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cepin gisuwna «SAnpa, 9acTunrn, nos», 2000, sumn. 1 AHAaNM3 NOJHBIX CeYeH N Peakumu nox nevcTBuem .
VAK 539.172

AHAJIN3 IOJIHBIX CEYEHUM PEAKIIHI IOX AEMCTBHUEM JIETKHAX
IK30THYECKHX SIIEP HA OCHOBE S-MATPHYHOT'O IOXO0JA

A. C. Moaes

Xapuvkoscxuii nayuonanbuvii YHusepcumem um. B.H Kapazuna, 61077, Ykpauna, 2. Xapexos, ni. Ceo600w1, 4
IlocTynuna B pepaxumo 7 nexabps 1999 r.

[Tomyaeno npubnmwkennoe BBIDOKCHHE UIA MOJTHOrO CEYCHUS PEaKUM C y9acTHEM JIerKux PAIHOAKTHBHBIX AIEP MPOMEXY-
TOYHOH JHEPrHHM HA OCHOBE MOENLHONO NPEACTABICHHS MATPHLBI PacCeAHMA. OTIHYHE PACCYMTAHHBIX C NOMOLLBIO 3TOrO
BBIDOKCHMS TMONHBIX CCYCHMH peakiMii nmoa AeiicTBHeM anep > "Li uw 7 '> “Be or TOYHBIX 3HAYEHUH COCTaBisieT, B
OCHOBHOM, 1 — 2%. [Tokasano, 9To ymMeHbinenne ceuenns peaxwii ans cucremsr 'Li + 2C o POCTOM 3HEpTHH B 061acTH
E =20 - 75 MaB/uyxion 00yClOBIEHO yMEHbINEHAEM TapameTpa panryca 1 YBEIMYEHHEM ITPO3PATHOCTH B o6nacTu MaaeIx
MOMEHTOB IIpH BO3PaCTaHWH SHEPrHA HANETAIOWMX S1Ep.

KJIIOYEBBIE CJIOBA: nonsoe ceuenue PeaKiui, MaTpHLIa paccesHus, KBa3HYMIPYTO€ PACCESHHE, HENTPOHOU3OBITOY-
HBIC SIpa, HEUTPOHHOE rajo

IlepBrie 3kcniepuMenTsl Ha MyaKax Jerkmx HEATPOHOM3OLITOUHBIX snep [1-3], B KOTOPLIX OBUIM M3MEpEHR! MojI-
HBIC CCYCHAA B3aUMONCHCTBHA M NOJIHBIC CEYEHHUs PeaKiuii B IIHPOKOH 00JIaCTH SHEPTUH, NOKA3AIIH, YTO 3T CEYCHHS
MMEIOT aHOMATBHO OONIbIIAE 3HAYEHMS. Pe3y/bTaTsl aHamm3a U3MEPCHHBIX MOJIHKIX CEICHHI CBUIETENBLCTBYIOT O TOW,
ITO PaZiHyChl HEKOTOPAIX CIaGOCBA3AHHEIX AP, JEKAUMX Ha TPaHMLIE HEHTPOHHOM CTaOMIBHOCTH (Hanpumep, ''Li,
' “Be, '"B), samerso npessmaior PAIUIYCEl COCCNHMX CTaGNbHBIX ANEP M BHIXONAT 33 NpENeNsl ANEPHON
cucreMatakH ~ A", 9410 OGYCNORICHO MPHCYTCTBHEM B TAKHX SK30OTHYECKIX AAPaxX MPOTKEHHOTO HEHTPOFHOIO

E =30 — 60 MaB/nyxion (Hanpumep, [4 — 6]). CormecTHEL anamm3 T DepeHTANBHOIO CEUeHNs Paccessas U mojl-
HOrO CCCHHA pEaKiWil DA OXHOM H TOM JKe 3HEPIHH HAJIETAIOMMX JaCTHIl IO3BONAET MOMYIHTH GoNee Ham KHYIO (H-
3H9ECKYI0 HHYOPMAIHIO O SAPO-SAEPHOM B3aMMOICHCTRAH | CBOMCTBAX JIETKAX “K30TAYECKHUX AAEP.

IlonHOe ceuenme peakumii ABNAETCH ONHOM M3 BAKHEIX XapaKTepHCTHK, K KOTOPOM YYBCTBHTENbEE MOIEID
OIHCAHHA ANPO-ANEPHOrO B3aHMOZEHCTBHA. B Hacrosmeli paGote mommbie ceverus Peakumil B3aUMOAEHCT IS TerKux
SK30THYECKHX Aep C aapamu npda E = 20 — 75 MaB/nykion [IpOaHATH3HPOBAHEI HA OCHORE MOAXOMA, B KOTOPOM B3aH-
MOZICACTBHE CTA/IKABAIOMMXCA AAEP OMACHBAETCA C NOMOIILIO MATPHIIbI PaCCESHMA.

