Jleknusa 14
YcrpaHeHne pacXogUMOCTEl B KBAHTOBOMI IEKTPOANHAMUIKE

Paccmorpum cragasa monpaBku K GOTOHHOMY IPOMAraTopy. ¥ HOOHO HAIKACATH
(D) (k) = ig"” (k* +i0) — iII"" (k), (1)

roe [1*7(k) = —il'* (k) — noagpusayuonnbili onepamop. 3aMeTuM, 4TO U3 KIACCHIECKOTO 3aKOHA COXPAaHe-
) p
Hus 3apana 0,j" = 0 umeem

(p - Q)u : ¢q7u¢p =0.
Mockonpky dyuknun ['pura cBOOOMHON TEOPUN MPENCTABISAIOT COOOM TUHENHBIE KOMOMHAIINN KJIACCUIECKUAX
pelIeHui, 3TO 3HaAYUT, YTO M1 (PePMUOHHON MeTIN

D

d
itk ol k) = —/ (QF)(JD tr(v**G(ky — k2 + q) ... "G (k,, — k1 + q))

nmMeeMm

ki,p,— IHt--bn (kl, Cey k}n) = 0.

Orcroma cemyer, 9To meTaessie Tonpasku B (D ~1)#Y ¢cTporo momnepeyss:

k117 (k) = ky I (k) = 0

e () = TI(k) (gw - %) . @)

O6parHo
‘ 1 k. k, Y
1) = 3 (s = 525 ) 1) ®

IapaiiTe Temeps BEIYMCINM BKJIA IEPBOTO HOPIIKA IO e2:

1 (k) = 10y, (k) + I0(5) (k),

e (k) = - L ey [ 40P PO+ m)y (b + k4 m))
zH(l)(k’)— Q = —(—ip D ) /(27r)D (p2—m2+i0)((p+k)2—m2+i0)'

_ 4—D62/1dg;/ d’p (" +m)Ny"(p + k4 m))
a 0 @m)P Pz + (p + k)2(1 —2) — m? +i0)2’

iy (k)= - % -~ =—i(Za - )(g"k* = k*k") — i(ZaZ5 ' — DAk R

U3 (2) sakmrouaem, aTo

Z)\ = ZA;

T. €. IEPEHOPMUPOBKA He MEHseT 4jieHa, GUKCUPYIOIIEro KaanOpOBKY.
PaccMmoTpum Temneps mepBoe ciraraemMoe. 3aMeHOn

p—p—kx
TMPUBOMUM WHTErPAJI K BULY

/ dPp tr(y*(p + IAc(l —z)—m)y(p— kz — m))
(2m)P (p? + k2z(1 — x) — m? +i0)?

1
il (k) = —u4*DeZ/ dx
0

dPp tr(y"py”p) — 2(1 - z) tr(y"ky”k) + m? tr(y'")
(2m)P (p? + k2x(1 — z) — m? +40)2




YuurTeBas TOXOECTBO
tr(y"py"p) = 222 (2p"p” — 9" p?)

HaXOOouM

1—x)
2D/2+1 4—D 2 m 1// / (
i) (k) = Wk (P2 + k2z(1 — ) — m2 +i0)?

+ WIeHBI, IPONOPINOHAIbLHBIE g’“’ .

I/ICHOJIBBYSI TOXKIOECTBO (2) MBI CMO2KEM JIECKO BOCCTaHOBUTH OCTAJIBHBIC YJICHBI:

1—x)
I 2 2D/2+1 4—D 2/ / ( .
) = e 0 + K2z(1 — ) — mZ + i0)2

C momorsio Gopmysn u3 Jleknuu 6 Haxomum

2(D=4)/2,2 [ 2 (D—-4)/2 4-D k (D—4)/2
2y _ 7.2 a- LD _ _ _
(k") = —k 53 <47W2> F( > / drz(l —x) (1 z(1 :v)mz>
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MMoncraBnsas D = 4 — 2¢, € — 0, monyaum

1(k?) e? e? m? k?
- _ —(Za—1)+ — [10g 1—a)log (1—a(1— 4
k2 Tonze ~ A= D+ 5z (los omz T C 27r2 / dow(l —z)log -2z ) @)

PaceMoTpuM mpocTeiiiiee yeIopre IepeHOPMIPOBKI: IPONAraTop BemeT cebs Kak c¢Bobommeit mpu k? — 0,
T. €.

