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BBenenue

BzanmoeiicTBre Me30HOB ¢ SapaMu U BOZMOYKHOE CYTIECTBOBAHUE CBI3AHHBIX ME30H-IePHBIX
COCTOSTHUIT B TIOCJIE/IHEe BPEMsI CTAJIN OIHUM U3 HamboJiee BayKHBIX O0OHEKTOB TEOPETHUIECKUX U
9KCIEPUMEHTATBHBIX HCCIe0Batmii. Me30oHHbIe aTOMBI (ME30aTOMBI), SIBJISIFOIIMECS] TPUMEPOM BO-
JIOPOJIONIOIOOHON CHCTEMBI ¢ 3€KTPOHOM, 3aMEHEHHBIM Ha OTPHUIATETbHO 3apsKeHHBIH - WIn
K-Me30H, XOPOIIO W3BECTHHI W HA CErOJHANTHUN AeHb JOCTATOYHO JIeTaJIbHO M3y4YeHbl. B wact-
HOCTH, UMeeTCsi O0ImupHas nHdOpMaIng O AeHCTBATEIHHON W MHUMOW YaCTSX MHOH-SAEPHOTO U
KaOH-SIePHOTO TOTEHIINATIOB, KOTOpasa ObLIa MOJTyYeHa MPH MOJATOHKE MOJIETbHBIX PACIeTOB K CY-
MECTBYIOIMKUM HaOOpaM JAaHHBIX O CABHIAaX ypoBHEl, mupuHax u auddepeHnnaIbHbIX CeTeHuIX
JIJISE JIOBOJILHO OOJIBITIOTO YHCJIa ME30aTOMOB, BKJIIOYas HanboJiee paHHUE Pe3y/abTaThl JjIs TJ1y0o-
KO CBSI3AHHBIX MHOHHBIX COCTOsTHMIA. (OYEBHIHO, 9YTO OCHOBHBIM B3aMMOIEHCTBHEM, OTBEYAIOILM
3a 00pa3oBaHUe Me30aTOMa, ABIIETCS KYJTOHOBCKOE MPUTSIKEHNe MKy OTPHUIATETbHO 3apsizKeH-
HBIM ME30HOM W TPOTOHAMHW $JIpa, TOTJIa KaK CHJILHOE B3aWMOJIEHCTBUE BBHICTYHAET 3/1eCh JIUIIh
B Ka4eCTBe MOMPABKHA. DKCIEPUMEHTHI, B KOTOPHIX 3a1eHCTBOBAHBI ME30HHBIE aTOMbBI, HAIEIEHDI
HAa HCCIeI0BaHNE CHIBHOTO ME30H-SAePHOTO B3AMMOICHCTBUS UL BOJTU3HM MOBEPXHOCTH SIApa M,
TaKuM 00pa3oM, JAI0T HHMOPMAIIHIO 00 9TOM B3aUMOIEHCTBUU TOJIBKO IS OTHOCUTETHHO MAJIBIX
AJIEPHBIX TLJIOTHOCTENH.

OCHOBHBIM 00HEKTOM HMCCJIEIOBAHNS TAHHON PAbOTHI SIBJISIOTCS CBA3aHHBIE ME30H-SIIEPHBIE CO-
CTOSTHUS, BO3HUKAIOIINE NP B3AUMOJCHCTBUY /1ep ¢ HEHTPATHHBIMU Me30HAMHU (TO €CTh B OTCYT-
CTBHE KYJOHOBCKOTO TPHUTSIZKEHMWsI ), TJie OCHOBHYIO POJIb UI'DAET CHJIbHOE B3aWMOJIEHCTBHE MKy
ME30HOM W SIIePHBIMU HYKJIOHaMu. [Ipw sKcmepnMeHTaIbHOM IMOUCKE 3TUX OOHEKTOB HMCIOJIH30-
BAJIUCH MPOIECCHI, B KOTOPHIX B KAadecTBe HAJIETAIONINX HA SAPO YACTHIL NPUMEHSLTUCH (DOTOHBHI,
MUOHBI, TPOTOHBI, JIETKHE U JIaKe TAKe/ble HOHbI. DKCIePUMEHTHI ITPOBOIMINCH B IMIHPOKOM A~
Mma30He SHEPrUil OT MOPOTOBHIX 3HAYEHUN /10 YIBTPAPEISITUBUCTCKUX CTOJIKHOBEHUI B IpoIeccax
C TSIYKEJIBIMUA MOHAMM.

[IpencraBieHHble B HACTOSINE paboOTe UCCIeI0OBAHUSA OTHOCIATCS TJIABHBIM 00pa3oM K Juala-
30HY dHEPTrHii, OJN3KUX K MOPOTY POKIeHust Me30Ha. VIMeHHO 3Ta 00J1acTh B HAMOOJIBITEH CTeleHn
CBsI3aHa C BO3MOYKHBIM 0Opa30BaHWEM Me30H-sIIePHBIX CBA3aHHBIX COCTOSIHUI, MOCKOJIBKY sI/IPO,

O4YeBUOHO, MOZKET 3aXBaTbIBAaThb JIMIIb MEIJEeHHbIE ME3OHLI JazKe B CJay4dae JOCTaTOYHO CHUJIBLHOI'O



nputszkenus. [lojiydennbie pe3yabTaThl OTHOCITCS K Me30HAM, UMEIONIUM BpeMsi YKU3HU, JT0CTa-
TOYHOE I 00Pa30BaHUsI KBA3UCBA3AHHOTO ME30H-SIIEPHOTO COCTOSIHUA. DTO, B MEPBYIO0 OUepeb,
nceBaocKangapuele Me3onsl KT, K°, K=, n, 1/, a Tak:Ke BeKTOpPHBIE Me30HEI w H ¢. B TO xKe Bpe-
MsI, PA3BUTHIE HAMH METOJBI HE MPUMEHUMBI, HAPUMED, K B3aUMOJIEHCTBUIO p-ME30HOB C SIAPaAMA
BBU/IY UCKJIOUUTETHHO MAJIOTO BPEMEHU YKU3HU p-ME30HA.

Mo:KHO yKa3aTh HECKOJBKO IPUYNH, KOTOPBIMUA OOYCIOBIEH HHTEPEC K ME30H-sIIepHOMY B3a-
nMozeiicTBrIo. Bo-1IepBBIX, OHO SBJISIETCS YJIOOHBIM MOJUTOHOM JIJIsi TTPOBEPKU TEOPHH CUJIHLHOTO
B3anMosieiicTBust — KBaHTOBOW xpomoanuavukn (KX/I) — B wenmeprypbarusaom pexknme. Vccire-
JIOBaHUS B 3TOi 00JaCTU OBLTM MOTHBHPOBAHBI, B YaCTHOCTH, TEOPETUICCKUMH MPEICKAZAHUSIMUI,
YVKa3bIBAIOIUMHI HA TO, YTO CBOICTBA ME30HOB MOIYT CYIIECTBEHHO M3MEHSATHCS B SApax M3-3a
YACTUYHOI'O BOCCTAHOBJIEHUS KUpabHOil cumMerpuu. B pamkax KX/I mMe30HbI paccMaTpuBaroTcst
KakK Bo30yx)aeHus Bakyyma KX/, nMmeromiero cjaioKHy0 CTPYKTYPY, XapaKTepu3yIoILyocs HeHyJIe-
BBIM KHDAJIbHBIM, DJTIOOHHBIM U KBAPKOBBIM KOHJIEHCATAMHU (TO €CTh BAKYYMHBIME CPEIHUMU TUTIA
(®)). peamoaaraercs, 9T0 3HAYEHUS ITUX KOHJIEHCATOB MOTYT MPETEPIEBATh 3HATUTEIbHbIE U3~
MEHEHHUs TP Mepexojie OT BaKyyMa K aJIpOHHOI cpejie, 9TO, KaK CJIeJICTBUE, JOJIKHO MTPUBOIUTH K
U3MEHEHHUIO MaCCOBOTO CIIEKTPA ME30HOB. DTa H/ied CTaJIa TeHepaTOPOM MHOXKECTBA TEOPETHIECKUX
1 9KCIIePUMEHTATBHBIX HCCIeIOBAHNM, Pe3yIbTAThl KOTOPBIX MOYKHO HAWTH B HETABHO OIMYyOJHKO-
BaHHBIX 0030pax [1, 2.

BaxkHO OTMETHTH, YTO TCEBIOCKAJISPHBIE ME30HBI SIBJISIOTCS HanOOJIee TMOIXOISIINM HHCTPY-
MEHTOM 1711 u3y4ueHusa 3p@GeKTOB BOCCTAHOBIEHHUS KUPAJTbHON cuMMeTpun B gapax. CIoHTaHHOE
HapPYTIeHne 9TOH CHMMeTPHH TIOPOXKIaeT mcesaocKaaapubiit noner (7, K, K, 1, ') 6e3maccopbix
6o3onoB HamGy-Tosncroyna. Kpome toro, napymennast U(1)4-cumverpust u3bupaTesbHO CIBU-
raeT Maccy CHHIJIETA T)p, PUBOJS B HTOre K 00pasoBanmio GeamaccoBoro SU(3) okTeTa MHOHOB,
KAOHOB U 7)g-Me30HA. B ¢BA3M ¢ TeMm, 4TO HapyIIeHWe CUMMETDPUU JTOBOJHHO CHJIBLHO BJIUSET HA
MacCChl ME30HOB, MOYKHO OYKHUJIATh, YTO YaCTHYHOE BOCCTAHOBJIEHUE CUMMETPUU B CUJIHHO B3aUMO-
JieiicTByIomeit cpejie OyAeT NPUBOJUTH K 3HAYUTE/THHOMY U3MEHEHUIO ITHUX MACC M0 CPABHEHUIO C
X BaKyyMHBIME 3HadeHuIME. CrenacTBusg 3Tux 3pdeKTOB MOTYT BBIXOIUTH 3a PAMKH aJIPOHHOI
u sjaepuoit ¢pusuku. B wactrHocTH, yMenbIienre Macchl Me3oHa KT B sepHOil cpejie MOXKeT yKa-
3BIBATH HA BO3HUKHOBEHWE KOHJEHCAnuu K~ B TJIOTHON SIAEpHONl MaTepww, HaIpUMep, BHYTPH
HEeTPOHHBIX 3Be371, KaK ObLIO MOKA3aHO, HAPUMED, B paborax |3, 4].

B kadecTBe KOHKPETHOTO MCEBIOCKAIAPHONO Me30HA B IUCCEPTAIMOHHONE paboTe paccMaTpuBa-

ercst Me30oH 7)(547), koropsrii B pamkax KX /I mpejcraBien cMechbio COCTOSTHUI 7)g U 7)o:

) = cos @ [ng) —sinf |n) . (1)



Yros cmemmBanust § = —11,5° 70CTATOYHO MaJjI, 9TO TOBOPUT O MPEUMYIIECTBEHHON 10J1€ KOMIIO-
HEHTHI 7)g B KoMOuHanuu (1).

OdveBHIHO, UTO OCOOEHHOCTH ME30H-SIEPHOTO B3ANMOIECHCTBUSA 00YCIOBICHBI CBOMCTBAME 316~
MEHTapHOI0, TO €CTh ME30H-HYKJIOHHOIO, B3auMojeicTBust. [looToMy, IJisi TIOHUMAHUS STUX OCO-
H6eHHOCTEl TPEbyeTCs JIeTaJbHOE N3YUYeHNe Me30H-HYKJIOHHOW TnHAMUKU. B 3TOi C¢BsI3M MHTEPECHO
OTMETHTb, UTO, HECMOTPsI HA TO, UTO M30BEKTOPHBI Me30H 7(139) u m3ockangapubiit Me30H 17(547)
SIBJISTIOTCSI JIEHAMH OJIHOTO M TOTO Ke MYyJIbTHIUIeTa (HOHeTa) HECTPAHHBIX MCeBIOCKAISPHBIX Me-
30HOB, UX B3aMMOJIEHCTBIE C HYKJOHOM OKa3bIBAETCsI MPUHIUITHAIHLHO PA3IUTHBIM.

HeiicrBuTebHO, S-BOMHOBOE TN B3aUMO/IEiiCTBHE B 00JIACTH MAJIBIX SHEPTUIl XapaKTePH3yeTCst
OYeHb HU3KON MHTeHCUBHOCTBIO. [10 3T0i mprunHe, HAYMHAS ¢ SHEPTUU B HECKOJIBKO M3B BhIMIE M0-
pora B wIN paccestHurM JOMUHUPYET P-BOJIHA, CBSI3aHHAS ¢ BO30YZKJIEHUEM P-BOJTHOBOTO PE30HAHCA
A(1232)37.

B mpoTHBOMOIOKHOCTH T-Me30HY, CBOWCTBA HU3KOIHEPreTHIecKoro 1N B3auMOIeHCTBIS TIPaK-

1-

TUYECKH TIOJTHOCTBIO ONIPEIeIISIOTCA HamaneM B 77N aMILInTy le S-BoJiHOBOro pesonanca N (1535)5

MMEIOIIEro TOBOJLHO 6OJIbITyI0 Moy pachaja B Kanat nN (okoso 50 %). PesonancHbit xapakrep
1NN B3auMOEHCTBUSI TPUBOIUT K TOMY, UTO, B OTJIHINE OT B3AUMO/IeIiCTBUSA B cucTeme 7V, OHO sIB-
JISIETCsI IOBOJTHHO MHTEHCUBHBIM U, UYTO HAMOOJIEe BayKHO, B OKOJIOMOPOTOBOI 00IACTH MMeeT Xapak-
Tep nputsizkenus. [Tocaennee cBsizano ¢ rem, aro macca My ~ 1535 MsB pesonanca N(1535)5
okazbiBaeTcs Jjuiib Ha 45 M»sB Brimre 3navuenuns moporosoii sueprun W ~ 1480 M»sB paccesinus
B cucreme neHtpa macc NN (TO ecTh CyMMBI MAacC 7)-Me30HA U HYKJOHA). 10 9Toif mpuunHe am-
mntyna 7N paccestaust f,y (W) uMeer MOI0KATETLHYIO BEIECTBEHHYIO 9acTh B 00IACTH SHEPruii
W < 1535 M»sB, garo u onpenensier nputaruBatonuii xapakrep /N B3aumoeiicTBusi. DTH TPO-
CThIe KauYeCTBEHHBIE PACCYKICHWUS HAXOIAT TOATBEPXK/IEHIEe B PaMKaX PA3MUIHBIX MapluaTbHO-
BOJTHOBBIX AHAJN30B, VIUTHIBAIONINX, B TOM YHCJe, CBA3b KaHasga 1NN ¢ APYTUMH aJIPOHHBIMI
KaHajamu, Takumu kak 7N, 7N u jp.

Ha ocHOBe pe3ybTaToB, OMpPeIeIUBIIMX OCHOBHBIE JHHAMHYECKHE CBOiiCTBa cucrembl NN —
MPEUMYIIECTBEHHO S-BOJTHOBOI XapakTep W CPABHUTENbHO CHIbHOE MPUTSKEHUe — MOSBUIACH TH-
noTe3a CyIeCTBOBAHUST CBA3AHHBIX COCTOSHWI 7)-Me30HOB ¢ siapamu (1n-szaep). A nmenno, Oblia
BBIJBUHYTA MJES O TOM, 4TO XOTsI WHTEHCUBHOCTH NN B3aWMOJEHCTBUS, MO-BUINMOMY, HEIOCTa-
TOYHA JI/Is 00Pa30BaHUs CBA3AHHOTO 1N COCTOSHUSI, YBEJIUUEHIe YNCTa HYKJTOHOB MOYKET MpUBe-
CTH K TOMY, UTO CJOKeHHEe OTAETbHBIX 7NN <«IPUTIKEHHUiT> MOKeT CBSI3aTh 1) ME30H C CHUCTeMOi
HECKOJIbKUX HYKJIOHOB, TO €CTh, C SIIPOM.

B nambosiee panuux paborax, MOCBSIIEHHBIX aHagn3y NN B3auMomeiicTBusi (CM., HAIPHUMED,

[6]), 6bL1a Moy wena gauna NN paccesiHusl, XapAKTEPU3YIOMAACS OTHOCUTETHLHO HEOOIBINOl Betle-



CTBEHHOI 4aCThbIO,

any = (0,27 +130,22) Ou. (2)

Ucnonb3ys Haiigennoe 3Hadenne (2) B paMKaxX ONTHYECKOTO MOAXOJA K 7)-siIEPHOMY TIOTEHIIHAIY,
Xaiigep u JIny [7] nokazauu, 910 7)-Me30H MOKET 0GPA30BLIBATEH CBA3AHHBIE COCTOSHUSI C IPAMU
¢ MaccoBbIM uncyiom A > 12. Amajorudnbie pe3yabTaThl ObLIM TOJYYEHBl JIPYTUMH aBTOPAMU B
6ostee mozauux paborax [8, 9, 10].

B Teuenne crenyomux 40 1eT OBLIO NPEAIPHHITO JTOBOILHO MHOTO HOIBITOK SKCIIEPUMEHTAThH-
HOTO OOHApY:KeHus 1-sajaep. [lepBolil SKCIepUMEHTATBHBII TOUCK ITUX OOBLEKTOB B JIAOOPATOPUIX
BNL u LAMPF [11] ¢ ucnonib3oBannem TexHuKy missing mass B peakiusix (77, p) gan orpunareins-
HBIT pe3yabTaT. B KauecTBe 0HOrO U3 00bsICHEHUH 9TOr0 (paKkTa OBLIA BBIABHHYTA U TEOPETHIECKH
000CHOBAHA UJEd O TOM, UTO 7)-/Ipa JOTKHBI UMETh JOBOJLHO OO0 THpuHy. Kak cieactsue,
9TO JOJIZKHO MPUBOAUTH K 3HAYUTEJIBHOMY YHIUPEHUIO O2KHUJACMBIX IMUKOB B 3KCIIEPUMEHTAJIHBHOM
CHEKTPe, UTO, B CBOIO O4Y€PE/Ib, CYIIECTBEHHO 3aTPY/IHIET UX OOHAPYZKEHUE CTAHIAPTHBIM MiSSing
Mass METOIOM.

[To-BuauMOMY, € IMHCTBEHHBIM SKCIEPUMEHTOM, Pe3yIbTAaThl KOTOPOTO CEeroIHSA MHTEePIPETUpY-
I0TCSl KaK CBHJIETEILCTBO OOpAa30BaHUS 17)-si/ipa C OOJIBIIUM YHUCJIOM HYKJIOHOB, MOYKHO CYUTATDH

nccseioBanus, nposejernsie kostadopamnueir COSY-GEM [12| mo usMepenuto cederust peakiun
p+ P Al— *He+p+71 +X. (3)

BarkHoit 0cOOEHHOCTBIO 9TOTO IKCIEPUMEHTA, STBASIETCS CIeUATbHBIN BEHIOOD KHHEMATHIECKUX YCI0-
BUii, TPU KOTOPBIX UMITYJIHC 0OPA3YIOIIErocst 7)-Me30Ha, OKA3bIBAETCS OJIM3KUM K HYJIO, YTO YBE/IH-
YUBAET BEPOSITHOCTH €r0 «3aCTpeBaHus» B siape. Hab/romaeMblii ClIeKTp MpeICTaBIeH Ha PUCYHKE
1 B Buje (bYHKINM HOJIHOf 3Hepruu cucTeMmbl 7)2°Mg 3a BBIYETOM Macc dacTHIL. MaKcuMmyM, Ha-
ostiotaemblii ipu sueprun E = —13 M»sB, 6611 uHTEpIpeTHPOBAaH KaK CUTHAJ 00pa30BaHUS 1)-51/1pa,
%5Mg.

HeobxommMo 0TMeTHTD, 9TO 3HaUeHUe BellleCTBeHHOi YacTn JyIMHbI paccednud Re a,y = 0,27 Om
(em. (2)), KoTOpOE HCmoIb30BaIOCh B pabore Xaiinepa u Jluy [7], aagercs 10BoabHO MagbiM. OHO
3aMeTHO MeHbIIle cpeJiHero 3nadenus Re a,n ~ 0,5 DM, KOTOpoe MoKeT OLITh 110JIyYeHO Ha OCHOBE
pe3yJIbTaTOB COBpeMeHHBIX aHann3oB N B3anmozeiictus (cm., nampumep, Tabaniy 1). ITo sroii
OpUYNHE, KAK OBLTO OTMEYEHO BBINIE, CBSI3AHHBIE 7)-/IePHBIE COCTOSHUS B MOJESIX, UCIOJIb3YIO-
IuX 3Ha4Yenue (2), 06pa3yoTcs UMb TPU B3aNMOJEHCTBIN 7)-Me30HA CO CPABHUTEIBHO TSIZKeIhIMU
aapamu, Haunnasg ¢ yriaepona 2C. Bumecre ¢ Tem, kak Buano n3 Tabaumbl 1, mMeiommecs ceroanst
Mozienn /N B3auMOIEHCTBHS, B TOM YHCJIe KBAPKOBBIE MOJIETH, TAIOT TOBOJIBLHO HOIBINON pa3dpoc

sHadennii Re a,y BILIOTL 10 Rea,y = 1®Pwm. IIpocTeie ONEHKE B paMKaxX ONTHYIECKOrO MOAXOA
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Pucynok 1. Missing-mass ciektp peaxnuu p+ 2'Al — 3He+p-+7~ +X. Cryomnas n myHKTHPHAS

KPUBBIE — PE3YJIBTATH MOJETHHBIX pacueToB. Basaro u3 pabors [13].

MOKA3BIBAIOT, UTO /s 3HaUeHui Boimre 0,75 @M cBI3aHHBIE COCTOSTHASA MOTYT 00PA30BBIBATHCS YiKe
¢ TaKMMH JIerKuMu gapavu, kak SHe [16]. B ¢Ba3u ¢ 5TuM, OCHOBHOe BHUMAaHHE HCCIeI0BATETelH
MEePEeKTI0YNI0CH HA TTONCK JIETKUX 7)-s/Iep, TO eCTh CBA3aHHBIX COCTOSHU 7)-Me30Ha ¢ MAJOHYKJIOH-
HBIMH cucTeMamu (Kak mpasuio, A < 4).

B obnactu skcmepuMeHTa caeayeT YHIOMSIHYTH JIBA OCHOBHBIX TOJXO/MA K HUCCJIETOBAHUIO 1)-
siepHoro B3amMogeiicTeus. B mepBom cayuae [29, 30, 31, 32| B peakiunm perucrpupyrorcs Ha
COBTIAJIeHNE MUOH-HYKJIOHHBIE MapPhl, B KOTOPHIX YTOJ MEXKy HaTPaBICHUSIMU UMITYJILCOB IMHOHA 1
HYKJT0HA cocTaBasgeT 180° B ob1eit cucrteMe neHTpa mMace. Maes sxcnepuMenTa, 3aKI0UAETCS B TOM,
YTO 3HAYUTENbHAS YaCTh PAacHaioB 7)-giep mpoucxomauT 3a cueT NN — wN mepexoma. [losromy

peakinst 0Opa30BaHUs MUOHA, UIET TT0 CXeMe
b+A—= A1+ N+ (A-1), (4)

rie b — bombapanpyromas 9acTuia, Jepes , A 0003HavUeHO CBA3aHHOE COCTOSHUE 1)-Me30Ha U SIpa
A (n-s1po), u A —1 ecTb KOHEUHOE siIpO ¢ YncaoM HyKI0HOB A — 1. Eciin npenebpeun a¢dbdexrom
pa3ma3biBanus 3a cuer PepMu-IBUKEHNS HYKIOHOB B sIpe, 00pa3yonuiicss m-Me30H U HYKJIOH
(HpOTOH) OTAa491 JOJIZKHBI TTOCJIE pacClada T)-sAJpa ABUTATbCA B IIPOTHUBOIOJIOZKHbBIE CTOPOHbLI B CHU-
creMe TOKOs KOHEUHOro sijipa (Tak HasbiBaeMast back-to-back xumemaruka). ITo 5Toii mpudube
npeBbienne back-to-back cobbiTuit Ham GOHOM B 00JACTH SHEPTHil, OJIU3KOH K mopory oOpa3oBa-

HUA 7)-ME30HOB, KaK IIPaBUJIO, UCTIOJIL3YETCAd B Ka9eCTBE OCHOBHOI'O KPpUTEPUA TIPU MOUCKE T)-A0ep



Tabmuna 1. 3nadenua qaunel NN paccesHus a,y, IOTydeHHbIe B paMKaX Pe30HAHCHBIX Mogeseit
(PM), T- win K-MaTpUYHBIX TOJXOJI0OB, & TAKYKE METOJIOM KUPATLHBIX 3(DDEKTUBHBIX JTarpaHzKi-
aroB (yEL). B ccpikax ykasaH TOJIBKO MEPBBIiT aBTOP BMecTe ¢ rogoM mybankamun. B mocse e

KOJIOHKe TIPUBEJICHBI KAHAJIBI, BKIIOYEHHbIe B aHAIN3bI. /[aHHBIE B3ATHI U3 paboTh [5].

ayn (Pwm) Ccplika Tox, Mogmenn Kanasst
0,27 + 10,22 Bhalerao [6] 1985 PM TN—7N,nN, A
0,25 +10,16 Bennhold [14] 1991 PM TN—7TN,nN,
7 N; yYN—nN
0,98 + 10,37 Arima [15] 1992 T TN—7N,nN
0,55 +i0,30 Wilkin [16] 1993 TN—nN
0,51 +i0,21 Sauermann [17] 1995 K 7N—tN,nN
0,68 + 10,24 Kaiser [18§] 1995 xEL TN—mN,nN,
KA, KX
0,888 110,279 Batinic [19)] 1995 T NN, qN
0,476 110,279 | Faldt [20] 1995 PM TN—nN
YN—nN
0,621 10,306 Abaev [21] 1996 T TN—yN
KN—nA
0,51 +i0,21 Deutsch-Sauermann [22] 1997 K 7N—tN,nN
YN—=mN,nN
0,20 + i0,26 Kaiser [23)] 1997 | xEL N—7mN, 3N,

B DKCIIEPUMEHTAX 3TOro tuma. dddekT 06pa3oBaHus 7)-sapa B STOM CJIyUae MPOSIBISETCS] B BUJIE
MUKa B CHEKTpe obpa3yiomierocss m-me3oHa. [Ipu 3ToM 1oJIoKeHre W MIMPUHA MTHKA ONPEIeIsioT
SHEPTHIO CBI3W U MUPUHY CBAZAHHOTO 7)-sepHOT0 cocTosHus. CreayeT, 0lHAKO, OTMETUTH, YTO
SHAYEHUS] SHEPIUU CBS3M, MPEJICKA3BIBAEMBIE JIJIA 7)-s7ep, JOBOJIBHO MAJbI (TOPSAIKA HECKOJIbKUX
MerasJIeKTPOHBOJIBT), TAK YTO COOTBETCTBYIOINIME MHOHHBIE MUKH JOJZKHBI PACIIONAraThCs B HEMO-
CPeJICTBEHHOI 6JIM30CTH OT Mopora obpa3oBanus 7-me3oHa. 110 3Toit mpuunHe UX TPYAHO OTIUIUTD
oT 3 dEKTOB MPOCTOTO YBEJIUUEHUS BBIXO/IA PEAKITNN, BO3HUKAIONIETO BCIEICTBUE MPUTIKEHUST

MeZKJly KOHEIHBIMU MPOAYKTaMu (siapom u 1-Me3oHoM). Cruenanubie B paborax [33, 34| omenku
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Ta6mumna 2. [Ipomomkenne Tabaunr 1.

ayn (Pwm) Ccplika Tox Mogmenn Kanasst

0,87 + 10,27 Green [24] 1997 K TN—tN,nN
YN—mN,nN

1.05+i0,27 Green [25] 1999 K TN—tN,nN
YN—mN,nN

0,32 + i0,25 Caro Ramon [26| 2000 xEL TN—7N,nN,

0,772110,217 Nieves [27] 2001 VEL 7N — 7N, gN, KA, KY

0,54+i0,49 Krippa [28] 2001 YEL mN — wN,nN

MOKAa3aJI¥, 9TO JIJIsT OJHO3HAYHOI PermcTpannn CUTrHajIa o0pa3oBaHms 1)-saapa HeoOXOInMa KakK J0-
BOJILHO MaJiasi CTATUCTUYECKAsT MOTPENTHOCTh, TaK W 0OJIbINast TOYHOCTH OIPEJIC/ICHUS SHEPTUU
BBLIETAIOIIUX T-ME30HOB.

B skcnepumventax apyroro tuma [35, 36, 37, 38, 39, 40, 41, 42, 43, 44| perucrpupyorcst coObI-
THSI, B KOTOPBIX 00pa30BaHHbBIN B PEAKIINH 7)-MEe30H U KOHEYHOE SiJIPO JBUKYTCS ¢ MAJBIMUA OTHO-
CUTEJIbHBIMHA UMITYTbcaMU. B 3TOM cydae TPUTATUBAIONINN XapaKTep B3aNMOICHCTBUS B CUCTEME
1)-Me30H—-]IPO JTOTZKEH MPOSIBIATHCSA B YBEJTHUCHUN WHTEHCUBHOCTH PEAKITUH. DTO CTAHOBUTCS OUe-
BUJHBIM, €CJIM Y4YeCTb, YTO NPUTAKCHAE MEXK/Yy MPOJYKTaMU PEaKIUU CTPEMUTCH VieprKaThb UX
B TOIi 00/1acTH, B KOTOPO# JIECTBYEeT «OCHOBHOE» B3aMMO/JICHCTBUE, MPUBOJIAIIECE K 0Opa30BAHUIO
9TUX YaCTHI]. TaK KakK cedeHne MPOMOPIUOHATHLHO BEPOITHOCTH HAXOXKEHWS 9THX MTPOAYKTOB B
obIacTH B3aMMOJEHCTBUsT (B HE3ABHUCAIIEHi OT BPEMEHH TEOPHH DacCestHus), TO OYEeBHIHO, YTO
NPUTSIZKEeHWE OYJeT NMPUBOJAUTH K YBEJIMYCHUIO BBHIXO/A TACTHII.

B sroit cBa3u, nabmiogaeMas pe3kas 3aBUCUMOCTD BBIXOJA MeJIJIEHHBIX 7)-ME30HOB OT SHEPTHH
SIBJIIETCS YKA3aHUEM HA CHJILHOE MPUTIKEHUEe MeXKIy 00pa3yiolmuMcs Me30HOM U aapoM. Jlamb-
HEHINiT aHAJIU3 TPE/ITOJIATaeT SKCTPAIOIAINIO SKCIIEPUMEHTAJIHHBIX PE3Y/IbTaTOB B 00J1aCTh HUZKE
nopora 0O6pa30BaHUs 7)-Me30Ha, TO eCTh, K SHEPTUsIM, TP KOTOPHIX MOXKET CYIIECTBOBATH IOJIIOC,
OTBEYAIOINI CBA3AHHOMY COCTOAHUIO.

OxuuM u3 mporeccoB, Hanboee WHTEHCUBHO WCIOJIb3YEMBIX B ITOI TPYIIE IKCIEPUMEHTOR,

SIBJISIETCST OOpa30BaHUE 7)-ME30HOB B JEHTPOH-TTPOTOHHOM CTOJIKHOBEHUHN

d+p—n+ *He. (5)
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SKCHepI/IMeHTaI{beIe JaHHbIE IJId ITOJIHOI'O C€YCeHUA 3TOM peaknuun, mnpeacTaB/JI€eHHbIE B pa60TaX
[34, 37, 38, 39, 40|, oT4eTIMBO JEMOHCTPUPYIOT HAJTUYUE TOJTIOCA B €€ AMILIATY/IE.

,HI[SI uccjaea0BaHudad CUCTEMbI 774He B OCHOBHOM HCIIOJIB3YETCAd MPOLECC
d+d—n+ *He, (6)

ceveHne KOTOPOTo, u3MepeHHoe B paborax [41, 42, 43|, npubnusurensio B 50 pa3 MeHbIe cede-
Hust peaknnu (5). B aToM ciydae skcnepuMeHTaIbHBIE JaHHBIE TAKZKe JTEMOHCTPHPYIOT TOBOJLHO
CUJILHBI POCT C MPUOJIMKEHUEM SHEPIUU K MMOPOTOBOMY 3HAYEHHIO, OJIHAKO CTEIeHb ITOr0 POCTa
CYMIECTBEHHO MEHBIIe 110 CPaBHeHUIO ¢ TOii, KoTopas Habmogaerca B peakmuu ¢ >He (5). B pa6o-
Te [42] sToT bakT MHTEpUpeTUPYeTCa KaK MpsAMoe yKazaHue Ha To, uro cucrema 1) *He awisercs
cBa3annoil. JleficTBATEeIbHO, PA3yMHO TPEIIoa0KAThL, uTo npu nepexoqe ot “He k “He B Bumy
YBETUYEHUS YUCTa HYKJIOHOB PE3YILTHPYIONEe MPUTIKEHIe B CHCTeMe 7)-Me30H-5/IPO BO3PACTAET.
Ecnnu s-ponnoBoe coctoguue 1°He gapigercsa «IouTH» CBA3AHHBIM IIH JaKe ¢1ab0 CBA3aHHBIM, KaK
IpeCKa3bIBAeTCS HEKOTOPBIMI MojeasMu, To cuctema 7 He ¢ GOIBINOi BEPOATHOCTLIO ABISETCS
cBsa3annoil. [Ipu 3TOM ecTecTBEeHHO OKMJIATh, YTO COOTBETCTBYIOIIHII TOJIIOC B aMILTUTY/ie Oyj1eT
pPAaCIIOIOKEeH Ha (PU3UUIECKOM JIHCTE JAJbIIE OT MOPOrOBOTO 3HAYEHUS SHEPIUU, UeM B CAyUae C
n3He. Kax ciencrsue, 3pdexT pocTa cedeHns, KOTOPHIH J0JKeH OBITH TeM CHIbHee, deM OJmwKe
nosifoc K dbusnveckoii obaacti, B peakiun (6) oKa3biBaeTCsi MEHBITe.

OTa Ha HMepBBIil B3IV COIIACOBaHHAS KAPTHHA He VUNTBHIBAET BazKHBIM (pakT, KOTOPHIi, Kak
Oy/leT MOKa3aHO B OCHOBHOW YACTU JTUCCEPTAIMH, SIBISETCS DPEMIAONIUM s 1)-SIePHBIX CHCTEM.
Peun ujer o cuIbHOIN 3aBHCHMOCTH aMILTUTY bl 7)N paccesiHus OT SHEPTrur B 00JIACTH HUXKE yIPY-
roro N mopora, BCIEACTBHEE KOTOpOil npuTsxkenne B cucteme 1) ‘He okasbiBaercs caabee, deM B
n3He. ITo 3Toit IpuYKMHe IpHBeIeHHbIC BBIIIE PACCYKICHI, YKAZBIBAIONINE Ha CBA3HOCTH CHCTEMBI
n*He, 10 Bceit BUINMOCTH, OMTHOOYHEL.

Cero/iast HAKOTLIEHA, JOCTATOYHO OOIMIMPHAST IKCIEPUMEHTAIbHAsT HHMOPMAIUST, OTHOCATIASICST
KO BTOPO# M3 YIOMSHYTHIX BBIIIE TPYII SKCIEPUMEHTOB, B KOTOPBIX 7)-Me30H 00Pa3yIOTCSI BMeCTe
¢ axpamu d, *He u *He. Bo Bcex caydasx m3MepeHHbIe cedeHHs JeMOHCTPHPYIOT 3aMeTHBI pocT
B 00/IaCTH MaJIbIX KWHETHYIeCKnX 3Hepruii. OCHOBHBIM HEIOCTATKOM TAKOTO MOJXOA SBJISIETCS
HEBO3MOYKHOCTD Pa3Jie/IeHusT HCTUHHBIX U BUPTYaJbHBIX CBSI3aHHBIX cocTosgHuili. Kak n3sectHo n3
KBAHTOBOI TEOPUHU CTOJKHOBEHMI, TOTIOC MATPUIILI PACCETHUS, HAXOIAIUNACI BOJIU3N TOPOTOBOit
SHEPrUu, U COOTBETCTBYIONIHII CBSI3aHHOMY COCTOSIHWIO B CHCTEME, IIPUBOJUT K TAKOMY POCTY Ce-
YeHUsl, YTO U BUPTYAJbHBIN MOJIOC, PACIOJIOKEHHBIN Ha TOM Ke yJIaJeHUU OT HYJIEBOW SHEPTHH.
Jlpyrumu coBaMu, UMEIOIIHecsd SKCIepUMeHTATbHBIE Pe3yIbTaThl, JEMOHCTPUPYIONHE aHOMATb-

HBI{l POCT cedeHust 0Opa30BaHUs Me/IIEHHBIX 7)-Me30HOB Ha JIETKUX SPaxX, MPOCTO MOATBEPKIAI0T
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MPUTSTHBAIOIINAN XapaKTep 7)-siePHOT0 B3aUMOIEHCTBHUS U HU B KOEM CJIydae He SIBJISIOTCS OJTHO-
3HAYHBIM CBUJIETETHCTBOM OOPA30BAHUS 1)-S1ED.