MOJEJIb H IETAJIM PACUETOB
IlonHOE cedaenne peakmmit onpenensercs BEIPROKCHHEM
T - 2
or == 2. +DA-|s,|"), (1)
k° 120
rae k — BOJHOBOE YHCIO OTHOCHTEIBHOIO NBIDKCHHS CTAJIKHBAIOIIHXCSA ANED, ]S,] — MOZynb S—MaTpuusl B

COCTOSIHMH C OpPOHTATBHEIM MOMEHTOM / .
B xaectse [S;| Gynem HCNONB30BaTH YRHBEPCATHHOE MOLEEHOE npezcTaBiense [7], ¢ NOMOLBIO KOTOPOro yc-
TICITHO aHATTASHPOBAIOCE KBA3HYNPYTO€ PACCESHHE JIETKAX 3K30THIECKHX Anep ¢ £ = 30 — 60 M>3B/nyxnon

|S;| = exp[-284 (L)], L=1+1/2, )
280(L)= po[2LAgy(L,Ly,Ap) + A%)'Vz (L, Ly, Ap)]'? S(L,Ly,Ay), 3)
W(L,Ly,Ag)=—f (L, Ly, Ap) In(l - £(L, Ly, Ap)), 4)

. 4

-
f(L:Lo:Ao)=[1+ L—'—L-"-)J , 5)
Ay
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FAC NapaMeTp [, XapaKTepH3yeT HHTCHCHBHOCTS NoTNowerns, L, u A, - napameTphi hepMUeBCKOH HYHKIHH.

Moxyne S-MaTpHIEI I12BHO H3MERHseTCE B MPOCTPAHCTBE MOMEHTOB OT O4eHb MATHX BETHTHH B CITy4ac 10CTa-
TOYHO CHIIPHOrO NOMVIOIIEHHA 0 €HHMIIL B Nepexoxsoll o6nacra s6mnu L ~ L, (L, »A,), xoTopas B BHOCHT OC-
HOBHOW BKJIaz B (1) (manpumep, [8]). 3amenss B 3ToM ciyuae BHpaxenHe B KBAIPATHHX CKOGKAX B (3) MOCTOAHHLM
MHONMTENEM 4LyA, In2(1+Ay1n2/L,), 3ameqaem, 910 Momyms MaTpHIIbi PaccesHMA NpHOOpETaeT BHI, paccmat-
puBaBLImiics B [9]. Toraa ananoruaso [9] maxommm

/4 2 2A 1 A - ”2"1
il B pnanl 28, _ o (4242 |1 (6)
Or e [ exp( p(Lo))+ L, (7 ﬂ(Lo)]+ [7 - JJ

rneL, =Ly+Aq Inp(Ly), u(Lo)=4uy[Ly Ay l2(1+A, In2/Ly)["2, y =0,5772 — nocrosrHas Jiiiepa. Boipake-

Hue (6) crpasenmusoipr Ly » A, m ,'u"(Lo) « 1.

AHOMAJLHO GONbIIME 3HAYCHAA O'p IIA IPENENBHO HEHTPOROM3OHTOTHEX Anep, Takax kak ''Li, ' > “Be, "B,
MpH 3HEPTHH HECKOJIBbKO NeCATKOB M3B Ha HyknoH cornacHo (6) HMEIOT MecTo, eclii 3TH AOpa XapakKTepH3YIOTCs, B
4aCTHOCTH, GOJTBIIMMH pamMycaMH M NapaMeTpaM¥ PasMBITHS (GONbITAMY mapamerpamd L,, L, A,), 9eM y
COCeHUX CTaOWIBHBIX AHEp.

PE3Y.JIbTATHI PACIETOB H BHIBO/IBI

B xagectBe npuMepa Tabi. NEMOBCTPHpPYET OT/IHYME TONHEIX CEYEHHH peakIuii, NOTyJeHH X ¢ noMomsio (1) —
(5) u (6) coorsercTBeRHO, B Clydae B3auMoneticrsns anep * ''Li, "> “Be ¢ pasmrasniMu sapamu. Hernoms3osanesie
1IpH pacyeTax o p HaGopel napamerpoB A3, B, D, E, G nomyueHsl B pesyisTare aHaM3a SKCNEPAMEHTATBHEIX JaHHBIX
Mo (KBasH)ympyroMy pacCesHHIO NPH yKa3aHHOM 3Heprud. OTMeTHM, 9TO NpH 3TOM Habopel mapamerpoB A3, B, E
B3aThI U3 [7, 10, 11]. B ocTaibHBIX cyuasx ONEHKA O, MPOBENEHA C HCIONB30BAHHEM NAPAMETPOB, HAMICHHBIX B
pe3ysbTaTe SKCTPANOJIAIAHE HMEIOIMXCS JaHHIX IPY APYTOM SHEPTHH.

Tabu. ITapameTphi pacueToB U NOHEIC CEYCHAA PEaKIHH C yIaCTHEM JIETKAX PATHOAKTHBHBIX AIED

ITapamerpsr Or, MO
Cucrema E, M>B Ha6op L A e I;: ;?:r ];;::ff
Hyi+C 220,0 Al 30,704 5,684 0,2539 2293 2321
N+ *C 330,0 A2 34,201 7,491 0,1557 1992 2028
e 3 1 e & 637,0 A3 41,738 11,835 0,0672 1589 1637
1y j + 28gj 319,0 B 52,429 9,568 0,1806 2515 2549
UL+ Cu '379,5 C 67,175 12,920 0,1680 2689 2736
°Li+'2C 540,0 D 36,514 10,329 0,0604 1311 1353
4Be +12C | 796,0 E 46,250 15,390 0,0736 2028 2121
12Be + Cu 618,0 F 75,300 17,000 0,0960 2247 2300
Be + 2C 140,0 G 17,456 3,735 0,2654 1231 1249

