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B B·e A e BB e 

HccneAoBaBBH CBOIICTB uellTpOBBblX peaouaBCOB, H8'UlTb18 BO MHorBX na6opaTopHHX 

01:0110 30 neT H838.ll, npo11.omKalOT HBT8HCHBHO pa3BHB8TbCH. OuH CTHMynHpy10TCH B03MO)!{

HOCTLIO aenocpeACTBeBHoro conocTaBneHHH sxcnepHMeHTa c TeopHell nnpa H pacTymnMH Tpe-

60BAJIHJIMH1 npe/1.'hSIBnSl8MblMH <l>H3HKOD peaxTOpOB B OTHOI118HllH TO'IHOCTH H3Mepeamr HeilTpou

HblX sqxp8KTHBHblX C8'I0BBA. Ceftqac B aellTpOHHOD peaoHaacuoll cnexTpOMeTpHH no M0Tony 

Bp0M811l! nponeTa MOJKHO Bbl/1.8nHTb 2 TeHAeunHH paaBHT.HH: . 

1. Ilpe)!(IJ.e Bcero, cymecTByeT CTpeMneBBe CT8BHTb 3KCnepHM0HT B ycnOBHHX Bee pac

Tymell paapema10mell cno~o6uoCTH,·· C paape111eBHeM (0,5 :;. 1) y yme Hayqa10TCR no coT

He H 6onee ypOBHeD B OTA8llhHblX H/1.pax npH saeprHH B030Y)!(IJ.0HHH, paBHOil aueprHH CBH3H 

aeDTpoHa ( 5 + 10 MsB nm1 pa3nH'IHblX Hnep). UenblO TaKHX sxcnepHMeHTOB HBnHe_TCH Bh!SIC

H8BB0 BOllpOCOB CTBTHCTHKH ypoBHell, yTO'IH0HH8 3H8'I0HHII HellTpOHHOII cnnoBoD lj,yuxnHH, 

BblRcueuHe aaepr~TH'Iecxoa aaBHCHMOCTH cHnoBOil.lj,yaxnHH, nneaTHlj,HKanHH H nayqeHHe p 

ypoBHell (ooa6y)!(IJ.a8Mh1X HellTpoa'aMH C opoHTBllhBhlM MOM0HTOM, paBHhlM 1). Onaa~o Bcnen-

\ CTBH8 aenoCTaTo'IBoD CBeTOCHnhl, conyTCTBy10mea BhlCOltOMY paape1110HHJO, B aTHX ycnoBH.!IX 

H3M8pHIOTCH TOllbltO nonHhle slj,lj,eKTHBHhle C0'I0HllR B3aHMoneilCTBHH_aellTpOHOB C HnpaMHJ 

2. IlpOHMH0TCR H BTopaH,TeaneannH - T0BA0HUHH noBC0M0CTHOro nepexona ~ HaMepeBHIO 

napnnam,HhIX ceqeaHII ( oohl'IHO npn yMepeaHoM . paape111eHHn) c nenhIO 6on'ee rny6oKoro n 

nonaoro H3Y'I0HHH CBOilCTB B030y)!(IJ.0HHhlX YPOBH8il nnep. HaCTOHIIIBH paooTa OTHOCHTCH ~ STO

My aanpaBll0HHIO •. PaooTa Bhlll011H8HB Ha aeilTpOHHOM Cll8KTpOM0Tpe no M0Tony BpeMeHll npo

neTa c HMnynbCHhlM 6h1CTph1M peaxTopoM 061,ennaeaaoro nacTnTyTa nnepHhIX nccnenoBaanll 
/1/ . 

B K8'I0CTB8 HCTO'IHHKa HellTpOHOB • Eonblll8H HHTerpanbHaH MOIIIHOCTb peaKTopa 
. 14 · · 

( - 3.10 aeliTp/ceK) npH IIIHpHH0 HMnynhca 50 MKCeK H 'IaCTOTe noBTOp0HHH 5 HMn/cex 

11.ana BOaMomaocTb ocy111ecTBHTb naMepeanH napnnanbHhIX n nonHhIX ceqeana c paape111eaneM 

- 0,05 Mxcex/M C xopomeli CT8THCTHKOD npn HH3KOM <!>oae. 

Boaoy)ICIJ.eHHhle COCTOHHHH HA0P B H3Y'I80MOD o6nacTH aaeprHD npoHBJIHIOTCH B Bnne 

aeDTpOHHhlX peaoaaacoB, aaanH3 KOTOphlX B0ll0TCH B T0pMnaax napaMeTpoB xopomo H3B0CT-
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HOA (jlopMym.t EpeATa-BurHepa • .llaaHag paooTa noc»suneHa onpenen8HHJO nonHhIX HaoopoB na-

paMeTpoB p830HBHCOB nnll Pllll8 llll8P H B nepByJO O'i8penb pannanuoHHbIX mupHH ry ll 

cnHHOB J • 3aaHH8 panHallllOHHblX mHpllH H8CKOnbKHX nepBbIX ypoBHeA n106oro ll/lpa cy-

mecTB8HHO neo5xonHMO /lnll ananH38 /lBHHblX ll3 nonHblX C8'18HUA B o5nacTH 5onee BblCOKHX 

aneprHll. TToMIIMO 3Toro, TBKHe naHHble MoryT OK838TbCll non83Hb1Mll nnll pa3BllTllll Teopuu 

nonHblX pa/lHBillIOHHblX mnpnH, COBp8M8HH08 COCTOl!Hll8 KOTOpoA H8 MOlK8T C'lllTBTbCll YllOB-

neTBOpuTenbHbIM. /2/ -
~ BaAcxonlpoM B paMKax onnoqacTH'IHOA Monenn JI• npannonolKe!Illtr nunon&aoro xa-

paKTepa nepexonoB ( saeprllll E ) ll3 B03DYlKll8HHOro COCTOl!Hllll ( 3Heprm1 B03DylKll&HHll U ) 

·:1pe.rtnOlK8H8 (jlopMyna (c TO'IJIOC~blO no noCTOllHHOrO MHOlKHT&nll): 

