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06mrur XapmtTepHCTHKa pa60TH 

6JTV8JII,HOCTI, H HSY'lH8.JI U8HHOCT1, pa60TH. OnHHM H3 HHTepec

HHX Harr~eHRI B H3~eH:ira BSEU!MO'AelCTBKR: ,--Me30HOB C aTOMHH

Ml!: .impaMR MOlltHO HaSBaTI, HCCJie,ItOBaHHe npou;eccoB ,--sa:xBaTa. 

Pac111emeHRe ,mpa, norJIOTHBillero MllOH, CWILHO SaBHCHT KaK OT ero 

CTPYKTYPH, TaK HOT MexaHR3Ma pe8.ICIUIH. Oco6oe MSCTO SaHHM8lOT 

npou;eccH C HCnyCKaHKeM sapmteHHlilX llaCTHD;, TaK R8.K OHR He CB.a:Sa

HH Henocpe'ACTBeHHO C SJieMeHTapHHM aKTOM norJIOlll9Hml: y--M8SOHa: 

;r1-p➔n+~. HcnyCKaHHS sap.lD[eHHHX 'IaCTHD; SaBKCHT OT BTOPH'I

HHX npou;eccoB BlfYTPK .imps H KOppeJ.tJmHI Me~ HYK7IOHaMK. 

CKCT8MaTK'!eCKK8 HCCJie'AOBaHKR: npou;eccoB HCnyCR8.HHJI sapJDKeH

HlilX 'UlCTHD; B ,--88.XB8.T8 Il03BOJIJDJT BH,IJ;8JIKTI, ~ 06111HX SB.ROHO

MepHOCTeft SToro nBJieim.a:. 

rr~eHo, 'ITO l'!HTerpaJII,Hlil BHXO'A sapimeHHHX '!aCTHD; B pe

SYJI1,TaTe SaxBaTa lllDOHa TJDteJIHMH JmpaMH MaJI. MaitCHMYM BlilXO'Aa sa

p,lmeHHHX 'Iacuu; npHXO'AHTCJI ua smpa (2S - rd )-o60Jio'IKH. a-ro 

HS:XO'AHTCJI B xopomeM corJiacmi C TeopeTK'!8CKKMH pac'IeTaMH nope

SOHaHCH00MY MexaHHsMY nornomeHHJI Ml>OHOB aToMHm.m .im,PSMR. HHM 

CHTYau;KR: HMeeT M8CTO 'AJIJI smep, COOTB8TCTBYJ)IIIHX cepe'AKH8 H_KOHD;y 

Ip-o60Jio'll<n. CYMMB,pmnl BHXO'A saPJDteHHlilX llacTHD;, npe'ACKB.SHBaeMHI 

Teopzel, OKa3HBaeICH B HSCKOJil,KO pas MeH1>me SHa'!eHKR:, n~eH

HOro B SKCnepKMeHTe. OcHOBHHe ~epTH npou;ecca B 8TOM Mylla8 IlOKa 

061.,f'J"!H( "'.,/ ii '.Tt::T"l"yY 

u:r 'i .. "•;:-im:"J 
6t:J6.1iVKH~HA 

.-.,;a ,w;: 



He y,naeTCH omwaTh I ll BOnpoc O MexaHll3Me llCilYCKaJUUI sapIDKeHHl1X c'

qacnll.\ B r-saxBUTe H,npaMH Ip--o60JIO'IKI! OCTaeTCH OTKp!lTW,1. 

Tam.JM o6pasoM, :mcnepHMeHTaJinHOe Hsyqe11ue npoueccoB nor;ro-

111e111UI r-M830HOB C HCilYCKaHll8M 3UpmK8HHl1X '!aCTHI( HBJIHCTCH 

UKTYaJihHHM. BimeJieHHe onpe,neJI8HHl1X KaHaJIOB peaKl(lllt ll HX UHaJIH3 

Il03BOJH1T H3Y'lllTI, CTpyKTYPHHe oco6eHHOCTH llCCJie,nyeMl1X H,nep ll ;ryq

we IIOHJ1TI, MexaHH3M B3aHMo,neltcTBIUI MIOOHOB C aTOMHHMH H,npaMll. 

