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nasHbIMH TeMaMy CeMHHapa, npoxoauBuero B [ly6de ¢ 19 no 24 uwHa
1986 1., 6uinM BONpoCH HEHOMEHONOIHMECKOro OMMCaHusg XPOMOIAMHAMHKN Bonb-
WHX PaCCTOAHMUI /MewKW, CTPYHH, 3(beKTUBHHE narpaHxHalu, MyTlbTHKBAapKOBble
CUCTEMbl, CKDHTHIA UBET u T.A./, BIUAHME KBApKOBHX CTeNeHeit cBobonul Ha
CBOJICTBA ANep U AAEPHbIX PeakKuHil, HCCAeNOBaHWA CTPYKTYPHHX $YHKuuit agep
M KONAeKTHBHHX ShheKTOB B sApPO~SAAEPHBEIX CTONKHOBEHUSX.

Ha npeamoymux ceMuHapax HeOAHOKpAaTHO NMOBYEPKHBANOCH, YTO aCHUMNTOTH-
yeckas ofnacTh CTONKHOBEHH[i RApPO-AApo HauiHaeTCa OOBOJABHO pPaHO - NpH
sHepruu /3,5 - 4/A-T3B. B ob6macTu 2Heprui saep Bum€ 3TOf rpalkub A0
[IocnenHero BpeMeHy Benucb pabBoTe TONLKO Ha nybuenckoMm cuuxpodalzoTpoHe.

B 6nuxafimee BpeMs OXUOaeTCs HAyallo AKTHBHHX 3KCMEPHUMEHTANbHBX HCCJedo-
BaHMI1 B NMyyKax aaep € sHeprHeid Ao 12 A-TsB /BGpykxefipen/ u 200 A-T3B
JUEPH/. B 3Toit cBaAsn B nporpaMMe VITI cemMuHapa 3amMeTHOE MeCTO YHAE€NEHO
npoeccam MHOKXKECTBEHHOTO POKOEHHS YaCTUU B PEMATHBHCTCKHX fAAEPHHRX CTOIK-
HOBEHHAX, BOIMOKHOCTSM OCHApYXEeHHS W HCCAEAOBAHHUS KBAPK-TAKOHHOHW NJAa3Mul.
ABTOMOOENbHOCTL 3THX MpPOUECCOB B NPOCTPAHCTBE OTHOCHUTENbHHX CKopocTedt,
NPHHUUN ocnabneHUs KOppenfAlH#H W YHHBEPCANBHOCTb YETHPEXMEDHHX CTpYH
CBHOETENLCTBY'IT O TOM, UTO fAeKOHDaWHMEHT KBaApkoB u Mpeobnanawmas posb
UBETHHX CTeneHedl cpPo6OAH AKTHBHO NPOABIAWMTCA YXE NPU 3HEPTHH saep .
/3,5 - 4/A-T3B. He uCKnwUeHO, 4TO Npu 3Heprusix saep Ao 200 A-F3B 6yayT
o6HapykeHH TE€ ke 3aKOHOMEPHOCTH MHOXECTBEHHOrO pPOXIOEHHA YaCTHU B AAQpPO-
A0EPHHX B3aHMOAENCTBUAX, 4YTO H O6CYxnaBmMecs Ha npeAuMAYWHX CeMHHapax
3To# cepun. [lo 3TUM Temam NpomNH HHTEpeCHble AMCKYCCHH.

B paGoTe cCeMunapa NPHHAAM yuacTue Gonee 200 yueHHX, NMpeACTaBIfIOLAX
65 HayyHmx LenTpoB u3 15 crtpaH /CCCP,HPK,TAP,MHP,YCCP,BHP,MHP,CPP,KHIP,
llBeuuu, Kanagw, ¢pauvumn, CWA, OPF, finowun/. 97 yyaCTHHKOR 6bio n3 OHAH,
109 - u3 CCCP /Anma-ATo, BnagmsocToka, l'omerns, TlaTunub, lymanée, Epema-
wa, Kwesa, JlenuHrpana, MuHcka, Mockew, Hosocubupcka, CepnyxoBa, Cyxymu,
Tawkeuta, T6unucu, Tomcka, Xapbkosa, PpyH3e/, 26 - M3 CTpaH-YYACTHHU
OMAU u 15 ~ M3 OpYruX CcTPaH. Bwmmo sacnywaso u obcyxmeHo Gonee 100 go-
XnanoB W coofmenki, GONbWHHCTBO M3 KOTOPWX nv6nukyeTcs B Tpydax ceMuHapa.

HaneeMmcsi, yTo npeanaraemsi cGOpHMK € OOCTATOYHOWH MONHOTOH OTPasMT
HAYYHY® npobleMaTHKy CEMHHapa.

OprxoMuTeT

© o6 an v mueps Ily6ua, 1986.
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BCTYNHTEJIBHOE CJIOBO AHALNEMUHA A .M.BAJILHHA

Joporye konein

P:mpemu‘re OTKPHTL CCMHUAp H NPHBCTCTHOHATL €I'0 YUACTHHKOB OT HMCHH
OPpUKOMHTCTA, QAMHHECTPANHK D6BCIHHEHHOro MHCTHTY TA HI1EPHHX HCC e/ [0BiHHiT
n Axanemun payk CCCP.

B poajiannofi ram Gpoltmpe MMeETCH KpPaTKoe KBC/i€liHe, H3 KOTOpOoI'0 Mox-
HO COCTABHTL MHPC/ICTABTICHHE O TpejibiuyiMX CeMHHapax ITON CCPHUH H O npecm-
CIHCHIOCTH Il])OGJIQ.\‘Iﬂ‘I'HKII. ”{]y‘”l"lﬂ nporpaMMa coemMinapa, COJICPRINANCA B &po -
ujope, npeTepieia Jnis HeGonbe MaMcHenusi. O peex KOpPPEKIIHIX 18 HpoIpaM-
AME BiaC ByAYT crocnpeMcHiO HHdoOpMHPOHATH.

ﬂpolpu.\i.\m OTKPLIBACTCH 3ACC/RNHAMMY, HOCBARIC HHBIMH KBRAHTOHOI XDPOMO M~
HAMHKE , KOTOp4s IIOJIYYMIIA WHPOKOEe NpH3HaHiie Kak 1byl|,‘l(lMCll1'(l.‘lhll:iH TCOpHHA
Ul QHIMKN CHUIIbHBIX BIAMMOMNCNCTEHII. B npTcpaTypec 4YaCTO BCTpeyawlTCH
YTRCPHICNHUSA, YTO HE CYMECTHYET IKCHCPUMCHTAILULMX DIAKTOB, KOTOPHIC hiXi-
JULIHCDL Gbl B MPAMOM IIDOTHBOPCUYHH C KHAZUTOBOIT xpoMoaMiaMmitko'i. Teosm He Me-
HEeC, HecMOTPH Ha OGHIHC 3IKCHCPHMCHTANBLHLIX (AHILIX HO dJH.?Hh'C CHIIL X
B3AHMOICHCTBHIT, CYWECTBYWT OGWHPHKC H JIOPOUHE HPOFPAMME, I10CHUNCHHBIC
ililJIbIlCI‘lIl.l(‘i\l_\' FKCIePHMe N TANNLHOMY H3YyUeHHino HpOoUCCCOoB BIANMOJICHCTHHA alpo-
How. [cnu 6W Teopusd 6el1a YXC NOCTPOCHA, TO 2KCICPHMCHTLI Ouliint Okl He NyX-
b, Beflb B KOUHIEe KOHIOR HOCTpOCHHC TCOPHHY - 1JHBHAS HeJlh HOCX HUliHX
yeunuii. Hammomeie 8 270 cBaIH cirosa ALDNumrefina: Buicmirv j1onronm Quisukon
ABNACTCH HOUCK TeXx obulux 2JeMCHTapULIX IAKOHOH, 13 KOTOPLIX 1Yy UM i CTOI
J1elY KUHI MOXHO ITONIyUlTh KapTHuy mupa'. Jlig Toro 4robu OIEHUTh HOIMOXIO-
C¥H IIOCTPOCHHS TeopHii M3YUACMLIX HAMH SIBJICHHA, Ml HIONPOCH/IN AKTHWBHO pa-
6oTamMx TcopeTHKOB cilenartL of3opwl Toro, YTO MOKET KOJHYECTHCHHO OIH-
CaThb, NPEHCKA3UTh KBAWTOBAA XPOMOAHHAMHKA. Kak XOpolo H3BeCTHO, OCOG)'HJ
TPYJHOCTL ANA “"4HCTON ey Kuuu' npeincTap.siectT Ta 4acTb KapTuvlul MHpa, KO-
TOPidsl COOTHETCTBYCT OBOJIbUIMM PACCTORHKUAM KBANTOHON XpOMOIMHAMHKH. bLe3
JIONONHUTCHbLHLIX THOOTC3, MOJeJell, W3 IepBbX NPHIIHIOL YOUeTCH KadyeCTHeH-
HO OGBLACHHTL UL OYelb HeGOoNbWYIo YACTHL IKCHCPUMCHTANBHOPO MATCPHANIA.

CHOICTHA CJIOKHBIX aTOMOL, MOJIeKysl, KPHCTaJUlOB OKpyXawmes Hac Marte-
PHH B KOHCUHOM CYeTEe ONMCLIBANTCSA IeKTposinamikoii Maxceenna-/lupaka.
O0HAKO 3TO HC HCKIKUAET BEJIMKOI'O pa3jnoobpa’usd IAKOHOMEpPHOCTER, ynpab-
SIAWUKHX 3THMH OObLCKTAMH, 3aKOHOMEpHOCTEN, TpelymiX ClHeuHanbHblX NOHATHIL,
dleuomeuonoruquK'ro ofnMcanudg, ANHAJTOPMUHO HCH CoBpeMeinHan gaepHasn d)HaMKB,
MocTpoeBHAA 1A OCHOBE MNPOTOH-HEATPOHHON MOAENH RApPa H HEPENATHBUCTCKON
KBAHTOBON M2XaHHKK, SBASETCH GEHOMEHOMOI'HYECKON TeOpHejl KBaHTOBOW Xpo-
MOJHHAMHKH GOALUHX PacCTOAHHI. B oBnacTu, rIijle KOHCTHTYeHTH SN€pHON Ma-

TCPHHU IBHRYTCH C OTHOCHTEJNBHbLIMH CKOPOCTAMM MHOI'0O MeHblle CKOPOCTH CBerTa,
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KBAalTOBas XPOMONMHAMHKA [OIDKHA OOGBLACHHTbL XapaKTEPHCTHKH SOEPHHX CHA
W ApyrMe napaMmeTrps /HanpuMmep, ofonoueuHoll Momend/ aHaNOrH4YNO TOMY, K4K
MeXMoneKysapHble cunel Ban-pep-Baanbca onuMcHBawTCA 3INEKTPOOMHAMUKOM.

deHoMeNONOTHYECKOEe ONMCaHMe KBaHTOBOIl XxpoMoaMHamHku GoJbuMx pac-
CTOSIHMA /MEWKH, CTPYHbl, MYNbTHKBapKOBWE CHCTEMW, ''CKpHITHII BBET', KBApK-
riawecluaag njhasmMa M 'r.n./ 3daHHMaAET B NnporpamMmax nocneiHux ceMHHapos oOC-
HosHoe mecTo,d XITI cemunap He siBNseTcs UCknioyeuueM,[lonassusioyee 60ab-
HMHHCTHO TCOPETHUECKHX AOKJIAAOB Hamero CeMHHapa TOCHSWEHO MOJMAEenbHbM
noaxonaM. OprxkoMHTeT NMPOCHT NOKJIAOYWHKOB MO 3THM TeMaM He 3abuiBaTb, 4TO
CObWHHCTBO HX cnywaTes;led - 3KCIepUMEeHTAaTOpH, IjasHas Ueflb KOTOPpHX
COCTOMUT B TOM, uTOGH HDHOGDCCTH HHTYHUHKW MO0 KPUTHYHHMIM 1ONMA TEOpHH nocTta-
HOBKAaM 3KCNEepPHMEeHTOB.

B mporpamMe wWMewTCs ABa 3acefaHus, I'le MHTepeCu TEOPEeTHKOB U 3KCle-
PHMEHTATOPOB HACTONBKO pacxoAaTcs,uTo OprkoMHTeT cllenan #x NapasnsesbHbMH.
O/1HaAKO OHHU GYLIYT NPoXoAWThb B DTOM XK€ 3O03aHHHM H NMPH XKenaHUHU MOXHO Moce-
THTbH OTAESbHHE [0KajAb Ha pa3HblX 3acelaHusax. TpaAMUHOHHO 3HauYMUTesNbHOe
MECTOo B NPOTPaMMe OTHEAENO KYMYJSTHBHHM i [NyBOKOHEeYnpyrHM mpouneccam
Ha sanpax. MHTepec k JTHM sIBJIEHHAM, H3MCHMBWMM OCHOBHME IpenCTaBlIeHHsA
06 aToMHOM fape, npodojxkaeT pacTH. Ilo >THM TemaM Ha Haw ceMHHap nren-
CTaBneHo 3HAYUTENIbHOE UYMCIO KAaK TeopeTHYECKHX, TaK M 3KCMepUMeHTanbHuX
paboT,

CTpyKTYPHble ¢yHKUHH SlEp KaK CaMOCTOSTENbHHWE XApaKTEePHCTHKM, He
CBOAWMBIE K OAHOKYKJIOHHWM CTPYKTYPHuM GYHKUUAM, Telepb yxe BCTpeyawnT
Mallo Bo3paXeHuil /B IPOTHBONONOKHOCTb, Hanpumep, VI u oryactu VII cemu-
Hapam/. TloTOK paBoT No CTPYKTYPHBM QyHKUHSAM saep NpoaoiKaeT ObICTPO Ha-
pacTaTb, CBS3b 3ITHX BENHMYHH C NMPO6/JEMaMi KBAaHTOBON XPOMORHHAMHKH 6oMnb-
WHX PacCcTOSHWH JejlaeTcs Bce 60Jle€ OYEBHUOHOM.

CywecTBeHHyl0 4wacTb nmporpamMMbl BcexXx HallUX ceMHHapoB, HauMHas
c 1973 ropa, 2aHuManpT npobieMsl PEeAsITHBUCTCKOW sidepHoit ¢U3MKK. YKe Ha
cemMuHape 1973 roga Bo BcrynurenbHoM cnoBe H.H.Boronw6oBa 6bliM 0TMeuYeHH
nNy6HeHckne paboTH 0 OGHApYHEHHI W H3IYUYEHMI ABTOMOMENIbHOCTH PEenATHBHUCT-
CKHX A0epPHHX CTONKHOBEHHH.

Kak HeOZHOKpaTHO MOAYEPKHBANOCE Ha MpeabHAyWHX CEeMHHapax, aCHMETO-
THUecKas 06J1aCTb CTOJKHOBEHUA AAPO-sAPO HAYMHAETCH AOBONbHO PaHo, MNPH
aHepruu 3,5+4 A-T3B, B o6nacTH 3Hepruil saep Bomie 3Toil CpaHULbl o Ho-
cjennero BpeMeHM BEJIMCb PAGOTH TONbKO Ha AyBHEHCKOM CHHXPOoda30TpOHE.

B Gnuxaiumee BpeMss OXHAAETCS Ha4Yafo AaKTHBHHX 3KCNEepPHMeHTaNbHbX Hccne-
[OBaHWR B nMy4kax sgep C 3HeprHed no 12 A-T3B /BpykxeiBen/ M no

200 A-T>B /UEPH/. B sToit cBsizu B mporpamme VIII ceMMHapa 3aMeTHoe MeCTu
ydeneHo npoueccaM MHOKECTBEHHOTO pOXAEeHHA YacTHI B PelsTHBUCTCKHX
SI0ePHHX CTOJKHOBEHHMSX, BO3MOKKOCTSAM OGHAPYXEHMS M MCCNENOBaHWA KBADPK-



LIHOOHHON 11:123Mbl. ABTOMONENBHOCTL 3THX NPOLECCOB H HPOCTPalCTBC OTHOCH-
1CNILAKX CKOPOCTCI, NMPHHLKII ocnabields] KOPPCHAUHA H yIUMBEpCAIILHOCTL uc-
THPEXMCPBHX  CTPYil CBUOETENbLCTHYINT O TOM, 4YTO JCKOHDAWHMCHT KHBAPKOH

i npcobnandiman poJib UBETHHX CcTelleHell CBOBOLN AKTHBHO [POABIIAKTCA yKe
upl oneprun anep 3,54 A-I'3B.

[IpHULHNIE ABTOMOACIBHOCTH It ocHabrneHHs KOpPeIisnnii orpakawt, ¢ o101
CTOPONN, OucHb obmie cBoi*CTBa AMepHOl MaTepui, ¢ JApyIrofi - ol Tpebywor
jlansuelimero IKCHepHMCHTaIbIoro obocHoBana W ycTanosiicnis 6oiee Tecuoft
CBH3M PTHX IPHHIHIOK C KHBAHTOBOM XpoMmodubaMikoil., [lpunuuin o0nuInwi
Gonuwoll NpeiACKa3aTeNhioi CUI0It, ONNAKO OHI BCE eHic HY®AAOTCs B 110SICHC-
HHX, KOTODRPME # celidac NpPHRCAY.

B 3pauHTeNLHON YACTH Ay6leHCKHX pa6oT, B TOM UMCHC UPCIC TABICHIX

1Ha 3T0T CeMHHAp, MHOKECTHEHHBIC NPOLCCCH

)

QIUCHLIBAITCA B OPOCTPANCTHE, TOYKAMH KOTOPOI'O SIHISNIOTCH YCTHPCXMCOPhLC
CKOPOCTH YACTHY U;= P,/mi Wru d-uMIyJiabcn 4aCTHI Py C1€CHHMIC Ha HX
MACCh my . OCHOBHLIMH BelTHYUHAMHKH, OT KOTODMX 3BABHCAT pACHPCACNCHHA BC-
PoORTHOCTECI! /CC‘-IDHHH/, CYHTAWTCA NOJNOKHUICHBHLIC DCHATHHHCTCKUC HCIHHUIHNL !

E;E, -(P P

)¥ = 20tu, ) - 10 = 2f .

b, o= —(ul -uy

1k
my My

OHH OKa3a)MuCh YAOGHBIMIE IR 2HAJIN3A JKCHEPHMCHTHIBHLIX AJNHWX, TIK KK
HE 3aBHCHT OT BHBOPA CHCTEMH KOOPAMNAT /B OT:IMYMC OT HPO1O:bLHHX GHCTPOT,
NONepPCUHbIX UMAYNLCOB, JIHEPIHit E, TPEXMCPNBIX HMIYILCOH ;, WoTW I/, Bul-
PaXEeHHLIE yepe3 RHUX MNPHHUMNL ocnablieHls KOPPEeIsNuit M 2BTOMOICIILHOCTH
obnagaipT CBOACTB2ZMY WHBApHAHTHOCTH MO OTHOWCHHI K npcobpa3zowatisasm lo~
pelua ¢ K TpeXMepHpiM RO DBOpPOTAM. Bo BCex 3kKkcnepHMenTax, B KOHCUHOM
cueTe, M3YUATCH PENATHEHCICKH-HHBAPHANTHHEe pacipeicienys weposTHocTed:

do W

2 - L) 191

dP, ... dP

B N T T T A

E;-Ep T E -

OoHUM M3 HauBollee CYHECTBCHHBIX BHIBOIOB PABOT, IOCHFMEHHLIX JHAM3Y MHO-
KECTBEHHHX INNOLECCOB B IIPpOCTPANCTHE by, SIBIAETCA bHHOA O CYUCCTHOLAUNM
ABYX XApaKTeDHBIX Pacc. ORHUA /KODPPENSUMONHHX HAHH/ B 3ITOM JIpOCTPAHCTHE
by ~ 0,01 /anepustit macwrat/ u b, ~ 1 /xBapkovuil Macwrad/. ITUM Bemwun -
HaM OONXKHL COOTHBETCTBOBATHL OBE NPOMEAYTOUHDIE JACHMNOTOTHKH buﬂ b bl H
buﬂ >> by |, Tipu beg > by pacupeneneius BepoaTHOCTeN JOHOIILUO BLICTPO
y6WBAWT M pacnafawTCs Ha MHOXHTEenn /GakTopMiaywTea/. Ka:uyecTrenioe

Boipake Hi4€ I3THX CBOACTB J§ COCTABIAET COLCPHIHHE YHOMRHYTHX HDPHHIIRIOB.
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ABTOMOUENLHOCTL HOPMYJIMPYETCA KAaK TrHnoTes3a O CyweCTBOBAHMU NMPOMEXYTOU-
HHIX AaCHMNTOTHK, KOI'la oAMH U3 APTYMEHTOH, HanpHMmep %ﬂ’ lIpHHHMaeT

ACHMNTOTHUECKH OONbliHe 3IHAUYEHHSA:

WO o.b . bp b, ) Wb, . DBy,
2B " Tat ' Bt m\¥ai ¢ bﬂ' ix -
a,

(beg) n
JTO NCPHLIA HEHCUE3aKMMi uneH PANA B PaINOKEHHH 1O MaloMy napaMeTpy

(—l—) . BenuuuHa D HAXOAHWTCA H3I 3IKCMEPHMEHTA WNW NpeacKa’lRBaeTCs Teo-
pu%ﬂ. B cuny toro, uto bage bay s d g COCTABMANT CTOPOHY TPEyTrojibHHKa,
ycJjobne buﬂ - = ajgeyeT 3a cofoll ycnosue bg,~ = , }3 u”WcTO reomMeTpHuyecC-
bm

ef
X; - nepeMeHHAaw CBETOBOI'O GPONTA Xy = U4 - U, . B HepenaTHBHCTCKOI:

KX coobpaxeHuit /TpuronomeTpui Jlo6aueBcKoro/ caeayeTt +x,, rae

o6nacTH /mepBON NPOMCXYTOYHOI ACHMOTOTHKH/, The NPHUGINKEHHO crnpaBeyiid-

b
Ba reoMeTpus EBxnuaa, Bl , 1. Kak Buaxo w3 NPpUBENEHHNX OMNpeaeneHHst,
af
aBTOMOJIENBHOCTL H MacwTabHas HHBAPHAHTHOCTL /TO eCTb MHBAPHAHTHOCThL 10

OTHOWEHHK K 3aMeHe BCeX HMIYJILhCOB p, + Apy / ABNAWTCH  Pa3ITHUHPMH
CBOACTBAaMH. 3aBHCHMOCTbL CeHEHHN HE TOMbKO OT X;, HO H OT by, KapyrieT
MaCIWTA6HY0 MHBAaPHAHTHOCTb. JKCNEPUMEHTANILHHE AaHHbe MO 1W60My lHpoleccy
THNa /1/ MOXHO TMpPeNCTaBHTh, BHPAINB KOOPHMHATH Bcex Touek (i=1 1,1,2..)
B MpOCTpaHcTBe CKopocTei uepes (b, , bg by1 { , B6paB B KauecTBe
6a3UCHOrD TpeyrojibHUKa TPeyTOJibHHK ¢ GONBWHMH CTOPOHAMH: b, g L. ~bg, > 1
Cornacuo npunudny ocnadielHsl KOPPeJsiuMn H THNOTe3e aBTOMOAENbHOCTH
nojaBnswlee SONLIMHCTBO KOHQHIYDPALMIT MHOKECTBEHHHNX I[IPOUECCOB [OJIXHO

YJOBJIETBOPATL CNEAYIOIHM CBOHCTBAM:

LICIPSPLINW PR S PR IVETR S AR TV ps

b b b b b b b b
¢_L_;.r(_“)'.,_él).wu(hal,__m_;i,...I«Wﬁ( "“.bﬂl.b—"‘)-w’(i;—ﬂ—’;bw ).
®,% b g bg Pay Bag By Pay Py

AHANH3 3KCHEPHMENTAJILHHX AAHHBX MO CTpysaM noxa3ueaer, 4To dopmyna /2/
COOTBETCTBYET IKCNEPHMEHTY, d CYHKUHH W“, Wﬁ n WY spnswrcs YHHBepCanb-
HBIMH M OMHCHBAIOT H3IOJIHpOBaHibLE KiacTeps /HanpuMep, CTp,H/. AHAJOTHUUYHH-

MH H3ONHPOBAHHHMH knacTepaMmu ARNAKTCA CTPYKTYpHhe dyHKUHH 7%‘Fllwﬂfllh
i

ONHCHAAKWIIHE MpeNenbRYw PParMeHTAUH AOep H XKYMyNsTHBHRHA 3ddekT:

2
2 4% g, Lpng

LK)
1%
Ay dbyy, -dx, Ay "

3nech Ay - aTomubiit Bec dparMeHTUpywrero aapa. YHHBepcalibHble BeNHYHHH
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nt ,lg NpaKTHYECKH He 3aBHCAT 2T CBOWCTS siapa I. [eopeTHuec~

-l-le(h
An
KOMY H JIKCICPHMEHTAJIbHOMY H3YUEHHI0 CBOACTR 2THX YHHBEpPCallbHuX BEJIMUUH
TPaAXUMOHHO HA HAWHMX CEeMHHapax YIeNAeTCA GONbMoe BLUMAHME.

Mlpn ananuise 3IKCNEPHUMEHTANbHBIX NAHHWX Hame HCNO/ib3YeTCS KyMylNATUB-
Hoe YMCNo, NpolOPUUOHANIbHOE TNIPHMEHSEMOH 3[I€Cb BXNIHYHHEe X!

Ey-Pycogd my

=—x,

o, o,

By =

roe mg = 931 - aToMnas eQMHMUA MACChl; HAapAAY C TNepeMeHHOoIl ﬂD HCNOoNMh3y-

€TCA nepeMeHHasn

--Ll,-(p,—p,)

llpene6peras MaccamMim 4HacTHL W BTOPHM YNeHOM B 3HaMeHaTene, HaXoluM X By,
Tpr py=€ u py =0, rael n [° ABNANTCA COOTBETCTBEHHO HMITYbCaMH
Manamero W paccessHHOrO JIENMTOHOB, BENHYUHA X CTAHOBUTCA NEPEMEHHON
bbépkeHa:

q?
- q)

X=- A

2(l;'n 1

30ece q=f ~f’, rage X H3MeHseTCH B npenenax 0 X g Ay . TlocKoJIbKY aBTO-
MOJENMEHOCTD W MPHHUKI OCNabieHHA XOppensu#ui ABMAKTCA aCHMNTOTHYECKHMA
CBOMCTBaMH, TC NpY yBelUYEHHH SHEPTHH CTONKHOBEHHS afep KO AECATKOB

H coTeH A-T3B npuMeHHMOCTb 3THX NPHHUHIOB AONXHA yNy4yWwaTbcd. 3TO npen-
CXa3jaHHe XCDOWO MOATBEPXAAETCA Pes’ynbTaTaMH paboT Mo aHanH3y CTONKHOBe-
HHA yacCTHua-sApo M uYacTHna-4yaCTHUA, MPEACTABJEHHHX Ka HACTORAWMI CeMU-
Hap. U3 2aToro npeacka’aHHs creayeT, YTO NPH 3HEPruM saaep Qo 200 A-T3B
6yayT o6HapykeHsl T€ Xe 33aKOHOMEPHOCTH MHOKECTBEHHOTO pDOXAEHWS YaCTHL

B 92p0 1BEPHHIX CTONKHOBEHHMAX, YTO OGCYKOANHCh Ha NPeANAYHIHX CeMUHapax
3Tol cepud M GyayTt oGcyxpatbkca Ha VIII cemMuHape. 4 He xoyy 3THM CKa’aTh,
4TO obwupHble NporpaMmMu 3KcnepumMeHToB B LIEPHe n Bpykxeisewe no MayuenHio
PEJIATHEACTCKAX SOCPHHX CTDJIKHOBEHHM B HOBOH oONMAcCTH 3HePruil He OagyT
HHYero HOBOro. B 4YacTHOCTH, AOHONHHTENbHAA NPOBEPKa NPHHUUNOB ABTOMO-
HENLHOCTH H OC/la6NeHHs KOopPeNnfudil npeacTabiser 3HauuTeslbHHA uHTepec.
®aKTOpHIYEMOCTE pacnpeferel’Hd B NMPpocTpaHcTBe b, Bawna M ANA OHIHKOB-
SOEePUWHKOR , KOTOPHE BCe 60::.i-2 BOBJIEKAWTCH B KBapKoByw $u3HKy. Bupere-
HHe B pacrnipefleJIeHHAX CTPYit, o6yClOBJIEHHHX aApOHM3aUued LBETHHX 3apaion
B NycToTe, U onpefielieHHe yClOBHMA Ha by , KOMAa 3TO NMPOHCXOOWT, Oaml
CTPOryi KOJHYECTBEHHYH OLEHKY OTHOCHTENbHHX PACCTORHHA MeXRY WYaCTHMLanH,
HAa KOTOPHX OCHOBHOE MOHSTHE rRepHOl GHIUKH ~ HYKNOH NepecTaeT CymMecCTBO-
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BaTb. BaxHo 3TO H B MeTOJONOTrHUYECKOM, NCHUXOJOTMYECKOM [tnaHe - CYMECTBO-
BAaHWe KBAPKOB M [JI0OHOB LOKAa3JbIBAETCA HA TOM Xe YPOBHE [ATTOBEPHOCTH,
KaK M CyMecTBOBaHHWe HeCTaGMAbHHX 4YacTHll.

Ha VIII ceMHHap NpencTaBNEeHO 3IHAUYUTENIbLHOE 4Yuchio paboT ¢MauKkoB-snep-
WHKOB, B KOTOPHX Hapsily C HYKIOHHHMM PacCMaTPMBAKWTCH KBapKOBble CTeMeHH
cpoboaw apnep.

B poszpanHoi 6powiope conepxMTCA BCs HeobxosndMas uHbOpMaLMs O CeMH-
iape. Ecin B 6pouope HeT oTBEeTa Ha MHTEpeCYWmHilT Bac Bonpoc, He Kone6-
AAck, ofpawapTech K uneHam OprkOMHTETa W cekperapuara NnHBO Henocpen-
CTBEHHO B CeKpeTapMaT. X04y Bac 3aBE€pPHThb, YTO OprKOMHTET M aAMHHHCTpa-
i UHCTHTYTa cpaesnawT BCe, 4YTO B MX CHMNax, uTOSH Balle nmpebHBaHUe Ha
ceMHHape 6bIC MONE3HHIM H NMPHATHBLIM.

PaspewnTte BLIPa3UTbh HALEXAY, YTO RYBHEHCKHIA ceMHHap 1o dH3MKe BhI-
COKHX 3HEepI'HH BHeCeT SICHOCTh B8 HMHTepecywume Hac npobnems, 6GymeT Cnocob-
CTBOBAaTh CTHMY/JHPOBaHHK HOBBX HCCI€[O0OBaHHIl M NpUHECET pajgoCTb O6WEeHHS

C KONNEeraMH H3 pa3HblX LeHTPOB.
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EFFECTIVE MESON LAGRANGIANS FROM QCD AND SKYBMION

V.A.Andrianov and V.Yu.Nowvozhilov

Leningrad State Univeraity
USSR

A new program for derivatior of chirsl dynemice from QCD has
been launched in Refs.” " '“", where the case of massleas quarks and
meson® has been discussed starting directly from the bssic QCD fun-
ctional. So fer in the chiral modsel 3/ the coupling constants have
bsen taken from experiment or from phencmenological models 4 and
reforences therein). The QCD affective chiral lagrangian for msssi-
ve pseudoscalar mesona in presence of quark(¥Y¥) and gluon
( ;I» G, 9 > condensates was derived in Rof./ 5 by means of bosoni-
zation method ma in the massleas case 71,2/ « It was showm /6 that
the low~energy domain of integretion over querk fields im QCD func-
tional is uniquely determined by quark and gluon condensates. The
low~energy region in QCD ecan be defined only if the gluon condensa-
te is positive. On this way ths full scale meson sffective lagran-
gian can be derived from QCD. Por instance, an effective action for
scalar and pseudoscalar mesons was derived from the QCD generating
functional by meens of the conformal plus chiral bosonisstion
The remarxeble feature of this QCD-derived lagrangian is that its
coupling constants and vertices satisfy the asysptotic sum rules

. The latter ones reflect the unitarity restrictions and re-
quiremente on growth of NI - scattering emplitudes at high ener-
giea.

Recantly, the solitons with quantum numbers of baryons (Skyr-
mione) were analyzed in the context of chiral Skyrme model /9 ex~
tended by the aultivalued Wess-Zumino action /107, But, the low-
energy fanomenology of 7 - mesons cennot be described by the Skyrme
interaction only and requires additional non~Skyrme type vertices
of the same order in derivatives 3/ « These terms destabilize the
Skyraion /1 « However, baryons are expezted to be solitons only in
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a realistic theory of mesons (% , & ,W ,...) /1 2/ the main
goal of this paper is to examine whether the effective lagrangian
for pseudoscalar and scalar mesons deduced from QCD and its W- meson
phenomenological modifications generates locally stable Skyrmion so-
lutions.

Ey means of bosonization of quark chiral degrees of freedom in
the low-energy region L /1,2/ we can split the QUD generating func-
tional Z, into three factors 2, =Z§h Z v Z%L ) where Z,” des-
cribes the dynemics of chiral symmetry breaking in the region 1L,
Zinv -~ reproduces chiral invarisnt processes in this region end 2L
ies formed by high ensrgy quark contributions. Respectively, the to-
tal baryon number current { B, in the vacuum / is & sum of a chi-
ral field current < B® >U , current 8107 gasociated with Zin' .
(higher meeon excitations) end a current of high energy quarks ﬁ” .
This sum is averaged over gluon fields

Byt Z Yyt =
{ S‘be \.WYH&(B M) B *B}Z ZWZ

where N, is the number of flavours, N, is the number of colours ,
lm is the gluon action and the averago over chiral field U is de-
tined as follows {2Dy = 2§ =T (0u 2(D)exp(iW 4p(0)). The beryen
current considered in Ref. contains only the chiral part of
the total baryon currsnt

L A L R

A8 & consequence of (I) the general picture of baryon is a superpo-
sition of deacriptions provided by the low~energy meson dynamics and
high energy quark contribution. Ian thia paper we neglect the latter
snd restict ourselves to the meson sector.

I, Chiral gector
The effective low-ensrgy lagrangian 2/ for the quark chiral
phase contains the kinetic ters of Weinberg chiral model and all
vertices to the fourth order in derivatives. Let us conaider the ca-
a¢ of massless u and 4 quarks, i.e.,the flavour group is SU(2).
The coupling constants are uniquelly determined by the low-energy
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spsctral scale A , spectral eaymmetry M of complete Dirac opera-
tor and the number of colours Nc. For the convenience we present
the effective lagrasngien in the form

Ly U vy + SLW)- o

where

Ly WG byt Yoo

loy?

ia the legrangian of Skyrme model with the value of parameter e=2W .
The coefficient at the kipetic term N, lA - M )/16571' should be
identiried with I'sr /4, where the pion docay constant E. = 93 MeV.
Within the framework of this model the atatic properties of nucleons
as solitons wers computed in /14 . The expreasion

SLO) =m0 - 200V

includes terms which violate the positive-definiteness of energy
functional. The last term in (5) contains the second derivatives
and considerably changes the % - meson propagator

‘-\/P" — Y p%.’), 6)

where r2= N 22 72452 = ( 830 MoV ). So the ghost particle -
tachyon appsars in the model and bounds the range of applicability
of sffective lagrangian (3). One can evaluate SL(U) ae a small
perturbation to Skyrme model, if there exist the soliton configura-
tion U which givee the inequality

(p“)/q&) 14 /“2~ )

One can deacribe the nucleon and ite,low-lying resonsnces
using the Skyrme ansatz U(x)=exp(iF(r)T 2), where F(0)= % and
F(r) >0 as r —» co. If we substitute this ansatz in (4) we get
for the static Skyrmion mass functional the following expression

v i
M [F] 2F§d’c-— +SmF+-2—=T+S2FFl (8)
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in terms of dimensionless variable 'i"*c!‘r . One can ses, that
e [F] is positive-definite and bounded from bslow. But the mass
functional for L¥I(m)

" oo" LN _ 2 1,.,. HY )y ot
MggtF1= 11" tr1+2F,SA~L[§2-‘”"=§+ e et
(4

has lost thess attractive features of Skyrme model. However, one
can hope on the existence of locally stable solitons within the
applicability range (7) of low-energy effective lagrangian. Within
the Pade~-approximation variational scheme the investigation of (9)
shows that the local minimum for static configurations is absent,
the mass functional M ,.[F] is unbounded from below and the inequ-
ality (7) is invalid. The lost of positive-definiteness of n.“[r]
is essentially connected with the negative contribution of the
tachyon term. At low energies end masaless pions classical equs-
tions of motion lesd co“o?.U'b:U* = (Tb U'er+)" and thereby the
tachyon term in (5) vanishes. In samiclassical approximation the
second term in (5) is esqual to zero and mass functional reduces to

et = Sx fl - Fjﬁiﬁ[F'IW 2§i~\2F11 Ly, (10
e - MR- ¢, =t
o

The veriational computation of mass functional (IO) reveals the
absolute growth of ;[ﬂ in comparison with (9), even more, in the
wide range of parameters the nass 'ii?] becomes positive. But never-
theless the local minimum is stiil absent. There is a critical
value of Y = 0.I2 ( the coefficient im front of the intogral)/n'
in the phemomenologicsl analog of (ID). Im our case "-' = 1/4 .

iI. chirsl plus scaler gector
The QCD effective lagrangian due to chiral plus conformsal boso-
nization 5% is a sum of the QCD chiral lagrengien (3) and the QCD

conformal lagrangian Legg%(ﬂ')

L 0:5) = L)+ Ly )
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whers

L(“ )

§) = %’z'ﬂrﬂiéw 0
¥ %<és@’o>(&-ks—e’“) v ol -
fulu- ;1 {ﬂ VAU

In AL(“(U.S’) all coefficients are dimensionless and there is also
a tachyon term in scalar sector. The second term in (I2) is obtain-
ed at large N, lizit and describes interaction of acalar & field
with the gluon condensate. It ie the only point where we used the
limit of large N.. We remark that the effective lagrangisn (II) re-~
presents the linear sigma model terms « One can suspect that for
slowly varying G - fields any soliton tends to collapse when G- o
but the contribution proportional to the gluon condensate prevents
frok a collapse when the gluon condensate is positive. Therefore,
the poasibility opens to find the soliton with chiral end sealar
modes if to take into acccount higher derivative terms in (II). On
the other hand there is another consistent way to treat soliton pro-
blem in the adiabatic static limit (mg >> E. ), which is equi-
valent to consider G - meson perturbatively:

(12)

1

. B yer- mast_ +
Logus)=L 0 3 () - B> %s;\ru\l‘u, @

where the squared mass of S - meson is ms. (2/‘5)(&‘5 g)/F“:' .
Note that the coupling constant of SH I vertex eorruponda to
the minimal growth of elastic T ~ scaitering smplitude which is
necassary to provide unitarity requirements.

One cen eliminate the € - meson field by means of functional
integration. Thus we obtain the additional contribution to the non-
Skyrse (symmetric ) term of the chiral lagrangian [ are(U)s

Al o \“@se»“ A ao
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and hence negative-sign comtribution to the mass functionals (9)
and (I0). Therefore the inclusion of scalar meson modes does not
solve the problem of existence of stable Skyramion.

III. Chiral plus scalar plus "vector” ssgtor

Lat us extend the above considerations snd include vector w-
meson interaction. The idea to stabilize chiral soliton with the help
of(o-meaon interaction was set forth in Rev./16/.The simpliest
choice of W- meson interaction with chiral field U reflecis the
direct decay W ->3% v

\J
L. =~ M w, =20 )00 - Fwk)
w y\op v
(15)

1 o2 r r,
+ .zmwuoruo + %\Dr\b

where M, is the W - meson msss, § isa W 3T decay constant.
The experimental upper bound on § is 25.4 (in neglecting the W>
> Q%  decay channel /167y, b,. is a baryon number current (2).
For the static Skyrme ansats the components of baryon current are
Bi-ol Bf" 0’2““’1) F’ S\«’\-ZF/AL,' )

For the hedgehog ansatz of chiral field oaly ths timelike com-
ponent of W - field takes part in the intersction. But this compo-
nent W, is = ghost and gives negative contribution to the mass
functional. Due to suck contritution mass functional becomes un-
bounded from below and () - soliton solution lies on the saddle-
point 4 « Thereby inclusion of () - meson in quasiclassiocal des-
eription of Skyrmion is contradictory. For a quadratic W- meson
lagrangian (I5) the cnly consistent way ie a perturbative one to
estimate its contribution to a formation of Skyrmion.

¥We eliminate 1) fields by means of functional integration
snd get nonlocal effective interaction

L‘“:- %‘S?Br_—,_%ﬂ“—l,— . (16)

In the limit of heavy L) mesons snd neglecting ‘:"/m’,'w order
terme we obtain the local interaction

aM.= (Gt | B dx. an
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This expression determines the W) - meaon contribution to the soli-
ton maes functionals (9) snd (IO), having in mind the scalar meson
contribution (I4). As a result of our variational inveatigation we
find the locally stable Skyrmion solutions of some mass functionals
(see Table) modified by - meson contribution for different values

of decay constant & .

Table. Skyrmion masses (in NeV) including W) and

S - meson contributions. o 2 .
7y = 93 Ne¥, e:=2X, (5}6‘_‘,) =t 4I5 MoV )

without scalar meson with gcalar meson
® contribution /T contribution (I4)
~
Mopet DM, [N + BN, Mopet G N, W+ AN,
I5 - I59% - -
20 1622 1827 - 169%
25 1858 2056 - I192%
To estimats the -~ meson contribution one cam include it by

adding the { - meson fiald to the dorintinqr——”or-!—'\-a fx . Thue
we have from the kinetic term of chiral model the effective p - me-
20n laegrangian with minimum derivatives ( corrssponding to the decay

f"’fﬂ' e
. 2
Ly.: _”_%‘r;r_!frr.{njor * vl (18)

After elimination of - meson fields , we get the ~ meedon con-
trilnti_on to mass functionals (9) amd (I0) in the heavy meson limit

AM :rr jb“UJf ? 'U] Jx (19)

Bat, the P ~ Reson contribution (I9) is small in comparison with the
W) ~meaon oontribution (17).

Thie snalysis shows that the low-energy reslistic lagrangian of
passudoscalar snd scalar meacns (II) extracted from QCD does not re-
veal stable zoliton solutions with baryon quantum numbers. The mini-
mal phenomenclogical wector meson intersction stabllizes Skyrmion
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though the obtained masses ars two timee higher than the nucleon
mass. This fact demostates the uncompletsness of the QCD pseudosca-
lar and scelar sector only. The problem requires QCD inclusion of
vector amd pseudovactor modes into the formation of Skyrmion.

We would like to thenk A.A.Andrianov and Yu.V.Novozhilov for
useful comments and discussione.
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EOBHY DOLXORL K [POBNEME KBAHTOBAHUA KAMUEPOBOUHHY TOMER

H.Bb.Cxauyxon, 0.I,lleByenxko
O0sedMHeHHHR MHCTHTYT AZEDHEX uccjelosaHull, LyGHa

§1. BpelgHue

B nacToAmem Lokjaaje Hami Oy IeT NpelloxeHa HOBAA cXema KBAHTOBA-
HUR KanasOPOBOYHHN nojefl, colepramaf CyueCTBEHHOE BWIOM3MEHEHMe Npo-
UELYDH HANONEHMA KanuCUpOBOYHHY YCNOBHN HA NoOJieBHE MepeMeHHHeE.

[TpoSnema BHOOpa (UKCHDYDUMYX KaiuOpOBKY ycnoBult, npelcTasirspuad,
Ha MepBHN B3TNALK,4YUCTO TeXHUJeCKul Bompoc, CBA3aHWHHR C BROODOM HAV-
fojAee ONTMMANBHOTDO CHoco0a [ACYETa TOro may wHoro dusudeckoro npe-
necca, npy Nepevole K HeaGeneBHM TSODHAM "Ka3WBAETCHA CONpAXEHHOA ¢
pALOM IPyTux HpOGJAEM, NpHOGPETADHMX NPUHUKOKENBHOE 3HaYerue (HEOLHO~
3HaYHOCTH ['pudoBa, npolnema IyxoB, AOKalaTelbCTBO YHUTAPHOCTH 45' -
MATPUUH M T.XL.). B 3TOR CBABM CHeXyeT OTMETWTH TAKXe NDPOGAEMH CTONb
WMPOKO CnoNp3yemoro 8 KXI kiacca WexosapHanTux ("axcuanphux") ka-
nu6poBok /2% () = (), murencuBHee 06CY:IeHMe KOTOPHX BHOBB wawaro’ >/
B CBA3HM C OCHADYXEHHHM HEJNABHO PACXOXIEHMEM pesynbTaTOB PacyeToB
KaadpoBoYHO-UHBAD MAHTHOTO 00BEKTa ~ NETAM BuiApCOHA, MPOBEAEHHHX B
9TOM KJAacCe KANMGDOBOK, C pe3yAbTaTaMy, NOJYyUeHHHMM B KYJIOHOBCKOR #
deflHMAHOBCKOR KanuOpoBKax . .

B §2 oyzeT w3n0XeHO CnpaBejt;BOe LAR WMPOKOr0 KAACCa KaaubpOBOX
o0liee KOKA3ATENbCTBO TEODEMH O TOM, UTO HAJOXEHUME 3TOro Kjiacca Kaiut-
POBOK HA fOTEHUMANH BEKT ODHOTO MNONA B KAYECTBE MEPBUYHOTO KaNuCpoO-
BOUHOIO YCJOBUR NPUBOAUT NDU YyeTe ypaBHeHu! IBUXEHUA K NOAYNHEHUD Tex
Xe MOTeHUMa 0B BTODPUYHOMY KAI#ODOBONHOMY YCHO0BUD, 3T0 KaiuOpoBOYHOE
yCcJI0BYME UMeeT ? adeneBoM ciayvae dopuy ycnosua Topenua ¥ CMHCA BIO-
puuHoR cBA3M I H

9")4,, @):0 —~ BTOPHYHAH CBASH. (1)
B HeaGeneBoM clyuae anengrom yerosua (1) ABATETCA COOTHOWeHME
FAu(x)=0 , rie 9/~ xontypuas npoussomrar Hanzerscrama.

B §3 namm OyxeT npupered BuA °fdeKTUBHOIO NaTpaH XuaHa, LONYCKab-
wero OJHOBPEMEHHOE HanoxeHue IBYX (mepBWYHOTO ¥ BTOPMYKOIO) KAAMOpO-
BOUYHHX yCJaoB#A. byZeT Takxe Ha@lieH BWA Npolararon” ¥aluCpOBOYBIIO
NoNff, yLOBASTBODAVWUErO ORHOBDEMEHHO &) AKCHaAbKOR KanuCpOBKE B
KEYecTBe TepBUYHOr0 KalMGPOBOYHOTO yCA0BUA ¥ O) BTODUYROMY KaIMODO~
BOYaOMy ycaoBuD (I), YTO OTKDWERGT BOBMOKHOCTH ADAKTHYECKOTO N pH-
MEHEeHUA DaBBUTOFO 3ZECh NOAX0Ka AJA pacyera GusMueCKUX NpuueccoB. B 4

l)BmoanHue CBASKM CREAYDT M3 NEMBMYHWX NpPU yysTe ypaBHeHuf nnnxeﬂnﬂ/S/«
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6yzeT JaHa MOIMPMKALUMA KBAHTOBAHMA K&JMODOBOYHHX NoJeRt METONOM KOH-
TUHYalbHOTO MHTErpaja, LONyckammad ydyeT MePeYydCNEHHHX BHUE IBYX Ka-
AMGDOBOYRHY yenosud a) % 6) ¥ Np¥BOAAWAS K COLJ&COBARHOMY C TIONYYeH~
HuMu B §3 pesynrnrtatamu dopManuamMy.

§2. Bropuumad CBA3p B Gopue yosonwus JNopewya

PaccMmorpum cny4yall cBoGoIHOR B3JeKTPOIUHAMUKYN C neﬂcmneu@

S fp'a[- HF ) Fo@)],
WHBADWAHTHHM OTHOCMTEABHO KanuGPOBOUHNYX npe olpa3oBaHuit
A
/4,// (z) '_’A(// @/\ = ﬂ,}l (x) * 9,/1/\ ).

B olmem cayuae xanauOpop ouHHR napaMeTp /\ aBnAeTcA QyHKUMOHAIOM OT
nona /] , B3ATOTO B NPOK3BOJBLHON KaIMODOBKE!:

A=A(A2). 0

BuOMpAA KOHKpeTHWA Bux Qyuxuuonana (4), My MPH 3TOM noiyyaem B JepnoH
vact#t (3) noAe, NOSYXHADWEECA COOTB ETCTBYDHEMY 3TOMY BHODPY KBMGpPO-
BOoYHOMy ycxopup (KY):

Ar(z) =/9wwjg($) + G NTATE %), ©)

P
CumBon ?7 03HAYAET, YTO noJe Aﬂ norinxaerca Ky

PA.z)=0. )

Bce HauGosnee ynoTpeSvmue B TeopuM KY MOEHO SanucaTb B BUIE

A

47'/;4‘}‘ (J]) = 0, 7

rie pasfiuudde BUIN OMepaTopa (ﬁn’" COOTBETCTBYDT CleXynmuu KY:

()
9'”— KY Nopenna : 9’/),}‘ (.1'2) =0; (8a)
A
(PJ': Y- xmec HOKOBADHAHTHHX xamdpoaox:n’ Aﬁn){x)—_o; (86)
~ /6/ »p (e -

(1";)‘ KY Qoxa: (I‘,E) /q.)' (‘z)‘ /3 (88)

Taxyuu odpasowu, by HKUMOHA N /]_‘P 8 (5) urpaer poib NpoeKTopa Ha IAHHYD
KaaugpoBKY .

B menpHeRweM MH OyJeN CYweCTBEHHO MCI0Jb30BATh I'pPAHUUHHE YCJHOBHA
(T'Y), KOTOPHM O0ASAHNH MOIYMHATHCA KannOpOBOYHHE NOAA. OHM MMeDT BUX

€

(3)

————— ey e

2tac OylLeT MHTepecoBaTh B KaibHeHmeM MOCTPOGHME TEOPUM BOSMymMeHuH,
T.e. MH OyleM PaG0TATH B IpeJICTABIEHUW B3AUMOJXSHCTBMR, rie XAK pad
¥ KBAHTYDTCH CBOUO.H.HHE nond.
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/i’}/n /2l Ap(2)=0, |x]la¥xi-Z* (9e)
-
0co00 DTMETMM, n:'ro 9Ty TY RBAADTCA €LMHC TBEHHO BOIMOXHHMU B TEODUM

BOSMYl!leHwﬁ3 . U3 cooTnomenua (3) Aerko BuAeTh, ute TY (Sa) aas

napaMeTpa KanuBpoBOUNNX Npeolpaldcsanki /\ nepenuuyTC A ce Iy bHM

00pa 30M: Km A (x) = 0’ /x/ = 7$:,£z . (96
X —»roo

Takum 00pa30M, JONYCTHMEMY ABJADTCA TOARKO TaKHe npoemopu/l_(/q ,.2:)

Ha KaNiMOpOBOUHNE YCADBMA, KDTODHE HE TPOTMBOPEYAT CPAHUMHHM YCJIOBMAM

(96). Herpyawo yGeauTscA B Tom, 4TO npoeKTopH Ha KY (8)

A(Az)= ju/”yazi)/w J)/?o(y) (D) —m)qﬁPc Tpkl);

(108)

(A ,x) = fdd,/lgrqn(.z +0Ul) (106)
(F)(/] ) = -—f;’d,(x ;)9/49/;*0('63 ;) (I08)

YLOB/AETB ODART ITOMY TPEC 0BAHMD.

Poas TY {9) npu KBAHTOBaKMM KAIUGPOBOUHNX Nojedl Ypessnualuo
penuka. HMEHHO OHYM MO3BO AANT cxenau BHBOL 0 EAMHC TBEHHOCTH NpPOEKTO-
pa (4) Ha ,U.&HH}'IJ kaamdporry (6), 0 enuHcTBeHHocru pelen A ypas-
Hennd QM x)=0 oruocmenbno_/L npH GUKCHPOBAHHHEX XL X

ﬂomepxueu, 4TO TpeOoBAHWE EIMHCTBEHHOCTM TAKOTO PEUWEHKA ARJNAET-
¢A BaxgeRuuM TpeSoBaHMeM, HelaraeMyM Ha KY, ZONYCTHMHE NpH KBaHTOB&HHH
nonxed 45,8/ . Huedno Ha OToM TpeCoBaHMM, KOTOPOE TPAKTYETCH KK
BBaUMHAA OJIHOSHBHHOCTB uexiy BugopoM KY @ cooTmeTCIBYDUMM My
npaexropou_ﬂ_ /l_(/’,.’c 4-—> /p.z)ocaosaua. BOBMOXHOCTD [P OBEKEHUA
npouelypn danseena- nonoa& - BCTABJCHUE EAMHUUN B YHAUBHHR" uH-
Terpali-No IpaeKTOPUAM,

3 Tor %o ngu TAKOM BHOOpe TY yleeTCA COBMECTUTb TpeCoBaHME KUREYROCTH

LefcTeus (2) ¢ PO3MOXHOCTHD MCNOAL3OBATH WHTEI PUPOBRHME N0 YACTAM,
KOTOpDaA HEoOXOLMMA AAA NMOCTPOEHHA Teo puM BoBMYMeHnR.

“)S,uecs /L~ npouspoONbHNM, He 3aBucAuMi® oT 2 , BeRTOD. YacTHHe BHOO-
PH /2 B (80) c orse‘:cr ¥DOT TEKNM YacTo ¥ nousyeuuu xa.vmo?on aM,Kax,
HanpuMe - TaMmuibTuHORE A, =[); =(0,0 -aKcHanb-
H&ﬁﬂ ' = d - cserununoOHaﬂ.

5)3119% ; - NMpOWIBOALHAEA, DIHA W T Xe LAR BCeX I (q:nxcuposanuas),
TOYRA.

23



BumecRA3ANHOS MY CHODMyAMDYeM B BHIe CAeXyDWMero KpMUTepuA Ha
BHOOD KaNGPOBOYHOTO yCJAOBUA.

NlepBuynoe KY 47//9;35)‘:0 #pAAETCA NONYCTHMHM B DABKTDOZMHAMH-
Ke, eCAM CYNECTBYeT ¥ MDUTOM eIMHC TBeHHH® npu Bunoinenun TY (9) dynk-
unonan _/]_'p/A,x) , C KOTODEM 3T0 KY uoxer OHTb XOCTUTHYTO C [OMOL:D
ke M¥GPOBOYH Or0 npeo dpasosanua (5) .

OYeBWIHO, YTO BHIOJHEHNE KDHTEDPHA OLHO3HAYHOR JOCTHEMMOCTH ANS
KY paBHOCMABHO OTCYTCTBMD X1A HETO OCTATOYHOTO KAMMGDOBOYHOTO MPOM3-
BOJa npy BunoaHewuu TY (9).

Ras Kanusposounux ycaoru¥ Buxe (7),(8) BHmoimesue KpUTEPMA OF-
HO3RAYHON ZOCTHEMMOCTH O3HAYEET, YIO CYNECTBYET M MPOTOM eJMHCTBEHHHR
npy BHnomemmu I (9) @mﬂmon&rﬂq){ﬂ,x , YXOBAETBOpPADWXR ypabHe-

HUD A A
M ‘P( _ H
PN A x)=-PA (=), (11)

rae /4.,44 - 3JeKTPOMATHMTHOE MoJe, 3aJaHHOE B NMPOH3BONBLHOM KaluopoBke.

ChopuyaupyeM Tenepb CJeIyDUYD OCHOBHYD TeDpeMy.

Leopeua ]

KaaudpoBoYHOE yCIOBHE Q{ﬂ,x)ﬂnnﬁercn OJNHOSHAYHO JNOCTHEMMHM
TOrJ& ¥ TOTbKO TOrZA, KOrJA JUIA HEro, BO-NMePBHX, CYHXECTBYeT MPOGKTIOP
/l m,x) , yiosaersopapuuM TV (9), #, Bo-BTOPHX, BTOT NPOSBKTOD YA0B-
NeTBOPAET CONTHOWEHMAM

QNTA9D, 2)- YN, 2) = - Quhx), 1y

hop ¢4 /IJ‘_ noje B Npou3BOALHOR KasuODOBRE, ,I(.r) -— napamMesp Rajuo-
poBouHHY npeodpasopnuit (3):

_/l_q)(/’q:-”)=0a (13)

rie /]f 970 OnpefleneHue ¢ TOYHOCTIBLD KO OCTATOUYHOLO EaJUOPOBOYHOIO
npouaBosa moid,yAoBaeTsopamero- Ky (6) .

loxasarenscTBO 3TOR TEOpeMN RHHECEHO B IDAIORGHUS.

Nlerxo npoBepuTh, YTO ANA BCex NpoerTopoB Buia (10) cooTHOWEHHA
(12), (I3) yxosnerBopanTCcA, &, CJASXOBATENBHO, COOTBE€TCTBYDWHe MM Y
(8) ABAANTCA OAHOSHAYHO-KOCTUXMMHMA. CeMyaC MH NOEKARXEM, YTO OXHO™
H&A JOCTHXMMOCTH KV MMeeT Bechbua Barioe CAeXCTBME, KOTCpoe Oy/S
TaKxe CHOIMYIMPOBEHO B BME TeOPEMH,

- Tegpema 2
3nerTpMereuTHOe moie c Kelficteuenm (2), H& ROTODPOS C - LoEbD Ka-
audpoBousoro npeodpasosania (5) Ha’AoxeHo MePBHYHOR KANHGDOBOYHOe
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ycnosue (6), yLOBNETBODARELEE KDPUTEDPUD OLHOSHRYHOM AOCTUEMMOCTH, NpH
TOM YCAOBMM, YTO Q)yuxuuonan(pﬂ A’,JE YI0BJETBOPAET COOTHOWEHHD

Uz/].(p{/q) x) =./\. {DAJ a:) +f(al}/lq./" x)’ (14)

rie f/ﬂ,l‘)'—"ﬁ, ROZYMHABTCA HA YDEBHEHMAX LBUXCHMA YCAOBMD NOPERUA
g%vu[x)za’xoropoe BiCTYNA®T B KayecTse BTOPUYHOTO KanuGpo-
BOUHOO Y CAGBYA.
lokgoarenperBo

Cormacio recpede I amiosuawnad  Roctummmocts KY PUA, x)= 0
o3nauaer Bunomsesue coorwomenwn (12),(I5) xns npoextopa A P(A, x).
Nonoxum 3 (12) ) =j|_“){/],1) , rneﬂ(“)//],.r)— npoekrop (I0a) ma
nepsuynoe KY Nopewua. Torla coornomenne (12) HepeHHlLLeTCH B BUZe

FPNFAR, 2)~ 3% %A, )= - 2N YA, ).
3Jecy none /4‘/, 38JAHO B Ip OM3BOJBHOR “8MMODOBKE, NOBTOMYy MH, B
YACTHOCTH, MOXEM €ro BHODATH 3aAaHHNM B Ka/usposke (6), T.e. MoJoXMM
B nocreiued gopuyie /}'ﬂ -.-Aj: . Yorza B cuay (I3) OyhdeM uMers
X

(%)
FINAD, 2)=-3N"(AT =), (15)
B3AB 4-INMPEpreRUMd 0T o6eux vacTeB 3Toro papeHCTBa C y4eTOM TOTO,

I
4 HE_ AL, + 0= ) ,2)=(, noayuun
v /4‘)‘ g /q“;};‘w/q f._.{ng}Aﬁ)mm, x)ﬂy (16)

Takuu oGpasau, ¢ yuetou coatnomenuR® (14),(16) v ypaBHenuit Maxcpenfa
DAV{:'):O Synew miets o
Ak (x)=0. (17

Teopema RoKadaha.

Baxno noguepRiyTs, 4To yciosMe (17) BHMOAHAETCA NPy OIHOBpEMeH-
HOM yyere Kammdpom kM, HﬂgO!eHHOH Ha mone, ¥ ypasueHul mpuxenus (ypas-
Henyd Mekcseana 5 K3I) 6 . 3Iech NpOCNeXHBAETCA NOJNHAA QHANOTHA C
nogpasienciuen cBA3e# Ha nepBuunue M BropuunHe (Cu. 3 3 Crefysa 1ol
aganoray, e dysex Heswsats ycnosde (I7) BTopuunsu KY .

6) Yenopue (I7) OMAO NOJAYHEHO B YACTHOM cAyuae kainOpook (86) # (8B)
p /9/ Ba ocyoBe Tak H%auaaeuux dopuys oOpaumeHuda, Bupaxapmux 1014 B
KaNuGPOBKAX 280) # (8B) uepes TeH3OD HANDAKEHHOCTH [ up , BKAD4AA
u Hggjgeilen clyyal, LA KOTOpOTo 9TQ,yCAOBUE NPHHUMAET BUA

I z) =0 / rke 3"' - KOHTYDHAR NpPOoY3BOXHAA Manzelh-
crama . Tenepsr xe ycamue (17 IAg xanuopoBok (80) u {8B) BHCTYNaer
KAE YaCTHHR Ccayyal TeopeMu 2.

7)3&nemu, 4T0 BTOpPHUYHOEe KY npupumaer gopwy %anBMﬁ lopeH A TOABKO
B CAydYae CBOGONHOTO IAEKTPOMATHUTHOTO MONA., B cnyyae B3sMMOReHCTBUA
3NEKTPOMATHUTHOrO N0 JA CO cnguopnu}uﬁ NONMAMMK, HATIpUMED JIAA KAANOGPOBKH

doxa, OyXeM uuers BmecTo (I7 9"1/4//1/}%./;‘4“(,{.2-;) -79‘?"4‘(’:*')):
rie J” -cnuwopuu® tox. OfHaRo 3Jech HAC OYAeT MHTEPeCOBETh TE€OPUA
BUdMyleHnid, B paMkeX KOTODOW KBARTYOMTCA CBQODIHHE MONA, Tak uTO MM
GylneM NonL30BATHCA BTODNUYHHM KY B BHIAE (173.
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§3. KpanIoB&HME 3]eKIPOMATHMTHOLQ_HONA_C_YYTOM BTOPHYROLQ
KANKODOBOYHOTO YCAOBHA 9’/]‘,4 =0 B KoBapuaHTHOM $opMaiyaue

My Oyhes IelcTBOBATH B COOTBETCTBMM ¢ oOHYHOW npomeXypoR onepa-
TOPHOTO KBAHTOBAHMA 3NEKTDOMATHHTHOIO MONA , B KOTOpOH#, B OT/MUYMe
oT noaxola Jupaka - bepruana 8 , KaAMOpOBOYHHE YCAOBMA  HaKIaANBADICA
He H& MoJeBHEe NepeMeHHNE, & HA BEKTODH coc ToAuuld, HamoudmM, YTO B paM-
K8X 3TOr0 NOAXOLE K Kem0pPOBOYHO-WHBADWAHTHOMY JarpaHXMaHy CBOGOLROTO

§.énv. HMP
3/1eK TPOMATHUTHOTO MOAA 0{ =-,,,F E,.p HEOOXOAMMO 10GABMTH dnen
Ax""“‘* , CHUMADUUA BHPOXZEHHE ONEpaTopa /(/./07:0}!‘9" 9J49,-, ,
BXOIANEro B KANMOPOBOYHO-MHBADMEHTHOE YDABHEHME Maxcnen}la[,ﬂi/]? -
=N , [Ipy 9TOM uned Axf'f‘x'nonxeﬂ YIOBAETBOPATH CJEIyDUUM TpeCoBa~-
HuAM. Bo-TiepBHX, HEOOXOI¥MO, YTOON CymecTBOBENO HEKOTOpoe, COOTBET-
CTBYDIEE KOHKPeTHOMY BHOOPY Ao‘(f'f‘z'mnuopoaowoe yCJI0BUe, KOTODOMY
moAf, ABNAPUAECH PeuUEHEAMA HQBHYX KEIMO POBOYHO-MHBAPUBHTHHX ¥DaBHeH ufl
e NP eff g iz, .
IBUXEHNA '(’.M’ =0(LF=4+4 , 7AOBAETBOPAMM OH &BTOMA-

TUYRCKK 9) ( mpa yui:e 3TMX ypasueHuR zeumenus u TY (¢) ). Bo-BTO-
PHX, HEOOXOLUMG, uTcCH HOBHA ap@eKTMBHHR nar panmwan X’-’fﬁ o{""‘v' .
+ Axf?'f‘x' # COOTBETCTBYDUME €My ypaBHEHMA KBMXSHMA MDU BHIO JHe-

HHM 3TOr0 K&/IMOPOBOYHOTO YCJAOBMA COBN&KAAX OH C KalWOPOBOYHO-HHBADUAHT-
HHM N&rpAHEMAHOM ¥ ypaBHeHWAun MakcBella COOTBETCTBEHHO. TOJABKO npH
BHIOIHEHMM DTOFO TPeCOBAHUA JAIDAHEHAH xw OyZeT GUIMYECKH OKBUBA-
JIEHTEH NATPaH KHAHY o‘(r""“" ¥ J&CT aXeKBATHOE ONKCAHME DJeRTPOMAr-

HUTHOTO Nnana.

8) YcweHeHMA, KOTOPHE, C yueToM BTOpHYHOro KY (I7), HeoOXODMMO BHECTH B
00L"iKyD CXEMy HaJOXeHMA CBA3el NpM KAHOHAUECKOM KBAHTOBAHMM B DAMEKAX
noixoXa Jupaxa-Beprmara /3/, ¥ pe3yA»TaTH KBAHTOBAHHA B AKCHAJLHOR
RaIMODOBEE, MOJYUEHHHE C YYETOM 3THX M3MeHeWWR, OHAM M3AOXEAN B TERCTE
BHHOTAIMM K H&CTOAW eMy XOKABXY . )

9) Tak, Hanpuue /II/, ecaM yneH, GUKCHDPYDmMHR KaAMGPOBKY,HAMeET
g AKX -ﬂle/d, =-j/lo(, (B4)? (310 1Ak numvaemud Eiacc A -xa-

mmoposor), 10 4 K=p ,ua——(g-l/d.)a 9 K COIJIACHO YPABHOHILAM
ZBHECHUA 7' 257 u’I‘Y (9) nerko l"l’ll)lly‘lﬂ.el s 3-‘,'4,)33) " 3-’;4‘,,:0.
Taguu 00pa3by, onepaTopHoe KBAHTOBARME BO BCOM KMACCE ol -EaANODOBOK
6CTh HO UTO MHOO,HAK KBAHTDBAHME B KaIMODOBEE JODSRNA . (9JT0, pA3yMeeT-
¢A,BePHC TOXNBKO B CAydaR ONEpaTOpHOLO KBAHTOBAHHA, CAe B DAMKAX TeOpRH
BOSMYMEe KT NOAA 1O XYMHADTCA CBOGOAHHM YyDRBHEHKAM IBHEGHHA M HeBEDHO
Np¥ KBAHTOBARHM METOLOM QYHRUHOMAIBHOTO MH T8I PAPOB&HAR, T'AE MOAA, MO
KOTODHM [pOHCXOAWT KHTEIpHpOBaNME, yPaBHeRiAM ABAXH KA He [OXYNHADTCA.
B nocnelneM cayyae T0AbKO Npelen ol —- () COOTBETCTBYET f(? ,4’,)

1ol 3HAKOM MHTerpana.
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OZHQKO B CBA3YM C JLOKAJAHHHM HEMW (RKTOM WaXWYUA BTOpPHYEOre KY
(17) sto TpeGoBaEMe, NperBABIACMOS K 4%"."‘- , HRBRAGTCA Heodxo-
JUMHM, HO HELOCT&TOUHHM YCHNOBWEM TOr0, WTOON JAarpanxuan ) '3
hu3Miecky BEBUBANEHTEH Jar DaHXuany §:anv. .

B COOTBETCTBYMK C HAUIMM NMOIXOXOM Y/eH Ao‘t’"f‘x' Kpoue ofecnede-~
HHA BBTOMATHYECKOTO BHMOMHEHMA OIHOTO NEpBUYHOrO Ka/uODPOBOYHOro ycao-
BMA JKOAXeH Takxe 00eCneYHTh OJHOBPEMEHHOE BHMOJHEyue ¥ BTOPUYHOIO Ka-
ANODPOBOYHOTO ycaoBMA B dopue ycaoBua Jdopemua (I17). 0)

B cTEHARDPTHOM MOAXOLE 3TO TPeCOUBAHME PAHEE HEe YW THBAJOCH .
Tax, unen, $uxcupypuudt Kamoposky (85), o0nunO BRUJDAETCA B BUXE /1e/
Ag."f‘xg..){(/zﬂ)z' . dipu szou onepatop ) up = w;ﬂ-[/—f{)ﬂ,n;;,
BXOAAMMA B ypaBHeH A IBMXSHHA, HeBHPORXEH, ¥ Jyphe-o0pa3s o8paTHdro
x Heuy oneparopa (npmararopa) B mpe zene B~ 0 wueer Bux /12/
(c 00X0A0M TNONDCOB B CMHCAE TFJABHOLO S ueHMA )

o (%) =-7{7[jﬁ - %&@—”—,A /z‘—#—L’;ﬂi)z]- |8

A

YeTpyLHO yOeZMTBCA B TOM, 4TO C YYeTOM Y DABHEHMR EBUXEHWA Lgﬂio
u Y (9) ycnosue ﬁzﬁ): O/gatmonﬂnercn aBTOMATHYecKu. OfHaKo none,
NOJYMRADMEACA ypaBREHMD A % = {) , He ABRAGTCA BAGKTDOMAIHAT-
HEM TOAEM B Kanu0poBKe 72/)= TAE K&K 2/eKTDOMATHUTHO8 More C
zeMcTsrex (2), CrpoenupoBANHOE HA TepBHyHOe KY (/z/))= 0, ZONXHO
COriaCHO LORA3AHEOMY B §2 ORZHOBpaMeHso NOIUMHATECA BTOPHUHOMY KY

(PA)=0 , torze xar pemesue ypaBHe: %A A/ng/q ’;0 &BTOMBTHY ECKH
YIO0R N9 BUpAET TOABKO ORHOMY yenosud (RA)=( .

MloaToMy, YTOOH HONYYHTh &XeKBATHOE OMWUCAHAS® B3AEKTPOMATHATHOLO
n0AA B REAMOPOBRe (B C ), HEQOXOLMMO T K MIMEHUTH DURCHPYNUMR Kanxd-
POBRY 4ne Aof”f”‘ , 4TOON HOBHE yDaBHEHWA ABMEenus BMecTe ¢ 'Y (9)
obecneuutu ofnospeMennoe Bunonnewue KY (8 6) wu (I7). TaroR duxcu-
pypmuRk xaawOpoe Ry 4YJA8H, K&K HATDYIHO NPOBEPUTL, WMEET BUX
Ag""""a-/(/z,q)'._f_ﬂ;,q)'c COOTBETCTBYDHMMY 6My ODPeRTHBHHM
narpaH xMan o A

8 pg.inv. SR Y 2 a
AT AWV 4 —‘-‘7/‘1-/5/9-‘,{(5’/7)-}:%["/4 ?)
# YPABHCHHMAMA M XXOHHA

10) OroBOpHMCA Cpa3y, YTO 3TO HMKAK HE MOXOT CKAJATRCR HA P@3yALI&-
Tax, NONYYGHHMX B o ~KAXUODOBKAX, T&K K&K ﬂlﬁﬁ HRX ycnodue Jlopenna
pearusyeTCR Ha ypaBHeHAAX IBHXEHHA (¢M. 9) ) W BHCTYyAmeT B aTOM
CMHCRe WMGRHO B XAayeCTBe BTODHYHOM CBA3M. B cnyvae NPUSKRTUPOBAHMA
sa HY Jlopenna sTOpuunoe KY cOBNAJRET C nepsUYHHM.
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Zﬁﬂgr.[;ﬂﬂ—(/-a-{—)?fap-‘_{_/z//w]/q?____0- (20)

BekTOpHHR nponarargp, coorsercTByomuit (19) n (20), HaxozuM mo
cTaHZapTHON METOLMKE ) 3 MMIY ILCHOM NPeXCTaBJEHAY OH MMeeT BUL

Ao (k1 ) = -2y [ G5 # s (2, p) RLKDEROKS.

y> « (”K) (2la)
# ,lz(ac,ﬁ)% #As(dsp)rpns],
rne :

Ny —d  de= - (RHBAED A

A PR

ds == (1A @o
Sopuyrs  (21) 38J1aDT COBOKYNHOCTh OBCKOHEYHOro YMCJA NpOMAraTOpOB,

KaxINM M3 KOTODHX onpeXenseTcs GMKCHDOBAHHNMYM 3HAYEHMAMM N&DaMETDOB
o nw B . Ommaxo OTH NnapaMeTpn HepaBHonpaBHH. Tak, napamerp f3
B (21) moxer npuHMMETL JROHEe 3HAYEHMA, BKJIDYAA NMpelenbHHE NepexomH
‘ﬁ" g " '/8 —= o, B T0 _BDEMA KAK INA NAPAMETDE o, MNpeleNbHd#
NePEXoN o -w oo 38MPELEH . J10 cnitggﬂo C TeM 00CTOATENBCTBOM,
YTO0,B OTJHYME OT npe.nenevs—»oo( oM. ), nperen of —> oo
B (19) npoTMBOpeYnT TPeGOBAHMD COBMENEHMA MEPBUYHOrO M BTOPUYHOTO
KanKHOPOBOYHHX yCnOBHA. .

Ecau B (21) nepefitu x npefeny of —( , ﬁ — (), ToO B pesyisTa-
T€ MOJY4MM

. y - K £, pn
Afp.(/ﬂ»O-O):-;g[;wP+ 2 Krkp (g%)z(ffz/zi*np )+ K ;J}_
(22)

HeTrpyaso yOeauTbca B TOM, YTO,KaK M CIeLORAJO OXUJETb, MOAYYMBUHACK
nponaraTop (22) oxamBaeTCA OLHOBPEMEHHO MOMEPEeYHHM MO BeRTOpaM /2

" 2Py (#10,0) = K*Apy (K10,0) = . €2%)

1D HeoGxomuo eme Mo3aCOTHTHCA 06 YHHTADHOCTH S -MaTpuul, yTQ,
OYEBMIHO, MOXHO CHeAATbyBBOJA CTAHIADPTHHJ OCPa30M OMEpaTop MHIedy-
HATHOW MeTDHUEKH,.

12) i
GTPYIHO NpOBEDYTH, IO NMPH TAKOM NpEXENBHOM Mepexofe
suecto (1) Honysaen (163 P pex pexoie uy 1
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O4YeBUOHO, YTO MK NPOMBBOABHHX o ¥ j3 OXHOBDEMEHHOH none~
pEYHOCTH MO BeKTopaM /2 ¥ A He GyJleT. JT& CHTyanMA COBEPUEHHO
aRanorudne CTAHZApTHoR cuTyaumn ¢ gl -kanubposkamn (cu.{II)),rue
HE ONMEpaTOPHOM YpPOBHE KBEHTOBAHHE IDOMCXOIUT B KanuGpoBke JNopexia
np# BCex swadenuax of , ogHAKO mponararTop Aup (rj) =
= —i?}rﬂ—(j—a(,)ﬂfl‘ca-ﬂ?.] nonepeyes N0 A TOABKO B npelere

-]

HeTpyRHO NMOKA3ATH, YWT0 MPH NPOM3BUNBEEX oL ¢ S8 — 0 nponara-
rup (21) monepeuew TOnRKO mO BeKTOpy /2 , & NpH npouanonbnuxf ]
o~ ToNepeden M0 K . Bugenenyum apasercA cayyal ol = 7, xor-
ze. (2I) npuMMMaeT O4YEHb Np OCTOR BHUX: A./«?(/"/f)ﬁ) =% x

x{},p_n},./zg(ﬂzfﬁ/c‘)_j W B npexese f-»g (cnpapeznnpoy
n /2%# g ) crenoBiTca monepeyNHM NO BERTODY 2 ¢

Dy (k12 0) = ~Ha [ goo ~ £ ] 27813k 11,0)=0.
. (24)

MH BUIMM, YTO C YWCTO NpPAKTHYECKOR TOYKW 3DEHMA nponaraTop (24)
MMEET HEeCOMHEHHOEe NpeuMymecTBO nepel BCEMH ADYTMMM NpoOnaraTopaMk, no-
NYYEHHNMM B AKCHANBHOR KAMODOBKE (/z/]) = () ( BENOYaA ¥ nponararTop
(18) 7187y, rax kax oi mmeer mme oxwn moapc A% co crasiaprasm

# L0 -NDABUNOM 00X0JA, YTO ZEABET erc YLOOHNM NpH MDAKTMYeCKUX
BHYMCTEH HAX.

§4. HpaTkog 3aMeyaHwe 0 HgOOXQEUMHX BUIOWINEHEHUAX_B UDOUELYDE
KBAHTOBAHUA METQIOM XOHTHHYBIbHOLO_WHTECDUDOBAHNA

B paukax MeToZe $yHKOKOHAIbHOIO0 MHTETPUPOBEHUA (cu./B/) nporpau-
My NOJAYyYEeRMA NPOmaraTopa, yAOBJETBO pADWETO0 YCA0BuO (23), MOXHO
peasul30BaTh JUIE NYTeM COBMENeHUA XBYX ¢y HKUMOBAABHHX J\-rbyﬂxuuﬂ
J‘//Z‘%,,)u J‘/B"'ﬂ‘ﬁ) 104 3HaKOM KOHTHHYAJLHOTO MHTerpana, 3alaHHOrO
B xdudmrypanuouaou npexc TaBACHUH,

JeRCcTBUTENBHO, NYCTH NPou3BOXAWKR dyrmisonan ¢orTonnux GyHKuUH
I'puia (CBOGOZHEX B Opefene BHEADYEHUS MCTOUH HKOB f-/" ) numeer BHJIIS)

GLT]~ [oAS (A8 (3R e S = & 3 T R

-——— ——

13) Kak OONYHO, 3HEK ,A -®03HRYAET ONpeleNeHde C TOYHOCTLD X0 HO DMK~
POBOUNOT O MEOXHMTENH, KOTOW @ B oOueM ciyyae ABAfercA OecKOHeuHod

KOHCTAyTOH
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‘nv,
rie ./Z/fzof‘y “ (%)~ ranuoposouno-unpapuantroe AeMcrsne (2), J -
MCTOYHMKE . )
BocnoAp3yeMCd CrelypusM, XOpOmO M3BeCTHWM NpefcTabieHMed QyHkKuuso-

RanbHoR J'.d;yym"" 3 ) )
SHIAT) = [IS(FLAG]) = lim [T A, 422 H AU
ol ; Ao x Jaimo 6

Lo f.ﬁ‘/"/”x[f[ﬂ(x')_]j": . z
A~0 -5 [ e (074, )? ) Z-;";‘fd&m{qﬂ

0OmeIURAA N0KASATENM DXCMOHEHT £ P

npexcrasnsounx  JS(729Ax) J/&"}l]‘ﬂ) COOTBETCTREHHO, c&""

nerxo noayumm pmecro (25)

; eff P .
GlrT~fop e P EL et 4 /x)ﬂ,/x)]/d%

2,
LRV,

-0
rae xeﬁ, uxeer 8ug (I9). Orcoia oOHYHEM nyTeM HaXoXuu L GLT =
= exp]-£ [12 THa) Apo(Z)0,00T )5 tre Loy (leifr
o Aﬂ{;t/ac,ﬁ) - aﬂ”cf’(.r) w,  CHONOBATANBHO, $¥pbe-6Opas npona-
raropa Ay (x/0, ) coBnagaer ¢ (22).

Ins npoussensuoro mepswunoro KY P4, )=, yzopnereopapmero
yenoswo (14) seopeun 2, bomyna (25) nepemqueTCi B Buie

v "””'.1‘ . o,
GLIT~ [AS(R) S (3%0,) 0 Vo (LT ) T ()]

(?8)
3aMetum, yro, B oTAudue oT (28), B Crasep THOM NOXXOXE WMEETCA TOJBKO
olHa -bYyHRN MA NMOK 3HAKOM HHTErpaja # TOABKO B TOM Ciayyae,

ecny B Ka4ecTBe nepeyuHoro KY ma none nanaraerca yaosMe Jlopewua
(8a), pesynbTaTh cosnanyT. leRcTBUTENbHO, ecaM MoJoxuTh ¢ = 9"'/4‘/4
B opuynle?}iaa), TO M IIOJYYUM MOX 3HAKOK KHTECPAala NPOoW3BeXeHue
Jg}ﬂ)tf'( 'Ax) u necymecTseHnan GecKomeunad XOHC TAHTA S0) 5)

O0BOIUHUTCA C HOPMUDOBOUHHM MHOXWTEIEM (cu.'Ia" ). Cnexosat easHo,

G[J’]”j@ﬂ J‘/y/ﬂw)‘;\(aw/qf)etﬁy-mm JAT ~ " 29
”fﬂﬂé‘(a%’)gZ[S"my'fjlq].

- — e

14) [Ipx STOM KCTONB3YETCH OONYHOE YCA0BME HOPMUDOBRM (p/d/)=7.

15) 3aMeTHM, 4TO CHTYyalUKf C BHUBEXeHueM B H'QleDOBO‘(HHH MHORUTEIb
0ecKOHEYHOM KOHCTAHTH J‘/p),_fgdc{,)etﬁ ZCERIP fo_, = [lTC ()
TIOJIHO CTbD 8HAJNOTHYHE BBELESHUD B HOPMMDOBOYHHR MHOXHUTelb Oecxone!morg
o0seMa Kam OpoBoyd off rpynnu //7,/0(1,,) B andalle $ajieena - llonosa /B/,
x
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H1ag, ¥3 (27) MH BUEMM, UTO 3aXaHME NPOM3BOXALET0 GYHKIHOHAJE
B Buxe (25) ReMCTBUTENBHO NPYBOXMT X HallenHomy B §4 Buzy adbexTub-
HOTO JArpaH S¥aH&, OOeclleYyMBADWEMY BHNIONHEHMEe OXHOBPEMEHHO IBYX KY:
(RA)=0 n (9A)= ( - Taruu oOpason,supaxenne (25) odecneumpaer
COrJaCOBAHHOCTH XBYY M0 AX0XK0B, #w3ioxenHx B §4 u §5.

§5. 3akspyeuye

HTag, HaMM npelJsoEeHe HOBaf CXeMA BKANYEHMA KAMMOPOBOUHHX YCJAO-
Bl B cucTeNy cbA3ell, UCHONL3yeMHX MDH KBAHTOBAHWU noselt. OCKOBY Ha-
ero mOIX0Xa COCTABAAET KoKasarHad B §2 TeopeMa 2 o noXuMHeHuM moned
JIONONHHTE IBY OMY YCJNOBHMD Jlopenua Np¥ HANOXEHMH Ha 3TH MO JA MKPOKOro
KJeCca MepBMYHHX KaAMGpOBOUHHX YCA0BUA. 3T0 YCJIOBKe WMeeT CMNCA BTO-
puyHol cBA3K, KOTODYD HEOOXOZMMO BKJNYATE B CUCTEMy CBAsed, npH
KBEHTOBAHMN Mone#, OTueTHM, 4TO paHee B JmTeparype dakr HANMUYMA BTO-
pHunoR csasu B gopMe ycaopua Jopenna (I7) He oTMeuancs ¥ He OHA MCIOJb=
30Ba&H NpY KBAHTOBAHWM, B CBA3M C 3THM HAMM B IOKJAaje NpPeXNOXEHH MO-
IupUEanusd BCeX Tpex CYmEecTBYDLUX METOLOB KBAHTOBAHMA noned: no
Jupaky - bFepruaHy, KOBADHAHTHOTO MOXXOJA C MCMNOJb30BaHMeM MHIefuHuT-
Holl METPMKM ¥ MeT 0Ja YHKLUMOHANBHOTO HHTErDUDOBAHMA.

BonpocaM nNpuMeHenx®s pasBuroro B §3 w $4 dopmasmsua, B 4aCTHOCTH,
noBux nponaratopod (21)-(24) Znd KoHKDETHHX [BCYETOB, & TaKXEe
pa3BHTRA dopua/maua And HealeleBa cJyvyas OYyXy? NMOCBANEHH NMocielyn-
mHe NYCJAHKANUH.

IPAIOXEHHE

Joxaxem Toopemy I.
I. loraxeM cragasa, YTO H3 CYWECTBOBAHHMA M EIKHCTBEHHOCTH

npoexropa R& KY erelyeT BumoAHeH Me K18 3TOr0 NMPOBKTE COOTHOMEHMR
(12), (I3) teopemn I. JoKasaTenbcTBO OyZeM NPOBOXMTL OT MPOTMBHOIO.
Nyers ajda BY (7) Bunonmaercd KpuTepud OZHOBHAYHOR ZOCTMEMMOCTH. ITO
03HAYReT, UTO, BO-NEPBHX, CYNe CTBYET npoexrcp_/]_‘”/ﬂ,av) , YEOBNETBO~
papmuR ypessenun (I11) xna rRaxXoR GURCKPOBaHHOR KAMMOPOBEM moJf :

PBNT N %)+ P ) NP %) +
+ P fe) = 0,

rae A % u ,4% 3T0 NONA B ABYX PASHNX KaiKOpoRkax Y7 u %
COpTBETCTBEHHO, X, Bo-BTPPHX, HO CYNECTBYeI BTOPOrO dynrnuoraa
A ”;‘ ? , 00NGZADNErc TeM xe CBORCTBOM. [[Pexmozoxuu, YTO NpH
atou coortHomenue (I2) Teopems I He BemomnaerTcA. JNarko BHIEETh, 4TO
370 NpPeANOJOXSAHE PaBHOCHABLHO HEDEBEHCTBY
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1) @
@) A‘/l g A‘F oo o
rie nozs /q", 7 AJJV!+ 9//_/\_4,//4 ¥, 2 /an % /q‘}l2+ QJ‘A‘P[A %2)

[OJY4YOHH B DO3YABTATO LPOOKTUPOBAHUA U3 nonelt, SaZAHHHX B DHJHHX
KanrépOBKAX ¥ B CO00TBETCTBEHHO. C Zpyro#! cTopoHH, B CHJIY
(30) oda no.?[? /}wq’ 'l Aﬁ’¢ yIoBnerBopant KY (7): ) J{;')P =
= ﬁ’,qﬁ}¢= 0. Jllanee, NOCKONBKY 3/NEKTDPOMATHMTHHE MOJA MOTYT OTJMYET b~
CK TOARKO TpafMEeHTHEM npeolpasoBasuex (4), To ma ¢ Y9RTOM HEPABEHCT-
sa (31) JNerko moayumu Aﬁ””:/}f’ﬂ; 3.,,,}5” , Tde 3’%,A¢=
# NFfx)* cons? | . Otcoze Gueuano, uro dymunonan A'P= APy )%,
K&k ¥ ¢yREIHOHAN /\_ , MOJuMHAeTCA cooTHomewup (30), mpuuen
A’q"#_/[‘p/m/. HraK, My I PUUAK K NPOTHBOPEYMD ¢ TpefoBAHMEM EIMHCTBEH-
HOCTH MPOEKTOPA ¥ TEM CAMHM JOKA38JM, YTO BHIONHEHME COOTHONEHUA
(12) ABAseTCA HEOOXOMIMHM YC/OBHEM BHIIONHEHUSA KDATEPMA OLHOIHAUHOR
LOCTREMMOCTH,

TlpeznonoxuM Temepb, YTO He BHNOAHAETCA cooTHomenue (I3) Teopemu I.
JT0 03KaYaeT, YTO CymecTByeT nonae AI‘P , yaosaetsopAomee HY (7),
IJA KOTODOTO _/]_9’(/44: ,z) # {) . OuéBuano, uto mose ,4/’0
He MOXET OHTL DABHO NOJD ﬂJ,P-: /4_’,.,9'/,_/[4’//4, a:) , TOCKOABKY

3-"/1"%4";.2 = {) (none poaxHO CoBMAKATh CaMO C cobolt), Cre-

LOBATEIbHO, A/', =ﬂf 7 g‘ﬂA‘P y e gl’%,)‘f’z a,
¥ ME CHOBA NPUXOIMM K TOMY X& NMPOTHBODPEUMD C OJHOBHAUHOM JOCTUXUMOCTHE
KY A"’;&_A_‘P , HO yXoBaetsopaet ().

TakMM 00pa30M, MH %0Ea3a1d, YTO BHNOJHeHWe cooTHomenu® (I2) ,
(I3) reopeun I ABAAETCA HEOOXOZMMHM YCJIOBXEM OTCYTCTBHA OCTATOYHOIO
KaauOpoBoYHOro MpOou3BOJA, T.e. SIMHCTBEHHOCTH MPOGKTODE .

2. loraxem Temeph, YTO BepHO ¥ oOpaTHOE YTBEPXIEHHKE, T.e. JHOKa-
XeM, YTO HEOOXOAMMHM yCJOBMEM BHMOJHENMa cootHomewud (I2), (I3) Teo-
pemu 1 ABNAeTCA OTCYTCTBMe KaiMGDOBOYHOI'O NpoOMBBOJA,

yeTs Kpoue noid P = lu + 5},_/]_?/,4, z), TAe IPOeXT Op

yILoBAeTBOpAET coorndﬁeﬂuau (12),7(I3), cymecTByer eme oxHO,
OTJAHYHOE OT /}j", noJe ‘;I? » YELOBIeTBopAbmee KY (7): A;,P -
=/4.)?+ g’/\? . rie 9.@},/\7’__:0 no\Px cowft . Toria "’ B cany
(12)" wu Oyzewm wuets A:; z) ___/)I-P{z)+ 9JIA(/4 ®x) + 8 ) T(x).

1o e ydyerToll COOTHOWEHMA (135 N0 Jy 4aeM OKOH-
qyaTenbHO AJ, /:c) =/)/, (x) + 3‘,,/\?(;:) 4, CJezoBaTeabHO,

-——————— =

16) MueeTca B BUIYy HeTDUBMAJBHOS HEDaBEHCTBO _A_”’(A,a‘.) —/\_‘P(/](, .?)#—

# cons? . OTAMYMe NAPAMETPOB KaNMODOBOYRGTO npeodpadopanua (4
Ha cons? PABHOCHABHO MX COBNAJEHUD, TAK K&K B 00OMX CJAyYafx
noNE B MeHAETCH.
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)¢(x) = const , Taxuu 00pa3OM, NPeINOROXEHWE O HECOBNANEHMA /]‘P

" P npuBONMT K NpOTMBODENMD conSt # const , 8 cnenoaarenb-
HO, OHO HE BEpHO.

OOpaTHOE yTBEpXAeHiue NOKAS3EHO.

Ha nepeult Baraaz,Mo¥eT NOKA3ATLCA, YTO B 3TOM LOKA3ATENLCTBE
He ucnonb3ynTcd TY (9). OAdexe 3T0 He TaK. MW WCNOJbL30BANM, KA3AIOCH
Ob, OUeBKLROE U3 ABHOTO B¥Xe npoekTopoB (I10) coerwomesue (I3), Ho ero
BNMONHEeHANe yXe noxpasyumesaer ydyer I'Y. Tak, nampumep, npoextop
Ha Kracc Hexonepnanmux kanuéponok (86) s ,D-npenctaaneuuu uMeer

BUX (")/A 0 A)(serko npoBepuTs, uTO MoRe AJ,){P) ﬂ (P)+
+ip, _A(n)( E “rs ute HO y,monnerﬂapﬁer Ky (1) ). TpeOosaﬂue
) (n) =}, ecan ,4 ~ 3T0 N0C0E M0Ae, yA0B AT BOPADIEE

(8 6)(rpedorenue ( 3) TeopeMh 1), DABHOCHARHO TDECOBBHHD

’7[/09) /P)_]///ZP} 0 rxe  (RPIN(P) =0 . 04eBHAHO, YT O
ecaM 00X0X MoANCA /pp) Y He BANAH, T0 LONYCTUMO HETPHBMENBHOE
pemenve A (P)= J’(/zP)/\(,D) noc e iHer0 ypaBHEHMA, NpH KOTOPOM Tpe-
cosanue (I3) He BHROAHAETCH K ocraercn aoauoxﬂun ljeTpMBMaJlehlﬂ
ocTaTUYHHR KANMOPOBOYHEE MpOU3BON: /] //7) /] {F/?‘l &[J‘(np)/\(p)]
0xHake, YTOOH cymecTBOBA] Qypbe- oOpaa mpoexropa
HEO0X0LMMO 3a1ATH 00XOX MOANCE, HAIPHMED (720 ) _..f{,’z/,)ﬁa
B atom cryvae (I3) MueeT cuiy LAR BCEX pemeHuﬂ yp&BHEH ¥A (/zp)/\(,o)-
=0, TpeboBarue cyuecTsoBaHUA dyphe~o0pas3a MPOEKTOPa—3TO ¥ eCTh yvyeT IV,
JlelcTDHT €1BHO, BETDPYAHO MPOBEPUTh, YTO npoekrop (106) yLoBi<TBOpAET
Iy (96) npu yenosuu punoiHesus 'Y (9a) Laa noje#, saJaHHuX Bo BCex
Lpyrux (oTaMunux 01(80)) KanuODOBEKAX.
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EXTENDED SKYRME MODEL AND WESS-ZUMING
TERMS FROM QUARK FLAVOUR DYNAMICS

D.Ebert
Institute for High~Energy Physics,
1615 Berlin-Zeuthen, Platanenallee 6, GDR

and
H.Reinhardt
Central Institute for Nuclear Research
Roasendorf, 8051 Dresden, Pf. 19, GDR.

1, Introduction

It is generally accepted that QCD is the underlying theory of
atrong interactions. Yet, as far as low energy hadron dynamics is
concerned, the evidence for this is mainly qualitative and comes
largely from considerations of QCD in the limit of large numbers
of colours N, In fact, a deteiled analysis of QCD-diagrame in the
1/N expansion reaulted in the conjecture that QCD 1a e uivalent to
an effective chiral field theory involving only mesons 1’2/. Thia
conjecture im in agreement with the well-known conclusions of the
current algebra era that low-energy properties of hadrons are
aucceasfully described by =ffective chiral legrangians. It has
further been recognized chat reslistic effective Lagrangianae should
respegt the Ward identities following from the global mymmetries
of QCD including chiral anomaliea.

An important step towards the construction of the effective
badron lagrangian has recently been provided by Witten who wor-
ked out the topological structure of the anomalous Wesa~Zumino ac-
tion 4 and showed ite connection to Skyrme’s pioneering workls/
where baryons are conasidered as topological solitons ("skyrmions")
of 8 non~linear chiral meson Lagrangian. Witten's work also renewed
interest in the construction of complete low-energy effective Lag-~
rangians including vector and axiel vector mesona, deduced in accord
with the general principles dictated by QCD 6/. The ultimate purpose
is, of course, to derive the full meson Lagranglan directly from QCD
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This has been sccowmplished in two-dimensional QCD where an exact
bosonization has recently proved possible/7/. In 3+1 dimensions,
however, an exact bosonization of QCD is difficult due to the
presence of gluon self-interactions. Foriunately, in the low-energy
region QCD can be simplified due to the occurring color singlet
gluon pair condensation and ?- -condensation/a/. Both phenomena
meke the gluon massive, and a3 a consequence at low energies (and
for large N) QCD can be approximsted by an effective four-quark
theory of the Nambu-Jona-Lasinio (NJL} type/9 . Effective four-
quark {neareat neighbour) intersctions reminiscent to the NJL

model are also obtained to leading order from an 44% expansion
(d-dimension of euclidean space-time) of 4-dimensional QCD on the
lattice/1o/, This shows that the effective (low energy) chiral meson
Lagrangian of QCD can be obtained equally well from these NJL

type of models which are much easier to handle than the exact QCD
Lagrangic 1.

In this talk we present the affective chiral meson Lagrangian
obtained by peth-integral bosonization of an extended NJL model of
quark flavour dynamics/11/ and investigate its physical content
(for earlier investigations of such "superconductor" NJL models
see also ref. 12-14). The obtained Lagrangian conteins not only the
common kinetic and interaction terms but also quartic derivetive terms
of the Skyrme~type as well as the gauged Wese-Zumino term., We shall
then review the consequences of the arising new.quartic derivative
terms for meson physics as well as for the problem of the skyrmion
stability and the N-N potential

JI. The effective chiral hadron Lagrangian

I1.1. QCD-motivation for NJL type of quark flavour dynamics

The QCD Legrangian reads
—_. . ‘@
ozﬂoc];= -_%'f.r {/:;v F‘V + 7(‘?”‘/"'0)? * 4?1“ A:‘ .

Here

(1)

Q

o= LBt o ig(hn] 5 AuealT
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is the field etrength tensor of gluons, Ta, are the generators of
the SU(N) colour group and denotes the quark field;gfaqa’;‘-’;q
is the quark colour current.

The cruclial point is now that in the low-energy and strong
coupling region of QCD the gluonic self-interactions contained in
(1) can .. ~implified by omitting the gradient term ~ A AZ
compared to the non-derivative term 7'A‘* +.) The remaining
terms in the gluon self-interaction psrt (denoted by a‘f‘"é ) con~
tain then colour-singlet combinations with spin 0 and 2 as well as
non-singlet (n.s.) parts, i.e.,

int 2 2 Q 2 .
2. [._ A c ] +* .
97 =—%W 4(/3. AL ) + spin2 n.s
By using a standard Gaussian trick (2) can be rewritten as

Lk 2 . = 32°
;/g¢=°.i —(X?A‘MAQ +... )O“Z% (3

(2)

2
where the dots denote spln 2 and n.s., contributions which are omit-

ted for simplicity, in the following, Clearly, there will ariee a
dynamical gluon mass if <ﬂ07# O . Indeed, integrating out the
gluon field and epplying a staiionary phase approximation, one ob-
taine (neglecting an additional quark contribution)

{e> =it (xpm0) = CALAL S
4)

where ‘Z)/ul’ is the propagator of a maesive gluon with maess
M%= -Z2x<¥> . 4 simple estimate of {@> can bve obtained by
applying naive factorization and expressing (A qu"‘) in the low
energy regime by the gluon condensate <E‘f ﬁ,«v> ,

2
Q Ry - 2 _g_'_ qQ A Z
KBS R =5 #(ASALS .
This yields M & 650700 Mev,/8+15/
In tbe low-energy region, the QCD Lagrangian (1} can now be
approximated by ® local current-current interaction., Rearranging
the q.q fields by a Fierz transformation into colour-singlet

combinations we obtain, for large N, the following effective NJL-type
Lagrangian of quark flavour dynamics

(5)

+)In this regime it is equally well justified to omit the Faddeev-
Popov ghosts of the quantization procedure.
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£-q0d-Rg 26T [qrar <o)
—2Cz {(%"'“J‘Cf) +(QX”J;AA7) } )

Ir (#) colour non-singlet ( q) cor.binations, being sufressed by
a factor 4/N , have been omitted, and we have G,- 8@”1 "ZGZ.
A are the generators of the flavour group ()1) . The
effective Lagrangian (k) of guark flavour dynamics respects global
colour SU(N) symmetry and (approximate) chirel L((h)x UMW) _s; 'mmet-
ry, the latter being explicitly broken by the bare quark masses Mo .
A Lagrangian of the form (6) (with unrestricted coupling constants
G," (G2 ) has been bogonized in ref, /118/. For convenience, We shall
discuss in the following the simpler S‘L{(Z)X SL(() Lagrangian

studied in ref./11b/

¥ = GB-moq + 26, {27 + (£
~26. 2 [qFEaF « @regef]

(7)
with T; being the generators of the flavour group .SL((Z) .
TOE /ﬂ . Following the standard procedure 711,13/ we bosonilze
(7) by introducing collective meson fields in the corresponding
generating functional of Green's functions. The action becomes
then bilinear in the quesrk fields and gquark integration becomes
trivial. This leads to the following effective meson Lagrangian”

LMV, A) = - g br (M-mS(M-me> = er(2rAL)

-4 N {r)fn )
(8)

where

(P=i(B+W Ky - (R M+ M)

is the Dirac operstor with collective fields M,V and A and ‘PRL £(4+X9
are chiral right/left projectors. The last term in (8) is due to the

] 1
+)We uge now the notation W:S‘d"‘)f‘ {:" I{?r ='\‘:"x— ff‘. where '(‘Y‘
denotes the flavour trace.
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quark determinant ( iDE‘(T 4']? )N = exp N Tr ZVI 4..D , and we used

the matrix notation
.

o~ - . rd
Vs (B +6L) , A== (P2 + AL
. =P 2
M=S+iP=sQ+if% . s

Here (CO/.' ?,u ) and (AD/, ; :KA}‘ ) denote the isosinglet and iso-
triplet vector and axial vector fields, respectively. It is conve-
nient to introduce the following polar decompesition of the complex
matrix M which comprises the scalar (S) and pseudoacalar (P) fields

MO = 600 Ul (1)

where the chiral field l/( (*) is (would be) parametrized by
the Goldstone fields of pions

Lo FTVE =Tl

! (12)

with F being the (bare) pion decay constant, and G(X) 1is the
field of the G -particle.

° The effective meson field theory defined by eq.(8) has been
atudied in the limit of e large number of colours, N-’Oo(G,,‘N-FI'K)/”{
In this limit the meson functional integral is dominated by the sta-
tionary point ({ =4 , \@:A/_.=O s Qo=M with M being the
total (constituent) quark mass which is determined by a Schwinger-
-Dygon equation, For this stationary configuration the full dynami-
cal contern. of the effective chiral meson Lagrangian is given by
the contribution of the quark determinant in (8).

I1,2, Extended Skyrme Lagrangian

The medulus of the quark determinent is conveniently calculated by
using the proper time regularization

L | Det<B|® = ETLDD
- (e
_N j‘ dr Ty e
2 T
e (13)
and performing a heat kernel expansion which esesentiglly yields =a
derivative expansion of lDehIJl ., To facilitate the discussion.

let us for the moment confine to the case V=A= 6=0. Introducing
the left group current L/“ =(&p L)t and discarding higher than

i
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fourth order derivative terms,we obtain the following extended
Skyrme Lagrangian n :

z - Z(2>‘+ of(lf) + O&B )

Here fw __ %Zér L,u LM (,_;w 43 MeV)
(15)

is the kinetic terw of the chiral field, 2 2
N 2 A - 1]
LY= %Z{r{[/.,,.,L.J +2(Ly,L*) 4lac )-g (16)

are fourth order derivative ("Skyrme") terms and
_ 4 zpm2 *_
Yo = 4 HEMT b (UrU-2)

is a chiral symmetry breaking term.

The first term.in the curly bracket in (16) is precisely the term
originally introduced by Skyrme/S/ to stablilize the baryon as a so-~-
liton, If we identify its coefficient 4/3227‘ defined in ref, 3
with fz(N//fZJT"') , we find for N=3 €=mr=25l~: to be
compared with the value €=5.45 obtained from fitting the nucleon and
delta masses/3/.Note that the structure of the quartic derivative terms
in (16) and their numerical coefficients are model-independent and
uniquely determined by the heat kernel expansion, Our results are in
716,17/ where analogous investigations

(14)

17)

agreement with other approaches
of fermion determinants have been performed. The fact that the coeffi-
cients in (16) are independent of the cut-off A and of the quark
masges is very reminiscent of anomaly-related effective interactions.
Indeed, the quartic derivative terms in (16) have independently been
derived from direct integration of the so-called "nontopological"
part of the chiral anomaly 17/. Note, however, that our approach le-
ade to a logarithmic dependence of the kinetic meson term on the cut-
-off scale and not to a quadratic dependence ss obtained in the
latter work, The renormalized pion decay constant is then
Fr =O(M@M;;M D inetead of Er= O(A) yielding the estimate

A Z 1 GeV /11,13 . This values have to be compared with the lower
value A =29 Fr/IR ~ 340 MeV of ref. 1777 .

*) /A denotes here the cut=pff of the proper time regularization (13)
wheresa the cut-off ecale introduced in the regularization
scheme of ref. 17 is a bound. on the eigenvalues of the Dirac operator.
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The vector and aximl vector fields are eamily included into (14) by
replacing a/‘ (,( by the SU(2)-covariant derivative

QU > U= +[V*T+{A DU
and adding some non-winiwmal terms.

I1.3. Chirel anowmaly and gauged Wess-Zumino action

The gauged WZ-dction is related to the phase of the quark determi-
nant, In fact, it is obtained from integrating the variational equ-
ation

N S T fni B )= - Tr(bwi’+ 6’8 G (V:‘:,B;X“’)

between () =1 and = (/(4,2 where G(V, A is the wminimal
Bardeen anomaly/18/ and l?w , w . X“’ are the
chirally rotated Dirac operator and vector or axial vector fields,
reapectively, The integration of the chiral anomaly has been perfor-
med using differential geometric methods and yields precisely the
gauged WZ-action 2 which is responsible, in particuler, for the
so~called "anomalous™ decays and reactions like I—’Zb" , > 35 ,
Yo, KT ety or K*K >3~ , Tii=yTn”
etc.Moreover,its presence in the Lagranglan for skyrmion physics ensu-
res that the soliton must be guantised as a fermion if N is odd, and
ag a bogon if N is even 3 .

III. Physical spplications

II1I.1. Meson sector

a) IIIT R UTK scattering
Let us write the Lagrangian 4 in the form

% '
‘f - ‘Ya + °\€1" (167)
where 2 2
-4 : P
Lo = e trllu, L) + e (€rLul?) 20)
is the sum of Skyrme'’s original commutator term and a "non-Skyrme"
or "gymmetric" term ( X‘ theor, = 1)- Moreover,

L= ool = L tr{OUTU- (LT

2 2
is the so-called "tachyonic® term ( /\1— = géﬂ/N )‘J. The implica-~

‘)This term leads to the appearance of a tachyonic state in the pion
piopagatgg. T?e natural rgnge gf v<al%'d>it of t‘l}ezf_ezriv tive expar(l- )
gion 18 erefore expected to be / 2 Tk 2= comp.eq.{(29
before vecior mesons are included. P <P>< a ,‘k
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tions of the Legrangian 9 o/ for T_‘T" -scattering have been
analyzed by Donoghue et al. and Pham and Truong . An anslysis
of the full Lagrangian (16°*) including the tachyonic term has recent-
ly been performed by Aitchison et al. 22/ and by Belkov, Lanj)ov and
Pervuahln/23 . Following the latter work let us quote the resulting
expression for the Lagrangian of .'!T.‘ﬂ' -gcattering (L{ 4+ _‘-%:(K) >

Loy = - 2[R F47) - § Ma (7] -
- g [ (87 07~ (3F3F)) + e (9707

- peb[3(aF 0 M),
(22)

where S‘V 4/2 is 8 parameter associmted with the symmetry-breaking
meaon mass term, Notice that the tachyonic term (21) does not contri-
bute to the D-wave scattering lengths which are given (in units of

Mz ) by

a; %= Ty 36632%(2*&/ , O =~ -Foo LT L0-p
0(0 = ( ‘I-JTZF 0.049 . (23)

Eqs., (23) enable one to express the parameters ez ,b” by azo and
2
a;

af+2a;
ez— oZ 3;1 , f = azo 5
2 ag-af = Az (24)

and using the experimental dete/24/

Q= (12D A0°M;  GF = (1.32Dxd5" M5

(25)
to get the eatimates 723/

2
€ = 25.7 X 6.7 , §- =2 fo.2
(26)
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The value of is coneistent with the theoretical value

= 1 which glso yields a‘,f' = 0, whereas the value for @
is somewhat lower than the theoretical value ez= 4JTL' . The predic-
tions for the scattering lengths agl aoz' and a: are
quoted in Table 1.

Table 1. JrIT -scattering lengths’2>/

az: Effective meson Lagrangian
without p4-terms with p4—terms experimentlzs/
-1
Qs , My 0.16 0.19 0.23 % 0.05
az, My -0,045 -0,052 -0,05 0,03
o, Mz® 0,030 0,039 0.036 * 0.010
)

Finally, using a suitable unitarization scheme it is possible to cml-
culate the various JT/T -phase shifts, The corrections to the moft pi~
on results are all quite small but substantially in agreement with
experiment/22'23/. The extension of the Lagrangians {20), (21) to
flavour SU(3) symmetry 1s straightforwerd/11’17 . Belkov, lanjov and
Pervushin have algo emstimated the TITK -geattering lengths using the
GMOR-scheme/26/ of chiral symmetry breaking. The corresponding re-
sulte are quoted in Table 2.

Table 2. 7TK -scattering 1ength/23/

T Effective meson Lagranglan
a
l. W“'fgg éf& é{r Sum Experiment
L
a2 |o.21 | o.013 | o.08 | o0.220 | 0.335 *o.006 727/
" + /287
(M) 0.24 *o,02
J’ 0.13 *o.,09 7129/
Qe [-0.085 | o0.013 [ -0.060 | -0.132 | 0.4 Za.0r 7277
-1 -0.05 ¥ o.006 728/
(Mr) - .13 *o.0y 129/
Atz
Q47 lo.oo98 | 0.0038] o0.0072| o0.0208| 0.018 % 0.002 728/
(M
0437;' 0 0.0024| -0,0024 0
(M)
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Before concluding this subsection let us mention that there
exists an lnteresting relationship between the Skyrme constant e::ZJr
and the parameters of the 9 weson, Using forward dispersion
relations for the UT*DTO -gcattering amplitude and saturating itas
imaginary part by the S; resonance, Pham and Truoug/21/ obtained

z
A2 o ZFF/ 2
/qg //A4g .
Combining this result with the KSFR relation

ME = 2E2gZ
3 T G ens 25)

which cen be shown to hold in our composite-meson mode1/11/, we obtain
the interesting result

27)

2 2 2
€ = Yemr Mg = & Fr~
(29)
where g is the gﬁﬁﬂr’-coupling constant. Note that from
2 2 2 2
o 297 decay ggmr/qu =3 8o that indeed ggﬁ_,rz‘l-ﬁ =e".
Finally after including electromagnetic interactions, the effective
meson Lagranglen leads to the following expression for the electro-
magnetic radius of the .pion

{tgi> = G/MSZ = C/err, (30)

130/,

which is in agreement with earlier quark loop calculations

IIT.2., Baryon sector

The recent agplicationa of the Skyrme model to the description of
baryons/31’3 / provide us with another test of the "extended" Skyrue
Lagrangian (14), In thie context let us first remember that the ori-
ginal Skyrme Lagrangian, although providing a satisfactory qualitative
description of the static properties of the nucleon, does not repro-
duce the importent medium range attraction of the nucleon-nucleon
force responsible for nuclear binding 33/. On the other hand it is
well known that the G~ meson plays an essential role in describing
the attractive part of the N-N potential, Since the structure of the
symmetric term in (20) may be associated with the exchange of a heavy
& particle 2%, it seems natural to ask whether the new pieces in
(20), (21) may le8dto the necessary attraction. Before discussing this
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issue further, let ue first mention that the new quartic derivative
terms in XQ and IT do not give a pomitive definite contribu-
tion to the energy. In order to counterbalance their destabilizing

effects, one has to include the contribution of the (O —meaon/37’
32,35/
[}
o{ = fw + tYCouPL
(31)
where

¥w0= "‘7;" F;A(: Fer + A—gi"zw/-z ) F/“t’o= a/«wy-avﬂo/‘

pard” -
(32)
Here ,u i1e the conserved topological current of the chiral field
v
J# o fen €48 e (Ly LgLe)
247 (33)

and = Nfz ~ 9.Z , The theoretical value of is compa-
s

reble in magnitude with the (pNN veetor coupling constant
tovn  {phenomenologicslly 40 ﬁngNé"Z ). In the low~energy
region [A) may be further reduced to the following current x

current form

2 . -
cipw = -5‘: ’%ﬁ 3"‘3# . (34)

Let us now study the beryon number NB =1 soliton sector of the
extended Skyrme model defined by egs. (14) and (34), As usual we make
the hedgehog ansatz

WO = exF[é?F o]
(35)

with the boundary conditions Q(0)=jr and 9(’70) O to ensure
NB= Sd"'xﬂ%&‘): 1. Por the static ansatz (35) the baryon current
(33) reduces to

: n’0 = I de
30(*)_—2?2%9 , 470 (0530
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and the Lagrangian becomes
. 2
P —15[2(9'7'+2r—'1'.‘2—9) (37a)
p_ N §_S5iverrzn2, 4 gif
L ‘42372{ S0 (+26+ 4 5i6)
. 2
« §(6%+2 282

+ 4%‘ (2r9’+ +207- SinZO)z.} (37b)

]

Lo = = (07"

-BAME (1- em6)

(37c)

[}

Lsg

(374)

The Buler-Lagrange equation for the chirel angle 9(*)

following from the Lagrengien (37) hae been solved numerically(for
My®20) using & Runge-Kutta wethod/ 36/, The Pigure shows the
solution B(¥ for ﬁ a20, (see Fig.).

For the sake of comparison we present also the corresponding soluti-
on for the standard Skyrme model with the same constants Fg; and €

as obtained in our effective meson Lagrangian (14) yielding a skyr-
nion mags of MSk =1070 MeV, One observes that the chiral soliton
of the extended Skyrme model (with ﬁ =20) is spatially mora exten-
ded, The corresponding soliton mass turns out to be M ans00 MeV,
much too large compared with the mass of the nucleon. This large
mase can be traced back to the ]n-geﬂ:value which is twice as large
as the value /S ~ 9,2 predicted from the contribution (32) of the
gauged Wess-Zumino term, Unfortunately, we have not yet been able
to find an exact solution to the Buler-Lagrange equation of the ex-
tended Skyrme model (14) for the "physical™ value /.’:‘v 9.2, If such
solution exists, it has a much lower energy than for ﬁ =20 whicb
could well be near the physical mass of the nucleon, At present 1t is
however not clear whether a solution for ﬂ.'v 9,2 does not exist

at all or whether we have not yet been able to find 1t numerically.
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10
—— extended Skyrme model
=20, M~ 1800Mev
Bl f
\ -—-— Skyrme model
\ Far =93MeV, M= 1070MeV

-.2 A 1 ¥ - A
2 A4 6 8 10 12 rFg

Fig. Numerical solutions of the Euler-Lagrange
equations of the extended Skyrme model (solid curve;
(3 =20) end of the standard Skyrme model {(dashed curve)

Our results are in agreement with variational estimates of the
chiral soliton field 32 » where soliton solutions have been found
only for > 15, A further investigation of the existence of phy-
sical skyrmion solutiona probably requires the inclusion of all
heavy mesong like G‘l w, 9, A4 into the effective meson Lagran-
glan. Moreover, 1t is quite posaible that a complete treatment of
the coupled meson field equations rather than an expansion in po-
wers of auﬂr‘ may be nece@sary in order to investigate the
properties of skyrmions within a meson field theory.

It has been argued that the new derivative terms contained in
é@“) may signal the presence of attractive N-N rorcea/31/. A de-
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talled analysis of the N~N potential obtained from a modified Skyrme
Lagrangian has recently been performed by Lacombe et al. 4/ These
authors started with the quartic derivative term & of eq..(20)
supplemented by ;fzo . Linearizing the "symmetric" quartic term
by introducing a coupling to the field of the @  -particle and
taking M@ = B0O MeV, they got a good fit to MN and MA
with Fy = 71.5 eV, 3 =12, @ =7 and ¥/4 =0.349. Their
calculations confirm the appearance of medium range attractions.

IV, Concluding remarks

In this talk we have illustrated how to derive an effective meson
lagrangian including quartic derivative (Skyrme) terme and the gau-
ged Wesa~2Z2umino term from a superconductor NJL-type of quark model
motivated by (messive)QCD, The implications of the new quartic de-
rivative terms in the effective meson Lagrangilen have then been
discussed for both the meson sector ( JTJT- and T K -scatte-
ring) end baryon sector, Concerning the baryon sector it unfortu-
nately turns out that the topological soliton of the extended Skyr-
me Lagrangian has a too large msss ( M~ 2Mpy ) to be identifi-
ed with the nucleon /32’36/. A further investigation of the proper-
ties of skyrmions should then probably stert with & complete effec-
tive meson Lagrangian including besides pions and (W) mesone all
other heavy mesons like the 6‘, g and /\4 mesona too., More-
over, it is quite possible that one must address a complete treat-
ment of the coupled meson field equations including all kinds of
mesons, Obviously, it is very ilmportant to try to derive a Skyrme-
-type weson Lagrangian directly from (unbroken) QCD, bui this is
difficult and has only been done indirectly/17'37/, at best.

References

1. G. 't Hooft, Nucl.Phys., B72, 461 (1974); B75, 461 (1974).
2, E.Witten, Nucl,Phys. B160, 57 (1979).
3. E.Witten, Nucl.Phys B223, 422, 433 (1983);
G.Adkins, C.Nappi and E.Witten, Nucl.Phys, B228, 552 (1983).
4, J.Wess and B.Zumino, Phys.lLett. 37B, 95 (1971).
5. T.H.R.Skyrwme, Proc.Roy,Soc. lLondon. Ser, A260, 127 (1961);
Nucl,Phys, 31, 556 (1962),
See also: L.D.Faddeev, Lett. Math.Phys. 1, 289, (1976);
4,P,Balachandran et al., Phys,Rev,Lett. 49, 1124 (1982).

48



o

. b, Kaymakcalan, S.Rajeev and J,Schechter, Phys.Rev.D30, 594,
2345, (1984);
8. Keyamekcalan and J,Schechter, Phys.Rev, D31, 1109 (1985);
Y.Brihaye, N.K.Pak and P.Rosei, Phys.Lett., 149B, 191 (1984);
Nucl,Phys. B254, T1 (1985),
7. D.Gonzales and A.N.Redlich, Phys.Lett. 147B 150 (1984 );
D.Gepner, Weizmann Inat. Prepr, WIS-84/39-Ph (1984);
see also: D,Ebert and V,N.Pervushin, Theor.Math.Fiz, 36, 313
(1978).
8. H.Reinherdt, NBI Prepr. NBI-HE-86-~11 (1986).
9. Y.Nsmbu and G.Jona-Lasiwmio, Phys,Rev. 122, 345 (1961)
ibid 124, 246 (1961),
10, H.Xlugberg-Stern, A.Morel and B,Petterson, Nucl,Phye., B215,
527 (1983); N,Kewamoto and J,Smit, Nucl,Prys, Blg92, 100 (1981).
118, D.Ebert and H.Reinhardt, Nucl.Phys., B271, 188 (1986).
b. D.Ebert and H.Reinhardt, Berlin-Zeuthen Prepr. PHE-3 (1986)
(to appear in Phys.Lett B).
12. K.Kikkawa. Progr. Theor.Phys. 56, 947 (1976 );
~ T.Eguchi, Phys.Rev, D14, 2755 (1976),
13, D.Ebert and M,K.Volkov, Yad.Fiz. 36, 1265 (1982);
%Z,Pnys. C-Part., Fields 16, 205 (1983);
M.X,Volkov, Ann,Phys. (NY) 157, 282 (1984) and Sov.J. Part.
Nucl. 17, 433 (1986).
14, A,Dhar, R.Shanker and S.R,Wadia, Phys.Rev., D31, 3256 (1985),
15, L.S,Celenza and C,M,Shekin, Brooklyn College Prepr. B85 (101) 146
{1985), submitted to Phys.Rev. D; Phys.Rev. D32, 1807 (1985).
16. R.MacKenzie, P.Wilczek snd A, Zee, Phys.Rev. Lett. 53, 197 (1984).
I.J.R. Aitchison end C.M.Frazer, Phys.Lett, 146B, 63 (1984);
Phye.Rev,D31, 2605 (1985};
J.A.Zuk, Z,Phys, C~Part., Fields 29, 303 (1985);
P.Simid, Phys.Rev,Lett. 55, 40 (1985);
R.D,Ball and H.Osborn, Phys,Lett. 165B, 410 (1985),
17, A.A.Andrisnov and Yu,V,Novozhilov, Phys. lett. 153B, 422 (13985);
A,A,Andriasnov, Phys.Lett. 157B,425 (1985).
18, W.Bardeen, Phys.Rev. 184, 1848 (1969).
19, K.C.Chou et al, Phys.Lett., 134B, 67 (1984);
H.Kawai and S.H,Tye, Phys,Lett. 140B, 403 (1984);
E.Manes, Nucl,Phya., B250, 369 (1985). See also:
N.K.Pak and P.Rosai, Nucl.Phys, B250. 279 (1985);
G.C.Rossi, M,Teata and K,Yoshida, Phys,Lett. 134B, 78 (1984).

49



20,

21.
22,

23.

24,
25,

26,
27.
28,
29.
Jo.

31.

32,

33.
34,
35,
36,
37.

J.F,Donoghue, E,Golowich and B.R.Holatein, Phys,Rev.Lett,

53, 747 (1984).

T.N.Pham and Tran N,Truong, Phys.Rev., D31, 3027 (1985).
I.J.R.Aitchison, C.M,Frazer and P.J.Miron, Univ, of Oxford
Preprint 49/85.

A.A,Belkov, A,V.Lanjov and V.N,Pervushin, JINR-Prepr. P2-86-205
Dubna, (1986).

M.M.Negels et al., Nucl.Phys, B147, 189 (1979).

A.A.Belkov et rl,., Pion-pion interactions, Moacow, Energoisdat
(1985).

M.Gell-Mann, R.J.Oakes and B.Renner, Phys.Rev. 175, 2195 (1968).
P.Eatabrook et.al., Nucl, Phys, B133, 494 (1978B),

N.Johannesson and G,Nilsson,Nuovo Cim, A43, 376 (1978).
A.Karabarbounis and G,Shaew, J.Phys.: Nucl.Phys., G6, 583 (1980).
A.N. Ivanov, Yad.Fiz. 33, 1679 (1981);

D.Ebert and M.K.Volkov, Proceedings of the vt
Problems in High Energy Physics and Quantum Fleld Theory. Vol.2,
Protvino, 159 (1982).

I.J.R,Aitchison et al., FPhys.Lett. 165B, 162 {(1985);

H.Reinhardt and D,Ebert, NBI Prepr, NBI-HE-85-37 (1985).
V.A.Andrianov and V.Yu,Novozhilov, Pisma JETF 42, 469 (1985);
Yad.Piz.43, 983 (1986).

A,Jackson, A.D,Jackson and V,Pssquir, KNucl,Phys. A432, 259 (1985).
M,Lacombe et al. Orsay Prepr. IPNO/TH 85-68 (1985).

G.S,Adkine and C.R.Nappi, Phys.Lett, 137B, 251 (1984).

B.Kiwpfer, H.Reinhardt and D.Ebert,Zfk Report 1986.

P.Simié, ref, 16, See also: N,I.Karchev and A.A,Slavnov. Theor.
Math,Fiz, 65, 192 (1985).

h Int.Seminax on



KXZ, KOHPAHHMEHT M HM3KOZHEPTETMYECKAA SUFUKA
AIIPCHOB

T'.B. Efmmos, M.A. UBaHOB

OfberHeHHHR WHCTUTYT AREePHHX uccremoBanuy, Iyona

I. Bpezerue

MRAp JEerKWX KBAPDROB M JAElIGIX ANPOHNEB CXSMATHYECHKW MOXHO TIpencTa-
BHTH cleIynimM odpasoM. Ha mamux paccrosHmax (ko 0,2 —- 0,3 ¢m) u¥Me—~
OTCA TOILKO CBOCOKHHO KBADKE M IVIDOHH, 8 HA COJNBIWMX PACCTORHMAX (CBR-
e I $M) - TOIBKO aApOHH.KBApKU ¥ TUROOHH OIMCHBAKTCA KBAHTOBOA xpo-
mMomvHamMMko#t (KXH), mpudem M3~38 CBOMCTRA ACAMITOTHYECKOE CBOGOIH
KBRDKA HA MAJIHX DACCTOAHMAX ARIADTCA IUPAKOBCKAME, £ THNROHH BEKTODHH-
MJ YACTHIAME, a WX Bl3ammoneilcTBHE ommcHBaeTcs Teopueil BoaMywennmit
KXI. ANpDOHH HA CGOIBIMIX DACCTOAHMAX ARIMOTCA CBOSONHHMM dYACTALLMA, KO-
TODPHE HOJIWM‘GH YpaBHEHEM CTAHIADTHOY KBaHTOBORt Teopmwm moas (oM.,
HalpuMep, .

B npomexyTouHoit odnactm paccrosmmit (0,2 <+ I dM) ocywecTRIAETCS
TaK HasHBaeMHt xoHPARHMBHT KBApKOB M IVIIOOHOB M IIPOMCXOIMT WX &XPOHR3a-—
wiR. TeopeTHYOCHH MEXAHW3MH 3THX NpOLECCOB ARJIANTCH HAaMMEHee M3ydYeH-
e, C dmswuecKoit TOYKA 3PEHMA, 9TO OGJNACTH ANPOHHON (MINKM HUBKUX
5HepImit, Tak Kak (¥3E4YeckKme UpolieccH ¢ 3HeproBHfeteHmeM no I —~1,5 I'aB
MPOTEKANT HA STUX DACCTOAHMAX.OOUeNPU3HAHEHE KBAHTOBOMONEBHE METORH,
CEASHBaMuMe fH3UKY ANDOHOB C KBApKAMM M IVIDOHAMM, KAK OH MPOCKAKA-
BaWT 2Ty odnacTh M (TABAT cBoell 3anavyell cBABATH aAMILIMTYIH AKPOHHHX
npollecCcOB ¢ NapaMeTpaMil KBapKOB M IJINOHOB. [Ipy 5ToM Opodaema KoHbalH-
MEHTa HE DElIRETCA E TAK MMM UHA4e OOXONUTCH.

Tak,MeTOR NpaBA1 cym™ K] cTaBKT csoelt 3anavelt cBA3aThL Npem~
CTARNEHNE MATPHUHHX IEMEHTOB ANDOHHHX TOKOB B ODME IMCIIEPCHOHHHX
NpaBMa CyMM W B BREIE KBApK-TMNOHHHX IZHarpamM. Bmisime oSgacTH KOH-
paltiMeHTa yUNTHBAETCA MAHUMAJLHHM O0pasoM — BBeleRHes peHOMeHONOIH-
deCcHHX NapaMeTpPOB: KBAPKOBOIO M IVINGHHOTO KOHIEHCATOB. TO Xe MOXHO
cka3aTh H O MeTone (PEHOMEHOJOTHYECKWX KUDANLHNX JAarpaHEWaHoB (CM.,
HanpuMep, ).

PazBiBAEMAS HAME KBAPK~BUPTOHHAA MOIEIb /4:5/ , onEcHBamiad Pu3u-
Ky JeTKuX anpoHOB IDM HEBKUX 3HEPI'MAX, MCXONUT M3 OMPeUeJeHHOTO Ipel-
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CTABIEHRA O NOBELEHMM KBADKOB, IVINOHOB M AIPOHOB MMEHHO B 0GJIACTH
roHpaiHMeHTa. OCHOBHOE TIPEITIONOREHUE COCTOMT B TOM, UTO B MHTepe—
cymoueft Hac OCJIACTH KBADKU BeIYT Ce0A KAK HeKWE HBA3UYACTHUM, Hecy-
Igne KBAHTOBHWE YAGJIA KBApKOB, HO ¥ BTH KBADKE~-KBA3IMYACTALH MOXHO OIME~
cHBaTh BHPTOHHHM TIONEM, T.6. TIOJNEM, KBEHTH KOTODOTO CYWECTBYDT TOJXb~
KO B BUDTYAJIBHOM M He MOTYT CYWeGTBOBATH B CBOCOZHOM COCTOMHEM.
MaTeMaTHYeCKM 3TO oCecCleuMBaeTCs TeM, YTO IpoNaraTop BYUPTOHHOTO NOAA
ArnderTcd Uejofl aHamuTHYeckoR iyHKuMe# ofMpelesIeHHOTO BREAA B KOMILIGKC—
Holl TWIOCHOCTY MMIYJBCHOTO IlepPeMeHHOTI'O P . TakuM 00pas3oM, B MO-
IeNu yIOBIETBOPEHO TpedoBaHme KOHPafiHMeHTa KBADKOB. Jlanee fIpemnoia-—
raeTCs, YTO CBA3h AUNDOHOB C KBAPKAMA-BMPTOHAMA MOXHO 3aIaTE COOTBET-
CTBYHIUME JaI'DRHKWAHAMM B3amMomefcTeuAa, a TOT GaKkT, 4YTO &ULPOHH COC~
TOAT W3 KBADKOB, YUHTHBRETCA KBAHTOBONOJEBHM YCIOEBHEM CBA3HOCTH, KO-
TOpOEe ONpefefiAeT KOHCTAHTY CBA3K B JarpaRamane B3aumMmozeicTsua. 3Ha-~
HEe IMHAMMKN Tlepexoja &IPOHA B KBADKY M KBADKOB B ANDOHH MO3BOJAET
TIOMHOCTEY OIACATH BCe BO3MOXHHE NPOIECCH ANPOHOB HHUSKAX dHepTHft,

TaxkuM 06pa3cM, BUPTOH-KBAPKOBAA MOZeab (BKM) oTrocHETCA K Kiac-
Cy DEJATHBHCTCKNX COCTABHHX MOoIeJelt ¥ B € OCHOBe JIEXHT NpelcTaRIeHUe
O KBADKOBOR CTPYKType anpoHa. MoZenb He OCBACHAET NDOMCXOXIEHME CHeK~
Tpa ¥ KBAHTOBHX WACeJ &NPOHOB, 4 pellgeT JIeIynumyp 3amady. Ecam mmeer-
cA AIpoOH ¢ H3BeCTHOHt maccodt ¥ KBAHTOBMMM UACGIAME, TO MOIEJE B COCTO-
AHWA JATh pPeJIATHBHCTCKOE ONMCAHEe BCEeX BOSMOXHHX BlaumomeficTaail x
pacnafoB sTOr'0 ampora NpM HE3KEX SHeprmax. Tar, B pamkax BHM zgaHo
Xopouee %3cauue (axTHYeCKE Bcell HM3KOoHepreTHUYecKo} PU3MKM JerKmx
aJpOHOB .

B wanoxennof BHwe JopmynimpoBRe BKM He ¥MeeT HenocpeXCTBeHHOR
cBAsd ¢ KX, T.e. MOKA He MOHAT ¥ He M3ydeH IO KOHNA IMHamudecKmi
MEXaHA3M NpeBpameHns CBOCONHHX KBADKOB B KBADKA-KBRSHUAGTHLH, OMH-
CHB2EMHE BHPTOHHHM LOJNEM,H 3aTeM B aXpoHH B odnacT# Konfaiumenra. B
IaHHOX padoTe MH OOCYXMM, HACKOJNBKO OpemiooEeHEe O TOM, 9TO Opoma-
raTop Kpapka B o6JacT? KoHpainMmeHTa smndercd ueviofl $yHRime# B Fz-
IIOCKOCTH, comacyerca ¢ KXI.

2. ImwoHHER mponararTop Ha CONhIMX PACCTOSHMAX

B 70-e ToIH MHTEHCHBHO OGCYXIANACH mxes/ &/ ,4T0 eCQJM IPOOATATOD
TADNOHA NPA MaJIHX EMITyABCAX Oymel BecTH cedd KaK

a ¢ 2~ /\2 P
gf‘g" = é;f?w(/o}':—é;f(Pz)a/rdqﬁv— %ﬂ_//], (2.1)

TO TOTNA LA KBADK—3HTHHBADKROBOIV UOTEHIMEJA ORHOIVIDOHHOIV OCMeHAa
HMeeM
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__ 2 dp’ A P Vi
() (ZT} (P-zjze %~2 , (2.2)

T.€, no.zryqaem Jmﬂemio pactynul noTeHIMAN 3aMMpaHus.

Crenaem IBa 3aMeYaHMA.

IlepBoe. Bumo Jume MORAG3&8HO,YTO AHPpaKpacHoe NMOBENEHKE Tipomara~
Topa IooHa (2.1) B aKCHanbHO! KANMOPOBKe He NPOTHBOPEYMT ypPaBHEHH~
av liexHrepa -Jaltcona np¥ HEKOTOPHX IPYTHEX IONOJHMTENBHHX NpelinoioXe-
HEAX TeXHWYECKOIo XapaxTepa. IIpM 3ToM, MOCKOALKY ypaBHeHue liBuHTe-
pa - Jlaficona QopwMyTepyeTCA B NPOCTDAHCTBE QOKA HeBlaHMozeReTByOuMX
IVIDOHOB, KoHDaRumeHT, NOHMMAeMH} kak JMuHelmu#t pocT @7— ~lloTeHlpa-
N8 TIpUTAREHMA (2.2), HUKAK HE CBA3AK C M3MELeHHEM TVIDOHHOTO BaKyyMma
HA COIBIMX DACCTOAHUAX.

Bropoe. B aToM Mopxome odecnevmBaeTcA Juub koHpaRkHMeHT chucTe-
MH gg , TIOCKOJBKY U3-3a NOTEHIMAIA NPUTAKEHMA (2.2) KBApK U
AHTHKBapH He MOTYT Da3so#THCH Ha NPOH3BOJBHO COJBWOE DPACCTOAHUE.

OnHaKo WA peweHns MpodJemMH KoHPaiHMeHTA HeOOXOIMMO IOIOJHH-
TeJBHO MOKA3ATH,YTO HE MOZET CYyNecTBOBAThL M OI7iH M3OAMPOBAHHHR KBApK.
InA pemeHMs 2TOTO BONpOCE 7 paccMoTpuM YHRIEK 'pUHA KBapxka B IR0~
OHHOM moJsie ¢ nponaraTopom (2.I). Mmeem

g’/x_ﬂ:/a/? Clzg07), (2.3)

Tne PyHxums T'puHa KBApKa BO BHeNHeM MoJie YNOBJNETBOPAET YDABHEHUH

/7%933 -m -fl'jé%%qﬁr})gﬂj/di)=—c572'a¢)}(2.4)

3gech ‘éq - OasucHHe MATPELH TPYIIH JV( /V/ . Mepa a/ N

IJINOHHOTO TOJA BRIKYaeT B celd, Boodme TOBOPA, NOMHOE B3auMonehcT-
BEEe IVDOOHHHX Nojlefl corvlacHo Teopmu noasit AHra -~ Mwuica. lockors-
Ky Hac EBHTepecyeT TOJbKO KHPpakpacHaa acHMITOTHKR dyxkimit I'puHa,
a gopma nponaraTtopa (2.I) yxe nonpasyMeBaeT ydeT HedHeHHOTO HHI-
MWUICOBCKOTO B3AEMOZGHCTBUS, TO eCTECTBEHHO CWMTaTh, YTO Mepa A9,
TAKOBA, 9TO ;

Jde, eap i flx ] t)g e f =
= expf-F e [0 D ey 1150,
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[IpuBeneM IaA HPOCTOTH BHpaxeHye 1A Qyuxmm I'para (2.3-4) B
npucnmkeruy Baoxa - Hopaceka, T.e. B ciydYae, KOTNA MATDHIM J/« f“
CUHTANTCA TOCTOAHHHME BEKTODAMA:

2 2
J;«‘_’a/"*)fc\—*d; L) 1‘//«’:/,?);:/.

