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Kpyna A,, MeLI.4epA Koe B.A., Cypo~~ee IO.C. 

AHa111113 rm -pacceAHHA c y11eTOM KK- 111 1171-noporoe 
P2-91·211 

npeAllO>KeHa npo~eAypa Y'leTa 8-nHCTHOH CTpyKTypbl p111MaHOBOH noeepx

HOCTIII 3-KaHallbHOH S-MaTplll~bl, O6cy>t<AeHo npeACTae11eH111e PeJOHaHCOB 

Ha 3TOH noeepxHOCTIII. npoaHa111113111poeaHbl 3KCnepMMeHTallbHble AaH.!'ble 

no M30CKanApHOH s -eonHe TT1T -pacceAHMA B 0611aCTM, BKl110'la10LI.4eH KK· M 

1111-noporn (0,7 + 1,6 r3B), c ~e11b10 onpeAeneHMA napaMerpoe peJoHaHcoe. 

Pa6ora Bbln011HeHa B na6oparopHM reopeTM'lecKOH q)M3MKM O111All1. 

IlpenpHHT 06-1,eAHHetlHOro HHCTHTyra .RAepHhlX HCCneAOB8HHH. ny6Ha 1991 

nepeeoA T.IO.AyM6paHc 

Krupa D., Meshcheryakov V.A., Surovtsev Yu.S. 

Analysis of TTTT Scattering with Taking Account 

of the KK and 1111 Threshold 

P2-91-211 

A procedure to take into account the 8-sheeted structure of the Riemann 

surface of the 3-channel $-matrix is proposed. The resonance representation 

on this surface is discussed. To define the resonance parameters, the experi

mental data on the isoscalar s-wave rrrr scattering in the region including the 

KK and 1111 threshold (0.7 + 1.6 GeV) are analysed. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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BBe,gemre 

Tiapr.urnJIIiHaJI ~ - BOJIHa gr:gr: -pacceJIHHJI B oclJiacTH ,Cfc, - rropora 

.II Bmne 38.KJIJ0'IaeT B cecle HHqiopMau;mo o m,amrpma: MesoHax, sRcrrepm,1eu

TaJILHhlii H TeopeTiftieCRHH CT8T,Y.i;ItoTOpb!X .u;o CHX rrop co.n;epllillT M!lOro He

JICHOro. B TaclJIHrr,ax PD G 7 mrnce 2 rsB rrp:irne,n;eHo 6 cRaJIJipuux Me

so!loB C RB8HTOBhlMII 'IHCJI8MII JG(JP)=O+(o+): J0 (975), J0 (I400), 
.f o (I590) i Jo (I240), .f o (I525), .to (I750). Jfa HHX C'tfitTaIOTCJI 

TBep.n;o ycTaHOBJieHHhlM.II Jilllill, rrepBhle TPH, XOTJI rrapaMeTp.U llX 3H8'tJlITeJII,HO 

RoJieclJIJOTCJI B pasJIH"Il:I.UX aHamisax (ococleHHo sTo 1mcaeTCJI pesoHaHca 

Jo (I400)). TiocJie,n;Hlle Tpll pesoHaHca TpeclyIOT IIO,ll;TBe~eHHJI B .n;py_J:'lI,X 
aHaJIHsax H sKcrrepm,ieHTax. l!To RacaeTcJI TeopeTntiecitoro acrreRTa ,mi:r.u;e 

.n;mrnr.rnim pesoHallCOB He JIBJIJieTCJI cloJiee sarryTaHHOit, l!eM B CKaJIJIPllOM 

ceRTOpe. B OTJIH'IHe OT .u;pyrHX Jienwx a.n;pOHOB' cneKTp KOTOp.UX ueIIJIOXO 

ocl'.bJICHJieTCJI )_l;BYXKB8pKOBOll MO,D;eJII,IO (,IT.JI.II l!ero eCTI, orrpe.n;eJieHHhle ocloCilO

BaHHJI B K:IJJ!2/ ) , Ha crrer,Tp CKaJIJipH.ux Mesonon, co.u;epi1taIJUiil cyllleCTBeH

Hyro HHqiopMamrn o rrp11po.u;e nartyyr,m KX.U, -oKasUBamsHatIHTeJIIiHoe BJIHJIHHe _ 

!Je1IepTyp6aTHBHI1e BKJia.u;u rrpm,'IH)C HHCT8HTOHOB. !IOCJie,ll;H.l!e B H8CTO.lllllee 

nper,m MOryT cl.UTT, YtITeHU TOJII,KO B paMKax K8RHX-TO. MO.IJ;eJieii. KpoMe Toro, 

KX,U rrpe,n;cKa3h!BaeT CBJI38HHhle COCTOJIHHJI rJII0OHOB (rJIIOclOJI.U) ll rHclpll,IUllie 

COCTO.IIHHJI i~g /3/, KaH,n;H,IJ;aTaMH ,IJ;JIJI ROTOp.UX pacCM8TpHB8JIHCI, T8Kllte 

H CR8JI.1IpH.Ue l.!8CTllml. 

,ll;ocTaTO"Il:1O sarryTaHHaJI CHTyamm B Bll.lICHeHHH IIpHpo.u;u CRaJIJipH.UX M:e-· 

3OHOB .llpRo llJIJIIOCTpHpyeTCJI IIOJIO'1te~eM C Me3OHOM Jo (975). ,ll;OBOJII,HO 

Heocl.U"Il:I.Ue CBOHCTB8 STOH l.!8CTllml 12 ,4,5/ rrpnBJieitJIB .IJ;JIJI CBoero_ Ocl'.bJICHe~ 

HH.II pl!.~ HHTepecH.UX rHIIOTe3, XOTJI RajJt,IJ;aJI H3 HllX CT8BHT HOB.Ue BOIIP,OChl. 

Olla llHTeprrpeTnpyeTCJI H RaK 4 - KBapROBOe ii ic;,- COCTO.IIJIHe /S, 77 B 

M IT - MO,IJ;eJIH ll B MneJIH, Y'IHTllBBIOOlefi BRJia.u; aH~rllwl.UtOHHhlX RaHa-

JIOB l!epes llHCT8HTOHll B/' ll RaK ~le - MOJieeyJia 9 ' IO ' ll Rait CMeCI, 

'f 'i - COCTOJIHHJI ll rJIIOOHHJI (9-9) /I'3!. B 8H8JIH3e JSR, - .IJ;8HHblX IIO 

pojJt,IJ;eHHIO Me3OHHhlX rranJ f!rgf; 11 /CIC ) B I(eHTpaJII,HOH oclJiaCTH B 

p-p - coy.u;apeHHJIX 7 I rroJiytieH.u B o6JiacTH I rsB BMecTo MesoHa 

Jo i_975) Tpll COCTOJIHHJI: s, (99I) - I(8H.I(H,Il;8T B rJIIOclOJI.U, Si (988) , 
- ~~ -MoJieeyJia, .fo (900) - ,n;oBoJIIiHo lIIHporur:IJ:'n gr:gr: - KaHaJie Meson. 