2/afu a p(U-E l A - E ___ dE 

o p(U) 
rr ( 1) 

no_ cymecTBy CBO/lllWBll Bbl'IIICneHH8 nonHoA pantmllllOHH
0

0ll_ mHpl!Hbl K Bbl'illCneHHJO cnexTpa 

nepBll'IHOro raMM8-ll3ny'i8Hllll DO naHHblM O nnoTHOCTll ypoaaell p • TTepBOH8'18UbHb18 Teo-

peTU'18CKll8 Oll8HKll DpHB9nU_K pBCXOlKll8HlllO C SKCDOpllM8HTanbllblMU 3HB'i8HHllMH ry Ha 

naa nopllllKB, ll Ohm cnenaH BblBO/l O TOM, '!TO T0opm1 H8 /l88T ODOCHOBBHHblX npenCK838HHA 

BOCOntOTHOii B8nH'lllHbl r y • 

Onnaxo B rrocnenyromnx pa5oTax, aecMoTpll Ha cymecTBeanoe Konn'!eCTBenaoe pacxolK

neane, (jlopMyna ( l ). CTana mnpOKO ucnonb30BaTbCll. /lnll OllllC8HHll tlTHOCllT8nbHOro ll0B8/l8Hllll 

ry B 3aBHCllMOCTH OT Maccoaoro qucna A , sneprun B03DYlKll8HHll u H paCCTOl!HHll 

M8lKllY ypoBHllMH COCTBBHoro llllpa B5ntr3H sneprnu CBll3H. nocnennne pacqeTbl B 3TOM Ha-n, -
rrpaBJienuu , nc11on&3y10mne coapeMennyro Monen& (jlepMn-ra3a nnH Bbl'!HcneHnll p , npu-

BO/ll!T K MaKCl!MyMaM 3H8'18Hlli! ry llnll OKOnOM8rH'l8CKllX ll/l&p C 'illCnOM H&iiTpOHOB BDnll-

3ll N ~ 50, 82, 126. Pe3yn&TaTbl cymecTB8HHO 3aBllCllT OT BbIOOpa Monenn Hnpa nm1 Bbl

'il!Cnennll llnOTHOCTll ypoBH8lio ·MelKlly TeM, ll3B8CTHbl /lpyrue p8C'i8Tbl nnoTHOCTll ypOBH&i! 

( 10. T. fpllHb, B.M. CTpyTHHCKllil)' 11cnonb3yIOmne M8TOllbl ll ll/lOll Teopnll caepxnpOBOllllMOC

Tll llHll yqeTa s,pcjieKTOB napnoii Koppenl!Illlll HyKHOHOB. TaKlKO cornacyl!Cb C SKcneptrM8HTanb

Hb1Mll naHHblMll npu aneprnu CBll3ll H8iiTpona·, STU paC'!OT!>l nptrBO/UIT K cymeCTB8HHO M8Hb

meMy, '18M no Mone'nn cjiepMn-ra3a ,3Ha'!OHIIIO nnoTHOCTll ypoBnel! npu B030YlKll8HllllX Hll,lKO 

saeprun CBR3H neiiTpoaa. 

TaKllM Oopa3oM, UM8IO!UIIOCSI TOopeTH'!eCKll8 pBC'i8Tbl r y H8 l!Bill!IOTCll /lOCTBTO'IHO 

aanelKHbIMn, n nan&Heiimee naxonnenue sKcnepnMeHTan&noll ua(jlopMannn o r y , 0C008HHO 

B oonaCTl!X A , rne oHa paH&me npaKTH'i8CKH oTcyTcTBOBana ( cpenane u nerKHe l!Apa), 

npencTaBI!llOT 118COMH8HHblli llHTepec H llHll Teopnn. 

Bo3BpamaHcb K 3a/la'!e onpenenennll cnuaoB ypoBHei! H3 naMepeani! napnnan&Hb!X ceqe

am1, H800XO/ll!MO OTM8Tl!Tb, '!TO TBKlle JlBHHb18 MoryT cnylKllTb KBK onopuble -I!Hll -npyrux 

M8TO/lOB onpe11eneHUll Clll!HOB, TBKHX, KBK ll3Mep8Hllll raM'M8-CDOKTpOB unu SKcnepHMeHTbl C 
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ll0/Illpll30BaHHl>IMII nllTpOHaMH l! MJIW8IDIMH. B ll~OM llaHHble O CnHHax MOryT nponuTb cBeT 

H.a CllllHOB)'X> 3aBllCl[MOCTI, lUIOTHOCTll yp0BH811 JI npyrn napaMeTpOB. 

Attn a p~a TU a 

.lleT8XTOP pan•allllOHli:Oro 3 a XBATa. HaB8CTllO Hecxom.i::.o 'rllll!)B T8.XIIX neTeXTO

pOB, no-pa3HOMY ynoBHeTBop1nonux COBOKY.IUIOCTll Tp8QOBallHA, npell'l,l!Bnll8Mb1X K HHM. MbI 

pa5oTAIDI c lKJIIlKOCTllbIM _ ;CllJIIITIIMllllHO.l(.l(blM AeTeXTOp0M OO'h8MOM • 500 n, AODHBWHCJ, cy
mecTBeHHoro yny1t11Ie1uur ero «p0llOBhlX xapaxTepnCTHX nyTeM paanene!Ill!l neTexTOpa na nBa 

5aKA c BBeneneM CX8Mbl cosnanellHA llMllYHbCOB M&l!Clly llll'.MB'.o C ll81Ibl0 KOHTpOJlll llOCTOllHCT-:

Ba a(jJ(jJexTHBIIOCTH per11cTpannu aaxBaTa B _paaHblX peaoHaHcax_ 5hlna o5ecne'lella aoaMolK

HOCTb pa50Tbl II B p8lKJIM8 onooro OOIIbmoro 5au (peJKHM CfMMHpOBAIIllll) • .lllUI p83Hb1X Hnep 

B o5nacTH A 80 .;. 180 Slpq,elr:THBHOC'rb neTeltTOpa COCTBBIIll&T B&IDl'lllHY OT 20 no 40%. 