Qdwmit cryyal XeYeCTBEHHO He MeHAeT OCHOBHOIY BHBOJA /7 . Vimeem

?KD} =0/J3@X/02f—[m—fa)s+g(;}r;ng/}m//ﬂéz-(//-{//{z_e)

Orcoaa clenyeT, uTO nopeleHwe $yHKpmM 'puHa KBApRA CYMECTBEHHO 3aBHCHET
OT KAMGpPOBK®. IIpH 3+d <0 ona nenas B / #) -IIocKoCTH, a
apn 3+ > O wuurerpan He onpemeseH. A OPOMIBONLHNX KAJHGDOBOK

3TOT MHTEIDAT MORHO ONpeNeJRTH CISIYDMMM 05pa3oM. BmereM =
——-(3+c()>0 ¥ OpoxsBegzeM zameHy S =7 VS + TOTHA

G‘(P) pz‘&rﬁ;——/_ﬁ—z‘+é§~‘[’/ﬂ ZJ//%)z'z)

Jra JiyHKIMA UeJad MDY [TPOM3BOJNBHEX KAIMOPOBKAX, XOTH DKM CY < O
OH& CTAHOBATCA KOMILIEKCHOZ IpM TeX 3HAYEeHMAX MMIYJbca, OPH KOTODHX OHA
HONXHA CHTH BemecTBEHHOH.

TagEM 0Gpa3oM, MH BHIMM, YTO XOTH  ¢yHRIEA ['pHHA KBApKA MOXET
OHTE cHejiaHa Lejoft, A TeM caMuM odeclledeH KOHPAKHMEHT OTHENHHOTO KBap-~

Ka, ABHAA 3aBACHMOCTh GyHKIME IpEHA (2.6) OT KIAGDOBRA 3ACTABIA-
eT OTHECTHCH K 3TOMy DO3YNBTATY C GONBIMM COMHEHHEM.
3. Baxyym B KXI[

B padorax MartaHAHa K Camm/ 8/ OHIO TMOKASAHO, WIO WIACCHYECKREES
NMOCTOAHHNe TOAA fIHra - Murca, DPABEeHCTBO HYM0 KOTODHX OMpeReJAST Ham-
MeHblee, A BAKYYMHOE, COCTOAHEE CHCTEMH, HeyCTOHUMBH OTHOOMTEJBHO
KBaHTOBHX Quryrryaumit. Oras’anock, IT0 B MOCTOAHROM XDOMOMAIHMTHOM mNoJe
H SHOPIMA BAKYYMR, BHUMCIEHHA B ONHOUETJEBOM [PACIHXOHAN METO-
nou sdfexrEBHOTO NOTeMIWANa, DABHA
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2
“n (3.}

T1e A —~ YHOBJIETBOPHTENEHOS odgeamme. 3zecs E — BHEDPI'MA BAKYYMA
B OTCYTCTEME BHelIHero mond, /7 /2 ABIASTCA maccnqecxon sHepraet
MATHHTHOYO NMOJA, & CJAeLyniiee cIATAEMOP ONpONeNdeTCA KBAHTOBHME

fryrRTyampmer. MnmMyM E/., OCYHECTBIASTCA TPH

= A° 2t 1
f#m“ A Wﬁ{—#‘jf (3.2)

B paBex

- 7 1 2~
= £ NI oxpf- T2 -//? (3.3)
e / N ¥ /7 /7;/ : '
OTHOCHTEJBRO MONYYeHHOTO peayJnTaTa CHeJlaeM CIefyuuHe 3aMeYaHHq.
Bo-nepBux, yALTpafHONETOBOE OOpe3aHHe, HECOMHEHHO, HapymaeT KAIHMGpPOBOY-
HYD KOBADHARHTHOCTE TeOpHW, MOSTOMy K fopMysneMm ¢ RBHOR 34BECHMOCTLD
or A HANO OTHOCHTECA C GONBIOZ OCTODOXHOCTED. Bo~BTOPHX, HOJNOXSHHE
MEHMMyMA ABHO BHXONAT 38 DAMKE IDAMEHAMOCTH HOMOALSYeMOTO METoNA
apdeRTHEHOIO NOTeHIRANA. [I0BTOMY NONYYEHHHR Pe3yALTAT CJIGAYST pac—
CMATDHBATH KaK CYrydo mpe eJTbHHH .
3aTeM OHAO0 HORASAHO » TTO BAKyyM MaTZHAHE - CaBREAM HecTadm-
JeH B QOJIKHO CYMECTBOBATE COCTOAHMS ¢ MeHEueR sHeprmeft, uem (3.3).
Gne:w?nnp mar B EcorenosaHmu bakyyma HXI owl cmenak B padorax
[IpenapaTH . Dir McmonesoBaH BapHAI@OHHHE MeTOX OLEHRE 3HepIma
OCHOBHOIO COCTOAHEA B KBAHTOBOIIONEBOM IpencTaBreHzn [pemmirepa
ravaipronmana K. KpaTro ommuweM cxeMy BHIMcaeHER. IaMaIpTOHEAH TOJIA
Adra - MAAICE SAaMCHPAETCA B d)opue

H = ﬂ"‘{ 2 55 1@)5y, @) (*)5 @) + (5 (*))/}
B)=cpfodr+ £ Phfaie)],
Ar(z) =4 &)+ 1 ).

Ine
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arecs 4, (%) - uoxesan mepememnas, a 7/,( (X) -sHemsee xpo-
MOMATHHTHO® [0V, KOTOpO® BHOEPReTOA B HEXe

7{:@7 = JOBOCZ H x5 - ‘ (3.4)

OmeHUBAGTCA SHEPIHA OCHOBHOIO COCTOSHHA BADHAIMOHHHM MOTONOM:

_ LYIKIT>
£ <L = S s

rne $YHRUEOHAN OCHOBHOTO COCTOSHEA BuOHEpaeTcA B fopme
(g 1B B,
v=hlep - 4=ty @06 E7)p ().

/—' [ 7] - IIOJEHOM OT 7 , JopranpHo obecnedEBANUME KAJIACDPOBOY-
HYD UHBaPRAHTHOCTE TOODPHE H ocﬂomme NepeHOPMADOBKA. BapEalMoHHHe

napaMeTpH BBOSATCA B PyHKIEN MES % ).
B pesyJieTaTe BHIACHEHHH /1 / T SHOPTWE BAKYYMA LONY46HO BHpa-

AeHne Hz 2/-{2/’ 2
EM':E;—J-_———— i_.z__%_A_.ﬂ

g “&r gt - (3.5)

= b nnempf-2E g

2 2
gHo= Noenpf- 22°_ 1]
7(4? 2
Taxmu o0pa3oOM, BADHALMOHHAA OUPKKA IlpemapaTH yaydmaeT OUSHKY MarTmHiI-
Ha - CaBBEIM.

Kax#te BHBORH c/lefypT ®3 BCETO BHWECKA3AHHOTO? IMasHHE BHBOX
COCTOMT B TOM, 9YTO, N0 Beeft BumMMOCTE, BAKyyM KXJ mpencramifger Co-—
Goft cpeny, B ROTOpoft OTMIHYHO OT HYJAA XDOMOMATHATHOE NOJe, TaK UTO
YACTHIH C LBETOBHM 3apANOM, T.8. RBADKH H DIIDOHH,He MOTYT CYmMecTBOBATH
Kag cBOCOTHHe 4ACTAIH B Taxoit cpeme. TaxuM odpasoM, Mo Kpaitel mepe
KAYeCTBEHHO NAHO OOBACHEHWe MexaHusma KoHfaibnsHTa.

UTO ABNAETOA HEYMOBIETBOPHTENHHHM B HANOXSHHOH K2PTEHET Bo-mep-
BHX, KaK yxe TOBODWIOCH BHNe, yisrpafmoneroBoe ofpesaHHe RapymaeT Ka-
JIAGPOBOYHYD CHMMeTDHN TOODMH, IPYTHMA CJAOBAMH, OCpesalHe He ARIASTCHA
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PEHOPMEHBADHAHTHHM. BO-BTODHX, BAKyYMHOe XDOMOMATHWTHOe moje (3.4)
AMeeT BHAENOHHOE HalpamIeHue B [BETOBOM B KOHJHIYPALMOHHOM IIDOCTDAHCT-
BAX, YTO HADYMART KAK KATECPOBOUHYD, Tak M JOPEHUEBCKYD EHBADHAHTHOCTD
TEopHH .,

MloaToMy HDOCTDOGHRE KAIROPOROYHO-M JODEHL-KHBADMAHTHOTO BaKyyMa
KX]| annaeTca eme HepemeHHol zamaueit.

4. Mogear BaanvonefcTBYNMET0 SNERTPOMATHUTHOTO IO

NlpoBefoHHNe B NPEINLYMEM pasfeje BHKIALKY NTOKA3aJW, YTO HpPH JIo~
doft BesIMHe OBA3R nodell Axra - Manoca Bakyym KXJI ocyuiecTRIASTCA NpH
OTIMYHOM OT HYJA IIOCTOAHHOM XPOMOMATHHTHOM IIONI6. JTO KAXeTCA CTpaH-
HHM, NMOCHONLKY HECOMHOHNO, YTO Ha MAJHX DACCTOSMISIX KBApKE ¥ IVTIOOHH
ARIAKTCA CBOCONHHMM YACTHELUAMA, T.2. HHKSKOTO OTJIAYHOTO OT HyAd 1MOC—
TOAHHOTO NOJA He MONeT OHTh. KagercA Covee ecrecrBeHHol crexynmas
KapTHHA, Ha MAIHX DAcCCTOAHMAX, T.6. NP MAJHX XOHCTAHTAX CBA3H ’
Baryym KXI ~oOuunuii goxoBcKES BaryyM, JuCHe OT/AE4YHHE OT HYJAA IOJA OT-
CYTCTBYDT. Ha SoNBIMX DACCTOAHMAX, T.8. HpE COJEIMX , BakyyMm
KX, T.6. HauHmamee B2HEPIETHYECKOS COCTOANHE, OCYWECTRIACTCA DA
OTIMYHOM OT HYJA XPOMOMATHHTHOM INoJe, odecHedupaimeM KoHpalHMeHT 4Yac-
THEI ¢ I[BETOBHM 3apANOM. MH IOKA He B COCTOSHMM IPOBEDHTH 3TY UIeR B
KXI, nosToMy npexnaraeM Mozens KSll, I'ie 578 CHTyallsg MMEET MeCTO.

[lyCcTh SMEKTDOMATHATHOS DONE ONMMCHEASTCA JAIDaHEMAHOM

L:ﬂzfl//[‘;llg ZFJ/:f fvs ﬁ ) (4.1)

Txe L;V:%.AV—)VA

A - KOHCTEHTA CBASK 4eTHPeX(OTOHHOTO I'pANReHTHO-MHBAPHAHTHOTO
HeJmHe#HOTO BaamMoneicTaua JOTOHHOIO MOJA.

BeenenHoe B3auMOXeRcTERE ABAASTCA HelepPeHODMEDYEMHM, TO3TOMY
dyleM pAcCMATPHMBATEL HEJOKANEHHI BA&DHAHT TEODME. B HaHHOM GIyyae HeNo-
KAnBHOCTh MONET OHTE BBeIeHa e3 HapylieHus KeomMOpoBouHOR MHBapHaHTHOC-
TH. BylleM CYMTaTh, 4TO NpONATATOP TEH30PR HANPARKEHHOCTH v LMeer
BHI B eBRAMAOBOH# MeTpmxe

‘Dlw.(/: (D(—a) = (T(ﬁ)()‘}é(;;l/&))>:

~fxy)
die Y0 7 . - o
(z;r')(‘r‘ K2 (r‘ < /\/"K"‘é/:/’ /g“}%;“j"ﬂ/“}% %Ji ]
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TIe V(K 2} - fopMfaKTOp, KOTODHR IIA OMpeNeNEHHOCTH BHOepeM B BRAe
2

~ 2 2 2
V)= (Re)~| Eli-or( )]

3fech A - [MapaMeTp, XapaRTepH3yumult ofM1acTh HEJIORATHLHOTO B3auMonei-
CTEAA.

Momfurampa npomararopa (4.2) COOTBETCTBYET TAKOMY BBOACHHD He-
JIOKATBHOCTH BO B3auMogedcTBHe, KOS TeH30D 5\, "pasMasHBaeTcs”
COTJIACHO

£l Foule)= iy Klecy) £,

(4.3)

TEe
, ';{ ~ 2 —)'k&‘/
Kley)= 2% Klye 7

CremeHp yOHWBRHMA NpONaraTopa B $ERINAOBOH MeTpuKe mpE K~ 2—> o=
BHOpaHa TAKEM O0pa3oM, YTOOH DACCMATPHBAEMAR MOIeN: SHIa CYymephepe-
HOpMEDYeMOft TionodHO 902' . B 3ToM ciyuse nBe eEMHCTBEHHHE pac-
XOZAMOCTH TEO[EA MOTYT CHTER YCTPaHeHH BHOODOM B3auMomefCTEHA B HOP-
mateHo#t fopme des HapymeHms TPANWMEHTHOR MHBAPHMAHTHOCTH, ITO COOT-
BETCTBYeT BBONEHED KOHTPWIEHS NMepeHODMEDOBKE BONHOBOM (yHRIEE MOA

v M ROHTpYIEeHZ NepeHODMADOBKH SHEpPI'MM BAKyyMA B IeDBOM Mo-
pAnKe mo /:, . Jpyrax pacxommMocTelt B TeOpHM BO3MymeHER HeT.

TakuM o6pasoM, MOREN: 3amaHa, B KARNOM MOPANRE TEODHH BOIMY-
meHnt oHA ROHeYHA, YHETS&DHA M TDAIMeHTHO-BHBADHAHTHA, OmPHHM Teleph
SHeDTHMO BAKYyM2 BHe DaMOK TeOpMM BOSMYMEHME; HMsem

E{H:‘Vé’; 17/4“5;/4), (4.4)

Sy )=t foAeepf- ol £+ gL 4T
xe”f{"éfdoc ; EFZ)},
14



] 9’ 2
RE = Eh Lk 7D ELE 21D,
DA.—_—I,(’Q V(EL)Q/AZ—Q 2)‘

(25)r
TIe A - yaerpadioneropos ofpe3aHHe.
OuexEm ¢yaRimoHanbHNE mHTerpar (4.5) METOIOM, Da3BATHM

B/ 5/. [por3BeneM 2ameHy M6 PeMEHHHX HHTeIPHDOBAHMUA:
A=A+ B L), £ )= Lotx)+ B

3necs B [I)=—él~f B\/‘I‘V . B/“,:— g¢f=wn5f - TIone
¢ TMOCTOHON HANPARGHHOCTHI, ij =& M By =&,
rne H 2 £ - HOCTOH?H?B hiiovi;

BapmaimoHHaA OIBHKA 5 IaeT

. 3 ‘ 7 » y
£, = e f2Ul]7" 8.8+ (% 5 ?41775,2,,1‘27/1@%

(4.9)

Ry [({;/72//7/‘,7/_ 209

7+p(«1 ]’
A= G Ve S1

7 =2 52 ¢ nl w2 2 > 2 [2
TB/A\/qu\I:H-‘E . %8:2/‘/+£/~4ﬂ/£/,
Heonenopakie DONYYEHHOTO BHPAEGHMA NOKA3HBAET, YTO, BO-Tep-
BHX,- MEHHMYyM OCYMecTRIAeTeA mpm A = £ (HauoMM, YTO MH
padoTgem B ERRIENOBOE MeTpEKe, Tfle BemoCTBEHHOe WJIEKTpWYECKoe OO-
ae £ COOTBOTCTBYET HHCTO MHMMOM HANDAEXEHHOCTH B MOTPHEKS MuH~
KOBCROTO) . BO-BTOpHX, ORA3HBAETCH, YTO

Flo)=-x] O
Gy | E£C), £ >6,
A.6)= _aff 0 SRS (4.7
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drecs SUGC) u ©(6) - pacTymEe moNoXHTeABHNe GyRKIEM, oOwER BEX
ROTODHX H3-38 HEJOCTATKA MeCTa BHIMOHBATH HE GYXeM, MpEBefeM JXIb
PX ACHMITOTEYECKCE NOBeNeHHe npa & —» =2 :

c‘f?)=7€/&5’)2) é/cjs"zgg & [“9 G=0%.,

TaxeM 06pa30M, OULHKY IOKASHBANT, YTO B MOIEJR MMeeTca Pa3oBui
nepexoll. IIDR MANHX KOHCTAHTAX CBASE G < Q COCTOAHME C Ha-
uHmSme SHeDIMe# He CONOPRUT HERAKHX OTVMMHHX OT Hyaa noneft, T.e.
ARIAGTCH OCNIHHM (POKOBCKEM BAKYYMOM, HA KOTODOM CTDOMTCS TEODHR BO3—
Mywern#t, [Ipu COJBIEX KOHCTAHTAX CBASE & > (5. COCTOSHME C HAMHM3-
meft sHepreeft ocymecTBIAETCA NDH HEHYNeBHX MATHHTHO# B adeKTpd-
ygCHO#t HANpAXEHHOCTAX, LPHUEM E=

5. ®epMuoH B moge ¢ NocTogHHO# MATHWTHOR M aieKTpAmYecKod

HAIDAXEHNOCTEY

lloBenesme fepMIOHAE B MOCTOAHHOM MATHETHOM ¥ ?xe PUYOCKOM [O-
JIAX W3YYAN0Ch MHOTUME  aBTOpaME (CM., HanpuMep, ). 3mech MH
OpEBeNieM BHpaxeHHe yiA fyHRMM IpaHa fepMyoHa, Haxonamneroca B IoIe
¢ NOCTOAHHO# HANDAXEHHOCTED. Bce BHpaXeHWA GYAYT SaNKCAHH B €BRIH~
ACBOM TNpocTpaHcTBe. TyHKUEA [pila YRORIETBODPAET YpaBHEHHR)

[z'(ﬁ'—ﬁ)—m]@/‘lﬁj/f‘”:- 5{:7}, (5.1)

3mece A NP +
Polph <55 G F R =24
A :”7/7; g«v"rv ’
3 3 —-
By =S, By=£y .

[lprBeneM pemeHwe ypeBHeHHA (5.I) B EMITYJIBCHOM NPOCTPAHCTBE ia OBYyX

qaax. - —
Coyaatt H=40 , £ =0 . Vueem npr /Vd =J_;/—/

o eopl-8 (-7 H&+2H)] 22 2
@(/D/H) fd MPQ-%«) PSR gﬁﬂ
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ZOQ R.(P/)
h=0 P,.+M +2H(2vn—( Z‘Jﬁg ?
rae Pu PJ+P , P_L P\ .

Syurkmua (5.2) gBageTca nejoh ana.:mmqecxoﬂ no mepeMeHHoi Pl .
370 O3HaYAeT, uTO PepMHOH He momeT YUTH Ha GeCKOHEYHOCTHL B IUIOCKOCTH
( x4 , Xz ), TAR KaK OH HAXOIMTCA B MOCTOAHHOM MATHWTHOM [OJIE ¥
NBAXATCA N0 KPYTOBHM OpOHMTaM. Jpyrame cioBamm, B rmocxoc'm ('x,, X, }
ocymecTRIAeTCA KoH(aldHMeRT depmHoHa, Ilo nepemeHHOR P‘, GyHrima
I'pmua (5.2) mMeeT NoMIMCA B TOYKAX

_szwa+2ﬂ(?n+{)i H (a=012 ).

(5.2)

(5.3)

3TE COCTOSHRA, KAaK MaBeCTHO / H/, ABIANTCA COGCTBEHHNMY 3HATCHMAMK
SHEPTHN 3apAEEHHOTO (PepMEOHA, HAXONANETOCSd B MOCTOAHHOM MATHUTHOM
none. Hpyrum oIoBAMA, BROJAL OCE 3 (epMEOH IBHXETCH Kak JacTulla ¢
maccoft (5.3).

Cryuaft H E =4~ () . Fme pa3 3aMeTUM, UTO B aJNeKTPOIKHAMUKE
Taxkoe pABEHCTBO ARIASTCA HeM3IWZeCKIMM, HOCKOILKY DTO DABEHCTBO O3HA-
ugeT, YTO HANDAXSHHOCTE JIEKTPHEECKOTO NOJA B IPOCTPaHCTBe MHHKOBCKO-
TO ARNAETCHA YHCTO Mmmon. Hmeem

S ex S(EZ-?SJE+2H)J
Elpl)~ 5"’ ”[ e X

< expf- L W’ 2Hs — oi‘e’éﬂj]}

ora fyHKIMA ABIRETCA LEJHOX B KOMIIEKGHOH /D -ILTOCKOCT®, 4YTO COOT-

BETCTRYeT NONHOMy koHBalHMeHTY GepmHoHA.
Cnenyer oGpaTEThL 0COGOe BHMMAHWE Ha TO, YTO B DacCMaTPUBaEMOM
2

cryuyas fyHxkimA IpeHa 3aBECHT TOJIBKO OT P , T.&., He 3aBHCHT OT
RANPARICHAA BekTopa B KOBJHIYDaIMOHEOM TPOCTDPEHCTBE .
dusEYecKan EHTepIpeTaila KoHpaltumenrTa Takcza. Nycrd fepuuoH ¢
IBeTOBHM SapANOM BIeT4eT B NPOCTPAHCTBO C NOCTOZHFEIMMA 7 y £,
TOTHA HA Hero JeHcTByeT, BO-MepBEX, MATHZTHAR CAN3, He TOIBOLMALAA
deraiony y#TH HA GECKOHEYHOCTE B ILTOCKOCTH, IepIexTIKyAApHON Hanpas-

(5.4)
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Jelmp MarHwrHoro momx M, =, BO-BTOPHX, BIGKTPEIECRAA CRHIA, OC-
TaNARTMBANGAA (epMEOM B HanpaBnemm® £ =AH . Tawmd odpasoM, pac-
CMATpEBAEMOS NONe OCTAHARIHMBAGT JepMHOH, ¥ BCA SHEPIEA NOGA6NHeTO
ROIXKHE AITYITHCA B BEAe JechBeTHHX odnexToB B KXI.

6. SamieRge

MIpoBeneRHOEe OGCYXNECHHe NTOKA3ANO, YTO ONMCAHHEe KBADRA B OGIACTH
roHpalimvenre OeaoR JyHRIMSR B HMIYJIBECHOM IpPOCTPAHCTBE, 1O RpaftHeft
Mepe, He mporwBopedRT KXI B Hpefess CRILHOIO BIAMMONSRCTEEA HA CONB— '
MFX pacCTOAHHAX. JTO O3HAYAET, ITO OCHOBHOe IpennonoxeHme BHM - omm-
caHWe KBapKa B odynacTH KoHfaliMeHTA BHPTOHHHM HOJEM - He TAK yx
Zanexo OT HCTHHH, KAK RAXOTCA HA NepBHEt B3IVIAX.

B mesnoM mpoduemd KX[-paxyyma, koHfaftHMeHTa B SXpPOHE3ALMM
RBADROB €mMé XTYT CBOEIO DEmeRHA.

Jmreparypa
I. Oxynp J.B. Jlerronn ¥ kpapk#. "Hayka", M., I9I.
2. Shifman M.A. et al. MNucl. Phys., 1979, BI47, p. 385,
448, 519,
3. AmnpuaHoB B.A. E Ape C.I3 HacroAmerc CCOpPHEEA.
4. Dubnilkova A.Z. et al. Fortschr. Pnys., I979, 27, p. 403,
Bfmmos I'.B., Hearos M,A. JUAd, I®BI, I2, c. I220.
Dineykhan M. et al. ICTP, IC247,
Miramare-Trieste, 1984.
5. Edmmos T'.B. [Ipodemi KBAHTOBO# TEOPEM HENORAIBLHHX B3aHMONefcTBEH.
"Hayxa", M., I985.
Mandelstam S. Phys. Rev., 1979, D20, p. 3223.
Baker M. et al. Nucl, Phys., I198I, BI86, p., 53I.
Anexcees A.M. B np. TMP, 1982, 52, c.I87.
MrdpaxpacHoe NMomeleHEe B KBAHTOBOZ XpomonmHAMERe. H3m-po
TCRIRCCKOIO YHEBOpCHTOTA, TOwmcHE, I985.
7. EfemoB T.B. OUAH, P2-84-716, Lyosa, I984.
8. Savvidy G.K. Phys. Letters, 1977, B7I, p. I33.
Matinyan 8.G., Savvidy G.K. Nucl. Phys., 1978, BI34, p. 539,

9., Nielsen N.K,, Olesen P, Nucl. Phys., I978, BIJ4, p. 376.

I0. Preparata G, INFN, BA-GT/85-17, BA-GT/85 , Bari-Italy, Igs5.

II.CoxonoB A.A., TepHoB H.M. Pexsrusmcrckuft smekTpoH. "Hayra", M.,
1983,

6

62



MACCH COCTARIAKUMX KBAPKOB, BEKTOPHHX U TICEBIOCKAJNAPHHX
ME30HOB B KBAPKOBOM MOIEW  CBEPXITPOBOJAUETO THIA

M.K. Bojkosm
OCbeIMHeHHNE MHCTHTYT ANEPHHX MconenoBaHmit, LycHa

B o63opax /1.2/ Owna MOXpPoCHO ONUcaHa MOmeJlh ¢ ‘{e'rupéxmapxoaww
BIaMMONEACTBMEM CBEDXIPOBONMAUETO THNA, mmu}a?cx pasBUTHEM MoIesH,
BllePBHe TpezioxelHol Ham0y m Mona - Jlasummo 3 (M. sanme’ 4 ).

Jra MONeNE [O3BOAAOT Ha exuHo} OCHOBe BOCIIDOM3BECTH NpaKTHyeC-
Ki BCE M3BECTHHE paHee (eHOMEHOJOTWYECHHME ME30HHHe JaTpaHRuaHH, HO

CO 3HAUNTENBHO MEHLUMM YMGJIOM TNPOM3BOJABHEX NapaMeTpoB, M ONMCATH HAU-
donee BAaRHHE HEIKODHEDPIETHYeCKMe MPOLECCH ¢ YYACTHEM Me30HOB (pacma-
IH M830HOB, IVIMHH DACCesHMA, PAIMYCH M TONAPN3YeMOCTH M T.TM.). Kpo-
Me TOTO,yARETCA NOVIYUNTH HOPMYJH, ONMACHBAMMME MACCH Me3OHOB. Oco-
GEHHO XOpOWO OIMCHBAKTCH MACCH BEXTOPHHX ¥ NCEBROCKANADHHX ME30HOB,
KOTOpDHE OKA3IMBAKRTCA TECHO CBABAHHHMY IDYT € IPyIoMm B Hame#t momexw.
HetcTBHTENBHO, JUKCHPYH, HanpmMep, MACCY ' —KBapka NO pPA3HOCTU
‘Mace gﬂ— R — Me30HOB ,yIAeTCHA KOBOJIBLHO TQYHO ONPENENHTEH HE TOJIB—
ko MaccH K= ME30HOB, HO M ICEBIOCKALADHMX A -Me30HOB. Kpome To-
To, (UKCADYR no mmpmHe pacnaga ) — 7%  pasHocTh Macc U= W -
KBADKOB ,JIASTCA OMHMCATH DRIHOCTH MAGC A - M A'? — MeaoHos. Jrum
NOCVIENHAM BOHPOCEBM ¥# OYXNeT B OCROBHOM NOCBAmMEH HACToAumE moxmanm.

B o630pe GHIO NpPOJEMOHCTDPORAHO, KAK B pAMKAX HAlelt MOmeny
OMICHBAETCA HM3KOBHEPTETWYECKAN (W3MKa IATH Me3OHHEX HoHeToB { 171,
o-* . £7° , 4** ., {4*'T ). 3necs mu paccmoTpmm

toabko Howetn O * n £L7°7.

KpaTro HAMTOMHMM OCHOBHHE YepTH Mollean. JUiA omMcaHwmR NepBHX 4Ye~
THDPeX HOKe10B NOCTATOYHO paccMoTpeTh 5SPdeRTUBHH{ YeTHDEXKBADKOBHIt
JIaTpaHXRAH CBepXIpOBROJANEI0 THNA, ollanamupi KApSXEHOH! crmmeTpHel c
TOYHOCTEN IO WIGHOB, CONGPEANMX MAGCH TOKOPHX KBADKOB ( 7/\'/ °7):

L13.5) =731 + §749) (7 447 ] -
- &[G A9) " (G A7)
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e 7 =(7, A, ) - IpeTHHe KBADKOBMe MOIA, Af°  -MATDWIA
Macc ToKOBHX KBapkoB, 49 - marpmim Tesi-Manna (0 <8), @1
" &; - MPOM3BOJBHHE KOHCTAHTH, KOTODHE RINAKNT TOJIBKO HA MACCH
MB30HOB, HO HE Ha KOHCTAHTH wx B3awMoIelicTBuit mpyr c IpyroM.

Caemywuwil sram CBA3aH ¢ BBEIEHWEM ME3OHHHX modelf KaK COCTABHHX
KBapK~aHTUKBAPKOBHX cocrogimit, IIpy BToM BOBHRMEAeT MHTepecHHHA sf-
¢eKT, cBASaHHHE ¢ NepecTpoliikoil BaKyyMa B CWIY CNOHTAHHOTO HApYLeHNA
KMpanbHO# cuMMeTpumit. [loABNAETCA KBADKOBHU KOHZIeHcaT, BOIONCTHES e~
TO Jerkme TOKOBHE KBapKy, NPRCYTCTBYMUME B JarpansuaHe (I), samensmor-
cA GoJee Ts/OKEJIHMM COCTARIANOVMI KBapxami. JIofmieHWe KBapKOBOIO KOH-
IeHcaTa OYeHbL HaNOMVHAET BO3ZHUKHOBEHNE SHepreTHUecKOl meas B CBEpX-
TMPOBOINNKE ITPM HU3KMX TemiIepaTrypax - KT CBepPXTPOBOIMMOCTH /
Takad aHANOTMA OWA& BIEPBHE OTMeYeHa B 7 ?

HakoHell, NocaenHmit Tal CBA3aH C YCTPaHeHMeM HeHadJonaeMuxX Keap—
KOBHX mmoJeft, KOTOpHEe 3aKTHYaTCA B KBAPDKOBHE MeTJM, OIMCHBAaWIUe (eHOo-
MeHONOTMYeCK!e ME3CHHHE BepUHH., PacXoIAIMecA KBADKOBHE NeTVIW DEIyii-
pU3yLTCA ofpe3akumM mapameTpoM ], XaparTepuayommM pasmep abdeKrTiB-
HOt odiacTn Ieftcraus 57 —CHI. B pesynrrare NOMy4aRTCA HeHOMEHO—
JOTMYeCcKie JaTpaHivaHH, OIMCHBAKIMe B3auMmomeldicTeme 36 COPTOB Me30-
HOB (4 HOHETa) C MUHYMAJILHHM YKCJIOM NPOM3BOJIBHHX NAapaMeTpoB. A
OTMCAHNA BCeX KOHCTAHT CBA3M ME30HOB LOCTATOUHO TpPeX NapaMeTpoB: Macce
COCTABNANIMY KBAPROB ¥, = /¥ s U 7 ¥ mapaMerpa oGpeaa-
wig /| . Jina omcanus Macc ME30HOB cieNyeT ydyecTh eme NapaMeTpH
n oG, .

Pacxorammecs KBapkoBHe NETJN BCTPeYapTcHA TOJNBKO IBYX THUIOB:
;ceanpa'rnmo-pacxommecn [ /m)u JorapuMiue cKr-pACKXOLMMECH ] /,, ,,,.),

j ()= &‘ﬁ) AR ki) /;1 fﬁ,/f,%_z)]

(PEx7) /ﬁ/‘)’
Whener) 2 2
[/m ”’) m)" (w2 }x7) _(9;}2”( Lt [ﬂ 4’/1’/’!‘ - ’f’ﬁ*ml)]
anBHC‘ BXOIAT B orrpene.nemae Mace IICGB.I[OCK&JIHPHHJC MGSOHOB, BTOpHe
oIpenesiaT K&K MACCH Me30HOB, TaK M WX KOHCTAHTH B3aMMOIEeHCTBIA .
[locre sTHX o6umMX 3ameusHuit mepelftleM K ONpeneseHd MapaMeTpoB
MOIeJI¥ ¥ K ToVeXNykileMy ONMCAaHMi MacC BEKTOPHHX ¥ NCEBIOCKAIADHHEX

MB30HOB.
MIncze BBENEHMA ME3IOHHHX nosell BlaumoneldCTBYA Me30HOB C KBapKamm

OMUMCHBAKTCA JATDAHRAAHOM

//»ﬂ/?%ﬂﬁf/"‘j'/ﬂ7‘f[2~i"&’?%ﬁ'iﬁ/ﬁﬁjﬁ% (3)




TIe a o

i o 7/ 7 a /M MY

SUP) <A, (B), VIA) = d"V(AL) 8,7V, 4 -

MONA CKANAPHNX, TCEBIOCKANADINX, BEKTODHUX ¥ AKCHANLHO-BEKTODPHHX

MB3OHOB COOTBETCTBEHHO, M -MATDHIA MACG COCTARIAINNX KBAPKOB.
Boe KOHCTGHTH CBA3Y  ~ 2 g/, " — BHPaXanTCA ue-

pes OOUH W TOT Ke JOorapmiMAuecKY-pacxonmumfics mHTerpan /. /m B }

C pas’mrHaMI YMoHoBHMM kobRfduImeHTaMu . B pesyJmTaTe MX Mom{o CBfi—
3aTh JPYT' ¢ KPYTOM ¥ BHDRIUTH Yepe3 ONHY KOHCTAHTY, HanpUMep KOH~

CTaHTy pacnana fJ_,. 2% Fr (g-ﬁ//h‘zg):

2_ B g2 - 2
Fr = T T om, ) €2 =622, . )

3aMeTuM, 4TO pacrar _P—»,QS#\' uneT Takxe 4vepe3s norapmwmqecxw pac~-
XoIAuylocA KBapKOBYR NeTio. Kos@m.%em Z mepexn (%o BO3HHMK 33
cuer yiera ¥ «—> 4/, mepexonoB -MMoHK, A, - ak-
CHATBHO-BEKTODHHE ME30HH) &

Z /I-ﬁ”"), (5)

Yro0H HallT® Maccy COCTARIANUWETO KBapxka 7 4+ TIDUBIEYEM ewé onuH
pacnan: )y\ - /)4;/ . OTOT paciam IPUBOINT K BOIHUKHOBEHHK TOXIECTBA

Tonndeprepa - Tpe#mana:

:my
Fr //}’ (6)

TIe /-—' @ = 93 MoB - koHCTAHTa MMOHHOTO pacnaza. Wa gopmyr (4-6)
QIeyeT ypaBHeHWE Ha MAcCCY m

()T,

OTKYyNa moxydaem /%, = 280 MeB. [lomcrapnad B (4) BupaxeHMe LA
wHTeTpata /7 {cM. (2)) M WMoienHoe 3HaueHMe g/ » TOMyYaeM
omenky g A~ : A = I250 MaB.

Nepefinem Tenepsr X OIMCAHMKW MACC BEKTODHHX ¥ NCEBICCHANADHLX
ME30HOB. /llyl MACGC BEKTODHHX ME3IOHOB B MOMENH NONYYaRTCA Caemypuye
dopmys

2, S gt ot L)

= = M, = =
P = g Timyma) * P Ll )
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2 ¢ Ly ma) 3 2
wmo . o=m _3___£:__“—+:2—(mx,m”)

A ’ ]‘?—/m")mf")

Ec KCMOJB30BATEL DKCNE DUMEHTANBHOE 3HAYGHME VA OTHOWEHMA MACC M7,
n M » TO M3 BTODOTO ypaBHeHmA (8) MOMHO OMpENEMTEL MACCY CTpaH-
HOTO KBADKAa mr,, = 480 MsB. Torzma nmociaemHee cooTHoweHme (8) mos3-
BOJNAET BHYMGIMTE MACCY A/* -MesoHa: M. = 900 MeB, uro oxasu-
BAETCA OIU3KMM K BKCIEDUMEHTANBHOMY 3HAUYCHMB: M7 : 4c/. — 892 MoB.
I OLEHKW pasHOCTY Mace = u a - KBADKOB MOXHO WCIOIB30—
BaTh UIMpHMHY paclaga &> £% . 3TOT pacnam MueT B OCHOBHOM 3a CYET
mepexoxa 42 B P  €epe3 KBADKOBHe Me™m ¢ - B A - weap-
Kam#, TPHYEM MeTJA ¢ 4( = KBADKAMK BHUYMTAOTCA U3 IETI C a/—
kBapramt (cwm. prc, I (a,d)). Ecm 6 MacoH i{~ W o — RBADKOB Gu-
J¥ DABHH , TO 3T¥ MEeTJM COKpATWIMCH GH ¥ BKAAN B ULMPWHY pacnana
w - 2%  oCTa’cA TONBKO OT TDeThelt ymarpammd, OMMCHBammed ATok—
TpoMaTHWTHHE mepexon &/ B /J (puc. IB). Ho 9TOT BRNAL CJFIKOM
Man A OGTACHEHUA MOVHOM mMpwHH pacnama 4/ — 7% , pasualt 139 ksB,

—»—<>—— —9—0—(-}-%

(8)

N
J g v
Prc. I
TloaTOMy onpene.z?om ABAAETCA BKIAN B AMIUIMTYAY OT MEPBHX ABYX ImMar-
pamM, DpaBHHH 2
2 z
Z T //7? . (9
(m My i,/ ) “

YTOGH NOTYyMHTH NPABWIBHYD nmpm{y pacna,ua &> 2%, crexyer momo-

xate A,y - M, = 4 NeB.
[lepeftnem Tenepr K OLEHKE MACC NCEBIOCKALADHHX ME30HOB. Bce Mac—

CH BHpaxamTes depe3 ({yHRIDmM (’J , VMEmmme BT

/—/g f/fﬂ)///’?)]/[/, ,

2
=40t C,,), M=, +E0mn,-
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z _ 2 2 _ 4
m//" (,”//:' +'g/”?s'_mo/); Ml’i “fu;r*f(m,s"mtf);

m/?) z[w ,r,s'”/ \/;/""‘W/ )2 y/" ,,,/}]ID)

B nocnenneft fopMyne wieH d = § 105 M332 00HA3aH CBOMM [POAGCXOX-—
TeHUeM yueTy ITVIROHHHX aHoMammit 7,8 . Hononeays Maccy % 2mesona,
MOXHO 3afEECEDOBATE BENAVIHY @; 4,9 . I0™ -6 MsB . Torma mis
OCT&IBHHX ME30HOB NONydaeM 3HATEHHA

M,y = 493 MoB, M= 497 M3B, (1D)

M, = 520 MsB, /70, = 1000 MB, 4 =-1°,

qT0 H?X?ID[TO.FI B YROB:eTBOPUMTEJABHOM COIVTACHM C 3RCIOPAMEHTAIEHHME HAH-
HEME

/4 = 493,7 MeB, 7, = 497,7 MsB, (12)
m, = 549 MaB, m,, = 960 MsB, & = -IB.
31[805 & - 8T0 YIOa CHHIVIET —-OKTETHOIC CMPIMBAHWMA 3Ta~MO30HOB.

B 3ARIDYGHNE JKARGM, YTO MOZEJH NIOIBOIAST BWUNGINTS M OTHONEHHE
KOHOTAHT A, R A , OTMCHBAMEX pacnam ', mv/ m G - mJ:

/” 2 L, s ) _
/ / L0m, m,,) =01 11)". (13)

310 XOpOWO COTVTACYeTCA C 3KCHOPAMOHTATHLHNME IAHHHME / 9%,

[5/4_)3%’.':7 t 0,01 ).
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MINIMAL QUANTIZATION OF GAUGE THEORIES

N. Ilieva, V. Pervushin
Joint Institute for Nuclear Research, Dubna

A1 gauge-theory quantizetion methods need their motivation in
the framework of the canonical Hamiltonian quantization. But the ce-
nonicel quantigzetion itself is faced with some well-known difficul-
ties: the loss of the manifest relativistic covariance end problems
connected with the singularities of ihe gauge~theory lagrangians.

In the present paper we shall shcw how the difficulties of the
canonical procedure can be avoided. This is nossible in the minimal
version of the canonical quentization propcsed by ua/1/ that conser-
ves at each step relativiastic and gauge invariances.

THE MINIMAL QUANTIZATION METHQD

Our minimal quantization method cen be schematically described
as a 3-atep procedure:

i) The main feature of the method is that the constraint equa~-
tions are solved explicitly before quantization and the initial ac-
tion fﬁ[ A , W] is written on their solutions

534,50 B A=A A, 0] =, 5= S[AIAV] A Y]

il) The second step conaists in constructing nonlocal variables

that are natural for the theory under congideration
N
1

Ai(h)= v (ap(A+2)07'(4)) W (4, 0) - 5t).0r)

They are natural because the metrix d'(A() is determined by the ex-
plicit solution of the constraint too and ensures poth iransversality
of nonlocal varisbles (1) (3A;¥= 0) and their invariance under geu-
ge transformatione of the initiel fields

A;N(A;,) : A;”(Aj)
WEAR w2) = (4 ),
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where
ALQ:#(A; +?;)2-4, L})a:?w s 366’

G being the gauge group of the theory. So, we are left with only
physical degrees of freedom and are ready to quantize the theory.

iii) The third peculiarity of our approach is the usage of the
gauge-invariant (Belinfante) tensor for constructing conserved quan-

tities as H ’ PF ’ M,;j. etc,

To illustrate the method proposed let us consider as an example
QED oI

3 .
4 - .
5:5(; 1[‘%’:/.4.1’:”'4.({}(1!"7#-”,)?} ) V,u= a/‘ "'1914/;,
Following our 3-point prescription, we get

i) the explicit solution of the constraint eqﬁation

83/5/40 =0 = a‘iz"‘a = 0 0pA; + eJ"’
A. = -gz_ (3; a,,A; f'eJo);
i1) the matrix O (A {) obtained with the help of this solution:

o0 pf el g A e e e f ¥

Matrix (2) transforms under gaug iransformations of the fields A;
as

v (A;#)= 0(45)9"- »
Thusa, our nonlocal variables are
Vol 2. 8 VA < 8 A
Al (84~ 23 0)) A = B A
N %:ft{-iegz 3;4,‘} .

Their transversality and invariance under gauge transformations of
the initial fields Ai can easily be checked (using eg.(3 )).

(4)

We have to impose nonlocal commutation relations on our nonlocal
‘ variables (4):
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(BT 0,47 (@ 0]- 5, 8 (2-5)-
These relations together with the Belinfante tensor
T}A;b = F/u )F;\v -;/n;ac + 1. WJ/, Duq}-‘-
+% 3"{@ [3‘1 [j,\ ,}’v,u’/u id ﬁgﬁv - [v‘?,\/.,]‘f’}

T wT
lead us to the following transformation laws for the fields /4,: , v
under Lorentz transformation with parameters &g

(inT: '{Ek [Mok,A;’] = 5L°A;r + a|A
5WT: 4‘&1[M0k, q}T]= a—l.o ¢T - e/ Y.

°
Here 81. is the usual Lorentz tranaformation and the additional gauge

transformation A:(ék/a‘:")(aoAI-ak A;)provides a correlation between
the time axis rotations end the nonlocal field ones amo that these fi-
elds (4) become transverse again in the new Lorentz frame (ﬂ =

= /ua 4 5},08}: . Now the fact that the choice of nonlocal variables
does not correspond to any gauge fixing becomes transparent; for ins-
tance, the gauge condition depends on the Lorentz frame we quantize
in end has the form

a/*“’u/,w L0 Y sk il

?

Thus, the gauge freedom is replaced by an algebraic one: the
choice of the time axis in the frame we use for quantization. All
scattering amplitudes on the mass shell do not depend on this choice
except the residue of the fermion Green function. The time-axls choice
has to be physically motivated: it has to ensure the consistent move-
ment of the particle itself and its Coulomb field /4,': ,4 Z/' For
thia purpose the requirement for colinearity of vectora /0/, and —é,
is sufficient. Such a choice leads to & regularized Green function
with correct analytical properties

bine (p-m)Bylp) <1
/’9“1
that is manifestly Lorentz-covariant/2/ .
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Gu(p) = G (p) + Cu(p) Zelp)Ge (p) + 0(44)
597 5% [ (225 2 (pon)s (5 of B2 1
e e - ]}

4
(here A= b b7 ‘fE + /f. , € is a dimensional regularization para-

meter).

THEORIES WITH ANOMALIES: CHIRAL QED1 +1

The relativistic-covariant result for the fermion Green function
in QEd,,, convinces us in the fruitfulness of the minimel canonicel
quantizatione So_let us apply it for considering some other problems
in gauge theories whose solution tentatively depends on the gauge
choice, for exsmple, quantization of theories with anomalies. We shall
regtrict ourselves to the chiral Schwinger model which has recently
been largely discussed in the literature/3/

,8-—7/”#*"“%[/* ¥, )
V/_‘:‘a}“l‘ .A/_(
s -V, (fsh=- %)

Here only left-handed fermions are present both in kinetic and inte-
raction terms. We can rewrite (5) in terms of light-cone variables

L= % (na-2a0 + W (ig4er). o

wherd 2 4+ = Vp :V, . So, all left-handed fermions end their
Coulomb field move along the axis Xy and it is natural to choose it
as & time axis,

Then, the constraint equation is

S : - e,
%A =0 0%133/44: 3_‘3_‘_)4_-'-94, , J_~:\“P¢. '/

+
Hence, the matrix " (A_) and the nonlocal variables have the form
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Xy

F(A)= exp {—«‘eSA:b; J; a_a,,A_j = o/x,/u{- fe 3{ A_j

AY(R)=0 (A) (A+ $0)07(A)- L4 w0

G4, @) - ety )-ie 5{:,43 G

In terms of these variables ILagrangian (6) cen be rewritten as
R + 2 4. 2

LLAS W] 0 0,00 - & (0w)
This expression coincides with the one in the gauge A_: 0, but coin-

cidence is only formal because of the completely different content of
the variables in both cases,

(1)

Quentization of the model in terms of nonlocal variables (7)
ledds to & unique result for the bosonic mass spectrum

(u-m‘)‘-P(x)zo , 0= ?,0.

where m= Q/G is the Schwinger mass and the relation between ‘P(:n:)
and fermion current L (x) is

PP R -
2 ) R ).
{zr

We would like to emphasize the absence of additional massless
gcalar mode in the spectrum. The reason is that we consider variables
(7) as basic ones for the quantigzation procedure, Instead, if we ha-
ve quantized the model in its initial version (6), in the effective
action there would appear an additional kinetic term for the scalar
field W= @ B_"‘A_ /ﬁr" « This is caused by the noninvariance of the
fermlonic measure in the functionsal

Z‘F{f’,y)]: S%Qm @,H{S +{Sd’x(7lk + ifiq)} @)
under transormations (7)
Wk > W Wl fiS0] | 8,0 4 (8 9,08 0.

Of course, additional exponential factors would have to be included
into the effective sources in (8) which would change the fermion Green
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TOPOLOGICALLY NONTRIYIAL THEORIES: THE SCHWINGER MODEL

Analysis of the fermion Green function in topologically nontri-
vial gauge theories in the context of the confinement problem is the
third example of application of the minimel cononical quantization we
are golng to congider, Keeping in mind the relativistically covariant
result we have obtained in QED3+I . s let us turn to the two-dimensi-
onal version of this theory - the ordinary Schwinger model

h(x) =g Eus FP° + 18- (Bu-ieA)¥ -

As hes been shown in the seventies by Kogut, Susskind, Wilson/4/, the
linearly rising potential between quarks in this model provides the
quark confinement (the absence of poles of the quark Green function).
So, the well-known Wilson criterion was formulated. However, a naive
quantization of @EDy,7  (in complete analogy with QED3+I ) in our
minimel scheme leads us jJust to the opposite result:

G() = afof- ir[Am(x)-a, (1)) G (=), (9)

G,(::) +By(x) +4A,,(x) being the Green functions of & free massless
fermion, messless and massive scalars respectively. In the momentum
gpace the asymptotice of function (9) has the form
G(P)’U—Lr—s,,, G(p) — A~
pe (P4t preo P
So, the probability to find a particle with quark quantum numbers is

not equal to zero : & -.oAG(P) # 0 and it comes out that Wilson
criterion is not a criterion for confinement.

-

Nevertheless, quarks are confined in QEDI+I but the reason 1ls
the nontrivial topology of the gauge~field configuration space. To
motivate this statement, let us consider the constraint equation
3 A= A, +e 4, more precisely. It 1s easily seen that ita
solution is determined up to the zero-modes of the operator £z~2 H

A,=§'-a(a,a,,4.+e4'o)+c, . 3'G=o0 -

Taking G (X) 1n the form Qe A(X) /&, we are faced with the
problem of solving the equations
a‘l BDA=O ) a,”A':O
with appropriate boundary conditions. As has been shown in peper /@/ N
in the finite-volume space-time there exist nontriviml smooth solu-
tions of theme equations in the class of exponential factors ;} =
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= &Lfb iq‘ )(L)j that can explicitly be constructed
)(x;lN(u)):lﬁ“N(xc)% s ~£ 5115%.

The funetion NV (J—o) has integer boundary values: A/ (i T/.() =hy; by
being con.nected with the Pontryagin index V

\)“‘-— Sdlojdx, &/M,F’d—".,, ~
-~V

hy = ,?W'S dx, 01')(x'>xo=i-r/1): :’(0,‘“2,...):
£

In relation (10) the fact that ~factors(at the time-interval end
points) determine s mapping of the coordinate space R (1) onto the
group U(1)=-manifold is reflected, the mapping being topologically

noatriviel: O, (V1) =2 & .

The edditional factor changes the matrix U (A determining
the nonlocal physical variables,hence,these variables (1) themselves.
So, the topological degeneration carried by A (1) , concerns the
generating functional 2 [‘,V'] and an average over it has to be
taken. Note that the average of the ~factors contains a S -
type singularity ( & being the Croneker symbol)} though } itself
is a smooth function .

(10)

5%
<g(1«f~(’%))>: LL(I:-\; JE n;‘-/< nln+ %) x Ji:,of
2

This fact changes crucially the fermion Green function so that
in the momentum space we obtain ( )
. tpfx ) < (BuA
), = b L, 4 SJ‘ e dlye Go(x-g).

p 20 RTr».o L>o

33 <n:m>-~><n s+ &> =
--L/ Sz
Lim, SJlx.dza e G (u#); =0
R I o0 -
W)
At the same time the two-current correlator preserves its pole'
at P":-. mt , mt: e‘/;r; go, the bosonic spectrum is not changed.

Such a situation may be interpreted as a manifestation of confinement,
' the destructive interference of the phase factors g('::,) being consi~

Ap@-y) <17 (8- 5.)
e

. 75



dered as its posaible reaaonls/. The corresponding topological crite-
rion can be generalized to the ( B +1)-dimensional theory with a gau-

&e group G as
J’é(G)=Z ’ (11)

Condition (11) is then a sufficient condition for the confine-
ment but not a necessary one in case of another mechanism for it.

In the usual QED - condition (11) is not satisfied, which is
in agreement with the observability of the electron, However, QCDj,r
is topologically similar to the Schwinger model and the same condition
takes place there: ("3 (fSU(i)) ='Z. In this case the vanishing of
the coloured-object Green functions reduces the scatitering matrix in

the following way

CSCC ds‘ut 0 0
Scl. Sy 7\ o S,

and gives a foundation of the quark-hadron duality principle/7/.

CONCLUSIONS

We have proposed & minimal version of the canonical quantization
of gauge theories based on the explicit solution of the constraint
equations and on the choice of gauge-invariant energy-momentum tensor
and nonlocal physical variasbles, Its relativistic covariance has been
proved to the Feynman diagram level. Our method leads to a unique re-
sult for the mass spectrum of the chiral Schwinger model (a3 an examp-
le of a theory with anomalies), It also allows one to quantize topo-
logically nontrivial theories. For the latter the gauge ambiguity is
replaced by a physical~variable topological degeneration .4 possible
confinement mechanism with itse criterion has been suggested based on
the phage~factors destructive interference and has been shown that
Wilason criterion is not a criterion for confinement.

The authore are deeply indebted to Drs. B.Barbashov, A.Efremov,
L.Litov and V.Pavlov for discussions.
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POTAUMORENE ¥ BYBPAUMOHHHE COCTOSHMA B SU (2)-MoIEm Cxupua

B.A.HuroNaEB

OowesuHeHHNR MHCTHTYT ANEPHHX WCClefoBaruB, lyoua

Kak BcAkada MOJenb, MoXenb CKMpMA, KOHEYHO, ONpefLeldeTch CBOWM

Jar paHxHaH oM, HeckonpKo 0o0jee WHPOROQE onpellesieHe XOJXHO COREPEATH
COBOKYNHOCT: MpodjeM u HanpabliiendR uccieloBaHull, NODOXZAEMEX MOXENbD.
K rakoBhM, XapaKTEpDHMM JJ8 MoXei# CEADMA, OTHOCATCA WCCAEZOBAHHA KlaC-
cHyeckoR cucTeMn ypaBHeHuR Ofinepa - Jlarpanxa, mpodjieMa KBAHTOBAHHA
MOJZeau, MCCJAeJOBRHHMA CBOACTB NOPOXIAEGMHX eD CAPUOHHHX A MY/IbTHOADHOH~
HEX CoCT OHHHH, npodneua BHYUCNEHUSA HYXJIOH-HYKJIOHHEBX CHUJ ¥ NOCTPOEHHE
MoZe/MM AZepHON mMaTepuyu, MCCHELOBAHMA M'HODHARNX MOoXeseR KBaApKOBHX
MEUKOB ¥ npodieua "BHTeXaHUA" 3apAloB U3 00JaCTH MEWKa, pACCMOTpSHMe
uorwduKanuit MoZe nu ¥ Ip. HccredoBaHMA, NpOBOJMMHE B OTAENBHHX YaCTAX
3TOF0 KOMNJEKca mpo0ieM, KOTODHR MOXHO HAIBAThH KPaTKO MOJAS8AbD CKMpMA,
odoramapT Apyr Apyra. Tak, HanpuMep, MCCJIEROBAHWA TMOPHIHHX MoZXeleR
NOKa3EBANT, YTO OApPMOHHWA 3apAll KBADKOB TOJBRO BMECTe C MHTErpaJOM OT
NA0THOCTH TOMOMOLMYECKOr0 38pAA2 CKHDMOBCKOIO NMOJA NPHHEKMAET {EX0YHCJ]eH~
Hoe 3Hadenue, [locreaHes QOCTOATENbLCTBO CBUAGTEALCTBYET B INOJL3Y NpH=-
HATOR MHTEpNpeTan®H TOMOJOTMYECKOTO WHBADMAHTA KAK OCAPMOHHOTO mpu}a.

SU (2) - moxens Cxupme I onpe XeAASTCA TNOTHOCTLD JATpPaH XHaH &’ o/

= trL Ly +smeetrly, L] S

16
316Ch TOKK Lf" = U+aj,_U , & SU(2)uarpme
U= e TE= @)

3a486TCA MSOTPUMISTON NMHOHOB i’ (x) u T -marpunemy fayau.

Noct oansaa [q. B (1) MMeer cuMCH MacCTOSHHOR NKOHAOTO pACNALE,
JMNMpHYeCKOe 3HAYGHME KoTOpo = 186,4 MoB, focroannan e
B JerpaHmaHe - (OHOMEHONOrAYecKuR napamerp.

YeM 3aMeYaTen@H STOT JAr pas xuan?
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On sanucaH B ABHO JOPeHU-KOoRApMAHTHOR Gopue.
JIpOM3IBOJAHAR NO BPEMEHM BXOAMT TONLKO Bo BTOopol cTenewu,
Jlarpas xMal ABHO MHBADMEH T€H OTHOCUTENBHO TN0CANBHOR
SU(R.)L x SU(2)g  rpynnw npeopasosanuit

Ue) = AUXBT ANA NDOHX T0C TORHHHX
YHUTADHHX 2X2 MaTpunl A U B, 3Ta WHBADKAHTHOCTL NUPOXIAeT
coXpaHesye AKCHAJIbHOTO X BEKTOpDHOI'O TOROB B MOZenu, 4TO,
Kak M 3HaeM, NpUONKMXEHHO OTBeYAeT NpHpoie Bemed.

—
. .

[ )
.

4, [lepBuR uyJaeH NarpaHxvaHa OCOOWA T KUHETKYECKY©D 3IHEpPIMD
n¥HeREOro NMUOHHOro NoAA. lloABJeHME Xe B MOAE/NX BTOPOrO HjeHa
BECbMA CYNECTBEHHO IR Bcell MoZenu. Hed Hero Mu He MMENM
OH COAMTOMOB, KBRHTYA KOTOPHE MH HANEEMCH OMUCHBATE TRXEINE
OUBeKTH KOHEUHHX DA3MEepOB, KAKOBHMYM ABNADPTCA HYKNOHH, MYAbTH~
O4DHOHH U aToMHHe anpa, JeRcTBUTeAbHO, W3 DRIMEPHHX COOOR -
XeHHR BKABK Nepporo YJieHa JAr paHKMAHA B KJIACCUYECKYD MACCY
TpONo pPiHOHANEH HEKOTODOMY aurellHoMy pauepy, & BTOpPOro -
o0paTHO IPOHOPIMORAJIeH. OWeBMIHO, TOIBKO HaIM4ie BTODOI'O
YneHa odecnNeuHpasT CYLECTBOBAHMWE HETDHBHANBLHOTO MUHMMYMA
SHEPIMH LKA CO/MTOHA HEHYJEBWX DadIMgpOB,

HeckoJBKO ChOXHee JOKaSHBRETICR TeopeMa [eppuka, yTBe pRIBDERAA,
4TO MMHHMANLHEA APOCTPAHCTEEHHAA DAIMEPHOCTH, MPU KOTOPORA Mu
GyZeM MMETH HBeTDMBUAJLHOE peleHnue, paBHa& Tpem. TO eCTh TO,
YTO HEM HYXHO.

BeAxud KoHKDSOTHHR pacuer B MoXead CEMPMA HAUMHAETCA C pemeHnd
CTALKOHADHOR CUCTeMH Ki8CCHYeCKMX ypaBHenuM Oitnepa - llarpanza, che-
ayomeR #3 (I1). NloCKOAbKY AHAXMTMYECKOE DeleNve TAKDR CHCTEMH BCe eme
He OWI0 HalZeHe, OWYHO MCTNONbAYETCH OLMH WIM Kpyrofl amsal, npHHUMae-
MHH IXnn hOpMH DemeH MA.

Tax, A18 pacyeToB CBOWCTE HYKNOHOB ¥ ero BOJIOYXAGHHMR MCNONbL3YeT-
cA andall CK¥puMa - BHTTEHA

U@ = eL?Ee(’.}, Tre . (3

- ol
N - earuudsNd BexTop, paBHME rAR).
Ypapnenne ana dywsuwu O(r) , onpefeanpuel MoZysab NHOHHOIrO 0o 1A,
ecTh

(F% + 8 Sin%6)0" + 2F6 + 4 sin 29(9’)2 - 5in 26~

4 . ¢:29 C; -
- =5-5in%Q Sin 26= 0,
2 (W)
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rae
r—e !-;r-r,

Pewenne 3TOC0 ypaBHEHHA C [DABUYHHMHA YCJLOBKAMM

)
elo)= 17 , B(e0)=0
MUHHMUSHDYET KNBCCHYECKYD MECCY CUJHMTOHE
6)
M= -—F-e’z— (ﬁh + J’Ma,) (
B nocnefHeM BHDaXeHHH 2
oo
T (p2 02 4 2,Sln9 dF (7
My = X §rv {09 250 ]

Jhy = ZJL Sin' 9{2,(9 P+ 0’0 }A_r (8)

[paRHWYRKE YC/OBUA (S) 00eCHeYUBANT 3aHyneHue GU3NUECKUX noned Ha Jec-
KOHEYHOCTH M KOHeuHocTh uH~erpancs (7), (8), a Takze ONPONEJADT
nesed KCNEHROe 3HAaYEHMe COXPAHADMErvCA HEe3aBMCMMO  OT ypDABHOHME XBH~
XeHHA OADHOHHOTO 3aDRJA

4 3
B=—_2T‘-l—3iz SGLT. Ei}-Kfr(Li Lj' LK)’ © .
KoTopoe &nd aisana (3) IaeTcis BHpaXeHHeEM

YToOH NMPOKBAHTOBATL MOJENb, HEM,0YeBULHO,HE 0C00ATHCH Oe3 Bpe-
MEHHHX KOMIIOHEHT TOKOB, BXOHAWUMX B JarpaHxHal. MOXHO SAMETHTh, YTO
OHEPTMA CMCTEMH He MGMEHMTCA, ec/M cTaTMyeckoe peweHue Uo IOKBEpPr-~
HYTh NpeolpasoBaHuD

Up = ﬂUoﬂ ) rEe A - yRMTADHAS
YHUMOZy nApHA& S MaTpaua Buga QAo L +i tat MaTpuua A, oueBMEHO,
Iaer SU (2)-npeictapnenne rpynny TpexuMepHHX BpameHMH M30TOMEIOCKOTO
npocTpaHcTRa. llapaMerph MATPMUN MOBOPOTOB A MOTYT CAYKATH KOJMJAEKTMUBHLM
MJ MEPEeMEeHHHMY, ONMCHBEDOMMHM BDPANET @IbHNE CTeMeHH CBOGOIM. TakuM
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0c0pa3soM, OUPAHMYMBAACH KOHPUIYpaUMAMU IO AR

U(ED) = AB LR AT,

JIATDAHRMAH MOXHO NDHBECTH K BUAY

3
S‘li =- M+ 363F K‘/\‘
B nocnezreM BHDaXeHHMM

A= (FPsintp 1+ 4((6’)’“+ 5"’;19)}%, (13)
Ko= Lr (ADAY), (18)

(1D

(12)

4YroOu JaTh (uU3MUYECKYD MHTeDpnpeTalun odheKTUBHOMY naTrpaH=uary (I2) pac-
cuotpmu  SUR) ¥ SU(2)-rpynny AeBHX v NpaBHX yMHOKeHWA rpynna

SU (2), woropoit npunazrezarT MaTpMIH A . HETDYAHO BMAETH, YTO
narpanxuad (I2) MHBADKAHTEH OTHOCUTEABHO YMHOXEHM? MaIDHLH A CT1paBa
Ha HeKoTOpyP mocTosmnyp marpruy h: A=Y A h. pn s1ou nore U(F,1)
nepexomr 8 U= A(BVh U, (F)LF 8%(1) . Nlerko nposepurs, yro IedcT-
pwe uatpunn h, ma U, nepesomnr ee 3 Up(F) = Up (R M),
rue Rh 3x3 MaTpuia NpOCTPEHCTBEHHHX BpamesHd, C xpyroB cropouy,
yunoxenue Marpuny A wa SU (2)-marpuuy ¢ ciea NEPEBOIAT MAAEBYD
Kompnrypaunn U(r ) s

Pt)= g AU (PIA'Y'= gU(Ft)gh (15)

T.e. COOTBETCTBYET M30TONXYECKOMy BpameHMD. TaKMM 00pa30M, MH MMEEM
zeao ¢ komerpykmmed! Kemz  SU (2) x SU(2)-rpynmu, noctpoensol u3

SU (2)~rpynnd ¢ noMOmbD NEBHX M MPABHX NpeoOpa3oBanM? KCXOLHOR
TpynnH. Paccuorpenue Bapuanuu oppexTHBHOro JeBcTBUR npu OECKOHEUHO
MAMHX MPABHX K JeBHX NpPeospa3soB&HUMAX, BABMCANMX OT BPEMEHM, NPHBOAHT
K TOMY, YT0 COXPaHADMMMHECA BeIMYMHAMM OYAYT

1l i : Gt
itr A A P 1tr TIAA,
KanonuyecKoe KBAHTOBaHME TpedyeT CO0TBETCTBUA

1. -7 9 (16)
a; = ! a; .

OTCRJA CNMHOBHE ¥ X30CHOHHOBHEA omepaTOpl NPHOOLET&IT BHI
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2 _gq 0 _ 8
i 3a,” %opa;” Gemle 5y, ) w

:.1_' _§_ _.a_._a__ . d 1
Lot (hegg = Yga, bmae gy, )

J1¥ onepaTopd LeRCTBYDT B npocmmcne QyHEIAR KOJJIEKTHBHHX NepeMeH-
HiX Qo ,@; . B cuiy ychnopnh Aft=1 u FA=4 oneparops % I
oxaauaa.mcn CBAJAHHHMM MexIy COOOR ODTOrOHANBHHM npeodpaaoaaﬂneu

i Li=-4 e gye= Lt (fTi4TY), (9

Orcoia crefyet, yro ansau (3) MopoxmeT COCTORHMA C DABHHMH 3HAUEHHA~
uy cnuna ¥ moocnuHa I%= Y% | Bpamatesshas yacTh TaMMALTORHAHA
OKa3WBA 8TCH NpONOPHMORANbHOR §F'¥ wm —f"‘ . TakMM 00pa’oM MH NMpH~
XO0LMM K 3aZpue 0 DADOBOM BONYKE, KOTOPNE KBAHTYETCA MO NOJYHEAHM
MOMeHTaM, MOCKOABKY MH CoOMpaeMCs onMcuBaTh depMu-yacTHUH. CodcTBEH-
HuMM GYHEUMAMH 3818 4K, C4€BHLHO, ABNADTCA MATPHMNE KOHeYHHX Bpamenuit

]D:t"" 1/ KOTOpME@ NpexCTaBAADT C0C0R rapMoAMYecKHe MOMH-

a, ’

HOMH CTNemH 2:} YpoBHK BupoueHH N0 npoeRnuAM 73"15 c oomelt
KPaTHOCT bD BH POXXER A (2,j+1)

BRexetue Ko/1eKTABHON [16peMeRgoR MOHONOTENX BAOBLUY
CRHpMAOHE

Cpeay Bcex rRoudrrypany® nois paccMoTpuM EOHDHIYPAIHH, nolydae-
NHE ¢ NoMOmBD MACHTAOHHX npeodpas’oBaHMil, 38BHUCAMAX 0T BDEMEHH:

VR = AD U, (YR80, 0

Takne KOHPHIYPRLEM D6CCMATPHBA NINCH B /3% na Aarpanxyans 0ed fB-
HOT'D HADYNOHNMA KHDANRHOR CHMMETDNX JAT AHEMAHA MMOHHMM MACCOBMM
YIeHOM M ¢ yueTOM nociemsero. Temeps pacuer adbeXTHBHOTO AGTPAHEHAHA
NPHBOIMT E BHDAREHHD BUAA

L= —G(A)) - B +% C(Mtr(ﬂﬂ )
(21)
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sipwsd Bux dyrennt G(A) , BQ) x C(A)  woxno nemrs » /Y .

Nlocne npoe efenHA KaHOHMYeCXOR NMponeXypH XBAHTOBAHUA NPAXOIUM X
ypapnennp Hpexvnrepa ARA BHMO A NMOHHON CTEMeHH CBOGOZH C TAMMALTOHKA-

HOM ) ..
P J{/+4)
250 + BOY + o (22)

H=

B nocrexHel 3anMCH TaMHABTOHWAH yXe IMATOHBMMIOBAH MO DOTANMOHHHM
CcTeneHAM CBOCOAM. Teneph NOAHAA BOMHOBAA ¢y HRUMS OyleT XapaKTepH3O-
BATHCA XONMOAHMTEARHEM KBBHTOBHM UHCIOM I , HyMEpDYDWHM COCTOAHHA C
3ajRHHEM CIIMHOM W W30CMMROM. Pacuer B NpPoBEJEH NpH 3IHAUSHHUAX
KOHCTAHT Fm= 186,4 M3B, € = 9,42, [lepsoe 3HauEHHE OTBEYAET BMIIADK-
yecKel BenuuMHe NOCTOAHHON DNHOHHOIO pacnaNa. 3HAYEHHe NOCTOFHHOR €
CO0OTBETCTBYeT HaodapiaeModl Pa3HOCTH MACC HYKMOHE X A -Pe30HBHCE.
Pacyer NpRBOIMT K CABXYDRHM 3HAYEHMEM MACC COCTORHMH Eo,15=
= 1163 MeB, Eq 4 = I470 M3B, Ep,37p = 1465 MoB, £ a/0 =
= 1721 MaB,  Egg= 1729 MsB. HeTpyZHO BMZETH, 4YTO MACCH
N~=n A ;5-CoCTOANME CMEWEHH BBEpX HA OZHY M Ty Xe BeSHUMHY

% 225 MaB. OcranpHHE pACCYHMTAHHHE MACCH OTBEevaADT QIRCIEePUMEHTAALHEM
SHAUEHWAM. PacyeTr NpU XPyT X BEeIMUHNAX KOHCTAHT Ez T e TaKxze 00-
HapyXMBpaer BHDOXIGHHE En+4,j ~ En.,jﬂ . MMockonsry BRCNEpHMEH-~
TanbHHe 3HAYeHMA MACC coCTORHMH BepxueR yactTH cnekTpa LeKCTBMTENBHO
MOXTE epEXZADT T&KO® BHDOXXeHHe, ClelyeT RyMarTs, 4TO CYHeCIBYeT NpH-
YKHE., CHHMEDWAA T&ROe BHDOXZORME B HuEHell YACTH cCrekTpa, yMesbmaf
34a4eHAn pacdeTHNx Macc N-u A j5-cocToanMR,

Hecrpapnus JXOADHOEN B MoXely CKHDMA

fame# measn OyxeT pacueT CNEETDA MACC BeCTDARHMX IMOADHOHOB X
CpeXHeRBaEDATH YHHX DAIMYCOB DACIpeXeNeRMd OAPUOHHOIrD 3apAla, BHYUMCIE-
BMe MIOTHOCTA 3AEKTDHYECKOro 3apafa. Teneps MH OyXeM MCMo/s3OBATEH
Sosnee 0OWMR RAGOD RONMBKTHBHHX NMEPEMEHHHXN, ONpeSe ANMMX BPEMEHHYD
3ABHCHMOCTS KHDRALHOIO NOAs:

UCEE)= AU (e ORrPIATE). @)

B (21) ZonmoisMTeNbHO BBeJEHE MATDHUIA R - opTOroHanbHag 3x3 - MarT-
PHOA [POCTPAHC TESHHHX BpameHHld, U‘,(r)- no-npexHeMy pemeRue cTamno~
RapHOro ypaBuenud 3fdnepi - Jlarpanza. PaccMoTpuu, ogHaxo, ero Gonee

odmuit BHA:
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U(r) = CosF(P) + 1t AP 8inF(¥), (24)
AHBsal CKHMDMa - BuTTena, ucnonb_goaauuun HaMM B NpejHJTy@nx 4acTaAx JaHHoR
paboTH, COOTBE TCTBYeT BHGOpy N = n= FA® . B padoTe Ans COCT Of-
yr¥ c OapMORFHM uMcIom B=K  OHA NpeioXes aR3am, B KoTopoM N(T )
meer xounonenth (CoSKYSinG, Sinkysing, (cs® ) . laree o1y
KOHCTPYKLUMD OyleM Ha3WBATH ,.Kt[?"—al-laauen. On, oqenn,uuo,coana,mer C aH-
3anem CxupMa - BuTTeHa npu K=4 M NOJyYaeTCA 43 HErv HUNONHMUTENAL-
HHN JOK&JbHNM M30BpaleHHEM.

[IpAasoR pacueT HyJAeBOoW KOMMIOHEHTH OAPHOHHOTO TOKA

& - TN
Je = -z Epapy Ejin Ly L Ly (25)
rie ) . .
Yt - $1ue + Eijr 13", (26)
a non ) .
&= CsF(n)  g¢i= NisinF(r), (o7
NPUBGINT K BHpPAXEHUD LNR HYNAEBOR KOMIOHEHTH
B_ _K S F
b = mame T FU), @

HurerpupoBanue 1o oObeMy XaeT CapuoHHHN 3apaAx

B= - ?KE ( F(r)- SinsF("'))‘w (29)

OrcoZa npy K= 2 M TDIRHYHHX YCMOBHAX Flo)= 7 , F("")'—'D 0apHuoH-
HOe yucno OyseT paBHO JByM, B TO BDEMA Kak TE Xe TPAHMYHHE yCJOBUA
npr K=4 B cooTheTcTBMe c amsaueM CKupua - Burresa ZepT B=I. AH-
3an CRupMe. - BHTTEHA IJHA CKMDMMOEOB C B=2 TpedyeT rpaHHuHHX ycaoBuit

Flo)=2% , F(e0)=0 . Kak ysuimu suee,5TH Xpa a3alna DpUBOIAT
K COCTOAHMAN C PA3/MYHHMK cBOHCTBAMH. YTOON BARTH F (%) unnmmnsu-
pyDImy®o Maccy CKMpMMOHA

gz % B L1 StntElde +

. (30 )
+ 2 (ain®F [ (3P4 2 %;E]c‘%]g , *
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cnelyeT DEMMThb Y DaBHEHHE
204 o2,
[ %x"+ (R )Sin®F IR s £ F'+ K—%—(F‘) Sin2F- (1)

_ %ﬂ Sin 2F - -5 5in’F Sin2F=0.

Pacyer xe ¢ y4YeTou ABHOTO HADYUEHuA KUDANLHOM WHBADHAHTHOCTH B (opue
BuTTeHa TpedyeT modamienus K (30) BupAkReHus

2
A= X %s J2? (1= CosF(x))dx (32)
Ji

¥ COOTBETCTBYDMMX M3MEHBHr» B ypabnenun (31). Ha puc.l npuBesenn
pesynbTaTH pacdyera NaotHocref CAPMONHOTO 3apaia, COOTBETCTBYDLMX De-
WEeBUAM ypasHeHHs (3I) npn
gam K= 1 ¢ rpaiuynLMg ycaoBud-~
wn F(0)= 2% , F(e=)=0
(B=2-an3an CxupMa-BurTena)
x=2 , Floy= g,
0.5 F(eo) =0 (B2 - " K¢
aH3al. lipuseleHHas H& Duc,l
NIOTROCTE yMHOXeHa He T2 .
Buano, uro * KY “-amman
NpUBOXUT K CKHDMMOHy ¢ Conee
1 2 3 4 5 6 7 T KOMNBKTHHM pacnpeXeneHuen Ga-
Pac.I. TMOTHOCTD OADMOWHOTO 3apAja, PHOHNOrQ 3apiie, B TO Bpeua
CnXompas NHAWA_COOTBETCTIBYET Kak anday Cxupua-Br1TeHa
g;:;ﬂpgﬁgp!a;%\?gggéaw. anpenenseT HEL0TCPYD 000a0yeH-~
HyD CTPyKiypy. 3TH pacnperene-
HES ompeXesSDT M PASAMUHNE CPeliHEKBALRTH4YHHE pafryc. TaK,ana ensena
CRepua-Barrena <p2d-= 17,16 /anea' , 8 B18 " K§ "ansema {r2d-
- 15,35/ Fie?,
Moxcresvsxa ypabBnesua (23) B rarpawxied CKMEME, KERCEMYECKME
npecCpa30BaRMA ¥ KBABTOREHKE CONPANEEHKY EEIZNKH NPKBCIAT X :3JeRIVERC- “
Ny TaMEXbTORHAHY

T -2 A ¥ i...— +
H=. —é’E(Mze + e )+ {— TG0) 22 + 3(@ FAM)

(33 ]
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AL
1

s + ._‘_( -4 -
* -6} - |B-%2" -
4 (3 Qm-1980)) 16 [&e-t6a) - |8,

P TR T S

IS ~
rze T w S - cyrs oneparops usocnwna  cnuea, a Beanumss Mz |
My Ve R, A onpeAeseHH CleXyDUMMK HHTETDATAMU:

T N, B e 2
fo= E (L) + & sn'Fd, (38)
% g‘ ' 7'F[S(F')z-{- 4 Sin.a'F]dn: (35)
_ju,_' = 2% | Sind o )

R ()= % (o s'F (&4 4 e[ () %Sinzﬂ)&x, 36)

1]

A® = Fe fon'fde, o7

"

S -3) -A "W
Vo () ’_; S:d’{x"e + 208 SanF](F Jdx . (38)

Henonb 3yemul an3an ycTpoeH TakK, YTo NPOCTPARCTBEHHOMY BPAHEHMD BOKDYT
TpeTeell OCH COOTBETCTBYET M30BpameHHe BOKDYr TOR xe oci Ha XBoiRoR
yroa. 310 0OCTOATE@ALCTBO NMDHBOJAT K CBA3M MEXAY TDPETbMMH NPOSKIMAMHK
CMMEA ¥ A3OCTMHA S:*: -omibs

PorannoHHa A YACTb TAMHIbLTOHHWAHA ZMATOHAJNMIYETCA NPOUIBEXeRHEM
N-pyskunk, npeACTABAARMKYX COGOR MATPMUE KOHEUHHX BpAmeHMR B KOODIMHAT-
HOM ¥ H3ONPOCTPAHCTBAX:

-

T ) (39)
¢ -~ :DMTL-DMS'-ZL- :

Mpzercs B (39) ¥MenT oOmenpMHATHR CMHCA W NPAHMMADT LENOUMCAGHANE
3HayeRusd, TAK KaK B XAHHOM CIyyae MM XUMeeM X8Jo C G030HOM. Tenepn )



0CTaeTCAs pemuTh ypaBHenue llpenunrepa nns BUODALMOHHOR CTemeHM CBOCOAM

A . 3azeva pemanack B TapMOHWY €CKOM NpuO/MxeHun., C 3ToR Lenkd
dynimuR V() ouenuBasack » Touxe munmuyma norenuuana V(A,5Ty.S,).
Tocnennuil npexcrasiser coloft yacTs Bpaxenua (33) Oes KKHETHUE CKOTO
YNEHA ~ 82/3)2' y B KOTOpOR omeparOpHHE BeMMUYHHN CAEAYeT 32MEHATH KX
COGCTBEHHEMM 3HAUeRMAMM =) T4y, g%, S(5+4) u §: = S?“_
3Xech ME NPYBOIMM pe3YNLTATH PACYETOB JJAA COCTORHMH ¢ T=2 u BUO paLlHGH~
FHMH KBRATOBREMM duciauy W= 0,1, PacyeT nNDPOBOMMACA C KOHCTAHTAMK

sz 129 MaB #u = 5,45 u3 /2/. Pe3ynpTaTh pacueTOB I peAcTanne-
HH Ha PHC.2, TJXe OTMEYEeHH TOYKAMHM BHaYeHMA MACC ILMOApMOHOB B 3aBUCH-
MOCTH OT CNHMH&. BHODAHHWE 3HABUGHMA Ta= S5+4=0 COOTBETCTBYDT
2JeXTpHYeCKOMy 3apdily muOapHoHa = +[.

Ha psc.2 MpAMuME NHHMAMM MPUBEXEHH MpelCKA3EHUSA /6/, chelybuue 3
8HAMM3a HeKOTOPHX DKCNEPHMEHTANBHHX JAHHHX 1O OCHADYXEHMD YSKMX LU~
CapuoHHHX cocroAHuH. Tau xe npeicTapiena pacyeTHas ppauas 0e3 ydera
MOHOMO/MBHHEX BuOpaluit. {3 cpaBHEH®R BUAMM, YTO YYET MOHOUOJBHHX BUG pa -
UM% MeHAET KAK HAKIOH DOTALKOBHOR NONOCH, TAK M 8OCONETHNE 3HAYGHHA
MOy yaRMUXCA MACC COCTOARMY.

Pacyer xe c ansaueM CXUDMB - RurTeHa Zas COCTORHMM ¢ B=2 &

T=5=2 NPHBOZKT K CYHMECTBEHHO 0OAbmed Macce COCTOAHWA, DABHOR
2,76 T'sB.
I B A
5 M(T28) . / Puc.2. MaccH AMOADHOHHHX
' // cocToAHMM, TOYKM -
2.5 . // HaCToARMR pacyer ¢
: o yuyeTom BuCpauul, mrpH-
iy a8 X0B&A MMHEA - 083 yuera
&
S Sy BrOpanuh. CnaouHue
23 // NpAMNE NUHKA COOTBETCT~
) / BYDT JAHHHM U3
. /
2.2 /
Ll L | B
5 10 15 20 S{5*1

B 3akipyenwe noJdepKHeM, YTO MCMOIb30BAHME aH3aue Cxupwa - Burtre~
Aa M " K@ "-apdaue npHBOXAT K IMOBDUORHH COCTOAHMAM CO SHAUTAILHO
Pa3/mYaDEUMHCA MaccaN¥. Ap3al " K ° npvBOAMT K DOTAUKOEHMM [OROCAM B
PACUETHOM CMEKTPE NMACC AMOADMONOP C SAJAHHEM H30CHHHOM. HaXAOE M no-
JOXEHME DOTAUMOHHHX NMOXOC CYmeCTBEHHO ONpEZeaaDICA YYeTOM BKGpANMOH-
HWX cTenened cBologN.

Cuurap CROMM IPHATHHM XOIIOM BHDASUTh GAATONEDHOGTE npodsccopy
Nyxbsnoey B.K., npopeccopy J06epry I., a tarse Auxpranosy B.A., Hoso-
xunosy B.D. ¥ PaBuxapity X. 38 MoJe3me O0OCYXNeHUS MpeACTABAGHHHX B

JOKjaxe pedyhrarom,
87
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MOD1FIED SKYRME MODEL AND BARYON-BARYON INTERACTION

T. Otofuji, 8. Saito snd M. Yssuno
Department of Physics, Nagoya University, Nagoya 464
Japan
T. Kurihara and K. Kanada
Department of Physice, Niigata University, Niigata 950-21
Japan

§ I. Introduction

The Skyrme lodelll/ is now considered to be a candidate of low-energy effe-tive
theory of mesons and baryons, which may be derived from a large Nc 1imit of QCD.
The Skyrme model itself is nothing but a nonlinear sigmas model but includes & higher
order derivative term of pion fleld with the fourih derivative !‘A. This term is
called as Skyrme term and necessary to support a localized moliton syates from
collapsing. It has been ahonnlz, that the soliton can be interpreted as a physical
nucleon (N} ar a delta isobar {3) sand reproduce the static propertirs of the nurlron
within an error of 30%.

Nucleon-nucleon interaction potential was investigated by several suthors
in the freme work of the Skyrme model. These works showed that the Skyrmion-

13-

Skyrmion {SS) interaction potential has a similar characteristics as the nmi.cleon-
nucleon interaction. In the asymptotic region the SS patential ig propurtiunil 1o
the one pion exchange potential, in the intermediate renge the rharacteristics
aimilar to the one-p exchange potential is seen and the repulsive core of order uf
the nucleon mass is appeared in the inner region. However, it was shoxn that there
exists no attractive contribution in ¢the interzediate range of the centart
potential. In & usual one-boson-exchange (CBE} model, the attractive contribition
Is ascribed to the ¢-meson exchange.

In order to obtain the attractive contributjon in the intermediate range of the
centarl potential Jackson et nl{s/ proposed a zodified Skyrme zodel; the zign of the
Skyrae tera IIA was inverted and the new stabilizer !h was intraduced. The new
stabjilizer IG is » term which expresses w-coupling »i.h the nuclecn in the infinite
sass limit of the w-meson, and is & ters with the eirxth-rrder derivative
‘6 H -(lezil)B"B , where B is the baryen current. Althcigh the cedified Shyree
model with {inverted sign of the IAA predicts en sttractive potential in the
intermediate range of the 58 interaction, the sigh inrsgied fia dres not egree with

the xx scattering dsts.
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Relating with =an introduction of new terms into the Skyrme model, there exist
two {independent quartic ter-allo/: One is an antisymmetric term, the Skyrae term,
and the other is a symmetric tera [IS' Donolhue/lll et al. showed that both the
quartic tarms are necessary to reproduce the rr scattering dats in low energics by
examining the I = 0 223 [ = 2 D-wave scattering lengths. By using the new quartic
tera [‘s Paris lroup"2/ inveatigated the 93 centari potential and showed that an
ar“ractive contribution comes out by the term. However, the term IlS is known to be
s destabilizer of the soliton aystem.

In this report the S8 interaction is investigated within the framework of the
modified Skyrme model, that is, we atudy the 83 interaction by including both the
new terms [48 and [G' The coupling constsnts in the model are taken as well as
possible within the experimentsl data of the xr scattering. We also investigate the
case that the I‘s term is not inciuded to make clear the role of the term. It is
shown that the calculated 89 interaction potential is projected onto the NN, NA and
44 ch-nnels by using an tensor decomposition technique in the spin-isospin space
80(4} and is classified by the ssymptotic behaviors. This decomposition is con-
venient to discuss what ingredients are involved in the potentisl. ¥e point out
tnat the additive ansatz for the w-field which {s used in the study of $S interac-
tion by explicit inclusion of the w-coupling terllla-l‘/ is not correct when one
calculates the 88 intersction potentia] in the short range. The calculation of the
phase shift in the proton-proton scattering by using the obtained SS interaction f{a

alsoc shown.

§ 11. MODIFIED SKYRME MODEL

We start with the folloming lagrangian of mesona which is considered as an

effective lagrangisn of QCD at low energies:
L= [2 + tlA + ‘zsn + t‘s + IG' {2.1)

where [z. [lA and [lﬁB are the kinetic, the Skyrme snd the chiral symmetry breaking
terms, respectively, and written as

2 2 .2
F M 1 2 u_F
Ly = - -Tg- Tr(L"L Yo £u® _;;:E— Tr(lbunbu) Y, IISB H] -‘a—l (U - 1).

(2.2)

Here, U is tbe SU(2) chiral field, and we used the notations for the left and right

+ a + a
t. = = B .
ourrents as L" z U auU 1r.L“ and R" UanU it.Rn !' denotes the pion
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decay constant, and L ia the mass of pion, and e the coupling constant of the

Skyrme ters.
In Eq. (2.1}, IAS is the symmetric quartic term and is given by

T
2
L0 ( )y 1 Tris vafuh )t (2.3)
43 ge? "

As shown by Gasser et 01(10/ and Donoghue et ul{}l/ the [43 tera is necessary to
reproduce the low-energy rnr scattering data: The ascattering lengths ai { ag and

ug ) of the gr scattering are given by

2
7np i 1
a, = a (r+s1)
© aer? 7 a0ne%? 2
2 1 1
and 8, =z~ —o——>{(T-7h (2.4)
2 30nezFi 4

The experimental values of the acattering lengths give the range for T as
D0.1¢ 7 <¢0.2. On the other hand, the dlspersion theoretic approach for the S-wave mr
phase shift gives 1 - 0.28-0.34{15'16/ We see that the coupling constant [ is quite
uncertain but not necessarily zero.

The tera IG in EqQ. (2.1) is an infinitely large mass limit of the w~coupling

tera and is given by

2

e
s - -8 u
fg = - BB (2.5)

where B is the topological baryon current

o A e (2.6)
24x
The parameter té is related to the «-meson coupling constant 1, byfg/

N AR A Rl (2.1
The ters ts is necessary to stabtlize the soliton solution when we include the term
IJB with a large coupling constant 7.

Follow}nl the Skyrme ansatz, the static soliton solution is given as U0 =
expliF(x)T:x] for the chiral field U in Eqa. (2.1). The solution with the unit
baryos number is obtained by imposing the boundary condition of F(0)} = r and
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{

F(e) = 0. To describe ihe classicai sollton as & quantum particle, we use the
collective coord‘nate method introduced by Adkins et al,’z’ the physical solutjon is
givem by U U (t) = A(t)UoA (t}, where A(t) is & tlle-dependent but spatial-inde-
pendent SU(2) lntrix LA = o ¢ \&- T with El 0 niz =1 ). By quantiring the
coordinutel 8y we describe the baryonic states witb the definite spin and isospin
J=1 2. 2, (XN The spin and isospin structure of bnryonn is given by the S0(3)
representation wmstrix DIJ(A)' where DIJ(A) = TrlrlArJA }/2. The coasutstion rela-
tions of DiJ with the spin and isospin operators clarifies tbat the indices
sssociated with D are those of the isospin and spin, respectively; the first index
denotes the isospin index while the second denotes the spin index. These D's com-
aute with each other. Consequently, D’s satisfy the same Lie algebra of the group
for a symmetric pseudo-scalar-meson theory in the strong couplln[ /17-18/

Integrating the lagrangisn in Eq. (2.1) we obtain
3 it
sfedd=-weamid ity (2.8)

where the terms higher than the second orders of the time derivatives are neglected
because of the sssumption that the Skyrmion rotates slowly. In Bq. (2.8) M is the
classical soliton mass shich is given by

2 2
F x .= 29 L
u:—l—z—]drlrz(r2+ 2 v aed(—e2p?)
e 0 3 r ’
2 -4
arkrte— b a ettt on, 2o
r r
- - . - L4022 []
where r = eF.lll, 8= -'I(eF.), s:8in¥, czcosF, andd = e F:'G /16x°. In
Eq. (2.10) 1 1s the moment of inertim of the rotating Skyrmion:
) 2
F_2x ,e s
R 2 2 .2 .
1= 3 or dr s“1 1 » A{ F'" ¢ 2)
r
2 ot
28
FTR T S —) w—2 P, (2.10)
r r

§ II1. Skyrmion-Skyrmion interaction

For a two-Skyrmion system, we assume a product form for its chirsl field as

follows:
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u(x.x].xz) H Aluo(x X])A'l AzUo(x XZDA ' (3.1)

where Xl and xz are the coordinate parameters denoting the centers of two Skyrmions,
and A] and Az are the collective coordinates to describe the spinning motions of
Skyruions 1 and 2, respectively. The product form is considered to be at least
correct for two Skyrmions at Iarge separation. Substituting Eq. {3.1) into
Eq. (2.1) we obtain the following Hamiltonian:

N(x;Xl.X AI.AZ) = Nl(x;Xl,Al) + ll(x;xz,Azl + 'int(:;xl'XZ'Al'AZ) 1 (3.2)

9?
where ¥y and “2 are the Hemiltonians of the separated Skyrmions 1 and 2, reapec~
tively, and "int denotes the rest interpreted as the interaction part of two
Skyrmions. In the following we neglect the time-derivative terms in uint’ since the
rotation of the Skyrmions is considered to be slow.

The SS potential is obtained by integrating "int in Eq. (3.2}). The resulting
potential can be decomposed into the contributions from the respective terms in the
effective lagrangian in Eq. (2,1) as follows:

- 3 . -

V= j RSN 8 S S W R T A TS P 2 (3.3

Int 1SB

where VISB' VZ' VlA' VAS and VG denote the potentials derived from the terss IISB’
[2' [4A' I‘s and IG in Eq. (2.1), respectively. Further, we decompore each poten-
tial Vi ( i= 18B, 2, 4A, 4S and € } into the following three kinds of lypenf they
have the one-, two- and three-pion-exchange tails, and are refered as V;, v;l and
V:II, respectively. The potentials are explicitly written 88 follows: The 1SB tern

ylelds
lz F2 -
Vigp (=~ [ u (D ju;(2),
108
2 2
Iy xfr g9 ) s
asp (T 7 S x (uo( ) - l)(uo(Z) - 1}, {3.4a)

where ug and u; are given by the following definition
Uo(x - !J) = uolj) 4 i'iui‘j) Jslor2z , (3.4¢})

and Dij is the 80{3) representation mBtrix with the arguzent AIJZ
Dij = DiJ‘ A:AZ ). The kinetic term bae only the type 1
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F
—E Ide ) (3.5)
10

I -
Voir) = uk '

where R: and L; denote the following notations for brevity’s sake:

Bl e Trirug 00,00 /120) snd L. Tege,0d (200U (2007020, {3.6)

where Uo(ll {i = 1 end 2 ) denote Uo(x-xi). We note that all the expressions

involve only the abhove combinations, that is, Xi appears through the right current

and 12 through the left current. The Skyrme tera [AA yields
I ey = ? ] a3 m‘i‘ngn:f)“n: - nlnkn‘i‘np Ty L';L‘i’nknul.:- LlLkR"D Lpl, (3.78)
I B | a'x rofmuieg - abupuiiy o et ol ol

- &' 1% 1! Rip Lnnvnl {3.7b)

km”ik veC im7kk

The symmetric quartic term £45 gives

) S - = O N |
Ve oe ]dx[(nn +LiLyRh D Lt T, {3.38)
P L Idax { 2ripiii® 4 glp ytghy K (3.3b)
s F Tz §RLaly *+ RyDy LR DL, :

In the w-coupling term [G there appear all the types of the contributions:

& 2
1 . 6 3 [T
Vatr) = 6 (——“'z ) Id X1 8y ¢ U] LpRE up‘ %087 Cuui L Lp

a N ) oy ol
+ z“k zhn RJ li.k D"’ 1.1 la” au“ Ra R’ R' ), (3.9a)

viliey 2 3 (-—.s—)z ldax {26, ¢, Rig® lﬂ.' T L TR
5 = 21:2 ik Cimn i aft “uvl Te e 8T

t.m.n Hoov o
2 45 faan Ut LJ by tapr ‘pol Fa By Pie Iy

MoV p
3¢5k tian Ry &) Oy b Yapy Yuua Ba By Dy Ly

-

P | 3 1 ¢« v 1
3¢k tamn B Ppy Uy B Sapy fuua Ra Oy g Ly )
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] 2
Il - 6 3 £ .8 .n [
(r) = 2 (;;;E_’ Id x [ i1k “ian By RJ Ry tapr an Ly LB Lr

Ly L:]. (3.9¢)

L ]
+9 R, R, D u B

- " g -
eijk lmn i '} np Lk 'asr 'uvl Ra Dq

In order to project the 5S potentinl onto that for the physical nucleon and/or
delta isobar states, potentiala should be decomposed into irreducible tensors of
80(3)x90{4). After the decomposition the spin and ieospin structure coefficients D
into irreducible tensors of SO(4j, one can see that the potentials are expressed by

the following tensors of 50(3)x80(4):

838 = Dy O = 930y - &4 Dy 4

B;B = Q‘Dkknll - Dkk -1}, 8. = 91 JDij ~ HIJDkk“Dll - l/2)rirj. 13.10)

Thus we obtain the static hamiltonian between Skyrmions as m general form as
V(r;Al.Az) = Vc(r) + 983 ng(r) + BT VT(r) + B;’ V;!(rl + 8% Vi(r). (3.11)

where r = X~ X, is the relative coordinate between two Skyrmions. One notices that
Bs! and BT are the {(g-¢}(t-1) and Slz(r~r) termas for the NN potential, respectively.
Bés and 8, denote the tensors consisting of the second-rank spin snd isaspin
operatara for each Skyrmion. These tensors are thus only effective for the N4 or A4
states and not for the NN statea. The exlstence of the higher-rank tensor terms
were independently noted by Yabu et sllsl

The matrix elements of the tensors are obtained by using the matrix elements of

Dij . which are expressed by

<BlB J(A A )DB B d = AlBl,B )AIBz.B )Islll J’ (T ) l. (3.12)

nhere [B,B,> denotes a two-nucleon (delta} state, and 8 and T are the generalized
spin end isospin operators, respectively. A(B,B’) im e kind of reduced matrix
elements 1ln the 8SU{2)xSU{Z}, and can be obtained using the strong coupling

relation/l1 18/

AN, N} = -1/3, A(N,A) = A(&,N) = 1772, AlB,A) = -1/15, A(8,5/2) = {3/2. (3.13)

From the above tensor decomposition of the potential, we notice that the poten-
tial, of the type I involve only the 9-' and BT ocomponeats becsuse they are linear
in D. This fact guarantees that the 88 interaction ln the asymptotic region is
proportional to that of the OPEP an' the strong coupling relations among the cou-
pling constants hold.
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LIRS / Oy © 3/{2 and £o0a / By = 1/5. (3.14)

On the other hand, those of the type II and III involve all kinds of components
appeared in Bq. (3.11).

Now, let us consider the Skyrmion-anti-Skyrmion (88) potential. In order to
study this, we make a G-parity tranlforlation to one of the Skyrmions; for exaample,
we replace U (x-l ) in Eq. (3.1} with U (x ll) but not Uo(x -X ) For puch a trans-
formation, Rk(l) defined by Eq. (3. 6) becomes L {1), where the argument '1’ menns
U (x-xl) to be the argument. After this replacelent we obtain the 93 potential.
However, to get the potential we must symmetrize the result with respect to the
particle coordinatea. Without this syametrization we obtain the potential which is
linearly dependent on the relative coordinate. Thus, the parity conssrvation is

broken for that treatment.

The G-parity structure of the potential can be seen easily from the above
consideration. Because of the hedgehog ansatz we have L;(ll = -R?(ll. The sym-~
metric part of E: in the suffices i and k has an asymptotic form of the one-pion-
exchange tail, and the antisyametric part has that of the two-pion-exchange tail.
Therefore, if we consider a long-range behavior of the potentisl the G-parity struc-
ture is determined by the powers of R: in the expressiona Eqa. {3.5),
(3.78)~{3.8c}, since the Bymmetric part is only responsible for that behavicr.
Thus, the components of the type VI and VIll are odd in the G psrity, end those’of
the type VII are even in the Q parity. Thie mesns that the components V' and leI

involve the one-x and one-w exchanges end VII involves the one-o¢ and one-p

exchanges.

§ IV. NUMERICAL RESULTS AND DISCUSSIONS
A. Coupling constants and the static propertjes of nucleon

The lagrangian in Eq. (2.1) involves the parameters Fr' e, 7 and g Fn is the
pion-decay constant, and e and 7 are determined by the xx D-wave scattering lengths
in Eq. (2.4). e is related to the «-meson coupling constant 5, in (2.7}, To get
an overall nagreesent with these data, the parameters are placed in the following

range:



F_= (120 -~ 186 } NeV, T =(0.12 ~0.2 },

'2

e ={ 3.4 .12.) and ‘; = (5.0 ~ 10,0 ). (4.1)

We notice that the experimental data ere very uncertain so that these values of the
perameters should not be taken seriously. 1L should be mentioned that, by reducing
the value of the pion-decay constant we can reproduce the § = I = 0 scattering
length of the nr scattering in terms of the chiral aymmetry breaking term IISB’

Within the sbove ranges of the parameters, we attempt to reproduce the masges
of the nucleon .N and of the delta isobar ‘A' We adopt the following two cuses:
for Case 1 we put FK = 120 MeV, e = 10.0, 7 = 0.0 and gi/(ix) = 10, and for Cage 11
we put Fn = 125 MeV, e =12.0, 7 = 0.1 and sf/(dx) = 10. Case 1 was chosen as
7 = 0. In choosing Case II we tried to solve the Euler-Lagrange eguation derived
from Eq. (2.9}, but could not get any solution for F(r) for 7 > 0.1. As mentioned
in Refa. 15 and 16, the [4S term warks 88 & strong destabilizer, so that T must be
smaller than a critical value. It can be shown that the inclusion of the term gives
riee to an instsbility of multi-Skyraion aystens.lzo/ In this meaning we prefer
Cage 1, but as & phenomenological model we used the value 7 = 0.1 in Case Il. Later
we discuss about the case for large values of T.

The static

Table, Prediction of static properties of nuclean and properties of the
obtained valuesa for the parameters nucleon are calculated
Quantitiy Cases Pure Bxp. far the sbove two
(1) (11) Skyrae ceses and are listed
Fn 120 125 108 186 in the table.for a
e 10.0 12.0 4.84 reference, we also
7 0.0 0.1 0.0 rhon the case ol the
gi/hr 10.0 h 12.0 0.0 pure Skyrme nodel’ 2/
with 1 = EG = 0. From
2. 1/2 .
<r >1=0[f-| 0.76 0.74 0.68 0.72 the Table,one notices

thet the calculated
(rz)llzlfl] 1.07 1.04 1.04 0.88 etatic properties far

= Cases I and II are in
(r2>;{f=0[f|) 0.98 0.94 0.96 0.81 good egreesent with
Pp 2.24 2.12 1.97 2,19 experimental dats,
"n -1.44 -1.33 ~1.24 -1.81 especially for
'nNN 14.5 12.9 11.8 13.5 Case II.
‘A . 1.26 1.20 0.95 1.23
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B. Skyrmion-Skyrmion interaction potential

Following the
prescription described in

section 3 we calculate
the 83 {83) potential.
Figures la), b) and c)
show the calculated
central Vc, apin-spin

VB!, and tensor VT poten-

tisls for Cage I,
respectively. In the
figures the upper parta

are for the SS potential,
and the lower for the 8§
potential. Sleilarly,
the higher-rank spin-spin

v
s

and tensor vT poten-
tisls in
Fig. 1d} The
salid curve showa the net

of the
Esch com-

is nlso displayed

are  shown

snd e).
contribution
potential.

ponent
in the
contribution is
The long-dashed
the short-dashed
and the dotted
curve display the con-
tributlons from Vé, V;x
and Véll, respectively.
Also, the dot-dashed
ocurve denotes that from
vi. and the double dot-
dashed
vlSB terms, respectively.
The
the Bkyrme term, VIA' are
rather small for Case I,
so that the contributions

figures when its
rather
large:
curve,

curve

curve from the

contributions from

(aev)

-0

-0
are not shown in the figures.

(Mwv }
<
e

)
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‘qu.l.ss and SS poten-

tials for Case I.
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For the central potentisl in Fig. 1a), we see that Véll

Vél snd VISB have even d-parity. This can be meen from the comparison with the
potential for the S8 interaction in the lower part of Fig. ia}. Thus, V;Il has a
nature of the w-meson exchange potential, and is the main contribution to the short

range part. The potentisl V;Il bas 8 simple struoture; as seen from Eq. (3.9¢c) one

has odd Q-parity, and

can write for the centrai potential

vell o 2 od [ % % - xe%ix - x,, (.2)
where Bolx - xl) {i=1,2) denotes the baryon density aroqnd the center xi. Equation
(4.2) shows that the central part of the VAl is just the folding of the denmities
of two Skyrmions. Thim ls considered to be s result of the w-meson exchange poten-
tisl with the infinltely lerge limit of the w-meson wsss, On the other hand, VlSB
and Vél glve the ¢-meson-like exchange contributions, but the latter ham the wrong
Bign., 1t is noted that the chiral-symmetry breaking term brings sbout an attractive

contrlbution, as expected from the fact that the term contributes to the S-wave mn

scattering datae.

For the spin-apin potential displsyed in Fig. Ibj, we note that the contribu-
tion from V; is dominating in the inside region, and that from Vé is dominant in the
asymptotic region. Both contributions have odd (-parity structure in the outside
region {(r > 2.0fm). Compering with the previous reault{7/ we note that the role of
the Skyrme term va in the pure Skyrme model is replaced by that of the w-coupling
term VE in this case, and the net result ie very similar to that of the pure
Skyrme model.

For the tensor potential dispiayed in Fig. lec), Vé. leB and V; are the main
contributions in the amymptotic reglon, In the same way as the spin-spin interac-
tion, the G-parlty structure of each component is clear compared with that of the 5§
potentlal. Although each contribution has different structure, the net contribution
fa also Elmilar to that of the pure Skyrme model.

For the potentlal of the higher rank tensor, V;B and V*. shown In Figs. 1d} and
ie}, each component iB rather large, while the net becomes small. lowever, we
discuss ister the contributlon of V+ to the transltion potential between the N4
atates.

Tc make & quantitative comparison with the one-boson- exchenge potentiasls (OBE)
for the NN interaction, we calculate the ratios of the present resulte to those of

the OBE:
vi(r) viir)
Ri(r) = ——j— \ R;lr) . ——j— . {JTorms) 14.3)
J viir) v(r)



where V1 and v denote the one-pion and one-rho exchange potentiais, respectively,
and V) ( V* ) is the G-parity odd {even) component of the present potential caicu-
isted from the 83 and the §5 potentials. If the calculsted result {s the same as
that of the OBE, then the ratio R,l.-t /R‘E is independent of the coupling constant of
the OBE potentisl. The cslculated ratios are ahown in Fig. 2. From the figure one
sees that the ratio for the G-parity odd pert is very close to unity for r > 2.5fm
with the plon mass 140MeV for the OBE. On the other hand, the G-parity
@ (5

20 Y Rgy 0F M, =L30Me
)
- \
Imime =162 " 2
" 1
\, —==z{0
o an
0 = 10

{tm)
s 3
3 4

wh

Fig.2.The ratios of the SS potentials to the OBEP
a) for the odd G-parity
b) for the even G-parity,

even part is roughiy fitted with the rho meson mass 430MeV in the region r > 2,5fu.
Therefore, the assymptotic fora of the present potential has the character of the
one-pion and one-rho exchange potentisl. Then, using these results we obtain the

coupling constants of the OBR predicted by the Skyrme model:
— . g4 a =140 Nev

e 1o and m, =430 eV, (4.4

To see the attractive contribution of the tera 145 the central part of the S8
potential calculated for Case Il is shown in figure 3. The contributlon Vis from
the symmetric quertic tera 145 is depicted by the thin solid curve. Fig. 3) shows
that the ters t‘s contrlbutes attractlvely, but is not sufficlent to overcome the
repulsive contribution from the w-coupling ters. The net result {s purely repul-
slve, so that there is no sign of the ¢-meson exchange in the intermediate region.
For the spin-spin end the tensor part the contribution of the t‘s term is rather
emall, sand the characteriotios of the potential do not changed. As shown in Ref,
13, one could incresse the value of the coupling constant 7 of the 143 term by elso
increasing the e-coupling constant, since the 149 term is s destabilizer ond
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the [6 term is 8 stabiliver. Such 8 case may give
a sufficient attraction for the cenlral potential.
We therefore tried & calculation with the

{GeV)

paremeter set of e = 10, F" = 130 MeV, 7 = 0.305
and g:/(ﬂn) = 30.0. The result shows, however, no

attractive part in the potential. This miy be
consldered to be inconsistent with a recent cnl-
culation by Lacombe et 61{'3{ in which they found
an enocugh attractive contribution in the
potential. However, an sddicive ansatz was used
for the w-meson fleld.. ¥e see that the component
vél from the term [5 has been compietely neglecied

by this nansatz. The component Vél im very lerge

in the intermediate region of the central poten-

tial and wmasks the attrsctive contribution from

the Ids term. Therefore, the 'o'-meson-like

contribution in the centrel potentinl cennotl be

Fig.3.The central SS
potential for

Case II.
explained by the [43 term.

The 85 potentisl can be projected onto those for the NN, NA snd 8A potentials
and also onto the transition potentisl between them. These potentiels are calcu-
lated from the generalized potentiel in Eq. (3.11) using the metrix elements of the
operators 8's. 1In Fig. 4 we show the transition patential VNN,NA(r' caltulated for
Case I: the polid curves in Figs. 4a), b) end c} dispiay those between the ]hv(NN)
snd °S,(Nd), the Fy(NN) end P (Na), erd the ‘o W) end "n(Ma) atates,
respectively. For a comparison we slso show the transitiou potentisla calculated
for the one-x and one-p exchangde polenllnliz}l by the dashed curves. Here, the
dipole-type cutoff was used to calculate them. One can see from the figures that
the prediction of the Skyrme model is very siailar to thst of the one-boson-exchange

15)

90, [Ff »,

(M)
{Mev)

{b) : Y
(c) {d}

Fig.4. Transition potentials; a)-c) transiticn potentials between the NN

and NA states; d) transition potential between NA states.
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potential. It oan be seen that the Skyrme model includes sutomstioally a kind of
cutoff function and alsc the contribution from the rho and pion exchanges in the
asyaptotic region.

Here, we mention about the contribtntion from the higher rank tensor terms in
the transition potential. These terms contribute for the states invelving the &
isobar, aince the operators are the second-rank tensor in the spin and ismospin
operators. The terms are usually sasll, but give a large effect for some atates.
For exampie, the value of the matrix element of 9& between the st(NA) and SFZINA)
statea is wmuch larger than that of BT. Aa a consequence, the V& part becomes
conparative to the VT. In Fig. 4d), the solid curve shows the transition potentisl
between the 3Pz(NM and an(Nb) states calculated with including sll the contribu-

tions, and the dashed curve shows that without the Vi part,

C. The mcattering smplitude in the coupled channel calculation

Finally we carry out the calculation of the phase shift of nucleon-nucleon
scattering by mesns of three channel coupling model including the NN, NA and AA
channels, We show in Fig. 5) the Argand diagrams of pp scattering swplitude for the
partial wavea which correspond to the dibaryon candidates. In the calculstion, we
dropped the central potential and used the hard core with radius L 0.4fm since

the present central potential does not
reproduce the characteristics of the
phenomenological one. In the figure

o—o NN,NA the result of the channel coupiing of
o----0 NN,NAAA NN and N2 nare depicted by square and
that of NN, NA and A4A pre by the

‘G‘ circle. The attached numbers to the

§ lines denote the c.m. energy of pp
5fo..o systes in unit of GeV. From the figure

n—’befxﬂfﬁh the resonance-like looping behaviors
are  seen, and the wmasser of the

2 "resonances” obtained by using these

Fig.5. Calculated scattering ampli- results are consistent with our pre-
tudes in the coupled vious relultn{Zl/ However, the
channel model, calculated partlal widths of the

"resonance” are rather small when

oompared with those of phase shift
unuly-is’zz’ and the previous work. The main reasson of the small partial widths is
asn follows: As the resonance-like behavior in the NN channel comes out by the
coupling with NA algned state and lts total width is mainly determined by the decay
width of the A-isobar, strength of the transition potential is essential in order to
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obtain sultable partisl width of the "resonance”. However, in the present case one
can see from Fig.5 that the transition potential between NN and NA aligned

state is almost a half in the strength that of OBE at r - 1fm.

§ V. SUNMARY

We bhave investigsted the baryon properties and the interacticn between
Skyrmions in the modified Skyrme model, where the parameters are determined within
the range which experiments permit. Two kinde of parameter sets were chosen to
investigate the contribution of the new destsblilizer [48' one of which the term is
not included but the other s included.

For the one baryon sayatem, the modified Skyrme model improves the atatic
properties of the nucleon when compared with the resulte of the pure Skyrme mcdel:
Especianlly this model reproduces nicely the msgnetic moments and the sxiasl coupling
ratio By

Next, the interaction between Skyrmions is investigated, where the genersl
formulation to obtain not only the NN potential but Blso the NA and AA potential has
beeh shomn. By using the same parameter sets for the one baryon system, the 38
interaction potential waa calculated numerically. The potential has a good cor-
respondence with the OBE potential of the r and p weaons at the long diutance region
(r>2fm ). The extracted coupling constants and masses for the OBE are consistent
with the phenomsenological models and also the previous result nf the pure Shyrme
model . Thie means that the asymptotic form of the 5§ potentlal is slmost independ-
ent of what an effective lagrangian ie employed. As for the centarl potentlal, the
repulsive core of order of the nucleon mase is obtained but no attractlve area in
the potential cannot be seen. The fact that the central potential is repulsive
everywhere {8 independent of including the [48 term or not. The attractive con-
tribution of the [48 is overcomed by the repulsive contribution of the [5,
especially by the potentiml with two pion tail. In every potentiai the contribution
of the LE is dominated and the role of the [‘A in the pure Skyrme model ie replaced
by the tera [6'

We also show the resuits of coupled channel calculation with NN, NA and AA
channels by using the obtained SS potential for tha dibaryon ocandidates. Although
the resonance-like behavlors are obtained, the partisl widtha of the resonance-like
behavior have hecome small. The main reason of auch results is brought about hy the
underestimate of the transition potentials in the intermediate range.

Here, we give a comment on the role of the IAS term. We can easily derive
an inequality relation of the coupling constants to get a stable sollton solution of

120/

the unit number:

J . 28
7 < 3 +

2 '
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where 3 is given below Bq. (2.9). Increasing the baryon number, however, thie rela-

tion is violated and we cannot get any stable soliton solution for a multi-Skyrmion
system. Therefore, the inclueion of the [45 tera gives & serlous problem. When we
consider, in the Skyrmion physics, that an effective lagrangian of mesons should
support stable soliton solutjons, we face the problem of how the S-wave xr scatter-
ing 1g consistently described in the meson lagrangian without throwing out stable

soliton solutions.
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NUCLEON-SOLITON CHIRAL BAG?
M.M. Musakhenov, P.K.Choudhury

Tashkent State University
USSR
1. INTRODUCTION

The QCD vacuum in addition to a gluon condensate containe a querk
one /1/,they being closely related to each other. Investigations
(see reviewlz/) within the QCD sum rule showed an important role of
the spontaneous breakdown of the chiral invariance (SBCI) caused by
the existence of the quark condensate in the formation of the lowest
QCD vacuum excitations and in the explanation of their properties.

The effective QCD Lagrangian for the lightest mesons at small
energies (E (1 GeV) is a phenomenoclogical chiral Legrangian/B/ ad-
ded by the terms with field derivatives in the fourth power where
the mein role is played by the Wess-Zumino-Witten term 4

The chiral QCD Lagrangian in addition to the sector with the to-
pological charge t=0 describing mesons has topologically nontrivial
sectors with t#0. The interaction of such field with the Dirac quark
vacuum results in the baryon currentls/. Thereby, if the sizes of a
goliton are larger than the compton wave length of the quark, such
e soliton possesses the baryon charge B=t and semi-integer spin.
Otherwise, the soliton remains as a boson since it ceases to inte-
ract effectively with the Dirac vacuum quarks/7/. The nucleon struc-
ture as a chiral soliton was firstly considered by Skyrmels/,then
within the QCD - by Witten’5/.

Investigations of the insianton QCD vacuum model in the pepers
of recent yeara/9'10/ showed & possibility of the quantitative des-
cription of the quark condenaate,qf-mesons and possibly the nucle-
on for 1/L=1/3/11/. Here 1 1s the mean size of the inatanton (1~'=
=600 MeV), L is the average distence between the instantons. Due to
the rescattering on the instanions the guark acquires a mass M _=
=M (P), M (P »171)=0. The instanton vacuum model lacks confinement.
Indeed, both the SBCI and confinement might be realiz~d and a possi-
ble coincidence of distancea, where these phenomena take place, ig
not excluded, The investigation of the assumption made and estimati-
on of this distance are of importance.

For this we sssume the existence of two phases in the nuclear
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structure, In the external region (r>» R) quarks have large masses
(M_~e»o0 ) que to the confinement and non-zero quark condensate. The
region (r> R) is described by the effective chiral QCD Lagrangia.n/.12/
There is no quark condensate in the imner region and quarks hdve
small ( zero) masses. Such assumption leads to Chiral Bag Model
(CBM)””which is a natural development of Dpubna’ 14/ and MIT/15/bag

models, The CBM legrangian hes the form’ 13/
L2801 ¥ 43 B+ (2, (F (0410 TH MO,
+ (1~ e‘(x))Lu.

where ¥ 1s the u,d-quark doublet; _ _, - “P/
{""(0'+Ltﬂ)-u=’*l?(l-'l¢)- P = f.

c:=fwsp , waf Tp sing,

f is the pion decay oonstant, F =293 MeV, ¥ is the pion field, AA
is a Lagrange factor, i.u is the chiral Lagrangian,
0g(x) = {1 inside the bag
0 Dbeyond it.

Note, that the bag model can be obtained from the Priedberg-Lee-
model“s/in the limit where the jump in the quark mass on the tag
surface is provided by the jump in the scalar field value and the
term in (1) oontaining the parameter B is a contribution ol this
field,

In the model described by (1) the chiral field U can have a large
component U, around which quantum fluctuations occur. A quasi-classi-
cal approximation for the nucleon Hamlltonian means the account of
the contribution of the classical fleld cnergy and the energy of
three valence quarks lying in the lowest Dirac bag level of poasitive
energy. Quantum corrections to the quasi-olassical approximation in-
clude the account of the single-loop coniributions of the quarks
(pularization of the quark bag vacuum by the field U,).

The quasi- ~lassical approximation assumes that the nucleon bsing
a three quark state of the lowest snergy i1s described (in the rest
frame) by s more spherically symmetric oonstruotion.

The shape and aizes of the bag are determined by the ocondition of
atability; it means that the inside quark pressure on the bag sur-
face should be locally equal to the chiral field pressurs plus the
external pressure B.

P na[P(o+iint)¥]=2(B-L4). (2)
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In the quesi-classical approximation a choice of the classical

field U, in the form of the Skyrme anzatz
u, zexp (iThn F(M)) (3)

seems to lead to the spherically symmetric pressure from the outside
on the bag surface, It implies that the quarks should also lead to
the spherically symmetric pressure from the inside, Hence, OR(X) =
=¢(R-r), where R is the bag radius,

In recent worka’17~19/ in the fremework of the anzatz (3) assu-
ming the external region to be described by the Skyrme lLagrangian 8

2
£5K=tr{-§ a,.u*a,.u+ 32‘Q‘ [u*a,.u,u‘a,u]'} 4)
a possibility of trensforming the CBM solutions for R -+ 0 into a chi-
ral Skyrme-Witten soliton (skyrmion) was considered, (Note, the se-
cond term in (4) is needed for the stability of a soliton). The ac~-
courtt of the effects of the bag vacuum polerization by the external
chiral field U, turned out a decisive factor in the realization of
such possibility. Thereby, the energy and baryon charge leak into

the external region 17-20 , the carrier being the axial current flo-
wing continuously across the bag surface.

Taking account of the rotation (U,= A(t)U AT (), AtA=1) does not
alter the picture 2 .

Besides, a condition for the limited transformation to the skyr-
mion is a positive contribution to the energy of both terms in the
Lagrangian (4).

The calculation results’ 2/ of the effective chiral QCD Lagrangi-
an have led to the following expression

2

Lu =tr {.4{. 3,, U.‘a,uu +?(‘2W [u"aﬂu.u’B,u]z-i-

+ T"—‘-—-—, [Cuutduu)-2(au (u"a,.u))!”-f... )
(2m

The omitted terms in (5) contain the powers of the gradient 36/M2
and higher where M_ is the quark mass in the extermal region. Since
in the CEM M is great, we restrict ourselves to the account of the
terms containing the second and fourth powers of the gradient. For=
mula (5) differs from (4) by the third term which leads to the non~
positive contribution to the energy; the chiral soliton lacks. The
situation can be improved by incorporating a bvag.

In the paper pressnted we have investigated the CBM for a three-
quark hadron (nucleon) where the external region is described by
formula (5). In Section 2 CBM formulas in the quasi-classical appro-
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ximation with the account of the quantum polarization corrections
are discussed, Section 3 presents an algorithm of the calculation of
the nucleon mass, The results obtained are dilscussed in Section 4,

2. THE CBM WITH THE ACCOUNT OF THE EFFECTS OF THE BAG VACUUM
POLARTZATION

The external nucleon region in the CBM is described by the effec-
tive chiral QCD lagrangian (5) where the field U contains s large
clessical component U,(3) and small fluctuations around U, 21 which
contribution is ignored in this paper. A etandard procedure with the
known Iagrangian (5) leads to the non-linear one-dimensionsl equati-
on for the profile function F :

llll

Rp”, anE' & 1 2pt2p
r‘fF + 2rF s'n2F+——2(2ﬂ)’{"(r - 2r FlsceF s
+ ArE 4+ 25 F.F "4+ 5 Sin2E.F'?— 4 Cos 2F.F '+

+ .’nin:F 2$|n2F) o.
r

(6)

The asymptotics of the profile function for r-eos is given by the
expression which is in fact the Goldberger~Treiman relation:

Flr) = = O/p2, n

where a=35A/8 ﬂf2 - is the aximel charge of the nucleon, In the
following as input parameters the values f and g, sre given. On the
bag surface (for r=R) the continuity of the aximl current results
from the chiral invarience requirement which lmplies that a normal
component of the axial curremt in the extermal region Ny 'J'“ (u)
proceeds to the inaide of the bag by that of the gquarks rhj"‘(\y)

To determine the axial current in the external region one should
use the expresaion ror the effective action of S(U,A) in the exter~
nal axial vector field 4

The normal component of the axial current for nr, ,: i
ig equal to

‘r GSm F_ g2 ). )

AL
The contribution of the bag to (8) ( W= *(¥) ) and nucleon mass
(as well as other magnitudes) generally consists of the contributi~-
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ons of the valence guarks and vacuum polarization effects., The bag
quarks obsy the equation

t¥3¥=0 (r<¢r) (10)
and the boundery condition
ciTAw=exp(iTnF)¥ (r=k). an

Usually vacuum gquarks occupy all the levels of negative enegies,whi-
le the valence ones - the lowest level of positive energy. Since the
boundary conditiom (11) containa P, the wave functions and quark
energies depend on F, this leads, for example, to the F~dependent ba-
ryon charge of the bag, axial current, vacuum energy and valence

quarks having been analytically and numerically investigated in the
papere’ 17720,22/

3. CALCULATION OF THE NUCLEON MASS

Formule (9) sllows the boundary condition (for r=R) of ‘the conti~
nuous axial current (8) to be represented in the form

d0 pag! L (68inF _ pn2
_s_d_F_Lt'=4"RrF[l+ - )] (12)

2(zrf)? \T R7

where S)bt=‘1v4p4'glvd is ‘taken from Refa./17'18/.

A numerical solution of (6) leads to the relationship between
R,F'(R) and F (R) for a given value of g, (Pig.1,2).

Apart from the requirement of the axial currsnt conservation the
equilibrium requirement should also be met. Let us discuss it wri-
ting out an expression for the total emergy of the three-quark had-
ron
M= 380ut | anrle My ’ (13)
where Mu is deduced from the formula Mu"‘,rtud ¢ .

The stability condition (2) for the spherically symmetric bag
means that the beg radiusg is determined by the minimum condition

dM/dR=0 , d%/ar? > 0. (i4)

Thus, to each equilibrium value of the bag radius correaponds an
appropriate value of the parameter B > 0,

An algorithm of finding m three-quark hadron mass is as followa:
1) We solve eq.(6) for a given value of gy
2) For given values of 8, the bag radius R is determined in terms of

the solution of (12),

3) From the values of R and P(R) the values of ¥ and 1 tot B8T€
obtained.
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4) The parameter B is determined from the equilibrium condition (14).
5) Substitution of the values obtained into eq.(13) gives a three-
quark hadron mass.

The values of the nucleon mass for different values of f and 9%
are listed in Table 1,

We also consider a case when the external reglon is described by
the chiral Skyrme Lag.anglen (4). Calculations of the three-quark had-
ron mass are carried out according to the above-mentioned algorithm;
the results are listed in Table 2 where in addition to f and g, &
parameter e enters.

4, DISCUSSION OF THE RESULTS AND CONCLUSION

When the asymptotics for F(7) 1s introduced the right-hand side
of the equation (12) for the comtinuous axial current is equal to
3gA, while the left-hand side of (12) tends to 2,94 for F# 0. Thus,
in the range of -N{P < 0 there are no solutions of this equation
for 8 < 0.98; the solutions for €y ~ 1.1 are valid for small values
of F, i,e, for large values of the bag radius (fR~ 0.6) while g,~1.2
is valid for F~ =%/2, R ~ 0,3 (Fige.1,2).

It follows from Table 1 that a stable solution (B » 0) exists on-
ly for g, < 1.18, In this case a bag with a large radius is realised
(fR ~ 0.6) while BXK E (E is the density of the QCD vacuum energy).
In principle, one could get a solution with a small bag, if the inte-
raction between & -meson and chiral field U according to the decay
scheme w-+3M ig taken into account/24/.

Table 2 contains the results of calculations when the extermal
region 1s described by the Skyrme Lagranglen, Here £, g, and e~de-
pendencies are seen. g,~dependence of the equilibrium bég radiusis in-
verse to (12).8,~1,2 corresponds to fR ~ 0,6 while 8,~1 corresponds
to fR ~ 0.3, This is surely related to the difference of the axial
currents resulting from formulas (4) and (5). Also, for the preset
N and f with decreasing e the value of R decreamses. Thus, an approp-
riate choice of parameters g, and e can lead to R=0 which corres=-
ponds to the skyrmion. For the values of parameters from Rer./ 23/
(£=65 MeV, gA-0.61, e=n5,5) R ~ 0, M=B56 MeV, coinciding with the re-
sults of this paper.

The results of our caloulations show that & version of the CEM
where radil of the confinement and SBCI coincide is rather unsstis-
factory as the descrigtion of the external region by the effective
chiral QCD I.eg:-ansian’12/ dictates solutions valid for large bags
(fR ~ 0.6) which are in contradiction with the data on the two-nuc-

' leon systems, The latter show rather fR ~ 0.3/25/.
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Fig. 2. Graphical i1lluatratior of the condition of the axlal curm
rent conservation (12)
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ZLi

Table 1

3fl
2 g, R Fo(aee) 'R m LI W 8'/4 et myme 3_‘(%&%
MeV fm NeV VeV % MeV kieV %
1.8 0.53  -1.52 1.5 1128 788 70  (=1)"/%205 -1444+484 ~13+43
110 1416 0,97 -0.48 0.28 1352 161 12 151 2504941 19469
1.12 1.15 =0s33 0.16 1227 88 T 134 255+884 21+72
1,08 1.37  -0.22 0.09 1081 46 4 116 2434792 23473
1.18  0.65  =1.52 1.5 923 645 70 (-1)"%4168 ~117+395 ~13+43
1,16 1,18 =0.48 0.28 1107 132 12 124 2034772 18470
1e14 1,30 =0.39 0.21 1054 96 9 116 2094749 20471
go 1412 tea -0.33 0.16 1004 72 7 109 2114721 21472
1.10 1.53 0,27 0.12 946 53 6 102 205+688 22+72
1,08 1.67  -0.22 0,09 884 38 4 95 1974649 23473
1.06  1.87 -0.18 0,07 803 26 3 86 1874596 23474
1,18 0.84 ~1.52 1.5 718 501 70 (-1)"7%131 —924309 -13+43
70 1416 1.52  -0.48 0,28 861 102 12 96 158+601 18+70
112 1.81 «0,33 0.16 781 56 1 84 163+562 21472
.08  2.16  -0.22 0.039 688 30 4 74 1534505 23473




et

Table 2

352 tot 30
£ 8y e R Foen)'e om0 m, w34 B —mqe— BVt
MeV fm NeV MeV % MeV %

5.67 1.0 ~-0.68 0.48 1188 227 19 137 1844777 16465

1.2 6.79 1.09 =0.57  0.32 1145 173 15 130 1944778 17+68

5% 7.97 1,11 =0.56 0.2 1133 163 14 129 1964774 18+68
1.0 6+20 0.5 -1.45 1,92 1206 643 53 136 294534 3+dd4
7.43  0.55 =1.51 1,03 1141 656 57 71 2+483 0+43

4.42  0.35 -1.81 1.6 1468 997 68 231 64+407 4+28

0.9 5,99 0.42 -1.76  1.42 1224 842 69 72 14381 o¥31
5.67 1.12 ~-0.67 0,48 1056 202 19 121 1614693 15466

80 1.2  €.79 1.23 -0.57 0.32 1018 154 15 115 1744696 17468
7.97  1.25 -0.56  0.27 1007 145 14 114 1754687 18+68

6.20 0.62 -1.45 1,12 1072 572 53 121 2T+473 J+44

1.0 7.43 0.62 -1,51  1.03 1014 583 57 63 24429 0+43
4042 0.39 ~1.81 1.6 1305 886 69 205 56+363 4+27

0.9 5.79  0.47 -1.76 1.42 1088 748 69 64 1+339 0+31
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UCCHENIOBARME MOZEMN KUPANBHOTO MENKA (CBM) B WuMPHOM BEAECIBE

I'.T'.ByHaTaH
O0BeIMHEHHH MHCTUTYT RAEPHHX UCCHEZoBanul, [LycHa

Ayt MceneZOBaHNA HYKAOHOB B HACTOAWEE BPEMH YCINEWHO MCNOZAB3yeTCs
MCAENh KUPIABHHX MENKOB, I'AE CYWECTBEHHYO DPONB UIPSET BIauMOAECTBUE
HB NOBEPXHOCTH MEDK3 38NEPTHX B HAM KBADKOB C MESDHHHM nomem (CBN)
OT8 MOAEAD YAOBIETBODPAET OCWMM TPECOBIHHAM TEODUW [OJA ¥ MOSBONSET
ONKCATH OCHOBHMY CBOMCTB3 8APOHOB M MX B33MMOJAeHCTBUN, ECnu Meumox-
HYKAOH HOXOXMUTCA He B OYcTOoTE, 8 B ALEDHOM BeileCTBE, TO e€r0 IUOHHOE
NoJie MBHAETCA M3-38 B3sUMOZeHCTBMA CO cpenoil, 4UTO BieueT 34 coCoif us-
MEHEHME BCEX €ro CBofcTB. DTW U3MEHOHMA TEM 3HAUUTEIBHEE, uYeM GONbWE
NAOTHOCTH AZEPHOTO BEWECTBA, HO yXe M AnA OCuwuHoil AxepHolf nmoTHOCTH
OHY MOIYT GNTH CyUleCTBEHHNMU. CMAIYEHHE EyOHHOE MOAN B ANEDHOM Beuwe-
CTBe BW3NBAGT YCHNIEHHEe NUOHHOTO NoJA JC . ITO NPUBOAMT K yMEHbUE-
HUO PB3NEPOB MEUKB~HYKAOHA, 8 NpU AOCTATOYHO Coabwoll MAOTHOCTH E)>

P 630 NUOHHOE NONE ¢ CTBHOBMTCA CTONb CUIBHNM, YTO HEBOSMuAHO
cymeCTnoaaﬂue ANEPHOTO BewWeCcTBa, COCTOALErO M3 TPEXKBSUK OBNX MELKOB—
HYKIOHOB 1

JIarpaHuuaH CBM/OZX +X +e [t (1)

COZEPHUT 78T DAHKUAH KB2PKOB BHyTpM Memﬂanfq/ s JIBTPSHEU8H NUOHHOT'O
NnonfA, KOTOPHU M 33numEM B BMAE

24iza2d - wkpT yzm
DZ’___JZ +_L@,JL) :}Lﬂyc Z[w - alel KP Wz
JC
H J8rpsHEUBH 338MIOAGMCTBMH KBapKoB 0 MESDHHHM noneM Ha ﬂOBerHOCTM

MEUKB ~_—%[EXP(‘ 2«%/42 CLSJ ‘)QI—/OG';‘ g C'/"yc T (3)

Wa (2) (3) nonyqeeu ypaBHeHne nnﬁ NHOHHOLO NOJA
Cwrir REMWR.LT)T = 0Lt /5 )
KDTODDG NONESHO NEPENUCETH B BUJAS

2 (@)=~ \dZ D(F-7) (%0 (%, )/3F(), )

rneg)(rz z‘) - Qyuxuua I'puae ypaBHeuun (4). Hannumeﬂ B (4) ornu-
yaeT 3TO BHPIKOHME OT N8I PSHXUAHE CBOCGOZHNX [MMOHOB. BAMAHME sZEDHOTO

BeusCcTS8 HE MEWOK~HYKAOK cKa3upseTcA B CBM B M3MEHeHMM ME3OHHOrO NONA,
B3gMMOZEHCTBYDUETD C KBBDK3MA H8 NMOBEPXHOCTH Mellk8, 4YTO B HAUMX Mccne=-
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ZOBBHMAX YYTOHO BBOAGHMEM B (2) NOMAPH3ALUK CDEZH [‘Iijjj . Ilpn aTou
MH NOJI8T3EM, YTO MCKEEGHME ME30OHHOTO NONA HE NOBEPXHOCTH MEHKD NOXHO
OMMCATH BBEACHHEM BEUMuMHN ||, XapsxrTepMayoueid cpefuMe cBoMcTBa Azep-
HOTO BEWECTBA M NMOHHOID NOJA B HEM, NOZOGHO TOMY, KSK B 3NEKTpPOAMHA-
MUKE Cpesuue CBOMCTBA CpeAN OIMCHBENWTCA AMINEKTpPUYECKOH NpOHULAE—-
MOCTBO U WGZHATHOW BOCNUMMYMBOCTE. OGPSUEEHME B HYNB TOK3 4epga mo-
BepXHOCTE, } =0, U ASBIEKUA HB NOBEPXHOCTH Memxaj%%:r =Q 11p#Bo-

AAT K COOTHOUWERWAM H8 TpaHuLes q’[e)(f’(é‘(5fz"y_f/?)]%=0, )
2B =¥V [Glerp(iG 77 plg =0 . (&)

Kax MSBGCTHO/I/, ycnonue 'aluT/‘):-_o (6) COBNaBR3EeT C yCaOBUEM
FWERAp =0 (68)
00,.» d‘*__ +E +E 2
MGE(R)=ST @az ~Eq/ g Fsr - oneprua cucreun.

Mpunenan (4)-(6) x HyKAOHY, G6peM CpelHE8 OT ITUX CuOTHOWEHMH no coc-
TOAHMK TPEX KBAPHOB C NONHHM CRMHOM I/2 n maocnuHoM I/2 M MX npoexuyd-
HMM'Z; ,63 . BonHOBaA (QYHKUMA TEKOT'O COCTOSHUS CTPOMTCA M3 NpPOCT—
DPBHCTBEHHHX M CIKH-M3OCNMHOBHX (QYHKLWI KB3pPKOB (1f25££,(€70 UMOYABCOM
P. YpeBHeHuR (4)-(6) onpezAeNALT Tenephb Da3MEp MOMKS R » BHEpruu
HBBDKOB F) ! NUOHHOE noneiﬁ? . COBMECTHOS peuwenHue FZ,F),Ji? ypaBHe~
HUA (4)~(6) COOTBETCTBYET yCTOHYMBOMY COCTOAHMD MEWK3, 6CAM NPH ITUX

R 3% 9HEPIUMA MMEET ACGCONKTHNA MMHUMYM. [109TOMYy, MCCAEAYH yCTOH-
YHBOCTH MEWK3, MW NPOBEPAEM COOTBETCTBYET JM HalleHHOE DEWeHNe MUHN-
uyny = (EQ. Ecny ®e XnA HEKOTOPOH MAOTHOCTY M BEKYYMHOTO Z8BAG-
HHA [ yPaBHeHMA (4)-(6) HE MMEOT COBMECTHHX peueult, E (R) He
MMEET MHUHMMYM8 M, CNEJ0BATEIBHO, B SAEPHOM BEWECTBE C TIKMM fD
MEUOK-HYKJIOH CYWECTBOBATH HE MOXET.

Ilpu uccnexosanuun CBM B cpee cA8ZYeT yWITHBATH KAK CpPEZHWE MA30H-

HHE nonn,(ﬁ)::ﬁ s TK U MX KBBHTDBHE U TeDPMOAMHAMWYECKUE DAYKTYa-

— > =2 ?

(g y=0, FT=ITY, )
onpexenNfeTCA yPaBHEHUAMM (4)~(6), 8 QAyKTysuumM, Kax Bcerga, xa-
P8KTepU3YNTCA BEANUMHOM

—~ o~
<ﬂd(x)%@g)>=§p0lfx’j/}ﬁr); (8)
rae ycpejHEHME NPOU3BOJAUTCA HO COCTORHUK CLeiy C IJIOTHOCTHHD ﬁD s
TeunepaTypoﬁ'I'. [lpn 3ToM npeznojarsercsd, .Tn U3 BHYTOHO g€ 3HB-
YEHHE npH (O"O,T'-'O . BenM‘MHN%['Z—-Z/) B (48) H i BHDERS~
OTCH uepo3 QyHKUMi I'pMHE NMNOHHOI'O NOJA B AXEPHOM BEYECTBE:

i3

—
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BMECTO P=— e 5/_7(2 B nycrote, npu [1=0- PDCT KODPpENRUMORHODD pa-
zuyca ¢ . ¢ pocrou BeZET K ycunenmo mnox-mor'o NONA MEUXa—HYKI0HS .

ipn o nuxT< <1_ raxomuu’ dNA B\} <<L A"Oi B"'O.’)
¥ B JTOM CHyuse (QAYHTYSUWAMM MOXHO NpeHeGpeus, B npnOnnmeﬂnn cmepuqe—
CHOT'D MEWK3 ns (5 nonyqaeu

-—-—oﬁtzrt}) (Jo(") (h(x))/é (x)ol ) ,Y¥= ”P(R/]Ez x=pR (1)

[Mpu n3meyeHUH y or D zo gy 7nepes yacth (13) menserca oT 0 70 oo
YTO COOTBETCTBYET YMEHDbWEHND X or X =2,04 (nepBuil KOpeHL yPaBHEHUA
(}O(x)- 1 (X)) mo 0. Ho cooTHOWeHUE HEONPEAEAEHHOCTM AONYCKAET JHub
X&{ » W 418 guanueckux cocToAHM NKOHHOE NONE 33BEAOMO CYUECTBEHHO
MeHblie £4T =2. TBKNM OOpa3OM, yze K3 YCNOBAA (6) JBHANYIEMN, YTO KU-
penbHE/ MemOK MOXET CYWeCTBOBSTH, MMEA ME30HHOE NONE TONBKO MEHBUE
3T0re KpATuveckoro. Ws (I3), (4a) Hafizem cooTHOWeHME

i=a(prBp)-eom, e=j200-4 00, Ben=Sicwyly (&m\}yq))i%lg‘ﬂ,uu)

CB3LBaKMEE ¢ X, F) . BennuuHe (. (p) pacrer ¢ pocrou B COOTBET-
CTBUK C 38BUCHMOCTBK OT mynxuuutgg B (I2). YTOGN BHMOZHAZNOCH
(I4), poct ﬂ_(_g") ZOAMeH CONPOBOXZATHCA YMEHBWUEHUEM g(uy)co() . Ho

g(_qo), C(X) T8HOBH, YTO CAEN8Ts §-L CKOAL YTrOJHO M3THM HENb3A.
NoaTouy nps ZocrerouHo Goabuoh .(P) HU Npn KaKux X, Y BunommmnTs
(I4) Renb3A: MEWOK B AZEDHOM BBNECTBE CTONL (OAbLUOA MNOTHOCTH CyuECT—
BOB8Th HE MOXeT.