Y3 Ta61. BHIOHO, 9TO NOJHEIE CEYEHUA PeaKuyii, paccauTaHHsle cornacHo (1) — (5) u (6) COOTBETCTBEHHO, NOCTa-
TOYHO GA3KH ApYT K Apyry. OTmadre NOMyYeHHEIX B 000HX CIydasx cedenuit o, cocrammser 1 — 2 % mis Ha0opoB
Al, A2, B-D, F,G uokomo 4 % nna sabopa E, xorna Lo/A, = 3,0. Cnenosaremsso, npr6mmkeHEHOe aHAMTH-

yeckoe BbIpaxKeHHe (6) MOXHO ¢ XOpOIeH TOYHOCTHIO MCNIONBL30BATh IS AHAIM3A TONHBIX CeqeHuii peakuMii non
AEHCTBMEM PAIIMYHBIX JITKHX ANEP, KOTJA SHEPrus HANETAIOMMX YACTHL COCTABIIET HECKOIBKO AeciTkoB MaB ua

HYKJIOH.
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cepin pizuvna «Aapa, wacTunrcn, noas»,2000, sun. 1 AHanu3 NosHbIX ceyeHmi Peakuuu noj AeHCTBUEM ...

BaxxHo momuepkHyTs, yTO PE3yNbTaThl NI 0, MPHBEJECHHBbIE B Tabl., MOATBEPKAAIOT 0OCYyXaaBlueecs Boiime
HanwIHe GONbIMX cedenmit peakumii ¢ yqacTHEM CNabOCBA3AHHBIX ANEP M HAXOAATCH B XOpOLIEM COrflacH¥ ¢ UMelo-
HIHMUCS SKCIICPHMEHTANBHBIMA NaRHBIME (oM. [2, 3, 12]).

Hns BBIACHEHHS OCHOBHEIX AeTaneii TIOBEJICHM TIOJIHBIX CEYEHUI PeaKimii ¢ u3MeHeHneM £ HEOOXONMMO YYUTHI-
BaTb 3aBUCHMOCTh TAPAMETPOB S—MaTPHLbI OT S3HEPIHH HANETAIOLIUX qacTul. B nansueiimem Gynem aHAITA3UPOBATH
o g (E) ans ''Li - *C-Bsaumoneiictsns npu E = 20 — 75 MbsB/nykion. Ipu sTom wis mapamerpa R, =L,/ k wcnons-

3yeM napametpmsaumio [13]

1/3 173
4,4,

1/
RO =r0 A 3+At1/3+b 173 173
A, " +4,

P

-c(E) |, (7)

roe r, = 0,843 ¢m, A, ; — MaccOBBIE YHCa HANETAIOIENO A/lpa K Apa MHIIEHH COOTBETCTBEHHO, b = 1,85 (cm. [6,
13), c(E)=1,91-16,0 exp[-0,7274(E/ 4,))*****] cos(0,0849(E / 4 2100 [14)
3aBHCHMOCTB Mapamerpa d,, = A, / k ot 3Hepruu BrIGepeM no aHaIOrHy C [15]

dy = d(1+y,[1-exp(~y, E/4,)]), (8)

rae d = 0,80 dm (cm. [15]), Yo =0,79, ¥, =0,02 MaB™,
Hanee yarem, 9T0 B BBICOKOIHEPTeTHIECKOM npubmmkenun L, (E)=W(E)/E,, (Hanprmep, [16]), rue W (E) -
[TyOHHa MHUMO#M 9aCTH OITTHYECKOT0 TNOTCHIIAANIA, KOTOPYIO MOXHO NPEACTaBUTH B BUAE [17):

W(E)=W,-a E/A,+B(E/A,)*, 9)

u E_ — 3HEprHa CTAIKHBAIOIMXCS AACp B CHCTEME LIEHTpa Macc. B paccmarpusaemoii o6nactu SHeprum s 'Li —
">C-p3anmoneiicTers HMeeMm Wo =350MaB, @ =033u 8 =1,93- 10° MsB™".

maddepermamHEx cegerui 'Li — 2C-paccesnus, B COrIacoBEBAIOTCH C pe3ynbTaTaMy GUTHPOBAHUS SKCIIEPUMEH-
TATbHBIX TAHHBIX 0 paccesHyo ' 'Li apyrumu sapamm B o6nacty E = 30 — 75 M>B/HyKIOH.

Ha prc. mpuenena 3aBacAMOCTE o' oT E mna cuctemsr 'Li + 2C, paccunmanmas ¢ noMomsio (D -(5), (-9
(xpmBas 1) u (6)- (9) (xpuBas 2), BMecTe C PE3yJIbTaTAMH PacueToB B paMKaX MHKPOCKOMHMYECKOr0 MOAXO0/a [18] u
IKCOCPHMEHTATLHEIMA CeucHHAMH [12], a Taroke onernkamu [18, 19], 0CHOBaHHBIMK Ha CHCTEMATHKE MUMEIOMMXCA JaH-
HEIX.

Kak BumHO, paccuuTanHble HA OCHOBE S—Mmatpm4HOro nomxoxna
CEYE€HHA O p (E) KOPPEKTHO OIWCHIBAIOT IKCIIEPUMEHTATBHEIEC JaHHBIE
[12], otHOCAUmeC K MOROMY cevenmio 'Li — '2C-BsaumoneticTaus,
KOTOpOE€ OTIMYAeTCA OT MOJHOrO CEYCHHA peakiMi MpHOI3H-
TeIbHO Ha 5% [18], a Takoke cornacyrorcs ¢ oueHkoil o r = 1600 M6

[19] npn E = 60 M3B/ayiion u ceueHueM or = 1500 £ 50 M6 [18],

NOTY9CHHBIM B pe3ynbTaTe 3KCTPANOMALMA HMEIOMMUXCA MaHHBIX
Opa apyrok suepray. Ilpa E = 40 — 70 M3B/Hyknon kpusbie 1 u 2
HaXOIATCA B COIIACHM C NOJHBIMH CEYCHUAMH pEaKLMUH, BEIYHC/ICH-
14007 HBIMH C HCTIONB30BAHMEM MHKPOCKOMHMYECKoro mnoaxoaa [18] (cwm.

