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YIIPYTOE MUDPPAKIIMOHHOE PACCESHUE AIIPOHOB
HA JIETUANIINX SITPAX

I".H.Benuuxko, A.A.Bopoobes, I'.A.Kopomnes, C.1.ManaenkoB, A.B.Xam3amnees

BBenenune

Paspaborannas B [IUAD skenepumvenTarbias MeTOONKa TO3BONIA BBHITIONHUTEL CEPHUIO TIpe-
MIM3UOHHBIX YKCTIEPUMEHTOB TI0 M3YYEHWIO YIPYTOTO PACCESTHUS THOHOB M HYKJIOHOB Ha SIpax
BOMIOpOMa, MENTEpUs W Telusl B 06IacTh MailbiXx yriaoB. Mmynncrnas monmsanmonnas KaMepa
NKAP, smastomasics ocHOBOI Bcell yCTAHOBKM, MCTOIL30BAIach B M3MEPEHUSX KaK TPU TPO-
MeXYTOUHBIX YHEPTHUAX Ha yckopuTensx B ['aTunme m Cakite, Tak W MpH BBICOKUX SHEPTHUSIX B
Cepmyxose n na SPS 8 CERN. IHocTonncTBoM MCmomL30BaBINeicss METOONKH SBISETCS BO3ZMOK-
HOCTH M3Mepenns auddepernnaibHbIX cedennii ¢ ToarocThio 1-2 %. Beumm nsvepensr mudde-
peHInaIbHbIe CEUEHTS YIIPYTOTO PACCESTHUS U aHAIIM3UPYIONIAs CIOCOOHOCT, TIOTYIeHBI JaHHbIe
O TIOJTHBIX CEYeHWSIX U OTHOIIEHUSX PEAThLHBIX JacTell K MHUMBIM JacTsaM aMIUTHTYI W3ydaB-
MITUXCST TTPOTIECCOB, HANIEHBI YKCTIEPUMEHTATbLHBIE OTPAHTYEHNST Ha BEJTMIIMHEl CITHH-CITTHOBBIX
HYKIOH-HYKJIOHHBIX (N N) aMmummTym. DTn sKcrnepuMeHTaIbHbe JTanHble 3aMeTHO TIOBITHUSITN Ha
pe3yabLTAaTHl (Pa30BLIX aHAIM30B U BO MHOTHX CIIyUYasX MPOSCHUIN aKTYaTLHLIN U TOHLIHE BO-
MPOC O CYIIEeCTBOBAHNN MUOAPUOHHBIX Pe30HAHCOB. B pe3yimbTaTe m3MepeHWil yIaaoch N3BIeTh
TOJTHEBIE afIPOH-AIEPHBIE CEUEHN S, UTO JAJI0 BO3MOKHOCTH HANTH HEYTIPYTYIO TEHEBYIO TIOMPaBKY
K T7TayOEepOBCKUM CEUEHTSIM.

[Tonryuennbie TpenM3nONHbIE TaHHbIE TIO3BOIMIN PENTNThH HEKOTOPBIE aKTyaTbHbIE TTPOobITe-
MBI, HO, UTO, BO3MOXKHO, €Ille BajkHee, TIOCTABIIN HOBBIE BOMPOCHI, HE PEITeHHbIE W TOHBIHE.
B nammoft paboTe MBI KpaTKO ONMUIIEM SKCIEPUMEHTATBHYIO YCTAHOBKY W MCIOTH30BABITNECS
MEeTONNKHW. 3aTeM OCTAHOBUMCS Ha BaKHEHNX (PU3NIECKNX Pe3yIbTaTaX, TOTYIeHHBIX TPH
m3yuenun N N-paccesunst mpu TpPOMeXYTOUHBIX SHEPTHUIX, a TaKikKe Ha TPodieMax OMmCaHms
aJIPOH-IIEPHOTO PACCESHIS.

SKCHepI/IMeHTaJ'IbHa}I YCTAHOBKA

CxeMa yCTaHOBKW HECKOITBLKO MEHSITach B Pa3HBIX dKcmepnMenTax. OmMyckas meTanm, KOTOphie
MoxkHO HailTu B [1], [2], MBI u3n0kKUM UL GU3HUECKTe TPUHITUTLL paGOThI YCTAHOBKH, TOKa~
sanmoil Ha puc. | w 2. Nonnsanmonnas xamepa MKAP, manommennas rasom (*H, 2D, *He, CH,)
no masnenns 10-15 aTM, cIyXuIa OMHOBPEMEHHO MUIIEHBIO U NeTEKTOPOM saep oTmadn (p, d,
“He). Kpome Toro, BHEITHUM [ETEKTOPOM (CHCTEMOil MPONOPIMOHATLHBIX KaMep) M3MepsIcs
YTOI paccessHust 9acTuIl f, 9To 3HAUNTETHLHO CHUKAIO YpoBeHE ¢ona. B mepBom cmocobe ompe-
TeTeHTsl KBafipaTa TMepelanioro MMITYIThCa NCmoib3oBaitach Gopmyra —t = 2MpTR , tne Mp
- Macca, a Tgr - KmHeTHUecKas SHEepTus aapa oTaadn, m3MeperHas metektTopom MKAP. B sTtom
cydae MOXKHO 66110 nocTwub pasperenus At ~ 1071 (I'sB/c)? DroT cnocob manbomee s>dpdek-
TUBEH PN MaJbIX {, 0COGEHHO B 001acTN MHTEPHEPEHIINT aMILTHTY I KYJTOHOBCKOTO U CHITLHOTO
B3anMonieiicTBuil. BTopoit cmoco6 omnpenenennst kBagpaTa TEPETaHHOTO APy UMIYILCa | MC-
nosTk30Basl cooTHotenne |t| = p*H%, roe p — munynbe paccemBaemoit yacTunbl. OH TpUMensICS
mpu cpaBHUTENLHO Gobinx (~ 200 MsB/c) nepenauax.
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UKAP

