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HMrrynbCRble B yrnOBbl8 pacrrpeneneHHH BTOpH'IHbiX '18CTBil, o6pa3y10DIHXCH B 

aeyrrpyrHX B38RMO.[l8ilCTBHHX, HBIIHIOTCH O'leHb B8JKHbiMH X8p8KTepHCTHK8MH llpO!l8C

COB MHOJKeCTB8HHOrO o6pa30B8HHH '18CTBII, B3y'I8RBe BX npe.QCT8BIIHeT 60IIbDIOA HH

Tepec oco6eRHO B CBH3B C np08KTBpOB8RH8M K8H8IIOB BTOpH'IHbiX '18CTBil H8 ~00-

pyJKaeMbiX B R8CTOHUlee BpeMH 6onbWHX yCKOpHTenHX. Cpe.QH MHOrO'IHCIIeHHbiX II0-
/1-5/ llbiTOK H8ATB 8H8nHTH'I8CKOe Bblp8JK8HH8 .[liTH HMIIYIIbCROrO CII8KTpa BTOpH'IRbiX 

'18CTHil 6onbWHHCTBO CBO.[lHTCH K SKCTp81IOIIHilBB H8 o6naCTb 6onee BbiCOKHX aaep

rHA uaBeCTHbiX aMnHpB'IeCKBX aaBBCHMOCTeA. H XOTH, Ka·K B3BeCTHo, Bee Monenu, 

HCIIOIIb3yeMble B B8CTOBUI8e BpeMH lliiH OUHC8HBH UpO!l8CCOB MROJKeCTBeRHOrO o6-

p830B8HHH '18CTH!l, ll810T YllOBII8TBOpBTenbBble pe3yn&T8Tbl TOIIbKO lliiH OTnen&BbiX 

xapaKTepucTHK nponeccoB, TeM ae Meaee, nocnenoBaTen&ao BCnonb3yH aTH Monena 

nnH p8C'IeTOB BMIIyllbCHbiX B yrnOBbiX pacnpeneneHBA BTOpB'IHbiX '18CTH!l0 MOJKHO Ba

nesTbCH IIOIIY'IBTb ll8HBble, KOTOpble 6ynyT0 UO-BB.[lBMOMy, ll0CT8TO'IHO XOpOWBM 'nep

BbiM 1IpB6IIHJKeHHeM' K 6ynyDIHM 9KCnepHMeBT8IlbBbiM peayn&T8T8Mo nono6Hbl8 Ha

neJK.[lbl ocaosaabl npeJKlle BCero aa TOM, 'ITO peayn&TaTbl, nony'laeMbre B paMKax 

paanH'IHbiX MoneneA, noBOn&ao xopowo cornacyiOTcH c pB.!loM aaH6onee o6mux, 

llOCTOBepBO yCT8ROBneHHbiX 9KCIIepBM8HT8IlbHbiX $aKTOB 0 IIOBeneBBH CpenBBX xa

paKTepHCTHK nponeccOB MHOJKeCTBeHBOrO o6p830B8HHH '18CTHil B WBpOKOM HHTepBa-

/6/ 
ne aaepruA 

Pac'leTbl BMrryn&cHbiX u yrnoBbiX cneKTpoB BTOpH'IUblX 'IBCTHil, B03HHK810DIHX 

B peayn&TaTe aeynpyrBX npoTOH-npoTOBRbiXCTOIIKHOBeBRA npB KHH8TR'IeCKOA aaep-

ruu aaneTaiOtu.ero npoToaa T "' 40 ras, T = 60 faB B T = 80 faB 6blnH rrpo-

Beneabl B paMKax CTBTBCTH'IeCKoA Monenu MHOJKeCTBeaaoro polK.!leHHB 'IBCTH!l, y'IB

ThiBBIODXeA B38BMO.[lellCTBBe '18CTH!l B KOH8'1HOM CQCTOHHHB rryTeM no6asneBBB K8H8-
/7/ 

noB, c B3o6apoA N* ( I = 3/2, J = 3/2, M = 1236 Mas) • npu aTOM B Ka-

'leCTBe B03MOJKHbiX K8H8IIOB aeynpyroft peaKUBB, UpBBOllBDIBX K o6p830B8HHIO 
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<WCTHU B KOH8'1HOM COCTOS!HHH, paCCMaTpHBaJ1HCb TBKHe KaHam,I: 