TIOHJITHO, 'ITO Bll.lICHeHl'IIO rrpnpo.u;u l!aCTHI( ,IJ;OJ1'1tllO npe.u;mecTBOB8TI, ITO BO3-

MO'1tHOCTH Mo,n;eJII,HO-H838BHC11MOe orrpe,n;eJieHHe llX napaMeTpOB H3 3RcrrepivaeH

T8JII,HUX .u;aHHllX. A 3TO, KaK oclcyjJt,IJ;aJIOCI, B HalIIHX rrpe.n;u.n;yl.lUDC pacloTaxl4, 
5/, MOJKHO BUIIOJIHHTI, TOJII,KO' HCIIOJII,3Y.II Tarure Oc5IJUie CBOHCTBa, K8K aHa- . 

JIHTll'IHOCTI, H YHHTapHOCTI, 1 H IIOCJI8,IJ;OB8T8JII,HQ IIPOBO.n;JI n.u;ero O ,n;oMmmpyro

UleM BJ!llmiltll ()Jlll}lt8HlliHX K <pll3Hl.!8CKOii oclJiaCTll ococleHHOCTeil (OCYlll8CTBJIJI.II 

Jtx c6aJiaHCHPOB8HHWi ytieT) • . 

lb'bCJUiti{'\frii-.ii\ m1cnrry, \ 
', mli!!JEbl:K }](;( J~,l\OBll\lG',! I 
) G\.iSftHOj§it ~--



8TOT no,IOCO.IJ: y1n.e npIIM8H.FIJICH HaMII / 4,I3/ npII aHamrne II300.KaJIJipHoii: 

~ - BOJIHH SC5'C - paooe.mmJI oT nopora .n:o I,9 rsB o ytieTou n~ -no

pora. B 3TOM oJiytiae B MaTp:wrnoM sJieMeHTe S -Ma-rpmm, onpe.n;eJieHHoii 

Ha 4 -JIJIOTHOH pm.18HOBOH noBepxHOOTII, pe3oHaHoy OOOTBeTOTByeT napa 

oonpIDK8HHl:lX nOJIIDOOB Ha IT JIIlOTe JI napa oonpm.teHHl:lX noJIIDOOB Ha ill JIIlOTe. 

8To OnJioarurn .IIBJIJI8TOJI 80T80TB8HHHM o6o6memreM Ha 2-.KaHaJII,HllH OJIY'lafi. 

TOI'O o6mero "YTBep;meHil.ll OTHOOIIT8JII,HO pesoHaHoa, IlM8Kll\8I'O e.n;nHOTBeH

HYIO Mom paona.n;a,. 'ITO OH npe.n;oTaBJIJieTCH napoii oonp.IDKeHHl:lX noJIIDOOB Ha 

KOMilJI8KOHOH JIJIOOKOOTlI 3H8Pl'lIH. YKa3aHHID,1 cnooo6oM y.n;aJIOOI, ycnemHo OnJI

OaTI, 3KonepnMeHTaJII,Hyro 5'C5'C- BOJIHY, npe.n;O.Ka3aTI,, nonOJII,3JJI 2-IWH8JII,

HHH qiopr,18JIJI3M / 5 ,I3 ,I4/, noBe.n;eHJie .1 - BOJIHl:l npoueooa srsr--· Jeic. 
.n:o npmtepHo I,25 rsB, onpe.n;eJIJITI, napaMeTpl:l pesoHanoa . .f O {975), ero 

KOHOTaHTl:l OBJI3H O 5'Cut:- II X:°if, - OJ!IOTeMaMJI. PaOXoiK,Il;eHirn npe.n;ommaHM 

no npoueooy $:r;-X:"ir, o sKonepJ.IMeHTciM BHil!e I,25 rsB cKopee Boero cBJI

saHo O BJil'lSIHl'I8M 2 z - KaHaJia. B pa6oTax / 5 , !3/ Mli apryMeHTlilpOBaJIH. Ka

KHM 06 pa3oM HeytieT noOJie.n;Hero ( a Taime .rurnana z z' ) B. ynor,rnHaBI11eu

OSI BllIIle aHaJIJI3e I SR,; - .n;aHHIDC /I2/ 1.mr npHBeCTH K m,rnTall;ll.fIM .n:o

nOJIHHT8JII,Hl:lX OOOTOJIHHH B OKpeoTHOOTlI !Cit - nopora •. 

I. ITpe.n:oTaBJieHne pesonaHoa B 3-.KaHaJII,Hoii: 3a,n;aqe II BH6op 

na paMeTPH3awm 

Y'leT npn OnJIOaHnn 5'C UC -paooeJIHM B .n;onOJIHeHHe K n~ -nopory 

eme n Z? - nopora npHBO.n;HT K 3...:KaHaJII,HOH sa.n;aqe n 8-JIJIOTHoii: pJIMaHoBoit 

noBepxHOOTH, Ha KOTOpon onpe.n;eJieHa s -MaTpnn;a. 3JieMeHTl:l s -MaTplI

~ ·s,11,} ' r.n;e <G-,}= 1. (srsc) , 2 ( X:K) • 3 ( e z) . lfl,teJOT npaBHe 2 

paspe3l:l na peaJII,HOH OOH B ~ - IlJIOOltoOTII, na'llIHaJOUUieCJI II pH 4m!, li.m , 
4 m~ . Jlenmm paspe3ar,rn, oBsrnannm,rn o B.KJia.n;aMH nepeKpecTHIDC .KaHaJio~ n 

npooTupaI01IU1MIIOJI .n;o - 00 B,Il;OJII, peaJII,HOH OCH, a H8'IJIH8I(l]u,IMIICH npliI ~=O 

· ,Il)ISI 811 JI $12 JI npn ~ = f:l(m~-m.;.) .n;JIJI 822 II T.,n;., 6y,n;eM npeI1e6pe
raTI, B OTpyitType PIIMaHOBOii: noBepXHOOTH, a B.KJia.n; Ha HHX Y'IlITllBaTi, B 