Puc 1. Cxema sKcepuMeHTANBHON yCTaHOBKU. S1, S2 — CHUHTUAASTIHOHHBIE CUeT-
uuku, [IK1-1TK4 — mpomopunonansusie Kamepsl, UKAP — metexTop smep oTmaum.
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Puc. 2. Cxema pacrnomoxkenus ycTaHoBKE Ha myuke yckopuTens SPS 8 CERN. C1
— nuddepeHInaIbHbll YepenkoBcKuit cueTunk, C2,C3 — mMOpOTOBBIE UePeHKOBCKIE
CUETUYNKN, S5, A — CHUHTUWIISITHOHHBIe cueTunkn, [IK — mponopinonaiasHbie KaMephl.

B cxeme, mpumensBieiics Tpu MPOMEKYTOUHBIX HYHEPTUAX B HKCTepuMeHTax B | aTumne
(pue. 1), mponoprmonansibie kKamepsl [TK1 n [TK2 ompenesnsiin BXomeoil yrom mydka. YToI
BBITeTa ObICTpoll YacTuibl Haxommics mo koopanuate B [IK3, [TK4 n mo Touke paccesnns, m3-
mepsiemoit criekTpomeTpom UKAP. Crmrrunnsunonnsie cuetunkn S1-S2 memomn3oBammncs s
MOHUTOpHUpOBanms yuka. [Ipomopumonansubie kKamepsr [TK1-1TK3 u caetunkn S1-S2 06pazoBwr-
BaJIM TPUTTEPHYIO CUCTEMY, BEIPabaTHIBAIONIYIO UMITYIILC TSI 3aMyCcKa JeTEKTopa saep OTaadn
NKAP. Or6upanuch AU, 9acTUIbl, pacCesHHbIe Ha YTOM, GOIBIMNNT HEKOTOPOTO 3aTaHHOTO.
Kospdunuent otéopa 6611 ~ 102, uTo yMeHbIaz0 (HoH CIyUaiiHBIX coBHateHuil. Paccesnubie
YaCTUILI TIPOXOVIIN BOIN3N OCH MOHM3AMNOHHON Kamephl (ocu 7). PasnocTh BpeMeH aHOmMHOTO
7 KaTOMHOTO CUTHAJIOB TIO3BOJISAIIA OMPENeTNThL KOOPANHATY 7 TOUKHW B3amMonencTBus. B ciyuae
YIPYTOTO paccessuns Ha MaIblil YTOI TPeK sapa OTAaun MOYTH TapaslieeH TIOCKOCTIM aHOIOB
A u B u karona (puc. 1). Ecim mpober yacTHIbI 0TAa4ul He TPEBHITITaeT BHETTHIN PAINyC aHOIa
B, mpencrapmsiotiero coboil KOIbIO, cCyMMa aMIUTHTY CUTHAJIOB Ha aHomax V4 + Vg mpomop-
noHa/ibHa SHeprun dacTuil ornaun 1. KamubpoBka sHepreTndueckoil MKaIbl Obllta TpOBENeHa
Mo yriay paccesuus gactui npm sueprun 1 [HB, a Takxke ¢ momorsio a-ncToIHIKOB, TTOMe-
MEHHBIX Ha KaTome. Pasperenne (o) mo sHeprum otmaun 66110 ~ 50 k3B, YacTuubr oTmaqn,
BBIJIETEBIINE 3a aHOM B, 0CTaBIAIOT B pabodeM 0b6beMe JTNIL 9acTh CBOEH YHEPTHUH, TTPHIEM C
poctom TR cymMMa cUTHAIIOB Ha aHOMaX TaaeT. JTO o3HAUaeT, YTO ONHOMY 3Hadenmio Vy + Vp
0TBEYAIOT MBe >Heprun snpa otnadn 1) uw Ty, Bombmeit suweprun Ty oTBevaeT Gompimit yroi 6,
UTO TO3BOJISIET Ty TEM M3Mepenns § oMHO3HATHO BOCCTAHOBUTE BemnunHy 1R 1O KarnOpoBOTHOM
kpuBoit Vi + Vg = f(Tr).

Ha pmc. 2 mokaszama cxema pasmertennst obopynoBaHus Tpn paboTe Ha MYyYKaX BBICOKOM
sueprun. /s naen TuUKannT BTOPUIHBIX YaC THTL TPUMEHSIIINCH TBa TTOPOTOBBIX U€PEHKOBCKIX
cueTunKa n ofuH qudpepeHnnanTbHblil 9epeHKOBCKIN CIETUNK, & TaKKe JeTEK TOPHI Y€K TPOHOB
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n MmioonoB. Ilims marauTHOrO amammsa (Ap/p = +0.5%) wcnomssoBasicst MMpoKoanepTy pHBIiT
oTkJoHsTONN MaruuT n cuctema kamep [TK5-ITK7. Umnynne myuyka msmepsscs ere omHuM
MarHUTHBIM CTIEKTPOMETPOM € TTPOTTOPIIMOHATLHBIMI KaMepaMu. Y TOT MeXK Iy UMITYIIBLCOM SIpa
OTaYM W THIOCKOCTHIO AHOMOB OTIPENIEITSIICS IO BeTUYnHe (PPOHTA aHOMHOTO CUTHANIA U TI0 Pas-
HOCTW BpeMeH TIPUXofla CUTHAJIOB Ha awomsl A m B.

