOM, KOTOPBIA MOXKET
GLITH OTpesie/ieH W3 WHBApHaHTHBIX Macc Wb, W~b mporecca
pp — WTW ~bb u mupunsr pacnasa t-ksapka (cm. pabory [45] u
CCBUIKHU B Helt).
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KOTOPOe Mbl MCHOJIb30BaJu B Hareil padore). lannas
TeopeThyecKasi IIOIPEIIHOCTDh BKJIIOYAET B cedsl BbIIIe-
VIIOMSIHY ThIe HeOoIlIpejieJieHHOCTH B mHTepiperaun MC
MaCCHhI.

Hapsiy ¢ mosirocHOill, ONpenesisiioTcsi Tak:Ke 3Ha-
veHust Gerymieil maccel Ton-kBapka [30-32] myrem ne-
peonpenenenns M, ero amamorom B MS-cxeme. Ha-
[IpUMeEp, COBPEMEHHOe 3HadeHue Oeryineil MacChl TOII-
KBapKa, nosydenHoe kojurabopanueit ATLAS [32], pas-
1o 7y (2) = 162.940.5(stat)+1.0(syst) > 3 (theor) T'sB
(o cpaBHemmio co cpeaHuM 3HadenmeMm Mg (Mi) =
= 162.5771 I'sB, Baaren uz PDG(20)).

Wsyyenne moBemeHus o(tt) B pp-
CTOJIKHOBEHHSI  IIO3BOJISIET  HAIPSMYIO  OIIPEJIEJIUTh
snauenue M (M;) [46-49]. B sTux paborax jaHHbIe Ce-

cedeHud

YeHus ¢ yaTeHHbIME nonpaBkamMu CM, mepBoHAYAILHO
rapaMeTpU30BaHHbIE Yepe3 ITOJIFOCHBbIE MaCChl YACTHII,
BBIPAKAIOTCS uepe3 Macchl B MS-cxeme 6e3 yuera JC
3pPeKrTOoB.

Haiiem Teneps 3HadeHune orHomreHus: My /mt (mf ),
KOTOpOE CJIeJlyeT U3 Pe3yJIbTATOB, HAIPUMEp, KOJLIa-
Goparuu ATLAS [32] no ogHOoBpeMeHHOMY oOIIpejesie-
HUIO TIOJIIOCHOM 1 6eryIieit Macchbl TO-KBapka. Vcrmosib-
3ysl BBINIENPUBE/IEHHBIE 3HAYEHMS 9THX MaCC, IOJIyda-
em, wro M, /m(m2) = 1.05073517 (o cpasmenmo c
M,/ (?) = 1.06115-017, koropoe BhITeKaer u3 ycpes-
HeHHBIX gaHHbIX PDG(20)). OTcrona sIBHO BUIHO, 9TO
B IpejiesiaxX IOJIOCHL OMMOOK 00a 9TH 3HAYEHUS IPOTHU-
BOpEYaT TOMY, 4TO IipejacraBieHo B (16). Dra upobiie-
Ma TakKe HabmoaeTca i oTHomenus M, /my (M7 ),
3HAaYEeHNE KOTOPOT'O CJIe/IyeT U3 aHAJOIUYHOIO aHAJIA3a
kositaboparuit DO u CMS (cm., manpumep, [30] u [31]).
[TpuguHa 5TOro HECOOTBETCTBUS CBsI3aHa C OOJIBIION Be-
sumannoit 9C nonpasok, BKIHOYeHHBIX B (16) B paMkax
cxembl OE, HO He yIUTHIBAEMBIX B IIPOIECCE OIIPE/IETIE-
Husi Geryimeii Macchbl TOI-KBApKa, PACCMOTPEHHOM BbI-
me. [lepeitnem k 60s1€€ TOAPOOHOMY OOCYKJIEHUIO STOTO
BOIIPOCA U BBISCHUM, TJie UMEHHO TepsaroTcs 31u IC ad-
dEKTHI.