Kax cnezyer u3 pacqeros/3/, INA D83YMHOM BEAMUMHN B3KYYMHOrO A3B-
nesus B (0,2¢0,3) ].":-)B/(,'gu3 MEWOK HEYCTOMMUB yxe npu pw[oo s T.€.
OOHYHOE AZEPHOE BEWECTBO MJOTHOCTH (3 MOXET COCTOATH He TONBKO U3
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COCTOAHMA: KBBpK-IHNOHHON LAB3MN, MHOPOKBAaDKOBHX MEUKOB M T.Rl. [lpu

(1)
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TOWARDS RELATIVISTIC ELECTROMAGNETIC BARYON COUPLINGS MOTIVATED BY QCD
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t. INTRODUCTION

Quantum chromodynamics (QCD) is gemerally supposed to be the field theory of
strong interactions. Thus this theory should also be able to understand all proper-
ties of all hadrons. Since most hadrons known up till now have inner structures
where confining forces dominate/1/, there is presently no reliable mathematical
framework to calculate hadron data starting from the QCD-Lagrangian. Of course, the
mmerical evaluation of lattice gauge field theory can finally arrive at this goal
but in the meantime one must be content with a semiphenomenological_description of
the hadrons which includes as many qualitative features of QCD as possible.

Since in this way one can at least develop an effective :heo;y,it is advisable
to use models which are as simple as possible. In this respect the naive quark model
has proven to be a very successful starting point. Especially the "Soft QCD-Model"
«wlaborated by ILsgur and collaboratorslz/' 13 has demonstrated how one can under-
stand even more detailed hadron properties by using simple tools like an effective

hamilronian with instantaneous forces between quarks.

The success of these caiculations also for hadrons composed of the light u-,
d- and s-quarks encouraged us o investipate in more detail the "relativizatior”
of the QCD-motivated quark model, Relativistic effects will not only lead to spin
splittings of hadronic levels but also change the properties of the couplings of
hadrons with other hadrons and with electromagnetic and weak currents, Here rthe
photon-hadron interactions are especially suited for a thorough research: They have
a better theoretical foundation than purely hadron vertices where in the quark mo-
del approach only first steps for a QCD-imspired calculation have been done/A/.
Un the other hand,there is considerably more experimental information on photonic,
than on weak couplings of hadrons. We can use the rich data of photoproduction and
electron scattering experiments to compare theoretical results with the empirical
information on photoexcitation amplitudes and form factors of hadrons.
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In this paper we deal with the electromagnetic properties of nonstrange baryons.
In a first part we explain the general theoretical ideas which lead to a quasi-rela-
tivistic interaction hamiltonian between quarks and the electromagnetic fields ex-
pressed ina formal series in powers of 1/c and we-give explicit formulae for the (1/c)?
and (1/c)?~terms. The second part is devoted to an application of these results to
the lsgur-Karl model for baryons. We compare our theoretical findings with the expe-
rimental helicity amplitudes for the photoexcitations of baryon resonances and their

dependence on the momentum transfer.
2. A QUASI-RELATIVISTIC PHOTON-QUARK INTERACTION UP TO ORDER (v/c)?

The local form of the fundamental electromaguetic interaction
m e ¢ Qyty Ar,
where | dJenotesthe Dirac spinor of the light quarks and Q is the charge matrix in
flavour-space,is only valid for the pointlike 'current" quarks. It must be modified
in various respects tu de::ribe the photwnic interaction of "constituent" quarks,
of those quarks which are the building blocks of the quark model.

a) The single quark interaction hamiltonian

As a first step one replaces the pointlike relativistic coupling (1) by applying

a Foldy-Wouthuysen transformation to the Dirac spinors. Retaining terms up to order

::—J one finds from textbooks/s, a hamiltonian acting on the Pauli spinors of the quarks:
) Hee = Mo + He + Hee
with
(+) eQ ?ﬁ
(2a) Hd_ = - m(z?z ¥ )
ey

he - 282 e (RE-u ¢ (R~P)

(2b) « = AmC  Hwmc
LN
m_ @  rpR.23,E}-

(2¢) H ot Ame a-‘-_l A



. . . . : . . + .
These expressions are matrices in spin space - via the Pauli matrix o -~ 1in
flavour space - via the charge matrix Q. In (2c¢) an anticommutator occurs. The three
1

terms (2a-Zc) illustrate what is ment by orders %-, = o and %3 . Physically t/c is

a short term [or following rarios:

_ P
m
_ e
==

ta) the quark velocity

{b) photon momentum/mc

{¢) photon energy/mc

1ot

((b) anl {(c) coincide for real photons).
[f (a) determines f/c the increasing powers of !/c correspond to an increasing non~
locality of the hamiltonian. We are aware of the fact that for hadrons build up by
light quarks the {irst of thesc parameters is not necessarily small. But our calcula-
tions show that there is a high degree of mutual compensation of different terms so
that the employed expansion appears to be justified finally.

[f one remembers the only louse connection between current and constituent quarks
the hamiltonian (2) may appear as a very special ansatz. But if one analyses the he-
licity content of (2a-c) one {inds that only three of the four terms of the gene-
ral Melush ansatz/é/ for a single-quark photon interaction are present; the exotic
D-term does not occur, Indeed if one cansiders a helicity V= +1 photon moving
-i(kz+ut)

. . . 1 . . .
along the negative z-direction: £ = -3 (€ + ie )e the hamiltonian (2) -
V2 x y

being a 2x2 spin matrix - can be written in the form
4 P

44
A=+4 + 2 4 et P,
_ A +Bet s C 6™ ¢
3 Hu. A

B X, . . .
where o° = 0" t jo¥ . Under a rotation around the z-axis by an angle Y the

four amplitudes of (3) behave like

+1p
(3a) At ~ C*~e

2
(3b) B~ A1

++
(3¢) D~ e )
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corresponding to the helicities +1, 0 and +2 respectively. The coavection term of
(2a) is an A-anplitude, while its magnetic part behaves like a B-amplitude as does
the first term of (2b). Therefore,in the ;ure non-relativistie quark model only the
amplitudes A and B contribute contradicting strongly the experimental factslza/. The
second part of (2b) is the prototype of a spin-orbit term, due to the relation
(3 x E)+= i(czp+ ~ 0+pz) it contributes to the B- and the C-amplitudes. The 3rd order
hamiltonian {(2c) gives new contributions to A and 5/7/. Only the helicity 2 term D
does not show up in (2).

Therefore, the ansatz (2) is not a general one even if we allow for arbitrary re-
duced malrix elements when analysing transition amplitudes. (2) represents only the

first, trivial step of an approach to a relativistic photon- constituent quark inter-

action,

b) The interaction dependent photon hamiltonian

The Foldy-Wouthuysen transformation employed to derive the hamiltonian {(2) starts
from free quark spinors. However, the atrong inreractions between the quarks will pro~
duce new pieces in the effective photon-quark hamiltonian which we call the "inter-
action dependent terms'. In principle, these contributions should be calculated by
integrating out the gluon fields from the complete QCD + photon-Lagrangian. Thereby
one would obtain at the same time a model hamiltonian for the strong quark-quark for-
ces. Such an ambitious program cannot be carried through at present. Therefore, one
has to recourse to a more simple method where gemeral considerations are combined with
plausible approximotions gained by a careful look to the experimental data. In view
of the last point the successful study of the charmonium system provides a very strong
help. Using the idea of the seminar paper of DeRujula, Georgi and Glashow from 1975/8/
the one-gluon exchange potential should be a good starting point for the quark-quark
interaction. This should be especially true for its momentum dependent parts which
decrease stronger at larger distances. By the minimal substitution of E by 3 - fK
exactly these terms produce the wanted interaction dependent part of rhe photon coup-
ling. Therefore, we are led to start from the wellknown Fermi-Breit form of the quark
poten:iaf;. But the derivation of this force by reducing the field theoretic express-
ion for one-gluon-exchange to a quasi-relativistic po:en:iallg/ encounters an ambiguity

problem. Its origin is immediately clear by looking at the expression for the gluon

propagator
4 - 4.

4 p 3.

@ q= Q-4

: . : . +
For the potential one needs the Fourier transform with respect to the spatial part q
of the momentum trangfer. But the energy transfer g, is not fixed by a unless ane

choosed a special Lorentz system, Usually one works in the center of mass system of
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the two quarks where q vanishes, But for our goal - the coupling of'the electromag~

netic field to the three quark system we need the quark-quark potential in any Lo-
rentz frame.
To solve this ambiguity we used the results of the long lasting discussion ~a the

possibility of a relativistic theory for interacting particles without fieldslig/.
This discussion started about 25 years ago and in spite of a no-go theorem/1[/ it
leads to concrete results which may get new attention in view of the attempts to

112/

formulate a relativization of the constituent quark model . We based our calcu-

lationsespecially on an approach started in 1961 by L.L. Foldy/13/ and worked out in

detail in 1975 by Krajcik and Foldy/‘a/. Parts of the results of these lengthy cal-

715/

culations have also been obtained by other methods A thorough analysis of/ 4

from various points of view and a series of applications have been given inllb/.

The idea of Foldy's method/1'/ can be described briefly as follows: One tries to
formulate a relativistic theory for a many particle system approximating the fully
fledged field theory in two important aspects
- creation uand annihilation of particles are neglected, the number of particles
is fixed,
- for the description of the interaction no fields are used, the retaruation
effects are taken into account step by step by using an expansion in powers of
t/e.
To carry this program through one starts with & naive relativistic hamiltonian for

the n-particle system

- © )
) H = 5 cfmorr + WE),

awa
where only the kinetic part has a relativistic shape, The potential ulo) descrihes
instantaneous forces depending only on the relative spatial coordinates (r -;j).

To get a truly relativistic theory frow (5) one replaces U( o) by a potentxal

© UG, B 3)

which can also depend on momenta and spins of the quarks so that the hamiltonian (5)

acts as a generator of the Poincaré group. The basic result of/13/ /'A/ can be

stated as follows: By an expansion in powers of f—ol a potential U can be construe-~
ted so that the hamiltonian H forms together with the total momentum P, the total
angular momentum 3 and the boost operator Ea representation of the Poincaré algebra.
Thereby, Pond keep their simple additive free form while for the boost K one has
to include terms depending on the interaction, In this way one finds that the ambig-

uity mentioned in connection with {4) can be solved by the following simple recipe:
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Let in a general Lorentz form ;‘, ;2 respectively E!" 52' be the momenta of two

quarks before and after one gluon exchange, so that

@ -};,' =P-q P, = B+

Then the energy transfer q; must be understood according to the symmetric rule
8) C' —~> (E- E. )(EJ- A-) ""P.‘. t_a.(“"- (Pz. A ’

where an approximation of order (%)’ has been wused in the last step. Instead of
/29/

(8) several other procedures have been used in the lirerature . But only our re-~
cipé seems to be consistent with the Poincaré algebra. .. calculate the potential U
up to this order ome has Lo use the Feynman rule result for the one-pglur- «change
amplitude, employ the kinematic relations (7) and (8), do an ex. nsion all kine~
matic quantities and free Dirac spinorsupto order eﬁz and then Fourier transform
with respect to qT The explicit resclts will be given in a forthcoming publication.

The second order parts contain a lot of momentum dependences like

A - >
2 : B VER-%0)
o Ememgen 07
!(3
s s 20%s
where V(r) denctes,e.g.,the static potential: V(r) = - 3T
By applying the minimal substitution one finally obtains the wanted interaction

dependent parts of the photonic hamiltonian. We quote the results by distinguishing

between terms which follow when using q,=0 in (4) and those which one finds from (8)
i

for equal quark masses

(9a)




Hﬂ) (qo#0) = 2 =ty

(9b)

Both terms are naturally of order (%)’ and thus have to be considered together with
(2c). The physical significance of (9a, b) can be described as follows: The first
terms in the square brackets of (9a) and (9b) are consequences of the well-known

118/

Darwin-Breit term resulting from an unretarded vector meson exchange

"_?:—z \(cri) x;i’r -_> v(’ﬂ"') + gi. a V(’fq)—r;' .

The second term of (9a) is a consequence of a spin orbit interaction between the
quarks, while the second and third terms of (9b) have no simple physical interpreta-
tion,

To simulate the effects of confining forces we did analogous calculations for the
exchange of a scalar gluon. The results for the energy-transfer part are identical
with (9b), while typical differences occur for the term analogous to (9a).

While the hamiltonians {2a-c) have a one-quark structure and give rise to processes
like those of fig. t all terms in (9a, b) depend on the coordinates of two quarks.
The resulting contributions te the photo-excitation of a three quark system are
illustrated in fig. 2. This two-quark structure also leads to new amplitudes if one
analyses the helicity content of (9a, b). Most parts of these two expressions are
independent from spin and then proportional to the wmit matrix in spin space. There-
fore, they contribute to the generalized A-type amplitude,cp.eq.(3). The only spin
dependence stems from the spin orbit tesms in (9a), they lead to new B~ and C-type
amplitudes. To be more specific we consider again a three quark system and let the

photon couple to the third quark. Then in (9a) expressions of the form

(5x%) A ; (B<F)AM)
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Fig. 1. One particle photon interaction in a three quark system
(The bubbles indicate the effects of the strong interaction)-

+

Fig. 2. Examples for the interaction dependent
two particle photonic couplings.

occur. Introducing matrices
- 4 - - 4 _un
‘,?L = 7 (EE‘ + (’;_) ) (Té = JL-( /] O;_)

using the notation of lsgur-Kar1/19/

+
(; x E’- i(czi* - o+£z) apne finds the following structure for (9a, b)

for the 3-quark system and observing again

e ¢+ + _r L * ‘f‘
a0 A‘ +- Bl‘l + Cz_d;\- + BS‘ + Cg [

which can be empleyed when calculating matrixelements for baryon (=3-quark) wave

functions.
c) The Center of Mass-corrections

The relatvivistic definition of the center of mass coordinates is a long standing

problem. For an early reference see/zo,

where various physical possibilities are
discussed, The basic property of a Center of Mass should be that it moves uniformly
also for an interacting system of particles. This condition will be automatically

fullfilled if the generators of the Poincaré group especially the hamiltonian H and
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the boostoperator K can be written in the same form as for a single particle, where
the center of mass coordinate i, the total momentum ¥ and the total angular momentum
3 play the role of the particle quantities (¥, B, ). This goal was in principle
achieved already in 1961 by Foldy/‘3/ and later onworked out in detail by various
authors"al' /'5/. The essential result is that one can arrive at this "one particle
form" by applying a suitable unitary transformation to the hamiltonian (5), (6) and

all other generators, so that the following relations hold

/
an H =

-»
a2 K = e

Here h depends only on the internal coordinates and playsthe role of a mass opera-

tor for the composite system and the total spin % is defined by
- e >
—
$-7-%-P
The second term in (i2) takes account of the Wigner rotation and leads to the Thomas
/2”. The mathematical details of this

precession of the spin of an accelerated body

transformation are worked out in/14/ /22/. The relation between the particle co-~

ordinates (r N p R s ) on one hand and the MS-quantities ﬁ J and the “relative,

+
internal coordxnate (x., qi' ol) on the other hand are rather complicated, Starting

from the transformation ri = (x + R)e one gets in the %3 - approximation

the following expression

- -9
= .3 +"E_.‘_ ?E (l +—ﬁ)+kc1-_1x_P.-
an T, =% actLt M ¢ TIm 2w Her

+ many other terms

(Here M denotes the total mags: M = Lmi).

Because of the Wigner rotation term in (12) also the spin variables undergo a trans=-

T x(FixP) + gt feoms.

1.‘ Hct. 9

formation

-ty
(14) 3‘- = 0, —
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. - + . .
Both matrices s and o, obey the usual angular momentum commutation relations.

Because of (1)) the eigenfunctions of
-2 T

= T
R =cP+el

can be factorized in the usual way known from non-relativistic quantum mechanics
. -
- qﬁ-'ﬂ m b
(1s) Y (rglq;'...) =e (], )

where i; is an eigenvalue of ¥. All kinematical relativistic effects like Lorentz
construction or Thomas precession are thus taken into account by the non-trivial
formulae (13) and (14) for the internal coordinates.

Until now all calculations described in this subsection have been made without
the electromagnetic field.If one applies the minimal substitution to the generating
function ¢ of the unitary transformation (11) one gets an electromagnetic function

@E‘ and one has to transform the hamiltonian by

U = e--i (Ifzﬁ)

Since ®e contains the time dependent vector potential X the correct rule for the

1
new hamiltonian is

H' = w (H-q%)u

(16}

Developing in powers of % one obtains for the terms up to third order
! . Elv [ 3, (0 [ B)Hmj
- ? 3 ’
an H“ = He t7e0 g, + E,Hu + Ed,

(o)denotes the hamilton operator

where Hel is the sum of (2a, b, ¢) and (9a, b) and H

for the non relativistic quark model. By working out the commutators one arrives at
a very complicated expression which is written out in ref./23/.

For our further discussion it is necessary to describe the helicity structure of
(7). Hel and Hel' are matrices in the spin space of the three quarks and therefore,
are of a Bx8 type. But both operators are sums over one~body and two-body spin ma-
trices. A careful counting shows that at most 1 + 3x3 + 2x3x3 = 28 independent ma-
trices can occur, In Hel anly 7 occur{cp. (2a-c) and {10)). By the transformation

(17) ona generates 7 new terms. The result can be written in the form
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H., = A4 + B + C'6* + D'l

~ -
+do§+m o ¥

+B ;
LBy + Coop # Dy ¢
+ -
18) . C_;x‘:l‘ +
+ b~
+ Czsrle-s +
£l o tet
¢ Epeida + By

Here we have singled out again the third quark. The first line of (18) contains
single—quark interactions while all other terms depend on two quarks. We have written
down only those spin matrices which have non vanishing coefficients. One observes

that the exotic D-amplitudes occur which are generated e.g. by the following inter-

action

e Q 3 R i (3. x8) L

g M arc? 124

a9

which contain - among others - the following helicity contributions
L3
™ D D,
l ! !
- +
-¢% [‘ﬁ X ol +qi(ateat)os + 95 Giallg].

(20) —8—'4:‘__‘;

Their physical origin is a recoil correction which is indicated by the total mass M
in the denominator. In a similar way the (MS-transformation induces new E-type am-

plitudes which are due to an expression of the form

~7eQ (? -i)z(a,_xq')z

gMmtc an
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The symbolic formula (18} represents our main result. Its explicit content will be

. . /23 . s
given Ln/ / . The consequences for the electromagnetic transition form factors and

the electromagnetic excitations of nucleon resonances are described in the next sec—
tion.

3. RELATIVISTIC XFFECTS IN THE PHOTO-AND ELECTROEXCITATION OF NUCLEON ISOBARS

For a quantitative study of the relativistic corrections to the photon hadron
amplitudes we applied the general formalism described in section 2. We have in mind
an exploratory work and shall use - as explained below - a rather primitive inter-
quark potential to calculate the iateraction dependent partsof the electromagnetic
hamiltonian. In spite of this simplification our results exhibit a typical structure
built up by many partly compensating temms.

The relativistic corrections have to be applied both to the hadronic wave func-

tions and to the photon interaction. With respect to the first point we have used
the nucleon wave function with its admixtures caused by the hyperfine interaction/24/

a2 IN(938)) = 0.93 l“,°+>o ~o0.19|s¢,0%, - 023 fro, o* >z.

. P .
Here we used the notation |m, L >Nuheren refers to the SU(6) representation; L and P
are the orbital anpular womentum and the parity of the J-quark system respectively;
N denotes the oscillator quantum number. This confipguration mixing is a relativistic

effect of order (%)2, therefore, we write generally for the hadron wave functions
fo) Gy |
> = [ 4> + |4

If we use an analopous notation for the different terms of the electromapnetic inter-

action amplitudes up to order (%),

CBIHL1AY = <EOLHOLIA™S +
@, e
N (B{”IH{:_IAm) " <3a>l H.,ilA“)

(23
£ 4B (12 + RTILATS

In this equation the first line gives the non-relativistic amplitudesand the second
line the corrections due to the wave function mixing. Tk: third line contains the

corrections to second and third order in 1/c which follow from equations {(2a-c),

(9a-c) and (11),
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a) Description of the model and the interquark potential
.

For the evaluation of the matrix elements in eq. (23) we employed the oscillator
wave functions of the Isgur-Karl model with their parameter and mixing angles/‘gl.
Especially we take their values for the constituent mass of the u-and d-quark and
for the oscillator constant: mo=my = 350 MeV, a = 300 MeV.

The complete model contains three more constants which enter in the quark-quark

potential

(24)

Vaa 0 = 3(-%+8rs+c).

The strong fine structure constant Qg the string tension b and the parameter c
should be fixed in our context by the hadronic mass spectrum. But in the Isgur-Karl
calculations for baryons they enter only in an indirect way. We need these constants

explicitely for the interaction dependent parts of Hape

Unfortunately the constants e not fixed by the spectroscopy and one finds quite
. . . /1, 125/, /26/, [27/
different values in the literature where,e.g.,the constant ¢
varies between -1 and +0.2. Therefore, we studied in detail how a change of these
parameters alters the electromagnetic amplitudes for hadrons. Moreover, we tried an
overall fit to the following data:

- the magnetic form factors of the nucleons up to & 2 GeV? s

-~ the photon excitation amplitudes obtained by the various multipole

analyges of the photoproduction data/ZB/,

128/

- the results of various analyses of the electroproduction data

Our numeric investigation showed only a weak dependence on oy but a strong sensi-
tivity to the string constant b. To fit the data we could allow only a very small
value for|b|£ 0.01 GeV?. In our final numerical analysis we put o, =0 and b = 0 and

found as the best value for the only remaining constant
c = -0.165 GeV.

Thus we calculated the interaction dependent photon-quark coupling with a constant
potential, which can only be a coarse approximation. That it works might be due to
the fact that we need only averages of the correct potential over a spatial region
where the wave functions are significantly different from zero. We shall see that
already such a single interquark potential leads via formulae (9a, b) and (11) to

very non-trivial properties of the 1/¢) terms.
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b) General description of the relativistic contribution
to the electromagnetic amplitudes

*
The photoexcitation of a nucleon isobar N can be described by the commonly used
photon helicity amplitudes

(25)

A () = N5 je=n | Ha LN, fpm et

We consider only transversely polarized photons and let them move in the z-direction.
The helicity A can than take only the values 2 = —;— and 2

5 .
photuns (Q2 = 0) and virtual photons (Q2 > 0)/3”

(24) describes real
in terms of the 14 different amplitudes occuring in eqg. (18).

Each A can be further analyzed
150 - e
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™
o ul
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Fig. 3- The reduced matrix elements for the [70, I—]I -mnltiplet in units

[0 cev'/2].
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1n accordance with the Wigner-Eckart theorem the spin- and isospin dependence of the
A . can be factorized off and a “reduced matrix element" contains the dynamics. The
latter can be characterized by the SU(6)-multiplet to which the N* belongs. Ref./23/
gives the tables for the generalized Clebsch-Gordan coefficients.

To illustrate our results we present in fig. 3 and 4 the reduced matrix elements
for the excitation of the P-wave EO, LP = 1-]‘ -~ and the D-wave 56, LP = 2*]2 -
mulciplet. Fig, 3 shows that apart from the D-amplitudes all terms of eq. (18) contri-
bute. Since the D's carry two units 3f orbital helicity they can be excited only in
multiplets with an orbital angular momentum L 2 2, ln fact as fig. 4 illustrates
D-amplitudes are present in the |56, LP = 2+] 9¢

The leading amplitudes are naturally of B-type (magnetic) and A-type (convection
current), The third single quark transition amplitude C is smaller roughly by a fac-
tor 5. All other amplitudes have a purely relativistic origin but their values can be
as large as the C-amplitude, See,e.g.,Bo, CO , 531\ and EJ,\ in fig. 3. Ln general, the
size of the relativistic amplitudes amounts to 10% of the non-relativistic ones.

The leading amplitudes A and B have also relativistic contributions, which are
quantitatively displayed in fig. 5. Its first column shows the total effects of the
different orders in % Evidently the second order is rather small while the third or-
der contributes appreciably. The second column gives the an order alone. Here one
observes for the B amplitude "h.at the effect of the Foldy-Wouthuysen transformation
(FW) which is small by itself is further reduced by the center of mass corrections
(CM) having an opposite sign. In the third order similar compensaticns take place be-—
tween the three terms: the FW-, the CM- and "potential“-part which are caused by the

h column of

interaction dependent hamiltonian (9). This is shown in the 37 and 4
fig. 5. The different contributions of order (1/c)’ can be as large as the non-rela-
tivistic amplitudes but after summing up all pieces we are down to about 20% of the

non-relativistic amplitudes.
Summarizing this subsection we have verified our frequent statement that the re-

lativistic corrections up to order (1/¢)’ are originating from different sources and
have appreciable magnitudes. Bur the rontributions of different origins - FW, CMS,

po:entiai ~ collaborate in such a way that their total size is less than 202 of the
non-relativistic amplitudes. Thus the general features of the non-relativistic quark

model are not spoild.
c) A sample comparison with the data

With our theory we have calculated the nucleon form factors and the transverse
photon transition amplitudes for all isobars with oscillator quantum number N = 0,1,2
and four momentum transfers below ¢¥3 GeV, Since we are using oscillator wave functions
our results have a Gaugsian Q? -dependence and therefore, we cannot trust them for

large Q2.
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We illustrate our results with the magnetic form factor of the proton (fig.6a)
and the magnetic transition form factor for the A(1232) (fig. 6b) and two prominent
isobars of the an and 3rd resonance region (fig. 7,8).

The proton form factor (fig.ba) is rather well reproduced up to Q? = 2 GeV?. It
should be stressed that for this good result the hyperfine configuration mixing (see
eq.(22)) was needed. The figure shows the importance of the relativistic corrections
already for Q?-values between 0.1 and 1 GeV?, The tesults for the A-transition form
factor (fig. 6b) are good for Q?-values between 1 and 2.4 GeV? if the (1/c)’ terms
are induced. But there remains still the notorious discrepancy for the photoproduct-
ion amplitude (Q?=0) which is known since the advent of the 5U(6) or the non-rela-
tivistic quark modellao/. The relativization gives no new insights iuto this old pro-
blem at Q2=0 but improves the Q?-dependence considerably.

For the higher isobars D13(|520) and F15(;690) there is a marked difference be-
tween the two helicities (figs.7,8). For A = 37 the relativistic contributiovs
increase the amplitudes systematically where the effect is larger for the heavier
isobar. The experimental data lie above the thearetical curves especially for the D|3
and for small Q2 —wvalues. But we should keep in mind that the experimental amplitudes
given in the figures have been extracted from the raw data by assuming the SU(6)"
single quark structure for the transition matrix elements. For helicity A = % the
relativistic effects change their sign at about Q? & 1 GeV? thus reproducing the
data for lower Q? better than for larger values. The qualitative difference between
cthe two helicities are formally based on the fact that the important B-type amplitude
only contributes for A = %.

A complete representation and amore detailed discussion of all our results will

be published elseuhare/ZJ/.

4, QUTLOOK

Our approach to a relativistic photon-hadron interaction clearly demonstrates
the importance of relativistic terms, They improve the understanding of the experi-
mental data especially with respect to the momentum transfer dependence, but the re-
lativistic effects remain small enough so that the non-relativistic quark model re-
tains its merits even for the light quarks.

There are certainly many points where our approach should be improved. We mention
only two aspects: From a technical point of view the oscillator wave functions should
be replaced by more realistie ones. But more importantly, the crude interquark poten-
tial should be improved. Due to the importance of the interaction dependent terms in
the photon quark hamiltonian we even may learn something about the quark-quark poten-—
tials from form factors,

Qur result on the presence of non-single quark terms which amount up to 20%Z has
important consequences for the analysis of experimental data: The new types of ampli-
tudes should be taken into account from the beginning.
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Finally, our approach should also be worked out for longitudinal photons, which

is presently under investigation.
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[IPORIEMA PAZMAILHHX BOSBYRIEHM JEIKX MESOHOB
W VHTEPIPETALMA JOTA-MESOHA

C.B. I'epacmMoB, A.B. ToBopkoB
QOnemuHEHHHE MHCTHTYT AESPHHX MCCAenoBanuit, lydHa

1. BBEIEHNE

llesB0 I8HHOTO HOKJIALA ABIASTCH OGCYRIOHNE COBPEMEHHON CHTYaLHER
C HEBUMMM MYJIBTUILIOTAMA PANMEJSBHHX BOBCYXIOHHHX COCTOAHMA JIeTKHMX BOK~
TODHHX R 9ceaﬂoommpﬂnx Me30HOB, IIpE 2TOM MH GYT&M CJeNOBATE PAIBH-
Tol#t paHee cxeMe POHOMBHOJOIMYOCKOIO AHANN3E DATHMANBHHX BOACYXIe-
Huit a,q, -~cacTeM (¢ OpO¥TANBHEM MoMeHTOM L, = 0). HamGoamumit muTepec
pencTantaeT ceiuac ICeBIOCKANAPHEA COKTOD, MOCKONBKY 2KCNEPHMOHTH

TIOCJIEeHeI'0 Bpeme 37 OCHEPYXWIM LieJym I'DYNNY Pe30HAHCHHX c'rpymy-p
B uHTeppame Macc of I,2 5o 2 I'9B C KBAHTOBHMM YHKCJaMY 3' = 0%,
OCcHOBHO#f BHBOJ HACTOAmEIC COOOHEHWI COCTOMT B TOM, YTO &NEKBATHAA HH-
TOPNPETALEs ITHX NCEBIOCKANAPHHX DPO3OHAHCOB CYWECTBOHHO 3IABMCAT OT
pellelmaA pAlia DpyTEx NMpodsieM, CBASAMHHX C OCUMM YCTAHOBJOHMEM CIIeKTpa
MAcC ¥ IPYIMX CBOMCTB DAIMAJNBHHX BO3OYXOSHKMI JOTHKUX ME30HOB., JHAHme
qmexa pamMaNbHHX BO3CYRIeHMN B PRCCMATPHBAEGMOM HHTEDBAJe MACC, B TAK-
Xe OCOOQHHOCTO} NPOABNOHMA STHX DE3OHAHCOB B DA3MMAHHX B3AUMOLS#CTBA-
X HEOOXOIEMO 1A OGOCHOBBHHOTO BHBOZA O BO3MOXHOM IIDHCYTCTBRHM COCTOS-
Hult ¢ TeMM Xe KBAHTOBHMMA QMCIAMH, HO Ipyrof#t NpUDPOMH: IanCdONOB (gg -
cocrosmuit), THOpRmmEX ( G,Q.4 ) WM MyTbTHKBADKOBHX (HampmMep, 44> )
cocTogHmit. B Tadmme I MpuBeASHH MIBECTHHE K HACTOANOMY BpeMeHH PG
= 07* naocuurmerse ( LS = 0T) pegonamcu, CPeAM KOTODHX MOTYT HAXO-
IATHCA DAIKAILHHO Bo3CyxmeHmA '"-%, -MezoHoB. TeM Xe NDHBENGHH: BO
BTOPOM CTOXSLe — HOJA pacnaja /Y -Me30HA, NPMXOJAUAACA HE 00pAso-
BEHEG JAHHOTO MO30HA; B TPETHEM CTOJSLE - OTHOLEHME Cedermi (mpy t =
= Q) o0pa3oBaHuA JAHHOTO Me3oHA M ¥, -MesoHa B JU P -peawipmt; B
YeTBOpPTOM CTOJOLe ~ MEPKHA IBYX(POTOHHOTO pacnale HZeHHOIO Me30HA.

My OIpaHMYMBASMCA DEMKAME HEMODOHHO KOHCODBATHBHOW CXGMH M He Npemmo-
JIATA6M CYULECTBEHHOTO CMOUMBAHAA NCEBIOCKAIADHOTO ININGoNA (ecym OH Cy-
MeCTBYET) C DAIVMATHHEMM BO3CYRIEEMAME q,t';, -cocToaHn#, ComocTanisHRe
HOJYUAEMHX DE3YJBTATOB C BKCIEDHMOHTOM HOZBOJMT OLEHHTH CTeleHh Heol-
XOJEMOCTH BKINYEHMH HOBHX (TJIOOHHHX WM MYJNbTHKBADKOBHX) CTemeHe#
CBOSONH IVIA olmMCaHus BCelt HadKwEAasMOl KBDTHHEH.
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Taodanrua I. [lceBIoCHANADHHO PO3CHAHCH ¢ M3oCmMHOM L = 0

PosoHaHC B3y~ yn) 1}
Ry (- rn»2y)
(n&zt]:sa, X I[J3 'FN( q) 1(315
n (549) 0,870, 15"/ I 0,5640,04/%/
v/ (958) 4,5 + 0,6’% 0,5240,06'14/  3,8.40,2640,43/15/
5,1+0,4 + 0,7/16/
T (1275) - BHIEH -
X (1380) 8 4 /%
(IDCS?) (&)/4/ - -
- € (I420) - BUASH -
4, (1460) 4,3+ 0,7/% - __I_,_§____/13/
% (I550) (2)/4 - < BhkRD
X (1800) (2)/4/ - -

2. CIEKTP MACC HM3IMX PAIVAIBHHX BOSEYEAEHM ME30HOB:
[OCTAHOBKA 3ATAYHM

OCHOBHHE TpeMNOJOECHMA MOIEJH, WX OCOCHOBAHHMO, COOTHONEHHO C
IOLXONAMA IPYIHX amo&)on /z NeTaN A pacueTHol cXeMH NOIPOGHO H3NOXEHH
B TpeINIyUEX padorax’ B sToM pasnene My JOb HAUOMHEM OCHOBHHE
0003HAYEHHA M OTMOTHM IIOARJIOHM® HOBHX NAHHHX, HeHOCPSHCTBEHHO KaCam-
mExcs odcysnaemoft mpodneMaTHiM. CHEKTD DANRAJEBHHX BO3CYENeHMi q.ﬁ', -
cucreMd ¢ L = O onpelesAeTcAa NOCPEICTBOM IMATOHEJM3AINM JMHeH{HOTO
MaCCOBOTO OlepaTopa: . R n R
M=M°*‘Mu\_+Ma.' (1)
CoOcTROHHHE (yHKIDAK I\“’;C‘h} onspaTopa I¢1° , KOTOpHY HO BABHCHT
OT CIIHOB HBADKOB, odpasym' 0a3uwe, HA KOTOPOM IMATOHEAJM3IYETCH NONHHH
uacconun omepatop (I) ( i =0,I,2,... -HOMeD DaIMATBHOTO COCTOHMA;

\ = 0 oTHocmTCA K OCHOBHOMY cocTosmmm). Omeparop ™., Biumuaer
KOHTAKTHOE CIMH~CIMHOBOS B3aumonelicTBRe. MATPHYHHO S3J6MEHTH 2TOIO
onepaTopa NPONOPIMOHENEHH YHUBepoasbHOM Koncranre C ¥ snaveHuaM

¥; (o) . Omeparop ™, oGo3HeuAeT CHOLR{EMECKOe AHHNTHIAIROHHOS
BSaEMONeCTBHE, ROTOpPOe NMPENIONATAeTCA CYUEeCTBORHEM TOJBKO IJIA E30CHH-
rmetix ( 1% = 0%) mncespockamtpmux ( IPC = 0”*) mesonon. 3amaua coc-
TORT B ONpOTIENSHMM COCCTBeHHMHX 3HAYEGHEE K COOCTBOHHHX (yHKUmE
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YR =T o Y (T (2)
im0,
MeccoBoro omepaTopa (1), CBOGOUHNMN MApAMETDEMA MONe/M ARIANTCA 3HA-
vema C , L&Y, {XY(rme Xj = Yilod /%10, § =1,2,..0)
# 5PEKTHBHHO MBCCH KBEDKOB Mo=M, = wm, 1 Mg , 5rx napameTps on-
DPONeANTCA W3 SKCNODMMEHTANLHHX MACC HacTHI M JONTOHHHX UMDHH BeK-
TOPHHX PO3OHEHCOB C KBAHTOBHMW WMCIaM¥ § -MesoHa,

BeckMa CKyIHHI o0beM HeiMuHO§l 2KCIEDMMEHTANBHOR MHPOpMAEIMM BH-
HyBn@eT HAC OTPAHWYMTHECA yYeTOM B oyMMe (2) JMub CmwaiuyX K OCHOBHO-
My COCTOSHMD PEMRAJBHHX Bos(?yx.uermﬂ. an-rmec% OWIM pACCMOTpEHH IB&
cayes, wormna bV =0,In L =0,I,2, Caenys /, 5TH OBe BapuyaHra Oy-
IeM HASHBATH 2-¥ 3-YDOBHEBHME CXeMemu, B NepBo# u3 HMX B RHTepBate
Macce 10~ 1,8 I'aB PACHONOXOHO TOJNBKO ONHO (epBOe) pagnalTbHOe BO3CYH-
nenme O -cemeftcrsa ~ @ (I600) - pesoHaHC, a BO BTOPOH CXeMe MpHHA-
70, 9T0 B 3TOM X@ MHT@DB&N6 MAcC HAXONATCA JBR COCTOAHMA (MepBoe ¥
BTOpOe palmaibHHe BosdyRmenms) - @ (I260)~ u @ (I6UD) -pesonascH.

B camoe noa7e§mae BpeMA CTEIm 93?901'1{11 pesysbTaTH GHEJM3A pearumi
e*g » wn° /% y ofe s 208K /% npu oweprum VS & I,4 TeB. TNoay-
99HHHE B BTHX pado;a.} omerkn [ (Q(4260) » ere). B (gl4260) —»

- wT°) <13 8 /% 1 [(pUz60) > e*e) B (§4260) » 2enty) £ 1305/
CYWOCTBEHHO OTJMUARTCA OT MpUHATOH Ham® pates’ '/ pemrauun C(9(\260)»>
— @¥@” =660 + I90 »B 1, Kasaloch OH, MCKIOYEHT CYLECTBOBAHWO

e (I260)~pesoRaHca. MH IoJaraeM, OJHAKO, YTO OKOHYATEJBHWHA OTKA3 OT
3~-ypoBHeBO# CXeMH (83 TONOJHUTENBHOTO MCCJENOBAHMA BOSMOXHOCTH MOZE—
JMpOBAHHA HAGINZASMHX COYOHEA ¢ yUeTOM HONYCTMMO# Bapralmy NapesMeTpOB
HMSIX Q -PeSOHRHCOP M BKIATOB OT U He ANeHTHMUMPOBAHHHX BHIIO-
nexamux Q -po3dyxueHmit B pagione 2 I'sB 0w OH NpexgeBpeMoHEEM. [lo
9TOff UPHYHHE MH IPUBONEM Hejee CJISICTBAA OCOMX DACCMOTPOHHHX paHee/ 1,2/
BAPHAHTOB,

3. VBOBEKTOPHHE M CTPAHHHE MF30HH
3.1. 2-ypopHeBas cxema (L = 0,1)

Pe3yJeTaTh IMATOHAMM3ALMY MACCOBOTC ONEPATODPE (2X2-METDHL Iad
TEHHOTO CJyY6A), & TAKES MACCH MO30HOB, NMpULJeK2BUMecA LIA oupeneJe-
HEA CBOGONHHX TIRPSMOTPOB, I[DRBOIOHH B Talmme <. CROCOIHHE NapamMeTpH
¥MEDT 3HAYOHMSA

£, = 6211 MsB, E., = §52+19 MaB, E.,_ = I26+4 MaB,
X, =-0,97:0,07, M, = 30043 MaB, Mg = 457+ I M3B,
X, = Mo | myq = 0,85640,005. (3}
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HeKoTOpOe OTJIMue WMCJAGHHHX 3HadeHuit (3) OT mpHBOIMMHX 8/?/ odmacusner-
CAl B OCHOBHOM T6M, 4TO IJA BXOIHOW MaccCH 9' (I600)-Me30HAa MH mpH-
HAJM TeMephb TadNU4HOe 3HAYOHME m?. = I590 MaB/IO/ . BmecTe ¢ TeM MH
COXpEHUIM INpexne#f BXOIHYO BeJIMIUMHY )(9' :
(N = Y,
y Werlo) —(_’&;M) 2 - A32t044.
Yo lod m;'\"(g »>eter)

97a sesmumia X¢'  COOTBOTCTBYET SHAYEHED I"(e'ﬂm)-'va'e'}z.mio,le KaB,
%%B?OMOW HAMHK n'a padoTH I » (B nocaemmx Tatmuax cBOACTB wacC-
THIY ma T ( ¢ (I600) » €% ) urypupyeT BeswdMHA NOPANKA
7 XaB, ¢ Gomemoft ( 30%) omuGro#t). HexOTODHEe BKCHIEDEMOHTANBHO HAGKN-
J86MHE DE3OHAHCH, KOTODHe MH NPHBOIMM B TAGHHIe 2, ollé He MOJYUWIN
cTaTyca OPUIHAHMA, NOCTATOYHOTO LIS HX BKIOYEHEA B OCHOBHHO TaCimIM,
JlakiHe 00 STHX 48CTHLAX A CCLIIN H? COOTBOTCTBYNINEG DACOTH CORODXAT-
CA B NPWIORGHAAX K TAC/NIE MO30HOP 10/ .

3.2. 3-yposHemas cxema ( + = 0,I,2)

C yueToM BCeX CHEJAHHHX OTOBODOK OyNeM IO~IpeRHeMy CuMTaTh
© (I260) mepBuM pemMaibHEM BO3OyxmenmeM, & § (I590) - BropuM. Ompe-
LOJI6HAS CBOCOAHHX IGPAMETPOB B 3TOM BADHAHTE NE6T 3HAUGHHA

o= 6543 MeB, €, = 634+II MsB, £, = 869+27 MoB,

T = 12344 MsB, X,=,10) [¥,l0) = -0,534+0,07, R, =10 /\,l0)

0,86+0,07, M, = 30I+3MaB, Wg = 457+I MoB, Xg=Wo My

0,659+0,005. (a)

Macou coOTBETCTBYNIMX MO30HOB NPEBOIGHH B Tadumne <. B oBeTe CHIyalNH,
cyomMBmeficA BOKPYT 9' (I260)-MesoHa, 0co0yD BAXHOCTE HPHOSPETAST He-
3ABECAMOE IONTBEePKISHME K*'(I4IO)—pesoscha. HEZABKO OOHAPYXEHHOTO

C TOMOmED JA30BOTO AHATE3A KT ~CHCTEMH B peadmm 'K N-» K N7/32/
BOB}’OIHOCTB cymecTEOBAaHHe "mpomymemmux" ' (II00) ' (I280)-m

@ (I1500) ~pe30HEHCOB HETATLHOMY AHAMA3Y, HA HAIl B3LMAf, NOKA 9TO

He MoxBepralach., MacCH pAIMATBHHX BOSOYRIOSHEZ (© -M@30He B Hamed Mo-
Ies OPROJIMSHTENEHO COBNANANT C COCTBOTCTBYDIMME M8cCaME ¢ -Boadyx-
IeHE# ¥ B Tadumue < He UPHBONATCH.
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Tadauua 2, Maccu JerkuX Me3OHOB ¥ MX DAIMANBLHHX BO3GyXueHMi
(BXOIHHE BHAYGHMA NONUEDKHYTH )

Meaon M2—yp. +M3B MS-y’p. » MaB Moken, » MoB

T 140 140 140

nf 1240440 1133423

< _ 1356425 } [200-1300

9 770 0 770

¢’ 1590420 126445 (126445)

9" - 1590+20 1590420

K 496 496 496

x' 1390440 1280421

K" - 1480425 1400-1460
K* 890 890 892

K 164042 1373+5 14124942/ 12/
- 1648+ 19 1500-1700

0% 1019 1019 1019

@' 1710410 147946
9" - 1716+18 1685410

4. PAIMANBHE BOSBYENEHWA ‘-4 -MESOHOB

- A
JiiA aHHUIWIAIMOHHOTO MaccoBoro omepatopa ™M, , KoTopu#f MpEBOMAT

K CMEUMBAHAD K30CHHIIETHHX xouanypa.n’n HECTDAHHHX M CTDAHHHX KBODKCB,
MH npennoJjaraeM fexrTopuaoBaHHY® GopMy </

o= A4 [T 2oy, +”‘w‘>')]'[2a (2 < ) + 9.1,
3 (5)
> = (ukedd) Nz, Wg»= (5D, .

Bewrwmm A , Ys ® 2,( i =1,2,...) ABmAores cBoGomuym mapa-
MeTpemi. LA MX ONDEMENGHHA, & TAKES HAXOMIGHAS COOCTBEHHHX 3HAGHWH

onepaTopa MacC M BEKTODOBR COCTOMHEA K30CHHIVIOTHHX 0"~Me30HOB KCIONB—
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!
30BAMMCH MBCCH OCHOBHHX cocTosmuit Y (549)-m % (958) - me30HOR X
YCJOBMA KAYECTBEHHOIO COOTBETCTBYA DE3YJNbTATOB MONEJHE 3BHAUCHUAM MECC
¥ IPYyIPM XApakTePUCTMKEM COOTROTCTBYNMX Pe30HAHCOB B Tafumue 1,

4,1. 2-ypoeuemaa cxema (i = 0,I)
SHAYeHNA napaMeTpoB
A = 2I1 MaB, Y = 0,53, Z,‘ = -0,6 (6)

up)iBOMT K PO3YJNbTATEM, NPMBSIEHHHM B TAC/kMIle 3. GHAKN M BEJMUMHH

i, = Ys . XapaxTepuaynie AHHUTBIAIMOHHOE BIAUMONefCTBMe, COI-
nacypred ¢ BemramHemz X, M Xg , KOTOpHe OTPEIEJNADT KOHTAKTHOE
CUH~CIIKHOBOE Baamo,ueﬁc'naue Macce pesonasca ‘1™ (I553) Omiska k mo-
JIOREHMD DPo30HAHCHO# cTPYRTypH X (I550), oiHarko B JAAHHOR cCXeMe Her
cocTosHKut, KOTODHE MOXHO OWJIO OH comocTeBuThb X (I380)~

E(I420)/ ¢ (I460) - pesoHaHcaM.

4,2, 3~ypoBHeBad cxeie (i =0,1,2)

YUCAO MIOCHHIISTHHX ( ~MO30HOB B DACCMATDHBASMOM HHTEDBANE MACC
PEBHO 6, 4TO SHAYMTEJRHO JyUme COIVIACYeTCA ¢ YUCJOM HadimumaeMHX pe-
30HaHCOB. Hadop sHeuemmit miA CBOGOAHHX OApaMOTDOB

A =203MeB, Y, =0,589, X, =-0,5 % =0,6 (7

OpelCTABNAETCA JOCTATOYHO YHORJIOTBOPUTENBHHEM, XOTH, BOIMOXHO, M He
CAMHM JYyYIMM B CMHCJNe MMHUME3AUAA OTKIOHEHHH 0T SKCIePHMeHTAJBHHX
3Havuenm#t B Tadamue I. Hawdojsiee BARHHM OOCTOATEJHCTBOM HEM HDOICTEAB-
JIA6TCA TO, 9YTO KOJWYSCTBO DalMaNbHHX BOSOyALeHHN B NAHHOW CXeme COOT-
BOTCTBYOT OCHIME K30CHHTVIOTHHX PE30HAHCOB, HAOIORAEMHX IKCI6PUMEHTANb—
HO:

R (1247) —» §(I275),

p" (1365) — X(I38D), (8)
WW(I470) — E(1420)/4 (1470),
7V (I6I4) — X(I500)/X(I80D).

148



5. CHARICTBMA MOIENY IAA PAIMALMOHHHX PACIALOB
¥ OBPAOBAHMA M-’ -ME30HOB

Kak y#e oTMeqasioCh, NpM BHOOpe N8paMeTPOB SHHMTWIALMOHHOTO B3a-
MMOIEHCTBUA YUMTHBANCH KDHTODUY KBYECTBEHHOTO COOTBETCTBHA BHUUC/IOH-
HHX ¥ BKCNEPMMEHTAJBHHNX 3HaueHuit I OoTHOWEHWY BeposTROCTell 00pa30Ba-
Hua N-N' —Me30HOB M MX DAEMANBHHX BOBCYRIEHMH B peaximax Iy > y N,

TP 0l , a Takke LA DMpUH IBYyX$OTOHHWX pacmamos N 2y
(n =%, , ... ). OpemnoJokenns o0 MeXaHESMAX MepPBHX IBYX peak-
ik Owps cHOoPMYJIMPOBEHN DaHee 2/, Coornomerua MeRNY aMILMTYRAMHA

n(x, v, ,..0 ->2}{ fePeXOROB BHURCJIAIMCh B JAHHOW padore
COTVIACHO NPOCTOMY DeLEeNT 17 KOMOUHUDOBAHHOTO HCIIOAL30BAHHA CTATH-
YeCKO! MoJleJM KBADKOB U MOIEJM BEKTOPHOR TOMMHEHTHOCTH:

NIEAA S 4 (9)

B xavecTBe NMDOMONYTOUHHX W -cocToAHmi B (9) pACCMATDMBAIMCEH g"—, W~
K Y -Me30HH W ¥X paiMesbHHe Bo30ymmeHus. Koncranty Y -V -Tlepexoma
OIpeNeJANMRCE U3 TB.?JM}HHX JeTTOHHNX mMpHH @ (770); W (783)n

P (I0I9) -me30HOB ¥ MCIIONb30BAHHHX Hemu mmpuH § (I260) —efe”
¥ 9 (I590) —> e*e~ -pacnazos, NpUBEREHHHX B NMPeNHIYIMX Da3lenaXx, &
mm ocrambmmx ( ' ,w” ., x (@', ¢",,..) -mesonoB npemorara-
aocs, uro §(V'H /G WV¥)=3(e¥)/9(e¥) u r.n. Bee maTpwumme wmemeH-
m i, ,...) =% 2 TepexooB OHJHM OTHECeHH K aMImTyme T»2y-
pacnaia, LA IMDMHH KOTODOTO MCHOJNB30OBANOCH 3haueHEe | (Wo-> 2y) =
= 7,34+0,18+0,11 o818/ Bemramm T ( ., ,...) —» 2% ¥ oTHOme-
st Ry (/M) 1 R, AN M) mpusenens » radmmax 3 4 4. Casmyer 06—
PATHTh BHAM&HME Ha OTJMuMe DE3JBTATOR MOJEM BEKTOPHOR LOMUHAHTHOCTU
OT Pe3yALTATOB, MOJYYeHHHX paHee Ha OCHOBe "aHsalja TpeyToJbHoH

KBapKOBO# rmarpamvu”.

Mozens BOKTOpHO# IOMMHEBHTHOCTH, KAK HEM Telleph IIPEINCTABIAeTCH,
Goyiee alleKBATHHM OCpPA3OM yUMTHBAOT BUMAHUE 3PPOKTOB CBA3N KBADKOB B
ME30HAX, MacCH KOTODHX Sa8MEeTHO MPEeBOCXOIAT CYMMY MACC KOHCTATYEHTHHX
KBAPKOB.

Tadamrmua 3, XapaKTeDHUCTHXM M30CHHIVIETHHX TCEBIOCKANADHHX Me-
S0HOB B 2-YypOBHeBO#l cxeMe

CocTosme Macca,MsB T'(n+2x), xaB R:/d—?[) Rw\%—)
n 549 0,89 I I
n' 958 3,58 4,5 0,38
Ws(1275)) 1278 0,31 0,7 0,06
Y(X(I550)) 1553 0,56 0,4 0,02
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Taoxnuna 4. XepaxTopACTHKNM MIOCHHIVIOTHHX NCOBAOCKAIADHHX
ME830HOB B 3-ypoBHeBOI Cxeme

CocToAHRe Macca,MsB [(f1>2y), k2B Ry \%) ka_';‘l.)

n 549 0,82 I I

' 958 2,78 3,6 0,28
() 1247 1,69 1,9 0,16
o 1365 0,01 0,1 0,01
wiERD 1w 1,60 1,6 0,03
' 1614 0,87 0,6 0,03

6. BAKMYEHVE

W3 BCEro MANOXSHHOTO JeTKO YOMOTPOTH SABHCHMOCTH BOCHMA BAXHOTO
1A KXl TOXTBEpEANEHMA CYWECTBOBAHMA TIMIMCOJOB, I'MOPHIHHX COCTOAHME H
7.0, OT DeMeHMR MpOOAEMH DAIMANLHNX BO3CYKIGHMH NOTKHX ME30HOB. JKC-
NEPIMEHT NaeT COMBIIOe UMCIO DEe3OHAHCHHX CTDYKTYD C KPAHTOBHMM 4HCAS~
MH TIC6BIOCKEJADHHX ME30HOB B MHTepBase macc no 2 I'sB., CooGpaxexHua
CAMMOTDYM ¥ KBADKOBAA MOJOJE CBASHBANT UMCJIO M MOJOROHMA ypoBHeft B
NICOBIOCKANADHOM COKTOpE ¢ HEOGXONMMOCTHD CYMECTBOBAHAA B COOTBETCTBY—
OOEX MHTEPBAJIAX MACC ME30HOB C IPYITMI 3HAUCHMAME CIMHA, M3OCIMHA M
crpanHocTH, Tak, ecom cymecrByer § (I260) —pesoHaHC w CHpaBeL/MBA
3-YpOBHEB&H CXeMa, TO, BHUMTAA M3 HAGMOISEMOTO B IKCIEDUMOHTE WHC—
Ja TCeBIOCKAJIIPHHX DEIOHAHCOB WHCAO HPEICKASHBAEGMHX MOIGJED palHaNh-
HHX BOBOYRmeHuM '"L-" —CHCTEMH, MH HEXOIIM MeCTO AR O~ *-Tumdona TomE-
KO B TOM ciy4ae, ecam A (I460)- m E(I420) -Me30HH ABNANTCA PRI~
HHMH COCTOAHMAMM, & He NPOARJIOHMEM OJHOTO X TOTO X6 DE3OHAHCA B pA3-
JOTIHHX MpoLeccax,

Ecom @ (I260) ~pesoHaHC OTCYTOTBYeT M CNpaBolIIBA 2-YPOBHEBAR
cxeMa, TO KpoMe HAMOOJEe BEPOATHOIO KAHIMINATA B IVMNCOAH - A (I1460)-
ME30HA - 00TAnTCA ewe cocTosHmA X(I380) m E(I420), Ind KOTOPHX IOKA
HE JNaHO YOemmTedbHo! mHTepupeTalmM. OYeBHIHO, 4TO NaUubHeHmee pasPpH-
THe ¥ BHXOX Ha HOBHIl YPOBGHbH TOUHOCTH HCCJGIOBAEME B 0OMBCTH (WBMKM
DE30HAHCOB JIOTKEX aNpOHOB ( e¥e~ -peawpm B ollacTHAS < 3 ['9B, da-
20BHH aHAMM3 B~ , LEXR-, KxX-, KEKX~3 7,1, -CucTeM, 00pas0Ban-
HHX B DAIMYHHX POaKiyax) ABJIAGTCA COBBDPNOHHO HEOOXOIMMHM WA yClom-
HOTO PASBHETHA TEOPMM CWIBHHX B3amMoueicTBmi,
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SUM RULES FOR HEAVY QUAREKONIA WITHOUT OPERATOR EXPANSION
E.V.Shuryak and 0.V.Zhirov

Institute of Nuclear Physica, Novosibirsk, USSR

1. Introduction

Prediciive power of various applications of QCD is nowdays stro-
ugly restricted by the fact, that the numerical value of its fundamen~
tal A parameter remains so fer rather poorly known, The problem is
to find an effect, which, at one hand, is purely perturbative, and,
at another hand, can be accurately measured. In the present work such
effect is the Coulomb-iype interaction between quarks at sufficiently
amall distances.

In the limit of very large quark mess gquarkonium stetes are es-
sentielly different from common hedrons, because the separation of
quarks in them is much smeller than 1 fermi, the typical confinement
length. So, from the first days of QCD it was argued/1/that guch par-
ticles are bound essentially by perturbative Coulomb-type forces,
with small and calculable corrections. Unfortunately, the size of
charmonium and upsilon mesons is not sufficiently small, and nonper-~
turbative effects are quite significant. This can be seen from the
phenomenological potentials, extracted from data a.na.lysis/z/. In or-
der to emphasize an ambiguity of the potential at small distances, we
remind that among successful potentials there are those without any
Coulomb~type term at all, Thus, the Coulomb forces msmong quearks have
not been yet clearly observed.

In this work we discuses whether the date on e’e”—» bB indicate
the presence of Coulomb-type potential between b guarks et emall
distances and obtain some estimatea of its strength, Unlike the pre-
vious works dealing with phenomenological potentiels, we do not con-
sider speciroscopy of stationary states., Instead, we study some vir-
tual "weve packets", constructed out of stationary states and being
much more compact than any of them. It 1s obvious that its properties
are effected by Coulomb forces much stronger, while ambigulties rela-
ted to nonperturbative effects are significantly reduced.

152



Investigations of such wave packets are the key element of the
so-called QCD sum rules, suggested by Shifman, Vainstein and Zakha-
ro 3 . Firgt conaiderationa of upsilon system in this framework were
made by Voloshin/4/, who has suggested to "“freeze" the colour coupl-
ing at ofgx0.3,

The technical problem here is to evaluate the propagation ampli-

tude, taking into account both (perturbatively modified) quark-anti-
quark Coulomb-type interaction and nonperturbative va&cuum fields, Us-
ing the method based on numerical evaluation of the relevant path in-
tegral one of the authors has attempted such calculations for few mo~
dels of QCD vecuum structure . However, in this work the region of
small distances was not studied im much detail, in particular, no at-
tempts to f£ix the A parameter and the b-quark mass were made.

This problem was also addressed by Baier and Pine1i5/6‘7 . In fo-
rmer work the perturbative part of the Green function was taken for
pure Coulomb forces, with the coupling conatant taken at some typical
distance. In the latter work some more elaborate approach was sugges—
ted. These authors claim that the value of relevani parameters, my,
and A can be rather accurastely fixed. However, as we show below,
thelir results are obtained in the region, where the perturbative part
of used potential is meaningless.

The work is structured as follows, In section 2 we outline the
gum rules used, and in section 3 we describe the method used for the
evaluation of the Green functions, while the properties of potential
undexr study are considered in sectlon 4. Results of our calculations
and data analysis are summaerized in sectlon 5.

2. Sum yules
The standard sterting poilnt of any sum rules 1ls the dispersion
relation for real and imeaginary parts of the polarization operator:
ReTI(@) = ¥ fids Inflo
@4, - g = Jatx @' Kp (0, @F=-9">0, )

Kyy (x) = <o) 'r{q(x)( qm) o)y, qiol}lo>,
where the r.h.s. is kmown frcm experimental data on e *e~ annihilati-

on into b gquAarks

Im M1(5) = fgyiozep 6lete — bb,3) 2)

(here o = 1/137 4is the fine structure constant and a,= -1/3 18 the
b quark charse). Performing Fourier transformation from momentum to
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coordinate space one has

K(m) = K/‘/“ (X)[Az =12 = 15173.,(2 .[ds s? glee “bb s) m(s x%= T’)

3

Here T is the so-called "euclidean time" (or distence) between two
points at which the external electromagnetic currents affect the QCD
vacuum., The function D(sl,’:‘) is defined as
% -4 4,
Drs,x?) = (%‘%"5%_5 = -%r(—%)/z K, ((es)) (4)

(K, is the modified Bessel funociion) and it is just the amplitude of
propegation of the particle of mass 51 2 from one spece-time point
to another. So, the physicel meening of relation (3) is selfevident.

The correlation fumetion K{(t) is the main quantity we deal with,
but it varies very strongly over the region of * under investigation.
Therefore, we consider its logarithmic derivative

Erm) - - 4850, (5)
Note, that this quantity has simple physical meerning, representing
gome average eneyxgy of the virtual wave packet with the lifetime T .
In particular, at large T this quantity tends to ‘the mass of upsilon
meson, In order to get rid of trivial kinematical contributions we
additionally subtract from (5) the logarithmic derivative of free qu-
ark propagator squared (with the mass m, = 4.9 GeV):

free
Ferr = Eoy - [- & K m]. (6)

Thus, this quantity is nonzero only either due to interaction
between quarks, or to deviations of their messes from this referengse
value. Roughly speaking, we have subtracted from the measured energy
of the packet the part, corresponding to quark kinetic energy.

At this point is meaningful to comnsider the magnitude of relati-
vistic corrections. There are nonirivial effects like the spin forces,
retarding potentials,etc,,which is very difficult to take into acco-
unt., Kinematical relativistic effects are much simpler, and we may ea-
timate their magnitude by the following simple trick. We may subtract
the logarithmic derivative corresponding either to relativietic free
propagators or to its nonrelativistic version, The results are presen-
ted in Fig.1 by the shaded region and the dashed line, respectively.
The conclusion is that nonrelativistic treatment of the problem is
insdequate at T < 1 cev-l.

The pe.rametrization used for rescnance and continjum structure
is as follows

éle'e »bb )= (7
where leptonlic widtha r and masses M; of upsilons are taken from
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Fig.1. The logarithmic ) F(T), GeV
derivative of the correla- =0,5
tiop function P{T) =
~d/d¢{log(K( T))) minus
that for the propagation
of two noninteracting quarks
with the mass iy = 4,9 GeV,

The sheded regions show the
experimental exrrors, The da~ =1.0
shed curve shows what hap-

pens if the quark propaga-

tors are taken in nonrelati-
vistic approximation, The

dotted curve shows what hap-

peng if one ignores the con~-
tribution of states in con~
tinium energy region. =-1.5

Ll . PR B

0.5 1 2 5 10
T, cev™!

Particle Data/B/, while for continuum we use b" 0.31 + 0. 06 /g/and
agpgume that it starts just from the mass of Y state,

3. Method of calculations

We have to calculate the propsgation amplitude of two querks, co-
ming from one point to enother at distance T , Accepting nonrelati-
vistic approximation and essuming the interaction to be described by
some potentiel V(x), we use well-known Dirac-Feynman representation
for the propagation amplitude in tenns of path integral

Ky be[t]orp{ _fdt[mx‘ .‘1‘51 » Ve -1,) ]} .

K™) JLEGET ('.f"t["z'&+ "‘T*’”-
T
- - dt V(X ~% > (8
<€¥P { jo ! ) } free paths !

where <"'>free paths means the aversge over path ensemble of free
{noninteracting) quarks, The paths for free propagation can be gener-
ated directly, and then one needs only to average out the factor rele-
ted with mutual interaction.

As we show below, this simple method provides sufficiently accu-
rate results, which were tested,e.g.,for the cage of pure Coulomb fo-
rcea, for which the analytic resulte are kmown. We have also applied
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this method to the phenomenological potentials discussed in literatu-
re and have compared our resulte with those found in original papers.

No significant deviations were found.

Since this method is applicable to any potential, one can also
check various approximations used in previous works. But beforehand
let us outline the region of parameters, where the effects of pertur-
bative part of QCD motivated potential dominate, and can be adequately

treated.

4. Potentisls

At small distances one-gluon exchange and asymptotic freedom
leads to the following "running coupling”" potential

0. - 4 __ﬁ_l’__ =
V(r), Gev Vi) = 3rh, &(Ar)

Y 4 dg(r) (9)
: 3

The two-loop calculations
made in regs.”/'% 1"/ relate our
/a | parameter A to more standard de-
: finitions, e.g.,, A =2.63 Ap,. (e
——— have disregarded the term
log(log(rA)), slso appearing in
two=loop approximation, which is

y numerically unimportant et dilstan-
e ces under consideration).

It ig tempting to neglect the
first log too, and substitute this
potential by pure Coulomb with so-
A=0.66ev me fixed coupling. However, in

. , i
splte of the fact that the deviat-
ions from pure Coulomb potential

2, 3 are alowly varying, the Green fun-
T, GeV~ ction depends on potential expone-

Fig.2, The set of potentials un- ntiamlly, thus the effect of this

der consideration. Solid curves
show the "running coupling" poten- 198 18 quite noticeable.
tial given by eq.(9), while dashed The main problem we address

and dotted ones correspond to its
different redefinitionpnear the in- B29W 1z to fix the applicability
frared pole (see text). limite of this potential for b

quarks. As soon ss one approaches the distance r= 1/(eA) (e=2,71...)
the potential (9) has a maximum (see, Fig.2), and at larger dlstances

A =0.156e7

-1,0

Z—m——=b

-2.0 PRI B U | "
0.2 0.5 1
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attraction between the quark and antiquerk changes to repulsion, Obvi-~
ously, this is an ertifect, and some physical effects should modify
the intermsction earlier.

Some gimple-minded ways to 'cure" this expreassion are shown in
Pig,2 by dashed lines: (&) correspond to condition, thet the force is
equal to standard string tenaion, while (b) assume for potential to
be constant to the right from the maximum. Theoretically, the problem
is how to imeke into account the nonperturbative effects. 45 noted by
Voloshin/‘l/, at small enough distances thelr effect is essentially

nop~potential.

Indeed, the potential 1s meaningful If the typical period of
quark motion i1g large compared %o coryelmtion time of nonperturbetive
fields. If vacuum is mainly populated by small-size vacuum fluctuati-
ons (e8.g.,the instantons) this approach can be meaningful. In the ins-
fantone case the potentiasl was calculated i1n ref. 12/ and substitu-
ting here numbers from phenomenological analysis/ 13/ we have the fol-

lowing corrections to potential g
AV(r) = 11.l¥r*fF’; Dip) =

2364007 Gap, ~ 58107r

P(1), GeVv  A=0.15eV N \
£ po~18 GeV™', (32(3,",){6#),(10)

The sum of\(9} and (10) is
shown :n Fig.2 by dotted curve.
The question we discuss
now where the ambiguity of the

potential is relevant. In
Fig.3 the results of calculati-~
ons of F(T) for these potent-
_ -8 ials are shown. We also have
-1.5 - b displayed by dot-~dashed curve

-

P - ’A:D,SGeV a nonpotential correction fo~
und by Voloshin, which corres-

-1.0 |

-

«2,0
0. 10
- T, Gey~!

Fig.3, The same quantity as in Fig.1, The curves are calculated
for the set of potentials shown in Fig.2. The dot-dashed curve ghows
the tude of nonpotential contribution given by eq(11). The left
bound {t~1 GeV~1) arimes because of relativistic effects and right
bounds indicate placed, where nonperturbative effects seem to be do-

minent.
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ponds to vecuwn model with very long~range nonperturbative field.
o~ 3 T2 087 (s 2r).
AF('?J~7I-7‘e ro-&n-o,

r= 24 (mo, ne < GRS ()

Thig oonsiderations sllow us to fix the bound of the "window" to
be used in our analysis, (Note, that with an increese in lambda this
window disappears).

Voloshin/4/ had used the Green functions corresponding to pure
Coulomb potentiel, with o(.a being fixed at 0.3, Baler and P:I.neli.li/6
have used the same Coulomb formlae, but substituting °(s by its value
corresponding to some typical distance ol = o(s(ro) with r, depend-
ing on 7. Iater/ 7/ they have improved this approximation, introdu-
cing more elaborated definition of ro,(T ). In particular, it corres=
ponds to approximate potential of the form

ViR = Vr) + AV(m = - £ 2252 (4. h(/), (12)
where r,( T ) is taken from the condition that first order correction

in AV to the Green function vanishes. So, the neglected terms are of
order (aV)2,

0.
Fig.4. Our numerical resulis
F(T), GeV
for P(T ) shomn by points
L A =0,35 GeV versus approximate analytical
formuls taken from refs,6,7.
Dashed line is to guide the
eye through our points.
=-1. [~
- e -+ e
-—
r -
=2, 4 L Il
0,25 0.5 1, 2

. 5
T, Gev™}

In Fig.4 we plot F(T ) calculated in these approximations and
for the original "running coupling" potential (9). It is seen, that
at small T the results are qualitatively consietent, while for T

= 2 = 5 GeV™! used for data it in 7/ ervor in tne packet emergy

F(T) 1s 0,5-1GeV, being much larger than the accuracy claimed (2my=
9.82 & 0.14 GeV), The reason for such bad accureacy is comnected with
the fact, that, with large value of A ~ 0.5 GeV used in /7/ at such
distences one comes into the strong coupling region ol;,~1, where all
perturbative expansions are meaningless,
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5. Results

We start with considexration of the phenomenologioal potentiala
suggested for charmonium and upsilon systems. As some limiting case
we have chosen the so-called Martin potentiall 14

V(r) = - 8.064 + ¢.8694.r % (13)

and Cormell potentiall 15/

1
Vir) = - 'lf_l + 018, - e

The former does not posess any Coulomb term, while for the latter it
is rather large.

Making comparieon with the date one should take into account the
following genexral fact, The amall shift of the potential V(r) by some
constant §V is practically undistinguishable from the same shift in
the quark mass S’mb = ~ §¥/2 . In other tergs, we know the total en-
ergy of our virtual packet, but do net know how to gplit it into the
quark mage and the potentiml energy.

-0.5
F(T), GeV ’
Fig.5. The same quantity
a8 in Fig.1. The curves cor-
respond to Martin's potenti-
al and Cornell one (see
text)
-1.0 [
-1.5 |
e el " N PO TSR
0.5 1 2 5 1 10

t, GeV~
Experimentally allowed region is shown in Fig.5 by the shaded

band, while the two curves correspond- to potentials (13) and (14).

It is seen that the Martin's potential agrees well with data, while
for Cornell one a shift in querk mass by about 70 MeV (compared to
that indicated in the original work) also leais to a good description
of data, Noie however, that the slope of these two ourves at amall ¥
18 quite aifferent, Therefore, with better data on e'e™ amnihilation
into beauty above the threshouid one may hope to obtain purely expe-
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rimenial constraints on the shape of the phenomenological potential
at smell distances.

The same problem can be congidered from another, more theoreti-~
cal side. We know that QCD prescribes the potential to be equal to
mrunning coupling” potential (9) at small distances. Assuming this,
can we fix the parameter A ? Note, that the f£it should be done in-
side the "window", where one can neglect both relativistic and non-
perturbative effects. We have already discuss its bounds in section 4.

It is seen, we can at least fix the sum of the quark mess end
the potentisl depth, In Fig.3 our resulis for the logarithmic deriva-
tive F( v ) for verious lambdas are compared with data, Making the
vertical shift (mess adjustment) one can f£it the data inside the "win-
dow", Accuracy is of the order of 0.1 GeV, both for the data themsel-
ves and for the fit. This fit is then translated to the strip of val-
ues for the b-quark mass and lambda parameter plotted in Fig.6, Our
strip ends up at large enough lambda (dashed region), where the "win-

dow® disappears.

< T —- AI-ILE' GeV
A, cev \ \0.25
0.6 N Pg,.6. Our estimates
\ of allowed values for
N \ N 30,20 the b=-quark mass m,,
and QCD parameter A,
regulting from botto-
0.4} J nium sum rules.
0.15
F -0.10
0.2
| 10.05
O- A — - — . l 1 1.
4.5 5.0
My s GeV

The point shown in this plot is taken from ref./7/, However, let us
note, that in refs. o7 the correlator has been fitted to data insi-
de too wide region of T = 2-5 GeV'1, For a rather large value of A

~ 0.5 GeV ( /\,,E ~ 0.2 GeV) obtained by their fit this region lies
obviously outside the allowed "window", Moreover,as 1is gshown above,
the enalytical epproach developed in ref./ 1/ fails in this region as
well, (Note, that our numerical results contrasted to this analytical
approach have recently been tested and confirmed in the work/ done
by completely different numericel method).
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In conclusion, our main result of investigations of sum rulea for
upsilon syatem is that, unlike for all other kmown hadrons, there ex-
ist a posslibility to consider the wave packet being neither too large
to be affected by nonperturbative effects, nor too smell for nonrele-
tivietic approach to be meaningless, Available data fix the total en-
ergy of such packet with the accuracy of the order 0.1 GeV.

This obaservation put importent but only constraint on both the
quark mass end magnitude of Coulomb-type potential. Unfortumately,
experimental and theoretical uncertainties mre too large to fix each
of them independently. With better data and account for relativistic
corrections one may hope to extend the "window" and make better fit,
fixing not only the absolute magnitude of F(7T ) in it, but its slope
too. Only this way may allow to obtaln sironger restrictions on para-
meters under investigation and, in perticular, extract m, and A se-

parately.
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Toronit

M. M. dpenus

duznueckuit wacTEryT MM.l.H.JeGeneBa AH CCCP, Mockza

I. Beepenme

OTEpuTHE HEPeJATUBRCTCKAX CHCTEM 35/96- B Y -Mesonos, co-
cronmux Ba cC-u 68 -KBADKOB, ABMAOCH BAXHWM DE3yABTATOM, NOA-
TBEDPRZADMAM OCHOBRHE MpeACTABAeHMA O KBADKAX. BuecTe ¢ TeM NONNTRA
X TPaKTOBKHM C NOMOMER MOTEBNHANBHHX MWOZeZe# norasand, 4YTO Cro#CTRA
9THX couelicTB ME30HOB MOKA HE MONAANTCA NONHOMY OMUCAHUD B paMKax
KBAHTOBOH XpOMOZMHAMRKM - CMEKTPOCKOMUA ITHX COMEHCTB BOCMPOW3BOAHT-
CA AOCTATOYHO XOPONO YMCTO PEHOMEHONOTHMYECKEMH NOTEHUNANAME, MK,
IDYPEMH CIOB8MM, XODONO M3BECTHaA YacTh MOTOHRHANA, AOMHHHDYDEAA HA
NAJLX pacCiOHHHMAX W 3afaBaeMan CBONCTBOM acHMMITOTHUECKO# CBOGOAH,
He ABNAETCA PIABHO! Ha DACCTOSKRAX, THNMYHHX ANA ceMeftCTB YADMOEMS
¥ GOTTOMOHMA, M TPeOyeTcAd BBOAMTH 38METHHE BKIAZ yAepRMBADAErO NO-
TeHuuana, EOTOPHM, eCTeCTBERHO, He BHBOAMTCA HENOCPEACTBEHHO H3 Te-
opan, a sazsercA feHOMeHONOTHYecKH. [lepeXoa K Gojdee TAXEMHM CHCTEMaM
~ CeMeiCTBY TOMORWA, COCTOALEro M3 TON-KBADRA @ ero AHTHEBADEA, -
HOBBONHT CYWECTBEHHO YMEHBOHTP 3)PexTHBHHE DACCTOAHAA, HOMOCDEACT-
BEHHO MPOBEDHB OZHO M3 OCHOBHHX caexcTmuil KXJl - cpoftcTBO acmMmTOTH-
Yecrol cBoGoAM, ¥ NepeiTH B 06JacTh, PAe BAKHN BIEKTPOCNAGHE BISHMMO-
Zetlcrema, NuepmuecA ceffuac SKCHepUMEHTANBRHE ZAHEWE yKABHBANT, YT0
TONOHUY 8aBesOMO TAXEnee 46 I'sB ¥, BUANMO, IEXHMT B MHTEpBaLe oT 60
Ao I00 I'aB. 3to oaHavaer, YTO yASCTCHA NMpPOBEPATH NpeAcrasanmd KXJ ma
paccToAHRAX nopAZka (¥ Xaze HeCHOABKO Mensme) 0,1 dm.

Cnenurra MamHX paccTOAHWNW COCTOMT B TOM, HTO B CAyu&e TOMOHMA
BO3HURANT HOBHE BO3MOEHOCTH NDOBEeDKM TEODHA, He AOCTYNHHE AMA uap-
MOBHMS ® GOTTOMOHMA. JlOMMMO YMCTO CMEKTPOCKONMMYECKUX KCCAeZOBamuit
(enepreTHYecRMe YPOBHE) ¥ M3Y4YeHUA OGHYHHX S8ADOBHHX, JIENTOHHHWX, NO=
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IYNeNTOBEEHX PAcTaZOP M DOZMANHMOBENX NEPeXOA0B B TOMOHRM GYAYT HBY-
YaTECA BONPOCH TEODREE cladux esamMoreclicTeutl - urrTeplepesums c Heft-
TPANEHHM NPOMOSYTOURHM GOS0HOM, PONE CHaoNX DaclazoB T0N~KBapKa, &
TAKXe POXAGHEE XHTTCOBCKEX GOBOHOB ¥ CYNEPCHMMETDHYHHX NAQpPTHEPOB
OGHYHHX Y&CTHRI.

OCEOPHHM ODMEHTHDOM NDE ONDEASNCEMH CHEKTPOCKOMME TONOHHA 0O~
NpexXEeMy ARIASTCA NOTOHUMEANIBHAA MOLGNb. Bux nmoTeRnuana MOXHO OyZxeT
({HRCHPOBATE MO CBEACHHMAM O HESROAEXSNUX YPOBHAX TOMOHMA, M MOXHO Ha-
AeATHCSH, YTO BTH CBeACHRA BIepBNe AaXNyT HaM Baxayy (puamvueckyno hnjop-
M3NAW 0 XapaKrepe NepeXoZa OT TOKOBHX K KOHCTUTYEHTHHM KB&pKaM, Ta-
K¥M 06pasoM, HAmM HAAEXAN HA HOBHSHY QMSMKW TONOHWA SACTABMANT C He-
TepneHHeM OXAAATH NMOSTBAGHEA NMEDBHX ZAHHHX O HOM.

Mz ®e Cyzewm OOGCYXmaTh sAech NpoGaeMy POXZEHAR TONMOHWA, PONE
BHEPreTMUECKOTO pasipoca NYYROB, OTHONERMe CHTHANA K DyMy, BHReIeHuE
OTXCABHHX KAHANOB pACNafa. YRaxeM JHAMEB, YTO BHEOZH CNEOWANMCTOB CBO-
IATCA K TOMy, 9TO, HECMOTDA HA HEGAArONDUATHOE OTHOMEHUe CETHANA K
gory, YMczO coduTHl ¢ pOXZOHMEM TOMOHMA GYZeT AOCTETOYHO BENMKO

% (uaMYecKas IpoTpaMMa MCCIeNOBAHME BUMIHO DOAIMCT .

2. UTO0 HM9BOCTHO O YAPMOHMA M GOTTOMOHWY

Caoftcrea cemeftc?® wesomos, cocrosmux m3 (C& }a (&8 )-rBap-
KOB, ceffuac yxe ZOOTETCYHO XOPONO (XOTA M HE NMONHOCTEHD) WSYYEHH M
ongcand, [lopToMy MM OTDAHHYHNMCH XML KPATRHM HaNOMURAHMEM, NOAYEp-~
xrB8A 00NEe XApaRTepEHO® YOPTH, KOTOPHE, KK MOXHO HAXEATHCA, GYAYT
00E&pyX6HH H B TONOHMH.

B &‘e” -COYRAPEHHAX POXXANTCH HENOCPEACTBEHHO TONLKO = S_{ -
cOCTORERA, PaclenleEne TPARNETOB 71 ~yposael ( afir) oycIoBIe—
HEO CNEE-ODOHTANBENM B38EMOZeficTBHeM, & CABAT 2 -yposnett ( 50
OTHOCHETENBRO 3254 ~ CMARE-CMAEKOBHM B3amMopelicTBEeM, T.e. o6a AP~
ZALTCA CHGACTBECM PEIATABHCTCREX BJHIERTOB, He yUMTHBAEMHX HENOCDEA~
CTBEHNO ypaBsBEeHueM Hpepmarepa.

Hamdonee mHTepeoHn XAuEHEe 00 OTHOCUTENBHOM PAcHONOREHHU 1 S-,

2S-u 1P -yposmeft. B xpapuommAx 4P ~ypoBHE OKASHBADTCH MOR-
ay 1S = 28 (» atowe mogopoaa ypomEr 2S5 ® {P mupoxmenu).
Pacmernnenma yposiel 2S5 -{P nourm ozmieRoBH B BTHX ABYX ceMeficr~
I,

MHorooGpasHH CEBEAGHNA H O ENPNHAX pacmagoB YApMOHES ¥ JOTTOMO~
HES. YraxoM ZNEL BEXEYD OONyD OCOOSHHOCTEH — BCE NHDEEH B ceMeitcrBe
YapuoHEf OCHYEC BAMETHO GONLNE COOTBETCTBYDNRX HHPMH B GOTTOMOHEA.
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3. Ocnmye cpoilcTBa MOTEHUUANEHHX MOZeJeit

HepenATHBUCTCKYD CUCTEMy UB IBYX TeJ) onuchBampT ypaBHeHueu lpe-
nMHrepa, UTOGH pemaTh ero, HAZO0 3HATH BHX MOTeHLUUAna \/Yr) ¥ Benm-
uuHy npuBeZeHHOW Maccd M . [ockoJbHY xBapku He HAGMOAAwTCA B CBO-
G0ZHOM COCTOAHHM, MX MACCH HEZOCTATOYHO TOYHO ONpEeXAe]EHH,# NOTOMY
BemyuEa M OGHYHO paccMaTpULaeTCH KAK CBoGOZHHY napameTp, omnpexe-
nAeMuli U3 CNEKTpPa COOTBETCTBYWIEIro ceMelicTBa KBapKOHUA.

Fue Gonbmul#t - QYHHRUMOHANBHHY = NMPOMBBON MMEETCR B BHOOpPE NMOTEH-
unana maamdomeiicTeua V' (r)-xBapxa ¢ aHTHKBADKOM B KBapKOHWM.

U3 yciaoBMA ONMUCAHMA MHOTOUHCJISHHHX BKCIGDUMOHTANBHHX NAHHHX
MOXHO IIDAKTHYBCKM OJHOSHAWHO ONPOLANUTE (HOpMy NOTEHIYaNa B HEKOTOPOM
OTpaHAYEHHOM UHTepBale M3yYaeMHX pacCTOAHRuH, UTO NO3BOJAET HAJEATh—
CA HA MOJYYSHUEe BAXHNX CcBeleHul!t 0 Xapakrepe BaauMoZelicTBRR EBapHOB B
naxHO# oGnacTm.

[pocreitmue KayecTBEHHHE CIEACTBUR O B33aUMOZEHCTBMM KBADKOB B
KBapHOHWAX MOXHO NOJYUYXTH, 3HAA JVES CBOUCTBA CAMNX HWRHUX yPOBHeit
3Tofl cHMCcTeMu ¥ He ONMUCHBAR MOKX BCe# SUNORYMHOCTH 3KCNEPUMEHTANBHHX
IaHHHX. MHOTMe ofmMe COOTHOWEHHY CIFsIYDT (Aame 6e3d 38X8HUA HOHKpeT-
HOTO NMOTEHLWANa) U3 TeopeMH BPOHCKMAHA (HATpHEMEP, O YMCIE Y3JOB BOJ-
HOBO# QyHKUMM) B ONMMCAHH B YUeGHWKAX 110 KBaHTOBO{ MeXaHWKe.

HoBuit, oyeHP UHTepECHH! pesynprar KacaeTCA MOPAZKA YPOB-
Hell *BAHTOBHX CBA3AHHHX CHUCTEM. B CIyyae HEKYJOHOBCKOT'O NMOTEHuLMAaNa
yposau E(m,{) ¢ onyHaxoBHM IVIABHHM KBAHTOBHM HCJIOM 2 W DasHHME
PARVIMIHH, NpUIEM E(mL+I)< E(n,£)* b cayuae "BorsyToro" mo OTHONEHHMO

K KYJIOHOBCKOMy LOTOHIUMATY, T. e.
( 22[‘_/

CooTBETCTBERRO, Chyuait E (ﬂ ) < E(n €+i) OTBEYAET TOMY,
4TOo A'_V<O INA PACTYNUX TOTEHUMANOB dV/a(p > 0 . Qpoc-

refimufi npumep: o6rapyxuB, uro 7 -—ypoBens nemur Hume 25 =ypoB-
Hfl, NerKO cHenars BHBOX, YTO A&;\f He MOXET OHTBH BCOAY OTpHUATENH~
HHM,

1)

Ipyrue COOTHONEHMR MONYYawTCA, HAMpUMep, M8 yciosua, wro 1D -
YDOBEHD JEEUT nume 2S

(;Z{(,\./ <0, @)

¥ DxcnmepEMeHTANEBHHE CBEAEHUR O KBAPROHUAX OTBEUYANT STOMY CIyYam,
KEK MH BUXENE B NMpeANAyUEeM pAsfielne.
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exe  1F ~yposens uaxogEres mume 25

iV adY
™ drt 3olr‘ < 0. @)

Bna HESmMX COCTOAHHY CHCTEMH M8 KBAapDKS M SHTUKBADKA MOXHO MOy~
Y YCIOB¥E NPHMEHMNOCTR HEDENATHBACTCKOTO OMMCAHWA, WCHNONBBYA Ta~
KBEe O0mMe COOTHONCHMH, KAK TEOPeMy BADHANA M COOTHONEGHHE HEOHpEReleH~
HOCTH.

Kag usBecTHO, TeopeMa BMDEANA CBABHBAET CPeAHee B3HAUCHAE KNHETH-
wecKoft BHOPrER | CMCTEMN C NOTEeHnnaanEod sHeprmelt crezymmEM 06—
pasou:

<T'>=-L<'~g— | )

& COOTHORBHRE HEOIPeAGNEHHOCTR XR8ET
Vo Va
<Pz> SR e N (5)

lipe nexpHeMEAMX KaueCTBEBHNX ONGHRAX MH OyZeM BCOAY npeueoperan Auc~
nepcxell COOTBETCTBYINEX BeNHURH, T.€. Nojarars < Pa > 2 o< P>,
<P> <re> ~ <PP> 2 T.4. Hac Gyayr umETepecoBars TOTLKO OOWAe
RAYPCTBEHBHE BABACEMOCTE OT PAAMYCA CHCTEMH 7 EPWBESEH NOTeHNMAnA.
Opa srou u8 (4) m (5) EHeTpyaNo MOXyuNTH

v~(r“(v) 6)
M~ L 4y >-
Z’F ’ (7)

rze U~ - CROpOCT: EBAPROB B KBAL. OHHN.
M8 cooTmomenms (6) ® ycmosms (I), Hanpuumep, CreAyeT, YT0 ANA CHCTEM,
¥ RoTOpHX 4[> -ypoBens mexmr muxe 25 -ypOBEA, CPEAHAE CEOPOC-
73 P HUX PACTYT C YBEINMUGHMEM EX DABMEPOB ‘OT GOTTOMOHAA E UAPMOEED).
s ypamnensn lpeamarepa NOXHO TIOJNYYUTH OCWEE COOTHONERWE ZAS
S -poxmomux pymrmoml:

IROI* = 2udY>. @)

970 CoOTHOReEMe OKGBHBAETCA BARHNM XU NOHMMAHMA K8UECTBEHEHX 3aKO-
ROMepHOCTEHl B MOBEAGHEA JNENTOBRHX WAPHH fz S~ yposRell KBapKOREA,
xoTophe (o yuerom (7), (8)) OUeHP UYBCTBATENBHH K BEIMUKHE NPOASBOA~
ROR moTreRONaxa:
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M9 o RO ~ <2 (@)

MocKoNsKY B OTpaHMUEHHON 0GMACTN PacCTOfAHMI BCETAa MOXHO ANNpo-—
KCHMUDOBATH TOBeZEHMEe MOTEHUMANa HeKol cTeneHHO# 3ABMCHMOCTED:

€
Vi) =21, (10)
WHTEDECHO BNMMCATE COOTHONGHUA A17 DPABHNX BEIWUMH B TePMMHAX M
® n &£ (cm. )

_ £E&
LTS = §<V> = /34'8) (I1)

/2+a
fR(O)/ ~ (/mfaal) (12)

-E/3+¢ 32/5
/3 o 2

AE ~ i . 5 (I3)
. _ txde %re
Q(S) ~ f"\ 9+ E /g’,, 5 (14)

-[2-(f+£)+é.Me+a 2+
[Eg) ~ M ! 2| s Cas)

YapuoHuit ¥ GOTTOMORHH XOpONO ONWCHBAKTCA MoTeHnmaioM ¢ &€ =~ 0,I m
R % comat | [lodroMy OCHOBHHE MPEACTABNERNA O NMOBEXEHEM COOT-
BETCTBYOLMX BEJMYER ANA BTHX CUCTEM MORHO NMONyuMTs na fopwmyn (II)-
-(I5) npr aTux SHaveruAX & ¥ IR , llepexoZ K TONOHAD COOTBETCT-
ByeT MSMOHCHMD BEMMUMHHN & B 9THX (JOopMyIax N NPUCIANESRMD €€ K
sHavenmo &£ x~ -4  (ecam wu pepum B HXA m acuMmTOTHUECKYH CBOGOZRY ).
CoorHomerna (II)=(I5) mawT OPUEHTHp ¥ ANA TONOHMA.

4, CHeKTPOCHOMUR TOMOHHA

Yucno ypoBEed TomoHMA, JexalUX NMOA MOPOroM DOXASHKA 4YacTHY C
OTKPHTHM TOMOM, OK@SNBAETCR 3AMETHO OoNile, UeM B YapMOHRA RIM OOT-
rouonnu />/ . Tomsgo = S._L ~YpOBHeit, HemocpeACTBERHO HaliAMZaeMHX B

ete” ~gHENTHOALME, MOXeT OHTE OoT 8 go I2 (mpm maccax, COOTBETCT-
BeHHO, okoNo 60 u I00 I'sB). Ecam onenumaTs odmee 4MCIO ypoBHelH ¢
yYeToM TOHKOI'O M CBEPXTORKOTO pacuenzenmit, To #x 6yAer caume 200
(a npm macce 90 T'sB ~ oxozo 400). Ognako 8To GOraTCTBO, BHAHMO,
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ZOATO OCTAHETCH MPAKTHYECKN HETDOHYTHM, MOCKONLKY DAacCTOAHHA MEXAY
YPOBHAME GYAYT HAMAOT'O MEHENE PHEPreTWYECKOW NMPUHM NEPBUYHOTO NyY-—
K& ¥ UX BSQUMHOE DA3NEN6HWE OKABHBAETCA BATDYAHECHHHM ¥ . Noarouy oc-
HOBHHE HAMEXAH CBABAHN C HESWYMY, XOPONO DPA3AENEHHHMU YPOBHAMM W UX
Mozauu pacmaza. i cwacTeb, UMEHHO OHM HauGolee UYBCTBUTENLHH K ofia-
CTH MAJHX pAacCTOAHMN M N8KT BAXHY® MHQOpMABUMD O BCelf CHCTENE B Le~
nod, OCHOBHNE CBEZEHMA O NMOBeZSHMW MOTeHIMANa Ha MAJANX DACCTOAHHUAX
CTAHYT M3BECTHH, KAK TONBHO YAACTCH M3IMEDHTH MacCH W JNENTOHEHE WupM-
i 1S~ u 2S5 -ypomuelh, a sareu u momomerme L -ypommed. Mu
PaccMOTpUM TPW CYEHECTBEHEO DABHHE BO3MOXHOCTH.

A.Eciy pacCTORHME MEXZY YDOBHAMU Oxamercs Conpmum (oT 800 MsB
Zo I T'aB), T0 9TO OyneT CBMXETEABCTBOM AOCTATOYHO KpyToro (B cpea~
HEM) TIOBENeHKA moTenumana. Boasmas nemrommas mwpusa 1S  -yposms
(or 5 mo 7 keB) np:m 8ToM ykasuBana O HA TO, YTO ITOT YyPOBEHE HAXO-
IUTOR CPaBHMTENBHO IAY6OKO, & Maioe oTHomeHue (~ 0,3) JENTOHHHX WH-
pur 35- » {S -cocTosHMit - HA TO, YTO OHM 3AMETHO OTAWYAH M0 CBO~
ell npocrpancreerHo# mpoTaxesrocTH (cM. (9), (I4)). 3ro rpedomanc OH
NI8BHOTO MOBEACHMA MOTEHRMANA THIA ACHMNTOTHYECKH-CEOGOZHOTO CO
CP8BHUTENBHO GONBUKM SRAYEHVEM A { ~ 400 - 500 MaB).

B.Eciw ®e orameTcd, YTO TNpPU CTONE Xe GONBNOM PACCTORHWMM MEXAY
YDOBHAAMM JNeNTOHHAA WHUPHHEA 18 -ypoBHA HECROJBKO HuXE (v3,5 KaB)
Opd  HOCTATOWHO OoublioM oTHomeHks umMpud J3S- w 1S -ypommeft
(~0,5-0,6), T0 870 GyZET TOBOPHTH O HEPABHOMEDHOCTW CNAKa MOTEH-
nuana. Taroll noTeruman ¢o "crynexnsrof#t", oGychoBasHHON maMeHeHHEM
MacCH KBapRA ¢ paceTnfHMeM, T.€. MePeXOHOM OT TOKOBHX K KOHCTHUTYOHT-
HHEM KBapKaM, OWn pacwoTpeK B padoTe .

B.Haxomen, uMeeT( BO3MOXHOCTE (KOTODAA NPEACTABIAETCA MaloBe-
pofiTHO# ), UTO B 0GUACYM MANHX DACCTOAHME NMpoAONXAaeT padoTaTh BKCTpa-
noaAuKA MOTEHUNANa EBA3MIOrapUEMHIECKOro THna. JTO0 MPHBOZMIO OH K
MamuM pacmennesmiM (-~ 500 MeB) u waiuM NenTOHHHM mupuHaM (~ I raB
ana 4SS -ypomwa m ~ 0,5 KeB ann 2S -yposmha).

JomoMHUTeNEHHE BAXHHE CBEXOHMA MOXHO NOJNYUNTH, WSMEPHB NONOEO—
Hue 1P -ypomaeit, x OeH?p TAXECTH CIA00 CABMHYT N0 OTHOWEHMD K

S -JDOBED KAK B ACHMITOTKYEGKH=-CBOSOZHOM MOHOTOHHOM MOTEHIME-
ne (-~ IO0 MsB), rak ¥ B KBasmIOrapHpMmIcCKOM NMOTeHUuaNe., B TO =e
BpeMA MOTEHNMAN CO CTYMEHBKO! NpeACKASHBAET KAMHOrO GOIEmEee pacmen-

% CorzacHo OlgHRAM, TOHROE ¥ CBEPXTOHKOE pacleieHnd cocTapar (C TOU~
HOCTED ZXC MHOEuTens 2) oxozo IO MeB, Torza kam mMpMHA Ny3IRa - MOPAN-
xa 50 MoB, oAmARc BeiAMUWMHY pacmenaerult MOERO OUESHUTE, W3MEPAA BHEP~
rny foToHOB.
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nenue ( ~ 300 MsB). B mepBou ciayuae OGHADYRNTE 1P -ypomers mo
nepexozaM & - YXe MOXHO OyZeT (npu OpEeHYWHI'e OKOJIO HOCKOIb—
KUX NPOLGHTOB) TOIBKO, ©CJM MACCA TONOHMA Huxe 90 T'sB, TOTZA Kak IpH
CTYyNeHRYaToOM MOoTeHUKaJe WApWHA pacnaaa 9’-) y}{e Gyaer co-
CTABJATH 38METHYN ZOJK NMONHOf! WHPMHN M mepexox OYZAET YeTKO BUAEH.

HTEpecHan 3K30TMUYECKAA BO3MOXHOCTH CBH38HA C NDAMHM HAGIDASHH~
eM poXAeHns 1P -~pesoHancoB 3a cueT axcMAABHOW BexTOpHOW cBA3M

Z° bBenyuae, ecmr P u Z° npaxrauecKu BHPOXJEHH MO MAC-
cau /I.

WTax, Mo-BUZMMOMY, CaMHe NepBHE YCCNAEeZOBAHUMA OTHOCHUTEIBHOTO
pacnozoxenus yposuet [S , 2S5 , 1P B TOMOHUM ¥ M3YyueHue
MX JENTOHHWX WMPWH NP¥BEZAYT K BHACHEHMO BONPOCOB 0C ACUMITOTHYECKOH
€B000ZE ¥ CBOHCTBAX NMepeXoZa OT TOROBHX KBAPKOB K KOHCTUTYEHTHHM

(T.€. O CTPYKTYype KBAPKOB).

5. PacnaaH TONOHHA

Ecau B yapuosam ¥ GOTTOMOHMM NpeOGNajany YNCTO SAPOHHHE MOAH
racnaza (Ha KBapR-aHTMXBADK U Ka TPA TJNOHA), TO B TONORMH BTH MOAH
pacnaza MeHee BaxHH . OHM ZoMmHEpY®T JMmb 20 Macc oxono 70 I'sB
nas 1S -cocTomHuit (IpM HECKONEKO MEHBNEM BKIANE TPETIDOHHHX
npoieccon), 3arTem - oT 70 I'sB zo 85 I'sB - CpaBRMMHMM CTAHOBATCHA CI8-
Oue pacnazy Ton-KBapka (OHM Xe NOMHHMpYRT Npy Maccax CEmme IO5 TI'sB).
B o6nactu, Oamako#t kK Macce HellTpanpHOrO NpoMexyTouHOro Gosona {oT 85
2o I05 T'eB), 6yzyT, B OCHOBHOM, MI'DATh POAB ABYXCTpYylHHe (KBApK +
QHTHKBAPK ) 8APOHHHE NPONECCH M AOCTATOYRO BAXHHM CTAHOBMTCHA HelTpuH-
HH{t Kaunam,

Inm 35 -cocToRuwa 9TH MPOLECCH BAXHH JNMID B elie Golee ysxol
0o61acT BOKDYT EZ", a poXp cnaCHX pachafoB TON-KBapKa yCHIKBAETCH.
Bce ocTanbHHe NpOlECCH MMENT BHAYHTENBHO MEHBNME CPEHYHHIH.
Snecs BAXAMO JMWBb 38METHTH, 49TO NPA MOHOTOHHHX MOTEHOHANAX DAaiHMALMOH-

Hue mepexomH us 2S- 38 P  -cocrosmme uayT Ba ypoBEE OT 7% ZO
0,3% npz maccax or 60 a0 90 I'aB, pesrO yMEHBNARCH C POCTOM MACCH,

YTo He MO3BOJAET MCMONB30BATH MX ANA OmpezeleHEs MaccH /£ -cocro-
fIBAA, €CJIH OHA OKAXETCA 3aMETHO (OJXbIEe, ITH OLEHKW NPHBENEHH ZNA
8CHMTITO TMYECKU-CBOGOZHOrO NOTeHlUMada 663 CTymeHBRH. [IpM HANMUHM CKAU-
Ka pacumenneHue ypoeHell yBenuuuBaeTcA NMpUMEpHO BTpoe, & BHAYAT, pa-
ZManuoHHAA NEpWHA Bo3pacraeT B 30 pas, T.e. CTAHOBHTCA CpaBHHMOR ¢
NoaHo#t mupuHo#t (unwM me wa yposHe 30%), a 3mauar, oGmapymennme 1P -
YJPOBHA BaMETHO OGNErvaeTcA.

Ha ypoBHe HECKONBRMX MPOLEKTOB (T.e, HA MOPAROK HAXe, HYeM cJla—
GHe pacnagh TON ) MOTYT HAGANZATHCA pacmazH HA HejiTparsHuft XMrrcomc-
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Kuil cxanAp ¥ foToH. WHTepecHan (XOTA M MaJOBEPOATHAA ) BO3MOEHOCTH
JONXHA HEMEANIEHHO OGHADYEUTEL Ceff, €CNM CYLEeCTBYET SapAXeHHH{t Xurr-
coBckut cxazAap. Torpa pacnajg Ton-KBapka Ha COTTOK-KBADK K 3Ty YacTu—
ny (eciu OH BHepreTMUECKW BO3MOXEH) OyZeT IOMMHUDYDUMM NO OTHONEHMK
BOOOME KO BCEM pacnajau.

{ P -pezonanc pacmazaercs MpHMEPHO TOPOBHY 33 CueT pajMalM-
ommoTo mnepexoma 8 1S ¥ cnadoro pacnaza TON-KBapHa.

linTepecHyn CTDYKTYypY MOXHO OyAeT, B NMpHHLUNe, HAGIWAATH /5/ B
NOBeZEeHUn ZONM MOOHHHX pachafoB BONU3NM OGNACTH EZ" s ECIM B 3Ty
xe 067acTh NONEZANT ¥ YypOBHE ceMe”:>TBa Tomou#A, B arou ciayvae MoREB-
ngeTcA AeCTpyRTHBHas MHTepfepenuus. Ecau B 0TCyTCTBME ypOBHE# OTHO-
meHMe CEYeHMA DPOXNEHMA UNOHHO#l NMApH K ero TeOPeTHRO-BOSMYLOHYSCKOMY
3HaueHEn (3a cueT ofMeHa (OTOHOM) pacTeT DE30HAHCHHM 06pasoM, ZOCTU-
ran B MaKcuuyMe 3Hauenua 200 (mpu macce EZD ), TO MDA HAUMYNK MH-
repdepeHnur HA 8TO# pe30HAHCRO{ KPHMBOK MOABMTCH ZOMOJHKTEABHAA CTPY-
KTypa B BMAE OYEHB Y3KMX NUKOB ¥ NpPOBANOB, KOTOpAaf CLIAXABAETLA 38
CYET BHEPreTHYeCKOro pasfpoca NepBHYHOTO MydKa.

EcrecTBeHHo, Conpmolt BHTEepeC NpeACTABIANO OH OCHApDYREHME CyMep-
CHMUETPAYRHX YacTul, B 3ABMCHMOCTM OT MACCH KBapKUHO M TJIDMHO Cy-
nepcUMMeTpas MOXeT AUGO fpaKTMYecKd He HrpaTh pOJM B pacnazax Tono-
Awn (SOonBmME MACCH ), JUGO MOJHOCTHY W3MEHWTH KADTHHY €ro DACNaAsB
(uamHe MaceH).

axepeHue NOAAPUBALWMA TOMOKKA 1O CAalHM pacnazaM TON-RBapRa no-
3BOJIMT ONpEREJNMTH CHAOY CBA3M HeliTpalBHOTO TOKa € TOM-KBADKOM (T.€,

sunt va ) ¢ BHcoko{ TOYHOCTHNH, JAMETUM, UTO TAKHE HaMe-
pEHMA MOTYT OHTH NpPOAENAHH DalHHMY MNYTAMH

6. Bupogu

lloABeaex wrorn. Harue Xe HOBHe fAIBNEHMA MH HazeeMcA /148/  o6-
HapyXATh, MPOHEKHYB B HOBYD OGNACTH Ma)HX pacCToAHmif?

Bo-nepsuX, KOHeYHO, HARGONBmM{ MHTepec NPeACTABAANO O OOBADY-
BeHYe HEeWTpaNBHOTO XMTTCOBCHOTO CHalApa. STO OKAXeTCA  peadbRWM,
€CHE Macca XATTCOBCKOY wacTHuM He mpeBucuT 70 ¢+ 90% oT Maccw Tomo-
gnA, ToYHOCTH ompefieneBuA € MacCH NpM 3TOM MOXeT ONTH Zaxe ayume
1TeB /17,

Uro RacaeTcA 3BDPAXEHENX XUTTCOBCHEX YacTAll, TO X OGHADYEeHME
B TO# Xe o6nacTH Macc BeCEHMa NpPOCTO, eCNM TOJBKO OHM CYUECTBYOT BO-
odme.

Bo~BTOpHX, OTKDHTME CYNEpPCUMMETPHUHHX NMapTREpPOB OCHYHWX YacTiL
nmpuBeE0 OH K "peanpHoft xU3HA" HOBO! oGnacTn {MIMKU ~ CYNepCUMMETpHH.

B-rperhux, cnequdura CNEKTPOCKONUN TOMOHMA MOTNAa O naTh cBexe-
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HuA 0 HoBolt QuBMKEe - CTDYKTYPHOCTY KBADKOB, CBo¢TBax mepexoza 0T
TOKOBHX K KOHCTMTYEHTHHM KBADKAM ¥ DOJM ZMHAMHUeCHO! uMaccu KBapKa Ha
MazHX paccrofEuAx /7*°/, B wacTHOCTHM, BTO MOTA0 OW NMOMOYE M B peme-
HUM MpoGJeMH KHUPANBHO! CHMMETDHM Y JerkuX KBapKOB.

B-uerBepTHX, pacnmagy TONOHMA HA HelTpEHO M AHTHMHeRTDMHO MOTYT
IaTs CBeZeHMS O UKUCHe COPTOB HeltTpMHO, OTKDHB (M3IMEY HOBHX HOHONe-
Hult,

MoxeT OHTE, MeHee "HOBHMK" ¥ NPUHLYNMANBHHNMEZ ANA PAIBHTUA TEo—
pHM, HO BeCHMA BaXEHMM NMPEACTABIANTCA M ADYI'Me HANpABIEHUA MCcHeZo-
B8HMNA?

I. V3ueperne ZoJjiell pacnaZoB TON-KBADKA NMOSBOJMT OLEHHUTE ero Bpe-
MF EM3HR M ONDEZENNUTEH 3JNEMERT MaTpuuy KoGasmm-MackaBa Vg (8 Tak-
ze, posuomio, Vi, ¢ \/ed ).

2. CneKTpOCKONMA ¥ WOIH paclaza HWEHHX ypoBHelt cemeitcrBa TONO-
HUA pemaT (BRepBHe HellocpelCTBeHHO!) Bompoc o0 acUMNToTHYecKo#t CBO-
oze W MOSBOJAT M3 CNEKTPOCKONMYECKMX ZAHHNX ONpPEAESNMTEH ROHCTAHTY

Nxp.

3. CneRTPOCKONUA BHCOKOJNEXANWMX ypoBHell TOMOHMA BAXHA AAA AONOT-
HUTeNBROH NMPOBEPRM HE3IABUCMMOCTM MeXRBADROBOTO NMOTEHIMAZA OT apoMa-
Ta.

4. NsMepenne aCHUMMBTDMM NOJNApuIAUMY NMOIBONMT ONpEAEAUTE CHIY
CBA3K HellTpaXBHOTO TOKA C TOMN-KBADKOM, T.€. HE3aBMCHMO MBMEPHTH

Sont B\ (yrasuBaeTcs, 9T ZOCTUIMNA TOUHOCTH HA YPOBHE
4.1073 /I/), 8 KpoMe TOro, eme pas NpOBEpUTEH 3apAA KBAPRA K €ro
H3OCHHUH,
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TIPOBJIEMA S30THUYECKHX ME30HOB
H.H.Auacos

HuoTETyT MaTeMarsrs CO AH CCCP, HoBOGRORDCK

1. Beenemune

Xopomio M3BECTHO, UTO OCHOPHNe cBoflcTna Goxbllelt UBCTH OTrpOMHO-
FO UNCEA OTKDWTMX K HOCTOANOMY BPEMEHM DO3OHAHCOD MOKHO NOHATH,
€CAN CUMTATL MX QBYXKBADXOBHMM ;g -cucrenans, OgHaxC B noc-
Aen)es BPEMA DOCHMA OCTPO CTOMT BOMPOC O CYMECTBOBAHMM TAK HASH-
BRCMMX DKIOTHUSCKHX MESOHOB. Peub ¥aeT 0 UeTHPOXKBADKOBEX _ggi"' -
coCTOAMNML, I'NOPHAAX ”2 , raoSoaax }} U T. Ao

JIxs0THUACKNS MP30HM MOTYT OuTb ABYX coprop: [) sBHO aM3oTMdec-
KMo, 7,6, TAXNG, XBAHTOBM® UNCRA KOTODHX HOBOIMOXMH B ;g =~CHC~
TeMe, HATPNMOD KSOTOMMMECKMA crMx L WAM cru-uerHocts J'C
2) co crpwrol sxsormxofi, T.6, TAKNE, XPAHTOBHE WMCAE KOTOPMX BO3-
MOEHM B 9,;' -cucTeMs, B nepeom cayuse oGMaIyWeHHE 3KBOTHWECKMX
COCTOMHNA OuEBNUHO, 3O BTOPOM Tpelyer Zubo KaxMx-TO Apxkx adbex-
708, OGYCEOBASHHMX OX30THUOCKOR NPKPOROR pesoHaNCOB, AMOO MCKyC-
HOIO TEGDETHUECKOT'O SHARNSA HKCMGPHMEHTAALHHX NAHHMX NO Onpejexe-
HMD KOMCTAMT CBASM PO3CHAHCOB C ARPOHAMM MW ALYTHX XADAXTEDHCTHK,
BAA KOTOPMX DASANUMMG MOAGKM AMIT DASHHE NDEACKASKHMA.
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AXTyansHOCTb NpoGAEM 2KIOTHUSCKHX MESOHOB B HACTOMEE BDEMS
O0YCXOBAGHA, C ORHOA CTOPOMH, OGHABMEMM NPEACKASAHHAMM HE OTY Te-
My PA3AHGHHX TEODETHUECKMX CXeM, CAMOM PasBHTONl H3 KOTODHX ABNA-
erca MIT -monens wmemxo» gas axpoHos, C Apyroft cTOpoHM, ¥ 3T0 Ca-
MO® PXAPHOE, B IOCAeAHee BPEMA OTKPWT LEM ! PAN Pe3OHANCHHX ABXe-
HUit, KOTOpHE He yheeTcs OOBACHHTE B PaMKAX ¢§' -mosiean. Boxee To-
ro, HEKOTODHE M3 OTKDHTHX (M3HUeCKMX ABNEHMA OWAM NpencKASeHH Te-
OpPeTHUeCKH Ha OCHOBe MPEINIOXONSHMA O CYMECTBOBAHHH SK30THUECKHX
cocrosut ( g‘tg‘t) . B uacTHOCTM, peub MIeT O pesyabTerax, noay-
UEHHNX NMpM HccaenosaHMM peakuudt Vo> D (I1286)n —> kK Th ,
Yo I—=ip v yy— PP . xotopue paccuatpupavrcn B pas-
neqax 26, 2B H 3 COOTBOTCTBEHHO.

YeTHpeXKBADKOBHE ME3OHH B HEKOTOPOM clMcie “"cocrosr” us nap
NCeBNOCKARAPHEX K BeKTODHHX "Goxmx™ (M *mperHix") -MB30HOB
¥ NOSTOMy WMEDT, KaK [pABHEO, cymieppaspemsHHym no lseiiry cmssw ¢
COOTBETCTRYNUMME “Gexnst” napami. B GoABMHHCTBE cxyuaes cyneppas-
pemeHHue no liseiiry xaHamu pacnana ?‘Lél’-coc'romum p M ~MeliKe
He nonapaens no jasoroMy ofneMy NMPORYKTOB Pachafs,d YeTHpeXKBap—
KOBHO COCTOAHMA MOTYT MpocTG "passaxusarbea” (Ge3 poXmeHHA Ronoa-
HHTEeXbHOR g -naps M3 BaKyyua) Ha CBOM “GeXHe KOMIOHSHTH",
92935 —> gF + 9% . LHpWHN TAKNX CKAAADHAX MEIOHOB ROXKHM
HueTb nopagox I I'sB, ¥ NO3TOMy 3TH COCTOAHMA He MPOABARADTCA KAK
IMKK P CEYEHHAX CTOAKHOBEHWF UACTHL, T.e, KAK OOHUHNe p087|7.n-
o’ 1 3t cocromms NpOABASNTCH K&k noawca P -MaTpmim 2/,
Mnbopsainm 0 HUX MONHO M3RXEYb WS (OHA B HACTOANEGE BPEMA TOABLKO
NOQGAbHO-3ABHCHMGIN CIIOCOGOM.

K Tomnko B Tex peaxuMx cXyuamx, KOTEA cymeppaspsueHvue no Lzefi-
ry KaHaXy DAcCnAnA NOABAeHM No (asopomy oOGbeMy, uUeTHPEXKBADKOBME
"npuMUTHRHNE"™ COCTORHMA ROAKHW NPOABAATLCA ABHO. HHTepecHo orwe-
THTh, UYTO COTAACHO MpPEACKA38HHAM ~MOnexx CAGRYST ORN-
ARATH, UTO B GOXBUMHCTBE CAYuAeB ABHO 3X30THUEGCKHE COCTOAHMA HMEDT
HenojasieHHNe cymeppaspemeHHNe 0o Lpefiry xaraxu pacnaja W He MoryT
NPOABRATLCA K&K Y3KHe peaoHaHCW. H Bce-TakK oauo M3 smHO >XSOTM-
YECKHX COCTORHMH - TEH3OPHHA MI0TOHSODHMA Me30H C MACCOR oxoXxo
1,4 I'sB - Oux, BumMMO, OCHADYRGH B DSAKIHAX XJ’—»JOJGW ¥

— _PU’-". cM, paspex 3.

Ecan ueTWpexxsapXoBue COCTOAHMA MOTYT OWTH ABHO DKS30THUECKMMM
HAK 110 MaoronMueckoMy cnuHy ( J=3/2, 1 =2), rax x no cooer-
HocTH (He punomsmwres yexomwa P=C0)H*1; C=(-)¢*S; 7=/28,L ),
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TO IMOPMEN W PAOGONM MOTYT GMTh ABHO AKSOTWUECKHMM TOMBKO NO CITHH-
YETHOCTH, OTO, NOHBUHO, COAJAET NONOAHMTEALHHE TPYAHOCTH B WX Mo-
HCHE,

2, [lpoGaema craXApHix MeaoHOB

Brepsse TPYRHOCTK B KBAPK-BHTHXKBADKOBOR MHTEpPNpETALMH ME30HOB
BOBHMKAW B CKAXADHOM KAHARXEe, JeX0o B TOM, UTO HOHET K3BECTHHX CKa-
xApHux wesoHon - ¢ (980), $(97%), £ (I300) n 2€ (1350) f/_
TPYLHO , MOHATH K&k A -pogHOBOA ~HOHeT, AHANOTHYHMA 27 -
HOHeTy / 4‘67“ #

a) T'zaBHan NMpoGXesa 3aXXDUAETCS B TOM, WHO M3ockansp S (97%)
M H30BEKTOP (960) maenT opMHAKOBME MACCH ¥ B TO e BpeMs
S (975)-Me30H CBASAH IHAUMTEABHO CHIbHee ¢ KK -KAHBNOM, YeM C
¥ ¥ -KanaxoM. OQHOBPEMEHHO OUBACHMTEL JBA& 3TH OGCTOATEALCTBA He-
BO3MOKHO B paMKax fpocTefimeit AByxKBApKOBOH MOREXH, B KOTOD)H Mac-
CM PB3OHAHCOP ¥ KOHCTAHTH MX CBASH C ANPOHAMH ONPEREAANTCS MPOCYO

npasuaaxu “ksaprosoro cyera”. B "nneanpHou" 9g -HoHere

S=(uk +dd)NVZ | I°=(ua-dd)WVZ &

”769)-'-1 ”T—/y). ?;’,(fk—/;j”uf”- =p, 25,
B meficTBHTEXbHOCTH /4-6/

mDEm(E)s Grete/syin- 10- 2)
Hiorga noxarapr, uTo mogaBNeHH® CBASK oS (975)-mesowa ¢ I -
xaHaxoM (2) MOXHO OOBACHWTH, Mpemnoxaras, uto S(975= .5, a mapy-
meHEe "KBAPKOBOTO CHETA" IUIA MACC — CHALHEM CMENMBAHMEM KBAPKOBHX
N PADOHMEX cTeneHe#l cPoGonH, KOTOpoe MOKET OHTh B CKAMAPHOM KaHa-
Ae sa cyer HenepryptarusHux sdfexror KXJ . Heapas He samerurs,

OOHAKO, YTO TOUYTH TOUHOE CXyuaflHoe BHPOKIEHHE MACC (980)u

J (975)-Me30HOB B 3TOM CAYUAS HBARGTCHA BECLMA NONO3PHTENLHEM, Y
YES COBCOM HRNBHO RYMATH, UTO CHAbHOE CMEUIHBANHE KBADKOBHX H Ian-
OMHMX CTeneHefl cBoSOfW HApDymAeT NMpasiAa "KBADKOBOrC cueTa" Rus
MACC M He HADYBBeT WX AR KOHCTAHT CBA3M, T.€, B TAKOM CAyuae HeT
HMKAXMX OCHOBAHUA HANGATLCA HA TOJABIGHME cBASK O (97%) ¢ 77 -
KaHANOM, .

B ro me mpema coorHomemna (2) mpocTo M ecTec: BeHHO OFBACHADTCA,
ecan S (9%) u (980) ABAANTCA WOTHPEXHBAPKOBHMA COCTOFMHAMK
C CHMBOANYSCKOH KBADKOBOR cTpyRTypO#i: N

‘o (uid +dd) = o (yi-~dd) o3
R CCASC AR ¥ , fre-ga/sg (3)
V2 43
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Wy » meHee cumBoauueckoR Gopse (CTPYKTYps TOABKO 1MO ADOMATAM):

185 = £ 1K™ « LIKReD> = 5 100 25 > “)

55 i 4678 1y, 0,
D, =(uit+ dd)/fT = p cos (6,#8,)4p " sin. (6 +8s) » Bo=(H~107),

- 4
Zsz,S‘.S‘:/Z’an (&}7"})—? 44%,(9/,4-67;) , &’,-.ﬂ; #-
Kpome Toro, W3 o6pafOTOK IKCIIEPHMEMTANbLHHX OAHHHX CAeNyeT /4-6/ ,
yTo _’,'k.«,- /4’/7’ > 1 (I‘aB)z, KAK W JONEHO OuTb OXA Cyneppas-
pemeHHOR no Lipefiry KOHCTAHTH CBASK, €CAH S (975 )-peaonanc npu-
HAQJIemUT /{l/epnow nerrouy g“ f“"—nonery (9,0%) 8 MIT -wopexn
MEIKOB .

Tlpk ueTHpexKBApKOBOR KHTepnpeTauwk & (975)-n g(980)—ueao-
HOP BOSHMKNA CAeAyDmas npogiems. o (975 )u & (980)-me30H npes-
CTABIADT COGOR OuUeHb y3KHE CTPYKTYDPH C HASANQAeMEMM MUPHHAMH
33 ¥ 54 MeB cooTBeTCTBEHHO. Y30cTh <5 (975)-pesoHanca
- @CTeCTBEHHA M MOHATHA, T.K. €ro cyneppaspeseHHuft mo Uselry xaxan
pacnaja S (9%)—> kK nogaerer no fasomouy ofreMy. Yaocub
(980 )-peaonaHca, Ha nepeuRt Barmam, npo'rmsopeugr YeTHPeXXBaDKO—
Bolt uHTepnperauMs, T.K. V4 -kaHax pacnaga ~ME30HA ABARETCH
cyneppaspemenHuM no Usedry, cM. (4). dro ofcroaTexpcTmo %,oxr'oe
BpeMA OHAO I'AABHEM ADPIYMEHTOM H%Eenp ;'Lg ~CTPYKTYDPM -Me30-
Ha, OpHAKO HamW OO MOKA&38HO s UTO SXCNEPHMEHTAXbHNE AAH-
HHEe no —ME30HYy He NpOTHBOpEuaT g“ﬁ —MOROAH, T+8. Qerta—2
=-g3oxtes Gorp = VL 41 (6p?8y) 950 xtn- + Niph o710M [( S0 Tp)=
3300 MaB, a watmonaesas mMpuHa <= 54 MaB BoSHMKAaeT 3a cueT OTKpH-
rn KK -Hamaga, MOpOr KOTODOrO HAXORMTCH BOAKAH MACCH DOSOHAHCS.

6) Tanu o6pasoMm,npH UeTHPEXKBAPKOBOR MHTEpOpeTALMH g ~peso-
HAHC MPeACTABAAeT COGOH UMpoXxoe ofpasoBaHHe C yaKoR cTpyxTypoft
oxono nopora XA -xawama (X2Crn),

B npuMupmne, TaxyD MHTEPNDETALMD MOKHO NPOBEPHTH BKCIGPHMEHTAIb—
Ho. Hanpuwep, msyuas npa xanaxa pacrags D (I285)-meaoma:

D (1286)~> Td—> 77p w D (125)—> 1> KK , womio
MpAKTHUECKH ONHOSHAUHO BHACHHTH, HBASETCA A -pesoxasc "mmpo-
KM" B ONMCAHHOM BHII® CMMCNE WA -PesoHAHC - HOPMAXBHAR yS-
KXag CTPYXTYpa, /'(J'—" rz)es0 MaB, KOTOpAA NMPOABRMGTCH HR He-
XorepeHTHoM done.

YacTp aTOf 3anauM OWAA HEJABHO BMTIORHEHA 8/ ] ?73 Ha ycra-
Hopxe "llenton &". Mcrounmkon D (I285)-uesoHo» » % cum pe-
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axa F-p —> D (1285)n —= k74" T°n . Ecnu npemnonosMTh,

uro pacnagH D —> kk ¥ U D277  unyr no cxeme D>
+3T—>KkkT w D> —p7T , o {§ -pesonanc “mmpoxwn”

B yKa3aHHOM Bulie cmucie, /[ (4)>180 MeB npn ¥ =M = ITep?/,
JT0 oYeHp BaxHHE pe3yisTaT. HeBepHO NPeAnoNOREHHE O JOMMHH~
pyomelt poay mexawusua D> §7 WU -pesoHaHc aeflcTBu-
TenbHO mAPOKMA? OTBET HA BTOT BOMPOC JONXHO NATH 3KCMEPHMEHTANb~
Hoe uccaegomamne KaHana D-> THp .

B) MomHyn KawecTBEHHyL NOLUEPEKY ;‘é‘ -WHTeprpeTanvi J’ -pe-
BOHAHCA /67"0 BRCEPUMEHTANbHOE MCCIEZOBAHUE p%“g“iio / Jy—>d—
- Ty . TeopeTuuecky Guno NnoKas’aHO HAMK sV, uro ecuM

J (9801 S (97 )~Mes0oHM UDHHALNERAT K CAMOMy JEIKOMY HOHETY
MIT , To cregyeT omugaTh nOfABIEHME WX DORLEHHR B ) ~CTOMK-
HOBEHMAX. BWIA, B UACTHOCTM, MOMyueHa OleHKa:

/_[JL’M’)= /-(,S’—bﬁ)c.‘: 0,27 k3B, (5)

UTO HA fOPANOK MeHbllé BCEX CYMECTBYNMUX DACUETOB B g,i ~MOflenH,
AxcriepuMe T pAN /

/‘{(51_» JJ)' BR (J“» voy) = 0,19!0,07*_8:(1)7 3B, (6)

Yro kacaercs S (975 )-Me3oHA, TO e€ro L0 CHX NOp He BHAENH B Y& -
cronknosennax. JADE noaywna (S -—>yy) BR(S—~FF)
<0,62 ke 1V,

OTMeTHM, UTO B uYeTHpeXkBapkoBofi muTepnperaumn S (975 )

(980)-Me30HKN ABNALTCA CAMEMY TANGAHMA YRCTHLIAMM CAMOTO JEI'KOTr'o
HoHeTa. VX MAPTHEDH N0 HOHETy WMENT CTKPHTHE CymneppaspemeHHHe Mo
lseftry nanams u oueHb muporn (~ 1 I'sB). BoamoxHo, OHM MPOABAANTCH
kak nomca P -warpuu %/, B NpHHUHNE, CPAB.IMTEAbHO Y3KHe

€ (I300)u ¥ (I350)-peaoHaHch MOTYT OHTH ¢2'£ ~COCTOSHRA~

i/ 218412/ g3 pamenoro noxeraM] T/1/ »KOTOpHH COCTOHT B OCHOB—
HOM M3 Nap GefhX BEKTOPHHX Me30HOB ( P W ¥ r.h.}. Cumsoan-
yeckan cTpyrtypa & =W idd s 90 = d{:—m)— « Koxeuno, B
ATOM CAyuSe NONKHH OHTH TAXENHS GHANOTH -1 ~M@30HOB C MAC-
colt B paftone 1,8 I'sB. & (1730)-curxan 3 ABRAETCA BO3MORHLM
XAHTHIATOM HA TAKOe COCTOAHHe. BeCKHM ApryMeHTOM B IOEb3Y g,“'-_"—-
wurepnperauuu £ (I300), 22 (1350} m & (I730) Guno 6u obHapy-
WeHHe M3OBeKTOPHOro J (1700-I800). MckaTb ero Hago » cnexTpax
amace PP-, K" K% KK~ Typ— n Wg' -K&HANOB, _

Nocxeanee sayeuaHue no aToMy pasfeny. C TOUKM IpeHMA @4 -HH-
reprperamum 0 (980); S (9%); & (I300)-k € (I350)-mesoHoB
KAK eJMHOrO HOHeTa MACCH &— WM € -MeaoHOB "HenpasuabHue".
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3. O pomgenuu_sksoTwueckoro pesomanca ¢ I a2, JPa2*,

m(E)=1,4ToB B yy—>9p0

HanGoxee sbnamimeecs ¥ MHTDHIYDmeEe OTKDHTHE B (M3MKe UACTMY
Ao "mapMa” GuAO coenaHo B nocaegHMe TOUM MPM ucc:%gymm peaxipMi
5 —-af"JO" " XX""S’+§’- s CM., HATDMMEp, . Oxoro no-
Ppora peaxipy x x —> §°9° Cuno COHAPYRGHO MOMHOE PESOHAHCHOe
YCHEEeHKe, OWIO TAKXe YCTS8HOBAGHO, UTO B PeaKuMh Yy — S»“ g"
SHAJOTHUHOIO YCHIGHHA HeT. JTO ABASHHE OKAO MPOACKASAHO B HAWMX
padoTtax 4,10 . Henoansya momedb BEXTODHOH AOMHHEHTHOCTH W Npeg-
crasamua MI T-ﬁauu MOUIKOB AAS 1071101!“7 Gynmuit uerupexxsapko-
BHX COCTOSHMA y MH TTOMA3SXM B 4,10, s WTO ycuxerwe » Y ) >
5 S,"S;" MOXHO OUBACHHTL DOXHEHMOM TEeHSOPHEX $£¢4'-coc'romum, HO

TOTAA HE [ONKHO OHTh BHAJOTHUHOT'O YCHNEHMA B )Y J —_ ftp'.
lpwunta saxamuseTcs B TOM, YPO B Y § —> §O  pommnaercs HecKoXb-
KO BNDORIEHHMX N0 MACCE TeHSOpHMX ¢<& ™ -cocTOMHME, OfHO W3 KOTO-
pux spHO oksotHueckoe (£} c msocnMwom [ =2 no-paswomy HWTRp-
depupyeT ¢ HSOCKAASPHHMM DESOHRHCAMM B XaHARAX Yy — g"g" "

yy— ot9":
Ay 979" )=1 A(1=0)+§ 4(1=2),

Ayp—5's) - Epr-0- L h(1=2).

fipsues 45 MOREAH BEKTOPHOH ROMMHAHTHOCTH CRERY®T, UTO DE3OHAHCM
c d.luallunu MACCAMM CHAAUMBANTCSA UMEHHO B DOAKIMK ) ) ~> _P"f"-—»
> R4RF . > 0P,

B /4,10 My NCTIONBIOBAXN ODHFMHANBHO® NPENCKASAHUS n/ AR
Macc nuso/pﬁnrs /g ~peaokaHcos: . /. =],60 I'aB. Bpess, opmaxo,
NOKA3AX0 4 » UTO MACCA 3K30THUECKOI'0 POSOMAHCS AOXRHA OWTh
I,4+1,5 I'eB,

B HacTomMes BpeMA HeT KAKMX-XN00 QUSMUSCNN NMpHeMEOMMX OGBAC-
HeHMR saxeined, OTKpWTMX Ha nopore ¥ —> 0797 u y§—> 979",
Gea PBEREHHA ABHO 3KIOTHYECKOro ¢ | =2 ueTHDEXKBADEOBOIG, IO
Kxpafirell mepe, pesOHaHCA.

Baxneftmeft aamauell Bo pceft oGCymumemoR B 9TOM SOMZARS hpoSxeme
CefuAC ABAAGTCA NOMCK DOSOHAHCA B ARHO BEBOTHUECKOM KaHANS *
oxoXo nopora. Qas 3TOro MOERHO NCHOIMIOBATL peaxipm PP-» ffp*n.n.,

+ + 40 +p —» otptx® + +
T —> ¢ e T , KTP=~97P7K"N ¢ 979", pomnelnns 3
LeHTpaNBHOK OGAACTH NpW He caWmXoM BHCOXKX ssepruax ( E, =40 IeB).
" MOXEO TAKE® ECOOALSOBATH DEAKINN Ttp>ptptn

(7)
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4. fipagercs an pesowanc B W°¥ _kanage z‘i‘—cunﬂaunu‘?

HepasHo 8 MIBD Ha ycrasoske “JlentoH " 6wis oTkpwTa pesoHaHc-
HaA cTpykTypa B chcTeme F°Y » peaxuun 7P —> TO¥n  npu 9, =
=32,5 TaB/c, Tax HaswBaeMoe (* ~COCTOAHME

/(€)= 1490%25 MoB, r(c) = 165¥30 MsB,
G(7~p->Cn)BR(C—>1pr*) = 3BI5 ke,

Facran € —>#7° uger He 3a cueT MexaHM3Ma, MONEBNEHHOrO no
npapuny Oxydo;élnenr'a-ﬂayxu, r.e. C -pesoHaHC CWIDHO CBR38H C
KaHanoM 7 °% . Maorommueckmpt cnun J =I n cuubHAA CBA3L C
KaHBJO0M 7r°y> nenanT C -pesoHanc pealbHHM KAHOUWAATOM HA YeTHpex-
KBAPKOBOE COCTOsSHUE C CHMBOIKUeCKOR CTDYRTYpO#:

c'vJ&(ua—a/d) ) ©)
17.2,

B xaxoM Ou g"g‘{wnbrrmmefre 1y maxogurca ~peaoHaHc, xox-

®XeH CYMecTBOBATH BHDOMACHHWM C HHM no macce maprHep C ¢ npoTH-

(8)

BOMNONOXHON ~yetHocTso ( I =0) u c cusmonuueckolt KBapxoBoO#
cTpykTypoh /17/:

~ it + dd.

C~S3S5 L-V_Z_—)- N (10)
KOTOpHI! AOMEEH MPOABAATHLCA r.%t?yaxun DpeaoHaHC (r(g)é I00 M=B) B
CMEKTPe MACC CU -CHCTEMH 7 . Ha6mpnenne artoro peaoHakca

TIPBKTHUYECKM OFHO3HAVHO YKASHWBANO OW HA g‘lé‘L-npnpopy C~—9;)7<:/To-
AHHS M O3HAUAAO OH OTKDHTHMe eme OfHOro gig 4 _pesonanca .

5. (I%00)-ue30K, Yro aTo Taxce?

Hecoatenno, & (I1700)-pe3oHaHc ABNAETCA COCTOAHMEN KAKOA~TO
Hopoft mpuponu. OH He momeT OHTH gé' -cHcTeMofl, .[leﬁcgnwre.uuo,
TeHIOPHHR z (I700)-me30k "amOKT™ pacnagetsca Ha KK, oM.,
HanpHMep, H

BR(O> KE): BR(O—>pp): BRE=HT)x3:1:0,8. 11

dpech cAepyeT WMET» B BHAY, UTO 2 -poxrcson dasopuft 00peM

F7 B3 pasa Goaume,ueu KK . Taxum 06pa3oM, TEH3ODHEA

& (1700)-ueson xax 99 -cucTeMn fomEeH (KA CW MMETH KBADKOBYD
CTPYRTYPY ~ ST |, r.e. 6urs pamwanbHum BO30yEZeHHeM f’(1525).
Onpaxo cToNb GAMSMOE 1O MACCE DASMANLHOE BC:CyRIEHHE MOHATL B
CyMecTBYNMMX KBAPKOBHX MONEAAX HesO3IMOSHC. Hpcwe TOro, AcKo, yro
B 37OM CAYURS MH NOXKHM CMAM MMETH DAJHAXLHOE BC3OYKAEHKE TeH~
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30pHoOro f (I270)-meaora c maccolt okoxo 1350 MaB ¢ xsapxosoit
crpykTypolt (wi +dd )}/ VT , xoropoe o6MABHO PORIAXOCH O B
3/'9" — gy T . Huyero nogo6HOro B aKCNepuMeHTe He HAGANEaeT-
cA.

Tpyaso nosepHTs, uTo € (1700)-me30H MOReT OMTH TANGOXOM, XO-
TA TAKAA BOSMORHOCTb OGCYKASAACH MHOTMMM &BTOpAMH. Bo-nepmux,
rmofox no cpoefl NpHpoge ABAAEGTCA CHMIAGTOM MO APOMATAM, W MOSTO-
My ECTOCTBeHHO ORMWUATH, UTO ero BIGWMONeRCTBMe C ANPOHAMM OT AP0~
MATOB He 38BHCHT, C yyeToM (Ja3opux o6meMOB 3TO JaeT

BR(B—» ki) BR(O—>pp):BRB>TH)x6 : 1 : 1I, (12)

YT0, KOHEUHO, He COOTBeTCTBYeT meficTBurexbHocts (II), Bo-n'ro%x.
N0 MSBecTHMM HaM KxaHexau pacnaga B (/¥ —> y )~ 1,3:107° 8/,
4TO OueHb MAXO BMAA I'ADGOXA, POEREHHONO B WHTeHCHBHOR TH CM8KTP&
rawonos (3/¥~ —>¥9g). hexo » ToM, uro coraacho KXI 9,20,

BR (d/¥— ¥ +2 ramona B 2*-cocrosmimm) = 6°107%,
Becbua BEPOATHO, WTO ¢ -M@SOH ABNAETCA UETHPEXKBADKOBHM CO-
CTOAHMEN WK T'MODUAONM C CHMBOAWUECKOR CTDYKTYpo#:
O~ S5 wF+dd) -

N e F~SSg.  (13)
lipucyrcrame naps S B BOXHOPOA $yMKIMK & -MeS0OHS HEOOXORM-
MO M@ TONLEO JAA OObAcHeHms (II), HO M XA NMOHWMAMMs,MoueMy & -
DeaOHANC 4o BHReXH B ¥& - cromosennsx: [(6>yy) BR(B>xk ) <

<0,28 xaB 2 , TAK KaK nmpH crpyxType (I3) asyxdoronmuf pacnag
KneT no cxeme &-> wWp—» y¥ . Ho, xoHeuHo, 3TO TONBXO BCE K&-
yeCTPEHMWe cooSpameNis M HyxeH eme THATOXbHMI TeopeTHUecKXi aHa-
xKS.