N3yueHune HyKJIOH-HYKJIOHHBIX aMIIJIUTYH

Buanne HyKIOH-HYKTOHHBIX (N N) aMmanTym ssiaseTcs GyHIaAMEHTOM [T OMUCAHNs Audpak-
[IMOHHOTO PACCeSHUs aIPOHOB TTPOMEKYTOUHBIX W BBICOKUX SHepTHil Ha sapax. llomydenmas
sKCTepuMeHTaTbHas THPOPMAINS aKKyMyJInpoBana B (Ga3oBOM aHaIM3e, IS OTHO3HATHOTO
BBITIOJTHEHUS KOTOPOTO HEOOXOMNMMO ClieTaTh MOMHbIH onbiT. OH BKIOUYaeT B cebs m3Mepenne
nuddepeHnnaTbLHBIX CeUeHn W TOTIPU3ATNOHHLIX TapaMeTpPOB Kak YIPYTOTO pp-, TaK W Np-
paccesHus pu ofHON n Toi Ke sHeprun. Usyuenne N N-amnautyn aktubao Bemmoch B 70-80-e
TONBI Ha MHOTHUX YCKOPUTENSX, BKIouas cuaxpornunkioTpor [TNAD. Huxe vl obcymum anih
9KCTIEPUMEHTHI TI0 PACCESTHUIO Ha MaJible YTJIbI, B KOTOPBIX MCHOIL30BAJICS ETEKTOD SIEP OT-
naun MKAP. B paborax [3], [4] 6butn usmepenst abcomoTHbe muddepennuanbubie ceueHns
yapyroro pp-paccestaus Ha cuaxporunkiaoTpone [[NMAD B nuanazone suepruii 650 — 1000 M»>B,
a TaKkkKe CEUEHNs N aHAJIM3NPYIOMIas CIIOCOOHOCTH B Np-paCCessHUN Ha MydKe MOISPU30BaHHbIX
netiTpornoB B Cakie B maTepsase sueprmit 378 — 1135 M»B.
W3 monyuenHbIx maHEBIX GLITH HaWIeHBl MapaMeTphl HakioHa MU(pPaKINOHHOTO KOHyca b
n oTHottenne npu ¢ = 0 cyMMBI KBaIpaTOB MOMYyJell CIUH-CIMHOBLIX aMITUTYH K KBaIpaTy
MHIMOI 9aCTH CKaXSPHON aMIInTynbl ([3g) Kak mas pp-, Tak u s np-paccesans. [loscrmm
unero MeToma s ciydas np-paccesuns, nuddepeHnnanbHoe cedeHne KOTOPOTO TMPU MaTbiX
nepeanHbIX TMITYITBCAX MOXKHO 3alncaTh B BUIE
do o, do

= = 1o (L4 o5+ Bo)exp{bt} = —|  exp{bi} . (1)

Bennmunna nmomHoro ceuenms: HEMOTSIPUZOBAHHBIX HYKJIOHOB Oy Opalach M3 MUPOBBIX HKCTEPU-
MEHTATBHBIX NTaHubX. QTHOMEHNE peaThLHON YacTH K MHUMOW /I CKAJISIPHON N p-aMTITHTY b
paccesHus Ha HYIEBOI YIoll po Gpanoch w3 paboTsl 'peitna n Kpomra (1982), koTopbre Hatmim
po W3 MUCTIEPCUOHHBLIX COOTHOMeHn. (CBOGOMHbIE TapaMeTphl [Fg W b HaXOMWINCh U3 MOy YeH-
HBIX JaHHBIX 1Mo auddepernnambibiM ceuennsm. Popmyna (1) mo3BonseT, MUHYS CIOKHYIO

mpotienypy $azoBOro aHallnM3a, NAaTh OINEHKY Ha CYMMY KBaJApaTOB MOMyJell CIMH-CITHHOBBIX
np-ammnTyn. B ciydae ynpyroro pp-paccesamus dopmyny (1) Hamo 3aMeHUTDH Gosee CIIOK-
HOIT, YUNTHIBaOIIel KyJTOHOBCKOe paccesune. Ho nMmenHo m3-3a KyaoH-sanepHoOn mHTEphepEeHTINn
BeJIMUMHA po MOKET OLITH HalilleHa HermoCpecTBEHHO W3 MOIyUYeHHBIX NaHubix 1o do/dt. Ee
3HaYEHNe XOPOIIO COTITacyeTCs ¢ pe3yIbTaTaMi PAcueToB O ANCIEPCUOHHBIM COOTHOITEHUSIM.
U3 puc. 3 Bunno, aTo Benmmunna 3y ¢ pOCTOM >Heprun yuka 1o 6bICTPO yOBIBAET U CTAHOBUTCS
Menbire 0.1 yixe npu Ty = 1 I'5B kax nns np-, Tak u pp-paccesuusi. I3 cpaBHenms: KpUBHIX €
SKCTIEPUMEHTATBbHBIMIA TOYKaMHU BUIHO, UTO (pa30Bble aHAIN3bI, KaK TPAaBUIIO0, 3aBBITIAIOT BeJTH-
YUHBI CITUH-CITMHOBBIX aMIUTITY/L (TOUYHee NX BEIEeCTBEHHBIX YacTell). DTo CBA3aHO ¢ TeM, UTO
$azoBble aHAIN3BI OB BBITIOJTHEHBI B OTCYTCTBHUE NAHHBIX TTO MAJOYTIIOBOMY pacCesHUIO.
3uanme TapaMeTpa HakioHa NUPPAKITMOHHOTO KOHyCa b BayKHO [Tl OMUCAHUS HYKIIOH-
SIIEPHOTO PACCesTHNS, HO MOXKET MCIOIb30BaThCs TAaKKe 1 MJIs ONpeneseHns mapaMeTpoB muoda-
PUOHHBIX PE30HAHCOB, KOTOPhIe aKTUBHO MIIYTCs Mo cuX nop. U3 puc. 4a BumHo, 4TO 3HaUEHWe
napameTtpa b, momyuennoe B [3], [4], kauecTBeHHO cormacyeTcs ¢ MpefckasannaMu Gpa3oBbIX aHa-
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Puc. 36. 3aBucuMocTs [y OT SHEPTUN [ITSI
np-paccesuus. CHionrHas U IITPUXOBas KPU-
BB — PE3YIBTATH (Ha30BOTO aHAIN3a, TOYEUHAS