3. O6cyxaenus. 13 ypasuenus (16) ciemyer, uro
onmornereBoit DC BKaam B cxeme OE B cpemmem B 4—
6 pa3 IpeBBIMIAET CPeIHEKBAIPATHIHbIE TIOIPEIITHOCTH,
yKasaHHbIe Bble i orHOmenus M /my;(M2), 3Hade-
HI€ KOTOPOTO OIPEIETISeTCA U3 PE3YIbTATOB 00PabOTKH
mauaeix BAK (a rakxke Tosarpona u PDG(20)). Tem
He MeHee, KaK y2Ke ObLJI0 oTMedeHo panee, 31oT DC 3d-
deKT UrHOPUPYeTCH WIEHAMH PA3JUIHBIX KOJLIabopa-
Ui, KOrga B UCCJIEJOBAHUAX OCYIIECTBIISIETCS TEPEXO/]
OT MOJIFOCHOH K Geryrmeii B MS-cxemMe Macce TON-KBapKa
[1,30-32].

B pazamunbix denomeHOSIOTHYECKH OPUEHTUPOBAH-
HBIX paboTax 3TOT 3PMEKT HE YINTHIBAETCS, KOTIA Ce-
ITucbma B 2K9TD
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venme o (tt), I3HATATHLHO TTADAMETPU30BAHHOE T€Pe3 Mo~
JIIOCHBIE MACChl YacTHIl U cojiepxKaiiee nonpasku CM,
IIepEIIChLIBACTCA B TEPMUHAX Macchl B MS-cxeme. B mpo-
I1ecce TOTO IPeodPA30BAHMS B COOTHOIIEHIHN MEeXK Ty M,
¥ T, YOUTBIBAIOTCS moabko dbdexrer KX, C mamreit
TOYKY 3DEHMs, aHAJIN3, IPOBEJICHHBIN B pa3jeie 2, yKa-
3bIBAET HA TO, UYTO UCCJEIOBAHUS, BHITOJHEHHBIE B 9TUX
paborax, TaK¥Ke JOJKHBI OBITH JIOTIOJTHEHBI BKJIIOYEHU-
eM DC mompaBoK K pacCMaTPpUBAEMOMY COOTHOIIEHUIO
Mmacc Tor-kBapka. Kaxk caenyer uz (16), oHu MoryT mpu-
BECTHU K CYIIECTBEHHOMY CJIBUTY 3HAYEHUI TTOJTY 9aeMbIX
TaM Gerynmx Macc TOI-KBapKa.

B 3aksmrouenune cieflyer mMogdepKHyTh, YTO, BOOOIIE
roBopsi, B 9C cekTope moHsiTue Oeryimeit Macchl KBap-
ka B MS-cxeMe MOKeT GBITH OIPEIEICHO HeCKOILKIMI
cnocobamu. O6Cy MM BKPATIIE OCHOBHBIE TIOJIXO/IBI, PAC-
CcMaTpHUBaeMble B JINTEPATYPE JJIsl €r0 olpejeeHus. B
9TOit paboTre MBI HCIOIB30Ba MS Maccy TOn-KBapka
B cxeme ®OF [25] cormacuo coornomenuto g (p?) =
=y (u?)v(?)/V/2, KOTOPOE BOZHUKAET B CIIOHTAHHO Ha-
pyrmrennoit haze. Kak y2xke ymoMmunasocs Bbiire, 3Ta cxe-
Ma TTO3BOJISIET COXPAHUTD SIBHYIO KAJTMOPOBOUHYIO MHBA~
PHAHTHOCTH B COOTHOINIEHUN MEXKJIy MOJIIOCHON U Oery-
meit Maccoit Tom-KBapka. [Ipum 9ToM HEOOXOAMMO yUIu-
TBIBATH BKJIABI “TOJIOBACTUKOB’, 00ECTIEINBAIONINX BhI-
IIOJIHEHNE JAHHOIO cBOicTBa (cM. [20-24]).