200 400 600 800 E,MxB kpuByio 3 Ha prc.). ClieffyeT noa4epKHYTb, 9TO 3HAUECHHSA OR , Onpe-

Oy, MO

1800

1600

Puc. Iommnie cesenus peaxmmii 'Li — '2C- AeNCHHBIC HA OCHOBE ONTHYECKUX NOTeHUHaos [4, 20, 21], ¢ nomo-
B3auMoJe#cTeaA: 1 — ToYHRIN pacyer, 2 - IBIO KOTOPBIX IOCTHTAaeTCA B OCHOBHOM TaKoe e, Kak W B [7], ka-
NpHONTMKEHHBIH pacder, 3 — pacaer [18], HECTBO ONMCAHHA SKCOCPHMEHTATBHBIX AH(PEPEeHIMATBHEIX caye-
KBAApaThl — JKcnepuMerT [12], Touxu — HEl KBasdynpyroro ''Li-— '’C-paccesnns mpa E = 60 MaB/nykion,

Aannnie [18, 19]. OKka3nBaloTCA Ha 150 — 500 M6 MeHBINe NpHUBENEHHOro BhIOE Ceve-
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nus peakunit us [18].
Kak cremyer u3 pHc. u TabiL, nomHoe cederme peaximait ''Li — '2C-ssammoneiicTers yGuBaer ¢ poctoM E, 9710
06YCIOBNIERO YMEHBIIEHHEM NapameTpa pamuyca R, W YBEIHYECHHEM NPO3PAaYHOCTH B 00NACTH MaTkX MOMCHTOB

(ymeHbmeHHeM BenmwuMH 4, ¥ u(L,) B (6)) Mpu BO3pacTaHWM SHEPTHHA HAJICTAIOUIAX A4€P.

TakuM 06pa3oM, Pe3yTbTaThi PACIETOB O p C HCTIONE30BAHAEM MOJIEILHOTO NPECTAR/ICHAA S—MATPHLE (2)-(5),

MOTYYEHHBIE KaK B PE3yNbTaTe CyMMHpOBaHuA pana (1), Tak & ¢ NOMOMIbIO AHATHTHIECKOTO BHIPAKCHHA (6), no3BosIA-
0T OOBSCHUTH IKCTIEPUMMEHTANTbHBIE 3HAYEHHSA MOHBIX CEYCHHH peaKii Noa JEHCTBHEM JIETKHX JK30THYECKHX ANCP
(naripumep, ''Li, > “Be) ¢ smeprueis 20 — 75 M3B/HYK/IOH ¥ BBIACHHTb [PH 3TOM OCHOBHBIC [I€TATH 33BHCAMOCTH

o g (E).
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N OBl N BN b Ud B el

ANALYSES OF TOTAL REACTION CROSS SECTIONS FOR LIGHT EXOTIC NUCLEI
ON THE BASIS OF THE S-MATRIX APPROACH

A. C. Moaes
Kharkov National University, 61077, Ukraine, Kharkov, Svoboda sq., 4

Approximate expression for the light radioactive nucleus total reaction cross section at intermediate energy is obtained on the basis of
the model representation of the scattering matrix. Total reaction cross sections for *"'Li and "' "*Be calculated with the use of this
expression agree with the exact values mainly within about 1 - 2%. It is shown that reaction cross section for the ''Li + 12C system
decreses with increasing energy in the energy range E = 20 — 75 MeV/nucleon due to decrease of radius parameter and increase of
tranparency at small angular momenta with the energy of the incident nuclei. ,

KEY WORDS: total reaction cross section, scattering matrix, quasielastic scattering, neutron-rich nuclei, neutron halo
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MNOCTPOEHHE KAJIMBPOBOYHO-UHBAPUAHTHOIA [MOJIHOU
AMIUIMTY IBI B QJIEKTPOMATIHUTHBIX ITPOILECCAX

F0.A. Kacarknn, UK. Kupuuenko*, C.A. Connatos

Hayuonanenoui nayunoi yenmp Xaporoscxuii @uzuxo-Texnu wecku-Hucmumym,
61108, Yxpauna, 2. Xapokoe, nep. Axademuvecxuii |, '
*Vxkpaunckas unxcenepno-nedazozuveckas akaodemus,
61003, Vkpauna, 2. Xapexoe, ya. Vuueepcumemcxas 16,
[Tocrynuno B penakuuio 17 supaps 2000r.

[TokasaHo, uTO OTCYTCTBME 1arpaHXMaHa, OTBEYAIOLLIETO CBA3AHHOM CHCTEME HE T103BOASET “BKIOYMTL
JIEKTPOMArHuTHOEe (OM) none cTamaapTHeIM 06pasom - MYTEM YAMUHCHWS NPOM3BOAHBIX. B pabore npennoxcha
npoueaypa yyera OM 101 Ha YpOBHE NOTHOrO KOBApPHAHTHOTO MAaTPUYHOTO 3JeMeHTa, 4To obecneymsaer TOYHOE
coxpanenwe DM Toka., OTBewalolleMy pasBajly COCTABHOI SINCPHOH  CMCTEMbI Ha COCTABISIIOLLME. DTOT METO.