6. & (1460) - ramgox?
Caram POAILHIM XAHZHIATOM B IMNOONM ARANETCA 2 (1450 )}-mes0,
Hspecrho, uro /237luon -% SAMETHOS COCTOAHNG 3 DAEMALINO!

HHADX
W [T nd A

pac! 0 NOXABAMO, WTO

~I107", cn. Taxme / 23"7_: oGsopu d%B'2“'7“.(501'&1(“«: Kxx 719,20/

BR (3 — y 42 rmora » 0 cocromom) = 1,6°10™%, Taxmu of-
Pa3ON, SOXBEAA UACTD T'ADOHOB, MCMYREMHMX B 3{9"-* [39' pacna~
N6 Ha MANMX DACCTOMMHAX, "npespammerca® » 2 (I460)-peaonanc,
Caegyer oTweTNTD TAKEE, UTO TAXKHO P&3HNS MOKXOKM, KAKX MORGAN MOS-
xo», BuuNcEenns B KN Ha pemeTxAX, NOTEHUNANMAI® MORSAN N MOAGAN
MACCHBHMX COCTABAMOUNX I'O0OHOB, TPOACKAIMBADT yhrrdou e I™ =
=0~ maccy oxoxo 1400 MsB, cm. ccuxxx s odsope 719/,
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06 _sxaormueckoft Ole CKANAPHOTO (1590 )-pesonatica
HemasHo B crnekTpax mace ¢2- H Qe’ -XaNANOR B peakuusx ¥ P >

> ppn w T P->p'ha na cnexrpowerpe I'AMC-2000 MIBD G

oSHapymeH HoPult cxaxspuuit pesomanc O (I590) ¢ mwpuwon [ (4)>

200 MoB/ Y , yimemremsan wepapxua pacmanos (1590)-sesoma’ 20

BR(G-TTY 8R(6+pp)<a2, BR(G>KR): BR (0> 7)< 0,€

MOPORMNa [OPBOHAUANLHO MPEAnOAOREHKEe O erc rymboabHoH npupo.ne/ 26/ .
OzHaK0 IMIOCONBEAA MHTEDUDSTAIES CTAJKEBAETCH ¢ ONNOH OYeHB
CYMEeCTBEeHHOR TPYAHOCTBO - OTCYTCTBHEM OGUALHOrO pacrnags g —>
-y G . Hs anarusa pacnagor 7V >822 w YV ->yp'y /18,28/
MOKHO MpHATH K SEIUIOYEHHD /27/, uro BR(YV >y G )% 1074,

2TC OueH:r MANO AXA MARGOAA, PORLEHHOINO B caMoff um'eucu%loﬂ u7c1'u
cnemga PANOHOB pacHafa 3'/"}" ~>¥x94 . Coraacuo KXA 9,20

BR (Y —> ¥ +2 rumona B cocrommm 0“*)a BR (I/¥ —> y +2
TanoHe B GocTomNe o) & I1,5°107%,

Haan 27 Onfa BHABMHYTA T'MIIOTE3a, COCTOANAA B TOM, YTO G’ -
Me30H ABXAETCA BOCHMOR KOMMOHeHTOR Jl/ﬂ);! ~-oKTera. [Ba cooGpa~
REHKA ABAADTCA OCHOPOH QA TAKOPO NPesnoJoxeHuA. ONHAM My HAX,
OUGBMINO, ABXAETCS OTCYTCTBHe OGHABHOrO pacnaga /¥ —> ¥ &—>
~» ¥4y « BpyridM ~ ROMMHAHTHOCTL pacraga G -’?'g (14). LeRcrpu-
TEABHO, OCHAPYWEHHOE H3OCKANATHOE COCTOAHME DACMANAETCH MABHNM
O0PA3OM N0 KAHAXY g'g » C EpyToft cTOpoHM, WIBECTHO, uTO § -Me-
30H SBRAETCA MOWYTH uMcTOR 8- kommoHeHTOH -f”/ﬁ),! ~CKTera, 4

»' -weson - nourn wmcrudt S (3)s -cunrzer. Cax coot manpa-
mMBaeTCH BuBOR (MMeerca B BRAY, UTO 50/5){ ~ Xopomas CHMMEeTpHs),
uTo HEPABMHO OTKPMTMP (7 -MedoH - t-7 KoMnoMents oSU( 5){ -0K-~
TETA MAM COCTOSHUZ, GAN3KOEe K Hofl,

Hama rinoresa r:o3podsier OUBACHKTE OUEHb €CTECTBEHHO HEPAPXHIO
pacnagor ¢ -meaoHa (I4). OHa PeceMa TAOROTBOPHA K A6IKO %gne—
prieMa He orNTe. BunEMMyTOoe npepnoxcseHne osHaumeT, UTO B /
oOHADYSWIH TOXbEO PepxymKy afiofeprf u HeoOXOQMMO %CKATH KDYyTIKe
wrenn oxrera: Gy , Gx (G =Gp), 1,2 TeB< m (Gy )< 1,6 I'sB,
I,5 I'sB < M (&, )< 1,6 I'sB, Kamaul wien runoTeTHueckoro cessp-
HOPO OXTET8 CBASAN NPeMMymeCTBEHHO C KAHAANOM, B KOTOPOM OAMH M3
OBYX NCEBROCKAAADHHX MEIOHOB f’ . Moaromy uckaTs ﬁr ~pesoHaH~
cM caegyer B crexrtpe wacc ¥y’ , a Gx (um £ )-pesoranc
p cnentpe macc K (wa¥ kK ) Q’ . Ana aroht yemn momHo Me-
noxssonath, Hanpwuep, peaxuun NP> TO'N w kps kp'N
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Oco6eHHO NMepCrneKTUBHH PEaKLMM /(‘p e E’g'/z " /(‘,o—)K"?’p N
WLymHe 38 CUET OQHOMMOHHOro oOMeHa. CeueHHs pommeHMA (7 , -MPAOHA
B aTHXx nponeccax npu 40 T'sB (sHeprEa yckopaTensa MEB3) mpemcxasuba-—
OTCA MPHUMEDHO DAB 360 H6 M 90 HG COOTBETCTBEHHO

Buno nokasaHo 27/ s UTO TMNOTETHUECKUR OKTET He MOReT ONTbL

f -cocTosAHHeM, HauGollee BepOATHO, OH ABAAETCHA TWOPUIHLM 5?,7,—
CocToAHieM, TaKuM 06pasoM, OTKPHTHE HapTHepoB O -ueaoHa 1o
.Su(a)4 ~OKTETY O3HAUAJO Oh OTKPHTHE OKTETE& MEIOHOB CO CKPHTOM
3K30THKOHM,

8, SaxmouyeHue

A PARMKAILHOIO NPONBAXEHHA B INOHAMAHWW MPOGIEM, 3ATPOHYTHX B
JOKN8aRe, HeOGXOIMMO TIPOBECTH DAl 3KCNEPHMEHTOB,

I. Tonck pesoHasca B cucreme $° 9 OKOZI0 nopora B peakuHsx
pp—> otetnn , Tp = ¢%'MOn , kp> iM%,
mp —~ S’+.9+" M Op. ONHOSHAUHO DemasT BONPOC O CYMECTBO-
B&HUM AR~ 3K3OTHUYECKOrO 9, 2™ -cocrosHun E (I1400-1500),
KOTOPO®, LO~BHIHEMOMY, ONpPEeNeNAeT pPe3OHS8HCHO-MHTEepdepeHIHOH
HHe ABAEHMA B X¥ —> 99 . —

2. Nouck pesonanca Ui B peakuusx K P ->Kop N n Gy B
np—= ﬂ’g'U OFHO3HAUHO PEmia O BOMPOC O CYMeCTBOBRHHK
TUNOTeTHYECKOI'0 CHAJNAPHOIO 3X30THUECKOr0 OKTeTA, KOTODOMY
NPUHARACSHHT 6 (1590)-xe3oH,

3. OGHapy®enWe y3KOr0 pesoHaHca B CHcTeMe (Pf B DeAHIHK
T p—> e 7 , HanpuMep, NDAKTHUECKH ONHOSHAUHO DEIajo
64 ponpoc 0 & 'Z_ ~mpupone C (I500) » osHauaxo Gu oT-
KPHTHE RBYX 942 ~Pe30HaHCOB,

4, Hccnepobanwe mponeccos 7 P> D (1) n —> p T,
KX W/ c BHCOKOR CTATHCTHKOR NMPAKTHUECKK ORHOLHAWHO pa—

48T BOMpoC O "mHpoKOM” d” -peacHaHce,

Mye mpuaTHO nodaaropaputh ' H.llecrakoBa 3a MHOrouMCieHHHE MO—
JNe3HHe OGCYWAECHHS M TNOMONb B NpoUecce NOAFOTOBKK AOKIanA.

B MccremoBaHMM CHANADHHEX ME30HOB, K3JAOTEHHOM B AOKJAanE, BAMHYD
poab curpan Cepeza JeBaHWH, KoTOpHIt yMep COBCeM MONOANM, He HOKHB
0O TDHULATH JeT,
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TAKEH! KBAPKOHMR KAK IPOBHMK KX[I-BAKYYMA M ATPOHHO! CTFYKIVPH
B.H.Baltep, D.&.Ilanennc

HrcreTyT AmepHol dwaumky CO AH CCCP, HoBOCUGHpCK

§ 1. Bpenexue

Baxueftmeft 3amadell TeopMH CHJIBLHHX B3aMMOIOfiCTBER ABNASTCA HBY-
9eHEe CTDYKTypH KXIl-Bakyyma M ampoHoB. BoJpmoft HHTepeC MIpeICTaBIAIT
BOJIMYUHH, XADAKTepHIynIe HemepTypOaTvBHHA BaKyyw, 4 EMOHHO!: ™HTOH—
CHMBHOCTH KBADKOBHX M IVIUOHHHX noJefl, pasMep Q. THIEYHEHX BaKyy sHHX
quysTyammt (BP) = np. B sToff CBA3KM 0COGYD LGHHOCTH HpHOSpeTamT o~
pOKTHBHHO NpOCHUKM BakyyMa. JaJoKO He Jmdasd CHCTEM3 U3 KBApKOB H
aHTHRBADKOB (& TaKxe IVIOOHOB) HOUXOmMT IAA sToll pomr: I) c oguoft
CTODOHK, HOOGXOMEMO, UYTOCH SKCIOPUMOHTANBHASA TOYHOCTE B HAMEODOHAH
IapaMeTpoB STHX COCTOAHHE OWJ2 IOCTATOYHO BHCOKOR; 2) ¢ mpyrof cro-
DOHH, TpeCyeTca, ITOCH TEOpeTHYSCKoe OIMCcaHEe (CM., HamupEMep, I'2/)
HMOJIO TaKXe KOCTATOUHO BHCOKYD KOHTPOJHDYOMYD TOUHOCTE: H CJIACYD MO~
OeJIbHYY 32BECHMOCTH. [pednBaiMe 1 ABJAOTCA BeChMa BAxXHHM H, ?9.7
NOKa3HBAOT AHAJNM3 COCTOSHUI AXULNOPEMEHT4 He. COTONHANHWR KOHL 3 ,
MOROT CUYBTATHCA BHIOOJHEHHHM ..- b JJIA BOKTODHHX MO30HOB H3 JOTREX
KBapKoB (§ ,@ ,\¢ CceMeflcTB) M LJA CUCTOM HS TAESJHX RBapKoB, JLiA
IPYTHX CECTOM DRCIODEMEHTAJbHHE NAHHHO MHOTO IyX6, H TaM H3BJOYOHEe
HHPODMAIME O BAKyyMe NOKA HeHAIEeXHO K HEOJHO3HAUHO.

CucreMd H3 TAReJWX XBapka & ® anTERBapka G (KBApKOHEH) CO-
BOPMEOHHO YHEKAJBHH OO MHOIEM OGCTOATOJHCTBaM. BO-IIEPBHX, B CMKECJO
TpedoBaHEa I ¥y HEX, B OTJAMYHE OT BCOX APYyTHAX M3BOCTHHX CHCTOM,
CATyaldA MHOTO Jayume. [JeJso B ToM, 9TO 3HAYHTOJBHYD 9ACTh CIOKTpaJb-
HOR IJIOTHOCTH COCTOANMH, POXNAGMHX B oo -aHHEIWIMEH, COCTARIAET
Hadop YBREX pPO3OHAHCOB (MMEHHO 3Ta HE3KO3HEODIOTEYOCKAs 9acTh HHTO-
pecHa TEODETEYECKH), BKJAIL KOTuDHX (WKCHDyOTCA BCOTO LByMA NapaMer—
pamt: Maccol pesomasca Mg u ero semrosmof mEpEHod /R°€ . B ppyrEx
xo cicraMax (HAmDEMOD, B Q-MO3OHHOM KAHAJe) H3MEpoHNe CEeYeHRR Ipo-
BOZMTCH BO BCeft RH3KOBHepPreTHYeCKOR 0GNacTE. JOCTHArHyTas TOYHOCTH
B HIMEDOHHHM IADAKTOPHCTHK KBapKOHMOB BledariaeT. He BocmoabsoBaTh-
cA Taxkofl GuecTsAmefl BOAOXHOCTEHD, NPONOCTABJOHHOR HaM HpEpOIOR, OHJIO
OH, 7O MeHbUe} Mepe, HEPa3yMHO.
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3HaHMe 3HAYATOJLHOR 4aCTH CHeKTPANBLHORA ILIOTHOGTH QQ—- CHCTOM
MO3BOJAeT KSy9aTh KXJI B MMPOKOM HMHTepDBaJe paccTodAMfi T . 3r0 oGCTgA-
TeJbCTBO OCHOBAHO BO MHOI'OM H2 U8 YCDOIHEHUs GUIUTOCKEX ceqex-mﬂ7
(mpaBma cymM), TecHO cBAzaHHOft co crapol Mueefl IyaJBHOCTH. ycpemHe~
HPG COeYeHER 1O SHePTeTHISCKHM HHTOpBajeM NopAnka & mosBoJdeT (Kak
3TO BHTORAGT HEIOCPeICTBOHEC M3 COOTHOWEHWS HOOIPENSJeHHOCTH) pacg,
CMATDMBATH PACCTOMHRAT ~ %A (AMA HODEIATUBHCTCKUX CHCTEM Z~ ZLfmA) )
Ha acemvnroraaeckol cpodomd KX cremyer, 4ro ecim A gocrarouro Be-
JUKO, TO MmHaMmKa @@ GymeT EMOTH UepTypCATHBHH] xapakrep. lpm
YMOHBMOHAE 4 Taxk0oe NOPONOHMe HADYUAeTCA HE TOQNBKO “s-IOUpABKaMH,

HO H HONepTYypCaTMBHHME CTONSHHHMH IONpPABKAMY . QoM Coxbille #aydas—
MHO T , TeM TpedyeTcs doJee HKETANBHOS® RIHAHUE HeNepTYPOATUBHHX PPox—
ToB. Onmrme @@ or cmcreM 9§ K3 JMETKUX KBADKOB COCTOHT, B UACTHOC-
TH,B TOM, YTO IDE yCDO[JHOHMM MH MOXOM DACCMATPHBATH MEHEBWHE Z , T.d,
Cano HAdaJo HADYNeHEs ACEMOTOTAYOCKOR CBOGOMH, KOTOpPO® NApaMeTpHay—
eTcA (B COOTBETCTEHM C ONGPATOPHHM DA3JOAGHHEM) BAKYyMHHME KOHIEHCA—
TaME HEAmEX pasuepHocrefi: <'g 5., G <3*G., G, G ur.A
(crenyer OTMOTETH, 4T0 G @-CHCTGMH IyBCTBETEJBHH UDGXNE BCOIO K
IVOHHHM BY, B OTaEMEe OT 97 ). J1a 0COJeHHOCTH CBASAHA C 3aMETHO
MEHBIENA PACCTOAHMAME Mexny & ¥ G Id HKSWLX YpOBHOR, YeM LA 97 ,
9T0, B CBOD 04Yepeib, OCBACHASTCA BaxHOfl poxbo OFHOTVIEOHHOIO OGMeHa
(xy.vmgoac;sn afferroB) . [pE DACCMOTDOHHM BOICYXISHHHX yDOBHell Tex
x6 JQ-cugreM "goHIMpyeTCA” CTPYKTypa B 4 Ha GOJBIEX PAaCCTOHHH-
X, JpyTHe BpryMeHTH B [OJB3Yy TOIO, qro%cncmmu :i;BJL}l)Tc7 yHE-
KeJIbHHMM OpOCHEKAME KXI[-Bakyyma, MoxHo HallTh B o63opax .8, .

B HACTOAMOM XORAANE MH HDOACTABJAEM HOCIOHOBATONLHYD TOIKY 3pe-
HEA HA TO, KAK MCCHONOBAHHO REYTROHHOR mnamgugy QG mossoser:

I) nosywrrs EEfopMamD o (yEnaMenraybHRX KXJ[-napamerpax; 2) NOHATE,
uexons 8 KXI, craryc (oHOMOROIOTHYOCKHEX HOTSHLEATLHHY MoXejoft, a
TAKE® KOHCTRTYOHTHOR KBADKOBOR MOZesiH. MH He OGCYEIaeM 3KeCh SUDON-
e pacoami Q@ . Ome raxee nant neHmse ceegenms o KX)I; B 9UACTHOCTE,
H8 HHRIDSHEBHHX “Y’-pacna,non NORHO A3BAeKaTh /) ;7 , HayYemwe -pacha-
JOB DOSBOJHT, BOPOATHO, NPOJMTDL CBOT HA H g}prypoarmamm MOXAHR M
HADYUWORMA DOmONTA AnfieAbKEACTa-IoaETHSDA .

CoryiacHO OmMCAHHOf BHEe JIOT'ERSe MH HAYMHAGM SHAIHES ¢ MaJHX pac—
crodmaR (Copmue A ). Dro mOSBOATET HAM aaqmcnpoa?u Agg, M6, Me
Bexrwana /), mpencxasaHad darriyock B [962 T. 8/ (eu. /%),
MPeKPACHO COTVIACYOTCH C 7OJW‘IGHHHMK TOuePh SHAYOHHAME /ua Ty GORO—
HOYOpYyIoro pacCeAHRi /10 b4 na'Y3v33(cM., HanpEMep, II/). YaRTH~
pan galizommue /o5 , ™y, "™¢c, MH IOPOXOIMM 3aTeM X GOABIEM DacCTOAHH-
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AM ¥ U3BIOKAeM M3 NpabUa CYMM BeJMHN OapamerpoB KX[-Bakyyma:
<g?G., G.»”, S . BamouaTe/BHIM OGDA3OM OKABHBAGTCH, UIO TAKHe
3HAYGHIY MADAMETDOB NPHBONAT K CTATAYGCKOMY, NPHCIMXEHHO HO 3aBUCa~
meMy OT MacCH KBapKa, JIOKANLHOMY NOTeHuMany BsamMomeficTema @ u @,
coryiacymiemyca Do fopme 3 BesmuEHe ¢ feHOMeHoJoruvecKuMmu.Te xe 3Ha~
YeHMA DIADAMETPOB OGECTOWMBADNT KaJeCTBOHHO® COTJIACES C KOHCTHTYOHTHORA
MOZeJFo § § —CHCTEM, paccMaTpuBaeMux ucxosa ma Q4 , KOTAa mg* M
- KOHCTHTYOHTHAA Macca JeTKoro kpapka). Taxofl aHamis oGOCHOBHBEST, Ha
Hall BSTJIAL, BOBMOXHOCTD NOTEHIMATLHOTO HOAXONA KO B3aUMOISRCTBUR
KBADKOB B QUpOHAX X ALPAX, & AKX B OPONECCAX POXTOHMA M (PpaTMeHTa-
1M TAKSJHX H JOTKAX KBapKOB.

§ 2. Kymomomckue sfexrtn u N Ay

Taxe/HM OGHYHO HA3HBANT KBAPKOHMA U3 KBADKOB C TOKOBOA Maccod
m A, Baaronaps acuMnroTHYecKoR cBodome G X Q pocTaTogso Goubwof
MaccH ¢opMEpOBaJ OH KyJOHOBCKHG CBASAHAHO COCTOAHMA, ABJANMAGCHA
HONEHMY AHANOTAMM OOZMTPOMA. OHAKO peaNbHHO TANOJNHO KBapkomud V=
B, TeM Goaee, V- CeMeRCTB He ABIANTCA HOJHOCTHD KYJOHOBCKEMHE, OOC-
KOJBKY ILJA STOr0 TpPesyeTCA BHOOJHEHH® GOJO6 CHIBHOI'O HepaBeHCTBA,
YoM BHUEIDEBENOHHOe (BKINYammeIo B Co0A KOHCTAHTY CBASH * ). TeM He
MEHO®©, YCIOBHO m >4\ oGecneTmBaeT HePONATHEBACTCKUR YADAKTEp JBMKS-
Hea 3 ¥ Q B KBapKoHEM., B aTOM cXy4ae OOMeH NepTYPCATHBHHEM IDOHOM
IaeT He s, a %s/r (V«41 - oTHOocATemsHas ckopocTs P r Q). Lm w-
# Y-ceneficTB 2TOT IApaMeTp OKASHBA®TCH HOpAmKA I, H, CTAJNO GHTH,HO—
0OXOJEMO NPOCYMMEDOBATD BCO WIGHH ()", n= 1,2,... . Hx cysmumpo-
BaHKe CCYmMECTBIASTCA C IOMOUbL KyJNOHOBCKHEX JyHKImMR I'puna. Tpedyercsa
TaKK® KOHKPOTU30BATh TOYKY HOPDMUDOBKHE KOHCTAHTH CBASE ofs, 4T0 OCy-—
MECTBJAMSTCA NOCPEICTBOM yU6TA NepTypPOATHBHHX JOTApHJMEYECKEX IONpa-
BoX. JuEpymoMe NepTypOATUBHHO HONDABKA K KyJOHOBCKEM ajdexTad B KXJ|
ompeneaawTcsa (B KYJOHOBCKOR KATEGDOBHE) IEATDAMMAME HNOJADASAME Ba-
Kyyda, T.6. DOTJAMH JOTKMX KBADKOB B IMIDOHOB. [JOAApASAIMA HEepTypOaTHB—
HOTO BAKyyMa HOPHBOJET K MOIHfMNAIlE KyJOHOBCKOI'C B3aEMONSRCTBMA,
cocroAmed B 3aMEHO (MKCHPOBAHMOR ROHCTAHTH CBASBE Ha 3jfeRTHBHYD:
g v(_;h). B cEHIIeTHOM IO LBETY cocron, MOTRQHIMPOBAHANE KyJZOHOBC-
xE# Dorempan ¢ rowsoctsp O (X¥)pasen /1%

&) = - & «t) (D

TRe Ks(2) = 27/ (3o bn (2N ] 3 Ny = 26075 , Po=9 (M5 =3).

KBapx-aHTEKBAPKOBHA NpONATATOP (8,8;%)» cxt) ({yErmaa TpHRa
B MHEMOM BpoMeHH T cucrew Q& , poxnasuofl B e'e”-ammErmzmE),
CyMMEpyoGE BCe CTeNeHE *s/8™, OuA HaAzeH B /13, 8 IIA cAydan « =
=const, Jl1A TOro TYTOCH yUeCTh "derymyn" «s ( ok o (x)nocrarouno
(c O()rowsocrsn) Hafity O(vs)-nompasky Kk G(t). 3ro GWIO OPOXENAHO

/¥
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KynoHoBckMe s@peKTH 06JallapT 3aMevarTseJpHOf crelpukofi: oHM
OYeHb YYBCTBMTOJNBHH K «5, a HOTOMy M K A\ . B KadeCTBe KHHCTpyMeHTa
LA B3BJ6UeHEA /| U3 SKCIOPEMEHTANBHHX NAHHHX HO Y-u ¥~ CI@KTPOCKO~
Ms¥ OUTHUMAJBHO, KaK OOCYRIAN0CHh BO BBONEHUM, ACIOJNb3IOBAThH NPOLERY DY
yopemiouua cevenna ‘e*e™ @@ ) nocpemcTBOM MpaBMN CyMM, KOTOpHE
MOXHO BalHcaTh B BHIE

2
§o(E o ETR(E) %’-?e G ),
o

(2)

agecs R e"p(l_-‘)= G (e*e™> QQ)/6e e ™™ ), Qom snextpuueckud
3apAL KBapKka, £ - HOPeJATMBUCTCKAA SHEpIHA QF . [lapaMerp T CJOyRUT
POTYJNATOPOM TOX pacCTodHuft, KOTODHS CYyueCTBEHHH B o0eux d4acTAX Npa~
BUJl CyMM, TOCKOIBKY B (2) YCDOIHAGTCA ceYeHUE [0 IHEPTeTHHECKMM WH-
TepBazaM 4 ~ </r. YueHbuan <, MH MOEeM NOGHThLCA NOUNABJECHUA Hemep-
TYpOaTUBHEX 30PeKTOB IUIA HANEXRHOI'O OlpefeseHHs A.«K- Bau,zw CUIBHOA
( BXCINCHOHIMAIBHOR) 3aBHCHMMOCTY KyJOHOBCKOI'O Iponararopa or T goJes
NoZXO[ MMME ABJIADTCA OpABKIA CymM He B gopMe (2), a A & G(t} wm
i 26 &) . Oraomene R€*F(E)momer ONTh BIATO C OUeHb XOPO-
wei TOYHOCTHD B DDUCIMXEHMM y3KUX DO30HAHCOB M KOHTHHyyMa (cw, § I).
K mpaBunam CyMd MMEDTCA HODeDTYpPGATHBHHO MNONPABKU, KOTOPHE OIDAHUHH~
BapT UCHOJB30BAHME (2) mpH CoubmEx T , T < Th,s CO CTODOHH Malmix
HpUMEHEMOCTH (2) OTDAHET4RPANT pemrmcmcxue nonpasku, T > T,,., T.k.
Op& 9TOM XADAKTODHHE CKOPOCTH 0'1 Efpn~ /nmoryr OMTH He MaJH. B
HHTpeCYUmeR HAC 0GACTH Tn..>T > ... (yHKuma &'(v/ crubHO MeHAeTCA
OpH HAMOHOHEE 'mg. ¥ a5 . an'epecﬂo, 4YTO ©CJM MH SAUKCHDYyeM M.,
To /\ 5, OIpeNeNASTCA yRe C OUeHB XOpomefl TOYHOCTHD X3 TpPeCOBAHUA ’
COBNAISHBA TOOPOTHUYOCKOR B 3KCIeDHMOHTAMLHOR 4acTed npaBEa CyMM /8/ .
K3 BCOX NOAYT4eMHX TAKHM 0GpasoM HAGopoB (s , Am) mam (me, Az )
MH BHGHp&OM TOT, OPE KOTODOM COOTBOTCTBYNAA BMy TEODOTHIECKAad KDH-
Bad OTRJOHAGTCA OT 3KCIODHM@HTAIBHOR Npu T> C.o, MHHEMaTBHO. Kak
MORHO NPOCAOIEThH , 9Ta KpHBAfA 006CNeYHBAEST HAMCONHIAR 0O T HH-
TOpBaJ COrAACOBAHMA ODE BKJNYSOHHM HONepTypOaTHBHHX o(pdpeKToB. OHa
coornercrgy J napaMmerpas (A Y- comeficTsa)

(0,20%0,06) TaB, m, = (4,91%0,07) I'aB, (3)
rne paadpoc CBASAH B OCHOBHOM C BOSMOXHOCTLE OJHOBPEMEHHOTO KaMeBe—
HEA ™b R AF; . Nomodmufl asamms (onRako 3aMeTHO MeHee ONpejeneH~
m) MOXO?T CHTH NPOBONOH H IJA ¥ cemMefcTBa: Aﬁ%’e= (0,14%0,G4) a3,

= (I,53%0,07) T'sB.

Cxexqyet OTM@THTB, 4TO K Nz 5s B (3) ¥MewTCA HeyITeHHNe NONpABKH
BARa I +Co( Raa BaxoxneHEA C HEOOXOIMMO BHYACIETH BCE IBYXNOTICBHE
Ofl{ )-nonpml R KyJIOHOBCKOMY HIpoOATaTopy, 4TC IL2CyeT 3HAHHA HOTeH-
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IMana B3amMomeftcTEMA V(3(I) TAKXe C BYXIOTJeROR TOUHOGTHD — TPYXO-
eMKaA 3ajada, A0 CUX LHOp He peleHHAs. IOCKOJBRY IJIA HHBMEX KyJOHOBC—
KX ypOBHOR ¢ 2~ of;% K HOONpOJONSHHOCTH TAKOIO X NODPANKA MOTYT IpH-
BONKTH ¥ POJATUBECTCKEE NONPABKE. OHY PACCMOTDOHH 346ch B § 3 E JmMmb
cJeTKa MOHANT 9Hcha B (3). B mpuHimme, MoxHo BuwMcETh G(t)wuciento,
MCIOU3YA HONOCPOLCTBOHHO NoTerimar (I}, a He paccMaTpusas Ot /~no?
DPaBKy K LpOmaraTopy ) ¢ dg=Cons?t , KAk 3TO GCHJO CHOJAHO B
31ech HONO3HO NPeROCTepeds OT BOSMOXHOTO 3aCJNYXAOHUA, UTO WHCIOHHHR
aHaJE3 JaeT GOABEYD TOOPOTHYOCKYD TOTHOCTH. COBOPIOHHO OYEBEIHO, 4UTO
OIMH pacdeT OT APYyTOTO HOJEOH OTJHMUATLCA Ha wWioHH O (o), ROTOpDHO HH~
HE HEKOHTDOJMPYOMH .

B (3) M yrasau®,K Kaxofi od7acm BADTYAJbHHX EMIYJIbCOB OTHOCKT—
CA NOJydJeHHO® 3HAueHue /.77 . OTMOUOHO, 9UTO AHAJMTHIOCKOO
NPOROJKSHES X3 IPOCTPAHCTBEHHONOKOCHOR OCIACTE BO BPOMEHHIONOGHYD
MPZBOJUT K NePeONpeneOHAl ONTUMANEHOR KOHCTAHTH CBASE s, a HOTOMY
u A3, Ha XapaKTOPHHX DAaCCTOMHMAX IJIA paccuoTpeHinx B pacmanos
Y>3g. ¥ > 39 mest MecTo coorTHOmeHHe ASC 1,6, A5G . B namew
chydae Takofl mepecuer, McXoZA 43 (3), IaeT A"’—"ﬁ"- (o, I3—0 04) TsB.
Jro uc.uo, a Takxe (3), cJegyeT CpaBHEBAT)H COOTBSTGTBSHHO CO 3H/YO-
e 52 = (0,143%0,016) Tas /1/n AT5S (0,1860,06) TaB /107,
EcJm yqecrs YTO OapaMerp /A OuJ H3BJeYeH ¥3 Y OpaBMX CyMM B /8/ ,
KOrIa ero CBA3b CA ;3 OCTABAJACH HOH3BECTHOR, TO TaK0® COTIJIACES 3TO0-
ro HDEACKA3AHEA C IDYTEME ONPENOJOHAAME /) iy MOXHO PBCCMATDEBATE,
KaR OpAMOe DOATBEDRAOHMO BCOr0 AHANABZA NDABHJ CYMM B

[lpa.ama CYyNM (2) ABJADTCA Hepemrmcrcm. 9T0 OTpamasT Mes-
JIOHHOCTE JEEmenHa & = Q B TAXOJHX KBAPKOHAAX. lLOCTHXeHE® GOibmef
TOYHOCTH CBABAHO, B YACTHOCTH, C y4OTOM DOJIATHRMCTCKAX NOIpDABOK,
pacTymEx ¢ yMeHbUloHMeM T . B JHMTepaType BHCKaSHBAJMCh paHes Coo0pa—
AOHWA, YTO DOJATHBMCTCKUAG NONDABKE B NPABHJIAX CYMM LIA TAR6JOIO
KBAPKOHMA MOI'YT OHTh YCHUJOHH . Kax moxasHBaeT ABHHR pacyeT, 9TO—
I'O He TIPOECXONHT. ’

CymoCTBOHHHM MOMOHTOM IIDH DAcCMOTDSHHM HepTypPOATHBHHX DOJATH-
BACTCKHEX HOOpABOK OKa3HBAETCA BHYUCJIOHEE npona.ra'ropa KBapKa B NpOHg-
BOJbHOM BHONEEM HoadeneBoM moge ¢ Toumoctsp O (U7, HonyuaeMuR B pe-
SyJXBTATO BpOOATATOD HMEET TaKyD CTDYKTYRY, 9TO DOJATHERCTCREe IONpaB-
KE K ODABMJAM CYMM OCTECTBOHHHM O0paSOM pAagjiedAnTCA HA NONPABKH K
BODIMHO E COOCTBOHHO NDPONArAaTOPHHO., B o0oMX TEOAX DOOPABOK EMopTCA
(EKTHBHHO ¥JXBTDAJEONOTOBHE DACXOJEMOCTH, KOTOpHO, OIHARO, B CyMMe
KOMIOHCHPYWTCA, B RauecTBE DOMATHBHCTCROTO OCOOWMEHHA HEPOIATEBHOTCHEO—
ro @Q-nponararopa (%) szech macrymasr W(T= 2 —-—l e™®11(z), rae
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T CRA8AHO ¢ GOPOMSRCKUM IAPAMOTDOM ME 22 4M/M‘: [G-= .7%%2.[1 @9

# - GopeseBcEne mpeoCpasoBaE¥e. HpR Mamx € GYHKIMA E(C/= - &L 6 YT/
_ 3 S y\_ 2y (.ﬁ‘m’/z 23 ac

paBea E(y= 5% U-zne) ~ 5% (%5 ) 2(2- 5=¢c) . + oTXyIa Bammo,

4970 DOJATHBECTCKES LHONDABKH B 3T0R OGJACTR HMEDT OGHYRHR HODALOK Be-—

WG, & B OGNACTE GOJBIAX T OHM CAIBHO nomnenu.E[f‘):—g-mdfx

x(41- 5% «2), Tarme DONATHBECTCRA® NONPABKE NDUBOLAT BCOI'O JMIUL X He—

GOMBIOMY RSMEHOHMD 3HadeHER [\ —u ™y B (3).

§ 4. CrpymTypa paxyyma, KOHEeHCATH, KODDeNATODH Hmovef
lIapameTps Az »My, M OHIE HeljeHH HAMH 43 NDAEAN CYMM B 06~

JACTHE Namix T . Eciu Teleph, SafiKCEpOBAB MX, MHTATHCA COIVIACOBATH
OpaBEIA CyMM B OGJACTE OBl T, TO HAYEHAA C ReKoropux T ~T,Teo-
peTHAYOCKaA KpHBaa yRINeT 0T SKCHODEMOHTANBHOR. IIOCKOJBKY, KaR MOXHO
BHLETE, #s & { npE rTakkx T, & DPOIATHBRCTCKHE OONPABKH HAXOLATCH HOX
KORTpOJNGM H MaJi, TO BOSHMKANNE® PACXOXNEHM® CAeNyeT HPKIACATH af-
(perTad cAoxHOR CTDYRTYpHd BaKyyMa.

Ha CoropiimHEll MOMOHT OIMHAR M OCMONDHHATAR TOUKA SpeHHA HA TO,
Ea8R yoTpoeH BakyyM Kill, OTCyTOTBYeT. /P CCMOTDEHH HpAKTHYOCKH BCO
BOBMOXNLO BAPEAHTH 6r'0 CTDYRTYDH. B CWJ OpeRJIONeH CIOCO( BKJIN~
4eHASA HemepTypOa: IBHHX BfpeRTOB B UPABITA CYMM, OCHOBaHHHA QaKTEIec—
KE HA [OPOANOJORSHNE O mnoaomom’ npapofe BR ¢ ywmepesuoRt Mx mu~
reHcEBHOCTHN < 326,3,,6,3}. lloaguee B 17,18,8,19 ORI /nyemo,w KO~
POTKOBOJHOBHO MOJSIH, IPRHIIEANLHO OTIAYAINMEOCH OT V., s Ora
no%»?sonam soamaa < 1/15"(8}"]':3 /B TOYHOCTH COBIANANNAA C NpEHATOR
B ; OREAKO M TaM, I B ' THIMYHHME BY cuMTAaJmMCh (H3 pas~
JOIGHEYX cgodpaxen% ?lmﬂ'yan:ll HHCTAHTOHHOT'O TRNA C MATM @, ~
~ (I I'sB) tx . B/ 9/ H3 AHAMESA LEXOI'0 Kpyra Bon?ocos Ouna Hakge-
na poxgmEs <q42G..G.,), saMerHO Commai, WeM B /17, Cremyer nox-
YODHHYTH, TO B KODOTXOBOJHOBHX MOX 0NepaTopHoe pa OHHO CTa-
HOBETCA (B CAHOT® 7 ) 53%7““7“9%?20 , mapymaerca /17+18/ rupo-
Tesa faxTopRIAINK PpacoTH . B L/ WA OPOJIOREHA IIIHHOBOJHOBAS
sojioxs Baxyysa KXJl, B KoTopoff, OmHAKO, HO MCKJWYAJIOCh CyWMuCTBOBAHHS
MOXEOMachTadHux Bl, a RaIpOTHB,NX HANNYHS IPELNOJATANOCh; ILJMHHOBOM—
HOBOO® HOA® CYMTANOCh SYPOKTHBHHM, CYMMEDYDIMM CKODDOJHEDOBAHHHO o~
QerTH DD MAIHX pasuepoB (HANDEMOp, MHCTAHTOHOB) H UDHMOHEMEM LI
OIMCAHNA [UHAMERE Ha GOXBUEX pACCTOAHEAX. IIOHATHO, 4TO STE MONQIK
OUeHb OTJEYHH JAPYT OT Xpyra. OmHaxo EMeercd pAR HpodzoM, I'le OXEA
MOZOXL NOEOT HMETHPOBETL IPYIYD. K wMcay TaKOBHX OTHOCATCHA, NO-BEXE-

% res /”oporo MaocmTada (BAapARY ¢ DaIEycoM KOHJQREMoHTA) BBONE-—
HEa B KII B . Tasm CiAc BOOPBHO NOKABAHO, HTO I'OHEPAINMA JAEHAMEYEC-
Xoff MACON ZOIXAX KBADHOB H CIOHTARHO® HADYNOHRO KMDANLHOX CHMMOTpHE
BHSHBARTCA RHCTAETOHAME MALIX DasMepoB C Q.<¢ LA .
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MOMYy, H CTAHIAPTHHO UDABWIA CyMd KIJ[, B KOTODHX JSBiWe M HpaBHe 9ac—
TH — OIABHHO (yHHIME BEDTYaJbHOCTH. B 3Toff CAASM DPOJOTABIANT 2HAYH-
TOXHHHA MHTEPOC (UINIOCKHAE OCHOKTH, HIYYOHHAO KOTODHX LHOSBOJENO OH
Jmcxpnnmponan MexJy pAas/MYHHME BADHAHTAMH CTDYKTypH KXI-Baxyya.
pu?mm o Bd saxomEpoBaHA B HEJOKaJBHHX BaKyyMHHX
cpe.u.m TRIA

K v, g0 (2 = <92 G, (x)[%1,%0] Goo (%215, (4)
e Z = X,~2, A DKCIOHOHLHEAJ l:“i 355] Pe ‘S f Bﬂ[godecnemaer Ka-
JACPOBOUHYN) AHBAPHAHTHOCTH, lIpH CoBIAZAKMAX APTYMOHTAX KODDeNATODH
rana (4) CBOZATCA K JOKAILHHM BaKyyMHHM CDeJHEM. PaccrTomms, Ha KO~
TOPHX TaK#e KOPPOLATOPH HAUUMHANT 38MOTHO YCHBATH IPN Da3jBEEKe ap—
TYMEHTOB, COOTBETCTBYNT, OYOBHZHO, DR3MOPy THIMYHHX “9/eMeHTADHHX"
BaKyyMHHX QUyKTyal@md (a He paamepy BOSMORHHX CKODPeJMpPOBAHHHX " 3j6—
MenTapHHX" BP, npejcraBiAnmMX "offexTEBHOE" mOoue). OTIMMATeNbHOR
0COGeHHOCTED KOpPeJNITOPOB THNA (4) ABIAGTCA OTCYTCTBEE y HUX Gec-
OBETHOTO npoueqronmoro COCTOSAHAA; LOSTOMY nepn T o0 oHE JOJRKEH Da-
JaTh CHCTpee, yeM €~ é/xanpmep. Kak e"' s YTOOH OCEeCUSYETh yhep—
ZaHEe (m; 24 ORHAKO, /2 , Tne KoppeaaTop (4) BHYMCHAANCA HA pemeTKe,
a Takze , The (4) HCHOJNb30OBANCA LA MOJAYYOHHR Manoli g B MOLeH
MeuxoB) . B cxyuae, eca B KXJl-Bakyyme EMenTCA HANBHUG KOPPOLAEE, TO
/¢ DasyMHO CBA3ATH OpE 3TOM C KOPDOLAI@OHHHM pa.:m'yc?l Te, M~ -’-/e
(Takoe ABJSGHMG MNEOT MECTO B JIEHROBCJIHOBOR MONeJH ) U3 ckasas-
HOTO OJSNYeT, YTO OCJH HaM BSBECTHO NOBOIOHEe, CKAKOM, ONHOTO JHUE
BaKyyMHOIr0o Koppedaropa (4), o TeM CaMhM MH SHA6M OTBOTH HA CISQyD-
e BOIPOCH: KAKOBH HHTOHCABHOCTH M THNMIHHE paamep B, CKOppemmpo—
Bani J BD, maeeTcH s B KXJ| xoubaBrHMEHT.
§ 5. Baxyywune obdexTH zng Ju-cHOTeM

Sanga?am 0, 9TO EMOHHO TaK#e KODPOJATOpPH CYNeCTBEHHH B [JAHA-
waxe QG 7188/ rax, mmpynmen Eeneprypdarmam HOHpaBKa K
QY HHLEH I‘pm paBra

Tne

oApo
.S PK (P°)E ;-/,, 'Po ’ (6)

H., ~ IPOGKIME rauwm-ouzaxa H.= #%¢ % ua cunrzerHHe B oxTeT-
HHe 0O LPeTy COCT mx,K 7.) - q;ypse-OOpas o T xoppe.mwopa]((t'o}—
= £¢32 @ [*10] & (@)}, Moaaran T =T =0 & mpeodpasosuman (5) ,Toxydacy
HOIepPTYPCaTHRHYD HOUpABRY K IpapmnaM cywd (2). llepexond B HEX B 06—
JACTH COBIEX T’ ,T°> T, OO CpPABHOHMD C DACCMATDHBAGKME B § 2, MOXHO
OCYWECTBAATH HONTOHKY JUIA HAXOXIOHAA (3 G.8.>r ¢.. Ipu TR
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SaBACHMOCTED OT (O, MOEHO IpSHeOpeub. lipuT , 3amerTHo GdnsueMT, , 06—
JACTH cogﬁaconamm MOEGT OHTH yBeNiveHa nogsopoM/, . B UTore M o~

Jy4a

<42.G.> = (3,551,0) Ta, ¢C'= (0,7%0,2) Tab. )
§ 6. KXI » novemmaisnas Mozemn _

OnmeE ¥83 CHOCOGOB omEoams (Y(-cHCTeM COCTOMT BO BBOLOHME afpok~
TEBHOTO NOTOHUEANE B3auMofeficTBHI. B BeCcHMA YCHOUHHX OOTOHLMAJBHHX
Moxeaax (CM., HaNpEMep, /) or mBogmaca (PeHOMOHOJIOTHIOCRE. Ycmex
HOOTeHURAIBHEX MOResoft, (63 COMHOHHA,HOCJyYaSH M HAXONET CBOe 6CIecT~
BEHHO® OCBACHOHES® B DAMKAX KOPOTKOBOJHOBOA somesm KXJI-Bakyyma /8,

B sToM caydae omepaTop HOTeHI@ana 'V (6) NOKAmbHHE, CTATHIECKHR, Cla-
G0 3ABACHET OT MAcCH KBADKa B coruacum C JemomeHonoruefi (B HPOTHBOHO-
JOXKHOCTh CIHydap RAMHHOBOJHOBHY DD, DRCOMOTDEHHOMY B 13/). Opa aToM
XapaxTepie Po ~ ¥g, B (6) Pelr# Do cpasHeEEm ¢ HS'- £, a morowy
MaTpETR BasMeET <E/V/IE) pasen \V(:)d(¢+ %), rne
V() =%2 SodvHy (v) = AE2. (8)
CaexyeT HOLYOPHEYTH, WTO DosyAbTaT (8) He SARMCHT OT YaCTHOT'O BEJA
BY m mueer oGuwHR xapaxTop. MH MOEOM MCNOXL30BATE MLIA HABJIOYAHHA
{31 G;“G,,,,)l ©. H3 CpaBHeHUA ¢ (POHOMOHONOIHIOCKAME IOTCHIEAISME
Taxxe A c!uwcm IOTeEImAN V7 (2] B OPUGIMXOHUE DASpExeHHOTQ Tasa
RECTaHTOHOB /<, TeoperEdockas Kpueas Viy (Y =V (#+ VErt/ mpepcras-
JeHA RA DEC.] X COOTBETCTEYOT LApaMOTDEM, CMR3KEM K (3), (7):
{9"Gu G.y= 4,5 rad* g = 1,6 sl (9
Agc=0,IDsB , ™ =48 TsB , m, = I,47 I'sB .

Ha puc. WsoOpaem: Takxe: K[uBas & moremmam Vi (/% V%),

Vool hg e
&I(roe) B, — VRick(®) o AT
2 NG VY
7 o3 45 2 0.2%
Vil ===
Y <
-1 S 2@l 94 S (r38°Y

Puc.?I s o'stc. 2 1
Beciwa RETEpECHO, YTO TEX08 DACCMOTPOHE® NReT He TOMBKO OISHKY

pmapaMerTpoB (9), HO i Harasguo nedoHCTpaEpyeT B Daaiax KXI INEoMEyec-

Ko9_AMORARKROLAR KGRGAHTH GIAAN. =5 B COOTEOTCTEAN C MMINPANeCKEM
HACMNE! padoTH . Bpejiem BHGORTEEHYD ~.(%/COTIACHO DABSHCTBY

&= - Jﬁ‘ﬁh Am{ Am=const ), COOTBOTCTBYDmMAA K[EBAA IPOICTABIS—
H& Ea pEC,2. CXapyeT OTMOTNTH, YTO SMINPRTIECKE HaGMNTASMOS SaMODANE-
BaBNe s 3 mafpaxpackol oGmACTX BO MHOIEX aIpOHHHX Iponeccax TARES
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CBUTGTGIECTBYOT B IOIB3Y MAlOro XapaKTePHOTO DpadMepa [ Bo.

IpencTaBaseT HHTOPOC OGCYXLEHHE® TOTO, mlem'ca JIH o BapEAH-
TH 0G>CHOBGHEA NOTOHIHAJNBHHX MOxeaeR u3 KXJI. npen~
MPEHAMANACH MHOTOUHCJIOHHHO IONHTKA (CM., na.npmep 26/ ) ToRyYETH B

IEHHOBOJHOBHX MOJOMAX BAKYYMS COTIACHS ¢ HOHOMEHOJOTWYecKmME @& -
DOTOHIMAIAME, XOT3 OH Ha "SKBHBAJORTHOM" YDOBE® (B CMMCI® COBIANSHEA
HeNepPTyPCATEBHNX NONPABOK K MDABEIOM CywM), a He HR HCTHRHHOM, omepa-
TopHo, 2§ponue (m11 V). TakEe NOIMTRM OHASANECHE LOJHOCTED G63yCHel-
0T4aCTH NOST MORHO CHOJATH BHBOZ, 9TO 6CIE AOCTIEOHMT

[OTOHIMATD 7117 sopexnelk 6/ ge ectn ZeJo caydasd, TO IJHMHHOBOAHOBHO MO—
JeJE THIe HAXOJATCA B NPOTEBOPEWES ¢ Y& Y~ enen-rpocnomen. Janee,
MH MOV OH, B34B xoporxonom{on? I/lo.v.e.n ¢ &~ (I TaB)” , HO C

G G = 0,5 rapt (Kak B , DHTATHECA COrMACOBATH NOTOHIEAX
V,a‘{z)(m V5. & ) ¢ Ve (3. OnHako OPE TOM B TEOPETWIECKE KOETPO-
JEpy oMol od.nacrn T£(I raB)? ormrume or .o (t) OYHOT CTONb BHATH-
TOMBHEM, UTO OPEBOXGT K HONPHONJIOMEM HSMOHEHHM B MACCAX E JNONTOHHHX
mparax ¥~ 1 Y- cocToAHER. KpoMe TOro, HOCKOJNBRY ACHMOTOTHEE LOTOH=-
IEasA OpE MeUHX ¥ GOJBIEX 2 3azaEd, TO BTO HADYUWET BHIYRJIOCTD (yER-
mes V/(z) , crporo rokasamuyw 2 KK /28 HooToMy MH SaRANIAGM, UTO,
HO-BEIAMOMY , TOXBKO HA0Op napaMeTpoB TROA (9) ABJASTCA IPHOMISMHM C
TOYKH SPEHHA NOTOHIUANBHHX MomeJelR.

§ 7. Komor THaq MO, i

POpMaIBHO NOTOHUMANBEHO MOXSJIH T N4 OMICAHEA CHCTOM H3
TAXSJHX KBapKoB. OQHAKO XOpOomO H8BOCTHO 29,30/ , 9T0 I B CHOKTPOCKO-
MIE §XPOHOB, COCTOAEX M3 KBADKOR ¢ MatoR JOKQRQR waccolt my o <<A.
HOpeJATHRHCTCKAA KBApDKOBad MOZeJb> pacdoraeT xopomo. IpEdYeM, TTO BaxHO,
a@exrnm HOTEHLEAL, B KOTOPOM HAXONATCA ROHCTHTYGETHM® KBAPER C
MaccaME W‘u,d~ 0,35 I'aB, Mg = 0,50 I'sB, MomeT 78‘.‘ HCIOOXBSOBAHR IDAR-
THYGCKE TAROf x6, KaK H Iud TAXeAHX (uefBopoB . Ham agaxds moxa-
SHBA6T, Tro, mefcTBETeNBEO, Kill maeT eCcTeCTBEHHO® OCOCHOBANNG KOHCTE~
ryeurHoRl Monesm RBapkoB. CraproBufl mar COCTOHT NIDERZO BOOTO B HOHMMA-
HUM OPEYAH BOSHWKHOBOHEA D{PeKTHBHOR KOHCTHTYeHTHOR MaccH > Mcu: .
On /ge ca? 2?(6183 paHee, HCXOIA HY OTANIANMAXICHA COOCpaxoHER, B

GHA0 OCOBHAHO, 9TO NPECYTCTBNO B BaKyyMe HHCTAHTOHOB

MayHX DaBMepoB AAET DOalbHHA HeNepTypOATHBHHY MOXAHMSM IAA ARHAME-
9ecKofl reHepamiH MacCH KBapka. JTE, a ra.n,e IpyTHO CCOg, HES, pac~
COAHHHO IO JETEpATYDO, CHJIA CoCpaHd B MoxaERaM B anexLIEpy-
6T K pacCedHND TOKOBHX KBapKkoB HA JOKAJMR30BaHHEHX BP, Roropoe HpEBO~
IET K HX CXOAY C MAcCOBOA NOBEPXHOCTH M NOABAOHEN IMHAMNYECKOR MACCH,
cM, pHEC.3 .

Y7o xe KacaoTCd JOIKAX 9 K E)_ B M9BS0HAX, TO HX paccesHMe HA O-
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.
Pue, 4 @ 7 Pye, 5

Puc.
HAX B TeX Xe MHCTAHTOHAX (pnc 4 ) npaBOgMT B KaHalaxX, OTNEUHHX ot O%

K B3aEMONSCTEED ¢ & § IOCDAACTEOM no-remma.rra TAKoTO Xe THIA, Kak B
(6), rme Temeppr EMECTO ¥ qm'ypxpyerm . Torzma Ha He cymuKOM JoJE—
e d paccmomn HONBPTYPCGATHBHOE BSauMOZeficTBEE JOIKEX KBApPKOB (Kpo—
se O%xauagon) mdeer ocHELIITODHHA xapaKTep, Vi () ~A22 UurepecHo,
970 B ROPOTKOBOJAHOBOM BAKYyYMO IHATD&MMH THIS DHC.S5 , B KOTODHX yUTOHH
A NeprypOaTRBHHe, B BakyymuHe 3fderTH, ofecmedmBanT KBa3MKyJIOHORCKOe
BSaEMogefcTREe, KOTOPO®, OFHEKO, HR HOCTATOYHO MAJHX PACCTOAHHAX CTa-
HOBHTCA ROCHHETYJIADHLIM,

IUTEPATYPA

M.A.Shifman,A.I,Vainshtein,V,I,Zakharov.Nucl. PhB1 1979)385,448,
.C.G.Callan et al.Phys.Rev,D17(197 }2717 D1 (1975'?’1'3%&- V83,
R.D.Cariitz,D.B.Creamer,Ann. 8,118

lstev. of Particle Properties. Ph.ya.'ﬁ'& 1 013(1986

B.
K.

m

Adler.Phia.Rev. D1o(1974),3714, E, Po, t al, 13_}_(1976)1958.

Gottfried Ra orteur'! {a at the EPS Conf..Br:l hton 1983;

A.A,Buxos, AL A, ..Heomos. YthH 4‘,43

.G.Parisi R, Petronz:lo.l‘hn.

8.v.x, Beier.Yu.F.Pinelis, Snall—a z6e vacuum fluctuations and QCD
sum rules”,Novosibirsk preprint 82-115(1982).

9.V.N.Baier Yu.P.Plnelis,g&:ys Lett,] 88(1984)131.

10. P.Sciuni,in Proc.1985 Int.Symp, o pton....Kyoto,1985.

11.D.M. B. THH" (I2 mroma UT
12-'-1"1eh10r Nncl-lhu,gm_a(1977)157,1(|.3111o1m Pbyz.l.etf.,g_(wso),

13.ll B BoXOWRH. SHKa (197931368

14, x.v Krasnikov A.?.lnvo#égov myg'z Tetl, #6&%198%?4 168,

15.B.4.Balle) HHG GO AH CCCP,BI-II, Hosoczdzpcx,IQBI.

16.V.4.¥ovd ov e al.lucl nm.{ ﬁﬂ“%‘ és.

17.B.V.Shuryak,Rucl. Phys.B203(

18,Y.N, Baior.Yn.!‘.Pinelia.proprint b 812141(1981 )s
s.Latt,i16B(1982)173,

;9.8 .Baier,Yu. ¥, Pinelins, Phys Lett _}_9_(1964)411 7

-Haxoaen, A.B. MK 984
M1l 'shtein Yu.!.Hnolia,Eyg-;Lett %‘1934&235.
22.!.0 ostrini et al,Z, lhya.?'g’g(wm)ﬂ ®sa prepr.IFUP-TH 2/86.
23,T.H,Banspon,Bucl . Phyn B

24.J3.1,Richardson, Phys,.Lett,B2B(1979)272,
25.J.5.Bell,R,A,Bertlmann,Rucl, H\vs.318;(1981 )285.

26.8. Jauobs,l.G.OIsson Phys.Le

27.R.A.Bertimann,Telk at "Nonpertur t:lve lethods" ,Montpellier,1985,
28.C. Bachas.proprint 3LAC-1’UB-3814(1985).

29.A.Martin, il <"Quarke and Nuclear,,," ,Bad Honnef , 1983,
30.A.lanohnr, goorgi lucl.Phya. (1984)189.

31.6.D, Politger,Nucl, Phys.B117(1 397.

e

191



E2/M1 RATIO OF ELECTROMAGNETIC N+-A(1232) TRANSITIONS
AS A MEASURE Oi" TENSOR FORCES BETWEEN QUARKS

H. J. Weber
Dept. of Physics, University of Virginia
Charlottesville, VA 22901, USA

The ratio R of electric quadrupole to magnetic dipole A-N transition
amplitudes (R=(<A|E2|N>/<A|M1{N>) in the proceas yYN-+A(1232)~+nN 1s known to be
sensitive to the tensor forces between quarks, The nonrelativistic harmonic-
oscillator quark model (NQM) with a scalar confinement potential predicts R=0
for spherically symmetric three-quark N and A states./l/ Switching on the
color hyperfine interaction (chf), i.e. the color magnetic part of the one-
gluon exchange at short distances in a nonrelativistic Breit-Fermi expansion,
which has a tensor part, viz.

Ty 41 >
v =——~—u'ua(r)+ S] B
chf 31!2 [ 3 12
- - - - P >
512 = 361'262-!‘—61 g, , b= r/r {1}
admixes D-state components into the N and A states, so that the NQM
predicts/z'al R=-0.3% to —-0.4%.
In a mixed symmetric three-guark basis the N and A wave functions have
the form
11 2g,.21 2.' 11
|N>-as]N, ,22>+a,|N,s, >+.H|N, SM'22> .
+ap .o, 59> +‘P'" AEE’ J
33 .33 4y .33
18> = bs'A' s,22> + b b, S', 2> + st[A, Ds,22>
* By, 1.2 M55> . (2

Further details on each component are given in Appendix A.

Most pion photo- and electro-production experiments up to now give
results consistent with zero./“ viz, R = (-1.411.4)X, when the non-rescnant
background is analyzed in terms of Born diagrams and a Breit-Wigner shape for
the resonance propagator. A recent reanalysia/ 57 of the same data improves
on the resonant amplitude in the 3,3 channel by using Olsson's
parametrization, thus implementing unitarity via Watson's theorem, and
including the » exchange among the Born graphs. In their preprint,/ s/

Olsson's Ansatz was applied to the multipole amplitudes which produced two
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possible solutions R = (-5.310.3)% or R = (+5.110.2)X, the first one preferred
on statistical grounds. Another similar analysis/ 6/ appeared at the same
time and gm're R = (3.7%0.4)%, later corrected as R = {4,0£80.5)% to R =
(4.840.4}%. In the published final version,/5/ Olsson's Ansatz is applied
instead of the two 844 dominated helicity amplitudes, which ylelds
statistically satisfactory fits to both multipole data and the lower value R
= (-1.510.2)X. The sizable difference (in magnitude and sign) between the
earlier estimates for R and the lateat one is perhaps an indication of how
difficult and subtle it is to extract a reliable value of R from the present
data in conjunction with effective hadronic Lagranglans that ignore their
internal quark structure. It is expected that data from continuous electron
beam accelerators like CEBAF planned in Virginia will allow a cleaner
separation of the multipole amplitudes.

The order of magnitude disagreement between the 'experimental"

estimates |R| = 4% to 5% and the small R = -3 % from chf prompted us’”’ to

consider the tensor potential of the one-pion exchange (OPEP) between quarks,

- -
m G2 T, ‘T ~Mgr

2 n 172 » » e An
Vp(Th = (qu—) w1970 - 75 80
q ™
“mger
D e e [ B 3
Rt mpoer

as a possible contribution to R at longer interquark distances,
This OPEP is generated by a conventional pion-guark coupling

- -
iG -;-—;9 .‘:, where mq = IN/3 is the constituent quark mass. Consistency with

the OPEP between nuclecons at longer distances requires

Yo = 3 © :—“ L OL/AT =14 (@
which determines the strength of ?:ha tensor potential in Eq. (3) and its sign
to be tha same as that of the chf. The nNN and nNA vertices along with other
matrix elements fron this pion-quark coupling are dominated by the baryon
surface, but somewhat less so than in chiral bag models (CBM}; the resulting
vertex form factors and 7nBB' coupling constants from both models are
colpnrublo./a/ The zero-range teram in Eq. (3) corresponds mostly to two
quarks on top of each other in the baryon surface region. However, the zero-
range OPEP (-5(?)) does not play a role in nuclear physics, whereas the
reaaining OPEP between nucleons at long distances is quantitatively confirmed
in peripheral nucleon-nuclson phase shifts and the asymptotic D/S ratio of

deutercn wave tunctions./ 9/
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Table 1: Mixing coefficients ay and bj as defined in Eq. (2), proton m.s. radius
1/a, magnetic moments for the nucleon, Cos and the ratios E2/Ml for the electromag-
netic N+A transition calculated from the current-operator (j) and the charge opera-
tor (p). The case labeled chf includes the color hyperfine interaction only, where
our results agree with Ref. 2. For the energles of the unperturbed Hamiltonian we
use the values/Z/ Es' = 1660 MeV, ESH = 1810 MeV, EDS = 1850 MeV, EDM = 1935 MeV,
EPA = 2020 MeV, which produce a satisfactory spectrum. In the case labeled
chf+n{no §-7) the OPEP acts without the zero-range part. In the case labeled chf+n

the full OPEP (with Eo = 1220 MeV) is included.

mN[CeV/czl ag | ag: ay a, ap %i{fm] up[n.m.] un{n.m.]

0.941 0.950 |~-0.235]-0.203]-0.042)-0.002 0.684 2.689 -1.917 chf

0.939 0.947 |-0.237|-0.212]-0.052|-0.002 0.686 2.667 -1.914 chf+m

{no &-m)

0.939 0.908 [-0.380({-0.174| -0.023|-0.0001| 0.660 2.729 -1.910 chf+m
mA[GeV/czl bS bS' bDS bDH (!s (EZ/M[)j (EZ/NI)p

1.231 0.973(0.201 [-D0.097; 0.065 2.22 -0.3262 -0.69% chf

1.232 0.969]0.210 [-0.112| 0.075 2.40 ~0.324% -0.82% chf+n

(no &-m)
1.232 0.998|0.027 {-0.051| 0,031 0.66 -0.073%{ -0.24% chE+Il

In the basis of three-quark baryon wave functions of Eq. (2) and Appendix
A the chf and OPEP are diagonalized, thus determining the N and A admixture
coefticients a and b in Eq. (2) that are listed in Teble 1. Our chf matrix
elements, and a and b’s agree with those of Gershtein et nl.n’: our OPEP
matrix elements are given in Appendix B. Note that the quantity C originates
from the zero-range OPEP of Eq. (3). The chf strength constant a, is adjusted
to the A-N mass difference B By As shown in Table 1, the value og = 2.22
reduces to 0.66, whan the OPEP is switched on, which then generates -% of

Ry However, the A-N mass difference is hardly sensitive to the OPEP (u.
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changing from 2.22 to 2.40 in Table 1), when its zero-range part is omitted,
which we advocate.

Surprisingly, the same is true for the neutron charge form factor shown
in Fig. 1, which the "cloudy” CBH/ 10/ predicts to come from a neutron wave
function component consisting of a negative pion on the surface of a three-
quark proton core. In other words, this pionic mcdel of the neutron charge
distribution owes its existence to the untested short range plece (of
questionable validity) of the effective long range OPEP, which presumably
disappears when the finlte size of the pion is included in the CBM.

Returning to the E2/M1 ratio, we have calculated from the current the
matrix elements <A|22|N>J and <A|M1|N>, which are those given in Ref. 2; our
naw E2 result from the charge density p is different, viz.

1 1 2 .y
NCBIB2|N> = SCAIE2[N>, + - (t-3¢la, by

2
P ok L2,
f T, by - r=Roar R CLNE

vis
L (___ - Zgpa b _L(ig‘,,a . )
vis 9o 2pPs V35 g9a2 3 M Dy
where
.o fk 2,2 ..% €.
N g,,q 6 op(-K /6x"), 9 = 2 (mzfmn"hr 137 (8)
and k is the photon momentum in the &4(1232) rest frame.
OdF
n
3
Gc [
i no &
0.05} = = .
| - chf -
.| . L~ —— - - = - -
T = Ot
§ i 1.
rAFEPEPIE RS SR R S SN S G ol

0 5 10 15 120 1
K2(fm2)

Fig. 1. The neutron charge form factor. With the same labels as in the caption

of Table 1, the solid curve corresponds to the chf calculation, dot-

dashed to chf+m (no &-w), and dashed to chf+n.
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The E2/M1 ratio is also sensitive to the zero-range OPEP as shown in
Table 1, but it is even more so to the truncation of the configuration space
at the 2fiw orbits. This shows up in the difference in Eg. (5) between the
usual calculations of R from the current,/z'a/ RJ, and from the charge
density, R_ in Table 1 using current conservation explicitly, which is more
renable./ 1/ The latter also includes most of the plon exchange current
contribution, since the charge density is not affected by exchange current
corrections in lowest nonrelativistic order. The difference between our best
vnlue/” R = -0.81% and (-1.510.2)% extracted from the data,5/ 18 well within
the theoretical uncertainties of both results. Our nonrelativistic estimate
of R is comparable to the CBM vn]ue,/lz/ R = -0.9%, but both may change when
all three quarks are treated relativistically. Such calculations are in
progress. Finally, when its zero-range part is suppressed, the OPEP
increases |R| by a modest 20%, which is consistent with the relatively small
plonic contributions to baryon mass d:lfferem:es./ 13/

I thank Nimal Mukhopadhyay for a stimulating discussion at the Lewes
1985 summer workshop, which started the work reviewed here, and Michael
Weyrauch for his collaboration, in which these results were obtained. This
work was supported in part by the U.S. National Science Foundation.

Appendix A. N and 4 wave function components,

2,11 ] S 11 11 11 11
i 2s;2mder 2 g5 4 H52)B , S:5m(55)P , 5i5t> (A1)
252 °/3 peo,1 22 272 22 272
s'1 ¥ 11 11 11 1.1
IN S',—m—t)sw Hoo)P , iom> (5P, Sit> (A2)
. 2 ©'/3 peo,1 22 2°2 22 272
25’3l 2 yS . 2 -8 dde, Lidns il Liles
INSSyigmaty = ¥y po.1 { 1P .« 2im>133)P. 5y
s! 11 11 11,, 511
+uS X NgIP ., igmrlipplP it (A3}
M. P=0,1
2
4y .1p1 ana” a Ms 172, 11, 1.1
N EmEt> = - i1, 11
IN,"Dy;zmyt> = 3/5“‘ ((I(2 )1,2 PY ) LG
11,13 Ma/2 i
523,22 ) |( 0.2 2'c>) . (A4)

M
Zpdnde w8 S F  )fddiedide MR
3z ° P=0,1

‘|(li)l—P.i;lt> B (AS)



where

11,13
(1(33)0.3: ¥

= E

Mg, B[,

J 317, 3
L' - ClzLJ.msmLm) | 2mS>YLmL

denotes coupling by Clebsch-Gordon coefficients in Condon-Shortley

conventions. In this notation, then,

Ma A AL
YLm =p l'(YI(p)YI(X),‘m s L=1,2
Moreover,
Ms 3 ,1/2, 2 A2 a
You = (gom) T (6°Y, (B)-2"Y, (X))
] 2 A2 n
an = 07X, (PIAAT Y, (A},

(AB)

(A7)

{AB}

(a9)

where the Y, are the standard epherical harmonics and 3 = Bre, & = X/

denote the angular variables.

s @202 fa? 2,2
vo = () exp[ztnﬂ)
2
s! o 2.2 3 S
1" = (p +A ..—-—) R .
° v o e
S' L& 2,2 S
Y, ™ {(P"-2%) ¥ .
My 23 ]
o3 = of S
Mg /5 o '
where
-o= 1 2 -o___ e = _a2
(4 z (ry rz) e A % (r +r,-2r,)

are the conventional Jacobi relative quark distances, and o =0.32 GeV is
harmonic oscillator constant.
The A wave function components are

1ot 2nde = vl - 130133, - i dide

o
4s,.3,3 s, ,33,13 . 31,13
79 s,2n2t>=w° “22”' ,2m> l(22)1.2.2t> .
4 3.3 8m,1/2 2 .S S 31, 13, 3/2
14, Ds.2m2t> = (]5) o (Y, 115501, 5:52) gy
11,13
Haggige
2
2. 3.3 sna’ s Ma 11 3.1 372
D, ;Smst> . . 23)0,4.2
18 Pyiae® = s Yot Y2 10320027y
Mg 11,11, 372 11,31 3
+2(Y2|(22)1,2:2>)n) 1(3301,3:30
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The radial wave functions in (Al) to (A5) are

{A10}

(Al11)

{A12)

(A13)

{A14)

the

{A15)

{h16)

(A17)

(A18)



Appendix B. OPEP Matrix Elements.

Radial integrals are abbreviated as

n+l (o n, (2. a2 vpa
Lg=a So dpp rexp-(atpTem pev2) (B1)
n+l o n 3 3
I o . dpp -(1+ + —=. exp—(a p +m y (B2)
nT, go m'-'p/E 2|n: 2 "p/_

with @, p of Appendix A. Defining

o nd m_-g

c=2m"'ﬂ (5ﬂNN)2;a2—:'fﬂNN=§‘E:;’"24nNH ' (B3)
the non-zero nucleon and A(1232) OPEP matrix elements are

< Ps22iv N3 2> = 8-mU1, . (B4)

<N,2S'——|V IN, s—%> = ;5—5 5[133-5(115-0)] , (BS)

<N, SH22|V |N,2sli> = 2pf [ISS 2( 1S -C)) (B6)

<D mzz'V IN. %% = g Iz - (87

<N, s'——|v IN, s-il> - --p 11, srasﬂf’-(r <), (B8)

s szlv IN. S'A%> - :,—‘2' [Iss Tas 4“ -c)] ‘ (B9)

ato 32w, 3d> - :/_‘5- T30 (B10)

.28y 231V IN s 50> - %[3 ss~14L5g* ST, o ] . (B11)

wdp v s 1l oo ggus-r*glar’ , (B12)

<N 40331V, 1803 1> = - Hlar2lar 18! L ’] (B13)

ale il n, n 31 - }ﬁ-l%lar R (B14)

e 2div np iy - e (B15)

<a,4s23yy ja, 4523, « o1 g0 (B16)

<a,s'221v, 15,5325 « G[I”-;(IIS-C)] . B17)

<20 22y ia, s§3> - za@ o S (818)
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10,
11.
12,
13.

2, 33 433, _ .28
<8,“Dypp IV 18,7855 = = Ir - (B19)
4,33 45,33, | 1 - 15,
<8, 78152 1Vpl8, 785> = 35[155 3yt Uys c)] . (B20)
.4 33 [
<4, v_{la. s'——> = =
5221 t ﬂ (T~ 231-’ . (821)
33 33, _ _28
s 2 18432 s Dotz g (822}
4 33 33, _ 1 -
<4, 21V la n52 > = 9[5155"5” C)] . (823}
2p/2
2, 33 4 33, _
<8, °Dy22!Vpla D35> = T35 Igp (B24)
2 33 33, _ 2.1 3 _
<a,“Dy, z;v 18,2 Dy33”> = 5[10155 aas+au C)] . (B25)
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PEIKVE [IPOLECCH B AIPOHHOM OBPASOBAHVM TAMEIHX KBAPKOB

B.B. Kucenen, A.K. Juxozen
HHeTHTyT PUSMKM BHCOKMX 3Heprmli, Cepmyxos

I. B srom romy ncno.mmoc7 I0 ner ¢ Toro BpeMeHHW, KOTLA BAEDBHE
OWJI HaGIRIeH OTKPHTHH dapM /1 . C rex mop HedSoabpum#t Oporpecc B
B3yUGHMM 4apMA ¥ NDEJECTH CBASAH ¢ e'e” — aHHMTRIAIMeR B ANDOHH.
3nechk, DOMMMO HAGJIQUEHAA GOJBIOTO KOAAYEeCTBA KAHANOB DAacHBIA BTHX
YACTHI,, HaGWOaIHCh HeKOTOpHe IHMHAMAYECKHEe OCOCEHHOCTHM B HX 006pi30-~
BaHMH. Celfuac MOXHO CYMTATE YCTAHOBJIEHHHM (axToM 3BaTATEJBLHHE S¢pext
JREMPOBEHUA oqapozaﬂ%.) ¥ OpeSlecTHHX AIPOHOB, DPeXCKA3aHHNE B pame
TeOPeTHYECKAX pacoT .

MHOT'O TaQHHHX 0 TAXEJHX KBADKAX NOABWIOCE B3 OOHTOR OO 8JeKTDO-
7 doTOpoXNeHHw. 3hech EMeeT MeCTO Xopollee COREACHE C MEXAHH3MOM (o~
TOH-IVIOOHHOT'O CJMAHAA, Pesyabrard mpeackazammit KXJ[ m maproHHOft Moxe-
J¥ HAXONATCA B XOpOmeM CCIVACHE ¢ JNAHWHME ODE BHOODe IVIDOHHOTO pac—
UpeleJiennd, YAORICTRBODSAKILETO MPOCTHM IpAaBWIAM Nf cueTa pasmepHooTelt,

G rx) ~ Fr-207 ()

HecHOABKO XyZe ¢ pOHMMAHWeM AXDOHHOTO OoCDA30OBAHMT valMs ¥ OpDEJeCTH.
Smech ¥MeeTCH Ledw# DAl SKCOeDHMEHTANBHHX Pe3yJABTaTOB, CYUECTBEHHO
TpeBHNAKEAX Kpexcxasauus HaweHol womem® (KXI + maproumas MoXess).
Tak,qaHnHe BYC-2 3/ OpY HUBKMX 3HEPIHAX COOTBeTCTBYDT HOJHOMY Cedve-
HEFP DOXUeHEs dapma Ha ypobre 10-20 mro mpotme 0,51 MkG, OXERaeMux
B MOTEJHM. SKcHepUMEHTAJbHHe TOUKM IOPH SHEPIHAX ISR TakEe 3HAYMTEN:—
HO TPEBHNADT TeopeTHYecKue 3Hauernus. C Xpyrolt cropoHs, B oGHacTE
oHeprut FAAL - SpS  mMeeTCA XOpOmBe COIVIACHE KAK B PEJHUHHE MOJ-
HHX ceueHwd, Tar @ M ARffepeHiMANbHHX XAPAKTepPECT. i, OTMeTEM Ipx
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9TOM, YTO LA ODMCAHMS NOCJENHMX HEOGXOLUMO BBONMTE B MOIENE NOMNOJ—
HHTEJBHHE THIOTE3H O XapaKTepe aJpOHM3 KBAPKOB, D 5TOM [yHKTE

B IOCJeNHee BPEMA NOCTHMTHYTO LOHMMAHME , ¥ DOJyYeHHHE MpelicKa3a-
HEA XOpoino corfgﬁymca ¢ NOCREHUMHE SKCISDUMEHTANBHEMY JOHHHMH

TPYIIH EHS .

Momno nmymaTk MOSTOMY, 9YTO CTAHIADTHNE apTyMeHTH mpoTus KXI-
MOLeJM oGpasOBAHMA dapMa, NPMBOIAUE! K CIMUKOM MATKAM CNEKTDAaM ¢ -
KBAPKOB, B HACTOAllEe BpeMd yXe He MMENT CIWIM,

I1. HamGouee Apko mpedckasamma KXl peanusyiorca NE¥M DacCMOTpEeHMM
AqpOHHOIO OGPa3OBEHMA YACTHIl CKPHTOT'O yapMa M NpeJecTH / ¥, B
0cOGEHHOCTH B OAPHOM 00pasoBamm /¢ —gacTull . llsarpamma Opo-
Lecca, OTBETCTBEHHOT'O 3a ofDasoBaHie NBYX J/y —yacTill, m3o0paxeHa
Ha pEc. la, OcHOBHAA HEOMPERENEeHHOCTb B TeODCTMYECKUX DACUETAX
IMarpaMv 9eTBERTOT0 HOpAmKAa Ho oKg CBA3aHA C OUDENENEHMEeM BEPUHHH

¢ty . Be, onHaKo, MORHO BHVMGJHTE M3 paciala  —» w7 .~ . lloay-
4aemoe [pH 3TOM CedeHme HA TPH [OPANKA HRe CeyeHMA OCDA30DaHHA Ofu-—
HOWHHEX  § ~-WACTHN, YTO XOPOWO COIVIacyercH (¢ TOYHOCTEI KO MHORM—~
TeNA 4) C DAHHEME B Wp-M Py —CTOJKHOBEHMAX . B mocrenxem ciy-
yae IOMUHADYeT BHIAN IVIOOHHOMK KOMIIOMEHTH (mMarpamvs puc. 16). luwar-
pamMy DEC. I OpUBOAST K TuamkoMy OHY B cmekTpe macc ¥y (pHc. 2).
Bo3M0XHO, DIHAKO, [NOSBIEeHME CTDYKTYDPH B 5TOM CREXTDe, CBA3aHHOH C
06pAS0BAHEEM ¥ DACIANOM | — 14 . OleHKH ceyeHMa odpas3oBa-
HMA KOHTAHyyMa Y3} # GOTTOHUA B palione sHepru#t J5'= 500 I'aB noxa-
BHBAYWT, WTO CYHEecTByeT peaNbHAs BOSMOKHOCTD BHIEJEHWA CHUTHANa OT

J, Ha foHe HeNpPEPHBHOFO COEKTpa Y3} . OrMeTym Taixe, 4TO
napHoe 00pas3oBaHEe Y —YACTH MOKET CHYAATH YHMKANBHHM SKCHGPEMEH-
TJBHEM MeTOXOM BHECJCHAA TAXENLX IVIOOOJIOB MOLOGHD TOMY, KaK MapHoe
odpasoparme /Iu7mesonon OO3BOJIANIO BHOEJMTH KAHIMIATOB HA IVIOGOJE—
HHE COCTOAHEA .

Wi, Opyro#f penxuit mporlecC B POXTEHMM YaCTHL C TsaxeJHME KBADKALM
OTHOCHTCA K 00DPAaS0BAHM ME30HOB CMEUWANHOTO apomaTa. B KavecTBe NpH-
Mepa DacCMOTDEM ajpoHHoe ofpasoBamMe B, (bZ)  -me30HOB. B pam-
xax napronuof momesu u KXJ ceverme oGpa3opaHmA mapy B, -MeBOHOL
B CTOJKHOBEHESIX QULOHOB h; h, MoEeT OWTH 3anmcaHo B BERe

(hh—BEN -2 inin |, . @

. ié"’-("‘) Sy —eb),
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e 2 (¢ J') ~- cevyeHme HOAmpolecca poxheHmA B. B -nap, KOTOpoe OIE-
CcHBaeTcAd IMATpaMMAMA DHC.J, / of ;(X)- PyHKUMA pacnpefeseHisi map-
TOHOB B ajpoHax A, = 4, . IIpm sneprmix Y3 = B0 I'sB mommm-
pyoum# BRIAL B d{ﬁ,ﬁl—-acgc X) IanT BANGHTHHE KBADKE, HODTOMY

B KauyecTBe NEepBUT0 NpPHOIMKEHMA NTPAHMYMMCA IBAIDAMMAME AHHEI'WII-
LMW JIeTKHX KBapKOB.

[Ipr BHIMCJEHMAX MH OyZeM CUMTATEL KBADRY, BXOLAUMO B ME3OHH,
JEKAUMME HE MACCOBOJ NMOBEPXHOCTE B COIMIACHM C HOPSJIATMRMCTCKUM
OIMCAHEEM CHCTEM, COCTOANPX E3 TAMG/MX KBADROB, Bepumimu cEq_ BH—-
Gepem jA I~ -g O -cocroAHm# B BEIE

C LR Eu(PIOtR), EE(PIS, C(B), @)

rge P, Fu f;/-mrry:xbcu Me30Ha, &r ¢ -KBApKOB COOTBeTCTBEHEO,
npEIeM P, = Pme /My Po = Pmc/m s M =me+ e o LA HADAX OLEHOK
Md mojoxwm C = & , npmyeM & cBAsaKa ¢ mocTosHHOR £¢.

pacrnaia NCeBIOCHANADHOTO Me3oHa B, (B »u y) COOTHOmEHKeM

_""77:'/0.4’/77”7( 4
ch_c M /; > ()

rne M -macca 8 , m. u ¢ - maccH KBapKOB, U, — CKODOCTS
xus7_pxa B me3oHe. i1 f, HAME BaiTa OUeHKa H3 pado-
TH rae
fe. = 350 MoB .

MaTpmaHHe oneMenTH IR map ITIT ® 070 EMenT BHR
¥
_rigY 3t remveyr Sp Lay - M.V
T=(E)F% ) % ﬂ(ﬂ_".' Ll ¥ KT Upew , (8

rae AM=mg-m.,

SP Ifl\)_:SP[(é*M)yﬂ(‘a*m)é\'(a 4+ M)X, (-2 + M)E‘ J, (6)
‘The a=P+q , €-p- - ( 1, — HOJApHSAL@OHHHEe BeKTODH MEesoHORB,

T -2‘1;’.& C”’cVn Sp Ojlv‘ ~
=( ) mm ) /g,,‘(,_(an)f- 2y, Y'RY um: > 7

5p0uy = SpLyn (-P -G+ mby(F-a+m*] ,

202



caem Matpul Jyy % Owy JETKO BHMNCAADTCA, OAHAKO OHE EMEDT
TPOMOSIKER BAT, NOBTOMy OTMETHM JIIb, YTO NOJNYIANMECH BHPAREHRA
CHMMETDHYHH 0O M Y .

Jma IO - nap

Cmeve Y &M 5/’ aY__ g — ”
(_2)5"_5 ’,,-cﬂt f‘-P‘[f (n”));’ f,‘J’ Fr }’U,m)

(8)

Se Aﬂy = SP(XS P sz)-
BosBezeHEe B KBAAPAT MATPNYEHX SJEGMEHTOB M CYMMEPOBAHNG IO HOJA-
pusarmaM I~ ~ M@30HOB:

Z£ (2)6 (z)——; T2 Fa2/m*, (9)

AEDT 10CHe YCPOHORRT N0 CINHY X BeTY AHKATRINDYNIEX KBAPROB
s

[T =i PCI— (2 (Cmer)(2pTre )+(qx)P(43 ) -369)°),

ﬁ:l 245 ,,,T;:"(T,.,)j, (c'mcvc) (qe) (P (P*-m)+15)),

T S
243 P~ (AEF)* (Crme ‘) ( ){4 X

llontue ceveHER TOAUPONECCOB MMEDT BEX
S171) 2y A e m ) Wi 22 LA e IX
S AL (- (ZF)) (11)
-2, AR (-0
(0, 07 = jrz 45 (Cmnt) m ,

m 4 ¢ AVEE (1-0) o my*
3(+,0) =5z 4 lem) Gt iommr— (W),
~M
rie A =4H75 y $ - KBaZpar OOAHOft 9HEPIRE AHHNIEMMDYNIEX KESDKA
B SHTEKBADKA. 3aMeTEM, YTO BOJNSE IIOpOTa CedeHHe BEKTODHHX IAD
SHATNTENBHO TPeBOCXONNT COYOHN® ICERIOCRAJIIDHHX:

4(0-,0—)~ 32 ét!
T (1-A) 20 /.) ~(1-A). 2)
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Tpajesx noxHEX cevsHmp O(8,8.X) NpEsefiem: Ha puc.4a,6,B,r® .
B cayuae %P -psamMomeflcTERE OTHETBHO HIO0paxeHd BRIATH B cede—
HUA OT SHMEIKIAIMH BAJIEHTHOTO C BAJGHTHHM X BAJIGHTHOIC C MODCKIEM
HBEDKOB, ClefyeT OTMETHTH, 9TO HOPHBOJMMHE HAME SHAYOHEA CeYeHHA
H&DHOTrO OCpASUPaANNA /B -MESOHOB HpECTABIANT E3 Cedd OLEHKE
CEHSYy Onf CeueHnA O0DaSOBAHRA ONEHOUHHX JS. -MesoHOB, JeficTBR~
TENBHO, B OTARYEE OT OGpASOBAHHA 4YapMa B IpeJecTH, I'le 3aKOH CO-—
XpaHeHW! COOTBETCTBYNIIMX RBAHTONHX UHCEN HPUBOINT K IAPHOMY DOX—
JeHED STHX YACTHN, B HameM cxydae B. He odd3aH DOXEATHCA B Hape
¢ 8. . BosmoxeH BHIAN KOHTHMHYYMA B CHcTeMe €c ¢ OGpasOBAHHMEM
ACCOIEMPOBAHHHX {Buy +D)~MesoHOB. M He NPEBOIMM SHEChH YMCIIEHHHX
OLEHOK COOTBETCTBYWUMX CeYeHNli OAHHOTHOTO OGDASOBAHMA B, -me-
30HOB, fICHO, OZHAKO, M3 AHAJYOIER ¢ C¢C~ ¥ £ —CHCTEMAMH, YTO
BRAAT, KHOMTEEYyyMa B £¢ ~cucreme Moxer na NOPANOK IPEBHmATE BRJIAT,
PESOHAHCHHX cOoCTOAHEE B BTOR CcHeTeMe. MOXHO ORMIATH HOSTOMYy, YTO
ceveHNe MHKMNSHBHOIC 00pagoBaMEi B ~Me30HOB GyHeT mopAmKa 7#€ .
llpr GonbUMX SHEPTHAX 9TO CeYeHHe OyZeT pacTH TaKEe 3a CUET BKiajla
TUDDORHOYR ARNRTMJIALRAR,

PaccMOTpeHve IHMAarpamMM THIA DuC.3 OTKDHBAST eli§ ONHY BO3MOX—
HOCTDH NOJYYOHHA OlIEHOK HA CevYeHEWA o0pa3oBaHwd GAapHOHOB C ABOMHHM
wapMoM €4 HIE G ABOMHM cMemamuHM apoMarom €ef (9=w.a(s)
Hanm npempapMTeNLHHE OLEHKE HNOKZ3HBAWT, 4TO cCe¥Yelde OGPABOBAHRMA
¢t g —GapEOHa HAXOIETCA Ha ypoBHe IO HO.

e —————— 2
% (DN BHUHCTOHRAX MH HojaTam® M = 6,1 TsB, (£m )= 140 I‘aBz,
de= 0,2, oMM =1/2,
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CGAMOCOTTIACOBAHHASL KBAPHOBAA MOIEIL HECTPAHHHX BAPYIOHOB
b.0.bapu, A.E.Mnomts, E.B.JMHomuH
XaperoBckuit fE3uxo-ToxHAIaCKUl HHCTHTYT AH YCCP

CywecTByeT Oba DAa3HHX INOIXoIa K OMMICAHHK GAPHOHOB B paMKax
KBADKOBNX NpexcTamiexuit, ONMH M3 HMX CRA3aH ¢ TMPENCTaRIeHMeM O da-
DHOHe K&K O Mellke, B KOTODOM IBMXYTCA KBA3KHE3ABACHMNe KBaprd. [IpH
3TOM IMHAMAKA KBADKOB ONPENeAAEeTCA 3JaNARMEM I'PAHNYHOTO YCJOBHA HA
TIOBEPXHOCTH MEWHKA W BHEWHETO BaKyyMHOTO Aamierus B . B Monesax
IpyI'oTO THIA, TAK HASHBAEMHX KOHCTHTYESHTHHX MOLEJAX /2/ , JvMHAMARA
KBAPKOB OIMMCHBEETCA HEPEJATHBUCTCIIM TAMIIETOHMAHOM ¢ NBYXYACTHIHEM
KBAPK~KBAPHOBHM B3aumoneitcTaueM. leasn wacroduelt padoTu ARIASTCHA
HccJIeoBaENe BOBMORHOCTH IIOCTPOEHMA CaMOCOTJIacoBAHHOR MOIesH IJIfA
CHCTeMH TDEX KBADKOB, B3aMMOIEACTBYHMMX HOCPeICTBOM ONHOTO U3 COB-—
DPEMEHKHX BapMaHTOB KBAPK-KBADKOBOT'O NOTSHIMAJA. [pM 3TOM B KadecTBe
HepBOTO WAr'A PACCMOTDEHME MPOBOIUTCA MUCTO HepeJATHBACTCKUM 00DA30M
\ aHaM3 TOJYYeHHHX pe3yJNbTATOB MOKA3HRAET, YTO TaKoe MPHOHMREHHE
COPABEIIMBO C TOYHOCTER IO 25%).

KBapKoBad MOZEJh GapHoHOB,B NEPBYH 04YeDPelb,NOJIKHA BOCHPOM3IBO-
INTH TaKMe XAPAKTEDHCTHKM, KAK macca HykionaM N » ETO CpelHeKBaTpa-
THYHHR pza,:uxyc("{,ﬂ)’(/z s MATHUTHHI MOMEHT MPOTOH& fif p + 8KCUATBHO -
BEKTODHAA KOHCTAHTA cmangn / ﬂy , & TAKKE paCuelUIeHde MO CIHHY -
DasHOCTh MACC HYRIOHA ¥ JeJhra-nmaobapH., B paccMaTpaBaemMoM HaMM He-
PEeNATHBACTCKOM HDUC/MMEHHH BEJIYHHA n/gf/,if ¥ He B3ABMCHT OT napa-
MeTPOB IaMUIBTOHNAHA, & MATHUTHHA MOMEHT NPOTOHA ONHOBHAYHO OMpe-

IenAeTcA MAaccoli Keapra N ¢
‘/MP: H” /m, (1)

oTKyna |7 = 336 MaB ( cm./a/).
B xayecTpe iI'BADK~KBADKOBOT'O B3auMONeACTBHA, CIERYR 4/ , BHO®Wpa-—

eM MOTEHIMan BAIa A ard B .
S W olS 2 =2 =2 7N~
'U’,a = )4 )\z{ 71?_" m 2 (i+ Tc—1e"?_) g('Z”_)

‘g'zn}, (2)
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e GJ& n l; ,— TeHepaTOPH COOTBETCTHEHHO B CIMHOBOM M LBETOBOM
IPOCTPaHCTRAX ( -TOrO KBapKa, CRABAHHAA C ONHOIVIOOHHHM OCMEHOM
YacTh XapakTepuayeTcd sddexTuBHOR KOHCTEHTOR olg . SanmmpaHue KBapKOB
00ecleuuBaeTCA JMHEHEM [OTEHLMAJIOM ¢ KOHCTAHTOH .

[lpepnosaras, 49TO B3aNMOIELCTBAE KBADKOB MOXHO OMHCATE C IIOMOWBR
CPelIHEeTo mosifi, BOJHOBYK (YyHKLMO CHCTEMH OyAeM UCKATh B BUIE

Yy = A{vanveymi , s,

' ' bd
rre V(i) - onnouacTaHan somsopaa dywrmms, ¥ (L) = P Y)I(f)
A §! - coBoxymHOCTB CIMHOBMX,W30TOMMYECKUX M HBETOBMX ii8DEMEHHHX
L~ ToTO xBapKa). Torma ‘V OTpefesIAeTCA U3 BADUALMOWHOTO TPHHIMIA

S{{Yu, 2] e, 9> -
& WO} =0 )

L f - M}{omm'&rm JIarpaHma) I‘amurmox—maﬂ H rrpe,n;cTaBuM B BHIE

A Z(m; +2m_ zv;-—(Z")/aH , Lo

rne noc.rreJmee cuaraemoe no:arme’r npndmmenﬂo NCKIKMATL IBUXEHHE
USHTDA MACC CHCTEMH, OmNMcuBaemolt BOMiOBQ @ymmen mrua \ 3 ), no-
NOOHO TOMYy, KaK 3TO clejlaHo B padoTe Ham no,lxxo,y OIHAKO, Cy-
WECTBEHHO OT/MMAeTCs OT NOXOLA, HCIOMBIOBAHHOTO B 4 . llpexne Bcero
MH npunaem {msideckui CMHCT cpenHeMy 3Ha4eHMy TaMMJIBTOHMAHA, OTOX~
HecTRiIAA eTo ¢ Maccolt dapuoﬂa.

M= <W(423)IHI*¥42:<)> \6)

-
Jlanee, BUI OZHOYACTUIHOH BOJHOBOX (yHKLME ‘-f( 7 )He npefmoara-
eTca sa.z:a:-mm, HO ompefeJfaeTcs B pesyybTare DeWeHHs ypaBHEHMA

{——+V(?Z)}‘I’("i7)= EY(T), 7))

BHTEKAMWETO U3 BaPUAIMIOHHOTO TPUHL@NA \ 4 ) B IPermosJoXeHMH, 9TO
BCe TDH KBADKA HAXONATCA B ONHOM M ToM me I S— cocToaumm opSuTaab-
HOT'O IBHXeHMA. BxomAum# B { 7 ) cpemuwit noTeHuMan V('?.) B CBOD O4Ye-
peRb, SABUCHT OT BOJHOBHX (yHKUME KBapKOB:

- 2
V(@) = [dT 5@ o 1D
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rIe QyHrma 'U’(‘Z,, [2 )Bupamaemﬂ depe3 MATPUYHHE BJEMEHTH KBADK-
K.BapKOBOI‘O Bsalmoneﬁc'rmm "U’ o m/xcxpe'mmw HePEeMEHHEMS

V(T >-—z{<x (5)7 Lo DK () -
LA AR T 1) AR S

Jing "cLo, nssoBaHHoro Ha.wm noTeHIaNa | 2 ) no.nylmm

V(% T)= ’Tfﬁ-+g!7,-zal+ C3(®-T) , (w)
mef -t g Bg oL (1)

( 8 - comn capuona ).

SameTEM, 9T0 MCHINCIeHNe EKBAXEHUA UEHTPa MacC B T'aMHWJIBTOHHAHE
{ 5 ) UDHBOIMT K MOARNICHHY >PPeKTUBHOK MaccH /7" . Y4ET obMeHHOTO
CHaraeMoro B CPeXHEM I[loJe He BHSHBaeT TPYZHOCTe# { T.e. He ImpeBpa-
maeT ypaBeenue { 7 ) B uHTerpomufdepeHIMAnbrOe) BGJICHCTBRE Npexio—
JOXSHUA O TOXUECTBEHHOCTH OPOUTAJBHHX BOMHOBHX $ylKuM# KBapKoB.

YpasHeHMA ( 7 J,\ 8 ) NO3IBOJAKNT CANMOCOIVIACOBAHHHM OCPA3OM Oll-
PeNeJMTE BOJHOBHe QYHKIMM KBADKOE B 0apHOHe MpPH 3alaHHHX NapamerT-
pax KBapx-KBapkoporo B3ammognelicTeua ( 2 ). HocrmemHde o6wMHO dMKCH~
PYDTCA B Haxmoll MolesM He3ABACAMO IJiA JOCTUXEHMA HAMJIYHIETO OfMMCa—
HAf TeX WM WHHX (U3MYecHuX XapaxTepPHCTHR .B cooTBeTCTRIM C 3TIM
MH BHOHpaeM mapameTpH B3amMone#cTBAA TaK, YTOOH BOCHDOH3BECTH MACCH
HYWIOHA M IeJbTa-m306apH. 0fa mapameTpa ,,[5 s CYWECTBEHHO B~
ADT HA pPesyABTATH, IpuueMm NapameTp § , TJaABHHM 06pa’aoM, ONpelNesAerT
ONOXEHNE LEeHTPa MYJALTHILIETa, a NapaMmeTp 0(5 ~ eT'0 CTMHMHOBOE Pachen~
Jemse, HalimeHuue 3H9.%imﬁ/n&p&uq,7p03 ,,(s ( 7 nomy4Yaoli@ecs Tpa
5T0M KBapEOBHe pamzycH{ 'l’} w(eD"?y  Tpemcramienu B racme.

V3 puc.]l BAAHO, ¥WTO HA MAJHX pacc-ro;mmx TOTEHLAAN CPEIHETO
neag V{'z) HEIJIOXO anpoKCHMHpYeTCs NapadoifdeckiM, B TO BPEMA KAk C
pocTom 7 BiXomMT Ha Jmmefiiyw acmmroruky V(R)—> & % . Ha
HEOOJBIEX PACCTOAHMAX TOYHAA BOJHOBAA PyHMIMA JefCTBATEJBHO OKA3h-
BaeTCH GaIuM3KoM K OCIMJIATOPHOHE { CM. puc.2 ).TawuM oGpazoMm, B TeX
CIY4adX, KOTLA OCHOBHYD DOJB UIDamrT BHyTpeHMHe OO0JacTH HYRIOHA,pa-
3YMHO HCHONB30BATHL B KAYECTBE OINHOYACTHWYHHX OCLMJUIATODHHE BOJIHOBHE
fyHriun, InA onMCAHMA ®e TaluX fBAeHHH, B KOTODHX CYWECTBEHHH Mepu—
fepmiitHe oGJacTH GAPHMOHOB | HANDHMED,3allava O 3aPAKOBOM palmyce
HefiTpOHA, NOCTPOSHME HA OCHOBE KBRPK~-KBADKOBOT'O BIQMMOZEHCTBRAA N A/-
CMI M T.0.), HCTONH3OBAHEE OCHALIATOPHHX gyHram MOReT HpHABECTH K
GONTRIMM TIOTPEWHOCTAM,
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Tadmua
IapaMeTDH KBApK — KBADKOBOI'0 BaaumozeitcTsms ( 2 ) M OCHOBHHe
XapaKTePUCTUKA HYKIOHZ U JeasTa-u3o0apH

Beu ma JKCEDEMeHTab— 3 PacueT B camo- ! Pacuer ocmuum'rop-
Hoe 3HAUEHuE COTNACOBAHHOR MO~$HEMI GyHKIMA
ey
ots : - 2 H 2
@ (MaB/dm)} - : 238 : 238
M ( MeB )i - i 336 : 336
My (weB): 939 P 939 : 940
,/MP ( goma)} 2,79 2,79 : 2,79
Ay @i 0w | o 0,64
‘h ,gv 1,25 1,25 : 1,25
M p (itoB) § 1256 1240 : 1245
Y2 : : : :
(1, @ R ; 0,87
T
; 15
- , g
"Lt
0 3
a,
as
2o .
-gook . 'Y 10 e

Puc.I.Camocoryiacopauunit noTemim~  Puc.2.PacipepeseHnue KBapEOB B HY-
aJl WA RBApKOB B HyKIOHe (mTpA- KIoHe .CILfoNHAA JHHEA — TOWHHE pac-
XOBAA JMHEA ~ NAPACONAYECKAAd aN-  qeT,HTpPHXOBas -~ IPAGIHNEHES OCUEA- §
OPOKCEMALMA) « aaTopEoR dyHKIHelt.
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ATak, IpercTamieHde O EBUACSHAK KBADKOB B HEKOTOPOM CaMOCOTJa—
COBaNHOM [oJie TO3BOJIAET NAThL PA3YMHOE OIMCAHME OCHOBHHX XapaKre—
pHCTAK HECTPAHHHX CapuoHOB, PaseBuThlt moaxon MoxeT OHTH OGoGWeH X

IJIA OITUCAHHA MHODOKBSDHOBHX CHCTEM.
B 3awmdeHye aBTOPH BHpaXawT TIyGoxyl duarcmaphocTd 10.B.Kynu-
Wy 3a MoJe3HHe OGCYKIEHUA M LeHHHE COBETH,
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[THOHHKWE CTENEHM CBOBOXH B
HEPERATUBUCTCHOZ KBAPHOBOH MOZENM
A. A, Keruwacru, U.A.Kynepun, C.[.Mepxypees, E.A.fpesckuit

JleHNHrPBACKHI OCYR8 PCTBEHHHA YHABEPCHTET

B pamEax craHiapTHOr0 AArPAHEHAHA NHOH-KPAPKOBOTO BIANMOACH-
CTBHA NOCTPOCHO 3hpeKTHBHOE aauadaruyecxoe NpUGIHXSHHE AXA PEmEHUR
AAHAMHYECEHX ypaBHeHMHA. Ha OCHOBE BTOR TEXHHKM MOCTpOCH HOTEHUWAX
OAHOMMOHHOrO OGMeHa B TMOPHZHOR XBADKOBOH MOACAN W NpOAHAXMSHPOBAH
ero BEIAZ B CTATHUYECKHE XAPAKTEDHCTHEH 54 [MOHOM.

Hepexarumcrcras xmapeosas Moaear ( NRAM) mupoxo npuweEszach
P NOCACAHEE DDENS AAA WCCACZOBAHHA CTATHYECKHX XBPRKTEPHOTHE 0apmo-
HOB RGLEKAX 8poNaron. flpn 9roM oxasazoch, yTO HADAAY © NMPAKTHYECKU
rounuM omucanue cnexrps Macc NRQM wenee ymomrersopmreanmo mepe-
28T Jonee LETANLHHO x8 PAXTEPMCTHEN 08puoHod ( S&[IAOBHE DRAMYCH,
SREKTDOMATHHTHHE GOPMIRKTODH M AD. ) AAKE O[M TOYHOM PEREHHH
COOTRETCTBYDNEH 3-uyacTUwHOA SazaUN HA OCHOBE YDA BHEHMH th,ueem/I(
OzHOR M3 BOSMONHHX NPMYHH ITOT0 QOCTOATEABCTBA WONeY CAYEHTH NpeHe-
Gpexenue MEIOHHHMH OSMEHANH NPH NOCTDPOCHMM MOTEHUMANA G4 -B3GUMOAGR-
creHA. DBrxapyemue wesoHHux cremesedl cBoGoaw » mexoxtyn Bepoun VRQM
MO3DOXXT, NO~BHAKMOMY, DRCEMDHTH 0CRACTDH NPHMCHEHUS €€ pesyabrarod,
B HacroAwelt padore My ONHEEM CXeNy BKADYEHHA MHOHHOTO MOAA.

Jxs nocrpoenus 00yca0BaCHHOK OAHONHOHHWM OCMEHON YROTH 49 -B3a-
HMOACHCTEHA NH HCMOXBSYSM MOAXOA, NPEAAONERHNY B ¥ + Byaen cuurars,
Yr0 KBAPK-NHOHHAA CRASH ONpereagercs AArPAHXMAHON Uxasu:

Lry-in P (EF Y, 2

EOTOPHR yunTHPAET COXPAHEHME AKCHAILHOTO TOKA W A3ET ckeaynmie
AUHAMHYECKHE YPARHEHHA RXA KBAPEOBOT'Q M MHOHHOL O NOXeH:

(L?—m,)‘ksw,,,)’s (’EE‘;)?’ »

(Drm,‘,)‘?’:-i;,?d@ ’??_ @
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Crauxs priuk mepexoa » (2) X HEPEXATHBHCTCEOMy npeaely B Ipaji-
NONOXEHHN HyXEBOH MACOM NUOHA MDHBONMT K yPABHEHWAM AXA CTATHYECKAX
xmprnporo § u muomsore P moxek:

A‘_"’%ﬁ:; {4‘""‘ @+ [GNYIT 2P+

+ o V"Z('Eq))so*}o((t q>)ld 'rtf}, 3

A =—9s @RI + 22 P2,

Nps aron xerpammay (I) NopomzaeT MOTEHUHAN MEXKDAPKOBOTO
PSAHUMOREHCTBHA BHAA :

i E) s mw @I Xy, W

rae dyneyme X onpezeasercA CYATHYECKHM NHOHHNM NMOAEN:

i i. - o "".

CP(") ‘"m., gtd_( o )x(?’)

Taxum oSpasoM, yuéTr omHonuouuoro ofmera B pamxax YRQM cnoaurca

X peNeHHE cucTeMs ypasHewufl (3). C arol neXnw My MCHOXBSyeM MOZEXb
peCori 3/.8 ITOR WOXEAH KOHDWTYRUHOHHOE NPOCTIBHCTHO PaICHPAETCA
w 3 ofmacrw S1; , ¢=I,2,3,chepaun paamycon R1 n KRz ( R«<R). Jpaece
cuHraerca, yro da maxux paccrosmwax (2<R:) ZUHAMHXA DOpOXZEETCA
TOXEKO FAROHHEM OOMEHOM, B NpONeXyTouHoit obzactd {1z oymecrsynr nce
crenchHs c306OxM, 8 3 acuxnToTuyecxoR odnacrd {1z - rToxbKo OMOHHOE
noxe. ThEas KAPTHHA EAYECTBEHHO ONMCHERETCA CAEZYRWHMM 8HsameM XAA

pyuxuwi pacnpeexeuun f w P :
fola,= (ﬁ/nf const, Pola,= 0,
(i;ﬂ‘_ﬂ.' = $"{ﬂ-3 =0, q). !—Qa’ canst. (S)

Nonpazxm x 5TOMy NpHOXEASHUD MOXHO HARTH C NOMONLD TEODUH BOSMy-
WeHNR N0 KOHOTAHTE CBASK B ypapdesnAx (3). lleprup nop,.}o7 TeopHl
BOIMYMEHNE ZBET cACAyoEee BHUDAKEHHE ZAA NUOHHOIO NMOXA 3 H

C' v < R1,
- V7 R.ct<R
#uo- (F):| e )
/+ R.<z,
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B XOTODOM KOHCTAHTH (MKCHPYDTCH YCAOBMAMH HEMPEPHBHOCTH $yHKUHH
HA TPAHMIBX ofaacTeR (1, wil M paPeHcrmd HyAD €€ HODMRXDHOK MPOHSIOA-
HON np# 2 = Ri:

A’ (2R13+R:) 1’
dyuxyun paonpencaerus (6) wonoassomiach ¥ %4 Axs riocrpoemss OFE-
YACTH MERKDADXOBOI'O B3aMMOAeficTEBHA. (0ZHAXO orBeMpWHN TAXON JyHEuuM
norexumex (4) paspusen » rouxax 2% =Rs, m = =K2.flcwo, =ro npw wtc-
AeHHOM pagyére xa [AKTEPHCTHK 08DHOHOP ¢ TAKKM NOTEHUMXOM MOrpem—
HOC™b BHYMCAEHWH TPYNHOKOHTDOMEDYeMA. Yro6H yCTPAHMTHL 3TOT HeAcc-
TaToX WOAENM, CNEAYET yyecTh Monpamky T2 CXEAYDNEro NOPAARA K NHOH-
soMy noan. Ona onpe,lenercn y;nnnelmel

? a _2_ A CP, s D
rae ¢ - nonpRBKa Meproro nopu.xa x ansany (5) axs nos ¥ ,

P fo + $5 ¢ . Ixa wed ws (D cxezyer ymoteHue A, fr- “R Y,
xoTOpoe B KANAON M3 ofaacTept 1. pemmercH ABHO:

z 2
E-‘-f:r, .

B=2AR}, (C=3AR:.

Al s 3 2
(- BatCa i~ v (57 u::.ﬂr,.B _e;f”), R,<r<R2,(8)

D, /Z 2 R4 Ez '
Tem camum coornomemnn (6)-(8) onpemeAant NHOMHOE MoAe ® pACCMAT-
pumeuon uonenu " coouercuynmn noTeRUMAX OAHOMHOWHOrO obwew (4):
Vi, (r)s " e —ul[ PAICAZE —‘3—‘—’?) +
™y

(9

’

+ Si& (EP:‘ ?—_-2)},

rae
S, = IR T (3:4),

~ - _'I;) ~
a P, - moommumarsan wcrs mexropucro oax Pa * (3,’ /% « Orwernn, uro

NOCTOAHRNE MHTErDHPOMAHNA B (6) " peresnn ypasueia (7) fwxcwpynor-
CA MQ MApANeTIEN MOXeXN R., & PECORCEWEM HerPEPEBHOCTH fyHK—
uut P, U ¥4 Ha rppHmpx .4 fL. v acHMATOTHYECKON HOPMNPOR-
xoff P~ 1/z apmr+= , Her CANTBCA, 9TO OYK yCAOMNA IO pAHTH-
PYRT HENDEPHBHOCTD no'reﬂm .

XapaKTepHoe MOBEAEHM( . ¥ 45 -NOTeHMMAOD K300 AREHO B puc.I.
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7, ¢m

o8
Pre. I. Saswoumocrs V¥¥ (xpumsa 1)
(rpupue 2,3) wacred MesxBe prOBOI'C NOTEHyMA A

V or orHocurexBHOrO pAGCCTOAHMA ¥ TpM SHAYE-
wuax napaMerpod R4 , Ra , 9, , npuseaBuHux
» rada,.2.

V OPE

HapéxHoe »uzeneume BKIANE MHOHHHX CTenmeHeff ¢BOGOAH B CTATH-
yeckue xS8PAKTEPUCTHRH GapDUOHOB Tpelye? A0CTATOYHO SKEY DA THOI'O
YUCHEHNOTO BHaAM3a XemaveR 3 ocHose NVRQM sazaum rpéx rex. Taxoh
QHAAWS ¢ MAPAHTMPOBAHHOR TOUHOCTLD MOXET GWTh MPOBENEH HA OCHOBE
Zu{be peHURR IBHOR JOPMYTAPOBKK ¥ pa BHEHHH @meef, KOTOpHE ANA
CHCTEMH 3-x TOXEECTBEHHHX RPADKOB HMEDT BHZ /1 :

(-a@I +V-E)P=-V(P+P7) ¥, (10)

rae V= V8% 4 yoP6 o P _ oneparopu uMEAMYECKOH NEpPECTaHOBRH
vactuu. JAA 4YHORexwsoro asaausa sagzaus B ypasdewwu (I0) caezyer
OTACZMTH CTENEHM CBOGOZH, CPASBHHHE O AWCKDPETHHMH XPAHTOBHMH HC-~
RGMH: LBET, CNMH, HSOCRAH W OpSuTaxbhui Mowenr (cM. radx.l.).

B pesyxsrarTe TaKofi penyKuh# BOSHHKAET CMCTEMA YA BHeHHH fazneem
ARS MADUMAABHHX KOMIIOHEHT:

[Ei-A] ?1 (X,Y); VJS' {X) q’S,(X,y) + VS.D (x) 5.,E; (x:y})

{E +2]F, . Y) = V’Sa P, (X, ¥), an
[E +a ~ 6/ P (x,y):VsDtx)aJ; (%, ¥)+ V,L () "1"3, x, %),

» XOropoR
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1

%(x,y}:cﬂ(x,‘/)f _&,fw :—l%l BCR, (x"ylj+$_ CP;_(X',Y’)}’
gy Yy 3 (RO 'y
CPz(x,y)._qu(x,y)f(d.w;’f—;,{;‘ﬁ(xﬂ) {749,(,?)},

-1

o H 1oyt
Py k71 Py 00 [ b gas (o) a7
3nech AP0 HHTEr[RABHOIO ONEPATOPE 4 33 WMEET BHA

2 22
915 (Y, W)= %, {‘0-'25x2+0.43301"7ﬂ/“)"’-:’”" P=“")] /<%,

rze "0
X' = (x*-2 7/ xvu +3y!) ,

Z) 7/2.

~
N~

Yz {3)("&27’?)()’60 + Y
2

ymouemn (II) noayyeHs B NpeANONOXEHMH, YTO 44— BSAMMOAENCTBHE
24HEKTHBHO TOIBEO B COCTOAHAAX ¢ MOAHUM MoMeHroM mapu J<€1. Mu
Taike WCMOABSYEM CTAHZADTHOE MPEANOACEENME O MAAOM DKAAAE KOMIOHEHE
¢ OTAMYHHM OT ¥ 3A OPONTANBRLM MOMEHTOM TPETREH WACTHIIM OTHOCHTEXBHO
UEHTPA M :C En;3UEHHOA MADW, T.€. MH npeHeSperaen oocroaumsmy ol =4,5
» redn.I.

Tadmara I
TpéxKkPa prOBHE COCTOAHMA CHMH-YE THOCTH
A KA DR-KPAKOBOrO BIaHMOZEHCTENE, dffex-—
rupHoro B S0~ 3Sru 3ypcooronuuax

< 2 s ) a2 T Y,
I 0 1/2 0 I I 35,
2 0 /2 0 0 0 15
3 Q 1/2 2 1 1 2D,
4 2 32 0 I I 354
5 2 3/2 2 I I 3D,

Ian waTpHYHEX SAEMEHTOB ¢J ~OTEHIMAAOD BREACHH OAEAYDWMNE
0003Ha YEHUA S

V351=<‘1lvl1>, V15'=(2JV12>,

Vi =<3 1VIsy ,  Vea=(11VI3).
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Oxxoskaymoe pemenue ypanwewuit (II) JUXCHpyeTCA IPaHMUHEMK
JOXOBMAMM peryZapHoorh xownonent npx X =0, ¥ =0 n ux youmaumew Ha

GORLEMX PACCTOARMAX:

Pe (09 |yao = P, .59 (=123,

q)‘: (X, Y) —>0.
Xt +y? >oo

BosuuxapwRs NpH STON Safays Ha coCcTpeHHHEe SHAYEHWS pemalach MEeTo—
20w, omscammn 3 71/, llpexcTanrAeT uHTepec pASAEAUTh BfdeXTH,
o6ycEOBEEHHHE TEHSODHNM M CRMH-CIHHOBHM oxaraeuw OPE-ssanMoaef-
crenax (9).F #acrosuedt padore My MpoAHAAWSMDyeM TOABKO BKEAZ CHHMH-
cTHoBO# wacoTH NorTenumza VOPE, Usery Memkpapromoro msawMoxeicTEHA
Vaq, ofycaoBAeHHAR FXDOHHEM OOMEHON, SBAAPAIACE NMOTEKIWEXOM
Pusapacosa ¢ MATHHTHEW THROM KoHfaltiMenta {MozmemsRMw):

V;g = VR + Vo +Vss . (12)
Craaapias wacrs VR norenumaa (I2) uueer nun/)‘?/:
F{AIx
VR(X):_:T;-A(A““_ —m—‘"‘,

rae oo X ¢ 4 1
.4 singt (¢ L
‘SM-; g‘”’ q [&»(nq}) ‘l«‘]'
[}
Cie—cMAHOBOe BsauNoxeNcrmue Vs onpeneaseTcA cooTHONEHMeM TMDB
Gpe e -Buruepa:

Vis =3ini Gsi5p) ol
a mocroxuHoe cxaraence Vo » (I2) pasuo /5/

Vo =‘§ Z_‘-,I A e,lz X’
Y - nocrosuuas Jixepa,

Hapazy ¢ wmomexsn RMa (I2) wu GyZeM TGRXEe DACCMATDHBATL MOAENDL
R, » xoropoRt cnmi-cnuHoBOe RSAMMOAEHCTEME 0GyCAOBAEHO TOABKO
norempazow Vo | VyesVe+Vo ,a maxme wonear RM, » xoropon
BEXAJ NMHOBHHX cTenmeneR cBOGOAN He yYATHEAETCA, T.€. V'V‘W » TRE
noreauma Vgq onpeaexsn » (I2).

Mapauerpy A ,my, R4, Ra, %o onucaHHHX MOAENEH ROACH[BAMCL Tak,
4rolu ROCHpOMSBOXHAHC: OKCMEDHMEHTAIBHNHE 3HAYEHWR MACC na.

C nouowsn BoAHODMX (fyuKuuit, HaHAGHHNX pemeHMEM ypesuenus ¢aazeenn
(II), BuyMcxaXMch HAWGOXee WHTEpDECHNe CT8 THYECKUE Xa[aRTEPHCTHKH
N w A , nepeuncaenmue » raca.2. Herpynno suaers, uro yyér OPE-
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BIAHNOZENCTBRA NpHOIMmAer pesyArrard NRAM x AanmuM axcoepuMenra
¥ Aex6ET HeDEATTHBHCTCEYD MoXeXb GOXee CAMOCOTIACOMSHHOA, YMEHHEAA

daxrop V2/e*,

Teduamug 2
CrpyriypHue x& PAKTEPHCTHEM HYKIOHO:
AR PAaSAMYHNX MOEexek

RM RM» Re
mu,d 405 418 413
A 335 303 300
%o - 10,4 11,0
R+ - 0,6 0,55
R2 - 0,7 0,65
N 939 939 939
a 1232 1232 1232
<ee 0,511 0,537 0,567
(t)n 0,022 -0,023 -0,015
Y2, 2,316 2,244 2,260
Mo -1,544 -1,496 =1,507
Vet 0.59 0,49 0,38

B rex xe momexsx BuYMCAAAMCH BEAWIMHH, CONee uYyBCTIMMTEALHHE
K CTPYKTypE BOXHOBHX (yHKUMH GADHOHO® ~ SADAAOBHE NAOTHOOTH HyEXO~
m (puc. 2), snexrpoMarunthue jopudaxtopy HepTpom (pwc.?,4) u
nporosa (pKc.5). Amazus arvux rpadiuKoE NPHBOANT K CXEAyDEEM XageoTmeH-
HO xaprmme:

I . Bxxax nuOHHOrO NOXR B SAIMAOBME NXOTHOCTH NPOABARETCA B
CMENEAHA IKOTPENYMOD 3AEAOBHX PACHPOAEACHN# B CTOPOHY MAXHX pac-
croanni. [locaeanee oaxawmer, YT0 WMEETCA ZONOXHNTeALHOe "8 BXeHue"
H8 KBADKH 00 CTOPOHH IMOHHOrO OUXA&KA, 4YTO INPERTNBHO mOSBOIACY
caesars AMRQM Goxee HesamomMoR OT KOREpeTHUX SFRYEHNR NapAMETpOR
KoujatiuMenTa.

2 . BNfHMe NWOHHOrO NOXR HA SapAXOBHE DA cCHpeleXeHHs HYKAOHOD
CBHASTEALCTIyET O Golee ajerparHON nepeAdtde CTPYXTYpu DOXHONOK
fYHEUHA, YTO P KOHEUHON UTOTE MPOABAZETON B YAYTLGHAA "kaueorya”
DAEKTPOMArHNTHUX (HOPMPAKTOPOE.

3 . Brapyeuwe MHOBHuX CTenexeR 0BOGOZM MOIDOAAET CACAATH
NPOLEAYPY PPEACHAA CNKA~CINHOBOTO BSANMOACHCTINA MESABNCHNOR OFT
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CKAAAPHOM COCTE BXADECE HOTEHUMZA, B WBCTHOCTH, MONMO Neperasth
- A mouenxenne roxrxo o momomsp OFPE-meaumomefcrmna (on. m61.2).

P -
£, @it Sen(m), @it

[XE

<

o

—0,2 v - T A F,@
0,5 1,0 (7 3
o]
Puc. 2.[laoTHocTH pacnpexeseups sapaza HeRTpowa
M NpOTOHA AAf PASAMYHHX Mozenem: I- RM ,
2-RMar , 3- Rxr.
L 5:
e /6/
°
0,1 1 4

o —2
f =T 11t .
. . I3
o 0,2 ok 0,6 q8 1 0
Q% Isp®

Pro.3. Sxexrpomarunriue GOpMIAXTOD HEeRTPOHA
Axn wozexed RM (xpumanI), RMir(xpumn 2),
Rx (xpuman 3).
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::I‘SBZ

e~/

o5

0 1 a 3

Q*, TeB?

Puc. 4. Marumrare gopufaxropu Hefirpom
AXs pasxwuHMx Woaexed: I ~RM,
2 -RMx, 3 - Rx.

M

Q"6 [, To8?
A
L 3.
4/
0.3
- i
0.2 ]
I

- i
o4 i

i .

@’ reB?

0 o2 06 1,0 NP

Puo.5. MarmirtHue Jopudaxropu nporoma:
I -RM, 2 -RM=, 3 _Rx,
e~ /8/.
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‘Taxun ofpnson, mame pesyxsrary fnomsumnr. 4YTO ONHCAHHRA
uoxvdmKaiii WRAM o GeaMioooMuMY TMOBAMY Zeaaer OMMOAHWE CTATHYEC-
Kux cBONOTD AXPOHOZ B TPEXMCTNYHOM cexrope GoXee aZexna THUM.

B T0 xe »pems OCTANWHEON [ACKOXECHHA C DKCIEPHMEHTAXDHWMK AQHHHMY,
MO-DUANMOMY , MCTHYHO O0YCAOBEEHM HCXORHHN NpuCAKEeHMEM -~ Ges-
MACCOBOCTSD NHOHN. Ni--ePMM, . yTO OTRAS OT OTOIO MPHORMEEHHA, &
TaxKe yuyéT 06MEHOD GoXee TANEAHMM MEIOHANH YMEHBEWT KOAMUECTEO
ZedexTon, accoumHpyeMux OGHYRO ¢ OPHIHHRABbHOR Bepcuel MRAQAM.

ZKTEPATYPA ! .
I. Kswymscxnn A.A., Hynepuu D.A., Mepxypsew C.[. u zp. 3YAT,1986,
17, 0.267;
Kuperin Yu.A., Kviteinsky A.A., Kerkuriev S.P., Novozilov V.Yu.
Preprint ITP, 85-38 E, Kiev, 1985.
2. Nogami Y., Otshuka N. Phys.Lett.,1979,82B, p.272.
3, Navarro J., Vento V. Preprint of Univ. de Valencia, Spain,
1984, FTUV/84.
4. Bpayn Jx., AmexcoB A. HyxAoH~-HykAOHHWe B3BHMOEeHcTBHA N.,
Aromuszar, I979,
5., Schiberl F, CERN-preprint TH.3287, 1982.
Martin PF.et al, Phys.Rev,Lett.,1977, 38, p.1320; Drickey D.,
Hand L. Phys.Rev.Lett., 1962,9, p.521; Gunichat D.,Grossetete B.
Bucl.Phys., 1972, 4178, p.45; Galster S. et al. Nucl.Phys.,
1971,B32, p.221,
7. Galster 3. et al. Nucl.Phys., 1971,B32, p.221;
Hanpen K. et al, Phye.Rev.,1973,D8, p.753.
g8, Bartel W. et al. Nucl.Phys., 1973,B58, p.429.
9, Taylor R. In:Proc, Inter. Symp. ou Lepton and Proton Inter.
at High Ener., Stanford, 1975, p.679.
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CYHKIMY PACTIPENRAENNA OAPAMETPA IOPANKA B TEMIEPATYPHHX
QASOBHX IIEPEXOJIAX HA PRIETHE
A.M.3agopoxsft, B.K.MzTpomrmH

O6bemHeHHN! HHCTHTYT AnepHHX HccaeXopaum®, Jydsa

I. Har ESBecTHO, NpM BHCOKEX PHEPTRAX B FANMODOBOUHHX CECTEMAX
IOPOMCXOMMT TEeMIEeDPATYDHEHH q)aso7uﬁ Bepexox (¢ or desu romdadmmenTta
x fase KBEPE-IVINOHHOR mrasmu L2 . CocTosREe hemecTBa C HeHyneBof,
ROCTATOWHO BHCORO# TemmepaTypolt MoxeT GHTEH DERJIMI0BAHO IPH CTOJKHO-
DEHHAX DeNATHBHOTCRHEX AXep c¢ HHeprEeft, BHONHE AoCTAXEMOf HE CymecTBy-
KX YCRODHTOAAX. .

Heeneropanmn Takmx 300 B TOODEE ¢ SU(Z) -clmye'rpneﬁ OOCBAMEHO
JNOBOJLHO CoJBmoe WACyOo padoT ( oM., HanpEMep, /3-10 ).

B nameft padoTe pasBMBAaeTCA METOA H3YUeHEA TeMIEPATYDPHHX Nepexo-
ROB, OCHOBAHHMR® HA MOCTpoeHE® (yHKmmit pacHperefeHEA CApAMeTDa TODPAZ-
Ka, IOSBoAANMEE ¢ Coxbleft HANOXHOGTEN NONY9YATH SHAUCHMA KPETEYeCKOR
TeMIepaTypH ec , BOCOPMHMYKBOCTH % B T.0. JTOT nonxoy ORBSaNc Bech-
ma 5pPexTERHEM NPH HCCJIENOBAHEE CBOACTE MOICJM HsEHTa 11 . My mpoma-
BONWIE BHYHCNEHRA B TEOpEE ¢ rpynmof#t camerymm SU (2), Ho MeTom Mo-
xeT OHTH ECIONHSOBAH H B TEODEAX ¢ TPymmodt cEMMeTpHR SV (3).

2. PaccMOTPEM pemeTKy B UeTHDE@XMODHOM E€BRIHNOBOM UDOCTPAHCTBE C
9HCJIOM §SJIOB 14/153’ B IoPEOIMISCREME I'DOHNYHHME YCJIOREAMM. CTaTECTEYeC-
Rafg cyMMa ONPeNensaeTCA CTARNAPTHHM 00pASOM:

4 (-1
§=HHUL€—S=MHUC€?%(4 ) o

Temuepartypa 9 onpefiessercAd RAK odpaTRuft pasmep pemeTKE BO "Bpe-

enroM" nanpabnermm: ©=7/4 .

€ -
B mpenexe cxadoRl cBAsE Temepatypa O E Tomas woncramTa gB s g cBA-
SaHH ESPECTHHM COOTHOMEHHEM
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% i ()" e (teqw).

-é

TemnepaTypnafd cTpyHa < L> ONPengAAeTCA CIENMYIIMM OGpa3oM:

<L> <L*S <2_T;C U i’lé)> (3)

TZle yCpeXHeHXe TPOM3IBOAATCA C necou e . Ilpn TemmepaTypax, MeHb—
mrx kpErEYeckoft O <G , TapaMeTp nopma { LS nomxen odpemare—
cA B RyJb {((asa RonpaftnmeHTa), A UpN >% nepamerp mopamre < LS
IOJMXER OHTH OTJHUHHM OT ay.m {pasa merondafirMenra), npudeM
<L ¢ ..IG—Q [®,

0npe,1:em R aMaTIEIeHROCTS” pemerim: L = Ll;.
QyHKIRA pacIpeledeHER apaMeTpa Hopamka P onpeneme'rca CJIe Iy XM
odpasom:

p(T) =&\ |0y -5 8(t-5zts), @
Ipn 9<9° onpeNeJeHAe BOCOPHEMUNBOCTH ;f ¥MeeT BRI

67,0 =i 3= <l Lp> LD, @

B sroft d:ase (Iryumm paclee eJIeHEA P - geTHaq ( F{ E) p([)) H,
crezonarexseo, { LD =0,
JnaHNe QyRNOINR paompereJeHEA P(L) HOSBOJAET BHTHCJHTE BHCIEE MOMOHTH
B KyMyASHTH paoupene.uel-m.7n /
Kax norasHBaeTCA B » &4 MoXeJ® MsmATa OpE ROCTATOUHO COJNBNEX
/\/s ) A/»Z rhe 3 —ROPPEeNAIEOHHAA NJNEHA, BCEMHA KYMYJAHTAMY MOXHO
n'peHeOpe‘n:, b | pacnpe.ne::eﬂxe P(C ) HMEET WHCTO TAayCCOBRR BRI:

P(@) ~ exp}-Thffog ) 1 8<@ @

IIpe 9>9c B TOPMOTEHAMIYGOROM NPeReJie FMeeT MecTo CIOHTAHHAN
namarsmuenroets s ¥, E, oxexoBaTessHo, {YHRIMA pachpeReieERA

yxe He ABaAercd weTHORf. B pTOM Ccayuse HeOOXOXEMO CMaTDEBATE
OTREJBHO pACUpeNeNeHES 10 NOJONHTEeALHHM SHAYSHEAM Za 5 B 70 OT—
pamaT m sraverm P "(E 3 npnen D(*)(E) P(’( L. Pacnpe,te-
JIeHEe P‘ ) HMeeT MAKCEMYM IDH = Bocnpwme—
mocn /’l{ B STOM CJyYae MOEeT dnu onpeneneua c.ue;wnm odnasoM:

223



0.%,0 = 4> (<T™ ~lax ). i

BaxHO NMONYEPKHYTH, YTO B OKDECTHOCTH KAXEOI'O M3 MAKCHAMyMOB pacIpefie-
JIeHRA P "/ yEe He CymyT MMeTh, Boo(me I'OBODA, rayccoRa Buma. Jeftcr-
putensro, upH L[4 Ly, e Baxnyn poxs ymyr ETpaTs mepexommue Smiemma,
cBAsanHHe ¢ 9fdexrom cocymecrBopanmaA AEYX fes (“ryHHesmpoBammeM”),
KOTOpHe ¥ NPRBOJAT E OTKIOHOHHD OT TayccoBR pacmpepenexmnd, Besycnon—
HO, C DOCTOM Ne  oifioRT "TYHHOIRDOBAHEA" GyneT MORABIATHCA, ® pac—
fTpeeJe HaA P&) OyAyT OpRCIMXATHCA K TAYCCOBHM:

P&)(E) ~ exp {—- (C ?LM,‘)Z—@%Q%@) E (@

BuecTe ¢ TeM OpE COMBIMX 3HAYGHEAX HaMAIHAYICHHOCTH s( 1cl> Lh,,,)
opberTa -ryﬂnem?onam HeBeJMKN, H, CJENOBATENBHO, NMPABRA BOTBL Dac-
opeleacHEa P *)  (aeBas permp P(“’) TOJXHA COTJIACOBHBATECA C Iayc—
CoBHM IHoBeNeHEEM (B8), IT0 OOCTOSTEIBCTBO JAGT HAM BOSMOXHOCTE H3-
GABRTHECA OT 8feKTOB “TYHHSIMPOBAHAA", CRASAHHHX ¢ KOHEYHOCTHD 00%-
eMA pemeTKA. [Id 9TOro HOCTATOYHO CEMMETDHSOBATH DACHDOIEJOHES P‘:+
(P('%Tﬂocmem,ﬂo BepruranbHolt oo ¢ L =Ly (E=-L,,_4 TIpr sToM gop-
Myna (8) IaeT HaM BOSMOXHOCTE ONPEREATH BOCHDHMMIEBOCTD /’L’ .

3. D pamMx MOHTE~KADJOBCHEX BHYHCJGHHAX MH HCIHONH30BAJH MOTOX
TenJOBO! BAHEH cO cuyualiriM mepedopoM pedep pemerTxd. THIRYHAHR CTa-
TECTEEA HAa TOUKY cocTraBiana 7000-8000 mreparmi. Lusi TepMAMSAUME HC—
noxkaopamch NepeHe I500-2000 mrepamEl, a4 MO OCTANBHEM KPOHIBONRIAOCH
ycpemHeHRe, BNWHCJeHHA ODOR3BONRAECH HA DemeTRe pasmepoM 4 - 8 c
MePHOMYeCKAMA T'DAHNIHHMA YCJOBHAMA.

Ha pEc.I mpexcTaBIeHH MM AAANCTDAIMA DACHPEXEJeHEA P A
Tpex 3HadeHmi %“-. Ipr ‘Vg" = 2,25 MORCHMyM DacIpefigieH#d TOYHO cORma~
naer ¢ wyreM (pHc.Is) , 4 BHy pacOpemesieHdMa GIM30K X

rayccoBckomy. Ilpn ‘1/3" = 2,28 MaKCHMyM pacHpeNeJieHES yxe He B
wyne (puc,.I6), mpuuem mpaBas BeTBb pACTpENENEHES TaRXe CJESKA K Iayc-
coBCKOMY. Ilpd gt = 2,26 pacnpefesieHHe yZe HO TAYCCOBO, XOTH

ero MaxcMMyM BOJM3E Hyad (pmc. IB). MsyueHme Tamxmx Dacupefesemut MO3-
BOJAET NOAYYYTH IAA TOUHH (Has0BOrO Nepexoia SHAYeHEE %”g_-—. 2,26 b 0,008,
a COOTBETCTByNmAf KDHTAYeCKad TeMIepaTypa Noxyuaerca paswoft & 38,2.
Tomyaaemas TaxaM odpasom sasscumocts <L D3 L, 0T ‘/é“nsodpaxeﬂa Kpec~
TEKAME Ha DEC.2. JIA cpaPHEHAS HA DHEC.2 YEDHHMA TOYKAMA OORASAHH SHA—
soma ILID> , moxydeHEHe NMeToXoM MonTe-Kapro, OTveTEM, 9TO B Opefesax
ONEGOK STH SHaYeHHA m(\bl>comacymca ¢ COOTBETCTBYNIEMH SHEYOHE-
m(lLf). OpencTaRieHHHME Ha rpafExe B padore . MOXHO BENETH, WTO
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00 9THEM JaHHHM TOp&SIo TDyNHee yrajaThk ToURy (A30BOYO Oepexoxna.

Ha pwo.3 KpecTRRAN® N30CDARGHH BHAYCHHS z , ToJydaemHe C MO--
MOED 00paGOTRE NADEMX pacmpefenerms [ , T.e. no dopuyzam (6),(8),
TOTRA KAR KPYXRSME IORASAHH 3HAYSHNA / » TOXYIREMHO C IIOMOMED IPAMO—
o BHUNCASEEA MeToxoM MouTe — Rapmo mo dopmymam (5), (7). M monaraem,
9T¢ LMA RANESHOTO ONPeNeNOHEA BOCHPNNMINBOCTA TPH BHIRCJNOHEN 6e ¢
MOMOBY IPAMOTO MORTe=-KSPJIOBCKOTO CYeTa CPONHMX BEAA 4',( 8 0OXOTH~
MO CYNMECTBOHHOE YBeJMUeHAE CTATHCTHIM. JTO O3HAYAET, YT ONpEREseHEe
¢ momousp (yHKIME pPACUDEeeNeHNA ABAAETCA OONes SROHOMHNM X HANCNHEM.

My cumTdeM, 9TO MMEHHO 8TOT cHocod, CBASAHHHE ¢ aywermeM (yHE-~
MR pacmpefefeHEA NNA pA3NAYHHX TAPAMETPOB HODANKA, NAGT BOSMOXHOCTH
HCCHIGNOBATh PASNTHHE FOPPONATODH X KODPORTHHM OODASCM BHUNCIHATH KDR-
TNYOCKHE HHXEKCH.

B szagapgeEXe Haw XOTeN0Gh OF BUPasSHT: dnarofaprocts M. M. Topen-
mreftyy, T.M,3%HOBBEBY, B.A.MemepakoBy, B.A.Marseery, 0.A.Moraxescro-
My, A.H.Cacaxany g J1.B.IRproBy 3a moXe3fHie oCCYXECHHS E NHTODEC K pa-
gore,
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SA30BHN EPEXOJ ZEKOHDANAMEHTA
BRIM3! KOHTHHYAIBHOTO MPEJENA PENETOYHOR KXN

0.A.Voranepckuft

HrcraTyT TeoperEdecroft dmsmrz AH JUCP, Kmes

I. Bpepenge

Bosee necard ger Hagan Baapcon /1/ & Nonaros 12/ OpeRAONAE DO-
meToYHyD Bepemn KXJ, ABXADNYDCA HemeprypoarEPHOA peryaspxsanMeft Hempe-
DHBHOR TeopRE. DRA3aNOCH, UTO TAarkad GODMyJHpPOBEA OGAANiaeT BPAXKROA 0CO-
GeHHOCTED, OGYCXOBNENER ee ycemHoe nDpEMeHeHRNe L OmNcanEd JRsNIec-
KEX ARNeHN? BHe DaMoX TeopEN BosMymemmit: KXJl Ha pemeTEe nomyckxaet
EHTepOpeTAlED B TepMEHAY YeTHpeX' SPHOI'O CTATHECTEIECROIO SHOAMORZ X
MOZeT CHTH KOCHCHAOBARA YECHCHHNMA MSTONAMM NpH JADCHX SHAYERANAY KOH-
CTEHTH cBASE. HamCoaee Boevaradoume ycmexda KXl Ha pemeTxe CBHBAEN C
opoBenoHAeM YECTOHHMX pacverod Ha SBM weromom Monre-Hapxo, xoropudk
ECHOAB30BAXCA pAHEee B 3A7AYAX cTATICTRAYECROR PHIEXE X $NMIEEN TBODAOIO
Texa. Ha 8TOM myTE ECXONZ N9 rarpaHxEana KX ynamock BWYNOXNTE HOTeR-
OdAX B3SEMONCRCTBNA RBYX HPOCHWX KBADKOB HA CONBMEX DACCTOAHMAX
(parAReHAe OTPYHM), CHEKXTD MBCC ANPOHOB, NapameTpH CHOHTAHNOrO HApDy-
DeANd KEPANBEHOR ONMMOTDER. MOHTe-XADEOBCKEE BHYNECJCHNS ODE KOHeYHOR
TEMIOPATY DS NOSPOANAN BEHMKCANT:L DapamMerTpd PasoBNX HepeIOnoE OCBOSOE-
ReANA XBADRGR /7JKoRPallHMeHT) X BOCCTAROBAGHEA XNDAXbEOR CEMUETDEN.