W()He .n;JIJI OOOTBeTOTBYKll\IIX aMIIJIUTy.n;. ITpoHyMepyeM JillOTl:l p:mJaHOBOit noBepx-

HOOTH B OOOTBCTOTBID! co 3Ha.Kar,m Ha HIDC mmyJII,OOB .KaHaJIOB 

k 1 = ( ~/4 - m;) 1/2, kz = ( 1>/1:L - m; ) 1/2' ka = ( ~/4. - m: ) i/2 

onem10mm,1 o6pa3oM: JIJioTaM I , JI , • • • , YI/I. oooTBeTcTBYIDT 2Haru1 

(Im.k1,Imk2 ,Imk3 )== + + +,-+ +,- - +,+- +, +- - ,- --,- + -, + +-. 
. Hanp11Mep, H3 qi}rnntieo.Koit o6JiaoTn Ha I JIJioTe qepes paspes Ml:l nona.n:aeM 

HII'M.e J{R: - nopora n_a JI JIJIOT, Bllille ~it - nopora , no HIDKe zz - nopo-

ra na ill JIU OT n BllIIle 2 z - nopora - Ha ]Zf JIHcT. 
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TenepI,, nonomsyJI OBofioTBo BemeoTBeHHocTn aHaJllITIItieoKIIX WYHKUllH 

JI
0 

3-KaHaJII,Hyro yHHTapHO£TI,, MO.lKHO Bl:lP88IITD _aHaJIHTH'leOKIIe npo~OJIJKeHilJI 

MaTpH'IHHX 3JieMeHTOB s~,/ Ha He@I3ll'leCKIIe JllIOTl:l qepes lDC SHatieHHJI Ha 

@!3II'lecKOM JIHCTe s4 ! 5/. B T86JllIUe I npHBe.n;eHl:l TaKIIe qx>pM,YJil:l .n;JIJI 

rrpouecooB 1 - 1 , 2 - 2, 3 - 3 • 8TH BHpal!teHIIJI y.n;o6Hll TeM, 

'ITO M8TJi>HtIHl:le aJieMeHTl:l Ha J (@!8HtieOKOM) JIHOTe BHe peaJII,HOfi OCH MO

ryT HMeTI, JllIIIII, HYJIH. TaK, B O.IJ:HOKaH8JII,HOM CJIY'lae nape conpmKeHHHX rro

~FJCOB H8 IT JIEOTe (npe.n;oTaBJIJI!OOODC pe30H8HO) COOTBeTCTBJeT IIS-38 YCJIO

Bll.ll yHl'!TapHocTH napa oonp;meHHl:lX HyJieH Ha I. ~noTe, KOTopue _paonono

J!teHH B TeX il{8 TO'IKaX Ha JIJIOOKOOTII aHeprIIH, 'ITO II noJIIOCl:l. AHa~orH'lllO B 

2-KaH8JII,HOM oJiy'l:ae nape oonpmKeHHl:lX nOJIIOCOB RB IT JIHOTe OTBetiaeT napa 

Ta6JIHD;a I 
· .Duerr sit 822. Sa3 

I Sft s:2 s:3 
i I I I 2 I I 12 

'JI S11 ~&- S~ S11 Saa - S1.a 
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I I I2 i I I I 2 
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Si~ s! S/2 22 

claS1 s:a SI 
y 2.2 
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WU, ==;z\d11 ~3- 13. - 1.1 23 .- _33 "12 + 2 12 $13 823 ' 
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HyJie.fi Ha I JIJIICTe (nape .JKe nomocoB Ha ill JIJIICTe COOTBeTCTByeT napa Hy

Jie.fi Ha IY JlHCTe). 

Ecnn B 3-KaHam,HoM cJiytiae pesoHaHcy B S11 cooTBeTCTByeT napa 

conp.IDKeHHUX noJIIOCOB Ha II JIHCTe ( lI nOSTOMY napa HyJieii Ha I JIHCTe D 

Tex Jite TOtIKax), TO cpasy, CMOTPJI Ha rrepByIO KOJIOHicy TaOJIHLUl I, saK.1IIO

tiaeM, 'ITO STOMY pesoHaHcy OTBetiaIOT CMel!leHHlle OT!IOCHTeJibHO yRa3aHHOii 

napu lI ,n;pyr OTHOCHTeJII,HO ,n;pyra napu conp.IDKeHHllX noJIIOCOB Ha lll, YI II 

YI! JlllCTax • .I(eiiCTBHTeJII,HO, IIYCTI, rrpouecc 1.--1. , ynpyrnfi HH.lKe nopo

'ra 2, OCTaeTCJI ynpyr.nM n Billlle ·rroporoB 2 n 3, T.e. noJIHOCTI,JO OTCYTCTDY-

eT CBJI31, KaHaJioB: S12 = s23 =81.3= 0 . Tor,n;a BCe napu noJIIOCOD Ha pasmix 

JIHCTaX pacnoJio.JKeHH TOl!HO ,n;pyr no,n; ,n;pyroM ( s17 = s1~ -i ' L -= II' 
ll!, YI, YII ) • Terrep1, BBo,n;n: cJiauh!e cBJisH Me.JK,D;.Y RaHaJiaMII, Mll BH,n;m,1, qTo 

napu IIOJIIOCOB Ha Bcex JIHCTax ( ItpoMe II nHCTa) CMel!laIOTC.fl Il pa3J1Ill!Hh!M 

o6pasoM. Benn"IBHa ST.IIX CMel!leHJIH onpe,n;eJIJieTCJI CD.fl31>IO MeJK,Jzy 1taHaJ1ar.1U lI 

CBJI3JIMli pesoHaHca C RaHaJiaMn. Hs Ta6nHLUl I BII,ll;HO, '1TO noJIIOCll B MaTpHll

HUX SJleMeHTax ,n;pyrnx CB.fl3aHH!1X npoueccoB pacnoJio.lKeHU Ha TeX ,;te JUICTax 

n B TeX JKe TOtIRaX sHepreTHlleCRO.fi IlJIOCROCTII' '1TO II y' SH ' Tor,n;a K8R 

COOTBeTCTBYIOOUI0 HYJIH IICIIllTUBaIOT MHrpamm C JlJIICTa Ha JllICT yRaSaHHill/1 

oc5pa3OM. IIpIItieM TaRaJI rrpocTaJI RapTIIHa Hac5JIIO,D;aeTCJI B TOM cJiytiae, ecJIII 