JKBHBAJICHTEH HEKOTOPOMY AHHAMUYECKOMY KaTHOPOBOUHOMY npeobpa3oBaHIO.
KJIFOUYEBBIE CJIOBA: kanu6poBoyHas MHBApHAHTHOCTTh, CBA3AHHBIC CHCTEMbI, aMIUINTY1a, KOBAPHAHTHOCTb.

B snepHo¥ ¢pusuke DM B3aumoaeicIBHil 10 CHX Mop CyLuecTByeT npobiema, CBs3anHas ¢ NOCTPOEHMEM TEOPHH,
YAOBIETBOPSIOWEH (YHIAMEHTANbHBIM TPeGOBAHUAM KOBADUAHTHOCTH U KaIMOPOBOYHOH WHBAPUAHTHOCTH MpH
fIOCIC10BATEIBHOM yYETE BHYTPEHHEH CTPYKTYpPbl CBA3AHHBIX CHCTEM (s1€p M3 HYKJIOHOB, aJlpOHOB U3 KBApKOB K T.
1.). PemeHue 370#f npoGnemsl akTyanbHO Kak B TeOPETHYECKOM MJIaHe, TaKk ¥ B MPUKJAAAHOM - A7 ONHCAHUS
Pa3THUHBIX XapaKTEPUCTHK POTO- M 3M1EKTPOSAEPHbIX peakumit. [TocTpoenue KaTMOPOBOYHO-MHBAPHAKTHBIX TEOPHIl B
-1aTPaHXXEBBIX MOAXO0AAX CBA3AHO C MPOLEAYPOH «MUHMMANBHOrO BKIIOUYEHMUs» SM-nons B NarpaHXuaH aaepHoi
CHCTEMbI, YTO, Ka3anoch Obl, OJHO3HAYHO pelaeT yka3aHHYl0 npobnemy. O1Hako, B HAacTOALlee BpeMs 3ajaua
OCTPOCHHA NlarpaHiKHAHOB CBA3AHHBIX CuCTeM He peuieHa [1]. TI03TOMy Npu OMMCaHHM SAEPHBIX CHCTEM OBBIYHO
HMCIOT 18710 HE C JarpaHkuaHamy, a ¢ BOJIHOBBIMU QyHKUMAMH (B®D) KOHKPETHBIX, 3a4acTyI0 (EHOMEHCNOrMYECKHX.
NOTEHOHATOB. BMecTe ¢ TeM UCMONB30BaHHE KBAHTOBO-MEXAHHYECKMX MOTEHLMATOB He TOJLKO HapyllaeT
ROBAapHAHTHOCTE TCOPHH M, CJI€NOBATENBHO, 3aTPYAHAET TPAKTOBKY NMPOLETyPbl MHHUMANbHOIO BKIKOYeHns IM-nons,
KOTOpas BOSHHKACT B pe3y1bTaTe BBEACHUA KOBAPHAHTHOM MPOU3BOAHOMN, HO M NPHMBOIMT K CYIIECTBEHHO MOACTbHBIM
pe3yJIbTaTaM [ HEJIOKANbHBIX HYKIOH-HYK10HHBIX B3aUMOLEHCTBUI. B NpHknaiHoM mnaHe, HanpuMep B peakuusx
(oTopacuiennenus anep, Takke BO3HMKAET PSAI HEOLHO3HAYHOCTEHH [2]: BO-mepBbIX, OTCYTCTBUE TEOPHH BO3MYILEHHI
H Kak C/I€ACTBHE MCNIONb3OBAHWE B CHIIbHBIX BEpUMHAX (opMpakTopoB, cBA3aHHbIX ¢ B® cocTaBHON CHCTeMBI, He
Mo3BOJAET CHOPMYIHPOBATh KaKOW-TUO0 KPUTEPHI yHeTa TeX WM MHbIX MEXaHHW3IMOB peakuuu, B pe3yJbTaTe B
JYHIIEM CTy4ac YYHMTHIBAIMCH ABE [MOJIIOCHBIE AMAarpaMMbl C JOMOJHUTEAbHbIM BKIIOYEHHEM MHOIOYaCTHYHbIX
30 deKTOB - ME30HHBIX 06MeHHBIX TOKOB (MOT), B3aUMOIEHCTBHA B KOHEYHOM COCTOSHUM (BKC) n 7. a., npeHebperas
MPH 3TOM HEOOXONMMbIM TpeGOBaHHEM COIJIACOBAHMA TOKOB M T'aMMIbTOHHAHOB [3]; Bo-BTOpBIX, yuer MOT
HEH30€XXHO TpeGyeT BBEICHHA NOMONHHTE/BHBIX MapaMeTpoB (popMpakTOopoB ME30H-HYKIGHHOM CBSI3M, NapaMETPOB
00pe3aHus W T. 1.), C KOTOPBIMH YIaeTCs OMMCATh Ty MM MHYIO peakLMio C KOHKpeTHbIMH B® B onpeneneHHO
KHHEMaTH4eCckol 006nacT, Toraa kak nepexon kK apyrum B®, peakuusM Wi KMHEMaTHYECKUM 0BIaCTAM TpebyeT ux
NEPEMOArOHKH, 4TO SABAACTCA OOWIMM NEPEKTOM TaKMX MOJXOJOB; B-TPETHUX, ONMUCAHWE CTPYKTYpHI aaep
PCATHCTHHECKHMHU MOTCHUHWANaMM W HE3aBHCHMMOE BBEAEHHE [BYXYACTAYHBIX TOKOB aBTOMAaTHYECKH NPHUBOAMT K
HApYLICHNIO YPABHEHHUA HEMPEPBIBHOCTH, Tak kak MOT cTposTca aMilb Ha OCHOBE AMarpaMM o1HO6030HHOro 0OMeHa
B OTIHYUE OT PEATUCTUYECKUX NMOTEHLUMANOB, KOTOPble 3Q(PEKTUBHO conepkaT MHOrOMe30HHbIe BKaas! [3]. Bompochl
COri1acoBaHus TOKOB C TaMWIbTOHHAHAMH B KBAHTOBO-MEXaHHWYECKOM MOAXOAE paccMatpusaiuce B [4], rae
passuBaiach uaes Cakca [5] MUHMManbHOrO BKMOYeHHA DM-MONsS HENOCPEACTBEHHO B FaMWJIbTOHHAH AZIEpHOM
CUCTEMBI, YTO, ECTECTBEHHO, TpeOyeT 3HaHHA ero ABHOTO BHUIA.