Crenyer TakKe OTMETUTH TIPOIECCHI STEKTPOMATHUTHOTO POXKJICHUS 1)-ME30HOB HA, JIETKUX ST
pax. Ilepebie uzmepenus ceuenuss v He — 70pX [40] npojeMoncTpupoBain oTYeTIMBOE TPEBhI-
menwe BulIeTa back-to-back map m'p B obaacTn Heckoanknx MsB mmxe 1 3He mopora, 910 MOTIO
OBl OBITH CUTHAJIOM DOZKJICHUS 7)-Sapa f’]He C ero MocIeIyIOMUM pacnagoM B Kanat w0p(pn). Oana-
KO, DoJIee TMO3/IHNe NCCJICOBAHNST MOKA3A/IN, 9TO aHAJOrHIHbIe (DJIYKTyaIun HabII0JAI0TCS U TPU
JIPYTUX 3HAYEHUSIX YHEPTUHU, UTO B UTOTe OBLIO OTHECEHO K OCODEHHOCTSIM MU3MEPSIeMOTO CIIEKTPA.
Taxum 06pazom, MepBOHAYATBHBIN PE3yIbTAT OOBICHAETCS MPOCTBIM COBIAJIEHUEM, TPU KOTOPOM
MAaKCHMYM B CIEKTPe OKA3aJICS B HEMOCPEJICTBEHHON OJIM30CH OT MOpora oOpa3oBaHUS 7)-Me30HA.

Merozm back-to-back 6w TaKzKe MCIIOJIB30BAaH B IKCIIEPUMEHTAX C JAeHTPOH-IefITPOHHBIM CTOJIK-

HoBeHweM [30], B KOTOPOM MOWCK 7)-s1/1ep MPOBOJIMIICS B KaHAJE
4 -3
dd — ,He — 7~ p “He. (7)

Kak u B mpegplIymux KCIepuMeHTax, B JaHHOM CJydae OTYeT/IMBBIN CHUTHAI He ObLT 3auKCH-
POBaH, HA OCHOBAHUU 4Yero ObLTa OMpejesIeHa JIUITb BEPXHII TPAHUIA CceUeHns 00pa30BaHUS SIapa
7He (ox0/10 20 HG, B 3aBUCHMOCTH OT ITHPHHBI CBA3AHHOTO COCTOSHUS).

Takum obpazom, HECMOTPS HA MHOTOYMC/ICHHBIE TONBITKU, MPEANPUHATHIEC PA3JTUYHBIMA Ha-
VIHBIMU TPYNIIAMHU B TedeHue mocaeauux 40 JeT, IKCHepuMeHTATbHBIA MOUCK 7)-saep MOKa He
JTaJT OJTHO3HAYHOTO OTBETA HA BOMPOC O BO3MOXKHOCTH UX CYIIeCcTBOBaHUS. OCHOBHBIM De3YIbTa-
TOM TIOJIABJIAIONIETO OOJIBITUHCTBA UCCACTOBAHUIN SBJISIETCS OTCYTCTBHE IMOJIE3HOTO CUTHAJA, UTO
B HEKOTOPBIX CJIyYasix MO3BOJIMJIO JIMIH YCTAHOBUTH BEPXHIOID T'PAHUILY COOTBETCTBYIOIIETO Ceve-
Husg. OOMuit Ka4eCTBEHHBIH BBIBOJ, KOTOPBIii MOXKET OBITH CeTaH Ha OCHOBE YKCIEPUMEHTOB IO
MOWCKY 7)-sI7ieP: HeCMOTPsI Ha KayKYILYIOCsS MPOCTOTY caMoil (pu3mydeckoil KapTUHBI, CBA3AHHON €
STUMU O0OBEKTAMHU, a TAKzKe MHOTOYUCIEHHBIE YKA3aHUs PA3JIUIHBIX MOJIe/Ieil Ha BO3MOYKHOCTH UX
0oOpa30BaHus B TOH WM WHON OOJACTH SHEPTHIi, UMEIOTIHECsS CEeTOTHS MPEIU3NOHHbIE YKCITePUMEH-
TaJbHBIE JTAHHBIE He MOATBEPKIAIOT TUIIOTE3Y UX CYMIECTBOBAHUS.

Yro KacaeTcs TEOPHUH, Ha CETOIHSIITHUN JeHb MTOCTPOEHO JIOBOJIHHO DOJIBINOE TUCIO MOJIE/Iei, B
KOTOPBIX OCHOBHO# aKIIEHT CJIeJIaH MMEHHO Ha ONHUCAHWE 7)-s/IEPHOT0 B3aMMOJIEHCTBUS B 00JIACTH
HU3KUX dHepruii, B mpeaenax 10-20 MerasaeKTpoHBOILT BhIlIe mopora. CyniecTBeHHAS YaCTh ITUX
mogesteii [16, 45, 46, 47| ucnoib3yer KOHIENINIO ONTHYECKOrO MOTEHIHAIA, OCHOBAHHYIO HA TIPUMe-
HEHUU TaK HA3bIBAEMOI'O JIOKAJIHHOI'O M UMITYJIbCHOTO MPUOJIMKEHWH K OMUCAHWIO B3aUMOIeHCTBUS
HAJIeTAONIEeH YacTUIbl (Me30HA) ¢ CHCTEeMOli paccenBaresieii (HyKI0HOB). B TakOM moXo0/e Me30H-

AJIepHOE B3aNMOAENCTBUE ONMUCHIBAECTCA B TEPMUAHAX B3AUMOJAECHCTBAI ME30HA C AJIEPHOIT MaTepuei,
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BBICTYTAIONIEI B Ka4ecTBE MPEJIOMJISIIONIEH cpeibl /it Me30HHON BosHbI. ClieyeT OTMeTHTh, 9TO
TeOpHs ONMTUIECKOTO MOTEHITHAIA XOPOIIIO 3apeKOMeHI0BaIa cedsd B KavuecTBe YI00HOH heHoMeHo-
JIOTHYECKON MOJE/N B MUOH-I/IEPHOI (DU3UKe, TJe UMEeTCS TTPOCTasd aHAJIOTHS ME¥KIY PacCessHueM
MOHA Ha CHCTeMe HYKJOHOB M JIMMOJIBHBIM paccesiineM cBeta B cpeje. Puzmdeckum 0O6OCHOBA-
HUEM BBEJIEHUST TPOCTEHTIero ONTHYECKOro MOTEHIAIa B 3TOM CJIydae sSBJISETCs MpsiMas CBI3b
MeKy AMILTHTYJIAMU THOH-HYKJIOHHOTO W MHOH-SIIEPHOTO PACCEdHMI. DTa CBA3b, B CBOI OYe-
pejib, 00YCJIOB/IEHA CPABHUTEIBHO OOJIBINTUM MEKHYKJIOHHBIM PACCTOSTHUEM B si/IPaX, 3HAYUTETHHO
MPEBBITTAIOININM XapPaKTEPHBIN PaJInyC B3aUMOIHCTBUST MEXK/1y MHOHOM W HYKJIOHOM.

Hanmporus, peonancusiii xapakrep n/N B3auUMOIEHCTBUS TPUBOJUT K TOMY, UTO, KAK UMITYTHC-
HOe, TaK W JIOKAJTbHOE TPHUOIUKEHUE CTAHOBIATCS, BOOOINE TOBOPS, HEIPUMEHUMBIMU B CJIyYae
n-Me30HO0B. JleficTBUTEIbHO, BCJIECTBHE TOTO, YTO PE30HAHCHOE B3aMMO/IEICTBHE CBSI3aHO C Bpe-
MEHHOH 3a/IepKKOii (TO ecTh, MPOMEKYTOK BPEMEHH, B TeUYeHHe KOTOPOrO OCYIIECTBISETCS aKT
B3aMMO/ICIICTBUS, He SBISIETCS MPEHEeOPEKUMO MAJIBIM, KaK B CJIy4Yae ¢ THOHOM, a OIpeIesseT-
Csl BpEMEHeM JKM3HW pe30HaHca), aMIUnTyaa 17N paccessHUsI MOYKET NpeTepreBaTh 3HAYNTEh-
Hble U3MEHEeHWs B SJIEPHOM MHOTOTE/IFHOM OKpy:kenuu. Hanpumep, B3sIB [IsT MUPUHBI PE30HAHCA
N(1535)1" smauenne I' = 75 MeV, nomyunm 1715 BpeMeHHOIl 3a1epsKKH (BPEMEHH CTOTKHOBEHNS)
pemmauny At = 27i/T &~ 2 - 1072 cek. IT0 cymecTenno 6obie spemenu At = h/m, ~ 51072
CeK, B TeUeHNe KOTOPOro HYKJIOHBI B si/[pe OOMEHUBAIOTCS TIEPEHOCTHKOM B3aNMO/IEICTBYST, TO €CTh
BUPTYyaJbHBIM TTHOHOM. [lo 3TOi mpuyYmHe NPUMEHUMOCTh YHOMSIHYTOI BBITIE MPOCTERIeit onTu-
YECKOI MOJIETN K 17)-I/IEPHBIM SIBJICHUSIM OKA3BIBACTCS COMHHUTETHHOM, TaK UTO IS UX OMUCAHUS
TpedyoTcs Oosiee pahUHUPOBAHHBIE MOIEIN, YIUTHIBAIOIINE BJIWSTHUE siIEPHOTO OKPYYKEHHs Ha
B3aNMO/IEfiCTBIE Me30HA C OT/EJbHBIM HYKJIOHOM.

HeoGxomnmo Takzke 0TMETUTH paboThI [48, 49|, B KOTOPBIX TUHAMUKA 1)-SI7IEPHBIX CHCTEM HCCIIe-
JOBAJIACH B PAMKAX TaK HA3BIBAEMOTO MPUO/IHKeHHst KoHedHoro panra (finite-rank approximation).
B pamkax 3Toro mpudb/IMKeHus IMPOUCXOJUT OTOpachiBaHUE BKJIaJla BUPTYAJIHHBIX BO30YKICHUIT
SIZIEPHOI TTOJICUCTEMBI MEKJIY JIBYMsI MMOCJI€0BATETHHBIMI aKTAMW CTOJIKHOBEHUS 7)-Me30Ha C HYK-
JoHaMU siyipa. Hapsay ¢ onTudeckoit MO/IeIbio TaAKOH MOIXO] MTO3BOJIAET CYNECTBEHHO YIPOCTHTD
HCXO/IHYIO MHOTOTEJIbHYIO 33/1a9y U (aKTHIeCKH CBOJIUT ee K 3ajade JByX Teld. B To ke Bpewms,
OYEBU/IHO, YTO MCK/IIOUEHUE W3 CIIEKTPA SePHOM TMOJICHCTEMBI BO30YKICHHBIX COCTOSTHUI C Hen3-
OEKHOCTBIO MIPUBOIUT K HAPYIIeHWIO yHUTapHOCTH. [Ipm 3ToM cama Mojensb, BoobIe TOBOPS, He
MO3BOJIIET ONEHUTH I MEKT, CBAZAHHBIN C ITUM HAPYIITEHUEM.

HecocTosiTeIbHOCTH OTMEYEHHBIX BBITIIE OCHOBHBIX TTPHOIHNKEHU{T, HCIOJIB3YEMbIX JIJIsT HCCIeT0-
BaHWs B3aMMOJIECHCTBUS 7)-ME30HOB C MAJOHYKJIOHHBIMU CHCTEMaMU, MOCIYZKUIa TJIABHOW TMPUYH-

HOI mOgBJIeHNI METOJ0B, OCHOBAHHBIX Ha TOYHOM PEIIECHUN MaJIOIaCTUIHBIX 3a1a4 Me3OH—${,ZLepHOI7I
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dusukn. OanH U3 TAKAX METOI0B HCIOIb3YETCS B HACTOSIINEH INCCePTAIMN /IS PEITeHnsT 3a1a91
0 B3AUMOJIEIICTBUHN B CHCTEME ISITH TeJI, COMEepIKAINeil 7-Me30H U YeThIpe HYKJIOHA.

[IpuHnunua bHas TPYIHOCTDL pelreHns ypaBHerus JIunnvana-I1IBuarepa 11st HECKOTBKHUX Ta-
CTHIL 3aKJI0YAETCS B TOM, YTO SJpO ypaBHeHUs He uMeeT KoHewdHoi HopMbl [TImuara. Hampuwmep,
B CUCTEMe TpeX JaCTUIll BO3MOXKHDBI CO6BITI/IH, B KOTOPbBIX AB€ YaCTUILBI B3aHMOﬂeﬁCTBYIOT, B TO Bpe-
MsI KaK TPeTbs OCTaeTcss cBoOoaHOI. CBOOOIHOI YaCTHIE B YPABHEHHH COOTBETCTBYET 0-(DYHKIIHS
d(p'— p"), oTBevaromas COXpaHEHUIO ee UMITY/Ibca. [losiBienne 0-byHKIME B SiIpe yPaBHEHUsI TP~
BOOUT K HAPDYHIEHUIO OCHOBHOTO YCJIOBUA OJHO3HAYHOCTH PEITEeHUA — KOHEYHOCTHU HOPMBI LHMI/LZLT&
saapa. V30aBUTHCS OT HeKeTaTeaIbHBIX 0-(DYHKIIA, TO €CTh, YCTPAHUTDL HEOIHO3HAYHOCTD IIO3BOJIA-
er TepecTpoiika ypaBHeHuii, Bepsbie npuMenentas PaeeBbiM B padore [50| n pasBuTas 3arem
JUTsT CJIydast MPOM3BOJIBHOIO YHCJIA YaCTHIl B crarthsx fkybosckoro [51] m Anbra-I'paccbeprepa-
Cannxaca [52].!

[IpuHIUIHATBEHO APYroe HAIIpaB/JIeHHe B KBAHTOBOMEXAHMIECKONW TEOPHUH B3aMMOIEHCTBUS He-
CKOJIBKUX YaCTHIL CBA3aHO C BapUaIMOHHONW (OpMYyJIHPOBKOil mpobiiembl. B aToM ciiydae, Kak mpa-
BHJIO, UCTIOJIL3YIOT Bapualnmonuelit mpuniun Penes-Puria, rjie B kadecTse (yHKIIMOHAIA OepeTcs
SHEPTUs )

(V] H|w)

B[] = ) (8)

KnrodeByio poib B BapHAIMOHHOM IIOXO/e HTPAET JieMMa, COIVIACHO KOTOPOil 3HaUYeHne (hyHKITU-
OHAJIA YHEPrHU Ha JTr000i mpobHOil dbyukmu |V) Beerma GOJbITe SHEPIHA OCHOBHOTO COCTOSIHUS
CUCTEMBI W PABHO €l B Cayvae, KOTaa |\I’> COBITQIAET C TOYHOW (DYHKIMEil OCHOBHOIO COCTOSTHUS.

Takum 0Opa3oM, UCXOTHAS 3a/1a9a CBOJAUTCI K BapHAIMOHHON 3a/1ade BHIA
J E[¥] =0. (9)

Kax npasuio, mpobubie dbynkinu | V) BEIGHPAIOTCST B TApAMeTPHYIeCKOM Bre. B aToM ciyvae 3a1a-
Ya PelraeTcs MyTeM HaXOXKIeHUs Habopa mapaMeTpoB, 00eCIeINBAINX MUHAMYM (DYHKITHOHATA
(8).

Paznuanbie BapuannoHHbie MOJIE/IN, HCIOJIB3YeMble B sIIEPHON U ME30H-sIJIePHOI (hU3nKe, MOK-
HO Pa3/e/INTh Ha JIBe OCHOBHBIX TPYIIHI B 3aBUCHMOCTH OT KPUTEPHUsi, KOTOPHIN MPUMEHSIETCSI TPH
BBIOOpEe TPOOHBIX (byHKIHiT. K mepBoil rpymme MoKHO OTHECTH MOJeTn, B KOTOPBIX | V) GepyTcs B

BUJIe PA3JIOKEHHUS 10 TOJTHOMY HAOOPY KBaJIPATUIHO WHTETPUPYEMBIX (DYHKITHIA |¢,,)
N

V) = Z Cnl|®n) - (10)

n=1

1CyIHeCTByeT TaKXKe pan IPpYyrux MeTOJ0B HEMOCPEACTBEHHOT'O permeHnd N-9acTUIHBIX 3aJa4, OOJHAKO JIUIITh
B YKAa3aHHBIX JIBYX pa60Tax JTOKa3aHa 3KBUBAJIEHTHOCTH BBIBEIECHHBIX ypaBHeHI/Iﬁ COOTBETCTBYIOIIEMY YPAaBHEHUIO

IIpenuurepa.
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B srom cityuae nporieypa MUHUMU3AINT (DYHKIIMOHAIA SKBUBAJICHTHA PENICHUIO 33/1a9u Ha COO-

CTBEHHbIE 3HAYEHUA

(H—ES)c=0, (11)

e marpuibl H u S onpenenenbl Kak

DyemenTamn N-KOMIOHEHTHOTO BEKTOPA, ¢ SBJISAIOTCS MCKOMBIE TTApaMeTphl ¢,, n = 1, N. Ilpn
YBEIUYIEHUN pa3zMepHocTH Oazuca N pe3yabTaThl pacdeToB MPUOTHKAIOTCI K TOYHOMY 3HAYCHUIO
Heprun cBepxy. lIpemmytmecTBo Mopeseil mepBoit IPYNIBI 3aKTIOYAETCS, B MEPBYIO OYepe/ib, B
TOM, YTO OCHOBAHHBIE HA HUX PACUYETHI ABJLIOTCSA O0Jiee KOHTPOJUPYeMbIME. T pedyeMasi TOUHOCTh
MOKET OBITh JIOCTUTHYTA MPOCTHIM yBeandeHuem N.

Bropag rpynna BKIIOYaeT MOJETH, B KOTOPBIX MPU BBIOOPE 3aTPABOYHBIX (DYHKIIMI PYKOBOI-
CTBYIOTCS buznvdeckuMu coobpazkenusimu. Hampumep, npu pacderax HEPruu OCHOBHOT'O COCTOSI-
HUs JIJIsT HEKOTOPBIX $1J/Iep, UMEOIIIX XOPOIIIO BHIPAKEHHYIO KJIACTEPHYIO CTPYKTYPY, UCIOJIb3YeTCs
KiacTepubie byHKIUN (MEeTO PE3OHUPYIOMUX TPYIN). B HEKOTOPBIX CIyUasx 3a OCHOBY GepeTcs
XOPOTIIO ompejieernas ¢popma norernuaa (Bapuauonusiii Mmeros Moure-Kapio).

Bapuanumonubsie MeTOIbI TO3BOJISIOT TaKyKe HAWTH U caMy BOJHOBYIO (DYHKIIUIO OCHOBHOTO CO-
crostanst. HeobXoammMo, OHAKO, UMETh B BHJY, YTO Das3HWIA MexKIy TOYHbIM perrenneM |Wo) u
perreHueM |\ifo>, MOJIYYeHHBIM BaPUAIMOHHOM METOJOM, SBJISIETCS MAJION BEJTHIHHON O0JIee HU3KO-
r'o MOPsiJIKa, YeM COOTBETCTBYIOIIAsi Pa3HOCTh SHEPIHUil.

B kagecTBe 0ob11ero nejocraTka BapHalMOHHBIX METOJIOB MOXKHO OTMETHThH TO, YTO BCE OHU Ha-
eJIeHBI B TIEPBYIO OYEpe/b Ha HAXOKJIEHNe SHEPIUU OCHOBHOTO COCTOSIHUS CHCTEMBI (B HEKOTOPBIX
CIyUYagX TAKIKe MEPBBIX BO30YKJEHHBIX YPOBHE() W HEYIOOHBI MPU DENICHUN 3a/1a4 PACCesHUd,
rJie TJIABHBIM OOBEKTOM SIBJISIETCSI aMILIUTY/Ia TIePeXo/ia U3 OJHOTO COCTOSTHUSI CUCTEMBI B JIPYTOe.

HeobX0oamMOCTh CO3IaHmsT MOJIe/TH [T OMICARNS B3anMoeiicTsus 1)-Me30Ha ¢ gapom *He, cBo-
OOJTHOI OT TEePEeYNCTEHHBIX BBHIIE HEJOCTATKOB, MPUCYIINX ONTUYECKUM W BAPUAIMOHHBIM MOJIE-
JISIM, oTTpeJiesisieT aKTyaJIbHOCTh TeMbl Jiuccepraiuu. Hecmorpst Ha 3 ek THBHOCTD YIIOMSIHYTO-
ro Bhimie Meroga Aubra-I'paccoeprepa-Cannxaca (AT'C), 1o cux mop oH NPUMEHSICS JIUIITh JIJIsT
cucteM ¢ gncaoMm dactuil N < 4. Ilesbro HacTosAIIeil pabOTHI ABJISIETCSI TPUMEHEHHe MPOTIETyPhI
cermapadeTbHOTO PA3JI0KEeHUs U BBIBOJI COOTBETCTBYIONIUX YPABHEHUI /IS CIyYAsd MSATH TeJI.

OCHOBHBIMU 3aJaYaMU TUCCEPTALNH SBISAINCH CJIEIYOIIHe:

e BriBoj ypaBHeHMii 111 CHCTeMBI IIATH YaCTHUI] ¢ UCHoab30BaHneM dpopmannzma AI'C;
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e Pemrenve 3ama4un nsaTu Tes1 I B3AUMOIEHCTBHS TICEBIOCKAISIPHOTO Me30Ha C CUCTEeMOi Je-

ThIpeX HYKJIOHOB;

e llccaenoBanue AMHAMIYECKIX 0COOCHHOCTEH B3amMOAeiicTBIA 1)-Me30H0B ¢ aapamu d, SHe u

‘He.

Marepuas auccepranny W3JI0’KeH B TPEX IaBax.

B rmase 1 maerca kparkuit BoiBoj ypaBaennit AI'C ans cucremsl natu Tea. B ormmmume or
ypaBHeHWIT, BOSHUKAIOIINX B BapUanoOHHON dopMmynupoBke 3a1a4an, ypasaerus AL'C momydaers:
HEIMOCPEICTBEHHO IS OMEPATOPOB Mepexoja, 9YTo JefaeT WX HauboJee yIOOHBIMHU JJIsi aHAIN3A
MMEHHO TIPOIECccOB paccesnus. [lo aHazornm ¢ TpexdacTHIHON 3ajadeil BBOAATCS pa3bueHus CH-
CTeMBI TSATH YaCTHI] I COOTBETCTBYIOIINE ITHM PA30MEHNSIM KaHATbHbIE TAMIITLTOHHAHBL. Vcmomn-
30BaHme cenapabebHOTO PA3JIOKEHNUs IS siJiep WHTErPaJbHBIX YDaBHEHHI MO3BOJISIET CBECTH WC-
XOJHYIO 3aJa4y HaTH TeJl K 3(DEPEKTUBHON YeThIpexX4acTuIHoil 3aja4ue, KOTopas B CBOIO O4Yepeihb
MOCTIeI0OBATEIFHO CBOJAUTCS K TPEX- U 3aTeM K JIBYXUacTHIHON 3ajaade. [lorydaomuecs: Takum 00-
pa30M JUHaMUYECKUE YpaBHEHUA OKA3BIBAIOTCA CXOJHBIMU I10 (I)OpMe C YpaBHEHUAMUN HI/IHHM&H&—
LHBI/IHFepa AJId CUCTEMBblI CBA3aHHBIX KaHaJIOB, TIe Ka)K,Z[bII‘/'I KaHaJl COOTBETCTBYET BO3MOXKHOMY
pa3bueHnio NCXOMHOI cucTeMbl Ha JaBe moacucteMbl tuma (1 4+ 4) u (2 + 3). B utore tpexxpat-
HOe HCIOJIb30BAHIE HTEPANNOHHOI TPOIEIYPHl JaeT HeoOXOAUMbIe ypaBHeHHs. Bo3HUKaomne B
9TUX YPaBHEHUAX SQ)Q)GKTI/IBHBIG ITOTEeHIINAJIbBI OIMUCHIBAIOT B3aHMO,Z[eI71CTBHe MeEXK/1Y KJaaCTepaMH,
BXOAAIIUMU B OTAEJIbHBIC IMOJACUCTEMBI, KaK O6MeH JaCTUlaMu WUJIN I'pydninaMun 9aCTHIL.

B rnase 2 nonyuenustii popMasn3M IpuMeHsSeTcs K 3a/ate O B3aNMOCHCTBIUN B CHCTEMe IIsi-
TH TOXKJECTBEHHBIX 0030HOB. OTIETHHO PACCMOTPEHBI MaTeMaTHYeCKHe BOTPOCHI, KaCAIOIHeCs
CXOZIMMOCTH CenapabesibHOrO Pa3ioKeHns. AHaIN3 Kak caMuX COOCTBEHHBIX YHCEN, TaK W HOPM
HImuara mas gaep TATHYACTHIHBIX YPABHEHHUH MOKA3BIBAET, UTO CTEHEeHb CXOMANMOCTH SIB/ISETCS
BIIOJTHE JIOCTATOYHOI [TsT MPaKTHIecKuX reseii. HecMoTpst Ha TO, 9TO MOMy<IeHHBIE B 9TOI IaBe
pe3yaIbTaThl MMEIOT B OCHOBHOM aKaJeMUYECKU XapaKTep W MPU3BaHbI MPOAEMOHCTPUPOBATEH OCO-
OEHHOCTH MEeTOJIa, OHU MOTYT ObITh MCIIOJIb30BAHBI IIPU PENTIEHNN KOHKPETHHIX (DU3NUECKUX 337124,
HAIIDEMED B 33J1a1e 0 B3amMojeiicTeun natu atoMos “He (renneBbrii mentamep).

B ruaBe 3 peraercsi OCHOBHasT 33/1a9a JUCCEPTAINH — HCCJIEI0BAHIE B3aNMOIEHCTBHUST 1)-Me30HA
¢ siapom ‘He na ocnose ypasnenuii Ayibra-I'paccoeprepa-Canyxaca (AT'C). Kak ormeueno Bbiie,
HAOTIOAeMBIii B OTIETBHBIX PEAKIHIX POCT CeUeHUsT IPU MAIBIX IHEPTUAX He MO3BOJISET TTOTBED-
JATH I OMPOBEPTHYTH BO3ZMOKHOCTH 0OPA30BAHUST CBSI3AHHBIX 7)-sIJIEPHBIX COCTOsIHUIL. B TO Ke
BpemMs, DoJiee OJHO3HAYHBIN Pe3yJIhTaT MOYKeT OBITh MOJIyY€eH, eCJAN TPOBOANTCS CUCTEMATHIECKU

aHaJIN3 HECKOJIBKHUX MPOIECCOB B paMKaX OJHON W TOi K€ MUKPOCKOTMUYIeCKOi Momean. OcHOBHAs
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3a/1a9a (popMyaIpyeTcs CaeayIonmM 00pa3oM: Tog00paTh aMIIMTyay f,n d7aemenTaproro N B3a-
IMO/JIefiCTBUS TaK, YTOOLI BHIYUC/IEHHAS C ee IIOMOIIBIO aMILTATYa f,4 B3aUMOJEHCTBUS 1)-Me30Ha,
C SIPOM BOCIPOU3BOIUIA HA KOJUIECTBEHHOM YPOBHE POCT CEYEHUs] OJHOBPEMEHHO /I PeaKIumit
oOpa30oBaHus 7)-Me30HOB Ha Pa3HbIX sjpax. Popmyupys Takyio 3ajady, Mbl PYKOBOJICTBYEMCS
ujieeit 0 TOM, YTO MeXaHU3M 0Opa30BaHUS 7)-ME30HOB UMeeT KOPOTKOJIEHCTBYIONNI XapakTep (Ho—
TEHIUAT B3AUMOJIEICTBIS COCPEIOTOYEH B OCHOBHOM B MAaJIOH MPOCTPAHCTBEHHON 00JIACTH), U TO-
3TOMY (pOopMa, cedeHust B 00JaCTH MAJIBIX OTHOCUTETHHBIX SHEPTHIl B CUCTEME 7)-SI7IPO OTIPEIeISIeTCsT
MPENMYIIECTBEHHO 3aBUCHMOCTBIO OT SHePTuM F KBajpaTa aMIVIATYIB fA.

B zakmounTeIbHON YacTH TJIaBBl 3 MPOBOAUTCA CpaBHEHHE Pe3yJIbTATOB JAHHON pabOTHI C pe-
3yJbTaTaMU JAPYTHX aBTOPOB, MOJYIEHHBIMU JABYMS PA3HBIMH METOJAMH: B MOJETH ONTHIECKOTO
MOTEHIINAJIA U C TOMOIIIBIO CTOXAaCTHIECKON BapHaIMmOHHONH mpote yphl. OTMedaeTcst TPUHIIATTHA b
HBIIT HEJIOCTATOK 000OWX METOJ/IOB, KOTOPBI CYIIEeCTBEHHO CHUYKAET KAavdeCTBO JIFDOOIN0 OCHOBAHHOTO
HA HUX UCCTETOBAHUS 1)-SIIePHOTO B3AMMOELHCTBUI. DTOT HEIOCTATOK CBI3aH C HEOOXOTMMOCTHIO
BBIOOpa 3 DEKTUBHOI SHEPrUU, TPU KOTOPO 7)-ME30H B3aUMOJICHCTBYET C OTAE/IBHBIM s/IEPHBIM
HYKJIOHOM WJIU, JIDYTUMH CJIOBaMU, BbIOOpa 3HadeHus aprymenta W ammiutyast nlN B3anMoeii-
crBud f,n (W), KoTopas 9BHO BXOTHUT B BBIpakeHue 115 noTeHmasta. Obe Mozesi, BoobIe roBops,
He JAI0T pelenTa g onpeaenenns 3uadenus W. CymecTByOT pasaudHbie cocoObl BeIOOpa W,
OCHOBaHHBIE HA PA3yMHBIX, KaK MPABUJIO, YNCTO YMO3PUTEIHHBIX COOOpAYKEHWSTX, HO BCe OHU $SIB-
JITIOTCSI SBPUCTUIECKUMHU, TaK 9TO MCIOJIh30BAHUE TOT'O WJIM WHOIO pelenTa B KadecTBe Hanbojee
IPEINOUTHTETHHOIO He UMeeT CTPOTOro 0OOCHOBAHMUSI.

B 3ak/rodenun nmpuBeaeHbl OCHOBHBIE pe3ysibTarhl ancceprannu. QopmaabHbIil MaTepual, Ko-
TOPBIIT UCITOIB30BAJICS B BHIYUCINTEILHONW YacT paboThl, 0pOPMIJIEH B BH/Ie TPUJIOKeHnH. Pe3yiib-

TATHI, MOJOKEHHBIE B OCHOBY HMCCJIEI0OBAHUs, OMyOINKOBaHBl B pabortax [53, 54, 55, 56].
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I'maBa 1

YpaBaeausa Ajbra-I'paccoeprepa-Canaxaca ajsd 3aaa4un

II4aTn TeJl

Kparkuii BbIBOJ «Kjaaccudecknx» ypasaennii Anbra-I'paccoeprepa -Cannxaca (AT'C) mis
KBAHTOBOMEXaHWIECKON 3aa4i Tpex Tesl npuBeaeH B npujoxkennn l.. ObobmeHne ypaBHeHMIT
QajeeBa HA CHCTEMBI ¢ YHCIOM dacTun N > 3 9BAIETCS CJIO0XKHOM 3ajadeil, 0 4eM CBHUIETEb-
CTBYIOT MHOTOYHC/IEHHBIE MONBITKH PACIPOCTPAHUTDL METOIBI 3aJa9d TPeX Tes Ha 0OJIbIIee IHCI0
qactutl. VI3 HUX JUITE JIBA METO/Ia MOYKHO CUNTATh YJIAYHBIMA B TOM CMBICJIE, 9TO JJIsI HUX JOKa-
3aHO COOTBETCTBHE MeXKIy MOTydaeMbIMHU yYpaBHeHuAMHI u ypaBHenueM [lIpenuarepa. Bo-mepBoix,
Axy6oBckuM B pabore [51]| ObLIN MpeIcTaBIeHbl YPABHEHHS JJIsi KBAHTOBO-MEXaHUYECKON 321841
N wgacTuil, sijipa KOTOPHIX CTAHOBSITCS CBA3HBIMHU mocyie N — 1 mureparuii. Bropoit mero, npuso-
JATINT K SKBUBAJIEHTHBIM YDaBHEHUSIM, OCHOBaHHBIII Ha Meroje kBasudacrui (Meroze [TImuara),
6Lt peanmsoBan Anbrom, I'paccheprepom u Campxacom B paborax [52, 57|. Kak yxke ormeueno,
0ba MeTo/a AT CHCTEMY YpaBHEHUil, OJHO3HATHO COOTBETCTBYMOIMMX ypaBHeHuo Illpeaunrepa
st N-qactuanoii 3amadn. Ograko npenmyinectBo AT'C dpopmaansma cOCTOUT B TOM, 9TO OH He
TOJIBKO (bOopMaTbHO KOPPEKTEH, HO U OUYeHb YI00€H C TOUKH 3pEeHHS MPAKTHIECKOrO MPUMEHEHHUS.

OxuuM n3 BazkHbIX 9TanoB Meroga AT'C gBisercs mpeacTaBaeHne UCXOAHOTO MOTeHIHAIa (pe-
aJbHOrO MM 3(PMEKTUBHOINO) B BH/IE CYyMMBI KOHEYHOTO YHCJIa cernapabebHbIX YJIEHOB W Hecera-

pabesIbHOTO OCTaTKa,
N
V= Z)‘n|gn><gn‘ + V. (1.1)
n=1

DTO MO3BOJIAET MPEoOPA30BATH ypaBHEeHU s [N 9acTHUI] B MHOTOKAHATbHBIE ypaBHeHusd .JIurmm-
mana-IIIBunrepa mig cucrembl N — 1 9acTuil, T/ie OJiHA U3 COCTABJISIONIAX MPEJCTABIAET COOOH
JBYXYACTHIHBIH Kaacrep (KBaswdacTuiry). KiodeBbIM CBOWCTBOM MeTOIA SIBJASETCS TO, YTO IMO-
JIYIeHHBIE TaKUM 00Pa30oM ypaBHEHUs MOTYT OBITH CHOBa IMpeoOpa30BaHbl B ypaBHeHUs (ajijie-
€BCKOTO THITA, TAK YTO PEIYKIIMOHHAS IPOIEIYypa MOXKET OBITH MpoBeJeHa MOBTOPHO. [Ipumensas
9Ty TEXHUKY CHOBa U CHOBa, MbI ntocjie N — 1 ureparnuu nosrydaeM 3pdeKTUBHBIE JIBYXYaCTHIHBIE
YPaBHEHUS.

B nannoit r1aBe mpejcTaBieH BoIBOI ypaBHeHuit Anbra-I'paccheprepa-Canaxaca 11 CHCTEMBI

naTH Tesl. B KavecTBe KOHKPETHOIO HMpUMepa € IEeIbI0 WITIOCTPAIIT (POPMYJT PacCMaTPUBAECTCS
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chucTeMa, BKIIOYAIas deThipe hepMHOHa cO CIMHOM 1/2 (HYKJIOHBI) M TICeBIOCKAISIPHBIN Me30H

(n-me30m). 3arem gaHO OGOGIIEHNE METOIA HA CAyYall MSATH TOXKIECTBEHHBIX GO30HOB.