Olla 3aBl!CllT OT saeprllll CBll311 II xapaxTepa raMMa-cnelr:TpoB. OnHaKO B OTM8'18IIIIOA o5nac

TH Hll8p B03MOlKHb18 113M8ll81111SI B cnelr:Tpax P830H8HCOB onaoro lt8KOro--.Jill6o S!Apa He IlpBBO

/lHilll X. H3M8H8llHHM 31p(p8KTUBIIOCTH, 50IIbWHM 5%. CooTB8TCTBy10mne pe3yHl>TBTbl. uccnenoaa

Jmll xapaxTepllCTllX neTeKTOpa npHBBA8HbI B BHne Ta6nnn H rpacjiHKoB. Bo3MOlKIIOCTb paoOTbl 

/l8T8XTOpa. B pelKJIMax cyMMupoBallHll ll COBIIBAeHJIII II03BOHll8T, llOMHMO KOHTpOnll, llpOBOllHTb 

TaKlKe a6comoTHy10 ttannopoBxy. 

EcT8CTB8HHblit'(jloa lleT8KTopa OblII OKORO 35 uun/ceK 6e3 38WHTbI npH nopore llllCKpH

MHHBllllH 0,6 M9B. IlpH pa5oT8 Ha IIY'IK8 ,ne!h'poHOB lpOH yB&HH'IHBaIICll II 1,5 - 2 pa3a ll 

COCT&BIIl!H BOnH'lllHY - 2% QT C'leTa B M8XCHMfM8X CllHbHblX peaoaaHCOB. 3(jJ(jleKTHBHOCTb K 

aei!TpoHaM B cpen11eu B 150 paa M&Hbme s(jJ(jlexTUBHocTn perucTpannn axTa pe3oaa11cnoro 

aaxaaTa. 

,ll e Te KT O p p 8 CC B ll II II bl X H e JI: T p O II OB. OTCyTCTBHe BblCOKO Slplp8KTllBHOro lJ,BTeKTopa 

HeATpoHOB B aneKTpOH-BOIIbTOBOA o5nacTJI 3HeprnA, H8'iyBCTBHT8nbHOro K raMMa-ny'IBM, llB

Hl!8TCll onaoll: ,113 OCS:OBHblX l;lpH'lllH, B cany XOTOpbtX no H8CTOSIW8rO Bp8M8HH cnenaHo Mano 

paooT no pacceSIIIHIO Hel!TpOHOB B p830HBHC8X. HaMll Ohm coana11 CllHHTl!MllltHOllllblA neTeK-

rop reoueTpnu •hr , couep:acamuA cnou nopomxa ZnS (Ag) c 5opoM M&lKllY nnacTII-

118MB IIII8KCHrnaca, KOTOpble ·--·cnyJKHnH OllllOBpeMellHO xax 38M8AIDIT&mIMH, Tax ll CB8To

BO/l8Mll. HcllOHb30BallHe nponecca 38M8IIn8HIIH npuaonnno X Bpe~eHH lKJl3llll 11eATpOHOB B Ae

T8XTope - 15 MXC8X nmr cny'lall CB8T0COCT8Ba C neo5oramemibIM 5opoM H - 5 MXC8K lllUI 
10 

Cny'18ll 90% oooramelllll! B30TODOM B 

3(jJ(jleltTHBHOCTb Il8T8KTOpa paBHA 7% npn 100 9B H cnaoo yMem.maeTCSI C POCTOM sHep

rn11. TTpn 9TOM SlplpeXTHBHOCTb perncTpallHH raMMa-nyqei! C 9Hepruel! 1,25 M9B M8Hbme B 

4 10 paa, a nnll y -nyqell: c saeprnel! :2,8 M9B - B 600 pa3. EcTecTBeHHbl i! (jloa neTexTopa 

30 uun/cex; 
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JleTeKTOp Ba nll'.TB8Bb1X cTexnax. 7 IIBTll'.8Bb1X CT8K.on TOnlllBBOi! 10 MM II! 72MM, 

cMoBTHpoBallable 11a q,oTOyMBOlKBTemIX <l>SY-24, cnylKBim npocTbIM, aanelK.HblM H Y.tlOOBbIM 

.tl8T0KTopo.M Bel!TPOBOB B 113M8p0.llll'.ll'.X IIponyCKa.1111'.H. <l>oB npB STOM COCTaBJIHn 2% OT C'l8Ta B 

OTKpbITOM ny'IXe npH sBeprn11 400 SB H 8% npn SBeprnn 24 SB. 3q,q,eKTBBBOCTb .tl0T8KTOpa 

I 

_, 

8Eo saepren'lecxaa mnpnaa BpeMeBBoro xaBana aBnaaaTopa, 

n - TOnmHHa o6paana, u P - ce'leBne noTeaunanLBoro pacces1.11m1. Hanexc1,1 ,n . JI'. 

T ncnonb3oBBHbl B cnyqae caMonB.t1nxauii:ii: .tlllll oooaBa'le.llBB naMepe.BBA TOnbKO c .tl00'8JCTop

BbIM (.n) H C )l8TelCTOPHbIM H nponycxaromnM (T) o6paanaMB. IlonpaBO'IBble q,aKTOpbI f,; II'. 

25% npn 100 sB. f n Y'Jll'.TbIBalOT aaxnaT aeATpoBoB B o6paane noene 1-ro B3aBMo.t1el!eTBHH. 

.nnH onpe.t1eneBnH OTBOCll'.TenLBoro xo.t1a noroJCa c sBepr11ea n ero a6con10Taoa nennqn

Bhl nenonL30B8nBeb xanK6poBBBBbl8 . 6opBb10 e'l8T'lll'.KII'. C BF4 

B exeMe Hel!Tpo.11.11oro cnexTpoMeTpa .t1eTexTopbl pacnonaranaeb Ba paceToHlll!K OT 500 
. /1/ 

.tlO 1000 MOT HMIIynbeBOro peaxTopa • CnrBanbl C .tl0T0KTOpOB nonananaeb B HaMepKTen~-
/4/ 

Bblll Il0BTP Jla6opaTopBH ael!TpOBHOl! q,B3BXB , rne Ob!IIB coepenoTO'l8Hbt MHOroxaHanLHb18 

· npeMeHHbl8 aHannaaTopb1. 