CuTyaums, C10XKMBLIAACA B TEOPHH POTOANEPHBIX PEAKLMil, KPaTKO MOXKET GbiTh OXapaKTepU30BaHa CJIE TYIOLLHUM
00pa3oM: TpaJMLMOHHBIE KBaHTOBO-MEXaHWYECKHE MOAXO/BI, YYMTHLIBAIOUIME HAPALY CO CTPYKTYpOH sajaep
MHoro4acTuyHble dpdextsi MOT, BKC u 7. 1, Hapywalor TpeGoBaHust KalWGPOBOYHON MHBApHAHTHOCTH; B
KOBapHAHTHBIX XK€ MOAXOAaX KanHOpOBOYHAS MHBAPHAHTHOCTb AaMILTMTYA AOCTHTAeTCs MyTeM «HUCKIHOYEHHAN
BHYTPEHHEH CTPYKTYph! azep [2]. X

Hactofuias paboTa nocesllleHa PELUEHHIO NBYX OCHOBHBIX B3aWMOCBS3aHHBIX BOMPOCOB B 3/MEKTPOAWHAMMKE
AAepHbIX cucTeM. [lepBbifi COCTOMT B MPEACTaBIEHMM MATPUYHBIX 3NEMEHTOB MNPOLECCOB OM-pacuienneHus saaep
KOBApHAHTHbIMU AHarpaMMaMH 0€3 MNpMBICYEHHUS TEOPHH BO3MYLUCHUH MO KOHCTAHTE CWIBHOIO B3aMMOIENCTBHA.
Karaccupukaums MEXaHH3MOB PEAKLHH OCHOBBIBAETCA HA BBIACIEHHM M3 CBA3AHHBIX N-4aCTHYHbIX QyHKumii puua,
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cojlepraimmx OM  Tok, OAHOYaCTHYHO-NPUBOAHMBIX 010KOB, cogepkaumx (n-1)-4aCTH4HBIC yuxunn I pnHa
| (OTHOYACTUYHbIE MEXAHH3MbI) U CUILHOCBA3AHHBIX N-TOYEYHBIX BIOKOB - ¢KOHTAKTHBIX» aMILIATY 1. Bropo# B"”P‘,’C
i CBA3AH C pa3BUTMEM GE3MOLENBbHOrO, He 3ABUCALErO OT ABHOrO BMIA JArpaHiuaHa CBAIAHHOA CHCTEMbI. CrIOCOO
| BOCCTAHOBACHHA MPOAO/IbHBIX YaCTEH CHIbHOCBA3AHHBIX N-TOYEYHBIX QYHKLMA [ puHa. COIEpAALIMX IM no.e, Yepes
(n-1)-Toueynbie BepwuHsl (Ge3 DM-nons), kotopble OyaeM cuuTaTh W3BECTHbIMK. Takad MpoOLEIyPa SBIAETCA
00001IEHHEM Ha MPOU3BOJILHBIE UMITYIbCHI (OTOHOB M3BECTHOTO B KBAHTOBOH /IEKTPOIHHAMUKE METO1a pOTOHHBIX
BCTABOK MPH HY/eBOM MMITynibee [1] 1 oBecneunBacT KaIMGPOBOUHYIO WHBAPHAHTHOCTB MO.TIOCHOTO PAIa HE3ABHCHMOU
07T ABHOIO BU/Ja BHYTPHUALEPHOR THHAMHKHM.
JUis WATIOCTpaUMK JaHHOTO MeTona paccMOTpuM ero (6e3 noTepu OBIUHOCTH) Ha MpUMEpe (OTOPACLIETICHHA
CKaNsAPHOro CBA3aHHOTO COCTOSAHMS ¢ 06pa30BaHNEM B KOHEYHOM COCTOSHUM IBYX CKATADHBIX COCTABIAROUIMX.