Puc. 3a. 3aBucumocTh [y OT SHEPTUN [ITSI
pp-paccessuus. Benmmumwa [, ompenenena B TeK-
cte. KpuBeie — pesymsTaTH (a3oBOTO aHAIN3a
KPWBas — pacueT O ANCTePCHOHHBIM COOTHOTITe-
W pacdeTa MO OWCTEPCHOHHBIM COOTHOTITEHTSIM

(FDR). Pucywok s3st 13 [3]. ausim. CTUTONTHBIe KPYKKE — MaHuble [4], oTKyma

B3AT PUCYHOK.

(3B /)2

b,

b, (B/c)
N w 4~ i o ~J o]
_./._
—0—\
-1
——p—

1 11 |

0 n . . . " . . " 2 L . N S R a 1
200 400 600 800 1000 1200 2 4 6 810 20 L0

To, M=B p, 58 /c

Puc. 46. 3apucumocTts b,, OT UMIynbca I OT
Puc. 4a. 3asucmvocts b,, 1w b,, oT >HeprUM
mapaMeTpa yUPYTOCTH & ONOAPUOHHOTO Pe3o-

myuka. KpuBble — pe3syabTaThl Ga3oBOTO aHa-
Y P pesy ¢ Hanca °Fjy. DKcmepuMeRTalbHBIe TOYKI: Tpe-

JIn3a. 9KCH€pHM€HTaHLHLI€ JaHHBbIe TOJIYyYe€HBbI

B (3], [4].

yronpHUKN — besnorux w mp. (1973), Kpyxkn
— pabota [3], OTKyma B3sST PUCYHOK.

3o Apunra u ap. (1979, 1987) w Breicrpuukoro w np. (1982, 1987), BhIMOTHEHHBIX 10 paboT
(3], [4]. U3 puc. 5 Bumno, 9TO 5>TH Ke (ha3oBble aHAIN3LI PA3YMHO COTJIACYIOTCS € JAHHBIME TIO
aHaIM3NPYIOIeil cmocobHocTn Agg,o, TOTYUEHHBIME B [4], KOTOpBIE BOCTIONHIIN TTPOGETT B M-
POBBIX Np-TaHHBIX TIPU MaJbIX yriax. Ha puc. 46 nokaszaH BO3MOKHBIN BKIa B b TNGapIOHHOTO
pesonanca “Fs, rne wepes x o6o3HaueHa BepOSTHOCTH €TO paclajla Ha [Ba TPOTOHa (B yIpy-
ruit kawain). Bumgro, aTo Hammydrmee cormacne gocturaercs npu @ = 0. B ynpyrom np-kamnare
Takke He GbIJI0 OGHAPYKEHO YKa3aHWil Ha TPOSBIEHNe NOGapUOHHBIX PE3oHaHCOB [4].
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Puc. 5. Amanusupyiomas cnocoGHOCTE np-paccesuns. Kpupble — pesynbTaT (Ga30BLIX aHaJl-
30B Apunra un mp. u Jlerapa u mp. DKCIePUMEHT: CIUIONTHBIe KPYKKN — paboTa [4], Thoe manbr
TIOAPOOHBIE CCHITKM.