HeT HyJie.fi, COOTBeTCTDYIO!IUIX HCCJie,n;yeMOMY pesoHaHcy, Ha I JIHCTe y MaT

Plll!HllX SJleMeHTOB 822, II ' s 33 • ECJI.II .lKe TaIIBe HYJIII HMeIOTC.fl' Harrpu

Mep, napa corrpIDKeHHUX HyJiei1 y S22 , TO ~:f S 11 , sTo osHatiaeT no-

JIBJieHIIe rrapu noJIIOCOB Ha IY JlIICTe ( rv . S i2 ) , CMel!leHHOH napu no-

JIIOCOB Ha Y JlUCTe; RpoMe Toro, Ha [II u Ha YI Jl.lICTaX 6y'JJ,yT pacnoJiaraTb

CH ITO 2 napu corrpR.lKeHHllX IIOJl!OCOB,IIpH HaJIH'1HU .JKe napu HyJieH Ha I JIHCTe 

~Ille H y S33 - , na Bcex JIHCTax (RpoMe I) c5y,n;yT npIIcyTCTBOBaT1> o,n;Ha, 

,n;Be, a Ha YI JIHCTe ,n;a.JKe TP.II rrapH corrpR.lKeHHux noJirocoB. BsaHMHoe rroJio

.lKem1e noJIIOCOB Ha noJIJilJIOCROCTH JlIICTa orrpe,n;eJl.fleTCJI CB.fl3.ID,rn: RaHaJIOB, 

o,n;HaRo pasyMHo OJK.l'I,n;aTI,'' 'ITO OHM pacnoJiaraIOTCJI ,n;ocTaT91IHO lCOMIIaRTHO. 

3aMeTnM, '1TO pe111, s,n;ec1, n,n;eT O c5Jlll.JKail:nJIDc K <pU3IItieCROH o6JiaCTH IIOJIIO

cax, orrpe,n;eJl.flIOOUIX pe3OHaHC, ROTopue He saBHCJIT OT ItOimpeTHOro B.II,n;a 

nponaraTopoB, IICIIOJI1>3yeMIDC B pa3JlJII'1HllX MO'JJ,eJIHX, HO ,Il;OJ!TiHll OllTb OOllllI

MII ,n;JIJI HHX Bcex. 

Cpasy CJie,n;yeT oroBOPHTI,CJI' '1TO ,n;JIJI ormcamm IIllOH-IllOHHOro pac-

CeHHIIJI ~ ~ - BOJIHe, RaR IIORasaJIH Halli npe,n;u.eyl!lHii 2-RBHaJibHHH II Hac-

TOJlllllIH 3-RaHaJibHllH aHaJllI3ll, K8R 6y,n;TO, ,n;ocTaTOl!HO rrpocTeHI1Iei1 

KapTHHll, rtor,n;a HYJIH Ha I JincTe npncyTCTBYIOT TOJ11>Ro y SH . ,Ivm ORoH-

tiaTeJ11>Horo pellieHHJI STOH npo6JieMH Tpeoye'l'CJI YJIYllllleHHllli srtcrrepIIMeHTaJI1>-

1mir1 MaTepIIaJI no ucuc - pacceaHUro u aHaJIH3 cB.HsaHHux rrpoueccoB. 

CJle,D;ylOllllIH STan COCTOHT B ytieTe TOlleK BeTBJieHIDI, COOTBeTCTBYIO-

lltHX rroporaM Tpex KaHaJIOB. 8To MO.lKHO OllJIO 61:l c,n;eJiaTI,' OTO6pa.lK8.fl 8-JUICT

Hyro pnMaHOBY IIOBepXHOCTI, Ha IIJIOCROCTI, II TaRIIM oc5pa30M YHII(popr.msnpyJI 
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S - 1,/laTpHlJY. O,n;Ham'> HeBo3MOjKHO c noMOl!lbIO rrpocToro ROH(popr,moro rrpe

oc5pasoBamm OT06pa8l!TI, 8-JIHCTHYIO IlOBepxHOCTI, Ha IlJIOCROCTI,' '1T0Ohl no

JIY'1IITI, rrpocTyIO K8pTHHY pacIIOJIOJKeHIDI nOJIIOCOB II HyJieH lI MaitcHMaJII,HO 

rrpocTyIO arrrrpORCHMaLUIIO .$ -MaTpIILUl. IIosTOMy MU y11TeM s,n;ecr, TO, '1TO Hae . 

nHTepecyeT oc5JiacTI, oRoJio I rsB, Hanp1u.10p oT 0,7 ,n;o I,6. rsB, II sr:uc
-TotIRB BeTBJieHU.fl paCIIOJIO%eHa ,IlOCTaTOl!HO ,n;aJieKO, '1TOOll npeHeclpeTh ee 

BJllIRHl!eM, XOTJI ycJIOBHe ymIT8pHOCTl! Ha ynpyroM paspese Bariao. IIpo,n;e

JiaeM rrosToMy cJie.D:YlOlll.YIO npoue,n;ypy - npo,n;omM ynpyrnfr paspes DJieBo, 

B,Il;OJII, peaJII,HOll OCH Ha - 00 ( T • 0 • yHeceM Ha 00 sr:sr:- TO'IKY 'BeTBJieHJI.fl) • 

llcxo,n;HaJI 8-JllICTHaJI PHMaHoBa IIOBepXHOCTI, pasoc5beTCJI TaitHM oc5pasou Ha 

,n;Be 4-JUICTHlle IIOBepxHOCTH, R81Ii,n;aJI C ,n;BJMR paspesaMH, Ha11II11aK!I\II!.fiIC.fl npn 

Lim.; II f:J. m.; • I3 r<atieCTBe MO,n;eJllI IICXO,n;Hoii P:IIMaHODOii IIOBep-

XHOCT:II DO3bMeM TY 4-JIHCTHYIO ITOBepxHOCTI,, B ROTOpoii Y11HTllBaIOTC.fl TOJII,RO 

OJIU.lKaf.Illllie R <pU3l!l!eCROH OOJiaCTII IIOJIYIIJIOCROCTH P:IIMaHOBHX mICTOB. TaK8.fl 

ITOBepxHOC',rI, OTOc5pa.JKaeTC.fl II~ IIJIOCROCTI, c IIOMOl!lI,IO npeoc5pasoBamm / 5 • r3/: 

n 

• 

~ 

Imw 
W'IC 

w= k2 + k3 
(m~ - m~)t-¼ 

(I) 