MeTonnxa aeene.t10BaHBH 

.nnH Toro, 'ITOObl nOBb!CHTb TO'IHOeTb H HanelK.HoeTb onpeneneHHH napaMeTpOB H nony

'laTb f5onee UOnHbl8 BaoOpbI rrap8M8Tp0B B0i!TpOHHblX pe30HaBeoB, HeflOnbaOBanaeb M8TOJlBK8 

eoBM8CTHblX ll'.3M0p8HBl! iionBblX B napnKanbBblX C8'10BHII • .nnH cny'lall'. nponyCKa.B:11!1, eaMOHH

)lBKSUBB, pannauBOHHOro aaxBaTa B paeeeHBHH Mbl HM01IB.B03MO]KBOeTb eoeTaBnHTb enenyro

mne ypanaeBnH: 

•nUo 'Jlc/3.x> 
I(N 0 -N)e_!:_Jti-e ]dx.,A, 

No ,8Eo 2 

IN(.U,T> 

IN( .U> 

IN 
Il(Eo )t 

IN 

IlCEo ) t 

A -AT -nUp 
.. g+T • e • S , 

A ,n 

r. 
• _L A(l+fy ), 

r 

grn A[l 
g,r 

nu r +<- + l)]I r n • 
n 

(2) 

(3) 

(4) 

(6) 

3.t1eeb 'lepea IN 0003H8'10Hbl eooTB8TeTBy10mne nnomann B 'IBene OTe'leTOB Han ~OHOM 

Ba annapaTypHol! xpnBol! no BeeMy peaoHaney B pa3HblX sxenepnMeBTax • .nna nponycxaang 

'lepea N0 o6oaHa'leBa nenH'IBBa npnneneaHoro yponaa oTe'leToB 6ea o6paana (q,oB Bbl'I-

T~H). 'iepea l 0003HH'l8Hbl COOTBeTeTByromne aq,q,eKTBBHOeTn neTeKTOpoa, Il(Eo) 

.IIOTOK ael!TpOHOB HS 1 3B B I!0HTpe peaoaaBea, 
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. /5/ 
B STHX ypaBBe.llBBX cnpaBa BSXO)lHTCB B01IB'IBBbl, Bbl'lllenHeMbl8 TeopeTB'l8CKH 

E 0 , ry , rn , r. ry + r n n g - napaMeTpbI peaoBaBeoB, nonneJKamue onpe.t1eneHu10. 

'Jl(/3.~> -B3B0CTHHB q,yBKUBB, Y'IBTblBSIOlllSB sq,q,exT .nonnnepa npn TennOBOM )lBll)K8BBB 

B.t1ep o6paauon. Kal!(J'.108 B3 ypaBH0BBil (2-5) HBnaeTCB ypaBB0HB0M C JlByMB HenaneeTBbIMB 

grn B r • ypaBB8BBH (4) B (5) conepJKaT .IIOMHMO SToro napaMeTp g , MorymuA 

npB.IIBMSTb 2 3B8'181IBSI (coOTB8TCTB8HBO 2-M B03MOJKBbIM 3H8'18HHBM enuaa ypoBBel! nnt1 .. 

-peaoaaBeon). TaxBM o6paaoM, 'IBcno ypanHeBnl! npeBblmaeT 'lncno aenanecTHblX napaMeTpoB, 

oeo6eBBo eena BM0Tb B nnny, 'ITO .t1nH Kall(J'.loro Tnna sxenepnMeHTa B3Mepeana npononunBCb 

e neexonLKHMII'. o6paanaMB, IloexonLKY, nanee, HCTO'IHHKH cneTeMaTB'leexnx omn6ox B paa

BblX sxcnepHM0BT8X paann'IBbl, 0'18BHJlBO, 'ITO onnebIBaeMaH MeTO)lHKS Il03BOnHeT nony'laTb 

6onee nonub1e a BaneJKBble Ba6opbl napaMeTpon. KoBxpeTBbil! npnMep nnH peaoaaHea 36,9 an 

Br 
79 

noxaaaa Ba pnc. · 1 • .nna nony'leBBS! oo'beKTHBHbIX aaa'leHnl! napaMeTpoB .na eonoxyn-

BOCTH Beex sxenepBM0BTOB ncnonb30.BaneH M0TO)l B8HM8BbWBX KBanpaTOB, peannaoBSIIHbll! B 

nporpaMMe. Jlllll 3BM, eoeTanneHaol! lllenouneBbIM, 

Ilpn paapaooTxe MeTo.t1nxn naMepeaaa napnnanb!IbIX eeqeHnl! oeo6oe BHHMaane oblno 06-

pame!Io !Ia nonpoebl xann6poBKH B3Mepeanl! pannaunoHHoro aaxaaTa ( onneaao 4 MeTona on-

penene!IHH nenn'IBB Il (E O ) t ) n Ha enoeoobl y'leTa nonp~BoK f y H f n I KOTOpble 

npnxonnTeH BBO.tlHTb npn paooTe e o6paauaMn npoMeJKyTO'IHol! Tonmnabl, xax npn naMepeHnH 

aaxBaTa, Tax n npn naMepe1ma paeeeHHHH, Ilonpo6Ho noene.t1anl! nonpoe a!IannanpyeTeH B 
/6/ 

Hamel! eoBMeeTHol! pa6oTe e Mnxal!nyeoM , eoeTaBnBmnM nporpaMMY nna 3BM nna pae-

'leTa nonpaBOK !Ia BTOpH'IHble B3aHMO)lel!eTBHH H0l!TpOHOB B o6paane. 

PeaynLTSTbI n o6eyll(J'.leHnH 

KOH K p e T II bl e H .tip a. B eooTBeTeTBHH e aana'laMB, noeTaBneHHbIMB BbIIIJe, oblnn Beene-

nona!Ibl peaoHaHebl 10 sneMenToB - Zn Rb Br , Nb I Mo Ru Rh Tb 

Pr , Ba - B o6naeTn saeprnl! gel!TpoHOB no Heexon&xax c,oT .snexTpoa-nonbT. B eny'lae 

Rh • Pr B Tb H3M0p8HBH n o6pa6oTK8 nponyexaHHSI oblnB BbIIIOnBeHbl B rpynne 
/7/ 

10.C. Hannuxoro • .nnH oeTanLHbIX sinep nonHhI8 ee'leBnst naMepHnBeb HenoepeneTB0HHO 

HSMB BMeeTe C napuuanbBbIMB ee'leHHHMB, B .t1BeeepT81lHB onneaHbl 06paanb1, TBilbI H3Me

pe!Inl!, oeooeH!IOeTH xanuopOBKH nnH KS)K)loro S!.t1pa H .tlBBbI. HToroBbi8 TaonBUbl 3H8'10HHl! na

paMeTpoB, KOTOpbi0 aneeb He npHBO)lHTeH BBB)ly HX 6onbIIIOro 'IHena. 
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OTM8THM H8K0T0pbl8 M0MeHTbl HccnettoBaHBH K0HKp8THblX anep. HaMepeHHH C Rh • Br. 