Mown)0TR coPpemennsx 3BM, omHaxo, THAROBE, UTO DOANBHES YNCASH-
HEe pAcYeTH MOIYT OMTh IDOBOICHK ANML H& PemeTKAX HOCOXHEOTO Dasmepa,
CONEPEANEX BCOTO OKOXO NeCATN WATOB B KARIOM MS YOTHPOX HAUD&PJeHEl.
B OBSSK C STEM BPONIPOC O ROOTEXENMOOTE HEOPOPMBHOTO NPEXSAA B MOHTO-
xapaoBcEEY KX[I-BNYECAGHEAX TPoUyeT ONOLMANFHOTO DACOMOTDOHRZ, JaMEag
gpodaema mMesT IBA ACHEKTA, BO-mepEEX, HeOOGIONANMO EMOTH NPREIEINAN-~
HYD YBEDEHHOGTH B CYROOTBOPABNN E ONMHCTROHHOCTE KOHTANYAILROIO Hpe-—
reas pemeroupof KXI, Bo-pTopiix, »axes mpaxTEdeoxkli POOpOC EATOXEOHNL
NONPABOYHNY KOSGIMNNOHTOB IAA COI'ZACOBAHEA DPOSYALTATOD MOHTO~KADNOD-
CKEX PAO%ETOP HA DeNETRAX DASANIHMY DASMEDOB.

Hoyuerme ofPoxTOB EOHOYHOrO PASMSDA DONCTEE EMRET CBON OLSIN-
JavecxEe 000CSHEOCTN » Demerotnof KXI-TopMoXNNAMENKE IPN PROONOTDPSHNN
JasoBoro mepexoxa fnexondeliEmesra. MMeRMO AHANNS STHI BONPOCOM ABAASTOR
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meJer NeHHON DaGOTH. B jampHeiimeM HSTOXeHHER MH OyIeM OGCYXRIATH TOAb~
RO rmoREHft cexrop KXJl, BcKmovYes M3 DACCMOTDEHAA IHHAMEYSCEE® RBADHH,
OpX STOM B RFaYecTBe KANRCDOROYHO TpymmH OyXeT DACCMOTDEHAa I'pymma

SU .

2. Tepwommasexa & {{ (1) RanEdposoumsx mosett Ha
pemeTke. IPPeKTH XOHEHHOTO pasmepa

Ha KOHE9HOU eBKJNMIOEOH pemeTRE C Mo *Np- yanamm ( NVg-,
[~ = 9RCJO0 WETOB DOMETHE COOTESTCTBEHHO B NIPOCTDAHCTBEHHOM HANpAL~
ZeHEM ¥ B HANDEBNGHEM MEENMOTO BpeMEHH) cTarcymsa o ¢ (Z) xaigdpo-
BOYHO#t CHCTEMd ONPEIRAASTCA ERTETDANOM

Z=Sndute, &7, ©
o

TIe ﬂ/a,v ~ azemenr Tpymm S (2) ,orBevanmutt pedpy (v ),
Uuv - wepa Xaapa Ba Tpyme S{((2). PemetouHoe mefcTEme

BEMeeT BEJ
Su=g 2L ({-+SplUp), @
Z(F = Z//«,v Z({) Z/{)‘a %sl/q .

3nech ﬁ = lf/ez(a), TIe gz(a) ~ roaad KOHCT&HTA CBASH, SARECAWAs
OT DAacCTOAHEA (. WMewiy XBYMd COOeIHEME y3AeMH 4/ B ¥ . Cymapone~
HEe B (2) Benerca 1O BCEM 5AENCHTADHHM KBAIDATAM -~ IiakaeTad. lpa
5TOM o0%eM V' g TemmepaTypa T CHOTSMH OHDEROJADTCA COOTHONEHEAME

V= (Npd)?, T =(Mpra)™ Cpemsee or mooit pexmumry A (2¢) zaeves
HATErpaIOM

1 -S (%)
<A7=Z nd%)lA(fff)e . (3)
V)

B wmogTe~RapIOBCEEX DacYeTaX TePMONUHAMAYecKEe BOJAYMAH BHUMCAADTCA B
pine JyEKnEd OespasMepHoff KOHCTRATH CBASH g" , 8 enuHEMnel MSMepe~

HER QHSAYeCRAX BEJHYEH ABAAETRT pemeTOUHAd HOCTOAHHAd (1 . B yacr~
HOCTH, IJA IMIOTHOCTH sHepram & H IaBneRMd f DoxylawTCH BHpAReHEA
(cM., nanpewep, /%) }
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ga'= 11[1?,& O 0>+ a4564< By B>~01203¢ 0 YY)

Pat=tea+ 25 BB - 28, ©

3pecr < > =4~ 5_" <5PUP>0~— ~ CpemBee OT MPOCTDAHCTBEHEONOJOGHOTO
mnarera (Boe pedpa XOTOPOI'O OPEEHTHDOBAHH B IPOCTDAHCTBEHHHX HampaB~
nemmax), < P> =~ cpelifee oT BPeMeHENOZOCHOTO ILIAKETA, COXeDRANEIV
IPa pedpa B HANDABNCRHRA MHEMOTO BpEeMBHH, < P‘a w> = LIAKeTHOE
cpesHee Ha CEMMETPHIHOR pemetke ¢ A/~ = A,
BOMESE ROHTAEYaNBHOTO npeZesna (mpg 4 —> O ) KOHCTAHTA CBA3M

g’* BHDARAETCA Yepes pemerodHhft mapamerp (A ¢ DONOUED GODPMYJH

aCEMITOTAYECKO CBOGOTH :

-2
144\ s an*
a/\L=(3—L,—,$—1— exp(- 7,7;), ®)

KOTOpad NO3BOJNAeT CONOCTABETE KawioMy 3HAYEHHD gz TeMIepaTypy
T= (Mpa)! (rouree T/AL ) u Tem cassm Hafita TepMOLARAMTIECKEE
BeJWduHE B BAZe JysKOuMi# TeMmneparTypH. Pemerounuffi mapamerp /] . CTé~
HOBHTCA ODX 3TOM yHABepCcANbHHM MAcmTadoM A BCeX GH3AYECKEX Xapak-
reprucTEX ("passepHad TpaHOMyTen®d"). Ero umcieRHoe SHAYeHde AmA
rpymm S¢/{2) papvo /A, = 5 MsB. Crporo TOBODA, ANA OUACAHER He~
npe;ii:anoﬂ OTATECTAYECKOR CHCTeMd B DAMKRAX peilleTOUHOR Te]MOXAHEMIKYE
AeOOXONAMO BHMONANTE HIBAa OperedbHHX Depexozna:

I. KomTEHyanpHHE mpegex QA — O , /Vo;/t/r—é oo [pR

fexcmpoBapmEx VY ® T .

2. TepwozgnamEyecksf mpezen V-—> o<,
C mpyroif cTOpOHH, MH MOREM Oz:NaTh (VIHIOCTH HENpepHBHOTO Lpexena,
eCIE B PEeRNETOWMHOR cUCTeMe XapaxTepHH} (asuueckmi Macmrad V¢ (Roppe-
JAEOHHAA JABHA) MHOTO GONBlIe HOCTOARHON pemeTEE (L ¥ MHOTO MeHBIE
ee aEHedANX paswepon L. = V73,

ag V. g L. 7

B cTermcTMYecKoR cHoTEeMe IDE BHCOKEX TeMlepaTypaX KOppeAAIMOHHAsT
niesa V. pasHa odpaTmof Temmepatype 17 = M@ , AR aTo (7)
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npespamacTCcA B HepaBeHCTBO
1 << Np << Noe . (8)

3amMeTAM, YTO B TepMORMHAMHYECKOM OpelieJie Ge3pasMepHHY napameTp VT;
IoameH CHTE MHOTO CoJiblle eNMHUMH, 9TO TAREE NAEeT HEpaBeHCTBO M~<</%;
Hackoambko Xopomd € 5TOff TOYRE 3DeHHA THUNYHHE DEIeTKE, HCHOJNb~
syeMHe B HACTOANee BpEMI B UHECHEHHHX pacuerax: A/~ =8 ¢ I2, A=
= 3 4+ 67 Ha puc.] npEBeneHO OTHOMEHAE MJIOTHOCTE SHEDTHE DemeTouHO)
KanaspoBOIHOS cHCTEMH é{’eu&- K IIOTHOCTE 5xEpI#E ANS8ABHOTO I&3&
ramonoR £gg= Z-'T'? mpa fuxcapoBenmol Temmepatype T = 500/,
5
I PasNEIANX sAaueHmi A~ . JlasEwe BagTH e #3 padors /Y. Tpa
maMegesr A~ 0T 2 10 5 3Hadesme pemeTOUHOH{ IOTHOCTH 3HEPIHE
MEHAETCA DOYTH B jgBe pasa. CrenoBaTedbHo, adfeRTH KOHEUROTO pasmepa
peleTRA BENERH K AX HEOGXOLEMO' YUATHBATH mpd O0padoTHEe MOHTE~EADAOB-
CRAX MagHHX.

Epeur
Ese Np=10
2b ™= 5004,
¢ o ~ MK namEHe Ind 69::«./653.

x - MK nenBNe nocJe yCTDaHeHWR
- afeKTOP KOHEYHOTO pasMepa.
CriomEas KPABAR COOTBOT-
creyer dopMyne (9) B Tercre.

Puc.I

Insi apeJHsa addeKTOB HOHEWHOTO pasdepa MH IpeRnarasM ECHOONL30-
BATH TOYHO pemaeMie MOJIOBHE MOIesM, T.e, TaKRe MOIEJE, T'He HSBecTeH
TQURHE OTBET LOCJe BHHOJAHOHET RORTHHYSAIBHOrO fipenesd. OcHOBHO® Tpedo-~
BAHME CQCTOET B TOM, WTOCH TARMG® DONEDHNS MOREJE NPABANBHO EIMPOKCH-
MEDOPAAH TEDMOENHAMEYeCROe MNOBeJeHNe KaNRGDPOBOMHOR cHCTeMH B COOT-
BeTCTEBYDUOM EHETEDRAne Temueparyp. [lpemmoxaras, IT0 OTHOmMEHRE peme-~
TOUHHX TepMONMHAMAYECREX BEJNUEH K NX KORTEHYANLHOMY HpoIeNy B Ko~
XEGDOBOYHOR ONCTOME R B pemepHofl MONeNE OINAHAKOBO, MOXHO HOJYYHTH
79 pemepHEOR MOIens TOIpaBOvRHe KOsddEmmeRTH ud=ep¢u..( ﬂ/o;M:)/ € 1
perienT yOoTDAHEHER a%bexron ROHOWHOTO DasMepa DeleTRE B KaINdpoBOYHOR
cacrede £ Y™ = (No A/ Y-

nemnq:anmlem a na.vmdponowaol TeOpEX mpefcTasader codoRl Pasonuit
gepaxon #3 Jasu KopdaltfMenTa, HpeACTABAADWER CoCoff Ies MACCHBHNX
6ecHBeTHHX RAAGCTEPOR —~ IG0JOB (amanor "AanpoAHoR™ fask B Teopmy Ges
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KBapROB), B Jasy "XPOMOIIAIMH", ROTOpas Op¥ BHCOREX TeMIeparypax Bexer
cedd MONOCHO HNEeANBHOMy rasy HBeTHHX 0e3MACCOBHX IUIOHOE (CM., HANpE-
wep,/4/). TMosToMy i OUEHRE >fHEXTOB KOHEWHOTC pESMEDA B RAYSCTEE
penepHo#f Mozeam MH BHOEpDeM CBoGOIHOe G03e-IONe Ha pelmeTKe, LPAYOM NpR
TeMIeDATYDAX BHIE KDHTHYSCEOH HpepaaraeM paccMaTpEBATE NOAe ¢ HyJe-
Bolt Maccoit, a mpr T < T ~ NoNe ¢ MaccoR, paBHol Macoe TMGOAA.
SanNeTEN, 9TO BOEpBHe B aToff CBASE (eaMaccoBoe 00ge-~NoJe AHAJM3IHDPOBA—
Joch B padore /57, Jna pemeTovHOR MNOTHOCTE 3HEDrHE épuu. npe
TepHOZNYECKEX FPAHEYERX YCJAOBHMAX B NPOCTPAHCTBERHHX HanpaBleREAX
MeeM

1 4
pew™ i3t };.(2:,)—'/; [cth(tparsh&)-1],

THe 3 2 L
£ - (30)'s 2o (),

Gt ® (B, M Mrrerwo,

J‘L Ot 4, e, :*:14_- (Mr“l) 5 Memwereiio.

B xosTEHyaNRHOM Openexe 4—> O .rVqA/F‘°°, V‘Co‘"ﬁ 9) nepexonEr B
fopMyay OAR MEOTEOCTR HHEPTAM ENSANBHOTO DENITHBHCTCROTO 60se-Tasa
B KOHOYHOM OOBEME:

Knu'r Z (A) [eXF(F"Qn)"ﬂ—&:

1 .n;—m

(10)

rme

)
’ 0&) [ﬁ?)(h}+ni+n;)+ h’lﬂ/z » ?‘-:T*&

/3

B TepMOIERGMIIEOKOM DDOXEXe V- oo noxyvaca s (I0) ropomo
E3BECTHYD JOpMyXy

&= szﬂ)i (K% mt)/"[exp(?\}“‘ 4] an
XoTopag, B YACTHOCTR, OpE M= xaer saroH Credapa-boxboMana:
2.
553 = _;’%-'_r'" . (12)
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3ameTAM, UTO LI ENSANEHOIO Iasa IJMOHOR HYXHO YMHOXHTE (opMys (9)e
(I2) ma napawerp BupommomEa O/=2(#2/) (upa omamomux & A4
LBETOBHX COCTOAHMSA IJIDOHA), KOTODHM, ONHAKO, CORDANAETCH B OTHONEHHME
Epeu. /E58.

B radnmue OpEBeiehH NONDABOYHHE KOSHEMNEHTH Y (M) =
= Epew. (M M)/ E<g Ina o0padoTRE MOHTe-KAIMIOBCKHX NaHHHX B
00nacTH TeMmepaTyp 1 > 1. Ha DONeTRAX C DABAMIHHME A , N,
BHYHACJIOHHHE Ha ocHOoBe fopmyme (9) mpr rn = 0.

Tadmma
A M| 8 10
2 |I1,73 1,7
3 | L 1,7
4 | 1,45 1,48
5 | ILI7 1,25

locne meJeHHs MOHTE~KAPAOBCKEX RAHHHX (cm. puc.l) Ha KoadpEIUEHTH
Y ( NrMp) B3 TaluMue  pesy’abTaTH NPAKTAYECKE HE SPACAT OT pas-
MepOB pemeTKHd.

OcTaBmAecH HeGOJBMME OTKJIOHEHHA NJAOTHOCTH 3IHOPrEA OT ODMYyJH
Crefana-FonsnMara, 1Mo HaumeMy MHAGRED, CBASAHH C GECHBETHOCTED HOIYCe
TEMHX COCTOAHME KanmGpoBowHO{ CHCTess kak meaoro. TpedoBaHAe GeclBeT-
HOCTH CHCTEMH IVIDOHOB Kark LEeJoro Ouwno /gaccuorpeﬂo B paMKax KBaHTOBOHA
CTATHCTHEKM ZReanbaoro rasa B padorax '8/ . ORazanocs, 970 Qg CHCTE—
MH B KOHeYHOM O0BeMe GECHBETHOCTH NPHBOAHMT K HMONDABKEM B TePMOJHAHAMHE~
yeckme GyHxmaw. B wactmocrT, maa S/ (AMlrmwounop mpa VT 33 { meeen

& == gssﬁ_a_‘;%ﬁ)_ (13)

Oruomenne 8. /S,rs npneejiedo Ha puc.l kak $yHROEA /Vr cnjomHoft nmgA~
el (ma Ar2 &4 dopvyaa (I3) CTaEOBETCA HenpAMEHENOH).

SpferTH KoHesHoTo pasmepa B fese xosfeSinmenra (mpx T < T, )
DOLPOGHO NpOoaHaIM3EpoRaHH B padore/6/ , BhudcjeREA NOKE3aM®, UTO HOI~
PEBKH H3~38 KOHEYHOTO DasMepa DemeTrA B IMOTHOCTEH sHepras mpE 1< Te
3HAUATEJHHO MPEBHNIANT MOIPABOYHHE KOSfATMeRTH A3 Tal/HIH,  KOTO[He
OTHOCATCA K OGJACTH TEMIepaTyp | > |c. IT0 OGCTOATENBCTBO OGHUHO HE
OPEYAMANOCE BO BHMMAHEE NpH AHAIASe MOHTe-KapIOBCKAX JaHHHX. Ero yuer
OPABOIAT, B YACTHOCTE, K YBEJEUGHED NpPEMePHO HA 20% BGJMYMHH MacCH
rakdosa, HallmeHHod B pesyapTaTe MOLTO MOHTE-KaDIOBCKUX HAHHHX LA
TepMOTUHAMAYECKIX GyHKME npn ] < Te /87,
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PaccMOTpHEM Temeph OGNACTE TEMUEDATYD | —~ | . . B 3TOM cayuae
Hé ynmaeTcs NOJNCKATH AUEeKBATHYD TOUYHO pemaeMyn NOJEEYD MOLenb, doc-
KOJBKY SHAHWS TAKO! MOZEeJA 03HAYAN0 OH N0 CYTH AHAIMTHIECKOE peme—
fdae npodsemy RoHJalHMeRTA. KpETepHEN CUAM30CTH XOHTWUHYANBHOTO Ipemena
CYMTASTCA NOCTOAHCTBO TemmepaTryph §iasoporo mepexoga HeroHPaliHweHTa
T, T.e. ee HeSABACEMOCTH OT pONETOURHX mapeMetpoR Vg 1 A7r.
Tipz ananmse sTof NpOGTEMH PecEMA LOMe3HON ABAfeTcA aHanorur $¢d(A)
KAIAGPOROYHHX CHCTOM ¢ 3-MEDEHME Z°,, CHRHOBHMZ CHCTEMAME, INA KO-
TOPNX DOJB OOpaTHO! TemmepaTypH ATpPAST BeJHYEHA = 1”/3 * (cM.,
nanpemep, /). Ha xoseanoft pemeTke B S (U (A)-xanmGpOBOYHOR TeOpME
KpUTHIECREA TOURA (B¢ ORAIHBAEETCA CIBMAYTOR IO OTHONGHED K TOUKe
fiasoBOTO mepexona p: Ha GecKkofHeuHoll pemeTke ¢ Vo =““nogodHO TOMY,
KaR 3TO AMEET MECTO B 3~MeDHHX omuHOBuX cHcremax 710,11/

Be (M) — ﬁ: = const- /Vﬁ:y, (14)

re Y= 3 B cayvae fasosoro mepexoma I poxa B S4{ (3)-cmoreme /10/
g ¥ =I/V = 1,56 nua fasosoro mepexona I poga B 3 (/£ (4)- cucTe-
Me/ 1L/ (Y = EpaTEveokMi EHREKC IJA KODPEJANAOHHOA IAAHH B TPEXMEPHOH
womenr Mamara X ).

Jopmyaa (I4) mnogs®oageT, B NpARONMNE, SKCTDANOJAPOBAT: DESYABTa-
TH pacYeTa KDETHIeCKOH TeMOeparypd He PemeTRH ¢ A= E TEM CAMHM
JOTDEHATE 3ABECEMOOTH | ¢ OT KOHEWHOTO DASMEpE DemeTHH. B padore’ 12/
c aToff TOUKM 3pEHMA OPOAHAIM3ZDOBAHA BCA COBOKYNHOCTD AMEDIAXCSH
Ha CerOJHAMAME IeHS MOHTEe~KapAOBCREX LAHAHX mmi S (2)-m SU(3)-
KemiGpOBOIRNX cHCTEeM, OCHOBHOR BHBEOX COCTOHT R TOM, 4TO HOCKE O0p&~
GOTEN MOHT@-RADIOBCREX JNEHHNX ¢ HoMOMEND dopMymd (I4) sHageHHs
HA PEeDETREX ¢ DASANYHHME A/~ FOpasio xydme COTJACYDTCHA MexIy codoft,
XOTA 4 HMEDTCA HECOXBNEE DACXORICHEA. OTH DACXOXIESHEA MOTYT ONTH
yCTDEHEHH NpPH HODONLBOPEHMN ACHMMETDUUHHX DemeToR ¢ Ay ~ AV E

Qe/Qr >3, TI8 Q¢ , Q7 =~ COOTBETCTBEHHO DAP DEHNETRH B

IpOCTPAHCTBOHHOM HANDABXGHEH M B HANDABJCHHE MHEMOTO BDEMOHH.

3. JexongafiuMenT: cpapHeHde ¢ Teopdeil BoIMyueRHH

PacomoTpenie, mpoBefeHHOe B NpemEAymeM Dasfene, RaeT OCHOBaHEe
BEepATh B TO, 9TC OOCAe yCTpaHeRuA sdPeXTOB KOHEUHOTO pasMepa MOATe-
KapI0OBCKNe NAHANKO, BHUZCAEGHHHEe Ha KOHEYHO! pemeTKe, OMUCHBADT TEDMO-~
IREQMEKY XaxmGpoBOYHOM CHCTeMH BOAR3N KOHTHHyambHOro mpezena. Hosrosy
anaANs MOHTe-KAPNOBCKAX IAHRHX NOSHOAAST A3BJERaTh (AsEYecKyn REfOp-
MAUEY O NOBSJICHEN HeINpepDHBHOR CECTOMH B TOH MR #HHOH OGNSCTE TeMIepa~
ryp. Ha puc.2 NpEBENEHO OTHONeHEe IIOTHOCTE sHeprER & 5/ (1)-ranm-
6popovuHOff cEcTeMd x npezexy Credamsa-FoarmMena &¢e = 15’.-21“" , BHUHO-
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JIeRHOE HA DemeTKe IO3 x3 /%, JPfeRTH ROHETHOT'O pa3Mepa yCTPaHeHH .
JeJICHEEM MOHTEe~ReDVIOBCRHAX IORHHX H& NONPABOYRHE XOSHIRLOHEEHT K3 Tal—
JHIH,.
Dlannue Ha pMC.2 COOTBOTCTBYOT (PasoBoMy mepexomy II poja ¥s fazu KoH-
faftawenra (SecupeTRNe TMCOMN ¢ maccoR Mg = I,2IeB /6/) B gasy
"xpomomasMs", OpeNCTARIANUYD COGOR T'az IBETHHX G&3MACCOBHX TAOHOB.
TemmepaType nekonfafiuMenTa paBHa ¢ = 43 /\; == 2I5 MoB. IIpE ouers
BHCOREX TeMNeparypaX | > Tc BuammomeflcTBHe MEXNy TUINOHEME MCUesasT K
CHCTEM& NIPeNCTRBAACT CoCoff CecUpeTHHE P IEJIOM WeCTEEDETHO BMPOXISHHHA
RreanbHHlt r'as GesMECCOBHX Gose-gacTill, ommcHBaemuft fopmyaof (13)

(na pHC.2 8TOT mpemea 0JOBHAYEH OCIIOMHOR JHHEEH).
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Hackosbro GHCTPO XPOMOIIASMA C POCTOM TeMIOSDATYDH OPECAEXAETOH K
HEe&NEHOMy Tasy TVmOHOE? Ing oTBeTa Ha STOT BOIPOC YAOGHO pACOMOTDETH
BeANYRAY 8=£-3P (p - NIeBNeHNS), RASHBASMYyD MepOf B3AEMONEi-
oTERA (IAA_ENeanEROTO rasa o = 0). Beamuna O , BHYECJEHHEA Ha
pemerre I0¥ x 3 ¢ yveroM affexToB KOHeYHOro pasMepa, HpHBSTEHa Ha
puc.3. Bugpo, 910 oHa mMeeT mEK mpH | = 55 /\,, saTeM DesSKO cmazasT
I Hy:dA, TEX 9TO mpA | .2 200A L CECTeMa BemeT cela HOIOOHO MReans—
AOMy Tasy TINOHOE,

Jio npoBeNieHAR YNCAGHEHX pacYeToB B pewWeTOUHHX RAAEGPOBOYHHX Teo~
PEAX ONACAHHMe XPOMOILIASMH BEXOCh B DAMRAX TEOpEM BOSMymeHwd, pasBHTOR,
B uactrooTH, B padore /I3/. B Hacrosmee BpeMd EMeeTCA BOAMOXHOCTH A
CcpaBHEHRA pegyXbTATOR TEODHE BOBMyNOHH! C NaHHEHMMA YHCJAEHRHX DacYeToP
¥ ODeEKH ReneprypdaTuprix ofifexroB., Breppue Takad 347898 OCHAS NOCTAB-
J2Ha B padore /14/p paMxax MOZenE MOmROE. B aToff Monmen® IIOTHOCTH
sHeprEE &£ N XaRnem¥e P BEMACHBANTCA B BHZS

8 = 81‘.3_“’ 81
P = Pra-8,

Ife JACAGHHO SHATERHE KOHOTEHTH & (paxyymEoe naBsemEe) DEBHO
) Yo_ I90 MsB. i mepH BS&EMONORCTBRA 8‘ Hosyuaercd BHpaxenme
(senmiena §ra—3FPr.g Mara 0o cpapHeRE» ¢ 4 2 /1%/)

o =E-3Pp=4RB. (16)

B /I4/ npoBezeno CpaBReREe BEANIKHH ‘/8/"{"" C MOHTE~RADIOBCREMA
NAAAHME, OPXBelCHALME Ha DHC.3, H OTMEYeHO, 4TO B Mpelesax OMHOOR
"YHCNCHHOIO SXCOEpEMOHTA" OHE cOraacywrcd. Ha OCHOB&HHE JTOIO cHejaH
BHBOX O TOM, 9T0 Hemeprypdarwpaue oHPeRTH B xpoMonJasMe IOJHOCTEHD
ofpefieanTcd BaKyyMHHM xanaeHmeM B , a Dasopuit nepexon NeROHPARHMeH-
T8 DPOHCXOXZKT B COOTBOTOTBHE C MONSABD MEMKOR.

Ha gam BSIaAn, STOT BHBOL He COOTBETCTEYOT NEACTEATANBHOCTH IO
IByM OpSEReM. Bo-mepBux, neRonfaffHMeHT P MONEAR MeNKoB fBagerod fa~
DOBMM mepexoxosM I pola, B TC BpeMdi R&8R B S 174 Q)«mdpomqnoﬂ OECTeMe
EMesT MecTo (asomu? nepexox I pona. Bo-BTODHX, 4To Codee CYMECTBEHHO,
noxe genon OPOTHBODOYET MOHTE-K BCKEM NAHHUM I BeAENIRHN

OOXyJeHENM B DAsOTE H NpEBefeHEHM Ha PEo.4 (mocae
ﬂrpa.nem a@exmn KOHEUHOT'O pasMepa), MOCKOMEKY B MOKEAE MEEKOR
w0 . 0TMevYedHOe OLOTABODEUNG SACTABAAET HAC HPOBEOTE 0ONSe THE—
TeAbHOe CpaBHeHEe MOHTEe~KADAOBORNX IAHHAHX RA DHC.2—4 O DPOSYALRTATAME
TEOPKE BOSMymoHER. I S5TOTO Jorapkfm crarcysul KeaRGpOBO4HOR oNOTOME
OpencTaPEN B BEe

éh Z'_‘_Z”Z'l'.g“" _B_'(_IQ_\_Z’ (I7)
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rIe Deppoe cJaraeMoe OTBEYEeT TEeOPHR BO3MyueHRlt, BTOpOE caAaracMoe
B Hamdosee olmeM BEle NAPAMETDE3YeT HeleprypdaTEBAHE BrAan. Ipk

8= M (I7) cootBercTEyer Momeax memkos. Ha (I7) mna wroTHocTH
SHEPI¥E A JABXeHES HoJyYaeM BHpAXEHAR

€ =&ére+BM-8'MT, (18)
P= Fra -~ B(D.

(7
Besmragas &rg B Prg, © TOIHOCTHD 0 (4’) mwumrcrem: Havm » pasmax
TeODAR BOSMyUOHEH HA ROHEUHOE pemeTRe, NpeIIOxeHmoff B padore /I6/
Peaynsrar Ha pemerke I0™ x 3 Emeer BEZ

Lre = 343-01264%, (19)
i

Ore 2 gy , 3 (20)
= = (849 924")10" .

Kpupne, coOTBeTCTEYDUEE (fopMyxas (I9)  (20), npmpefeB Ha puc.2,3,4
P PEfle OYHRTHPHHX aupudt (spferTH ROHEUHOTO pasMeDa PemeTHA YCTDAHEHH).
CpaBHepEe C MOHTE~RAPIAOBCKEME JGHBNME I OAOTHOCTY HHEpPTHH IORask~
paeT, HAUEHEes ¢ Temmeparyp T = 50/ . , BeckMa GRUSKEX K KpPETNUECKOH
resmeparype | e, UOAHOE COBIALEHHE B OPelieAAX OMNGOR DOSYALTATOB
YHCJIGHEMX DAcYeToB ¢ TeopHeit RosmyueHmd., B TO x& Bpemd HellepTypOaTEB-
HHt BREAN B BOJNIHHY 8/']"" HE puc.3 ocraeTcda CONLWNNM B HHTEpRAse
50N, <T < 200A, . 3T0 PechkMA HeTDHREANBHOE OGCTOATEABCTEO IOSBO-~
JdeT BHYHCHETE HenepTypJaTHMBAHE BRAAN B CTATCYMMY KaIMODOBOYHOK CcHC~
Temi mpE | > 50A, . IeftcTeEeeasno, mpE £ =& T @.noxydaeM @s (I8)
ypabHeme AXA oupegexcsdd pemwammy B (T) :

(2D)
R'(r)T- BT =0,
PexcHEeM KOTODOTO fpaderca FyExmas
R(T= AT A = const, (22)
JInq xepy B3aEMONeicTBEA, OpeHeGperad BRIAIOM TEODAE BOSMyWeHHH, noxy-
986N S\ 3A i
-y — -;_ﬁ . (23)
B TO BpeMd &K IIA BeNEIEHH "T'—ag—g IONyYaBTCA COOTHOMEHES
Y ) (24)
T g T '
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M: npopepram, uTO IpR SHEYEGHAR A = I.35‘105A z dopaym (23) m
{24) nongocTHED COTAACYVTCA ¢ MOHTE-KADJIOBCKAME IGMHHME, HpEBENeHAHHME
Ba prc. 3,4 COOTBETCTBEHHO,

TaxEM 06pasoM, DapaMeTpHSalds HenepryDOATHBHOIO BRA&IA B cTar-
CyMMy ReJEGpOBOYHO# cacTeMd B BENe JmHe#HOX JyHKUAR OT TEeMoeparyph
(22) mosBoager OomACATH BOD COBOXYHHOCTE MOHTE~EADJIOBCKEX NAHHHX A
TepMOERAMAIecREX fySRUMHA, HATepecHO OTMETRTR, YTO NpPH STOM BeJAMEHA
® (7) ra mavepsane 50 < T//, £ I50 memsercd B npezesax

180 MsB < R (73 <250 MoB. (25)

HmveHno TagRe 3HAYEHW BARKYYMAOIC NABASHEA B BHOEDADTCA B DasAMIBEX
BApPHAATAX MOJCHE MEEKOB ODE OIMCAHEHE Aas0BOTO mepexona meRoHPafEMeHTa.

B sagmouenre avrop oxnaromapEtT M.M.lopeamrefira, I'.M.3MHOBREBa H
B.K.MeTpo@mRREA 38 DOJe3HHe OGCYXKNEHAA, CTHMYJMDOBEBEME HAIACAHRe
IARHOZ padoTH.
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TPYIIH BHYTPEHHE! CVMMETPMM ¥ MX PEANMBAINA B IIPOCTPAHCTBE
M/{HKOBCKOTO

X.M,BemToep
HHCTRTYT AmepHHX uccaenoBamu#t AH CCCP, Mockma

Kax oGwuno, OyInem npenmolararh, 4YTO HAN eTCA 4eTHpeXMep—
HHM E B 3TOM MEPS peasm3yeTcs rpymma [Iyarkape-— {KOHSTHOMEDHHO
HpeIcTABIeHNA), B 9TOM YeTHDOXMEDHOM MUDE DEAHSVDTCH (OYNeCTBYDT)
BexropH Xu , fo ( o ( X,t) ects dymrmis or X, 7 nmepamerpa
rpymma U( 1) -t. Tepamerp ¢ - durcmpoper! Je . QAKTHTECKH,
3THM BEKTODAM MOXHO ODHIMCATE MHIEKCH X/u, , pﬁ_ (ecqm COH 5TH, BERTODH
IpmiamTeRaE O, Hampmvep, SU (2), To HymuO OWio BANECATE Xk ) Py
=1, 2, 3), T.6., OHH ONPeReNA0TCA B HpOCTPAHCTBe C OLHOMEDHOR mome-
peuHof pasMepHOCTEO (T.@. B MPOCTPAHCTHE C BHAGKCOM ¢ =I). ToIrma cram-
RaprHAs adeqesa reopea U (I):

Vi), D09, Aulds,
W) e Yoy § (x)=e;°‘“’§f(x£ ,

Au(x) = Au(n) » 23 (¥), Fup = Ay~ Ap s D
Z = &’(){)/f‘(@u -ie A (x)) Wex) - & Ly P,

MOXET PEAJM30BATECA B TAKOM Y@THDEXMEDHOM MNOCTpAaHCTEEe (C HHASRCOM

e=I): Tt 4
Yo, ¥, A (%), d(x).
T.e. U(I) — TOOPHA MOXOT OHTH BJIOXEHA B BHMEOYRASAHHOE YOTHDEXMEDHOE
HpoCTPAHOTBO,
C rpymmoBof TOUKM 3peHUMA, 6CJH PACCMATDEBATH amrefpy rpymm [y~ .
amRape:;

[fu, £ 1=0, _[Mf‘”: ] ”(jﬂa’ A -;,,a-/%),
[, %"'j:" (g,gn e ~rp Mua + @
+gud I = gor Mpud, \
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E reneparopy {/{(I)-npeodpasopanns-I :

£1,11=0, [1 MuoJ=0, LI, Pul=0,
E N0 HMM BOCOTSHABMWBATH COOTBETCTBYDINO MRJHE IPe0oCpPA3OBAHEA IDyIN,
1o Hasmame adenepolt {J(I)-9acT® OyGer NPOABIATECA TONEKO B BENO MHO-
ERTENA, YHCIO adeNeBHX RoMMyTHDYMIEX NOITDYNO MOXeT OHTH CKOJE yIom-
HO BeXUK® H IDX STOM CTDYKTypa IPymmH [yaunape He OyZeT HIMOHATHCA:
[Ii, }:IJ =D: L.J =.{,"')/Vs
[Ii, Mus1=0, [Ii, Bud=0. (4)

(3)

T.6. B NPOCTPAHCTBE, OUPARVIAGMOM (2), MOEST CYWOCTBOBATDH CKOJE YTOIHO
MHOTO a0eJI9BHX U(I)-nonmynn.

MOBCKOI'O
HeaOGJIB_BadSU(/V)-Z'eopm ; . o
Yo (x), ¥7(x), Age ()= Anlx), &, ¢~ 1+M & [ K41,
L1—"I(x)=e""-%€ Y, ¥ =e"“‘!fw} Yoy o
Biy =0 Ay =0 A g LAw AT, A= T Ao
A (x) = A (y) + [A# el J° tg- Gud'(x), dfx) = Ta' [xj,(s)

L= Pf (- Au) iy - bw F

t

T - renepatopst rpymmSU (V) cogepmur(V = 1) mponsBoMERX pyERIHE
& (X), xoropHe cumTanTcs QyHKumeR X . Cawm »TH gyHxmm ol’(x/MomH0
OYHTATH IApaMeTpaMA rpynnuSV { ), aBHo sasEcsmEMm ot X . .

PaceMoTpaM Goxee ofmmit cayvalt, Xorza napaMeTpH IDYHIH - &’ ABEHM
06paBOM COXePEAT SABECEMOCTH OT (/™ -I)- mapameTpOB rpymmtSRAA) 1
o X, d'=L{x. B sroM cayume arrespa rpymm I x SU(W)sameeroa co-
oTHomeHMeM (2), NONOJHEHEHM . COOTHOMERHAMN

CET ¢ 1=cf L5 [, T-0, ©
[Mpe, T41 =0,

¥ 19 cBoefl peasm3ammE TpedyeT npoc-x-pancrao/ 2,8/ ,(/1/ +4)-paauepnocm
l(/V "-I+I(9 IApaNMeTpOB (S U[M) - I'pPymna ecTh Irpyllla BEyTDEHHOZ cmmer—
PER H ABNAeTCA HeHApymeHHoR), KarR yrasuBaJsock B H. I, IpoCTpascTBO
MEHROBCKOTO €CTH OPOCTPAHCTBO C MENERCOM,DABHNM OJEHENE. M BJOXeHWe
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OpOCTPaHCTBA C IPYyIIO# CEMMeTDR P35l [y) B TAR06 OpOCTPAHCTBO MOX—
HO OCYMOCTBHETH TOJILKO B TOM CJYYA6, 6CHE TPOACTARISHEA I'DyIHH SU[#).
KOTOpHe (TWOGAIBHO) BRIANHBALTCA B HPOCTPAHCTBO MEHKOBCKOIO,ABIANTCH
CHOJIAPHEME KOHCTPYKIMAME I'DYIIH SU{M) 7 HO 3ABECAT or(/V "—I) napa—
M6TDOB, T.©. MOTYT DOAJE30BATECA B NDOCTDAHCTE® C MHNGKCOM SIWHHIA.
Ipm aTOM, KAk GHIO oONpeReJoHO BHNS, JOKATEHO MH MMEeM IpOCTPAHCTEBO
pasmeprocTR A4/,

Ecsm ciadeTpHA TpDyOHH SU(A/),nomoch HAPYmMEHA, TO COOTHOMEHHS
(6) MexIny TI'eHepaTOpPaME IDYINK T* ne OyIeT BHOOJHATHECE E B oO0MeM CIy-
wao womsuo mozarars [ 7%, TV}« uanpmeep, B cayuae mapymemon SU(2)
T‘:(g g} T gg)} e (b' _e) ) ¥ PeaJHSAI¥A TAKO HADYMOH-
Holf cmvmeTpEM B mpocTpaHcTBe MEHKOBCKOTO OyHmeT oCcymecTBIATECA IO CXe-
M8, omacanxol® B m, I,

Bume MH HPeIONATAJE, 4TO HET HERAKOR CBASH MeRIY I'eHepaTOpaME

OpOCTPAHC TBOHHOTO Hpeolpas30oBaHEA Mfﬁ' ¥ reHeparopaMa I'DYIN BHYTPeH-
Heft commoTpRH, PaccMorpmM uacTHHY ciyuaft, Ror'a Taxoe COOTHOmMEHHZE

MOEHO YCTAHOBHTE,
I‘eneyro "ppamexas” /7”9 ABJIAeTCA 6 KoMmoHeHTOM. Ero momuo dax-

TOpUSOBAT
M= (Msx, M/s) Mu),
N :(Mu; Moz, Mna):
%=k (M+iM), [=1+3,
Kz=f(ﬂz""’%/’ (7
LY, #3120
%~ SUpy,

K[ g S-[}-(Z)a

Ha ZBa reﬂeparop&.?} , /7; C TpeMs KOMIOHOHTaME y Kaxfioro. LycTh ,Z
im?ema TeHSPATOPOM TPEXMEPHOTO BDAMEHAR B MDOCTPAHCTBE X , f W Z
( v - varpums laym).

Ipexnoyioxas, 9TO I'pyjHol BHyTpeHHe# CEMMETDHH ABJAAETCHA IPyINIA
50(2) ¢ TenepatopaMe 7y ¢ =I, 2, 3. TorZia Mi MOXaM OTOXNSCTBETH
TeHepaTOPH NPOCTDAHCTBEHHOTO "BpAmeHAA" /, C TeHepaTOpaME BHyTpeHHeH
rpymm SUt2), T

4 —
T2l = (69D = (4ta%). (8)
(8) aBTOMATHYSCKE BJIEYeT 3a codoff, YTO MPOCTPAHCTBO BHYTPeHHeH cHM—
MeTPEE K IPOCTPAHCTBO X, [/ , ¥ FARIANTCA TOKNGCTEEHHHMA.

Vlyemio pe-
MeHAAME TAKOT'O THIA ABIANTCA DOMEHH, NONYYEHHHE B pado'rax/ 4/, .
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Kax peand3ocpaTh TAKYD IOPOLEIAYPY B ciyuae,KoTAa I'DyIa BHYTpDeHHel
CEMMOTDEM ABIASTCA GoJee mEpoKoft rpyrmoff, 4eM Ipymma "Bpamem”SU(Z)?

O¢HgHO! mpormemypolt B STOM ciyuae ABIASTCA BHDPO3AHNS rpymmusl U(2)
H3 IDYIIH BHyTpeHHe# cmHVMeTpHM SU(/V}/ 5/ . Hym#o omerurs, uTo aTy
OpOLeNyPy HENB3A NPOUBBECTH,HO HAPYUMB CHMMETDED SU(N)m oV (2)
{cM. cooTHOmeHMe (6)).

B cynepcmMMeTpHNHOM ciydae odpefmHeHye BHYTpeHHelf ¥ mpocTpaHcT—
BeEHOM cEMMOTDHH (Xfo) MORHO CHOJATDL HOTDUBMAILHHM, B B {4+ )—mop-
HOM n'poc;paxcme-apemean anxreCpy CyuepcIMMOTDPHUHO# I'DYIIH MOXHO OIpe-
.z:e.rmu/ 6

-~ v
— = _ (9)

{0z, Gl=2(T)g R
))* mpoderaer 3HAueHUA of 0 #o 3 + M (0 — KOMIOHeHTa BpeMeHHas),
a p, & - MHIERCH GWDAKOBCKEX MATDEI YHORNeTBODART (4+ M )-MepHoft ai-
Tedpe Kimxpfopma: s

{77 17} =247,

/L“T [ ( e -—) .
Helxgomomoe TMPOICTABISOHNS 2TO# &MTeCTH COCTONT B3 MATDEN DashiPHOCTH
21521 (D= W +4, [DAT - neras sacts /2 ).

Ilepexoxn or (IV @-Mepuomeng?c'rpaﬂcma B 4-MOPHO® OCYMOCTBIASTCH

¢ Homom:rn pasmepHol pexmyx z 23 (I0), B aToM caydae HOXyIaeT—
¢ COOTHONGHES®

{Qu, 07&].} =2(/j,ésé;' B, (1D)

A, ﬁ, y=0+3,
//y- MaTpEmy Jupaxa, B - YETHDOXEMITYALC, XOTOpHE SBISSTCA AIreé-
poRt DACIHMpPOHHOH CyNepCEMMGTDHE.
. PoSyJBTRpYIGan PeXYUUDOBANHAA TEODAA MHBADUAHTHA OTHOCHTEIBHO
0 (¥)-x Mroynepcmmorpma ( M =27A] ¢ roumocTmd Ko MuOEETENH 1/2,
M -~ 9u0JO0 MAMODAHOBCKWX CINEODOB 0; (¢=1,...,M) B 4-X EEMepeHUAX),
ATredpa DPOCTPAHCTBOHHMX ¥ CYNODCHMMETDAYHEX IPYIN Hpeodpas3oBa-
HES TOTHR ONpeAeiAnTcsH Bupamenmamm (2), (II) u
L-QM', Mf,yj =t (ﬁvﬂv ap Gf.‘:“ . (I2)
B cymeprpapar: 8/ , obbommrmanell cymepcuMMeTPHD C IpaBHTAnmei,
nepexox or{} +4-mpocTpaticTsa ¥ 4-TDOCTPAHCTEY NPEBOGAT K OTIOILIGHED
opocTpaHCTBA padmepuocT /Y , KoTopas IOUNHE KOMIAKTEPHIEDOBATHCH, W
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Op¥ 3TOM HOJA CTAHOBATCA MACCHBHHMHA C MACCAMH NODPSEKA ILIAHKOBCKOH
MACCH (f"'p%{e.IOI9 TeB) (cp. m. 2, rme MaccH moieft ecTh HyJNb, & MACCH
9acTHI ONpPeieJIANTCs pasMepaMi meficreusa moy (rpydo TOBODA,pasMepaMu
00TacTH KoHpaitumenTa).
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HOBWE SKCIEPHMEHTATHHNE JAHHHE
[0 KYMYIITHEHOMY POEINEMD YACTVL PEIATVBHCTCHAMH
AIPAMK

B.K.Bompaper, I[I.4.3apycun, A.T.IuTeunenko, K.A.llanedparues,
B.C.Crasusckat
OCbeiuAeHHEN MHECTHUTYT ANEePHHX sccaenopanuft, Iyoua

C MomeHTA npencraserys A.M,FaiguHHM 24 HOBOT0 PuUSUYECKOTO Apje-
HRAA - KyMyJIATHABHOIO AzepHoro adferTa M saTeM SKCOEPUMEHTANLHOTO He~
CImenus sm.ue}ra? KyMYJATKBHOTO MES0OHOOUPASOBAEMA B peariyy

o + Cu~li, Npomwro OATHANOATEH AET.

38 3TO BpeMA NOAyYeH CONbIOR HAOOD SRCNEDAMEHTANBHHX JIEHHHX [0
KYMYJATHEHOMY POXIEHMD YACTRN DeJATHBACTCHAME AZpemMy npi Mccaelone—
HUYM MHEJDOSWEHHX pearuiuft

1(¥,9, %P, d) + T (D, ... v)=4(75 k% p,n,d, t,He)+ ...
B MMPOKOR odnacTm SHepruft HajeTAMIEX qac'mu, \:xuors Ko 400 I'sB, 3tm
9KCTIEPMMEHTH COHJM BHnosEerd B OWAM, UTI®, Epdi, JMA®, WIB3, HA yCRO-
purenax B Barepum u Feprmm., B coBmecTHoM OMAU-JIZPH BECUEpAMEnTE
NA-4 poxyvemH ,uamme 0 TAYGOXOREYIPYTOMY (j+ - f'*/w + . .)~PaCCEAHUD
npu Qz ~ I00 I'aB # X>L.B 9RCIEPAMERTAX, EJNOAJCHHHX B Crangopma,
H8y1eHd ORoJomoporosie (&, e )~pearnmm HA ALH:X & KYMyJASTEBHOR oGnac—
TH.,

B sTEX HCCAENOBAHMAX OCHAPYNEHH ACAMNTOTHYECKHE CEORCTBA ANEpHHX
B3aUMOniefcTPH, NpOABNEeHne DANA YHAREDCANBLHNX XapakTepPHCTUR alpOHHOR
MATEpHM, ONHBKO ABJE€HWe HACTOJLKO MHOTOOCDESHO (38BHCHT OT QPOMATOR
KyMyZATHBHEX 9YaCTHIl, ATOMHOIO BECA CTEJKMBALMAXCA ANep, SHepreTAYec—
KMX XADAKTePHCTHX X T.X.), YTO H B HACToANee BPEMA SKCIEDHMEHT NOSRO-
JAET UIYUATH RAYECTECHHO HOBHO BAROHOMEDHOCTH, KOTOPHe MH K IPOHCTa-
BHM B HacToAmeM JO €.

B Hammx padorax NONYOPKABANCCE, 9T0 CTOARHOBEHHS DPeJATHBHCT-~
CKEX ARep NpH ONpeleAeHKHX YCNOBMAX [PGHCXONAT He HA EHYKJOEHOM, & Ha
KPAPKOBOM YpoBHE. PejATURACTCKEM WHBAPKAHTHNM O0COCMEHAeM KDHTEpRI,
BHIENANNEro O0AAcTh, B KOTOPOR KBapKH NPOABAANTCA K&X NBAEHCBOOOXHHE
dacTETH, ABMeETCA . Px 2 (P: P 15 5

- mfelRRM]5, o
rie P, m P« -vYeTupexmMuymbcu ¥ MSCCH YACTHI, NPUHMMADUEX FYACTAE B
PeBRUMK MHOXECTBEHHOI'O POXIEHHS
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I+0— {+2+.,., (2)
dusuaeckult cmuca gopmysa (I) cocTOMT B TOM, UTO OpM HOCTATOYHO GOJTB-
UMX OTHOCHTEJEHHX CKOPOCTAX psaumolleflcTRiE MexLy KBEDKSMH—KOHCTHTY-
eHTaMM OOBEKTA | M KBADREMM-KOHCTHTYSHTEMZ odkekTa K oCJadeBacT
HACTOJBKO, 9TO €I'0 MOXHO DACCMATDHBATE 10 TEODHMH BO3MymMEHUft.

To 00CTOATENECTEO, YTO KBADKM MOXHO DACCMATDPMBATH KAX KBESACBOGOI-
HHe YaCTHIH, MOBBOJNAET HAM MSYYaTh KX pacnpellefieHue B AIpEX. B uacr-
HOCTH, 3KCMEPUMEHTH IO U3YYEHHI NpeneabHo dparmenTalday Afep NOIBOAA-
OT 43MEPATH NapaMeTpH KBapK~napToHHOR CTPYKTYDPHoR §yHKUMM Axep
38BUCUMOTO ( HEe CEBOIMMOIO K OJHOHYKIOHHHM) OC0BEKTA BHDOHHOR :Ims.mj- /

B Hamux skcrmepUMeHTaX H8yuaJsachk nNpepesbies ¢parmeHTaUMA Anep B 06—
JIACTR gu 75 1 £ Zm £ 15. HauGonee NOAPOOGHO HCCAENOBAHO O6pPA3O—
samne [F-y I - mesoHop Ha 20 smpax (IL) nox melCTBUEM DPOTOHOB X
zeftirporos (I) ¢ seepruedl 9 I'sB non yraemu, dimskuvz & I680°. MMmyscu
pOTBCTPUPYEMHX MESOHOB COCTERIAMM OT I25 MaB/c ;o HpeNesBHO JNOCTHRA-
MHX B 3KcOmepuMeHTe. HumHAA rpanuila cedeHull, NMOCTHIHYTas B 3KCIEeDHAMEH-

T8X, COCTaBJIMEeT A a6
A~ Eap = 5-107%6 cu?. TeB~2. ep L o3,

970 COOTBETCTBYeT MMITYJBCY nuoHop I,2 TeB/c ( Zﬂ & I5). OcoGoe BHu-
MaHve OHJIO YHIeNeHO OGJACTH, KUMHEMATAYECKHE DANPeNeHHOR IAX ONHOHYRAOH-
HWX CTOJRHOBeHu#t (KymyaATHBHH# 9difieRT)}, TAK Rek COTIJIACHO pPASBUHBAGMHM
OpENCTaBNeHyAM BTU JAHHHE CBHIETENLCTBYWT O CymMECTBOBAHMEM B ANPAX
MYJILTURBADKOBHX KOHGUTypauu#t u cpepXCHCTpHX KRApKOB.

CeueHme 3THX NPOLECCOB NPONOPUACHANBHO KBapR~IapToHHOR CTPYRTYpHOR
gyuruun Aaxpa. CpAsp cedeHnl co cTDPYRTypHoR dymmuumeft, npencrapadomes
cogoff pacnpelelieHMe KBADKOB N0 MMIYNBCEM, &DAIOTHYHA CBASH CeYeHus
HYRJIOHHOT'O CTDMNIMHIa € R”AHpaTOM BOJHOROK (yHKUKE B HMIYJIECHOM Qpel-
crapNeHAn, B pesyapTare usuepemﬂ JCTaHOBJIEHH cjexynmue cpoffcTsa
CTDYRTYDPRHX fyuxuut G ( X , P ), TIe X-macwradued NepeMeHHBS ,0npe—
neJeHHeA B uHTepBase 0 < x<A (xywmmnnum sfPeKT COOTRETCTRYET
X>4n

I. B odnacrz 0,6 <X<3,5 6 (X, P; ) oGnANeeT YHEBEDCEJBEHMA
ceofloTRAMA IAA DASXWYHHX ANED H lOlB‘l‘ GHTH ANRpOROEMEpOBaHE $opuyxok
G (x,0)~ const - An ®, exp [~ x/<x>]

(cm.prc.Ia). B npemeasx I0% T09HOCTE HAA cPemHUX B TAXeAMX Amep <X =
0,14, (Ipamoe uSMepeHHMe KBEPK~NADTOHHOM CTDYRTYpHoMt dyHRUME B ®KCIe-
pUMEeHTax no mydoxo7eyupyrow paccesHun MOOROB npu X >1 Tarze nano

speveme <XP#0,I4/° ) Noraserem cremems m (X) = 2/3 + X/3 zan
wATeppana 0,6 <X &1 u m(X)=~4 mpr X>4 u A;>20.

2. OTHOmeHMe HOPMMPOB&HHHX RA HYRJAOH COYEHHY péx.uemm MROEOB H&
Axpe CBMENA K COYEHHD pPOXNeHMA NMHOHOB HA Axpax D , He, AL B sapm-
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camocTu OT X (cM, gpc.2) NONYYRNO HEIAPHO TONTBepXIeHAe B SKCTEDUMeH-—

Tax EMC/ 6 R CJIA.K/ no IIy0OKOHeyNpYT'OMY DACCEAHMD 8JEeKTPOHOR He Af~
pex.
15{.-\ a -..' Io} uTlg—:‘.
. o e
16} \\. ) 1) 4 g_:
MopKT * me
LI . 5| A
s A } [
=) K "', ! '
(&) l;. N ] .'°' 4 \
1} ! T -'Q-'n' !
LI 44 .
(]
i =5 M6 . '
'udqc"‘ }f}ulc-ﬂ
1 2 X 3 1 1 X? 3
Pyc.T Puc.2

JlasEde B o6aacTy X > 1 MONHO DACCMATDMBATL KK NpellCKAssHHE LA
RanbHefmUX SKCOEePUMEeHTOB N0 IVIYGOKOHeYTIDYIOMYy DaCCedAHHD.
3.MsmepeHRad A-3aBHCAMOCTH cedeHM{ KyMyJATHBHOrO sdferta npu

=
10} o~~~ 9+° —o% % g Pae.3
0s

— 20 ) 160 10 10 220

A
X = 1,3 naa Goxee yem 20 Anep OOKRASHRAET, YTO BO BCEX JETKUX AXPAX
BIXOTH 10 Ag#®20 MyAbTEKRADROBHe ROBMTYDAIMA OTIMIANTCA IPyr OT HIpy-
ra ¥ OT MyXBTEKBADROBHX RoEfaTypaum# B Azpax ¢ Ay~ 30. IT4 nammHe
npelicTapNeHl HA DHC,3. CBOTIHMM KPYyHOUKamy NMOKA3aHN JaHHHEe LI yrua
BMHECCHY BTOPUYHHX IDAOHOB 166° u mMIOyAsca 500 MaB/c, yepHMME
noReSamd AAHENe Npr yrae swmccmx X0° ¥ mumyrsce muomom 1100 MsB/c.
KyMyAATHBEO® WHCNO B TOM U JPYyT'OM CAYYee ONAHAKOBO.

Jlammue, OpeNcTEBJEHHNE® BA DEC.4,H0ay4eHH npm SHeYewn# X = 2,1, T.e.

3 Tof OCNACTH KMHEMATHYECKMX HepeMeHHNX, e ONpeleAdNuEM ABIACTCA
BEAGR 99~ H IZq. - goHfmrypanm#t. PesyrbraTh HIMEepSAHH DOKG&3&MM, YTO
BARMCHMOCTH CTPYRTYPHHX QyHKUEE OT ATOMHOIO Eec8 (pPArMeHTHPYNNETo AN-
pa nogodmH mpr X = I,3 1 X = 2,1,
4. 38BNCEMOCTE CeqeHHE OT nQNepevHOro AMIYJILCE F UEPEOM MpHOIume—
| ENR OmicWBaeTcA Hymmed P(P)=04+09exp (-2,7P2),
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20 50 100 %0 180 220

Puc.4
5,00H8apyXeso cJjelypilee NPUOJMMEHHOe COOTHOUEHUE MeEIy CedeHVAMM
KYMYJIATHBHOTO exTa NP ONMHAKOBHX X !
o E dﬁp(.n+) = E d6 (K’)”E d6 (Tl‘)
1 d B, (d5, ~Lidps ’
KOTOpOE XOpomo NOATEepXANaeT MOIeNh KBADKOBOrO CTpHMNOMHTA (cM.pHEC.5).

6. DHCTepUMEHTATbHHE IemHMe no oTHomemmd K'/K™
(cM.puc.5) He NOATBEpATADT OCLIENPUHATOTO MHEHMA
0 TOM, YTO MODCKHe RBEpRE MMemT dojee "mArkoe”
pacupeneseHne . BOSMOXHO, 9TO B CiyvYae poxmeEud K-
ME30HOB MM BUIUM NPOSABJEHHE IVIDOHHHX cTeneHeft cmo-
doIE B A#pe.

Haw ocHOBHO{i EWPOJ COCTOMT B TOM,YTO SAKOHOMED~
HOCTH, TOJyYeHHHe TpM KCCJENOBAHAM KyMYyJATHBHOTO

K/ oddexTa, cEMIETELCTRYOT O CYMECTBOBAHMA B Anpax
MyJABTHKBADKOBHX KOHQurypaumi, CUABHO OTIMIAMEMXCH

1 2 3 no cpoeff CTPYRTYpe OT CBOCONHMX HYKIOHOB. Tarum
Pu: 5 00pa3oM, YCTaHORJIEHA I'PAHMIA CIIpEBeNMHBOCTH (PO~

TOH-HEATpOHKOR MoNleJm AXpa.

B pesymsTaTe SKCI@DUMEHTOB,BRAOJREHHHX B nocieIHee BpeMd,NOMyIeHH
HopHe (NORA NpelBapHTeNbHHE) ORCTEPAMEHTANEHHE NaHHHE [0 KyMyJMATHBHO-
My poxmemup I -MeSoHOB He MeruaflumX Anpex NefiTEpEA U Tesud,TPOBENEHH
¥SMEepeHHA BHXONOB IMOHOB,TPOTOHOR H KROHOB R2 DASHEseRHHX ARpaX-uso-
TONAX HARENA U OJIOBA,NSMeDeRH COUGHMA KYyMyJMATHABHOIO DOXNEHMA ARTUIpO-
TOHOR HE ANPAX CBMHUA M SJIOMIHUA.

locne moMyveHMs »Kcille PUMEHTANBHEX ?ayﬂux 10 KyMyJATHBHOMYy POXIEHHD
K'-Me20HOB HE CDeIFMX ¥ TAXENHX AIpax 9/ duno o¢pameHo BHMMAMME HA TO
00CTOATENBCTEO, 9T0 A-38BHCHMOCYD cedernfl poxmerun K'-mesoHoB momodksa
A-38BHCHMOCTY CedYeHM# DORUOHNA KYMyJAdTEBHHX OPOTOHOB B OTJMYBETGA OT
A-saprcEMOCTR O0nemHoro THnA. Kpome TOro,BesmwuHa OTHOmeHH# ceYeHHR
poxuerma II'-mesonor m K'-meScHOB HE TAXeNOM Ape NPE OJMHAKOBOM BHE=-
YeHWH MAcUTAadHO! MepeMeHHOR G/MSKe K emMHHLE,9TO CymecTBeHHO (B 5 +
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I0 pes) omumMyaeTcA OT 3HAYeHuE BTolt BeSMIMHH M NPOTOH~NIPOTOHHOTO
B3aKUMONecTBIA .

Yxe u8 nepeHX pacoT No M3ydeHumd KYMyJiTHBHOro sdfexrta cremomano,
9T0 A-BSABACHMOCTE POXICHMA NMOHOB NONYEPKUBRET IVIBBHHE YeDTH ABJEHUA,
ero JOKQIBHOCTE, HESABHCAMOCTE OUpASOBAHHA MHOrORBADKOBHX KOH(GHIYpa-
mft OT KoopIMHMATH B O6heMe AIpa& W NORASHBaET HecylleCTBEHHOCTH LA Ry=
MyAATHBHOTO pommeHuA (B mepmoM npmGymxennn) adferToB HOI'.rlomeHu73H/ne-
pepaccesaHnd B BemecTBe AZpA NePBAYHO! BOJHH M DOXAEHHHX dYaCTMI
Kpome TOro,B TOH OGN&CTH HMIYJABECOB BTOPHYHHX YacTull, ¢ KOTOPOIl M
HMEeM Nleno B JKCIEpEMeHTe,CedeHnd MHOH-HYKJNOHHNX p3sumoNeficTBuit Goap-
ue,YeM CeueHHMA B3auMOIEHCTBHA C HYKJIOHAMM [TOJOXHTEJEHHX KBOHOB.

TloaToMy Hawa TOYKA BPEHUR COCTOMUT B TOM,YTO A-38BHCHMOCTH,KOTODRYN
MH HadronaeM B CAyYae KyMyJATUBHOIO OCPA30BAHMA MPOTOHOB # NOJOMUTEE—
HHX RQOHOB (BMeCTe C KOTOPDHMY DOANANTCA I'MIEPOHM),CaelyeT U3 mpel-
CTaBNeHMA 0 KOHEUHWX (HeHyJeBHX) pasMepax o6aacTd § o0pasoBeHAA ITuX
9acTHUL ¥ MOXET OHTH NPUUJMREHHO ANNPOKCMMUDOBAHA 3EBACHMOCTED BHIA

EJdG/EB ~ (r, AVE-9)3 |
rae f A’s- pemuyc sopa. M8 TaKoft SABMCUMOCTH CleIyeT,dYTo BHXon K'-me-
30HOB M3 Jervaiunx Anep dyner "nomaBreH" u,CHen0BATENbHO,BETHYHHE OT—
HOWEHMA 6“*/6,(* Ha Jerdafliyx Anpax BO3pacTaer.

HoBtie sKCMEpUMEHTH NOIBOMMIM KSMEDUTE CEYEHUS DOXNeHHA RBOHOB Ha
serdaftimux sigpax (neftrepuft,remuit). Jervatiume Anpa BumeNeHH C TeopeTH-
geCcKoff TOYKM SpeHMA KaK NnpocTelMe ANepHHE CUCTeMH. B TO Xe Bpemd MX
UCCNenoBaKne nosposiieT "BHATH" B KYMyJATHMBEYO OGJACTE U IEET BO3MOX-
HOCTL IIeTENIBHO MCCIENOBATH DesJdyHHe MyJLTHKBADKOBHe KOHJurypauwms.

R= Eige/6ys _ 5 llepeiimem K OGCYyRIeHMb DE3YJLTATOB HOBHX
{7~ .HMe 9KCIEDMMEHTOB. Ha puc.6 NpeicTERJIEHH OTHOle-

10 -
°'_ —“\ HuS ceveHnft pommeHua IT'-mesonoB u K'-mesonop
H;,’ - - ¢ uMmyakcom 500 MsB/c B 38BHCHMOCTH OT yrJa
o R R +-Al HEOMMNEHUA Npn BsaMMoleficTBMM DNPOTOHOB C MM=
.- s -4 P TyTRCOM B,9 THB/C ¢ pRIMUMEMM AZpAMA.

Ws prcyHKe BMJHO,YT0,BO-NIEDBHX, Ha Jer—
o qafupx Axpax 9T OTHOUWEHUA CYWEeCTBEHHO BHue
80 ROy Ro-BTOHX,eCHM IV CDElHKX ¥ TAREIHX AIep

Puc.6 BEeJMYMHN OTHOWEHM! CeYeHMif MpeKTHHECKU He
38BHCAT OT yIJa HadJoleHud, TO HAA Jerdyalumx ARep aT¥ BeJUIMHH pacTyT
¢ pOCTOM yTJja.

He puc.? orhowenns cevenut 67./6, npemcrapmens LA OIMHBKOBHX SHE-
yeHuft MacwradHolt nepemerHo#f X. A nepecyera K OMHAKOBOMYy X MH HMC—
NOJBIOBAIM pAHee H3MeDEeHHHe HAMM 3ABHCHMOCTH CedeHHH pOXNEHHA HWOHOB
oT MAcuTadHo# nepeMeHHOR.




“ S5 /B . Ee Mony4enrHe pesyabTaTdH HOKaSHBADT, 9TO H
«Pb OpX ONMHAKOBOM SHAYEHUMH X BOAMIMHH OTHO-

12 aAl mennft S5+/ 6+ Ha Jervafmmx Azpax B

10 HEeCKOJBKO DAS NPeRHIANT BEJWYUHY BSTOTO

OTHOMENNA HA AIpAX 4 CBAHIA.

OTMeTHM, 9TO B padore BHIOONHEH
pacYeT OTHOMEHEA GedeHER poxmenus IT'-me-
' aoHoe ¥ K'-mgsonor » pD-crosknopenmax
N Ha OCHOBe KBapK-NapTOHHOR mollemH. [loke-
‘1 5 1;‘ 38HO, 9TO LAA AIpPA XelTepEa B 06AGCTH
X ! X ~ 1+ I,4 BeJHMUHEQ OTHOMEHMs cedeRuR

Puc.? Ogt/G,2m0 MopamKy BeuMEHL pasHa 4+10.
Hamy OHAM BHNONHOHH KB3MEDEHMA OTHONEHME CeYeHED DOMINEeHEA MKOHOB H
NONOXUTOMLHHX KAOMOB LAA DASAMTHHX Ajep Kek B P (8,9 TeB/c) A7 rak
1 B d (8,9 TsB/c)A-psapmMoneftcTorAX, VMOyALC DOXZEHHHX MESOHOB —
500 MsB/c, yrox smuccmu — 61°.
PesyabraTH ESMepeEMft npexcTARNeHH HA
pec.8. Bemmunm ormomewmu 67 */6,* mpe
e OIMHAKOBOM UMIYABCE POXLEHHHX MOSOHOB
o el 0JOSHAYEHH M8 PACYHKe Kpymxem: ( o - p A=
Tl # o -dA-pseamoziefoTERA), 8 BENEYMEM OT-
T HomeHER npH GHKCUPOBAHHHX SHAYCHHEAX MACH-
“q3 5. TadHoR nepemeHHOff 0Co8HEYEHH TDEYTOABHE-
? 8 xamz (& -pA m X = 0,63, a-dA u X=0,84).
! * s JeHRHX, NpeNOTABAEHHHX HA DHCYHKe,BHN-
oo A " A jo, 9TO OTMHYMA B BEARYEHS OTHODEHEA
Puc.8 G5+ /6@ B pA- 1 OA-psasMoNeRCTERAX
ope PRXCEPOBAHAOM EMIyARCE OOLACHADTCH
"HREHOMATHIOCKAME NDMYMEaMs” X Nps QURCEDOBAHEOM X STH BEAWYHEH (JHS-
xu. KpoMe Toro, RedinmaeTcs pocr oTHOmeHmS On+/Gy* ¢ yMeHbUeHEEM
aTOMHOTO Beca Anpa.

B 1975 romy Hamu Ha IV MexmyHapomEM#f ceMxHep N0 npodae ?sum
BMOONEX 8HePrul CH/I NPEXCTARJEHH 9XCNeDAMEHTANEHHE IAREH 10 , B KO-
TOpHX OMN oSBapymeH #@sorommyecxsl sddexr, sarmuenmEficd B TOM, 4TO
BHXOMH KYMyAATHREHX IDOTOECB He SABHCAT OT HEATPOHHOTO COIESPAAEEA
usoronoB. Jlanee sror effexr onx moprrepaueH B UT3D T.A.JercHHHM C -
COTPYIY 4::8MH M CYWECTBOHHO NONOJHSH HOBHME ,!xammun/ I . Mt Gux o6~
HApyxeE U30TOR-pdfeKT - BHXONH EOATPOHOB He SABRCAT OT £ B HSOTONWAX.

Ha Bacroamuit cemuHap Md npeXCTABAAEM DesyAbTATH HBMepeHMB CeMeEMA
poxnerms I'-MesonoB, MPOTOHOR B K'-MeSOHOB NpW BSEAMONSHCTEAE IDOTO-
HOB ¢ wamyascom 8,9 TeB/o o ampem 5By, B4y 647,y 1148, I24¢,
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100|
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WsMepeHR BHNOMHEHH A DORKEHMA Y&CTMU C uMIyarcom 500 MaB/c m yr-
nom Hadmomehma 120°. liaHHNe ,IOKA3aHHHE Ha DUC.9, CBEIETENBCTBYNT O Ka—
MM M80TON-3(fieKTa He TOABKO AMA NPOTOHOB ¥ IT'~Me3oHOB, KO TakEe M
i craydsA poxmernA K'-mesowos.

500 M3/ ,120° Bn/ Ben i a
¢ [ K™ . X=072
10 15FHe Al
wfa ! + ‘§‘ - i
“uf’ 8 ¥ ' 10H “‘~~§_
D
6 9 26 +
N TR P 95
= T 7 T _ 1
1 + P s S
g0 400 100 206 A
oo o s
200 ¢ ¥ »/8ee KT, x=112
58 50 ML 124 15F
= }*
K A
10 ¢ + 10| =
1o ]=1 L
T
w 06 B LS 05, Y +t:
S5 6k 0 MG 124 .
N,z sn 00 200 A
Puc.9 Puc.I0

Hamut OHJ/M BHUOJHEHH MSMepDeHHA A-3aBHCHMOCTH cedeHult poxueHus X -
MesonoB B PA—u dA  —psammomeRtcTREAX. MMOyJBC KeoHoB 500 MaB/c,
yron Becinmesnd 61°. PesympraTd usmepe:idl B BuIe OTHOWLEHMA HOPMIPO—
BAHHHX HA HYWIOH cedeHuft poxmeHmAd K -MeSOHOB Ha AIpe A K COUeHMD Ha
AXpe CBMHIE NpeiicTaRNeHHd Ha puc.I0. Puc. I00 noxasuseer, 9TO A-3amp-
CHMOCTE DPOXNEHMS KYMYJATHUBEHX K -MeSOHOB MMeeT TaKoe Xe NOBelleHHe,
KaK B A-38BACMMOCTH DOXINEHMA KYMyNATUBHHX THMOHOB (kpupad He puc. I0G
OORGSHBAET Hobe/ioHHe oTHoweHws ©a /Gp, 1nd miomos ¢ X = I1,3). Is
IeMEHX N0 KYMyAATHBROMY poXHeHunw K -MeSOHOB cJjelyeT Bamuuft,c Hamelt
TOYRH SPEHMA,BHBOX O TOM, WTO CEYeHHe poxmeHMA K -Me30HOB Takme,RaK U
ceyeHMe DOXUGHHEA [-MEeSCHOB,OpONODOEOHAJFHO KB&pK~NAPTORHO CTPYRTYD-
golt dyHmuME Anpa.

Hemm GHJI OCymecTBJEH OIHT MO HOECKY KyMyJATUBHHX BHTHIPOTOHOB B
TPOTOH~AJIePHHX BsaUMONeRCTRAAX, MMmysamc neppMYHHX TpoTomoB 8,9 I'nB/c.
My B¢ BTOPEYBHX 9acTull - 500 MaB/c (A P/P = 4,5%), yroa peructpe-
wrn 6I°, Mumem - chumen a.mm?? JIna poerTaduxanuy AHTHUOPOTOHOB B
COCTAB XETeRTODOB ycTanoBR4 JHCH 7 OHJI NOTNOJHUTENBHO BRIWNYEH CYETYHR
NOJHOTO NOTJIOMEHNA HA CBEHOOBOM CTeKNe, OpefHAsSHaYeHHH{ IJA DperucTpa-
UME YePEHKOBCKOIC HSJAYYEHIA OT HNPONYRTOB BHHAIWAMA AHTUIDOIOHOB B
BemeCTRe CYOTUHKA.
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LA ymenTHQURAUME SHTHIPOTOHOB NDUMEHAJMCEH CAEHyNIEe KPATEDHH:
~ ESMEpeHWEe BpeMeRM npoJeTa Ha HBYX dasax;
- HOHMBAUMOHHHE MOTEDM YACTHN B BElieCTBE CLUAHTHWLIATOPOEB;
~ MBTEHCHBHOCTEL YEPEHROBCKOTO HBJYYeHHA B HNPYX CYeTHHRAX C paIua—
TOPOM U8 IJIeRCHUIVIBCE;
aMIUTHTYZAE ORTHAJ& CO CYeTUMRA HE CBHHIOBOM CTERIe;
— IMTEeJBHOCTH BPEMEHHOTO MHTepBAJa MexNy cpadaTHBAaHHMEM CLVHTHIIA-
OMOBHHX CYETYMKOB U CYETUMKA NOJHOTO DOTJOMEHHs.
3a BpeMA DKCMEpHMEHTA Jeped MIMEHH M3 CBMHIA X QANMEEMA TONHMHE~
Mu 8 r/cm2 WO NpoNymeHo % 5 -1014 NePBHYHEHX HPOTOHOP.
. Ha ocHoBAHMY ONECEHHWX BWIE RpHTEpAeB ORJO
uf A (TGO orcyerop) < ,oTo6paHo 66 codhrThft (36 He CBMHIOBOR MMIIGHH
N 4 30 HA aapwEHMeRoft MumeHH). ChexTp AMILIATYX
aTHX coOHTHff B cyeTumRe NOKEseR Ha puc.Ila.
Ha puc.IlI¢ npupelieHH CHERTPH BpPeMeE IpoJera
'IpM DpUMEHEHHH YCJOBM HA EBIleAeHEe AHTHIpO-
TOHOB O BCOM OCTANbHHM KpHTepHAM. B xadecr-
Be PoHOBHX HBMepeHH# GHJM IDOBSXEHH UBMEpPeHHA
B NPOTOR-ANGPHHX CTONKEOBEHUAX NDN yrde perm-
CTpamm 90° 1 B JeRTPOH~ANOPHHX CTONRHCBOHH-
AX OpK yrae 6I° (mmymsc BTODHYHHX YACTEI
ek 500 MaB/c). B 8THX ZBYX CAYYAAX YPOBEED QoHO-
T BHX OTCYETOB OCTEETCA NDHMEDHO TOT X6, HO Ky-

o Homep ,fmmlwmrnnoe YECXO AHTRODOTOHOB CTAHOBMTCA Cy-
Puc.II mecTBeHHO Coxbme. H ZeRCTRHTEARHO, YPOBEHB

"nonesHHX" codltEi!t cHuSEACA B 16-22 pasa, B TO Epemi Kax QOH TOXBXO
B 2~4 pasa. Bino minoXHeHO A KOHTPONbHOE HSMepeHAe OPH CHKEOHHOR B
HECKOJBXO D83 HHETEHCHBHOCTE ¥ TOXEEHE MNNCHH.

llpy PHYHONGHHH COYeHHR CHAH clledaHi NONPABKE Ha BIAAMONERCTENE K
paccedHNe B BeMeCTBE HAHANE CMOKTDOMETDE, NONpBRRA He SHHETEXALAD
BHTHIPOTOHOB B MEmEHE ¥ Ha o(JeXTAEHOCTD CYETYNKA HOAHOIO NOrXONHRA
(90%).

PesyapTaTi SKCNEpUMEHTA NOBBOJRAA OUGHHTH CEY6HHe DOENGHMA AHTA~
NPOTOHOB ¢ EMUYABCOM 500 MeB/c u yTJIOM PErHOTPAUNR 61° ( opx BTOM
X=1,47).0u% pesau (II,6*2,1)-10° u (II,6%I,9).1076-m6.Tep 2.c3.0p~L
HA OFMH HYRIOH (DarMOHTHpPYHRero HAnpa OBAHUA ¢ SIKMHEEA COOT- .
BETCTBEHHO. BeN9uHa OTHOWEREA CeYeHER DOXNGHUA AHTHNIPOTOEOP M OPOTO—
HOB C TeM Xe yIJIOM B HMNYJECOM HA ﬂ,ugax Pb x Al cocrammapr
(6,42 % 1,2)°1077 & (4,22 £ 1,2)+10"". Kpowe Toro,IOXyieHa BePXHAA
OLeHXa JJAA O6Y6HHA DOENEHHd AHTUNPOTOHOB HA ANpe CBEHIA C EMNYALCOM
500 MeB/c # yrnom Hacmumenma 90° (X = I,85). Oua pasma '
'7,2'10_7-MO'I'SB-2003'CP-I Ha OIEH KyRJIOH (parMeHTNpYINEro ANpa.
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HoBde pKCIEpHMEBTAALHHE IEHHHE DACEMDADT HAIM SHAHHA O NPONEcCax
KYMyJATABHOIO DOXREHHA YACTHL. Oy, BOCOMHEHHO, CTUMYJMDYDT DasBRTHe
TEODHA ABJIOERA, B HOTOPOR HOOOGXONEMO OGBACHUTE BCD COBOKYIHOCTL IO—
JIYYeHHOTO PRCIEDMMOHTANBHOTO MATEDAANA.
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OTHOUEHIE BLXO;0B KYMYJAATHBHHX IMOHOB PASHOI'O SHAKA
B MPOTOH~AIEPHIX BRATMONEACTBUAX ITPM BHCOKHX SHEPIUAX

H.M.Benses® , 0.1, laspuuyx, JX.C.30smw, A.T.Kapes,
B.B.JloGanos, A.R.CyxaHoB

O0beMuMHEHNNY MHCTUTYT AIEDHHX Acciaemopammii, LydHa

B HacTodAlee BpeMd HaKOIJIeH OGN PHHI axcnepnMeHTaJm%ﬂ? maTepaaa
0 npoueccax KyMyJATHBHOI'O 00pa30BaHHA alPOHOB HA ANDaX . C pocrom
SHEPTHY B CHCTEME CHADAN-MAUEHDL B Dille XapaKTepHMCTHK KYMyJIATHEBHHX
MTPOLECCOB NPOABIAETCA CKellVMHToBOe NMOBeTeHHe, YTO TOBOMT 0C Ompere-
aawlleff posm B oTof! 0GJACTH ONPETENEHHOTO MEXaHM3MA 00pasOBaHuA KyMy-
JFITUBHHX YacTHI, CBASAHHOTO, KAK CTAHOBATCA OCMENDUHATHM CTMTATh, C
NPOSIBNEHAEM KBAPKOBHX cTeneHell cBOCOMM B AIpax.

HeoOXOIMMOCTE yueTa KBapKOBOR CTDYKTYDH alpoHMOil MaTepun B Af-~
PAX DA U3YYEHIH ALEPHHX peara.u}g /B 00NIacTH BHCOKMX SHepr#ii ¢wma or-
MeveHa A.M.Pammunem B IS71 T, , KOTI2 MM OHJ2 BHCKA3aHa TUIOTE3a
0 NPABOMEDHOCTH PACIPOCTPAHEHNUA IPHHIMNA MACHTaCHOH UHBADHAHTHOCTH
TIYGOKOHeYNDYyIuX B3aymolelcTBuil siIeMEHTADHHX WacTHI[ Ha B3aumomeficT-
BiE DEJIATHBUCTCKUX ALEp. IlposgBieHde JIORAILHHX cBOHCTB anpoHHOH Mare-
DM B ANpPaX ¥ MX ClelCTBye ~ MacmTaCHO-HHBAPHAHTHOE IIOBeleHMe HaCTIRD=
I3eMHX B SKCHEDUMEHTE XapaKTePUCTHK TUIyGOKOHEYHPYTHX ANepHHX peaxmuit
CIEIYET ORMUATE NP TAKMX 3HAYEHUAX KUHeMATWIECKHX DODEMEHHHX, KOTIA
NpeBHleH XapakTepHW! macmTad, onpelelsxmuit HekoHDaitHMERT KBApDKOB
/T.e. KCTHa KBApKM B ALpE MOXKHO DACCMATPHBATH KaK KBA3HCBOOOLHHE WaC—
THIH/. B padorax 3 CWI0 NMOKa3aHo, ITO B KAYeCTBO KOMMYECTBEHHOIO
KPETEPAA BHIOJHEHMA BTOTO DEXMMA Lejiecoo0pasHO ACIOAL30BATE YCJIOBHO

Pi P« P P
b= (i~ ) = 2(mime™ )25 @
rhe P; — 4eTHPeXMMIyIbCH X m,~_- MACCH AMPOHOB B DpeaKIUA
I+ =»1+24 ..., (2)

B cayvae zzemdoneCTBUA DEJATMRECTCKOTO Afnpa I ¢ Nokoamamca AnpoM 1T
yeacene /1/ ospavaer

* HCTHTYT TEOpeTHIECKO# M 3KcHepiMeHTaTBHON qU3HKA, Mocksa.
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P Pu £r _ E

—_ R ¥ 2 3 5

mn b3 m_" y A SR/ (3)
/™,= 931 MsB - aToMHAd eImHMNA MACCH, Al - aTomuit Homep ampa I /.
TakaM o6pasoM, PHEPruA Ha HYKIOH EI/AI'—~ 3,5 + 4 T'sB cooTBETCTBYET
Haqa.ny ACAMITOTAYECKOTO DEXAMA ~ DeXEMa npelesnHOff (pparMeHTaryu
ﬂ.llep Hpenc'ramemme HARE JSHCIOIMMEHTAJIEHHE JTAHHHEe COOTBETCTRYWT
odJLac'm SHAYE6HER 6( 7¢ » TI8 ycJoBie /3/ 3aBeroMo BHIIOJIHEHO
/ By =30 + I30 /.

[lpA TEOPBTHUSCKOM RHAIA3E DOSMOKHHX MOXAHMAMOB O00DABOBAHUA KYMy-
JATEBHHX 9aCTHI [PUBICKANOCH GONEBIOe THCJIO KOHKDETHHX Mozenelf. Muorme
K3 IDOIJIOREHHHX MEXAHR3MOB JADT, NO-BEIUMOMY, DeasNbHHA BRIAN B KyMy-
JIATHERHHEA opornecc, ONHAKO BeqM4YMHA 3TOI'0 BKJIALA MOXET CYMEeCTBEHHO Me-
HATHCA C MIMEREHMEM IMODANKA KYMYJATEBHOCTH, T.e, YIAJEHHEM OT IpaHA-
I REHEMATHYECKOTO Ipeleya Lid BlapMoXelficTBEA KBASHCBOGOIHHX HYHRJIO-
HOB. Bce R3BECTHHE TOODETMYECRUE MOTEJHM He BHAEDAABART TOJRON komi-
9eCTBeHHOE NPOBEpRE 3KCIEDHMEHTOM, B YACTHOCTH, TaKMe UCIYAATHHE HON-
XOIH, KAK DACCMOTDOHME epMA-TBEXOHEA ¥ MHOTORDATHOT'O DACCOSHAd, HO
MOTYT OGHICHETH MOBENEGHMA XOCTEKOR YACTH CHOKTPA KyMyJATHBHHX NpOHOB
/anemts coyrna-rc'mm cymecTBYMMX Moyesqell m BKcrmepuMeHTa MOXHO Halttn
B odsopax

HRTepmpeTama KyMyJATHBHOTO 3fperra, T.e. 00pasoBaHHA YACTHEN B
DOXAMO IPeReAbHOR (pATMOHTANME ANED 32 KUHEGMATHYOCKAM IDEISJIOM HYK-—
JOR-HYRMOHHHX BgaEMoneficTpul, HA OCHOBe yieTa ' MHOPOKBADKOBHX COCTOR-
HER 3 ARpax 173 /maemn B JladopaTopmE BHCOKEX SHepruft O B TewemHe
doaee IO Jer B paurax FAHEOIO monxofia 00Da30BAHHE KYMYJ/IATHBHREX
MO30HOD C MAMHM LHONODSTHHM EMIYALCOM (), ¥ CONBINM SHATOHEEM MAC~
mrasEofi mepeMerHOR X DACCMATDEBAGTCA KK DO3YNBTAT WRIERMIYANLHEX
CTOXXHOBGANE KBASHCBOGOINHHX KBADKOB CHADAZA ¥ MAWGHH, VHEMNSUBHOe Ce-
wemie mpomtecea /2/ §paruenranEd yacTEmH /Anpa/ II B mesom { honara-
ercA IPONODIROHANEHHM KBAPR-NADTORHOR CTDYRTYDHOR (yHRIHE ALpA:

- !/
E{ ald/alp-l =£d II/q, (x, P.l) (4)
e £, ¥ ¢ - snepm B maryuse Mesons, (Fisq (X, p7) -
KBAPK-IAPTOHEAA CTPYKTYpHAA GYHRIASL uac/:'rmu /anpa/ 11 /maymecroe
DacmpensdeHEe KBADROB B axpe 11/, G,; —~ KOHCTaHTa, XApaKTe#3yD-

E Oy oIe[EMORTSNLANE IGHRHE, TONTBORIAINHE HACTYILIGHES SCHMITOTHYOC-
ROTO DpemaMa, GHEN NOJYYeHH B ONNTAX [0 xyuymrm:enouy 0dpasoBaHED Mo—
S0EOB IPOTORAMN N naﬁ'rposi’n ¢ EMIOyXBCOM 6 ¥ 8,4 I'sB/0, BHIQIHOHEHX
B8 cmmxpopasorpone onrn /
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uAd afpoOHMSalMh KBapkA ¢ B MeaoH 1, 69’ - BEpPOATHOGTE OTGYT~
CTBHA B3aUMOJEflcTBHA KBADKA 4 C ANDOHHHM BEWECTBOM YacTHIM/Ampa V.
llmarpamva OIMCAHHOT'O nNpollecca LA CJYYad o6pa3oBaHNA KYMyJATHB-
HODO ITMOHA M3o0paxeHa Ha prc,l. HeXaHusM poxTeHms T %) - mesonon
CBOINTCA 3JleCh K DEKOMOMHAITIN BAJEHTHHX W (&) - KBApKOB - CIIEKTa-
TODPOB, BXOJAUMX JO aKTA D3aMMONeiCTBMA B COCTAB MHOI'OKBAPHOBOH cuc—
retwt /MKC/ B Anpe II , ¢ COOTBETCTBYIUMMY AHTHKBADKAMM MODA, TIOCHeL-
Hie IMeRT doNee MATKOE, YeM BAJeHTHHEe KBADKM, HWIIyJECHOe pacrnpenesie-
HIR, TAK 4TO MMIYABbCHH cmerTp  WU({()- KBADKOB-CNEKTATODOB HpE afi-
DOHHBAIMH HCKAXASTCA HE3HAUMTEJBHO /MATKAA aXpoHMsarmi/. M3 COOTHO-
wenid /4/ cAenyeT, 4TO OTHOWEHHe MHKJIOSMBHHX CeUeHMit 00DAa3oBaHmA
KyMyJATHBHEX F - #  F - Me30HoB mox yraiom, dumskiM  180°,

(X Pz) E_ds. /dPt Cd5 Gt (X, P$) CdddGu/d (x,0)
) = p—y Y ————
(S £, do, /d,o+ CJ 6L Grip (X, p?) clal Gy, o)’
(5)
Puc.I. Mexanusm o0pa3oBaKWA KyMy-
JATHBHOTO NMOHA ¢ Kak fparMeHta
MUIIEHN [IPY XECTKOM DACCESHUN KBAp-

kKa yacTvid I Ha MKC-kBapke ampa-
mmeHn II,

TakuM 05pasoM, OTHONEHUE BHXOLOB KYMYJATHBHHX IHOHOB NOJIKHO OTpa-
RATh KBapKOBHH cocTaB MKC B Anpe m X - 3aBMUCUMOCTH OTHOWEHUA
CTPYKTYpPHHX (yHIIME WU~ 1 o - xpapKoB, BXomammX B MKC,
3aBHCHMOCTS OTHODGHMA 7  BHXONOB IMOHOB DAsSHOTO 3HAKA OT

SHEPIHHU MPOTOHOB EP B 0GIACTH HECKOJBKMX I'sB Owia M3ydeHa
B padoTe . OTMeueHO, 4TO OTHOWOHHME BHXOIOB RECTKAX IMOHOB

/ Qg = 200 MaB/ nox yrmom I80° [P YBeVIMYOHMYM SHEPTHEM ITPOTOHOB
or 0,8 1o 4 I'aB BoapacTaer oT 0,25 no I, wro yxasupaer, 10 MHCHER
aBTOPOB, HA BO3IMOMHYD CMEHY MEXAHM3M3 OOPAJOBAHMA XOCTKEX IMMOHOB B
3TOM MHTEPBANe BHEPrAll Lo . OTHOCHTENBHO MOBEIEHHA OTHONGHUA 7B
3aBICAMOCTA OT MMIYJbCA NMHOHOP 4.7 CYWOCTBYRIME IKCIODAMOHTaJbHHE
JaHHHe He [MO3BOJIAKNT CHeJATh YETKNX BHBOLOB., Ha puc.2 npemcTamiaeHa
3aBUCHMOCTD '7(@1 ). mosydeHHas Ha OCHOBAHMH NAHHHX M0 IR(peapeHIm- .
ATEHEM cedeHuam peataptit P+A-=F L @3 pador /8Y, e H3yYeH BH~
XOI MHOHOB MoX yTJiam#, Guammm K 180°, B mMpOKOM IuanascRe 3EaYe- ‘

f.-
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mit @5 /oT 300 mo 800 + 900 MeB/c /. B 060mX ciygadx HAGMHIAETCH
cymecTBeHHO® OTKOHeEws 7 or 4 apm X2 1/9 . x 400 + 500 MaB/c/.
pn Ep = 400 TsB pemrmia 7 B peamm  P+Ta>F*/160°/ Moo-
TOHRO YOHREET C yBEJMIEHHEM g RO 3HAveHmA ~ 0,35. B cooTser-
CTBAM C OINMCEHHOR MOIeNbD OGpa30BANHMA KYMYJATHBHHX IMOHOB NIOJQOGHO®
HOBelleHHe MOXHO GHIO DACCMATPHBATE KaK IDOARJIEHNE CYMECTBEHHO DA3-
JmgHOf X - SABHCMMOCTH CTDYKTYTHHX fyHrouit o~ ¥ & — MKC-xBap—
KOB B TAREJHX AIpax.
HcceoBande BHXOJA IWMOROB moj yruaoM I159° B peasmapm

ptMo%%r Tt X OREO BHIIOJHEHO HAMA Ha CIIEKTDOMETDE KyMyJd-
TPEBHH.} a}poxos /CKA/ ¢ UMCIONB30BAHMEM BHYTDEHHel MUNEHH YCKOTMTOJA
y-70 /10 . Cxema omnTa HORAa3aHa Ha puc.d, HaBeneHMe oyduxa Ha MANEHE
OCYHeCTRILNIOCH O HAPACTAKNEM DOJe YCKODWMTOJNA B MHTepBaJje SHepruit

EP or 17,5 no 63 I'sB, mpE 9TOM HAGOD AHHOIMAIMK NpOMSBOIEACA OL-
HOBPEMEHHO B YKA3AHHOM KHANA30HE Ep . VMIyasCHHI aRaImM3 OCYLeCcTB~
JNANCA AHATMSAPYDEM MarHETOM /AM/ ¢ cucTemolt mpeitfiosux xamep /IKI+S5/.

Ep~B9rIB, 168"
Pope PB
ope AL

900
%,MJM

Pac.2. BaBHCHMOCTH OTHONEHWA BHXOJOE A~ -u 1 - Me3oHOB
OT EMIYJNECA OO IAHHMM: &/ padoTH % u 6/ padoru 8/ .

“ Puc,3, Cxema aKchnepmMeHTa,

Bpemn upotteTa /cYeTEKE 51+ 5S4/ M CHTHANM C YEDEHKOBCKAX CYOTIHKOB
(CI, C2) mcmombacBamchk LA AAeHTAMKanyy yactmy (F , K , P ,d...)
VsMoReHEe 3EAKA DPETACTIAPYEMHX YACTHIN OCYWECTBAANOCH DeBepCHpOBAHMEM
TOKA B QHAJMSHDYNNEM MATHWTe, B yRA3aHHOM BHIlE [Halla3OHe E/" GRIIO
BHJIQJIERO IATH EHTOPBANOB CO CPOIHEM 3HaJIeHWeM SHEDPImME poToHoB 20,
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25,30,38 u 60 I'sB, [loNHaA NpoaHAMIMPOBAHHAR CTATHCTHKA /CYMMAIHO
no tpexam T -n T T - MesoHoB/ cocTaBUNA 108 cooumutt. B mcomeno-
BAHHOM MHTepBade mMIyAscoB /300 £ Q4 < 900 MoB/c / HMPammaHTHOE Ce-
4Yole HSMOHAETCA 6ojlee deM HA 4 NODANKA, & MACWTACHAT MeDeMeHHaA
X/ JXapakTeMs3yias NOPANOK KYMIATVBHOCTH, ot 0,7 mo I,9 /mme.4/.
Tomy4eHHHe 3HAYEHMA BeVIHTMHH OTHOUWGHHA 4,

1w - +
. BHXONOB 97 =K J7 "-MO30HOB B KARIOM ¥3 IATH
J g;’;:;_;;“;;"”” BHEPTOTUYOCKMX HHTOPBAIOB ¥ YCPOLHEHHHE
Lo
i e oE,-ERB SHAUEHHA N[O BCOMY IPOAHAIMIMPOBAHHOMY IHMa-
s 8 R DagoHy £ o DOKA3aHH HA pUC.5 K 6 COOTBOTCTBEOH—
'Qgﬂ'.. 2 HO. T T T T T TTT
.§ . 2f Ep-20re { j
b 8 PR ] SRR SRY JN Y SR )
at 2 B el ; i { ]
3 ° ¥
S 8 s 12k gy=2513B ]
9 [T T NS %_ N
* : I s RN TR e
% ]
00 500 700 900 L2f Ep~3078 {{} 1
G MBI .’5 0 lﬁ_y_i_ﬁ—f'-n—"’}'”' -
Puc.4, MHBapHaHTHOE cedeHMe peak-— wosf
mH D+ Mo FE(1599). 3k
&2 eus808 { ]
Buob s gon-a 44,}—{' -1
‘go.s—
Pucfr.S. OrHomenne (% ) Duxomoe % -m E'2f ¢ gore l
7 "-MeaoHOB IpM MATH SHAYEHHAX ) ]':Zd—a-ﬁ—a-ﬂ'u-""'é'{ o
osl
SHepIMM npoTOHOB. llTpuxamy noxasa- Lﬁ o H
SO0 700 905
Ha AanIpoKCHMAINA 72 =A+8- ?T' 45 MaBC

Tt

peC~Titex 158"

prMo—T7 % +x, 156
7.5 & Ep&b3r8

30 500 0 %00
JaB/C

Puc,.6, OTHOMEHME BHXOLOB 9f -K QT *—maonon. YCPOIHOHHOO IO MHTEPBAY
2HOPTM! IPOTOHOB Ep: 17,5463 T'eB: a) mia peaxyuu R+ My = 77+,
6) IAA peaxugH P+ > 7 * + . lTPEXTYHKTHDOM OTMEUEHO OTHONEHEE
BATOHTHUX d=¥ L4 ~KBADKOB B MIDAX.
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Onucan#e DOBEHGHAA BEJATMHH B HHTepBaJe UMIYJILCOB [MOHOB
300€ g < 900 MaB/c JmmeflHON 3aBHCEMOCTHR p= A+ B ?, IaeT 3HAUEHUA
X ! Gimsxme K elMHEITe,H NOKASHBAeT MeIJIeHHH! pOCT 7 ¢ yBesm4e-
HEEM g5 . _

Ha puc.6(0) npmeeneHO OTHOMEHEe 77 /7/‘* ,AZMEPENHOEe HaMi B Peak—
W P+ (% 754 k. Pasmavue B BemmwuHe otHOWeHns 4 /7t mua ciy-
9asg He#TPOROH3CHTOYHOT'O (Mo%) ¥ CHMMETDHTHOI'O (C“) ANep cymecT-
BEHHO MEHLME pAsJMYMA B KBaPKOBOM COCTaBE ANEp (d/a =I,092I,0
COOTBETGTBEHHO), YTO MO3BOJHET CIEJATH 3aKipYeHMe 00 OTCYTCTBUA 430-
TOMAYECKOT0 B{pPeKTa B MOBOLGHHM OTHONEHER BHXOHOB J ~7 7~ = muO-
HOB B FHRM3MBHHX NPONECCAX KYMyJNATABHOTO DOXNEHEA IMOHOB. Pe3ynbTa~
TH 70 OTHONEHED MATEIDAIBEHE BHXONOB 7 -% F ' — Meso:oB npm
@y 2 200/300/MsB/c B EcoAeXOBAHHOM HEMA HHTEDBANE gHepri npo'ro7on
TPeACTABIGHH HA DHC.7 COBMECTHO ¢ NAHHHME Bopruu 7/ B JNyOru /11 .

PEc.?7. V3MeHeHAe BeJHUMHN OTHOmEe-
HER BEXOIOB ROCTREX § -k 7 & -
Me30HOB TIOJL yTJiamd,Cmmskema k 180°,
¢ POCTOM BHEPIME NMPOTOHHOTO NYTIKA:
0 - prCu~ 7% (1800777,

A - P-r-Cu—';;‘I (ISOO)/II/.

& _puo— T (159°) -

0. LAHHHH 3KCIETHMEHT.

e g

F AT PR
¢

po & T 21159 180°1
Qn, 2 200M3B/C

BuBOmM

I. OTHOmeHEe EHTETDAJBHHX BHXOZOB KYMyJATHBHHX NHOHOB (%?,450 MaB/c)
B peakmm p+MoT%150%)+X B mpenenax omidox nocrommo m GiMa—
RO R GNMHEL®e B HCCJJOBAHHOM MHTeDBaJle SHEpTHEfl IIPOTOHOB

( Ep=17,5 + 63 T9B).

ComocTaprenEe pesyibTaTOP HacTOAmeX DadoTH ¢ IAHHHMYM SKCIEDHMEH-

TOB, BHIOJHEHHHX PR CoJee HESXMX BHEPTHAX NPOTOHOB, IO3BOJLET

SA8RIWYETE, ATO B MPOTOR~ANEPHHX B3armMOJelCTBEAX OTHONERNE BHXOIOB

EEeCTREX IDHOHOB, H3Jy49aeMdX B HAIpaBfiewmm Hazanl ( 912 IBOO,

Qg % 200 MeB/c}, BuXomET ®a mocToAmMsi ypoBeRs { 77 = 1) npm

SHEeDI'HE IPOTOHOB ( EP2 4 T9B), cooTeercraynmelt Havany pexMa

mpeneieroR fparMeHTamME Anep corvnacko ycxioskn /I1/,

3. B HMIYABCHOS 3aBUCEMOCTH OTHONEHER BHXONOB TiiOHOB 7% (@) nrat-
JHN26TCA TEHILEHIWA MOLIEHHOTO PocTa C YBESHIIeHHeM MMIyTIbca IOHOHOB,
YTO B DAMKAX MOZETA (PpATMEHTAIME XBE&DXOB-CIIEXTATODOB B MEOHH MOXHO
METeIDPeTHPOBATE KAK OPOABNEHle Jojee XeCTKOTO MMIOYJIBECHOIO pacnpe-
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I.

2.
3.

4,
5.

6.

7.
8.
9.

10,

II.

neiaeHnd ¢ -KPADKOB OTHOCHTEJNBHO (£ —KBADKOB B MHOTOKBADKOBHX
roufmrypamiax Anep. HedyBCTBETENBHOCTE OTHOWEHAA Z7FT r mave-
remuw o /% -OTHOWEHAA B ANpax yKasHBaeT Ha IPeOCJalaHHe MHO-
POKBADKOBHX RoHfurypamuit ¢ cuMderpmauaM (& / 2 =I) KBapKOBHM
COCTaBOM,
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HOBWE JAHHWE O TAYROKCHEY{IPYTUX ANEPHHX PEAKLAAX
¥ HEKOTOPHE ACIHEKTH WX AHATNU3A

T.AJJdexcuy
MHCTHTYT TEOPeTHUSCKOR M SKCUHGPUMEHTANBHOW (QU3MKY, MOCKRA

flonsiTHe rAyCOKOHEYNMPYTUX AZEPRHX B3aUMOZEHCTBMHE BBOAUTCA KakK
aHTHTE3a KBAa3UCBOGOZHHM B3aMMOZEWCTBUAM, NPOUCXOAAUXM HA OTIEJBHHX,
noyTH cBOGOAHHX HYKJNOHAX AZpa. FpKUM NpuHEpOM YacTuil, 0OGPA3YONUXCH
B PAYGOKOHEYNDYIHX AZEPHHX DEAKUMAX, ABIAANTCA KYMYNATUBHHE NPOTOHH,
KOTOPHE MOYTH OYEBMAHO OGPA3ywTCA BO B3AUMOTNCHCTBUAX C HECKONBKUMM
HYKZIOHAMM UJIM MHOUOKBADHOBHMA MEWKaM¥ WIM, HAKOH3L, YaCTAMH AAEpHOMH
MaTepus., Yme X0pomo M3BecTeH DAZ CBOUCTB peakuuil 05pasoBaHuA RyMy-
AATUBHHX YaCTWl: CBOMCTBA AZEPHOI'O CKEeUMMHra, B TOM YWUCIE HO3ABUCH-
MOCTH (IODMH CMEKTDOB KYMYAATHBHHX YacTHI OT COPT3 ¥ 3JHEPI'MM HaneTa-
omeft YacTHlH, a TaK®e OT COpPTa AZPa MMilE€HH; CUJIBHAA A~3aBUCHMOCTH
BHXOZOB KYMYNATMBHHX YacTHll; 3apAAOBHE 3PQeKTH B 0GNacTH BHXOZA Ha
peXHM NpeAeABHO! dparMeHTalu¥; M30CHMMETpM3alldg, TO €cTh PaBEHCTBO
BHXOZOB NMPOTOHOB ¥ HEHTPOHOB HauuHam ¢ sHeprum ~ 250 kaB us He-
CUMMETDUYHHX TAXENHX AAep; U30TONMMUECKnit u uzorToHuveckuit apiexTy,
T.€. MOCTOAHCTBO BHXOZOB NPOTOHDB (COOTBETCTBEHHO, HEUTPOHOB) U3
K30TONOB (M30TOHOB) TANENHX AZED; ACHMNTOTHYECHOE MOCTOAHCTBO YTJO-
BHX pacnpejaenssuit KYMyIATHBHEX Y8CIMB C 3ajaHHOK SHeprusl npu ¥a-
MEHEHWHW 9Hepruy HavamBHOW yaCTULw ¥ copTa AAPA MUWEHH IpY HAAUUUH
B TO Xe BpeMf y3Kux "XuBHX" OCOOeHHOCTE|! B yrioBOM pacnpeleleHuy
B3y 180° I . Ocodo cnegyeT NOAYEDHHYTH XADaKTEPHHE OCOGEHHOCTH
NpoCTPAaHCTEOKHO-BPeMEeHHO! 057acTH, U3 XOTOpPO# BHAGTANT KYNYAATUBHHE
yacTHUu: 370 "TrpyoKa" BRONP TpaeKTOpHy HajeTawueit yacTHMOH, 06paso-
BAHHAA €8 NOoCNej0BaTeNbHHMW B3aMMOZelCTBUANM B ALPE.

CymecTByeT OKOJIO COTHM DAsAMYHHX MoZeneil 06pa30BAHMA KyMynA-
THBHNX YaCTBHy He OAHA M3 XOTOPDHX, KCTAaTH, HE ONKCHBAeT BCEX Nepe-
YUCNEeHHHX BHOE CBO{CTRE, HO KOTOPHE NPUMEHUTENBHO, CKaxeM, K NpOTO~
HAM JIOMMMO KYMYJIATHBHWX MNpPEACKA3HBAKNT 00pa3oBaHue sie JoAbitero
YuCcna NMPOTOHOB BHE KMHEMATMYECKM 3anpemeHHoff o0XacT, HO o6pasym—
DUXCA TaKXe NDU B3aMMOZeHCTBMM HAJeTAnuel YacCTHIH He ¢ OTAENBHHMH
HYKNOHAMH fAp&, a8 B TAYCOHOHEYNDPYPHX sJEDHHX peaxuwAX, Ceroiis yra-
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3aH aiAropMTN BhieJeHHs Iiay0OKOHeYNpYTUX ANEPHHX DEaKuui, ¥ HE yacTn-
uH,B HUX 00DPa30BAHHUE, PACMIPOCTPAHEHH MOYTU BCE EDPEYUCNEHHHO BHUE
3aKOHOM:DHOCTH 00pa3OoBaHUs KyMyNATHMBENX yacTuu’ </, Hume Cyayr oGcys-
ZaThCs NMpeMMyuecTBEHHO HOBHE JaHHHE O CBOWCTBAX KYNYAATMBHHX YacTul,
WM wupe ,~chboicTBax rAYGOKOHEYNPYTHX AZOPHHX Deakuuit B CBA3Y C Mexa-
HU3MOM MPOTEKAHUA 3ITUX peaKuMif.

Peup NORZAET HE O KOHKDETHHX MOJGNAX, KOTODHE ABHO 3IBOJNOUMOHUDY-—
9T B CTOPOHY YUYETa KBAPKOBHX cTeneHei# cBOGOZR B AApaX # KOTO-
pHe, MCXOZLA, NO-BUIMMOMY, N3 OYEHb DA3HHX NPEJNOCHNOK, HA CaMOM ZeJB
HE NMPOTMBOPEYAT ApYyI' ILPyTY, OTpaKas NMPOCTO pasHHe MOAXOAH K CIOXHOK
MHOrOYaCTMYLO# 3a2a4e, @ 0 HEKOTOPOM CUEHApUU NPOTEKAHUA TIYGOKO~
HeynpyTol AZepHO# peaxumi, cleHapuu, B KaKoM—TO Mepe YYWTHBAOWEM
pasHooOpasue M0,X0i0B WMHOTUX MoZeJel, HO, KOHeUHO,LaNeKo He BCeX.

YrofHo HayaTh ¢ TOro, YTO GHCTPAA YaCTHUE CBOUMH DEA.IBHHMU U
BUPTYANBHHMU NPOAYKTAMM TparMedTalUM, MOYTH HE pacCerBaachk WU B3au-
MOJEMCTBYA KAK OJHA yacTHla, MPOHWU3HBAET ALPO, OCTEBIAA BAONL CBOeH
TPAEKTOPUM OuYaru nocie oBaTebHHX BO30YRAEHMA AZNEPHOTO BeuecTsa UNH
cpasy MpOLYHTH ero HparMsHrauMu. YTo ykassmBaeT Ha Takyw kapTuny? Co
CTOpPOHKW OHCTPHX yacTyiL — APOLYKTOB fparMeHTalUN HaleTawledl yacTAUH -
YKasaHHadA KapTuha XOpOuO COrnacyeTCs ¢ M3BECTHHMM JAHHHMM O B33-
UMOZEHCTBUMN TEK HA3HBACMHX WHHX YACTHY, C TeMs PakrTamy, KOTOpHE 3a-
CTABJAANT BBECTH NOHATME AMMHH HOpMHpOBa¥MA Guctrpolt yacThux., Co cro-
POHH NMPOAYKTOB fparMenTalyy fapa TaKan K4PTHiA OCHOBAHA KK pa3 Ha
JAHHHX O NpPOCTPAHCTBEHHO~BpeMeHHOU BhopMe oGnacTid NMPOTEKARUA TIYOOKO-
HeynpyTroit fzepHoil peaxiii, BOT pAZ IKCIEPUMEHTAIBHHX JAKTOB:

a) Ha puc, I npezcraBreHa 3aBUCUMOCTE Ko3dduumeHTa KOppeaaudu nap
KYMYJATUBHEY MPOTOHOB OT MPOZONBHOT'O MMAOyALca NpKU MajnoM QUKCUPOBAHHOM
3HAYEHHN [IONEPSYHOI0 UMIyIBCA #,Ba060pOT, OT MOMNEPEYHOTO OTHOCUTEIB-
HOT'O MMNYZABC& Npy MaNoM $UKCUPOBAHH. M NPOROABHOM UMMyJNbce. Xopomo
W3BECTHO, YTO MOZoOHWE pacHpede£eHMA HOCYT WHPopMauup O pa3Mepax o6-
nacT¥ B3auMoZelcTBHA, B ZAHHOM, K COXaIEHWW, MTOKA YHMKANBHOM ciydae,
OTZEJIBHO 0 APOROJBHOM W NONEPeyYHOM pasuepax o0NacT¥ B3aUMOAEHCTBUA.
U3 pucydxa, KOTOpwA OTHOCMTCA K SIDY CBMHlA, XOPOWO BHA¥O, YTO Mpo-
ZonpHHA u nonepeyruil pasMep pasluyHH. KonnuecTBeHHHWe OUEHKM ZawT
LM NPONOJABHOrO pasMepa 0GNAacCTU B33aUMOZEHCTBMA B CBUHUE BEIMUMHY NO-
panka 5 + I @M, Qi nonepew:Horo pasuepa I+l @M/4/.

G) A-3aBHCUMOCTS CPEAHUX DAa3MEpPOB, ONMpeXejeHHAdA B OMHTAX 110 MC-
CJIEZOBAHKD KOPPEJANMA NMPOTOHO3 C MANHMU OTHOCHTENBHHMY WMIYJECaMU 5/
no QopmynaM A7nA cdepuyecKoro UCTOUHMKR, OKA3IWBAETCA CAalee OXRZae-—
woit ~ AM3 | & umenwo A ®'C | yro B chmy"a" ecrecTBenHO. HoTaT, Ha
cnadyw A-38BACUMOCTDH B QHAJIOTMYHHX NMpPEANONOKeBUAX JKA3HBANT JaHHNE
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03 KoppendmusM Oap OTPUIATEeNBHHX [HMOHOB, BHEOTAKNMY #n3 eple/

B) Ha puc. 2 mOoxa’laHA 3aBUCHMOCTE KOBDTUIMEHTOB KOPPOMTRLMMA
nap KyMyaAfiTUBHHX NPOTOHOB, BHJAETAWHUX MOZL YIJIOM 90° w3 mmep yriepo-
78, TWTAHA ¥ CBUHLA,0T YTIA MOKAY HuM# Y . YaKue nuKM NMDH MAXHX

¢ - oTpa¥eHWe KOppeNAllLi YyacTUll ¢ MaANMM OTHOCUTENBHHMM WMNYIBca-—
MM OHM HA HOBOM MaTepuane NMOATBEPRZAOT CKa3aHHOe B MyHKTe "¢". Or-
ysrauso BuAex poct K. ¢ pocrom W u TeM GOABMNMA, UGM BHmE MM
npu ManeX \y . Takam KOpperflMA @CTH HA BCEX AADAX M CBHMAGTENBCT-
ByeT O TOM, YTO ‘} —3aBUCHMOCTE K. Takke HeceT MEJopMaLMK O pas-—
Mepax oGNacTy B3aumoieiicTeuAa. OKaawBaeTCR,O0HA TAKOBA, YTO MPOTHBO-
pevYMT yvacTUn B o6pa3oBaHuy map NPOTOHOB 4UCTa yacTil, [pomopuuo-
HaJBHEX .ﬂ filpa,; 3aBUCHMOCTE cnadee 4 He IIPOTUBOPE UUT B3aMMOZE i~
CTBW HATeTawnei YacThil B TPYGKe BJONL CBOEil TDAaEHTODUM.

T) KOIPHUUMEHT CNMAHMA IYMYJIATUDBHHX HYKAOHOB B KyMYAATUBHHA Aei—
TPOH 3aBUCUT OT ATOMHOTO HOMEDa AZpP2 MWUEHHM HAK H"|3 s UTO MPAMO
yHasuBaeT Ha BwWIET w3 OfinacTu B Hopme TPyOKu, ITO AOCTATOYHO CTApPHi
pe3yabTaT, KOTOPHl MOATBEpRAEH HOBHMM 7IAHHHMW, LIA ZeMTPOHOB C 2Hep-
rugun I00-750 M3B, BnerawuMwn u3 Azep nox yriom I1I9°,

z) Ha puc. 3 nmoxasaHa yrAoBaf 3aBUCHMOCTH KO3BDMUMEHTA CHMAHUA,
OHa xopomo omMCHBASTCA TEOpeTWYECKO# KpUBOH, pacCUMTAHHOR B IIDOCTOM
MPELNONOREHNM O TOM, YTO HYKJOHH, CAABAvLMECA B NOUTPOH, NOCAeNOBA-
TelbHO 0Gpa3yiTcA HakeTammelt yacTuueid BIONb ee Tpaekropuu’ /. HoBue,
yTousHYTHE B "I'" MelTpOHHHe JaHHNO, MOJyUEHHHE HE3AaBUCHMO Ha ZAPYTo#
YCTAHOBKE, XOpOWO YyKAQNHBAMTCA B 3Ty KAPTHUHY.

TeopeTnyeckas KpWBAA, ONUCHBAKWARA yTN0BOE pachnpeieileHus Koad-
duLMEHTOB chAuAHUA (cM. N, "I"), CNpaBeZiuBa HA CAMOM AeJe eue IpH
OLHOM BARHOM ZOMYWEHNU: NOKANBHOCTH B3AUMOAZEHCTBUA HAYANbHOE YACTU-
tu. 0 MOKAABHOCTM CBMIAETEJLCTBYET M cnadas A-33BUCHMOCTE DODMH
CNEeKTPOB YacTHu, 05pa3youMxcsa B TIyJOKOHEYyNDYPUX AJEDHHX PEaKLMAN.
llona 3Ta HE3ABUCMMOCTEH OHJIA W3BECTHA C TOYHOCTHW 5-I0%, oia MOria
CHTE MOHATA, XA M MOHMMANAach TAK B Hayajie MCCNEROBaHuit, Kak OTpaxe-
HUE OXZUHAKOBOfl MIOTHOCTH AZep, Ha puc, # npuBeacEH HOBue RZauHHe! ™/,
CBUAETeNBCTBYNONE O ropa3zo Soabmelt HE3ABMCUMOCTW $0pM CHNEKTPOB -
He xyxe I% - oT A AzZpa Muucdd, YTO MHOTO MOCTOAHHeW, YeM BHEDTHA
CBA3M MIM XADAKTEPHHI PepMu-uMnyJbc AZEp, A-3aBUCUMOCTH KOTOPHX Mo~
KA3aHa KPKBHMW Ha TOM Re DUCYHHe. JAHHHe ,lpABONEHHHe Ha pHc.4, OO-
SBOJIANT OLGHHMTL BODXHIW PaHMLly MAcmTada JIOK&JIBHOCTH. OTKAOHOHESE ¢opw
s A5ep ¢ A MeHBIS 7, BOSMORHO, CBA3GHO C’ BIMAHMEM OPABOR IDAHMIH
(fazoBoro odreMa peantuy.

Bonpoc 0 JMOKANBHOCTH B3auUMOZE{iCTBMA CTAHOBMTCA CJOXHEE, 6CIH
npuBNEYSE K PACCMOTDEHMD OYEHE MHTEDECHHE CaMmu N0 cele ZauHHE 00

262



x;-,o‘[r,B.J
b

o

vy s AR

] 7 Y
MM?
M T

3HOPIUYHHX KYMYJIATUWBHHX YacTuLaX, HOTOPHE MOAPOGHO DACCMATPUBAKNTCH
B noxnaze Rucemesa 0.T. (cm.c.268, T.I). Takne OHCTpue KYMyJSTUBHHE
YyacTHUH MOryT O0pas3OBHBATHCA NPJ B3auMOLEHCTBWM Hayerapmeid vacTHiM
¢ o0BeKTOM MECCOW 10 Ooxee uweM 4 HYHJIOHHWX MacCH; Ha caMOM Jene ¢
eme Gojee MACCUBHEHMKM O0BOKTaMu: of 3TOM roBopuT NMONNTKA yuera mnpa-
BO#t rpaHNIM $R30BOro o0nema. [OMPABNEHHHE CHEKTPH C Xopoweid TOYHO-
CTEN 0G7MAZAKT cBolcTBAMM AAEDNHONO CKEWNMHra Npu BCEX BTOPUYHHX 3HEp-
rEax. XoTA& B 00pa3soBaHuM OHCTPHX 4YacTull, BWIOTAKNMX X3 TARGIHX ALp,
YUACTBYDT HYWIOHH, SaKINYeHHHe B TPyOKe RBIOIH TPAGKTODMM IBMMEHAA,
TeM HA MOHAEe MOXHO RPONIONOMHTE, ¥TO B3aMMounelicTBUE UX6T JOKAIBHO HA
KBADKOBOM YPOBHO, & CaMd KYMYJAATHBHHO YaCTHIN 0CDR3YDICA B PE3YJI5—
TATe ANPOHESAMM HA NOBODXHOCTH AKpA.
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0 TOoM, uTO CKBO3h AAPO OT MeCTa OGPABOBAHMA MAYT HO CAMH KyMy-
NATHBHHE YACTMLH, @ KBAPKM WM APYre RBASHIACTAIN, CBORCTBOHHHE
azneprolt MaTepun (mapH HYKNOH-ZHDKA?), TOBOPUT ¥ DAZ ZADYTHX HeaaBHCH-
MHX HaOnwAeHMHA

a) To xe MOCTOAHCTEO (JOpDM CHNEKTPOB, KOTOPOS® TPYAHO MOHATE, OCHH
IONYCTHTh NepepacCefnMe KYMyASTHBHHX YaCTHI B AApax, 6CTOCTBEHHO,
TeM GONEBmES, UOM TAKSNGE AADO;

6) yme oGcyxzaBunitcs faxT CyNecTBOBAHHA NMAMHZDUUYECKOR oGIacTH,
T76 OPOMCXOZUT MOCHSAOBATONBHOS B3aMMOAcHcTBME HaneTanme# YaCTHIH,-
OH& OH TOX® DaSMWBRAACH NDH PacCceOAHHM B TARENNX AZDaX;

B) HaGmoiReTcs claadand A-3aBUCHMOCTP 3apAzoBoro sddexra: npesume-
K@ 9MCJA ODOTOHOB HaZ HeHdTDOHaMH M3 CHMMETDHYHOrO fADa yriaepoza NoZ
ZelcTRuen I'~Me30HOB He MHOTHM GOTbNE, T6M H3 HBOOIMMETPETHOTO ANpA
ypana’/ “/, BuBOZ 06 OTHOLEHHM MPOTOHOB M HEHTPOHOB, BHNETANUAX M3
H30CHMMETDUUHOTO Hpa ypaHa, MOXHO HONY4HTH, MMOA ZaHEHE O BHNOTE
43 A7ep NpoTOHOB B HENTPOHOB mnox AeficTBmeM T o -ME30HOB}

r) affieKT M3OCHUMETDPH3ALMA THKKE YKA3HBAGT HA OTCYTCTBHO SaMer-
HHX nepepaccesHMil B TAMGNHX AApax, KOTODHO ZONKHH NPMBOANTEH, KAk
B cayvae NyRKTa "0 ¥ COOTHOWSHHY NPOTOHOB M HeHTPOHOB, XapaKTOPHOMY
ANA AADA MMUEHH.

HesaBHOMMHM yKaSaHHeM Ha TO, YTO afipOHMSAlMA HpOXoAsme# yepes
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f4p0 KBa3WYACTALE MPOMCXOINT HA ero MOBEDXHOCTH, MOTYT CIYXUTH He-—
NaBHO NOJNYYEHHNE Pe3ylbTarH O HAaKIOHAX CNEeKTDPOB KYMYAATHBHHX [PQTQ-
HOB, BHJAETAWWUX U3 W3OTOMOB 10/, OHM, XOTR W HE3IBAYMTEABHO, O0TNUYA-
BTCA OT MOCTOAHHEX, KAK yX€ O0TMEYaJochk, AJMA BCeX AJEp, JeXauux Ha
JopoxKe CTabunbHOCTH, H3OTons BHE AOPOXKM CTAaTUABHOCTH OTANYEYTCA,
TNO-BRAMMOMNY, DA3HHM COASpPRAHMEM He{TPOHOB 1A NOBEDRIIOCTH ANEBD.

Honeyno, ceroiHa sSaKOH aZPOHM3AUMA KBA31M4actWlU HA NOBEPXHOCTU
AApAa He W3BECTEH, HO €C/NM CepheaH0 OTHOCUTHCA H PACCMaTPUB3CMOMY
cleHapun raysoxoseynpyroft Aaepdoil pearuui, TO HANO OTMETUTE CIEAYH~
e OCOGEHHOCTH &IAPOHH3AUUNS

8) aApoHM3AUMS HA NOBEDXHOCTY Azpa OTALYAETCA OT AZPOHIZauny B
BaKyyMe,

6) BTOpHYHHE YACTHUN COXPAHRWT HAMpaBAEHNE JBUXSH.A KBasnyacriili,

B) NO xpaliieil Mepe HYKJOHM ¥ TNWOHH ABJAANTCA NPOAYKTaKM aLAPOHN3A~
uun opHoit u Toft ®e wBasuvacTuud, Ha 3To, B wyacTHOCTH, yKaA3uBaLT YiH-
BUTEJBHO MOZOOCHHE YPNIOBHE paclipelelieHdf NROTOHOB M MMOHOB, B TOM YM-—
cne ¢ oGNnacTu PE3KUX HEPeTYARpHOCTEd yruoBwx pacnpexesenuit. (Cu.
pic. 5, r'iie NpencTaBIeHH YIAOBHE DACNpEAeNeHNs NPOTOHOB i NHOHOB
s6ausn I80° mpn pasnwx yenosuax)/il/,

BO3MOXHO, UTO NpM ALPOHN3ALMA KBA3MUYACTMIN B HYKJOH NOCRELHNH
COXPAHAST €6 KUHETHYECKY SHEpPIrumw; B 3TOM Clydas NETKO UHTEDPNpPETUpO-
BaTh COOTHOmMEHME, XOpOWO ANIPOKCHMHDYHHEe HHBAPHAHTRYO yHKIM0,
ONMUCHBARLY BHXO}H HYKIOHOB B TI'NYGOKOHEYNpYyTMX ANEPHWX peaxumax. B
Apyroit uozzeJm/I5 AAPOHU3AHUA MPOMCXOLKT M0 KMHEMATHKE 0GpATHOTO
YAPYTOTO DACCESHMA KBAPKA HA NOKOALEMCA HYKJOHe MOBEDXHOCTH AApAE;

4 B 3Toil MOZABIM, KAK BMPOYEM W BO MHOTMX APYruX, LOCTUIaeTCH XOPO~
waft MapaMeTpH3alda IKCIMePUUSHTANBHHX JAHHHX .

Kax ofpasaynTcs KBapKM WAM ZDYTPHe KBA3RYacTULW B TOYKES BIAMMO~
IelicTBUA? 3aBAZOMO BTO MHOTOTENhHEA 3azaua (nociezynuue saMeuaHis
0CTANTCA CHPaBSANUBHUM, 6CIM NMepBUYHOE BIauMOAedCTBHE paccMaTpHBaTh
¥ HAB HYKJNOHHOM YpOBHe), lloaToMy H® YAMBHTENBHO, YTO HET TOYHOTO pe-
HEHNA, KOTOPOE 38MEHAETCA CAMHMM DA3H000DPAIHHMU MOJASIBHNMM NOAXOJa-
MH: MOXHO pRCCMATPHBATE CTONKHOBEHHA HAaNeTalWero KBApKa ¢ OHCTDHM
KBAPKOM, HAGCPABIUM CBOJ AMNYILC B MeDKe TOr0O uay MHOrO pasMepa, BO3-
MOXHO, YTO KBBDK MEmKa BHISTAeT 3 HOPO, Kak XBapK-cNexraTop (ana-
Jaord nozenel Ppenxens # dpanilypra-CTPUKWAHA HA KBADHOBOM YPOBHE),
BO3MOROH, HAKOKEeH, TEPMOZW4aMWYECHMH N0AY¥O0L K MEOPOKBADKOBOM Cucre-
we, HasepHos, BCe Takue NOAXOAH HE MCKAM&RT ADYI Zpyra, Ayyue uan
Xy%© YXBATHBAA OTAGALHNE CTODOHH NpOTEXaHLR PRYGOKOREYRpYTO# AREDHOW
PEAKIMH,

Mp# B3aAMOZEHCTBHA C HADOM HANETADLAR YACTlAa TEPAGT Ha BO3OYR~
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3aBHO6TH OT BHOPTHM Haneranmeft wacTHUIH

Prc.5

nexne fAzpa (He Boodme TepserT,
HanpuMep Ha cBoD fparMeHTanUp,
a UMEHHO Ha BO30yXAeHHMe AApA

U1 Ha (parMexTanMy AZpa) oOfn-
pereneHHyD M, HayuHasg C HOKO-

TOpoft HaanbpHO! SHEpruu, mno-
CTOAIHHYO 2Heprio. Yxe He pa3

NnoAYepKABANTOCE, YTO AKTH B3a-
MUOZBKCTBHS MOCNEAOBATONBEO
pacnoyoResy BAOAD TPAEKTODHE
Haneranue#t yacraun., Hosromy
MOXHO T'OBODUTE 00 YABIBHHX
NOTePAX HA EZUHMLY MyTH,
OLeHKY NOKA3NERNT, YTO BEJH-
YUHA YASABHHWX NQTOPH MOPAZKE
I I'sB/fu, Takaa oOusHKa MOAy-
Ya8TCA, BCAM NPOCYNMUPOBATH
3HEPTUM YacTHl, BO3HMKALMAX
np fparuesTanu¥ fAApa, B B3ATH
JM8BHHe 0 JuHeMHWX pa3Mepax
o0nacT# BaauMonefCTBUA B AZPE
U3 KOPPORAUMOHHWX ONNTOB. JK-
GONHTHO, YyTO BeawyMHa I T'aB/dm
COOTBETCTBYET RATAXGHHD KB&DK~
rawoHHOR cPpyH, B HOTOpOA 3a-
macaeTcs 3HEpris, OCTABAAG-
Maf Hamerawmeii yacruue#t » Ax-
pe B Mozean Koneamosuya-Hu-
Iepuaiiepa.
CymecTByeT MEpapXaf BH-

X0Za HA CKeHNMUHIOBOE nOBOAe-
HUE WIK DexuM mpexenabHOH#
(parMeHTALMN: OHAWANE, MO MO-—
pe pocTa SHODPrMM Hazeranmel
Ya0THIH, NPOABIAAGTCHA HO3BBA-
CHMOOTH $OpMH cnexTpa 0T

A Anpa MMEGHM - JOKANBHOOTSH;
aareM dopua cnexrpa nepecraer
~ CTAHOBATCHA NOCTOAHHNEMA

YAenBEHe MOTOPH HaneTapllelt YACTHIN Ha BO3CYXReHMe AApA; HAKOHeH, MpH
CoNBUHX BHOPIHAX M DPABHHX AAA PE3RHX A MEpecTADT 38PHCETH OT HAavalb-
HOM DHEPIMA BHXOAM y&cTHl. ECA% CYMTATH, 9TO CROUNHHKT IO MHOXOCTBOR-
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HOCTH HacTynaeT B TOT MOMEHT, KOT'Za HaleTawliay yacTaua nmpu purcupo-
PFAHHHX YAeNBHHX NOTEPSX CnocoSHa MpPOUMTH AP0 HACKBO3E MO HausORB~
leMy pasMepy, TO 3HCMNGpUMEHT MO BHXOAY Ha peXuM npeAenbHOW dparueH-
Taluy He TONBKO ABIAGTCA eme OAHUM CBUAETENHCTBOM B MONB3Yy TOro,
YTO T'AyGOKOHEYNpYrad PeaKudA NMPOTeKasT B TPYyOHe BAOAB TPASKTOPMM
HaNeTanmelt yacTWLH, HO M IO3BONAST MOJNYUHTH HE3aBUCHMY OUEHKY Ha
yIelBHYO 3HEDrMM, TepreMyo Ha Bo30yxieHme fAAps nopagxa I I'aB/c.

HezaBHO NMOABMIMCE HE3ABUCHMHE M TOCTATOYHO KPWTHYHHE DE3yaBTa-—
TH, KOTOPHE [OAASDAMBANT HADUCOBAHHYD KADTMHY NMpOWMBAHMA RApa Haje—-
rapmeff yacTuue#f Hpr HocrarouyHodd IHEPIMM ¥ yMeHbmeHnu 3fderTABHOH
ANMHY O6NACTH ee B3aMMOJe/#CTBUA B NBHHOM AADE MDY MEHBUHX 3HEPIHAX.
JTH pesynsTaTH MOAPOCHO paccMATPHBAXTCA B AOKiade CraByHCKOro A.B.
(cm.c.288, T.I}). U3 RaHHMX BuUZHO, UTC HYRIOHN 3apucuMOCTH R (qv) R
KOTOPHO6 OTDARAKT pPa3Mep o6NacTH B3AMMOZEHCTBAR, npu OZMHAKOBOM Ha-
YanpHOM WMITYJBCE,8CTECTBEHHO, DASHHO ANA CBHMHLA W TUTAHA, HO OHA3H-
BANTCA OAMHAKOBHMHM ANl THTAHA M CBMHUA NDH HAVANLHOM KNOYJABCE
3 I'sB/c, KaK 4 CN6Z0BAJA0 ORUAATH.

Hakodel, Hazo yNOMAHYTH €le OZMH DAKT, KOTOpPHW paBHO CBUZE-
TONBCTBYET O NMPOTOXKAHMM IAyGOKOHeyMpPYroi ANSDHOH peaKuMu HA KBADKO-
BOM ypoBHE@, 00 0OWG# Mpupoze NPOTOHOB ¥ MUOHOB B 3TUX PeaKUuAX, O
XapaKkTepe 8IPOAWSANMN: B pAZe MOXenell HaKIOHH CHEXTPOB NPOTOHOB M
MUOHOB COBNAZANT M TAaKne Xe, KaK XapakTeDHHU HawioH CTpYHTYpHOH
$yHNUMM KBApKOB B mApe npu Y >4 , HalZeHHul CTAQHABDTHHM METOJOM
Mo pacCeAHMN MMOHOB Ha AZpax.
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POXIIEHME BHCOKOSHEPTHYHHX KYMYXATHBHHX

AJIPOHOB B NPOTOH-ANEPHUX B3AMNOIEHNCTBHAX
C.B.BoaprHoB, C.A.Tepsor, M.M.Kan, D.T.KuceaeB, I'.A.lexcEn,
A.H.MaprembsnoB, B.J.HopEroB, C.B.CemeHon, K.B.TepexoB,B.A.le&HmMan

HHCTETYT TeopeTEWeCKOR E srcmepEMeRTasbHOR fHSEKE, MOocKBa

I. BpenoHme

HecnenoBaHme HpoLlecca DORIOHEA KyMyJAATHBHHXY AIPOHOB SABJIAOTCA
ONHFM mS nyTelf monyueHMs mEPODMATME O CBOUCTBAX ANEDHOX MATSDHE IpH
nepenade et CoXBEMX BeJMYMHE SHOPIEE B MMIyAbca. B mocjegHue T'oiy HE-
TOHCHBEO DaSBEBANTCA MONONH, CBASHBANMES OCDA30BAHHO KyMyIATHABHHY
JacTHER ¢ HANMIROM B AXpPAX KBADKOBHX cTeneHef ceodomi. B pado'rax/ 1-3/
paccMaTpHBAeTCA B3aMMOLEiCcTBUMe HaleTauleil . 4acTHLH C MHOI'OKBap-
KOBHME KOBJUTypaumgsuu B Anpe. B padore /4 YTBOPANAOTCA, UTO HHBADHE-
aHTHHO CEYOHEA DORIOHEA KyMyAATHBHHX UACTHI ODONODIHOEANLHN HMIIYXBC-
HHMM pacOpefeNeHEAM EBADKOB B ANpax. [OCKOABRY KyMyIATHBHHO aqpPOHH
00pas3ynTcA 3aBSJOMO B MHOTOYACTHYHHX B3aENONefcTBEAXY, HCCEONOBAHRE
HX CHOKTDOB NON63HO IIA NOHCKRA KOLNIOKTHBHHX SRieHElt, B JacTHOCTH,
$asSoBHX MEPEXONOB IEPHOTO BEMOCTEA.

B macrosmel paGoTe OPEACTABNOHH HOBHE DPOSYALTATH ESMODOHRA HH-
BADHEAETHHY COYOHEN peaximit /D/—-/DX A BMIyNAHCOB BTOPEYHHX HPO-
ToHoB 0,6~1,83 I'sB/¢c. 3KCHeDAMEHT NPOBONEACH HA BHYTDOHHOM YIRS
calxporposa TP upE sHepruax nporoHoB 5 B I0 I'eB. BropmuhHe wacTh-
OH, BHIGTAXMES MO yTAOM 119° B x.c., POTHCTPEDOBAIECH foxycRpyIImID
MATHHTHHM CHORTDOMGTDOM ¢ AMIYALCHHM SAXBATOM $0,8% & TexecHEM yTiIOM
I,4 ucp. HpenrmpExauma UacTEL ¢ JAHHHM AMIIYALCOM ODPOESBONEAACE MOTO-
oM ESMODOHHA BPOMeHM mpoxeTa Ha dase 8,7 M. Bexuumna ¢oHa He MpeBH-
maxa 5%.

2. ORCIODHMOHTANPHHO IAHHHO

HaMepAmICH BOJMYMEN RHBADHAETHHX coYoHHR f:/?afq’/e{b 3neck
# panee B,T,p, & - 9HOPI'Nd, NMOYAHC M JTOX BHAETA BTOPHYHHY ODOTO-
HOB B X.C., A-MACCOBOe YHCJO SADA~-MEMOHE, (DPoIHOKBARPATNYHAS OMRGKA
BOJIRYMH COYCHHE, ONpONEN6HHAA OPAPRHOHEOM DOSYILTATOB DASHHY cepmil
usmopemult, cocramaaeT 7%. CTRTHCTHYOOKNO ONNORN MawH. DorpemEOCTH
HODMNDOBEE 0cCAUTRHX BOJEH ceyoHull omemmsaerca B 25%. TowHOCTH
HBMODOHEA EMOYALCOB BTODNYHHX HDOTOROB cocramaser IX.

Ha puc.] nmoxasanHd SaBRCEMOCTE f(Tj . B mocaemoBaHEHOM IHANASO-
Ho 7 ©00Y0EHe HSMOHAOTCA H4 BOOSMb NODANKOB. Ha DNCYHK® IPEBONOHH
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TAXEe IAHHHE 5/ ' 7 OHHHe HpW HAYANBHOM HEMIYJLCO IPOTOHOB 9 I'sB/c,
pesyanTaTH pacdoTH 4 mpx EMmyasce 8,9 TeB/c B naHmEHe sEcnopEMeEta/6/
OpM SHePTHM HaXeTAKMX IpoToHOB 400 I‘aB,oruocﬂm}ecﬂ R AIPY e .
BREEO, 4TO CeyeHNS DOXROHHES NDOTOHOB, H3MODOHHHE B 6/ , SBMOTHO Ipe-
BHIIRDT COYOHHSZ, HOAYICHHHe B HACTOAMEM JKCISDEMEETS.

CopPMOCTHO® DPACCMOTDOHNO IAHHHY HpM Havansgoft sHeprmm ~10 I'sB
NONTBODATAST CHONAHHHHE B 4,8/ BHEOJ, O TOM, 9TO 3ABMCHMOCTH f(T ) me
omrcHBawTCH HopMyaod fx €€W7 75/ BO BCEM ECCHGLNOBAHHOM IMANa30He
T. Smech C 7 T,-Tapavorp. OMAKO Takoe OMACAHEE BOIMOKHO ( /2/)—-/ )
6CJHE PACCMOTPATH OTHONBEO obuactd T« 400 M2B m T> 400 MsB. Ipm
T<400 MsB corsacHo peaerbTaTaM/ "Y' mMeeT MeCTO HesamucuMocTh T, or A.
Opz T>400 MeB sy Hadmuaes BospacTamue T, ¢ yBeamyeHueM A.