N + N + (n -2) IT 

N* +N+ (n-3)1T 

N*+N*+(n-4)1T, 

N*+N+N+N+(n-5liT, 

N+N+N+N+(n-4)1T, 

N*+N*+N+N +(n-6)1T, 

N*+N*+N*+N +(n-7JIT, 

N * + N * + N * + N * + ( n -8) IT, 

T.e. Mbl npeHeopernu B03MOlKHOCTbiO p0ll<)l8HHS! CTpaHHbiX 'laCTHU 1 M630HHbiX H 

Bhicmnx rr N -pe3oaaucoa H npeaeopernH aKnanaMH oT Kaaanoa c oonhiiiHM 'IRe-

noM HyKJlOH-aHTUHyKJ10HHbiX nap, OCHOBbiaaSICb Ha H3a8CTHOW <jlaKT8
1 

'ITO cpe)lH BCOX 

BTOpH'IHbiX 'laCTHU Bl·ICOK03HepreTH'I6CKHX HeynpyrHx CTOJ1KHOB8HHll '!aCTHllbl C MaC-

cofl m > 111 
IT 

m -Macca 
IT IT -M830HO) COCTaBJ1SIIOT ''" 20%. 

DpH TaKoM paccMoTpeauu 3anaqa uaxoll<)leHnSI nonuoro HMnyn&cuoro cneKTpa 

BTOpH'IHbiX 'laCTHll KaKOrO-J1HOO· COpTa (nHOHOa, HYKJ10HOB H aHTHHyKJ10HOa), COCTOH

fJ!ero 113 CII8KTpa 'laCTHU, 0Dp83YIOIIIHXCSI HenocpenCTB8HHO IIOCJ18 CTOJ1KHOB9HHSI, H 

CIICKTpa '!aCTHU, Oopa3y!OIUHXCSI a pe3yJ1hTaTe pacna)la H306ap, CBO)lHTCSI a OCHOB-

IIOM K yMeHHIO abi'IHCJ1SITb tP030ao-npOCTpOHCTaeHHb!l! <jlaKTOp, KOr)la nonHblit HMIIYJ1bC 

CHCT8Mbl He paaeH Hynro. yf3 MHOlK8CTaa Cy!UeCTayiOIUHX a HOCTOH!Uee ap9Mll M9TO

l10B ahT'lHCJ18HHll tP030aO-IIpOCTpaHCTaeHHb!X HHTerpanoa l1J1ll npoae·)leHHSI )laHHb!X pac-

/8/ 
'!eToa OLin a~oiopaH MeTon, rrpennoll<eHHhill <lluanxo • 

Ha puc. 1-15 !IpHB8l18Hbl HMIIYJ1bCHb!8 CII8KTpb! IIO)l 3aAaHHb!MH yrnaMH, HHTe-

rpaJJbHLI8 HMIIYJJbCHbl8 CII8KTpbl, a T8Kll<8 yrnoabi8 CII8KTpb! aTOpH'IHblX IT -M830HOa, 

IIYKJ10HOB H 8HTHHyKnOHOB, abi'IHCJ18HHbie ilJlll CJlY'IBll IIpOTOH-IIpOTOHHOrO a3aHMO)leit-

CTBIH! npu aueprHliX T = 40 faa, T = 60 faa H T = 80 faa. DpoaecTH neTanb-

HOe CpOaHeHHe nony'I8HHb!X p83YJ1bTaToa C aKcnepHM8HTOM a HaCTOSIIII98 apeMl! He 

npertcTaBnlleTcH B03MOli<HhiM, TK. aaanorH'IHbie xapaKTepucTHKH rrpouecca aeyrrpy-

roro 

T 

P P -a38HMOl18IICTa!ll! HO aKCII8pHM8HTe H3a8CTHbl IIOKO TOJ1bKO ilO aaeprHH 
/9/ 

30 faa • OnaaKo MOlKHO nOIIbiTOTbCH abll!CHHTb, ynoaneTaOpli!OT JlH rronyqeu-

llb!8 pe3yJ1bTOTb! H9KOTOph!M XOpOIUO yCTOHOaJ18HHblM 30aHCHMOCTHM l1J1!t CpenHHX E\8J1H-