1.1 BrwBox ypaBHennit AI'C ajig cucreMbl IITH YACTHIIL

Craemyst pabore [51] MBI mCmob3yeM KOHIENINIO pa3buennii obmeii cucreMbr N gacTuI| Ha
moacucremel. OTaenbHOe pasduenne 0003HAYAECTCS CUMBOJIOM (v,, CMBIC KOTOPOIO B TOM, UTO
cucrema pasjenena Ha n nojcucteM ((bparMeHToB), B JaJbHeHIIeM HA3BIBAEMBIX TAKIKE KBA3UIA-
cTAIIAMK WK Kjaacrepavu. [Ipu 3ToM Beerma moapasyMeBaeTcs, 9To B JaHHOM pa30WeHNN B3anMO-
JIeCTBOBATH MeYKIy CODOIt MOTYT JIUIIh YaCTHUIHI, TPUHAIIEKAINE OJHOMY W TOMY YK€ KJIaCTepy,
BXOJIAIIEMY B 3TO pasdumeHume. 3amuch oy, C @, O3HAYAET, YTO Pa30UEHUEe v,y 1 MOTYUEHO W3
(v, TlyTeM JefeHust Kiaacrepa (WM OJHOTO W3 KJIACTEPOB), BXOAAIIUX B (v, Ha JBa (parMeHTa
a + . Ilpusenennast macca stux dparmentos, To ectb My, Mg/ (M, + Mgz), Gyner obo3nadaThest
KaK [la,a,.,- B OPeJeIbHBIX CIydadx n = 1 u n = 4 oJuH U3 HHJIEKCOB, OUEBMHO, CTAHOBUTCS
JIUTITHAM, U COOTBETCTBYIOIINE MACChl 0003HAYEHBI MPOCTO KAK [la, U [lo,, COOTBETCTBEHHO. MBI
HEe BBOIMM OT/IEJhHBIX 0003HAYEHUIT /1T OTHOCUTEILHBIX UMITYJILCOB B TMOJACHCTEMaX. BMecTo 3To-
0 MBI WILTIOCTPUPYeM 00OOIIEHHBIE MOTEHINAIBI JHarpaMMaMi, Ha, KOTOPHIX MOSCHSIETCS CMBICT
9TUX UMIIYIbCOB.

Eciu cucremMa BKITIOYAET TOXKIECTBEHHBIE YACTHILI (B HAIIEM CJydYae HYKJIOHBI), AMILTUTY/Ib,
JIJIST KOTOPBIX BBIMUCHIBAIOTCS YPaBHEHUS, JOJKHBI OBITH COOTBETCTBYIOIIMM 00pa30M CHMMET-
pu3oBanbl. Kax mpaBumio, B 3TOM Caydae TpH BBIBOAE YpaBHEHUI KarKI0il M3 TOXKIECTBEHHBIX
JACTHUIL IPUCBANBAETCS HOMED, U BCe MAHHUIY/ISAINKA MPOBOJATCA TaK, KaK €CJTH Obl 9TH YACTHILBI
OBLIN pa3ANIHbIMA. JIUITH TOC/Ie MOJIyYeHnsT CAMUX YPaBHEHWIl YUUTBIBAETCS TOXKIECTBEHHOCTD
JACTHUIl, W OCYIIECTBJISIETCS MEePEeXo K CHMMETPU30BAHHBIM cocTosHusM. [Ipomenypa cummerpu-
3a1un u310KeHa B mpuaoxkennn 111.. BaxKabLIM g9BageTca TO, YTO yUeT TOKJIECTBEHHOCTH YACTHIL
IPUBOIUAT K COKPAIEHUIO YUCaa ypaBHeHuii. [Ipu 3ToM, ecTecTBeHHO, caMi CHMMETPU30BAHHBIE
ypaBHEHHsT yrKe He cojepykaT HoMepoB dacTuil. Jast coxkparmerust ¢hopMaabHOW d9acTh Mbl MMPH-
BOJMM BC€ BHIKJIAJIKH s CUMMETPU30BAHHBIX COCTOAHMI. Bee BO3MOKHBIE pa30UeHMsI UCXOTHOM
17— 4N cucremMbl ¢ TOXKJIECTBEHHBIMU HYKJIOHAMHE MpUBeIeHbI B Tabaute 1.1.

Crhemyst ctaHIapTHON €XeMe, Mbl YIUTHIBAEM BO BCEX IMOIACUCTEMAaX JIWIIh S-BOJTHOBYIO YaCTh
B3aNMOEHCTBHSA. DTO O0bSICHIETCS KaK JTOMHHWPOBAHWEM S-BOJH B 3aTPABOYHBIX JIBYXYaCTHYI-
HeiX NN u 7N B3auMomeicTBUSAX, TaK U Te€M, UYTO MBI PACCMATPUBAEM JIUIIH O0JACTH HU3KHUX
SHEPruii, B KOTOPHIX BKJAJ BBICHIAX OPOUTATBHBIX MOMEHTOB MOJaBIeH. B 3TOM ciyuae, B CBs-

3W C TeM, 9TO CIUH Me30HA, PaBeH HYJI0, CYMMAaPHBIN CIUH S HYKJIOHHON MOJICUCTEMBI SBJISIETCS
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Tabnuma 1.1. Mcnons3yemasa B pabore HyMmeparus pazouenuii cucteMsr 1 — 4N.

a, n=4 n=3 n=2

1 (NN)+ N+ N +n (NNN)+ N +n n+ (NNNN)
2 (WN)+ N+ N+ N (DNNN) + N + N (nN) + (NNN)
3 (MN)+ (NN)+ N (nNN) + (NN)
4 (NN)+ (NN)+n (ZnNNN) + N

XOPOIINM KBAHTOBBIM 4nCIOM. Kpome Toro, Tak Kak B HAIIKX pacdeTax YeThbIpe HYKJIOHA CBI3bIBa-
I0TCSl B OCHOBHOE cocTosHme sapa ‘He, mMeromero nyaeBoil CIiH, JerKo HOHATH, 9TO JOCTATOTHO
paccMaTpUBaTh JIHIIH COCTOSTHHSI TPEXHYKJIOHHON MOJCHCTEMBI €O cimHOM S = 1/2, Torma Kak
koudurypanus S = 3/2 B 3a7a9e He BOSHUKAET.
PaccmoTpum cucreMy OaTH 9acTHUI] ¢ TAMAILTOHAAHOM
H=Hy+V =Hy+)Y Va, (1.2)
Qg
rie Hy - omeparop KuHeTH4YecKoii sreprun (CBOOOIHBIN TaMUJIBTOHNAH ), & MOTEHIUAJT V,,, OTMChIBa-
eT B3aMMO/IeHCTBUE MeK/1y JIBYMST YaCTUIIAMU, BXOAAIINMHI B KJIacTep ay. Mbl MokeMm hopMasibHO

3amucarh ypauenue Jlunnvana-IIIBunrepa mist 3agadn ¢ raMuabroHraEoM (1.2)
T=V+VGT, (1.3)

e Go = (2 — Hy)™! — coGonuas dbynknus [puna. STnapo ypasuenust (1.3) onpejensercs cym-
MO#i IBYXYACTHYHBIX UIEHOB V,, W TMO3TOMY SBISETCS CHHTYISIPHBIM. JTO CBOUCTBO CTAHOBUTCS
OYEBUIHBIM, €CJIH YUeCTh, UYTO B KAXKJIOM UJeHe B3aUMOIEHCTBYIOT JIMIIb JIBE YaCTHIIBI, TOIIA KaK
OCTaJIbHBIE JIBUYKYTCS CBOOOIHO. B MMMy IhCHOM TTPOCTPAHCTBE CBODOIHOMY JIBUYKEHHUIO OTBEYIAELT
d-bynkuns §(p — p’). Hammane srux muoKuTEMEH B Ooneparope V Gy NPUBOANT K PACXOINMOCTH
HopMmbl [lIMuaTa, TaK 9TO CTaHZAPTHBIE METOABI pENIeHUs HHTEerpaJbHBIX YpaBHEHHH B JTaHHOM
caydae He MOTYT OBITH UCIOTB30BAaHBI. KpoMe Toro, BeIecTBIE HEKOMIAKTHOCTH omepaTopa V' Gy
ypasHenue (1.3) He nmeer euHCTBEHHOTO perenusi. Huzke 111 BBIBOa ypaBHEHHI CO CBSI3aHHBIMI
SpaMH, B KOTOPBIX OTCYTCTBYIOT «OHACHBIE» O-(DYHKIHH, UCIOIb3YeTC PeIyKIIMOHHAS IIPOIE/Iy-
pa, BIEpBbIe TpeJIoKeHHas B pabore [52].

Ha navasnaoM 3Tare nmponeaypbl BBOAATCA TaMUJIBTOHUAHBI OTAECJIBbHBIX KaHaJIOB

H,,=Hy+V,,, (1.4)
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N COOTBETCTBYIOIIHME UM PE30JIbBEHTHI
—1
Go, = (z— Ho) 7" (1.5)

Kaxk 1piit KaHAT COJEPKUT KBA3BUIACTHUILY (TO €CTh JBYXUYACTHIHBINA KJIACTEP) (vy U TPH CBOOOIHBIX

qacTuibl. BoaroBbie GYHKINH |(g,m,) KAHATA (y, YAOBIETBOPSIOIINE YDABHEHUTO

Ha4|¢a4m> = Ea4m‘¢a4m> ) (16)

IIPEJICTABIIAIOT CODOI MPOU3BEICHNE CBSI3AHHOTO COCTOSIHHS B JBYXUACTHIHON IOJCHCTEME vy U
IIOCKUX BOJIH, COOTBETCTBYIOMINX CBOOOJHOMY DPACIPOCTPAHEHHIO OCTATBHBIX TACTHI[. DJIEeMEHT
S-MaTPHIBI COOTBETCTBYIONINIT TIEPEXOY M3 COCTOSIHUS |Po, m) B COCTOSIHUE |(g,,) MOXKET OBITH

npeacTaB/ieH BbIpazKeHnuemM

Sa4m,54n = 554044 5nm —2m 5(Eoz4m - Eﬁw) <¢54n|Uﬁ4a4|¢a4m> ’ (1-7)

B KOTOPOM OIepaTops nepexona Ug,,, MO aHAJOTMH ¢ TPEXUACTHIHON 3a1adeil (M. mpuiIoKeHne

I.) ompenenstioTcst Kak

U64Oé4 = (1 - 554044) G;j + Vﬁ4 + V54GV044 ) (18)

riae

Vaa =V = V,,. (1.9)

Hcnomb3ysa BTOpoe pe30bBEeHTHOE YpaBHEHUE
G(2) = Gay(2) + G(2)Va,Ga, (), (1.10)
175 onepatopos Ug,,, mojydaeM ypaBHeHus: (paJgeeBCKOTO THIA

Ua454 = (1 - 504464) G51 + Z(l - 504474) t’Y4G0U’Y4B4 ) (1'11)

Y4
riae t,, — JAByX4YaCTH4HAs (-MaTpHUIA, OTHOCAIIAACH K KJacTepy 74, BIOXNKeHHas B I'MJIL0epPTOBO

IPOCTPAHCTBO BCeil cucreMbl ngatu Tel. OHa yIOBIETBOPSET YPaBHEHUIO
b, (2) =V, + V,,Go(2)t, . (1.12)
Cremyrommit nmrar 3aKJII09aeTCss B 3aMeHe MATPHILH ., ee cenapabebHBIM Pa3I07KeHIeM
ty, = %: |yak) A (vall (1.13)

KOTOpOe SBJIsgeTCss 0000IeHneM cenapadeTbHOTO MpeacTaBJIeHnsa 1-To paHra, pacCMOTPEHHOIO B

npuioxkennn 1. (emorpu Beipakenune (B.4)). cmonb3ya pasnoxenue (1.13) B ypasuennn (1.11)
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u Gepst oc/iegHee B 0OKIaIKax BeKTOpoB (aym|Go u Go|fyn), noayuanm cucremy ypaBHeHW, aHa-

normunyio cucreme (B.13), Bo3HUKAOIIEH B 3a1a9e TpexX Te

Xa4m,64n = Za4m7ﬁ4n + Z Za4mm/4k Az}l Xml,ﬁw ) (1-14)

va,kl

rme

Xa4m754n = <O‘4m|G0Ua464GO|B4n>7

Za4m754n = (1 - 5a464)<a4m|G0|ﬁ4n> . (1'15)

HeobGxomnmo ormernTh, 9to nponararop A B ypasuenun (1.14) orHOCHTCs He K OTIEILHOMY
KJIACTEPY Y4, @ KO BCEI CHCTEMOil MATH TeJI, COJIePKAIell TOMIUMO 3TOTO KJacTepa TPU CBOOOIHBIX
qacTunbl. OH BBIpazkKaeTcs depe3 COOTBETCTBYOMHUN mpomaraTop A%, ompeaeneHHbIl B IByXdYa-
CTUYIHOM THJILOEPTOBOM IPOCTPAHCTBE, KaK

—/ —/ —/ —/ Y4 — — — — o — —/ — —/ — —/
(@, P> D) D |A"(2)| s Dy Dy, D) = 6(ps — ;) 0(P — 1)) O(Dk — D)

2

A PP i
—/ 7 —
X <q“/4|A'Y4 (z — oM — 2]\]/[j — 2Mk)|ch4>' (1'16)

[IpucyrcTBHe B mpormaratope (1.16) YACTHIL, He BXOJIANINX B Y4, TOMUMO MOSIBIEHUS 0-(DYHKITHIA,
OTpasKaIOMINX 3aKOH COXPAHEHWSI MMIYJIhCA JJIg CBODOIHOIO JBWKEHWs, TTPUBOINT, KaK BUIUM,
K CABHUTY SHEPIHHU 2z HAa CYMMAapHYI0 KHHETHYECKYI0 SHEPruio CBOOOMHBIX JYacTHIl. Kax Oymer mo-
Ka3aHO B IVIaBe 3, 3TO OOCTOSATENLCTBO HMEeT pellaioiiee 3HAUEHHE IS MOHUMAHHUS TOrO, Kak
Pe3yJabTaThl IJId BCEI CUCTEMBbI JaCTHUIL, 3aBUCAT OT CBOICTB 3aTPaBOYHOTIO ABYXYaCTUYIHOT'O B3au-
MOOEHCTBHI.

®opmanbio ypashenus (1.14) npeactaBiasior coboit 3(pdeKTUBHBIE YeTHIPEeXIACTHUHBIE YPAB-

HEHHd B KOTOPBIX JBE YaCTUIbI U3 ITATU O6p33yIOT KBa3NU4YaCTHUILY. BBGILH MaTPUILbI

{T}a4m,64n = Xa4m,64n >
{V}a4m,64n = Za4m,54n > (1-17)
{GO}a4m,B4n - 5@464Agfn ’

mozkeM meperucath (1.14) B dopme ypasuenuit JTunmvana-I1IBunHrepa J71s1 CBA3AHHBIX KAHATOB
T=V+VG,T. (1.18)

[Ipeacrasienne (1.18) mmeer Gosibimoe sBpucTHdeckoe 3madenme. Kak mokasano B pabore [52],
nponeaypa AI'C moxer GbITh mpnMeHeHa K ypasHeHmio (1.18) TouHO Takzke, KaK OHa OblIa IpH-

MeHeHa K HCXOMHOMY ypaBHenuio Jlunnmana-IIIsunrepa st naru gacrur (1.3), 9To gamo Ham
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Pucynoxk 1.1. /ImarpamMmMHoOe mpecTaBieHne 0OOOIEHHBIX MOTEHIIHAIOB [Torennuans 72 2

a4 Ba-

" Zi2 MOT'YT OBITH TOJIyY€HbI U3 22271 n ZSJ myTeM MOBOPOTa BOKPYT BepTukaibuoit ocu. ITITpuxo-

BBIMHU U CILJIONIHBIMU KPUBBIMHU IMOKa3aHBI, COOTBETCTBEHHO, 7-ME€30H U HYKJIOHBI.

OIlepaTOpHOE ypaBHEHUE (1.14). JleiicTBUTE/ILHO, BBEIEM pa3a0zKeHne 0D0OIIEHHOrO MOTEHIIHAIA,
V=> Vv, (1.19)

KOTOpO€, 0O9eBUIHO, SKBUBAJIEHTHO PA3JIOZKEHHIO COOTBETCTBYIOINUX MATPHUYHBIX 3JIEMEHTOB

Za4m,64n Z a4m Ban * (120)
3nech Z5% . 5,, OTIUYEH OT HyJs TOJBKO TpH yciaosun ay C az n g C az. Iuarpammuoe npej-
CTaB/ICHHE HEHY/IEBBIX MOTEHIHANOB Z,° 5, TpHBeJeHo Ha puc. 1.1.

Avimyary st X585 ) ABJISIONIAECS PENeHNsIMU Y PaBHeHUs!
Xa4m Ban = Za4m Ban + Z Za4m 'y4l<: X'y4l Ban (121)

Ya,kl
¢ norernnatamu (1.20), OMUCHIBAIOT paccestHie YacTUIL TOJIHKO B OJCHCTEME (i3, TOT/IA KaK JpyTHe
JACTHUIIEI OCTAIOTCST CBOGOIHBIME. B HMITYyIbCHOM MpeJICTaBIeHn: onepaTopubie ypapaenns (1.21)
CTaHOBATCA MHTErPaJIbHBIMHU YPaBHECHUAMMN. OHyCKaﬂ ,ZLeﬂbTa—(l)yHKuHH, COOTBETCTBYIOIIIHUE COXPa-
HEHUIO NUMIIYIbCA CBOOOIHBIX YACTHII, a TaKKe KO3(DDUIMEHTRI, CBI3aHHBIE CO CIIHH-U30CITHOBON
CTPYKTYDOIi COCTOSTHWI, MOYKeM 3aIicaTh (Mocje MaplunaabHO-BOJTHOBOIO PA3JIOKEHHs U BbIIese-

HUsI S-BOJIHBI):

Xatmpin (B30, 1) = 25t 5in (5, D) (1.22)
p//2dp// p”2
+ Z / o2 Za4m»y4k(E p,p )A E— 2/17 741 54m(E P’ p)
vYa,kl a3y4

Bnecyr E upeacrapiasger co0Oil SHEPIU0 OTHOCUTEILHOTO JIBUKEHUS YACTUI], BXOIAIINX B KIacTep

s, ecd a3 = 1,2, WK CyMMY OTHOCHUTENBbHBIX SHEPIHUil B JABYXYACTHIHBIX (parMeHTax, ecu
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Pucynok 1.2. Sdbdexrupnnie norenmmans Z3 | n Z3, onpejenennbie Boipazkenusivn (1.23) u (1.24).

Ob6o3Hadenus Te ke, 9To Ha puc. 1.1.

a3 = 3,4 (em. Tabmumy 1.1). Coub-u3ocnuHOBbIE KOIMDMOUIHEHTH MOTYT OGBITH BHIUUCIEHBI HEO-
CPeJICTBEHHO, JINOO ¢ UCHOIb30BaHneM (DOPMYJI, TPUBEJIEHHBIX, HAPHMED, B pabote [58].

[Ipu a3 = 1,2 ypasuenus (1.22) ecTh 0OBIYHBIE KBA3H-IBYXYACTHUHBIE YpaBHeHus tuna (B.13),
ompenensioniue B3anmojeiictsue B cuctreMax NNN u nNN. [Ipn a3 = 3,4 Mbl uMeeM /1Be HeB3au-
mozeiicTBytomue nByxdactuanbie mogcucreMsl (NN) 4 (nN) u (NN) + (NN), Mexk1y KOTOPBIME

BO3MOYKEeH OOMEH SHeprueii.

S-BoJTHOBas KOMIOHEHTA 3((GEKTUBHOIO MOTEHINATA UMeeT BU/I

+1

a 1 Jasm (W, 7) gpn (W', 7' PR
aam pan (B3P D') = 5 4E( p)Q pun = )d(p~p') (1.23)
-1 B 2agoy - 20y

g az = 1,2, 1
_ Gaum (WD) gpin(w, p)

Zgjm,ﬁuz(E;pap,) - 2 p? (124)
2upy  2May
nng oz = 3, 4. Bepruuubie GhyHKIHIT
Joum (W, 7) = (aam; w|q) (1.25)

3aBUCAT B OOIIEM CJIydae KaK OT OTHOCHTEJIHLHOIO MMITYJIbCa ¢ YacTHI[ B KJIACTEPEe vy, TaK U OT
SHepruy UX OTHOCUTETbHOIO JBUKeHHd w. Macca p,, ecth npusegennaa macca NN nan nN cu-
cTeMbl IpH iy = 1,2, cOOTBETCTBEHHO. {1 WILTIOCTpAIUN OOIIel CTPYKTYphl Bhipazkenuii (1.23)

u (1.24) na puc. 1.2 B kadecTBe HpuMepa MPUBEICHBI TOTEHI[HAJIBI Z22,1 " Zg’,l.

[Tocne Toro, Kak pasmoxkenue (1.19) BBeJeHO, MBI MOXKEM CHOBA ONPEIETUTh KAHATHHBIE Ia-

munasrornansl H,, kak

H,,=Hy+ V,,, (1.26)

rie cBoboaublii Tavuasronnan Hy B ¢BOo ouepensb omnpeseneH uepe3 pesonabsenty G (1.17):

Hy =2 - G;'(2). (1.27)
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[Toauerit lamuabronnan H umeer Bug

a3
Bropoe pesosbeentHoe ypasuenue i G(z) = (z — H)™! npusogur x ypaBHeHHsM st Olie-
PaToOPOB MEPexXo/Ia, AHAJIOTHYHBIM MO CTPYKTYpe ypaBHeHusM (1.11), HO UMEIOIUM MATPUYHYIO
dbopmy:
Uogps = (1 - 5&353)G61 + Z(l - 504373)T’73G0U7353 : (1.29)

3

73
3aecy marpumpr T, coCTaBIeHB N3 3JIEMEHTOB X qam.Byns YIOBIETBOPSIONINX yPABHEHUSIM (1.21).

Matrpuner U,,s, onpegeneHsl Kak
Uasﬁs = (1 - 504353)G(;1 + Vﬁs + (1 - 504353)\7043 + Vﬁanaa ) (130)

rme

Vo, =V -V,,. (1.31)

JI71st MaTPUUIHBIX 37eMeHTOB ypaBHenue (1.29) Oymer nverh Bu

Us;fzgﬁzm - (1 - 5a353)(Gal)a4m754n + (1'32)
+ Z z];l(l - 5043’Y3) X(;zyim,'mk Az? U:ijf§4n :
3 4,

Temepb, BCIOMB3Ys cenapadeTbHOe Pa3TI0KeHne

«a O[g/{/' a
Xajm,[hn = Z >Al~<:l3 < (133)

Kl | aum aym

B ypaBHennn (1.32) u Gepst mocyieiHee B 0OK/IaKaX BEKTOPOB

o Q3m
(Gologm)),,, = 3 A > , (1.34)
l Oé4l
OyaeM uMeThb
Xagm,ﬁgn = Za3m753n + Z Za3mﬁsk AZ? X“fsl,ﬁzm ) (135)
v3,kl
riue
agm | o B3n
Xagm,ﬁgn = Z Z < Akl4 Uaflégd’ Alﬁ’fv > ) (136)
ankl Bol'p \ ok Bap

n
Zasm,ﬁzm = (1 - 50{353) Z < Ag? > . (137)
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Pucynok 1.3. Jlmarpammuoe mnpejcTaB/ieHHe MOTEHINAIOB

a2

s gy OOO3BHAUEHUS Te ¥Ke, UTO Ha

puc. 1.1. OcrajbHbIe TOTEHIHABI MOTYT OBITH MOJYYEHBI U3 MPEICTABIEHHBIX HA PUCYHKE MyTeM

MTOBOPOTA BOKPYT BEPTUKATHHOU OCH.

Baxmuo ormernth, uT0, Kak BuaHO u3 (1.36) n (1.37), B omimdane oT omeparopos Uaffig’ﬁw, am-
WIATY B X ggm, Bgn W TOTEHINAIB Loy Byn HE SBISIOTCS MATPUIIAMI OTHOCUTEILHO MHICKCOB (1Ml
i [4n. DTOT Pe3yIbTAT €CTh IPSAMOe CIeJCTBHE HCIOTb30BAHUS CENapadelbHOTO IpeICTaBIeHUs
(1.33).

JI71s1 cucTeMbl 9eThIpeX 9YacTHI WHTerpasbHbie ypasaenus (1.35) yzke MMeOT HempephIBHBIE

sjpa. B nairem cirydae peyKIMOHHYIO CXeMy HeoOX0uMO TPUMEHHTH elre ojuH pa3. [lo anajorun

C OIIUCAHHOI BBITIIE Hpoue,uypOH MBI OIIATHh BBOIUM KaHAJIbHBIE ITOTEHIINAJIBI as 63-
_ 6%
Zagm,ﬁgn - Z asm,B3n (138)
oz
KOTOpBIE TeHePUPYIOT aMILTATYABL X, YIOBIETBOPSIONINE YPABHEHUSIM
162 _ ‘/3 o
Xa?)m,ﬁsn - Zasm Ban Z asm "/3]"3 v3l,B3n (1'39)

v3,kl

B nmmyiabcHOM mipesctaBiennn ypasuerust (1.39) umeror ctpykTypy, aHagsornanyio (1.22). Heny-

a2

s 5, W300pakens Ha puc. 1.3. Tlorermmuansr Tnma (1-+4) (g = 1,4) n coor-

JIEBbI€ MMOTCHIUAJIBI
BercTByIonme ypaBuenns (1.39), onpenenstomue paccesuune B cucremax 4N u n — 3N, moapo6Ho

pacemorpensl B paborax [59] u [60]. TTomumo morenmmanos tuna (1 4+ 4) y Hac Takke HMEOTCS

a2

aags C Q2 = 2,3, KOTOpHBIE

MOTEHIINAJIBI, COOTBeTCTBYIOMIe dbparMentanun (2 + 3), a UMEHHO
OIpeIeNIAI0T IBe HeB3AMMOACICTBYIONMX IPYT ¢ IPYTOM TPYIILI 9AaCTHI, MEXKIY KOTOPBIMH, KaK

u B caydae (2 + 2), Bo3amoxkeHn oOMeH sueprueii. VIHBIMEI ctoBaMu, SHEPTUS KAaXKIOM U3 MOJACHCTEM
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Pucynok 1.4. Tlorennuanst Z7 3 n Z3 5 onpeesennnie Beipazkennsvi (1.40) i (1.41). ®opm-dakTop
gg(q) oIIpeJIesIsieT B3auMo/IeificTBIe JBYX HYKJIOHOB B MPUCYTCTBUH B3anMOJIeHCTBYIOIIEH TTaphl 1)IV.

Omn ormmuuaercsa ot dhopmdarTopa ¢i(g) B mOTEHIHATE Z2271 Ha puc. 1.2.

MOZKET U3MEHSAThCH, B TO BpeMs KaK CyMMa 3THX dHepruil coxpansgercd. [Ipm 3Tom moreHnuasinr
2 73 3 3 4
733, Ziy 3 W Zy 4 aHATOTHIHBI TIO CTPYKTYPe MOTeHnmamam tnma (2+2) (ew. Zy u Zj | wa puc. 1.1)

W B UMITYJIbCHOM TIPEJICTAaBIeHIH UMeoT BuJ (cpaBHu ¢ dbopmyoit (1.24))

2 /2
« m « p p Ban
(E; =Y gomw o) A (E . . ) s 1.40
asm 53” i p aq,kl ga4k p & 2:“(1253 2”O¢2O¢3 Joul <w p) ( )

2 3 3 )
B 10 ke Bpems, noTeHnmnaNbl Z3 3, Z33 W Z3 4 O0JI€e CJIOKHBI MO CTPYKTYDE:

+1
1 asm —
asmﬁ3n(E b, p) 2 Z /gaik (waQ) (].4].)
Oé4,k‘l71
P’ ¢\ s
XAa4 E— — 3N /—»ldA.A/
kz< o 2Ma3a4)ga4z (W', ") d(p-p’)

M, 9TO OCOBEHHO BayKHO, HE MMEIOT aHAJIOroB B pasbuenusx az. Crpykrypa norennnasos (1.40) u
2 2

(1.41) mumocTpupyercst tuarpaMMaMu Ha puc. 1.4 Ha npumepe Zigu Z35. B npuBesenHbIX BbITe

dopmynax E mnpencraBisger coboit CyMMY BHYTPEHHUX SHEPTHil HEB3AMMOIEHCTBYIOIUX K/IacTe-

DOB.

JuarpamMuoe mpejcrapienne ypasuennii (1.39) mag o = 2,3 ¢ y4eTOM TOXKIECTBEHHOCTH HYK-

JIOHOB jaHo Ha puc. 1.5 n 1.6.

Ham ocTaioch HOBTOPUTH MPOIELYPY, KOTOpas MpuBesia Hac oT Bhipaxkenus (1.21) K ypaBme-
ausim (1.35). Oneparopsl nepexosa, 3bdeKTuBHbIE MOTEHIUATB U cBOOOAHAsA (dyHKIHs [ puHa

UMeIT BUJL

{T}asm,ﬁfm = Xagm,ﬁgn )
{V}af)m,53n = Zasmﬁsn ) (1'42)
{GO}aam,Bsn = 504353A313n :
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Pucynok 1.5. 9ddexTupnbie nByX9aCTHIHbIE YDABHEHAS JJTsl AMILTATY X5, 5., BOSHUKAIONUX B

pasbuennn (nN) — (NNN). Obo3nauenus: te ke, uro Ha puc. 1.1. Huknane n BepxHUe WHIEKCHI
B 0003HAYMEHHH U4} OTHOCATCS K HOMEpPaM, COOTBETCTBEHHO, IBYX- M TPEXUACTHUHBIX pasOHeHmit
B tabsmre 1.1. [enounciennsie Ko3bDOUIHEHTH TOSIBIINCH BCJIEICTBHE YU€Ta TOXKIECTBEHHOCTH

HYKJIOHOB 1 TiepexoJa K CUMMETPU30BaHHBIM COCTOAHUAM.

Ucnonp3ys cemapabeibHOE PA3IOKEHIe aMILTUTY/T

o Ozgk’ o OZQZ
Xaman = 2 > ki < ; (1.43)

kl | Qi3m

MBI TPUXOJIUM K KBa3U-JIBYXYaCTUIHON (hOpMe MCXOIHBIX YpaBHEHUl 3a/1a9¥ MATH TeJl

Xazm,ﬁgn = Zagm,ﬁzn + Z Zagm,’yzk AZ? X’yzl,ﬁgn 5 (144)
Y2,k
rie
awom | Ban
Za2m752n = (1 - 504252) Z < Akl > . (145)
asz,kl Oégk Oégl

[Morernuans (1.45) mpeacraBieHsl B BUJE JUarpaMM Ha puc. 1.7. B uMmyabcHOM TpeacTaBie-

HUW OHU MMEIOT CTAHJAPTHBIN Bi (cpaBHE ¢ BhipaxkenueM (1.23)):

+1
1 a2m —
ZanﬂQn(E;p’pl) - 5 Z /gask <W7Q> (146)
as,kl’q
P q> 5
X AQS E — — 2N ! =/ d A Al
i ( 2:“042 2,“042043) Jasl <w 4 ) (p p ) )

KOTOPBIH CXeMaTHIeCKH TPOWLTIOCTPUPOBAH B (opMe auarpaMm Ha puc. 1.8 Ha mpuMepe MOTeH-

muana Zyo. 37ech I ecTb sHeprus Beeil cucTeMbl naTH Tea 1 — 4N.
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Pucynok 1.6. To ke, uro ua puc. 1.5 jus ammmarys X3, 5 B pas6uennn (nNN) — (NN).

[}

YpaHenusi (1.44) B KOTOPBIX KOPPEKTHO YUTE€HA TOKIECTBEHHOCTh HYKJIOHOB, TPEICTABIEHBI
Ha puc.1.9. Kak n panee, mOTeHIMANBI Za,m gon U AMIUIATYIAB Xo,m g, HE HMEIOT MATPUYHOI
CTPYKTYPBI 1O HHJIEKCaM azm u [3n. Kak mokazano B pabore [52|, eciu dbopmbarTopsr |aom)
W |[an) COOTBETCTBYIOT CBSIBAHHBIM COCTOSIHHSIM B TIOJCHCTEMAX (g U (2, TO MaTpPHUIA Xaom,Ban
(BBIUKCTIEHHAS] HA SHEPreTHYECKON MOBEPXHOCTH) OMPEJIENsieT PACCEsHUe U3 COCTOSHUS |aom) B
cocrostaue |[Bom).

[TpuBeaenusrii Boie BHIBOA ypaBHenuii (1.44) nis 3a1a9u MsITH TeJI, MMEIOIINX HEelPEePhIBHbIE
sJipa, TOKa3bIBAET, UTO UCIOJb3YeMbIil HaMu cenapadebHbIi MEeTOJI TMO3BOJISIET CBECTH TISITHYA-
cruvnbie (B 00meM ciaydae N-4acTHIHBIE) PACIETHI K IOBOJIBHO MPO3PAYHON PEKYPPEHTHOM cXeMe,
B KOTOPOIl aMILTUTY/IbI MOJCHCTEM B PA30UEHUN (v,,_9 ONPEJETAIOTCS aMILTHTYIAMEA, OTHOCATITAMH-
¢Sl TOJIBKO K pasbmenusM «, 1 C oy o U o, C a,_ 1. B pamrax sroit cxembl hopMmdpakTopb u
MPOIAraTOPhl, BOZHUKAOIINE B cemapadbeTbHOM MIpeicTaBIeHnn MaTpull X B pa3OMeHHIX «;, U

Q1

, (1.47)

N ank N apl
n J— n
Xa’n+layﬁn+1b - Z kl

kKl © Opi1Q Brn+1b

1k Oyl
(|

na

Qn—1 _
Xorabab = D

kl
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Pucynok 1.8. CtpykTypa noreniuana Z, o cormacuo obmeit popmyse (1.46).

UCTOIB3YIOTCS JIJIsi TIOCTpOoeHus 3(PMHEKTUBHBIX MTOTEHIIAIOB ZSZ;Z 5,_,p COTIACHO 00MIEMY BBIDa-
JKEeHUIO
Qp—10 anlb
Qn—2 _ Tn
Zan,la,ﬁn,lb - (1 - 50477,71677,71) Z < Akl > ) (148)
Yookl N Yk Ynl
Tn C An—1, Tn C Bn—la Op—1, 6n—1 C ap—2-
[Torennnansr (1.48) nopoxkmpator Marpuilbl X B pasOueHun o, o
Qn—2 _ Qn—2 Qn—2 Tn—1 Qn—2
X s ab = Zan tapav T 20 Zan ramo kD X5 s b
Yrn—1,kl
Ap—1, Bn—la Tn—1 C Qp—2. (149)

Ha npakruke, ypasuenusi (1.49) B TakoM BHJEe DeNIatOTCs JHIIb JJIS HAXOXKIEHWUsT aMILIATY/I

Xaom,Bon- B IPYTUX pa3OMennsx o, ¢ n > 2 UCMHOJb3YI0TCA (DAaKTHUECKN TOJIBKO WX sd1pa /IS

Qn—2

o 1a.fn_,pe Ha"aB ¢ n = 4 mocye Tpex-

IIOJIydeHud cenapa6ean0F0 IIpeacTaBJaeHud aMILIUTYIbI

KPATHOTO MOBTOPEHNS ONMMCAHHON BBITITE pEKYPPEHTHO# cXeMbl Mbl TPUBONM HNCXO/IHbIE YpABHEHU T
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JUIST TSITH 9acThI] K 9OGEKTUBHBIM JIBYXYACTUIHBIM YPABHEHUSIM, UMEIOIIUM CTPYKTYPY ypaBHe-

uuii JIumnvana-II1IBuaTEepa /119 CBA3aHHBIX KaHATIOB.

1.2 CenapabesibHOE pa3JjiOXKeHNe SgAep MHTErpaibHBIX ypaB-

HEeHUn

Kak ciegayer 3 marepuasia MpeapIyiieil YacTi, OJHAM U3 KJIIOYEBBIX MOMEHTOB MPOIEYPhI,
MO3BOJIIONIEH MPUBECTH UCXOJIHBIE YPaBHEHUS K cucTeMe ypaBHeHumii Tumna Jlunmmana-IIIBunrepa
JUTSL CBSI3AHHBIX KAHAJIOB, SIBJISETCS celapadebHOe PA3JIOKeHne saep WHTerPATbHBIX YpaBHEHUH
COOTBETCTBEHHO JIJIsI JIBYX-, TPEX- M YeThIpeXuacTUIHbIX 3aad. OO0Imasi cxema WCI0JIb30BAHUT
cerrapabesIbHOTO PA3IOKEHNST PACCMOTPEHA B IPUJIOYKEHUN 1. Ha IpUMepe PeImeHust TPeXIacTHIHOM
3ajaun. Huke U3I0KeHbI JeTaln, OTHOCSIHeCsS K ucnoab3yemomy Hamu Merony EDPE (Energy
Dependent Pole Expansion), koropslii, B ornduie or 6ojiee TPaJNIMOHHBIX METOJ0B, OKA3aJICs
odeHb 3(PpEKTUBHBIM MIPU pereHnn 3aa4 ¢ gucjaom dactur N > 3.