(k>
;2)%0 mpn k% = 0. (5)
Torma Mer nosmyanm
e? e? m?
Za=27"=1- 1 C
AT Lo 1272 | 1270 <°g a2+ ) ’ ©)

k) e [* k?
R A dz (1 — x)log 1—33(1—3:)W

:_i"’_Q+0(k4). (7)

6072 m2

3ameuanue. IIpu nepexome B KOOpAMHATHOE OPOCTPAHCTBO 9TO AAET HMONPABKY K 3akoHy Kysmona (cum. Be-
pecrenxuti, Jlupmnn, [uraesckuii):

1 o2 g2mr
@(T)Nm<1+WW>, r>mT!
PaccMOTpuUM ApyToe yCIoBue TepeHopMupoBKn. 1lycTh
I(—M?) = 0. (8)
Paccmorpum ciayugait M2 > m?, xorna

! M? 1. M?
/ dmx(l—m)log<1+x(1—m)m>:—5 —
0
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B sTom cioyuae

Za=Z =1~ 126;6 * 1;; <l°g 2]7\52 O g) ’ ®
Hgf) = 1;;_2 log _k;w; i07 |k?| > m?. (10)
13 (9) monyuaem \ ,

JleBas 4aCTh He 33BUCUT OT TOUKM mepeHopMupoBku M 2. Muddepernupys ypasrerue o log M? u coxpanss
JIAIIB [IABHBIE BKIAOEL, HoixyduM ypaBueHue [emn-Manuna—Jloy:
de? et

= . 11
dlog M? 12w (11)

Pemas sTo ypaBHenue, Haxoqum

oo e2(M" ‘
e*(M?) = 62(1\5,2) ) e ME M > m (12)
1 - 1272 L M2

Kpowme Toro, sicHo, uTo perterne (12) BEPHO TOIBKO KOrIa BTOPOE CIaraeMoe B 3HAMEHATEIE MEHBIIIE IEPBOTO:
M2 < M126127r2/62 (M'?)

Permenne (12) MOXHO HAIIPAMYIO HCHOMB30BATH [ BBIYUCICHNS ACHMITOTHKH IIPOIAraTopa hOTOHA IIpH
|k2| > m?. IleficTBUTETBHO, PACCMOTPHEM MPONAraTop B Kamubpopke Jlanmay

D) = D) (g — 2157 )

¢ ycnosuem meperopyupopkn (5). O6osrauny gepes D(k2, M?) ckangapHbI MHOXKHUTEIb TAKOTO e MPOTa-
raropa ¢ yciaosueM (8). Torma
ZaD(k?) = Zo(M?)D(k?*, M?)

— HEEePEHOPMUPOBAHHLIN mponaraTop. Orcioona

o ZA(MZ) ., Z y e (M)
D(k*) = =———=D(k*, M?) = ———D(k* M?) = ———=D(k*, M?).
(k ) ZA (k I’ ) ZQ(MZ) (k ? ) 62 (k ’ )
Homoxus M? = —k? u yuatsa, uro D(k?, —k?) = 1, momyuaem
2012
2 e’ (—k7)
D) = L8 (13)

€

[pu M? cpasanmom ¢ m? npasas 9acTh (11) usmMeHnTCS, B 9aCTHOCTH, 6yIET 3aBUCETH 9BHO OT M2 /m?. Tem
He MeHee, MOKHO He BBIICEIBATL TOUYHOE PEIIeHNe TOYHOTO YPABHEHI, 4 IPENIOI0KITE, YTO Ha MACIITabax
or 0 no m? xoucranTa e(M?) U3MeHAETCSA HE3HAUUTEILHO U TPIMEPHO PABHO €2, a Ha GOTbINX MacmTabax
upumenumMo ypasaerue (11). Torma

] 1
D(k*) = ——5 —————mr
ko1 — 1;?1 Cl'm|2

|E%] > m?, (14)

roe C' — 4ucieHHAs KOHCTAHTAa MOPSIKa emuHuIEl. [lockonbky mpu 6ombimux M? pemmanna e(M?) 3aucut
no cyTu Toiabko oT |M2|, To (14) BepHO He TOILKO MPU OTPUINATETBHEX k2, HO U TPU TH0OBIX GOMBIUX TIO
Momymio k2.