Yupyroe paccesHue IpOTOHOB HA JIETKUX SAAPaX NPU MPOMeEXYTOUYHBIX
3HEepPrusax

Teopetuueckoit ocHoBOI oMMcanns paccesuns ampoHoB c >Hepruein > 1 I'sB wma smpax wa ma-
Iible YTJTBI BIIsieTCsT MudpakIuoHHas TEOpUs MHOTOKpATHOTO paccesuus | maybepa-Curenko.
Omna 6blTa yCTIETTHO TpUMeHeHa K ONMMCAHTIO JaHHBIX TT0 PACCETHUIO TPOTOHOB 1 TIMOHOB TTPOMe-
KYTOUHBIX U BBLICOKUX SHEPTUIl Ha GOILINON cepunu siaep oT meiTpona mo cBunIila [5]. Baccerem
n Bunmknusiv (1968) wa ocroe Teopun ['maybepa 6B onmcanbl THOHEpCKTe manHble bpykxeii-
BEHCKOi1 TPYMIILI o paccesumio mpoToHos ¢ Ty = 1 I'5B na ?H, *He, 2C u '°0. IIng yraepona
7 KUCIOPOIa MCIOTB30BAINCEH OCIIIIISTOPHBIE BOJTHOBLIE (DYHKIINU, a OMUCAHNEe PACCESHUS Ha
’H u “He moTpe6oBaiio Gomee padpuHUpoBaHHLIX Momeneii. Qmyckas meTaan DpaMaTHuecKoil
WCTOPUN W3yUeHUsT pd-paccesuusi, OTMEeTUM, YTO TOCTe ydueTa BKiama [)-BOITHOBOTO KOMIIO-
HEeHTa BOJHOBOW (PYHKIINU MefTpoHa W BCeX TaTH mHBapmaunTHBIX N N-ammantym, mpobiema
ONMCAHWST HYKIIOH-IeHTPOHHOTO MUPPAKITMOHHOTO PACCESTHUST MOKET, TO-BUIUMOMY, CUNTATE-
ca perennoii. Ha puc. 6, B3gToM m3 paboTwl [6], TOKazaHO cpaBHEHNE SKCIEPUMEHTATLHBIX
nuddepennnanbuBX cedennii, msmepenunix B [3], [4], [6], [7], [8] ¢ momomibio meTexTopa smep
ornaun UKAP mpu Ty = 992 M»sB, ¢ pacueramu. U3 puc. 6 Bumuo, 9To B ciaydae HedTpo-
Ha UMeeTCsl TPEKPACHOE COTITAcCHe € TPENU3NOHHBIMI JaHHBIMI, TMEIOIIMI CTATUCTHIECKYIO
norpentHocTh 1-3 % m ommbky abcomoTHoit Hopmuposkn B 2%. U3 Toro xe pucynka BUIHO, 9TO
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Puc. 6. OTHoulenNe M3MepeHHBIX AU dePeHINATLHBIX CeUeHNit K paccINTaHHBIM TPH
Ty = 992 M»5B. Dxkcnepumentansubie Touku: pd, p*He — [6,7], pp — [3], np — [4]. Herann
pacdera cM. B [6], [8].

OTHOITIEHTE SKCTIePIMEH TATLHOTO cedenns K TeopeTndeckomy B cydae *He pacteT ¢ poctowm |¢].
DTo pacxoxmenne HabIIONAeTCsS TP BCex n3MepeHubix B [6],[8] sueprusax 695, 793, 890 u 991
M5B n oTBewaeT peBLIIIERNIO pacCIMTaHHOTO TTapaMeTpa HakJIoHa AU(GPaKIMOHHOTO KOHYCa
ceuenns p*He-paccesnus Han sKcepuMeHTaTBHBIM 3Hauennem b Ha emmunny 2-3 (I'»B/c)™2.
Xora Benmmunna b nng p*He-paccesnus pasra, cornacuo [6], 28 (I'sB/c)™2, ykasamnoe orTmmame
3HAYNMO, W60 COM3MEPNMO o BernduHe ¢ by, n by, mpu Ty = 1 I['5B (em. pue. 4a). B wem xe
OTJIMYNE PacueToB, TPOBENIEHHEBIX B [6], 0T Gonee pannux Beruncienuit baccens n Bunkuna, mpo-
JIEMOHCTPUPOBABIIX cOTJIache ¢ ombIToM? Bo-TlepBhIX, B 60s1ee paHHNX paboTax P ONMCAHN
e'He-paccesnns He yumTBIBaJICS 3apsaioBblil GopMdaxTop HeilTpoHa. Ero yueT yBenmumBaeT
pamnyc smpa Teans B COOTBETCTBUN ¢ (POPMYITOn

Y 8
Tak Kak ’KBampaT’ 3apsloBOTO padnMyca HeliTpoHa oTpunaTerdeH 1 pasen -0.126 dm?
(FO.A.Anexcanmpos u np. 1986). B (2) r., — 3apanoBsiii paguyc *He, paBHbIii, cormacHo mpern-
3MOHHBIM 3MepernsM bopn  Purkepa (1978), 1.673 +0.001 dwm. Bapsnoswiii pammyc mpoToHa
B [6] 6pasncs pasubiv 0.812 du. Yuer el TporHoro hopMpaKkTOpa YBETUUNBAET PacUeTHOE 3Ha-
venne b mpuGnmsurensro wa 1 (I'5B/c) 72, ma uTo BIepBBIe 0o6paTHIN cephesnoe BHIMaHNe B [9)].
Bo-Broprix, baccenem n Bunkuusiv yanTeIBaICS BKIaI TOIBKO CKAJTAPHBIX pp- W Np-aMILUIATY I,
MpUyYeM TTapaMeTphl NX HaKJIOHa CYNTAINCh PaBHBIMY HaKJIOHY AM(PPaKINOHHOTO KOHYCa cede-
uust pp-paccesuus. B [6] yuuToBanucs Bce mnBapuanTabie N N-aMIIIHTYIBL, KOTOPbIE GPAIUChH
u3 ¢aszosoro anammsza. Cormacwo [6], xman cnmr-cnmroseix N N-ammantyn B p*He-paccesnme
NelicTBIUTENLHO odenh Masd. OmHako, m 5To OYeHb CYIIEeCTBEHHO, TapaMeTphl HaKJIOHa CKallsip-
HBEIX pp- U Np-aMIUTHTY, NalolUX TaBHBIL BKIad B cedenne p*He-paccesnus, mpumepHo Ha
1.5 — 3 (I'>B/c)™? GombIlle cOOTBETCTBYIONINX MapaMeTpoB HaKJIOHa MUPPAKIMOHHEIX KOHYCOB
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ceuennii. [IpocTeiitiiee Tpennonioxenne, coCToOsAIee B TOM, 4TO (Da30BBINl aHAIN3 HaeT 3aBbl-
eHHbe 3HaYeHns by, W b,,, TPOTHBOPEUNT XOPOIEMY omucannio pd-paccesans (cM. puc. 6) ¢
momvotbio Tex ke N N-avmmmutym. Bomee Toro, ceuenne pd-paccesunst Hanbosiee IyBCTBUTETHHO
Kk TeM ke aByM N N-ammanTynam (CKaaspHOl W CHH-OPOUTAIBHOI), 9TO W pa-paccesane [6].
Hpyrum obbsicHenneM Moriia Obl OBITH TUTIOTE3a, COCTOSIIas B TOM, YTO PalNyC HENTPOHHO-
ro pacrpenenenus B q-4acTUIle MeHblle TpoTorHoro #a Bennunny Ar & 0.2 dwm [9]. Ho sto
MpenmnoiaraeT CIILHOE HapyIleHne N30 TOMMYECKO MHBAPMAHTHOCTH, Tak KaK TaKoe pasindie
paanycoB He MOXKeT OBIThH 00YCIIOBIEHO KYTOHOBCKUM OTTAIKUBAaHIEM TTPOTOHOB.