Bo muorux 6o7ee paHHUX padOTax JId HAXOXKICHUS BePIINHHLIX (DYHKIHNA U MPOTAraTopoB B
Beipazkernsax Buja (1.33) win (1.43) mpumensiics meron ['misbepra-IIvuara. Ero uges ocnoana

Ha MCIOJIb30BaHUN COOCTBeHHBIX DyHKIW ¢,(FE; q) sapa WHTErpaJbHOro ypaBHeHUsl BUIA

2
X(E:q,q)=Z(E;q,q) +/Z(q,p) 7(E;p) X(E;p,q) p%f, (1.50)

VAOBJETBOPAIOIINX COOTBETCTBYIOIMIEMY OJHOPOAHOMY YPaBHEHUIO

pidp
o2

M(E) gn(E;q) = /Z(E;q,p) 7(E;p) gu(E;p) (1.51)

Sueprust F Bxoaur B HabOp aprymeHToB (hyukuun ¢,(E;q) u cobcrBennsx uncen \,(E) B ka-
gecrBe mapamerpa. Camu dyukun g,(F;q) uMeoT KOHEYHYI0 HOPMY (SBJISIOTCS SJIeMEHTaAMU
ruab0epTOBa MTPOCTPAHCTRA).

Ypasuenue (1.50) OTHOCHTCS K KJIACCY YPABHEHHI C CHUMMETPUYHBIM SIIPOM C HATPY3KOi

7(E; p). [Tpocteim mpeobpaszoBannem

9n(E5q) = gn(E;q) \T(E; q) (1.52)

OHO MMPpUBOJAUTCA K YPaBHEHHIO

q/qu/
272

M(E) gn(E;q) = /Z(E;q,q’) In(E:q) (1.53)

C CUMMETPUYIHBIM AJ1POM

Z(E;q,q) = \T(E;q) Z(E; q,4) \JT(E; ¢') . (1.54)
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Tax kax mpeobpaszosanust (1.52), (1.54) sBasioTcst MPeoOPAOBAHUSIME TOZO00UST, TO COOCTBEHHBIE
YUCIa A, He I3MEHSIIOTC.

CobcerBennsre byuknun §,(F;q), 09eBUIHO, TAK¥Ke ABISIOTCI JTEMEHTAMEH T'HILOEPTOBA MPO-

crparcTBa. Jlerko BumeTh, 9to ecan cucrema §,(E;q) (n = 1, 00) npeacrapiaser coboit OpTOHOP-

MEPOBAHHYIO CHCTEMY COOCTBEHHBIX (hyHKIMi siapa 2 (E;q,q) ¢ ycaoBueM HOPMHDPOBKH

24
¢Cdg _

~n E7 ~n’ E, — " Unn/, 1.55
/g( q) 9w (E:4) 5 (1.55)

t0 g,(E;q), (n = 1,00) — opToHOpMEpOBaHHAs cHcTeMa cOOCTBeHHBIX (byHKUMit gaapa Z(F;q,q)

¢ Becom T(E; q), st KOTOPOIi ycI0BHE HOPMUPOBKH MMEET BUJ

/gn(E§ q) T(E;q) gw(E;q) Tdg =~ - (1.56)

272
Hecmotpst Ha ToO, uTo cucrema g,(F;q) He gBuserca moHO, cBobomuerii wien Z(E;q,q') nnre-
. /
rpaibHOro ypasuenust (1.50), a takzke cama ammauryaa X (E; g, q') Bcerma MOTYT GBITH MPEICTAB-

JIEHBI B BUJE PA3JIO2KEHUA 10 3TOI CUCTEME:

Z(E;q,q) = = 2 () gu(E: q) gn(E; ), (1.57)
X(E;q,d) == 9u(E;0) An(E) gu(Esq') (1.58)

riae muOKUTETh A, (E), paBHbIi ()
AL (E) = #n(E) (1.59)

UMEET CMBICJI TTPOTIAraTopa.

OcnoBHot HegocTaTOK MeTosa ['misbepra-IlIvuara 3aKkmo9aeTcs B HEOOXOIUMOCTH PelIaTh O/1-
HOpOHOe ypaBHenue (1.51) mpu KaxkjaoM 3uadenun sueprun F. B 3a1aue ¢ 4eTbpbMs U 0COOEHHO
C TSITHIO YACTUIIAMHA ITO TMPUBOIUAT K DOJIBIAM 3aTpaTaM KOMITBIOTEPHOTO BpeMeHu. B 31oit cBsi3n
JUTsT HAIMWX TeJieit OoJtee yI0OHBIM SIBJISIETCST TaK HA3BIBAEMBIN dHEPrO3aBUCUMBII MeTO[| cenapa-
Genbroro paznoxenns EDPE (Energy Dependent Pole Expansion), mpeacraBiennsiii B pabore
[61]. TIponsutioctpupyem cxemy npumenennst EDPE meroza wa npumepe ypaBHeHWiT 711 TOXK 1e-
CTBEHHBIX GeccnmHOBBIX dacTuil (6o30n0B co crmHoMm 0). Bosee neranpHoe onmcanne ¢ BBIBOJIOM
OCHOBHBIX (hOPMYJT MOYKHO HaiiTu B pabore [61].

Meroz no3Boisiet Haiitu dbyukuuu g, (E; q), yI0BIETBOPSIONIHE OJHOPOJAHOMY ypaBHenuio (1.51),
0e3 HAXOYKIEHUsI PeIeHnsl TOT0 ypaBHEHWs TP KaKJI0M 3HAUYeHHH mmapamerpa F, Kak 3TO Tpe-
OyeTcst B pacCCMOTPEHHOM TOJILKO 4TO MeTojie ['mindepra-ITImuara. Pesynaprupylomas marpumna X

B 3TOM CJIy4da€ HMeeT BHJI

X(E;q.q) ==Y gm(E:q) Apn(E) gn(E; q') (1.60)
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n ormaaercst ot (1.58) Tem, 9T0 MaTpuIa «IIponaratopos» A Terneph He JIHATOHATHHA.
VcxoaubIiM MyHKTOM METOJIA SIBJISETCS PelleHne 3aa9d Ha COOCTBEHHBbIE 3HAYEHUS MPU HEKO-
TOPOIi, BOODIIE TOBOPs, MIPOM3BOILHON sHeprun K = B:

pidp
22

AM(B) gn(B; q) = /Z(B;q,p) 7(B;p) gn(B;p) (1.61)

B KOHKpeTHBIX pacderax B KadecTse B, Kak NMpaBuo, 6epercs 3HaYeHne SHEePruu CBA3M B KaKOi-
b0 u3 nojcucreM. Tak, HATIpUMED, TIPU PEIieHnn 3a/1a9u 1JIs deThipex 0030HOB B = — Fsp, rie
Es, > 0 — sueprug c¢Bsi3u B TpexDO30HHOM mojcucTeme. B ciydae, KOrga CBS3aHHOE COCTOSTHUE B
MOJICUCTEME OTCYTCTBYET, MOYKHO B3aTh B = 0.

[ToyuenHble HA TIEPBOM dTare BepIuHbl g, (B; q) n mpomaratopbt A,,, (B) 3KCTpanognpyoTest

3aTeM Ha BCIO BEIIECTBEHHYIO OCh YHEPTHH COTJIACHO hopMyIaM

gn(E;q) = /Z(E;q,p) 7(B;p) gn(B;p) ];2:5, (1.62)
[A™H(E)mn Z/[Q(B;p) 7(B;p) = ga(E; ) 7(E;p) | ga(E:p) p;ff- (1.63)

Kak yxe 0b1710 oT™Meueno, cymniectBenubiM mpeumytiectBoM EDPE merona siBiasiercss To, 9to
3a/1av4a Ha COOCTBEHHBIE 3HAYEHUSI PENIaeTCs JINTh ouH pa3. OnpesesieHne 3Ha9eHIT BEPITUHHBIX
¢byHKIMit ¥ TpomaraTopoB Mpu JAPYTUX 3HAUYEHUIX JHEPTUU CBOIUTCA K MPOCTOMY BBIUYUCICHUIO
MHTErpaJjioB coriacHo Beipazxkenusm (1.62) n (1.63).

Cuoreryer TakzKe OTMETHTD, YTO €CJIH CIHEKTP COOCTBEHHBIX 3HAYEHUIT JIJIsT M YACTHUI] COMEPAKUT
KaK MOJIOKUTETbHBIE, TAK U OTPUIIATETbHBIE COOCTBEHHBIE 3HAUCHHUS, B CIIEKTPE JIJI CUCTEeMBI 1+ 1
YJACTHIL B OOIIEM CJIydae MOTYT MPUCYTCTBOBATH COOCTBEHHBIE 3HAUEHUSI, KOTOPHIE ABISTIOTCS KOM-
MJIEKCHBIMI B TOM YHCJIe B 00JIACTH SHEPTHI HUZKe YIpyToro nmopora. Takme coOCTBeHHBIE 3HATEHUS
MOTYT HOSIBISATHCS TOJIBKO MapaMu: KaxKIOMY KOMIIJIEKCHOMY COOCTBEHHOMY 3HAYEHWIO COOTBET-
CTBYET KOMILITEKCHO compsizKeHHOe. COOTBETCTBYIONINE COOCTBEHHBIE (DYHKIIMH TAKYKe SBJISTIOTCS
KOMIIJIEKCHO COTIPSIKEHHBIMY MO0 OTHOMIEHHWIO JAPYT K Apyry. s stnx dyHKnmii, KpoMe CKaJsip-
HOTO MPOW3Be/IeHNst, GUTYPUPYIOEro B ycaoBuu HOpMUPOBKH (1.56), MOKHO TakzKe ONMpeIenTh
SPMHUTOBO CKAJISIPHOE TIPOU3BEICHUE (C KOMILIEKCHBIM COTPSZKEHUEM ), TOZKJIECTBEHHO PABHOE HYJTIO,

BKJIIOYad caydail n' = n.

1.3 3BakJjrwdyeHue K rjase 1

I/I,ILGH O TOM, 4YTO BBaI/IMO,ZLeI'?‘ICTBI/Ie B cucreMe HECKOJIbKHUX TeJI MOXKEeT pacCCMaTpUBATLCA KaK

B3aI/IMO,ILeIL/'ICTBI/Ie KBa3WM4vaCTHUIl, MIUPOKO HCIOJIb30BaJlaChb BO MHOZKECTBE MOﬂeHeﬁ Ipu ONMUCaHUU
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TPEXYACTUIHBIX CHCTEM, OCHOBAHHOM Ha BBEJIEHUH cenapabebHBIX JIBYXTACTUIHBIX B3aUMOJIEH-
crBuii. [IpeacraBiennas HaMu cxeMa pelIeHus 33Ja9l AT TeJl MOKA3BIBAET, YTO TaKOU MOIXO]T
JIeHCTBUTETHLHO UMeeT OOJIBITIOe IBpUCTHYecKoe 3HaUeHue. [loryuaemble ypaBHEHUST UMEIOT TOBOJTb-
HO MPO3PavuHblil (GDUUIECKUN CMBICT U COOTBETCTBYIOT OOBIYHOMY CIOCOOY CYMMHUPOBAHUS Psijia
MHOTOKPATHOTO paccestaust [62].

BakHO OTMETHTB, YTO METO/T He OIPAHUYUBACTCS UCIOIb30BAHIEM TOJTBKO HEJIOKATbHBIX Cela-
pabeIbHBIX TIOTEHITNAJIOB, TAK KaK B IIPUHIUIIE JIFOOOi, B TOM YUCJI€ YUCTO JTOKAJbHBI, MOTEHIINA
MOKeT OBITh IPEJACTaBICH C ONPEJeJeHHON TOYHOCTHIO CyMMO# cemapade/ibHbIX 4IeHOB. Takum
00pa3oM, MeTO, MOYKeT MPUMEHATHCS JIJIsT TPOU3BOTIBHOTO JIOKAJTLHOTO B3AUMOICHCTBHUS.

OueBHUIHO, YTO TIATOHN 33 3Ty OOIIHOCTH METO/A ABJISIETCS TO, YTO BMECTO OJTHOTO YDABHEHUS
HEOOXO/IMMO peliaTh HaDOp CBA3AHHBIX MHTErpabHbIX ypaBuenuii. [losromy ero apdekruBHOCTD
3aBUCUT OT KOJUYECTBA YJIEHOB, KOTOPBHIE HEOOXOJMMO COXPAHUTH B PA3JIOKEHUSX JJIs obecriede-
HUS cXOaAUMOCTH. KakK MOKA3bIBAIOT PACYETHl I HYKJIOHHBIX CUCTEM C JIOKAJLHBIME MOTEHITHA-
JIaMH, BO BCEX CJIy4dasX yzKe HEeCKOJILKO TEePBBIX UJIEHOB 00ECHEeYUBAIOT MPUEMJIEMYI0 TOYHOCTH
pe3yJIbTaTOB.

[Ipu obobImEeHnn cemapabeTbHOrO pa3aoyKeHHus Ha CHCTeMBbI ¢ ducaoM dactui, N > 3 MeTof
OPUBOJIUT K HEKOTOPBHIM (DOPMATBHBIM YCJIOKHEHUSAM. B 9acTHOCTH, YBEJUYUBACTCS YUCJIO YPaB-
HEHU, TOSBISIOTCS Y(POEKTUBHBIE TMOTEHIINAJIBI, HEe UMEIOIHe CTPYKTYPHBIX aHAJIOTOB B 3aja4e
tpex Ten. OHAKO, OCHOBHAS Wjes MeTO/a, Ha KOTOPOil OCHOBaHA CXeMa PerreHus 3aa9d TPex

Te, OCTAETCA HEU3MEHHOI.
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I'maBa 2

Penienne 3ala9n IIdTm!m TeJI AJId CUCTEeMbI TO2KIE€CTBEHHDBIX

D0O30HOB

B nannoi# r1aBe mpuBeieHHAsT BBITIE CXeMa PENeHusT MATHIACTHIHBIX YPaBHEHWH MPUMeHsIeT-
cs1 K KOHKPETHOMY CJIYYal0, KOT/1a CHCTeMa COCTOUT U3 MATH OANHAKOBBHIX OECCIHMHOBHIX DO30HOB,
B3aUMO/IEICTBYIOIHUX TOCPEICTBOM S-BOJTHOBOIO TOTEHIHAIA. 3aJa4da PAacCMaTPUBAETCI B OCHOB-
HOM C aKaJeMHIeCKHMU TeadMu. TeMm He MeHee, KaK caM METOM, TaK W MOJyIeHHBbIE Pe3yTbTaThl
MOT'YT OBITh TTPUMEHEHBI K PelieHni0 KOHKPEeTHBIX (PU3NIECKUX 33/1a4, HAIPUMep, MPH pacCMoTpe-

HHUN BBaHMOﬂeﬁCTBHH ABYXHYKJ/JIOHHBIX KJIaCTEPOB C HYJIEBLIM CIIMHOM.

2.1 ®opmaan3m AI'C aj1g cucteMbl O9TH TOXKIEeCTBEHHBIX 00-
30HOB

B ClIydae MATH OANHAKOBBIX 0030HOB AJIgd OTTNCaHUA 3aTPAaBOYHOI'O ABYXYaCTUYIHOT'O B3aMMO-

JIERCTBUST B S-BOJIHE OBLT MCIIOJIH30BAH MPOCTEHINNIT cenapadebHbIi TOTeHIHAT

v(q,q") ==X f(q) f(d) (2.1)

¢ dhopmdakropom tuna Imaryun [63]

fla)=0+¢/3*)". (2.2)

Macco 6030HOB OpaJsinch paBHBIME Macce HykiaoHa M = 939 M»sB. Orcekaroruii mapamerp
B = 1,4488 ®m~! 6bL1 B3aT HenocpeacTBeHHO U3 paboTh [63]. I napaMerpa A, onpe/Iesionero

MHTEHCUBHOCTbH BSaHMO,Z[efICTBHH, NUCITOJIB30BaJIOCH YCpeJHEHHOE 3HaYeHue
A= (o +\)/2, (2.3)

riae Ag (S =0, 1) — 3HavYeHne mapameTpa, BEIYHCIEHHOE B [63]| COOTBETCTBEHHO /TSl CITMH-CHHIJIET-
HOro u crnmH-Tpuiieraoro N N-p3anvogeiictsuit. [Ipu TakoMm BEIGOpE apaMeTpoB JBYXO030HHAS

(bb) cucrema nmeer ciabo CBsI3aHHOE COCTOsTHHE ¢ Heprueii csaszu Fy, = 0,43 MsB.
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Y1o0B! yuecTh TOXKIECTBEHHOCTH YACTHIL, OBLT TPUMEHEH MeTOJ, YIOMSHYTHINH B PeIblIyIIei
rmaBe. A mMeHHO, Bee (hOpPMAIbHBIE BBIKJIAJKHA MEPBOHAYAIBHO OCYIIECTBIISLINCH TaK, KAK eCIn
OBl Bce 0030HBI OBLTH pa3nTudHbIMHU. [locte monydeHns HEOOXOAMMBIX YpaBHEHHUH YUHTBHIBAIACH
UX CHUMMETPUIHOCTH, OOYCJIOBJIEHHAS TOXKJIECTBEHHOCTHIO YACTHUIl, CTPOUINCH COOTBETCTBYIOIIHE
CUMMETPU30BAHHBIE AMILJIATY/IbI, U UCXOIHBIE YPABHEHUSI TPE0OPA30BHIBAINCH K YPABHEHUSIM JIJIsT
CUMMETPU30BAHHBIX aMILTUTY/I. Bosee neTaabHO MpOIe/Iypa CUMMETPU3AINN OMUCAHA B TIPIIOMKE-
auw [11..

Bosmoxkubie pa3duenns o, CHCTEMBI MSITH TOXKAECTBEHHBIX O030HOB MpuBeaeHbl B Tabanme 2.1.
Yucno ypaBuennii tuna Jlunnmana-IIIBunrepa, K KOTOPBIM MPUBOIUTCS UCXOMHAS 337a9a, PABHO

YUCTY COOTBETCTBYIONINX pa3OUEHMi.

Tabmuma 2.1. Hymeparus pazoneHuit 1si CHCTEMBI MTATH OJMHAKOBBIX OO30HOB.

1 (bb)+b+b+0b (bbb)+b+b b+ (bbbb)
2 (bb)+(bb)+b (bb)+ (bbb)

Omneparopubie ypapuenns (1.49) pst marpum X" cn = 2,3 cxeMaTUIHO TTPEICTABIEHBI

On+1,Bn+1
Ha puc. 2.1 u 2.2. [enouncaennbie (GakTOPhl B MPaBOil YacTH MOSBJSIOTCS U3-3a TOYKJIECTBEHHO-
¢t OO30HOB. DTH ypaBHEHUS XOPOIIO U3BECTHBI M3 TEOPHH YETHIPEX HYKJIOHOB, U UX CTPYKTYPAa
moApoOHO omucana, Hanpumep, B pabore [59]. st a3 = as = 1 sddekTuBHBIE TOTEHIHAIBI
Z1%, Zy3 v Z1'3 vuTepnpeTupyioTcs B TepMUHAX oOMeHa JacTHIAMU (KBasmyacTunamu). B cayvae
a3 = (i3 = 2 MBI UMeeM, KaK OOBIYHO, JIBE TPYIIbI YACTUI], B3AUMOIEHCTBYIOINX TOJTHKO BHYTPH
KJIACTEPOB.

BaskHo, 4T0 B ciydae ay = 2 (cMm. puc. 2.2), Kpome MOTeHInaa 212,2’ COOTBETCTBYIOIIETo (par-
MeHTaun (2 + 3), KOTOPHI MO CBOEH CTPYKTYpe SKBHUBAJEeHTeH MoTeHnuasaMm tuma (2 + 2) B
pazbuennn oz = 2 (Z1271 Ha puc.2.1), Tak:Ke BOIHUKAET MOTEHIIUAT Z2272, KOTODBIHl HMeeT UHYIO
CTPYKTYpPY. 3/1€Ch, KaK U paHee, MMEIOTCsI JIBE HEB3aUMOJIEHCTBYOIINE JAPYT C JAPYTOM COCTABHBIE
YACTUIBI, HO TIOTEHIAJ DOJIBIIE HE UMEET TOTO MPOCTOT0 CMBIC/IA, KAKOH OBLI pH (bparMeHTanm
tuna (2 + 2) B cucteMbl deTbipex dactuil. Kak BUIHO W3 pHUCYHKA, Teleph HAYAIBHOE U KOHETHOE
cocrostHust BKIOUA0T 3 dextuBubie Bepuuuel (bb) + (bb), a B3anMOIelcTBIE peaTn3yercs myTeM
obMeHa 6O30HOM MexKJIy ABYMsl Kiaacrepamu (bb), Torja Kak BTOPOi KJIacTep BBICTYTAET B POJIH

ClieKTaTopa. HOTGHHI/I&J’IBI TaKOI'0 THIIa HEe HUMEIOT aHaJIOT'OB B TEOPpHUH YE€ThIpEX TeJI W BIIEpBbLIE



38

1

1,1 1,1

Z],] Zz,z
1 f f 1
— ‘XU - 2 t+ 2 ‘X/,/ L
7 2 7 2

X

—O=  OH
-0~ T =M™

Pucynok 2.1. I'padudeckoe npescrapienne ypasuennii (1.49) qyst pazbuennit az (Hymepamust pas3-
Ouenuit mpusesena B Tabauie 2.1). BepxHee u HUXKHee ypaBHEHUs] COOTBETCTBYIOT oz = 1 u 2 co-

OTBETCTBEHHO. UMCACHHBIe MHOKUTEIN BO3ZHUKAIOT BCJIeJCTBUE YUe€Ta TOXKACCTBEHHOCTU YaCTHII.

DOABJIAIOTCAd UMEHHO B 3a/lave IIATH TeJI.

1 1

Z/,z Z/,/ Zz,z
i gf gj ] !
:)(1,1: = 3 + 3 )(1,1: + 4 ‘Xz,J:
Zz,11 Zz,11
— i i 1
] ‘Xz,z — 3 + 3 ‘XIJ —
7 2

Al = = o=

2 2 2

Z Z Z

2.1 2.1 2,2

:
:

- | — 1
e T ot ovE T ONE

Pucynok 2.2. To ke, uro Ha puc.2.1, HO I ABYXYACTUIHBIX pasbueHuit ap = 1 (1Ba BepXHUX

L] ]
-

VDABHEHUSI) U (g = 2 (JIBA HUKHUX YDABHEHHUS ).

[Tonydyennbie ypaBHeHUs Jjisi nTH dacTul] B ¢popme ypapuenwuit JIunmmana-ITIBunrepa mpo-
WLTIOCTPUPOBAHBI Ha puc. 2.3. B UMITyTbCHOM TpEeICTABIEHUN TOCTE TepeXxola K MapruaabHO-

BOJTHOBOMY Pa3JIOZKEHHIO OHHU r[pe06pa3yI0TCH K OJHOMEPHBIMU HMHTEI'PAJIbHBIM YPaBHEHUAM 114
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OT/JEJbHBIX BOJH. Tak Kak Mbl OI'DaHMYMBAEM HAIlle PACCMOTPEHHWE SHEPrusiMU HUKe IMePBOTO
HEYIPYTOro mopora, sapa ypaBHEHUil SBISIOTCS HEIPEPBIBHBIMU (DYHKIUSIME, TaK 9TO CAMHU YPaB-
HEHUS MOTYT OBITH DEIIeHbl HEeMOCPEJICTBEHHO ITYyTeM MATPUYHOI WHBEPCHH.

ToxkecTBeHHOCTH DO30HOB YUHUTBHIBAIACH MO cXeMe, n3joxkeHnoit B npuioxkenwnu [1I.. Hampu-

Mep, uist iepexooB Tuna b + (4b) — b+ (4b) MBI MOXKeM BBIJIEJINTh THATOHATIBHYIO aMILIHTY/LY
XP = XOé27042 ) (24)
W HeJIMArOHAIbHbBIE aAMILTHTYIbI
4
XN = Z Xogpes 27 P2, (2.5)
ag=1

r7e Bce pasbueHus s, Sy umetor tun b + (4b). Torma cummerpuzoBanuas ammuryaa Xi g A

nepexona b+ (4b) — b+ (4b) onpenensiercst KoMOUHaIHEH
X=X+ XV, (2.6)

KOTOpas sIBIgeTca obodbmenneMm KomOuHanuu Xp + 2Xy, BOZHHKAOIMEH B clIydae Tpex TOXkK/Ie-
CTBEHHBIX vacTull [64]. AnamornaubiM 06pa3oM CHMMETPH30BaHHAS AMILUIATYIA Xo,1 na puc. 2.3

onpeaenrdeTcd Kak
10

Xo1 = Z Xas Bo s (2.7)

az=1

rae o — b+ (4b), n cymmmEpoBanie IPOBOAUTCS 10 BeeM pasbuennsiv ap tuma (bb) + (3b).

2.2 PesyabTaThl U UX 00CYXK/JeHUE

Tak Kak B MpaKTUYECKUX pacderax cenapaberbHOe pa3oKeHue fjiep WHTErpaTbHBIX ypPaB-
HEHUH 3aMeHdAeTCd KOHEYHON CyMMON, MPOBEepKa KadeCTBa MOJEJIN HPeIoJaraeT MUCCJeJ0BaHue
CXOOAUMOCTHU PE3YyJIbTAaTOB K IMMPAaBUJIBHOMY 3HAYEHUIO B 3aBUCUMOCTH OT YHUCJIA T cenapa6eﬂbeIX
YIEHOB, YINTHIBAEMBIX B pa3noxKennu. [[og mpaBuIbHBIM MOHUMaeTCd 3HAUYEHHUe, TOJIydaeMoe B
mpenene n — oo.

B ciydae nsitn 6030HOB HEMOCPEICTBEHHBIE PACYETHI MOKA3bIBAIOT, YTO JIJISI SHEPTUU CBSA3U Fsp

a2

cvam Ban W Q2 = 1,2 obecrieanBator

y7Ke TepBBIil 4jleH B cernmapabeTbHOM PA3JIOKeHHH aMILIATY/
TOYHOCTD B TIpe/iesiax 2 % OT HPAaBUIBHOTO 3HAYEHHsI. UTOOB IPOIITIOCTPHPOBATE CTOH OBICTPYIO
CXOIMMOCTB, MBI TIPHUBEJN HA PHC. 2.4 SHEPreTH9IecKy0 3aBUCHMOCTH MEPBBIX YeThIPeX COOCTBEH-
HbIX 3HadeHnit A02. Kak BugauMm, aBCoOMOTHBIE BeJIMIHHBI |[AY2| TOBOJBHO GBICTPO YMEHBITAIOTCS,

Tak 4To ¢ pocToM n nMeeM |A*?| < 1. Kpome Toro, kak BUIHO U3 puc. 2.4, BKJIAJ YJIEHOB C HOMe-
n ’ b)

paMu n > 1 InogaBJIeH, IOCKOJBKY JBa COCEIHUX C/Iara€MbIX BXOOAT B CYMMY C Pa3HBIMHU 3HaKaMH.



40

B pesysibrare mpuTtdaruBaioniasi 4acth MOTEHIMAIA, COOTBETCTBYIOmMAs A, > (0, B 3HAYUTEILHOI

CTelI€eHN KOMIICHCHUPYETCA OTTaJKHUBaIOIMUMHU YI€HaMMH, COOTBETCTBYIOIMUMHI )\n < 0.
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Jl1st sHepruit CBA3W MOJIydaeM
E3=12,6 MaB, Ey =54,8 MaB, FEj, = 144,3 MsB. (2.8)

BBuy TOoro, 9To Mbl ucnojib3yem mnpocteinmuii norennuan fimaryau, 3nadenust Fs, u Ey, 3aMeTHO

TepeoIeHNBAIOT SHeprum cBs3u saep °He n “He:
ESTP =72 MaB,  ESTP = 28,3 MsB. (2.9)
st cucrem (3b) n (4b) Hammi pacdyeTh TaKKe MPeJACKa3biBAeT BO30Y K ICHHBIE YPDOBHU ¢ SHEPTUSMH
B, =13,2MeV, E, = 61,0MeV. (2.10)

B niesiom, Kak BUjiHO u3 (2.8), 3HEPrus CBsIi3U OYEHb OBICTPO YBETUIUBACTCS ¢ POCTOM YHCIIA TACTHII.
DTOT Pe3yabTAT SBISETCS BIOJTHE OKUIAEMBIM, TaK KaK MOTEHIHAJ sIMarydm xapakTepus3yercs

CUTIHHBIM TPUTSZKEHUEM Ha MaJbIX paccroguusx (r < 0,2 Om).

2.3 3akJjrodeHne K rjase 2

Takum obpazom, dopmammsm Asbra-I'paccoeprepa-Canmgxaca ObLT WCIOJB30BAH HAMU 1T
pertennst 3aa91 O B3aMMOJEIICTBUN B CHCTEME TSTH TOXKIECTBEHHBIX 0030HOB. CUxema, KOTOpas
MO3BOJISIET TOYHO PENINTh COOTBETCTBYIONINE TUHAMUYECKHAE YPABHEHUS B UMITYJILCHOM TIPE/ICTAB-
JleHuu, Oa3upyeTcs Ha MPUMEHEHHH cermapadebHOrO MPUOINKEHUS S1ep WHTerPATbHBIX ypaBHe-
HU.

Ob6mast 3¢ HeKTUBHOCTH TAKOTO TOIXO0/1a CBSI3aHA C TeM, UTO €CJIU 3aTPABOYHBIE JIBYXYaCTHI-
HbIE B3aMMOJIEHICTBUS OOYCTOBICHBI TOMIOCAME COOTBETCTBYIONINX (-MATPHUIL, JIEKAITUMA B HEMO-
CPeJICTBEHHOW OJIM30CTH OT WUCCIeayeMoit 001aCTH, TO W aAMILIATYIBl COOTBETCTBYIOIIUX TPEX-,
YeThIPeX-, W MATHIACTUIHBIX CHCTEM TaKKe COJEPZKAT MOJIOCA, JIeYKAINe B KaXKJIOM CJIydae BOJIM-
3U HyseBoit suepruu. Kak cienctsue, cemapabebHOE pPa3/IOkKeHUEe, KOTOPOE XOPOIIO OTPayKAeT
MOJTIOCHY IO TIPUPOY B3AMMOJEHCTBUS U MOITOMY MPABUJILHO BOCIIPOM3BOIUT TOBEICHIE AMILIATY-
JIbI BOJIM3W MOJIFOCOB, 00ECITeINBALT a/IEKBATHOE OMMCAHNE JTUHAMUIECKUX CBONCTB CHCTEMBI.

C 1e b0 POBEPKH TPUMEHUMOCTH HCIOJIB3YEeMOW HAMW CXEMbl PEIeHUs] MBI UCCJIET0BAJIH
cxomuMocTh Metona ['mabbepra-llIMunra aig mocrpoenns cenapabeTbHOTO PA3IOKEHUS Saep WH-
TerpaJibHBIX ypaBHeHuit. HemocpecTBeHHBIE BHLITHC/IEHNsT 3HAYEHNH COOCTBEHHBIX TUCEJT SITEp M0-
Ka3aJid, ITO CTEMeHb CXOINMOCTH Cernapade/bHOrO Psijia OKA3hIBAETCS BIIOJIHE JOCTATOYHON I
MPAKTUYECKUX Teseit. Tak, mpu pacuere SHEPTUU CBA3U, YUET JUIIb YeThIPEX UICHOB B Pa3IOKe-

HUHU 00eCcIeuYnBaeT TOYHOCTD BLIIIIE ].%
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7\.2(2)

100 50
E [M>B]

Pucynok 2.4. 3aBHCHMOCTH HECKOTBLKHIX TIePBHIX COOCTBEHABIX 3HATeHT \(*2) a1ep mATerpa babIx
ypasaennit (1.44) (cm. puc. 2.3) 1/t CHCTEMBI MSTH TOXKJIECTBEHHBIX OO30HOB, BBIYMCIEHHBIX TSI
ay = 1 (;eBast yacTh) n g = 2 (mpaBasi 9acTh pUCYHKa). BepTukaabHasi MyHKTHPHAS JITHUS
IIPOBE/IeHA TIPH SHEPIHUH, COOTBETCTBYOMIEH SHEPIUHU CBSI3M OCHOBHOTO COCTOSIHUSI I€THIPEX DO30HOB

E = —FEy.
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I'maBa 3

Pentenune 3agaum natu Tej Ajasd cucteMbl 17 — 4N

Tak kak cucrema, cojepzaiias 4 HYKJIOHA U OJUH TICEBIOCKAISIPHBIN ME30H, UCIOJIb30BaIACh
HaMU OJigd J€eMOHCTPAIUN CXEMbI peIeHUud MATUNYACTUIHBIX ypaBHeHI/Iﬁ B I'JlaBe€ 1, BCe MMOJIy4YeHHbIe
TaM (GOPMYJIB HEMOCPEICTBEHHO MPUMEHUMBI K 3ajade 1 — 4N. B gacTHOoCTH, caMu ypaBHEHUS,
npusegeHabie K Gopme ypapHenuil tuna Jlunnmana-I1IBuarepa 1jis cBs3aHHbIX Kanaaos (1.44),
npejcraBienbl Ha puc. 1.9. [Tosromy manHas riaBa MOCBSIEHA TVIABHBIM 00pPa30M OMUCAHUIO 3a-

TPaBOYHLIX JIBYXYaCTUYHLIX BBaHMOﬂeﬁCTBHﬁ 1 U3JI02KEHUI0 Pe3yJIbTaTOB.

3.1 JIByX4JacTU4YHbIE€ B3aUMMO/I€CTBUS

Kak yke HeoJJHOKpaTHO MOI9ePKUBAJIOCH, OCOOEHHOCTHIO UCIOJIb3YEMOTO B JIMCCEPTAIMOHHOM
paboTe 1MoX0/1a SIBJIsieTcs cernapabe/ibHOe TTPeCTaBIeHNe OCHOBHBIX 3aTPABOYHBIX TOTEHITUATIOB —
HYKJIOH-HYKJI0HHOTO (N N) 1 HoTeHIua a B3anMoeiicTBus n-Me30Ha ¢ Hykaonom (7N ). HeoGxomn-
MO OTMETHTD, YTO 3aJI0KEHHBIE B METO/Ie cernapade/IbHOr0 pa3/ioKenus: (pusnveckue coodbparKeHust
(61M30CTh MOJFOCOB AMILIATY/IB PACCESTHUST K PACCMATPUBAEMOil 061aCTH SHEPIHii) XOPOIIO coria-
CYIOTCS C HAITUMU TIpe/icTaBIeHuIMu o nuHaMuke Kak NN tak m 7N cucTeMmsl.

JleiicTBUTEIbHO, B3aUMO/IEHCTBHE MEK/IY YaCTUIIAME B KaKIOM UX 9THX CJIYYaeB B 3HATHTETb-
HOIT CTeNeHN XapaKTepPUu3yeTcs TMOJII0CAMH COOTBETCTBYIONIEH T-MaTPUIhI, PACIIOTOXKEHHBIMYI BOJIU-
31U paccMaTpuBaemoii obsiactu suepruii. Hanpumep, HU3KoHEPreTuIeckoe B3anMOJIeHCTBAE MEZK Ty
HYK/JIOHAMHE OIIpeJeqdeTcda B OCHOBHOM IOJIOCAMH S-BOJIHOBBIX KoMmmoHeHT 55| u 1Sy. Ilepsaa u3
9TUX KOMIOHEHT COOTBETCTBYET CBA3aHHOMY TPHUIIJIETHOMY COCTOAHHIO B CUCTEeMe, KOTrJa CIITUHBI
HYKJIOHOB OPUEHTHUPOBAHBI IMapaJljie/JIbHO, BTOPasd BO3HUKACT IPHU MPOTUBOIIOJJOX>KHOM HaITpaBJIe-
HUU cHOB. I10/TI0C ¢BA3aHHOTO cocToAHNA °S) pacmoaozkeH Ha (DU3MUECKOM JIMCTe MPH SHePIruu
E = —2,23 M»B, paBHoii 110 aGCOMOTHON BeTUUNHE SHepruu ¢Bs3u jefirpona (cm. puc. 3.1). Co-
crosiame 1S ABISETCS BUPTYAJLHBIM, H COOTBETCTBYIONIHIT HOMIOC YXOAUT Ha HePU3NICCKHil JINCT.
DHeprusi BUPTYaJbHOIO COCTOsiHUsT paBHa mpubanzuteabuo —67 KsB. B oboux ciayuasx mosoc
pacrosioxken Bom3u dbusndeckoii obaactu (BepxHuii Kpaii pazpesa BI0Jb MOJOKATETHHON YacTH

BEIeCTBEHHO ocr). DT0, B 4ACTHOCTH, MPUBOJNT K CHIHHON 3aBUCHMOCTH CeYeHHs] PACCEsTHUS OT
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SHEPrum, KakK MoKa3aHo cjeBa Ha puc. 3.1.