Jlpyroit MmOmX0Md, TJe WCIOJb3yeTCsl COOTHOIIEHHE
e (12) = ye(u?)verr(p?) /V/2, mpuBoauT K Gerymeit Mac-
ce, zaBucdiieil or Kaaubposku [27, 28|. Suecy addek-
TUBHOE BaKyyMHOe CpejiHee Ueg(?) ompejessercs U3
YCJIOBUST MEHUMU3AINN 3(PDEKTUBHOTO TOTEHITUATIA 10~
g Xurrca. B ciyyae mpuMeHeHUs JAHHOW CXEMBI Iie-
PEHOPMHUPOBOK COOTHOIIIEHUE MEXK/Ty ITOJIIOCHON 1 Oery-
1meit Maccoit He COIEPKUT OOJIBINNX BKJIAIOB AT DAMM-
POJIOBACTUKOB, HO CYIIECTBEHHO 3aBUCHUT OT KAJIUOPOBKHI
27, 28].

Eme ojHa BO3MOXKHOCTB COCTOUT B PACCMOTPEHUHU
coornomenns 7 (1?) = yi(u?)vo/V2 ¢ dburcuposamn-
HbIM 3Hadennem vy = (V2G )~ Y? ~ 246 TsB, e mo-
crosinHast Pepmu G SIBJISIETCS KOHCTAHTON CBSI3U (-
dEKTUBHOI HU3KOIHEPreTUYIECKONW TEOPHUU C YeThIpeX-
depMroOHHBIM B3anMozeiicTBueM. Ee 3nadenne 0OBITHO
HAXOJUTCS U3 SKCIIEPUMEHTAIbHBIX JAHHBIX [0 PACIIALY
p — vyee [1]. B TakoM KainbpoBOYHO-HHBAPHAHTHOM
IOJTXO0JIe Macca t-KBapKa OEKUT KaK I0KABCKash KOHCTAH-
Ta cBsaA3U Yy (p?), yMHOKEHHAS Ha [I-HE3ABUCHMBIH (ak-
TOp Vo /V/2, U TAKIKE HE 3ABUCUT OT BKJIAJIOB “I'OJIOBACTH-
koB” [20-22,24]. D10 NPUBOIUT K 3HAYUTEIHHO MEHB-

8)Cu. yp. (42)—(44) B [46]; obcyxnerus muxe yp. (5) B [47], Toe
GbLT BBIIOJIHEH OOHOBJIEHHBIN aHauu3 paborst [46]; yp. (9)—(11) B

[48]; yp- (8)~(12) B [49].
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mmm DC nonpaskam, yeMm B cxeme DE [21]. Oxnako,
orcyTcTBUE Gera BaKyyMHOI'O CPEIHErO IOCTYJIUPYETCs
“pykamMu’, 1 (PUKCUPOBAHHOE 3HAYECHUE V) HE M3MEHS-
eTCsl [IPU TIePeXo/ie U3 HU3KOIHEPreTHIeCKoil 00/1acT B
BBICOKOIHEPTETUIECKYIO, T/ OMPEIesISTeTCs Macca TOI-
KBapKa.

Takum obpaszom, B HacTosiiee Bpems B 9C cekTope
HET OJHO3HAYHOI'O OIIPEJEJIeHUs] OeryIneil MacChl TOII-
KBapka. B JaHHOil paboTe MBI UCIIOJIH30BAJIA €€ TIEPBOE
oIIpejieJIeHne, KOTOPOe, OJIHAKO, IIPUBOAUT K OOJIBITUM
9C nonpaBkam K cooTHOMmeHnio Mexty M, u my(M?),
HE YYUTHIBAEMBIM IPHU AHAJIU3E JTAHHBIX 19BaTpoHA U
BAK. Uzydenne 9C sdpdekToB B JAPyrux cxemax Mpo-
JIOJIZKAETCSL.

