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KBAPKOBBIE BKJIA/IbI B CIIMH HYKJIOHA v\

W3 HEMTPUHHBIX SKCITEPUMEHTOB HA IOJIIPU30BAHHBIX MI/IIHEH}%
BBenenue. [y perenust mpoOIeMbl CIIMHA HYKJIOHA BAXKHOE 3HAUCHHUE UMEET TO-

BOE Pa3/IeJICHHE BKJIAJ0B KBAPKOB U aHTUKBAPKOB [1].
B nacrosmee Bpems otaenbHo Aq u Ag nony4aror u3 HOJIyI/IHKJHOSI/IBHOF(@ P[2].

OpnHako 371eCh JaHHBIE CYHIECTBEHHO 3aBUCAT OT GyHKIHM dhparmenTanuu [133 wfo BHOCUT

B HUX JIOTOJHUTEIbHBIC HeompeaeneHHoctu. Paznenenne Aq u Ag Bo3 mporeccax

I'HP He#TprHO M aHTUHEUTPUHO HA MOJISIPU30BAHHBIX MUIIIEHSX C 3apsK@HHBIM TOKOM [4, 5].
HeiitpunHble mpoliecChl HUMEIOT Psii MPEUMYIIECTB: €CTECTBEHHAs MOJISIpU3aIus

HEUTPHUHO, YucIo noysipu3annoHHbXx CO Oompre, yem st ['HP REHHBIX JIEITOHOB Ha
HYKJIOHAaX C 3J€KTPOMAarHUTHBIM TOKOM H3-3a HECOXPAHEHUS YETH B CI1a0BIX B3aUMO/JIEH-
cTBUsIX [4—6]. [loaTOMy HEUTPHHO SBISETCS YIOOHBIM MHC TOM JJIs1 U3YYEHUSI CIIMHO-

BOH CTPYKTYpPBI HYKJIOHA.

OpnHako npoBeIeHNE HEUTPUHHBIX 3KCIIEPUMEHT
3aHO C TEXHUYECKUMHU TPYAHOCTSMM, IVIABHAS U3 KO
JMast 1J1s coopa Hy»KHOM cTaTUCTUKU. CBETUMOCTRh.C
OyeT MHILIEHEN pa3MepOM HECKOJILKO METPOB, K

B TO Xe BpeMsa uMmeercs IMEPCIEKT 5,7] moaydath BbICOKO(OKYCHPOBAHHBIE
HEUTPUHHBIE IYYKH OT pacnanoB MOOHOB\[8, 9] (HeliTpunHble haOpukn), Ui KOTOPBIX YXKe
MO>KHO CO3/J1aTh NOJIIpU30BaHHbIE MIMIEHN.\B TakoM ciydae IIpOBEACHUE HEUTPUHHBIX JKCIIe-
PUMEHTOB C MOJSPU30BAHHBIMU MU TPEJCTABIAETCS BO3MOXKHBIM B OyayimiemM. OTo
JTACT BO3MOJKHOCTB IIOJy4YaTk HOBBIE JaHHBIE IO CIMHOBOM CTPYKTYpE HYKJIOHA, KOTOpBIE
HEOOXO0IMMBI /175 IPOBEJICH -aHaJIM3a BCEH COBOKYIHOCTH MOJISIPU3ALIMOHHBIX TaHHBIX
10 AaHAJIOTMH C Henospu3oBandsimMu ['HP.

B cBsA3M ¢ 5TUM ABINETCS aKTyalIbHBIM U3y4E€HUE CIIMHOBOW CTPYKTYphI HyKI0oHa B [ HP
(aHTH) HEUTPUHO Ha ’\9 PHU30BaHHBIX MUILEHAX (IPOTOHAX, HEUTPOHAX, IEUTPOHAX).

DOTE pacCMATPUBAIOTCS BO3ZMOXHOCTH ITOJIYYEHHUs BKJIAJIOB KBApPKOB U
HBIM CIIMH Ha OCHOBE U3MEPSIEMbIX BEJIMYMH (MOJIIPU3ALUOHHBIX aCUM-

OJISIPU30BAHHBIMU MUIIIEHSIMH CBSI-
OTrpOMHasi Macca MUIIIEHH, He00XO-
TBYIOIIMX HEUTPUHHBIX ITy4KOB I10TpeE-
HC MOT'YT OBITh MMOJIAPU30BaHbI.

B macrosme @
aHTUKBAapKOB RILO
IX

METpHH, Ie oMeHTOB nossgpu3aoHHbx CP) 'HP HelTprHO M aHTMHEHTPUHO HA T10-
JISIPU30Ba POTOHAX, HEUTPOHAX, NIEUTPOHAX C 3aPSHKEHHBIM U HEUTPAIBHBIM TOKaMU.