3. OGcyxueHde peSyJALTATOR

B padore npemiarasTes HCNOABSOBATH I aHaME3a NAHHHX nope-
MoHHYD X (KyMyJLaTHBHOS WHCNO), Xa[/—é‘/é})’[[ %/caf.?//m -m/[, /,
rre E;, /7 , A, - NOXHAT SHEPTEA, MACCR H CKODOCTH HATGTANUEro Mpo-
TOHA. [IpE JONHMEX HAYANBHHY SHOPIEAX X coBnalaeT ¢ foiEMasoBCROZ me-~
pemeEHOR Xp R n7peuexmoﬂ CBETOBOTO JPOHTE of = (& -P,j/ll.

B padore /4 3aBHCEMOCTD f(x) CBASHBAETCHA CO CTPYRTypHO# JyAk-
mrolt Axpa 4(1') - pacnpenejgeHMeM KBADKOB IO NepemeHHO# FESpKeHA B
TIyCOROHOYUPYTOM DAacCedHAN JONTOHOB. [JIA ANpa cBEHIA B 4/ suno noxy-
qeHO &wragof,r/xpj ¢ X,=0,140%0,0I4. Ha pmc.2 Nokasat 3asm-
CHMOCTH ‘f(x) , NOXyU6HHH® B HacTosme# padore mpm E°=IO T'aB. Oum
xopomo omacusawred ( X7y ~4 ) dopuyaott _/:- ﬂe,lp;,l/l’,/ BO BCOM
meanagoss X. Bexmummu X, mas smep Be , A , Cu ', /8 cocrasamor
0,1I4; 0,I27; 0,132 7 0,134 c omaduo#t G,00I.

COr.mcno/ 3/ RYMYJIATHBHHO ANPOHH 00pasywres np¥ B3aEMOAs#cTBER
paterapmelt YACTADH ¢ IBOHAIATERBADKOBHME MENKaMM B Anpe. B eTom
QIyuae COTeHHe f&v} JIONXHO POSKO DamaTh Ip¥ X-»4. My RSyUMIM 33BHCE-
MOCTDH j'&r} o X=3,82 ® He OOHaDYXRIN HEKAKAX 0cOGeHHocTse# B nosene-
KW COYoHEA. Ha pEC.2 NMpeICTanieHH M COYSHAR, USMEPOHHHO HaMU Ha
Ape Cu mpr E°=5 T'sB. HorpemmocTk a6COIDTHOE HODMEDOBKE ITHX IAHHHX
cocrapuAer 45%. Smech He HAGMNAGTCA CWILHOTO n?uemm CeYeHMS B 00-
XacTE X=4, 970 OPOTEBOPOUHET LpPEICKASAHEMN pPaGoTH 3/ .

Ha pzc.2 morasaHW SaBUCHMOCTH f(x) 73 padoTH 6/ , NONYJISHHHS
npa sRepreE 400 I'sB. Hs pucyHxa BEIHO, YTO C yBOJMJSHHEeM EavalxnHOR
3HOPIRN E, fé') JMoHEMAeTCA. B MHpOKOM IMaunasone Heprmm or I0 mo
400 ToB _Ff(») msmeHAeTcH He Gonee dWem B 2 pasa. Tammu o6pasoM, 414
poanIER ,ol-—p«l’ B 9TOM NHMANA30HE FAMEOT MOCTO NPECIMXOHHAA MacmTas-
Hag NHBADHAHTHOCTH (CKeANMHI). BHXOXN Ha CKeLIMHTOBO® NOBeleHEUWE IPO-
HCXOIRT CBEpXy.
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PHc.2. BABECEMOCTE NHBApAAHT—
HOTO COY6EHS OT EyMYMLATHBHO-
ro wmoxa X.

CoraacHO / Uornomene coveHnf f IR PasHHX Auep HAeT EHPOpMAE-
D 00 OTHOWGHME CTPYKTYyPHHX (yERuER >TAX ARP. HsPecTHO, WTO HpE

I < I TaEEO OTHONGEHA OTMMYHH OT oJNHANM ~ EMC-afde
ornoyemd! B odnacts X > I EMeeTca PAN Teope-
~11/ | Ha PEC.3 OpeNCTABNGHN HSMEPOHHHO EaME

HO NOBONeBEA YRA3AHHHX
TYYECKEX IpefckrazaHmi /3

. OrHOCHTONL-

OTHOWOHMA ceuoHER Jfy .;fz B SapHCEMOCTE oT X. Ha SXCHODEMOETARLEHX
KDEBHX OTCYTCTEYDT KAREO-JIEGQ OCOCOHHOCTE, TTO NPOTHBOPEYNT HpezcKa-~
sm37 ?ue.mmm B padorax 9'10,)1 KAY6CTBOHHO COTAGCYyOTCH C BHBO—
i 1/

OTMOYOHHOO BHII® OTIWIHE /?X) IAA pasHHX A4ep, BOBMOKHO, CBA3A-

HO ¢ BANAENEM Opapofl rpa=euy §as’oBOTO 00BeMA DOSKINK

=

[omiraeMcs y99CTh 9TO BIHAHNS, NONATAR, TTO fﬂ}-,{(a'jp//d/f;/ % rme
/t - mapametp. Taran Qopuyaa ¢ /£ = 8 IOpONO ONNCHBARET BCO IOAY-
YoHHHE HAMHA JAHHHE, NOKASAHHH® HA DHC.4. TyHRImA f; , H800paxeHEaR
EA DHCYHRS JEHHOf, AlMDORCEMEDYETCA BHPANoANOM ﬁ-é’,e;o/x/xg“ c
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NHBAPEAHTHEHI CeYeHHR Ha paSHHX Holt JryHKIER fa or X.
anpax.

X5=0,135%0,001. Iymrmun J YHEBepcambua L1A BCeX AXep, T.0. HOCT®
LeXGHRS HA (I—Z/A)B, COUPHES HA HYRIOH ONMHAROEH Ing Bcex A. Hapuc.4
OpEBeNeHH Taxme sHavemus 4, XA amep € ® 72 , noxyvemHwe mpH
E,=400 Ton/%/. Omm commemavr ¢ Jo mpR E,=I0 I'sB. Hanoummu, 9?0 OpR
STHEX IBYX SHOPTEAX COYEHHSA, NPEICTABNGHHHWOe HA pHEC.] mrak Jymwmam T

2 © 28 -] -1 CYLecTBOHHO PAIKYATRCE.
10 o M3T3B ¢ cp Hywron 4. SamecEmocts o S
'%h ‘ Ha pmc.5 MORASAHO CETeHMe
10° JWea 72 , noryuemmoe Ha, X
. ' GHANOTEHEe IAHHHe PadoTH 4/ 1A
0 anpa cBuEna opx yraax & = 90°,
120°, 180°, Hmmmmm coemEHOHH
- o o soux ¢ ommaromsme ¢ . Bumo,
10 90" I20 180 wro zat X > I,8 mapawerp X, He
" sasmcar o7 & .
107 /Y Yacro cevemme / paccMaTpE-
¢ Ham¥ JAERHE BAWT B SABHCEMOCTE 0P IEyX Iepe—

IO. \ , . X woHHNY X & IQ‘ . E8BecTHO, YTO
1 2 3 4 ~ OpA Mamux X ceverme ONCTDO nmane—

. . ©T ¢ pocTOM 0O, , XOTH NANGHAS
Prc.5. SapmomiocTs  £(x ). ¥ samennterca ¢ yeemmenmen X4/,
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lIpy GoxpmEX X CATyamRd MHasg, [apawineJbHOCTE: JuHMA Ba puc.5 o3Hagaer,
aro npx X > I,8 yBeJudeHHe //J.x HO® NPEBOIET E YMOHBIEHHND ,f . IOpen-
CTABNOHWEe DOSYILTATOB PACOTH npn 400 T3B B 3apECEMOCTH OT X Tarxe
DOXABHBIET OTCYTCTBAS HNOIARNEHAA COUEHHA C POCTOM &2 B odmacTE

X > I,8. Ocnadnenue SHBECHMOCTE OT 2 WA SHOPTHUHHX KyMyLATAERHX
OHOHOB HAGADIANOCEH B 12/ Taroe moBenemme J KauecTBeHHO MOEHO
OOHATH, NpPORNOJaran uaorponxuﬁ paclaj HOKOTOPOro KOLIGRTHBHOI'O OGpa-
30BAHALA.

MHTepec K HaGJINIOHAD HeOOHYHHX pacupensixeraft mo ,t_)‘ B OOCTEIHee
BpeMA BOSPOC B CBASH C HOMCKAMA HOBOI'O COCTOSHES BONMOCTBE — KBapE—
rmornolt mrase’ 1514/, Ene OIHMM ODESHEKOM IUIaSMH HBJIAOTCA yCHAIOH-
HO® OOpA30BAHWG CTPAHKHX YACTAN. B 9WACTHOCTE, OTHOmeHEe X cevYemm#
poxnemas F - Ly A7 —uesonos IOJMXHO ONTHh ~ I. Manoe orHomeHme A= I
OpE omEHaroBHX X neﬂcrsme7bxo Hal/DIAO®TCA B DAANTEAX 0CPA30BAHRA
KyMyJLETEBHHEX uesonoa

W.ar, RyMyJAATHBHHe NPOLSCCH ONMCHBAWTCA YHEBODCANbHOR PyHxumei

.ﬁ , He 3aBHCAmEE OT MACCOBOrO WHGCJA AIpa A H IPAKTHYOCKE HE 3aBHE-
camed or HavaneHO# 2HEpPI'EH E mpu E, » I0 I'sB; mua X>1,8 napamerp
HarroHa X, (yHKmm j; HO aa.Bncn'r or yr.na BRI6Ta npo'rona. Hadmonaemos
zsuenexme 3aBHCHMOCTE f OT /2 ¥ YCHNOHHO® POXROHHS Vo4 -MO30HOB,
BOSMOXHO, CBRIETEJBCTBYOT O (PODMADOBAEME HOBOI'O COCTOAHEA HIePHOro
BEMeCTBa YR8 OPH INOCTHTHYTHX SHEPI'AAX.
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VHRIDIBAHE GUERTPN KACGHOB M IBIOHOB, OEPASOBAHHLX
IPM CTOIRHOBEDMY PEIATVBICTCHMX ANEP
A B Kypemsr, B,C.larryen
HuoraTyT smepEHX Bccuaexopamuft AH CCCP, Mocksa

Hecnonobadne POXISHAS MESOHOB IM CTOJRHOBEHAH DOJIATHEE CT CHAX
Afep, KAR OXENSeTCH, JOVIKHO IATh CBOJIOHES O MoXAHASMG B3aEMONeficTRRA,
BEJIEYHES CNATHS ANOPHOY MATOIHM E O BO3SMORHOCTH IDOABIGHEA KOJLIEKTHB—
Y offorToB. JUMTHRAS KBGDKOBYD CTPYKTYDY MESOHOB, HO-~RBEIEMOMY,
HOOOXOIMMO OAHOBPEMSHHO HOMydYaTh LGHHHS ¢ DOMNOHME MWOHOB B K© -0~
SOHOB, IpolecC DOXNEHES KOTODHX OPOACTABIABTCA HOAOCHEM, T.K. I[E
2TOM TpedyeTcs 06pa30cBaHMe ONHOI'O NONOJIHHTOJBHOI'C OCHYHOrO WM CTpaH-
HOTO GHTREBAPKA COOTBETCTBEHHO. B TO Ze BpeMa poxlemEe K -mesona,
COQTORIErO TONBEC H3 MOPCEKEX XBADKOB, JOJEHO CYWMECTBOHHO OTJMYATHCA
OT POXHGHEA OHOHOB H K'Y -MesoHOB.

Haxpge OYYEOB POAATEEMCTCKEX ANEP NPOACTABIAOT YHEKAIBHYD BO3—
MOXHOCTH Jid CPABHEHHA DOXNGHAA MOSOHOB EYKTOHAMA HAE ALDAX A ARDaM:I
HA ANpAX, YTO, BOSMOXHO, IOSBOAET DESIEVETE UPONOCCH, OUPONCISSMHE Hy-
RIOHHO# B RBAPROBOHl crpyrTypoff snep, a Tarxe oCHADy®MTH offerTH, BO3~
EMEANOHe E3-3& CBASA HYRIOHOB B ANpax ¥ HS-38 EX ROJUIGRTEBHOTO JEE-
EOHHA.

Ker Guiuo ormevemo A M.Baimmaim 2% , I¥ JOCTGTOYHO BHCORHX 9HED=-
THAX,0K0J0 4 ['sB/HyRiOH,B ATEDHHX DOAROMAX MOTYT FPOABLITLCH KB&D~
KOBHO CIJHeHM cBOGOAN. MBoro MccuenoBamM# OHIO BHIOOJHOHO B EKyMyLi~
TEBHOR oGnacTE BaamoNefcreHR. IpefcrabiAeT HHTOPEC TAKXS HSMODOHHO
PORJOHAA MOSOHOB P KAHOMATEUOCKofi o0JacTE, DASPENOHHOR RIA OpPOLeCcoa
DOXNGHRA LIS CBOCONHHX HYRIOEOE, C LOJED IDOBCRA MACHTaCHO-RHBEIRAHT-
HHE SSEOBOMSDHOCTOR.

VsMepeREA CoueREH# DOXNOHEH DMOHOB M KAOHOB BHUOJHEHH HA YCTAHOBKA
"Kacusfi", pacmosomreHHOf HA BHBOIOHHOM MyWKS DeJgTHEBHCTCKAX Anep Jla-
doparoms 530%7 sHoprEft OMAH, IpejsapaTesbHHe NAHEHE CHME ONyGIH-
KOBAEH paHee . 3mech HpEBeXeHH Cojiee NOJHHe NaHHHE, NOJYIGH-
HHE ¢ HOBHM EHTGHCHBHMM HOTOYHMKOM WOHOB yraspoxa xo IO¥ macTal sa
EIMIYILC JCEORTeAs HA pacovofl MEmeHM. YroX poxlemmA cocramuai 24°,
MaTHNTHEE KQHAJ YOTAHOBKH, COOTOSIME ES IBYX OTRIOHADMHX MATHHTOB X
9YOTHpeX KBampymolefl, COONES0BAKCA B KAYECTBS CIOKTDPOMOTDA BTODAYHHX
qacran. [RoEK X KAOHH ENORTAJEUEDOBATECH DO BPEMANDONETHOS MSTOMMKS
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C ECHOJL30BAHESM YGPEHKOBCKOT'0 CYOTYHRA NOJHOTO BHYTDOHHEIC OTDame—
HEA,
B patoTe NDABEMORH SKCUOIMMOHTANBHHO NAHENO O COYOHEAX POXUOHHES
=g Kt -MPSOHOB I[M CTOJIKHOBOHAR FHEpP yIOPOZA, HO#TPOHOB H IpoTo-
HOoB ¢ sHeprmeft 3,65 TI'eB/mymipH 0"
¢ AOpaME yIJepofia B CREHOA. . X"
9ra SHODIHA OPOBHUEST NOpOT [ F5g o T
poxners K -Me30HOB P HyRIOH- i
HYKJIOHHHX COyZAapeHEaX, papH:ft N
2,5 I'sB, Pamoe HaHHHe IIa K20~
HOB OWIH DOJY9eHH TOJD
sHepruE 2,1 raB/wng'gzl

PosyasTarH BIMODOHRS NpMBe-
neHH Ba McyERex I1,2,3. Yrasa-
EH TOJBKO OTHOCATONBHHO OMAC-
xe. DorpemEocTdh adcomrHOR
HOpMEDOBXE oxolo 20%. Kag mum-
Ho 25 mac.l, BEXOX oTpEmaTesb- L
HHX ¥ OOJONATOJBHHX IMOHOB ML 1 “{ &
yryeposHof MANGHE OXMHAROB. | \ A\
lna MEmeH” B3 CEEHNA BHXOZL 9~ | : N
MOSOHOB HOCROJBRO BHIO, YTO L
MOXEO OCBHCHETEH COJBIMM THCIOM cr
HORTPOHOB B ANpax cPAHOA. Opm L ‘{\
HCIHOJB30OBAHAE ES0TOMHYSCRAX t
COOTHOWOHES MORNY BHXOLAME | 4
IMOHOB B OTOJRHOBOHEAX HYRJIO— ‘}\
HOB YBOIEYOHNG BHXONA (Mo~ A
SOHOB 10 OTHOWGHED K 9t t—38930-

HaM coCTaBASeT 24%, YTo GMmBRO 10
K HAONNTaeMOMy B 9KCIOTHMOETO.

Hs apamsa fopMH HOJy9eHHHX Pac.l. 3aBEEMOOTH JopeHU-HHBAIE-
CIHORTPOB NNOHOB H RAOHOB MORHO AHRTHOTO COYOHEA DORNOHES HEOHOB
oUenars HOROTODH® BHEOLH O MO— D8 CTOJEHOBOHMM P yTASPONA C
XaHNSMe JpPOdecca POXNeERA, Kar ANpaME CBREHIA H yTJepOJa OT HM-

€ g%? Hb/cp - 387/}

3
o

. g
o4 06 a8 L0 A,Dk:

BRHO ES IPRBOJGHHHX CHOKTPOB, OyJXs0a MHOHOB B Jadoperopsoff mo~ -
BCO OHE I¥ EMIyJbCaX C0J96 TOMS: 'JC"-from. 9" ~KpyErd. Ops-
0,5 I'sB/c xopolo AMTPORCEMA- MEO HPOBOKEHH IO TOYRAM, yTOJd DPOX-
PYOTCA UDAMEME JAHH AMA; zenmra 24° p xadopaTopEoft cxoTeMe.
Ed% /dp° = const exp (-T /To). (I )
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."' Pre.2, To me, uro Ha mAOC.I,
1Tu| o Fa, B CICTeMe LEETPA MACC CTAl-
; Vi ™ EEPANIEXCA ARED.
\
'é_ \\. "\
L3 \ oo N
v \' 13N \\l
A \ ™ Ny eom
s l’”l \ '\ '\ T,x150 mb
10/ \ [ \ '
"\ \ \{ \
AV oD
\ 1 Com AN
Yy \(N&n) N
- T 170 Mol
o
‘\’ =85 Ml
\
o W0 200 W %0  i80 400 780 Tem,Mi

[apaMoTpH HAKJIOHAE CIHOKTDOB HHOTTA CBABHBADT C AuepEOf Temmeparypof,
ompefienanme pacupeNlesOENe DORTAOMHI YACTEN ES CAIBLHO HATPETOrO IIM
CTONKBOBEHME ANpa, CpaBHeHMe HADAMETDOB To LIS Pas/MIHHX MACC OTAIKE-
bEXEXCA ARG 6CTOCTBOHHO OPOBONETEH B CHOTOMS OOHTPA MACC BTEX SHeD.
Onpenenermitt o cextpau prc.2 napamerp T, = IS0 MsB pas amep C + Pb
BT, =85MsB A C + C. B 7o %6 BpeMa B MaG0PATOPHOR B B HyRJIOH-HyK~
JIOHHOR QECTEMe UeHTpe MeoC HA [EC.] mapaMeTpH HARINOHA INA DASHHX KOM-
oA OTUIREBANIEXCA SHep CoBIansapT. LHo-BEIEMOMY, MOZEI: DOXIOHHS
IEOHOB ¥ RAOHOB B CRALHO HATPOTOM ANpe IPE BHOOKHX 3HOPIEAX H9 pado-
raeT, I Gor~° HESKMX SHOITEAX HAGNNNADTCA KPYTEO MACCOBHS SARHCH=
MOCTR ANEPHHZ IOMIODATYP IPE DORLOHEH HOB M IHOHOB, HS KOTODHX JNio—
JIanT oA ONPONSNOHHHe JHaHTecKRO BHBOSH 5/ . OmEAaRo, KAK IOKABHBADT
TECNOEHES PAcIeTH, AaXO OpK s%?mn 2,1 T'sB/Hyrion Tepmoymsa@a OIH
COYMAPOHEE SIS HO BAOTYLAST .

Hex maymo ®3 mmc.l B mrc.3, zadmypasTca BETOpPOCHAR 0C0GOHHOCTH
CHORTPOB IMOHOB K RROHOB B JACOpaTropHEofl CHCTeMe: HARIOHH CHOXTDOB
INOHOB X NOJONHTOJBEHX EAOHOB NPEMSDHO OJMMHAROBH RAR LIA COYNAPOHHS
Anep yTAGPOJA ¢ AXPEMA JIVIOpOZA H CREHIA, TAR B L4 COYLAPOHES Joft-
'TpOBOB K HPOTOHOB © AUpaME OREHNE, Orcnia MOXHO IDONHNOJOXNTH, TTO
‘pOZZoMiO MOSOHOB HO DOEHCET OT RHIHBERYAISHEX OCOGSHHOCTeR CTAIKEDa—
KEXCH AUep, a OuperedssTcH OCIEME cEOficTBaME ANePHOR maTereH. Kpomo
TOI'0, POXKGHEG IHOHOB M EACHOB, HO~EHJEMOMY, ONHCHBASTOH ONAHAXKOBHM
AMOXAHHSMOM HA CYCHYRUOHHOM YpOBH6. MOXHO HOINT&THOH NIMMSFETH (par-
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Pac.3. CeveHRA POXNEHES HONOXATOJBHHX v
IHOHOB ¥ KAOHOB B JACOPATOPHOR CECTe-
MO NOK YTHOM 0 = 24° s aemomM
¥S CENHIOA HA IyIKe HORUB YTJIODOJ&,
HeRTPOHOP H HPOTOHOB IR BHODTHR
3,65 I'eB/HyRruOH.

, ulhy 180
/

3,
s
e

MOHETAEOHEHYD MOIeAsb 4.N.Bammma Y ,

OPEANOROEHYD A4 OMMCAHMA KyMyIATHBHHT o \ \
mpoecooB. OFEAKC, NOCKOMBKY B EAIMX 1\
KEHOMATHYOCKAX YCHOBHAX CHCTDOTH DORIA- -\ \
©MHX MO3OHOB GJHBKE K OHCTDOTe HalerTan-— i ox
mero gxpa, HeoGXONHMMO DACCMATIMBATH \ \
fparmeETaIED najammeRt JAcTROH. CooTBET- ;\ o
CTBOHRD OROIMEHrOBAA IOPOMOHHAA Z ; LN
BHpaxgeT XoJD EMUyAbca DAPTOHA B HATe— \ P
TAXmEM SIpS. BHpaxeRde HepoMeHEOR ¥ I\

9epes KMHOMATETOCKH® HOPOMOHHHS AUA IPo-

mecca I + II—+1 4+ ... OT OHTH DOJy~- {\
9YeH0 AHANOTHYHO DAGOTe ¢ HCNONBIOBA~ N\ I\
FHOM TEIOTO8H MEENMANBHOCM Hefocrammed \’\.

MACCH: \
N

Pﬂ P) L+ ‘ '
Ap (2" R
MI ’ oy 0.8 o8 1.0 R nbc

&% ( P> “iiMQ“—:"’z

Z-=

rre P, Pr , Po - 4-moyzses  wacrmmy; M1, M1, my - maccu wac-
tEq, A1, A oToMEMS HOMSPA OTAXKKBANNEXcE HEPD, o= 0, M,=M,~rmp,
M= T, JRI5 POXNPHEA IEOHOB, X*-M8SOHOB B K -M080HOB COOTBOTCTBOHHO.
Posyasratu Ta®oro aHA/MSa CHEETPOB IROHOB B KAOHOS GI CTOAREODBO-
HRA AAep 00 CENENOBOR MAMOHLL MIMBONOHH HA IMc.4. Kax BMIHO, covemms
POXBOHES IMOHCB K K'-1030H0B X0OpOWO ANIDORCSMEDYNTCH TDAMHMSI JHITaME

*8,/dp® = const- exp (-2/%a) (3)
¢ OJMHAKOBHM HASDEMSTDOM HBARTOHA Z.= 0,06,
B cnyvas HazeTammx Afep yraspoia HAGONAGTCA TAKRS NPAXTNYECR0E
coBuaende HpAMEX fua T *-x K*-M930HOB. IRCIODMMOHTAIDHNC TOYKE LII
i
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. Pac.4, HuBapmanTHH® 0O~
YeHENA DPORNOHESI B SaABACH-—
MOOTH OT IapeMeTpa Z
LAf MMMAHY NS CEEHIS B
YOQROpeHHHX ANep yraepona,
IefiTPOHOB H IPOTOHOB.

. ml/ca-Oo8%c
BQ

Pb

L::‘ d{“\l
[
' \E\
Nk
'ﬁ oK
N B
- RN 1\‘\
K JoxAT cacToMATHYSCHA \ 3
BHIS COOTBOTCTBYNEX IpA- U
mux moa Kt-g Kf-mesomos, N N\ K
10, BOSMONHO, CEEATENBCE \Q oK 1\

ByeT O DasiH'EA MOXAHU3MOB
POXJGHEA MOSOHOB.
Orcyrerage cRofmEHTE
I44 EAlOTaMEX TPOTOHOB A
IefTPOHOB, BOSMOXHO, ABJLH~
eTcA yHASSHHOM HA TO, UTO
pexiEM OpeneabHof JparMoH-
TAOEE BaCTYOAeT MId HEX
O[E GOJoe BHCOKEX BHOIIWAX. “ . TR a2
Heodxommmo ECCHOROBATH Z -
3ABMCHMOCTH  OTHOMOHEE
coueHER POXAORMA IMOHOB H
EAOROB NI DASIJMYNHX KOM-—
¢EHAmE oTANKEBAXUEXCH AASP. MMeXIMecA IORA HONOJHHe NAHHHe TO POX-
LeHND OROROP B KADHOB I[E CTOJKHOBOHER ANeD yIJepoia ¢ SHpaME yrje—
poRa N ATHAMN MOJIM CBRISTEILCTEYDT O CRNBHON SOBMCAMOSTH OTHOmMOHH{
covoHEl 11 MEmeHeR ES OBEEIA ¥ yTaepeda 0T Z H O SRATHTOJBHO 00168
ILAANHOM NSMPHOHEE OTHONGHAS COVOHRQl LA MEMeHA XS CBRANA B MOXH.
HKoxmveoTBo BRCIOIEMBHTANEHHX NAHHHX J/I1 OTIHUATONSHEX EAOHOB HO-
Ea kpefide MaNo, ToM HO MEHOG MOXHO IPOBGCTH IPyOyD CDABEMTONBHYD
OJONKY SAENCAMOCTH NOYOHHE DOXIOHMS DASINYHNX THOOR MOIOHOB OT M3O-
. CH HATETANmOT? ANPe A B NAPAMPTIMSAMEE G~ A, Ha 0CHOBAHEE MMONUEXCH
JIAEHWX, DONYIOHH SHAUGHER «=0,67; 0,757 I,0 mawX, K* m K- coor-
BAGTOTBOHHO.
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KOPPEMUMH B $0TOOSPA30BAHMM KYMYMTHBHHX NPOTOHOB

K.B.AnoHaraH, M.J.Amapas, T.A.Acpai, P.A.Jevmpas, K.l.Ernaw,
R.l.KouapoBa, M.C.OraEnmansd, C.I'.Crenauan, K.I,lapadan

Epepanckufl UsHYECKUE WHCTHTYT

1. Mpouscc poxaesua Kywyxarusuux waoruu (KY) aaxe B xmudo-
A8 NPOCTOM OXydae POXAGHHA KYMyIATHBHMX nporoHos (KII) Hexssm cuu-
TaTh A0 KOHUA MOMATMM. OZHA HS NPHYWH DTOT0 SAKARYACTCH B TOM, 4TO
A0 CHX MOp TAKAE MPONECCM MOOASAOBAHM B OCHOBHOK MHKANSHBHMO. XoTH ra-
Xas NOOTANOBKA DKCIT@PHMOHTDE MOIBOAHAA YOTAHOBHTE OCHOBHWE 3AKOHOMOpP-
HOCTH mpouecoa, Axm xaxbHeHmero MOHWMAHMA fUSHyeckoR RAprHHM OHa
oxasamcs HemocraTouHof. Hyxuw uomwe, Goxee uHlopwaTHBHMe >KCREpN-
MexrTH. OXHEM H3 HOBMX HANpAPRIGHMR WooAesoBaHUM ABEAGTCR MSydYsHWe KOp-
PONAUMK MeXAY KYNYXATHBHMNM QBOTHUAWK ¥ ADYTHMH BTODHUHWMH MPOAyKTE-
MH M3 TOTO X6 aKTa Bsamueﬁcuu%a?a%pl?’ MUmeHK, TaKHE IXCMNEPHHOHTM
c upo’nyuu MyyxaMH yxe unepros '~ 'C'7'"/ ¥ nponoJMADTCA B HACTOANES
BpONA >,

B npeamaraesoft padorTe NpHBOAATOA PESyXLTATH MEPEOTD 3KOMe-
pHMEHTa MO WOONOAOBAHUD XOPPONALHH WMEXAY KYMYNATHSHMMH (OTONPOTOHA-
WM ¥ Bnepéa xerAmuMH (He XYNYXATHBHWMH) X L -MesowaNM M MpoTOHANH
MYyTEM HIYUGHHA DeaKUHH

a’¢A—.ﬁ+E{f}+X I
» (5P )>-u (B )-commameumax,rme 5 - xywyAstHBHMR nporow,F)-xers-
mu# snepéx nporon ( & L weson), X -corarownan oorema.

Buxoau peaxuwi! (I) WIMEpAXHCL HA AByXnieuesoR yoranoBKe
nlefirpou-2", pacuonoxesHoR ua myuxe I'~-I oASKTPOHHOr'D cHHXporpoHa EpEH.
Yoranopxa padoraxa Ha JuHEE ¢ OBM. NeramHe mnepéx B X.c. BropMiHMe
Z % -uesoAu M MPOTOHM DETMCTPMPOBAZHCH MACHWTHMM CIISKTDOMETPOM,N0S-
BOAADEMN MYTEM HIMODSHNA MNMYALOA W BPONEHH NpPOAéTa HASHTHWONLNDOBETH
YROTHUM 3 TOXRGOHON YI'AO AJZ;(,?)#Z.SZ *+ I0T7 CP W B MHTSpPANE WM-
nya»008 0,5 ¢ I,5 FoB/c, Tipn oroM WMyJecHUe Pa3SPOCH 0OOTABAANH
(aP/R) gy = *12,58. Kam oTnemeMER K -MO3OHOR OT BXSKTPOHOD
Gux WONoXL30BaN rasoBMM mOPOTOBHE HepeHKOBOXHA CHSTYNK © (JpPSOHOM.
honﬂ’g}anﬂn KYNYAATHBHEX [TPOTOHOR OOYNEOTBAAAAOL NPOGONHNM ONOKTPO-
MeTPON’ ©/ MOTOXOM WINODEHHA YAGNLHUX MOMMSALHOHHMX moreps OL/&x
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npy¥ QUKCHPOBAHHON OCTATOYHOM Npodere, HO3BOLAKLIEM BHASNUTL NMPOTOHN B
TEXCHOM yTAe perucTpauMu Afls ~0,I Cp W B HHTEpBAe KHHETHYEOKUX
axepruit T=80 + 300 MoB, npy A73/75 = I0%.

IaA BUASKOHHA MCTHHHWX cayumes (55 )-u (5T )~cosmnenuit
GuAW ¥3MepeHN TaKke AHANOLHYHNE sanepxaHHWe comnazexds (T.e, QoHozue
cornagenua). llpeacrapieHHye HUKEe 2KONGDUMEHTANbHNE AGHHHE NpPEACTAR-
napT codoit pasHHuH "HesamepxaHuux" ¥ "GOHOBHX" coOHTHIL.

2. Jxcnep¥MeHTarbHue pesyxsrtartd. Peaxuwu (1) Ha Azpax
FC o, 2%¢ , %Cy uw¥%Sn WooXenoBaWCL NDH MAKCUMBNLHON 3HEDTUM
TOPMOSHNX g -KB&HTOB 4,5 ['aB. DuM noay4yeHH xax HHKANSHBHHE,TAK
¥ ABYXVROTHYHHE WHBADHAHTHHE HODNHDOBAHHHE BHXOAM:

Iz £z d* 7 o286 @

S TERTEI S dngdh T S B Rz dEs

]i?"(i') f f o "6" ( 3)

Il —_ . -
3
650 6 By By A Ayl o)

A
rae 5: ~ noxHoe ceyeHWe BISARMoAeMCTEBHA POTOHOB ¢ AXDPOM, Ep‘ .
P; ~ noJHas oHeprua ¥ wunyasc (KD, fi"(.i’) R Pﬁa—) - 3HpPTHA W
HMIyALC BREpSz AETARUX MPOTOHOB ( £ = -uesoHoB).

Iaq sape ~C OuMAW TOAYYEHH YII10BHE PAGNPOASASHHS BHXOAOB
KN B uurepsane U5 =70° - 155° mpw Ag =0,4 T'sB/a, 0,57 T'sB/c #
npr Uz = 16° u P57y = 1,1 ToB/c. [IpH yrae KywyAATHBHOTO Mpo-
rona -9, =I155° u uunymoe P =0,4 T'oB/c noayuyeHa vaxse sapHOM-
HOCTL BHXOAOB J‘;,-,' W Jzy OT NACCOBOT'O UMCER AAGD MUNSHH.

BeHAy MANOCTH BHXOAOB J3p FEr) RAA noXyueHus
MpHeMAeMol OXOPOOTH CYETA  UMIyAbCHHE DASGPOCH MATHHUTHOIO CMEY.TPO-
NeTpa GwiE yPeNEYeHH A0 I 45%. 3ro, ecTecTBeHHO, NpUBeXo K yXyADe-
HUR P /F -PA3NCNEHHA B COEKTPOMETPE, ONHAKO IXCHEDUMCHTAXBHAA RpPO-
BEpKA MOKASAJNA, YTO M B ITON CAYMae WMEETOH YAOBNOTBODHTEALHOS OT—
Aexenne nporoHos or & “-Me30HOB. B uaoTHOCTH, HAMAEHD, UTO MPHMEOH
(X)) -oxywen 5 unone (G5 ) -ooBnazeHwit e MoweT npepumars 8% u,
neosopor, npwecs (55 J-onyuaes » (7 ¥ )~cosnapenma -1I%. Jvo oy-
HEOTBEHHO HE WOKAXAST IKCTEDHMEHTANBHME DeSyNbT&ATH.

Ha puc.I npupeaeHH YrAOBHE DACNDOACNEHHA HHBADHUBHTHEX BM-
X07,0B f; . f;,-,- u ./‘;;. ama sapa 2 OpH AByx SHAueHHAX
uunyapboa K. Jawy TOJNBKO CTATHCTHYGCKME ONMCKE. OueHRH NOXAIH-
BADY, 4TO AG0OXNTHHE Dlud’}; He npesumapr 20-30%. Kax muzHo, Bce Bh-
XOZAN HeNAOXQ OMHOHBANTCH / 3KONOHeHHANLHON saBHoMMDCTED 5 ~
~ exp (-8, cos¥z). B radmme IpEBeneuu 3HaveHEA NADAMOTPA &,
AXA BOEX Npolec00B. CPABHEHHE COOTHETOTBYDMMX ONHOYAOTHYHHX W ABYX-
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YACTUYHWX DACMPEAONOHNA MORASUBAST, YTO B CAYYAE, KOIME O EyMYXATHE-
HMW POTONOM DETHOTDNDYETOA IeTANNE Bhepés nporod, yraosoe pacnpexe -
AGHH® OTAMOBNTCA NSHEO WECTENM MO CPABHSHNN C OAHOYACTUYHMM. B To
we mpeus oomweocrHoe poxpenue KT v A -Me30HOB Ha HAKNOH yrioporo
peonpezexenus Kil sawerxo He BamAer.
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Ha prc.2 upupezety A-5aPHCHMOOTH MEKIDSMBHNX KYMYIATUBHWX
OPOTOHOB W TeX Xe NMPOTOHOB B CONPOBOKKOHUM  BIepSa JNOTAUNX NpOTO-
Pg =0,4 TaB/c, Pz =155°. B cayvanx
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n
CHNOCTH HEmAOX0 OMHCHWBAKTOA COOTHOMEHHEM j"’ A

¥ A0CTATOYHO

GAKSKH. B oxyuae xe ( X D-copnamenult A-SBRHOWNOOTL MEHAEYOA: AIpH
domuux A Buxox ( 5Z )-o00uTHM IHAUNTOABMO NORABAGN.

Tadmua napawerpor & ooorvomeuna 7~ exp (- & eosdp)
AJR WHKABSUBHOL'O ¥ ABAKAN WHKADSWBHOI'D BMXONOD Y5 W Fs5, Fxr

lIpouecc a—.«.”C -»ﬁﬁ-x a'f’?—'ﬁﬁ';i‘x X+ Izc-»ﬁ+f+x¥
Mm‘;’:“' 0,4 0,57 | O 0,57 ! o 0,57
0,980,006 0,36%0,077 1,00%0,I4
g i 2,08 1,19t M 1,86 ¢
0,06 0,091 01059

3. Buepén-Hasan xoppexaumu. [loxyveHHue HOMNM AGHHWE MO3BONA-
DT WOCNEZOBATH BOIKOXHWE KODPEANIUM NMPH O6PASOBAHHH KYNyXATHBHWX npo-

u X -ue3oHauk.

TOHOB C i.lepéa AETANHMK nporow,u,
Hasopén, xax odwuHoO 8

Koppeasun - K> 1,

Ha pwo.3 npupezeHw 3aBHOWMOCTM

(I.!:/o’a/pvﬁ'

OqesHaHO, TPH HeSaBMOWMON DOXACHMH waorTHu I x 2 X =I. Mpw waxwiwu

, KOppPeANUMOHHOR dyHKuUHeR BeMuNHYy

)

K 37~ (xoppexaunonHod

dYHRUMH TPOTOH-APOTOH CoBnAREHMA) oT cos I 5 + 8 Ha pHO 4 - Te xe
sapHouMocTH Aas ( FA )-xoppexAuwd. Kax SWEHO, aGCOMDTHHE SHAYEHRA
KOpPeAAUNOHNUX JYHXUNR B HEXOTOPNX
OXyWasAX MeHb®e OxWHWLM. [IpwwmioR aro-

T

“EL

T

ro, JO-BEEINMOMY ,
TOAMOTREC, YTO B

ABAfEYCA TO o0OOYOA-
HaorcArel padore »

Kayeores NOPBNYHMX YAOoTHL HONMOXLIOBA-

HM TOPMOIHNG

7 -KBGHTU G HempepuB-

HUM onexTpon. HsuepenHoe ma omiTe

Pue.3. Snuomc'oorb KOppPOAAUKOHHOR

Eygugn THD
ylyuz Lol

Azz 0T yraa muiera
Horo nporoda V2 (or
MIxAy Hampanxeunguu KII

g~ R
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qHeXo coluTHil B BTOM CAyUAe, KAK WSBOOTHD, HODMHDyeToA HAa TAK HasM-
BaesuB oMM oxBMBAXeHTHMA, & He Ha OINH peaxbuuil - ~xXBAHT O (MK-
cwpopatnofl omeprueil. EoXM NpH HOOXGZOBAHHH KAKOIC~ANGD OZHOI'O npoO-

Puo.4. To xe, pHo.3, Toas~

v T * X0 Ras ??:t# S-oonnnnemm-

Kigal

onl '{) + 116008 TAXAA HODWHDOEXS HE BHOOWT
'% o OYNOOTNOHHUX HOKBNEHNH 3 T® WAM

s} NHNG SAPHOMNOOTY, HANDHMED, B Yr~
L et ZODM® DAOTIPERGNSKHA, TC OpM MIY-
++ $T e YeHMH DASHHX NpOUeOcon (B AAHHOM

* — — cayyae HHKANSHEHOID X ADAKAN WH-

m.u + f + _ KADSHRHOTO) OHA MOKOT HSMERWTH

OTHONEHWe ACCONDTHMX SHAMYOMWA UX
l Buxoaos. Kpowe roro, 3 (3) wo-
nOXL3YOTOR OpeAHee snauemwe 677,
el — 3 > Halipetoe myrén umerpnpomys} ne
cu O BCEMY CMEXTDY 5" -XBAHTOR ,
a He no YoMy NMTepraxy, Koropwi
Xeér peaxpHuft BXXAR B WoCXeZyeMMil mpoueco. Yuér aroro sjdexra raxxe
MOWST HEOKOXLXO WIMENHTh sHAVeHWe A& . [[oaroMy onpexexsHHe adocApT-
aof pemuuHEN X P HROTOANeH! padoTe He MPOXCTABAASTOA BOINOXKMM.,
Oxuaxo poé xe HAEN AaHHME MOIBOXANT YTBOPRAATH, 4TO KOppe-—
AAUNA MEXRY KYMYIATHBHUNM NDOTOHANH M BNIepEX JeTAmuny azponawn (x
MOBOEAME N MDOTOHAMM) WMEeTOK. XeHOTRHTENBHO, XAK BWANO M3 PNOYH-
xop 3 W b, xoopduuwenrw xoppeasuun Azz u &zx weusvroa mp wawe-
NemNM XmHeMaTHUOOKHX napawerpor K. B oxywse 43z  raxoe usmeHeHue
MPOMOXOANT KBK OPN WSNONOHHH YIaa, TaK N TDH HINGHEHWH HMIYABOA
(pme.3),8 B crywaeKps - Tomxo  npx uaNedenww wurmpavon KNI (puc.i)
ToXLKO, NpK MHNMMANMEMNX SHAVENUAX A B TOR WaM IDYrofl aaBHCHMOOTH
HeXbSA YTBODPEASTS,80TH MAM HOT KoppemmHK ( K = I wam &K >I), »
OOTRXBHUX OXYVARX TOUHO NOXHO yTBEPXIATH, YTO XOPPOAALWA OyNEOTBYer.
Taxmi 06pasoM, Z0XA3AHO, HTO NpM DCTAGHNN XYMYAATMBHMX Npo-
TONOB HE AXPAX GYWOCTBYST ADXO BMpaEsnHas xoppeamuns wemay Kil u »ne-
PER XOTAMMNN BApPOHANM. JTo PANHME axOnepmMeHraxsHMA Jaxr, Tpedynmmit
QBOSI0 OUBACHEHNA.
4. Hs noXydeHMNX DeSyILTATOR MOKHO CNOZATHL €me OINH BamHuft
BUPOA, KOOAPENMOR MOBOACNNA ONGDIOTNYOOKKX CMOKTPOB KyMYAATNBHNX
MpOTONOB NPN MX Dr'NOTDalNK (83 coBnARSHHR H B GOBNAZEMHN O 1?{}1“
agpomanu. HapsoTHo, 4TO B OXyuRe® NEPBNYHMX QXDOHOBR WMORENGON '
EANNNEG OPNAGTEXOTBYDT 0 YoM, Yro onexrpw KIl, saperzorTpRpOBAHHHX B
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OGOHX CAYUASX, ORUHAKOBOrO Xapaxrepa (IKCMOHSHLMAXLHME SABHCHMOCTH
b » Fsz or 7p  n onMHAKOBMH HAKXOH OKCTOHEHTH AXA OGOMX Cay-
4yaes).

Hamu AaxHHe nokasuBant (OM.pHe.3 U 4), YTO CNEXTPH KYWyAA-
THBHUX MPOTOHOB MEHADTCS D SABUOHMCOTH OT TOPD, PErHOTPUPYDTOA OHHM
MHKADSHBHO HAH B COBMAZEHWM C BNEPSA JOTARHMH AZPOHAMU. JTO HATAAAHO
BUIHO W3 saBHciMocTed X55 u Az or yraa perworpauu P npu
ABYX SHAYGHHAX uMmyibca (aHepruu) KII. Ecam On cnexrps KM ue meuammch
Opg HX  perHCTpAuMH B GOBNAZEHHH, TO ABe sapHoMMooTH Azs (19;-) H

kﬁf. (¢ 5 )npn IBYX DAJMUHHX SHEYEHUAX NOJEHH OWE OH TOGHO COBN4-
nath, Ms RAHHEX %xe puc.3 W 4 AOHO BHAHO, YTO WMEDHHECH NOT'PEORHOCTH
NOSBOXANT JTEEPKAATh KAK pas o6parHos. OueHL BAXHO MOAYSPKHYTh, 4TO
B caywae cosnazeHu#t cnexeps Kl cranoraroa Msrkumd (¢ pocrom /o
Kxz w X3 DacTyT, uTO MOWeT ONTb,eCXM C DOCTON /o  BHXOZM

Fzp W F57 TANADT MenJeHHSe, ueM fﬁ- ). 3To osHauaey, uTO WS-
NeHEHHE CTOKTDOE HE CBASAHO C KHHEMATHUEOKMMH npesexawn (C aHeprer-
YeOXHM GRJAHOOM), XOTOpHE XOXKHH OMAH NMPHBECTH X YKECTOUGHWD CHEXT-
pos Kl B 01yuae UX perMoTpaudi ¢ APYTHMN HaorTHuamH (ZOMOIHHTOAbHHE
aHepreTUYeoKHe pacxonu), &,CKODEe BOETD, OBFSAHO C MEXAHHSHMOM Mpoles-
ca o6pasopalUs KYMyAATHBMNX IPOTOROB.

5. [lpubenéHHue BKCMEDHNEHTAALHNE DO3yAbTATH [OIBOAADT CHEJIATE
HEKOTODHE YTBEDKAEGHHS, KACADRUOCA CTDYKTYDHHX JyHHImE ¢QparMeHTHpy-
oEeRt cucreNy (2C) B KyMyXATHBHNO® NPOTOHH B RRYX DEXHMAX DOINCTPALMH
Kl -~ » WHKID3HBHOM ¥ B COBNAZGHHK © BNOPER ACTAMHMH azpoHaMmH. Crpyx-
TYPHEMH BYHKUMAMH OyAeM Hasumars dyuxunm 7 (8, o) = Jﬁ,/o()/d.,_,,, ]
£8,4)=F gy (o()/&:um‘ (i=pn),vae Fi -nonepewsmit wwnyaec KI,

- E—-F
oA = T (5
H nonsumer/ 10/ noxo wunyxsoe $C, yHoouMy® perworpupyesw K, B cHo-
Teue xoopaWMar, rae 3C Ouorpad. CremoBaTexsHo, #(of)f . npeaorasiser
coGoM WNITyXBCHO® PACTIpEAEXSHME KOHCTHTYEHTOB BO @p‘a’ﬁgﬂ!ampeg

XoTA HaIM WSMepeHHS HE NOSBOXADT MOXYYHTD MOZPOCHM® BHAM
;'[,‘{d)/&_.a,_,.t u Jf,k_{d)/&=w,,,‘ s T:K. USHODEHMA YLEOBNX 3&BNON-
moorelt £, W F,, BUMONHEHO JMEL AAA ABYX SHausHHA mumyasca KII
(cM.pac.I), TeM He MEHOS MOMHO GEEJATH OUPENeNeEHH® BWBOLH O HOBeje~ -
HEW oTHOmeHmA (4 J’/fsp)pﬂfwf-’ ROTODO® OWIo MORPOGHO MOCTENo-
BAHO B padorax/ﬁ'l /. Aas aroro BOOMOXBSYEMCA SABHOHNOOTAMMN
£.(PDw K_(A,o) or of nas rex dWxcHposamumx ssawemmd A ,
npY KOTOPUX MOKHO HaAeu B3 sHaueHNA 75 () . B EANNX AGHHEX aro
BOSMOXHO NHNb B WHrepsaxe A, =0,2 + 0,4 I'oB/c. Eyaen orpamwummarncs }

»
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RyNyRATHBHOR 06sacTen ( '\9; »>90% u BMGGpeN TP sHavemws: A, =0,2;
0,3 w 0,4 TaB/c. Ha pmo.5 2XA oTux Tpéx swaueMuR £,  npupexenu K55
(pna.5%) # k‘,; (puc.56) xax Pyuxmmz or of, nafizeuHye no HyHKUWOHANL-
Hum sapuouMocraM Asz ® Az or aogdlﬁ » MpeROTABNEHHWM HA DHC.3
W 4, B (BT )=CAYYARX NpUMATO, uTO ABHHME HA DHC.. HAHXYYOHH 06pasOM
00PAACYDTCA © HESBBHOMMOOTHD K5 oOT coy&; » NO2TOMY Ha pHC.56 mo-
KASAHY yCPeAHEHHHE MO BCEMY HHTEPBANY cosd s  SHAUSHUA &5z © coor-
BETCTBYUNMM YNMEHbBEHWeM CTaTHCTHYSOKHX OMHGOK.

HaHGonee pamuuM 00CTOATENLCTBOM HYWHO CYMTATH TO, YTO AJA
QUECHPOBAHHEX SHaueHMR /A K3z w #gg pacryr ¢ pocrow o . [lo-
eroxsxy (ow.(2)-(4))

Fratny B = Fs (B Py Kes (B,%), (6

T0 43 9TOr0 oXepyer,uTo CTPYKTYpHHe dyHxuuM 3C, pparweHTHpypEMe B Ky-
MYAATHEHEE MpOTOHW B CONPOBOWASHHH  BMepEs JETAWEX &XPOHOB, CYmeCT-
BEHHO nr%ia?zr}u or ToX e JyHxuuA Axa wuxiwsusHoro Kil. # nocxosbxy
uspeorHo TN, uro L2 ). ., B o6xmorw o> 1 (KyMyAATHBHAA 06-
JIACTB) ABAAETCA nazanmel (pyﬂ‘xuueu of , ro orcoga cxeayer »uBox: ¥C,
Gparuourupyonue p Kl » conpoBoxmeHHn  nnepéa JeTANEX AIPOHOB, 060~
TaNeHH BNCOKOWMITYXbOHMMK KOHOTHTYEHTAMH MO CpaBHeHWX C §C, dparmeHTy-
PYDRWME B WHEJO3WBHue KIl.

1.0 T T -
o3 Pno.5. 3amwcidpcT,
42 ok A il o308
i s KaxfPa,8)(6) ord Aan
- e TPEX SHadeHHR A, =
Nl 7 GiEte ature g
Y (8) xuita npopexena
— N0 TOUREM NOTDAOM
> O-04 z HauMeHbEMX XB3A2DPATOR
L @-03 | FeBse - 0 QOOTHONOHHD
1t .-n'z] g""’"P("ll..gc olox ™
L S "126%0,06. B cxyume
' 6) oomY RAT ReiHe-

5 ro 4 ‘coexMueMy "or
pyxu".

Xxa cxywa (55 ).
' v w0 Q0BNANGHHHE MOEHO X3XATH Aa-
X KOXUYEOTBEHHME OLOHKH
W3MeHEHH wEOTKOCTN CTPYyK-
TypHOH Jyuxuwn. B oanon xe-
X8, KoX BMRHO W3 pHC.5e,moe rouxw K..(o)  Aan soex A nemaT ma
oaMoK w ToX me xpumoil, XOpPONO OnMNONBAENOH 3KCTOMEHTOH
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Ksglo) = const.exp (o Aop ) e
¢ olox= 0,726 £ 0,05. Hs /I1,12/ yensorno, uro » obzacyw A=
= 0,2 e 0,5MB/ecn of> 1,0 fﬂo ,a) ZocrarouHo xopomo JaxTOpNsy-
oTCR ¥ (d)ﬁ,xc HEMAOXO OMWOMBATOR DKOTIOHONTEMN $la). ~ expf i)
o, 1 34 0004 (mnpmlep. axa A = 0,25TeB/e ofo=0,I35 %
40,003, aarx A =0, sraa/c o =0,148 t 0,008). Hs /Y oxe
LyeT, YTO B aTOM CAyume T5r(B,of) rame gaxTophsyesos W oTpyKTyp-
Haa  QyHRUMA £./d)/ ~enpf-ak )e Q/W_O ,165 L 0,06.
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KOPPEJALMN KYMYNATUBHNX NPOTOHOB B ARPOH-AREPHLX
B3AUMOMIEMCT BUAX
0.4.Bawxos, A.B.BnacoB, Jl.C.BopoGres, B.B.l'aspunos, H.A.Topaunos,
0.I'.Ipunyk, [,B.Jerrapenxo, E,A.Jopomkesuu, 0.B.Ebpemenxo, M,B.Hocos,
C.T.Kyauenos, C.B.Kymemos, I'.A.Jexcui, H.A.uBHiox, A.B.CuupaaTcui,
A.B,CrasuHcHnit, B, B.®ez0pos, B, B, [rapuuan

HHCTUTYT TeopeTMdecKoll M sKcHepuMeHTATBHOR (usuku, Mockma

NpABOZATCH PO3YIBTATH WIMEPEHWR KOppeasuMonHod dyuxuma R

IBYX HYMYTATUBHHX NMPOTOHOB: .,
Ra= —T—S“(hk)s" ; A=C,T.,Ph,

rae S-\: =E,; %%- - WHKTO3MBHOG CeueHMe BwIETA MpoToHa, A f.z -
IBaRIH mcms‘hsnoe CEYEHNB BHIETA MApH NPOTOHOB. Hoppeasuuonnan
GYHKUMA MDOTOHOW, BHIETAVNMX MOA yraaMu Oa.c , Omisxuun x %% c
anepruamu ‘T = 50 + 320 MoB, uamepeHa B peanumax pA +ppX npu
umnynsce 3; 7,5 I'sB/c u WA= ppX  npu nunyasce 3 I'aB/c, Smcmepu-
MEHTANBHAA YCT3HOBKA NpeiCTaBJANa coboif I6-KaHANBHHI cneKTpoMeTp,
coGpaHHult HA OCHOBe 3neMeHTHOA 6a3n BAC i, BropuuHhe NPOTOHH HMZEH-
THPUUUPOBAHH NO BPEMEHH NPONETA ¥ 3HEPToBuAeNeHHN B Toncrod (200 M)
CLMHTUANATODS o

Ins peaxuuu P(7,5 I'aB/c)A= ppX sKCHOpHMEHTANBHHE AAHHHE
o aaBscuMocTH R, 0T yraa paszera BTOpuuHEX nporToHoB Y (oM. pme.2
u3 Jgornana I'.A.JleKcMHAa HA 3TOM CeMAHape) MO3BONANT CAGNATH CHEAY-
0mue BHBOZH S

a) R, zasmenr or ¥ , npuuem 3aBucHMocTH ANA pasHHX A pas-
HafA;
o) mpu wazex ¥ (¥ £ 10°) nacmnpaercs peakoe yeeawuenue R, ,
06ycnoBIeHHOE "yakuMU" KOPPENAUMAMA, TJAGBHHM O6DA3OM CHIBHHM B3a-
uMozeicTBMEM TPOTOHOB B HOHEYHOM COCTOAHMM (oM, <’/ B CCHARE B STHX
padorax) ./iaMeHeHKue Rz mpu Mamx Y Ea JerkoM ApS GONee CWIBHO®,
yeM HA TAXENOM;

B) ucknmean oomacrs yraos ( ¥ £ 20°), rae cymecTBeHEN yaKue
xoppenauna, Ra pacrer ¢ pocrod ¥ , npuuem Tem Owcrpeft, ueM
ueHREE® A (‘*'5'6/);

r) R, Zzma ramenoro Azpa Gonbme SXMHUMH NpY BCEX ¥ ;

A) Ana merxoro aapa cymectsyer ofxacts yrmos ¥ , rae R,<{

e) mpu ¥ , cmmsxux x I180°, R, JMEHBUAETCA C POCTOM A .



Ha puc. I npupegena sasucumocts Rz or W zan pPb-zaaummozeicr-
BHit NpM HayanbsHoM MMinynsce 3 u 7,5 I'sB/c. U3 pucyHra BUZHO, UTO R,_
3aBUCHT OT MMIYNBCA HAualdbHOT'O NMPOTOHA Po  TaK, YTO YHEHBUEHUS
Po MPUBOZNT K yuenbwenum R, M ycuienup smpucumoctn R, or Y.
Basucumocrn Ry ( ¥ ) amn  p(3 TaB/c) Pb- n P(7;5 T'aB/c)Te -~
BaAuMoZelicTBMt OoHa3zamUCh NOAOCHH, TAK YTO
R(Y) ( pTe¢ ; 7,5 I'3B/c)== const: Ry(Y ) ( pPh; 3 IaB/c),

rae const >4 .
3aBUCHNOCT B R,_ or ¥ =re o6nacru "y3uux" Koppensuuii Ayae

XapaKTepU30BaTh NMapaMeTpoM p:

— \ dRa dfiz_ _ _ dluRe
=~ Rz dcos¥ = 7 —51-.'; dcc:s‘i‘ =T decos ¥ ?
T.B. R ¥ ) napawerpusyem B Buze R,(¥)= gz(o)up{—p(ws\t'-l)}_

NMapamerp Ry(®) wuweer cumcn sxcrpamonamun Ry (¥) B o6macrs ya-
KUX Koppeuxasuui.

Ha puc. 2 npusBezeHa A-3aBUCHUMOCTH f1apameTpa } . Buzro, uTo
P saBucmr Kak of A , Tak M 0T Po . tlpy  ymensue Huu P P
yBeAMYUBAETCA TeM Golble, YeM TAEejee flANO,

Ha puc. 3 npusefena saBdcCUMOCTB 3  OT HODPMUDOBAHHOTO WHTEr-
paibHOro BHXoZa = L6 . HTerpanbHlie BLXONH KYMYMFATMBHHX 1pO~
TOHOB B ToM ®e puanasone O,T 6w uamepedn (B oTH.ex,) B AAH—
Holt padoTe U KCMOAB30BAaHH NPU BHUNUCAEHMM KOPPEIAUMOHHEX (PYHKURMI
R, . Janmue He NpPOTHBOPEAT 38BACHMOCTH P(?)fvP—.(anMaﬂ Ha pE-
cyHxe).

BenwuuHy 5IMKa, OCYCJAOBJICHHOTO Y3KUMM KODpeNSLUWAMA, MOHHO Xa-~
paKTepU3oBaTh NMAapaMeTpoM A : R;(‘V=6°)" R;(O)

A= TR () :
3aBucuMOCTs A oT A npuBeleHa Ha puc. 4. BuzHO, uTO A yMEHB-
uaerca ¢ pocroMm A . Tpy MaMeHeHMM Po 0T 3 7m0 7,5 I'sB/c A na
TARENOM AZpe yMEeHBU8ETCA; HA JETKOM AApe MEHAETCH Claso.

BaBucumocta A u P or A u Po nogo6us. Ha puc. 5 npume-
7eAa 3aBHCUMOCTE A oT P . B NepBOM npUGILUREHHM HAPAMETPH A n

oKa3zaJluch NPONOPUUOHANLHH ZPYT ZADYTY.

JlocTHrHyTas CTATUCTHYECKAs TOYHOCTH MOIBOJAET MOCTABKTH BON-
poc o sasucumocrn P{(¥) . Zaw sroro R (¥) (mpm ¥ > 20°) ou-
Jla napaMeTpU3oBaHa B BuZe

R:(¥)=R, (l%o‘)exf{- Biyo(Cos Y+ -3 (P~ Pizo)(cos ¥+ i)t} .

Cucn napauerpos Po #  Pig, - 3uaverue P NpK MAmHX K npu
Gonpmex Y  coorsercrsenno, Ana  p(7,5 I'aB/c) C - BaammozeitcTsuii
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b
Rl;°°° OP §IP" P
| Hi ¢ s o ° 4
R ! \
2 1
} ° 4
12
1, } H [l )
"0 -05 p— o as  cos¥ e s 'r;2 A o
C. HC ,
pey A o‘ Pb
Y °\ A 3

’ \:'-:# “A#

) 2 4 p O %.z 4P ¢ T

Frc.3 Puc.4 PHC.5
0-p(7,5 I'oB/c); @-P (3,0 TaB/c)imw*(3,0TsB/c)R, Y, h,A,Pomcans B TexcTe

O gt P

nonyueno Po = ~0,I2 + 0,12; Pyge = 0,98 + 0,11 ( X%/ = 1,0).
TeHABHUMA }.u > jb,, HA0NOAABTCA M B ADYIMX CHAYyYanX.

O6cyxneHue MOJYYEHHHX geaynnawon YHEOOHO HAYATH C HAHHHX 0F y3-
KHX Koppeaauuax. Masecrro / /, 970 ySHME KOpPeNALKM UYBCTBUTEABHH K
pasMepaM o06iacTH, M3 KOTOpOH BHIGTANT RPOTOHH. HOMUHADYODMM SBRAET-
CA BRIAK CUIBHOTO BIAMMOZEHCTBAN B KOHEUHOM COCTOHHMM. BHCOTA NMKa
0GpaTHO MPOMOPUHOHANbHE Oo0beMy V odnacTy, 43 HorTopof BuIETANT
BTODHYHHE NPOTOHH, T.8e A~V ' . n

M3 puc. 4 BMZHO, 4TO A  MEHASTCH C A cnades, deM A .
B pauxax OpmGrumesus A ~y™' 5T0 03HayaeT, YTO 00BAM 0GIACTH, M3
KOTOpO!l BHNETAWT BTOPUUHHE NPOTOHH, YBEJMYHBAETCH ¢ pocToM A , Ho
MexmeHHee, ueM o0seM axpa. Ina azpa Pb A MeHAOTCR NpH M3MEHERME

Pe . 370 MOEHO MHTEDPNPETHDOBATS KAK YBJHYGHH® C DOCTOM Peo ot

3 no 7,5 I'sB/c o0newa 0GnacTs, W3 KOTODOM BHRETANT BTOPHYHHE MPOTO-
m, B 73/ HA OCHOBAHMM CNaGol 3aBUCRMOCTN PA3MEPOB of A H pasanvun
3aBucuMocTet R, or npomoanHOM W momepewHoil (N0 OTHOEERHD K P: ) .
KOMIIOHOHT OTHOCHMTE@NBHOrO WMMOYNbCa OHJI cAeflaE BHBOXL, YTO BTODAYHHE
NPOTOHH BHNGTAWT H3 o0NacTH, ukenmed dopuy "TpyOoxu", nonspeyyue pas-—
MepH Roropoll mMOpRAKE pa3Neps aNpOHA,S8 MpOAOJBHHe - pasMepa fApa.
OcraBadch B paMxax 3Toft KapTHHW, HA OCHOBAHWA NOJYYGHHNX B AAHHOR pa-
6oTe pe3ynRETRTOB MORHO ZOCAaBHTH, YTO NPOAONBHHE PO3MODH "“PDyOKA" }

290



yBETMUMBANTCH C POCTOM Pe ¥ AOCTUranT DAa3MepOB A7pa TONBKO NPU 70—
CTATOYHO OonBuwoM Po . Tak,AndA fApa yriepozna Po=3 I'sB/c, mo-Bu-—
JUMONY, ZOCTATOYHO COABEOft MMNYNEC, 8 ANA AZpA Pb - HeT.

CBABE p '] f {puc. 3) npeAcTAaBIAETCH ECTECTBEHHOH, €CIU CYM~
rars, yro 3amucmMocts Ry (W) mpr W > 20° ompegeaserca wnciom
9acTul, yyacTByouux B peakuun <w)> . [lycTs Havanshag yacTHua
pas BaaumozelicTByeT BHYTpM AZpa P~§.~<v> . KoppennpoBarHHMW nO

Y oxasuBamTCA yaCTHUW, BHAETANUME M3 OAHOTO B3amMogelcTBuf, MO3-
TOMY $i2 YZOOHO NMPeXCTaBUTH B BUAE CYMMH:

(O} ) (})
527 hy (W) + ft(z. (-4 £ = ﬁ( V>,
rie BepxXHMl{i mHIeKC 0003HAYaeT YaCTHUH, BHIETEBWWE M3 OAHOIO MIM U3
ABYX pasHHX BaauMozeitcTsmit, Orcioza Jerxo NOAyYMTH
SS(Y) G
Ry = _ﬁvm + comst, .
orkyaa B npuCiumerun R, (A)=comst crezyer P~ (D~ p,

Ha puc. 5 oOuna npusBezeHa 38BUCHMOCTE A OT p . B npubnnze-
H A~V on §~P"~<u>" Hadnpiaemas cBAsb A M P osHauaer,
yro {mw» ~V , T.e, YUCIO YACTHL, YyYACTBYOUMX B PEAKLMH, MPAMO MPO-
MOpPLUAOHANBHO 06BEMYy 007ACTH, B KOTOPO} MPOMCXOZWUT DeaHLuf.

Bemuumny $ , xapaxrepuayomyn Y -sasucumocrs R, anm npo-
TOHOB, BHJIETAMUNX W3 OZEOr0 BaauMozelicrsmsg, 0003HauuM p" « dan
OLIGHKA p’ BOCIIONB3YENCA PE3YALTATOM M3MepeHNs (B  Zaa Aerkoro
anpa npu Somemuax Y , rZe BKIAZ MPOTOHOB, BHAETANUMX M3 DPA3HHX B3a-
uMozeticT B, uuEMManeH, Hanuuue TaKoro BRIAJA YMOHLWAET P . [loarouy
2 Po=1 .

BennqaKy p"’ MORHO COMOCTABATH ¢ M3BecTHwMM Aauumum /7/ o 3a-
BUCHMOCTH HHKIN3MBHHX COYOHWM DOXTGHMA KYMYNATUBHHX yacTHL OT T M
© , paccuaTpuBag napy BTOPHUHNX NPOTOHOB Kak OZHY YACTHLY M MCMONAB-
3yA NepeMeHHHe, OTHOCANMECA K Nape NPOTOHOB, KAK WLENOMY.

B pauecTBe Takoil MepeMeHHOR MOXET GNTEH BHOPAHO T.H. KYMyIATHB—
Hoe wucmo @ , mepeMentan CBETOBOrO koHyca o« , Py, W=
= P-Tf-bse, K = P‘T W T.4, Qn BCEX 3TUX NMEepEeMEeHHWX 3KCIepUMeH-
TANBHNE ZAHEHE He NMpOTMBOpevaT NpeAMnOJOReHHD

5, dg TR AT

rze mox § nounMaeTcs Q@ , Puy W , K . CooTHomerue ( W )
OTHOCRTCH K OJHOMY B3QUMOZEHCTBHIO BHYTpM fzpa. OAHUM u3 creAcTBai
(® ) meaaerca ycurenwe W —aamucumoctn R, npu ysenuueHnyu MMIyns-
COB BTOPUYHLX NPOTOHOB.

df ~ L d fia (*)
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Yyer 3aBMCMMOCTY MHOMCCTBEHHOCTM V1 OT MpUUEABHOrO napaMeTpa
YBEJUUUBAET BEIUUUHY Rz . Beam anusa "TpyOHu" Ha CBUHuUE Npk
3 I'sB/c He AOCTUrAa@T MAKCUMANBHOTO 3HAYGHMA, TO 38BUCUMOCTEH OT Mpi=—
LeJLHOTO NapaMeTpa YMeHBHAsTCR M, CNEXOBATENBRO, YMHBUNAETCA .
Hatmonaewoe coorsomenns R, { pTe ; 7.5 TaB/e)> R, (pPb ; 3T2B/c)
HayeCTBEHHO COTJACyeTca C ONUCAHHO! KapTHHO#, XOTA NOAHOCTED O0BAC~
HATEL Benuuuny Ry  Ha TAMENNX AAPAaX y4eToM TONBKO ITOTO daxropa, -
HO-BUUNMOMY, HeNB3A .
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ABUMYTAIEHNE KOPPEMAUMM BO BIAUMOLEHCTBUAX
HPOTOHOB C JIETKUMY  fLIPAMA

CoTpynunyecTBo! Bapmasa - JyOHa ~ HomMpe — Mocksa -
CrpacSypr ~ TonmcH

B.B.[narones, P.M.leGenes, I.J.Hecrosa, H.¥YpOan
O0benMHEHHNE MHCTRETYT ANepRHX HCCJASROBAHER, lydua

[1.3esmmcky, T.Coduak, H.CTamaHaK
WHeTHTYT simepHHX mMpoGJem, Bepmasa

M.Bauo, M.Ceman, X.llanzop
VHoTHTYT bKcDepMMeHTAJbHOR guauxy CAH, Koumue

A.Jmprep, T.Mapruncka, fl.larouxa, {.Xzasavona
Yuapepcurer M. I.[.lagapuka, Houmne

K.Y .XaltpeTauHon
duzwueckult nHCTHTYT AH CCCP, MocCKBa

I'.Bpayn, X.-ll.Eepoep, l.Koflo, A.Mumanox
llenTp AmepHHX HCCJASOBaHRit, Crpacoypr

A.K.Kauapase, M.C.Hnope.nae. 3.P.Camykpanse
WuoTary? {SisMKE BHCOMMX SHeprzffi TOE/MCCHOTO IOCYNAPCTBEHHOT'O

yHEBGPCHETOTA
BBEIEHVE

B nocsenH#e TOIH BO MHOTMX SKCHEDAMEHTAJIBHHX HCCJENOBAHMAX LA
apryMEHTAIME B NOJb3Y TeX HJE HHHX MEeXAHH3MOB e B _Jpnwexamca
pacopefeAeHBd 0 OTHOCHTEJHHOMY ASHMYTAJELHOMY YT .

B nacroameft padoTe Ha OCHOBE CDABHEHHMA 3KCNCPEMEHTAJBHHX HEH—
wx peaxmme Hep — o(/olon, ¢ pacyeTaMu IO MOZeas MoHTe-Kapno moka~
3aHA SQEHCEMOCTD REHEMATHYECKHMX KOppeadl@it OT THne BHOGOPRH COCHTHH.
BpefileH0 MHBEDHAAHTHOe NpefcTABACHHEe DORYALTATOB KODPEJAIMOHHOTO AHA-
JHSA A SKCEMNGHEHHX 3KCHEePEMEHTOB. IIONyYeHH HOBHE DE3YJALTATH N0
B3AEMONESCTEED I8P HYRIOHOB B EOHEUHOM COCTOAHEM ¢ 00pASOBAHWEM

RellTpoua.
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HCITEPAMEHT

Padota BumojHeHa c nomomsp I00~cM BomOpOIHOR mysupsxoBo#f xame-
PH, SKCUOHMpOBaHHON B MyuKax ARep “He ¢ mmmyascamz 8,6 B I3,5 I'sB/c
Ha cmHxpodasorpore OUHU.

[locsie craHmapTHOA mMpoueXypH oOpadOTKH GHJE OTOGDAHH CJy4Yau
peaxmmn He p—~olopry : 2783 coOumaa mpm 8,6 I'sB/c B 6I9 coSHTHH
mpr 13,5 I'aB/c. Kamauit M3 HadopoB B CBOD OYEPERE ORI DA3ZeNeH Ha
coCuTHA ¢ mepesapAmkoft u Ges mee (mpsamoR kaman). lom mepesapsumkoft
NIOAPA3yMeBaJMCh CJy4au, B KCTOPHX MocJje BIamMome#cTBHA caMoft OncT~
po#t dacTiled B cACTeMe NOKOA supa 6  OHN HeATDOH.

B onyoJMKOBaHHHX DaHee padoTax: 2,5/ OHIO TIOKB38HO, YTO O0CyR~
IaeMaHd peaxIifA BOeT DJIABHHM O0pA3OM YePe3d IBYKpaTHOe DACCESHEE PO~
TOHa, a HAelTpoH mosyyaeT HeSonbmoli mMyiasc ( p < 0,7 I'sB/c) ® mmeer
XapaKTOPACTHKHE CliekTaTopa. [IpH FajibHelmem aHaimse MH OyLEeM KCIIOJE3 O
BATEH COOHTHA ¢ MMIyJhcoM HeliTpona zo 0,7 TaB/c mGo COOHTHA, TIe
neliTpoR aABAgeTCA camolt MelnerHO# wacTRUSHK B cHcTeMe NMOKOA Ampa “He,
YrasaHHHE NBA MHOMECTBA CAJLHQ II€PECeKanTCA.

OBCYRIEHUE PE3YJBTATOB
Mu Oyzmem pmane: pacCMATPEBATE KOppEJALME HYKJIOHOB, B KavecTse
MePH KODPeJALEE [pKMEM acUMMETDPHN pacopefefeHH#t N0 OTHOCHTEIEHOMY
a3UMyTAJIBHOMY YIVIy [8pH HYRJIOHOB ¥ =P~
n(9>9e°) - n (P 30°)
NP> FC) + (¥ < J0°)

Ilpe Takom onpellesieHMH HYKJIOHH, BHJIeTani@e B IPOTHBONOJIOXHHE
CTOpOHH, EMepT A > O. B ciyuse Masoro wacna BTOPRYHEX YBCTHI Ode-
BHJIHO CHEJIBHOE BJMAHHE KMHEMATRKR mpouecca., Tak, B yUpyIoM pacCeAHHR
IBYX YRCTHEL YTOJ pa3JéTa N0 a3MMyTY pabBeH 180° n aCcHEMMETDEA A = I.
JiA Tpex SAcTER B KOHEYHOM COCTOSHER H3 yCJAOBAA 3’12 + \?13 + 5923 =

=360° m saxona COXpaHeHHA NONEPeYHOrs HMIyJIbca ZE = 0 cJemyer,
aro ¥y +¢. > I180°. To ects Ha mmarpamme (. ¥, ) BCe cofuTmR
pacroaranTcs BHlle NHATOHAJM.

B paccmarprbaemoll peakipy ~ 4 YACTHIN K CBS3A OTHOCHTEJBHHX
a3MMyTAJLHHY YIJIOB He CTOJb OYEeBHIHH.

Jlma ynoOcTBa aHaymsa B.i0epeM HOBHE NEepeMeHRHe, PaHee MH ECOOAB-
30Ba”d MHBADHEHTHOE MpEenCTABICHHMEe NaHHHX HA ME: ACEMMETDHA B
38BECEMOCTH OT CYMMH CPOIHHX OHCTPOT HYRJOHOB llap 2/ .

[lpE 9TOM HYKJIOHH YHOPSALOMABAJECH NO CHCTPOTE M HM IDRECBAKBANECH
BHReKcH I, 2, 3, HawMHeA ¢ camoro GHcTpore (Jigeps). [lapy rpymmepo~

Bamch 0o mHmexcam (I,2),(I,3),(2,3). HeyZoOcTBOM TAKOIC OpERCcTaBJIe— }
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Tadmng I, AcMMMETDHE DAcHpefieseHER MO OTHOCETEJBHOMY asmy-

TATEEOMY YDy M4 peaKIiy "Hep-— oppn TpU
8,6 T'sB/c m I3,5 I'sB/c (By < 0,7 TeB/c)
HRTeKcH m"g ool I
HYKJIOHOB a “He oft RaHas epesapAnKa
ey sl P
2 8,6 0,74 3 0,02 0,56 1 0,04
13,5 0,7 1+ 0,05 0,51 3 0,II
.3 8,6 0,44 £ 0,02 0,35 + 0,04
13,5 0,46 + 0,05 0,33 £ 0,10
23 8,6 0,05 + 0,03 0,44 1 0,04
13,5 0,06 1 0,04 0,42 + 0,10
10
8
< s O \ ] +
S + ; ] ]
0 +
+
0’0"—!-—1-—4— Ty v vT‘
10
< 2 0 _} + e
051 4 1
‘ +
+ 'y t,
171 I— —— —t
345 345 345
i*} i+ i+]

Prc.I. 3aBACMMOCTD ACHMMBTDAX DacUPOAGIeHUl 0O OTHOCATRIBH MY 2SHMy-
TQILHOMY YTV OT CYMMH KHIOKCOB EYKIOQHOB LA DOaKidy "Hep- dppn.:

® - mMyaALe e - 8,6 TaB/c; + — EMIOyaBC e - 13,6 IeB/c; a , 6 &

B -nOpaoft KHAI; I' , I Z @ - IePe3ADANKA; & K T -~ §63 obpeaanutt;
6 mx -6l <0,2 (reB/c)%; » me -{tI> 0,2 (TeB/c)®.
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HMA ABIAETCA DACTARCHME UKAJH OHCTPOT ¢ DOCTOM SHEPIHHM najaniero Ai~
pe. OTC HEYBZOGCTBO CHEM3ETCA B DOSYJNbTATS HCHOILIOBAHUA 3ABMCUMOCTL
aCHMMOTDEE OT CYMMH HHIOKCOB HYRJOHOB napu (3, 4 ¥ 5).

B rauecTse npmepa MpEBeReM pesyskTaTH LA NPAMOTC KaHaja B
nepesapAmKki pPeaKimy F{e *céopn opd XByx sHeprzax (pue.I ¥ radu.I).
BaaTH COOHTMA © pd < 0,7 I'sB/c B cucTeMe IOKOA AApA He. Bum~
HO XOpOllee COBNaJEHMEe JAHHHX, YTO CBENETENALCTBYET O HEE3MEHHOCTH Xa~
paxTepa peakimy., OJHOBDEMEHHO 38MeTHC DasJMuyde B IIOBENEHHH acuMMeT—
pHM IJid DDAMOTO KeHake ¥ Hepe3apAlKH. OTO DasJHyBe YCyTyCuAeTcd Npd
paséuenuy codutuli Ha I'pymm C MaJHME ¥ dom:mmm nepelaHHHMA UMIYJE—
casu: [t! < 0,2 (TaB/c)® u I£1>0,2 (TsB/c)?. Bmecs {Z{ - Bemrm~
He KBajpaTa YeTHPEXMMIYJAhca, NEPEfaHHOI'Q OT LafailleTo NpoTJHa K Jiu-
I¥pynueMy HYKJIOHY B CHCTEeMe NOKOA Axpa 4'I-le. PesynpTaTH RAA coGHTHE,
B KOTODHX HelfTpOH UMeeT HaMMEHBUKI cDeZH BTODEYHHX YACTHI[ BMIYJILC
g 8,6 I'sB/c,IpUBENeHN Ha PHC. 2. BUOHO, YTO LA HapH ¢ HHAEKCaMu
(2, 3), TO ecTh C CYMMApHHM WHIEKCOM 5 (2TO - mapa CamHX MeLIeHHHX
B CHCTeMe Axpa He hmonoa), pas/myme LA OPAMOTO KAHaJA M Nepesa—
pAmxE npe [t(< 0,2 (T'aB/)® BO3POCJIO,

EcTecTBEHEH BONPOC: HAK BeJMKA DOAb KHHEMATHIECHUX ROppendmit
B HaGamneemux sfpexTtax? Uit ero BHACHeHWA OHJa OpoBeZeHa IeHepauns
coCuTuit MmeTomoM MoHTe-~KapJo.

T'eHepalis NPOBOAMNACE CACAYREMM OOPasoM. WMIYJIBCH (epMi-TBUES—
HHEA IBYX HYKJIOHOB B Ape He T'eHePHpPO Ch HE3aBAGHMO C UCIOJAbL3OBa-
HHeM BOJHOBOY (ymHximu baccena-BuixuHa B OPeNNoJiOXEeHNE M30TDOMHHE.
OcTaTky~ie#TPOHY NPHIMCHBAJCS MMIYIRC

X == (B -5).
HAKJATHBAIOCH SHEPreTHIeCROe yeloBEe £, +[, +Ly= My, ,
Bpanach macca peajbpHoTo jme#fTpoHa, a CX0f ¢ MACCOBOY NOBEPXHOCTE
Opemoaraica ONHHAKOBHM A OOOMX HYRJIOHOB:

\['mfﬁﬁpf +Vm:ﬂe+P: + Eg=my, -

PasurpuBajmchk ZBa NOCHEeHOBATEILHEX paccesHRsA Dejgandero mpoTOHa
Ha HYRJOHQX MACCH M, C MCHoJb3oBaHMEM MHFjeDEeHIMANBHOTO CeYCeHEA
yopyroro pacCeRHHA, 1aPAMOTPH3OBAHHOI'O K BKCIEPHMEHTAJIBHHEM JAHHHM :

de -6l
dt  °

/#
£=5,8 (138/) 2

M

Jia xamans ¢ mepesaPAIKOf B ONHOM ¥3 aKTOB PACCeAHMA KCIIONE3O- L
BaJOCh ce9eHRe aJdemeHTapHOR 720 -+ pr.  nepesapATKH:
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Jadmns 2. AcHMMOTDHE pacmpezeleHEf N0 OTHOCHTENBHOMY A3MMYTANb~
HOMy YTIy A HDAMOTO Kanana peaximmd “He p — dppn

(8,6 T'sB/c)
Hywaonos Bes [l |El0,2(IeB/c)? |4 >0,2(TeB/c)
1.2 ORCHEPUMEHT 0,88 &+ 0,04 0,74 + 0,07 0,95 & 0,05
’ PacyeT
Monre-~Kapao 0,8 ¢ 0,08 0,65 + 0,05 0,97 3+ 0,04
L3 JxcOepAMerT 0,45 + 0,08 0,22 + 0,05 0,55 3 0,04
’ Pacyser
Monre~Kapio 0,54 + 0,08 0,22 + 0,04 0,7I 4+ 0,04
2.3 ORCIEPEMEHT 0,03 + 0,08 0,3I 3 0,06 ~0,09 1+ 0,04
! Pacyer
MoHTe~KapJsao 0,02 + 0,02 0,64 3 0,05 -0,3I + 0,03
10 .
< * a 5 8
SN :
05{ *
| ¢!
00 — —— .
+
10
2 L]
< + # t f e
05 ¢ -+
: ¥+ ,
!
wl——— Lt —
345 345 34
i*j i+ it)

Prc.2. 3aBHCHMOCTD acHMMETpEM pachpefaieHult no oruocwrem:uow a3uMy-
TATBHOMY JTAY OT CYMMH EHIOKCOB HYKJICHOB LA DeaKiiu ”ep-- PPR B
cayvae, Koria As#rTpon apnsercsa camofi MemronHoR uacTume# B cECTeMe

LOKOA AXpa

@: ® — DHCIDEeDHMeHT mopu 8,6 I'sB/c; + — pacueT HO Mo-

ReJm MoxTe-Kapnmo. OCrtaibHme 0008HAYGHHMA Te Ee, 4TO A HA puc. I,
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ds_ e, -J’ It e &1l ap=5,54, s; = 26,6'%,
dt~ 2

IlocsiemHee OWIO ONMPaBIAHO OCIMM BHIOM 3aBHCEMOCTH NOJHOI'O CEYEHEA Ne-
pesapAmKé OT SHEPLMM IJIT JelKuX sifep M SJeMeHTapHOTO aKTa (pHc.3).

BuBOR KARIOTO M3 HYKJIOHOB mocie paccesmua (P, + By— Pr+ P2)
Ha MACCOBYD IOBEPXHOCTh OGECHEHABANCA I[PH BHIONHEHUE YCACREA

it >|tlnopora » THE

7 ey = 4,12, By = 2,64.

t (R R,)-—(P.,c{ P s mie mE —2m Eyy .

nopora

B KoHlle HOpOUENYPK S8BHCEMOCTE IM(QPEDEHIMANLHOTO CEYeHAA PEeanuEd OT
H;] OPEBOIEIACE K BKCHEPHMEHTANBHOR.

Honydennue ACHMMETDEN DACIPENeJICHHH IO OTHOCHTENbHOMY 83HMyTelb—

HOMY YTJIy ABYX HYRJOHOB NMpHBeleHH B TadiHpex 2, 3, 4 BMecTe ¢ 3KcOe-
PMMEHTANbHEME DEe3yJbTATAME M NOKABAHH HA DEC. 2.

BRAHO xopomee KAaYeCTBEHHOE M HEIUIOXOe KOJHMYECTBEHHOE COIVIACHS
PesyJapTaTOB ¢ pacyeTom. OCpamgeT Ha celd BHUMAHME Da3JMvHe pacyeTa
M DKCIIEDHMEHTa IJA COOHTHE NpAMOTO kanana ¢ || < 0,2 (I'aB/c)*,
KOTOpOe COCTABJAET OKONO S CTaHIAPTHHX OTHJIOHEHMit, Haubonee ecrecT-
BEHHHM OC'LHCHEHMEM ITOTO DasJM4MA HAM NPENCTABVIAETCA yMEHbUEHHe
qyca CKOPPEJHPOBAHHEX 7 Q -0ap (& B HPAMOM KaHaje IBa MEINJICHHHX
HYKJIOHE = 3TO HEHATPOH H NPOTOH) 3a CYEeT B3AMMOREHCTBMT B KOHEYHOM
COCTOAHMH. IJTOT Pe3yJabTaT IPAMO CBA3AH C uonyveanumn paHee IaHHHME
06 odpasoB?m IeATDOHOB B DPeaKIHsX Hc,o ddp u ‘Hep ~ dppn. .
B pado're GHJIO NOK&a3aHO, YTO CYlecTBYeT KOHKYPEeHIMA J3TUX ABYX Ka-
RaJIoB ¢ o0pazopaHMeM "OhcTporo" meATpoHa peaKima ddp 3a cueT
KOaJeCUeHIMA HYKJOHOB OTIa4d C MAJHM OTHOCHTENBHHM HMIYJbCOM.

B npenmonoXeMmM, 9TO NpM MamX sHavemwnx [€/ B kaHex ddp
MEPeXORAT 770 -NAPH C GOJBUMME OTHOCHTEJPHHMZ A3MMYTAJBHHMH yI-
zavu (A = I), a npu Goxmpumx /€] - ¢ mamumm (A = -I), MOXHO oue-
HATH YMEHLUeHAe acHMMETpUM B peaKumy "Hcp - téopn : ah=

- M - -
= m (ﬂ ﬁd,,,».) 3meck A 03HAYAET WHMCJO COOH
TU# B cooTneTcTBynueM HHTEepBaJe ltl . OueHKa gana 1aa 00JacTu

£l < 0,2(IsB/c)* A= 0,28 + 0,05 ( aAskew = 0,33 + 0,08)

ma (k] > o.z(raxa/c)*2 Ak=-0,1530,02 (ahy =-0,22 1 0,05).

BrIHO HEIIOXoe COIVIACHE Dpe3yJbTaToB,
Omicannuit caydall ABafeTcA IPAMEDPOM HUHAMAYECKO# KoppeJslmH. B
Ka4eCcTBe JPyroro NpuMepa MOXHO OPHBECTH 3(JeKT YCHAEeHHA Koppeasruit
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TadxEna 3. ACAMMETDHE pacmpefiefemmf no OTHOCHTOJIEHOMY
QSEMyTAALHOMY YTAY NAA KaHEAR NOpesapAlkn
pearnua quP-o d/o,on, (8,6 T'aB/c)

ol Boe It1  |t1<0,2 TeB/c [t] >0,2 TeB/c

9rcnepmmerr 0,75 1 0,07 0,57 £ 0,10 0,89 + 0,I0

I,2

Pacger
Moure-Kapso 0,75 1 0,06 0,53 + 0,08 0,93 + 0,09
Oxcnepamesr 0,27 3 0,06 0,00 1 0,08 0,48 + 0,08
I3
Pacyger
MorTe-Hapao 0,36 ¢ 0,05 0,I3 ¢ 0,07 0,55 1+ 0,07
dxcnepamenr 0,46 + 0,06 0,8 ¢ 0,II 0,17 3 0,07
2,3
' Pacuer
Mogre~fispro 0,29 + 0,05 0,74 + 0,09 =0,09 + 0,06
10. .\‘
\\
¢
‘\
-~ Y
k] X
» \

: PECc,3. 3aBMCHMOCTD IIONDEPEYHOr0 COYSHAA
' nepesapAlKE OT SHepraou: @ - LA aJI6—
Y MSHTAPHOTO OpOLEcea AP —=pa; O ~ ZAd
, \‘ g-saamonencwm ope 3,33 I'sB/c =
\‘l ep-B3amnMofedcTead mpx 8,6 I'aB/c z
13,5 T'aB/c.

2. 4 10.
P{rsB/cl
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00€

Tadumia 4. AcummeTpHs pacupeXeteBuft 0O OTHOCHTEJIBHOMY ASEMYTAJLHOMY YTy Oap
KYRJIOHOB JJIi OPAMOTO KaHaja DeakIEy "Hep ~d ppn TPE 8,6 I'sB/c
¥ DA3JEYHHX OFpAHMYeHHAX HA BHJET CAMOTO MELJEHHOT'O M3 HYKJIOHOB

HenercH Hasaxn Hasag ®1P] Hasaxm uiP,l Buepexn Buepen nIP3| Bmepexn anal
HYKJIOHOB <0,3 I'sB/c »0,3 I'sB/c <0,3 I'mB/c  >0,3 I'aB/c
JHCEpUMEHT 0,7430,06 0,98+0,11 0,57+0,08 0,95+0,05 0,9940,09 0,934+0,06
I,2
Pacger
MorTe-Kapio 0,84+0,07 0,9130,09 0,70+0,11 0,86:0,03 0,96+0,08 0,8240,04
JRCIIEDEMEHT 0,4440,06 0,3310,08 0,5240,08 0,4610,04 0,4430,07 0,4740,05
1,3
Pacuer
Moure~Kapao 0,38+0,06 0,38+0,07 0,4040,10 0,58+0,03 0,43:0,05 0,65+0,04
JKCHEepPUMEHT 0,I3+0,05 ~0,09+0,08 0,31+0,07 -0,02:0,04 -0,0340,07 0,II+0,04
2,3

Pacuger
MoHTe~Kapio 0,I7:0,05 0,0540,06 0,41+0,10 -0,0I+0,03 ~0,07+0,05 0,01s0,03




B OGJIACTH MBKCHMYMOB B DAaclpefesCHHH O a(Ili)eKTldﬂﬁog 7acce IBYX mpo-
TOHOB E3 KaHaJa epe3apAlKu peaxipy *He.,o -.dp/rn_ 2,

OXHAKO npU OCHYHOM TOJYUHKJIO3MBHOM IOINXONE K HBYYEHHD IMPOTOH-
AREPHHX B3aUMONEHCTEHM MPOABICHUA NWHAMMKA MOLYT OHTH MONaBIEHH
CUJIbHHME KMHEMATHUYSCKUMH KOppeJAImAMH. JMpyroil OnacHOCTHR ABIAETCH
NOMHTKA MHTepUpeTalln Koppesaimii B Hadopax COOHTHM, OIPaHMYEHHHX
KaKuMU-B00 ycJoBuAMA. [IA WTOCTPALWHY MH NIDHBOIMM B Tadmue 4 mak-
HHE IJ1A ODAMOTO KaHAJS PeaKImm 'Wc,p—- dpprn upn 8,6 I'sB/c ¢ pas-
JMYHHMYA OTPAHAYeHUAMM, HAKJIANHBAEGMHME HA camuii MelJeHHHE #3 HYKJIOHOB
B CHcTeme IOKoA He, BumHa, Banpumep, SHAUMTeJbHAA KOPPEJALMA LA
cly4yad, KOTMa camHil meljieHHH{i M3 HYKJOHOB BHJETaET Hasal X HMEEeT U~
myasc Goxee 0,3 I'sB/c. CpapHeHue ¢ pacueTami o Mozeym MoxTe-Kapzo
NIOKA3HBaeT, YTO KOPpeIdi@sa 3Ta HUHEMATUYEeCKOT'O XapaKTepa.

SAKJIOYEHUE

B paGoTe BBEHEHO HOBOE NpPelCTaB/CHUE NEHHHX IO &3HUMyTAJIBHHM
KOPPEJIMAM B 3KCHJK3MBHOM @HaJM3e K HOKA3aHO, YTO XapaKTep Peaxiyn
Wep ~ dppre  ONEHEKOB upy mvmyaecax 8,6 I'eB/c ¥ 13,5 I'sB/c.
[lpoBeneHHHEe pacuYeTH IO METQLY MoHTe-Kapio HawT yAOBIETBOPUTENBHOE
O0BACHeHHE OOWEr'0 XapaKTeps NOBELEeHEA 83MMyTAJBHHX Kopperdma#l wume—
maTEroll mponecca. B TO Xe Bpemd IMOKA3AHO HAJMUEE OCJACJCHEA KEHEMa-
Tuveckofft Koppesalme, chisaymoff ¢ oSpasopakueM IZelTpOH& M3 CROppeJm-
POBEHHHX HYRJAOHOB OTA&YA. (dpameHO BHAMAHUE HA HEOOXONEMOCTH IPOAB~
JIATH OCTODOXKHOCTH IpE HHTEPOPOTALMHE KOppevisiiER Dap HYKJIOHOB M3 Orpa—~
HEYEHHHX BHOOPOK.

JHTEPATIPA

I. Bacosa E.C, u ap, A®, I983, 37, ctp. I23.

2. Bemmnckk I. B ap. A®, 1984, 40, ctp. 482.

3. Agakishiev H.N, et al, JINR, E1-84-448, Dubna, 1984;
JINR, El-B4-551, Dubna, 1984,

4. Arvaxumwen I.H. ® gzp, OWGM, PI-84-55I, Jycna, 1984,

5. Aladashvili B.3, et al. Acte Phys. Slov., 1981, 31, p,29.

6., Basgel R.H., Wilkin C, Phys. Rev,, 1968, v.174, p.1179.

7. Banary O, et al. UCRL-20000NN, CBRN, Geneva, 1970.

Aladaghvili B.S. et al. Nucl. Phys., 1975, BB6, p.46l.

9, Bano M, et al. JINR, E1-86-78, Dubna, 1986.

e
.

301



FOUR-DIMENSIONAL JETS AS UNIVERSAL CHARACTE-
RISTICS OF MUITIPLE PARTICLE PRODUCTION IN
SOFT AND HARD INTERACTIONS

A.M, Baldin, B.V. Batyunya, L.A. Didenko, I.M. Grameniteky,
V.G, Grishin, A.A, Kuznetsov, G.M. Maneva, Z,V. Metreveli ,
P.P. Temnikov

Joint Institute for Nuclear Research
Dubna

1. ZIntroduction

The traditional analysis of the jet behaviour of secondary par-
ticles 18 commonly performed with the aid of varisbles "sphericity"®,

®thrust® and others that are Loremntz-noninvariant quantitles, The jet
characteristice depend not only on the frame of reference, but also on

the properties of colliding particles, A new method of describing

multiple particle proceases, which employs only Lorentz-invariant

quantities, has been suggested in papers 1,2 devoted to the study
of relativistic nuclear collisions.

In the invariant method of analysing multiple particle producti-

on, the procesmses
I+II 14243+ 400 (1)
are considered in a space the points of which are the four-veloci-
ties w.z2R/m_ , where [, are the four-momenta and m, the masses
of particles,
The positive invariant quantities having the meaning of the
squared distances in this space

2
€ .7 -Cui-uy) =2[(U-iu,)' i] ' )
where i,k = I, II, 1, 2, 3, ..., are basic variables describing the

relative particle motion,

The idea of introducing the &, variables consists in that in
the cross sections of the processes (1) the following statistical
regularity is realized: in definite domains of these variables the
%LK distributionas decrease monotonously and rather rapidly with in-
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creasing ‘8“ /1/. This experimental fact can be formulated as a cor-
relation depletion principle (CDP) in the relative velocity space.
The CDP leads to that the distributions, describing multiple particle
processes, are factorized in the four-velocity space Bs.x s Lle0.,they
decay intu factors relatin'g to different clusters in this space,
Using the CDP, a new approach to hadron jets has been formulated:
the Jet is considered as a cluster with relatively small B-t,( values
in the relative velocity space. The Jet axis is determined as a sin-
gle four-vector V/ that is extracted from the condition of minimum

of the quantity:
2
2 8, -2 (V-u) )

Summation is performed for all the particles belonging to a separated
group of particles, The quantity (3) is minimal for

V= 2w T )T @

The hadron jet production in soft ‘IT-P and cumulative T°C
interactions at an incident pion momentum of 40 GeV/c has besn stu-
died using the traditional methodlj'u. The hadron jet properties in
these interactions are compared with similar data for ete” annihi-
lation and deep-inelastic »(5)p scattering for equal energies in
the c.m,8, Pigure 1 presents possible diagrams of hadron jet produc-
tion in the processes in question, As shown in these papers, in soft

s 9r "p and cumulative T'C interactions

"Jﬂ“ — 5 it is observed the production of two
ﬂuﬂ l‘. hadron jets, emitted in the forward and
acieon (39%) backward hemispheres in the ce.meS.,

which can be due to the fragmentation
meson (43} of noninteracting quark from incident
S e £ cumiote 9T~ meson and diquark from proton or a
pu ey multiquark system of carbon nucleus.
The main conclusion of this analysis
by lies in that the fragmentation functi-
ons of quarks into hadrons are similar
/@:g_ for these different processes, The sane

r

LTWY
Wit __ul®) wrrenl
:gt{s‘%—f}"‘!zfm  BiRe 1. The diagrams of different
(30 uu {ue procesgses,
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can be said of the fragmentation functions of diquarks in the interac-~
tions under study. However, the fragmentetion functions of quarks

F (X¢) and diquarks F,(X.) into hadrons are different. Thus, it has
been shown’ >*%/ that the Fq (X¢) and Fy, (X;) functions for T me-
sons produced in ‘Tf"p and (53 p collisions can be approximated by
an exponential dependence

|:q (x¢) = Aq ex pl-aqlxg)
Faa(Xp) = Aqq expl-staglxel) (5)

where Olg = 4,9 £ 0.2 and ®qg = 944 £ 0,5 for 9T~ mesons, i.e.,
they differ by & factor of approximately 2,

The results of comparison of soft hadron interactions at various
energies have shown that the hadron jet properties depend on colliai~
on energy.

However, as is shown below, the difference im the jet characte-
ristics is due to & relativistic noninvariant approach.

In this paper we present results of the study of hadron jet pro-
duction by the new method in verious processes ( pp , Fp, M p,
NC,pC,plaand SN ) over a wide energy range from 6 to 205 GeV/c,
The main result of this analysis is the discovery of the fact that
the four-dimensional hadron jJets are univerasal.

2, Experimental Method

The present analysis was performed using a set of experimental
data on hadron-hadron, hadron-nucleus and 3 N interactions. The
types of interactions and event statistics are presented in Table 1.

fabled Statistice of Events

w collioton Prap GeV/e Statistics
1 PP 205 5025
2 TP 40 17376
3 e 40 8791
4 PP 22.4 44877 K
2 PP 12 72099
6 PP 5.7 68103
T pCsHy) 10 2732

pTa 10 1913
8 3N <Eg>m 35 Go¥ 8000 )
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The data on 40 GeV/c T p and 9T °C interactions and 22.4
GeV/e P p collisions were obtained with the aid of a 2m propane and
a8 2m hydrogen ("Ludmila") bubble chambers exposed to 9T~ and P
beams at the Serpukhov accelerator. The results for 10 GeV/c F’(C‘iHa)
and pTa interactions were obtained by irradiating the 2m propane
bubble chamber with To plates inside ite working volume at the
Synchrophasotron. The data on 205 GeV/c PP collisions and 5.7 and
12 GeV/c P P collisions were obtained with the help of the 76 cm
hydrogen chamber (FNAL) and the 81 cm end 2m hydrogen chambers (CERN).

The data on 3 N interactions were obtained with the aid of a
15-foot bubble chamber filled with & neon + hydrogen mixture (64% of
Ne atoms) at the FNAL accelerator by the IHEP-ITEP-FNAL-Michigen
University Collaboration., The chamber was exposed to a beam of muon
antineutrinos with a broad energy spectrum. Altogether ~8000 interac-
tions were measured

P+N—> pt+ Z": h, ,
in which E,> 4 GeV end E 3> 10 GeV; in this case <Ed = 35 cev//,

The experimental details are described in refs. -13 « Data
summary tapes containing information on the kinematical parameters of
events were used in this analysis. Secondary protons were identified
by ionization from 0.18 to 0.8 GeV/c in the propane chamber .and fiom
0.1 to 1.5 GeV/c in the hydrogen chambers. The remaiping charged par-
ticles were classified as 9T ¥ mesons. In order to obtain the jet
characteristice under identical experimenteal conditions, protons with
P“b» 0.8 GeV/c were taken to be T * mesons in all the experiments.

Neutral strange particles (K:,A°) were identified by the de-
cays into charged particles ( K3—9T*ar A’ p977 ).

3. Hadron Jet Selection
The selection of the particles belon71n7 to the jet is made by
means of relativistic invariant variables 14/,

bz M Luug)

P~ my; (upup)

and
xi= M, (uiug)

where index I denotes an incident pariicle, II a target and i se-
condary particles. For the case of nuclear collisions the atomic mass

unit My= 931 MeV is substituted for ™M .
The 4-momentum fraction of primary hadrons carried away by se~-
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condary particles is characterized by the 2Cp and €. variables.
Figure 2 illustrates & two-dimensional 3¢, and >Cp diagram for
9T * mesons from ¥~ C interactions at P = 40 GeV/c that has & typi-
cal form for all the processes under investigation. The region of lar-
ge 2C, values corresponds to the target fragmentation and 3C, the
beam fragmentation. As seen from fig.2, already for 9Cp(X,)20.1 and
2 (xp)< 0.1 the beam and target fragmentation regions are rather
well separated, Therefore the qr meaons, for which . > 0.1 and
Xp < 0.1, were attributed to the jet produced in the target fragmen-
tetion region; the pion with 3Cp2 0,1 and 3 < 0.1 were selected
in the beam fragmeniation region, Approximately 2% of particles are
in the overlap region (:JCP> 0.1 and 3C,.> 0,1) where the particles
cannot be attributed to one or another jet, With larger probability
thepe particles are due to hard processe as their average transverse
momentum is 1.7 ¥ 0.1 GeV/c. In addition, in the renge X, < 0,1 and
xp< 0.1 the quark-quark interaction is mssumed to manifest itself
gignificantly in hadron-hadronnl and hadron~-nucleus collisions, eand
hence it 18 excluded from the consideration.

Fige2, The Ty and Xp distri-
butions of seoondary @it

sona in 9 € collisions at
40 GeY/o. The fragmentation
region X p 2 0.2 18 denoted
by the brokem line,

lle fragmentation

projectile

e e e eiaiiaiooasian

————

o
It
t
For more atrict selection criteria the T mesone with
2¢,7% 0,2 and Xp < 0.2 were atiributed to the jet in thu target
fragmentation region end the ones with acp>,0.2 and x, < 0.2

in the beam fragmentation region.
Diffraction svents were excluded from hadron-hadron collisions

when comparing various types of interactions,
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4. Hadron Jet Properties in Hadron-Hadron

and Hadron-Nucleus Interactions

To understand the features of the new approach to the analysis
of the hadron jet properties, it is useful to consider some noninva-
riant characteristics of the Jjets separsted in the c.m.,s. of hadron-
~hadron ( 9 p and PP ) collisions, In this analysis the fragmen-
ting quark and diquark ere assumed to carry away prectically all the
energy of primary hadrons (-~ 90%), therefore their c.m.s. is approxi-
mately coincident with the one of interacting hadrons. Table 2 pre-
sents the average values of the variables X, = ZP:i/E‘, F.» ©;, and
ejet . Hore P..‘;, and P, are the longitudinal snd transverse momen~
ta of pions relative to the jet a.x_j_.s in the collision c.m.s., GL 1s
the angle *y the particle vector Pi, with the jet axis and eﬂf_the
Jet emission angle with respect to the collision axis.

As seen from the table, the presented characteristice depend on
the primary energy and the type of a fragmenting system {quark or
diquark). However, for the procesmes with the participation of had-
rons and nuclei ( hh , hA ,5N and others) the determination of the
c.m,8, of interacting constituents is due to large ucertainties be-
cause of the d'stribution of quarke in these particles, Therefore for
such processes the madron jet properties should be described by means
of the Lorentz invariant variables,

Pigures 3+6 show the 'g x Gdistributions of " mesons normali-
zed to unit for M'p ,9r C, Pp and PP interactions in the beam
and target fragmentation regions, Table 3 presents the average valu-
es of < g,‘(’ﬂT’» in the jJets for various types of inbteractions in the
fragmentation regions of the beam
1 4 (9€p 2 041, 3, < 0.1) and the target
NSE : | (x, > 0.1, Xp< 0.1). The distribu-
m‘_ﬁ& ’ zc:’r::..' . ~ tions in figs. 3+5 and the data of

g QI table 3 imply that the €, aistribu-
» Y ‘ tions of 9T~ mesons in the jets has
' a universal character and depende on
|

neither the energy nor the type of in-
teractions for Plab>’ 22 GeV/c. Note

§

| |
1 8 L
. Pig,d, The Uy« distributions of

F } mesons for 40 GeV/c T p and W C and
205 GeV/c pp collisione in the frag-

. J mentation region of beam ( 3p 2 0.1
o @ w W and X, <0.1) and targeta (X>0.1 and
b xp< 0.1),
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Table 2-

Jet charasteristice in the hh c.m.8, _
Type of Prav FragmentaJ ° °
collisien tion < x> <p> 20, > ce. .” <Nst?
GeV/c region i geV/e i Jet "
PP 5.7 0.271 0.346 37.4 33.3 2.070
’ ¥ 0.001 * 0.002 * 0,2 t 0.2 + 0,003
— Target
PP 12 0.260 0.380 3.5 25.4 24063
+ 0,001 * 0,003 * 0.2 1 0.2 1 0.003
(X4 7 0.2)
PP 22.4 0.274 0.407 24.8 19.7 2.050
* 0,002 1 0.006 + 0.4 1 0.3 1 0.005
B 40 0.297 0.436 19.8 16.0 2.19
+ 0.004 % 0.008 Yo 0. % 0.02
e 40 Beam 0.326 0.420 17.8 14.0 2.09
(Xp70.2) t 0,002 0004 | o *o.2 t 0.01




Table 3

cof{fSigé‘ Plab (Gev/e) i“;‘ggmle‘g;‘?;n hk (/7 ™) ")
w ’ GeV
PP 205( {5 = 19.7) target fragment. | 4.5 L 0.1
p 40( ﬁ= 8.7) beam frugment. 4,212 0,03
ic 40 beam Tragment. 4.1920.04
J N <Wr=8 current fragment. | 4.1240.17
7 p 40( rn_'u 8.7) targetl froguent. | 4,0620,04
i’c 40 target Tfragment. | 4.36%0,04
DN LWy=8 target fragment. {4.16%0,30
D 22.4( ﬁ: 6.6) target fragment. |3.95%0.03
XN <W>= 4.9 current fragment, |3.6620,11%
N <Wr»= 3.5 current Iragmeniath3.17i0,11
JN CWy= 4.9 target rragment. |3.45%0,19
p(CBH8)+p‘I‘a 10 target frogment. |[2.13f 0,04
PP 12( fr? = 4,9) target fragment. |3.53%0.01
o S5e7( /: = 3.6) target T.agment. |3.21%0.01
7N CW? = 3.5 target fragment. {2.75%0.15

‘)Statiatical errora are presented in the Table, The systematic
errorr that are due to the incorrect identificatiom of positive

particles are 5-10%,

Pig.4. The 8,< distributions of 9

Leupt frgnanialion -
#&g ) T BE T, A aTia mesons for 22.4 GeV/c pp collisi-
e s dosiea |~ 40 GeVW/e TTp end T C collisi-
'..‘ i . in the target fregmentation re-
'* Mo
L)
o' it
t that this universality manifest it~
" J self more distinctly when the selec-
e e 5~ &% tion of the particles belonging to
Bx the fragumentation regions (3Cp > 0.2
P
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Pig,5. The €, distributions 0" —
of 9T~ mesons for 40 GeV/c W C o ¢ 2 6 208,

interactions in the fragmentatiom Fig.6, The 8,‘ distributions of
region of target (,> 0.2,%0.2) 97~ mesons for 5.7, 12 and 22.4

aud beam (x> 0.2, x,< 0.2), The GeV/c Pp collisions in the
80lid line is the approximation target fragmentation region
of the data by the exponential (x,> 0.2, x,<0.2)

4 » . a
dependence, P

and ¢, > 0,2) becomes more strict (see fige.4 and 5). The agreement
of the distributions for 9T p and T C interactions in the besm and
target fragmentation regions means that the fragmentation functions
of quarks, diquarks and multiquark systems into pions in these vsri-
ables have & universal character in contrast to their description by
means of the traditional noninvariant variables. Prom these data it
also follows that the cerbon nucleus has no influence on pion jet pro
duction which shows ovidence for that it occurs outside the nucleus,
From fig.6 and table 3 it is also seen that at P, 222 GeV/c the €,
distributions become much narrower and the average values of <%K> de-
crease. This fact can be due to a limitation of the phase volume for-
lower energles that leads to narrowness of the ‘EK distributions. In
addition, the fraction of annihilation processes increases (to ~ 40%)
in pp collisions at P1,b>, 22 GeV/c., According bo the conventional no
tions/15/, it can have a multijet character which also results in de
creasing the <8K> values, Of special interest is the study of cumu)
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lative jets, that are the jets produced out of quarks which are knock-
ed out from the multiquark configurations, arising in the nuclei. As
shown in/17/, the <‘3K(1T7)values for the cumulative Jets are close to
the obtained ones for hadrone and hadron-nucleus interactions at

PLabZ 22 GeV/c. _

Thus, the analyeis of the ‘GK distributions of M mesons in
the jets shows their universality which is independent of neither the
collision energy at Plab = 22+205 GeV/c nor the type of a fragnenting
system (p, -, P andC). The squared mean 4-velocity of T mesons
relative to the Jet axis in the fragmentation of protons is characte-
riged by <Q>= 4,

However, the above distributions of pions have been obtained by
pummation over all the .decay modes involving pion production inclu-
ding pions - decay products of resonsnces (p ,w , £ , A** and othem).
It is kmown that at high energies a large fraction of 9T* mesons
£50%) in multiple particle processes is produced via resonance decays.
In order to study the proton hadronigation processcs, the BK distri-
butions in the "first-rank" hadron Jets should be considered, In this
case the average <‘gg-,> veivy corresponds more correctly to the jet
size in the relativ= velocity apace. The experimental data allowed
the '8,‘ values to be estimated for po and A'" particles. With
thie aim the Jets were separated in which there were either rter-
paire with Myps(p°) = 700:840 MeV for WP collisions or T'p
paire with Mgpr= 1,16:1.32 GeV for Pp interactions, The <8K> va-
lues equal to 1.,4:2,1 (table 4) for resonances are smaller than the
value (~4) obtained previously for all 9T~ mescns. This means that
the characteristic size ot the hadron jets in the 4-velocity space in
fact makes up <8~)~2. The analysis of the '8K distributions in the
jets of strange, e.g. Kg and A’ , particles is of particular inte-
rest. Table 5 presents the average (30 values for these particles
in Ip , qT°C and DPp collisions in different fragmentation re-
gions of primary hadrons. In the comsidered energy range Pub w22.4240
Gev/c the <g,‘> values for K; and A’ particles, as well as for
pions, depend on neither the type of a fragmenting system (P N § '
4", C ) nor the collision energy within the experimental errors. Ho-
wever, the average <'8K> values for strange particles are 3+4 times
smaller than for pions. The mass dependence of the -8,‘ distributions
in the particle jets requires a further study. The obssrved universa-
1lity of the padron Jet 8 x distributions in soft hadron-hadron and
hadron-nucieus: -ollisions at F,,> 22 GeV/c means that the hadroniza-
tion of quarks, diquarks and multiquarks systems in these variables is
the same &t high energies in contrast to the traditional noninvarient

an
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Table 4

++
Zhe < 6,> valusa for P" and A particles

Type of P Fragmenta-
oogliuio gev/c| tion region Particles < ‘gk>
40 Beam arter psirs
_ (%%0.2; | 0.7¢M,<0.84 2,16 * 0,03
99 P x, <0,2) (GeV)
i
(associative) 2.7 *o.01
Target QT*p pairs
(:ct’, 0.2; °.16$n“‘1 32 1.41 % 0,07
P 2.4 (GevV)
PP Xp< 0,2)
-
{aseociative) 3.55 % 0,12

variables which give substantial dependences on the energy and type
of a quark system. The universality of the hadron jet properties can
be interpreted as & characteristic of colour charge interaction with

QCD-vacuum,.

5., Hadron Jet Properties in Deep Inelastic 5 N coliisions

Interest has been arouged in the invariant method of analysing
hadron jets applicable to hard processes, in which the jeis are pro-
duced in the hadronization of colour objects in vacuum, and the com=
parison of thrir properties with the jet ones in soft hadron-hadron
and hadron-nucleus collisions where we deal with colourless objects.
It is of particular interest to analyse the hadron jet properties in
deep inelastic lepton-nucleon collisions in which, according to the
existing notations, the "isolated" (knocked-out) quark, hedronized in
vacuum, and the diquark, whose hadronization is similar to the soft
one of quarks and diquarks in hadron-hadron collisions, are produced.
. For this purpose we have made the anelysis of the hadron jet pro-

perties using the experimental material on $ N interactions obtained

by the IHEP-ITEP-FNAL and Michigan University Collaboration. The sta-
tistics of events and the average < E;) value are presented in Tablel.
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Table 5
(-] Q
Average < > values for K; and N particles

Plab Fragmenta- Type of <bk7 for <bk7 for
tion region collision PY o
Ks mesons [ particles
Xp 7 0.1 iie 1.74 * 0,07 1.8 ¥ 0.1
—_ + +

40 cev/e | Xi< 041 n-e 1.7 0. 1.5 ¥ 0,2
Xy 7 041 i’p 1.48 0,08 1.2 2 0.1
Xp< 0.1 ne 1.6 *0.01 1.21%0.08
Xp 2 0.2 _

22.4 GeV/c PP 1.52 2 0.06 0.94%0,05
Xp< 0.2

' 2
The events with () = - (.‘.'2'>,1((}0V/c)2 and

XB:QZ/ZMQ > 0,1 a0

have been selected to separate deep inelastic P N collisions with
valent u-~quarks, where g is the four-momentum transferred to
the nucleon, M the nucleon mase and ) =Ejy- E,+ the energy of
hadrons in the laboratory system. Por separation of ithe multiple par-
ticle production region Nz>,9 GevZ (W is the total hadron energy in
the C.u.8.)s, According to these criteria, 2383 interactions are se-
lected, The conditions £ € = 0 or 1 and n,< 1({; is the charge of sa-
condary particles end n,  the number of asecondary nucleons in the
interaction) are used to exclude nuclear effects that are due to cas-
cade nucleon reproduction in the neon nucleus. As m result, we have
gelected for the analysis about 1000 events of deep lmelastic ¥ col-
lipions with valent u-quarks and W>3 GeV.

According't% tue tnditiogal conceptions in 9N collisions, the
particles with ¥ >0 (where is the rapidity in the hadzon CollB.)
are attributed to the lmocked-out quark jet and those with y <0 to
the jet produced by diquark from nucleon. For the pion jete selected
in such a way {(protons are not considered in this analysis) the Jet
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axis is taken by formula (4) and the B, distribution (3) of T~
mesons 1e obtained by analogy with the hadron-hadron and hadron-nu-
cleus collisions considered earlier. In order to clear up the energy

dependence of the pion 8, distributions, 5 N

colligiona are divai-

ded into three energy intervals:
1) W= 344 GeV, IT) W=4 - 6 GeV and III) W > 6 GeV.

Table 6

The Average <85> Yalues and B_ Slope for

9T - Mesoms in 3 N Coliisions
W, GeV Current Fragmentation Target Fragmentation
< bk> B < bk7 B
374 2.8 ¥ 0.1 2.5 + 0.3 2.54 % 0,12 2.22 ¥ 0,26
46 3.22 £ 0,09 | 2.71 £ 0.20 2.91 £ 0,13 2.58 % 0.26
26 3.71 T 0.12 | 3.52 £ 0.26 3.47 0,17 3.95 2 0.66
IN-coll Fig.J, The 8 a*
IN ~collisions e Oy distributions of
e F”_‘“"—' mesons in PN collisions in the frag-
LI ' mentation region of current and target
b bl AN in different W energy intervals., The
solid lines show the results of appro-
ximating data by the sxponential de-
s w b 1 . pendence,
LR \\6. ' t.’;‘:"\l ) - At uw G.
=N s Figure 7 shows the BK distributions
KT R o of ™ mesons in the jete produced in

slope distributions obtained by approximating by the dependence

"L

the fragmentation of knocked-out quark
and diquark for the three emergy inter-
vala of the hadron system., The 8,‘ dis-
tributions of 9T~ mesons are the ssme
as the distributions of ST mesons. In
the 3K>/ 2 region all the diatributions
have an exponential character.
The average <3‘) value and B
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dN_/d &, = A exp(-8,/B) @

are given in Table 6,

Ap 18 seen from the table, the average <8K) and B values are
similar within the experimental errors for the guark and diquark frag-
mentation at the same W energy and grow with incressing W, In this
cage the average jet mize is equal to <gx> = 324,

Por comparison with the data on hadron-hadron and hadron-nucleus
collieiona, the Jeta in 7 N collisions are selscted by 3C variable
cutting eimilarly to jet selection in soft hadron-hadron and hadron-
-nucleus collisions. Denote the jet production process in N col-
lision as follows:

S+N—=>Jg+Jqq (9
where Jq 18 the knocked-out quark jet and Jqq the diquark jet.

The particles, belonging to one or another jet are selected with the
ald ¢f the invariant variables:

x5 = L&s‘.&l»o,i

q B (Pqqu) (10)
<o (P Pe) 5 0,1 11
TR PRy “

Pq::r.PN+q ) qu=(1-3c)P~-

Here P, , P, are the four-momenta of a nucleon and a K - th particls
indices q (q9q9) the particles belonging to the jet of kmocked~out
quark or diquark. In addition, in order to separate hnd.rons in the
overlap jet region, ﬁhe following condition is used: Y >0 f03- quark
fragmentation and M <0 for diquark one, The &,‘ values of 7T mesons
obtaiped in this jet eelection for the three energy intervals are pre-
pented in Table 3. A8 seen from the table, the <‘8gm7)valnes for 5N
interactions coincide, within a single error, with tha(‘:‘(ﬂ')) value for
the soft jets ipn hsdron~hadron and hadron-nucleus collisions at equal
ensrgies J5'= W in the c.m.s.

Thus, these resulte imply that the hadronization of quarks and
diquarks in soft and hard interactions in the 4-velocity space is uni-
versal in character and independent of neither the production nor the
properties of the colour quark system. 411 these data show evidence
that the CDP is applicable to colour objects, and that the Jet proper-
ties ars determined by the neutralization of colour charge in vacuum,
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Only suzh jet characteristice as a jet axis direction depend on the
rcaction mechenism,

Conclusion

The analysis of hadron (1T, K; , A°) jet production in hadron-
-hadron, bhadron-nucleus and 3 N collisions in an energy range of
Pjab' 6205 GeV has been made in the frame of the new relativistic
invariant approach. The total statistice is approximately 228 thou~
zand eventa.

@A™ L L ELI T T T TTTTT Pig.8. The dependence
S0 of the average <3K) va-
L (b, 3606evk) 1 1ues of T~ mesons in
sof Ln (W, 80507k ) ] Jjete of various proces-
[ ﬂq, ........ 4 .. : ses onYS'= W in the
sol ’,." - 7 CelleBe
A ]
sofF & 3 )

r ::::,‘.-t‘::::‘. .-f,'.’.‘:r:':-ii’s::e 3 Figure 8 ghows the
2.0 o pragact frage ] main results of this ana-
s _— teen, e..,,m}"“”" Medst 1 1ysis: the average <‘8K>
r n—:urrlntfr..m} 3N ] values of the squared four-

L A_targ' lv-lgln« l<E;Iv=l” S¢] _velocity for pioms rela-.
10 20 40 66 10 200 400 s00 1wao tive to the exis of the
5 (w) Gev jets produced in differemt

(pp T ,TC, pp +pC, pTaand 9N ) processes depending on the energy
JS' = W in the c.m.8. The figure also presents similar (g,()calculati-
ons for M~ mesons in the beam and target fragmentations for 360 GeVc
(V& = 26 GeV) T P collieions simulated by the LUND-model 16 » The
simulated distributions agree with the experimentel TP aata’ 17/, as
seen from the figure, the average(%p values in the Jets grow with
increasing 5= W, and for 4§‘7/6 GeV they reach the asymptotic regime.
The average pion jet size is <8K>= 4, Thie analysis has shown that the
K
in soft and hard collisions independent of neither the type of a frag-
menting system (N , 9", ,C , q ) nor the collision energy for
P:lab>/ 22 GeV/c (¥§'= W>6 GeV). This universality is due to intersc-
tion properties ofcolour charges with vacuum and meang that the colour
charge hadronization in vecuum hes a statisticel character independent
of the production method, It reaches the asymptotic regime at Eq (Eg)>
>3 GeV, R
The QCD calculation of these distributions as universal parame-
ters of strong interaction physice is of particular interest.
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KYMYJATVBHHE , ITYBOKOHEYIIPYIVE IIPOLECCH U KBAPKOBASL CTPYKTVPA fIEP

Baxaucuuii Y.U., Kanraps I.[., Pesmmx B.J1., Turos A.W., ImuumoB A.K.
OCbeUMHEeHHNH MHCTHATYT ANEPHHX mcchaenoBaHul, JyCHa

I. BBEIEHUE

Vines A7M. BanmmHa 0 BOSMOMHOCTH HCIIOJB30BaHUA Kymyﬂ7'r7s}mx am-
POH~ATEepHX I/ ¥ TJIyCOKOHeYNDPYTHX JENTOH-ANePHHX Dpearimi 2 na nc-
CAENOBAHNA KBADKOBHX DACTpefefeHuii B aTOMHHX AIpPAX OKA3aTach O4eHb
II0AOTBOPHO!. OKCIEDUMEHTETBHO CHJIO YCTAHORIEHO CUIBHOS OTJMAWIE KBap-
KOBHX pRCTpsHeNeHuit B RIpAX ¥ CBOCOIMHX HYRJIOHAX Kak B.00aacTH GOMb-
mx % ( x= I)/3'4/, TOK % B OGNACTH MANHX <€ (JC< 1) /“ . Tpu-
4yeM Haudonee CUNBbHHM Ka4eCTBOHHHM 3PPexToM /‘LB/EJIOOB oC0Hepy®eHNe B Al-
PaxX KBApKOBHX KOMIOHEHT ¢ 2e*»1 (ge~3:4) d OpencKasaHHux A.M.Baanu
HEM B MepBoil padoTe WO KyMyJAATUBHOMY s@dexT; /. locaexymme Teope-
THYECKAe HMCCJeJOBAHMA NOKA3AMM, WUTO IVIABHWM HMCTOUHMKOM ''BHCOKOMMIYJIH-
c}m_% lﬁapuoaux KOMIIOHOHT ARJIANTCA MHOTOKBAPKOBHE KOHIWMIypalvM B A~
pax’ '/, Tak 4TO KBADKOBOE pAClpeleXeHMe B ANPAX MOXST OHTH HpeICTAl
JIGHO B CJGIYWleM BHIE:

;ﬂ(x)= /‘3-,: (o) *ff’;?;. Foe (), 0

Tne g:,(a:) ~KBEPKOBO® DACHpEIeNeHus Wonéa B AIpe C y48TOM AISp-
HHX NOIpPEBOK ~ PeJATHBHCTCKOTO (ePMHUOBCHOTO IBMROGHUA, BHOMACCOBHX 3.
foKTOB, BAMAHMA MMoHHHX moseff, A -us00&p M T.4.; %; ,(az_)—xaapxo—
BHE pACIpefeseHUA MHOTOKBADKOBHX KOMIIOHGHT C COOTROTCTBYINMM BEDOAT
HocraME - Rae . [pencraniomme %) B Buge (I) NO3BOMENO HE
TOJBKO KEYECTBEHHO MOHATH YEEJMYSHHe Zaaonoro MPOCTPAHOTBA B KHHEMAT
YeCKN 3ampellgHHOM 06ABCTH, HO T KOJIMUSCTEOHHO ONMCaTh mmpoxmit )
KPYT SKCIEPHMEHTENHHHX ,uam-mx/ 3 . CymecTBY®T,ONHAKO, H IPyTHa no,uxom},

.
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OCBACHAKIME NOARJIERMe UBCTHL, B KyMYJIATHBHO#l oGnacTu, HAImpUMep, BBe—
IeHUEe BHCOKOMMIIYJIBCHHX KOMIOHEHT 38 c}e'r CWIBHOY MHOTOHYKIOHHOR KOp-
PesIAIMKA He MAJHX DACCTOAHMAX B fuxpe/ 8 {BotpOC 00 o'rHocwreer-x?a BRJIA—
e BHCOKOMMITYJBCHHX HYKJIOHHHX KOMIOHEHT PACCMOTDEH B padoTe 9 . To-
3TOMY OpencTaBiAeT MHTOPEC PACCMOTDOTH NMPOLECCH, B KOTODHX BBEZeHNE
BHCOKOMMITYJBCHHX HYKJOHHHX MJM MHOTOKBABDKOBHX KOMIIOHEHT [IPUBOIMT K
KAaYeCTBEHHO DABNMYHHM De3yJabTaTaM, ke MH DACCMOTDMM IBA T&KMX IMpO-
Ulecca: OTHONEHWE BHXONOB KYyMyAATMBEEX & - UM ¥ -Me30HOB B /al)
CTOJIKHOBEHMAX B 0OJACTK (parMeHTalmy Ie#TpoHa M IMTyCOKOHeYIpyToe
paccesaHue nOJNAPKIOBAHHNX MKOHOB HA INOJADPN30BAHHOM HefiTepux.

2. OTHONEHME BHXOTA &'~ ¥ % *-MESOHOB B f.D ~CTOIKHOBEHMAX

JisBecTHO, WTO OTHOWeHMe MHBEPUAHTHHX ceweuil peamumli QA->F L
/).l—al"f... InA caysas A -TPOTOH MHOTO GOJBLE ©IVHMIM:

sy a0, p) , .

k&’ %ﬂpoﬂzﬂ)~for5
mu 2 = 0,1 + 0,8/ 10-12/ . ODHAKO BPKCINIEDMMEHTH, BHIOJHEHHHE C THAXe-
JHME ATPAMYM MUWLOHH B :f)’M’YJIHTPEBHOﬁ obiacTy 2 >4 , NpMBeJM K HEoEH-
JIAHHOMY De3yJbTaTy: ‘R""sl, TO €CTh OTHOCHTENBHO BHCOKOMY BHXOIY M * -
ME30HOB, OTOT 3(pYexT NOoKa ewe IO KOHLA He IIOHATEeH, OAHAKO ACHO, 4TO
37eCh HAPALNY ¢ MHOTOKBEDKOBHMH KOMIOHEHTOMH, OTBETCTBEHHEMM 38 BHXOXR
B KYMYJATUBHYD OCJacTh, HeOOXOIMMO KODDEKTHO yueCTh "AmepHHE" MeXa-
HM3MH B3aMMOTEHCTBMA YACTUL, B KOHEUHOM COCTOAHMM — NepepacCefsHye, IOI-
JomeHwe 4 T.n. PemeHme 3To} NMpPOCAEMH B TIOJHOM OOBeMe [PENCTARIAST
TPOMO3IKYD E TDYIOEMKYW 3884y, KoTopas OyIeT pemeHa B OynymeM. B
PeaKmn ﬂ.D-—.‘l‘"(X')'.... ¢ OmHOM CTODOHH, 3fdPeKTH B3ayMOLeNCTBMA B KO-
HOUHOM COCTOSHWMM NpeHelpeRMMO MAH, & ¢ JIpyroft - mMeeTCA BO3MORHOCTH
BHXOI& B KYMYJATUBHYD OGJIACTB. COOTBETCTBYWNMX SKCIEPMMEHTANBHHX N8H-
HHX IIOK& eule HeT, NMO3TOMY Hall DacyeT HOCUT NpencKasaTelbHHI xapakTep.

KBapr-napToHHui Mexauuam gparmentamm X - x K * _Mo30HOB Ozm-
HAKOB, MO3TOMY IJIA pacuera ceqem,oD—— x*(180%) + ... ~DeRKIME HC—
no.uay%a/freopemqecm HoAXOX, DA3BHTHit LA ONMcAHMA (parMeHTaIM

D77/, CooTBeTCTEYNIeS MHBADUAHTHOS CoUCHNE MMOOT BHN
4 is 2K PrET = ,, — —
343 s .
+R-228(1-%) -a, »Jo'o (=),
rre
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*
Pd"z/ s £ i&‘ *
[ * 75 (pp —x /,
&
Wy / ;£ ) -MMITyJIBCHOE pacHpelielieHme HYKJIOHOR B IORTpoHe, paccuu-
TaHHOe B JMHAMMKE H& CBeTOBOM (pOHTe ¢ peammcTuyeckoit BoaHOBOH QiyHK-

weii peifTpoHa, P_D —-BEpPOATHOCTH WECTUKBADKOBO! KOMIIOHEHTH B HeATpo-
He, koajduimeHT &, cnﬁauBaeTf"’”‘? ( A -"M3OCKAIADHHI" HYKJIOH)

% J:/C’*"” : @,=~0,61.
B kayecTBe MacwracHoil IepeMeHHOH ¥ OyIeM KCMNOJIB30BATh CBETO-
BY® TIGPEMEHHY®, COOTBETCTEYWUYW YIBTPApEeXATHBUCTCKOMY Npemeny £o>>A7:
Ly *+ Lo
Mu ’
U NePeMeHHYD, YYMTHBALUY MAcCCOBHE NONDPABKM, IV OMMCEHMS TAHHWX IpM
2 =~ 10 T9B:

Xz -

Lo Ex "'fo e M, 4 "/4"‘ 7’7»;)/2
\?—':.'X‘S = ,
My (Eo- My~ Ex~4)
Tme 4= M,-M, =0,177 I‘eB/cz.

Ha puc.l (xpusad I) DpUBeZEH pacueT Deaximy pD->X+(ISO°)+... c
Y4eTOM JIMIE (EePMMEBCKOTO JBIKEHMA ( Py =0, 2>=oc5), Ceyerme /o/o A
PeaK|y B3ATO U3 CPaBHEHWA C 3KCIEPMMeHTOM :

flo-w(:J',g-/f—D,d’éx/(ﬁ»qos-%))z(f-x)g:gfco_,)'
f//ol)-eayof-\zsa/o_,”) ; //_- e9, m =L .

B padoz‘e/ 8/ , Opu OCCYXKIEHMM KyMyJSTUBHHX MPOLECCOB, CHEJAHO IIPelno-—
JIoKeHre O HEeOGXOFMMOCTH yueTa M3MEeHeHMd [OBeNeHuA JJ/’_"(G =Jff:-~)
IpH & >¢p 3a CYET BHXOZA HA pexyM "TpeXpeIXeCHHOTO" mHpelena. JKCIe-
pEMEHTANBHO TaKod CMeHH peilva He HAONIBRFaeTCa Jo <&, = 0,88 .
TeM He MeHee, B MeTOIYYECKUX LeJAX MH TPOBOIUM COOTBOTCTBYHIMI pac-

uer ¢ . otte) - 2.t (8) ~2-0) 0"
yals
§ T mnges) 18361
/
e o (o) , -/4(0) s ola /0) -COOTBETCTBEHHO NapaMeTpH BaKYYMHOH I
A ~pemaeomHol tpaektopuit/ 11/, 14/
(0)=2, L(0):=-07 ‘4’/0)=o,s7 - Kpusas 2.
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BumHo, 4TO Y4eT TPEXPOIEEOHHOH ACHMITOTHKY [DAKTUYECKH He BIM~
AeT Ha NOBeJeHWe CeUeHUA (HATIOMHMM, 4TO B o0 —F'-peari COOTBET-
CTBYHIUt OTHOCMTENbHHIT BKIaN OWA Gojblle, XOTHA U B TO/VI Cay48e Taxoe
u3MeHeHe f’ He OCBACHUJIO SKCIEDEMEHTAIBHHE NAHHHE 96.

I{pnsue 3 u 4 ~ mpenckasaTenbHHe pacuetH L) A = peaxiim ¢
Y4eToM wecTHKBAPKOBOH IPUMECH C BeDPOATHOCTBI t_°0 /76) = 5%. Kpusas

10;“:‘* T L T T l*_l_ 5'%(4- T ‘_
Rp | .
o~
\@ 107 {1 " 1
3
S 8 ]
- A A X
.opof‘ 04}'
oY
L - 6l
R 10" \ 4 ]
10-5_ \ 3] Ll i
\
0% A 1 %
2—
_ L ) 1 i 1 1 " I i 1 1 I 1
01 3 05 Py.reB¢ 0 19 14 18X
Sy
Py c. I. MupFruaHTHOE CeYeHme P me. 2. OrHomeHne T:'_D .
peaximn oD —»x’ "(180%) .. Kpusse I -Braas JePMUEBCHOTO
Kpuewe 1,2 ~y4eT TOJBKO DeJIATH- IBMEEHUA; 2 - y9eT "TpeXpefReoH-

BHCTCKOTO (ODMHEBCKOTO IBMREHMS,
E ,=I0T3B, oe=2acg: I. Io=I;

2, xe=(,88; 3,4 -yuer dPepMmeBCKO-
TO NBHEEHMA ¥ LECTHKBADKOBHX KOM-
nonenr: 3, E,=10 T'eB, x=x5 ,
4, E,=I00T2B, =2, .

3- £, =1I0TeB (

I KoTopo#t ‘S)/""r =4

2s ), KpuBas 4 -

£
27 (1= 203 £ (py

HOTO Ipegena; 3,4 ~y4eT mecTHKBAD-
KOBHX KOMIOHeHT. KpuBhe I-3 mns
E, =I0 I'aB, oe=20g; Kpupag 4 -
Eo =100 I'sB, =2, .