20 L
np 3
10 I M's, —
] £ (-2.22 MeV)
S ] i
= i
£I — | -
o | L
1. 5 H's,
] L Lo Lo L PR T T L C (_008 MeV)
0 5 10 15
E [MeV]

Pucynoxk 3.1. Ha jieBoMm pucyHke npejicTaBJIeHO MOJHOE CeYeHUe HeHTPOH-IIPOTOHHOTO PACCEsTHUS
B obmacTu HU3KUX 3Hepruii. CmpaBa JIeMOHCTPHUPYETCS CTPYKTYPa PUMAHOBOM ITOBEPXHOCTH S-
BOJTHOBOH YaCTH aMIUINTY/IbI HYKJIOH-HYKJIOHHOTO paccesianst. Pusndecknii (BepxHUii) JTUCT coenn-
HseTCst ¢ HepU3MIecKnM (HUKHUM) Yepe3 YHUTAPHBIH pa3pe3 BIOJIb BEIeCTBEHHONH OCH SHEPTUH
mauynnasg oT [/ = (. [lokazana TpaeKTOpus ABUKEHU MOTIOCA IIPHU TTePeXoe OT CBI3AHHOTO COCTO-

anud S| K BUPTYaILHOMY COCTOSHIIO LS.

Yro kacaercst cucrembl )N, pe3y/IibTaThl aHAIN30B PAJIMIHBIX ITPONECCOB B KOTOPHIX 1NN B3a-
NMOJIefiCTBIE UIPAeT BaykKHYIO PoJb [6, 14, 17| moKa3bBAIOT, UTO €ro OCHOBHBIM MEXAHU3MOM B
00J1aCTH HU3KUX SHEPIUil sBIsSeTCS BO30YXKIEHHE S-BOJTHOBOrO pe3oHaHca N (1535)%_. Posb map-
IUaJIbHBIX BOJIH C 66JIBH_H/IM 3HAYEHUEM Op6I/IT&JIbHOFO MOMEHTa, O6YCJIOBJIeHHbIX BKJIaJIOM HYK-
JIOHHOT'O TOJII0CA, 8 TaKyKe Pe30HAHCOB N(1520)%7, N(l?lO)%Jr U JIp., IABISETCSI He3HAUHTETHLHOIA.
[TosTomy mpomece N paccessHus pacCMATPUBAETCS HAMHU B S-BOJTHOBOM TIPUOIUKEHHUH C TIOJTIOCOM,
JIeZKAIIAM Ha, HepM3MIECKOM JINCTEe SHEPTHH HEIIOCPEICTBEHHO MO TOJI0KUTEIHLHON BeIIeCTBeHHOM
0CBIO.

KimroueBoe 3HavueHne I B3AUMOJIEHCTBUST KAK MEJIEHHBIX HYKJIOHOB TaK U 7)-Me30HOB C HYK-
JIOHAMH HMeeT TOT (PAKT, ITO B ODOUX CAYUASAX IMOJIOCA PACIOIOXKEHBI BOTU3U (DU3NIECKOH 00-
JIACTH W, TaKUM ODOpa30M, MPaKTUIECKU IMOJHOCTHIO ONMPEeIe/IAI0T JUHAMUIECKNE CBOMCTBA 3THX
cucreM. Kak oTMe4eHO B NPUIOXKEHUHN, B OKPECTHOCTH MOJIIOCA JI00O0i MOTeHIal AedCTByeT Ho-
00HO cemapabenbHOMY. B KauecTse mpumepa Ha puc. 3.1 I€MOHCTPUPYETCS KaueCTBO OIMCAHUI
MOJTHOTO CEeYeHMsl HYKJOH-HYKJIOHHOTO PAaCCesTHUs ¢ MOMOIIBIO CenapadeJbHOro TMOTeHIraIa. 1a-

KM 00pa3oM, cenapadeibHOe NMPUOINZKeHne, BBeJEHHOE HAMU JIJIsi 3aTPABOYHBIX JIBYXYACTUIHBIX
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B3anmozeiicteuit NN u N, gaBjisieTcs: BIIOJIHE OMTPABIAHHBIM, KaK B KQYeCTBEHHOM TaK M B KOJIU-

YEeCTBEHHOM OTHOIIIEHUH.

NN B3aumopeiicTBue. [l onucanusi HYKJIOH-HYKJIOHHOTO B3aWMOJIEHCTBUS HAMH OBLJIO WC-
MOJIb30BAHO CenapabeTbHOe TPeICTaBIeHIe TAPUKCKOTO MOTeHIHAIA, TTOJyIeHHOe B pabote [65]
¢ moMorpio Meroga dpucra-IITakuna-Tanepa [66]. Obiee BoipazkeHue st MOTEHIUAIA B COCTOSI-
auax 'Sy u 2S5, mmeer Bug

S S S
v (@ d) = -9 @a7(d) (3.1)

rie nHgekcom S o6o3nadeH moaHblii (cymmaphsit) ciua NN cucrembr. [Tiast dbopmdarTopos g (q)

NUCIOJB30BaJIaCh IMapaMeTpu3annd

() o
g1 (q) = \/5772 :

W . (3.2)
i-1 ¢° + J;
Buauenns mapamerpos C\>) 1 ) momyuens: B paore [65] myTem moxronkn (3.1) K 3HATCHIAM TA-
PUKCKOTO MOTeHIHAIa BHe MacCOBOil IIOBEPXHOCTH IIPU Hy/IeBoil sHeprun g 1Sy kondurypanuu
v ipu sueprun ' = —FE; = —2, 23 (sueprus cpsizu jeiirpona) js cocrostuus 3S;. Kax ciencreue,
mapamverpusaiyst (3.2) TpakTHIecKn TOYHO BOCITPOU3BOIUT MOBEIeHNe HCTHHHOTO MAPUKCKOTO MO-
TeHIHATa KaK HAa MacCOBOil MOBEPXHOCTU TaK W BHE €€ B JOCTATOYHO IMHUPOKON 0OJTACTU IHEPTHIi,
BIL10TH 10 F = 50 M»3B B nabopaTopHoii cucrteme, 4TO JjIs HAIIUX Ieseil aBagercs OoJee dem
JOCTATOYHBIM. O‘{eHb HE3HAYUTEJIbHOE OTKJIOHEHHWE BO3HUKAET JIUIIb MPU 3HAYECHUAX HUMITYJIHCOB

q, mpeBprmatomux 8 Om 1.

Jlna suepruii cBasu aaep “He u ‘He norennman (3.1) maer 3snavenus
BN =8,64MeV, FE,H° =31 17MeV, (3.3)

KOTODPBIE JTOBOJIbHO BJIM3KH K 9KCIEPUMEHTATBHBIM (CM. (2.9)).

nN B3ammopeiictBue. /[Ina pacdera NN aMILTHTYIBl HCIOTB30BATOCH TPEIMOTOKEHUE, UTO
nN B3amMmojeiicTBUe peaTn3yeTcsd HCKIIOUUTEJTHHO MyTeM BO30YXKIEHUS W Paclaja pe30oHaHca
N(1535)5 . IIpm 9ToM sIBHO GbLIA yuTeHa CBsA3b 3TOTO pesoHanca ¢ kanaaom mN. CooTBeTcTByIO-
it 9 GEeKTUBHBIA YHEPro3aBUCUMBII MOTEHIINAT MOXKET OBIThL MPeACTABICH MATPHIEH pa3Mep-
HOCTH 2 X 2 “ )
(&4 /
_ 9 (@) g (d)

Ua5<W7 q, ql) - W — MO , Q 6 € {7T7 77} ) (34)

rie W — nonnas (MHBapUaHTHAs) SHEprusi B cucreMe neHtpa mace nN. @opM-hakTophl géa)(q)

6paI[I/ICb B MOHOIIOJIbHOM BHUIE

9¥(q) = % : (3.5)
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CooTBercTByOIAsT t-MaTpHIa, MOJyIeHHAs MyTeMm pererust ypapuenus: Jlunmnvana-IIIBunrepa,

nMeeT BHI

tas(W,q,¢) = 5(0)T(W) g(d'), (3.6)
o, € {mn},

KyJla HEMOCPEJICTBEeHHO BXOIUT Iponararop pesonanca N (1535)%7

1

W) = : ) 3.7
W= os, — 5, 1 (3.7
31ech Y, — COOCTBEHHAsST SHEPIUsT PE30HAHCA, CBI3aHHAsT ¢ MO0 pacnama ol
1 ) 2 d (@) 2
S (7) = = ¢ dg 92" (q)] » (3.)
272 Jo  2wa(q) W — En(q) — wa(q) + i
rJe pPeJsITHBUCTCKHE SHEPruh HYKJIOHA W Me30Ha (v = 7,7 PaBHBI COOTBETCTBeHHO En(q) =

VP + ME v wa(q) = 1/¢® + m2. [Isyxnnonusiit kanan 77N 661 (DEHOMEHOJTOTHICCKN BKJIIOYEH

B BUJe YHCTO MHHMO{ 106aBKH B cobcTBennyIo sHeprmo N(1535)2 (em. (3.7)) ¢

— My —2
1—‘7r7r - 77r7rW al M . (39)

My

AwmmmuTyna ynpyroro paccesaust 77N BHE MACCOBOIi MOBEPXHOCTH OMPEIEIsIeTCsl KOMIIOHEHTOH (v =

[ = n marpuist t,s (3.6) xkax

fan(W,q,q") = t(W.q,q") . (3.10)

_ BN
47 W

Marpurma t,, BO3HHKAeT B HAIIMX YPABHEHHSIX B KadeCTBe MATPHUIDI t., OPH Y4 = 2 (CM. BBI-
pazkerme (3.17) u Tabanmy 1.1) ¢ gopum-daxropor ga(w,q) = ¢5”(q) (3.5). B Beraucsenusx mbi
HCIOIb30BaIN JBa Habopa NMapaMeTpoB §r, Gn, Br, [n, Mo U Yar, KOTOpble npubejensl B Ta0-
mure 3.1. Habop I 6pu1 mosryuen B pabore [54| mpu mopronke BemecTBEHHO W MHUMOW dacTeii
ammuTyapr (3.10) k pesysnbratam K-marpuanoro ananmsa [24]. Ha6op I sisasiercst pesyabraTom
M3I07KeHHOI HUZKe MPOIeayphl (DUTHPOBAHIS MAPAMETPOB, IeIbI0 KOTOPOil OBLIO OJIHOBPEMEHHOE
orucanue 3hdHEKTOB B3AUMOIEHCTBIS B KOHEYHOM COCTOSHUE (TO €CTh, 3(pdeKTa pocra ceueHns
BOJIM3M TIOpOra) B Tpolieccax obpasoBanus 1-Me30HoB Ha sapax d, SHe u ‘He.

Beuty cunbnoii csizn kananos nN u mN B o6nactn pesonanca N(1535)3 meobxoammo, Boo6-
Ie TOBOPSI, YINTHIBATH TAK:Ke M MHOHHBIE CTEIIeHH CBOOOIBI B HAIIEH 3a1a49€, TO €CTh BO3MOYKHOCTD
nepexoqoB tuna 1 — 4N <> m — 4N. Oxnako yder cocrosiauii m1 — 4N B pacderax ¢ Hen30€KHO-
CTHIO MPUBEJET HE TOJBKO K CYHNIECTBEHHOMY YBEJNYEHWIO YMC/Ia PEIlaeMblX YPaBHEHWH B CBSI3U

¢ HEeOOXOIMMOCTBIO BBEJEHUs B 3aJady KaHAJIOB ¢ O6abimuM deM [ = ( 3HaYeHHEM OpOUTAJIb-

HOTO MOMEHTa, HO M K MOABIEHUIO TPYIHOCTEil KadecTBEHHOro Xapakrepa. OCHOBHOH M3 3THX
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Ta6una 3.1. TTapaMeTpbl, onpeaensione B3auMOoIeiCTBIe JaCTUIl B CBA3AHHBIX KaHaaax 7N —
7N cornacuo BeipaxkenusaMm (3.4) — (3.5). B mepBoit cTpoke mepeducieHbl HapaMeTpbl, KOTOPbIe
Obli osoraanel B pabore [54| kK pesynbratam K-marpuanoro ananausa [24]. TTapamerpsr, npes-
CTABJICHHBIC BO BTOPOil CTPOKE, IIOIYYeHBI IIyTeM MOATOHKH MOJHBIX CeYeHmil Ha puc. 3.6, Kak Omu-

caHo B pazzene 3.3.2. B mociegaem cTodie JaHbl COOTBETCTBYIONINE 3HAUEHUS JTUHBI PACCESTHUS

nN.
Habop n By, |M3B] Jr B [MaB] My [M3B]  var [M3B] apn [Pu]
I 1,91 636 0,651 850 1577 4,0 0,93-+10,25
II 1,75 1607 0,966 1126 1628 0,10 0,69-+10,29

TPYIHOCTEH SIBJISIIOTCS JBUKYIIHECs (orapuMuveckne) 0COOEHHOCTH, BO3HUKAOIINE BBIIIE MO-
pora poxKjJaeHusa T-Me30HA. B pe3yiabrare cenapabenbHOe MpeCcTaBIeHUe d/1ep YPaBHEHUIT nMeeT
IJIOXYIO CXOAUMOCTh. [lo 9Toi npuvure Mbl pereOperaeM KaHaJaMU C MTHOHOM, COXPAHSIs JIUIITh
nPOMEXKyTOUHbIe TN-IeTIM B BRIPAZKEHNN J1Ist COOCTBEeHHO# sneprin pesonanca N(1535)17 (cm.
Beipazkerns (3.7) u (3.8)). C oHOll CTOPOHBI, MOTYT BO3HHKHYTH COMHEHHsI B CIIPABEITHBOCTH
TAKOTO MPUOTUKEHNS, TaK KaK WHTEHCUBHOCTH B3AMMOJECHCTBUS MEYKIY MUOHOM W HYKJIOHOM B
00JTaCTH BTOPOTO pe30HaHca MpeBhIaeT WHTeHCHBHOCTH NN B3anmmojeiicTsusi. Permaiomiee 3Ha-
YeHue, OJHAKO, UMeeT TOT (aKT, YTO JABYXCTymeH4aTwlit mporecc nlN — mN — nN cTaHOBUTCS
BAYKHBIM JINIIb B CJIy4ae GOJIBIINX UMITYILCOB TPOMEXKYTOUHOTO nnoHa k, ~ 400 MeV /c, n notomy
s derTHBeH UL st MAJTBIX MeXKHYKJIOHHBIX paccrostanii mopsiika R = h/k, ~ 0,5 ®wm. Vc-
MOJIB3YsT TIPOCTYIO TEOMETPHYECKYIO HHTEPIPETANNIO, MOYKHO 3aK/II0YNTH, 9TO BEPOSITHOCTH ITOTO
mporecca

P = % R? pay (0) = 1—10 (3.11)
rie ps (1) ecth mwiorHoCTS syipa YH, masa u ero rian B 1) *H paccesinne B 06/1acTH HUBKUX SHEPruii
OKA3bIBAETCA HE3HAUUTETHHBIM. DTOT (haKT KOCBEHHO MOJATBEPKIACTCS PEe3yIbTATAMHU PACUeTOB,

IPeJICTaBIEHHBIX B pabote [67] mist cucremsr nINN, rae kanan ¢ nuoHoM 7NN GbLI yuTeH SBHO,

7 OBLI HalvIdIHO MPOAEMOHCTPUPOBAH €ro NCKJIKYUTEIHBHO MaJIbIi BKJIa /.
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3.2 YyBCTBUTEJbHOCTh HU3KOIHEPTreTUYIECKOTO 7)-I1ePHOT0
B3aMMO/IeiiCTBUS K CBOIiCTBAM aMIIJIUTYIbI 7)/N paccesasHus

OHOlt U3 OCHOBHBIX IeTeil pabOThI SIBISETCA ONpeae/eHne 3HAUCHUN dTeMeHTapHOW aMILIH-
Tyast f,n (W) B obacTn HizKe mopora 0dpa3oBaHmst 7-Me30Ha. VIHCTPYMEHTOM ISt pelennst IToii
3a7a4n ABIdeTcs noaobop mapamerpos f,n (W) takuMm 06pa3oM, 4TOOBI COOTBETCTBYIOIIHE peIlre-
aug AI'C ypasuenwit g cuctem nINN, 1 — 3N u n — 4N BOCHPOU3BOIUIN OTpE/IETEHHbIE U3
OTBITA KBAJAPATH aMILIATY, pacceauns n-Me30n08 Ha sapax d, *He n ‘He, coorsercTBenno.

To, HACKOIBKO BazKHBIM SBJSETCS BOMPOC O HAXOXKJIEHUW f,n, MOXKHO BHIETh U3 pHC.3.2 U
3.3, e moKa3aHbl BEIECTBEHHAS W MHHUMAag YacTH aMILTATYIbI, MPEICKa3bIBaeMble COBPEMEHHbI-
Mu Momeravu. HecMoTpss Ha TO, 9TO BO BCeX CAyYasX MPUMEHAETCSI METOJ CBA3AHHBIX KAHAJIOB,
u caM mporecc NN paccessHUus alMPOKCUMUPYETCs BO30YKIEHUEM OJIHOTO W TOTO YKe Pe30HAHCA
N (1535)%7, nMeeTCd, KaK BUJINM, CUJIbHAI 3aBUCHUMOCTDH Pe3yJbTATOB OT HUCIOJIb3YEMOH MOIENN.
Ctos1b 3HAYUTETBHBINA pa3OpOC HATMIATHO CBUIETETHCTBYET O HEJOCTATOYHOCTH HAIMUX 3HAHMIA
ocobennocTeit /N B3auMOJIeiCTBHS, 110 KpaiiHeil Mepe, Ha KOJUYECTBEHHOM yPOBHE.

[Tpexk e vem mepeiiTu K perteHnio OCHOBHOM 3a/1a9u, MBI 0OPATUMCS K CJIEIYIOIEMY BOIPOCY:
B Kakoii obsactu suepruit W snauenus f,ny (V) okaspiBaoT HanOoO/IbIIee BINSHUAE HA 3HAYCHUS
JTHH PACCeTHusd apa A1 A = d, 3He u *He. /Ipyrumu caoBaMu, MBI XOTUM HaiiTn obiacts W, B
KOTOPOIl 3HAYEHNS 3TeMeHTAPHON aMIIJIUTY/IB! f,n JAIOT OCHOBHOM BKJIA B 1)-SI€PHYIO aMILTATYILY
f nA-

To, uTo Takas 00JaCTh CYIIECTBYET, MOXKHO 3aKTIOUNTD U3 CAEAYIONINX MPOCTHIX COOOPAZKEeHMIA.
Kak Bunxo n3 Beipakenns (1.22), swadenne suweprun E,y = W — My — M, (o ectb aprymen-
ta mponaratopa A" npu 4 = nN B 5TOM BBIPazKeHWN), MOKET W3MEHSThCSI TOJBKO B 00JIaCTH
(—o0, &], tme € — cymmapHas SHeprusi BCell CUCTEMBI TATH Tes (HOJHAS SHEPrHsl 33 BBIYETOM
Macc dactuil). B moporosoit obiactun umeem £ = —E,;“, re E,;“ (> 0) — sueprug cBsi3u siapa A.
C npyroit ¢cTOPOHBI, MOXKHO OXKHUIATh, IYTO JOBOJHLHO OBICTPOE yMeHbIeHne (hopM-pakTopa sapa
Ipu OOJIBIIUX 3HAUYEHUSX UMIIYIbCA OYIAET MOJABIATH BKIAJ OOJTBIINX OTPUIATETbHBIX 3HAYEHHIT
E, Ny — o0. Ilo 3T0it npuunHe MOXKHO 0KHJATh, 9TO 061acTh )y, B KOTOpoil f,4 OyaeT 1yBCTBH-
TeJIbHON K M3MEHEeHNIO 3HaYeHuil d1eMenTapHoil aMmintynsl f,n(E,N), OrpaHutYeHa yCI0BHIME

E,n € la,b] ¢ —0o < a <b< —Ef

B nemom, BOpoc 0 3aBUCUMOCTHU CBOHCTB 1)-SIePHOTO PACCESTHUS B 00JACTH HU3KUX SHEPIUil OT

IIOIIOPOTrOBOTO TIOBEEHNsT f,N JOBOJIBHO MOAPOOHO 0bCy K aaics B padborax [68, 45]. Mx aBropsr
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Pucynok 3.2. Pesynbrars! a5t BemectBeHnoit vactn ammntyasl 1N paccestanust f,y (W), momy«en-
Hble B PaMKaX PasinaHbix Mojeseil. [1ITpux-nyHKTHpHON KpUBOil MoKa3aH pe3yabrar padboThl 74,

crtommHoifi — [75], myHKTHpHO# — [76], mrrpuxoBoit — [77]. ToHKO# BepTHKATBHOI JHHUEH TTOKA3AHO
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BBOJAT 3 DEKTUBHYIO 3Hepruio [, v, olpejessdas ee KaK SHEPIUio, IPH KOTOPOi 7)-Me30H B3auMO-

NeHCTBYeT ¢ HYKJIOHOM B MUIIeHH (BHYTpeHHsig SHeprus NN cucreMbl). B orMedeHHBIX paboTax

sHadenne I,y BBIUHCIAIOCH IO bopMyTe

Q2 Mn + MA
2Me; M, + My ’

Eyn = [(Wya — Bcy(Q))* = Q°]? = My — M, = —E, — (3.12)

rae W, 4 — mojiHas sHEprusi CUCTeMbl 7)-Me30H—a1po, Ke ;, Mc; n Cj — TIOJTHAs SHEPTHs, Macca n
UMITYJIBC SIIEPHOTO KOpa, MOJIYYaoIerocst myTeM yaaaeHust u3 siapa A omgaoro nykiaona, F, > 0 —
yieibHast SHeprust cBsa3u aapa. Onenku mo dbopmyse (3.12) garor EnN ~ —30 M»B.

B pamkax mamero ¢dbopMamnm3Ma HeT aHanora BeqmauEbl E,y. B wactHOCTH, apryment z =
E,n = FE — p"?/244, nponaratopa A% (z) B ypasrenun (1.22) HeJb3s1 HANDPSAMYIO HHTEPIpe-
TUPOBATh KaK 3hMEKTUBHYIO BHYTPEHHIO SHEPTHIO cUCTeMbI NN B gape. DTO CBI3aHO C TeM,
YTO STOT MPOMAraToOp OTHOCUTCS HE TOJMHKO K Kiaactepy NN, HO W KO Bceii cucTeMe MATH TeJT
(MN) + N + N + N, rme Tpu HYKJOHA DACIpPOCTPAHSIIOTCS Kak CBOOOIHBIE dacTuibl. [Tosromy,
HETOCPeJICTREHHOe CpaBHenne 3Havennii K,y n E,y JUIIEeHo cMbIcIa.

[To 3Toit mpuumHe BOompoc 06 ONMpeeIeHN XapaKTepHOil SHEePTHH B3aMMOJIEHCTBUS 1)-Me30HA,
CO CBSA3AHHBIM HYKJOHOM MBI 3aMeHsIeM BOIIPOCOM O TOM, B KaKoil obacTu snepruit F,y 3Hauenns
aMILTUTYAbl )N paccesiHus OKa3bIBAIOT HAMOOJIbINEe BINSHUE HA 3HAYCHUS JIJIMHBI PACCESTHUS 1)-
Me30Ha Ha gape. [lad jokamm3anuu 3Toit 00JIAaCTH HAME OBLT MCIOJTB30BAH CJEAYIONINN MPUEM.

Marpuna nN (3.6) ymMHOXKaTACh HA OAHY U3 (DYHKIHUIL

-1
Fy(B) = (14 ¢ Edetnie) (3.13)

FR(E) = (1+eEtnnia)™ (3.14)

Kaxnag uz dbyukuuii (3.13) u (3.14) umeer kBazucrynenuaryo Gpopmy ¢ npoduieM, HATOMUHA-
jomum norernuana Byaca-Cakcona, ¢ mapaMeTpoM TOJIIMHBI TTOBEPXHOCTH a u paguycom 7. Obe
dyukimyun un3zobpaxkensl Ha puc.3.4 jaaga a = 2Ms3B, r = 5M»3B, d, = dg = —100M>sB. Mo-
audunupoBannble TakuM 06pazoM aMmaTyasl fyn (BN ) Fr(Eyw) 1 fon (Eyw ) Fr(E,n) 6B1cTpO

YMeHBIIAIOTCSA J0 Hy/d, KaK ToIbKo Eyn > dr n Eyn < dr, cCOOTBEeTCTBeHHO.

Cruemyer ormernth, uto BRIGOP dynKkumit Fr/p B dopme (3.13), (3.14), BoobIe roBopsi, IpHBO-
JIUT K HAPYTICHUIO YCJIOBAS YHUTAPHOCTH 1yist NN paccesuns. [[eficTBATENBHO, TOCKOIBKY F7 IRF
Fy, /g, ontuaeckast reopema Zm f,n(0) = a;r Qo | fan | 15t MOIUPUIUPOBAHHBIX AMILIATYJL fon —
fanF R/1 HE BBITIOJIHACTCA. B 3TOM OTHOH_Ie;H/I}r/II OoJtee MOAXOASAIIMM an3anem s Fr, L (E) sBasiercst

crynenuaTas Gynknus Xesucaiina 0(£(E —dy/g)). Onaako, peskasg 3aBHCHMOCTD 3Toii (hyHKIIH
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Pucynok 3.4. @yuxuun Fr(F) u Fgr(FE), onpenensiembie Boipazkenusivu (3.13) u (3.14) ¢ mapamer-
pamu a = 2 MsB, r =5 M»sB, d;, = dr = —100 M»>B.

OT apryMeHTa IMPpUBOAUT K HOABJJIEHUIO HeEXKeJIaTe/JIbHbIX OCHHHHHHHﬁ, pn 9UCJIEHHOM HaXOXKJe-
HUOU HHTErPAJIOB, COIEPKAIIIX N(1535)%7 nponaratop A? = 7(W) (3.7). C apyroii cTopomnsI,
IOCKOJBKY MOANMDUIIPOBAHHBIC AMILTHTYALI UTPAIOT JIAIIb BCIOMOTATEILHYIO POJIb, MBI HE IPH-

JlaeM OOJIBIIIOTO 3HAYEHUsT STOMY BOIPOCY.

Ha puc.3.5 (b), (d), (f) npencraBiens Bce Tpu JTHHBI PACCEAHUS Upg, UpsHe W (pife, PACCTH-
TaHHBEIE ¢ MoaubunupoBanuoit aMmmutynoit f,n (Eyn)Fr(E,N) Kax dynkiun napamerpa dg. Kak
BUIHO, JJIsT KayKI0ro sijapa A cymectByer 3nadenune dr = dé, crpaBa OT KOTOPOTI'O 3HaYeHWe
JUTHHBI paccesHis HaulHAeT GBICTPO HACHIATBLCHA, TAK UTO B 00MacTH dr > df OHO CTAHOBHUTCS
HeUyBCTBUTENBHBIM K H3MeHeHHo f,y. Kak y’ke oTMedasioch BbIIIe, BO BCEX CIYYAdX MBI HMeeM
da < —E{*, rne Ef*(> 0) — sueprusi cBsa3u sapa.

Anasornanast cutyanus HabIogaeTcs npu ymaoxennn f,n Ha Fi(E,N). B aToM ciaydae Hach-
menne gocturaetcs npu dp < di (em. puc.3.5 (a),(c),(e)). Takum o6pazom, Jis KazKI0i CHCTeMbI
nA cymectByer nHTepBaT L,N € [d2, d4], B KOTOPOM 3HAYEHHS AMILTHTY/TbI JoN JAIOT OCHOBHOI
BKJIaJ| B JUINHY DACCESHUA (4.

13 pacueToB, npeacTaBIEHHBIX Ha PUC. 3.5, MOXKHO CIeJaTh ABA OCHOBHBIX BBIBOJA.

(i) C yBenudennenr 3Hepruu cBA3M A71pa HHTepBAT [df, d| cHCTEMATHYECKH CBHTACTCS B CTO-

oHy 0oJiee HU3KUX 3Hepruii F N- 9TO 03HAYAET, 9YTO C POCTOM MACCOBOTO YMCJA APa BCTYMAIOT
n )
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Pucynok 3.5. B j1eBoit wacTn pucyHKa 1MoKa3aHbl IJIWHBI PACCETHUsI, pACCIUTAHHBIE ¢ MOINMUIIH-
posannoit NN ammutynoit f,nFr, Kak dynknun napamerpa d. @Pynkmnua F, onpeenena B ypab-
mennn (3.13). B mpaBoit 4acTi pucyHKa Te yKe [JIHHBI, HO PACCIHTAHHBIE ¢ aMILUTYn0i f,nFr,
rie Fr naercs eipaxkennem (3.14). Pacders! BINONHEHBI ¢ WcToab30BanneM 1N nmapamMeTpoB u3

uabopa I (rabmuna 3.1). g F1,)r MBI HCTIONTE30BATACDH Te K€ ITAPAMETPHBI @ U 7', 9TO U Ha puc. 3.4.
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B Urpy Bce Menbmme 3Havenns f,y. Kak caencrsue, B *He sddextnrnoe B3anmozneiicrsue 7 co
CBA3AHHBIME HYKJTOHAMH B IIEJIOM MOYKET OKazaThed caabee, weM B °He.

(ii) Tloaronsist mapamerpbl NN B3aUMOJEHCTBUS K JAHHBIM, KAK ONMUCAHO B CJIEIYIONIEM pa3-
zesie, Mbl (bUTHpPYEM SJIeMEHTAPHYIO aMILIATYILY an(EnN) He BO BCeM Jinanasone Fy, a TOJIbKO
B OrPDAHUYEHHOM WHTEpBaJie YHEPTHil OT 3HAYEHUil, OJU3KUX K OJHOHYKJIOHHOMY mopory 1N, 110
npubau3urenbuo — 150 MaB Huke mopora. Kpome Toro, moCKOIbKY KaueCTBO IKCIEPUMEHTATbHBIX
narusx nd n n*He oTHOCHTE RO HU3KOE 1O cpaBHenmio ¢ 1) °He, Gosee mim MeHee CyIecTBeHHbIe

orpaHmvenns Ha f,y WAyT ocHOBHOM u3 obractn [—70, —12] M»sB.

3.3 PesyabTaThl 1 X 00CyXKJIeHUE

Huzke mpuBoagaTCs pe3yabTaThl, MOTYyYeHHbIE s CUCTEMBI 1) — 4N ¢ MOMOIIBIO peleHus TaTH-
qactuanabix ypapHeruit AI'C. Tak Kak KJIIOYEBBIM 3BEHOM MPOIELYPhI PENTeHNsT SIBJISETCS cerapa-
OeTbHOE pa3/IoXKeHne g/iep WHTerpaJIbHBIX YpaBHEHMIt, ONEHKA KadecTBa MeTOJa, KaK U B CIyUae
C MATHIO DO30HAMHU, TPEOYET MCCIETOBAHUS CXOAUMOCTH MeTOJA MPH M3MEHEHHH KOJUYeCTBa Ce-
mapabeIbHBIX YJIEHOB B PA3JIOKEHHSX. DTOT BOMPOC ODCYKIAETCs B MepBOil dacTu maparpada.
Jlasee mpuUBOAATCS CaMU pPe3yJIbTaThl U AaeTcst uX (pusudeckast wHTepnperanns. B 3akIoanTeb-
HOIT YacTH JaHO CpaBHEHHE C pe3y/IbTaTaMH JAPYTHX paboT, MOJTYIeHHBIMI B PAMKAX ONTHYECKOTO

1 BapHUAIIHOHHOTO IOIXOI0B.

3.3.1 CxoammocThb cenapabebHOrO Pa3JI0XKEHUS

B Ta6smme 3.2 mpecTaBaeHbl 3HAYeHNs IMHL paccesans 1 He, paccanTanubie ¢ pasInmaHbIM

a2

s fs- Kak Bumgno, y10-

ancaom N,, craraeMelx B cenapabeabHoM pasioxkennn (1.11) ammanTy st
BJETBOPUTEIbHAA TOYHOCTD Jgocturaercda npu Ny = Ny = 6, N3 = Ny = 8. B npunnune, yxe c
yYIeTOM JIMIITh TePBBhIX YeThIPeX UJIEHOB B KayKIO0M Pa3/I0KeHUN Pe3yIbTUPYIONas JJINHA Pacces-
HUS HAXOJIUTCA B npegenax menee 2% OT TOYHOrO 3HadeHusa. Takum o0pa3oM, KakK U B CIydae ¢
naThIo DO30HAMU, B 33jade naTu Tea ) — 4N MeTos KBa3udacTHIl, OCHOBaHHBI HAa MeTosie EDPE
u3 paborsl [61], okazpiBaercs oveHb 3PHEKTUBHBIM JIJIs MPAKTHYECKUX TpHIoKenuii. HeoGxonn-
MOe KOJIMYECTBO cemapadeTbHbBIX caaraeMbiX V,,, 00ecrednBaonuX MPHeMIeMy0 TOYHOCTD, JINTITh

HE3HAYNTEJNHLHO MPEBHINTaeT TAaKOBOe JIsi 3aa49u JeThipex Tes [60], rae cXoauMocTh JO0CTHTAeTCsT

y2Ke C Y4€TOM IIEPBLIX YEThIPEX-IMIEeCTU CJIara€MbIX B K&)K,ILOIL/'I AMILITATYIE.
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Tabmuma 3.2. Jnuna paccesHus a,sp. Kak (yHKius dncaa caaraeMeix N,, (as = 1,...,4) B

cemapabesnbaom pazsoxkennn (1.11) mpag ammiunryx X2 B kananax ¢ ¢pparmenranueii Buga (4 + 1)

n (3 +2).

N N, Ny N, ay e [PM]
2 2 2 2 4,8 40,92
4 4 4 4 3,48 +1i1,47
4 4 6 6 3,41 401,47
6 6 8 8 3,38 +1i1,46
10 10 12 12 3,37+1i1,46
20 20 20 20 3,37+1i1,46

3.3.2 O06cyxaeHue pe3yibTaTOB

Ucnonb3ys (opMaan3M, U3M0KEHHBIH B MPEIBIAYIIAX pa3jesax, Mbl PeIlmif 3a1a9y Tpex,
JeTHIpex U HATH 9acTHUIl cooTsercTserno a1d nd, n*He u n*He cucrem. B Kazk10M U3 paccMOTpeH-
HBIX CTydaeB mojHas sueprus £ ObiTa pasia — 7', 9T0 COOTBETCTBYeT ympyromy mopory pacces-
HUA 7)-Me30Ha Ha gaape. Taxum oO0pa3oM OBLIH BLIYHCIEHBI JJIHHBI PACCEAHUS Gpa JJ1d BCEX TPex
yKa3aHHBIX BBINIE cucTeM. /I aMILTHTYJ yOpyroro paccedHus f,4 HCHOTIb30BaIach ¢opmya

HU3KO9HEPIreTH4IeCKOTO0 pa3JI0?KEeHU A

anA
~ _ 3.15
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TTocste 9TOr0 MoyHenubie 3HaAMeHN | f,4(¢)|? OB MOJOTHAHBI O MMEIOIIUECST IKCTIEPIMEHTAb-
HBIE 3HAYEHHs IyTeM BapbHpoBaHud mapametpoB NN gr, gy, Br, By, Mo I ~rr (cM. BbIpazkeHus
(3.5), (3.7) u (3.9)).

Jl st ana/m3a UCImoIh30BAINCH IKCIIEPUMEHTAIBHBIE TaHHbIe, OTHOCSIIINECS K 00JIACTH SHEPTHiA,
OTpPaHUYEHHOl ycIoBHeM |a,4|q < 1, TO ecTh Tam, re pasinoxenne (3.15) ocraercst KoppekTHbIM. B
X0Jie MOJNOHKH 3HadeHne MHUMOIl 9acTH a,y ylepzxKusanock Bomusu 0,25 bM. D10 OBLIO c1enano
MyTeM HCKYCCTBEHHOTO BKJIIOYEHUSI 9TOTO 3HAYEHWs B HADODP (DUTHPYEMBIX JAHHBIX C «IKCIIEPU-
MeHTaJIbHOIY orubOkoit 0,05 M. D10 H0MOTHUTEIHHOE OTPAHUYEHNE O0BICHSIETCsT TeM (haKkToM,
4TO MHUMas 9acCTh O,y B 3HAUNTEILHON CTelleHN orpaHMYeHa ONTHYECKON TeopeMoil /g pacced-
Husg 7N, TaK 9TO ee 3HAUEHHE U3BECTHO C TOPA3/I0 MEHbIeH HeOlpeIeIeHHOCTHIO M0 CPABHEHUIO
C peasibHOIl 9acThio. DTO TaKKe BHIHO M3 PE3YJIbTATOB PA3INIHBIX aHAIN30B (CM. puc. 3.3), KOTO-

phble mpecKa3biBaloT Zm a,n ~ 0,25 dMm ¢ 10B0sbHO HEGOILIIIM pa3dpocom B npejenax 0,05 .