Tb , Pr· H Ba 6blnB cnenaHbl c nenh10 nonyqe11BH Hau6onee nonHoro ua6opa napaMeTpoB, 

BKn10q&'ft3Haqe11B~ CIIBB0B yp0BHeft. nnsi 0CTanbHblX H/18p QCHOBHOft nenhI01 K0TOpaH npecne

/l0BanaCh, 6blno nonyqeHBe pa,!lBBnH0HHblX mBpBH. TTepBblM uayqanca po11un, IIBHHblX ~. K0T0-

poM K,Baqany uccne11ona11BH 6blno Mano. Ponun HHTepece11 xax aneMeHT, pacnonoJKeHHblft B 

o6nacTB aTOMHblX BeCoB, rne npoHBnBeTCH MBKCHMYM p -aonHoBoli cunonon cj,yHxnuu. 

3necb M0JKH0 6blno 0lKBJlllTb ll0HBnellBH cna6b1X p -peaoHaHC0B npB HH3KBX aaeprBHX. 

KpoMe Toro, CnBH anpa-Mumeuu nna Rh •¾ qTo o6nerqano BoaMoJKHocTh onpenene-

IIBH CJIBB0B C0CT&BHoro Hnpa. Cna6ble yp0BIIB 6blnB. )leliCTBHTenbBO o6BapylKeHbl B H8K0T0-

pble na aux npunucaHbl p -Bonne Ba 0CB0BIIIIBH H36bITKa peaoBaBC0B C ManblMB mupuaa-

MB, npoHBHBmerocH B axcnepHM8BTanbB0M pacnpeneneHHH npBBe)leHBblX HeftTpOHHblX mHpBH 

npu cpaBHeBBH c TeopeTBqeCKBM pacnpeneneHHeM TTopTepa-ToMaca. OneHKa p -nonHoaon 
(1) --4 

c1m0Boft cj,ymtnBH nana aHaqeHue s .. 1,8.10 c ToqHoCTbIO no cj,axropa 2. 

HaMepellBH napnuanhBblx ceqeuun noanonunu onpenenHTh panuanuoBHble mBpBHbl u cnu-

Bhl HexoropblX ypoaueli Rh • Bonpexu 0JKH1tauu10, B uayqeaHoft aHepreTuqecxon o6nacTB no 

300 aB qucno peaoHaHcon co cnBH0M J = 0 oxaaanocb 6onhme, qeM JlnB J .. 1. Onaa-

KO CTBTBCTBKa aenenuxa. 3aMeTHM, ~o !Ip8)1BapHTenbHb18 peaynhTIITbl B3MepeHBH pacceH

HBH, BblIIonneaable B npomnoM rony B Caxne B 6onee mupoxoM aHepreTnqecxoM BHTepaane, 

yxaablBBIOT Ha npeo6na.na11Be CIIHH0B J = 1 •. 

B B3M8peHHHX C 6poMOM TaKJK8 o6HapylK8H PHJl cna6b1X ypoBaen, H8H3BeCTHblX paHee, 

H onpeneneHbl CIIBHbl B pa.nuanH0BHbl8 mHpHHbl 6onhmHHCTBa ypoBaen. Ta6nuna· peaynbTaT0B 

nnu 6poMa npuBeneaa HHJKe (Ta6nuna 1), qTo6bI JlBTb npencTaBne11Be o xapaKTepe B nonHo

Te naaablx, nonyqaeMblX no onucaaaon Meronuxe. 

Hnpa p~ H Ba npellCTaBnHnB oco6blft BHTepec B CBH3H C o6aapyJKeHHbIMB JlnH HHX 
/8/ 

npyrBMII BBT0pBMH aH0MllnBHMH, B pa60T8 6blnB OTMeqeHbl aaoManbH08 pacnpe11ene11Be 

npBB8118HHbIX aeftTp0HHblX mupHH npaae0)lHMa ( qucno CT81l8H8ft ·cB0601tbl V "' 6 BMeCT0 

o6menpHHHTOro aaaqeHHH V - 1) B CBnhHSH ¢n10KTyanHH r y (pa311BqH8 B 3 paaa AnH 

2-x yponHeft). CornacHo aamBM naHHbIM cpenaee aaaqeHBe ry nnu Pr panao 86 Man 

B 0)lHHIIK0B0 B pa3HbIX peaoHaacax C ToqaocTlllO )10 om1t6KH B3Mepeaun ( .. 15%). O6aapy-

lK8H0 4 H0BblX yp0BHH. EcTb 0CH0BBHHH cqBTBTb BX p -B0nH0BbIMB. Terna 0CTSIOlllH8CH 

10 ypoBaeA neAcTBHTellbHO na10T pacnpeneneaue aeATpoHHbIX mupua, nnoxo cornacy10meecu 

C V • l.• O)1HaKO BbIBO)l O HBH0M !Ip0TBB0pequu MeJK)ly axcnepHM8HTanbHbIM H T80p8TH-
. /8/ 

qecxBM pacnpeneneaneM, QAenaHHblft B pa6oTe , HBnHeTcH aeo6ocaonaaHbIM, nocxonhKy 

llpll'. CTSTBCTHK8 B 10 cnyqaeB .!IQ KpBTepBIO cornSCHSI KonMOI'0pOBS BMeIOmeecH 0TKn0H8HH8 

C B8p0HTH0CTblO 25% M0JKeT 6b!Tb qBCT0 cnyqaftHbIM. IlpennapHTenbHl,18 peaynbTSTbI 6onee 
. . /~ 

II03JlllBX B3MepeHHA JlnB 6onbmero qHcna ypoBHeA II0)lTBepJK)laIOT 0TCyTCTBH8 HBH0A aHo-

MSJ'IllH. 