B [6] yunTbBamuch (ppeneneBckue monpaBku K Teopun | maybepa, pepMu-aBuKeHne HyKIo-
nos B ‘He, Bkmaner mepesapsanxy mykiona u mpotecca Bo3oy xnerns A(1235)-m306apel B mpome-
KYTOTHOM COCTOSHUN. Kaxmabiil 13 5TuxX >pdPeKTOB maeT MONpaBKN MOPSIIKa CTATUCTUUECKON
OIMMOKN HKCTePUMEHTATLHBIX Manubix [6], [8] m momken, mosToMy, yUNTLIBATHCSA, HO HU ONUH
U3 HUX He yCTpaHsgeT NBallaTUIPONeHTHoe pacxoxkaenne B cedennn pu —¢ = 0.08 (I's>B/c)?
(cm. puc. 6). Bommosas dyuxmus ‘He B [6] 6bima denoMenonornyeckoii ¢ qByMs TapamMeTpa-
MU, TIONOOPAHHBIMHI TIPH OMHUCAHNN 5J1eKTPoHHEIX nanubix mpn |t < 0.4 (I'sB/c)®. Ona me co-
nepkasa [D-BOITHOBOTO KOMTIOHEHTAa, Ha CYIIECTBOBaHIE KOTOPOTO YKa3bIBAIOT KaK PAacdeThl C
peamuctuueckumu N N-nioTennmamamn, Tak u sKcrnepuMerT. Ho BuIUMCTEHNS, BBITIOTHEHHBIE B
[10] ¢ mBy™Ms peammcTnaecknmu BoHoBEIME dyrKInaMn *He, mokaszamm, aTo yuer D-BoaHOBOTO
KOMTIOHEHTa He perraeT mpobiemy.

Hyxmon cocTonT m3 KBapKoB, B3aNMOIENC TBYIOIINX TTOCPECTBOM TITIOOHHOTO 0OMeHa. KBap-
K1 OmYuHsAt0TCs npunnuny [laymm, mosTomy, Korma HYKIOHBI 6JIM3KO TOAXOMSAT OPYT K IpY-
Ty Ha PacCTOSHUS, CPAaBHUMBIE ¢ UX COOCTBEHHBIM PAINYCOM, TTPOUCXONNT TIepepacipenenenne
HIEKTPUIECKOTO 3apsiiia B HYKJIOHAX. DTOT 3(GdeKT MPUBOANT K HAPYIIEHIIO COOTHOMIEHHS (2).
Pammyc matepnu rpy. ¢ y4eToM KBapKOBBIX OOMEHHBIX WHTerpaiioB (mx dmcimo pasro 15399)
MOKET OKa3aThCs MeHbIle TOTro, KOTOPHI crenyeT u3 (2). DTo mamo 6bl KoY K MOHIMAHIIO
PACXOKIEHNUS SKCIEPUMEHTATBHOTO 1 TEOPETUUECKOTO HAKJIOHOB MUPPaKIINOHHOTO KOHYCaA Par-
paccesuus. Ho oxunanus Gonbimx >hpPekToB (PepMu-cTaATUCTHKN KBApPKOB, OCHOBaHHBIE HAa
KOMIAaKTHOCTH Q-4acTubl (ro, = 1.67 dwm, r, = 0.8 dwm), He ompapmammich: mompaBka K T'p.
okasanach ~ 1072 dwm [11], uTo Ha MOPANOK MeHbIe HeobXonmMoil BeTnanHbl. [[prunna Maso-
CTH KBaApKOBBIX 5G(PEKTOB COCTOUT, coraacto [11], B ToM, 4TO Bemunna TOMpaBoK ONpenenseTcs
Maeim napametpom A = (r,/rp.)* /Ny, tne (r,/rg.)® & 0.1 — npocTpancTBeHHLI paKkTOp, a
N, = 12 o3HagaeT 4NCIO BHYTPEHHNX CTETeHel cBOGOMBI KBapKa (CIMHOBBIX, M30CTTHHOBBIX 1
IIBETOBHIX ). Kpome Toro, 0GMeHBI OIHOI, MBYMS, TPEMs 1 T.II. TTapaMi KBapKOB CIITLHO B3alMHO
COKPAIaioTCs.