% 2 4 6 8 0 20 40 60

E, ; [M>B] P e [MbB/c]

Pucynoxk 3.6. Ksanpar nA ammamryast | f,4]? nus A = d w *He. Kpusbivn npeacraBieHsr pesyiib-
TATH HANIEH MOArOHKH. DKCIEPUMEHTATbHBIE JAHHBIE IPUBEJIEHB 15T 3HauenHuil | f, 4|%, n3preqen-
HBIX U3 JaHHBIX 10s pn — nd [35] u pd — npd [36] (neBasg wacts pucynka) u dd — n*He [42, 41]

(mpaBast yacth). HopMUpOBKa BCeX pe3ysIbTaToB SIBJASETCS TPON3BOILHOI.

PesynabraTs! Hameit mojarouku mpejacraiaeHsl Ha puc. 3.6 u 3.7. [Tonoe ceuenne peaknuu dp —

n3He paccauThIBAIOCH 110 GOPMYyTIe

o(dp — n*He) = const - ‘;;—Z | fomel® s (3.16)
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rje pg U Py, - HaYaJbHBIR U KOHeYHbIH UMIYJILCHL B CUCTeMe IeHTpa Macc. Kak ormeudeno B pabore
[38], Tak kak ceuenne o(dp — 1n3He) odennb 6GLICTPO pacTeT HaYMHAS OT HOPOTA, PE3YTLTATHI H3Me-
peHuil Mpyu HU3KUX IHEPIUAX CUIBHO 3aBUCUT OT pa3bpoca 3HAUYCHUI UMITYJIbCA B TIYUKe TeHTPOHOB.
B cBs3u ¢ srum cedenne (3.16) GbLIO TOMOTHATEIHLHO CBEPHYTO C PACHPEICTCHHEM O HMITYIHCY
JIEUTPOHOB B OKOJIONOPOTOBOil obacTu. B KadecTBe moc/iefHero ucrojib30Baioch pacipeieaeHne
Taycca co cranmapTHbM OTKI0OHeHHeM 0 = 0,171 M»sB, kak ykasano B pabore [38].

[Tapamerpsr 7N, mosydeHHble B pe3yJabTaTe MOArOHKH, mpuBeaeHsl B Tabawnme 3.1 (wabop IT).
Pesynprupytomee snadenne x2/Ny, rie Ny — uuciao creneneii ¢Boboasr, cocrasmster 1,17. Tlo-
CKOJIbKY YHCJIEHHOE pelleHre MPoOJIeMbl HATH Tes JOCTATOYHO TPYAOEMKO IO BPeMeHH, OIMTUOKH

onpeaegeHud napaMeTpoB HE€ BHIYUCIAINCD.

500 ———m—m—m——————1————1—

Q [MaB]

Pucynok 3.7. Tlommoe ceuenne dp — n3He kax dbyHknns msburTounoit sumeprun Q. DKCIepHUMeH-

TaJIbHbIE JaHHbIe B3STHl n3 paborst [37], [38] u [39]. Kpusas mokassiaer pesyssrar narrero dbura.

[Toyuennas Taknm 06pa30M aMILIATYAa f,n TpHUBeaeHa Ha puc. 3.8. Ee neiicTBurennnas qacTh
OKa3bIBAETCST HECKOJIbKO HUZKe 3HAYeHWsl, MOJyuYeHHOro B pabore [24]| B pamkax K-mMaTpuaHOro

aHaJIu3a, XOTd HOJ'Iy‘IeHHa,H HaMHU JJIWMHa pacCedHud
apy = 0,70 470,29 Ou (3.17)

JIMIIL HE3HAUHTEIBHO OTIHYaeTca OT a,y = 0,75 + 0,27 Om u3 Toit xe paborsr [24]. Crexyer,
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OJIHAKO, NMETh B BHIY, 9TO 3Hadenue (3.17) saBisercs sxcTpanosinueil f,y U3 MOAIOPOrosoii 06-
JACTH B HYJIEBYIO SHEPIHUIO, KOTOPas OJHO3ZHAYHO ONpPEIeIsdeTcsd BLIOPAHHBIM HAMHU OOLTUM BHIOM
ammuTy s (3.6). Yro kacaercs napamerpos N, u3 Tabumst 3.1 (ma6op 1), MOKHO BUIETH, UTO
HAIITA, TOTOHKA IIPEANOTHTACT JOBOJIBHO HE3HAUMTENbHYIO Moy pacnana nrN N(1535)1. B To
Ke BPeMsl HMITY/IbCBl OTCEUKH 3, U (3, BO3MOXKHO, CJIUIITKOM BEJHKHI 10 CPABHEHHIO C THITHIHBIMI

SHaYCHUAMHU STUX IMapaMeTpOB, UCIIOJbB3YEMBIMHU B JAPYTIUX aHaJIA3aX.

0,8

1400 1450
W [M>B]

1350

Pucynok 3.8. Ammmuryaa n/N paccesHust BHe MacCOBOil TOBEPXHOCTH, PACCIUTAHHAS C TTapaMeTpa-
Mu u3 Habopa II B Tabmume 3.1. ObGo3HaUeHHS: CILIONIHAS KPUBad: JTeHCTBUTEIbHAS YacTh, IMYHK-
THpHAas KPUBas: MHUMAas 9acTh. JIaHHBIE OpeACTaBIAIOT Pe3yaIbTAThl K -MaTPUIHOTO aHAIM3A W3

paborsr [24].

st IiuH 1)-s1IepHOTO paccestHust ObLIN MOJIYYeHbI CJIeIYIONINe Pe3yIbTaTh:

apg = 2,16+i1,25 Oum,
apme = 3,73+12,89 D, (3.18)

ppe = 3,37+11,46 O

Kak BHANM, BelecTBeHHBIE TACTH BCEX JTHH PACCEAHHS MOMOKUTENbHE (Rea,sa > 0), Tak |IT0

HM B OJHOM U3 CJIy4YaeB HE IIPOUCXOJUT O6pa3OBaHI/Ie CBA3aHHOIO COCTOAHHUA. Ecan B34Th MOJYJIb
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|a,4| B KauecTBe KOIMYECTBEHHON XapaKTEPHCTUKN CTENEHN MPHUTSIKEHNsT B CHCTEMe, TO Hanbo/Iee
CIITBHOE B3amMOJeHCTBHe TocTHraeTcd B caydae n°He. B geiiTpore omo ciabee, 09eBUIHO, M3-32
MEHBIITEr0 YUCTa HYKJIOHOB. HeCcKObKO HEOXKUIAHHBIM ABISIETCSI TOT (DAKT, UTO B3AMMOeiiCTBIE
MexK Iy 7-Me3oHoM 1 gapom ‘He Takske xapakTepusyeTcs Gojee Cl1abbIM TPHTSIKEHHEM TI0 CPaB-
nernio ¢ n3He. Kak y:Ke oTMeuas och B KOHIIE pasfena 3.2, OCHOBHOH TPUYWHON 3TOTO ABISETCS
OBICTPOE YMEHBIeHNe aMILTUTYIb paccesduus NN B 06JacTH HUZKE OJHOHYKJIOHHOTO MOPOTa, TO
ecth B obsactu W < 1480 MsB. [eiicTBuTe/ibHO, HOCKOILKY 3Heprus [,y orpanndeHa ycjaoBHeM
E,n < —FEj', n1a 3He sunavenne Re f,y B cpeanem Gosbie, n sddexrnpioe npurszkenne nN

cuibHee, YeM B CYIIECTBEHHO Oosee mmoTHOM sape “He.

20 i
ER |
S 10l ]

: | |
< L ]
S . _
0 L 4
ﬁ Re a :
-10 i N N N N 1 N N N N 1 N N N N 1 N ._

0 10 20 30

E, " [M>B]

Pucynok 3.9. 3asucumocts aaunsl paccesans 1) iHe ot smeprun cesasu aapa ‘He. Obozmadenns:
CILJIONITHBIE KPUBBIE: JTeficTBUTETbHASA JaCTh, MYHKTUPHBIE KPUBBIE: MHUMAs 9acThb. [Iapbl KpuBBIX
c Homepamu 1 u 2 mosydensl ¢ Habopamu 1N mapaMerpoB, 0O03HAYEHHBIMU B TabuIe 3.1 Kax

nabopsr [ u I, coorBeTcTBeHHO.

KaK MO2KHO 3aKJ/IIOYUTh U3 NTPpUBEACHHOI'O BBITIIE O6CY)K,Z[€HI/IH, ecJn 6bI yYAeJIbHad dHEPTrud CBA-
3u *He 6bL1a 67u3Ka K yaendnbHoit sgeprun SHe, npursikenue B cucteme 7 *He GBI70 GBI CHTLHee,
aem B 7)°He. B ¢BSI31 ¢ 9TUM MHTEPECHO MPOCTIEANTH 32 M3MEHEHNeM JUIMHBI PACCESTHUST (yifie TP

“He. C it o NN
n3MeHenun suepruu cBssu sijipa “He. C 310 1e/1bI0 MBI HCKYCCTBEHHO OCJIAOU/IA MOTEHIIAA
(3.1), YMHOXKHB €ro Ha BEIeCTBeHHYIO MOCTOsHHYI0 « € (0,1] W BBIUNCTHIN JIHHY DaCCesHUST

asHe 1y1g HeCKOMbKUX BRIOpaHHBIX 3HaueHuit av. [lomydennasa TakuM oOpa3soM 3aBUCHMOCTD Upife
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oT E;He noka3aHa Ha puc. 3.9 KpuBbiMu ¢ HOMepoMm 2. Kak BunM, KOTJIa SHEPTUs CBSA3U HA HYKJIOH
st sipa “He Gamska K coorsercTByiomemy 3uadernmio ais SHe, To ects E,1¢/4 ~ 3 MaB, nimna
pacceanns 7 He 3aMeTHO IpeBbimaeT 1IuHy paccesnus 1°He, 4To yKasbBaeT Ha TO, 9TO HPUTS-
xenwe B cucreme 1*He B 9ToM ciyduae okaspiBaeTcs 6oslee CHILHBIM. DTOT PEe3YIbTAT ABISETCS
BIIOJTHE OYKHIAEMBIM, TaK KaK ¢ yBeJMUeHreM 9ncIa HyKaonos npu mepexone oT “He k “He y nac
TOSIBJISIETCS JIOMOTHATETBHBIN TeHTD TpUTsSKeHus (1eTBepToiil Hyka0H). Habop nN napameTpos
I (cm. Tabmumy 3.1) gaer a,n = 0,93+ 00,25 ®Om, 410 N300parkeHO HA TOM 7K€ PUCYHKe KPHBBIMH
¢ HomepoMm 1. B arom ciyuae cucrema 7'He okaswiBaercst cszanuoii (Re ayape < 0). 3mecn neit-
CTBHTETbHAS IACTD (iHe MAJIa, TOLAA KAK MHIMAs 9acTh JOCTHTAeT MAaKCHMyMa (Kpubble 1 Ha
puc. 3.9). Ecm o mocie1oBaTeIbHO yBeTMUUBAETCS, TO CBA3aHHOEe cocTognue 7 He mpeppamaerca
B BUpTya/abHOE cocTosinme. [Ipu 3Toit sHeprum mosroc Ha (pU3NIECKOM JINCTE PUMAHOBON MOBEPX-
HOCTH IIepeceKaeT YHUTAPHBIN ABYXYaCTUYHBINA pa3pes [EgHe, 00) W mepexoauT Ha HedUu3nIecKnii
muct. Kora mapaMmeTp o mpubanzkaercda K 1, BUPTYaJIbHBIH TOJTIOC VAAJIIeTCa OT HYJIeBOi SHEPIUH,

YTO MPUBOAUT K YMEHBIITEHUIO 3HaAYCHU A a,] 4He-

3.3.3 Baxw#ocTb N-4aCTUYHOTO TMOJXO0/Ia K MCCJIEJOBAHUIO 7)-IJ€PHbBIX

CUCTEM

B zakjiouenun riiaBbl MbI XOTEIH Obl OCTAHOBUTHCS Ha OOCYKJ/IEHUH BarKHOTO BOIPOCA O TOM,
moveMy 7)-sIepHOe B3AUMOEHCTBIE UTPAET OCOOEHHO BAaXKHYIO POJIb UMEHHO B IIporeccax obpa-
30BaHUS 7)-ME30HOB W MOYEMYy MOJIEIN, B KOTOPBIX TOYHO YUHUTHIBAIOTCA [N-JACTUYIHDBIE ACITEKTHI
7)-AJICPHBIX CUCTEM, ABJAIOTCA «MAHUMAJIBHONWY TEOPEeTUYECKON OCHOBOW 1Jis OIMCAHULA ITOrO B3a-
MO CTBUA.

[’naBHO#l MpUYWHOI ABISIOTCS Hali/IeHHBIe BBINIIe BUPTyaIbHbIE COCTOSHUS B CUCTEME 7)-Me30H—
SIJIPO, KOTOPbIE T'e€HEePUPYIOTCS OTHOCUTEIHLHO CHJILHBIM MPUTSIKEHHEM MeyKJy dactunaMu. Mbr
CBSI3BIBAEM BUPTYAJIbHOE COCTOSHHE C MOJIOCOM, JIEZKAIIUM Ha, He(DU3UIECKOM JINCTE B 00JIaCTH OT-
punare bHbIX dHepruii. [lomoc HaxoauTesa BOM3N (hu3mdIeckoit 06,1aCTH U, CIe0BATETBHO, CIHIHHO
BJINgeT Ha IPOIECC pacCcedHnd YacTHUIl.

B kauecTBe mpoCcTOro M XOPOIIO MU3BECTHOT'O MPUMEPAa MOYKHO MPUBECTH PACCMOTPEHHYIO BbI-
1Ie AHAJIUTUYECKYIO CTPYKTYPY aMILIATY/Abl HYKJOH-HYKJIOHHOIO PacCedHusd B S-BOJIHE JIJIA JIBYX
Pa3IMYHBIX CIHHOBLIX cocTognmit 35 u 1Sy, mokazannyio Ha puc. 3.1. AMILIUTYyIa paccesHus Kak
bYHKIMS SHEPrUU OnpejiesieHa HaJl ABYMsS PUMAaHOBBIMU JIUCTAMU, KOTOPbIE CBI3aHBI Yepe3 yHU-
TapHBIl pa3pe3, HAYMHAIOIINICS ¢ Hy/1eBOit sHeprun. Pusndeckasi 00J1aCTh HAXOIUTCS HA BEPXHEM

Oepery 3Toro paspesa.
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[Tosfoc B TPHUIIETHOM COCTOSHHHU 55| JeKUT Ha (DU3WIECKOM JIMCTe Ha BEMIECTBEHHOH OCH
saeprum npu F = —2,23 MsB. B cuarmernoii kondurypammn 'S, moTennman ciabee, n HOTIOC,
mepecekast YHUTAPHBI pa3pes, mepeMeniaercs Ha HedH3UIeCKHil JTHCT, TeHepupys TaK Ha3bIBae-
MO€ BUPTYaJIbHOe COCTOsTHNE. BUpTyaIbHBIH MOJIIOC PACIIOJIOXKEH 0YeHb OJIN3KO K HYJIEBOI SHepTrun
npumepro npu —70 KsB. Dr1a 6au3octs K pusmdeckoii 06,1acTu OnpeiesisieT OCHOBHBIE CBOHCTBA
HI3KOSHEPreTHIeCKOro HYKIOH-HYKJIOHHOTO B3aMMOJEHCTBUS. B 4aCTHOCTH, 9TO MPHUBOIUT K Pe3-
KOMY YBEJIMYEHUIO CeYeHUs] HeHTPOH-TIPOTOHHOTO PACCesHUsi C MPUOJIUKEHUEeM SHEPruu K HYJIIO
(em. seBbrii rpaduk Ha puc. 3.1). Tpumiernoe cocTosiHIe, MOTIOC KOTOPOTO HAXOIUTCS AJBINE OT

pa3pe3a, OKa3bIBaeT MeHee CYIIeCTBEHHOE BJINAHNE Ha IOBEACHHE CEYCHUD.

=1 . T=0 (nd) - J"=0,T=1(npp)

Bound state
(gﬂNN*‘ =4.0)

Bound stats
~
(9 =4.0)

ysical sheet ysical sheet

ree—body sheet

Virtual state|

Virtual state ‘
o-body sheet (G- =20

(@ =2.0)

ree-body sheet o-body sheet

E _~ (-5+5i)MeV

pole p

Pucynok 3.10. CrpykTypa puMaHOBOI MOBEPXHOCTH JIJIsT AMILIUTY bl DACCESTHUST B TPEXYACTHIHON
cucreme NN N, kak (HYHKIUU MMOJTHON KUHETHYECKON sHeprum F, paBHOI MOJIHON SHEPruuM cucTe-
MBI 33 BBIUETOM Mace JacTuIl. [lokasaubl pesyibrars st Koudurypanuii 7'(J™) = 0(17) (nesbrii
pucynok) u T(J™) = 1(07). KpacHble JTUHEN — TPAeKTOPUH JBUZKEHHS MOTIOCA MPU H3MEHEHUH
3HAYEHNsT KOHCTAHTBI CBSA3M gyyn-. depes N* obosnauen pesonanc N(1535)17 . B mmxneii vacrn
pHCYHKa TIPUBEEHBI TTOJIOCHBIE 3HAYEHWsI SHEPTUH, COOTBETCTBYIONIHE WCTHHHOMY (COTIAcyroIe-

MYCd C UMEIOIIUMUCA MO,ILGIIHMI/I) SHa4YEeHUIO 9nNN*-

Bxiouenue n-Me30Ha yjio00Hee BCEro paccMoTpeTh Ha mpuMepe cucrembl NN N, puMaHoBa 1M0-
BEPXHOCTh JIJIsi KOTOPOil m3o0pazkena ua puc.3.10. s cucrem ¢ GOJIBIIUM YUCJIOM HYKJIOHOB

CTPYKTYpa pI/IMaHOBOﬁ IIOBEPXHOCTH 3HAYUTE/JIBbHO CJIO0XKHEe, HO Ka4YeCTBEHHO CHTYyallud OCTaeT-
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cst Toit »xe. Boymm3u moporosoit obJractu mMmeercst JBa pa3pesa, MepBblii HAYUHAETCS ¢ mopora 7d,
a BTODOii, TpeXJacTUIHbI pa3pe3, — or Heynpyroro mopora n/NN. Takum obpaszoMm, puMaHOBa
MOBEPXHOCTH COCTOUT M3 YeThIpeX OCHOBHBIX JicToB. Ha puc. 3.10 moxasaHbl TOJIBKO TpH U3 HUX,
KOTOPBIE SBJISIOTCS OJIMKANIIIIMI K (DPU3UIECKO 00/IACTH M UMEIOT HEeMOCPEICTBEHHOE OTHOIICHHE
K Halllell 3a7ad4e.

B tpumnernoit koudurypanun J* = 17 umeercda cBg3aHHoe coctosgHue B N N-mogcucreme
(neiiTpoH), u mMoTOMY (bHU3MUECKast 00JACTH HEMOCPEJCTBEHHO CBsi3aHa ¢ HeU3NIECKIM JIBYXYa-
CTHYHBIM JINCTOM. B CHHIJIETHOM COCTOSIHWH, KOT/Ia B JABYXYACTUIHBIX MOJICHCTEMAX OTCYTCTBYIOT
CBSA3aHHBIE COCTOSHUSI, (pU3NUIecKas 001aCTh HEITOCPEICTBEHHO MMPUMBIKAET K TPeXUacTUIHOMY JIH-
CTY.

HernocpeacTennbie pacdersl MOKa3bIBAIOT, 4TO cuctema 1N N sBisiercs He cBsi3annoii. [TonsaTh
ee JMHAMUYECKHe OCODEHHOCTH JIETKO, €CJIM PACCMOTPETh TOJIIOCHYIO CTPYKTYPY COOTBETCTBYIO-
mieii TPeXIACTHIHON AMITHTYIbI B 3aBHCUMOCTH OT apaMeTpa ¢,y (Bbpazxenne (3.5) ¢ o = nN),
OTIPeIeISIONIer0 MHTEHCUBHOCTE MpUTsKeHus B cucreme 1/N. VckyccTBeHHOE yBeIUYeHNE 3HAYE-
HUA ¢pN IPUBOJUT K TOMY, 4TO B cucreme 7NN NOSBIIAETCA CBA3aHHOE COCTOAHME € HOJIIOCOM Ha
dbusnueckom sucre. Ilocrenyromee ymenbiienue g,y /10 (bU3NYECKH Pa3yMHOIO 3HAYEHHA IPHBO-
AT K TOMY, 9TO TIOJIOC JBUKETCS BIOJb BEINeCTBEHHON OCH, IMepecekaeT YHUTAPHBI pa3pe3 u
mepexo/IuT Ha HedU3UIECKUil JINCT, TeHEPUPYsl TAKUM 00pa30M BHPTYAJIbHBIN YPOBEHb B CHCTEME.
CymecrBoBanne BUpPTyaabHOTO coctosiaust /NN BOm3u (HU3MIecKkoit 001aCTH Onpee/IserT TnHa-
Mudeckuit ocobennocTu cucteMbl /NN 1 B 00IIeM crydae 1)-saepHOil CHCTEMBI ¢ OOIBITIM IUCTIOM
HYKJIOHOB.

[TepBbIM ciecTBHEM OJIU30CTH TIOJIOCA SIBJASIETCS CYIIECTBEHHOE YBEJTUYEHUEe BBIXOJIA MeJI/IeH-
HBIX 7)-Me30HOB, HAOII0/]JaeMOe BO MHOYKECTBE TTPOIEccax, B KOTOPBIX 3TH Me30HBI 00pa3yIoTcs.

Bo-BTopbIX, nepTypbaTuBHAS TPAKTOBKA 7)-SIEPHOTO B3AUMOJEHCTBUS, HAIPUMED, B PAMKaX
MOJIEJIN, TAE ITO B3aUMOJEHCTBHAE CBOJUTCA K MPOCTON CyMMe OJJHOKPATHBIX B3aWMMOJEHCTBANA Me-
30HA C OTJEJIbHBIMU HYKJOHAMU siJIpa, OKa3bIBAETCSA HecocTosTeabHOM. [Ipudynna 3ak/odaercs B
TOM, YTO BOJIHM3H IOJIOCA P MHOTOKPATHOTO PACCESHUS CXOMAUTCS MEIJTEHHO, W MOITOMY CYM-
Ma, HECKOJIbKUX MEPBBIX YJEHOB, KOTOPbIE YIEPKUBAIOTCSA B MepTYPOATUBHOM IMOJX0JIE, CHJIBHO
OTJIMYAETCS OT CYMMBbI Bcero psja. /Ipyrumu cjioBamu, Jijisi COXpaHeHUs] TOYHOCTH TpeOyeTcs: BbI-
YUCTIeHTE OOJIBIIOr0 YUCIa IIEHOB PA3TOXKEeHHS, 1 TOITOMY 00JIee MOAXOAAIeH MOAETbIO ABISIeTCS

TeOpus TPpeX TeJl, B KOTOPOil 3Ta cyMMa BBIUYHUCTISIETCS TOJIHO.
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3.4 CpaBHeHIEe C pe3yJbTaTaMI JAPYTUX aBTOPOB

Huzke nmpuBoauTcs cpaBHenue (IJIABHBIM 06PA30M KAYECTBEHHOE) HAIIUX PE3YIBTATOB ¢ Pe3Yib-
TaTaMM, MOJYIYeHHBIMH B JIPYTUX paboTax HA OCHOBE JABYX NMPUHIMITHAJIHLHO PA3JIUIHBIX MOJIEIeH —
MO/JIeTN ONTUYECKOTO TOTEeHIINAIa U MOJIeIN, B KOTOPOU MCIOJIB3YeTCsl BapuaIllMOHHAS MPOTEeaypa
(croxacTuuecKast BaApuAIMOHHAS MOJIeb). OCHOBHOE BHUMAHUE YIETEHO O0CY K IEHUIO BO3ZMOKHBIX
MPWYNH, BEAYIIAX K 3HAYUTEIHHBIM PA3InIusIM Pe3yabTaToB. s gydriiero moHuMaHus 3TUX MTPH-

YUH JJAeTCS KOPOTKOEe OMMCAHNe OCHOBHBIX KOHIENIUI 00enx Mojesei.

MeToa onTu4eckoro mMOTEHINAJIA. Jlns anajim3ax Me30H-siJIEPHBIX B3aMMOJICHCTBUN B
00JIaCTH HU3KUX U CPETHUX SHEPTHii, KaK MPABUIO, HCIOJIB3YETCS ONTUYECKAs MOJEIb ¢ TOTEHITH-

asoM B popme Kuccmunazxepa-dpukconos |78, 79):

2wU (w,r) =
c(w,r)+ Clw,r)

—4r{[b(w,r) + B(w,r)] — A - T+ dnglc@ ) + C@ r)]A
w 1
+mA[C(W,T> + §C(w,r)]}. (3.19)

31ech mapaMeTpsl b U ¢ JIMHEHHO 3aBUCAT OT SePHOI MIOTHOCTH U CBA3aHBI ¢ (a3aMu COOTBET-
CTBEHHO $- M P-BOJIHOBOTO PACCestHUsl ME30HOB Ha HyKaoHax. [lapamerpel B u C, KBaJIpaTHIHO
3aBUCAIINE OT IUIOTHOCTH, XapAKTEPU3YIOT BKJIAJ] MEXaHH3MOB JIBYXUACTUYHOTO TOLIONIEHHSI B
Me30H-s1/IepHOe paccestune. Kak M3BeCTHO, XapaKTepHOii 0cOOeHHOCTBIO TN B3aNMOIEHiCTBUS SIB-
JIIETCsI, C OJIHON CTOPOHBI, €0 OTHOCUTE/IbHAs! CJ1abOCTh B $-BOJIHE, a C JAPYTOil CTOPOHBI CHJIBHOE
P-BOJTHOBOE TIPUTSIZKeHNe, 00YCJIOBIEHHOE CUIBHONW CBsi3bi0 /N KaHaja ¢ Pe30HAHCOM A(1232)%+.
[ToMIMO 5TOrO, BaskKHYIO POJIb B MHOH-SIEPHOM B3AHNMOJEHCTBUE HIPAET IBYXHYKJIOHHOE MOTIIO-
menne 7NN — NN, 94T0 cOOTBETCTBYET OOJIBIINM 3HAUYEHHAM HapaMeTpoB B u C' B BhIparkKeHUN
(3.19). DTH 0COGEHHOCTH MHOH-SIIEPHOTO B3ANMOJEHCTBUST MPUBOJAT K TOMY, YTO COOTBETCTBYIO-
it morernual (3.19) aBsercst CyIecTBeHHO HeOKATBHBIM (|b/c| > 1) u HeTMHEeHO 3aBUCATIINM
OT SAJIEPHOI ILTOTHOCTH.

B oTjin4gyune OT MUOHa, TJIABHOM OCO6eHHOCTbIO B3aHMO,Z[eI71CTBHH 7I-ME€30HOB C HYKJIOHOM BJISI-
eTCs ero NMpenMyIIeCTBEHHO S-BOJTHOBOM XapakTep, yzKe orMmedeHHbIl B pasjene 3.1. [Tosromy B
1-SI7IEPHOM ONITHYECKOM TOTEHIHATe JOKAIbHBI dneH (mepBoe ciaraemoe B Bbipaxkenun (3.19))
okasbiBaeTcsa goMmunaupyonmM (|b/c| < 1). Uro kacaeTca MexaHH3Ma JBYXHYKJIOHHOTO MOTJIOIIE-
HUSI 7)-ME€30HOB, TO COTJIACHO OIEHKAM, IPUBEIEHHBIM B padore [7], ero posib NCKIIOUATENTHHO MaJIA.

[ToaTomy Bemymum abCOPOTUBHBIM KAHAJIOM B 7)-sIIEPHOM B3aUMOJICHCTBUU SIBJISETCS HE PEATHHOEe
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IIOIVIOIIEHUE 7)-ME30HOB CUCTeMaMM HYKJIOHOB, a HEyIpyrue OJHOYACTUYHBLIC MPOLECChl, KOTOPLIe
ocymecTBaAd0TCd 1o cxeme NN — wN.
Takum 0O6pa30M, ONTUYECKAN MOTEHIINAJ B3aMMOJENHCTBUS 7)-Me30HOB C sIPAMHU SIBIIeTCS JIO-

KaJbHBIM U JIKHEHHO 3aBUCAIIINIM OT H,ZLepHOP'I IIJIOTHOCTH:
2wU (w, 1) = —4mhy(w)p(T) . (3.20)

B wmnysabcHoM mpubanzKeHnn napaMerp bg(w) MOXKHO CBSA3aTh € S-BOJHOBOI aMrminTymoit nN
paccesnud f,n(W,n) B BUzE

by = —— fon(Wyn) - (3.21)

Ncxoast 3 W3/105KEHHOTO BBITITE MaTepuaJia, Kacalllerocss OCHOBHBIX MPWHIIAIIOB ONTHYECKOTr0
MOAX0Aa, MOYKHO OYKHJIAaTh, 9TO MPeACKa3aHus ONTHIECKOW MOJean OYAyT B 3HAUYUTEIHHON Me-
pe OTINYaThCA OT MOJYYEHHBIX HAMH Pe3yJIbTAaTOB TOYHOTO PEIleHud 3a7a9d O B3aUMOIeHCTBUA
7-Me30Ha C SIPOM. DTO CBSI3aHO, B TIEPBYIO OU€Peh, ¢ T€M, 9TO OMTUIECKAS MOJETh B €€ «CTaH-
JapTHOM» BHJIe He YINTBIBACT CHIILHYIO 3aBUCHMOCTH OJHOHYKJIOHHON aMIITUTYAB f,N OT SHEPTHN.

Kaxk mpaBmio, i pacueToB CBI3aHHBIX COCTOsTHUIT B hopmysie (3.21) ucnob3yercs IpubinKenne

SanW) & fyn(0) = apy (3.22)

rie a,y - amuna NN paccegnusd. Taxoe IpuOanzKenne Bo BeeX CAydadX HPUBOJUT K CUIBHON TIe-
peOIeHKe TIPUTSIZKEHHsT B CHCTeMe 1)-Me30H-si1po. B dactHocTH, B pabore [16] 3amena aMmimTy b
paccesinus ee 3HAYEHWEM MPU HYJIEBOIl SHEPIUU MPUBOIUT K (POPMHUPOBAHUIO CBAZAHHOTO COCTOSI-
Hus yze 1yig cucteMel 1) °He, a 11 10cTaTOYHO GOBIINX 3HAUEHHUH BeIeCTBEHHON YACTH JTHHBI
pacceanua Rea,y ~ 1 ®m gaxe 114 nd, 9TO HOJTHOCTHIO TPOTUBOPEYUT HMEIOMIUMCA KCIepH-
MEHTaJIbHBIM JJaHHBIM.

B paGore [68| 6bL1a mpeAmpuHATA TOMBITKA BBECTH B «CTAHJAPTHYIO» ONTHYECKYIO MOJIEh HAW-
OoJiee BayKHBIE TIONMPABKU: 3aBUCUMOCTD f,n OT 3HEPrHuH, a TaKzKe MONPAaBKH Ha OTJady HyKJIOHOB.
Bwmecre ¢ Tem, kKak OBLIO OTMEYEHO BO BBEJIEHUU K PabOTE, B TAKOM TOJIXOJE OCTACTCS OTKPBHITHIM
BOIIPOC 0 BbIOOpE 3D DEKTUBHOM HEPTUN B3aUMOJEHCTBUS 7)-Me30HA C CO CBA3aHHBIM B si/Ipe HYK-
nonom. @opmyna (3.12) B cayuae ‘He maer B xadectse onenku W ~ —30 MaB, uTo cymecTBeHHO
OTJIMYAETCSA OT HAIMUX pe3yabTaroB. HamoMHWM, 9TO, COMTACHO HAIMUM pacdyeTaM, SHEpPrus, Mpu
KOTOPOil aMIINTyAa f,n BXOINT B WHTErpaJbHbIC YPaBHEHMs, HAXOANTCS B WHTepBaje oT —150
no —30 M»B.

Onrnueckas MoJeb [68] ¢ YIOMSHYTBIME BBIIIIE MOMPABKAME MPEICKA3BIBAET CYIIECTBOBAHIE

cazannoro cocrosaua 1) ‘He ¢ smeprueit casm okono —10 MsB u mmpunoit 50 MsB. Oxnaxo,
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KaK YK€ HEOJHOKPATHO OTMeYaJ IOCh, MMEIINUueCd Ha CeroJHd IKCHEepUMEHTaJIbHbIE JdaHHbIEe HeE

IIOATBEPZKAAIOT 3TOT pe3yJibTaT.

Croxactuueckuii BapuarimoHHbIT MeTos. Hackolbko HaM H3BECTHO, CEroJHsI CYIIeCTBYET
TOJTBKO OJIHA MOJIeNTh, TMO3BOJIONAad pemuTh ypapHenusa [llpeaunrepa pas cuctemsr 7 — 4N B
paMKax BapHAIMOHHOTO MOIX0/a. BapuanuoHHast TPONeIypa peaain3yercs ¢ MOMOIIHI0 TaK Ha3bI-
BAEMOI'0 CTOXaCTHIeCKOro Bapuarontoro merona (CBM), koTopsrii B cBoe BpeMst GBI Mpe/IoKeH
B pabore [70|. Jeramu ucnoan30BaHusa METOIA JJisl PACIETa B3aUMOJIEHCTBYSI 1)-ME30HOB C TPEX-
YETBIPEXHYKJIOHHOI cucTeMoil n3moxkensl B paborax [71, 72]. 31ech MBI KOPOTKO OIHIIEM TOJBKO
OOIIIMe TOJIOXKEHNsI, CBSI3aHHBIE C er0 OCOOEHHOCTSIMH.

B meroze CBM mnpobGuasi BomHoBast (byHKIus cucrembl A wykmonos |J™), rme J — cruH sapa,

7 = +1 — ero 4eTHOCTH, packiaabiBaeTcst B psaa (10) Mo cucremMe KOPPEJTUPOBAHHBIX TAyCCUAH

o o - _ 1zt giAtg « .
Ty a1 |J7) = Z C,EA}G 28 By Fk{)‘}(nl, ooy MAC) (3.23)
{ATk
rie T npeacrapisier coboii Habop (A — 1) BeKTOpHBIX KoopauHaT AKOOH 71, ... ,7a_1, a {A} ecTh

COKpAIleHHOe 0003HAUEHNEe BCEX KBAHTOBBIX UHCE]I, XapaKTEePU3YIONINX OIpeaeTeHHbI KaHa.

By, mpencraBisier coboii MOJIOKUTETHHO ONMpe/IeIeHHY 0 MaTpuity pasmepuocta (A—1)x (A—1).

. Al o
Ona 3aBUCHUT OT HEJIMHEHHBIX TapaMeTpoB By, sz] [Tpoussenenne 27 B,g }# MovkHO 3ammcaTh Kax

A-1
— A} = — —
Gl B,E Vi = > Bkjni e (3.24)

K]
ij=1

HeobxomuMo oTMeTuTh, 9TO ONTHMHU3AINST OOJIBIITONO KOJWYECTBa MapaMeTpoB JJId JTOCTHKe-
HUSI MHHUMYyMa SIBJISIETCS, BOOOIIE TOBOPsI, JOBOJBHO CJIOKHOI 3amadeit. OmHaKko, MOUCK MUHH-
MyMa 3aMeTHO ympoinaerca B Meroge CBM, B KOTOpOM HCIOMB3YETCS CTOXACTUUECKUM TTOIXO.
Croxacrinueckas nponenypa CBM opranmsosana B Tpu srana: (i) remepupyercst npobHast GyHK-
IMsT MyTeM CJIy9aifHoro BbiOopa mapamerpos B;; m kanasos; (ii) omeHHBaeTCs ero ImoJe3HOCTH IO
SHEPIUH, JeTaeTCs BHIOOD B MOJB3Y COXpaHeHus Jubo orbpackiBanus; (iii) mpomemypa «mpob u
OIMMOOK» TOBTOPSIETCSA 0 TeX TOp, MOKA MOJYUeHHBIH TaKuM oOpa3oM Oasuc He OymeT obecredn-
BaTh CXOINMOCTh METOJIa.