'lHH, o KOTOPhiX yrroMHHanocb Bbime. PaccMoTpeane Moli<HO rrpoaecTH caa'lana nnSI 
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cneKTpoa, BLl'IHCJ18HHbiX a CHCT8Me ll8HTpa Mace, 'ITO II03aOJ1HT HCKJ110'1HTb HeKOTO

pb!8 aecymecTaeHHbl8 acj><jleKTbi, HM8101JlH8 'IHCTO KHH8MOTH'19CK08 1IpOHCXO)I{)l8HHe. 

/10/ 
J.1CIIOJlb3YSI H3aeCTHbi8 tPOPMYJ1bi AnSI rrepeaona HMIIYJ1bCHOro CII8,KTpa B 

aaepreTH'I8CKHll H abi'IHCJ18HHll Cpe)lHel! KHH8TH'I8CKOll aaeprHH T , Mbl Bbl'IHCJ1HJ1H 

T l1JlSI BTOpH'IHbiX IT -M930HOB, HyKnOHOB H aHTHHYKJ10HOa, OOpa3yJOIIIHXCSI B 

pe3ynhTaTe aeyrrpyroro rrpoToa-rrpoTOHHoro cTonKaoaeaul!. Pe3ynbTaTbi aTux abi'IHC

neaHf.i rrpuaeneHbi a TaonHUe. 

Taonuua 

CpenHHe KHH8TH'I8CKH8 aaeprHH BTOpH'IHblX 'laCTHll Heyrrpyroro CTOJ1KHOa8HHll 

( B faa) 

IT-M830Hbl HyKnOHbi AHTHHYKJ10Hbl 

40 + 0,722 0,741 0,684 

60 0,782 0,817 0,721 

80 0,806 0,843 0,760 

DpuaeneHHbie a Taonuue pe3ynhTaTbi, aoo6me roaopSI, cornacyJOTCll c abiao-

ilOM 0 TOM, 'ITO Cp8JlHHe KHHT8TH'l8CKH8 aHeprHH )lJ1ll pa3J1H'IHblX COpTOa aTOpH'IHblX 

/10/ 
qacTnu npnonH3HTenhHo onnHaKoabi • OnaaKo ao Maornx cny'lal!x paaeacTao KH-

HeTH'IeCKHX aaeprnli poli<JlBIOIIIHXCll 'IBCTHU a 3KcnepnMeHTax l!anSieTcll aecbMa npn6-

J1H)KeHHhiM. TaK, aecMoTpSI aa oonbiiiHe OIIIHDKH H3Mepeanli, KHHeTH'lecKaSI aaeprHSI 

HYKJ10Hoa· ( 3TO OC008HHO 3BM8THO a 3KcnepHM8HTaX no HyKnOH-HyKJ10HHblM a3aHMQ-

)lel!cTaHSIM) OKa3biaaeTCSI 3aMeTHO OOJlbllle KHH8TH'I8CKOli 3HeprHH IT -M830HOa. 

noJl'IepKHeM eme pa3, 'ITo cnaoaSI 3aancHMOcTb T OT COpTa pOli<JlOIOIIIHXCII 'IOCTHll 

HMeeT MecTo TOJ1hKO B cncTeMe ueaTpa Mace. Dpu rrepexo)le K naoopaTopaoli cnc

TeMe aTa 38aHCHMOCTb CTOHOaHTCSI O'l8Hb 30M8THOli. 

J.13 npHB8Jl8HHblX a TOOJ1HU8 pe3yJ1hTaToa aHJlHO TaKlKO, 'ITO C pOCTOM 3HeprHH 

CTanKHaaJOIIIHXCSI 'IOCTHll cpenHIISI KHH8TH'I8CKal! 3Heprnl! aTopH'lHblX 'laCTHll Mennea-

HO ao3p8CTaeT, CJ18JlYSI H3aeCTHOl! 3MnHpH'18CKOf.i 3aaHCHMOCTH 

T •T ~ 

0JlHOKO 3aaHCHMOCTb aTa He llaJ1118TCSI CTporoi1, T.K. OIIIHOKH H3MepeHHli eme O'l8Hb 

aennKn, To npaKTH'IeCKH MO)!{HO roaopHTh o TOM, 'ITO T ae ao3pacTaeT ohiCTpee, 

'18M T ~ , a He 0 TO'IHOH 3aBHCHMOCTH TOKOrO aH)la. 