= I00 TaB ( 9 = 2¢),
oy /10,117, ¢ +

Ha puc, 2 mpuBemeH pacdeT OTHONECHMA MHBADUWAHTHHX CeveHmit
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. pD-a(150 o
S et
o " s :

Kpupas I -pacuer ¢ yueToM Jmub fepMMeBcKOTO IBukeHud. Kpupasg 2 -pac-
yeT ¢ y4YeToM "TpexpelXeOHHOTO Mpemeaa”. Hom;eM B odna’cm 2 > 2pOn-
ACHAETCH paamﬂw noporoaum HOBeNeHMeM \?P -3 f/‘"” COOTBETCTBEHHO !
(I o) 1iB gy (I - ¢e)***, x>, K3-32 PE3HOCTH IIapaMeTPOB COOTBET-
CTBYWMIMX mmpymumx peIXeBCKMX TDPaSKTODHi . HeGonbume W3JIOMH ITPK
X~y g X~ R, OOBACHANTCA OTHOCHTEJNBHO DasHOfi CMeHOH peiuMa B
& - LA p+FT-n X" -peariyii, Kpusse 3 u 4 -PacueT OTHOWe-
HMA C YYeTOM WeECTMKBADKOBHX KOMIOHEHT B LeiiTpOHe, COOTBEeTCTBEHHO IAA
Z,=I0 u I00 I'2B.CTPyKTypa B OoGMaCT¥ 2~I 00BACHASTCA IPHUMECHW 6g-
KOMIIOHEHTH . lofCTBUTENEHO, OpM X< I ONpefelAlNy® pOIb HI'PAeT
HYKJIOHHAA KOMHOOHeHTa, LA KOTODO# M3-38 PA3HOCTHU /{;—3;—» (/{Tu
= 3,4) oTHowenme R CWIBHO yMeHBuaercH. [Ipn oc = 1 JDOMBHMpDYKIGM
CTAHOBATCA €@ -KOMIOHEHTA C Xagy ~ 7 = 0,5, a B aTOi#t obaacTi
R¥7%* neckolbkO GonBle, ueM mpn we~ L. Barem ?_"5/‘ BHOBB yOH~
Ba?"r'/ , 1338 pasHOCTH /_’r’,-y— . Tawrum oGpasoM, BHIHO, 4YTO OTHOUWGHME
4 D" KaueCTBEHHO 34BMCUI KAK OT MeXamMsMa Ipolecca, Ta&K U Ipemno-
JoxeHuit o CprP’Ty‘pe reiiTposa. [IpMyeM BO BCeX PaCCMOTPEHHHX CJIy4amx
oTHOWEHHE R, % o NOpANKY BeJMYMHH paBHO 4-I0 (mpz ¢ ~I-1,4),T.e.
CYylWeCTBeHHO "[pesocx%m COOTBETCTBYKlEEe OTHOWeHMe WA GparMeHTaluy
TAKEJNHX ALED MAWOHM

3. TIYBOKOHEYTIPYIOE PACCEAHME NOAAPW30BAHHHX MDOHOB M CTPYKTYPA
JHENTPOHA

PaccemoTpum BHayate mrydouoneynpyroe paccemme TIOJIRpH 30 BEHHHX
MIOHOB [OJAPA30BAHHHEMM HYKIOHaMM: & + & - ,u + «.. . lloJHoOe ceue-

Hae s*/M ?cmwwei*pnn &~ OMpeeNANTCS CTPYKTYPHHMIL @yﬂmmmm f,',(r)u

Frol®)

2
a1 W a‘-‘? .2 P'ng
e SO A i ot ]

- d%s(t-1) 4-("‘ 12
S = = N Y. -
a/w/Jz' s [T “"“’)em ,wzjz
Ine 7 —KBaIpAT IepelaHHOTO mMmyusca, M -macca Hywioa,

" -HEMATBHAA M KOHEUHAA SHEDIMM MkoHa, ¥ = & - £
CTpemm ff , M osHavapT BIAVMHYH NApALIEIBNYR ¥ AHTHIADALIENbHYD b
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ODMEHTAUMD CIMHOB MyuKa ¥ MIMIeHM BIOJH HAUpaBJNeHMA IyuKa. 306Ch M Ia-
' Jlee MN MpeHelperaeM 3NeKTDOMATHMTHHME [IOTPABHAMY M HOIIDABKEMM OT Heli-

TPaJBHHX TOKOB, BKI&N KOTODHX NpM ILIAHMDYOMHX HAYANBHHX SHePTHAX /%ng}-
HOB ¥ NepelavaX MMIIYIBCA MAJ ¥ HE IPEBHUIAST HECKONBKUX IPOIGHTOB .
CTpyKTYpHHe JyHKIpM 7y, M3BECTHH M3 NAHHHX 10 LIYCOKOHEYIPYTOMY pac-
CeAHMD HeIIOJIHpMSOBE.HHH)’( MOUTOHOB, JVHKIMM &, BABHCAT OT NOJADU3ELYN
MAIIEHN ¥ X2pAKTEePUIYRT paclpereseHMe CIMHE HYRJIOHA 10 KBADKEM DA3JMi-
HHX CODPTOB. MH OT'pAHMYNMMCH PECCMOTPEHMEM pacupeneieHuft g (o}, B3AB
COOTBETCTBYRIE Bﬂpu% A Fpa (), HeOOXoIMMHE HAM B MeTOINYE-—
CREX LeJAX, K3 PAaCOTH . IUIE OPOCTOTH OTPEHNYMMCA ¢ —38BHCEMOCTHI
{oe = G‘/.;wv) CTPDYKTYPHHX (yHkUm#, KOTOpHEe B NapTOHHO# MOmesM ¥Me-
0T BHX

Y s, z ~~)
(74/1-) =§T el.e- (7‘_(%.::) - ;—'( 1)/0&')~ 7:)(-») - ?:-(x)) ; f? (x)=0,
(c) (%,

Tie g, (ac)( ‘/1)) eCTh IVIOTHOCTH BEPOATHOCTH pACHpENeJeHMA KBADKOB
(aHTHKBapKOB) ¢ -T0 cOpTa C IpoeKimeil CIMHE Ha och & , pasHO# +I1/2,

&, -3apAn ksapka. LuA ompenmenesma 9, () HeOGXOIMMO 3&5aTH CIMHO- °
BOe COJEepKaHMe JINIb BAJOHTHHX KBA&PKOB, NOCKOJBKY BKAGN OT CHHIJIETHOIO
10 CHAHY KBADH-QHTHKBADKOBOTO MODS DAPEH HyJM. B KayecTBe OePBOIC NIpuO-
JODKEHMA I BOJHOBO# (yHKIMM IPOTOHE MOXHO MCNOJB30BATEH ITPeNCTABJIEHHO
[56,L,_=0}(SU(6)) ~KIACCMJUKALIY |

2 - T ot - gt
fpr> V& lwwd™> «ff luud™>,
KOTOpO€ NPEBOIMUT K CJEAyKnl¥M pachpenesleHdsM COOTBETCTBEHHO A I[IPOTO-
Ha ¥ M30CKAJIADHOI'O HYKROHA:

Gp - u@-d @Yoy 5 g, €x)- S (2l

TIe uv(r)n d, (x)-pecnpenenciua BajeHTHHX U - n d -xseproB B mpoTo-
HE,

,H,n;x HeXoXTeHnd Ee#TpoHFOH CTPYKTYpHOR QyHeImuM 3‘) ﬁcnom.ayem
reopHO CBI3AHHHX CHCTEM B KWHEMATHKS HA CBETOHOM quome/ 18/,
¢
(ch (u)'f4d'31v(xéy) ’ %Q%‘/ H 5_2;9): %9)-]{;@ G) ’
£ e (J) - fdf?- f,./l, (i E)/(é;(f-aj) .
¢ 2 e
()i 1o ) W6) o], £ [ £ 55
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rme W, W & n D) -xommoHenTH BONHOBOH (yumimm meiiTpoa. Iipu
pacyere a% OLJIa MCNOJb30BaHa BOJHOBasA (yHKIMA HeiTpoHa ¢ “mapuxcrim"
NIOTEHIM om/ , pacnpeneresns u, u o, B3ATH M3 pACOTH . Ha
puc.3 (xpuBas I) TpiBeleH DacueT OTHOWEHUA Rg = 943(3'-/ 1”(:,C).",Ilem*py}c—
TUBHHHA" BiIan 1) ~BOJIHH B g_g(a) NOPUBOIMT K TOMY, U Re MeHblE
eIVHMUM ODOYTY BO Becel obnact o , loanem ?a npH  oc ~» 1 oOnAcHAe T~
Csl [MOPOTOBHM IOBeNEeHYEM 8“’ (oc) =0 mpe o - 1. Ha puc. 4 mpusemeHo
oTHoweHue K, = 51;(2)/&” (c) (xpusad I). BumHo, 9T0 TOBenmeHMA Rg M
R  KOMMYECTBEHHO DAIMIUHH. e NpeINOJNOKMTE, 4TO B HefTpoHe Ha-
PALY C HYIIOHHOH KOMIIOHEHTOH C BepPOATHOCTEI0 @ TDHCYTCTBYWT MpiMecH
WECTUKBAPKOBO{ KOMIIOHEHTH, TO 319 (oc) mpmMeT clenyoumit Bum:

Tl (o) 3,5 BNy« P Fge (),
e LA WEeCTHKBAPKOBOH KOMIOHEHTH C KBapkamy B S '-oloqouke 148 (29~
[‘g.u‘-‘f - dﬂ/g .B pacuerax u¥-, di —pacnpe,ueﬂeu%v/ - — KBap-
KOB B 6‘7. -cucTeMe u 55 = 0,05 6paymcs U3 padoTH . PesympraT pac-
.9eTOB OTHOWeHMH R F B yueToM 6'7 -IIpMMeCH B HeATpoHe NpMBENEHH Ha
puc. 3 u 4 (KpuBHE <).

2~

1,3k 4 1 R
2+ B
10 ‘ L 1 1 / P

9 | N

6 L 1 L 1 1 L]

0p a2 04 06 08 X 00 @ 0 25 08X

P uc., 3. OTHOWEHNE CIMHOBHX P uc, 4. OTHOWeHye CTPYKTYDHHX

CTPYKTYDHHX R = gne kit R = (). Kpupaa 1 = y4eT
PYEIYP Dy Pﬂ d Zw(-”). gggw-mm'é}mm Kp;rgaa 2 - ng?* 69

ﬁgﬁgiﬁ % - ng @gpm:ﬁgxggg' nmpuMeceil B BOJHOBOH QyHKIM TeitTpo-
B BOJIHOBO# QH ?,ueﬁ'rpoua. Ha

.

Hraxk, B

I. Ornowenua Rgq M RF , PaccuMTaHHNe B OZHUX H TeX ®e NpeXio-
JIOXEHUAX, OTIMYANTCS Ipyr OT Hpyra Bo Beeit obmacTd oe . LnasHuvM
IpUYMHAME 9TOTO ARISNTCHA OTCYTCTBME BHIANA MODCKUX KBADKOB B cy,(w)
® cBOeoOpasHu$t Prial D -BOJHH B "afdeKTHBHOE" MMIYJIBCHO® pacrrpe,ue.ne’

HUe 3>_D (a ).
324



2. Nopenerwe R, F MeHAETCA OpM yYeTe WeCTMKBADKOBO# KOMIOHEHTH
B ZeitTpOHE, TpHYEM ¥ B DTOM cJyuae pammraue Kgq ¥ R ocTaeTcs. [Ipn-
BeleHHHEe DACYETH BHIOJHEHH C y4eToM IpocTelimeil 6? ~KOHQUTYpalm ¢
KBApKaMp B S -COCTOSHMM. YueT Cojee CJOKHHX KOH{MTypaimi ¢ KBapKa-
ML B S-, p-uIp. 0060JIOYKAX 0 [IpYBeIeT K HEKOTODOMY YMEHBUERMIO
?J B 0GI8CTH MAHX & .

ApTtope dumaronapar L.K. BapmuHa, B.B.Byposa, B.K. JykbaHoBa,
0.A. TaredpaTueBa 3a IMOIZOTBODHHE MMCKYCCUM M OGCYRIEHUS.
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PRODUCTION OF DEUTERONS IN hA COLLISIONS AT HIGH ENERGIES IN THE
TARGET FRAGMERTATION REGION
¥, A.Braun, V.V,Vechernin
Leningrad State University, USSR

1. Introduction

The production of deuterons in hA collisions has lately been
object of an intense study, both experimental and theoretical,
This process may be viewed upon as a correlation experiment, which
allowa to inveatigate the region and mechanism of the projectile
interaotion inside the nucleus and also possible quark degrees of
freedom effects. Theoretical study of the process began with the
paper by Butler &nd Fearson where a coalescence of produced nucle-
ong in the nuclear field was proposed as s mechanism for the fast
deuterons production 1 « This mechanism was later considered by
many authors /2,3 /. An alternative mechanism - pick-up - was also
studied / 3% / with the conclusion that its importance falls with
the growth of the observed deuteron energy. In our paper it
waa noted that the Butler-Pearson mecanism competes with a direct
coalescence of weakly virtual nucleons into the deuteron, The Iat-
ter mechanism leade to a coalescence coefficlient independent of the
deuteron energy and therefore dominates for fast enough deuterons,

In the present paper we atudy the production of relatirvistic
deuterons in the target fragmentation region, We show that for fast
deuterons the role of the nuclear field im small and is not deter-
mined by the Butler-Pearson formulae, The main contribution comes
from the direct coalescence into the deuteron of nuclecns produced
either at one point in the nucleus or at two different points. In
the forward hemisphere for pursly geomeirical reasons the product-
ion at two points dominates, whereas in the backward hemisphere
(the "cumulative region™) the production at one point and at two o
different points may give contributions of the same order,

2. The production of deuterons in the relativistic Glauber
approrimation
At high energiee of the incident hadron (lab. momentum PO= ;
- @) Pé;) ) and of the observed deuteron (lab, momentum &- 2x) ,

.
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the inclusive deuteron production cross-section is determined by
the Imaginary part of the disgram shown in Mg.1, Its contribution
can be studied by methods ordinarily used for hA collisions /87
Some care must only be taken when considering fast deuteron legs

of the diagram, In the lab, system (£ = da , &= (-&, 6’) )
the nuclear part of the diagram separates :[nto the nucleur multiple
forn-factor for traneferred momenta ¢, (L =1,u,, 7 , 9ui=0),
The sssumption that the deuteron belonga to the target frapent.t-
ion region mciually follows from the requirement k?,_' <y m‘z. which
is essesntial for our spproach, This leads to the condition

ka << mYmjE )
which admits relativistic but not too fast deuterons, With (1) ful-
fi11ea V" depends only on Pg; and P&, . To separate the
deuteron legs it is convenient to transform %o the c.am. aystal of
the deuteron, In this systes V does not depend on Qaz . The
atar marks the deuteron c,m. system. The integration over 9‘, <
leads to the dcntu-on fom-fnctor for tranaferred moments &g
€7 =1,2, & =0, % &" =0), At high P we have PG X Pl
and ,oQ pa- wts & =4 - 05. It 1a convenient to use us
momenta urnbles 2“, . 725 0_‘ . and . The integrat-
ion over ¢;,; as usual puts all tmsnru coordnuteu of sctive
nucleons in the target equal to the impact parnn:_tnr: X,i = & -
The integration over QJ leads *to s relation ¢/, -—!;AQ/?)L
for the Internucleon diztance f in the deuteron in its oc.m.
system,

A further study of the amplitude requires some knowledge about
the structure of V » The space-time picture of a high energy
hadron interaction shows that long defors the interaction the had-~
ron brsaks up into a number of partons, whioh then interact indepen-
dently with aifferent nucleons of the itarget and afterwards, long
after the interaction, recombine to give final hadrons, This pictu-
re oorrespende to structures of V= eskowz in PMg.2,2 - 0, The in-
cident hadron is shown by norisontal lines, lines directed to the
bottom (top) correspond $o the target (deuteron) nuclsons., The two
gontributions Mig.2,s and Pig.2,b correspond to the production of
nucleons forming the deuteron at ons point or at two pointa in the
nucleus. The contributiom Pig.2,c contains an additional partomn
interaction which does not preduce nucleons of the observed deute-

. The AGK rules tell that such diagrams give ns centributiepi.
to the incTusive cross-section and need not be considered / .
So finally upes integrating over Jz; end &/ we get for the
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Pig,1. The amplitude corree-
‘ ﬁﬁmg to the deuteron
production on nuclei,

-
—~

q
7
Pig,2. Structures of ¥  correspond- %
Ing to the production at one point in _@ c

the nucleus (a), at two different \
points (b) and with extra interactions
which do not contribute due to AGKrFu=-
les (c).
§
. (7]
l
8'\7 fl“‘t
Z
4
|
] !
Pig,3. The structure of v Pig.4. Soft rescattering
correasponding to 2 hard re- corrections for } R

scattering.

two structures of V o Fig.2, a and b, the following correspond-
ing contributions to the abesorptive part D of the amplitude:

Dfos = G @m) ™ (/5D 1$@]*~
* 54"&{2 6,62 5
Dofos =G 4E @M Z G CAL SN .

4 2 &)
x (bds a2, o @2)g (B2 1457, ¢
e ’

Here Jy  are twice the absorptive parta of the amplitudes for the
production of ) nucleons each carrying the momentum X by the

)
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incident bhadron colliding with 7 nunuclecns of the target at reat;
MtRy =2 ; .S—"-‘.Q/,’L/O . eﬂ. (2}) is the nucleon density
matrix for 7. active nucleons with coordinates X, normalized
to unity, }é is tho wave function of the deuteron at rest, "
(/(_./m_)/i‘ -2, . The factor & absorbs the result of inte-
grations over 9z, and &_ of aIl diagrams of the type of Pig.2,b
and also of the transition from parton amplitudes to the incident
hadron ones. The quast-eikornal approximation pute & =1, The re-~
sulting formula corresponds to the relativistic Glauber approximat-
ion for the elastic hA scattering and will be referred to as the
Glauber approximation for the deuteron production. The nbso iva
is related to the inclusive cross-aection by

t D
C a2y 26783 Pd = D2s .
3. Reacatterings and the nuclear field.

The amplitudes d,,c_;‘) may contain a divergence related to »e-
scatterings of produced nucleons, It appears in thy absorptive part
of the diagram shown in Pig.3 corresponding to the cut shown by the
deshed line. Por sero momentum transfer ( & =0) the moments of the
particle in the cut loop at both gides of the cut are equal and the
discontinuity diverges, To eliminate the divergence it is neceasary
to retain suall relative momenta of the nucleons in the nucleus and
dsutercn discarded bafore. Then we obtain for the diagram of Plg.3

47 L0 4 (4l GO g0t o

% Y2 a2t
where C‘I ,J ”C ) ) oorresponda to the lowux’(ASuppcr) blob

in ng.: and J, Ta the regularized value of o~ obtained as
half the aum of integntions over the loop energy > below and
sbove the real axls, 7  1s the total momentum transferred in the
upper blob. The retarded propagstor (—&'% +4’0)—~’ showa that the
interaction in the upper blob in Pig,3 takss places at a point in the
nugleus different from one where the incident particle interacts in
accordance with the physical picture of a rescattering. It is not
difficult to perform integrationa over small momenta 7,' and .
and obtain explicit formulae for the rescattering contribution ana-
logous to (2) and (3). We shall not write down them here as they
are rather lengthy, The important fact i that the rescattering con-
tribution falls Mxe /2 for large ¢ . This property can be
traced te the retarded propagator ( £f+40) and is known as the
finiteness of the formation time of s rescattered particle 8, /.
the rescatterings conaoidered above may be termed hard as their
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characteriptic transferred momemtum g—k in big compared to the
typical nuclear one }4&'_&: . There may be other type of rescatter-
ings shown in Fig.4. Their characteristic transferred momenta are
of order //;E and we call them goft. To a good approximation
their effect is equivalent to the interaction of produced particles
with the nuclear field. Each soft rescattering involves a factor
A/% , 0 that at high XA the soft rescattering contribution
falls at least as 4/k similar to the hard rescattering, Up to
order ’/‘:2 the goft reacattering contribution (the nuclear field
effect) leads to a factor /R (%;,%)[ in the integrands in (2)
and (3) , where %5 and Xz are the points of the production:
X =2 = (J;z'?) tor D, ana J‘,=(5:24) and X, =€ 2,) for
D, . The factor R s given by

/?:ex/a(z‘(a;)+t(=rg)) (t+2EH*+2 (=) &)

with

£ ()= Ginfl) S T2 W (2 @

o (=2 (G ar DI WG exp C 472
«@pe-io) 2@ 4 (G ra b ) - 7).

Here }l/_ ig the nuclear field; 7* is obtained from ¢ by
the Lorentz transformation from the lab. system to the deuteron c,
m, gystem, The first factor in R is the standard eikonal factor
which leads to the usual absorption of the produced iwo nucleons
in the nuclear matter independently of each other. This effect is
of order "/K + A nontrivial nuclear dependence ie contained in
b and has order 'VKz and the first order in #/ . The
contribution obtained by Butler and Pearson ! waa alse of order
1/k®  but nad the second order in M/ . It can be checkea that
their contribution corresponds to pome of the terms appearing in the
expanafion of the eikonal factor. Actually for real }i/- their con-
tribution is totally cancelled by terms not taken into account
tn 7 '/, Rumarical estimates show that the contribution of 2~ 1is
very amall, It has s destructive character and corresponds to a
break-up of the deuteron formed inaide the nucleus as it goes out

through the nuclear boundary.

&)
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4, Discussion, Numesrical estimmtes.

The dynamics of the process is contained in the amplitudes c{(':)
They enter as parameters to be determined from sxperimental data,
The d:onibility to obtain some information without any knowledge of

d,{_) im rather limited,
Mgk A >0 and voth B,  and D, become
proportional to /¢@)/ . Prom (2) and (3) it then follows that
.D,_ containes an extra nuclear radius R an a factor as com-
pared to :D, and therefore dominates in that region. If we repla-
ce in (2) and (3) ¢ by 1 then we shall get an abgorptive part
D for the double incluaive cross-section of the production
of a proton and a neutron with an equal momentum /A . The ratio
-D/,D ) C ie the coalescence coefficient, As we have geen
at />0 weget C = /¢(0)/1 .

Por lower /\’z one can obtain definfite predictions under as-
sumptions: 1) D, >> -D,, , 11) the nucleus has a form of the aphe~
rical well, 1ii) rescatterings do not contribute, Then in 32_ for
any 2 and 7{, the dependence on the deuteron wave function fac-
tors out and we get for the coalescence coefficient

C = 450) (S 14622 - 303+ 08)%), @

where =2/ A /7 . The function c(¢> 1is shom in Pig,5
for the Hulthen form of . For @->°0 from (8) we get
C oc 4/g in accordance with the result obtained in /37
on the basis of purely geometrical considerations.
Por quantitative predictions concerning the croas-section it
self we hn&& to make some assumptions
about JIL . ‘I'hnasinplcst is eviden-

Lo tly that only oy ~ contribute with
o the smallest number 7 of active nuc-
) rl leons in the target compatible with
kinematics, In the forward hemisphers
as {noncumulative region) this assumption

leads to (;L =i and Z), =0, The quan-
sty df is related to the inclusi-
ve cross-section Z for the produc-
tion of a mucleon with momentum A
on a nuoleon at rest. Por a nucleus

. The coaleacence co- in the form of a spherical well we get
efficient c(g) (8).  the result:

azs

i 1
0 25 50 7% efoo
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-Z;;( - ,'QZC (%161mR}) " @)
with £ given by (8). The ratio /= ,42;,( /_Z'z that follows
from (9) is plotted in Fig,.6 against the deuteron kinetiec energy T
for the lab, angle of the deuteron 8 =10°. The experimental
pointe are from

In the backward hemispere (cumulative reﬁion) the hard rescat-
tering may give considerable contribution /1 /. Po lessen its in-
fluence ons can consider &-’3 1BO°, where a single nucleon rescat-

tering does not contribuie (although multiple rescatterings of a

[} 2,
J riet0’, Gevimees 2+ refo ;lGGV/H'g/cJ
1 LI IP‘ ° +
o
PR SR
a
C x , L o |
2t R . S
+ ;." + ' [ sc C
4 . o7a
0.5, 1 1 .
) A [ 1 o'
! s e Tomer °F Tooae K,a&%
Pig.6. The ratie /=AL /T2 m The ratio = AZ/T2
asx a function of the 4 kinetic as a ction of the @ momentum

energy 7 fgr the production per nucleon & oror the production
angle & =10° (9), angie &8 =160° (10).

nucleon or a single rescattering of a pion do contribute /12,13 /).
Neglecting rescatterings and assuming again that 32 >» :D,, one

can relate the production of cumulative deuterons to the production
of cumulative nucleons on the nucleus (the cross-section J:Q )z

4 ~2/4-2)1% 2
3% 4 3t BB (e B €

Here Ay = fa’.‘ls'.' n =) and A 1s the minimal number of ac-
tive nucleons compatible with the cumulative kinematice (“cumlative
index®), The predictions of (10) are shown in Pig.7. The experimene
tal points are from
We See that the agreement with expsriment is not bad taking

into account abgence of any adjustable parameters, Some difference
in the trend of the curves with the growth aof A may be attribut
ed to rescatterings ihich have not died out as yet at present com-
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paratively small A , New data with larger A are needed to
make the comparison moro fruitful, In any cass we do not see any
merious discrepancy that would require a basic revision of our me~
chanisms and introduction of some new ones such as e,g, & mulii-
quark atate productiom.
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CIIEXTFH MPOTOHOB OT @PAIMEHTALYM LEATFOHOB C MMILYIECOM 9 I'sB/c
HA AIPAX BOJOPOJA, JEATEPMA M YTIEPOJA ¥ CTPYKTYPHAA
QYHKIMA JEHTFOHA

J.C.Aerupe#t, U.K.Baopos, B.H.MmupoB, B.B.MmanoB, M.A.Mrxaresxo,
0.A.KoxeBuwkoB, A.C.KysHeuos, 3.Mynac, C.B.PasuH, B.CJ0BMHCKE,
I'. J.Croseron

O0beEHEHHN]! MHCTUTYT AJEpDHHX McchejgomaHuit, lydHa
H.O.0m=
MockoBCcku#l rocypapcTBeHHHE YHUBEDCHTET

JKcllepEMEHTaJbHHe MCclle JOBAHMA peakuMit paspala pPelATHBUCTCKAX
UeHTDOHOB IPH HX COY[APEHHMAX C AQDAMR ABJIANTCA BAEHHM RACTOYHAKOM HH-
gopvaLE O CTPYKType jedTpoHa. Ilp MasuXx yrjax HaoJmJeHEA BHXOJ BTO-
DHYHHX ODOTOHOB B pPEaKLMAX A(d.,P )X oGycJiOBJeH, K&K M3BECTHO, IpoO-
LeccamMu cTpulmmyra B pappaximoHHof mMccoluMaumEM peRTpOHOB., Pa3BETHE
WA ONDMCAHMA 3ITHX MCXAHHIMOB B DAMKAX MOJEJA MHOPOKDATHOIO HYKJIOH~
HYKJIOHHOI'O pACCEAHMA NOMXOJH MO3BOJAKT ¥ [0BJETBOPHTENBHO BOCIPOE3-
BECTHM MHTErpaJbHHA BHXOJ OPOTOHOB M HX CHEKTD B EHTepBAJEe HMIOYJAbCOB
o ~ 250 MeB/c (B cEcTeme INOKOA fedTpOHA), NpHueM ¢opMa CHEKTpA Ol
pefendeTCAd KBAfpaTOM BOJAHOBOM ¢ymximu fgefitpoda ¢ yueToM ee DeJATH-
BHCTCKOH jefopmaimu . Bucoygugyyascﬂue 4acTH COEeKTPOB OpPOTOHOB,
HCOYWEeHHNX HOJl MANHMK YIJaMi *¥, OfHAKO JIONXHH OHTh B GoJjibmel
CTENEHM YYBCTBHTEJNBHH K CTDYKTYpe INOBEDXHQOCTHOr'O CJOA AJpa~MMiUleHH,
YeM K HeTataAN BouHOBOR fyukimu peddrpoHa /¥t

o Mepe yBeJHYEHHA YL Der#CTDALME NPOTOHA B DEAKLEA A(d P )X, -
C OHO# CTOpOHH, YXyMUAETCA NPMMEHMMOCTEH [HPPAHIMOHHOrO NPECJIMKEHEH,
C ppyroit - yBeJMYmBAeTCA BKJAJ OPOTOHOB, HCHHTABWEX B IpOLECCE Da3—
Baja [eATPOHOB cOyJlapeHHA C HYKJOHaME ANpa~MEmEHM. IIpR JOCTATOYHO
JOJIBIKMX NONEPEeYHHX MMIOYJABC&X NPOTOHOR MORHO HAJIEATHCA OHNMCATDH pe-—
3yNbTATH M3MEPEeHEE COEKTPOB NPOTOHOB OT PEaKIEy (cl.p ) ¢ noMomBD }
opocTellmel mEArpaMmMu peJATHMBMCTCKOIO MMBYJBCHOIO NPMCJEKEHEA C OJIHEM
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TECTKEN COY[ApeHneM HYKJIOHOB /5= + Eci® aTa MOJeJr oxameTCA CHpaBej—
AuBO#, To jamEHe O peakmEk (d, P ) MOTYT CJIYEATH BAXKHHM ACTOTHMKOM
XHfopMALEE O CTPYKTYPE POJATEBMCTCKOrO pefTpoHa.

IpRBefieEHHe COOCPARKEHUS NOCJIYXMWIM MOTHBMDOBKO# [uA MaMepeHMA HM—
NYJBLCHHX COEKTPOB HPOTOHOB BO B3auMoJeMcTREAX [Je#TPOHOB C EMIYJIBCOM
9 I'sB/c ¢ sajpavs Bojopoga, fiefirepma B yraepopa. Yroa HaoanneHds OHI
sHOpaH papebv 0,139 paji. JKCI3pMMEHTH OHJIM BHIOJHEHH HA CEHXpodaso—
Tpode OMfM ¢ IIO7071;D MArUHMTHOrO CIEKTPOMETDA C IIPOBOJIOIHHME KamepaME
HA JEHEM ¢ 3BM 8 .

B aTx onurax ny4ox RBHBeJleHHHX M3 CHHXpoa30TpoHAa HeRTPOHOB HH—
TeHcuBHocTED (0,5 + 5).109 YaCTHI, 38 EMIYJALC LIETEJBHOCTER OKojo 0,5 ¢
mafan IHooYepemHo Ha mumeHH ¥3 CHg, CDp X C, DoMemapmEecs B MOHO-
OpOBOJie MeIGHHOI'0 BHBOMA OyYKA. BTOpEYHHE YACTRIH perMCTpHEPOBAJECH
cHCTeMOR CIEHTELIAUMOHHHX CYETYMKOB M OPOBOJOYHHX Kamep. [OpA30HTANb—
HH#t yrszopot axcenTaHC YCTAHOBKE cocTaBjsin oKouo 0,005 pag, a TejecHaft
yrox — 2,9.10"5 ¢cp. CHrHAZH OT CLUMHTRJUIANMOHHHX CYEeTIMKOP HCHOJNh30-
BAJHCE [IA BHPaGOTKH TPArrEpyDmero CHrHAJa YCTAROBKE M IA olpefeJe-
HMS BDEMeHE¥ IpOJeTa DErHCTPMDYeMHX YaCTHI.

UNmyapcH BTOPMYHHX 9YACTHL ONpEHE]AJECE 1O 3IHAYEHNAM KOODJMHAT,
38perNCTPMPOBAHHHX OPOBOJOYHHME KaMepDAME CIEKTDPOMETpA, B [EHHHM O Io-
Je EH&JI!S]IP.VDN&I‘O MAUHATA C TOYHOCTBHE oKoo 0,2%. M3MepeHHA OXBaTHBA-
JN MMIY}BCHHE EHTepBaA BTODHYHHX uacTAy or 3,3 jo 9 I'sB/C ¥ mpoBORE-
IHCh B HEN3MOHHHX [eOMETDNYECKEX YCJOBHAX IPN HECKOABKEX 3HAYEHHEAX
TOK& BOSUYEAECHEA AHAJM3NDYWNErO0 MArHHTA, BHOPDAHHHX TQKEM 00pa3oM,
YTOUH JACTHM COGKTpa, NOJAYyYeHHHe IpE COcefJHEX 3HAYEHMAX TOKA, MMeJN
nepeRpHBANIMecA yYacTKXM, M3MepeHHHe cO I00%-HOR reomerpdeckoft sdpex—
THEHOCTBD CHeKTpPOMETpa. 3TO TpedoBaHWEe 00ECIEUNBAJO NpaBAIbHOEe "CHM—
BAHNG" DAdHWXY yacTell CIeKTpA B YCIOBHEAX CHCTPOT'O HM3MEHEHEH BHXOMA
BTOPEYHHX YaCTHIl C MMOYJIBCOM,

BropauaNe ODPOTOHH BHOE/AIACH IO H3MEDSHHHM 3JHAYCHEAM KX MMIOyJIhca
X BpeMeHN npoJeTa Ha 0ase MIEHOR OkoNO 22 M C BpeMeHHHEM paspelleHNOM
OROAO0 + 200 nc /9/

AdcoawrHaa HOpMuposka EdepeHrMANBHHX CedeHMfl NpPOBOJEAACE OYTeM
U3NepeHNs Hewe{@HHOR AKTEBHOCTE Ajep 24Na B TOHKNX AJXMNHEEeBHX (OaB—
rax, OOAyueHHMX B MeCT€ PAaCOOMOXGHES MUlleHR, B OpejIOsoReHRNE, 49TO Ce-
vemme peaxmmm 2/ AL (d., X )%4Na, ciado sasmcET OT mMmyARca uaTeTamX
mefirpoHON B muTepsaxe or 3,8 jo S/Fayc. 3HAYEHN® 3ITOrQ Ce4YeHEA OWIO
npmasro pasmsM (15,25 + I1,5) w6 /1%, Cuexrpu mporomos mua d-p »
d-d coypapeMEf HAXOMMMNCH MO DASHOCTH COGKTPOR, HOAYYEHHHX C MNDE-
HAMR CHz, an 1 C. Bo3MoRHAA CHCTeMATHIOCKAA ONAGKA &CCOMNTHHX 3HAYe—
R MamepeHHiX mPfepeHUNABHHX CeueHER cocraBtaer + ISE.
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/MITYJIBCHHG CIIOKTPH OPOTOHOB,3aPerMCTPUDOBAHHEX Nog yraom 0,139 pax

Bo B3aUMOLeNCTBUAX meiiTpoHom c MMmyancom 9 I'sB/¢ ¢ aAjpamu Bojiopo-
fa, ReliTepud W yIvepopa, NOKA3AHH HA& puc. I. ITOCKOJERY mnonepeunwft um-
NyJbC 3apelECTPMPOBAHHLX IIPOTOHOB FocTaToyHo Bexux (> 0,6 I'sB/c), Mo~
EHO NOJaraTh, 4YTO STO HE CNEKTATOPH OT CTPUONMHIA W [BfpaximoHHO#
accouMaury redTpoHOB, & B OCHOBHOM LDOTOHH, KCHHTAREME B IIpoliecce
paspaja NelTPOHOB B3aMMOJeicTBME C HYKJIOHAMH MENEHH, MaxcEMyMH Lpo-
TOHHHX CIBKTPOB HaxojaTca npE 4,3 TeB/c; xaK pas Takol MMOYJEC FOJEEH
OpuoCpeCTR OPOTOH C HAYaJbHHM MMOyJAbkcoM 4,5 I'sB/c mocae ympyroro pac—
CesBRA H& HYKJOHe Ha yroa 0,I39 pafi. Y4aCTKR CNEKTPOB JEBEE MAKCMMY-
MOB OforaljeHN OpOTOHEME, MOTEepABUMME SHEPI'WK B HeyupyIux B3amMofedicT—
BEAX C HYKJIOHAMH MWEEHH,

llpumedaTenbiolt 0CO0EHHOCTERK MOJYYEHHHX HAHHHX ABJAETCA COBNA[e-—
HEe QODMH BHCOKOMMIIYJABCHHX HacTeff CIeKTpOB HPOTOHOB LIS PASHHX MHIe—
Hell, ClUIOmHHE KpMBHE H& pUC. I OpeficTaRagwT cododl pesyasraT cmiaik-
MHTEDPNOJIAIMYM MHBADHAHTHOrO [ridepeHIMalbHONO CEUeHMs [JIA YIaepo gHok
Muwery, yMHOXeHHuE Ha kxoafduimerTH 0,371 m 0,243. Kex BuIHO K3 pHCYH—
Ka, aT¥ KpUBHe B EHTEDBaJe EMIYALCOB 4,6 + 7,2 I'sB/c XOpomo COraacy-
OTCA C [aHHHME 1A fefiTepEeBo¥ ¥ BogopofHof mumeHe#t, Iro o3Hayaer,
YTO B YKR32HHOM HHTepBAJe HMIYJbECOB (opMa CIEKTDOB MPOTOHOB OT peax-—
mait ACd, P )X He 3aBUCHT OT MAWEHH ¥ ONpejieldeTcA CTPYKTypol pelirpona;
32BUCHMOCTE OT MUWEHE MNPOABAAETCH TOJBKO B OKDECTHOCTE MAKC.DdyMa IpO-
TOHHHX cnemfon B oa.nagm mspaHo#t + 0,3 I'eB/c. Koodduimentu I, 0,371
u 0,243 pua ¥ “H cOOTBETCTBYRT NOKA3IATEJN CTeleHu A-3aBHCH~
MOCTH uﬂ.napnaﬂmoro pEpdepeHIMANEHOTO CedeHnsa, pasromy 0,55 + 0,02.
JiA mMaKcHMyMa IOPOTOHHHX COEKTPOR COOTBETCTEYWIEE mokasaTeldb COCTABIA-
er 0,44 + 0,02.

dxcnepmen'ramuue RAEHEE @IS DEaKLAR IH(d. P )X 8BamM3EpOBAIMCE
B pamMkax pPeJATHBACTCKOR MOREJH ReCTKEX cOyfapeRuit , B KoTopo#l
BHXOJ BTODHYHHX OPOTOHOB QJBACHAETCA IPOLECCaMM CTONKHOBEHKH HYKJIOHOB
HaleTanx [KefiTPOHOB ¢ IPOTOHEAME MENeHK. B sToM HONXofie MHBapEAHTHOE
mudfepeslmaisHOe CeYEHUO pepCTaBIAeTCs B BAJE

E— 'f""‘d"u Gwm (Y [-r)y : (Np>pX), e8]

rge E dG(Np+PX)/ clp - WHBApWAHTHOE CedeHMe Nporecca B3aEMouefcTREA -
HYKJOHOB C HpOTOHAMH MHNEHH, R - OTHONEHHE MHBADMAHTHHX HOOTOKOB CTal-
KEBAWIEXCA HYKIOHOB, Gy ,p( Y 21- ) - CTDYKTYpHas QyHKuEA JedTpoHa, BH-
pamALIAR_BEPOATHOCTh OCHADYReHHS B feliTpOHE HYKIOHA C HONePeTHNM MM—
OYJILCOM 2.,. M poneff IPONOABHOIO EMIYJBCA ‘3 OT mMOyALca fefirpona B CHC-
TeMe GeCKOHEYHOrO HMIYALCA. }
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d+R->p+X

Py = 9 I'aB/c, 0=0, 139

M6/cp .I‘aBz/c3 )

(E/p21dZ5 /d0 dp,

7
p, I'eB/c

Puc, I. MMOYynBCHHE CIEKTPH MPOTOHOB, 3@DETHCTPHPOBAHEMX DIOX YIVIOM
0,139 pap Bo m3auMogeficTBEAX HeliTpoHoB ¢ mMmyarcom 9 I'sB/c ¢
AjpaMa Bolopofia, AefiTepMa R yriepofia. CoJAOWHHE KDPHBHE — pe-~
SyapTAT CIAARH-EHTEDNOJAUNK MHBADHAHTHOro mEfdepeHIMENBEOrO
CEeUeHNA JAA YrAepojHOl MEmeRM, yMHOSeHHHE Ha Koa(fEIMeHTH

0,371 u 0,243.

Kax norasuBanT pacueTH, B paccMaTpEBaeMuit uETepBal NDOTOHHOrO
cHexTpa onpepsispaml BKjaj BHOCAT NPOJYKTH yOPYroro paCCeAHNA IPOTO—
HOB JiefiTpOHA Ha NIpOTOHAX MEWEHH, [[09TOMYy HA NEDBOM PTale AHAJMSA B
KavecTse Eal.G(NP- pX)/ d';'a' HCTONB30BANACEH NApAMETPE3AIMA SKCHePMMeH-
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TaJbHHX JaHHHX O YNPYTOMY P-D PacCemHHD /11/ B odaacte 5 < 'y £
£ 15 (T'aB/c)”, xapaKTepHOH LA pealM3OBAHHHX KUHOMATHYECKUX YCJIOBMH.
B pasnMUuHHX BApPMAHTAX PACYeTOB MCOOJH3OBANMUCHL CJAE[yPUEE CTDYK-

TYpHHEe QYHKIMM JedTpOHA:
No FERUK

Guly,le) = = i @
N/D("jt!'f) 2(211,)3 [M:_(z]_'_eTl]L[1+L1L/(sz+M1('Z))]Z r

rae Ml(g)=(1—g)mlf)+?"‘;’3("3)m; ,

a mp, M, ¥ M, - MACCH NIPOTOHa, HellTpoHA ¥ JleliTPOHA COOTBETCTBEHHO;

> mdk,, a9 -
Gap (g le) = 7 ISR, k= Ve, @)
rge ¥ (K) - BonoBaA @yHKims mefTpoHa IR IADIKCKOr0 MOTEHIMALA /12/,
> 2k T
Gu/n“,j,t-rhm‘!‘”“)] . (4)

Bup ¢ymximmmn (2) Owr Haltper /5,6/ H3 TEOPeTHKO-NONEBHX MOJenel
m}gyﬂmouﬂoro Bp3aUMofileflcTBUA; aTa §yHK.¥A HCOOJIb30BaJACH B pado-
Te LS ONMCAHKA MHKJID3EBHOI'O CHEKTDA ,:OTOHOB, HCOYMEHHWX OOJ yI-
Jom 2,5° B peaxLuu J:‘aC( d I%}x Ope HavessHOH KmHeTHYeckoH aHepruum
gettrpoHoB 2,1 I'sB/HyKJIOH 7 . llpu 3Hauenwd@ mapaMeTpa s L=0,2 (I‘aB/c)‘a
ORIO NOJNY9eHO KadecTBEHHOe CODJacEe C SKCIEDAMEHTANBHEME JAHHHME,
Qynxipe (3) B (4) moaydapTCA E3 HepEJATHBECTCKOR BONHOBOH _cgmm
FefiTpoHa OpE ABYX pasHHX COOCOGaX Nepexoja OT nepeMeHHo# K & mepe-
MEHHEM ( Y _f.l.): B OEPBOM [pejnoJaraeTcd, 4TO YIacTBYrIEZA BO B3aumMo-
feflcTRUM C MMWEHEO HYKJAOK FefTpOHa HAXOMTCA BHe maccomolt NOBEPXHOC—
/1 , BO BTOpOM [elTDOH pacCMATDHBAETCA KaK BOJAHOBO{ naxeTr EBYX
CBOGOIHHX HYKJIOHOB .

PesyipTaTH pAa3lAMYHHX BADWAHTOR pacieTa OOKA3AHH HR pEC 2, KpEBHE
2, 3 ¥ 4 BHYECJEHH CO CTDYKTYDHHME fyHKLmavE (2) (OpM 3HAvYEHESX mapa-
Merpop 8%= 0,2 (TsB/c)? n N, = 362,9 (I'sB/¢)®), (3) m (4) coorseT- -
cTReHHO. Kpuso#t 5 nmoxasan cymmapHuit Bknajg NPOTOHOB OT peaximlt
np=pn, Np>pA g Np->pNn, myfepeHimarcuse ceueHHA KOTOPHX
OW7M DAPAMETPUS0BAHH HA OCHOBE ,MMENUMXCA SKCOeDHMEeHTANBHHX I
B MaxCmMyMe NpPOTOHMHOTO CHeKTpa B2TOT BRIAX cocramigeT I7% mo
CPABHEHAD C BHAAJIOM OPOTOHOB OT yNpyroro p-p paccedHEA E mafaer no
Mepe yBeJHUeHMs MMOyJibca., Kpapana I mpefcTasiaeT cofo#f pesyabrar
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M6/ (cp TeB%/c3)

(E/p2)d2%q /dD dp,

p, TeB/c

Pac. 2, MMnyapcHEE CheKTp DPOTOHOB, MCHYmeNHHX Hojl yraom 0,139 pan mo
p3amMofieficTBAX fellTpokoB ¢ mMmyascom 9 I'sB/c ¢ AKpaME BORO-
poja. Kpushe 2, 3 ® 4 ~ pesyasTaTH pacueToB 1o fopuyre (I) co
CTPYKTY pHHME gym(mm (2) (upx §*= 0,2 (TeB/c)® wN =
=362,9 (I'aB/c)*),(3) B (4) COOTROTCTROHHO ;MTPAXOBAA KpHBAA 5

" DpeNCTARIAGT CYMMAPENZ BRIAK NPOTOHOB OT HOYUDYTHX BaamdoieftcT—
pult HyRIOHOB ROATPOHA C MEWNeHED;KpuBasd I - pesyspTaT pacyeTa CO
cTpyKTypEOd dyHRme? (2), ¢ mapawerpawm 8= 0,8 (TsB/c)? x
N, = 33I,5 (I'nB/c)z. C foCaBaeHHHM X HOMY BEAAJOM OT Heyupy-

IEX OpOLeccos.

pacdeta co crpykTypHodl gyERuMed (2), ¢ mapawerpawx 8 = 0,8 (I'sB/c)2
x Ny = 33,6 (I‘aB/c)z. C ROOABJCHHUM K HeMy BRJAZJOM DDOTOHOR OT HeyI~

PYIEX DpOLECCOB.
BuOOXHEHHO® HCCJOJOBAHNE CHOKTDOB MPOTOHOB, MONYMEHHHX LOX YIROM
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0,139 pap B pesyabraTe ¢parMeHTAIME fe#TpOHOB ¢ MMmyancoM 9 I'aB/c ua
AfPax, UO3BOJAET CHeJATEH Clefynile BHBOH.

A. dopMa BHCOKOMIYJILCHHX YacTel CIEKTDOB IPOTOHOB OT peaKIEA
Ald, P )X uMeeT yHEBepCANBHHR Xapakrep, T.e, He 3aBUCET OT Afpa-
MULEHH .

Ro~-B-ue#oM DEJATHBUCTCKAA MOJIENE EECTKUX COYHApenufl HpH PasyMHOM
BHOOpe CTPYKTYpHOB (yHRIpm neﬂTpOHa JHORIETBODUTEABHO OMUCHBAET BKC—~
TNePMMEHTEJALHHE [aHHHE O DeaKLmA H(cl P )X. Ozempa- oRtefiyers—3T0_HaMe-
pEHHE BHCOKOPMIYJBCHHX YACTEH CIeKTDOB HPOTOHOB, MCIYCKAEMHX C GOLb—
IEMM [OIePeYHHME MMIYJALCAME BO B3aMOjeMCTREAX DeJATEBMCTCKUX pmeliTpo-
HOB ¢ AJipaMi, ABAAeTCA 3PPEKTHBHEM CpPEJICTBOM H3YyYEHHS CTPYKTYDH pessa—
THBHCTCKOrO JeltTpoHa.

,3. OKCOepEMEHTAJLHHE [AHHHE He YJAeTCH OMMCATL C HOMONBD CTPYK~
TYDHHX (yHKiEN, BHBEJEHHHX M3 HepeJATHBECTCKOf BOAHOBOM GyHKIEE ggﬂ'r—
poHa. 3T0T fBKT MOEeT 03HAYATh, YTO CTDPYKTYpHAH (Iaymcm__ CN/Dt*g»;-i—{.)
fonxua OHTH QyHKi@ell JBYX He3ABUCHMHX NEPEMEHHHX - R t;, omEcuBam-
IMX OPOfCJALHOE M [ONepedHOe TBEMEHMA KOHCTHTYGHTOB HelrpoHa.
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MSVIEHME CTPYKIVPH JETKAX AEP Ka MAINX PACCTOAHMAX
B OINTAX [ GPATMEHTALYM IOLAPVS0BAHHKX
¥ HEIOIAPUS0BANHHX TEITPOHOB U °He

C.A.3amopoxen, E.Haywaus, J.Haywmasr, A.A.Homofmaos, H.M,IIRCRyHOB,
H.M,.Cxrumx, E,A.Crporobcksft, J.H.Ctpyrom, B.WU.llapos
OdsemmuéNantt EHCTATYT ARepHHX NccAenoBamuk, JlyCHa

B.T.AGaees
Hay4uHO-ECCA6J0BATAbCRAE HHCTETYT ARepHo# dusuxm MIY, Mocksa

A.B.Arommun, A0 KoSyuses
MHCTRTYT TeopeTEuecKol gusmrE YCCP, Kues

J.Busapena
Buomal#t XuMERO-TEXHONOTHYOCKER EHCTETYT, Cofed

X.maTpos, [.iemges
lenTpaneian JadopaTopns ABTOMATHSAURE HAYYHOIO OPECCPCOTPOSHEA
BAH, Cofaa

B.Koun, B.Ho#tdepr
Uearpansault RHCTATYT AREPENMX Hccxezopamuii AH TP, PocceHnopd

IpencranreHy IAKEMe HO CeYSHEAM peaKmmil {parueRTAImM A( d ' F)

(A=p, “C,"AL,“Cu) , T2%c(%e, d ), T2c(%e, p) ¢ muaeron gpar-
ueH?A HOX NyXeBUM YTAOM B ENTePRANE NMIYAECOP JPATMORTOR § B ANTEAS-
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doparopsoft cucreme ot ~0 N0 CMMSKOrO K MAKCEMANHEO BOSMOXNOMY. [Ipen-
CTABJEHH JaNHHe DO TeRSOpEOll anamsupywmel cmocodROCTE Ton PeaKumE

12C( d, P) B oGxacTR ¢ € 250 MaB/c. IlokasaHo, YTO EMOYALCHHE DACHpe-
nexeHEd $parMeHTOB d 5 SHe onmcupapTes MOZe/AME C HSBECTNNME peaiHc-
caqeckmve NN - Doremmassy@ TomRo B odAacTE 9¢ 200 MsB/c. TpoBe-
IeH COBMGCTRH aH&/mS NPe[CTABNGENHX E APYIMX MAEEHX IO (fparseHTaums
IeRTDOHOB, BJIERTDORESEETErpamEN TelTpoma @ YUDyTOMY '!P - pacceaEED
Easaj]]. OGCyXUANTCA BOSMONHHE MEXSHNSMH, OGBACNANUEG HalmpeHRHl of-

{eKT.

I. [poBenennHe HaMz ACCACIOBAHESA Y, fparMeHTanMl DeITEBNCTCKNX
EeBTpONOB B UPOTOHH, BHJACTANNEEe IOI HYXEBHM JIJOM,IOKASAAN, 170 B 00-
JACTN EMIYXBCOB OPOTOROR q, B CHCTeMe NOXox AelTpoRa (amrmracopardp -
Hasg CHCTeMR) Gonee 200 MeB/c SRCHeDEMEMTANHEO HEMGPeHHHH cHOXTp Hpo-
TOHOR SHAYNTEJNHHO IpeBHuIAeT DacdeT, OCHOBAEEHE HA Mozexm Iiaydepa -
CHETEHRO C ECIONLSOBANHEM N3BECTHHX DeJATMBRSOBAMHHX BOJHOBHX @ywkmuit
Zefirpona. Hadammeumu#t sdfieRT MNTepIpeTEPOBAJCH 2% RAK OpOABAGHES
HeHYRJOMMHX (RBADKOBHX) cremeNelf crodoms B mefiTpone. Pamom enropon/ 2/
CLIH OpeINOXeNH IPYTES MONSXE IAS oUndcNeNms 9Toro sffexra.

C Leabd Goxes TeTAXbNOrO NCCAGAOBANNA Opomecca (PATMERTAINE De -
XATEENCTCREX AEIKEX fAfeD X BOBMOXNOCTN NSYJeHNA XX CTPYRTYDH EA MANHX
PACOTOANERX B STOM Dponecce HAME BHIOANONH N3MOPeRNA JparMeATaiulm Xa

A7pax EYY) X 64Cu . C DOoMOmMBD BHYNTATEABNOR MOTOINRK CH2 - C noaytemo
TaKze cedenme fparsemrarmm aedrpoEa ma Bojopome. Mumyanc xeRTpomOB

cocrasaax py; = 9,I I'sB/c.

Ha pxc. I MORASANH OTHOMOREN NSMePeNmMX cewemul. Ormomemma Al/H,

Cu/C naEa ¢ TOYROCTHED HO JaKTOpa. BIMNO, 4TO OTHONGNNE COYSNNA HA -
doJgee TARGAOM HSIpEe K ‘CeYeHED Ea Sofes JerxoM ANpDe NAalaeT B ERTEDBANE

04 g € I00 MeB/c x manee ocraercA DoCTOMMMMM. Lif yTaepora X BOEOPO-
ZA ®TO OTHOmENNe COCTAREAeT ~A%/ Supx g=0x ~AL/3ppx 4 >100 MeB/o.
§

-
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T Amarorxuuft spPexT NsmeueHRZ A-
1070 gaset SaPNCAMOCTR CHX oCHapymex B
o ‘.h Corn o +{+ EepraAN OpE N3yYeNEN CRERTDOB
UL N VYR YR/ 1L AATEBNHX K - Me3 x
mumﬁ#mmmt -ttt RyMy. o _“g:::/ ",
A Ha puc. 2 OpOINCTABIOHM Ce-
o eM‘ o HH qenns fparueETanEx IefiTpoua B
--------- i#mm#—‘ﬁ#wm,m»%ﬁaw#f#--’ OpoTOM HE Spe BOXOPOAR, EEMe-
corfassso 4 | PeNnHe IPX DESHHX SEAYCNNAX EM-
) ot C/H
(" Bodt o Phuate? iyt 1} oyasca mefiTpoHA.
--------- vh‘ﬂﬂv it et S L Kpusad coorBercTByeT pacuéTy B
PAMKAX MMIYABCHOTO OpEONERE—
00 02 o miw’ Y, rze mpezmomaraeros,TTo
q Fab/e Axpo-crapan (pr) n&c&ompyer
Ha (parMeHT-HACERTAT (#), BH-
Pxc. I. Ormomexme cevemmtt A( d, p) asramxd mox yraow O ~ (°, x
I2A PASININHX Mumemel, P‘= 9,1 I'sB/c. fparMeHT-yuacTEER (p) , BSAN-
MopellcTByXamEt ¢ MEmOHED (1),
B pTOM HOXXON® CBASH COYONNA C
BoJmOBOR Gymrumell neflrpoRa ma-
@703 COOTHOWGHNEM

‘l

2
T
3

Aldpl 7 Alap

d's _ 4 2
£ 4% = C gy ¢ 10T, @
rme £= rn;+ k' , o~ moat maryanca aNpa-cRapAma, yROCEMAA {par—

MONTOM:

= (P /(Ep*p) = W/pp - (@

Peaxrrmsucrexal pxyrpemni m@myasc Kk OTHOCNTEALHOTO NBNESNEA ROKCTE-
ryexton f X P CcBA3AX o HAGANIEGMMN NMIFALCAME CXCAYKOEME COOTHO -

MO NRAMN: . . - :
Ki=p (Mop,mp,mp) /i Mo, (3)

Mop=mg (4-o) + mpod /[ (1-)] (4)
rze A(a, €, c)=a*+8%ct-2ab-2ac - 26e.
B mepeasTmsaccrom mpemexs (k'/mj « ) k=g, Kumewarsiecxal fax-
T0p EMeeT BNX o )(l'(co'; m;,m;)/[(!—d)'h*(s,m;,.,mt‘).],
- tme w's (Epu=Epemy)t=(pp-pp)} 5= (Epnrmm, Y= Ppr

Qax?op Fx{ BcDOY, 32 ECKANTGHNOM OOCAACTN BOANSK KENOMATNTOOKOIO INpe-
HeXA.
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3

10!.

i,
102} ]
o'y ’%3\'}- 4

10°

3
Edo/d p lwB MaB/lcp [MaBrel )

. ,
g ) 1

0.0 0‘.2 D‘.'~l
q . MaBlc

Puc. 2. HABApEAHTHHe CeveNNd
p () p )-peasme
e - Hamm e, p; = 9,1 TeB/c;
O - RamEEE) . [y = 5,75 Teb/c;
0 - nammue’, ', py = 3,49 TeB/c;
s ~ ;nmo/ 7, 0 BHXOAY IPOTOROB
nox 180° B pe /P T, =
8,9 T'eB/c. JammHu JMEOXOEN Ra
gaxzop I,4. KpEBas-pacYér B M -
OyALONOM OPNGAEXEHEN O NapExckolt
soamonoll ymrxumefi,

Hs pxc. 2 pmmo, 970 dopeu
CREXTPOB NpoToNoB X3 (d, p)-
fparmesTanys, NeMepeRENe B KNpO-
KOM ImenasoHe sueprall mamaxmero
IefiTpona, CoBIANENT MPARTNIECKN
BO Bced 00XACTE IMIVAECOB
049 < q,.,.0px sEavennax
q > 200 MeB/c CHeRTD SHAUNTEN:-
HO NpeBHWAST pacier u0 Gopmyae
(I) ¢ poxmoBOR dymxumedi nal'r%7
N& rAd DAPEXCKOTO NOTeNUEAXA’
OTmMeTEM, YTO nXd MOTeXeR, IXe
X#CTRAA YACTH NMIYXRCEOT'O CHOXT-
pa OPOTONOB B Iponeccax {fparmen-
TanuE XefiTpoNOR OOMCHBRETCA CyM-
moll BERASZOB EMMIYALCHOTO NpPNGAN-
ZOUNA N MOXANNSMOR C IOpepacCe-
fAEReM (TpeyroxsHof smarpamsiolt c
A;::::}gol_ B IPOMEXYTOTHOM COC-
R » XGOTREM Iep8pACcCesHmeNM
mmous’ < X Xp.), OTCYTCTENe 3a -~
BRECEMOCTR Qopuu cmexrpa fpar -
NeRTAIE 0T pHeprax nelkrpoma
IpencTABASSTCA TPYAMOOSSICENMUM
PaxTod. Hpome Toro, doxsmas
YYBCTRNTOIGHOCTE MOIANNIMOB
mepepacCesNEA X NIOTOUNOMY COC-

TQBY MENOHE (NAUPEMOP, BEIAN OF TPOyIroXoNOl AEArpmlasd ¢ A - N3OGa-
pol B mpoMexyTOWNOM OSCTOANNE B 5 pas Coibue XA HIpOTONe, XeM Ha Nelir-

PONE) LILEOXO COIAROYOTCH ¢ HOCTOANCTBOM OTRONONANS

cevennt Ma Apax X

COYONND HA BOHOPONe IDE q,>IOO MwB/c (pme. I). C mpyToRk cropoms,
o0& YEASANNNX BUW® (AKTA JOIX0O OCLSCENTD,ZONYORAN, ITO Eacxmxemmud
CHOETP CBABAR ¢ EMUYZBCHMM DPacUpejeXeNNeM NyEXONOB B Xelrpome (MPHI)
IW(K)* B coorpercTsum ¢ gopuyxok (I). Ha p17§/3 M TpeJicTARLIGH

HPHY, N3BAGYCNNOS® N3 NANNY JANNNX, N® NAHNUX
NN 8 OCHOBO® DOASTNBECTCKOTO UOAXOIR

mo d(e, e'P) n -peax-

X X9 ARAINS JANMKEX

SLAC go d(e,e’) - peaxmmm. Buxmo xopomee corsacxe HPHI, wusyevenm-
¥HX N3 pasmux mpomeccos. C HPHI B IpNOZNECNEN ORHONYRIOXNOTO odMeNna

(OHO) c3asuBaeTcd DPONECC JUPyroro dp — PacCeANEd NASAX
(do'/dﬂ(uo')-'w’(ldl",B JopManmsMe cBeTOEOrO (poNTa STA CBAH CUXR
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0,2 (] 0,6 0,8
k .« TaB/c

Puc, 3. WPHL, msBaeqeHNHe N3 DO :
o ~p(d,p)i 4- dte e/
o - d(e.e'P)n/g/. Kpusag -
napuacKas BONHOB&R (YWKORA .

l‘?&*
i SN
: Ny, ]
Yo "'""!M |
+
3 T,
S 07 £t -
L
1,0 2,0
T . a8

Pxc. 4. CpaBmeHme pacdéra OHO(o)/ 14‘{
NCIOXLSYIMOT0 SKCHSPEMERTANLHO ON-
pexnexersoe HPHI (pEc.3), ¢ cedeHm-
eu ynpyrorodp -wcema HABAT
(0 - pesyxsra v °:7f‘§7“° TOY-
XN B34TH X9 gi”mx pador).
Kpmpas-pacud ¢ napexcxoll poano-
8o QyHxnomel.
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BIOGDBH® DACCMOTPERE B /1%/ .
Jaxmne mo smeprermecrofl sa -
BECNMOCTX yupyroro dp - pac-
CeAHNA HABAaN ecre ¢ pe-
SYJETATOM DacIérTa 1 y HC ~
NOABSYNUIM HalimeHuoe HaMu
WPHL (puc. 3), opsacTasie—
HH Ha puc. 4. Bagso, 1TO
DpEMeHeHN® HSMOPEHHOTO HAMR
WPHI mozBOJIgeT, OTpAHEIMBAACL
npeCamxeumen OHO, KoNIecTBeH-
HO OIONCATE PHEDPI'OTEIECKOE IO~
Benexxe d6/df)(180°) mpanru-
YOCKN BO BCeM MCCAELOBAKHOM
IEANA3ONe SHeprad. OTMeTHM,
970 NOINMTKR 0CLACHNTE DACXOX-
LEHH® MOXRYy SECIeDMMEHTANE -
HHME 3 A OPECEEXSNA-
en OHO ¢ monyZqpHHME BOJXROBH-
v QyHRINAMN Sa CHUET BRAANA
ZPYTEX MeXARHIMOP MMOJE yCHex
XEUb ILAA OTpammdeHEod o0XACTE
sEepraft,

2. Ha gyugax peadTMBNCT-
CHEX BHCTPOeNEHX R HEUOXADH -
30BANHHX HeRXTpoNoB ( Py=
=9,I T'sB/c) ,96pefoBARMAXCA U0~
pe8 IEET YCROpDHTANA, K3y-
ueRa parMesTamma JcKTpOHOB
B OPOTOMH, BHASTAXXMENE LION Hy-
JeBuM YyTHAOM, B OGXACTN

D< g € 250 MeB/c. 310 mos-
BOXE.JC ECCAGNOBRTH TEH3CDMYD
ANAANSNDYIMYD CDOCOCNOCTE
Tog POAKIER (d,p)fparues Tammm :

Too=204= 6, 60 ), (5)
Tae € pop X 6 yenox — M-

Jepemmaxsuie cedeHms {par-
MOHTAINN BHCTPOGHHOIO M & -

LX)



-1,04

.....

& . [ab/c

Pmo. 5. Top B poaxmx T( d,
Pd = 9,1 T'sB/c. Kpusas-pacqyér
ZRA DApEACKOR BoHOBROR Pywmo.

n,ok ’ /’_:

o:s 1,0 1,'5 z,'o
T_ » Fal
Prc.6, CpaBEeHNe T20' ONpeReJ6H-

Boro B peammmax 1<G(d ,p), c mpeod-
pasoBaENEeM aprywMesTa OHO (e ) m B

pe ro d p-Ppacoeszns na
IBD°: 63 (a). Kpnaa pacuér

naa napuxckolt BoxroBOf (YHEINE B
upucrmsaus OHO.
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BHCTPOGRNOTO TelTpONAa B Ipo-
TOR, P 5o ~ BHCTPOGHHOCTS ZeR-
TPOREOI'G NyUXR,

Cpasp Tpp ¢ BoumoBoRt fyuxmmel
IeATPORA NAGTCK COOTHOMENNEM

2 - wik
T 0=/ T win 2ot @)

e BL(K) x w(k) - S=x D-
KOMIONORTH BOMNOBOf (ymEumX
Ielrpoma.
liapaserp P20 GuX oumpe-

MOXOE [0 TANKHM & oo/ Gpanay
B odxacrx g, < I50 MeB/o, rze
CYESCTBy6T XOPONSe COTARCKS
MOXLY NOMODOHHUME COTeHNINE
P(d , p }-PeaxumE ¥ EMIYXLCEMM
DPROARXSENEM C NCIOXhSOBANNSM
DONYyXAPENX BOAROBHX dymmmumit
nefiTpoxa (pmo. 2), IIpm momrom-
Re EcHOXR®oRaxECh fopuymu (5),
(6) X BoxmoBan ¢ymrims IAX Ra-
puxcxoroe NN - moremmmaza.
flocae sToff EPOmORYPE HCBENORN!
TZO BHDAAHNT TAX, KAK BTO HO-
Ka3aNO NA PEC. 5, Tii¢ MM IXND
JEABQNN® NA PAOXORHGNE® C PRC-
q¥ToM, NCOONFSYNEEM JAPEECKNR
MV - porexmmaz, » odzacTx

¢ > 200 MsB/c, Eax bre muee?
MeCTO K B HOBOZSHEE xmjdepen-
IONAXBMHX ceqeNml (p¥c. 2).

OCNOBNBAACH M& TOM, TTO

coormomenma (5), (6) oxERaKeR!
RAX ILIN OpeHecca {PATMEONTAIMK
.uelnon.. TAX N Raq yUPyTero

~ pacc asay (B OPRG' -
mem 0!!8’)!7?/' a Mexny Imd
QOPONUNANLNMME CONONNMME STNI
P CTANOBECGHA CRAS)L {op
n;::’lx/l IMIJANCENM IPRCXR

xoxEoM (DPEC, 4), M UPNBOTEM }



CPAPNOHN® HAUEX JAHEMX KO T20 [} Jmmnm/IG/ Ha pEc. 6. He.uocrarm
CTATNCTNYOOKAA OCECOEeISENOCTE NENNX JANNHX NOSBOXG6T IIOKA CONOCTA -
BNTE TOXGKO HOXCXONNS MENHNYMA P SHEPI'eTNIecRoR BABNCEMOOTE Ton.
Bummo, 9T0 o0a EACOpA NEHEHX COI'NACYNTCA Mexny codoR jyydme, qoM Xax-
Wi x9 ENX ¢ pacySrom, Nomoxssyomm mapmscxat MV - moremmmax.

3. BapEaNTER® COUTONNT Poaximi I2(!( *,p) X 120(330.4) B saBmCN-
MOCTE OT EMOYALCA JPATMENTA B CECTEMe NOROA “He OPNBOISHN Ma PEC. 7.
Ha puc. 6 »TR Re IANNNe UPONCTABNGEN B SaBECEMOCTE OT BHYTPONNOIO
mnayxsca K (ow. dopya (2)-(4); npm maxoxmenmm k s cnexTpa mporo-
HOB UPOXNONATANOCE, ITO MACCA fPAIMONTA-YYACTRNRA DaPNa Macce xeftr -
PoEA{ BEATZeNEe K B 9TOM CAYIAe MENEMAKERC), Bumuo, 3To Jops odomx
CHSKTPOB XOPONO CGBOANANT Bo Bcefl oGAMCTN NoMeNemma k . Ha pmc. 8

105, o S 7 10° r ’.‘-‘-‘ 1
oW - " 10 ’g’ ".‘ 1
= - N < ] N
E 10%) “ :3 10°p “‘?o E

o et e
& 07 “e. ] & 0% Ny b
3 N S N,
B w0} 'A_" 3 10'} N ‘.A.‘
3 3 ]
L lo°r ‘., T{»'... 1 . 10} R fyl. 1
3 K3 3 0 ey,
s 0 N . B i

102} wf R

04,0 n‘,z Bu 0.6 .0 u,Lz o‘,w 0..5 E,u 1,0
a. Ma8sc ] FaB/c

Pme. 7. “3‘;?"“"' ceusxmn (par- Pac. 8. HuBapxanTRKe cevexmr

wexramm “He mx P = 10,8 TeB/o fparvexramx He 5 sarzommoo-

B SABNCEMOOTE OF MMIVASCA on~ a0 or"suyTpeNEero —

7a 3 oxgrewe mexox He: o - CC’HO.D)i o _ G(3Hg.p); 4 - C(He.p).

a - CCHe, d). KpxBag - uam pacw¥T ¢ mox-
Hozofl ol B uspa-
—c

OPEBOXOEM TAKXe DeSYIITATH DacIiTa COTGNEA (3ﬂe.d ) - peaxnum » pan-
FAX NENAMEXE OBOTOBOIV JPOoNTR, I'Z¢ HOIOIMSOBANACS BOANOBAS B,mn
e, BirmmcaoNmaz Zas NN ~ noun?nn Pefiia ¢ MATXEM EOPOM /1 (Oua
P3N7a B AUNPOXCEMAIII pAC 8/y, npu smavemmax k ;> 200 MsB/c pacuéz
CRLALNO OTANIAOTCA OT NSMOPONHOTO CHOXTDA.
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I.

2,

—
.

OCHOBHHE BHBOIH
Hesapucmiocts fopa cmexrpa peaxmmx A (d,p) or smeprrm manerammmx
IefiTpoEcB, a Tarxe (HaumHad co 100 MeB/c B cEoTeMs moxod IefiTpoma)
OT MACCOBOr'O YHCNA AIPA-MENNEHH T'OBOINT O CIa0OM BXAANE B Haliniae-
Mt CIeKTD DBCCMOTPeHHHX Sneck offierRToB mepepaccesnus N BsamMomes-
CTBEA B KOHEYHOM COCTOSHEE.
HcnonbsoBaHEe HepeMeHHO# cBeToBoro {pOETA MOSBOAAET YBEAGTH, 4TO B

PearIfiAx parMeHTAINE, BJeKTPONeSEHTerpauud IeATPOHOB, A TaExe B yu-
pyrou d P —paccedNuN HASAN NEMeDAOTCA OIHA X TA XE® XAPDAKTEPECTNKa

CTPYKTYPHR ZefiTpoHe: EMUyALCHOS pacHpeneleHN® HYKIOHOB B JefiTpome.
JpyTEM NONTESPENCENEM OPOMIOYTHTEABHOCTE HCIONb30BAHHA 8TOff mepe-
MeEEHOfl ABAFeTCH coBIAXeENS jop cusxrpon'C(°He,d ),'*c(%He.p),
UpeNCTABISHEHX Kak fymkmmx k .

B otmacrx 9 < 200 M®B/c RaK CHOETpH {parMeHTamuE XefTDOHOB, TAE
H aNONSKPYRmAA CUOCOCHOCTH 9TOR DERRNNN XOpOmO COIJACYERTCH C DAC-
qETaMH, ECOOALSYyDUEME BOI ¢ IADHXCEEM XK. —TNoTeHOBANOM. OXHARO Impm
g > 200 MeB/¢ COSRTp parMeNTAINE B3aMETHO OTANYASTCH OT HPSICKA-
saggoro. loxyieHo yrasamme, uTO IOBefeENe Tp, HaviHAeT OTAWIATECA
OT OXNJAGMOTO OPE TeX Xe SHAWGEWAX 4, .
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CORRELATIONS AND YERY INELASTIC ELECTRONUCLEAR REACTIONS
J.M. Laget

Service de Physique Nucl@ire - Haute Energie
CEN Saclay, 91191 Gif-sur-Yvette Cedex, France

The one body properties of nuclei are nowadays well under control. For instance,
the extensive study of elastic or inelastic electron scattering have made possible
precise measurements of the nuclear shapes, and the single particle orbitals have
been singled out and studied by means of the {e,e'p) reaction. While those results
have proyided us with strong constraints on the self consistent mean field picture of
nuclei, in which nucleons are bound by effective long ranged two-body forces, we are
sti1] left with the two following open questions :

- What is the nature, and how can we study the effects, of the short range corre-

lations 1n nuclei?
- What 15 the size and what are the effects of the three-nucleon force?

Those are very old problems which are still unsolved.

The reason {s that the meson and A degrees of freedom dominatr~1 all the attempts
which have been made so far to study the short range behavior of nuclel : the use of
probes of increasing energy requires to take into account the deformation of the
nucleon and to consider also the coupling with each mechanism which drives the nucle-
on-nucleon force.

While the study of these meson and A degrees of freedom in nuclef has been an
important achievement of the last two decades, the major task of Nuclear Physics 1s
now to go beyond and to study nuclei in kinematical regions where thelr effects are
strongly suppressed or with probes to which they couple weakly.

Therefore we are led to ask ourselves the following questions :

- What are the relevant experiments?

- How the quarks will show up in nuclear reaction?

- What is the size of relativistic effects?

Since [ extensively dealt with those problems in my Banff lectures/3/ last summer
1 do not reproduce here the corresponding discussion but I summarize the main topic §
of my talk.
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1. The study of the (e,e‘p) reaction, for small values of the photon four-moment-
um, has led to strong constraints on the D and 3He wave function, up to momentum of
the order of 500 MeV/c ref./2/, No freedom is left for playing with their components,
in that range of momentum.

2. While the Tow energy side of the D and 3He response functions {s well accoun-
ted for when the squared mass of the virtual photon is not too high (g2 ~ .2
(Gev/c)?), a significant discrepancy occurs when it reaches q2 ~ 1 (GeV/c)2. This is
presumably the most clear signature of the break-down of the picture where the vir-
tual phaton couples directly with an on-shell nucleon’2/.

3. The low energy side of these response functions is mainly made of rescattering
mechanisms, and involves the coupling of the photon to a correlated nucleon pair. The
independent study of the 3H(e,e'd) and the *H(e,e'NN) reactions in that kinematical
region is a way to study short range correlations. Such a study has already been
attempted, for small values of the photon mass, at Amsterdam’3/.

4. Today the cleanest signature of two-nucleon correlations is the spectrum of the
pretsns emitted in the continuum of the reaction 3Me(e,e'p)X ref.’%/ or 3He{y,p}X
ref./3/ which have been recently measured at Saclay. However the separation between
the transverse and the longitudinal cross section is still lacking. It will allow to
get rid of meson exchange and o formation mechanisms.

5. The most promising way to study correlations s the (e,e'pp) reaction. Selec-
tion rules strongly suppress the two-body currents in the transverse cross sections.
This 1s therefore the best place to look far the three body currents/l’6/. Meson
exchange currents and Ao formation mechanisms do not contribute at all to the lon-
gitudinal cross section. This 1s the best place to study in detail the two-body cor-
relations, provided that final state fnteractions are carefully taken into account
ref./7/. The study of this three-arm coincidence experiment will be one of the major
axes of research at the new few GeV electron machines.
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QOPMOAKTOPH 1 KBAPKOBAA CTPYKTYPA IETYAMMNY HAEP

B.B.Bypon, B.K.JIyxbsHOB
O0pemuHeREENR MHCTHTYT ANOPHHX HCCJHeHoBaHui, Jydua
B.H.JlocTOBaROB
LalbHeBOCTOUHNI TOCYHUBEPCUTET, BRIANMBOCTOR

P.ilapTHec
T'aBaHCKU! YHUBEDPCUTOT

I. Bpengxue
3KCNeprMeHTaIbHAA CTPYKTYpHaA (yHKuus AeRTpoHA A(qf)/l/, $o pu-
GaKTopu TPATUA S 3'l*He/3 M3BECTHH B UWNpPOKON OGASCTU nepesaHHHX
HMNYIBCDB 1?‘, yT0 N03B0AAET SHANM3XPOBATH NpPORBAGHMA “TOHKOH"
CTDYKTYDH 3TUX ALED ~ ME30HHHE OOMEHHHe TOxM "'“/, M300apHHEe CTeneHy
cBogonw !/, peRATHBUCTCKUE s&@ekwu/a'la/, 3JAEKT PRYEeCKul $Ofu 8KTOD
HejiTpoHs’ ®*/, Tpex48CTUUHHE CHIL , KBApKOBHE 3¢®exTu/I =197, Leno
B TOM, YTO OCGHYHWE HEPEJATMBACTCKUE NpPEACTABASHHUA O CTPYKTYpe RA6p Ipu
UCHQIL30BAHUL M3BECTHHX HYKAOH-HYKNOHHHX NOTEHUMSNOB HE MO3IBOJAET
onMCHBaT?I?OfSQSSTgE7 nerusiiuux azep B o6A8CTH $? >1 (I‘aB/c)2 (cM.,
HONpHMepy~+ 1S Y12y, BHA CHENSH DAA NONNTOK DEmWTH 3Ty NPOGREMY C
yyeToM pelATHBHCTCKAX apdexToB, Tak, B padore H@8 OCHOBE pelleHUs
COOTBETCTBYRUMX KBA3MNOTEHLMANBHNX YDSBHOHMA OWJO NOKB3IBHO, YTO Taxue
PeNATHBUCTCKUE NONpPOBKM HEBENUKH. Bolee TOro, MX YYeTr NpuUBOZMT K yBE-
NMYEHUIO DPBCXOKLEHMA TEOpUM C 3KcrnepumeHTOM. Jpyrodl cnocod yyera pensd-
TUBMCTCKUX 3ydeKToB B AGHTpone npuBen K OODATHOI'O 3HAKS, HO TAKXE
HEOOAbWHN, MONPSBKSM, KOTODHE HE B COCTOAHMM OCBACHUTH MMEHIMECHA 3KC—
NEepHMEHT3NIbHNE ABHHWE, ME30HHHE oOMeHHue TokM (MOT) aBARNTCH OOKAa 0C-
HOBHOi{ MO&€ B0, NpEeTEHZAYyWUEN B DSMKSX OCHUHNX NpeACTaBAEHUK O CTPyK-—
TYPe AApP3 HA ONUWCSHHE SKCHEPUMEHTANBLHNX ASHHWX 1O YBPYPOMY DB8CCEAHMD
3NIEKTPOHOB JlervyailmMuy napaun. B HacrToawef peyoTe NOCAELOBATENBHO pac-
cuoTpUl dopmakTopy melTpous, 3He. 3y u e ¢ Y46TOM ME30HHWX X KBED- §
KOBMX CTeneHeil ¢BOGOLH; OCHOBOW W3NOMEHMA CHy%aT DACOTH '14'22‘27/.
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2. Jlefrpon
BonnoBas QyHKLMA Z€WTPOH8 NpEZCTEBNAETCHA B BUX

Vime btV e ¥y 9}
raa YY" (M - npoexuus couHa AEeHTPOHA) ONMCHBEET OTHOCHTENBHOE ABH—
¥EeHME TPEXKBEPHOBHX KABCTEPOB, HYHIOHOB, MMEOUHMX COOCTBEHHHE (YHKLMH
Pu, Pp * Bropoll unes onpezenAeT WeCTHKBOPKOBYD cuCTeuy B npocreliueit
4% ~KOHQUIYp8UKY C KBSHTOBEMA UMC7AMM LEHTpDOHA, JNOKaAM3IOBBAHYW B
LeHTPaNEHON odndcTd ¢ paauepsuy nopAzka kope NN -cun r~re~ I gu.
B pedorax/I9'27/6uno noxassHo, yro Aad peamucruyeckux NN-norenums-
0B 3(QfeKTH SHTUCHMMETDHIBLUM MO0 KBADKEM, NPUHSZNEKAWLUM DI3HHM HYKAO-
HEM, BECDM8 M8NH M COCTEBAANT HECKOJNEBKO NMPOLEHTOB, TOLAS BHDAKEHHE
Ans fopudarTops LeHTpOHS NONYUBET ClEAYDUKA BUA i H

of 14122727/,

Fun = (€L Go +20.C F Fuc’ + G2 Feg) Smms
+(eg 6o +20.G «-:ZZ)SMM,(';,-)E Fo 8umm *FaShmr. )

311ECI> BaxHO npann.nsﬂo paccyuTaTh fopudarTop FE,,. np¥ GONBBUX

qo >>1 (I‘aB/c) . C orolt nenbo BHOMPa@TCA MOJAENB penﬂmnucmcxoro rap-
MORMYACKOro ocuuaaaTopa (MPIO) (cu., Hanpymeg padorTy ), rae
dopudenrop N -rBapKOBOK cucTeMn MueeT nuzx

Fag ) = (2 7,‘/2,1/: )'"éipf(rr-t)q,/[’v-tu (1+ 7,/2#,, 1f. (3)

BuzHo, qmo npy Goabuux 1‘ OH H86eT NPBBKNBHYO CTeNeHHYH 38BMCHUMOCTDH
~(q )™** | onpexeaneuyn npeBHAGUH KBApOBOTO CueTa’” /. Nispauetpe-
MR 3878un AEnsiorcE oy = N hok ( ¥ - ocumanAaTopHuti napameTp) u
MBcca .A(r,. . Tak, anA QopufaxTOps NpPOTORE F.'r,\ (” 3) 3/15/
TOJyYeHH SHAUGHNA LADEMOTDOB oL 3=0,5 (TaB/c)? u Afsy =1 T'sB.
Torga Zus GopudsexTopa F}‘V (N=€) uwecTMKBapKOBOM cucTeMu o =ZV& otz
= 1,4 }I‘aB/c)Z. JHaueHKe ﬂ.—} = 2,4 3B BuGapeM TOKMM %€, KAK 4 B
patoTe

B ypesuenmr (2) Ge # Gq 6CTh OOWYHHE 38pAADBRE M KBaZpynolh-—
Hut fopudaxTopu AZeRTpoHS, KOTOPHWE ME BHOBDEM M3 P8CYETOB HA OCHOBE pé-
paucTegeckoro NN -noTeHuMana. 3AEKTpUYeCKuit q)opmpam'op HeAT paH8 Cyi-
T8eM DEBHNM HyIn. WHrepde peHuuoHHNH gopubaxTOp Fl':E ‘<, BO3HUKAK-
wuil U3-38 NEPEKPHTNA BOAHOBHX (yHLui 'W'- '3 57,.— K3H8JIO0B, OK&3N-

B8QTCA ANA JeRTPOHA NPEeHEOPEEUMO HBHHI 7/
Tenepp OCTOHDBUMCA H8 YU6TE BHAGAS MBBOHHHX OCMEHHHX TOKOB, KOTD-

puft cornacHo oCweNnpMHATON KN@CCHQHESLMM olpeRENACTCA CALAYONMMI
nuarpannann/4'5"2’31/
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Puc. I, /[MBrpsMmMH ME3OHHWX OOMEHHNX TOKOB.

3JameTHM, YTO DBKTUYECKM BKHA3A N3PHILO TOK2 { ¥ NN - guarpsmumu,

puc. 18) ABNAETCA DEAATMBACTCKON NONPABKOM K BCAHOBOR QymKumu ZeliTpo-
H38, [narpaMMe NEpeHOPMMPOBKM (puc. Ir) UCKAWYINT ABoMiHOA yusT oOMEH3
ME30HAMK - B BOJHOBOMK (YHKUMN X B NONDBBKE K ONepaTOpPy 38pAaoBOH
NIOTHOCTH. kN OyAeM y4YATHBSTH B AuA8rpaMMmax puc. 1a,B,I OCMEH TOJBKO
T -M€30HOM, TOK K3K Bil3AH M3~38 OGMEHA CONee TAKENHMM f7 &/ -Me30Ha-
MU NPeHEODEXUMO MaJH 4 . BsaumogneiicTBune ¥ -KB8HT3 C ME30HOM, HOTODHM
OCMEHMB3WTCA HYKNOHH, ONpejenseT Bxnaz Py  -npouecca (puc. I0).
3MeCh MH YUMTWBAEM UWADMHY (O -ME3OH8 ( Tb = I54 MaB) coraacHo .
Cymvy puarpamyd oTnasu (puc. IB) # mepeHOpMMPOBKM (puc. Ir') Ha-
3NBANT 3PPEKTOM 3I3Na3ZNBAHMA. HoK NoKa3aHo B padorax/”/, pacuer Aua-
rpaMd (puc. I) npuBOZUT K MOABAEHNN LONOJHUTENBHHX YIGHOB B 38PAJA0BOM
M KBaZpynonbKom gopupexropex. Oionysrensro (e # Gg (2) npumuuair
cnepynuwui BuR:

imp  _FHN e et
Cea=Feq *Fea *Fea’ *Fea . #)

Bupasesun ana Qog_n'e_(paﬂropon, BOIHUKBUWMX BCINEACTBME yquaﬂnuarpauu _
napsoro 1ok fe.e b (puc. Is), P74y - npouecca Fc,ﬁ‘r (puc. 16),
8 TBKXE AMErpsaMM O0TA3uYM (puc. IB) u nepeuopnugogxu puc. Ir) - afpex-
T 38N53IHBOHMA Fe,q NpUBEAEHH B paOoTax/ 19,22 . 3768Ch MH OTME- .
TUM OCHOBHNE MOMEHTH BHWACHKeHMM. Nb BHOUpSNM BEPUMHHHE (OPMPSBKTOPH B -

Buze’ 22/
-t -t -1

K. =(4+7,%f,,,_) (uq,‘/A:‘) N KP',TJ,=(1+1_a/mj))'ol-=.‘h'hﬂ€'?m('(5) |

rae  Agwaw = 0,99 TaB/e,  Agpun = 0,77 TaB/cy Agpuw =Nz pwnr ',
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= 2,58 M'sB/c, mu = 0,784 TaB. Nlpu sToM K 0pU MBIHX 212 HMEaT

MOHONONBHHN BUA (MOZENB BEKTODHOM ZOMUHEBHTHOCTH), & RpA & —» oo
K((a) ~ a) 3 YTO MPEANUCHBBATCH NPBBMIAMM KBSHTOBO#t xpomozuna-
nnxu. TBKBH napauempuaauuﬂ (5) nBnAaeTcA GOmee coBpeMeHHOd, uemM npenno-
E6HHBA poHEe 4/ 1ex koK ocHoBaHa He LBHHHX BH8JAU38 3NOKTDPOH-HYKJIOH-
HOr'0 PBCcCERHUA

Hrok, peanuupyeu. HOMM NpeZNOAsraeTcsa, YTO0 C BEPOATHOCTEHD cz
AEATPOH COCTOMT M3 ABYX HYKHOHOB, OCMBHMBBDMMXCH ME30H8MH, M C BEPOAT—
HocTeD Ca MOPEACTSBAAET COC0it WECTHKEAPKOBYH CHCTEMY, JOHSAK30BIH-
Hyp B o6ascTn xops NN -cun u cocTosuyn npuMepHO HB B0% U3 KOHQUrype-
L4 CO CKPHTHM uBeTou/34/. Jyer MOT CaensH H8 OCHOBO COBPEMEHHWX
npeAcTssA6HUA © BEPWHEHEX (O puGaKTOpaX.

Hpenedperaﬂ KB8JPATOM MSTHUTHOrO $opMaxTopa, KOTOPHU SHBHMTGHLHD
wensue 6o *Gg RpH¥ MBMAHX ¢F P’y FT:, npK GOABUKX ; , 38nKueM
CTPYKTYDHY® (QYHKLMD B BUAE

2 2
AGH= B+ RGD. ()
Bec 86-xoad)urypauuu f!a n /“c% - Maccy f; - CHCTOMH OyZeM ompe-
ReNATh M3 YCNOBHA COBNSZEHUA € SKCNOPUMEHTOABHHME 8HHHMU (gf) Pe-
3ympTBTH PBCYATCB NPUBEAEHN H8 pUc. 2. B ngmouuuu KBHB8/16 MCNONE3I0BS—~
»8Ch NBPURCKBA BOAHOBBA PYHKLHA Aeﬂrpoﬂe

1 %4nowvo)?
W_1 2 3 ¢ s 6 7 8
AlQ?!
3
Na ™
‘\P"-\
. N S Puc. 2 2
p \\f‘-\ Crpykrypusn gynsuun A ()
‘~-\‘T —— HuByABCHOE MpHOAMmaHHe (HII) ;
= ~ = HI4+NOT;
—*=~ HI+HOT+6 4, c% =3,5%).

0 S0 100 150 200
i
W3 puc, 2 BEZHO, YTO B OGN3CTH OrDBELYEHHWX SHayeHMM 9 2,75 rpu 0~
THACAS C DRCNEPUMOHTOM MOEHO JOCTHYH, YYHTHBAR BKAAA TOMBKO MOT. To
X9 CBMO® COrxscue AOCTHI'86TCH, 6CIM H8pAARy ¢ MOT ZOGSBMTH eie BKIBZA
6g -NPHMECH C BEpORTHOCTHD &g =3,5%. llpy Gombuux cf > 75 qm'a co-
Iraacue ¢ HKCNEPEMEHTOM AOCTMr86TCH B OCHOBKOM TONBKO 38 CYET yYaTa
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BHI9Z8 61 -npuMecu Fc?, . Aana Toro uYTOGW NOAYUMTH Gonee OnpeleieH~
HyR MHQOPMBLMN O 6¢. -NpuMecH, HEOOXDZUMO M3uepeHIE :4(%2) npK
%2>75 (pu'z ¢ Goabwe#t TOYHOCTHW. OAHAKO BO3MOXEH M ApYyroil cnocod on-
peAeneHns PONM KB3PKOBHX 3(QPEKTOB, H8 KOTODWH BNEpBHE OHNO YK338HO B
pagoTe 6, - H3MepeHMe NONADPM3BUMM ZeRTpons B ynpyrow el -paccen-
Hun. Tox, BHpSKEHME AN TEH30D3 NOJNRPU3ALUK T20 AefiTpons uumeer

/22,26/ .
. " o= & (14x)/(1+X78),
X =2 FR/Ffq. "

B pBUOTG/ZG/ Gujla BREpBHE OCHBPYKEH3 CUNBHAA 38BUCHMOCTH NOBEACHHA
T20 oT 6<; -npumecy 1pa g ~ 5 lDM—I. B paGoTe/az/ OHJl PaCCMOTPEH T.20 c
yuerom Tax#e ¥ NOT. ITM pe3ynpT8TH NPHBEAGHH HA pUC. 3.

.

q {Falvc)

20 05 10 15 20 25
16
1.2
084 Puc. 3
0.

0 TeHaop nonapu3suuy ZelTpons
:g-: T,g. OGoaHgueHus CM.Ha puc. 2.
1.2 JKCNepUMEHTaNbHNE ABHHHE B3ATH
4 13 paGOTH .

20

0 2 ¢ 6 8 1 22 1

. atoh)

BuaHo, 4TO YYET TOoALKO MOT npuBOAKT K CABATY NepBOrO Hy:f T20 npunep-
Ho H8 0,6 q;u'i (wTpuxoBes MMHMA). BHINYEHNe Ze KB3DKOBHX 3QPEKTOB K3-
YeCTBEHHO MEHAET NOBEAEHHE TZO npu 1,>A'+ ¢u . MocnenHee OCOOEHHO
BBEHO B CBA3M C NISHAPOBEBHMEM JKCIEDUMEHTOB No k3Mepenuw T,q B aTol
00nacTH A . Cnexyer oTMeTMTH, YTO "nnaTooGpasHoe” moBeAeHUE TZD
HACONWA8E TCA NP AOBONBHO WADOKOM BSpHMPOBAHMM HBpaMeTpoB Ca u.,a;,} .
! BooGume, MOXHO OMMZSBTB, YTO MOCKOABKY BxzAax MOT orpsuuuMBserca 00~
NacIso 2< 75 @'2, T0 BCAKOIO POA8 Apyrue moingpuxauuu MOT He nosnua-
0T 4B BHBOAM O BKASAE 6§ -NPUMECH B A (1,2)', Taoly).

3. QOpMQaKTOpPH 3He, 3H
BoZHOBY® (yHKLUMO TPCXHYKAOHHO{ CHCTEMH 38MHMLEM B BuAe 14/ (e,

pHC.4): Y o= e W rC + Er (8)
Tsaxoe NpeACTaBAEHMS NPHBOAMT K OGUEMY BHDIKEHW® -ANA  (opMParTo-
pa/ 14,24/, N TS
Ff_u =Cy Feo + F;pT + F;;T'J (9
2
ras Fepr =2 Fae +20GFe , (o)
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Puc. 4
TPeXHYKIOHHEA BOM-
HOB3s QYHKUMA.

Fs;r’—‘ c: Fss +2e65Fs +2¢e.05Fas . (11)
3mecy Fe1 ecTs gopupakTop 3-HYKAOHHOW CUCTEMH, DBCCUYMTHBIEGMHI B
HYKIOBHOM KBH8Ne. TBKHEe BHYUCHAGHMA OWAM CHASNAHHW B DAMKAX ypa8BHE HM
0ameexa/n-38/ { —+*— B8 puc. 5,6). QopudaxTOpH FE‘,.T u 5,7—
MH paccuuTHBaAM B MPI0 ¢ MCrONBE30BSHUEM ACTPOBCKOIO THNA NSDEMETPH3E-
MM A% BORHOBWX QYHKUuA OTHOCHTERBHOrO ABUXEHMA G;: " 3;— rnscrepa
HB MBJHX D8CCTORHUAX. OK83WBSETCH, WTO UKTeppepenuua Fz, u F23 ur-
paer BeCHM8 B8KHYD pORL. Ee¢ yyer NDHBOZMT K TOMY, YTO SMIIMTYZY 69—
NpUMECH NPUXOAKTCA BHOMDPATH OTPULATENBHON, C2<0 . Torms nocrneiHue
yneds B (I0) u (II) CTaHOBATCA OTDULBTENBHHMK, 8 TAK KAK MMEHHO OHM
XZ6NT HeMOOXbUMY BKASTL B E%,— B Fzpr cooTBeTcTBeHHo, T0 M Fop g
' FQ;r GyAyT ASBATE OTpuuaTe nbHud BknaA 3 Feyn . Ha puc. 5,6 npu-
BeZleHH pPE3YNBT8TH DPAcyeTs U CPOBHEHME C BKCNEDHMEHTOM o pudsxTopa

He.

1
*He
107
4y 1
10.ﬂ ! \'\\ N Puc, 5
\\ kﬂ l dopuderTop 3He.
'\,\ ’\_< —.— AMOYABCHOB npudnuxenue
v PRl 7
° V —— (Fan| (€1 =1.0092,
0 1 2 3 G =-0.3927,
a?,(TaB/c)? Gy = 0.0736),
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) v — Puc. 6
QopubakTop 5He.

He
To #e, 4T0 # Ha puc., S5, HO C
y4yeToum MOT no peuenty paco-
10‘1 TH
}
T i RN
* DN

(=)
3
7
7/
7

0"

a2 (TeB/c)?

Buano, 4To B 0CNACTH BTOPOTO MOKCUMYMS AOCTUTLAETCA COr/acue C 3KCNe-
DHMEHTOM MMEHHO 38 CYET OTPHULATENBHOr0 BKAAA3 F}$1. . Ha puc. 7 npu-
BeAeHN MHTepde PeHUMOHHNA (JODNMPEKTODN.

i 2 3 0 i 2 3

o, (T2B/c)? o, (TpB/c)?

Puc, 7 kuc, B
VaTe ppepernmonnne HopNHarTOpH: PopudaxTop AApa “H: -
I- 1Feyrl 52~ VFayrl — IFep { §  wrpmxoysRTEp -
wrpmuyEKkTEp ~ | F1a} /3% {R1/39/,

HeTpyaHO 38METHTH, YTO B CAYY38 NONOXMTEABHOTO F;,r-@opMQBKTopa Ha-
GapRanca Ou MUEMMYM TpA "nepeceuysHUH" KpHBHX E;rr w Fee , xomopuﬂ.

L]
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B IJKCHEPHMEHTE HE HBONWZBETCA. IT0 6ue OZUH SPLYMEHT B MONB3Y BHOO-
P8 OTpUUATENBHOIO 3HAKS SMOIUTYAH €z ,

AnByoruyHye BHUMCIEHWA OWIN MPOBEASKH ¥ ANA (HOpu@aKTopa 34 ¢ reun
%€ NB8paMeTpaMu (CI =1,0092, CZ='0'3927' C3=0,0736). 3 puc., 8 BUAHO,
4TO TSKWUN 00pasou yA8eTcA o0bACHUTH nomejerne Gopudaxrops “H Bo Beell
00AgCTH M3MEPEHHHX NALEABHHHX HMNYIECOD :|@F:5 0,9 (PaB/c)z. B aTou
CMHCJI8 pacueT F}: OKB3HBEETCA (83NaPaMETPUYECKHUM. [Ipu 3TOM COI'Z8CHE
C BKCNAPUMEHTOM ZOCTHI89TCA H B HOUGONEe KDPUTHYECKOW oOMacTH BTOPOro
M8KCHMYM8, YTO OCHYHO HE yZ88TCA CAENSTH NPH YYeTe8 TOLBKO HYKJIOHHHX
cTeneHeit CBOGOAN. . '

OTMETHM, YTO IAA AZED 3H, 3He 30)EK THBHHU BKNSK 6~ U 3; -npu-
Meceft, onpelenneMult agsueHMeM Ft,r )4 F},r npu g°"= o , COCT&B-
nseT npuMepHo 2% u 0,0I%. D10 cBA3aHO ¢ TeM, 4To B (I0) u (IL) uHTEp-
deperumonnne fopupskrops 2C«CeFez u 26283 Faz Bxomar ¢ oTpuus-
TeNBHHM 3HEKOM (CZ-:O!). YT0 NPHBOZUT K YOCTUUHON KOMNBHCAUMM OTZHEIb—

HHX 9IEHOB B F";,- K’ F},r .

4. QopudaxrTop 4He
4 3,a./25/.
BuGgpeM BOIHOBY® yHKUMO AZp8 'He 8HENOrMYHO ~He :

Y, + C; +C3 + C, @
OO O

Puc. 9. BonroBan QYHKUMA AAPE 4He.

Torga §opMPBKTOP NPHHUUMAST BHA CYMMu:

Fole = i » B #Fopy By 2
rae
F;g‘r =¢¢z F;l *25162 Ft& ) (13
Fagr = Cs Fag + 20,85 Fys + 2c2¢5 P, (14)
F;._,,= efi—; fZC‘G,ﬁ:q +2Cy0, K5, +2Co8 Fay. (I5)
3zeCh Fey - t~9ocTHyrud QOpNQBKTOP B HYKNOHHOM KOHENE, KOTODNH

BHYUCAAACH B PBGOTB/Z ¢ NN -noteHuuanoN Xsuszau-IXOHCTOHS C BHIN=
YeHMOM TPEXYBCTHYHHX CHMJN. KOHKPETHHE BRPEREHUA ANA OTAGNBHHX 4acTel

F;:  wmoRHO NONYWMTH, HCHOXB3YA BHKIANKA B padowax/l4'24/.

t
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Puc. IO nokeswBa@T BKNSA B (OPMPEKTOD OTAENBHHX KOMMNOHEHT ";, 7

F;,T u Fiz,, (Kpuswe I,2,3 COOTBETCTBEHHO). OK33WBAGTCH, 4TO 3uN-
RRTYAY 61,—npuuecu 02 3A6Ch TBKXE HEOOXOZUMO BHOMpPETH OTDMLOTERLHOHR,
T8K KaK TONBKO B 9TOM CJIyuas MOXHO NONyYATH cornacne C 9KCMEDUMEHTAAB-
HHM ASHHHMA B OOnecTd uekcuuyus [ Fe./ npu g 2~ 0,4 (I'sB/c). Aua-
nus fIOK83HBAET, qmo BrasA Fege  Oyaer onpenenﬂnmun npu
% 2.0,4 (I‘aB/c) s Feer = Npu 0 447, <1I,] (I‘aB/c%< u F}V--Z
npu I Icq, <2,5 (I'aB/c)<. Bxnag FT,E% B ocnac'ru$ 2,5 (I'aB/c)
NpaHEOpPEXUNO MBI, NpUYeM Fgazr <0 . Lan BuAcHeHuA ponu Fezgr
HEOOXOLUMD MMETH IKCNEDUMEHTSJABHHE A8HHWE NDH 9 2>~2 5 (I‘aB/c)2

Cornecue C SKCNGDUMEHTONBHHMA LOHHHME nonyvasrca (puc. II) npu
BHGODE CIEAYOUMX SMINIATYA MHOI'OKBSDKOBHX npuueceﬁ:cz=—0,42. C3=0,112.
C,=-0,015.

2 3 2 3
@, (I‘eB/c)2 q?,(TsB/c)*
’ Puc. 10 Puc. I
WHTe pde pe HilKOHKHE (O PMPEKTOPH ¢opudsrTOp He.
“He, - Fgy] w3 pacowu/H/
— Faul (12).

CnezyeT oTM@THTH, YTO B TEX panoTaX, I'Je He YUATHBEETCA HHTepdepeHIMA
K8HBJIOB » NPUXOAMNOCE ANA WMMTBUMM MX BKIBLS nudupan OTpULETENB~
HHMM BEDOATHOCTH MHOTOKBSDKOBWX Npuueceil €r <O ,e8<0 ,ef <o,
4TO MCKANYBET (MBMYECKYH WHTEPNPETAUUD NOTY4YEHHOR NapeMeTpH3EUUN ABH-
HHX 3KCINe PUMEHTE,

WTex, Haw sHamma nonaaunaeré yTo0 B AApE %He sumaz TeCTHKBAPKOBOM
npAMECH C§=I7,64%, 9g-npHMecH C;:I,ZS%,!Z;‘,-npuuecn CE:0.0?_%. 9bpex~
THBHWA BKI8ZL 64-, 91_—, IZ@-Kauanon BCJIG ACTBME T8CTHYHOH KOMRBHCBLMA
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WHTephEe PEHUMOHHEX M "NPAMNX" GOPMPBKTOPOS OKI33NCA 3HEUMTE IBHO MEHB—
ne: |Fer (O7,3-1072, [Fayr (0)8,2:1073, IFragr (OdI0™. Oruerum,
q9T0 B HSCTOAWEE BPEMs MMENTCA MOJEIK , [peanonsrspuue CywecTsoBa-
HHE B fAApe “Ha TONBKO IZgrcucTeuu C OYeHp GONBWOM BEPOATHOCTHI:
I104I5%, nonyusouedCa BCHEACTBUE NPEHECPEHEHHA BKISIBUY 67:~n 9¢-npu-
Mecefl ¥ uHTepdepsHUUER HYKAOHHOrO M KB3PKOBOI'D K3HSNOB.

5. 3aKknoyeHHe

/1</§esosuoxuo O0BACHATE GOPKPBKTOpH mErgajiuux agep B0 BCel oGnac-
TH M3MEDEHHKX NEPEASHHNX MMILYIBCOB TOABKO 33 cuer NN -cul.

2. Brniovenue NOT,ynyuduseT COIZ3CHE C DSKCNEDMMEHTOM NpH CLEeARMX
NEPefgHHNX UMRYNBCAX A < 75 @u"z AnR AKefiTpoxs.

5. llpepnonokenue O CYWECTBOBSHMM MHOTOKBAPKOBHX CHCTEM B AZPaX
R8€T BOIMOXHOCTH OOBLACHHTH 3KCNEDPUMEHTBNBHWE ASHHHE BO BCE| O0NBCTH
H3MEPEHMA.

P UHTeppepeHUMA HYKNOHHOr'O ¥ WECTHMKBOPKOBOPO KBH3NOB B CNAGOCBA~
3s4HOl cucreMs ~ ZeilTpone npenegpexumMo MBN8. B TO e BpEME UHTEple-
PEHlKA B CHNBHOCBA3SHHWX sAzpsx ~H, ~He, “he rpsaT onpenelirnlyo ponb
B OOBACHOHMM BKCHEDPUMEBHTE.
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SABKTPOMATHHTHAA CTPYKIYPA HEKOTOPHX
COCTASHHX AAPOHHHX CHCTEM

B. B. Tpomuxmi
Hay4eHo-HCCIeNoBaTaNBCKAR HHCTETYT AnepHod asmxu MIY, Mockpa
C. B. Tpyoumxos, B. A. Pomanos

XaprroBORMY T'OCYHAPCTBOHHHN yHABODCHATET

B peaatuBucTOKOR szepuodt (M3WKe BOchMA BAXMMM OPeACTABAROTCA
NIY4OHM® TAXMX ABNGHMA NMPM NPOMONYTOYHMX M BMCOKMX JHOPINAX X Nope-
ZOGHHMX MNMYAbOAX, XOFA& POAATMBMCTOKN® IPjoxTH Yx0 ABAARTOA CYNOCT-
BOHHWNM, & HOTPHBMAXbHMO XBApXOBM® CTOMOHK 0BOGOAM 6m6 ApPKO HO npo-
ABXKARTCR. B 2702 cuTYyAUNM B 3X0XTPOANHAMMKS AXPOHOB HEOGXOZNMO pas-
BENBATE DasHooOpa3HWE oneuufuYecKue ueToAM. D HacToAmed padore HA oC~
HOB® POAATHBMCTCKOro MOZX0Z& PRCOMATPMBANTCA C 8ZMHOR TOUEM 3pe-~
HER JAOXTDOMATHETHMO (JOPMJAX TOPM M PasSANYHEO CTATEYOOKMO XapaxTopmc-
THKN TAKKX COCTABHMX AXPOHHMX OMCTOM, K&Kk XOWTDOH, HeKQTOPHO Xeryad-
ame sapa, f\ -runspon u ue’gpgy. PosyasTaTu moxxoza AR ned-
TPOHA CyMMEDPyRTcA B 00sopax ‘/“*-/, Jaeck npexcTABAGHE TO HOBHO Po-
Sglbﬂﬂl RAR_AOUTPOHA, & Taxxe xA% axpormwx ( /A , . ) n smepuux
CLrs “Le .730) q?uoun, KOTODHO WAM HO BORAM B HAN XOKXAX Ha Npanu-
AYROK coMMHADO / , MAM OMAN DOXYYeHu 7ocn ero npoBexeHNA. Haloxe-
HHe YACTHYHO OCHOPAHO HA padorTax >-18, .

B nioxxoxe JAOKTPOMATHUTHHE Jopujax Tops Gb.s_(Qz) AByX4ac-
TMYHOI'O CBASAHHOI'O COOTOAHMA ¢ MAOCOA Mb_g‘ Bipaza®TOA 4opes Ixexk-
TPOMAPHUTHES POPMPAXTOPH GOCTABEANEKX CNCTOMY “ACTHU, KaM18A U3 KO-
TOPEX HBXOANTOA HA MACCOBOH MOBOPXHOOTN, M 46pPeS (&3 BI&NMHOrO pac-
CcoSHNA COCTABNABRMX B XAHANG O KBAHTOBMMN YMCIGMN CBASQHHOIO COCTOR-
HNAS

o0

o ({ aB(8) fols,s; Q3 6,6.)a8()
Gb.s,(O)—SS 2 (s-M2)(s'-MZ)

(Mg My)
Bxoxamas » (I) warpuumas gymxums A B saswewr 1oxsx0 or magopos
IKGNAPENOMTANSHUX (RIOBUX CABNTOB, B KOTOPMX GOAGPENTCS BOS ANHAMN-
4eoKAN NNGOPMAUMA O DSAKNOAQHOTANN, (OPMMPYBROM OBASAHNO® COCTOR=

dsds’ (1)
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Hxe D . NaTpuuNas d’yunum io 60Th AATeOPAMYO0KAA PYHXLIMA MHBADMANTHHX
nepeMemix S , S’ N AMHORHAR quu:uux 3XOK TDOMATHNTHUX
fopupaxopos oocmnﬂux G (0 ) . G, (@ )

AXA KOBKDOTHMEX OMOTOM npuomueuue (I) MPKBOZUT K CAGAYREMM po~
sy.nmm.

1. JeldTpoH. B 3TOM pasnexe WM HO GYAOM MOPeUHCAATE BCE POSyAb-
8 Ti ng 2705175 TPONOSAKN® (ODMYXAH, KGTODHO MOTYT OWTh HARANOHW B pa-
dorax & OrpaNNiKMcs OGCYNZOHNeM AByX HanGoxee namuux (xoTa u
npunplmbuux) pesyas1aTon.

QaHot M3 BREHORENX 38384 TOOpNM IOATPOHA ABXAGTCA O0OBACHOHE® Go-
BOAGHNA NPOAOAbHOH 4aOTH A Q COYOHUA ynpyroro ed -paccennus
BO BCOM WIMEDOHMOM mHTepBaxe 0 < G < 205 4 gu™ Onuo U3 BOSKOE~
HUX OCBACHOHHA MaAXOHHOrO yOumamug A ( Q ] poc-rou Q , Ho TpO-
fynsee npuBIeYOHWA KBAPKCBLX CTENOHOA cBOGOAM, NPUBOAGHO B + Ono
CBOAMTCA K BHOOPY HOTDMBMANBLHOR Mapane TPMIALNN GE.,( G2). 3nech wu
NoAYSPKHOM, 4TO B npoGiewe onucamus A (G pr CoabmuX 3IHAYEHHAX

? 4uemToA N ADBa APYFHX ACHOKTA.

llopeud acnexT cBASAH 0 POSKMM POCTOM BOANUMHH DONATHBUCTCKKX O¢-
q:euo7 Iypu yBeXNYeHUN Q + My yxe HO0;HOXPATHO OTMO4AXM, Y10 B Nox-
xozne PeAATHBHCTOKNO NONPABKH £ (GOPNPAKTODAN ZOHTPOHA MOACKKTORE=
Hu. MHBMM caoBaMM, y4eT TaEmx
MONPABOK B NMPMHUMA® pPeafHsyer
TOHYOHUMO K OCXNEOHMD TOOpE-~
- A(Qz) TUYOCKHX ¥ aucqlepuueuranuux
1071 suavenu A (Q?). Pesyxsraru
PaoyOTOB B OAHOM K3 BRDHRHTOB
- MOAXOAG npeacTaBAGHE HA
10-6 ] N puce I. BKgHO, 4TO Zaxe mpm

N TPAAKUMOHHOM BHGGDO HYKXDMHEX
N :popuqm::opon (» oM uncae
10-3 N Gen(Q Y0 pexnrusuzc-r-
i > 3 ckue sdpextu B odxaomw (<>
S - > I00 §x™< woryT zocTurarts
1 -1()’- ‘i CTOXb 3SaNOTHOH BOARUMHH, 4TO
0 [12 qbﬂ_z s onucarmn A (Q?) npaxmuye-
? CKH MCYO3ENT DOSAbHWE [1D0TH~

- ) L L 1
g 40 80 120 160 DPasyueemn. AXA NoXHOTO
onpaneNoHNs (opHPARTOPOB CBA~
SAHHOTO COCTOAHHA HOOLXOZMMO
3a1aTh SHOPTHW CBA3IE K HOp—
MHPOBOUHYER HOCTCAHEYR.

Pxc. 1. A (Qz) B POASTHBUC T-
okOM mogxoZe (ETPKX0BAA) M HepeAR~

uslorgxou npucsumeruM {cnxomuan
XpuBASK
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BOpeYMS MOANY TOOPHOHA M IKOHEPUNOHTON G603 BUAVYOMUA XOHOXHMTONSHUX
cTonoHeR ¢cBoGOAM B X6RTpONS,

Bropod aonextT NPoCAGMM OMUOAHMA A(Qz) COCTONT B TON, 410 B
noAX0xe SABNCHNOCTS 2XAOGKTPOMATHHTHEX fopMPaKkTopos AeRTpoHA M, Q
0T AONYCTMNOr0 DBHGODA IXONGPHMEHTAXBHUX np =(a30BUX OXBErOS B
npapexax HMeMEMXcR PasoBHX AHAANIOB uaqfe-mn pechMa OMEMHOR YyXO Hp
G~ 1 (FaB/0)° & PacTeT G POCTOM Q% Goorserorsysaue pesyastaty
ARA ch OLAM DBHOO ONYGAMKOBAHM B /1 « 3Reck HA pNo. 2 mpeR-
CTABAGHA SABNCHNOCTS KBAADPYHORL-

10} . GQd Horo gopupaxtopa aedzposa Ggd
\, 0T BMGOPA PASANYHMX IKCNOPNMeH-
\ TRABHUX HAGOPoB S, 5D,' X
11 \\\ 551 -$asoBux ofBNrOR hP -
N pacoefnNs. BuaHo, 4T0 2TA saBN-
- CHMOGTh BECBMA OYROCTBOHMA: Me-
10 . POXOX OT OXHOTO moog x Xpyro-
N My MOHAOT 3HAYOHNO d  nou=
- = 32 4 | T B TpW pasa npa in 50 pu~2
10°| PosATHBNOTOKN® NONPABKN XAS BCOX
| H800PoB np -jas npx Qa <
-3 02’ e < 50 §n~° noXoANTEAMMM X OTHO-
10 R , | R ouToxbHO Hepexmxu (HO Npesumant
0 20 40 10%). B xaxsHelmex Suxo Ou MHTe-
Puc. 2. Beamuuna qu g8 01 peoHo NPOBEOTM TAKOA X0 AHAINI
pa3xuiHux nP -¢as (cnxomuue A( Qz) npe GoAbENX QZ .
KDHBH®) H DOXATHBMCTCKNO SHAYOHMA Hsydeume JascBod 3ABMONMOOTE
Ggd . cooTsetcreysmme fase A (Q2)uoxer cynscroemio usxe-
I (uTpuxosas xpupas). HNTh "NmpusuuMue* sHAYeMNA ?TOR
BOANYNMH.

Apyrof paxneilmeil npoGaemoR TeopuM XSKTDOHA ABEASTOS ONNOANNS NO-
nepevHol 4aprTu B(QQ) ceqsHNA ynpyror; ed -paccennns. lossxeune Ho-
BUX TOYHMX BKOAGPMMOHTAKBHMX XAHMMX 19/ B 06180TH st 1,3 (T'sB/c)“
XOXAOT 3Ty AposAeMy 0coGeHNO muTepecHOHd, Hama Touxa speHmA cOOTONT B
TOM, 4T0 2KONOPEMORTRAMNNG suaverNR (rpmy Qz MOT'YT OBNAOTORIOTBOBATH
© CYRGOTBOHHOM OTKAONONEX MAPMNTEMX PopKPAXTOPOB HORTPOHA N RPOTORA
;:ux-::lséuoro 000 THORSNA Gﬂu(@z)/f‘n’cnp@?)//“r (noxpodHee on. ‘-

2, Hexozopue ieriatame sxpa gﬁL.', U ,730,...2,. loaxox /v
MOZHO NPNMOHATH XA NIYUOHNA JXOKTPOMAINNTHOR CTPyETYPM Tex Jerdai-
ENX AA6D, KOTOPHA XAPAKTOPNIYSTOA ORABNOA ABYXUACTNNNOR XKASOTOPASAUN-
eil, ITOMy ycAosuD yAOBAOTBOPANT, manpumep, Axpa ~Li=ol+d ., Li=

b
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sol+d "Bo= ol+ JHe ADP. Bsammoaemorsxe, “oxxexpasyee” sAzpa-

KIROTOPE B DACOCMATPEDAGNOS AP0, NOXNOCTH YUNTMBAGTCR HODeS nxghie~
pumeHTassEus (& TaM, PXO MX HOT - 49p93 TeopoTHYSOXNMS) (AI0BuG OABN-
PN PSCOGJHNS SASDP-KIACTEPOS APYT B APYré B X&NAI® O KBAMTOBNMN }?37
XM PRCOMATPESAONOrO SAP&. CoOTBATOTRYRENS (OPMYAM NPNBOASHE B .

- 1
3600 & , 1pad Gan Li
R e :
L ot -kt | (52 .
‘\ / = '\*;’ .
180 I \\‘ ! 2 \\\ 3
\‘\ 4 .’ 3 ' I
e y 2 \
N \ 0 -Il Gy R
\\\ \\\‘ El’M9B i \\\
‘\~- T ~‘\__. - az, m"-z \\\
0 ) alasr 10 . N .
0 100 200 300 0 2 4 6 8

Puo. 3. .53/2 -jasa oft ~
paccanmus (onxowsad xpusas) x
062207s o0 papNALNE (STDNXORNS
xpusue). Touxx I m 2 orpaumimpa-
BT IKONOPENOHTALINYS (ESY.

Puo. 4. KsaapaT noanoro sa-
pAzosoro Jopupaxtops apa ‘Li w
BRISAK B NOID SAPAXOBOT'C MOMO=
moxsmoro oo N KBARPYTIOXMHO-
ro GZo gopupaxsopon.

Ha puo. 3 npaxomamxema ssamas ms /2% gasa of{~paccessns, xoto-
PAS NCTIQXB30OBARACL NPN PEOYTS upuorm wouonoxsuoro (&o) x xma-
APyROZ5NOTO (Gcz) gopudaxTopos mapa ‘Li 3 ocHoBNOM cocTORMNR. Po-
syAbTATH PacdeToD np, e4U HA DNO. 4, YopoNeS cOrESCN® O IKOHSpMMEH-
TAXBNMMN SKAYGMNAME topugaxtopa G3 G?) ovenmano. Aaxes, npx
yasauxot xa pro. 3 sapmaumm o t-gasu musmonemnu F23ay0 paonpaxe-
AONRS 3apAAA B 32Pe 'L/ xawemsercs B npexexax {'C > . 2,31 ¢
# 2,50 gu, 4TO MAXOAMTOS B PASYNMON OOrf30SN C OKOROPNNGNTRIMEGR B~
amumxoit (2,35 & 0, I0) du. Anm KBAApPYNOXBEOro NOMBMTE mADS 'Li noxy-
waeton smavemne Qi = - (3,6 + 3,8) @ (sxonepmment zaer GQ; =
- - (3,70 1 0,08) @ /2%,

Moxoas w3 ruGpuAkoR (sxonepuMentaxsiud HAGOP MABG TOOPETAYGIXOS
POACANGNNS B OGAACTS GOXMNNX 9HOPral, AHANOINYHO FEASARECMY HA pno.a)
dasu ol “He~pacoesuna ZXA OTATHUSOKNX MOMONTOB AXPA 'Be B QoMOB-
HOM GOOTOALNN BiYNONOMNA NPUBOANT K CASRYBRRM DOIYEDTRTAM: <'¢’>ﬁ52 -
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= 2,3 22,5 ¢n, Q'lge = (4,8 + 5,1) d)lz. K coxaxensm, 2TH SHAveHHA
OpPaBEUTh HO C 4YON, MOCKOABKY B ROCTYNKOR HAM ANTOPATYPS OTCYTCTBYDT
KAXK6-3MGO IKCUOPHMOHTRABHNO AGHHWE OTHOCMTOABHO CTATMOMOHTOB 'Be.
326ch YNOCTHO QEGXATH CAALYDRN® SaMeuaHEA. HspecrHo (oM., Hanpmuep,
0GCYXEOHM® B / ), 4To wuTepec X M30TONy 'Li B 3HAURNTSXBHOZ cTeNOHN
OOpazexA6TOS GOXBMEN SHAYOHMON IXCNOPMMOHTAXMHOI'O KBAAPYNOABHOTO MO~
MOHTA 3TOI'0 RAPA. JTOT PAKT OXASWBAGTCA CYNOCTBOHMHEM B CAMHX PAsHO-
0GpPASHHX OGRACTAX = OT ANOPHOA PMSMXM ZO (MSMKM TBOPAOro Texa. Jaa
AAP® ‘Be uu mpenckasusack oR6 GOXABNGO SHAUOHMO BEXNYMHM Q«vg,_ « Kpo-
48 TOro, TAKEe NIBOCTHO, 4TO MSYYOHN® CTPYKTypW snpa Be npeacramazer
HOCOMHEIMLA NHTODOO B ACTPOPMBNYOOKON AcioxTé (MPOGAEMA COXAHOUHMX
HeATPuHO). [l0aTOMy Kpaute XeXaTeAbHE IKCHOPHMOHTANBHHO WSMOPOHNA
oTaTMOMeHTOB Tag, , ng,_.

Moxy4euN TAXXO AOTRABHWO DOSYABTATE OTHOCHTEABHO (DOPMPAXTOPOR M
OTATMOMOHTOB AXP& “Li B OCHOBHOM COCTOAHuN. [lockoabky 3xcnepuMeH-
taxpuue S - B D-gasu o{d =paccenuMa usBecTHM B CPABEMTOIBHO YSKOK
00A&CTH IHOPTuA El, < 60 NeB, To AXA MOAHOrO PACYOTA CTPYKTYPM RALA

L. HeoOxoammo, xax u B cayiae ot -paccesuns, Juxcupopath peyent
NIPOAOAKOHMA oAd ~pasy B 0GXAcTh BHOOKMX IHOpIruM.

B sakinieHM® 3TOro pASXOX& MOAYOPKHON, 4TO HEOOXOZANNO NPOBOCTH
HoBue gasosue anaxusu o{d -, oLt -u o(.ﬁﬂe-pacoeuunn B WKPOKOM MH-
TopEAN® 3HOPrdA. HAGTOATOABHO HOGOXCAHMH TAKX® HOBHO MSMOPOHMA JX6K-
TPOMATHMTHUX POPNJAXTOPOB AA6pP 'L . MOCKOABKY MMOBENOCH IKCOOPM-
NOHTGALHEO ZAHHWO OMAH NOAYYOHM AABHO, B ysSKkod oOiactn M xapak-
TOPMSYRTCA HOBMCOKOK To4HOCTMN, HANNUNG 0OOTBOTCTBYNRMX IKCMOPEMON-
TAAbENX PO3yAMTATOB %7 CPOAHEX H COXbRMX Q 2 MOYBOANT B CYRymoM
MOMOABSOBATS NOAXOR AXS ROTAIBHOrO AHAKNSA POXATMBMCTOKMX Ipdex-
T0B P fopufaxTopax Aerdaimux azep.

e A =CNNOPOH. B KBAPKOBMX MOZGASX &XAPOMNOB (peus maer o mome-
AAX HOPOAATABMOTOKMX COOTABXABRMX KBAPKOB), K&K MSBOGTHO, MAPHMTHMN
uOMOHT /\ -rMOepOHS HO BYNMCAAOTCA, & ABIAGTCA BXOAMMM NADANOTDON
TEODUM, MO KOTOPOMY PUTHPJOTOR MALHUTHWE WOMOHT OTPAMHOrO KBApKA [Mg.
Takod cnocod UcnoA3yeTCH B 60.lbll70150 pacoT No BWUNCESHMD CTATHO~
M8HTOB GapuoHOB. B pamxax noaxoaa I/_ BOAMYMHY [{n MOXHO BUMECANTD,
OcAM M3BOOTHA yOpyrad wacrts fa3u AKX -pacoesHns B xaHaxe ¢ KBAHTO- .
BEMM HHCAANM « COOTBOTOTRYARM®O (ODMyAM AAA POARKTUBMCTOROI'O MAr-
HETHOI'O MOMOHTS KMONT BHA

ﬂ:‘r((*i)ﬁ/\. " (2)
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L5 2 - o]
egla-perpe-ey

= -0,45 am., 3)

oe 2
€ K QM:;_ 2”‘1 1 JE(AK'P(E)) olE =
2 (Mi+mz) JQ”‘: "’JE"'Z’D, JE +2m,
o0 - )
2
- (E)
x g(“"( ) dE |
JE
o
rxe m, - wacoa K™ -uesona, Mg = Maoos npotoma, Ayp (€) gypa-

ZR0TCR YPe3 IKOMGPNMOHTRABHYD

180

g0}

0

6901

NK~NK

-90]

Puo. 5. 3xcae
P01 -jasza

OPEMSHTAXbHAR
~PaGoeAHNL

(onzomuas kpmBad) M 98 npoxox-

zeune (mrpmxonas).

TusxoroRoe (3) x pexatusnorcxoe (5) suavemms M. 3 MK

oy -pasy K p -puocennun
CoorBeToTRYRRUR HAGOP (a30BUX
CABNI'OB NPMBEASH HA puc. 5.
Buumoxeunr ¢ stod fasod gant
AXR PeAATHBMCTOKOTO ¢daxTopa
suavenus £ = 0,25, npuso-
AANSS K BOANYMHO MB™HHTHOIO
MOMOHTR
Mas == 0,56 auu. (5

Jra peawunsa ¢ BF-sod TOuHO-
oThE OCBOAZAOT C SXCMOPMMOH-
TARMHUM SHAUGHMON A =
=« 0,614 # 0,005 A n. Hure-
PGCRO oTNOTNTI, Y70 B 3aZAl6
BHUNGASHNN A AposBIAeTCA
0BO60OPASHAA X BADK-AAPOHHAR
AYSIMHOOTH: UMCEOMMO HOpBAA-
=MOR QRN

APAKTHYSCKE QOBIKARRT ¢ COOTBOTCTEYURKKN IAAVOHNAMN, [OXYIOHEHMM B
HOPONATESNO TOKOR KXBAPKOBOA WOROXN N MOXSAM XMDASBHEX NONKOD,

Taxux 0Gpasox, Popqnsa MK ~PRGCOAHNA COXSPANT MHPOPMALUMD O
DOCHMA SHAUNTOABKON DOXATUBNOTOXOM YOLLGHNM MAPHNTHOrO MoMeHTa N\ -

E)hmp_g npusuatexsui ¢. Huxutuy, xoTopuft npexooraBmx asoBye &HA-
ausw MK -paccednus.
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runeposa: B MK ~mozeam seawimna l/-l.,:'" * "HROKpaeTOR" T0AMKO 3a cYeT
MATHUTHWX MOMOHTOD MPOTOHA N MOHTPOHA X DPOAATHBNCTOKON cBASM B He~

TPHBUAKBHOM OpOUTAABHOM MOMOMT®

J-Ic

4, HodTpoH, OcHOBHMM MCTOUMMXOM KHPOPMAUMM 00 2XGKTPONArMMTHOR
CTPYKTYPO HOATPOHA ABKADNTCA yOPYT'Meé N Heynpyrue Qopufaxtopu XORTDOHA.

Hamn msyvaxack, BO-ROPBMX, NPOGAONE NIBAOHOHMA GE,,

2) oy Q2

< I¢gn < x, ng-a‘ropux. NPoGAGMA K3BIOHOHNA GH,,( Q")upl cpexBmx
)

Q%< 1 (ra8/c
rowy @d -paocesnum.

= 25,68 tbu'a 43 JKCNOPKMONTAIMHMX ZANHMX no yapy-

Tounue snavemus G, ,,(02)1 Gel (0) smaamton secsua paxmuun xax

ZAs aAnepHOR Juswxum (BuiMcxeMme (POPMIAKTOPOB Bcex fxap),
DMINKE FAOMOHTADHUX HYacTad (7IPOBOPKA KBAPKOBMX MOAGReR).

TAK M XAA
[lpexae

BGOro, MNpoOB&XOHO N9BXOMOHKe Gg,,((?z ) npa Qzé I $u™° ws axonepu-
HOMTRAMHMX EKGHMMX LO ynpyrosy ed =PaccOAHED, NOAYYOHHEX pau"-lyu-
MU TDyAnaMx 88TOPoB. [lepEue pesyAMTATH TaKOro poxa NPKHBOESHE B 4 R

B pasBaTHe ITOrO °

002l Ge, f

M + f

0,01

o*@#

j

ity /{//f 4

05 1
Q°, qri 2

Puo. 6. 3apaxonufl popupaxrop
HOATPOHA AXA DASXNHHMX MOAeXeR
Aelltpona (notemumanu: O - na-
puxcxnt, O - Commoxmit, =+ -
Peilaa c WITKNK KOPOM).

IDABAGHNMA MOCAGAODBRHNR Zaxee OHAA NIYUSMA KAK 3a-

BNCNMOOTS NSBAGKAGMMX SHAMOHUR
G (@) or pudopa pasamunsx zx-
HANNYOOKNX NOAGXOH ReATDOLA, Tax
N COOTHONOHN® PeXATMBMOTOKOTO M
HOPOXATKBECTCKOL0 NOZX0A0B K
Aedzpouy npx suinciemmx Cgn
uGg (0).

HonoxbsoBaiine ofp:nypno’

yxusu napuxoxoro mozemusaxa’ 2/
npx meavevennu Gg p (2] ua ooso-
B9 BOSR 0OBOKYNHOOTM 2XONSDN-
MOMTRXBMUX ARHHMX O YMPYTONY
€0 =-paccesHkR NPNBOANT K BOAN-
YRH® HaxioMA, PaBNOil
Gel(0)= (0,0205 1 0,0020) #.
J710 sHaueHN® 380MMA GANIKO K CO-
OTBOTOTEYOROMY 9KONEDPENSHTAXbHO-
MY pesyxbraTty MeArtpommod (JNINK

Gel(o) = (0,0231 &

2 0,0009) ¢u°. 3ammcEMooTh B~

umoxennux ssavoumit Gg,. ( Q%I W) or suGopa Moxeaw xelTposa S»-

OTON BACLMA sHolt, Hanpmuep, npx
. 07537 K crpy:ryp:oﬂ ;y
GE'\ (02 (p.o. 6).

Typuoft PyHKUNN
NOMTH B TPN Pa’a yBEANMMBHST

-1 Qn‘z aepexox 0T cﬂ;}-
AN COMNOEOrO HOTONINAAR

370



Beanusus pesarusmcrorux monpasox x D, mpa G2 < I qm‘a TRXO-
B, YTO OYNOOTSHHO HQ CKAUBAOTCA A 3nadeHMwiXx Ggw (§2) x Gg, (©)
(B TOuUxXe Qz =1¢x OOPeXOA OT PONATUBNCTOKOR K HODORATUBNGTCKOR
cTpyETYPHOR Jyixumn mouAet g, (2 moero ua II %),

Taxux 00pasoN, Ais BAxexsoro susuoaemns Of, (§?) u Gy, (0) xpuruu-
HMM OKASNBROTOA HO N3YUOUM® NPOCASNM DOXATMANSAUNK, & BWGOP NpeAmOv-~
THTOXBHOR MOAGXN ASiTPOHA,

Y10 me xacasrod BeXNUNEM G"H“(C? z). 70 A0 HAQTOAROrO BPENGMN B
ANTEPATYPS NPAKTHYOCKN HO NOCKGAOBANACH 3QAPNOMMOOTN MSAXOKAGMMX 3HA-~
wouN (ry, KAX OT BuGOPA AMHAMNYSCKOK MOZ&AN XORTDOHA, 7K K OT
susopa 6x, (G)2).

PesyasraTu BuuMcaenws
Mn HA& O0HOB® HANGOAGS
10 lGMm' TOUHO RIMOPOHHUX nu“nG'-Nq/ Is/
Odl E XRe#TDOHHMX OTDYRTYP~

MMX fymmunk, noayye S RO~
é MOuSsN m?onoro 7 23-7‘: donn-

3 oxoro HOTSMINANON, ODOR-
3 CTRBAONM KA Puo, 7, Awaxws

MOAYHOMMMX DPOSYAITRTON RPABO-
ANT X CAGLYSEEM BHEOAAN.

[ I. “3xonspunenraxsHue”
suavenus G;‘,,.1 CNASNO IABNOAT
0T sufopa NOAGAR ZeRATpOHA,
oooGenuo or nsca D -moxmm,
N OTR SABNCNMOOTS DROTOT O
p&c;ou » :aﬂanpluop. npa

= $u = nepexox o
otpyR Ty puix Jymmmt’ 2o/ W25/

0.2., M2 {,k

10 20 30

D 238 pa-

Puo. 7. Marmursiit gopwjex-
Top MellTPONS AEA OTPYX TYPMMX
Jymxust napmxoxoro (°* ) »
doxmexoro ( 00 ) porenusazon,
CrAOENAS XNMNA - MAORTAGMMR 3a-
xok. Ge, (Q¥=0 .

x nerpuzsansnon ( G, =~fMnT Ge,

mot
3. Boe BuuNoAeHMNO SHAYGMNMS

MOHAST Gan
n.

2, 3aBNCHNOOTE GH., (1]
suoopa Gf, TRXA® ABXROTOX
BOChMA OYWOOTBANNOR N YORIN-
smetos ¢ poorom & . [lepe-
Xox of hyxesoR (GenZO0 )

) napaustpusaunx Gg,. yHeHs-

Gupn w305 ome § *= 28 w2,
M OTKIONANTOR 0T MAONTACMOIO

saxona IGHh(zQz) < (t‘n‘(l + Q/18,23 "2)™% npx soex Q1<

< 1 (I'aB/o)<,
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0TXAOHGHNO OT NACETAGHOrO SaKOHA B ITY X6 CTOPOMY (G"P /gm. - 2 npx

Q%> 4 (I‘sB/c)z)pgnee BOSMNKALO NP BUMNCSHMM G, (@%) 3 xpan~
TOBOR XDPOMOZMHAMNKO® '

Bee CKa3aHHO® BUNG® OTHOCNTCA K K usueqeun G, W3 RAHHEX OO
axexTpopacenxenmn aedtpons npu Goxsmux (2

Taxun 0OPRION, HAZONHOS WIBNOHOHNO aucnspuuenfusuux sSHaveHNl
G’Mh ¢ HOOOXORHMOCTMY TPEGyeT Ka¥ yTOUMOHMR Beéca D -cooroamm
AofTprHA, TAK K HOSABHOMMOr0 yTOMHOHNA MHJOPMALMK O BOXMYMHO E (@3,
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FEIATUBICTCKAA TEOPHA $OTOPACWEILIEDN JEATPOHA: KATMBPOBOYHAA
WHBAPUAHTHOCTD W ME3OHHHE OBMEHHHE TOKH

C.U.Harophun, D.A.Hacarkun, U.K.Knpuuenko, E.B.Huonun

XapbkoBckult fuauxo-rTexHuueckuit uncturyr AH YCCP

HecmoTps Ha To, uTO peakuns foTopacuenleHHs gefTpoMa WccnenyeTcs
yXe B TOUSHMS DARA HECATHAETHH, K HACTOANEMY BPEMEHM OTCYTCTBYET NOC-
NenoBaTeNbHAA TEOpUS, KOTOpaA OH,C ONHOM CTOPOHH, yROBNETBOPAJA BCEM
HEOGXOAHMMEM TPEGOBAHHAM JOPEHU-KATUGPOBOUHO! MHBADUAHTHOCTH, & C ApYy-
roft - noasoauna GHW MOCNefOBATEeNbHO YUHTHBATbL BHYTDEHHON CTPYKTYDY
LeATpoHa - OTAMuUME ero oT "paeMeHTapHOM" uacTuum. B chasu ¢ aTMM Ja-
Xe B O6JACTH HUBKY, Iag7prun HET He TONbKO EIUHONC MHEHHA OTHOCHTENbHO
MEXaHU3MOB peaKLWK ’ » HO ¥ cornacufg TEOpHM C B3KCNEepHMEeHTOM no pas-
JWYHLM XapaxkTepucTHKaM mpouecca’ ™! ™ :

x+d—*p+n.
orn peakumu B obnactu E, < I50 MoB uccrenopanuch kax HepelATUBHCTCKH-
MK MeTogamu/ 7/ B GOPHOBCKOM NPHGJMXSHHM C NpHBJIEUYEHHEM BKIANOB Me-
30HHEX oOMeHHux TokoB (MOT) M P3aMMOpedCTBMA B KOHEUHOM COCTOAHMM
(BKC), Tax u B xoaapuauruyg_go%fogg/ 12/. Tem He MeHee cuTyauua cet-
Yac TakoBa: MOJNYYEHHHE B s C YUeTOM CTPYKTYDH AEHTDOHA &MI-
AXTYAH Mpouecca He yﬁgfgg;aopnnr TpeGOBAHUAM KaNMGDOBOUHON MHBADHAHT-
HOCTH;, B padoTax Xe HaO60POT - KANHGPOBOYHAR WHDADHAHTHOCTh
aMONHTYA AOCTHPHYTA NyTeM "HCRADUGHMA" BHYTPEHHeR CTPYHTYDH AeRTpOHa
¥ peepenus B ONN  HEKOTODNX MOATMOHOWHHX NMADAMETPOB, YTo BKBEBAIGHT-
HO npejcTaBNeHVD AefiTpoHa "aseMeHTapHON" uacTHuel.