0Cl!OBHOlt UeJII,IO ,naHHl1X llCCJie,noua1mtt HBJIH8TCH 8KCUef,HMCIITaJII,

HOe ll3YlJ8HH8 onpe,neJieHHl1X KaHaJIOB pea.KUHlt Jf-sax.BaTa H.npaMH 

Ip--o60JIO'!Kll B ipoT08MJJII,Cllll C HcrrycKaHll8M 3apHJK8HHl1X qaCTIU(. 

HaV'IHM HOBH3Ha. Bee pacCMOTpeHHll8 B ,nnccepTaullll KaHaJill 

peaKUl!il ,--3axBaTa C HCnyCKaJUl8M 3apmKeHHl1X qacTHU HCCJl8J(OBaHll 

BII8lJBb!8 • HsyqeHH peaitl(\Ill norJIOll(elllfH p--M030110B aTOMHHMl! H,npru.rn: 

B 1f:OT08MYJihCllH C HcrrycKaHHeM 8Ire, 
8 Iv ' 8B. 

HcCJJe,noBaH Hall60Jiee BepoHTHlllt KaJlaJI ITOrJIOIU€HIUl /'--Me30Ha 

H.n!J01,1 yr;repo,na c 11cnycKa11HeM sapmKeHHl1X qacTlfl(: 

12 "I./ . 'I II 3 11 . f'-+ [ - e + tte + n + n. + -J. 
H3yqena peaRUlffi ,.--3ax.BaTa nepBHM cTa6llJlnl!UM H,n!JOM Ip--060- , 

JIO'IKl1-
6N : .fl- + 

6/.i -- J H ..3H + l. 
Onpe,neJieHll OTIIOCKTeJihHU8 BepoHTHOCTll HCCJie,noBaHI!illC peaKIUJJ!:. 

H3Mepe11u yrJIOBUe ll ::JHepreTl!'l8CKl18 crreKTpU BT0Pll'IHl1X qac·rlfl(. 

,lL,r.H: 11aH60Jiee Bepo.H:THUX KaHaJIOB npoaHaJill3llpoBaHll M8XaHH3Mll 

sax.Bara f--M030HOB. 

Arrpo6aµm1. PesyJibTaTll pa60TH ,!(OKJia,nUBaJIHCb Ha Mel!U(yuapo,n-

HllX KOHipepeKUJ(J!JC B YIIlICaJia (19?3 r.) H CattTa-48 (!9?5 r.) 

ony6JIHKOBaHU B cTaThHX /I-
5/. 
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HcCJie,!(OBaHllR BllITOJIH8HU B ]a6opaTOPHH smepHHX npo6JieM OHlll. 

C080pxa.Hlle pa60Tll 

.I{HccepTaLUUI COCTOl!T H3 BBO.l(elllrn, Tpex rJiaB ll 3aKJIIO'!OHllH. 

B Il.!lPBOil rJiaBe o6CYil\I(aIDTCH. M8TO.l(llKa IlOCTaHOBitll 8KCIIepIDl!eH

Ta, MeTO,n IIOllCKa H ll3MepeHHR co6uTHil, OIIllCUBaIOTCR rrporpa.MMU o6-

pa60TKH 8KCnepHM8HTaJII,HllX .l(aHH11X 11a 3Bi1l. PaccMaTpl!BaIOTCH 06nu1e 

3aKOHOM0PHOCTll aTOMHOro_ l! smepttoro 3ax.BaTa _f--Me30HOB. 

HcCJie,nOBaHllR rrpoBO.l(IIJIHCI, gJOT08MJJibCHOHHHM MeTo,noM. B :mcrre

pHMeHTax 6UJIO llCI10JII,30BaHO 9 8MJJII,CHOHH11X I<a.Mep, COCTa.MeHHllX 

H3 aJieKTpoHHO-tJYBCTBHTMhHUX c;roeB aM;yJibcuu IDIKl»H-BP H ILFDR'IJ 
K-5, o6JiyqeHHl1X B nyqK8 }'--M830HOB C ::mepruett 60 H 80 l.faB B 

Hll3KOgJOHOBOlt Jia6opaTOPllH Ha .f -M030HHOM TpaKTe CllHXPOUl!KJIOTpo

Ha ]a6opaTopim smepHllX rrpo6JieM owrn (p110.I). 