I 

0
wri 

yj 

Ha puc. I p:mv1c1tm.m LUI@pm1m o6osua

tieHu Te 11acTl! 'W' - IIJIOCROCTII, Ha 

KOTopue OTO6pa.lKaIOTCJI BhU!leyRa3al!HUe 

IIOJIYITJIOCitoC'l'.H COOTBeTCTBYIOl!tHX mrn
TOB pm,taHOBOii rronepXHOC,'l'JI; ;,arpIIoii 
JIHHHei1 yrmsmm c]H3MtiecKaJI oclJiaCTI, 

,n;JIJI nepeMeHHOH 'W' : O'l"W°n- ( ~UC-

-ITO pora) ,n;o 'W" = i,. ( ~ ft -no-

pora) yrrpyraJI 1'.J:aCTI,, 'W'= 1_ -r? - .• 
- nopor. Pesonanc B TaKoM no,n;xo-

,n;e B gr;gr; - pacceaHIIII omrnuBaeTca 

Rew treTllpI,MfI IIOJIIOCaMII ( *) n COOTBCT-

C'l'~CHHO tieTHpbMfl uyJIID.m ( o) , 

Puc. I. 

RaR nsodpa.i!teno na pncymte. IIpoc

Teihlleii rrapar,10Tp:nsamrnii S 
11 

.flD

JIJieTCJ; cJie,n;yIOl!laJI pam1ouaJir,HaJI <J)op
Ma/I6/: 

~ 

s11 = s1: nrr r t=1 

5 

'/J1 - 'W"ri. 

* 'W + 'W"ri 
(2) 



IIepBoe rrpoHsBe.n;emrn (:irn.n;eKc " r " ) 6epeTCR rro pesoHaHcaM. 81~ -

- BKJia.n; qxma. B 3TOM Bllpalltemm CHMMeTpruI· rrap "IIOJIIOC (- 'ldr=f) -HJJII, 
II . ~ 

('W',.i) OTHOCHTeJII,HO MHHMOil: OCH o6ecrre'IlmaeT yrrpyry10 YHHTapHOCTI, B 
yrrpyroit o6JiaCTH. EcJIH 6u rrpouecc 1. - 1. 6WI yrrpyl'HM H BIB!le rropora 
'bf = i, ' TO 6Wia 6u CHMMeTpIDI iromocoB lI )!yJieil: OTHOCHTeJII>HO OKPYlitHOC-
TH. HaKoHeu, rrpH yrrpyroCTH sToro rrpouecca TaKJKe BHllle rropora 'bf= l 
Tpe60B8Jl8CI, 6H ClIMMeTpIDI IIOJl!OCOB lI HyJieit OTHOCHTeJII>HO peaJII,IlOH OCH, 
B HallleM CJiyqae ~ - BOJIHOBOI'O !!CUC -pacceJIHIDI B lI30CK8Jl.llpHOM KaHaJie 
HMeeTCff TOJII,KO·cHMMeTpM OTHOCHTeJII>HO MHHMOil: OCH, 

CJieAJeT OTMeTlITI,, qTo IIOCKOJII>KY IIPH IIOCTpoeHl!lI HaIUeil: 1110.n;eJIH. p:u
MaHOBOil: IIOBepXHOCTH yqTeHll JllIIIII, 6mnrmfmme It <J)HsHqecKOH o6JiaCTlI IIOJiy
IIJIOCKOCTH PliMBHOBllX JIHCTO"B, TO B 3TOM CJiyqae HeT CMb!CJia roBOPIITI, 0 
peaJII,HOH aHaJllITHll'.HOCTH aMITJIHTy.n;u. TaKoe IIPH6JIHllteHHe 03HaqaeT 'qTo 
He Y.q}!TllBaIOTCff CYUleCTBeHHO 6oJiee y.n;aJieHHUe OT g)H3llqecKO~ o6JiaCTH 
IIOJl!OCll, corrpimeamrn 6JIH3KIIM It Heil IIOJIIOCaM, TaK qTo pesoHaHc B 3-ItaHa
JII,HOH sa.n;aqe ormcHBaeTCff He 23 , a qeTllpI,MlI IIOJl!OCaMH, B 2-KaHaJII>HOM 
cJiyqae Mil Herrocpe.n;cTBeHHIDfilI pacqeTaMlI y6e,Io,IJIHCI>, ~o Taime oT6pom~
HHe IIOJIIOCll BeCI>Ma CJia6o BJIHJ!!OT Ha IIOBe.i(eHHe Ha6JIIO.n;aeMHX BeJIHq}IH 4/, 
(B 3TOM cJiyqae MO,D;eJII, PHMa,OBOil: IIOBepXHOCTH, aHaJiorHqHaff Hallleil:, eCTI, 
HCIIOJII,30BaBlllaffCff B pa6oTe ! 2/ . k2 - IIJIOCKOCTI,), 

2. AI!a~JIH3 3KCIIepHM8HTaJII>HllX ,n:aHHllX 

C cpopr,zyJioil: (2) 6wm o6pa6oTaHU 3KCIIBPHMeHTaJII>Hlle .n;aHHlle IIO H30-
CKaJ!ffPHOH ~ - BOJIHe uc:uc: - pacceJIHHff B 3HepreTH'tl:8CKOH o6JiaCTH' BKJIIO-
qalOllleil: Jele- H 2 i - noporn. 3TH .n;aHHHe o6ll'tl:HO IIPHBO~TCff ~ 
<]')asu pacceJIHHff 8'(~) H rrapaMeTpa yrrpyrocTH ~ (~) : 

S _ ( ) 2Lo'°'(~) 
11 -~ ~ e. • (3) 

BKJia.n; ·qxma S ~ , B HameM cJiyqae o6ycJioBJiel!HOro BJ!llffHlleM B OCHOBHOIA 
rrepeKpeCTHIDC rrpoueccoB' IWTOPllll rrpomiJIHeTCR HaH60Jiee CHJII,HO B yrrpyroil: 
06JiaCTH ( r.n;e, corVCHO Hallleivry rrpe.ruuyuieMy aHaJill3Y / 4 ' I 3/ H pe3yJII>TaTaM 
.n;pyrnx aHaJIH30B / , HeT pe3oHaHCHH.X rrpoffBJ!eHIIil:), pasyMHO BSffTI, B yrr
pyroM BH.n;e 

S
.B _ 2L S'B(:,) 

11 - e 8':a = a + -C fi' . (4) 

(Harrot'!HHM, qTo Hae B HaCTOfflllBM aHaJIHse He HHTepecyeT o6JiaCTI, OKOJIO 
~uc: - rropora). C IIOMOIICE>IO cpopMJJIH (2) paHee HaMH 6WIH y'JKe rrpoaHaJIHsu
poBaHu gr~ -.n;aHHHe B o6JiaCTH 0,8 + I,3 raB c ueJII,10 IIOJiyqeJiliff IIa
pa.MeTpOB J0 (975) /I6/. IIoJiyll'.Ho xopomee orrncamrn .n;aHHHX ( ;('.j'cT.cB.~ 
0,66). 