Pe3ynhTaTbi aaiiiHX abi'!Hcneauli HMrrynhCHbiX cneKTpoa noaonhHO xopoiiio corna-

:, f L , 



cyiDTCH T8K*e C H3B8CTHblM ~8KTOM, qTo B8nHqHH8 H8H6onee BepOHTHOa (nHKOBOtl) 

KHH8THqeCKOtl aaeprHH p0~8IDWRXCH qaCTR~ OCTSeTCH npaKTHqecKH nOCTOHHHOtl H 

paBHOtl T
0 

.. (2-3)m 17 c 
2 

JKe cpenaeA aaeprHR T 

/10/ 
B oqeHb 6onbWOM RHTepsane aaeprRA • BoapacTaHRe 

npORCXOllRT B OCHOBHOM nRWb 38 cqeT OTHOCHTenbHOrO 

yeenHqeHRH nnOW8llH BblCOKOSHepreTH'IeCKOtl '18eTR ( • XBOeTa •) cneKTpa. 

VIa npReeneHHbiX aa pRe. 13-15 yrnoBbiX paenpeneneaRA 17 - Meaoaos, ayKno

HOB H aHTHHyKnOHOB BHAHO, qTO B na6opaTOpHOtl eReTeMe KOOpAHH8T qaeTH~bl, po~a-

IDWHeCH B HeynpyrHX BbieOKOSHepreTR'IeeKHX eTonKHOBeHRliX, BbineTSIDT B oeHOBHOM 

non M8nbiMH yrnaMH K HanpasneHRID llBH*eHHll nepBR'IHOtl '18eTR~bl. C pOeTOM aaep

rRH yrnoeoe paenpeaeneaHe KOH~eaTpHpyeTell B o6naeTH see MeHbWHX H MeHbruHX 

yrnoe. qTo KaeaeTcll yrnosoro pacnpeneneHHH B eHeTeMe ~eaTpa Mace, TO, KaK ua

secTao, B CT8THCTH'I8CKOii MonenH ORO e'IHT8eTell H30TponHhlM, XOTH H3 9KenepHMeH

TanbHblX aaHHblX H3BeeTHO, qTO B 6onbWRHeTBe enyqaeB 'laeTH~bl paaneTaiOTeH aHH-

aoTponao. 
/1/ 

J.1cnonb3YH Bb!pa*eHHH, nony'leHHble B , H paanH'IHble aMnHpR'IeeKRe 38BHeR-

/2 3/ 
MOCTH, onHCb!BaiOruHe cneKTpbl 'laCTHU B noeTSTO'IHO WHpOKOtl o6naeTH yrnOB ' , 

'MO*HO nonyqHTb HMnynbCHbie pacnpeneneHHll BTOpHqHblX qacTRU non paanR'IHhlMH 

yrnaMH npH aaeprHHX, noKa eme aenoeTynHbiX aa cyweeTBYIOillHX ycKopHTenHx. 

Cpaeneaae cneKTpos, nonyqeaHbiX TaKHM nyTeM, c peaynbTaTaMH aawax pae'leToB 

no CT8THeTH'IeeKOtl TeopHH fiOK83biBaeT, 'ITO V,H~~epennRanbHbie eneKTpbl 17 -Me-

aoaoe npH aaeprHHX T .. 80 faa B p p -aaaHMonetleTBHH HMeroT cxoaaoe noaeneaae 

B o6naeTu yrnoe, 6onhwHx 

aa6nronaeTcH B o6nacTH yrna 

(} 2°-3°. HeKoTopoe paanaqHe a noaeneHHH eneKTpoB 

(} = 0° B TOtl HX qaeTU, rae KpUBbie RMeiOT MaKCH-

MyM ( CneKTpbl 17 -Me30HOB, nony'leHHbie H3 eTaTReTRqecKOtl MOnenR, OK83biBaiOT-

CH 6onee MHrKRMH). 0TMeTHM, OllHaKO, qTo Bee cyweCTByiOWRe aMnHpHqeeKHe 38-

BHCHMOCTH )JnH RMnynbCHb!X pacnpeaeneHHil He npeTeHnyiOT Ha npaBRnbHOCTb onH-

CaHHH aKcnepHMeHTanbHbiX peaynbTaToB B o6nacTH yrna 0 = 0°. CpasaeaHe HM-

nynbCHbiX cneKTpOB nnH HyKnOHOB H aHTHHyKnOHOB naeT nono6Hble JKe peaynbTaTbi, on-