[losToMy mnepBoouepegHOR 3ajaueit ABNAETCA DA3BUTHE METOAOB JODSHI~
KaJMGPOBOUHO-HHBEDHAHTHOr'O yueTa CTPYKTYPH CBAS8BHHHX CHCTEeM. B Takunx
nomxonax mHorovactTuuHbe addextu MOT u BHC (perysspume vacTy amn-
JUTYA) B TDHMNNETHOM CMMHOBOM COCTOSHMM SYLYT YUHTHBATHCA ABTOMATHUEC-
K4, MpHUEM WMEHHO B TOl Mepe, B KaKkod OHW CONEPMATCA, MycTh Aaxe B
jeHoMEHONOrHUECKOM, BRDOHHOM JarpaHxuaHe BaAuMopeicTsMa. ofdextu MOT
u BHC B CHMHPrNETHOM CNMMOBOM COCTOSHHM LOJMHH YUMTHBATHCH OOMOAHUTENb-
HO, MyTeM pacueTa KAJWUGPOBOYHO-MHBADHAHTHHX MATDHUHHX 37EMEHTOR Tpe-
YrONbHHX muarpamM. PasBUTHO MMBHHO TAaKOI'O METONS B TEODHH MONA HA
cBeTOBOM (poHTe 9X = ( nocesAmeH HACTOMWHMA NOKIAM.
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Onpepesnm nonepolt onepaTop IABYXYACTHUHOA COCTABHOM CHCTEMH:

B3, M)=Qu@ M) T t) Y il T=XXe, X-(nenVe, (1
r,u,e Yix) - (bepMMOHHHe noas, a onepaTop 0 M %) onpegenseTca mmp no-
PeHL~-CNUHOBOR CTPYKTYpNit COCTABHOLO oﬁ'bem‘a. daa meittpona ad =N

(I*~1/2,1/2) O - nceap,oa?xrop
2
0(3,,M) c/a;,, @, Q.79 + a7, . @
AgpoHHuR TOR dAW WK 0606MEeHHAA DEpUNHHAS cbyuxuml Ha CBETOBOM (pOH~
Te P§ = O onpefenseTcA kak

P
X 3) - <08 (%1 MID | 2 X xp) =0,
2 P =0 P =Lp= B 'P) ‘P“KCMP.YIOTC:{ ycnoauem/w/
{pg=0} =/ -FE-0; §=vn . F=Rf =P =9/, (3)

ChopmynnpyeM KpaswIoKenbHHA npefen. [lpn aToM S(PEKTHUBHNE JarpaHXUaHH
B3aUMOgeNcT "Ma GYyAYT yAOBAETBODATL YCHOBMO JNOKaNBHOR KOMMYTATHBHOCTH,
ofecneyypanmeNy MPUUMHHOCTb S ~ MATDUUN M HENPOTHBODEYUBOCThL TEOPHH
no?n 47& FUNEpPNOBEPXHOCTH, OCHOBAHHON Ha ypabBHenud TomoHaru-lleuHre-

. C aToft uenbp nepefineM K npeneny CBETONOROGHHX MHTEPBAJNOB
(xBa3unOKaNLHER npenen *» 0). Bocnosbaopabuucs ONepaTOpHEM pPasioxe-
nnen: W (x+3/2)W(x-1/2)e2, CH Y ¥y + O(?)  » rae CE) - un-
cnopaa fyHkuKa, 4 cobepmaA fiypbe-npeoSpasosaHiMe N0 } ¢ yueToM "npoex-
THpoBanua” Ha chepy P}’ =0, npencrasm B, (x,7, M%) & noxansHo#t dopme:

B.xjM)zz B,(,M)= (a,,ﬁa,‘) 0. o
Takam oGpaaoM, (4), MuHma.ana.n "ueua" noxanbHOR $opMn moxesoro onepa-
TOP& COCTE&BHOPO OGBHEKTA,- CXOJ C MAacCOBOR 0060JOuK¥ MO noJHOM Macce
cucreMu (M # W), OueBunHo, adpekTuBHNE "KOHCTAHTH" BIBMMOLENCTBHMA
B (4) aenswTca QyHKUVAMM NOpEHU-WHBapuaHTa K x (MZ,,- )/4, onpemens-
OUEro cxoj, ¢ MAcCOBOM 0GOJOUKM M CBA3AHHOTO NMOBOpPUTOM Buka ¢ 4-BexTo-
DOM OTHOCHTOMBHOTO mgynbca cocrapnmoumx K = (P -H1)/2 B npocTpaHcTEe
Mynxomckoro: K = - K YuuThiBag, uTO cocraanmuye JIEXAT Ha MACCOBOH
ofonouxe, ymogHo nnec’m HOBHR 4-BexTop K = (K, K) ¢ MeTpHKON %,,;-
H4,-y=,-) ¥ K a ;7. GMauuecKWd cMwca BEKTOopa I< - OTHOcMTe.ﬂbelﬂ m-
nyAs¢ COCTEBAANUMX B MX C.U.H., KOTOPAA COBNAJAEeT C N1.C, 'MaCTHL" ",
odna,uangen KBBHTOBHMN UMCH8MM DefTpoHa, HN ¢ MaccoRt M,: a’ a MS u =
¥ d’. Takum 06pa3OM, yueT BHYTDEHHeR CTDYKTYDH Od‘be}(‘l‘OB npy coxpa-
HeHMHM JIOKANBbHOR (OPMH NArpaHAMAHOB B3aWMOAGNCTEMA 066CHEeUHBASTCA My-
TEM AHANUTHYECKOrO NpogonkeHUs >(deKTHBHHX "KOHCTAHT" CBA3M B EBKJM-—
0By 06nacTb. B cuny TpAHCRAUMOHHOA MHBAPHAHTHOCTH

u(x) B/’(a’ Mla) 1/_’(,() = gl(x"/l‘f‘f)l wx) = exf,("p(c:/). (5)
Ha npHMepe CKaNApHWX vacTHl, NOCTYNAs aHalorMwHo (3) - (4},

375



yuuTuas, uro O, - ,# BBOAA o(peKTUBHHA JNarpatxuaH BaauMopefcTBUA B
HBABUIOKANLHOM mpefene:
2 2 2
L (M2, x) = §(M) P00 Y (%),

rae Y(x) - cralHiIbHaA uyecTMUe C Maccol M u KBAHTOBNMK HMCAEBMH COCTO-
anur (YY), a ¥ - noas cranApHMX COCTABJANDMX C MACCAMM #7 , HeTpy-
[IHO moKasaTh BHMONHeHMe TpeGoBaHUil pPeNATMBMCTCKOA MHBADUAHTHOCTH, NPO-
BepAA KOMMYTAUHOHHWe COOTHQUEHHHA MeHepaTopoB R Jov PRyMNE IlyaHkape:

P B+8™ 5 Jo =7
“p LSy, [ 2 (K -28) Spn .

Wrax. B KBA3WIOKAJBHOM fpefene, BO-MEPBHX, 3(xpeKTHBHHA JarpaHmuaH
B38UMOJEeiCTBUA COCTABHOIMO 06BEKTa ¢ "3aJeMeHTapHHMU" COCTaBJALMMMN OG-
A8JaeT CBOICTBaMU JIOKAIBHGH! xommyTaTnBHocm:[Z’w/&"/y_}]: 0, (x-x)<0,
U, clencBaTenbHo, ypabHeHye ToMmoHaru-llBuHrepa HOIPOTUBOPEYABO; BO-
BTODHIX, BKJINUEHME BaauMmogefcTBua (6) coxpaHAeT KOMMYTAUMOHHHE COOTHO~
WeHuA rexepatoposd llyaHkape W He paapymaeT DPEAATHBUCTCKY® MHBADUAHT—
HocTe. [lepexopn (I)-(6) K KBR3UNOKAJBHHM JIArpAHXMAHAM I03BOJAET, mpH
BKJIOUEHMU BHENHMUX 3JEeKTPOMAUHUTHHX (M) moneft, paccmaTpusaTb JoKasb-

Hy® KaJIU6POBOYHYK Ipynmy:

(6)

A0 -_47,(!)*?,,)‘(” Yo =Y (0 exp(refn). (7)
Hpu OTOM KMHETAUECKHE \IOHS JAr DaNKUaHa X, reHEPHDYRT HOMOCHHE DpAL, 8
"norenunatbhie” &, , - "KOHTARTHNE" AUAFDAMM. 1A NOJYMEHUA AMIAMTYL

"KOHTAKTHHX" [verpaMM pasiomas nozesoft onepatop 8,(x 3, M7 onpenesso-
unit ¢ . B DAA IO noxanbnuu onepaTopam:

8. (x3M) = OfﬂxM}Z',,,e. A Y'(x)‘:é; ..3;,,?0:). (8)

llocre srmmuenns nons Ay umeem

BIx 3 A, MF = Q. L500, M} [YWix- 12) ¥Wre-1/2)]
*Q WY ZE TV hE St T, %, Y}

rae S - onepaTop cuMMeTpHM3AUMH. MCMOAb3YA HOMMYTALMOHHHE COOTHOMEHHUA
u yuntuBas (3), & Tamme yJepAuBas Jullb JUHEHHHE NO BHEUWHeMy nOJK
YNEeHN, HMeeM

8,(x3 A MY = JQLMT - ). [0, M7 Pl ) ¥Tr-p).  (10)

CHoBa nepexoif K npejely KkbasniaokaibHocTH, npencrasud (I0) » dopume

B, x A M = (G509, 4] - e %1, G, [0, M} ey, D
fcnoabaya (3), (5),8 (10), (II) Aerxo yGemMTbCA B KAANGDOEOUHOW HHBA-
DHEHTHOCTYU BTOPOI'0 CAAraemMoro B (UPYDPHHX CKOOKAX.

Takum 06pa3oM, BOIHMKEWT 0B& THNA "KOHTAKTHHX" auarpamm (II),
AvnanTyan nepeoro poga ofecneuuBanT KAJUGPOBOUHYD WHBAPMAHTHOCTE MOJ0-

(9)
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CHOro pAja, & MX CTPYHTYypa AWKTYEeTCR Aullb JOPOHLU-CMMHOBHMKM CBOJCTBAMK
COCTABHOI'0 OGBEKTA. AMINIMTYRH BTOPOr'0 pOAa  caMu no ceGe Kaanopo-
BOYHO-MHBADMANTHH ¥ HO 3aBACAT OT CIDMOBHX CBOMCTB COCTAB-
HOTO ofBEKTa, B pasBuBaeMoM nopxone oTcyrcTByeT npoGnema MOT u BKC -
BCe 3TH MHOIOUACTHUHLIE 3®EKTH B Tpuniere YUMTHBAOTCA CaMocoraacoBaH-
HO ¢ JerpaHXMaHOM ALPOHHON CHCTEMH B aMIIMTYRAX "KOHTOKTHHX" RUArDAMM.
Yuer MHOrouacTHUHHX 3(PEeKTOB B CHHIJIETe He MPeACTABNAET NPUHLHMINAIbL-
HOJ TPYLHOCTH, TAK K&K COOTBETCTBYVEME AMIUIMTYAH TPEYIOAbHEX LUATDAMM
c yueToM Gamxapme S.~0COGEHHOCTH  KANNGDPOBOUHO-WHBADUEHTHH

:it:?:H

Puc.l. Juarpammu npouecca ydanp npu £, < 150 MaB.

Ha puc.I npefacrapieHn AMArpaMMb npouecca (d ~ NP , a COOTEET I
Byt MATDMUHHR BjeNeHT uMeeT BUL,
M =ee¥Uy“ T, , T-ZL. (12)
v » «
lna nayuua.nbumc AMILTUTY R /L,( i=5,7,v,C1,Q2,s],a2) nolyuaem Bupaxe-
Huﬂ

7-'(‘} = 'Z:,, ”@)ﬂ C’w(n) //27 U//’)@ (/»m}/ Lﬂ?«/

7

’/Z; = —//2,' i/?,o/v/,, (};— »7) /3(”/(3"?;7) A (r')x (s-M)f) Zgo) u/(f”(’ s, (13)

i Z
/“" j"/_ 67///‘ ‘;,Ay.) ‘j../’”(/o// CE7 Z#),
Areal,
T C(O’W"‘/W’ )y mie [elde B e Upys 7 exne s’r/e) Dy T Y2y,
onmlmue p (I3) pepmuHHHE (yHKUMM HMEOT BAI

1] ¢ -
A5 ey, L nf z ),/’ 0 AL g $RYom

‘ (14
A m(a,,mn/y )

G, W lhy = dvmr- L yiom |
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UnceHHHe pacuyeTH BunoaHeHn c L1ght cone B peanMcruueckMx NOTeHUMA-
noB Gea MOJCOHOUHHX napaMeTpoB. Ha puc.2 kpuewe I,2 - Hamu pacueTw ¢
- T UL AL B yueToM "KOHTAKTHHX" AMIIUTYL BTOpO-
&, urd 7 ro poga ¥ 6e3 HuX. %H?TMD - Hepe-
TATUBUCTCKUA pacuer B MOJMOCHOM
E OpUGAWREHUU, TOUEUHAA KDUBAH - C
. ucnonbaoxa?rmem TeopeMu 3urepra, a
1 pacueT ¢ yuerom BHC u "pead-
1 COpoUMA" MO30HOB IPAKTUYOCKA COBNA-
nawoT ¢ xpusoit 2. Kpusasg 3 - peayns-
paT ¢ Y4eTOM 'S-ocobeHHocTH. Ha-

10’

. -1 JMUME BUPTY&IBHOTO YPOBHA NPUBOILUT
. N g "yeunenmo" MI-nepexomoB, KoTopoe
L . . K ; - OMUCHBAETCA qnm‘opOMaZ’ (;;d”/_)
Ll‘_._.f_x.“l'.v 4 ‘nlu‘l:L_A{ X(E’ £d+E) HDME,-{J,,(’«.
7 £~ s 0 ' ~Ey/g, » HO yKe mpu £, > 2 &/pakrop
Puc.2. lonnoe ceuenne goTopac— i;-_l ¥ poJb TPEyTOJbHEX RUArpamd ¢
wenjieHua OeNTpoHa. o ~ OCOGEHHOCTbK GHCTPO napmaer.

PassuTuit MeTom JAopeHU-KamuG-
POBOUHO-HBADUAHTHOIO yueTa CTPYKTYpPH COCT&BHOR CHCTEMH [MO3BOAUN ONU-
caTbh €3 NOANOHOUHHX MAapaMeTpoB BCH COBOKYNHOCTb 3KCMEPMMEHTANbHHX
OaHHHX 1o oTopacmenjeHWo OefATpoHa 0O ME3OHHOI'O NOopora
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THE OFF-SHELL PROPERTY OF THE NN INTERACTION
IN THE SIX-QUARK RESONATING GROUP MODEL

E.W. Schmid

Institut filr Theoretische Physik, Universitat Tiibingen
D-7400 Tiibingen, Federal Republic of Germany

In my talk I'11 report on investigations which have been done in Tilbingen in col-
laboration with Dr. G. Spitz and with the group of Prof. A, Faessier.

The resonating group quark model has led to an understanding of the short range
repulsion of two nucleons in terms of quarks and gluons“‘“. Addition of mesonic
degrees of freedom has yielded theoretical phase shifts which are in reasonable
agreement with experiment/S's'”. It seems that a nonrelativistic treatment of quark
degrees of freedom is, despite its well-known shortcomings, not quite unrealistic.

We are thus encouraged to study the long standing question as to the off-shell pro-
perty of the NN interaction on the basis of the quark resonating group model.

Before one can determine the off-shell property of the NN interaction in the
quark resonating group model one has to deal with twe problems:

1) the non-orthogonality of channel spaces, and
2) the unitary transformation ambiguity of function bases.

1'11 focus on point 2, but also review point 1. I'11 not discuss the validity of
the quark resonating grcup model. And I'11 be dealing with the NN interaction in

the region of strongly overlapping quark clusters and not in the region of meson

axchange.
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1. Orthogonalization of Channel Spaces

In the resonating group model the complete Hilbert space is restricted to a sum
of antisymmetrized channel spaces, i.e. the microscopic state y is approximated by

n
b= -EIAMTXI'} » (1)
=

where 45 stands for the product of internal motion states and Xj for the relative
motion state of the clusters present in the i-th channel. Take a 6q system with the
quantum numbers of two nucleons as an example. Then

.;,=@D++@:®+

= Aley Loy ixgy” + Alegale iy, > + Alepo e lnge> + oo - (2)

The 3-quark clusters form nucleons in the first channel, A particles in the second
channel and colour-octet states in the third channel. The dots stand for higher
{closed) channels which might eventualiy be included in a calculation. Let us take
a closer look at this resonating group ansatz. The antisymmetrized product of two
internal motion states, at all c.m. d'stances r , forms a representation basis of
a channel, called channel space, and the relative motion wave function is the

superposition amplitude,
3 , > -
v=1_[d NN Alog Lo P> <Fanlxww * o0 - (3)
A channel space is generally nct an orthonormal space,
+ o 2 o, 30 2
il <oyl <eylaloglog Fige = Ny (P Pag) # 67 Py = Py - &)

This is not a serious difficulty, because we can orthogonalize the basis by a
transformation (the operator n1/2 exists when a special treatment is given to
zero-norm states),
- 3 -1/2,+ > T
¢ = [ a7 Afoylegs Ny I b * - (5)
with

- 172
e = M L - (6)

A more serious difficulty arises from the fact that two channel spaces are, in ge-

neral, not mutually orthogonal,
<P al<o,l <o, (Ao ey Puy> = Nyg(Fy o Pyy) # 0 - O]

We'll have to deal with this problem in more detail.
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When a nonrelativistic microscopic hamiltonian is given we can derive the reso-
nating group equation. For examplie, we may choose the hamiitonian used by Faessler
4
et al. N

6
1
H=T3% = al{d A ). PSR .
i<§=1 [ a(x, AJ)r‘J *+ {3y AJ) T

O L = FIUM strig ] (8)
i3 3 —mZ—— ij ;7 ij '
which contains a one-gluon exchange potential and a confinement potential. The re-
sonating group equation is given in Ref. /4/. It yields the three channel wave func-
tions XN * Xag and Xce which determine ¢ by £q. (1). From the function Xy We can
get the NN phase shift and we can study the repulsive property of the interaction.
However, because of the non-orthogonality of channel spaces, the functions XNN
Xaa 0 XoC tell us nothing about the off-shell property of the interaction and they
tell us nothing about the CC-state probability in the 6q system.

If we want to learn something about the off-shell property of the NN interaction
we have to follow the idea of P~ and Q-space projection by Feshbach. Take the NN
space as P-wave. We define P by

-1/2 ~1/2
P = AHN’NN’ NNN/ NNN (¢N'<¢N(A (9)
in terms of the orthonormalized NN basis; the condition P2= P is fulfilled.
Operating with P on the known microscopic state y we get an NN relative motion
function {ﬁz) which contains contributions from all channels, as indicated by the

upper index 3,

P = iy = Al o N2 ) (10)

The function ;ﬁ:)(r) is depicted in Fig. 1 far the 351 partial wave. This function
is very close to the relative motion function obtained in a §ingle-channel calcula-
tion. Its shape near the origin resembles a wave function obtained by a soft core
potential with a core heigth of around 1200 MeV/B/.

We can continue by calculating {1-P)y and by projecting this state onto AA space.
We thus get ;ﬁi)(r) and by repeating the procedure once more we get {ég)(r). In
Fig. 1 these two functions are alsoc seen. Fortunately they are very small. If they
were large, the concept of a physical NN potential at short distance would break
down.

In order to investigate potentials which arise from the elimination of Q-space,
one has to reformulate the resonating group equation in terms of orthogonal func-
tion spaces. This has been done/g/ and applied to the present case/al. EYimination
of the (depleted) As- and (C-channels leads to elimination potentials which modify
the NN potential by Tess than 18%, in the Tow energy region.
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Fig. 1.
" . cons (3 =3 4 H{3)
Relative motions functions xyu’, Xan and xoo’ of

the 6 quark resonating group model with orthogona-
lization of channel spaces, for S=1, L=0, E=150 MeV
c.m. above NN threshold. The result of the NN single-
channel resonating group model is shown as broken
line,

The function _ég) of Fig. 1 is of special interest because its norm is the pro-
bability of a hidden colour state in the 6q-~system. In the present caiculation,
however, the meson exchange forces have not yet been taken into account. In order
to get a bound deuteron we have to add them and we do it in a phenomenological way,
i.e. we add a local attractive potential and adjust its depth and width to experi-
mental effective range parameters. We then find that the CC-state probability in
the S-wave deuteron is less than 0.002%, and insensitive to details of the pheno-
menological potential/m/. If we artificially increase the deuteron density to nu-
clear matter density we still remain below 0.004%. We should keep in mind, however,
that this result is a model result. The quark hamiltonian (8) may be too simple,
and we have not considered the higher compound excitations indicated by the dots in
Eq. (2). The main reason for the above percentages being so small, however, is that
we have extracted from the CC-state all overlaps with NN- and aa-states. This pro-
cedure may drastically reduce the hidden colour dibaryon probability alsc in more
refined microscopic models.

2. The Unitary Transfarmation Ambiguity

We have projected the microscopic state ¢ onto the orthonormal set of NN basis
states A|¢N>|¢N> N,-ﬂl‘lzl?NW . What do we get when we rotate the basis by a unitary
transformation U ? We get a new projector,

“1/2 4, n-1/2
Py = Aoy loy> NRAZ UTU N2 <oyl <opld (1)
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and, instead of Eq. (10}, we get

Y = Py v = Aol N2 Ut Y (12)
There is no change in NN - But the relative motion state has changed from Y,S:)
into

=3 3

T (3)
Such unitary off-shell transformations have been introduced by Eckstein/u/ and
have been studied in phenomenologica) models by several authors 12’13/. A simple
example is given by

Us=1-2lg><g| , (14)

with g() being a normalized state,

1n phenomenological models there are some constraints coming from physical argu-
ments/m/. Presently, we want to study the degree of off-shell ambiguity in a micro-
scopic model. In principie we can rotate our microscopic basis by any unitary trans-
formation of finite range. At the two-body level, the effect of unitary transforma-
tions is unobservable. But the difference between xm::) and U ;ﬁ) can be quite re-
markable, as seen in Fig. 2.

/\iﬁl

ik

T T T T r 1 T T T

- 00 10 20
Fig. 2. r

Comparison of an off-shell transformed NN wave func-
tion with the original one.

How can we decide which one of the two wave functions of Fig. 2 is more physi-
cal 7 The answer is simple. We have to make off-shell effects observable by adding
a third body to the two-body system !

We extend our system to include an electron, i.e. we have six quarks forming a
neutron and a proton, plus an electron, Fig. 3.
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Fig. 3.

The electron-deuteron system.

As resonating group ansatz we choose
v = Al (15)

where <;.§|X> is a wave function of two Jacobi variables. We omit the aa and CC
configurations of the six quarks since their contribution is small. The hamiltonian
H includes a Coulomb term and the purely attractive phenomenological putential V
which we have used in the deuteron before s

]
1
H = + - DU ] N I
T i<§=1 [ a(ay AJ)r1J + (3 AJ) 7o
2
1 2 9i%j . 7 ZiZje
=% s(ry) - Spa(ri ) [+ve | (16)
rii 3w 130T T i<j=1 [F;-7]
We express y of Eq. {15) in two different orthonormal function bases,
Aloy>lep> 2% (17a)
w =
Alo>lo > N VAR (17b)
p
and get, accordingly, two different resonating group equations
= =) (=) 1% (18a)
T + T+ ¥V + + {3) _ E =4.
(Tr Tt Y * Vep * Venp' = Eren) I% {18b)

We fosys our interest on the off-shell property of the neutron-proton potentials
Vn . Vhp and on the three-body Coulomb potentials V;n . ﬁ;u . Why is there a three-
body Coulomb potential ? Well, there are always three-body potentials when the
bodies are of composite structure. In the present system the three-body Coulomb po-
tential arises from the indistinguishability of the six quarks; it can be increased

or decreased by the off-shell transformation U.
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A nonlocal three-body potential is a muitidimensional function which is hard to
depict. If we want to get an idea of its strength we have to plot something which
is 51mp1er To this end we cons1der d(e e)d scatterwng and replace V B V Venp
and V enp by charge densities p[(R), pl(R), °[1(R) and pIX(R) such tnat the charge
densities yield the same form factors as the potentials, These charge densities
follow from a microscopic calculation and tell us the effect of the off-shell trans-
formations.

Eq. (1Ba) is the so-called renormalized resonating group equation. The deuteron
wave function ;H(F) is depicted in Fig. 4a, the charge density E}(R) in Fig. 4b,

!

00 10 20 00 05 10

. r (m) R ffm)
Fig. 4a,b.
Deuteron wave function and effective charge densities in the renormalized
resonating group model. The shaded area, which is hardly visible, repre-
sents the three-body force effect in d(e,e)d scattering.

The charge density E}I(E) arises from the three-body Coulomb potential venp(;’ﬁ)‘
1t is seen that the three-body force effect is very small. This has been expected
from general argumentslls/. In fact, it has first been suspected to be true in a
talk given in this lecture hall 8 years agolle/, In the resonating group equation
(18b), which contains the unitary transformation U, we have to specify U. We con-
sider three cases, (a) a transformation which produces a short-distance wave func-
tion node in ;}, (b) an exotic transformation which leads to changes also at inter-
mediate distances and, (c} a small transformation by which we try to remove the
three-body Coulomb potential.

+ a) The choice
g(F) = N(I-br)e™® withb =09 fm}, o =23 fml, (19)
in (14) produces a node in ;’ at r = 0.44 fm, Fig. 5a. Such transformations have
been tested in triton caTcu]ations/12’13/. In Fig. 5b we see that the three-body

" force affect is increased from 1% to 12% at the origin.

385

A K



100
Xd
Q
~ | 10 % SII
(\/Xd I 10
B S T —r— ! T T T
00 10 20 | a0 05 10
R {fm
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Deuteron wave function and effective charge densities in the off-shell
transformed resonating group model. The "node" transformation (14,19)
is used. The three-body force effect is increased as compared with
Fig. 4b.

b) The effect of an "exotic" choice of g(F),

g(¥) = N(l-brje™® 1

T withb=2fml,a=1fml, (20)

is depicted in Fig. 6. The relative motion function ? is different from what people
are used to accept as a “reasonable" deuteron wave function.:The charge density 5”
which represents the effect of the three-body Coulomb force Ven has become quite
targe. Let us recall that, when this three-body force is included in the analysis
of d{e,e)d scattering, agreement with experiment will be as good as before! Only by
omission of the three-body Coulomb potential, in the analysis, a deuteron wave func-
tion like id of Fig. 6a becomes "unphysical".

- Xd

T T T T T 7

—/
00 20 40 60 a0 100

) r (fm)
Fig. 6a,b.
Deuteron wave function and effective charge densities in the off-sheli
transformed resonating group model. The "exotic" transformation (14,20)
is used. The three-body force effect has become very large.

c) We choose

1 1

g(¥) = N(1-br) with b = 1.023 fm™', « = 3 fm"* , (21)
where we have minimized the three-body force effect by variation of the parameters by }

4

386 ;



and a, In Fig. 7 we see the result. It is indeed possible to reduce the three-body
force effect in d{e,e)d scattering by transforming the off-shell property of the

np potential., The modification, however, is a small one. It is hardly visible in the
deuteron wave function. Also, the reduction concerns only ill which is a three-body
potential folded with an np wave function of one particular energy. We should not
expect thai the same transformation reduces the three-body force effect in all ob-
servables of the enp system.

5.3
- o 100% Pt on
Xd
Xd <
Py x10
—10 Bz
Aqp 100
LSRR LA LA B T T I S
00 10 20 00 05 10
r fm) R [fm}
Fig. 7a,b.

Deuteron wave function and effective charge densities in the off-shell
transformed resonating group model. The parameters of transformation
(14,21) have been varied to minimize the three-body force effect in
d(e,e)d scattering.

How can we decide which one of the many possible off-shell properties of our
microscopically derived np potential is the most physical one ? We can do it by
postulating a principie !

Nuclear potentials are there to be used in systems which are larger than the
two-nucleon system. They become useless when the addition of any new particle to
the system gives rise to a new and strong multibody potential. In nuclear physics,
people have always used the following heuristic principle:

The total potential is 4 superposition of two-
body potentials plus small multibody corrections.
When a two-body potential) satisfies this principle then its off-shell behaviour may

be called physical. In our present example, this leaves as physical potentials only

the potentials of the renormalized resonating group model and, eventually, poten-

tials which differ from them by a smal) off-shell modification,

In conclusion we may say the following. The quark resonating group model in its

present form predicts the off-shell property of the NN interaction at very short “
distances. This off-shell property is characterized by a repulsive soft core. Single

channel results and coup“ed channel results agree with each other after orthogonali-

zation of channel spaces. The so-called unitary off-shell ambiguity of nuclear po-

tentials plays no role, The unitary transformations either introduce three-body for-

ces of unacceptable strength or they have only a minor effect on the nuclear wave ]
function. \

387 :



http://corrections.il

References

1.

V.G. Neudatchin, Yu.F. Smirnov and R. Tamagaki, Progr. Theor. Phys. 58 (1977)
1072.

J.E.F.T. Ribeiro, Z. Phys. C5 (1980) 27.

M. Oka and K. Yazaki, Progr. Theor. Phys. 66 (1981) 556, 571.

A. Faessler, F. Fernandez, G. Liibeck and K. Shimizu, Nucl. Phys. A402 (1983)
555.

W. Wakamatzu, Proceedings of the VII. International Seminar on High Energy
Physics Problems, Dubna (1984), p. 448.

K. Brduer, A, Faessler, F, Fernandez and K. Shimizu, Z. Phys. A320 (1935) 609.

G.L. Strobel, K. Brauer, A. Faessler and F. Fernandez, Nucl. Phys. A437 (1985)
605.

G. Spitz and E.W. Schmid, Few-Body Systems 1 (1986) 37.
E.W. Schmid and G. Spitz, Z. Phys. A321 ({1985) 581.

G. Spitz and E.W. Schmid, Probability of a "Hidden Colour" Dibaryon Component
in the Deuteron, Preprint {1986).

H. Eckstein, Phys. Rev, 117 (1960) 1590.
M.1. Haftel and F. Tabakin, Phys. Rev. €3 (1971) 921.
E.P. Harper, Y.E. Kim and A. Tubis, Phys. Rev. C6 (1972) 1601;

H. de Groot and H.J. Boersma, Phys. Lett, 578 (1975) 2i.
P.U. Sauer, Phys. Rev. Cl1 (1975) 1786; -

P.U. Sauer and H. Walliser, J. Phys. G (Nucl. Phys.) 3 (1977) 1513.
E.W. Schmid, Nucl. Phys. A416 (1984} 347c.

E.W. Schmid, Proceedings of the International Symposium on Few Particle
Problems in Nuclear Physics, Dubna (1979), p. 174.

388



SIX-QUARK CLUSTERS AND NUCLEAR PROPERTIES

Gerald A. Miller
Institute for Nuclear Theory, Department of Physics
University of Washington, Seattle, Washingion U.S.A.

1. Introduction

Nuclear physicists in the 1980’s (and 90’s) are faced with the opportunity of using interactions
between quarks to derive or explain nuclear properties. The motivation for doing this is that
quantum chromodynamice (QCD) is widely regarded to be the theory of the strong interaction.

However, employing QCD will not be easy. One can not shout “guarks™ at a physics problern
and expect that all difficulties will run away and hide. It is well known that nuclei are made
mostly of nucleons and mesons. The successes of this conventional picture are numerous but deal
mainly with the properties of & single nucieon. or with two widely separated nucleons. Problems
in which two nucleons are vital seem to be much tmore difficult. For example, understanding
the origin of the short distance part of the nucleon-nucleon interaction is a nerpetual puzzle.
Calculations of binding energies and densities do not work as well as one would hope. There
are many difficulties in understanding pion-nucleus interactions. The » absorption and (7*,7 ")
double charge exchange processes are two examples. Another problem is in deriving the nucleon-
nucleon parity violating weak interaction. I expect that the reader is probably farniliar with even
more examples,

I cannot say that I have solved any of the problems listed above. [ only want ¢ pnint out one
common feature. To make the computations one needs to employ nucleon-nucleon wave functions
for relatively small separation distances, e.g. about 1 fm. This distance is just about equal to the
radius of the nucleon. It is widely believed that the nucleon acquires its size through the motion
of the quarks eonfined within. If quarks are related to distances of | fm,and 1 fm is a relevant
length for Nuclear Physics, then quarks migut play a significant role. My object here is to try to
give quarks = chance to explain nuclear properties.

How can one use quarks to calculute nuclear properties? To answer I employ a simple model
in which the nucleus is assumed to consist of nucleons, mesons and six-quark bags. The idea is
to develop a procedure which allows one 1o find out when quark effects might be most relevant

in Nuclear Physics.
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The advantage of such an approach is it flexibility Many examples can be studied. Appli-
cations 1o the nuclei with A = 3 (3He and 3H) are discussed here. The problems considered nre:
maguetic moment corrections; the binding energy difference between the two nuclei; the central
charge density; and n~ absorption on the proton pair bound in 3He. The reaults indicate that
quarks are helpful in understanding Nuclear Physics. Some of the results seem promising, but
there are problems. One is that the successes of the conventional shell model picture do place
some limitations on the numbers of six-quark bags allowed to exist in nuclei. Two examples,
discussed below. are deep inelastic Jepton scattering from nuclei and the measured Pb- Tl charge
density difference. Another obvious problem is that for any given situation it is very difficult to
prove that a correct evaluation of the conventional theory will not work.

The present manuscript is an update and (in some cases, a modification) of a more lengthy
treatment.(!) See also Ref. 2.

The discussion is divided into sections:
. Building the nucleus from nucleons, mesons and six-quark bags
. Constraints on Peq
. Guessing Pgq (six-quark probability)
. Radias of the six-quark bag, Rs
. Why look for six-quark bags in *He?
. P, from elastic electron scattering
. Six-quark bags and magnetic moment corrections
. Central charge density of *He and *H
. 3H - 3He binding energy difference
-7~ (pp) = np
. The EMC effect and Pg,
. The 296Pb. 295T}| charge density difference

O 00 ;N AW N

—_ e e
W N = O

'14. Summary
2. Building the Nucleus from Nucleons, Mesons and Six-Quark Bags

The first question that one considers is “When and how do we v<< quarks?”. One answer is:
always. Simply write the QCD Hamiltonian and solve it for the nuclear system. Carrying out
such a procedure is very difficult since individual nucleons are important. Thus much work would
be devoted largely to the question of building the nucleonic degrees of freedom that are known to
exist. That understanding how the conventional nuclear picture emerges from QCD is important
has been stressed by many. '

I would like to look in a different direction by concentrating on areas where the conventional
picture has difficulties. In those cases explicit quark degrees of freedom might be important. It
seems clear that the ability to search for quark effects depends on having some short cut that
allows one to avoid the problems of the preceding paragraph.

The first step is to une as input the information that conventional Nuclear Physica describes
the long range aspects. Consider two nucleons bound in a nucleus. At large separations one
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cnploys U o (7). the conventional nuelenn nacleon wave function Here r'is the distance between
the two nucleons. Another coordinate giving the position of the center-of-mass of the pair (as well
a< spin and isospin indices) is suppressed for simplicity, This wave function is shown schematically
in Fig. 1. The quantity yn n is generally computed with nucleon-nucleon forces which act between
point-like nucleons.

How might the composite nature of the nucleon modify ¥y n? I present a schematic answer
here. Suppose now the nucleons are sizeable objects of three quarks. At large separations the
nucleons do not overlap. so their finite extent doesn’t matter. Next let the nucleons move toward
encitother. At some time the nucleons start to overlap. Then effects such as the quark-quark Pauli
principle and gluon exchanges between nucleons can occur. If the volume of the overlapping region
is small, one may expect that the system mainly consists of two nucleons, but with a modified

wave function, ¥y x{r) (Fig. 1).

A7

NN/—\\
.4 \
/s
v / WNN @@
7/
/ N
4 N
Vs ¢6q \\\

r
Figure 1. Schematic picture of quark modifications to the NN wave functions. Quantities are

defined in the text.

Given the scenario I'm describing there must then he another component to the full wave
function, ¥, that is orthogonal to ¥y n(r). Call this new piece the six-quark wave function ®g,.
Then one may write

‘l"u"NV'QSq» (1}

One way to insure that ¥inn and Qoq are orthogonal is 1o let ®44 be a product of two baryons,
each cnrry-ing color. This is a useful separation. because operators that do not depend on color
have no matrix elements that connect u.)NN and ®s,.

Confinement requires that it tekes an infinite amount of energy to separate two baryons with
opposite color. Then one may reasonably expect that @, is concentrated nea :he origin, as
indicated in Fig. 1. The picture of ¥ consisting of an ordinary component and a “hidden color™
component (&5,) concentrated at the origin is qualitatively similar to Oka & Yazaki's () regonat-
ing group method results for the deuteron. This separation (1) is not unique since one can always
rewrite ®g; as a more complicated sum of products of calor singlet baryon states.(4) However,
. for using such a complicated wave function. Furthermare, it

there seems to be little motiva:
does seem sensible to Jook for quark effects with a wavefunction component as different as possible
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from the standard two-nucleon wave function. If one hopes to include some features not present
in calculations employing only nucleons, it may be more efficient to use quarks in the simple
i6 (which is mainly a hidden color state) spatial configuration. Yamauchi and Wakamatsu(5)
have shown that the separation employed in Eq. (1) is well-defined. They make use of a specific
dynamical model based on the quark cluster theory.

The central idea is to use nucieonic degrees of freedom (J)N ~) at large separations and quarks
{®6g) at small values of r. For example, consider electron scattering. The incident virtual photon
interacts with individual nucleons at large r, and with the quarks in the six-quark bag at small r.

3. Constrainta on &5,

To compute matrix elements one needs to know ®g,. 1 cannot compute ®eq from theory so
T'l} settle for imposing some reasonable constraints. First, I take ®¢, to consist of 6 quarks in a
single spherical bag centered at r = 0. The wave function is assumed to be spatially symmetric.
For example, a state with no orbital angular momentum is treated as six quarks, each in the
lowest single particle state of the confining bag or potential. This spatially symumetric state is
called the [6], if Young diagrams are employed. The use of the [6] is an easy way to implement
(approximately but accurately enough) the orthogonality between d:mw and Psq.

The wave function ®¢;, must have the same angular momentum. parity and isospin as the
original nucleon-nucleon wave function.

The next step is to specify the overall strength of ®¢;. One may use probability conservation
to get an idea. In the picture I'm using (Fig. 1) the conventional wave function ¥y has been
replaced by a smaller quantity, W nn- Thus the probability in the NN channel has been decreased.
1 assume that the missing probability goes solely into the 6-quark component, 6, and write

[in - [Fn = Peg (2)
where
Pog = /d>§,,dV . (3)
The volume element dV is an integral over the positions of all of the quarks. The value of Psq
obtained from (3) represents an upper limit.

4. Guessing Py,

It is worthwhile to have some idea about the size of Pgq prior to presenting specific appli-
cations. The simplest method is to assume that ¥y & (r) is well known at large distances. Then
integrate in from large r to small r, using the presumably well-known nucleon-nucleon interaction.
Then one stops at a separation, rg, when one no longer believes the resulting wave function. For

r < rgp set Yy to zero. This corresponds to a sharp cutoff on Ya n({r), ie.
dnn(r) = 8(r —ro)ynn(r) . )

In this case the entire NN probability that would have been at r < rg is set equal to Pgy. Another
procedure which allows {a ~ (r) to be continuous is discussed elsewhere. ()
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It ix evident that Pey depends strongly on the value of ro if Eq. (4} is used.!"! One Knds
a cubic dependence for uniform nucleon wave functions. However the use of a smoother cutoff
procedure leads to a much more gradual (~ linear} dependence.(?)

Since rg is an important parameter, it is worthwhile to examine the possible range of values.
One can use the regions of validity of meson exchange theory (MET) of the nucleon-nucleon force.
The MET is very successful in deriving the long and intermediate range force in an essentially
parameter free manner. From this 1 obtain an upper limit for ro of about 1.2 fm. That is. at
the present time, the successes of the MET for r > 1.2 fm are too difficult 1o obtain with quark
models, On the other hand the MET must resort to complete phenomenology at short distances.
In my view, there is no MET for r < 0.7 fm. Thus I believe that the range

0.7fm < rg < 1.2fm {5)

is reasonable.

I'l] take 7o to be in the vicinity of 1 fm here. This value, about equal to the nucleon radius. is
the separation at which the edge of one nucleon is at the center of the other. For such separations
the volume of overlap is large.(!?

To get an idea about the size of Pgq, consider the s-wave part of the deuteron wave function
provided by the Paris!®) potential. The Eq. (4) gives Psq = 5% if ro ~ 1 fm. The sam=~ value
ol Peq can be obtained with rg = 0.7 fm and a ~ 0.2 fm, if Eq. (5) is employed. Yamauchi and
Wakamatsu find Pg, = 2.4%, so there is considerable uncertainty.

5. Radiuse of the Six-quark Bag, R¢

In our treatment two distances are needed. One is the value of rq which is the separation
at which quark effects enter. Another parameter is needed to characterize the volume of the
six-quark system. This is the six-quark bag radius Re. (In a more complete theory Rp and rq
would have a specific relationship.]

1t is difficult to determine Rg since one cannot scatter electrons from an isolated stable six-
quark bag. However, arguments based on the MIT bag model, the non-relativistic quark model,
and quark counting rules each give the result Rs > 3R.'D Each argument is crude, but one takes

some comfort from the agreement.
6. Why Look for 6-Quark Bags in *He and 3H?

The nuclei with A = 3 are interesting systems from my quark-searching point of view. First,
accurate solutions of the Schroedinger equation using reaslistic nucleon-nucleon interactions are
available.(®7) This means that a disagreement between theory and experiment implies that some
slement in the theory is missing.

A second reason for interest in nuclei with A = 3 is the similarity between the radius char-
acterizing the nucleon (Ry =~ 1 fm) and that (Rsy. ~ 1.6 fm) of the 3He nucleus. Clearly the
wucleon size is a non-negligible length.

The next step is 1o estimate the six-quark probability per pair, Pgq. We expect that Pg, o

Ry/Rs H,.)a. but we need to know the coefficient of proportionality. Surprisingly, the probability
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that any two nucleons are within a specified distance (rg) can be obtained reliably from elastic

electron scattering experiments.
7. Psq from Elastic Electron Scattering

One can determine Pg, for A = 3 directly from elastic electron scattering data.(®®) The

/daq d®p Fpu(q)e' @7V g (% ~ p) . (6)

where Fp(g) is the ratio of the 3He charge form factor divided by twice the charge form factor
of a proton. (We neglect the charge form factor of the neutron in Eq. (6} for simplicity, but
it is included in the calculations.(®) The six-dimensional integral is easily rewritten as a one-
dimensional integral on g. Thus experimental data for Fpi(g) can be used to get Pg,.

The results depend on which data set is used.(?) Here I take Pg; =~ 8% with ro = 1 fm. If ro
= 0.9 m Py, ~ 6%. This is a slight overestimate, see the errata in Ref. 9.

result is

1

8. Six-quark Bags and Magnetic Moment Corrections

Studying the magnetic moments of *He and 2H is not the best way to learn about quark
effects! Indeed these quantities provided significant early evidence that the nucleus was mede of
nucleons. Nevertheless the quark model computation(!®! presented here presents a useful example.

I'll begin by going through the standard calculation. There are 3 nucleons, each in the same
relative s-state about the center of mass. For 3He, the Pauli principle requires the spins of the two
protons to couple to zero. Hence the entire magnetic moment uf *He is carried by the neutron.

Thus g{3He) = p, = —1.91 nm, which compares quite well with u®*P!(°He} = -2.12 nm.
Similarly, for 2H one finds p(*H) = u, = 2.79 nm while u**P*(3H) = 2.97 nm.
Even though the agreement is quite good, the problem of understanding the inder has

puzzled physicists for a long time. The currently fashionable explanation is that pion exchange
currents supply the missing moment. However the calculations include contributions from both
large and small separations. The latter may be questionable. In any case, it is worthwhile to
consider how much of the missing magnetic moment might be due to six-quark bags.

To see how quarks might enter, recall how magnetic moments are computed with the bag

Bned less quark

model. Dimensional analysia tells us that the magnetic v Bg,of ac

is given by

Hq x eR (n:

where R is the bag radius. This is the standard result that convective magnetic moments are
proportional to the size of the system.

The present purpose is to include six-quark bag effects. The essential feature is that a quark
confined in a six-quark bag has a larger magnetic moment than one in a nucleon. This is because
Rg = 23 Ry. Thus the existence of six-quark bags should enhance the itude of the ti

ic

moments.
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The next step is to sum the magnetic moments of the quarks. These are in either 6 or 3
quark bags. The calculation js somewhat tedious, and will not be reproduced here. However, the
result is easy to interpret.

For 3He one has

#(*He) = o |1+ Pag(2"/° ~ 1]3(2/3)] . (8)

Since all magnetic moments here are proportional to R, one may pull out the factor u,,. The usual
result u®(He) = p, is obtained with Pg; = 0 and, the second term in the bracket represents the
influence of six-quark bags. The correction term is proportional to (Rg/Rz) — 1. The -1 occurs
since probability has been removed from the nucleonic components. The factor 3 appears since 3
pairs of nucleons can form a six-quark bag. However, at any instant of time only 2 of the 3 are
in the 6-quark bag. This gives the 2/3 factor.

(That Eq. (8) is expressed in terms of nucleon magnetic moments seems surprising. However,
for states with L = 0 and S,T = 0,1 or 1,0, the matrix elements of the operators Lo3,rs; and Ea3,
depend only on the spin and isospin quantum numbers. The sum on ¢ can be over 2 nucleons or
6 quarks, but the result is the same.)

Using Psq = 0.08 one obtaina u(3H) = s 1.04 = -~ 1.99 nm which is not far from u=*P*(*He)
= -2.12 nm. Similarly u(*He} = g, 1.04 = 2.81 nm which is close to p**?*(3He) = 2.97 nm.
Thus quarks seem to provide a significant correction term. Recently Bhaduri, Murthy and
Tomusiak!'!) have made a more complete calculation including both the pion-exchange and quark
correction terms. Very good agreement with experiment was obtained. Despite this, one must
note that quark effects are small here. Thus the evidence for quark effects is not strong.

9. Central Charge Density of °He and *H

The problem of understanding the central charge density (high transfer ~ 3.5
fm~!) charge form factor of A = 3 nuciei has created much interest.” The central density is much
smaller than that obtained from (nucleons only) Fadeev calculations.'? Several groups'® have
made detailed calculations that indicate that the influence of six-quark bags might e essential
to understanding the data.

1 would like to present my interpretation of these aix-quark calculations of the *He charge
form factor. In hybrid models the nucleon wave function is set to zero if any two of the nucleons
are within a diatance ro of each other. This creates a hole in the wave function. One must include
the influence of the third nucleon so the central density does not vanish. However, it is depleted
significantly. So is the baryon number and charge! One must include the effect of the charge
carried in the six-quark bag. However such an entity is very large and the charge distribution
is spread out over a fairl. big volume. Hence one is replacing aucleonic charge at the nuclear
center by charge spread out over a large region. The net result is a depletion of the central charge
density. A simple analytic calculation that seeks to exemplify the remarks of this paragraph is
presented in Ref. 14.

The success of six-quark bag models in this arena is very intriguing. However conventional
theories'® that include mesonic exchange currents also reproduce the observed charge form factor
of JHe.
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It is possible that the stalemate between quark and meson currents can be broken by the
new Saclay data’® for the ?H form factor. The task of reproducing both the 3He and *H charge
form factors with the same sets of input parameters should present a significant challenge to
the competing theories. At the present time only the six-quark bag calculation of Hoodbhoy &

Kisslinger is successful.(!7}
10. H - ®*He Binding Energy Difference!?

The nucleus ®H is known to be more bound than 2He by 760 keV. This small difference is
to be compared with a value of 8000 keV which is approximately the binding energy of either
nucleus. Some difference is to be expected because the two protons in *He have a repulsive
Coulomb interaction., The value of this contribution to the binding energy difference can be
obtained in an essentially model independent manner. Techniques similar to that of Section 7
have been employed to obtain(!8) a value of 640 + 17 keV, Other smaller effects such as the charge
dependence of the nucleonic kinetic energy and the electromagnetic spin-orbit force combine to
give an additional 40 + 20 keV. Thus 80 + 30 keV remains to be explained.

It is possible that charge symmetry violations of the conventional meson exchange potentials
are responsible(1®) for the 80 keV. However, only short-range effects enter and, there are great
uncertainties in the calculations. Here I will consider only the influence of quarks.

How can six-quark bags influence the binding energy difference? Let us define 2rn,, ,, as the

mass of a six-quark bag formed by two protons, neutrons. Suppose that
2, — 2Mp < 2M, — 2mp = 286 MeV . (9)

If (9) is obtained, the neutron rich system, *H, will be more bound than *He.(2%
To see why Eq. (9) might hold it is useful to answer two separate questions. 1) How does
ma - mp = 1.3 MeV come about in quark models? 2) Why should using six-quark bags instead

of nucleons change the charge dependent effects?

10.1 The Neutron-Proton Mass Difference

One knows that m, - mp = 1.3 MeV. Quark models bring that about by requiring mg—-m, >
0. Since the neutron is (d,d, u} and the proton (u,u,d) with Qa = 3! eand @, = 3 ¢, mp—my >
0 naturally follows. (This seems merely to be the replacement of one number, my, -- mp by another,
my - m,. However, one can reproduce & wide variety of hadronic chatge dependent effects with
a single value of mg - m,,.)

One might try to calculate m, - mp from the 1 photon exchange interaction between quarks.

The Coulomb magnetic energy term (E.m} is given by

1.5 MeV fm
Eemm = —F Z; QiQy . (10)

The appearance of a sum of products of charges is familiar. The inverse bag radius, 1/R, is the
only energy scale in the bag model. The numerator, 1.5 MeV fm comes from the radial matrix
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element. Computations of m, m, are simplified by calculating the difference directly. The only
difference between the neutron (n) and the proton (p) is the pair of like quarks: two d's vs. two
u’s. Thus one has

-0.5 MeV fm

_ 1.5 MeV {m (11)
R .

AFem = Bl = Bl = =22 (Q3 - Q1) = =

This is the well-known result that the electromagnetic mass difference has the wrong sign. Thus
mq — m, must be greater than 1.3 MeV to compensate for this cffect.

Another charge dependent effect giving a contribution of the sign opposite to experiment is
that of the one gluon exchange hyperfine interaction. This term acquires its charge dependence
from the charge dependence of the quark masses. Suppose two like quarks (8) exchange a gluon.

The interaction energy is given by
a, e ¥
= M(mgR)$, - 82 Ay - Mg

where &, is the effective coupling constant (determined from e.g. the delta-nucleon mass splitting).
‘Thx i/R appears for dimensiona) reasons. The radial matrix element M(mq,R) is a dimension-
less function. (In the nonrelativistic limit M{m,R) « 1/(maR)* and the usual dipole-dipole

interaction is obtained.)
The gluon exchange contribution to m, — my, AE, is given to first order in my - m, by

the expression

AE; = a,(ma-m)M & -5 % - X;. (12)
The matrix element of §) - 52 f, . X; is negative® so that AE, has a sign opposite to that of the
experimental value of my, — m,. (Note that M’ is essentially independent of R since my and m,,

are both small.)
Explicit evaluation using the bag model (R = 1 fm) gives

AEem = ~0.5 MeV

AE; = 0.3 MeV . (13)

Thus a quark energy difference, A E is a total (kinetic + mass) quark energy difference. A value
of mg — m, = 4.3 MeV is needed to achieve this. A similar pattern of results may be obtained

with the non-relativistic quark model.®
10.2 The Six-quark Bag Mass Difference - 21, - 27,

Now turn to the six-quark system. The dominant effects come from the use of six quarks
instead of three. The central feature is that the nn system has 4 down quarks and 2 u quarks.
There are 8 dd peirs and 1 uu pair. Likewise the pp system has 6 uu pairs and 1 dd pair. Thus
in the computing energy difference 5 pairwise interaction differences enter. Thus the factor of 1

pair for the nucleon is multiplied by 5 for the six-quark bag.
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Here we discuss only the gluon exchange contribution, AE,. This is because the long range
Coulomb effects are approximately the same if the charge is in one six-quark bag or in two
nucleons?. The term, AEy, is enhanced in the six-quark system because of the large number of

pairs of quarks of the same charge available. One has
AE{" = AE, 5(8/5) 14)

The factor of 5 is the number of available pairs and the evaluation of 5} - §3 X, - X, in the six-quark
system with 6] orbital symmetry gives the factor 6/5. Using AE, = 0.3 MeV one finds

AE) = 1.8 MeV . (15)

This represents 1.2 MeV (1.8 - 2 x 0.3) of additional binding.

The additional! 1.2 MeV of binding is a huge eflect. However the six-quark bag exists only
about 8% of the time. Thus the quark contribution to the binding energy difference is simply
0.08 x (1.2 MeV) = 96 KeV. This agrees very well with the experimental value of B0 + 30 KeV.

Charge symmetry breaking effects of the correct sign and order of magnitude arise naturally
from quark effects. Thus it is reasonable to hope that results such as these will be obtained from

more sophisticated nuclear quark models.

11. =~ + (pp) — np

The cross section for the absorption of a  * by the pair of protons bound in 3He can be
determined from measurements of 7+ and 7~ mbsorption on He.?! Pion absorption is a high
momentum transfer process. For example, the absorption of pions with kinetic energy of 85 MeV
gives a momentum trensfer of about 800 MeV /¢ which results from the conversion of the pion's
total energy (mass plus kinetic) into kinetic energy of the nucleons. The momentum transfer of
600 MeV corresponds (via the uncertainty principle) to a separation distance of 1/3 fm. It is
reasonable to believe that processes occurring at this short distance are most naturally treated
in terms of quarks.

The best studied (both experimentally and theoretically) of these absorption reactions is the
case of 7¥d — pp. There the conventional picture employing A formation works fairly well.

The process 7~ (pp) — np is more interesting from the viewpoint of quarks. This is because
conservation of angular momentum, parity and isospin forbids the appearance of the AN inter-
mediate state. The pp system is mainly in a ! Sp state with isospin T=1 wherecs the deuteron has
T:=0. For a #N interaction to lead to a A the angular momentum of the pion must be 1. Thus,
the total angular momentum and parity is J* = 1*. The final np state can then have quantum
numbers 38, or 3Dy, and T=0. the AN state can have only T=1 or 2, so the formation of an
intermediate AN state is forbidden. Therefore one is allowed to search for more exotic processes.

Quark effects may be included via the process of Fig. 2. A 7~ is absorbed by any of the
quarks in the six-quark bag representing the short distance pp wave function. The calculation 1

present is new and only the ingredients are listed. The results are preliminary.
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Figure 2. Pion absorption by a six-quark bag.

The 7-quark axial vector interaction is taken from the Cloudy Bag Model'?° and constrained
so that the experimental value of the pion-nucleon coupling constant is reproduced. There are
three matrix elements to compute. These correspond to the three final state quantum numbers
3Py, 381, 2D, allowed if the angular momentum of the incident pion is 0 or 1. The initial ! S,
quark state has the wave function and probability employed in previous sections.

Specifying the final states requires more discussion. The 12S:) is a standard six-quark state
of [6] orbital symmetry. The |*Po) state is generated from the equation

6
PPPoy = —\/17‘2;"6; < %1150} (16)
T T ¥
170 . s
7" +(pp) —np
_eop Ty = 65 MeV _
<
Q120 .
g
S 8o ‘?r .
. ©
40 \ 6 quark
§\§ bag
a——
1 1 | I
0 40 80 120 140
8; . (deg)

Figure 3. Angular distribution for 7~ pp — np at 85 MeV. Data are from Ref. 21. Solid curve -
our theory {preliminary result).

where ¥ is the normelization constant that makes (3P;|3Ps) = 1. Thus the P-wave state is gen-
erated by promoting any one of the six quarks from an S-state to a P-state. The non-relativistic
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quark mode! is used here. The |>D;) state may be obtained by using a tensor operator acting
on the 35)) state.?? However the important |31);) contributions come from 3$, —* D mixing
via the nucleon-nucleon tensor force acting at large separations. The six-quark probabilities for
the final states are generated from Lomon's potentials.?? There is a strong dependence of the
distance ro. This leads to a significant uncertainty in the magnitude of the computed angular
distribution. The shape of the angular distribution is computed with less ambiguity. The results
of the calculation are in startling agreement with the data, as shown in Fig. 3. The essential
features to note are that quark effects give contributions of the correct order of magnitude and
the position of the minimum is well-reproduced.

Of course, there are conventional terms that give non-vanishing results for = “pp — np. So
far no one using these has been successfu) in reprodueing the data.4 A great many diagrams ean
be considered. Precise calculations of these are not easy. I believe that the results shown in Fig. 3
will be very difficult to reproduce with the conventional theory.

12. The EMC Effect and Six-quark Bags

The nuclear medium influences the deep inelastic scattering of leptons. This EMC effect
is discussed at several places in this workshop. I just want to make a few remarks about the
implications of recent work for theories in which six (or more) quark ciusters exist in nuclei.

This recent work?® indicates that the presence of nucleons in conventionalshell m~del orbitals
is sufficient to explain the observations of deep inelastic scattering in nuclei. The use of standard
wave functions and separation energies leads to results in very good agreement with experiment.
Pionic enhancement is needed to satisfy the momenium sum rule but has Jittle influence on the
ratio of structure functions.?> The binding and Fermi motion corrections dictated by the nuclear
shell model procedure are like experimental corrections, they must be removed before one can see
any anomalous effect. The problem is that there is very little of the EMC effect left to explain
after one makes these corrections. Thus no exotic phenomena are needed to explain the EMC
effect.

It is not necessary that six-quark bags explain the EMC effect. However, their influence on
deep inelastic scattering cannot be large, if one wishes to maintain the agreement with data that
the shell snodel provides. One can therefore use the DIS to provide an upper limit on the number
of six-quark bags present in nuclei. One may write the ratio of structure functions as?¢

FPee) (P
Fo =1+ (7 ) an)

where F® and F2 are structure functions of 6 and 3 quark bags and f is the probability to have
a six-quark bag. It is clear that it depends on knowing both f and FS.

The structure function of six-quark bags is basically unknown. The only solid feature is the .
belief that 1t has significant support for large values of Bjorken z (> 0.7). At such large values,
there is little date, and the shell model does not work perfectly. However, the crucial question is:
for which velues of z is the ratio F®/F2 bigger than 1?7 If these x-values are too small, limits on

six-quark bag effects can be obtained.
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Recently. we have computed the quark distribution of a six-quark bag?’ by generalizing and
extending a procedure due to Jaffe® and Jaffe and Ross.?® We find that the ratio ¢/ F3 is bigger
than unity for x > 0.4. From this we obtain a result that [ (for Fe) is much, mauch smaller than
the value {0.3) used by Carlson and Havens.

Limits such as these provide important constraints on the number of allowed six-quark bags,
and of other specific manifestations of quarks in nuclei. Therefo1» future work, seeking to under-
stand and include quark aspects of the physics of nuclei, will be censtrained.

13. Six-quark Bags and the Charge Density Difference between *°°Pb and 2°5T]

The two component (NN + |8]) hybrid model is easy to apply, and has met with some success
(see above) in describing experiments. However, it is necessary to test it as well as possible. It
is particularly importart to determine if the idea that nuclei contain fairly large numbers of six-
quark bags is in conflict with experiments. Recently Pandharipande®® pointed out thet large
nuclei with ﬂ‘,—'u pairs present a special challenge. Consider, for exemple, the case of a nucleon
in infinite nuclear matter of density po (= 1.66 fm~3). The probability that another nucleon lies
within rg is simply 4 r pp = 0.70. This seems excessively large (compared with the limit of
the previous section) even though correlations have been neglected. Surely this large probability
should show up in some experiment.

Pandharipande suggested that the recently measured®! 296Pb - 25T charge density differ-
ence, Ap(F), should provide a good example. Within the framework of the shell model Ap(r) is
due to the presence of an extra proton in the 3s state. The 3s wave function, with its two nodes,
has a special shape which is indeed present in the data.3! One might think that large numbers of
six-quark bags present would lead to a disagreement with the features of Ap(F).

This section deals with the computation of Ap(r). The result is thet Ap(r) maintains its
characteristic shape even with a large number of six-quark bags present.

The calculation is made by first removing the effects of nucleons at small distances and then
replacing those by quarks in the [6] configuration.

A. Nucleonic Contribution

Let the nucleon density operator be p{r) = 3°, @,6(F - ;). Setting the two-nucleon wave
function to zero at short distances produces a change in the matrix element of p(r) for both the
Ti and Pb ground states. Assume that these nuclei differ by the presence of & spin up proton
in the 3s,,; orbital. (This orbital is labeled 1.) Define the change ia the density difference (Pb
minus T1) as Ap¥(r). Then one can show that the elimination of nucleons for r < rq gives

2040 == T {09 f 5 puir- 8600~ )

aley
+ Qap,,(r')/dzs (7~ 8)8(ro - 5)
{ - Slaunlb(a 1) f Ps(orlr = &pal- 5,1)

o= &l - )} (18)
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where the densities are given by pa(f) = 10a(r)1? and pa{£.¥) = @o(D)da(y). The @a{r) are the
hell model wave functions of the occupied states The function specifying that « is a spin-up
proton is the exchange term. The term Qo = 1(0) if a corresponds to a proton (neutron) orbital.

The distance ro(= = 1 fm) is much smaller then the radius of Pb, {Rpy), so that expanding
the various densities of Eq. (18) in a Taylor series about 7 is useful. This gives

_ 3
apt(n = 50 T 1l Mo (19)
where
No=14Qultt~ 26 1) . | (20)

The final step in obtaining the missing charge density is to include the proton’s finite extent.

Ttis is governed by the charge density p,. Then we have

avliie) = [ @ an¥ (1o (7 - 71) (21)

B. Quaix Contribution

Consider the two baryon systemn corresponding to the quantum numbers a,J. The wave
function is specified by Wap{FK,7, £;) where R corresponds to the pusition of the center of mass
of the pair, 7 is a separation distance. The parameters £; label the position of the quarks. We
wish to express ¥,g in terms of R and the internal variables. The amplitude that two nucleons
come close together is ¢,.(§ + F/Z)qbg(}i — 7/2), which, motivated by the small size of rp and
the local density approximation, can be reasonably approximated by do(R)¢s{R). The internal
variables are governed by a single spherical bag &, centered at R, ie. d";f (f. - ﬁ) , where Q::
has the spin and isospin corresponding to the orbitals a and g and all six quarks are in the lowest
s-state. Thus we take $°# to have orbital angular momentum of 0. The motivation for this is
that the formation of six-quark bags is decreased significantly by the centrifugal barrier.3? If a8
both correspond to like nucleons of the same spin, we assume that Pauli repulsion causes .:: to

vanish. The result of all of this is

Vop (ﬁ, F.E.) =¢a(R)¢a(R) [1 = bmomabits]
03 (G- 7) 423 (22)

The factor .T"g is included so that the nuclear baryon number and cherge are not changed by

our modifications of the wavefunction with the function Q:: normalized to unity.
To proceed, compute the appropriate matrix element of the quark charge density operator.
The quark contribution, Apg(F), to the charge deneity difference is then
4x = = R
seali) = ¥ 7 [ R ou(Rpa (B (17 - ) N (23)

acer
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wherg the charge density of the 6-quark bag, pe, is given by
< ool Fam1 dod( ~ R~ &a)[Peg> (24)
1+ Qq ’

The final result for the change in density difference Ap(r) caused by the inclusion of six-quark
bags is just the sum of Ap¥, (7) (Eq. (21)) and ép4(F) (Eq. (23)) ie.

poq (17~ 1) =

Bplr) = Apfp(r) + Apglr) . (25)

To eveluate Ap(r) one needs to specify pq(F), pa.(f), p6q(F) and p,(F). If harmonic oscillator
confi is employed g, is 2 G ian with spread determined from the rms charge radius B3
= 0.83 fm. The (6] configuration with all quarks in the s-state leads aleo to a Gaussian charge
density. The rms radius, Re, is taken to be 1.3 times that of the proton. The published 2°*Pb
wave functions of Negele3? are used here.

The Fourier trunsform of the quantity Ap(r) is shown in Fig. 4. When the quark correction
of Eqs. (25) is incladed, the solid curves are obtained. As can be seen, quarks give no qualitative
change to the charge density. The solid curves have the typical shape of the 3s wave function.
The effects of tle six-quark bag cause the orbital radius to be slightly increased but thau is all.
This is b the only inft of six-quark bags here is to use Ry instead of R; in the folding.

0. L T L T T T

o]
- VX 1.0 20 25

1.5 -1
q (fm)
- Figure 4. F(q), the Fourier transform of the charge density difference.

The result of all of this is not too surprising. Elastic electron scettering (at the experimentally
relevant region of ¢ < 3 fm) is not sensitive to the presence of even large numbers of six-quark

bags.
14. Su nmary

Quark effects seem to have a significant influence on a variety of nuclear properties. The
calculations presented here employ a very crude quark model. However, the order of magnitude
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of these effects 15 reasonably well constrained. and one may hope that the resalts will survive

more detailed computations. It is important to recognize that there is much to be done.
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BOBMOFHOCTY DHCKIOBMBHHEX M VHKMOSHBHHX TPOLECCOB
P WCCTRIOBAHMM KBAPKOBHX HOHGMIYPALD! B fPAX
B.T.Heynagwn, W.T.O0dyxopcwult, 0.M.Uypwrncrad

HaywHo-RccaeI0BATeNECKAR MHCTRTYT AnepHol dmswra MTY, Mocksa

HoBue TOuHHE 9am{7e [0 JUPYTOMY ® HOYNPYyTOMy DacCesHdn 3JI6KTDOHOB
Ha Jerdaftmax ampax’ “~* ymasuBADT Ha CYWECTBEHHYD POAL HOHYKIOHHHX
crerneHeil cBoGomd B fpoleccax OpY GONbUMX ReperaBaeMHx AMOyabcax. Ompe-
IefeHHHe ycmexn, IDOCTATHYTHE MDA OMECAHMHM 3THEX NAHHHX B TEPMEHAX Me-—
30HAHX OOMEHHHX TOROB(JM,Q,«)} ¥ A -W300aPHHX KOMHOHEHT, He CJAelIyeT pac—
OMATpEBATE, TeM HE MeHEee, KaX OROHwaTexbHNe. C pocTom &° mpomoxonmmr
HOKOHTPOJUDYSMOS DA3MHOREHWE BRAANOB, B 3 RTPY BCTYIaNT HEM3BECTHHE
BepURAHEE (YHROMY, KOTODHE NMAPAMETPA3YDTCA MPOH3BONbHEHM 00pa3zoM. [lo~
3ITOMy Xs;iaTe TsdH JOJMee MpPOCTHe MONXONH, CONEpPXAaNnAe MNHEMANBHOe YRG0
MOLTOAOTANX [TAapaMeTpoB. B paMrax KBADROBOIO NOZXONA B ROCAEXHEE IOAN
OHT DOCTHTHYT OOpeNeNeRHH! MpoTpecc B NMOHMMAHEM CRIBHOTO B3amMonmeicT-
BEA HYRIOROB HA MaNWX paccToanuax r< 0,5 - 0,7¢m IE?'/ . 310 oTEKpHBA-
€T HOBH® BOSMOXHOCTA B ONACAHHH NPOLECCOB C CONBHEME HEDANABACMHME WM~
AYT5CaMHI Q% I TaB%/c<,
/IZa.nee ONEHKM KBADKOBWX BRTAZOB IENaMECh B PAMRAX I'ECDEIEDN Mone-
= Q-8 +pl69> , r=d(nenen-nonen) , 805450,

(#9)]
B ROTOpoft KOHCTaATa [3 BApLUPOBAISCE NPA OUHCANEN DASHWX NAHHEX B

BeckMa WEDOKEX mperexax ([3 ~ 0,02 - 0,I5). flero, 9o mpEGameenme (1)
dyneT o6xaanarh OpeincrasaTexbHEGR Cxroft JENE B TOM cAygae, KOTRA OHO CO-
TJIACOBAHO C OIACAW¥EeM CHABHOrO VN -p3amMolleficTREA ® xonc'ra.yra f fmx-
CHEPOBAHA., [{3BOCTHO,YTC B MONSJM CQOCTABHOT'Q KBADKOBOI'O MEDKA Taroe
OMHCAHEE MOAYIEHO B P-MATDATHOM MOIXOX , HC Temepp EMeeTCA X Ipy-
ras BOSMOXHOCTH, CEASAHHAA C ONPENENEHHHM ONHTOM, yXe HAROIICHHHM B
pacverax AV -Bsauoneﬂc'rm IpsMO ECXOAA M3 nnapxosom TAMITHTOHRAHA,

Hy =Nm, fzﬁ +/:a M)+ Vine ()] +Z(A WE-S)V (), @

ROTOpHR /51_12 ersopmem,m: ONMACHBAET TAKAE M cnex-rpocxom anporos. B
padorax pacdYeTH MPOBOAWNHCH MO METOLY pe3OHHpyDmmx rpynm (MPT),
® C.10 M0XA3AHO, 9YTO ONECAHEe HA OcHOPe J§ -ckI {2) AmaseTcA nmocAeNo- §
BATENBHHM TOXBKO B OCGJACTHE MENHX DAcCCTOAHMN I'< 6 , a Bo PReWReR odxac-

'
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TH HeoOXONMM yyeT o0MeHa JerxMwe Me&3oHamm (¥ ,2X(5)), R Taxoff "odmenm-
HeHHNHl nomon ORA3HBAETCsS BOCHMA YCNSUHHM KAK B 3amave AV -paccaﬂ—
1’ 617 ,T8K ¥ IpH BHYACJIGHHM BKJIANOB IMHOHHHX OCMGHHHX TOKOB 18/ \HO
OpE 3TOM He Owra X0 ROHNA PACKDHTA POAL DASANYHHX KBADXOBHX KOHYErypa-
DN H peSyAbTATH HE AHANNIEDOBAXNCD B TEPMERAX OpSNCTAamRICHRA (I).
3necs M mpoBenes TaxoX aHawm3 pe3yAbTaTON MPT-DACYETOB H GIPENESEM
YRCACHHHE 3HAYEHNA KOHCTAHT MpsACTaBRACHRA (1), nocye wero OynyT RaHu
ONEeHKE BRAAXOB KBADKOBHX KORJErypaus® B cedermst (e,e)-H (e,e’) ~pacce=
AHEA HA Xervyafwowx AXpax.

I.lecTuxrapxoran posmppan fyrxmms N -cEcrTesn

Cefluac p XMTEpaATYpE WEPORO OOCYRIRETCH HECTEXBADKORAS no 574;
dyaxomss ¥N-cycTemy B OIDEGANSCHNN METONR DE3OHNDYRIEX I 6-10

CEASHD HECKOXLKEX OADNOHHMX RAHAXOB (X0 MeCTN RAHANOB »

Byl D= A {(NeWest)er £, 0] oA flmcsly Lok o
+A Lﬂs‘ (gT(fu) T(m)) Lo, (F )}

A 1o (1 = ,,,-4 ‘J

(9acTO BMOCTO 4-X REBHAIOB OO0 CXDHTHM NBETOM WMCHOABIyeTCH JENF EX OOpe-
Renennas mmefnas rowdmrames’ o0+ 10 cc—L Ay Cop G ) - To-
RO& OPeACTABASHER OUJAANEeT DPANOM ue.noc'ra'rxoi( 2. HXNE ), no'ropue ua-
CTENYHO MOTYT OHTH YCTpAHEHH ODPH NePEXONe k G23INCY KBADKOBHX KOHPMIY~
pamud: I) OTDAHAYOHHO TpeMA XaHANaME. Y30CcThs 6asNca cHMwaeT IZOCTOBep-
HOCTH BHEONOB (CAGNOBAA0 OH BRADUATH, HANDEMED, KAHATH MW", 85",
C*C* ,... C opONTAABHO BO3CYKUSHHHME HYRAOHAME NGO OOAADH3ANHOH—
HHe WAeHN); 2) OTHAGVIbHHO CxaraesMse, BXonamme B (3), He OPTOTOHANBHH
IpyT JpyTy. EMOD, B nepaummc'rcxoﬁ ocipaTopHo#t Momenx

NGz ~ (XEV ™ expl-sp(302+ 350)] | B=7-7,5,-R3f -5 .
ecxn aanarcTe GyexmEm J (r) B BXRe OS-coc'rong Uy = (3581) ”'ezp(
To BCE TDR KaWAXA ODOCTO COBNAZADT (C TOVHOCTHR ZO HODMEDOBKN ):

V3 A{NN u, 0} = - f55han ugr} = JEA{CCU ) | s-1,7-0.
CremomaTenbhn, B 00XacTE r< ¢ pasgoxeEme (3) HeonHo3HAUND. 3TOT He-
TOCTATOX MOXHO NCODSBNTH, MNCHOXBAYH HDE pa3jOMeHEN OpPTOTOHANRHHE da-
3NC TPAHCAANNOHHO-EHBapNanTHOR 7:17(1 odoxogex ( TVNO), mmpoxo npmme~
HApamiics paHes B mUepROR JmIMKe: Cpsiap MeXAy fipencTaBreHmeM ( 3)
E pasjoxeREen mo dasmcy IVMO EaeTcs OOOTHOMEHNSMN BEAA

A e
A{N(129)N(456 J\/' (r)} = ,.5 fel, 21°5>ﬂmo , )

))Sxf,‘r:o
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A~ -1
A {(‘”('25)}\](‘56))5:1,7:0 JV'?; Uzs(r)} =
:& [s‘pz 42l [42]°5>1'nm - .%s |s“‘p’[42_‘{x [321]ce >Tmo - (5)

- 4;:11’ [V:% ‘ 54P2[6]X [23]"5>7,,uo -\-‘/1% | 2]y [27, >"No ]4 142’/54,'02[42_& pr’j}c%ma

(<54P2[6]X)'rumn = 05525[6]1") y “M‘OS = gl ) JJ‘ES = 4471- >
a r.0., roe [fly , [f],s - cxemu Xura B opdn'ra.u}uom(x) ® UBET-CIRHO-
ou (29) moorpanotaaxi  Uas (r) =3 (§14° " (1-f)exp( 2], o

Nps ':‘(A{NNUAS}{A{Nﬂunshﬁ.ﬂuomme DA3NONCHAA MOXHO 3aIHCATE K
IJA IpyruX KAHIOB A\ , CC ,.... B (4) ® (5) moxmpasymeBseTcs, 49TO
panEyc cocrosmuit THMO Takoit xe, xax ¥ y 3¢ -mracrepos. OmHako ecadt
3TOT paiEyCc BapLEDOBATH HE3ABACHMO, TO IUNIA ANEKBATHOI'D OOMCAHHA OG-
JIACTE DAcCTOAHERE T4 ] 6yReT IOCTATOUYHO HECKONBLKHMY HMSIMX KOHpUTypa-
maft THMO ( eMecTo OeCROHEuHOTO qyc.na BO3GYXIEHREX Rauamos MPT, MV%.. ).

Yxe HEOZHOKPATHO OTNEYAIOCH 20,21/ , YTO ILAA OIACAHHA OGIACTH

r<é npm geTHEx L.  HeoGXoEMo y9ecTs JRNE KONGETYpAmHE 56[6],; H
s*p?[42], . Ho B odmacTw I'2 ¢ |, rme ramamu MPT mepexpusawres caado,

npencrannenye Yy B EENe A {(W)r X0} cranoBETes Gonee ymoOHHM, gem
pasaoxeH®e mo Oasmcy TVMO, B kKOTOpOM mpPMWIOCE OH yUHTHBaYE GeCKOHeY-
Hoe YHCAO0 ROHPMrypammit. TewmM odpasoM, EMeCTo OpeNcTaBAeHEA (3) He-
noxp3yeM Gojiee yONOGHOE (¥ (PE 3TOM ONHO3HATHOE ) NpeICTARNEHEE

Losz o = 0] 3
"1: l}lj\—ﬂ\l (P" ;1 )Pz’ ;’2 ;r; k) = C( (kjlsé[dx [2 ]cs >1‘uno +'{': Cf(z)(k),gﬂpg[42]x Lf]ﬁ‘l‘}wﬁfﬂ N
+8r-4. {@(423)/\'(456))51 Vo Az Yo},

4

rme Z (&) - oOwamas NN  ~paccesnas (CBA3AHHOLO COCTOAHRA),
EMEDIAS CHMITOTERY Z ‘(kr)—>~f Sin(kr+§-%) (~€77);

.~ . ~ -1

fe-¢) - [ eraanexHas” 8 -pyurnms H(r-8) = (V) [1+CA)]" , nxro.
OyHRITRH ’},{W . HODMEDOB&HH K&K NPEREATEDOBCKEE BOJHOBHe (yHKIEH

<o *
Wi l¥a> = (W« ZLPOF S et i 2 =

)

_ R8(k-K), Evo, (8)
1, £<0.
Pasnogenue (7) mnomoGHo OpERCTARIEHHRD redpunEoft Momexx (I), mo

Teneps KOHCTAHTA (3 MoxeT OHTH BHYMCAEHA:

p= ]//c“’n)/ﬁfz/cf’(k){z , ©)

eCAR B3IBeCTHH pemeHmA ypapHeHER MPT ( ypaBHeREA MOXHO IepelmwcaTh OPAMO
mna $ymrnmlt (7), HECKONBKO MONEPEIMDYS BX B TepMEHAX IByXHEeHTPOBOR
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MOREXNR - cu./ 22/ ). AMRLTETYIH
cle\
%G =F s % RIZ[C) (10)

3ANADT OTHOCHTeNsHNe Beca Xonfmrypammt S° m s*F® B 6 g —xommoHeHTe
BOAHOBOR @y‘nm}n /B Tadxmme MpEBelleHH SHAYEHEA &, # Q, , NONYYeH-
HHe 23 pemenyd’ °</ man TpeX Da3JAEIHHX THIOB OOTEHIHANOR B (2), OOHYHO
DACCMATDEBAOMHX B JHTEDATYDE :

(I)noTeHmuan ONROT/MOHHOrO OOMeRE (OGEP) +Vau,r / 6,7/,

- & Ja. . - . Dy -
Ve = ot Tas 80T C Vos == § 2 8) , Veane= el 7 et §10)

T 4r; 4mg
(m DOTERNRAX, AMETEDyDWEE 0GEP /5/;
VA AL I E) vy = RIS Ve 4, )
(MmonexsHKA OcmMULIATODHMI noremma.u/ 24/,
K .2 (I3
\é:-;f;;/--q-c)v;s:ﬂ;?,:oonst)vmf -o. )
§ Tadxmna
a ~ 6 [m[C la [an]| [,
(MeB) |(MeB) | (MeB) (Mo B/ ) ° 2
0,6 355 0 I1,9514|14,3170,793 | ~0,60I
- 0,498 | 355 15,2 {0,97 6I,6]0,887 | ~0,453
() ] A b me c [N do a a
a 2
(@) | (MsB) | (qm) | (MaB) | (MaB) oB/p)
0,274 |216,8 (0,456 | 362 63 0,90 38 0,909 | -0, 407

| k 3/.,,,12 b mg | C

Me/nd)| (MaB) | (@) |(MoB) | (MsB) | B 2 %
7% |73,2 [0,66- |336 | 88,7 | - - |o,378|-0,928
23T [73,2 {0, 336 |I63,8 | - - 0,59 |-0,792

Irxqa "pearmctEvecrEx" papHanToB g¢-cuan (I) m (II) cpemmee pemenme
IPEGAMXCHHO MOXHO 3aNECATH KaK
~ Y3 ~- V7
ao ~ Vl;:' N aa -~ /4‘_ (14)
TOXBXO AR JOPOMEHHOTO BapdanTa (II), B KOTOPOM OTCYTCTRYOT KyJo-—
0BORNE OWXH (~ g’z,-zd.). XEpaKTep pemeHRs MeHAETCA KaYeCTBEHHO:
y v

~ L
Ao = Vo 5 G =[5 - (15)
6e MH fIOKAa3 /21/ , HCXORA H3 yupomenuHoTo BapEaHTa (II)(a Tarme B

oxexn memxa NI 23/ ), 9To nmercmarsETHoe ( M) B3amMoneficTERe
(%)@;6,)V,5 () ~ OPEBONET K MDETAXEHWO B ROHPErypamum S'p° [a2] [a9].,
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(opeo6nananT CEMMETPHYHHe IapH B CS -npocTpascTse), M 3TO COCTOAHEE
IOJXHO ONTBH DHEPTeTHIECKH BHISAEHHHM NO CPABHEHMN CO BCEMHE OCTANBHHMHE

¥3 pAma s 3 .
[2°],e[42]y = [42]eg + [327)cs +[2%)cq + [31710g + [21°10s, (1)
q9T0 ¥ NONTBEpPRIAeT NpHBeIeHHoe Bume pemeEEe (IS5). Ho B "peasmcTHueC-
koM" chaydae (I4) kapTHHa NOXydseTcss odpaTHad, HHEPreTHYECKHE BHIEIEHA
gonduryparma ° [6]) [25] .5 . PasInme CBA3AHO C TEM,4YTO DOMB LPYTOTO WIo-
Ha naamoneﬁcrmtéj(@%.)(vcwcs) He Maxa’ ™, W B HeM HeuboJee CHABHHM
SIRRAETCA KYAOHOBCRHM moTemuman(V.~ :j #%)) mo B mapmarTe(II) oF oTCyT-
creyeT. B cxyuae paammomeficrsmft (I), (II)Ha MamuX paccTOAHMAX "BuxmBaer"
Takad KOMOWHalUMA Kouxrypanmfl, roTopas odeHb ONH3RR K CYIIEpIIo3HAIME
BCeTo IBYX, BHIMCAHHHX B HAUANE JTOT0 pasNesa OCHWLIATOPHHX COSTC HHH
(4) m (5). B mapokom RHTepBase sueprmlt 0L Eu.m.é IS0 MaB pemenms ypap-
HeHut MPT' ORa3sHBAOTCA OPENCTABHMHME B BRAE (mycTs L=0, 5=1,T=0)
FU m Be-) A{(WN)gr 15 # Z700R g )+
.n-'/’z (17)
‘28

Wy It

Xors Tamag 3amMCh M HEONHO3HAWHA ( MOCJNENHND CTPOKY MOXHO BHDA3HTH Ye-
pe3 JndHe npyTEe RAHamH AA |, CC,...)0Ha peNCTaBRIAeT ONpereSeHHH®
yEOGCTRa [PE IPOEKTEPOBAHEM B MA ~KaHax (CM,.CleX,paszen).
B BomHoBoft fyummem (5), morTopas Bomra B (I7) ¢ OTHOCHTRIBLHHM BECOM
a, ~- |7 , [Ho=OpemHEeMy MARCHMANBHYD B:DOATHOCTH HMEET COCTOAHEE
[s“P‘[42]X[42]cE>, HO K HENy LPAMENAHH ¥ IPyTMe KORQHIYDAIEN, KOTODHE
3JHepreTHieCXE BHIEJeHH GXarolapsi KYXIOHOBCKOMY BiammoneficTemm, B cynep-
NOIENHE COCTOSHER (I7) odumd damanc cEA B odxacTH r< é cooTBeTCTRyeT
OTTANKEBAHED. PHEENEHHOCTH EMEHRO WA -,OMNOHSHTH HETpPYNHO NOHATH RAK
cnencTENe BANSHMA VYN —aCEMOTOTERA HA BHYTDEHEND O0NAcTh B KaR GASACT-
pEe sHeprermuecxolt mexm A ~ A |
B pafme pacyeTo 6,7,10/ B nepwhepmuscroft odxacte "z é dwro yure-
HO B3aEMOZeflcTEME, CDASAHHOE C OOMEHOM JEeTKMME Me3CHaMM J. , 27 (6),
X B pesyXpTaTe OHIR NONYYSHH PemEHNA, NPABIIGHO OMICHBADEEE S «BONHO=
BHe $a3oBue cimmrm AN /gpalaccema B mitepsare 0 < E < 150 MeB »
3HePIED CBA3R nefTpoRa’ ~° . JTH pemeHEA nocxe wx Opeodpa3oBaHEA R
puny (7) wim (I7) zaor nas mefitpora ,3%x 0,03, a mpe E >0 sraveHmt
/3(*) 3APECAT OT 3Heprmn E= -,‘;Ti H WMEDT IPYTYD HODMEDOBKY (CM. 4 pasni ~

2.0posgrapoparne = NN —kaunx. DXENBAXEHTHAR WpEIFNATEDOBCKAA BOXHO
Bad_gyurmn
B JETepaType aKTEBHO OOCYXRaeTCA BOOPOC O XapakTepDe BoJHOBOR JyHX )
MEH BIAEMHOTO ABEXEHEA HYKJAOMOB B DACCMATDNEASMOM KBADKOBON HONXO-
4

L

+ [3(*)14\{(””)51. [a, M;Vilos(r) +Qy,J
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e/ 7482527/ Foxm EyHrmna Y, 69)=Y, (£,..75k) (TREa (7) wam (17)) mamect-
AA H3 MEXPOCKOMMYECKOTO pACWATA, TO OTBET HA NaHHHE BOMpOC MOXET OHTH

IaH ¢ mowombD 0CHYHOR NMpONENypPH ODPOKTHPOBAHAA B KIacTepHuR MV —xanam:

7 6!
lm,(r) = 53121 <N(1zs)N(4se){w~~(6¢)>, (18)

3necs MH ¥uEeM OOXHYD QHAJIOTHD C AMACTePHHME MeToNaMu fARepHDft dman-
n/ 19,28/ . JyuxmA mepexpwBaEmA (I8) BrosHe aHamormdHAa BOJHOROR dyHK-
TIEM B3ANMHOTO NBEXCHNA KJIACTEpE A ARPA—-OCTATEA B TeOpHEM pearmmit nepe—
Iagr uac-reyon rina(®%Li, d) wim peaxmmft RBEIEYEpYTOre BNOEBEHRA
(P,P'2) 728/ Tagne JyHEIME HODMEDOBAHM Ha cNerRTpockomAeckm} arrop.
[IOCKOABKY ILAA TAKMX DHXXHX CHCTEM,KeR ReRATPO, CeKTPOocROmMYeckuRt Hax~
Top Sy, (¢9)NMOYTH He OTARYAETCA OT ENAHMIM, QYHRUAS nepeKpHBaHEA (I8)
OpaRTN4ecKA coBnazaeT ¢ HopmmpoBanHo® Ha I “"mpenmrrepoBCROR EBoXHOBOR
fyrrxue”, rorTopas B MPT ompemexsercs COOTHOMEHAEM

7 - -4 > T - 7 43 2
Ly = JHEINE )N lmp) W(815,,8.5, Fdid) didy dhas)

THe NEF) - AEPO NeperpuBsERg MPT (MH omyckaeM CYMMADOBAHEe M0 RAHA—
stam MPT,k0TOpOS HaM B He HOHALOOETCA B cuydvae (17)).fxpo MF A7) ynod-
HO OPAACTABATE B BEIE DPAZNOXEHWA O OCTWLIATOPHHM JyHROMAM (RCIONB3YA
DEBICEGHEE S(r-r) = Uog (MUpg (P 4+ Uzg (P Uy (P * o1 )

N w2 3670 K3 NG 1) A{NE I 38 )}deds by e
= Phg Upg (M log (P7) +Nyg Uos (M5 (P} + ... (20)

Smecs Np, = § , M= fAL v2s B B0OGTE MNos= i [“("a’?)?’“l‘:“;f, , 103TO-
sy mnTerpaxsEul faxrop N T(¥)®) B (I9) $ARTHUECKR PKBEBAISHTEH NOM-
OERATODHOMY MNOXNTEN® (zi%vs = %o B (IB). lipen#urepoBCKAd QYHKINL
(I9) cansana ¢ poamopoR GyAxmMe? MPT X (¥) eme Gotee MPOCTHM COOTEOmE-
ANeM: .~ 1% )

Sy = tfJ\f(""f)X(F)afr , (21)
ROTODOS JSIKO NOAYIATH, NONCTABNAA “Hy, <4 {”’VI } B ({I9) ® meoomeayA
rasxoxenxs (20)., Mwuenno » fopee (2I) poxHGRAH gmn VY —~CHCTEOMH
OOHYHO X ECHOXBSYETCA B AETEpATYpe Mo wprY6-107, Synxmms  J (F) ynmos-
XeTBODA&T aHAACTY ypaprsHEs [IpsmMurepa:

S [ F{‘}(F,F') -E S(F-F')]Z(F')d’r' Y (\”z(r')]a’rﬂ), (22)

ROTODO® MOXHO [OXYYNET: X3 ypaBHeHm® MPT':
JIH@ERy ~enf @2y L #)dr <0, (23)
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“e, N N
noxcTaBAAd B Hux (1) ® ANpO /'-7,1(",-*‘) =SV TR H,ERN VR ol
TpoenTHpopaHE® B NV —xadar pemenma MPT (I7)nmpm menosap3omaumm (21)
B (20) OPHBONUT K OYEBANHOMY pe3yabTary:
3 g Y L= N
Lo (M) = LM =B80-6)2 Uy g7 *

(24)
+plyr[a, it +ay tam]

L1a xoToporo % , 4, , [ panu p (I4) 4 B KOHUS IPOIHIYMOroe Dasiena
(B Gosea oomeM ciyuae (7) MH BCe PaBHO NOJydwid OH TaKoe e M0 Popme
BHDAXEHAe, HO C APYyTWMY JHCJISHHHMH SHAUeHMsMM Ko3ddmmenToB @,,a; ).
Taxmv o0pa3oM, B OCJIACTY MuNHX NA —paccToAHmf! BoJHOBAd GyHKUMA
EMeeT IBe PA3HHE MO CBOEMy CMHCXY K TPOMCXORIEHWX KOMIOH®HTH: Y3IOBYD
U,g(X), ROTODAR MPOXCXONRT W3 KOHWTYparmm s¥p? [42]7( , W $e3yaJoByD
Ugg(r)s COOTBeTCTBYDUY™ Apyroft xondurypamer S°[6], (B smmTeparype ofuu-
HO TOABRO S° pAcCCMATpMBRETCH KAK RAHOEEAT HA 6; ~ROMIJOHERTY). Y3axosoft
s NN —posEOEOM PYyHKUMM OpeNCKa3HBAICH 8?Hee 20'21,11 3aTeM OHJI 1po-
IEMOHCTPHPOBAH pe3yabTaTaMy MPI‘—pacqe'ron/ . OmHaxo yanorof! smraAercs
TONEKO KOMMOHeHTa, OTBevamumas rowpwrypamms S7°[42],, ecnn me mpoexumm
o6emx ROMIOHEHT, U,.(M)u lps(r) , MPOCTO CRASAHBATE, KAK B (24), TO
CYMMADHHI! DE3yNBTAT OKA3WBAEeTCA O6e3ys3noBEM (pmc.I, om. Tamme 8,10/- b

9TO CAERCTBHE KOHKPETHOTI'O ooo‘momennﬁ BecoB &, # 2, B (I4).
B pad 26,2776
siM’I /2 m padorax HI0 OTMedeHo, 4To fazosue
| ‘f‘_ COERTH NN -paccesHWA MOTYT OHTh [pPeXpacHo

ONHCARR Ha OCHOBé IVyCOKAX OOTeHIMANOB (IpA~
0,4} / a THEEHAA B MONEJH C 3allpemeHHHME COCTOSHEA-
va(M3C), B ROTOpOff WpEIMHIepOBCKAA BONHOBAA
$yHRUER EMeeT y3es Ha paccToAHEAX = 6,310

0,2} Weser, 7/ ; COOTBOTCTBOBAIO OH A XBADKOBOM HoAx0Ne "Iu~
/ ,:’u,m HaMU9eCKOMy 3aenpeTry™ 21 KOHQUIypaIpu S‘[B]x,
i JEGO MpOCTO NpeoCamanmn XoHPETypammi S92
o. ¥ S .| [42], max $°[6], - KaK B OXHDM ¥3 HamExX pe-
N/ LO 2,0} menut (I5).lonvepKHEM,9T0 OpE NONYYGHHEM Do~
N TA®) | yemut (I4),(I7),ucnons3osaunux Bume (pac.I),
0.1l $aKTAIOCKE OPOINONATAaNoCh, 4YTO TEMAIb-
' L TOHHAHH 6¢ ~ E 3¢ -CHCTEM OIWHAKOBH M HMEDOT

0. 1 I || CTPYKTYPY, BHTEKANmy©® H3 meprypdarmexoft KXI,
\/ ,I,v&m) 2,0| 5 gaernoctz comepxaT MOUHYN KYJIOHOBCKYD :
-0,Tk dacts ( V, ~ %ﬁ ). OmHaxo Tagoe MpeRmoyoxe—

;ggigégg”goﬁ'%%@gmge_ HUe BOBGE HE OGS3ATENBHO . B cOmem cay-
TepoBcXrl IKBABATEHT qae MOIVIM OH CYymMecTBOBATH DemeHEA THAA (7)),

dea%iog)aa ()basrx;:n:.gﬁsogga_ (15), He cpommie k(I7), KOTODHE W HABATE
TH pemeHEA(24). OH MEKpDOCKRONHYeCKyD ocHoBy nas M3C.
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PaccMOTpEM Temepb, X KAKWM HAOANNAEMHM CREICTEEAM B 3JEKTDPOMAT-
HETHHX ppoleccax Ha Jerdafwmy srpax 6yleT NMpEBOIATH AeCONBNAA OpMMECH
korpErypammft 8¢ m S4p? , ompemeseHHas Bhime.

3.Marurrautt dopwbaxTop meRrpona

Hosue nam-me/ L2/ KDHTHIHH Jame K HeCONBIMM 3HaweHmam A2 . Tpul
=0 6¢-RORMTyparEM BHOCAT BRJAL TONBKO B CIOMHOEYN 34CTh TOKA NHATOHAIB~
anx ¥ HeNEATOHANBHHEX MI—nepexo,uoa.

@)= pf G aste, S‘Plzm,Z[zxs‘vJe“’IaSWS/’)m, T s
VAL Lo stautp) WO oo asni, .

Mockonbxy B mpxonon MOTIeJIH /“‘sg =Hor Mz, , My=3, M==2, B(25) crpa-~
Ba NOABRACHA MHORMTENb A, . Mcnoabeays daanc TUMO, moxro BymecTH 3a
CROORY RIACTEDHHN MATpHIHHM sxeMent 56 [ €% Fipe® 2m0 » KOTODHE cO-
oTpeTcTByeT fopMbarTopy, nyxmonaF (|q, d= ‘/— - MMIyXBC B cHCTeMe Bpefira):
TuSa S +Q 54P ’e‘%(z"-inlaas';-q-a,s" 2}"
-if} -¥ iq. (26)
= afle 3N s’ Ry LRl +2, U, [ © i 8T (@t tazu>,
o

Oyuxmer THMO MoxHO pac MaTpEBATE K4k Hep7m'mnnc'rcm opernen EOJIHDBHZX
fynxnull peAATHBRCTCROTO ocumaasaTopa (PO) Mepexons Ope donpEAx §
® BoaHowuw fymrxumsm PO, moxydaem LA KRACTEPHOI'G MATDPHYHOTO 3IJIEMEHTA
BHpAxeHRe: P 2 '1.282 /g

3 19 %%, 3N = ! )ez - _2>
F;(‘ig)=m<s IE |S>PO 1_4%; F[ & <]4—2—: ] ’ 27
ROTOpOe YIAOBAETBODRTENEHO ( C"RBADKOBOR TOYHOCTEN" = 30% ) ommcuBaet
ape I =0,5 (M dopmbaxTop HYWIOHE BO BCeM H3BECTHOM RHTEpRane 04?,2<

433 TeB%/c®. Bmaveume & =0,5 §M BemnoXo COIMIBRCYETCA TAKXE C NapaMeT—
paMP KOHCTETYOHTHHX KBADROBHX Momexelt (cm.ralqmny B I pasx.). laree
BCDOY MH OyneM SaMeHATH wiacTepHu®t dfopmbaxtop ( 27 ) ma fusmueckml
fopmpakrTop HyraoHa. B pesy:rh'ra're 69 -pwran mpEodpeTaeT BEX

g pRaian B Temo s’ ganer.

Ha pEc.2 cTpyRTypHas qum:mm .
B(q = 20+n) iy (57) +GR4 @)

~ (29)
B KOoTOpOft G51(‘12) - Braan WA ~pomnonenTu 9('~€)Hd(r) , BHYACAEH-
HElt B noreau%z.r?oﬂ mozexn Peftna (Rsc) 32 , COMDOCTABRIAGTCA C HOCIeN-
HEME EqHHEMM ~°*“/, BHIHO, 9YTO 3HAuYeHHA ﬁ2> 0,03 mpoTEEROpPEWRIE OH
3TIM JAHHEM.

413

o



T T T T T T

dlee)np
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Puc.?. CrpyrTypHan qyHruma B(g%)

LA yIpyroro
Ha neltrpore.

4, 31eKTpopacmerieHne neltTpona BOAEIM popora

(e, e)natCeRHna

Prc.3. Ceuenme sjexTpopacmemne-

HrA meliTpoHa BOJW3W Iopora Ipa
DacCesHAR Hasan.

¥ _DAcCEeARVN Haa.

CeveHKe DJEKTDOPACIEIIGHVS B O0IACTH "MAHWTHOTO DACCEANAA" L) =

=180°

w3’s - 1’9, -po neﬁmona B KOHETHOE

/_(G"(i) [H (§9-2J, (g)+H“<w] ,

0,2

de

dS.de, ~67°E, f .L

olfpefenAeTca MurephepeHTme# MATHUTHHX M30FSRTODHHX nepe}onon
'S, ~CoCTOAHWe paccesHMA

(30)

roe H, (3%)= Sz(pr)u(»u (34rdr 5(1)—52 (p.r)iu (3¢7)dr -

- 5-und —Bom{osue BRJIANH VA —KOMHOHGHTH a BRNAan Gq —~KOMOOHEHTH MME-—

eT BHX

H%(‘i ) 2Ly Ba(P) j[“v Ugs (1) 385 Uz (7)) [ab (P)Uos (r) +0; (")“25(')}.]. #3rdr, (31)

ad o
The /54, o 3 %2

- mapameTpH 6 ¢ ~KOMNOHEHTH neftrponua, B4 (r), a,

SHAJOTUUHH® NADPAMOTDH IpeicTaBaeHuas (I7)

ura. Pemenms MPT gamt (3,(E=3MaB) =
pPeayxABTaTH pacveTa MO @opmy.nau ( 30
[lpeBefieHH Taxme pe3yabTaTH pado'ru

1,530 2
BI) cpanmamcs c nmm
no BRASTAM DMOHHNX oduennux TO~

ad

o

1 'S, ~cocToANRA paccen-;
_a,, , 4= H7 DAC,.3

KOB. CRJOmHAA KPHBASA COOTEETCTBYET CYMMAPHOMY BRAANY RMIYABCHOTO MpH~
omexermA (IA), MMOHHHX TOKOB (X) K 6¢ —KOMNOHEHTH. CymECTREHHO, UTO
P HameM paCYETe KBAPKOBHE KOKCTAHTH CHENMATHHO He TORTOHANECEH, TeM He

MeHee OHAO NOJYYeHO KAadeCTBEHHOE COIVIACHe C ancn%
MeDEeHHOM EHTEpEAfe EMOyABCOB, HampoTEs, B padoTe

e@HTOM BO BCEM ITpO-
COTJNACHE C JHCIOe=' |

DEMEHTOM HOJYUYeHO IOpH yveTe Jp-3® 4 -prAa%OB, HO 0e3 ydeTa 6¢ —ROM—';
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noHeHTH. OnHospemexHu#t yueT P - u 64 -BRNANOB GWT OH HENOCASHOBATENb-
HHM NROMHHM ydeToM OGJACTH MAIHX paAcCTOAHAmA B oOMeHHHX Tokax. Takmm
06pa3oM, pPacCMOTPEHHHe 3ZeCh YNpyTRe WINM OOYTR yOpyrHe RaHHHE He no-
3BOJASNT PAINMYHTE KAYECTBEHHO NMPOABASHEA 64 — ¥ P~ OGMEHHHX TOKOB,
XOTH R YRA3HBAMT, YTO NAPAMETDH 6 ¢ —KOMMOHEHTH, monyveHuwe B MPT-pac-
yerax,He [POTEBOPEYAT DKRCIEPEMEHTAIEHHM HaHHHM. Dosee oNpeneieHHod wH-
fopmanmn o6 06JaCTH MANTHX PACCTORHAR cuaelyer, NO-BEAVMOMY, OXMIAThH OT
YKCKID3EBHHX COBMNANATENBHNX 3KCHEPAMEHTOB Mo (e,e’ p)-paccesHyp B 06—
NACTR rOpa3no GONBWHX KOHEUHHX IHEPTHA WAN OT SHCHID3WBHHX IAHHWX 10
foTopacmemwenmo MpR E,,>., I I»B. 3To CHpaBeLAMBO M ILiA 6Ooxee TSEENHX
agep T, “He, “He, 4To MH HpONEMOHCTDHDyeM Ha [pRMEpe TDHTRA.

5.MaruuTHuR dopmbarTop TPHTEA

PacYeT NPOBOIWICA B MpeIMONOMEHWA, YTO HA MaiHXx PACCTOAHWAX BAp -
¥ "o -moXcAcTEMAX (B S, - B ‘S —COCTOAHWAX) BONHOBad JyHKUMA TPATHA (dak-
TOPA3YETCA NQ AByM OTHOCHTEJBHWM KOODIFHATaM Hno6H ¥ ¥MeeT B ABYXUAC—
anxoﬁ nozcuCTeMe Tagyn xe 64 -xomnanemy, KaK B eftTpoHwas S ~poanHa,
T.E. PJ,,F [3 f-”i = 0,03, ﬂ-““ = afm, = @, . BKna} WMOYIBCROTO MPHOIE-
XEHAA ~ B3 pado-ru/ 33/ B xo'z'opon mpoBonmacH GamneBckul pacdeT TPRTHA
IR noTeHmmana RSC . Ha pHc.4 peaynsTaTH CPABHNBENTCHA C HOCAEHHA-
MA DKCHEDYMEHTANLHEMA TaHHuM® . BUiHO,uTo 3%-Has modamEka 6 ¢ coBuraeT
MIHIMYM MMIyZABCHOT'O DACHpoeIeHis

F, T T T Y T
M|

3H (e, e)

IO—I T_ J
1072 + X

1073.|-

0-4

~5 .
1077 o, 10 20

Prc.4. Marawraadt dopmparrop

TPHTRA.

B Hy®HYD cTopoHy L2 liM-2+I5 qm‘?
HO 3TOrC eme HeaoCTaTOYHO IR 00b—~
ACHEeHWA 3KCIePHMeRTATBHHX HAHRHX.
Ecom yse. Th 6 ~godaBry mo I12%
(mo OUEH‘:::} }, TO NOJNOMEHRe MH~
HiMyMa (=23 qm‘z) MOXHO OOBACHUTE,
HO aMIATyHa B OGJACTH BTODHYHOTOD
MERCVMyM&8 ORa3WBaeTCA B~2 pasa
MEHEME ee SKCNEeDEMEHTANBHOTD 3HA~
uyeHuA. [lo-BEOEMOMY, ¥ B CJydae
topmbaxTopa TPRATRA HEJAB3A NONYURTH
COTNACHA C YKCIOEPEMEHTOM 0e3 yue-
a T'OHH% 00MEeERHX TOROB. B pado-
COTAACHE C BKCOEDEMeH—
ToM ONXO mOXyYeHo NpH yyere JT -,
P ~ B A -BRAANOB B [DH ECOONBIO=
Banme IFpaxoBcKoro Jopmbaxropa ) .
OmHaRO COOTHOWEHWE Mexly P - ¥
Gq,-nma.nm 3xech CTOXL Xe Heol=
PenesIeNHo, KAk B B ciAydae nefiTpona.
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6.3apagoBue dopmbaxTopn

B paoorax/ 17/ sapanossl fopmparTop 3 oun o6sacHeH B TROPRIHOR Mo-
IedAA KAK DPe3yAbTAT WHTepeDeHUHH MMIOYJIBCHOTO NPROMMXEHHA A GOJRMOTO
649 -prIada wmwc Maguf 99 —exrax. JHax EHTepdepeHUIHOHHOTO WieHa JeHo-
MEHOJIOTHIECKN Wi BHOPAH OTpWLATEeNBHHM. HamR OlEHKH, OCHOBAHHHE Ha
MPT-pacdeTax, 1anT ROJCXKHTEABHHA 3HAK wHTepdepeHUHOHHOTO WreHa. llodToMy
B HaweM caytae 64 -Rodapka K 32pANOBOMY GopMDaKTODY CABATAET MRHMMYM
AMITYIBCHOTO NDROJNMXEHAA B GTOPOHY MeHbmEx H° , W 2TO MpoTEEOpevmIO
OH 3KCHAEPHMEHTANBHHM NaHHEM. Bapn.nown dopmbaxTop meiTpona Tamxe He
noJy4aeT od’mcnemm B odnacre Q2 % 4 - 6 THB°/c* Opm NONYUEHHOM Hamm
3HATSHHH (é;, =0,03 (H3 qneﬂomeno.mrmecm NONTOHOK CAeNyeT, 9ITO HeoOxo-
IFMH TODA3no GOAbIAe BepOATHOCTH {:}, =~ 0,06 - 0,08). OmHaKO HyXHO yum-
THBATH, UTO PEAATHBECTCKEE MOMPABKH ( 10 CTEMeHAM g) B CJaydae 3apdA-
IOBHX GOPMPAKTODOB WMEMT TOT e MOPANOKR ( YZ2), YTO 1 Me3OHHHEe OOMEeR—
HHEe BRAAIH, ¥ X HeAb3s DPACCMATDHBATE PasfienbHO. 3T0 OTJIHIgeTCH OT
ciydYad MarsETHHX $opmPakTOpoB, KOTOpHE AmfAAeTcA B 3TOM CMHcJe "dojee
gkcTHM”, T.K. Me3OHHHE BKJIATH MMEOT Gojlee HE3KER mOpANOR ( %) , dem
PeASTHBACTCREE NONPABKE K BOJHOBOA (iyHKNWW M B NPHHOMNE OHM MOTYT
OHTH paa,ue:lemi PR He odYeHb GONBmEX Q. KBapKkoBHe BRIANH AMENT TOT
xe OOPANOK ( &) + 4TO W MPIOHHHE, [OBTOMy HX COBMECTHOE DACCMOTDEHME
B CJAydae MATHETHHX GopmfarkTopoB BROJHE ONDABIAHHO ( MPH NMpeHeCpeXeHAR
DPEeAATEBACTCKEME Hompapxam#). Ho aTo yxe He Tak B 06IACTH OOJb~
mEx Q%2 4 - 6 TsB/c?, HOCTHTHYTHX B 3apsnosex fopwpaxropax, ® dero-
MEHOJIOTNYeCKAR NOAToHKa 64 —~BRIANOB B 5Toff 0GAACTH, NO-BEIEMOMY, ARIA—
ercd celluac BhoosRe ofpaBIaHHOR 17/ .

7.V aTBRTHHE H30BEKTODHHE flepeXOoiH B gndagnomme COCTOAHER

MexarR®3M MATHRTHOTO COME-fWHMZ B Sq,-xomroneﬂ-re ReRTpona, RoTopuft,
KaK G0 NOKA3AHO BHNE, BHOCET CymecTBeHHHR BRAAL B aJeKTpopacmente-
HEe HefTpoHa BONE3E M p =mOpOra, f0-BROMMOMY, BHOCET HE MEHee BaxHHI
BRAAL B pearxumn cl(e,e’ JN¥A BOXA3® #A -mopora. KomedwHoe cocTosHHAe
MOXHO PacCMATDHBATEH [0 QHANOTER ¢ HeflTpOEOM KAK CEcTeMy A+4 C Hexo-
Topol npEMechD 6¢ -KOMNOHEHTH, KOTOpad EMeeT BHCTPOEHHHe OPORTambHu} .
MOMEHT H CIWH — B COOTBETCTBHEHA C xnamonm WECAAME CEpER "OI03pEeRa-
emux" IMGapmoHoB ¢ maocmmmoM T=I (D, - % - 'G,): §=2, J=L+8,L =
=0, I, 2, lepexonuue fopmbarTopH Ens Kaapnoaux rongarypammd 5°(5=1, T=
=0) > 25(8=2,T=1), a%q=1,T=0) = &P (S5=2,T=1), s%*(8=1,7=0)—
~» s*p(8=2,T=1) GHTH BHYHMCJERY B MOIEJE PANATHBRCTCKOTO OCIRI-
AATOPA C OOMOIMD! 're/nmxl TeHealorgectmX KOI(JRIMEHTOB XBapROBOR 0do~
nodeynoft MoZeaN CeqeHite NPONOPUMOHAIBHO KBANDATY K30BEKTODHOTO
MATHYTHOTO MOMEHTR Mepexcia B MecTEKRBApKoBoA woOR(MIypanmma, xoTopHit mo
a0COMTHOR BeswdMHe OAM3OK K K30BEKTODHOMY MATHATHOMY MOMEHTY HYRAOHA. {3
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B pesyabraTe ceveHMe poxUeHEA IHGapROHOB NPHMEPHO /gg /nop:utox OpeBOCX0-

KAT ynpyroe cedeH#e B "MATHATHOM DACCEAHWR" Ha3Aam .
8. Japmouenge

ChopMyTHpYeM HEKOTOPHE BHEOIH ®3 NPOBEISHHOTO -4MS DACCMOTDEHRESA
HadxmnaeMux 30feRTOB, GBAIAHHHX C_KBADKOBHME KOMPHTypaumsMM B Jgerdaf-
mrx ampax. I, BeposTHocTh 64 -~KOMIIOREHTH [3»2 =0,03 , koTopad CjenyeT
#3 MPT-pacueroB, NO-BRIRMOMY, SBARETCH TeM BeDXHHM NpENeAOM, KOTODHA
eme yIOBNEeTBODAET BEChMA TOUHHM NAHHHM MO MAarHATHEM dopmiarTopam zelt—
TPOHA ¥ TPHTRH R K30BEKTODHHM MATHHTHNM MepexonaMm die,e)pn .
2.Brrany o0MEeHOB TAXEAHME Me30HAMH W 69 —BRAQIH SABAAOTCA B3ayMo-
HCKTIOTEUARAMEL (Hy®HO YYRTHBATH GO TO,JM00 HDYyT0e) wak B AN -paam-
MoneficTE®E, TaK M B MAarHATHHX dopMParTopax derdaftmmx sgmep.
3.Ecae OpHATH 38 OCHOBY WECTHKBAPKOBYD MHTEPIDETAIEN, TO MOXHO BHIE—
JHTH KWHEMATHYECKHE OONACTH, B KOTOPHX CEYeRMA PA3HNX MPOLECCOB Mo~
HOCTBN ONPORSLANTCH 6 ~xommokentoff: &=~ 20 - 30 @™ » peaxmmn
d(e,e')pn (Es3 MB); Q% 40 - 50 (IM—Z B yHByI‘OM de,e)~ paccemmn
Hasal ¥ B 3JIERTPOPOXNEHMH NEOQpUOHOB d(e,e’) “B (Epz 300 MaB).
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MCCIENOBAHVE CTPYKTYPH MHOT'OKBAPKOBHX CUCTEM B METOIE
TVIIEPCOEPUECKUX OYHKIRAR

B.B.Bypoe, K.B,lluTuxopa
QChOIMHOHHNIE HHCTHTYT ANODPHHX HMCCJaeloBaHuii, LydHa

1. BBejexmue

B HepesATHRERCTCKON NOTSHIMAIBHOY ;MOne: /177 I'aMPUIBTOHM&H cHe-

rems xeaprod H:= T+ (zme T= Z_-—- +Xm,c* ) o Bumenen-
HHM nenrpom Macc aarmcmaae'rcs: c.nemmlmi o6pafom:

T‘—" Z( “P‘)m'“‘rneP ZP M- Zm
M 1“ i< h’h ""J

[lorenimanbHan SHePTHEA cnc'remu Z -" V(q, ) COCTQHT M3 IJ.EHTpBJIB—
HOTO WIeHa V {1)= 8¢ 2t C ' onpe.n; em __KOHII)EI HT,H CIIH~CIIMHO~
BOTO WIERA V, ()= 0"0' (%) f = PYA* onpenensmieTo
PasHOCTH (/V - A) -Macc. B pado'r ~3 B peay.u'rare ¥3yYeHNA CBOACTB
TpeX-H WeCTHKBADKOBHX CHCTOM B DAMKAX HeDeJATHBHCTCRo# momesad ¢ PyHKR-
IPIMA DApMOHRYECKOTO OCIWULATODA OWIO NPeILIOKSHO HeCKOMBLKO BAJHAHTOB
KBADK-KBADKOBHX NOTEHIM&IOB:

Vj-li[f(a)* XAIC» .
f(r) = Aemp (- 'L‘/A‘)+Bz +£+ kr)'{z),

g() = 5—/(5('»}, g(2)= -mp(.zy,f (2a)
_f(z):-azﬂ 55 5(4}_ - fﬂfs §(v), (20
PRUTRYEE A T FITE

dra MOZEJb YCNemHO Da3BHBANACH H noanwmna nonylm'rs pAI USHHHX DO3yab—
TAaTOR RAK O MACCAX, TAK B O pAcIAmHHX CBORCTBAX JIOTKEX OapHOHREK cHC-
TeM, OTHAKO HMCTONB30BAHMe Ca3BCHHX PyHKIME DapMOHAYECKOIC OCLULIZTO-
pa MDEBONMT K TOMY, 4TO JUIA ONMCAHMA MAcc [l - KBADROBO# CRCTEMH E
BOCTIPOM3BONEOHNA ©8 DA3MEDOB HCHONL3YNTCA DA3HHe 3HAYEHHA panmmyca
ociuaropa 8, . CiasiyeT OCDATHTL BHUMAHKG, UYTO NADAMETDH Xo KC-
NONBAYEMOTO KBADR~KBADKOBOTO NOTOHHMANA OYSHb YYBCTBHTENLHH K BEJMIA-
1xe go. NipowUTNCTPAPYOM 3TOT {aKT HAa HpEMepe NapaMeTpa K , ompe—
Zessamero passocts ( N - A) -mace.
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(3)

W(U:EJ@ﬂKfﬁfﬁﬁJWWL

PasHoeTs Mace: A M= M - M = 293 M»aB,onpeneyAeTcsa Kak

<Yl mM?)(WlV l%>=AM. (@

Jna 'rpexxsapmnoﬁ CHCTEMH COOTBETCTBYIUMO BONHOBHE (YHKIMM HMEKT oIe-—

IyDly©y CHMMETDHR:

%iimc“h{“%’uhhu“
(5)

R
Li" ;) Lol {L"”. ’“”s}m“ )
TOe N4 CHOMHOBHX qyyﬂmmﬂ ]L nMeeM

[3], = e ) ] = Fyo
1

L4l = “%%) ;7}1/1,‘-7[1'

{(%% if}i/,‘ =Fo»

rorma iz [/ - YacTEIN cIEH-M3OCTHMOBA® YacTh BOMHOBOM JYHKIFE mMeeT
BUn [311 . T ]31 coorpercrsento mia NN -wacTmim:

H]TS = (1, b -)[o)/ﬁf-‘.
PasHOCTE MacC BHPAaXaeM B BHLE

AM:J:((;T/)—%!J. )

Torma KOHCTAHTA K onpenendeTcAd GIEIyoumM odpasoMm: K“' "(1 7 ) I Aﬂ
ma b, = 8 =080 meew K ——886MchpM3
EG/If ONpeNeJETh NApaMeTDPH OCIMULIATOPA NIA BOJHOBHX Gymmumt /Y- f
L]

z A~ cucTeM M3 aHaymMsa pesyJNBTATOB pacyeTa OO MeTCLY runepcfepuueckux I
+
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Gynwmit, 'ro g =0,39 M n g = 0,42 M, YTO NMPUBOIMT K 3Haue-
o K = j,T) /’ZM/(Z" ‘,,) IB-TaKm 06pa30M, OLSHKM TIOKA3HBAWT,
4T0 rlapam'['p K 0 MeHSeTCH IIPE yYeTe KOJUIEKTHBHHX S{exToB B
MOIEJIE TPEXKBApKOBOY cHCTeMN. 37ech NpELISTReTCA METOX, MO3BOIA—
oE¥ YTOUHUTE HApaMeTDH KBADK~KBADKOBHX MOTEHIMAIOB /1-3/ B HepeJs—
TERBHCTCKOH! KPapKOBO# MoZerm. B 9TOM ciiydae MH HCMONBE3YEM MOTOX I'HM-
nepcepuusckex ynxuE#t, B KOTOPOM BMECTO CBOGONHOT'O napaMerpa—pammy-—
ca OCIMLIATOPA MMeeM ROLICKTHBHYD nepeme}m;ymg , TAK YTO B De3yJdb-
TaTe DOIyYasM CaMOHACTPAMBAXEYNCA KBADKOBYK CHCTeMy,B KOTOpO# napaMeT—

{,— f,—naamwoneﬂc-rm ONpemessbT PasMepH CHUCTEMH.

2. Meron pacdera

KpaTko M3JOXMM OCHOBHHE NOJIOMEHMS MeTofZa I'Muepcdepuyeckux fyHK-
1t B npEMeHeHHME K CHCTeMe KBapKOB.

B metone runepcdeprdeckux GyHKIME BOJHOBAA iyHKIMA XKBapxoBO# cHc—
TeMH DA3JIarTAeTCS 1o K ~DAPMOHYYE CKIM nonm{omm/ 8-10/ :

InKeieLst> o,y
Weind= g F 2}” 0) Ky >, ®
Tyt Lt x4
TaMIIBTOHAAH cn;'xfw n;«ee-r BRJ, , -Yd f;"
Hl*z_hz'—g’_ﬁ j’g‘(f ,q‘)" et V1)

(9)

® CECTEMA JDABHeHUf#t LA HAXOXNEHRI COOCTBOHHNX DyHKInit _X( ¢ ) 2 coG-
cTBed'Hfo 3Hal‘iel(m\"ﬁ l)E 38IHCHBABTCA c.nenymum oopasom:
LI G im
{ML q:- e (E WK ( )}}kl( o
I
Fm
= _T'T. Z w }K‘r(ﬂ)’
e

a1



e L =K +(3A'5)/1, s
L}

WK ~ o(PeKTARHHEIt MOTEeHLMAN .

Bch.ne}mil IHAYUTEJHLHO yﬁpomamca‘. eI NCHONL30BATH IBYXYaCTWUHHE
TeHeaoTM4ecKe KOBPJUIMEHTH, ¢ MOMOWBK0 KOTODHX MOXHO IIPOBECTH HH-
TerpupoBanye mo KoopmuHaTam (h -2) - uacTul., B 3TOM cIyuse adpexTHB-
HEfl MOTeHIMAan W(g) npHoSpeTaeT caerymupt BAL:

X ~
v\fwu) = <n Kile LSTIVinKifie, LST > -
. Lr;-i) T nKige, LSTin-2K 1408, L SR A  se e 2

<l &0, [ Wb 5 1> W, (4) (11
e WKL H) €CTH ODOUTANEBHAA YAGTh, ’
a< £oc 5 T:H\&"l &ye S, Tp >~ LBeT-cHMH-MBOCINMHOBAA YACTH MATPHWHIX

AMEMEHTOB IBYXIACTUYHOTO KBADK-KBAPKOBOTO BaamMofeicTamt. Jamee momy-
Y¥M AHATATHYECKHE BHDPAXGHKA Wit 3dPeKTEBHOTO MOTEHIMAla B METONE THIef
chepuvecknx @yHximi DA TpeXxBaproBoff cHCcTEMH C L =0 (rpx gac-
Tu 8 4 - cocrosum), meemuedt cmmerpimo: (3], [3]cp, [ 17, . Tpm
srom i N -usodapu 5, T =1/2, 1/2 v s /A - maoGapu

§T= %y, %y -

SpdekTHBHEE noTeHIMan NpHOSpeTaeT BUN

W(s) =§{V(fﬂ?)/2(1-2)'alg. (12)

TIpopenA WpOCTOe MHTETpUpOBAMEE Mo Z AIA KBADK-KBADKOBHX NOTEHIMATOB
(I), (2), moxywms BHPRXEHUA, NPUBEHEHHHE HUKE: 1
Sy
?

V("‘) o -dtt —:— 25[’1:) V; P b/
R JAEN
V(1i7) -olts -dgaz ST 2SGhT) Ve T
e dr gy
W(3) e -2t Lty g—;—?; 77]1”/«/,
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e I'GZ,.)—MQm@meoBaHHaﬂ $YHKIMA Beccesd. OTMOTEM BARHYD OCOGEH-
HOCTH ~ OCpPA3HOIV CIMH-CIMHOBOIO B3auMoAelcTBHA, 3aARIMYAKMYHCSI
B TOM, 9To eTro BriIal B SffexTuBHHE NoTeHIMan mefcTByeT Bo Becelt ofaac-
TH KOJUIEKTHBHOfl ITe peMeHHOH g

3. PesynrraTH pacdeToB W ofCYRNOHPA JIT TDEXKBADKOBOY CHCTeMH

B paccoMaTpEBasMOM NOLXONe CHIR MpoBeleHH pacuyeTH 3HjexTuBHOTO
TIOTeHLWaT8, COCCTBEHHNX 3HAYeHWH, COOCTBEHHHX QyHKuW, mIoTHoCTel,
CPENHAX KBRIPATHYHNX paldycoB M ynpyroro fopMpakropa & A -paccesmma
I TPeXKBapKOBO# cmcTemMH. Pe3yJabTaTH pacueToB IoxAsaHH B Tadd. I,2
% Ha puc. [-4.

B meTone mnepc(ﬁepz}ecm GYHRIMI MH TEpEeHODPMEDOBATY KOHCTaHTY

noTeHiMara Xappes I (sleppas cTpoRA TAoMMIH I ) Tak, YTOGH
BOCIPOM3BECTH MACCY HYWIOHA, & lapaMerp BSTOI'C KBAPK-KBAPKOBOTO 10—
TEHIMANA WAMEHAICA TAK, YTOCH omicars pasxacts (A - 4) -mace (HA—H”=
= 293 MaB). Ha pmc. I nokasaH affeRTHBHHE MOTeHIMan, NMEepBHe KBa pele-
HRA B HEM M COOTBOTCTBYHNME BOJHOBHe (YHKIMM IJIf TpPeXKBApKOBO# cHC-
TeMH Ge3 yIeTA CINMH-CTIMHOBOTO pacmemtskmt ( K = 0) ( oM. Tamme tad-
Jm I,2).

~

Puc. I
SppeRTHENHE TOTEHIMAT W( 5),
MepBHE B peweHWT B HeM a'E,
£ COOTBETCTBYKEES BOJI-

nosue gynemm K, () K, (f)
\/ 1A TPEXKBADKOBOR cHCTEMH Ge3
° yueTa CIMH~CITHHOBOI'O paclel-

2 nenmt ( K = 0).

w(PH(T'3B)

” Tadmas I

Pk A B C K g
NaB MaB_gu° MaB MeB Qe qu oneTB
0,8 3810,0 -I2,5 -479,8 -9II,I 0 Xapsef
0,8 3810,0 -12,5 ~I715 0 D Puc. I
0,8 38I0,0 -I2,5 -1614 -61 0 Pgc. 2
0,8 38I0,0 -12,5 1614 -62 0 Pac. 3
0,8  3810,0 -12,5 -I618 -73 0,2 Pme, 4
0,8  38I0,0 -12,5 -I618 73 0,2 Pac.5
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Fuc, 2

SfPexTHEHNS NOTEHIMEAR B
TlepBHe XBA DEmOHEA B HHX

Wy(p) (T'3B)

A HYKIOHA B NEJbTa-A3008-
PR ¢ YIOTOM TAYCCOBCKOIO

2 CIAH-~CIMHOBOTO B3awuMoneicr—
Bud,

[ 02 0t 06 08 ,P (w)

Puc. 3
[L1I0THOCTR paclpeReieHasd A
HYRTOHE B OCHOBHOM COCTOAHWHM
(cmronHAA) , MOHOTIONEHO-BO3~
OYXIEHHOM COCTOAHME (UYHKTYD)
H TIepexomHAad IIOTHOOTS (T DEX—~
IYHKTHD) .

G 0Z 0% 06 08 r(oM)

Prc, 4
\
AN Yupyrm#t $opMiaKTOP HyRIOHA:
L \ cruTomias (OYHKTHD)- HepeJdA-
AN tupgcTcKER (I6) (penATEBECT-
,-.“'ﬂ TN cimatt (I8)) pacder; WwrpHX-
& N IYHKTHP - JRNOJNBHHY Hopmbarrop
“"Hni ) I ::\:‘:: i (17).
¢ F\J
H 0

qés(I'SB/c )2
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Tadmmua 2

M N M A E ] Ey Il, '?'
MaB MaB __laB MaB M M
1036 1086 0 1858 0,39 0,60 Puec.I
940,5 - -145,5 1681 0,39 0,60 Puc.2
- 1232 146,0 1889 0,42 0,64 Puc.3
939 - -I46,8 1673 0,39 0,60 Puc.4
= I228 146,0 871 0,42 0,63 Pmec.S
A
- ’ Puc, 5
A 2 OPPeRTHBHHI MOTEHLMAT ¥ TIepBHe
z B 1 mea peuenus B HeM mas 64 -cume~
= TEMH B MUHUMATBLHOM IPHO/DAXEHMY
Z 0 MeTone  THnepedeprdeckux dyHK-
o=
0 0z 04 05 68 pla)

BumHO, YTO pacyeT 0o MOTOAY THNepciepuyeckux (yHKUMA NpUBOIAT

K CYUECTBEHHOMy YBEJMYEHVO KOHCTAHTH ( . IIDM 9TOM B MONEJM TOSRIAET—
A KOJTeKTHBHME moHOnoIbHHII ypoBeHb ¢ sHepru#t ~ I,8 I'sB. Ha puc. 2,
B Tadmuax I,2 MpMBefeHH pesyARTATH pacuero maa A- ® /] - usoca-
pPH ¢ yJeTOM CIMH-CIRHOBOTO B3amMomelicTeuA B fopme Taycca. B oTande
OT pesyJALTATOR pacyera ¢ (JYHKIEAME T'RpMOHHUYECKOIO OCLHLIATODR,

TNe CIMH-CINHOBOE BaamMoJeiicTBWe BXOIMT ANIMTHUBHO, B MeTole THENepche-
pryecKkx (yHKIME NPR BRINYSHME CIMH~CIGHHOBOTO B3auMOLEHCTBHA MeHAeT—
cA UMDEHA KOpa ¥ INyOWHa aMH (UEDHHA kopa MeHBlle, & IIyduHa addexTHB-
HOTO NMOoTeHIMAana GOJNENe I HYWIOHA). B pesysnbTare 3HepPIWA MOHONONE—
HO-BO3GYAUGHHOTO YDOBHA IA menpme ( ~ I,7 I'9B), Wem mia

A (~ 1,9TeB),m pamyo wix N (%, = 0,39 @) weubue,Yem
wma § ( 1,=0,42 ). loMmo DTOTO DPACYeTH NOKAZHBAXT, YTO CIb-
HO MeHAwTrea {2~1,6 pazsa) pasMepk CHCTeMd B BOBOYKEEHHOM COCTOR-
HM : n,"'v = 0,60 qm, n} = 0,64 qu nun A & A cooTBeTCTEeHHO. Ta-~
KuM 06DAa30M, NP DelieHMHM TPeXKBapKopo} 3anaw B MeToxe Imepcdepuyec-
wx fynximlt mposRIARTCA cIeXyoume BdderTH:

I. NepeHOpMEpOBKA MapaMetpos C x K no cpapHemwmo ¢ TemH,
KOTOpHS OWIM NpeIoXeHH XapBeeM B MOIEJH TapMOHMYECKOT'O OCLULIATOPA.
2, HeanmuTWBRHOCTL BHAAZA CIMH-CIMHOBOTO B3aumomeldlcTBAf, UTo
ADHBOIYT K W3MPHEHMD UMDMHH KODA M IV[YOMHH AMH InR addeKTHBHOTO mO-

renmmaa.
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3. BTOpuM pelleHmeM 38184V HA COGCTBOHHH® 3HAYEHWI B TpPeXKBapKRo—
Bolt cmCTeMe OHIM HAlXEHH COCTOMMMA, OTBEYANIMe MHXATENRHOR MOXe BOu-
CYXIEHWA .

4. Yopyroe € N —DaccesH¥e B TDeXKBADKOBOR cHcTOMe

C nomomsn peymansisx fynxmt _f | f } MOXHO HA#TE MIOTHOCTH
OCHOBHOTO ¥ BO3CYRIEHHHX COCTOSHME B rpe)ucaapkonoﬁ cHCTeMe

ﬂf/ = uyu(M

X cpeXpuit KBAIpATHIHHA pamayc:

(I3)

n

y
é 3 ’s Shg () ® )
= < ‘L ?
¥ s
31
NR -]nx'x.' (1) 0boh (19)
T [WIOTHOCTh HODMUPOBAHA CJIEIYNIAM OGDA3oM:

b /ﬂz-[ {Ullh = h.

(18)

Ha pc., 3 Ip¥BeIeHH pe3yJNbTATH pacYeTa IVIOTHOCTH HYRIOHA B OC—
HOBHOM COCTOMHEE (CIUIOMHAA), MOHONOJBHO~BO3CYRAEHHOM COCTOSHHE B Hepe—
XOHAA IMOTHOCTH (NTPEX~IYHKTHpHAR). C MCNONB30BaHWEM 3TOR IUIOTHOCTH
OHTH TIPOBENOHH HepeJITHBACTCKAe pacveTH fopmpaxTropa ynpyroro & /V—
DACCOAHHA B TDOXKBADKOBOR CHOTEMS:

. -

]

{ vt
FNR, (V} = n_ ]h’n‘ (4 h . (16)

Ha pmc, 4 norasaH HepenATHBACTCKHE dopMbarTop FNR. (‘L") (cnwmomsAas
JIEHEA) . BAmHO, Y10 YIOBIETBODHTEJNEHO® cCOTMIacHe ¢ (eHOMEHONOTETE CKEM

TN EHEM @opubamropon
LT '
- ( [,
HAGMONAeTOR TOMXBKO NPH q, << M N -+ Mna Toro wroos omicats ynpyTH

fopMbaxTop HyKIOHA NPK uepenaaymz mn}wzbcax > M HE0SXOMAM
¥yUeCTH DeJATHBACTCKAE ofdeRTH q’ ~'
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B cBA3M C BTHM MH ROCHOJIL3OBANACH METOIOM DEJATHBH3AIME Hopm—
faxropoB, NpeLIOReHHHM B pado'rax/ 11,12 s B KOTODHX N0 CYmMECTBY YYTeH
affeKT JOPEHIIOBCKOI'G NPeoGpa30BaHAA NPONOJIEHHX paccTosHutt npm mepe-—
Xone OT CECTeMH Bpeitra K sadoparopHo#t. Torza pensTwBMCTCHER fopMpar—
TOP MOXHO JOCTATOYHO NPOCTO ONPENENUTEH Yepe3 HepelATHBHCTCHu:

W v
g e that))

THe {wUUGIO KBADKOB B CHCTEME, -MA - afdexTHBHH{ napaMeTp npeodpa-
30BaHMA, LA KOTOPOTO B padorax /11-13/ NpeIJIOXeHO CIeHymillee COOTHO-
neHne:

L Wy \ 1
MA—ZL-:(mi Yoanmy. (19)

3necy My ~macca Kpapka, KOTOpAd B HAIMX DacuerTaX (CM. TacauLy 2)
BHOMpasach B BEEe Mg = 1086/3 = 0,362 I'sB,oTKyZa CHOIYeT,dT0

’;‘- = 393 T9B%, OTMeTHM, YTO pRIATUBECTCKME GopMbakrop (I8) mpx
1"» M AL JIOBIGTBODAET NPABAIAM KBAPKOBOTo cuera / 1%
s hed

X §
g () O,

BaxHHM MOMSHTOM B HAmMX pacyeTaX ARIAETCA TOT (PaKT, YTO yUeT DeJATH-
BHCTCKAX 3peKTOB NPHBOMUT K yBEJHYEHUO CpPelHEeKBAIpATHUHOTO paxuyca
h -~ xBapkoBo# cucTeMd:

) ¢ 3(h-1)
< ’L>R = <ro ' (21)

ne o AM?

W3 puc. 4 BRIHO, 9TO BlMueHEe dddeKTa PEJIATHBU3AIEM NPUBOTAT K YLOB-~
©TBOPUTENEHOMY COIJIACHM ¢ HUTONBHHM JopmpaxTopoM (I7).

BeChMA CYWMOCTBEHHHM 3NECh ABIAETCA TO, YTO LA OMUcaHms & /V—
CCOSHMA BO BCBA o6NaCTH E3MepeHHHX NepelaHHHX MMITYJIhLCOB q‘< 24 TaB?
pedyerca mHPOpDMRIMA O HepeJlATHBHCTCHOM PopmbaxTope s B OGNACTH

e o LI q," < 1,6 I‘aBz, T.8, BRIAN Ta® Ha3HBaeMOl BHCOKOMMIYJIhC-
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HOf KOMIOHEHTH B HEPEJATHBMCTCKON BONHOBO# YHKIMHM NpeHeCDeRMMO Mall.

Kak y®e oTMeYanoch BHIE, PENATHEUSAINA NDMBOIAT R YBeJMYEHMN pas-—
MepoB MccieXyemoit cucremu., Tak, IVIA HYKIOHA ‘Lk, = 0,66 M, 4TO cOT-
JlacyeTcsa C BHKCIEPUMEHTANbHHM DamguycoM HywroHa ~ 0,78 dm.

5. Nsyvyenme 6 q, ~ CUCTEMH B MUHUMAJBEHOM NPUCMRSHUM MOTOLA
runepcpeprdecrnx FyHKImi

OTMETIM, YTO B MMHUMAJILHOM NpAGAMROHME MeToIa runepcdepk-—
Yeckux QyHKIm# BosHOBaA fYHKIMA WecCTHKBADHOBO! cHcTeMH MMeeT ciexy-
e xaparrepyerarar: | A% (6], L4l [33]gp L0 S=4 T=0 >,
Hcrons3ya NByX4acTHUHHE I'eHealorMyecKue Ko3(PJMIMEHTH,MOXHO BHPA3HTH
MATPUYUHAEE SMeMeHT SPfieXTUBHOTO HOTEHIWMANa Yepe3 IBYXYACTHUHHE MATDHI~
HHe WIEMEHTH KBapK-KBAaDKOBOTO B3amMoleficTBHA B BAnE

WSHJ: } brer AT 33 L ST 040>
=< ”J{ug“Jsc[iaJsstgT:o@_lyqu[“a[ LI b= 000
o _é_\’JLﬁﬂ B Z-w-l.,:‘J :

Ha puc. 5 noxasan 3fdeKTHBHHIE NOTEHIMAN W NepPBHe IBA pelleHUA
B HeM IJiA ¥coienyemolt WOCTUKBApKOBOL CUCTOMH.

It TOTO YTOGH BOCHPOM3BECTH MACCY WLeCTEKBADKOBOMK CHCTEMH,MH
NepeHOPMIPOBANA KOHCTAKTY £ ( C=-I6I8 MsB fii I 2 LA Tpexxsap-
koBo#t cicTemx ¥ [ = ~I004 MoB qM° LT WeCTHKBADKOBOH CHCTEMN).
3nect Takke NOABIAETCH MOHOTONBHO-BO3CYRISHHHI YDOBEHb NpA BHepPIVH
I,43 T'9B, B KOTOpoM lpoABiIfeTcA »ferT PACIMPEHMA CHCTEMH C yBeJMYe-
HUEeM SHepITN Bos3dyximerud. Tak, cpemit KBampaTIuHHA pamuyc Wit OCHOB—
HOTO COCTOAHMA ’iNR’ =0,383¢M ¥ cgemmﬁ KBanpaTAuHHE pamRyc mid
MOHOTIOTEHO~BO3CYXINEHHOTO COCTOSHAA 7’“ = 0,52 dM, OfdexT pensTHBH3A-
ey NPOSRIAETCA CRIBHee IIA WeCTHKBapKOBO# CRACTEeMH , 4eM A Tpexksap~
Kogo#t:

Tg =0,72 fmu ’Lz = 0,80 ¥ 17 OCHOBHOTO M MOHOTIONBHO-
BO3GYRIEGHHOTO COCTOAHWN COOTBETCTBEHHO (cM. Tadimuy 3).
Jadmma 3
Hepeaar. Pengr.,
E,, ToB 0
0,38 0,72

fL ’ 1]
2 G 1,43

1, TeB 0,52 0,80
"| ] (IM
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6 LG

B sarmueHEe OTMETEM CICEYNIEe DeSYAbTATH:

I. B MeTone rmepc@epmecm fynxmalt ¢ KBADE-KEADKOREM TOTEHIE-
Moumatyvi-§-( ‘J l} I'nev (Ae-l/d“ B'Lt"c}.f
(K[p-o‘h‘]f A) = V‘ "': ROTOpHI npn:aom R anamaTEqecRoMy dffer~
THEBHOMY Io'remany W‘(”J » OOMY4SHO, 9TO ¢ IapaMpTpamMy, NpHBENeH—
HHME B Tadmane I,yJaeToS ONECATH:

a) (N - 4) ~pasmocrs wace,

¢) cpeIHeKBaEpATHYHHI! pagRyc HYRIOR:,

B) gopmbarrop yopyrore £ A -paccemmms.

2. HafinenH sHepPIWR BOSCYXUCHEI X IMOTHOCTY AR OCHOBHOFO H MO-
HOUONLHO-BOSOYXNeRHOTO cocrommmt AN —wacTmmm.

3. TorazaHo, TT0 PRINYEHNE CIEH-CIWHOBOTC NOTEHIMANE we { fj
CYMeCcTBeHHO nsmeme'r siferreemul moTemmmar W [ f) (Rop B ImycmHy),
70 s W ¢ () =xomm » W{{) neammrranzo.
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