PaccMoTpenre BBINOMHMM B MMITyNbCHOM MpeACTaBieHWd. J18  WINOCTpaudy  pasBHTOMD
{c 4-UMM.TBCOM

ro0Ixo1la

MPOJEeMOHCTPUPYEM €ro Ha PYyHKUMH PACMPOCTPAHEHHA CKANAPHOro noas. “Brmounm’ M noae €

k,) B ynkwno Ipuna D . Mcnomssys ceolictep mpamoro u ofpatoro mponaratopos: DD = D'D=1I,#n

y » HOTyYnuM 5D/aku =—DX5D'1/6k“ x D Toria skioueHwe DM mnons B

IByX4YacTHuHyr ¢yHkumio ['puna [4,6] umeeT Bua

1
{D(p + Xk)} =—2€€, I%D(p + )\k)gg— {D'l(p - ).k)}D(p +7K), (1)
0 ’

anpdepeHUHpys ero mo 6/51(

u
roe Z€ - 3apaa 4acTHUlbl C UMITYJIbCOM pu Maccou m.

SlBubiit  Bum  npomaratopa D(p) = 1/ (p2 B iO), 03BOJIAET BBINOIHUTL AU PEepeHLIHPOBAHHE
oD (p+ )"k)/akp = 2\p,, u, noncrasaas 8 (1) nogysnm

! Ld\ 2\p
zeelffl—): < {D(p+kk)}=—zee“j =
"2 A O A

2
“ ° [(p+kk)2 —m? +i0}

[Mpencrapnsis 3HameHatens (2) B BUIE: (p+ ).k)2 —m?+i0=2a+(1-1)b,rre a=(p+ k) —m® +i0.

b=p’-m’ +i0 MPUXOZIMM K BBIPAKEHHIO

Lan o 1 I
zee [——2 {D(p+2k)}=-zee (2p+k), [dr =
o X aku{ H “o Pa+(-a)p)
e (2p+ k)H )
= —ze . ———==-2eD(p+K)e, (20 +k) }D(p)
[(p +k)? -m? +io][p2 ~m* + io}
£ &, [Tpu BeIBOAE BBIP@XEHHUS (3) YUTEHO, YTO k? = 0 gyku =0.
#gk ?‘C Bbille M3NOXEHHOE MOXHO M300pasuth rpaduuecku (puc.l) u
it +E{ @} = Ctbt § N 3anucarh Tak: .
| D D(p+k B
D(p) (p) Diptk) o 1AM 0 (D(p + 1)} =

g 0 )\. akp (4)
=-zeD(p + k){e,(2p + k) .} D(p).

Puc. 1

Cpenas 3aMeHy B BbIpakeHuu (4) € i = k y » MPHXOIIUM K U3BECTHOMY TOXAECTBY

G(H'p p) Vopna-Taxakaiu:
LB D(p ) -1 =

. k,(2p+k), =D (p+k)-D"'(p).

D(pz) Brirouenue DM Mofis B CHIBHOCBS3aHHYIO TPEXTOYEUHYIO BEPLUMHHYIO (hyHKLIMIO
\ G(H;p,,p,) (puc.2) npoBoautcs Mo mpasuty (AByX4acTH4Hble QyHKUMH [puHa -
BHEILHWE KOHLIbI ~aMITyTUPOBaHbI):

Puc. 2
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(3)

ra€ Z, n Z, BelW4YMHa 3apsaa yacTvu 1 u 2 (Zy =2, +2,). Takum o6paszom, MAaTpUYHBIA INEMEHT, BO3HHKAIOIUMU{

NpH B3aUMOACHCTBUM y-KBaHTa C MOJHOM TpexToyeyHoit @I (puc. 2), umeeT Bun (puc. 3):

dh o y
—ZH{ T@k {D(H )}JD(p,)G(H+k;p,,p2)D(p2)+

+z,D(H)[ [ {D@%)}JG(H;pI ~kp,)D(p,) +

0

M =eg (s (6)

edh 6 . |

+2,D(H)D(p, )G(H:p,.p, -—k)[ — {D(pz)}}
;0 ok,

Ld\ & - '
+ D(H)D(p;)[o—k— = {ZIG(H" P1»p,) +z,G(H" ,pppé)}JD@z)
. “ J
re A =1-LH* =H +AK,pyy =Pya —Ak, H* =p} +p, =p, + py,H* = H+ Ak
8ﬂ'-i.' g k | /O q*.‘fs’/ 1‘,: '/,0

o—ob0
D(H) D(H" ®
(H) D(H" \o

Puc. 3 KanubpoBouHo-HHBapHaHTHbIH PAA AHMarpamMm, BOSHMKAMOWIMHA NpH «BKIIOYEHUM» (DOTOHA B
CHIIBHO CBSI3aHHYIO TPEXTOYCYHYIO QyHKLMIO ['pUHa.

Jlerko y6enuTbcs B TOM, 4TO MaTPHUHBIH 2IeMEHT (6) ynoneTBopseT Tpe6oBaHUIO KaJTMOpOBOUYHO# HHBAPHAHTHOCTH.