HaKO 0 cpaBHeHHH cneKTpOB nnH aHTHHyKnOHOB MO*HO rOBOpRTb qHCTO yenOBHO, no

CKOnbKy H3MepeHHbie Ha 3KCnepHMeHTe B o6nacTH T " 30 faB eneKTpbl aHTHHyKnOHOB 

II CTpaHHblX qaCTHU o6nan8IOT oqeab HII3KOil TO'IHOCTbiD, n09TOMy, ecTeCTBeHHO, HX 

9KCTpanonHUHH Ha 06i!llCTb 6onee BblCOKHX 3Hflprllil O'leHb H80JlH03H8'1Ha. 

B aaKnroqealle erne paa OTMeTIIM, 'ITO xoTH np116nllliWHHe, Hcnonbaoaauaoe nm1 

llony•WHIIH cneKTpOB HBn<reTC51 noBOJ!bHO rpy6uM, nonyqeHHbl8 p03ynbTaTb! MO>KHO BCC 
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>Ke HCnOnb30BaTb llflH OU8HOK pa3nii'IHbiX cpenHHX Benii'IHH, XapaKTepii3YIDIUIIX npo

neCCbl MHOJK8CTB8HHOrO o6pa3oBaHIIH qaeTIIU. 

J.iMnynbCHb!e cneKTpbl BTOpH'IHbiX 'laCTRU HeynpyriiX Bb!COK09HepreTIIqecKHX 

CTOflKHOBeHHil, XOpO!UO COrnacyiOWHeCH C 3KCnep11MeHTOM B o6naeTH 9HeprHii no 

30 f3B, 6binH nonyqeHbl nenaBHO Ha OCHOBE' nByXTeMnepaTypHOI1 CTBTHCTH'IeCI<Otl 

/11/ " 
B , a TaK)J{e Ha OCHOBe TepMOlliiHBMH'IeCKOH Monen11 pa3nH'IHbiX qacTHU 

112/ 
no aaeprHil '" 300 faB B • 

MonenH 

ennoTb 

B aaKniO'IeHHe Mae xoTenoeb 6bi no6naronapHTb B.C. EaparueHKoBa aa nocTa

HOBKY aana'IH H BHHMaHHe, C. E. HypyrueBa H BCeX COTpynHHKOB ero na6opaTopHH HS' 

J.14>B3 ( r. Cepnyxoe) aa eecbMa neTanbnoe o6cy~enHe 11 neH!Ihie KpHTHqeeKHe 

aaMe'laHHH, a TaKJKe B.M. ManbUeBa aa o6cyn<neHH51 If A.M. raaeToBy aa fiOMOUtb 

npH npoaenermH 'IHcneHHhiX pacqeToB. 
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PHc. 1. HMnynhcHwe pacnpeneneHHSI non orrpeneneHHbiMH yrnaMB BTopo:t.IHbiX rr -

M830HOB Heyrrpyroro p ~ -CTOnKHOBeHHSI npH aaeprHH T= 40 rae 
( B na6opaTOpHOH CHCTeMe KO OpllHH8T) • 

<· '"''<~~·_, --'5~ _ _..••••illlli•a--... llil:.--•. -•a~~~a .... a .. •••r•· ••-•fllllo.•--..-... •CSfli'•· . 

dZW I dPdQ ljFJ.E;c,Sr,npomoH 

2A 

2,0 

0.8 

0.4 
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Pnc. 3. HMnynbCHbte pacrrpeneneHHH non onpeneneHHbiMH yrnaMH BTOpH'IHbiX tr-