Ilpll npoCMOTpe I1PORBJI0HHl1X ipoT08MJJibCllOHHl1X CJIOOB perncTpl!

poBaJillCb OCTaHOBKH y-Me30HOB B q>OT08MJJII,CHH: 1'-+ e pacrra,nll, 

..f' -ocTaHOBKH (saxBaT f'- -Me3oHOB smpaMH 6es rroCJie.l(yIOlllero ncnyc

KaHHR saprutteHIIOlt qacTlllUl), U -8B08.l(U (OCTaHOBKH, corrpOBO.ll'ill:ae

MllO ucny9KaHHOM 8aprutteHHl1X 'laCTIU(, ll8 KOTOPUX XOTR 6H o,nHa IDl!e

Jia rrpo6er 6oJiee I MKM H orrpe,neJie1111oe 11arrpaBJie11He). 

B 8KCilepHMeHTe saperncTpHpoBaHO ll rrpoaHaJill8HpoBaHO 50000 

(j-8B08.l(. 

Ila. aHaJIH8a pacrrpe,neJieHHJI v -8B08)( ~OJII, HarrpaBJieHIDI nyqKa 

}'--M080HOB IlOJiyqeHO, 'ITO B 80He rrpoCMOTpa rrpHMOCI, 0 -8B08.l( OT 

8axBaTa1t-Me80HOB paBHa (I,O;tQ,2)%. 
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06pa6qTRa 8KCnepHMeHT8JI1,HWC 1!;8.HHHX np0BO~CI, Ha SBM ,,_ 

E;3CM-6 lI C,llC-6500 no CRCTeMe nporpa.MM KIDl8Ma.TITT:8CKOI'O aHamtaa 

smepmnc pe~ B qx>T08My-Jll,ClIK, paspa6oTaHHOi1 Ha OCHOBe nporpaM

MU, orm:ca.HHofi B coo6~emm OIDill, I0-589I (I97I). 

WOT08My-JII,CID! COCTORT H3 ,IUlyx p8.3JIH'IHWC rpyrm 8JI8MeHTOB -

JieI'KO:ll (C,N, 0) :e: .'1'smeJio:ll (A9,Bt) KoMIIoHeHTU. ]];IR mmeJieHWI 

H HCCJI8~0Ba.HWI onpe~eJieHHlll.Ra.HaJIOB pe~y-:..aaxBa.Ta B qx>T0-

8My-JibCHH Heo6xo;u;m.ro 3HaTL o6DtHe xapaKTepHCTHKH B3aHMO~eficTmm 

.}'---M830HOB C JI,!ij)aMK. PeayJILTaTll TaKOI'O aHaJIH3a npe~CTaBJieHli B 

pa6oTax, BlillOJIH8HHWC B qx>T08My-JII,CHOHHOM C8KTOpe Jla6opaTop:im smep-

mnc npo6JieM OIDIH B Te'l:elill:e I965-I972 I'()~ (D.A.EaTycoB, C.A.Ey

H.IITOB, JI.B:e:a:e:peBa., r.P.I'yJIItaH.1IH, ~.MHpCSJIHXoBa, B.M.C:z.ztopon, 

x.qepHeB fl~ IS,962 (1973); fl~ gI. I2I5 (1975) ). Ha PRC. 2 npeo

,ml:TC!I cxeMa, COCTaBJieHHall Ha OCHOBe ~ 8THX pa6oT. ()Ha ~aeT 

Ha.I'JI.lWIYJJ Ra.PTKHY 06lltrIX 3aKOHOMepHOCTefi aTOMHOI'O H smepHOI'O 3B.XBa

TajA---M880HOB B smepHofi qx>T08:MYJII,CJm. 