[ponmmocTpupyeM paseutslit moaxox Ha npumepe oTopaciuensienus sapa ‘He. Bkian B aMIUIUTYRy TNpouecca
‘He(y,N)T, ONpEAeNAETCA CyMMOH NOMIOCHBIX ¥ KOHTaKTHOM Anarpamm (puc.4), MatpuyHsiii 31EMEHT UMeET BULT:

M=ee,u(p) > MV(T), v(T)=Cu" (1), )
1=s,t,u,c
k g P T
- 4 ' 29
3 < (s) _ (H +H)“ (s) () _ 1) (p +m) (t)
H 1 Mu =2y S_mlzi G Yss Mut S t—sz Ys>
k | P i*v__
t. ip Mf‘") - G(")ys L mg)jflu),
T u-—ms
!
P : dr 0 .
- MY = S eGl i )]+ 2.6 k2 ()],
k T o }\. aku
ke, P jf:) = (ZN +KNk)Yu, jfl") = (ZT +KTk)Y“,
C. X Zn(t) ¥ Kyery - 33pA0 M aHOMaJIbHBIA MarHUTHBIA MOMEHT yacTuubl N(T); Z,, -3apan
H T 4He. )
BeeneM OTHOCHTENbHbIE 4-HMITYIBCHI, XapakTepusylomue sepuunHy ‘He—NT B
MOJIFOCHBIX AMarpaMmax:
Puc. 4 ' ' ' H'
k, =p—@;)H'=@H’—T,k[ =k, —-@-f)k,ku =k, + (b ,)k,
H'" H' H' H"
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(8)

k,()=k, - (;H)kk (L) =k, +>H(1I';H,')k.

Bepumnnas yHkuns G onuceisaer BuptyamsHbiii passan ‘He—NT W BCleICTBHE — PEIATHBHCTCKOH

MHBAPHAHTHOCTH 3aBHCHT OT KBAIPATa OTHOCHTENbHOTO 4-immymbea G = ( k; ), =S, LU)-

[Tokaxem, 4T0 npu BbIGOpe OTHOCHTENBHBIX 4-MMIYIBCOB COrMacHO (8), WHTErpal NEPBOTO C1araeMoro B
MaTpU4HOM 371€MeHTe (7) KOHTaKTHOM AUarpamMMbl paBeH

tdr o a - k2 () acl-k2 ()] k. .86k ()
st | st \"" /) _ M dl- k2 (. ; 2 =
Dk ok, ()= j &k, o-ki(n)] (kks)! ) ok ()]
-lobk)-olx)
AHaJIOrMYHO, CHUMAas UHTErpan Ans BTOPOro ciaraemoro B (7) U 3amedast, 410 Zy = Zy + Z , NOJTYUHM:
k
M) = (—kl:j(zNG(‘) +2,G"Y —2,GY),. 9)

B BbipaxeHuy (9) xuHeMaTHueckas CHHIY/ISPHOCTS 1/(kks) aBnsercs yctpanumon. Ilpu (kks)—>0 C

NOMOLLBIO pa3noxeHun B paa Teinopa
(kk)—0 (

GV = G 4 H.z)(kk )G“’( 2) o(kk ),
(kkg)—0

602" 60 -2 O oo (i) ol

CTAHOBMTCH OYE€BUIHBIM, YTO BhIpAXKEHHE B KPYIJIbIX CkOOKax B GopMysie NMpONOpLUOHATLHO (kkS )

OTMETHM, YTO B Ciydae G*® = GY = G = Const Mff') =0, u, cnenoBaTenbHO, CYMMa MNOIOCHBIX

auarpamMM rpajiieHTHO-HHBapHaHTHa.
Takum oOpa3om, TpeGoBaHue KaJMOPOBOUHON HMHBAPHAHTHOCTH COATAHCHPOBAHO YYWTHIBAET OAHOYACTHYHBIE

MexaHu3Mbl (MOJIIOCHBIE AMAarpaMMbl) C MHOrOYacTHYHBIMM (KOHTAaKTHas AMarpamma), kak Mexmy co0oi, Tak H

COINIaCyeT UX C BHYTPHUsAEPHON IMHAMUKOM.
Vkaxem Ha 6oee 0OLIyr0 BOZMOXXHOCTb MHTEPIPETALMM TPAAUEHTHOW UHBapUaHTHOCTH (7) # (9). 3aMeTuM, 4TO

ammutyny (7) MOXHO 3amucaTh B BHIE:

= %, 1l ZM" v(T),  (G=stu), (10)
rae ( )
. ek
811 :8“ — (k_k )k“ (11)

JTO 03HAYAET, YTO MATPUYHbIH 3NEMEHT (7), BLIYMCIEHHbIH B pe3y/IbTaTe HHTEPUPOBAHHUSA, MOXKET ObITh NOJTyYeH
W3 CYMMBI TIOJIFOCHBIX MaTPHUHBIX €MEHTOB (7) NOCPENCTBOM - OUHAMUYECKO20 KAAUBPOBOUHO20 npeobopazoeanus

(11), rae npu 4-WMmynbce K =~ CTOMT He MPOM3BONbHAA KOHCTaHTAa Kak B TIDUBBIYHOM BHZE KaJIMOPOBOYHOIO

npeo6pa3oBaHus, a QyHKLMA OT AMHAMUYECKON NepeMEeHHON - 4-MMITy/1bCa OTHOCHTENBHOTO BHKEHUS ks ,
O6mHocTh npeobpasosanud (11) He.TepseTCA B CBA3M C KaXYLIEHCs HE CUMMETPHEH OT MPUCYTCTBUS B Heil
Tonbko umnynsca K, Tak kax

(ek, )= (ek,) = (ek, ), (kk,)=(kk,)=(kk, ) (12)

Bua 3Toro kanubpoBoyHOTro npeodpa3oBaHus TECHO CBA3aH € AMHAMHUKON B CHILHOM BEPLIMHE, HHEIMU CIOBAMH,
OTJIMYUEM OTHOCHUTEIbHBIX 4-UMITYJILCOB k 7} k oT k B BepUMHHON QyHkuuu G .

Ioasepryem (11) o6uieMy kanuGpoBouHOMy npeoGpasoBanito €, —> €, + f(k)kp. Torna