8 

f'.21 
! 

j, 

J 
I 

l 
I 

nm1 Ba 
/10/ 

B pa6oTe 6blna o6HapyJKeaa aHoManBH B cneKTpe y -nyqeA ua peao-

HaHca 24 aB: napnHan&Hhle mHpHHbI nnu nepexonon Ha 0CH0BH0tt H 1-tt Boa6ylKJleHHbltt ypoB-

HR ( nep8X0)lbl TH!Ia M 1 HnH E2 B cnyqae s -B0nH0B0ft !IpHp0)lbI peaoHaHca) 0l!:aaanHCb 

,. 10% ·oT nonaoA ry • qTo noqTH aa 2 nopH)lKa npeBl,ICHn0 11'.HTeHCHBH0CTH 3TBX nepexo-

110B B npyrux peaoHaHcax. IlpennonoJKeHHe o p -BonHonoA npHpone peaoHaaca Morna 6bl 

CHHTh aHoManHIO, Hamn H3MepeHHH npo!IyCKBHHH T0nCTblX o6paanoB Ba noxaaann, onHaxo, · 

qTo aro s -yponeab, noCl!:0nhKY 6blna o6HapyJKeHa acBMMeTpHH xpuoon, C00TBeTCTBy10maH 

BHTepcj,epeHnHH M8lKJlY peaoHaHCHblM H•II0TeHnHanbHl,IM pacceHHHeM B 

MO aTOro, H3M8p8Hbl CllHHbl ll panuanH0HHb18 mHpHHbI 4-x YP0BHett. 

• - Bonne. IloMH-

OcTanhHl,18 H)lpa, l!:0TOpb18 6bl!III HayqeHbI, 0TH0CHTCH K o6nacTH cp8)1HBX MSCC0BblX qH

cen, rne no nocnenHero BpeMeHH )laHHb1e o pa11Hanno11H1,1X mBpHHax 6bmH 6eJ1HbI B HeToqabI. 

Hamn H3M8peHHH C H30TOIISMH py6H1tHH II0KaaanH, qTo panuanH0HHaH mupBHa MarRqecxoro nn-

pa Rb aT (145 + 30 MaB) MeH&me, qeM y HeMarHqecJroro Rb 
86 

( 220 + 30 MaB.). nnu - - . 
DBHl!:a 61,1no o6HapylKeHo 6onhmoe paanHqHe B 3HaqeHHHX ry llBYX H30T0II0B ( .. 400 M3B 

8T 
JlnH Zn H 180 M3B nna Zn 

88 
) B B1IepB1,1e 06HapylKeH1,1 H B3MepeHbI napaMeTpbl nepBblX 

yponaett . B uaoTonax Zn
84 

II'. Zn88 HaMepeHHH.!IpOBOIIHnHCb Ha paaneneHHbIX H30T~-

nax. 

B peaynhTaTe H3Mepeautt C ecTeCTBeHaoA CMeCblO B30T0II0B pyTeHHH H MOnH6AeHa 

(o6naCTb A = 95-101) 6binH CHHJKeHbl !I0qTH B ABB paaa 3HaqeHHH panHannoHHbIX mHpHH, 
/11/ . 

HaMepeHHbie pa11ee • BaJKH1,1tt cj,nanqecxnA peaynhTaT nonyqeH npH HayqeHHH pa11HannoHHbIX 

mHpHH Hll'.0611'.H - aneMeHTa, AnH K0TOp0ro npn HH3KHX aaeprHHX aaneJKH0 H)l8HTHcj,nnnpoBaHbI 
. /12/ 

p -ypoBHH. CornacHo naHHl,IM pa60T1,1 ,, pa11nanH0HHbl8 mHpHHbl p -ypoBHeA Nb B 

2 paaa 6onhme, qeM nnu s -ypoBH8ff ( 230 .MaB npoTHB 114 M3B). KaqeCTBeHHO 3T0T 

peaynbTaT o6bHCHHeTCH TeM, qTo )lnH p -ypoBHeA paapemeHbI, a nna s -yponaeA aa-

npemeHbI BblC0K0aHepreTli!qHbie El - nepeX0llbI Ha HMeromue nonoJKHTenbHYIO qeTH0CTb coc-

T0HHHH B6nB3H 0CH0BH0ro C0CT0HHHH HApa-nponyxTa Nb • Onaal!:o He HIIX0)lll'.T ce6e o6bHC-

HeHHH CT0nh cymecTBeHaoe xonuqecTBeaaoe pacxolKJleHHe, HaMepeHHH nponycxaHHH, pacce

HHHH, paAHllllH0HHoro aaxnaTa II'. caM0HH/IHKanHH, ocymecTBneHHble HaMH, He II0ATBeplKJlaIOT 

6onhmoro paanHqHH B panuannoHHbIX mHpHHax 

IIIIHHbIM ) (ry) 
8 

"' 187 M3B • 

s - H p -yponaett Hno6nn. no a.amHM 

··pa II II'. an II'. 0 H H bl e m Hp H H bl. nonyqeaabie ABHHbl8 BMecTe C npyrHMH peaynbTaTaMH, 

ony6nnxonaaa1,1MH B nocnenaee apeMH, npencTaaneHbI H~.PHC, 2. HaH6onhmHA nporpecc noc

THrHyT B o6nacTH cpe)lHHX nnep ( A < 100)' anecb nonyqeao, Maoro H0BblX H cymecTBeHH0 

yToqaeHbI HMeBmHeCH paaee )lBHHbie. 3aaqellBH r y . oxaaanHCb B 1,5-2 paaa MeHbme H3-

BeCTHblX paHee, TBKJKe MeHbmHMH oxaaanHCb aaaqeHHH B o6naCTH A .. 140 ( Ba. Pr ,La): 

8 nenoM H0Bbie axcnepHMeHTanbHl,le ABHHble II0K83blBIIIOT nnanaoe II0B8)leHHe pa)lHBUH0HHblX 
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( 

nmpHll ll 38.BHCHMOCTI[ OT MACcoBoro •mens. smep. B o6nacTH A .. 100-120 Ba<imoJlallTCJ( 

CHCT0MB.Tll'10CJCIIII IIOA'M!M 3JCCnepllM8llTB.m,BblX 3llB.'18BHII C :yM&B&meBHeM A I l!.'.OTOpblll Be 

Mol!CeT 6bln. 06'hS1c11e11 B paMxax TeopHn, 6aanpy10mellcst Ila ,popMyne ( 1), nocxoni.x:r s11eprxll 