6 

l 

vi 
I~ 

1 
,.I 

j 

~ 
l 

3.n;ecI> uu pacrrpocTpammu aH8JIH3 .n;ammx/17 • I8/ Ha o6JiacTI> 
0,7-+- I,6 rsB. )I,ruI y.n;oBJieTBOPIITeJII>Horo orrncaHIDI 0Ka38JIOCI, .n;ocTaToq
HO .n;Byx pe30HaHCOB (rrpu I rsB H rrpu I,5 TuB) c IIOJIOJitBHHBM HyJieit Ha 
I,IY,Y H Yill JllICTaX B tliJ' - IIJIOCKOCTH (puc. I): ~ pesoHaHca fo(975) -

~ = 0,61847 + I,OII2 i., , 

'lvi =-0, 39086 + 0, 466! i., , 

.n;M pesoHaHca }o(I500) 

~ = 4,5904 + I,5559 i, 
'W'i =-0,4208 +o,I4069 i,, 

'Zu3 = -0,6464 - 0,9I045 i , 

'le)'"~= 0,4745 - 0,14533 i, , 

'M'3 = -4,65!4 - I,728i.., 
'le)'"/,{ = 0, 43202- 0, !5506 i, , 

360°r--.---.---.---..---:-..---..---~-~~ 

~ 50 
0 

270° 

180° 

90"L ♦ J.♦ --r"" ..... ,. 
0,7 0,9 

~o 
0 

0,51-

0,7 0,9 

1,1 

'IS, f3B 

1,3 1,5 

7\P1-t-tt-l-fi-~ 
1,1 

-fs",f3B 

1,3 1,5 

.• 

PHO, 2. SHepreTHqecIGre 38BHOHMOCTH <]')a3ll 8'0°(!!ruc:--:c:i:) II rrapa
MeTpa yrrpyroCTH 2: (sr~-- er:i:) , IIO~l!eHHlle na OOHOBe 
o6pa(JOTIDI 3KCIIepHMBHTaJII>HllX .n;aHHHX /I 'IS/ B HHTepBaJie 
0,7 -:- I,6 rsB. Ha PHOYHKe rrpHBe.n;eHH TOJII>KO HeKoTopue 
xapaKTepHlle 3KCIIepHMeHTaJII>Hlle TOqlm, 

7 



EcJUt IICI<JIIO'CIIITI, TOtIK,Y rrpu o-: 9r raB, .n:arouzyIO aHOM8JII,HO 6oJIJ,lllOH JlK-nll.11 
B ~2- , TO noJiy'!aeTC.II OIIllCaHIIe (!)83ll H rrapaMeTpa ynpyroCTH (pHC. 

2, npHBe,n;e1rn: TOJII>Ito HeKoTopue xapaKTepm10 a Kone pHMeHTaJII>Hlle To'!Itu) c 

fr1/CT.CB. ~ 79,8/7I ~ I,I2 • IIOJIOJKeHHe pe30HaHCOB Ha pas-

JIHqHllX JIHCTax B IIJIOCKOCTH aHeprmir Cf:;== Er - ir,./2) np;rne,n;eHo 
;s Ta6mn~e II-

Ta6JIHu,a II. 

Jo (915) Jo (1.500) 

.flHCT E (M3B) I'(M3B) E(libB) I'(M3B) 

II IOIT- 5 35± 7 I496±I6 548±35 

Ill I03I± I6 12s± 30 II56±36 I46±43 

YI ro25± s 23± IO 1502±20 6I4±40 

YII II39± 60 ros± 42 rr47±55 I45±62 

IIapaMeTpll ~OHa: Cl,=- 1;376 ± 0,056, '= 0,6 ± 0,0025. 

XapaitTj£HCTHK.H Jo ( 975) HeCKOJII,KO H3MeIIBJIHCI, no c~,BHemno 

C aHaJIHsO'M 6/. 8TO' KaK y11.e o6cyJK,IJ;aJIOCI,' Hanp:m,1ep B /I ' He ,Il;OJI-

j\(HO _BJIH.fITI, ~a Ka'IeCTBeHHLle B!IBO,IU,I OTHOCHTeJII>HO npupo,n;11 .fo(975), 

o,n;HaitO roBOPHT O ,Il;OBOJII,HO CHJII,HOH CM3II 3TOro pesoHanca C ~ ~ -cnc

TeMOH H o BaJKHOCTH y'!eTa BJlH.fIIllIJI 2~ - KaHaJia, rropor 1t0Toporo naxo

,n;JITC.fl 6JIH3It0 It HHTepecy~efi nae o6JiaCTH. 3HatmTeJihHa.lI CB.fl3I,Jo<975) 

C ~~ - cncTeMOH 3KCirepnMeHTaJII,HO MOJKeT npo.fIBJI.fITI,C.fI, Harrpm.1ep, D 

IIepeKpecTHllX npoueccax, TaID!X Italt sz::-z- HJIII X:-z - pacce.fIHHe, 

IlpII 06!JleHe 3THM M030HOM. 