Paccmorpum Teneps 0OpaTHEBIA IPOIAraToOp IEKTPOHA:
G™H(p) = —i(p —m — T(p)), (15)

roe X(p) = il'(p) — cobcmeenno-snepeemuueckas (maccosas) wacmo. Umeem

20) =E) ) + 2 (),
; S h o u-pye e [ A7k (=D)iy™(p — k +m)y,
—iX1)(p) = —t—— = (_W( by e) / 2m)P (k2 +i0)((p — k)2 — m? + i0)

— D z/ da:/ de V(P =k +m)y,
D (k2 + (p — k)2(1 — ) — m2 +i0)?’

—i%)(p) = ———— =i(Zy—1)p—i(ZyZm — 1)m.

Paccmorpum nepseiit unen. 3amenoit k — k + px, momydum

. de 'y“ p(l—z) —k+m)y
—ix — 4 D 2/ d / a4
@) v 2 —m2z + p?x(1 — z) +i0)?

= 4D2/ dx v (p(1 — z) + m) / 47k 1
- 7 T | @m)D (k2 — m?z + pPa(l — ) + 40)2

[Ipumenss te xe GOPMYIIBI, YTO U B MPEOBIIYIIEM CIIydae, U YIUTHIBAS, ITO

Yy, = D, Y Py = (2 = D)p,

HalmeM

R ie2 m2 (D—-4)/2 4-D 1 X P2 (D—-4)/2
PackmanpiBas BOmu3u D = 4, naxonum

e2(p—4m) (1 m?
Yp)=—————-—2L| = -1 -C
) 1672 <s °8 4 )

2

+ 1g7r2 <ﬁ— 2m+2/01 dz (p(1 — z) — 2m) log <m —z(1 —m)i—i))
— (Zy Vb + (Z4Zm — D, (16)

Beenem Tenepr ycioBrme nmepeHOPMUPOBKI:
S(p) =X'(p) =0 mpm p=rn. (17)

3mech 3a TOYKY MEPEHOPMUPOBKY MPUHITO HEKOTOPOE 3HAYEHUE 17, BOOOIIE roBops, oTiaudHoe or m. Torma

e? 1 m?
Zy—1=———=|—-—1 -C
v 1672 (5 °8 47 p? >

+%; <1+2/01dx log <$—$(1—m):—z> —4 1dac ~(m(12_$)_2m)~(}_$)>, (18)

0 m? — (1 — z)m?
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e?(m —4m) (1 m?
Zo — Vit — (ZgpZim —D)m =1 7AW (2 -
(Zy — )i — (ZyZpy — 1)m 1672 (5 og T2 C)

Fs ( 2m+2/ da (1 — ) —2m)log<m—x(1—x)2—z>>, (19)
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O6parum BHEMaHUE HA TO, 4TO BTOpOil uHTerpai B (18) pacrodumes Ha MacCOBOIl HOBEPXHOCTH, T. €. IPU
m = m. DTO roBOPUT O HEBO3MOXKHOCTH MOJLyYUTh KOHEUHOE 3HadeHue 1y G(p) Ipu yCiioBUM IEPEHOPMU-
posku (17) ¢ m = m. Dro npumep undparpacrkoti pacrodumocmu, BOSHUKAKIIEH OT 6e3MacCOBOCTH (GOTOHA.
Ha camom mene mHpakpacHBIE PACXOOUMOCTH COKPAIIIAIOTCI BO BCEX (MU3NUECKN OCMBICIEHHBIX CEUEHUSX
paccesnus (HO He aMmIuTynax!). B ciemyroommit pa3 Mbl yBUOUM, 9TO 5TO CBS3AHO C UCIYCKAHUEM MSTKUX
($hOTOHOB BO Beex npoueccax paccesaus. QTMeTuM Takxke, 970 60iee aKKyPATHBIN PEHOPMIDYIIOBOM aHAIN3
[IOKA3bIBAET, YTO HA CAMOM Heile

2

G(p) ~ (p* —m?) ez,

T. €. IIOJIIOC 3aMEHAETCA Ha TOYKY BETBJICHUA.