MeaoHoB Heynpyroro p p -cTonKHOBeHHSI: npH. aaeprHB T - 801 rsa, 
( B na6opaTOpHofi CHCTeMe K-OOpUHHBT) • 

t t U-

tiiW 
dPd.Q 1/FJB;c,Sr, npomoH 
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Puc. 4.· HMnynbCH&le pacnpenenesust non onpeneneHH&lMH yrnaMH BTOpH'IHblX 

HyltrrOHOB ReynpyrOI"O p p -cTOrrKHOB8HRst npu SR8Jli"HR T • 40 rae 
(B na5opaTOpHOR CRCT8M8 KOOpURH8T). 
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PHc. 5. HMnynhCHbie pacrrpeaeneaHs:t noa onpe.oeneHHbiMH yrnaMH BTOpH'l{HbiX ayKno-
aoa aeynpyroro P P -cTonKHOBeHH.s:I npu saeprHH T = 60 rsa 
(B n~50p8TOpHofi CHCTeMe KoopaHHaT). 

d~ 1/r.J.B;c,Sr, npomoH 
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0 {40 f60 

PHc. a. 11MnynhCHble pacnpeneneHHSI no.n onpelleneHHbiMH yrnaMB BTOpBqHbiX HyKJIO-
HOB Heynpyroro p p -CTOJIKHOBeHHSI IIpB SHeprBB T = 80 rsa 
(B na5opaTOpHOfi CHCTeMe KOOpnHHaT). 
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Puc. 7. 11MnynbCHbie pacrrpeacneKHSJ rroa onpe.neneHHhiMH yrnaMB BTOpHqHbiX aHTH-

HyKJIOHOB aeynpyroro p p -cTOJIKHOBOHH!! npH saept'HII T • 40 rss 

( B JI860p8TOpHOfi CHCTeMe I<OOpllHHST) • 

ttk~ 1/FJB;c, S.r; opomoH 
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Pli.c. 8. 11MnynbCHbte pacnpe.oenennsr non onpeneneHHhiMH yrnaMH BTopHttHbiX aHTH-

HyKnonos ncynpyroro p p -cTonKHoBeHHSJ npH aneprH H T = 60 rse 
( B na60p8TOpHOi"t CHCT9M9 KOOp.llHJIOT) • 
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PHc. 9. HMrrynbCHbte pacnpe.neneHJHI no.o onpeneneHHbiMH yrnaMR a;o;H~b}~8aHTHHyKnOHOB aeyrrpyroro pp -CT01IKHOBeHHR IIpH 3HeprHH 

( B na6opBTOpHOfi CHCTeMe KOOpUHHaT), 

9Jf ljT.913jc, npomoff 
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Pac. 10. 11~mynbCHble pacnpeneneaH~ BTOPHttHbtX 11 -Meaoaoe a aeynpyroM 

P P -B381!MO.llef!CTBHH ( B na6opaTOpHOli CHCTeMe KOOpllHHBT). 
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PHC. 11. lrfMnynbCHbl9 pacnpe.aeneHHSI BTOpH'IHbiX HyKnOHOB B aey~pyroM p p -B38HMOJl9ACTBHH ( B 

na6opaTOpHO~ CHCTeMe KOOp~HHaT), 
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Puc. 12. HMnynhCHbi9 pacrrpeaeneHHH sTopHt:tHbiX aHTHHyKnouos 8 aeynpyro\ot 
P P - B38HMOil9J1CTBHH ( B na6opaTOpHOli CHCT9Me KOOpllHHaT), 
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Pnc. 14. YrnoBbie pacnpe.ncneausr BTOpH1.{HbiX nyKnoao~ a ueynpyroM 

p p -B38HMO.UeACTBHR ( B na6opaTOp HOfi CllCTeMe KOOp.UHHBT). 

Puc. 13. YrnoBbte pacnpe.neneuHH DTOpH1.{HbiX 17'-MeaouoB B aeynpyroM 
p p -B.38HMOJlefiCTBHH ( B na6op8TOpHOi1 CHCTeMe KOOp.[lHHBT) • 
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PHC. 15, YrnOBb!e pacnpeaeneHIHI BTOpH'-:I!IbiX BHTHHyKnOHOB B HeyrrpyrOM 

p p -I338HMO[leifcTBHH ( B na6opaTOpHoii: CHCT9M9 K00pUHH8T) • 
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