3Ha'!JITeJII>'rrne cMm~emrn rromoca Ha YII JIIICTe y Jo (975) ,n;oJDKHO 

6llTI, o6ycJioBJieHO (ItaK DII,Il;I!O H3 Ta6IDUJJ,I I) OOJII,IIIOit C;8.f13I,IO umrt,u;y ltal!a-

JiaMII ~gr II 2 2 ' B TO BpeMil Kalt CM3I, Mel!t,u;y ItaHaJI8MII ur:ur: 
II /CIC cymeCTBeHHO nO,D;SBJI.fleTC.fI wasoBHM 06'1',eMOM (ns-sa 6JIH30CTU 

Macc11 J0 (975) K }{/?. - rropory), tieM o6McHHeTCH He Taitoe saMeTHoe 

cMell\eHHe rromoca Ha Ill mrnTe. CMell\eHHe JKe noJIIOca Ha YI mrnTe , cMsan-

Ho~ C BJIH.fIHHeM '2 2 - KaHaJia' ItOMIIeHcIIpyeTC.fI a@)eKTOM CBfI3H ItaHaJIOB 

}{,Ji, II 2 2 ' CMell\8KXJtllM IIOJIIOC B rrpoTHDOnOJIOlKHOM narrpaBJiemrn 

('ITO 06MCH.fieTC.fI COOTBeTCTBYR!!UiMI' 3HaKaMFI Hrl!IIYJII>COB K8HaJIOB 'npn npo

,Il;OJLJKeHHJf na YI JIHCT). B pa6oTax 7 ,r3/ yJKe OTMe'!aJIOCii, 'ITO Ul'ITHpye

MSR B PDG - Ta6JIHu,ax IIIJfpHHa J0 (975) npe,D;CT8BJI.fieT co6oii Herto

Topyro BII,Il;UMYIO llIIIPHHY, IIOJIH8.fl l!te IIIl'IPHH8 aToro pe30H8Hca OltOJIO 500 MaB. 

TITO ItacaeTC.fI DToporo pe30H8Hca' ycJIOBHO o6osHa'IeHnoro H8Mll 

Jo ( I500) ' TO aH8JIH3 .n:aHHllX .fIBHO .n:eMOHCTpIIpyeT pesonaHCHOe npom::i-

8 

Jl81!UC , o,n:uarto noJIIOCl:l na Ill ll YI! JIJ1CTax, BH,ll;IIMO , CJIIIIIIKOr:t CM01l\eHU 

ITO OTHO!lleHJfIO noJIIOCa Ha II Jll'ICTC. I{poMe Toro' nOJIIOCU Ha lil II YI JIIICTax 

BblrJIJI,ll;fIT C.lI.1-l'll!ItoM Y.IJ;~JICHHUWI OT pcaJII,IIOH ocu. IloCJIC.D;HJJ°ti diaitT MOJKeT 

OUTI> CB.fISaH · c HeyqeTOM 2 ~, - nopora ( rv I506 UaB). Bosr,10JKHa.fI 4-Irnap

IWB/J.fI HHTC pnpeTaI.Vm n np11m10UBaHne aToro pesoHanca 6oJiee TIDKeJI01,11y 

9* - nJieTy 03Ha'!amr 6u s11atII1TeJII,HYIO CB.fl3I, ero C ItaHaJiaMII 113 BeK·ropmrx: 

MC30HOB ( .P .P , Cv W ) , rroporn KOTOP!.IX JIHlllI, Ha HeCKOJI!,KO .n:ec.fITitoB 

MaB BIBI!e ~'2' - nopora. IIoaToM,Y peaJII>Ho roBopHTii o napaMeTpax Jo< I500) 

D ,n;a11HoM auamrne HeT cr.111cJia n rroJiy'!llBllleec.fI pesoHaHcono,n;o6110e npoHBJie

mrn CJie;n;ycT paccMaTpHB8TI, Kalt HeKOTOpu:ii cyJ,ll\IaPllllH y<IeT yitasaHHllX BU

Ille BitJial(OB, XOT.fl BllBO,n: 0 ,Il;OCTaToqHOCTJf .n:BYX pe30H8HCOB )];JIJl y,n;oDJieT-, 

BOpI'!TeJII,HOro orrncamm HCnOJII,30BaHHllX ,n:aHHllX rrpe.n;cTaBJI.fieTC.fI rrpaBIIJII,
HllM. 

3. 3aRJiroqe1m-e 

B H8CTO.flll\0H pa6oTe pacn£OCTpaHeH Ha 3-ItaHaJIIiHllii CJIY'IaH ITO.IT,XO,n;, 

1wnoJII>sonanoo1lic.fI paHee I 4 • 5 ' 3/ B 2'--KaHaJinHOM orrncamm npoueccoB 

m:m:- lI Je'ic -pacce.fIHH.fI C U8JII,IO noJiyqemm no. B03MOJKIIOCTH MO,JJ;8JII,HQ-

He3aBHCHMOH nncpoprvtaUl'Ill o crtaJl.flpHux Mesonax. Ocicyil\neHo rrpe,n:cTaBJieHHe 

pesoHaHCOB Ha 8-JIIICTHOil: p11MaHOBOil: IIOBepXHOCTH 3 - ItaHaJIIiHOli s -f.l!l'l'
p!UU,l cimrnmihmmm It cpFI3lI'IeCitoi1 o6JiacTII rroJI1ocm.m. B npoc·reihucr.~ cJiyqae 

pesouairny COOTB8TCTDYIJT rrapa corrpnn:em111X ITOJIIOCOB Ha II mrnTe JI CI.IC-

ll\0Hl!ble JI3-3a CB.fl301I 17r!TC- , ~'J?,- H Z Z - ItaHaJIOB COIIpruitCHI!lle 110-

JIIOCll Ha Ill, YI n YII JIHCTnx. lls-sa ycJioBn.lI ym1TapHocTH ItaJK,IJ;ofi nape 

corrpIDKeHHllX IIOJIIOCOB COOTDeTCTByeT napa conprurteHHllX HyJiei-1 Ha OCTaJII,-. 

HllX JlllCTax. B npocTeH!lleM CJiy'!ae OTCYTCTBYIOT HYJIH, COOTBeTCTBYICXI\Jfe 

pesoHaHcy, Ha I JIHCTe B MaTpll'!HllX aJieMen·rax s22 II' S33 • B 6oJiee 
0611leM cJiy'!ae·TaitHe HYJIII MoryT 6UTI>. HanpHMep, rtor.n:a pcsonaHcy cooT

neTCTByeT no nape · conpmrteHHllX HyJiefi Ha I JIIICTe . n SH ·, Su. II S
33 

, 

na Bcex OCTaJII,HllX JlllCTax pacnoJiaraIOTC.fI rrapu conpmKemmx nOJIIQCOB: 

na II, IY H Yill IDICTax B Tex ;;ce TO'!KaX, '!To li HY?III Ha I JIHcTe, Ha ill, 

Y ll YII JIIICTax·no 2 rrapu conpmrteHHllX noJIIOCOB ll Ha YI JIJfCTe 3 rrap11 

IIOJIIOCOB. B ~ - BOJIHOBOM :r;5r: - pacce.fIHIDI B paCCMOTpeHHOil: s;a;ec1, 

o6JiacTn 0,7+ I,6 raB. peaJIIIsyeTc.fI rrpocTef111IHii napnaHT, Iio ncJirtoM 
cJiyqae aTo 1tacaeTC.fI pesonauca Jo (975). ., 