4. 3akroueHne. BriroueHne n3BeCTHBIX JIBYXIIET-
JIEBBIX 3JIEKTPOCJIAOBIX ITOMPABOK B AHAJM3 COOTHOIIIE-
HUsI MEXK/JIy ITIOJIIOCHOM U Geryimneil B MS-cxeme maccoit
t-KBapKa CyIIeCTBEHHO BJIUSIET HA BEJIUIUHY CyMMAapPHON
monpaBku CM Mexay sTMMu mapamMerpamMu B PaAMKaX
cxembl Dureiimmepa—Erepseitnepa, KoTopasi, ¢ T€OPETH-
YeCKOI TOYKHU 3PeHWUs, sIBJIsieTcs Hambojiee eCcTeCTBEH-
HOIl Cpeiy NpPOYMX B IepTypPOATUBHBIX HUCCJIEIOBAHU-
ax CM. Oxka3sbIiBaeTcst, 9TO CYMMAPHBIE Y€THIPEXITETIIe-
Beie KXJI u asyxnersieBbie DC MONpaBKU IIPAKTUYE-
CKHU ITOJIHOCTBHIO KOMIIEHCUDPYIOT APYT JPYTra, IPUBOJI
K cooTHomermio My ~ my(M?). Dror daxT naxomures
B CEPHE3HOM HECOOTBETCTBUU C PE3Y/IbTATAMM OJHOBPE-
MEHHOT'O OIIPeJIeJIEHUsI [TOJIFOCHBIX ¥ OEryIuX Macc TOIl-
KBapKa, CJIEAYIONUMN KakK u3 aHajm3a JaHHbix BAK,
Tak u T9BaTpOHA, I7e yIUTHIBAIOTCH TOJBKO dbdek-
o1 KX/I B coornomenun mexay M; u m;. Eciu npu-
HSITh BO BHIMAHNE BCE COBPEMEHHBIE ITOTPENTHOCTH, BXO-
JIAIIHE B OIPEE/IEHNe STUX MACCOBBIX IIAPAMETPOB, TO
9TOT BBIBOJ, He m3MeHHTCss. bBosee Toro, IC sdpdek-
TBI JJIsl PACCMaTPUBAEMOI'O COOTHOIIIEHUsI UTHOPUPYOT-
¢ B (PEHOMEHOJIOTMIECKNA OPUEHTUPOBAHHBIX PadoTax,
B KOTOPBIX cedenue o(tl), NepBOHAYAILHO APAMETDH-
30BaHHOE Yepe3 MOJIOCHY IO Maccy t-KBapKa, 3aTeM Iepe-
IMICBIBACTCS B TepMUHAX MS-Macchl, KOTOpast BIIOCTET-
CTBUU OIPEIE/ISIeTCH YUCJCHHO. DTO BBI3BIBAET HEKO-
TOPYIO HACTOPOXKEHHOCTh U IIOJHUMAET OIpeJejIeHHbIe
BOIIPOCHI O 3HAYEHUSAX 3ABUCAIMIMX OT MacIiTada Macc
TOI-KBapKa, moJiydennbix u3 ganubix bAK u Tasarpo-
Ha, ¥ 00 UX IpeCTaBJeHNH B TEKYIIEM BBIILYCKe I'PYIl-
bl PDG. @akTuuecku, 31U pe3y/IbTaThl JOJXKHbI OBITH
nonosHenbl yaerom DC nonpasok (B Jo6oil u3 cxem,
B KOTOPOi pacCMaTpUBaeTCs IEPEHOPMUPOBKa Heryiieii
MACChl), a U3BJICICHHAS [IPH 3TOM MACCa JOJIKHA OBbITH
HAJJIeKAIMUM 00pa30M OIpEeIeIeHA B 3aBUCUMOCTH OT
puMeHeHus: KOHKpeTHo# cxembl B CM.

Mer Gmaromapusr @. Erepueiinepy u M. FO. Kaur-
MBIKOBY 3a IIOJIE3HbIE KOMMEHTAPUH U Pa3bsCHEHUSI,

KOTOpble OBLIM TPUHATHI BO BHUMAaHHE B IIPOIECCE
HAIMCAHUsT 3Toi paboThl. Takrke MBI NPU3HATEIbHBI
A.B. Apby3oBy u B ocobennoctu H. B. Kpacuukoy 3a
BOO/LYIIIEBJISIIOIIIE U IIOJOTBOPHBIE 0DCYKIEHUS.

Pabora B.C.MosokoemoBa mnomjep:kana TI'PAHTOM
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npuKIaaHoil Maremaruku # 075-15-2019-1621 (uucsen-
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