C momormpio Merona CBM aBropsl paGor |71, 72| pemmim cooTBeTCTBYIONNE YeThIpeX- U Isi-
TudactTudubie ypapuenus [IIpenunrepa mpig cucrem 17— 3N u n—4N. CormacHo TOJTyIeHHBIM UMA
pesyIbTaTam, cazannoe cocrogune 1 He obpasyercs y:ke IpH 3HAUEHNN BEIIECTBEHHON TaCTH
jaunel NN paccesinust Rea,y ~ 0,7 MsB, B To Bpems, Kax g NogBJICHUA CBA3U B CHCTEMe

n3He TpebyeTcsa Goslee CUIbHOE NPUTAZKEHHE MEKY 7)-ME30HOM U HyKJIOHAMHE fpa. DTOT BBHIBOI,
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OYEeBWJIHO, TPOTUBOPEYNT HAITUM Pe3yIbTaTaM, KOTOPhle, KaK OTMedasoCh BBITTE, YKa3bIBAIOT HA
Gosee caaboe MpuTaxKenne B caydae 1 ‘He mo cpasmennio ¢ 7 He.

Jlng BbIICHeHUS BO3MOXKHOU MPUYMHBI PA3HODIACUS BBeJeM mouaTHe 3hdertuBnoro nN mo-
TeHIHaTa. A WMEHHO, TMOCKOJBKY pacdeThl B paborax |71, 72| BBINONHSIOTCS B KOODIMHATHOM
MPEJICTABIEHUN C JIOKAJILHBIM TIoTeHInasoM 1N, IpiuBeIeM Halll HeJOKaJIbHbI morenuat (3.4) K
aHagornaHoMy BHLY. C 3TOi METbI0 PEIuM CUCTeMY pelaTUBH30BAHHBIX ypaBHeHuit [[Ipeamarepa

JUTSE JIBYX CBsI3aHHBIX KaHaoB NN — wN.

e T
—=3 ba(r) + 2wq Z /vaﬁ(E,]N, " Yog(r )rr' dr' = @ da(r) (3.25)
6217,7I' 0
a - n’ 7T7

IJIe W, - TOTHAST SHEPTHsI ME30HA (v, a Vap(r, 7)) - mpeobpasoBanne Pypbe norennuata (3.4):

E , o gagﬁ /826% 6_6047" e_ﬁﬁr,
R P D VA

, (3.26)

rie

W:EnN—l—MN—l—mn. (327)

[Toce TOro, Kak MOIY9IeHO penterne ¢, (r), o = n, 7, ypapHerus (3.25), onpeae nM SKBUBATCHT-

HBII JTOKATbHBIN MOTeHTHa 1)/N TOCPeICTBOM 3aMeHbI

OgN (BN, 7) =

() 5zzmﬂ!vnﬁ(EnN’T’ ) s(r’ yrr' dr'. (3.28)

Jlerko Buaerh, uTo ucnoan3oBanne (3.28) B (3.25) anst o« = n maer ypasuenwe I[llpennnrepa B
KaHase 1N ¢ JOKAJbHBIM KOMILTEKCHBIM MOTeHnuaaoM v,y (E,y, ). Ero pemenne, odeBunmo, cos-

IaJaeT CO 3HAUEHHIMH <HETOKATbHO» BOJHOBOI (byHKIMHE ¢, (7) BO Beeil obaacTH r.

Haxkomerr, 4To0bl CPABHUTD HAII JIOKAJIBHBIN moTeHnua (3.28) ¢ TeM, KOTOPBIH HCIOIb30BAICS
B pabore [72|, MBI ycpemHmIn 06a MOTEHIMANA TI0 AepHOIl IIOTHOCTH, B3aB A aapa ‘He mmot-
HOCTh, JIaBaeMylo MOJe/IbI0 rapMoHuueckoro octuiaaropa p(r) ~ exp(—r?/r2) ¢ mapamerpom
ro = 1,38 ®wm. Pesymbrars! mpeicrasienst Ha puc.3.11 B obmactn E,y € [—150, —30], B koTO-
poif, KaK OBLTO HaliIeHO B MpeIbIIYINeM pa3zesie, OMHOHYKIOHHAS aMILTHTYAA f,y JaeT OCHOBHOIL
BKJIQJ] B JUINHY PACCESTHUST Gyipe. B pabdote 72| norenmuan v,y (L,n, 1) 6epercst B sape mpn buk-
CMPOBAHHO# sHEpriH [y, BeTHania KOTOPOif 3aBIHCHT OT HEKOTOPOTO CKAIMPYIOMEro napamMerpa
A. [eranu, cBsg3anHble ¢ HaXoXkKIeHHeM A W3/103KeHbl B pabore [72]. 3HaueHne 3TOro moTeHIuaga

IIOKa3aHO Ha TOM 2K€ PHCYHKe IIYHKTHUPHBIMH JJUHUAMHU IJId IBYX 3HAYEeHU A, HCIIOJIb3YEMbBIX B



67

VN [MhB]

A5
2150 -100

E,, [MoB]

Pucynok 3.11. Crutoniabie KpuBbie: IefCTBUTEIbHAS U MHUMAsT 9aCTH JJOKAJTBHOTO moTeHIuaga 7N
vyn (Eyn, 1) (3.28), KOTODEBIT S9KBHBATEHTEH HalleMy cemapabenbHoMy morennuarty (3.4). ITymk-
THPHBIE JTHHUH: MOTeHIHAT U,y (W, r) u3 paboTsl 72|, BBIUUCICHHBIH IPH MOCTOSHHOM 3HAYCHUH
aprymenta W s aByx 3madenmii ckagupyiomero mapaverpa A = 2 Ov ! n A = 4 Ov~ L. Bee

IIoTeHnuaJIibl YCpEeAHEHbI 110 IITOTHOCTH dOapa 4He, KaK IIOACHEHO B TEKCTe.

[72]. Kak BuaHO U3 pHCyHKa, HAII MOTEHINA U,y CIadee MOUTH BO BCeil paccMarpuBaemoil obma-
cTu L, y. 9To paziudme, N0 Bceil BUIAUMOCTHU, ABJdeTca OCHOBHOI MPHYUHOM, IO KOTOPOI HAIIn

pe3yIbTAaThl KA9eCTBEHHO OTJIMYAIOTCST OT Pe3yJIhTAaTOB, MOJAYYeHHBIX B padborax |71, 72|.

3.5 3BakJrodyeHme K rijase 3

Taxum obpazom, B JaHHOIT paboTe B3amMmoeiicTBue B cucteme ) — 4N BepBble pACCUNTHIBA-
eTCs KOPPEKTHO € YIeTOM MAJOYACTUUHBIX acimekToB. [IpuMenss cemapabenbHOe MpeIcTaBIeHHe
cnadasa K sapam (3+ 1) u (24 2), a 3arem k sapam (4 + 1) u (3 + 2), MBI pemmin COOTBETCTBY-
IOIYI0 MPOOJIeMy IIATH Te MOCPeICTBOM CBefeHusa nuHamudecknx ypapaennii AI'C K cBsa3amHOlM
cHucTeMe WHTerpaJbHbIX YpaBHEHU, MMEONNX CTPYKTYpPY ypaBHeHnii JIunnvana-IIIBunarepa misa
CBSI3aHHBIX KaHAJIOB.

IIpeackaspiBaemoe 3Hadenne e a,pe MOTOKATETHHO W OKA3BIBACTCH MEHBINE [R€ a,se. DTOT



68

pe3yabTarT obbscHsieTcss PdekTuBHBIM ociadbaenuemM 7)N-B3auMoJeiicTBUS B siJIEpHOIT cpejie ¢
yBeandeHneM ee m1oTHocTH. COrTacHO HAIUM pacdeTaM, YBeJUYeHUe CUI MPUTAKEHUS 33 CUeT
JOMOMTHATEILHOTO HyKIoHAa B ‘He KoMmmencmpyercs CHIBHBLIM HOAABICHHEM MTOIIOPOroBOro 7.N-
B3aMMO/IeiicTBUSI B DoJiee IJIOTHOM sijipe. PesyibTupyioiee nputszkenue B cucreme 77 — 4N oka-
3LIBACTCS HEJOCTATOUHBIM I 00pa3oBaHms cBa3anHoro cocrosuus 1*He, mo xpaitmeit mepe, ¢
napamerpamMu 7N, HCHOJIH30BAHHBIMU B JTAHHBIX pAacueTaX. ITO OOCTOSATETLCTBO JIOMKHO OBITH

OCHOBHO# MPUYMHONW TOTO, YTO 7)-sJpa JI0 CUX MOP He OOHAPYKEHBI.
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SaKJII0UYeHUe

B aumccepranuun mpejcTaBiIeH MeTON pPeIleHus 3aJadu MATH TeJ, OCHOBAHHBIN HA ypaBHEHU-
sx Anpra-I'paccoeprepa-Canaxaca. Ero kao4ueBbIM 3BeHOM sIBJISIETCSI cetapabeTbHOe Pa3I0KeHre
aMILTATY], B JIBYX-, TPeX- U YETHIPEXYACTUUIHBIX MojcucTreMax. [lomydaroniymecss TakuM od6pa3om
ypaBHeHHS UMe0T (hOpMY JABYXUACTHUHBIX ypaBHeHwuil JIunmvana-IlIBuHrepa amda MHOTOKaHATB-
HOit 3a/aun. B KadyecTBe HEOIHOPOJIHBIX UJIEHOB B ITHX YPABHEHUSAX BBICTYITAIOT ODODOIIEHHBIE
MOTEHIINAJIbI, OMMCHIBAIOIINE OOMEH YaCTHIeHl WM T'PYIIOW YacTUIl MEXKy JIByMsl KJIacTepaMHu,
6O 1Ba HE3ABUCUMBIX KJIACTEPa, MEXKYy KOTOPBIMH BO3MOZKEH OOMEH SHeprueii.

1o HACTOSIIEro BpeMeHH peIlleHne 33/1a9d MSITH TeJ CHCTeMbl OCHOBBIBAJIOCH TJIABHBIM 0Opa-
30M Ha TPpaJUIMOHHBIX METOJaX, TAKUX KaK BapualluOHHadA MOJEJIb, O6OJ’IO“I€‘IH&H MOJeJIb, METO/bI
PE3OHUDYIOUIUX T'PDYII, PA3JIUYIHBIE CTOXaCTHYECKHEe METOIbl, B KOTOPbHIX TaK>Ke HCIOJIbL3yeTCd Ba-
puanuonHas nporeaypa. OCHOBHOI HEJTOCTATOK ITHX METOIOB 3AKIIOYAETCA B TOM, UTO 3a9aCTYIO
TPYHO ONEHUTH OIMUOKY, CBA3AHHYIO C UCIIOJIH30BAHINEM BapHAIMOHHOTO PEMIEHUS, TOCKOIbKY MbI
TaK WU WHA4Ye BBIHYZKJIEHBI UCIIOJIb30BATH OTPAHUYEHHBINH KJIACC TTPOOHBIX (DYHKIIMIA.

[TpescTaBIeHHbBIT HAMU CHCTEMATHYECKHUN IMOIXOM K PEIIeHUI0 3ajJa9d MSITH Tesl, OCHOBAH-
Helit Ha opmanmmame Anpra-['paccbeprepa-Canpxaca, JUITEH STUX MPUHIUNIHATHHBIX HEIOCTAT-
KOB. KaK OTMEe4YeHO BO BBe€JCHHH, CYIIECTBEHHBIM JOCTOMHCTBOM METOHda ABJIACTCA €r0o HalJIAI-
HOCTHh 1 y,ZLO6CTBO MPAKTHYIECKOTO UCIOJIB30BaHUA. C ero IMOMOIIIBIO MOZKeT 6bITb H&ﬁﬂeHO TOYHOE
pellenne Kak JIJIs CBA3aHHBIX COCTOAHUIN (He TOJIBKO OCHOBHBIX, HO M BO30OYKIEHHBIX ), TAK U Pelle-
Ha 3aja4a paccesunsi. Obmacts npumenennst Meroga AT'C k dpusudecknm mpodIemMam T0CTATOTHO
MTUPOKA: OT MOJIEKYJISIPHBIX ¥ aTOMHBIX CHCTEM JI0 MHOTOKBAPKOBBIX KOH(MpUTYpaInil, B KOTOPHIX

B3aUMOJIEIICTBHE OMUCHIBAETCS Uepe3 IMOTEeHIHAT ¢ KOH(MAKHMEHTOM.

Hepe‘{I/IC.HI/IM OCHOBHBIC€ DE3YyJbTaThl JUCCEPTAIlUN:

1. Tlomyuen ammapar IJsi peleHus 3aJa49n MITH TeJl B paMkax meroma Agabra-I'paccbeprepa-
Cannxaca. KimoueBbIM 3BEHOM SIBJISIETCS cemapadeTbHOe pa3iozKeHne saep WHTerpaTbHBIX
ypaBuennii. Kak u B cjiydae Tpex u 4eThIpeX YaCTHII, MPEJCTABJICHHUE sJIpa B BUJIE CYMMBI
cenmapabeIbHBIX CJIaraeMbIX MO3BOJISIET CBECTH MCXOJIHBIE YPaBHEHUsST K CHCTEMe ypaBHEHWIt

tumna Jlnnnumana-IIIBuHrepa 11g CBI3aHHBIX KAHAJIOB.
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e [losyuennr Boipakenus: st 3(pOEKTUBHBIX MOTEHINATIOB, OMUCHIBAIONINX B3anMOIeli-
CTBHUS B TOJCHCTEMAX, BOSHUKAIOIINX MPH PA3OMEHNH UCXOMHON CHCTEMBI MATH TACTHI]
o cxeme (1+4) u (2+3). Hapaay ¢ morennuaiaMu, IMEIONUME CTPYKTYPHBIE AHATIOTH
B YeTHIPEXYIACTHYHOI 3a/ade, B 33/la9e MATH TeJT TOSIBIISIFOTCS MOTEHIUAJBI, HMEOIIHe
NPUHIUITHAIBHO HOBYIO CTPYKTYPY (cM. dopmysbr (1.41) u puc.1.4). B sroit cBssm,
MSITHYACTHYHbIE YPABHEHUS HE MOIYT OBITH MOJIYYEHBI MYTEM MPOCTON SKCTPATIOSIUH

3 HEKTUBHBIX MOTEHIUAJIOB 3a/Ia9M YeThIpexX Tesl Ha cuctemy ¢ N = 5.

e Paccmorpen ciydvail, Korjga B CHCTeMe MMEIOTCs TOXKIeCTBeHHbIe JacTuiibl. [Iposeaena
HEeOOX0AMMAast IPOIe/Lypa CUMMETPU3AINN | TIOJIyYeHbl YPaBHEHNsT JIJIsI CAMMEeTPU30BaH-

HBIX aMILIATY/.

2. Ilonydenusie B (popMaabHONE YacTH pabOTHI YpaBHEHUSA TPUMEHEHBI K UCCJIEIOBAHUIO B3aU-

MO,ZLGfICTBI/IH B CHCTEME IMATU TOXKICCTBEHHDBIX 0030HOB.

e B kauecrTse npuMepa BBIYUCJICHbBI SHEPTUU CBA3U CUCTEMBI. Pacuernr ¢ HOTEHIIUAJIOM

(2.1) mpeacKa3bIBAIOT HATHYIHE JBYX CBSI3AHHBIX cocTostHmii 0T ¢ sHeprusMu

E=144,3MsB u E*=61,0 MsB.

e llcciremoBana CXOAMMOCTD MOJYYEHHBIX PE3YJIHTATOB MPW W3MEHEHHH KOJWYeCTBa djIe-
HOB, VUHTBIBAEMBIX B cemapaOeTbHOM pas3ioxKeHuu. HemocpeacTBeHHBIE pacdeThl IO-
Ka3bIBAIOT, YTO MEPBBIH WIeH pa3/okKeHns obecrednBaeT TOYHOCTL okoso 2%. Takas
OBICTpast CXOIMMOCTh O0bSICHSAETCS JIOBOJILHO OBICTPHIM yMEHbBITeHHeM abCOTIOTHBIX Be-
JIMYIUH COOCTBEHHBIX 3HAYCHHIT |\,|, & TakKe TeM, 9TO 3HAKH WICHOB CEMapabesbHOTrO
PSIZIa B 9TOM CIyYae YepeayioTCs, YTO IPUBOIUT K 3HAUUTETHLHOMY COKPAIIEHNO BK.IA 1A

4IEeHOB ¢ HOMepamu 1 > 1.

3. Pemena 3a/1a4a 0 B3auMOJEHCTBUN 1)-ME30HOB C CUCTEMOI YeThipex HYKJIOHOB. lccienoBano
B3amMoeiicTBIe 7)-Me30Ha ¢ aapoM ‘He. BoiumcieHa aamHa paccesHHS 7)-Me30Ha Ha sape

‘He.

e AmHajm3 3aBUCHMOCTH DPe3yJbTaTOB OT YHC/IA CemapadebHBIX WIEHOB B PA3/IOKEHUN
siJIep MHTErpaJbHBIX YPaBHEHUI, KaK U B C/Iydae MsaTH D030HOB, JIEMOHCTPUPYET CXO/IH-
MOCTB, BIOJIHE JOCTATOYHYIO I MpaKTHIeCKuX 1eneil. B memom, yrep:xKkanme B pasio-

JKEHUH TepBhIX 4-6 4IeHOB obecrnednBaer TOYHOCTD Jyurie 1 %.
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e llcciieioBana 3aBUCUMOCTD aMILIUTYbI 7)-51IEPHOTO B3aUMOJIEHCTBUS OT MOIIOPOTOBOTO
NoBeJIeHUd 3JIeMeHTapHON aMILIUTYAb f,y. PacdeTsl BeImonnens n1a aaep d, SHe u
4He. ITokazano, UTo B KazKJ0OM U3 TpexX cIydaeB HMeeTcs CPaBHUTEILHO MIMPOKasd, HO
TeM He MeHee OTPaHMIeHHast 00J1aCTh IHEPTHil, TPN KOTOPBIX 3HAYEHNS [,y OKa3BIBAIOT

CyHIeCTBEHHOE BJIMAHHNE Ha BEJIMYIHUHY an.

e [Iposenena moAronKa 3Ha4EHAIT f, N MO MMEIONHECs SKCIePAMEeHTAIbLHBIe JaHHbIe [T
kBagpara |f,al?. ns sroro Geumm pemtenst ypasuenns AI'C ms cucrem nd, n°He u
n'He. B KaxKI0M ciydae aMILIATYIa fnN ANTPOKCHMUpOBAJIACH OpeifT-BUTHEPOBCKOi
dyHKIMEH ¢ BapbUPyeMBIMHU MapaMeTpaMi — KOHCTaAHTAMHU CBSI3M, MacCOW W IOJIHOI
IIIPUHOI pacmaja B aJpOoHHBbIE KaHAJBI. [loydueHHBIE TAKHM 0OpPa3oM 3HAUYEHHUS OKa-
3aJIUCh OJTM3KUMU K pe3yiabrataM K-marpudnoro anaiamsa kaHaaoB NN, N u mr N

[30].

e CoracHo MoJTyueHHBIM pe3yabTaTaM npuTsakenne B cucrenme niHe ciabee, wem B n°He.
OTOT pe3y/abTaT HAXOIUT eCTECTBEHHOe OObsICHEHHEe, eCIU MPUHATH BO BHUMAaHHE OT-
MedeHHYI0 paHee CUIbHYIO 3aBUCUMOCTL aMILTUTYIB! f,n OT SHEPru: B IOJANOPOTOBOMH
obmactu. Beumy 6oee Boicokoit miotaocTn anpa *He mo cpasrennio ¢ *He, adpdexrnn-
Hasl SHEPTHs, TPU KOTOPOil MPOMCXOAUT B3AMMOILIICTBHE 7)-Me30Ha C HYKJOHAMH, OKa-
3BIBAETCS HHUYKE. DTOT Pe3yabTaT, B YaCTHOCTH, MO3BOISIET OObACHUTL moueMy 3P deKT
B3aIMO/IeHCTBHS B KOHEUHOM cocTogHnu B peakunu dd — 1 “He oxasniBaeTca crabee,

JeM B TpoIeccax, B KOTOPBIX obpasyerca cuctema n°He, manpumep dp — n3He.

Takum obpasom, TpoBeIeHHbIE HAMW HCCJIe0BAHNS TOKA3hIBAIOT HEBO3MOKHOCTH 00Pa30BaAHUST
n-saep ¢ MaccoBbM dnciom A < 4. OTMeruMm, ITO 3TOT Pe3yabTAT MOJYyUeH B PAMKAX TOTHOTO
pereHnst KBAaHTOBOMEXaHMIECKON 3aa91 HECKOJIHKIX TeJI ¥ BIIEPBBIE eMY JTaHO SICHOe (PU3HMIECKOe
ToakoBaHue. MOKHO HPeANoI0KUTh, YTO eCJIH 3Ta TeHJeHIMs (T0 ecTh yMeHbInenne 3bdhexTnn-
Hoii sHepruu NN ¢ pocrom A) coxpansiercss B 6osiee Tskeabx gapax (A > 4). B stom ciaydae
BOIIPOC O CYIIECTBOBAHUU 7)-S7eP MOXKET OBITH 3aKPBIT.

Pazmuanrbie Teopun, He TOJIBKO KBAPKOBBIE, HO M YNCTO (DEHOMEHOJIOTHIECKNEe MPEICKA3BIBAIOT
HAJIMYMe CUJILHOTO TMPUTATHBAONIETO B3aNMOIEHCTBYS ¢ HYKJIOHAME He TOJIBKO JIJIs 1), HO U JIJIsT Tsi-
JKeJTBIX YapMUPOBAHHBIX ME30HOB 7).. B 9TOM cydae B3amMmoeiicTBie mMeeT yzKe He Pe30HAHCHBIN
XapakTep, Kak B caydae 1N, a 00yCJIOBI€HO OTHOTJIFOOHHBIM OOMEHOM MEKIy KBapKaMU, BXOIs-
MU B COCTaB YapPMHUPOBAHHOTO Me30HA 7). U HyKjaoHA. CJIeICTBIEM 3TOI 0COOEHHOCTH SIBJISIETCS
9K30TUIECKUiT XapakTep 7)./N B3auMOIeiHcTBUsI. A UMEHHO, OHO SABJIAETCS OUeHb HHTEHCUBHBIM, HO

MIPH 3TOM XapaKTepu3yeTcs TOBOJBHO MaJbIM PaJInycoM JeiicTBus cuia. B cBga3m ¢ stmMm, ecte-
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CTBEHHBIM SIBJISIETCS BOIPOC O CYIIECTBOBAHUY CBSI3AHHBIX COCTOSIHUN YapMUPOBAHHBIX ME30HOB C
SIpaMA U BO3MOYKHOCTH WX IKCIEPUMEHTATHHOTO UCCIeTOBAHNUS.

Kpowme Toro, monydeHHbIe HAME YpaBHEHHS B CITY CBOEil YHUBEPCAJIbHOCTH U 3(PpHEKTUBHOCTH
OTKPBIBAIOT MMUPOKUE BOZMOXKHOCTH JIJIsi PEIIEHUs] AaHAJIOTMIHBIX 3a/[a4 B3aUMOJICHCTBUS B JIPYTUX
cucremax ajaponos. Crojia cjieJlyer OTHECTH HATHHYKJIOHHBIE cucTeMbl (B 1epByto odepeas “He u
°Li), rumepsaapa, a TaKzKe CHCTeMBI, cofepzKaiue sapo *He u K-Me30H, 7/-Me30H U IpyTHe Me30HHI.

B zak/odenue, aBTop BhIpaykaeT UCKPEHHIOI 6JIarolapHOCTh HAYTHOMY PYKOBOJIHMTEIO JTOKTO-
py ¢.-m. Hayk Pukcy A.Vl. 3a BCECTOPOHHIO TOAEP:KKY W MOCTOSTHHBIN WHTEPEC K Pe3y/IbTaTam
HCCJIeJOBAHUIA.

ABTOp TakyKe NMpH3HATETEH HAYYHOMY KOJLIEKTHBY llcciiemoBaTelbCcKOM IMIKOIBI (DU3UKH BHI-
COKOYHEPTeTUIECKUX TTPOIeccoB TOMCKOIO MOJUTEXHUYECKOIO YHUBEPCUTETA, B OCOOCHHOCTH, MTPO-

deccopam Tamakunckomy A.B. u Tpudonosy A.F). 3a momomnis B paboTe HaI AUCCEPTALAEI.



ITpnaoxenns

I. ®opmaau3zm Anbra-I'paccoeprepa-Canaxaca

Huxke man kpatkuit 0630p ypasuenuit Anpra-I'paccheprepa-Canaxaca B IpUMEHEHAN K 33,1296
Tpex Tej. Harmeit ocHOBHOI 1e/IbIO SIBJISIETCSl U3JIOYKEHHE KaK CaMOr0 METOJa MOJIydYeHus ypaBHe-
HUI CO CBSA3HBIMU SIJIPAMU, TaK ¥ BBEJIEHUE OCHOBHBIX TEPMUHOB U 00O3HAYEHUIT, UCITOJIb3YEMbIX B
COZIEPZKATETHLHOM YacTH PADOTHI.

Beenem coboanbiii Tamuabronnan (onepatop KHHETHYECKONH IHEPTHH)

3 7.2 D2 =2 )
k; P D q
H — K — (e} (e}
.Z 2m, 2M + 2l + 2M,

a=1,23. (A.1)

Brech uepes k, 00603HAYEH MMIIYJILC YACTHUIBI ¢ HOMEPOM v, P €CTh MMIIYJIbC IeHTpa MAacC Beeil
CHCTEMBI, P, — OTHOCUTEIbHBI HMITYJIhC YaCTHIL B MOAcHCTeMe o = ([37Y) U {, — WMITYJIBC OTHOCH-
TEJILHOTO JIBUZKEHUS JaCTHIBl o U mapel o = (7). Jlerko ybeaurbes, ato cocrostaust | P, Py, (o)

SIBJISTIOTCS B3AMMHO OPTOTOHAJIBHBIMUA U 00pa3yIOT MOJTHBII HAOOP, TO eCTh

<ﬁ,7ﬁa,a (Toc/|ﬁaﬁom (Toz> = 5(ﬁ, - ﬁ) 5(]5’04, - ﬁa) 5(@04, - Cja) (A2)

AP dp, dGy = . o=
/(271')3 (271’)3 (271')3 ‘Pvpaa(bz)(Pu a7QQ| =1. (A3)

—

Tak Kak IMOJHBIN UMIIYJIBC CUCTEMbI P COXpaHdeTcd, 6yﬂeM CYUTATb €ro paBHBIM HYJIIO U B JaJIb-
Heiimem omyctiM. QYHKIUN Dy, Gn) SBISTIOTCS, OUEBHIHO, COOCTBEHHBIME (DYHKIUSIMU OllepaTopa
H(]Z

H0|ﬁon 6.704> = Ea|ﬁa, Cjoz) ) (A4)

rne B, = 2%% 2—%’: — KMHETHYECKAs SHePIHd, COOTBETCTBYIOMAS Pa3OUeHnIo .

[ToreHnnasn B3anMOIEHCTBHST YaCTHIL BHYTPH TPyHIbl o = ([7) Byaem obo3HAUATH v,. CocTos1-
HHE B KOTOPOM HMEIOTCA JBe B3aUMOACHCTBYIOMNe JaCTUILI B TPYIIIE (v, 00Pa3yIoIue CBI3aHHOe
(MIu pe30HAHCHOE) COCTOSIHUE UM HEB3aMMOJIEHCTBYIONAsa ¢ HUMHU (CBODOIHASI) YACTHIA (v, OYIeM

0b03HaYaTh KakK
Pa) = |Pa)|Ga) - (A.5)

311ech |@,) ecTb BoHOBasT (DYHKIHS CBA3AHHOTO (PE30HAHCHOTO) COCTOSHUS U |(,) OMUCHIBAET CBO-

GOHOE MBUYKEHUE YACTHUIBI (v OTHOCUTETBHO Taphl o = (7). @yHKIUS |0, ) ABISIETCS COOCTBEHHON
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dyukiueit kanajabuoro [amuabronnana

Ha = HO + Vg y (A6)
TO eCThb
Ha|¢a> = Eoz|¢a> ) (A-7)
rne B, = —e, + Z—JA‘;’:, u £, > 0 mpeacrapisier coboii SHEPTUIO CBSI3U YACTHI] B COCTOSTHUH |Pq,).

B nojcucreme o paccesdHue MOKeT OBbIThH ONMUCAHO COOTBETCTBYIOIIEH t-MaTpuieit
to(2) = Vo + V090(2)Va (A.8)

rie g, — dyukuusa ['puna gacturn o = (f7v) (pe3oabBenta omneparopa H,). Anamornvno aByxda-

CTUYHOI 3amade t, ya0oBIeTBOpAeT ypaBHeHHUIo JInummvana-IIIBunrepa

ta(2) = Vo + Vago(2)ta(2) (A.9)

KOTOpoe umeeT (hopMaJIbHOE peleHne

to = (1 = va90(2)) 'ay , (A.10)

rie go — cBobonHas dbyukius ['puna, orHOCsasCcs K mojgcucreme o = (47).
Bribpas konkperHoe paszbuenue o, noyHbiil [amMuabronnan H cucTeMbl CHCTEMbI TPEX YaCTHIL
MOZKHO MPEJICTABATL B BUIE

H=H,+vg+v,=Hy,+T,, (A.11)

rae Uy = vg + vy, B # v # .
@opMaIbHO MBI MOKEM 3amucarh ypaBHenue JIunnvana-IIIBuaTepa 1714 331890 Tpex Tes MO

AHAJIOTUHU C IBYXYACTUYHON 3aa4eit
T(z) =V(2) + VGo(2)T, (A.12)

riie Go(z) = (2 — Hy) ™! ectn coboanas dbynkuus ['puna (pe3osibenta onepatopa KHHETHYECKO
SHEPrUM) st TPEX YACTHUIL U

V:’I}1+1)2+’U3. (A]_?))

Tax xkax V mpeacraBiageT co0oit cyMMYy JBYXYACTHYHBIX MOTEHITUATIOB, B UMITYJILCHOM IMPEICTAB-

JIGHUH JIJIST K KJO0TO CJIAraeMoro B 3TOW cymMe OyJeM mMeTh

—

<ﬁalv Ja/|va|ﬁav Go) = 0(qo — ‘ja/) <ﬁa/|va|ﬁa> . (A.14)
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OuernHo, uTO nTepupyst ypasuenne (A.12) Mbl Becerga GyemM uveTh MHOKATENN BUAA 0(G, — ¢.))

B mpaBoit vactu. Hampumep, mocse mepBoit uTepamun Moy IuM

(A.15)

T = Zva+ZvaGOng+ZvaGOZv5GOT
« « B « 5

Jpyruvmu ciosamu, sapo ypasuenns (A.12) we nmeer koneunoii Hopmbl [TImuara, 9T0 SKBHBA-

JIEHTHO HapYIIEHUIO YCJIOBUS €IMHCTBEHHOCTH PeIIeHns
OrmeTuM, 9To TosiBIeHUe O-DYHKIMI 0OYCIOBICHO HATHUNEM B spax ypasHenus (A.15) qua-

POHAJIBHBIX 3JIEMEHTOB BUJIA Uy (GoUy. VICKIIOUNTE 3TH 3j1eMenTH mo3BoJIsteT MeTo, Payieesa. Coe-

Jysl 9TOMY MeTo.y, paciienuM ypapuenne (A.12) Ha Tpu ypaBHeHWsI, BBeIs BCIIOMOTATEIbHBIE

omepaTopsl 1, Tak UTO
(A.16)

T, = vy +v,GoT .

(A.17)

Jlerko yoeauThCst, 9TO
T=T+T+T;.

Boigenum B npaBoii yactu ypaBuenus (A.4) wieH ¢ HOMEPOM (v M IEPEHECEM ero B JIEBYIO YacThb

Bynem nmern

To — vaGoTo = va +v.Go Y Tp. (A.18)
Ba

asiee Bocrosib3yemcsi (popMaIbHBIM perienneM ypasaenus Jlunnvana-IIIBunrepa s aByxda-

CTHYHBIX omepaTopos t, (A.10). Ymuoxkas ypasuenue (A.18) cmesa ma omeparop (1 — v,Go)™?,

moyunM ypaBHeHus PajmeeBa 119 KOMITOHEHT 1)

To =ta+t.Go > Ts (A.19)
Ba
WJIN B Pa3BEPHYTOM BUJE
T tq 0 t1 t© T
T, | = |t |+ ta 0 to [Gol| To (A.20)
T ts ts t3 0O T3

B uMITyIbCHOM TpejicTaB/IeHnn onepaTopHbie ypaBHeHus (A.11) maror cucreMy WHTErpaJIbHBIX

YpaBHEHUI
T (ﬁla >p>€7) - t ( p’ _)Iapaq_’) + (A21)
= /! d " t [~ By | B~ dl I
q p,q9 ,p ,q S0 oo -
( )T5<p I/7ql/’p7q—’).

Y
> / s
2Ms 245
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Tak Kak orepaTopsl JAefiCTBYIOT TOJBKO B MOJICUCTEME (v, TO €CTh

— — — — — — — — — — /7 q —
@, 70,0 =0, T talp, @) = 0(T— G )P [tz — =)|P) (A.22)

rue fa - IBYXYaCTUYHBIN Ooneparop, dJpa ypaBHEHUN (A.21) MO-TIPEKHEMY COAeprKaT 0-(DYHKIINH.
Mo:kHO, 0HAKO, MOKAa3aTh, 4TO JedeKT, TPUBOISIIINI K HAPYIIEHUIO YCIOBUS €INHCTBEHHOCTH
pelreHna ypaBHeHNA (A.12) B [OCJIe/IHEM ypaBHEHUU ycTpaHeH. /lelicTBUTEIbHO, IepBasi nTeparus
ypasuenusi (A.11) maer
To=ta+taGo Y tg+taGo Y tsGo D T, (A.23)
B#a B#a v#B
Kak BuanMm, gapa ypaBHeHHit (A.23) COIEepzKAT TOJILKO MPOU3BEJICHUA BUJIA taGotB, e o #
B, Tak 910 0-pyHKIUH ycTpaHsaoorcs. OTMeTuM TakKe, 9TO BMECTO TMOTEHIHAJTIOB U, B HOBBIX
VPaBHEHUSAX COJAEPKATCA IBYXYACTUIHBIE {-MATPHUIBI t,, KOTOPBIE Telleph y2Ke MOHUMAIOTCI KakK
OIMepaTopbl B TPEXYaCTUIHOM TTPOCTPAHCTBE.