Taxum oGpazom, mpobieMa onucanms HakIoHa MudPepeHIInaTILHOTO CeUeHns YIIPYTOTO par-
paccesHUs B paMKaX OOBITHON sepHOn (UKW OCTajlach HEpeleHHon. Bo3MoKHO, 5TO yKa3bl-
BaeT Ha HEOOXOMMMOCTH yUeTa HEHYKJIOHHBIX CTemeHell CBOOOMHI.

Yupyroe pa- m ma-paccessHue NPU BBICOKUX 3HEPTUSAX

[Tpu BBICOKMX BHEPTUAX HATETAIONINIT Ha PO alpOH MOKET HEYIPYTO TPOB3aMMOIECTBOBATE
C ONHWM W3 HYKJIOHOB ¥ TepeilTH B BO3OYKIECHHOE COCTOSNHNME (pe3oHAHC WAV JTHBEHb YacTHIL),
KOTOpOe TOCTIe HECKOTBLKIX TepepacCcessHuil MOKeT CHOBa TepeilTn B MCXOMHBIN amgpoH. [Ipuve-
Henne Teopuu ['maybepa Mpu BBICOKON YHEPTUN TpebyeT yueTa ONMMCAHHBIX BBITIIE TTPOIECCOB, TO
ecTh meynpyroii skpannposkn [12]. Pacuetsr ynpyroro p*He- n m*He-paccesnus npu BeIcOKTX
sHEpTrUsSX B Monenn ['mayGepa ¢ yueToM HeyTIpyToil HYKpaHupoBKH, BhimonHenuble [laxno n Huko-



—189—

naeBbIM B [13], cpaBHUBAINCH ¢ HKCTIEPUMEHTATBLHBIMI CEIEHNSIMI, TIOIYYeHHBIMI BopobheBbiM
u np. B [14], [15] m Hukwrumsv n op. (1981). B [13] mcnonssoBanachk GpenoMenomornaeckas Bo-
noas Qyukums anpa ‘He, B3gTas B Bume mpomsBemnns omHOYacTHIHEX Gynkmmii. [Tokaszamo,
gTo aByxvacTnanbie N N-Koppersmnnn, o6yCcIoBIeHHbIe OTTaIKNBATeILHBIM KOPOM Ha MaJTbIX
PaCCTOSHUSX, HECYMIECTBEHHEI B MCCIEMYEMBIX TpoleccaX. B MBYX JIydIinX MOATOHKAX aBTO-
paM paboThl [13] ymamoch Xopolo onmcaTh 3apsaoBbiil HOpMPaKTOp a-9aCTHUIEI BIIOTH 0
¢> = 0.8 (I'"B/c)?, npuuem yunTLIBaIUCL KaK TPOTOHHBIN, TaK W HEHTPOHHLIN 3apslOBhIE
dopmpakTophl. PacueTHbie HeolpeneenHoCTN BKJTala HEYIIPYTOl SKPAHNPOBKU B TIOJTHOE Ce-
venne He nmpesbimaioT 0.6 MGH [13]. AGcomoTHO HOPMUPOBaHHEIE SKCTIEPUMEHTATBHBIE TIOTHBIE
ceuenns pa-paccesuus [14] cucreMaTHYecKy MPEBBIIAIOT BO BCEM M3MEPEHHOM [HATla30He SHEeD-
it Ha 2-3 MOH paccYmTaHHbIe CEUeHNs, Kak 5TO BUAHO 3 puc. 7. [laHHbie 0 Ta-paccesHmio
HECKOITLKO MeHee TOUYHBI, HO TIpEBBIMIeHre B -2 MOH 5KCTepUMEHTATBHLIX TOTHBIX CeYeHni
HaJl TEOPETUICCKIME TaKKe ABISETCS CHCTeMaTnaecknM. [locie BKITIoUeHns B pacueT HeyTpy-
TOll HKPAHNUPOBKY TEOPETHUECKH MPENCKAa3aHHbIil HAKJIOH b TIPEBLIIAeT €To SKCTIePUMEH TaTLHOe
snavenme Ha Bermunny ~ 1 (I'sB/c)™%, xak 5To Bummo n3 puc. 8. B caywae paccesnns mmoHoB
na *He pacxoxkenne B Hak/oHax Gonbilie W nocturaeT Bemmanabl ~ 2 (I'5B/c) ™2
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Puc. 7. CpaBHeHe 5KCIepUMEHTATBHBIX TMOTHBIX pa- I Ta-cedennii ¢ pacaetamn. WA9, NAS

— [14], DGS - [15], E395 — Hurutwr uw op (1981). Pacuersr: ES — yurena Tombko ympyras

sKpannpoBka, ES+IS — mobGaBnena weympyras skpannpoBka, MQ — mo6amen Bkman 12¢-Merka.