3aMe)µISlllCI, B qx>T08:MYJibCHH~~e80H 3axBa.TllBa.8TC!I Ha aTOM-

HYlD op6HTY, o6paaya CBH3aHHYJD CHCT8MY - MeaoaToM. :3TO B (44±2)% 

CJJYliaeB Meaoarouu JierKHX (C, N, 0), B (56;t2)% - TJIJteJllil (A9, B't) 

SJieMeHTOB. B MeaoaTOMaX JierKHX 8JieMeHTOBJ4---M830H B (88±.9)% CJIY
'l:aeB ycneBa.eT npeTepneTL y. ➔ e pac~ lI TOJibKO B (12±I )% 3axBaTll

Ba.8TCH HJtPOM• ]];IR T.lllteJIOft KOMIIOH8HTll 8TH nnqJpll paBHli CO~TB8TCTB8H

HO (5±0,5)% H (95±9)% • 

"Kalt B:H,ItHO H3 ~ammx. npHBe~emmx Ha pHc.2, BepoHTHOCTI, :e:c

llYCKaHHH aapHXemwx 'l:aCTmt npK aaxBaTej-l-- MesoHoB Jiel'ltl!Mll (C,N, 0) 

smpaMH B 2, 6 pasa npem.tmaeT BHJieT RX ns TIDJteJIUX <A!j, 1)-r,) smep. _ 

IloJIHli:ll BWCO~ sapmKeHHWC 'l:aCT~ npll 3axBa.Te JI8I'KlIMH smpaMK COCTaB-
~ ~ 

JIHeT\v== (7,4:tI,4)%, T.ID!teJIUMR - \xi == (2,9±(),2)% • Heo6XO,Itl!MO no~-

'l:8PRHyTI,, 'l:TO HM8Dlltil80H TeOp8Tlfll8Cruie o~eHltK BepoHTHOOTH ncnyc-

4 

j 

11 

~ 
I 

~~ 

ltamm aapIDKeHHUX 'Jae~ npll 3axBa.Te y- -M830HOB R,IU>aMII C, N, 0 

He 6oJiee 2-x npo~el!TOB, 'ITO Truate HaxO~TC!I B IIpOTimope'IIDI c no
/\ JIY'l:eHHM B 8KcnepHMeHTe 3Ha'IeHHeMW. 

Bo BTOpofi rJiaBe ,mi:ccepTauIDJ IIpHBOMTC!I peayJILTaTU llCCJie~o

Ba.HIDI pe~ aaxnaTa J',-::.. MeaoHoB smpaMH C, N, O c ncnycKaHne111 

Bae, 
8 /_i , 8B. H,ru:>a Bae, 8 /..i , 8a o6paaymT B qx>TOSMy-JII,CIDJ 

xapaKTepmd! T-o6paaHUfi CJie~, Jierno JUleHTH~YeMUit. B pesyJI1,Ta

Te np0CMOTpa 4-x qoT08My-JILCHOHHl:lX KaMep 6llJIO saperHCTpnpoBaHo 

685 S'.f' - SBes~ C T-o6paaHllM CJie~OM. Onpe~eJieHo, 'ITO BepOHTHOCTI, 

o6pasoBrum.a:~-aBe3,n;ll C T-o6p8.3HllM CJie~OM Ha 0~ OCTaHOBKy 

J-'-:_M830Ha B qx>T08:MYJII,CHH paBHa \)(/6'CT)= (0,30+0,0l)•I0-4. ~eJieH

Hlle C06llTWI aHB.71H3Hp0Ba.JllICI, no B03M0'1tllllM RaHaJiaM pe~ii J( --_sax

BaTa Sr;tPaMH c, N, 0 c ncnycruumeM Bae, 8/..i., , 8a. IIpone~eHo 

paa~eJieHll:e co6uTH:tt no B03MOlK!ll1M KaHaJiaM pe~fi, onpe~eJieHll me 

OTHOClIT8JII,Hlle BepORTHOCTH. 3TH pesyJII,TaTll npe~CTaBJie!ll1 B Tac!JIH
~ I, 2, 3. 