C ueJII,IO yqeTa 8-JIJfCTHOfl: PllMaHOBOil: CTpyrcTypll s -MaTpllllpl Ha 

OCHOBe YHUcp0p!V!lI3aUFIII IIOCJie,n:Hefi II l(JI.fI IIOJiyqeHU.fI l(JI.fI Hee MaKCJIMaJII,l{Q 

npocTOfl: napaMeTpH3aUl'Ill rrpe,n;JIOJKena MO,n;eJII, 3TOH PHMaHOBOit IIOBepxIIOCTJI 

)];JI.fl Toro CJiy'!a.fI, KOI',Il;a MOJKHO rrpenecipe"ll, BJII-1'.fIHHeM lir.~ -TO'IIGI BeTDJie

I!H.fl. C rroMOll\nIO npocToii napaMeTpnsamni (2) MaTpH'!Iroro aJieMeHTa Su 
Ha IIJIOCitOCTll Y.HncJiogM!I3IIPYKllleit nepeMeHHO:ii ( I) 06pacioTaI111 ~ -BOJIHOB!{e 
B'C"ST: -.n:aHHlle 7r7 ,r In o6JiacTH aneprnfi 0,7+I,6 raB. Jvm nx y,n;on-

9 
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JieTBOpHTeJII,HOro omrnamm ( %1/c'l'.CB. = l,I2) OKa3aJIOCI, ).(OCTaTO<I
HO lI.BYX pe30!-IaHCOB: Jo (975) - rrpn 3TOM anamrn Yiill311B88T Ha CUJII,Hyro 
CBJl3I, ero C K,~- lI e2 - CHCT8M8l,m, .U 3@ieKTllBHOro Jo (!500) -
OTHOCHT8JIJ:,HO ero rrapaMeTpOB H8JII,3.fI ;a:eJIBTI, 8)18CI, orrpe;rr,eJieHHllX BllBO;IJ,OB, 
TaK KaK He yqTeHH Haxo,wnmrnc.fI B 3TOi1 OOJiaCTM rroporu K8IlaJIOB 2 2' ' 
.Pp . , w w , c KoTopm,m OH MO,KeT OU.TI, CM3aH. B P DG -90 II/ 

oclcyilt,ll;a!OTC.fI B pacCMaTp.unaeMOK 00JI8CTll (I\pOMe Jo (975)) TPU pe30H8H
ca: Jo (!240) n J0 (I525), KOTOplle uyJR,UaIOTCJI B rro;rr,Tnep,ll,Il;emm, II 

JO ( 1400) t ;IJ,JI.fI MaCCll KOToporo B p83Hl-lX pa6oTaX rrpHBO,wITCJI 3Haqe
HIDI OT 1220 ;rr,o 1470 MsB u ;IJ,JI.fI lllUpJIHH IIS + 460 MsB. Mu lJ.YM88M, <ITO 
a;rr,eKBBTHH.il anamrn OCTaBHT B 3TOH oc5JiaCTll o.rum pesoHaHc. 

H, HaKoHe[(, c;rr,eJiaeM 3aMel!amrn O pe30ll8HC8 HHEe 900 lfaB, ItoTO-:
Pllli nper/lll OT npeMeHII I10.fIBJI.fI8TCJI B pa3Hl1X pa6oTaX ll OOOCHOBHB88TC.fI, 
Haqpm.iep, n rrnapRoBoil Mo;rr,eJIH cnepxrrpoBo~ero TJrna /l9/. B rro;rr,xoJ.i;e, 
OCHOBaHHOM Ha IICIIOJII,30B8HM1I Hll3K03HepreTII<IGCKHX TeopeM Hapyrne1moii 
MpaJII,HOK CHMMeTpmI ll M8Cll1Ta·c5uoil: lIHBapnaHTHOCTll C 3@l8KTMBH!Th1 'ar
paHJKI'IaHOM, n KOTOpllil BBe;rr,euo CKaJIHpHoe IlOJle (RaK IIOJie rJIIOOOJia) 201, 
rrpl'I nHTeprrpeTarum pesonaHca . J0 ( I590) KBK cMernaHHoro cocTOHIUI.fI 
rJIIOOHII.fI H KBapKOHll.fI ( _ 'f'i, + 'J'I ) 12t1 opToroHaJII,Hl.lM K HeMy JIBliJIOCI, 
urnpoRoe B m:m:- IIBHBJie COCTO.fIHHe rrpnMepuo IIPH 920 MsB. Harn M8TO;IJ, He 
oc5uapylKIIBaeT HUKBIOIX COCTO.f!Hliii HJme ~~- - rropora. IlOBTO!.iY eCJill 
KaRoit-JIUOO ll3 yRa38HilliX pe30H8HCOB cyinecTByeT, TO OH H8H80JIIO,D;88MO 
lllHpOMK, C rpHHOH, B03MO,KHO, ;IJ,BJKe rrpeBOCXO~eii Macey. !{CTBTH, B 
rro.roco.rce 120 OHJIO IIOKa3aHo, l!TO lllHPllHa CK8JIHpHoro rJIIOOHli.fI ,n;JIH pacrra
;rr,a H8 gr;gr; - MOlJ.Y 3aBIIClIT OT MBCCH rmo6oJia' KBR 5-.fI CTerreHI, t ll Bllllle 
l rsB cRaJIHpHID'i rnro6oJI 6y;rr,eT neua6J110;rr,aeMo nrnpom1M. IloJiaraeM, sTo 
IiO;IJ,lleprornaeT BaI.GIOCTI, rrpo;rr,eJiaHHoro 3;IJ,8CI,, B YKa3aHHOM CMHCJ!e UO;IJ,CJII,"'." 
HO 7 He3aBHCHll!Oro auaJIH38 ;a:aHHHX B oc5JlaCTll I rsB • .I(aJII,Hefnuee pa3Bll- , 
Tl-10 8TOH ;rr,eJIT8JII,HOCTll ;a:omr.HO sawnol!B'.rI>CJI BO BI{Jl}Oqemm B aIIaJIH3 .rco
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cBJisaHHHM rrpo[(eccaM. 
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