1 OBblI€ BKJIA/bl B CIIHH HYKJIOHA U3 ACUMMETPHUiIl HEHTPUHHBIX IKCIIEPHUMEH-
TOB sipu30BaHHbIX MuIIeHsX. [{uddepennuansubie ceuenuss ['HP (antn) netpuHo

V30BaHHBIX AEUTPOHAX

Q pPEACTaBUM B BUJIE

vi)+d— I"(H+X (1)
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l
Oy = Ogma + Pnoya 2)

a, Pol o
Trae o. v@d HEMOJAPU30BaHHadA M NOJIIpU3allMOHHAA YaCTH CCUYCHHHU COOTBETCTBCHHO,

d2 o o
o= dx dy ; X, Y — CKCUJIMHI'OBBIC IICPEMCHHEIC, PN — CTCIICHD IMOJIApU3alui JCUTpOHA.

B Beaymiem nopsake KX/1 (ynydiieHHas KBapK-apTOHHAsi MOJIENb) CEUEHUs, BXOASILIE
B (2) mosryueHsl B CIEAYIOIIEM BUJIE ISl HEUTPUHO:
a __

o2 = = gox [u(x, Q%) + d(x, Q%) + 25(x,Q?) + ¥} (@(x,Q®) + d(x,QD)]. ()

Pol Pol
O_Pol _ O-V; + O-VY(’-) (1 _ E(I)) —
vd — 2 2 -

= Gox [Au(x, 0?) + Ad(x, Q?) + 2As(x, Q%) — y? (Aa(x, 02) + Ad(x, Q2 )] (1 —Q 3
Y aHTUHEUTPHUHO: O
guq = oox [y (ulx, Q%) + d(x, Q%) + u(x, Q%) + d(x, Q%) + 25(x, Q?) Y&~
ofdt = gox[yZ(Au(x, Q%) + Ad(x, Q%)) — Au(x, Q%) — b
~0d(x,0%) ~ 2456, 091 (1 -30).  ©)

3necy q(q)(x,Q2%), Aq(Ag)(x,Q?) (q =u,d,s) — dyHkuuM\paciipeaeneHus HEeoIsIpu30-
BaHHBIX U MOJSPU30BAHHBIX KBAPKOB (AHTUKBAPKOB); V4 =§ MQ? — KBaJpaT nepeJaHHOro

a a
Oyptoyn

UMITYJIbCA OT HEUTPUHO (AaHTUHEHTPUHO) K JIENTOHY (aH Hy), @ = 0,05 — BeposiTHOCTB

D-cocrosiHust B BOTHOBOW (D)YHKITUU IEHTPOHA; 0y = G — koncranta ®epmu, E — sHep-

v

rusi HeUTpuHO (aHTHHEWTpuHO), M — Macca 1 > “pP” u “n” o0o03HauaKT MPOTOH U
HEUTPOH COOTBETCTBEHHO.

PaccmoTpuM nosisipu3animoHHbIC aCUM nporeccos (1) cienyromero Bua:

17 " U T
vd) (Uvd+ovd)

At S ool 0
IJie iepBasi cTpeska COOTBeTCTBye NUPATbHOCTH HEUTPHUHO () MM aHTUHEHTpUHO (1), BTO-
pasi — HanpaBJICHUIO CITUHA Hal (Py=1Dul (Py=-1).
C yuerom (2) acum $ +q TPUHMMAIOT BUJ
Pol + o.fol
Ovd T9%d
oyatoyg ®
[Toncrasiss B &‘nﬂ (2-6), nonyyaem aCHMMETPUHU B TEPMUHAX TAPTOHHBIX PACHpeIeIeHHUM
(1+y3)[Auy (x,02)+Ady (x,Q?)] (1 _3 ) (9)
(1+y3)[ulx,Q2)+u(x,Q2)+d(x,02)+d (%,Q)]+2(s(x,Q2)+5(x,Q2)) !

(1-y3)[uy (x,02)+dy (x,Q2)]

@@qv(qv) = Aq(q) — Aq(q) — byukimu pacnpenencHus (He)MOISIPH30BAHHBIX BAJIEHTHBIX
KBAPKOB.