B03fiY:>K.!10IDllI ll rrapaMeTp, OllllCblBaIOII{Hll nnoTllOCTb :rpoB11ea, AIISI paa.111,IX Slll8p 8 STOii 06-
• rl. 

nacTn ocTalOTCII Ila OJlHOM ypo:iiae, B TO l!C8 BpeMSI OTCy-TCT:B;rIOT Mal!.'.CllMYMbl r y npK 

N_ .. 50,82, npeAClt83bIB80Mb18 CTB.TIICTll'l0CKOII Teopxea AIISI oxonot.rnr1t'18ClCB:X SIAep, xax pe

aynhTBT ClJilhllOrO yMeHhW0HlJSI IIIIOTllOCTII ypoa11ell B STlrX SIJlPB.X. He JrCXJIJO'l8ll01 'ITO IUIOT

llOCTh yponael! 11nep mrJKe Slleprua cn11an 110 cne11yeT pac'leTaM no Mo11enn <pepMn-raaa, unn 

nonllb10 panHaitHOllllbl0 mupHllbl ne OIIHCblBB.IOTCII TB.XOA npocT6i! <popMynoi!, ltlllt ( 1). 

C n H H bl y p O BB e a. Ha o6m:ero 'lltcna 120 :e:ccne110:BB.Hllb1X p8301la.HCOB CIIHllbl ll3Mepellbl B 

36 Cny-'18.SIX. 0Anaxo JWII Xa)!{Jloro sneMellTB. B O'l'Aen&llOCTH 'lllCIIO ,-POBll8A C H3M8p0.HBb1M 

cnnBoM oxaaanocb nenenHxo, PeaynLTaTbl Anst 11itep-M11meael! c • 3/2, I!Olta3B.llllble B Ta"-

nsrne 2, cornacyIOTCII C OlKll.ttaeMOI! 38.BJrCBMOCTblO IIlIOTllOCTB p (J) .. (21 +l) • XOTSI CTaTHc

TH'l8CltB.SI TO'IHOCTb peaynhTaTa ll8Bb1C~Xa, .llrui: Ap;rrn:x llA8p ( poABA, _npa380AHM) 1 r11e corns.;, 

cn:11 110 11a6mo.ttaeTcst, neo6xoJ1aMo .11:ccneAOBB.'l'b 6oni,mee 'IHcno yponnell, llJ>9JKA0 '10M Ae

na'l'i. OltOll'IB.T8nbHbl8 aaxn10'181lHSI, BBBAY orpB.llH'l8llllOro 'lBcna H3M0p0llllblX CllBllOB Mll oT

A0JibllblX sneMellTOB ll WHpoxoro pacnpeAenellHst ll8l!TpOllllblX mnpnll Bel!J,3H Cllena'l'I, 31iltIIIO

'l01lHll OTllOCBT0IIbllO 38.DHCllMOCTH cnnoaol! 'PYllltllBB OT CilllllB., B TO lK0 :epeMH llnst PIUtltlUlllOJj:

llblX mnpHll, HM8IOII!HX yaxoe pacrrpeAene1111e, BO na6moAanoci._ 3aDHCHMOC'l'H OT CIIHlla B npe

Aenax omu6Kn aaMepemrl!, coCTaMHllmel! oxono 10%. 

YcpOAll8llllb18 napaMeTp= JlnH Rh 1 .Tb I Pr Br II Rb B3 aaan:e:sa na-

paMeTpoB HllAllBBAYB.Jibllblx peao11B.Bcos nony-qe11bl ycp8AB0llllble xapaJtTepnCTHXB (ael!Tpoa11a11 
0 

CllIIOBAll 'PYBJtllBS! S I paABaIIBOllBB.H c:e:noniUI 'PYllltnllll r y /Do :e: Cp8llll80 11a5nronaeMOO 

pB.CCTOS!llH8 M8:>K.!IY ,-POBBS!Mll .llaa6n.), lIOU3allllbl8 B 'l'a6rume s. B ABCC0p'l'anllll np1rne.tte

llO cpaaae1111e C na.HBblMB .ttp:rrnx B.BTOpoB, oonapylKHBB.JOID:88 YAOBil0TBOpH'l'8Ilbll08 cornacHe 

AIIS! 6onbWHllCTBB. cny-qaeB, 

Oc110Bable _B'l'Ora 

l. IlpHM8llBT8nbllO lt :rcnoB~J!M ll_ei!TpOHBOro cneKTpOMeTpa no M0TOAY BpeM01lH npone-

Ta C llMllyJibCllblM peax'l'opoM 011HH B Jta'l0CTB8 HCTO'!Blllta 11el!TpOllOB paapa6oTalla .. 

H IIOCTpoeaa <pH3H'l8Cltall annapaTypa '(A8T0lt'l'Ophl) JlIIH ll3M0p8llHSI napnnanhllb!X H IIOIIllblX ce

'101lllil, 

2. Paspa6oTaHa M8TOJlll1ta H3M8p01lHll napnaB.JibllblX H IIOilllblX. C8'181llll!: C neni.10 onpe

,[18II8llHH p830B8BCllblX napaMeTpoB, BltIIIO'IB.H 3lla'!eBHe CllBllOB :rpoBll8i! COCTaBBoro S!Jlpa. 

10 

Oco6oe apMB.lllle 06pame110 Ba y'le'l' MBoroxpa'l'HblX nponeccoa a pac'l&T pSI.tta nonpaBOK npn 

'H3Mep0B:e:II llB. cpaBllH'l'0IlhllO, TOIIC'l'blX o6pasnax. 

s. Ilposenellhl H3M0p81lHll IIOilllblX ll napllllB.IlhllblX C8'181lHll nnll 10 sneM8llTOB: Zn • Rb, 

Br , Nb , Mo , Ru , Rh , Tb , Pr , Ba , IloMHMO napaMeTpa gf'., ; onpeneneabl 

paAHB.ltBOllllb18 nmpHllbl H_CllBllbl Mllorax ypoa11el! ll nony-qeabl ycpenneHllhl8 xapB.KTepBCTHKB; 

ll8l!TpOllBB.ll H pB.JlHB.IIHOllllall CHil0Bbl8 <pyllltnllB,. aa6n10A88M08 PB.CC'l'OllllH8 Me:>K.!ly ypoRllllMH, 

4. Han6onee_cymecTB8llllblM <pH3H'l8CKHM pesynbTaTOM HMS!e'l'Cll no/I}"leBHe pannannoBllbl~ 

mapn11 cpeJlllHX llAep n ycTa11oaneBHe 6onee nnaBHoro noaeneBHB nonllb!X pallnanaoaablX mapnu 

B mapoxol! o6naCTH MaCCOBblX 'IHC8II, IloKa3allO OTCyTCTBHe MaKCHMYMOB B 3lla'10HHBX panna

IIHOBliblX WHpllll JlIISI OKOnOM~rll'l8CltHX l1Jl8p C 'IHCIIOM H0l!TpOllOB 50 a.82, .3KC~8pllM8BTaIIb

llb10 peaynhTaTbl Ile Mory'l' 6b1Tb y,ttOBil0TBOpllT8JibllO OIIHCB.llbl cymecTBy10m:el! CTa'l'BC'l'll'18CKOII 

Teopnea. 