Curieiyer TakykKe OTMETHTH, 9TO JIBYXUACTHIHBIE {-MATPHUIIHI T, cojepkarcs B ypaBuenusx Dar-

a
M.,

JeeBa BHE MaCCOBOIt MMOBEPXHOCTH N3-3a SHEPTETUYIECCKOT'O CABUTA 2 — " n3-3a TOro, 9TO MpoOns3-

BesleHne t,gols CONEPKHUT B cebe MHTErPHPOBAHUE IO BCeM BO3MOMKHBIM ITPOMEKYTOUHBIM COCTO-

AHNAM
)1 ") (A.24)
opu yCI[OBI/H/I
2 2 2
p q p
PR S A.25
2%a O OM, T 2 (4.25)

ypaBHeHI/Iﬂ JJ1d KOMIIOHEHT BOJTHOBOM d)YHKHHI/I Tpex YacCTul, MOXKHO BBIBECTHU U3 YpaBHEHUA

JUTst pe30sibBeHTHl (G OJHOTO raMUJIbTOHHAaHA cucTeMbl Tpex dactui H (A.1):
G(z) = Go(z) + Go(2)VG(2) . (A.26)

[Tonyuarorniyecs: Tpu ypaBHEHUS, KOTOPble 0OECIMEeYNBAIOT KOPPEKTHBIE TPAHUYHBIEC YCJIOBUS JIJIsT

BOJTHOBO# (hyHKIUM, uMetoT B [73]

3
|\Ijg¢+)> = |¢a>+Ga Z vﬁ|\I!((X+)>’

pFa=1
3
THy = Gs Y v, [Ty, (A.27)
y#B=1
3
|\Ijg¢+)> = G’\/ Z 1)6|\I/£4+)>a
oF#y=1

r71e UHAEKCH « # [ #  npuHuMaioT 3HadeHusa 1,2,3. OyHKIus |\If((j)> npeacTaBager coboit pac-

XOAAIIyIOCd BOJIHY B KaHaJle «, KOTOprﬁ B ACHMIITOTHYECKO obOsacTu COAEP2KUT YaCTUIy & U
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HEB3aUMOJENCTBYIOIILYIO C Hell mapy ABYX JAPYIUX YACTHIL U COCTOSTHHE CHUCTEMBI B HEM OIUCHIBA-
ercst byHKIHe |@o) (A.5). Dra DyHKIUA sIBAIETCS COOCTBEHHON /I MOHOTO [aMUIbTOHHAHA
H=H,+V

H|WH) = B|wthy (A.28)

Oyuxmus ['puna G (2) ecth pe3oabBenTa KaHaabHOro [amuabronnana H,:

1
z—H,

Gal(2) = (A.29)

P&CCMOTpI/IM Ternepb MaTPpUYHbIC 3JIEMEHTHI OIIEPATOPOB Iepexoda MeXK/AYy KaHaJIbHBIMH COCTO-

STHUSIMU (o) U |Pp):
(51Usalda) = (05]VsWE7) - (A.30)

Marpuansie s1emenTsr oneparopa U Ha dHEPreTHYECKOIl MOBEPXHOCTH OMPEIesoT S-MaTPHILy

nepexona |¢a) — [¢p)
Spa = 0pa — 216 (Ea — E)(0s|UsalPa) (A.31)

1, TAKEM 0OPa30M, OJHO3HAYHO pelraioT 3anady paccesunsd. Ina Uy, OyaeM uMeThb
Unal®a) = Val O57) = (05 +0,)[5) . (A.32)
Ucnonb3ys mocsieanne aBa ypapuenns u3 (A.27) momyunm
Unalda) = vsGeVs| V) +0v,G, VW) (A.33)
= v3GpUsalda) + 103Gy Usal¢a) -
Ananormuno na Ug, (5 # a) naitnem

UsalPa) = Valda) + vaGalaa|Pa) + 04G Usalda) - (A.34)

B Boipaxenusx (A.33) u (A.34) a # § # ~. Ciaeayer orMeTuTh, 9TO /ISt KOHKPETHOTO BXOIHOTO
KaHasa 3Hauenne o (PpUKCUPOBAHO W 334494 CBOJUTCSA K PEIIEHUIO CHCTEMBbI, COCTOAMICH M3 OJHOTO
ypasaenust Tuna (A.33) u aByx ypasuenuii Tuna (A.34). Takum o6pa3oM, Kak U B CJIydae ypas-
nennit Pagmeea (A.11), mMeeM cHCTeMY Tpex CBSI3aHHBIX YpaBHEHHi [1is 91eMeHTOB Uy, Uy U
Usa-

Bocrnob3yemcst j1ajiee paBeHCTBaAME
UCV|¢0£> = Gall(ba) ) UaGa = taGO s (A35)

e t,, KaK U paHee, eCTh t-MaTPUIA, OMPEIEITIONAs B3ANMO/IelicTBIe YacTuIl B rpymme a = ([57).

O6benuusig ypapuenns (A.33) u (A.34) B oHO, 3amumIeMm

U5a|¢a> = (1 - 5Ba)Gal|¢oz> + Z(l - 55“/)t7G0Uva|¢a> . (A-36)
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B nrore npuxoanm K craHzapTHOMY Buiy ypasHenuit Asbra-I'paccbeprepa-Canaxaca (AT'C)

Usa = (1 = 85a)Go " + D (1 = 85) t,GoUya - (A.37)
v
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II. CenapabeabHOE pa3JIO’KEeHUE

Kak moka3pIBaeTcsd B KBAHTOBOI TEOPUU pacCesTHUs, IBYXIACTUIHAA [-MaTPHUIA IMEET MTOJTIOC
IIPU SHEPIUW 2, PABHOW HEPTUU CBSI3aHHOI'O COCTOSIHUSI JIBYX YaCTHIL €, W, YTO Ba’KHO, BHIYET B

mostioce (hbakTopusyercs. B uTore, B omepaTopHOM BHIE UMeeM

L, Viedtalv:
Z—¢&p

t(2) (B.1)

riae V — IByXUYACTHUIHBIN MOTEHIHAT U |©p) — BOTHOBAS (DYHKIINS CBI3AHHOTO COCTOSTHUS. [IpyruMun
coBaMu, onepartop t(z) BOMM3U SHEPIUH CBI3M NMEET CenapadeTbHbIil BII. DTa 0COOEHHOCTD MpH-

BOJIUT K CYIIECTBEHHOMY YTIPOIIEHUIO PEIeHus 3aa9i TpexX (a Takyke OOJIBIIEro YnCJIa) JYacTHIl.

Paccmorpum 3amady, B KOTOpOil B3anMOIeiiCTBHE OMUCHLIBAETCS cemapabebHBIM MOTEHITHATIOM
V =2Xg)l. (B.2)

B srom ciiyuae ypasuenue JIunnvana-I1Isunrepa

pernaeTcst ajaredpanvdeckn u J1aer
t(z) = lg)7(2)gl . (B.4)
re
7(2) = (A" = (glgolg)) " (B.5)

[Tepexojist K TPEXYaCTUIHOMY MPOCTPAHCTBY, 3aIUIIEM

BT (2B, T) = 87— )0 NEalz — —L)|F), (B.6)

rae M, Kak u paHee, €CTh MPUBEIEHHAsI MACCA CUCTEMBI, cojlepzKanieil vacrumy « u napy o = (7).
Yuaureiast (B.4), 6yaem nvernb
2

(00 15D = 67— 0o )rel= — 5y )o(P). (B.7)

Orrmernienne 3aBUCHMOCTH OT UMIYJILCOB P U P’ mo3Bossier cBectu ypasuenns AI'C, 3aBucsine
OT JIBYX BEKTOPHBIX TEPEeMEHHBIX, K YPaBHEHHSIM C OJIHON TepemeHnoil. /leficTBuTe/ IbHO BBEIEM

npeacrasienne (B.4) B ypasuenne AI'C (A.37):

Usa = (1- 5604)G61 + Z(l - 561) |gw>7—v<gv|G0Uva . (B.8)
¥
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Kak BuamM, BO BTOPOM WIeHE CIpaBa 3aBUCUMOCTH OT P U ¢ (DAKTOPU3YETCS yrKe Ha 3TOM ITalle:
2

3 (Pl = - 517 171(0:/ ol (B.9)

Beps ypasuenne (B.8) B ookmaaxu (95|Go . . . Golga), momyanm

(981GoUsGolga) = (1 — 034)(95|Golga) + (B.10)
+ Y (98|Gol9+)7(9+1GoU4aGolga) -
Y#B

B IIOJIY9YE€HHOM BbIPpaXKE€HUHU OTAE/JIbHBIE YJICHLI IIO-IIPE2KHEMY ABJJIAI0TCA OllepaTOpaMMt B IIPOCTPaH-

CTBe OTHOCHUTETHHBIX UMIYIbCOB |G,). BBOmS 0b603HATCHIST

Xpa = (95/GoUsaGol9a) , (B.11)

(1= 050 ){g5|Golga) , (B.12)

Z3a

npmaeM K MHTErpaJbHOMY YPaBHEHHIO

(051 Xpa(2)|Ga) = (@8] Zsa(2)|qa) (B.13)
+ 32 [ G Bl NEI: ~ G Kol )

Hakomnern, amMmminTyaa mepexoaa B MpoIecce paccessHusd MPUHUMAET BU/T

<¢5|U5a|¢a> = <qﬁ|<gﬁ|G0UﬁaG0|ga>|§a> = <CTB|X504|(TO¢>7 (B14)

rae marpuna X Oepercda Ha SHepreTudeckoil nopepxuocTu. OTMETHM, YTO MHTErpPaILHOC ypaBHE-
rue (B.13) sBisiercss TpeXMEPHBIM M €r0 Pa3MepHOCTh MOYKHO YMEHBIIUTH 10 eJUHHIBI PA3TOKe-
HHUEM [0 TapIUATbHBIM BOJTHAM.

Cpasuusast (B.13) ¢ ypaBHeHusiMu 17151 IByX9acTHIHOi {-Marpuipl (B.3) MoxkHO BHIETH, YTO
ypasuenne (B.13) omuceiBaer 3amady Tpex rest Kak 3hMEKTHBHYIO IBYXTEIbHYIO 33/a9y: MOJICH-
cTeMa pacCcMaTPUBAETCS KaK OJHA TACTHIA. 3/1eCh, €CTH OIYCTHTh UHIEKCH KaHAIOB, X3, MOXKHO
CPaBHUBATH C JIBYXYaCTHUHBIM T-0mepaTopom, a Zg, ¢ 3bQOEKTHBHBIM JABYXYACTHIHBIM TOTEHIIN-

asioM. [loceinee cTaHOBUTCST OUEBUIHBIM, €CJU YIECTh, YTO HA MACCOBOI MOBEPXHOCTH

(@51(95Golga)da) = (D8lva|da) - (B.15)

Besimunna 7., COOTBETCTBYIOMIAA CBODOJHOMY JBYXYaCTUIHOMY HPOINATaTOPY (o, ONUCHIBACT CBO-
GoIHOE JIBUZKEHNE YaCTHIBI Y OTHOCHTEIHHO CBsi3aHHOl mocucTeMbl 7 = (). Tak kak T, 3aBUCHT
OT HEPTHH MOJICUCTEMBI, I3 OOIIEil SHEPTHU TPEXIACTUIHON CUCTEMBI 2 BHIUUTACTCS KHHETHIECKAS

SHEPTHUIO CBODOIHON YaCTHUILL.
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OrmernMm eIrne OJHO KadeCTBEHHOE CXOIACTBO Ty 1 go- B UMITYyJIbCHOM TpEACTaBJICHUUN IJId CUCTE-

MBI ABYX YaCTHI[ UMeeM
. N
(Tl90(2)7") = <Z 7 ) (B.16)
7

31ech gy - CBODOIHBII MTPOMATATOD, UMEOIIHIT MTOJTIOC TIPU SHEPTUN Z, PABHON SHEPTUH OTHOCHTETh-

(B.17)

HOT'O ABUZKEHUA JABYX YaCTHIL. Ananornunoe yTBEp2KAeHne BEpHO U JIJIdA Ty AJIA KOTOPOT'O MO2KHO

5(q—q")
EZ) {g,190(EP)g0(2 — 55)19v)

@

(7] (z -
2M. _
g (2 M,
OTKy/Ia HAJIMYHE HOJII0CA U CXOAHAS POJIb go U T, B COOTBETCTBYIOIINX BBIPAKEHHUSIX CTAHOBSITCS

HOIIy‘{I/ITb
2
Boygy =

O4YeBUIHBIMMU.
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ITI. VYder TOXIeCTBEHHOCTU YACTHIL

Huke amMmmuTyapl mepexoma onpeaeaeHbl ¢ YIeTOM TOXKISCTBEHHOCTH JacTHuIll. Brawame pac-
cMOTpeH OoJiee POCTOM CJIydail, Koraa CHCTeMa COCTOUT W3 MSATH TOXKIECTBEHHBIX D030HOB. 3aTem

MpOTeIypa CAMMETPU3AINN TPUMEHSIeTCS K CUCTeMe, cO/epzKaleil Me30H W 9eThIpe HYKJIOHA.

Cucrema 5 TOXKAeCTBEHHBIX 0030HOB. Habop pa3anuHLIX KAHAJIOB OIPEIEISATCI pa30OueHn-
SIMWA CHCTEMBI TIATH 9acTUIl Ha mojacucreMbl Tuna 1+ 4 u 2 + 3. Ormedast 6030HB HOMepamu oT 1

710 5 Oy/1eM UMeTh CJIeLYIONINe COCTOSTHUS

(1) 5 cocrosmmmit (1+4) : |1(2345)), [2(3451)), |3 (4512)),
14 (5123)), |5 (1234)), obozmauens 1(i),i = 1,5

(2) 10 cocrosiumit (24 3) : |(12) (345)), |(13) (245)), [(14) (235)), |(15) (234)),
(23) (145)), (24) (135)), |(25) (134)),
(34) (125)), (35) (124),
|(45) (123)), obosmauensr 2(ij), i < j = 1,5.

31ech 1 B JaTbHEHRIIIeM TPEIIOIAraeTCsa, YTO BOJTHOBBIE (DYHKIUH MOJACUCTEM, BXOJAIINX B pas-
Ouenns, yze JT0JKHBIM 00pa3oM CAMMETPH30BAHLL. JIjIs MOTyIeHrd 3aMKHYTOi CHCTEMBI ypaBHe-
HUIi JIOCTATOYHO PACCMOTPETH aMILIUTYABI MEPEX01a U3 BCEX YKA3AHHBIX BHIIIE COCTOSTHUN B OIHO
BBIOpaHHOE cocrostne, Hanpumep 1 = |1(2345)). Torna cucrema (1.44) cocront u3 15 ypaBHenwmi,
KOTOPBIE C YUETOM HMCIOJIB3YeMOii BhIllle HyMepalun n306pazkensl Ha puc. C.12

BBuay TOXKIECTBEHHOCTH GO30HOB BOJHOBBIE (DYHKIMH PA3IMUHBIX COCTOSHUI, OTHOCSIIAXCS
K OJIHOMY M TOMY 7K€ KaHaJIy, MOT'YT OBITh MOJIYyYeHbI APYT U3 APYTa HEMOCPEACTBEHHO € MOMOIIBIO

nmepecTaHOBKH KOOpJAHUHAT YaCTHII. 9T0 IPpUBOAUT K OYEBUIHBIM paB€HCTBaM IJ/Id IIOTEHIHAJTIOB:

Zimag = Zia@),  HJ=15, (C.1)

Zl(i),2(ij) = Zl(l),2(12) ) i,j =15, (0-2)

Ziwyegry = Ziwaes, bik=15. (C.3)
Kak srerko BujeTh, ypaBHenus A aMImnTy s Xig) (1 = 2, ..., 5) aBIgi0Tca oauHAKOBBHIME. To Ke
caMoe OTHOCHTCA K ypaBHeHHAM 1d Xogjy (4,7 = 1,...,5).

Onpenennm gajiee IHaroHaJbHYIO W HeIHANOHAJIBHYIO aMILIATYIb PABEHCTBAMEI

X0 =X, X=Xy, (C.4)
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!
z 16).1(1) Z, (@.10) Z, .20 Z 020k
i 1 i i 1 i 1 i 1
L L 5 ! 5 L 5 L
_ 7 .
=R = g i g Xo + 2 g)@mz A 5 A=
1 — 1 i=1 : — =1 — Jk=1 —
i J 122 i k
k#i
’
.. ] ZZ(U‘), It 2. 1(1) Z—’nﬂv 1) Z—’(U)v 14)
R e B ij ;i /N i
= = 0 + + +
E 2{(}5 il )(](i)E )(](/)E
) — —
.. Zzn'j),/(k) .. Z_’n_'/’),_’(/c/)
i ij
5 _ 5 -
+ 2, § Xo= + 2, ; Rer=
k=1 2 — ki=1 —
k#ij k k10 !

Pucynok C.12. I'pacduueckoe nzobpakenne cucreMbl ypapuenuit (1.44).

Torma mma cymmbr

X1 = XE +4xy (C.5)

OyaeM UmeTh

Xll = 4211 -+ 4211@1X11 —+ (2212 -+ 3Z{2>@2X21 y (06)

r7ae aMILTATYIa Xop, OTpee/IeHHas Kak
X21 = E Xg(ij), (07)
]

VAOBJIETBOPAE€T YpaBHEHUIO
X21 = 4Z21 + 6Z2/1 + 2(2Z21 + 3Z2/1)@1X11 + 3Z22X21 . (CS)

VYpasuenusi (C.6) u (C.8) sIBASIOTCS HCKOMBIMI CHMMETPU30BaHHBIME YPABHEHUSIMU, B KOTO-
PBHIX KOPPEKTHO y4dTeHa TOKICCTBEHHOCTH 6030HOB. X rpadmuveckoe mpejcrapienue IaHo Ha

puc. 2.3.

Cucrema n—4N. Ilpomneaypa cuMMeTpu3anuu ypaBHeHUiT 1151 cucTeMbl 1)—4 N HEeCKOTbKO CI0K-
Hee B CBSI3M C T€M, YTO OJIHA U3 YACTHUIL (7)-MEe30H) OTIHYAETCA OT OCTATBHBIX (HYKJIOHOB). Jlist
y106cTBa Gyj1eM PacHoNaraTh HyK/JIOHBI B IIMKJIMYECKOM MOPSIIKE, 9TO n30aB/ISeT HAC OT HEOOXOIM-
MOCTH CJIEJINTH 33 N3MEHEHHEM 3HAKA MPU MEPEX0/Ie OT OJHOr0 COCTOsTHUs K apyromy. O6o3Hauas

HYKJOHBI KaK JacTUIp 1, 2 n 3, moaydaeM CaeIyioNiue COCTOSHU S, IMEIONIX OTHOTIeHne K 3a/1atde

(i) 1 cocrogume B Kaname 1: [n(1234)), obozuaweno 1,
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(ii) 4 cocrosuus B Kamame 2: |(1n)(234)), [(2n)(341)), |(3n)(412)),

|(4n)(123)),
oboszuauenst |(in)(jkl)) = 2(i) (i =1,4),

(iii) 6 cocrostamit B kanase 3:  [(12)(n34)), |(13)(n24)), [(14)(n23)), [(23)(n14)),

(24)(n13)), [(34)(n12)) ,
obosuauenst |(if)(nkl)) = 3(ij) (4,5 = 1,4),

(iv) 4 cocrosiamst B Kamase 4: |1(n234)), [2(n134)), |3(n124)), |4(n123)),
obosnavuenst |i(njkl)) = 4(i) (i = 1,4),

31ech Kak U pamee IIPeJIIOIAraeTcs, YTO BOTHOBBIE (DYHKIUH IMOJACHCTEM, COJIEPIKAIIUX JIBA,
TPU WM 9YeThIpe HYKJIOHA, YK€ JOJKHBIM 00pa30M CHMMeTpH30BaHbl. PaccMmorpum Habop am-
IUTUTYJI, OUPEIEJISIONUX mepexoabl B kanast 1 n3 kamanos 1, 2(:) u 3(ij) u 4(¢). O6o3naunm nx,
COOTBETCTBEHHO, KaK X1, Xa@), X3ij) B Xy(). Torma, ypapnenus (1.44) npuHUMAIOT BHUJL

X, = Zzlz )O2(jy Xo(j) + Z Z1:3(ik) O3(ik) X3(jk) +ZZI4(j Oujy X 5

Jj=1 j,k=1 j=1
4
Xowy = Zawyr + Zoa©1X1 + D Zagiy:aii) Os(ig) Xatis) +
j=1

4
+ Z Zaiya() Oa() Xagi) + ZQ,(i);4(i)@4(i)X4(i) ) (C.9)

Xaay) = Zagjn + Zaia©1X1 + Zagijyaam O Xag) + Zagij)a() O2) Xag) +

+ Z33ij)3(k) O3k X3(kt) T Z3(i5):4() O (i) Xa(i) + Z3(i5):45) Oaj) Xag) »

4
Xay = Zagya + Za@wn©1X0 + Y Zagaya)O20) Xa() + Zaaya() 2t Xag) +

j=1

+ Z ZaGi);3(5) O30) Xa(ig) T Zaiya i) O3 Xatis) + Zaiyac)Oa) Xag) -
7j=1

e 4,7 = 1,...,4. B npuBeJieHHBIX BBIPpAKEHUSIX TTOPA3YyMEBACTCs, YTO WHJIEKCHI, 0003HAYECHHDBIE
pas3HbIMU OyKBaMH, HE MOTYT OBITH paBHbI APYT JAPYTY. CMbICT 3(DPEKTHBHBIX MOTeHINAIOB Zq, g,
O0DbACHIETCS CXeMATHIECKUM TIPe/ICTaBIeHueM Ha puc. 1.3. BRIMOTHAS NMUKINYeCKUe MepecTaHOB-

K1 KOOpAWHAT HYKJIOHOB IMOJIYyYUM COOTHONIIEHUA MEXKAY IMOTEHI A IaMHU. H&HpI/IMep

Zoryate) = (L(n234)|Z]2(341)) = (2(341) | Z|4(n123)) = Zuayca) (C.10)
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[ToBTOpSsisT JAHHYIO TPOIEIYPY, MOJIyIaeM 00IIee COOTHOIIEHNE st | 7 ]

Za(iy2(j) = Z21):2(2) -

(C.11)

Takum ke 06pa3zoM, UCHOIB3YS MAKIAIECKYIO TTEPECTAHOBKY BMECTe C IMePEeCTAHOBKOW HYKJIOHOB

B BHYTPHU CHMMeTPH30BaHHOTO 3N COCTOSIHUS, MOJIyYaeM s mepexofa 2 — 3 Caeayolie odIme

COOTHOIIEHU A
ZoGiyaig) = Z201)3(12) -
YunreiBag gajee 04eBUIHbIE TOXKIECTBA

Oa1) = Oua2) = Ou@) = Ou) = Ou, (a@=1,2,4)

O3012) = O3(13) = O3(14) = ... = O3,

7 OTpeJiesisiss aHTUCUMMETPU30BaHHbIe aMILTUTYABI B KaHaaax 1, 2, 3 m 4 kak

Xll == Xl )
4
Xod:ZXa(i)a st o= 2,4,
i1
4
X3 = Z X3(i5) »
ij=1

" nmoTeHIuaJIbl
Z12 = Zipa), Z13 = Zi3(12), Z14 = Z14(2)
Zos = Z2(1)3(12), Zos = Z2(1)4(2)

Z34 = Z3(1):4(12) 5
IPUXOOUM K CIeAVIONeld cucTeMe ypaBHEHUI

X1 = 4Z1902X9 +621303X31 + 42140, X1,

Xo1 = Zn+ 22101 X11 + 3Z2303X31 + (3224 + Z4,)O4Xu1,

X3 = Zs1+ Z3101X11 + 2750, X01 + Z3305 X351 + 2(Z34 + Z31)04X 41,
Xy = Zy+ Z3n61 X1+ (3Zsg + Z)5)02Xo1 + (Zyz + Z,3)03X31 +

+ 3Z104X41,

rpacdudeckoe n3obpazkeHne KOTopoii mano Ha puc. 1.9.

(C.12)

(C.13)

(C.14)

(C.15)

(C.16)

(C.17)
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Cnucok Ta0JInIg

1.1

2.1

3.1

3.2

Buauenns qymHbl NN paccesdHus d,y, MOAyIeHHbIe B pAMKaX Pe30HAHCHBIX MoOje-
neit (PM), T- wnu K-MATPUYHBIX TOIXOIO0B, & TAKYKE METOJOM KUPATHHBIX 3bdhex-
tuBHBIX Jarpamkuanos (YEL). B ccplikax ykasam TOJBKO HEpBBI aBTOpP BMeCTe
¢ rojioMm mybJsmkanuu. B nocsieHell KOJIOHKe NPUBEJIEHbl KAHAJbI, BKJIOYEHHbIE B
aHamu3bl. [laHHbIe B3ATH W3 PAbOTH [5].

[Ipomomxenne Tabaumer 1.
Ucnonp3syemast B paboTe Hymepanus pa3zdouenuii cucreMol ) — 4N
Hywmepanusi pazbuenunii 1jisi CHCTEMbI TISITH OJIMHAKOBLIX O030HOB.

[TapameTpsbl, ompeIe/sionue B3anMo/IeiiCTBIE YACTHUI] B CBI3aHHBIX KaHaaax NN —
mIN cornacuo Beipaxkenusm (3.4) — (3.5). B mepBoit cTpoke mepevnc/ieHsl mapa-
MeTPBI, KOTOpble ObLIN MOJOTHAHBI B pabore [54] K pesynbratam K-MaTpUIHOTO
ananmnsa [24|. [Tapamerpbl, npeacTaBieHHbIe BO BTOPOH CTPOKe, MOJIYYEHbI MyTeM
MOJITOHKU TIOJIHBIX cedeHwuii Ha puc. 3.6, kKak onucano B pazzaese 3.3.2. B nocieinem
CTOJIONE JTAaHBI COOTBETCTBYIONTNE 3HAUEHUS JIUHBI paccesuus nN. . .

[nuna pacceanus a,sp. KaK QYHKIH IUCIa caaraeMbX Vg, (g =1,...,4) B ce-
napabesbaoM pazioxkennn (1.11) aast ammanrys X2 B kaHasax ¢ dbparMenTaryedi

Buma (4+1) u (3+2).

Crmcok uJiIiocTpaliuii

1

Missing-mass cuekrp peakuun p + Al — 3He + p+ 7~ + X. Ciommnag u myHK-

THpHAs KPUBbIE — Pe3YJIbTaThl MOJEIbHBIX pacdeToB. B3sito n3 paborsr [13].

10

20

37

48

95



1.1

1.2

1.3

1.4

1.5

1.6
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JImarpamMmMHOe TipejcTaBieHne 000DIIEHHBIX TOTeHIINAIO0B 232,64' [Torennnasipt 212,2

u Z3, Moryt 6 Zi 73 it
12 YT OBITH TOTYYEHBl U3 Z3 1 U Zy MyTeM TOBOPOTa BOKPYT BEPTUKATBHOM

ocu. IIITpUXOBBIME U CIITOIIHBIMH KPUBLIMH MOKa3aHBI, COOTBETCTBEHHO, 7)-Me30H

1 HYKJIOHBI.

OddexTnBHBIE TTOTEHIMAIBI Z22,1 1 Z;l ompe/ieennsle Beipaykennsmu (1.23) u

(1.24). Obo3nauenns re ke, 9To Ha puc. 1.1.

a2

s g5 OOOBHAUEHUA Te ¥Ke, UTO Ha

JInarpaMMHOe MpeJcTaB/ieHne OTEHIUAI0B
puc. 1.1. OcraabHble TOTEHIUAIB MOTYT OBITH TOJYyYeHbl U3 TPEeJACTABICHHBIX Ha
PHCYHKE IyTeM IIOBOPOTa BOKPYT BePTUKAJILHON OCH.

Iorenmuanst Z7 3 u Z3 5 onpeneennsie ppazkennsyi (1.40) u (1.41). @opm-dakrop
g3(q) onupejieasieT B3aUMO/IeCTBIE JIBYX HYKJIOHOB B MIPUCYTCTBUM B3aUMO/ICHCTBY-
fomieii mapel nN. On ommvaercss or dbopmbarTopa ¢;(g) B MoTeHIHATE 22271 Ha,
puc. 1.2.

DdbdexTnBHbIe ABYXUACTHURbIE YPABHEHNs JUIs aMILTATY X7, 5., BOSHIKAIOIAX B
pasbuenun (nN) — (NNN). Obo3navennst te xe, 410 Ha puc. 1.1. Huzxxane u Bepx-
HIIe HHIEKCH B OOO3HAUEHNH UL OTHOCATCA K HOMEpPaM, COOTBETCTBEHHO, JBYX- H
TPeXYaACTUIHLIX pa3duennii B Tabaume 1.1. [lemouncienanie KO3 MUITMEHTEI TOSIBH-
JIUCh BCJIEJICTBHE YUETa TOXKJIECTBEHHOCTH HYKJIOHOB U TI€PEX0/ia K CUMMeTPU30BaH-
HBIM COCTOSHUAM.

To ke, aro ma puc. 1.5 gna ammmnrys X2, 5. B pasouenun (nNN) — (NN).
[Torentmanst Z,, 5, (1.45). Obo3nauenns kak na puc. 1.1.

CrpykTypa norenuaia Z,o coraaco obmeit dpopmyse (1.46).

['pacduaeckoe npegcrapaenne 3pGEKTUBHBIX IBYXIACTHIHBIX YPaBHEHUH 1 pac-

ceduud B cucteMe matu Tesq 1 — 4N. [IITpUXOBBIMU U CIJIONTHBIMU KPUBBIMHI MOKA-

3aHbl, COOTBETCTBEHHO, 7)-M€30H U HYKJIOHHI.

['pacdudeckoe mpejcrasaenne ypasuennii (1.49) nys pasbuenuii a3 (Hymeparus pas-
Ouennit mpuBesena B Tabinie 2.1). BepxHee n HUKHee ypaBHEHHsST COOTBETCTBYIOT
a3 = 1 1 2 cooTBeTcTBeHHO. UNCIeHHbIe MHOYKHTETN BOSHUKAIOT BCAEJICTBUE YUeTa
TOXKJIECTBEHHOCTH YACTHII.

To ke, uro Ha puc. 2.1, HO I IBYXYACTHIHBIX pasbueHuit ap = 1 (1Ba BepxHUX

VDaBHEHWUsI) U iy = 2 (/[Ba HUZKHWUX YDABHEHMUSI).

23

24

26

27

28
29
30
30

31

38

38
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["padudeckoe npecrapiaenue 3K TUBHBIX ABYXYaCTHIHBIX ypaBHernit (1.44) nyst
CUCTEMBI IIATH TOXKIECTBEHHBIX 0030HOB. ODO3HAUEHHS Te Ke, UTo Ha puc. 2.1. Bepx-
HUIl HHIEKC (v 37€Ch SBJISIETCS U3MUIIHAM U TOITOMY OITYIIEH.

B3aBUCHMOCTH HECKOTLKUX MePBHIX COOCTReHHLIX 3Hauenmii A\(%2) gaep wrrerpasn-
ubix ypasuennii (1.44) (cm. puc. 2.3) It CHCTEMBI TISITH TOYKIECTBEHHBIX GO30HOB,
BBIYHCIEHHBIX JIJIST (ro = 1 (71eBast 4acTh) U ay = 2 (mpaBast YacTh PUCYHKA). Bepru-
KaJbHas yHKTHPHAS JWHHUS TPOBEIeHa PU SHEPTUH, COOTBETCTBYIOMIEIl SHEPTHH

CBSI3M OCHOBHOT'O COCTOSTHUST d4eThIipex 0030HOB F = — Fy.

Ha JjteBoM pucynke rnpejicTaB/ieHO TTOJTHOE CeYeHne HeHTPOH-TTPOTOHHOTO PACCEeSTHUS
B obstactn Hu3KkuX dHepruii. CrpaBa JIeMOHCTPUPYETCS CTPYKTYpa PUMAHOBOM IMO-
BEPXHOCTHU S-BOJTHOBOM YaCTH aMILTHTY/Ibl HYKJIOH-HYK/JIOHHOTO paccedanus. Puznte-
ckuii (BepxHmMit) JUCT coequuseTcs ¢ HebU3UIECKUM (HUKHUM) Uepe3 YHUTAPHbIH
paspe3 BII0JIb BEIIeCTBEHHOW ocn sHeprun Hadnnas ot £ = (. [Tokazana TpaekTopus
TBUZKEHHS TIOTI0CA TIPH Mepexoe OT CBA3AHHOTO COCTOSHHS °S] K BUPTYATBHOMY
COCTOSHIIO 1S)).

Pesynbrarsr ajast BemecTBennoil qacti ammantyasl NN paccesaust f,y (W), momy-
YeHHbIE B paMKaX pa3judabix mojesieii. [IItpux-nmynkTupHoit KpuBoit mokasan pe-
3yabTaT paboThl [74|, ciutomuoii — [75], mynkrupHoii — 76|, mrpuxosoii — [77|. Ton-
KO#l BepTHUKAJIbHON JTUHUEHl TMOoKa3aHO MOpOroBoe 3HadeHwe 3Heprunm W. Bagaro us
paborsr [71]. . . . .

To ke, uTo Ha pucyHke 3.2, HO JIId MHUMOI JacTh fyn.

Oyuxmun Fr(E) u Fr(FE), onpenensembie Beipaxkenusvu (3.13) u (3.14) ¢ mapa-
Merpamu a = 2 M3B, r =5 MsB, d;, = dgp = —100 M>B.

B JieBoit wacTu pucyHKa TOKa3aHbBI JIJIMHLI PACCESTHUs, PACCUUTAHHBIE C MOIN(U-
nuposannoit NN ammaurynoit f,nFr, xak dynknuu napamerpa d. Oynxnus Fr,
onpesiesiena B ypaBuenunu (3.13). B mpapoii uacTu pucyHKa Te JKe JJIHHBI, HO Pac-
cYMTaHHBIE ¢ aMmanTyaoi f,nFRr, tae Fr naercs Beipazkennem (3.14). Pacuerst
BBIIIOJTHEHBI ¢ HCTOJb30BanneM NN mapamerpos u3 mabopa I (tabmuma 3.1). s

F1,/r MBI HCIIONIL30BAIUCH T€ YK€ MApAMETPhI @ U T, 9TO U Ha puC. 3.4.
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Ksanpar nA avmmryast | f,4|* aas A = d n *He. Kpupbivu npeicTaB/Iensl pesyiib-
TATHl HAIeil MOATOHKUA. DKCIEePUMEHTATbHBIE JTaHHbIE TPUBEJICHbI I 3HAUEHUI
| fya|?, m3BIEUeHHBIX W3 HaHHBIX 11 pn — nd [35] u pd — npd [36] (neBas wacTs
pucyrka) u dd — n*He [42, 41| (npaBas wacth). HopMupoBKa Bcex pesysibTaToB
ABJIAETCA TPOU3BOJIBLHOMN.

[Tomnoe ceuenne dp — n3He kak dbyHKIMA M30LITOUHON 9Heprun (. DKCIEpUMEH-
TaJbHbIe JaHHble B3aThl 3 paborst [37], [38] u [39]. Kpusast mokasbiBaeT pesymbrar
Harrero ¢ura.

Awmmauryna nlN paccesHus BHE MacCOBOI MOBEPXHOCTH, PACCINTAHHAS C TApaMeTpa-
Mu u3 Habopa Il B Tabume 3.1. Obo3HaAUEHUS: CILTONTHAS KPUBAA: JeHCTBUTEIHHAS
9aCTh, MyHKTUPHAsT KPUBasi: MHUMAasi 9acTh. JIaHHbBIE MPEJICTABISIOT Pe3yIbTaThl
K-marpuanoro ananmsa u3 paborer [24].

BapucnMocTs AL paccesnus 1) ‘He or sueprum ceasu aapa ‘He. O6oznadenus:
CILJIONITHbIE KPUBBIE: JIEHCTBUTEILHAS YaCTh, MYHKTUPHBIE KPUBbIE: MHUMAsl YaCTh.
[Tapsr kpuBbiX ¢ HOMepaMu 1 u 2 mojiydensl ¢ Habopamu /N mapameTpos, 0003Ha-
qeHHBIME B TaOume 3.1 kak Habops! [ u II, cooTBeTcTBEHHO.

CTpyKTypa pUMaHOBOIi TTOBEPXHOCTHU /TSI AMILTUTY/IbI PACCESTHUS B TPEXIACTHIHOI
cucreme NN, kak (HYHKIUN MOJTHOW KUHETUYIECKOW SHepruu F, paBHOI MOJIHOIT
SHEPrUH CHCTEMBI 3a BBIYETOM MacC 4acTuil. [Tokazanbl pe3yabrarsl Jjisi KOHMU-
rypamuii T'(J™) = 0(17) (mebiit pucynox) u T'(J™) = 1(07). Kpacuble jquaunm —
TPAEKTOPUH JBUKEHHs TI0JII0CA TIPU N3MEHEHNH 3HAYEeHNsT KOHCTAHTBI CBA3M Gy N
Yepes N* oGosnaden pesonanc N(1535)% . B HumzKHell qacTn pucyHKa IpUBELEHDI
MOJIIOCHBIE 3HAUEHUS YHEPTUH, COOTBETCTBYIONME UCTUHHOMY (COTIACYIOMEMYCS C
MMEOITIMUCT MOJIENSME) 3HATCHHIO Jyn N~ -

Crutonable KpUBBIe: JEHCTBUTEILHAS U MHUMAS 9aCTH JTOKAJIHLHOTO MoTeHInasa 7N
vyn (Eyn, 1) (3.28), KOTOPBIiT 9KBHBAJIEHTEH HAIIEMY CermapadeslbHOMY MOTEHIHATY
(3.4). Ilyukrupuble muanm: noteHman v,y (W, r) u3 paboTsr [72|, BLIMucIeHHEIT TP
MOCTOSTHHOM 3HadeHun aprymenta W jist IByX 3HAYEHU CKAJIUPYIONIEro mapamer-
paA=20Ou !t u A =4 Ou ! Bee norennuagnb yCpeaHeHBI 10 MIOTHOCTH SIpa

‘He, KaK MOSCHEHO B TEKCTe.

C.12 T'pacduueckoe n3obpakenne cucreMbl ypapenuit (1.44). . .
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