s noctuxenns cormacus ¢ onbiToM [laxuo n HukomaeB BRIZBUHYIN TUTIOTE3Y O HAJTUINN
12% mpumecn mBeHaIIATHKBAaPKOBOTO MellKa K ocHoBHOMY cocTosumio ‘He. ITockombky panmyc
12g-memika cormacHO MOmeNM MeTTKOB paBeH \/'er = 1.15 ®dwm, uto Mmenwie pamgnyca ‘He, ero
npuMech maeT w12¢- u pl2¢-amMmnuTymasl, Menyennee yonBatotne ¢ ||, uem obbrunas riay6e-
poBckast amrnTyna. lobasmenne 12¢-mMerka mo3BOIISIeT YMEHBINTL b U YIyUNINTE COTIIacHe
¢ srcrepuMenToM (cM. prc. 8). BemeneTsue yMenbinenns b caBuraeTcs pacdeTHas BeTHIMHA
MONTOKEHNs ANPPAKINOHHOTO MUHIMYMa pav (7)) auddepernanbHoro cedenus B 001acTh 60Ib-
mux |t| m gocturaerces cormacue ¢ onbITOM. YTOGE! TTOHATH, TOUEMY BBIpACTAET MOJTHOE CeUeHue,
obpaTumcs K GopMyIie, ONMCHIBAOIIEH B TPUOINKEHNH NBYXTITIOOHHOTO OOMeHa TIOTTHOe cedeHne
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Puc. 8. CpaBHeHle pacCUNTAHHBIX HAKIOHOB NUGPAKINOHHOTO KOHYCA Pa- U TO-PACCESHUS C
HKCTePUMEHTANBHBIME MTaHHbIMU. OQmucaHe KPUBBIX U HAHHBIX ONBITA HAaHO HA PUC. 7.

s ampona pannyca [y, coctostiero u3 N KBapKoB, Ha Metike pannyca Rp ¢ Np kBapkamn

B HEM 5 12

, R3R; 5

2 B*%h 2 2

SRQ _ R2 ln(RB/Rh> 9 (3>
B h

re «s - KOHCTaHTa CIITBHBIX B3ammvoneiicTsmit. Feman B (3) nomoxnts Ng = 3 mw Rg = Ry,

OrB = NBNHT(’Oz

MBI TIOJTYYNM CedeHne paccesHns anpoHa Ha Hykjone. OTcroma Jlerko HalTW IS OTHOIIIE-
HUS cedeHmii HyKJOHa Ha 12¢-Mellke K CyMMe cedeHWil Ha YeThIpexX HYKJOHaX BhIpajKeHue
o(N —=12¢)/[Ac(NN)] = £(6 —1)""In¢, rne € = Ry R%,. Toncrasnss ciona Ry, = 2Ry, Tio-
ayunm o(N — 12¢)/[40(NN)] = 2In 2 = 1.4. Puswdeckas npuumnna, nodeMy HyKIoH B 1.4 pasa
cUIBHEe B3aNMOOECTBYeT ¢ 12¢-MeITkoM, 9eM ¢ 9eTBIphbMS HYKJOHAMI COCTOUT B CIIELYIOIIEM.
O6MeH TITIOOHOM MeXKIy KBapKaMi HaJleTaoIIero HYKJIOHA W OeCHBETHON crncTeMoil (HYKIIOH,
12g-MeIoK ) HeBO3MOKEH MIJIs CITUIITKOM MATKHUX TITFOOHOB C IIJTMHON BOJHBI A > pajimyca CucTe-
MBI, KOTOpBIEe He "BHAAT’ OTIENBHLIX KBAPKOB B Hell, a B3aNMOINEHCTBYIOT TOJBKO C TOJTHBIM
IBETOBLIM 3apS/IOM CHCTEeMBI, paBHLIM Hyso. [ B3anmMomeiicTBIs HaJleTalomero HyKJIoHa C
HYKTOHOM A > Ry, a ¢ 12¢-Mermkom A > /2Ry, To €CTh B UTPY BO BTOPOM CIyUae BCTYTAIOT
6ollee MATKIWE TITIOOHEI, YBETMUNBAIOININE CeUeHTe.

ITonBemeM UTOT 06CY KIEHNS YIIPYTOTO pa- W Ta-paccesuus. [Ipm TpoMeKy TOYHBIX SHEePTUAX
nMeeTCs cephesHoe PACXOKIeHNe pacCYNTaHHBIX Ha oCHOBe Teoprn I maybepa nuddepennmnah-
ueIx ceuennit p?*He-paccesHus ¢ mMpenm3MoOHHBIME 3KCHePUMEHTAILHBIMEI JTaHHLIMI B 06TaCTH
Maneix yraos paccesaus ([t| < 0.08 (I'sB/c)?), koTopoe He MoXKeT GbITH OOBIACHEHO TOTPaBKa-
M K T€OpUH. JDTO PacXoxkIeHNe, BO3MOKHO, CBA3aHO C TeM, 4TO MCMOTh30BaBINNECsS 110 CUX TTOp
AnepHble BOJHOBBIE (DYHKINN GLIIN HEJOCTATOYHO peaJncTHYHBI. BIoIHe BeposTHO, YTO KOp-
PEeKTHOe ONMMcaHne CTPYKTYPBl -9aCTUIIBI N ee B3alMONeiiCTBIS ¢ alpoHaMn TpebyeT BBIXOIa
3a paMKI TPaJuIIOHHLIX TpencTabienuii o sape ‘He xax o cucreme ueTspex HyKjoHOB. [Ipn
BBICOKON SHEPTUN PacXokKAEHNE PACIeTOB ¢ JaHHBIMI OMBLITa MO TIOJHBIM CEUeHNIM 1 HaKJTOHAM
yIa7I0Ch YCTPAHITh C TIOMOIIIBIO TUIIOTE3HI O TpUMecH 12¢-MelTKa K OCHOBHOMY COCTOSHUIO SIIpa,
‘He. Ho meobxommMo TpoBepUTh 5Ty TUTIOTE3Y B APYTUX ABIEHUAX. B umeale BoITHOBas (ByHK-
s *He momxua 6LITH TOMydYeHa B IMHAMUYECKOIl TeOpUN KBapKoB. JTa TpaHINO3HAs 3a/ada
B HacTosIIlee BpeMs ellle OueHb fajeka OT peanm3allii.
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