6, Ilepable pesynhTaTbl, nony-qellHbI8 ua 11oaoi!. cacTeMe: MHKpoTpoll + 11BP, noaaonsroT 

nnaBKpoBaTb nccnenoaaBHst B o6nacTB 6onee nerxn:x SI.ttep ( A < 70), rAe MOJKBO OlKHJlBTb 

3aMe'l'Hbl8 ll3M01l8llllll panaanHOllHblX WllpllH O'l' ypOBllSI K ypoBHlO ll OT H30TOIIa K ll30Tony. 
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,...,, 

T a o n H ll a 1 

x/ IlapaM8TpbI• p830ll8BC0B !SpoMa , 

Hao- llalilibI8 nH<l> naBBbI8 Caxne 
/IU 

N!N! 
nn 

Eo , 
3B 

TOD · . 
gl",. , r.meV J. ry eV gl"D f' J r.y 
meV • m 

i I. 35,9±0,I 79 
2. 53,8±,0,2 79 
3.I0I,3±0,5 BI 
4.135,9±0,7. BI 

24±,I 
I35±I 
94±6 
I55±.I5 

5.I57,3±I,7 - . 0,065±,0,0I5 
6.I89,8±I~2. 1ix1~I±,2 . 
7.204,9±.I,3 _7~;6,5±,0,7 
8.212,4±2,7 - 0,085±0,02 
9.239,4±,16 79 350±20 

I0.256±3,6, 
U~295,I±2,·2 
12.~19,6±2,5 
13.336±,5 
14~368±6' 
15.394,8:t.3,5 

79 
79 

79 

0,I35:t0,03 
26±2 
350;t30 
0,41±0,08 
0,26±,0,06 
75:t.7 

370±.35 2 332:t,35 25, 7±2 
380±40 I·344±f!-0 JI,8±,I,4 , 
450;t30 2 300:!:_30 97.f.8 . 440,±40 2 285±40 
720±,50 I 307:t.50 I58±,I4 730±,70 I 3I0 

400±40 I 3I8;t40I 32±,4 
400+60 2 390+60 

860~40; 30~401379±,50 900±.70 2 295 

40+5 
830:t.50 2 270±,501372±30 880:t,70 2 285 

480±f!-0 I 280±,50 I 70±,IO 

x/n f5 . 0ll0 Bbl8 TaonHDhI peaynLTST0B'llnB Apyrux HCCn8ll0B8BWBXCB aneMeBT0B llpHB8ll8BbI 
B llHCcepTBllHII. 

xx/ HaoTOllBSB llll0BTH(pBK~llB51 3T0ro yp0BBB CllenaBa IIO llSHBbIM nH<l>. 

. . 
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Ta '6 n H n a 2 

3aBIICIIMOCTb nnOTHOCTII ypoBHell OT cn11Ha Arul 
g_qep-MHW8H8ll c 1-a/2 

SI A p o Tb Br ea Bcero 

11Hcno yponaell 
3 3 I 7 CO CllllHOM 1 -I/2 

11Hcno yponnell 

co cnllHOM I t!/2 6 4 .3 !3 

Ta6n11na 3 

YcpenneHHh1e napaMeTpht RAeJ:i 

SIApO-MIIW0Hb 103 , Tb159 141 
Rh Pr -

D na6n,
9

B !7±4 4,2±.0,6 64±!3 
0 .ro4 0,46±,0,!8 0,9±.0,3 3,6±.I,4 s 

. 4 ry /Do.IO I5,t3 25±4 I,I±b,3 

14 

0THOW8Hll8 'p(J •2)/f (J • i) 

sxcn. 

79,Sl 
Br 

23±5 

!6±3 

I,86 

±0,7 

Teop.-

I,67 

:.,:;.) 

Rbu 

!30±30 

0,5±.0 ,3 

I,33±0,4 

,,,,r) 

,r,, 
•w 

1/0 

30 

20 

10 

0 

B't-7.9 

[.•J5,91Y: . 

100 200. 

crri); .. ~r,-~ 

. 'JOO 

\ 
\. 
\' 

1/00 . 

. Bfr') 

(mev 

500 600 

P11c. I. Ilp11Mep onpenenen11>1 napaMeTpoB ·, gI';. , r. , J ; pe3oHaHc 6poMa 35,9 sn. 
T - Kp11Bhl01 nonyqeHHl,ie :·i{3 ·11.!iMepea11ll .. nponycKaH11>1"06pa3IlOB pa3nll'IHOll TonmHHhl. 
s - Kp11Bhl8 113 11aMepe1mll caMOIIBAIIKSUIIII, B - .KPIIBhl0. 113 113M0p8Rllll pacceR-

HH!l, C - Kp11Bbl8 113 H3Mepen11ll aaXBaTa,' •· 
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400 
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IOO 
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54 
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-
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H 

e,,; '/,i, 
,.\ ,~ 

-

60 70 80 90 100 1(0 {20 130 {l/0 {50 160 170 180 (90 ..JI 

Pnc. 2. PaAHSllHOHHb!8 WHpHHbf B 38BHCHMOCTH OT Maccoaoro 'IHCna su1ep. tiepHb!e Kpy:>1am

ASHHbl8 nH4> 011.HH i TpeyronhHHKH - J:ISHHhl8 CaKne; TTyHKTHpJiaSI KpHBSSI -

T80p8TH'l8CKS!l KP!fBS!l1 nony'!8HH8!l B p800T8/S/, 