O~ oy Dlon(o?) e ) bl sl ease@)) (_3,)) - g
)

PaccmorpuM nonyunkirosusHoe v(V)d— THP
vi)+d - 7Y + ¥ + X. (11)
JuddepennranbHple ceUeHUsI 3TUX MPOLIECCOB UMEIOT CTPYKTYpY, aHaJTOTHU4YHYIO (2),
(3), (4), u 1715t HUX MTOJTYYESHBI CIEAYIOIINE BBIPAXKEHHS B CITydae pacCcestHUs HEUTPUHO:
oyq =00x[d(x,Q%)DT (2)+y3u(x,Q%) D (2)+u(x,Q*)Df (2)+¥7 d(x,Q?) DT (2)],

12
ob 8L "=00x|Ad(x,Q) DI (2)-y? AU(x,02)DE (2)+Au(x,QX)DE (2)-yZAd(x,02)DE (2) | (1-5w), 12
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Y QHTUHEUTPUHO

oyd =00x[yfu(x,0?)Dg (2)+d(x,0*)Dg (2)+y1 d(x,0?)Dg (2)+u(x,0*)Dg (2)],

13
b9 =00 x[y? Au(x,2)DF (2)-Ad(x,Q2)DE(2)+y? Ad(x,Q1)D] (2)-Ati(x,2)DE (2)] (1-3w ). (13)

B dopmymnax (12), (13) Dq(q
HOJIyI/IHKJIIOSI/IBHBIe aCI/IMMeTpI/II/I A ~ UMEIOT CTPYKTYpy, aHanormunyio (7), (8),
c3aMeHoil 0 —» 0™ " = g™ —gT

C yuetom (12), (13) nmst HUX TOTYyYEHBI CIIETYIONTNE BEIPAKCHHUS: &

y(2) — pynkums CpparMeHTauI/H/I KBapka ( (aHTUKBapKa G ) B 7-ME30H.

at—n— _ Au(x,0%)+Ad(x,0%)+Au(x,Q?)+Ad(x,Q?) (1 3 )
v uy (02 +ay (x,0) 2%)

mt—m— Auy(x,Q?)+Ady(x,Q2) 3
Az = u(x,Q2)+7(x,02)+d(x,Q2)+d(x,Q2) (1 z“’)' (15)

B dopmynax (14), (15) pynkiun pparmeHTauy COKpAIIaoTCcs B qncrﬂ%g@ 1 3HaMEHa-
TeJIe B CUIIy COOTHOILICHUIL:

+

nt-n" _ put-n— at-n~ _ at—m at-n~ _ -
D = D] , D] = —D] , DI = —D]
.

u

CoBMecTHOE MPUMCHCHUC MHKIIIO3UBHBIX U IMOJTYWHKIIIO3UB CI/IMMeTpI/II\/JI IIO3BOJJIACT
OMpCAC/IMTb BKJIaA CTpaHHI)IX KBAapKOB 1 aHTUKBAPKOB B HYKIJI BpIM criiH. Tak U3 acUMMeET-

puii A_g4 (1 10) u A” ™ (14) momy4aem pacnpeﬂeﬂeHHeQ\ oro mopst (As(x) + A5(x)), a

€ro MepBbId MOMEHT €CTh
As + AS = f [As(x) + A5(x)] dx = uV( %x) 1(A_qg — AT;™) dx. (16)
W3 acummerpun A” - (A+d) MOYKHO JO b CyMMapHLII/I BKJIaJ1 BAJICHTHBIX KBAPKOB
Auy + Ady = —— u(x) + u(x) + d(x) + d(x)] dx.
B 10 xe Bpems COBMGCTHO eHeHHe 3TUX acuMMmeTpuid, T. €. (9) u (15), gaer Bo3-

MOKHOCTb JI0CTYTIa K PACTIPEe, eH Hel'IOJ'DIpI/ISOBaHHBIX KBAapKOB U aHTI/II(BapKOB
+ Vi

2)[ulx) + d(x) + 2 + d(x)] ( - 1).

s(x) + s(aﬁ\
Takum obpazo JIYYEHBI BBIPA)KEHUS JUIsl BKJIAIOB B CIIMH HYKJIOHA CTPAaHHBIX KBap-
KOB U aHTI/IKBapK AS) CyYMMapHOIr'0 BKJIaJia BAJICHTHBIX KBAapKOB, HE COAEpKallue
byHkuil gppappe Y, C TIOMOUIBIO MOJSAPU3ALNOHHBIX WHKIIFO3UBHBIX U MOJYHMHKIIIO3UB-
HBIX aCUMM &FHP HEWTPUHO M aHTUHEHUTPUHO HA MOJISIPU30BAHHBIX JEUTPOHAX C 3aps-
KEHHBIM W3 sTx acuMMeTpuil Takke MOXKHO MOJTY4UTh HH(POPMALIUIO O pacrpeaese-
HUH HEO 30BaHHOTO cTpaHHoro mMops [s(x) + 5(x)].
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