AllaJIHa llOJIY'l:8HHliX pesyJII,TaTOB llOKaSHBa.eT, 'l:TO HaH6oJiee 

BepORTHl:lM KallaJIOM Hcnycruuma 8 li npn 3axBa.Te J-' - - M830HOB Jier-
. ·· _1z a1_a

11 
_, 

IWMH R,IUlaMlI B qx>TOSMy-JII,CIDJ HBJIHeTCH perutnWI ~ C _.,. ,u e. 1t, y (I). 

Ms aHa.Jmsa yrJioBUX n aHepreTH'l:ecKHX pacnpe'AeJieHm!: BTOPR'l:

Hl:lX 'l:aCTmt OT peruatmr (I) 6Wio YCTaHOBJI8HO, 'ITO 8Ta pe~ :H,IteT 

nyTeM o6pasonamm npoMeJKYTo'l:Horo Bos6YJl'.,IleHHoro smpa '11! c SHep

rneA (22,5±2) MaB. Xopomee onHcrume aKcnepmteHTaJILllllX pacnpe'Ae

JieHHtt 'AOCTHraeTca npn Mo~eJIHpOBaHKK npouecca (I) 'l:epea peso

HancHoe norJio~eHKe y..- - MeaoHoB n aaxnaT MaJIOHYKJIOHHoti ac
co~efl ( 4 Li, ] • 

ECJIR npe~nOJIOlKil:Tb, 'ITO o6paaoBaHIIe B036YJl'.,Il8HHOro ~a 4ire* 
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SIBJIJI8TCJI 06SisaTeJU,HHM YCJIOBH8M ,JµI1I Ta!G'IX npoueccoB, TO Ks-sa ,'· 

paaJIKllllllX KaHBJIOB pacII8,1ta l'lOS6Yx,Jt8HHOro reJmSI ,Il;OJll!HH Ha6Jm-

.n;aTbCJl peaxwm, npne.n;emme B Ta6.mm;e I: 

- 12 8 .3 y 
j-f ~ C _. 'ii -+ He+ n+ KS-Sa 4He*- 3ire + h 

' 
8 3 ._) 

- 'J.;_ + H + ? + ns-sa 4He*-- 3ir + p, 

gL "' ,? ; - . +H-1-/1+ ns-sa lltte*~ 2H + 2H, 

-> g.l + ,211 + p + h -1- -i HS-Sa 4He*- 2H+p+ h..' 

- l.i, + 2p + 2h + ~ Hs-sa 4He*-- 2p + 2 h. 

Ha OCHOBa.Hml: HSMepemrux SHepreTJ!lleCKBX pacnpe.n;enellll! H 

yrno:emc KOppe~I BTOPRlllWX qacTRq OT peax~na (2) - (5) 

6wm npoa.HaJill:S!1IpOBalili WC BOSMOllCHlle M8:x:a.HliSMli- PaCCMOTpeHo o6pa

SOBa.Hile Bos6Yx,JteHHoro JI,IU)a 4He* npn pesoHa.HcHoM nornomemm 

y. - MesoHa K B pesyJII,TaTe sa.x:ea.Ta ero %CTblO JI,1U)a yrnepo.n;a 

- KJiaCTepoM [ 4 );_ ] • 

Ha pnc. 3 npe.n;cTa.BJieIW yrnoBlle pacnpe.n;eneHWI npo.n;yK

TOB perucr:tim (2). CpaBHeHRe SKcnepRMeHTaJll,HWC ,Il;aHHl:lX c pacqe

TaMH no pesoHaHCHOMY M8xamI3MY H nornomemno :itnacTepoM '[ 4/..;_] 

nosBoMeT roBopHTb o npeodna,naD~ea ponn Knacrepttoro uesaHHSMa 

Jt-_ 38.XBa.Ta JI,IU)OM yrnepo~a c ncnycxrumeu 8 M • 

6 

(I) 

(2) 

(3) 

(4) 

(5) 

Pesy~bTaTU KHH8MaTHqecKoro 8H8JIHSa MHOr~eBux: ~-SBes.n; 

no BOSMO.lKHUM K8H8JiaM pearunrli Ha KHCJiopo.n;e H asoTe llOKaSUBa.IOT, TIO 
HaH6Mee BepoSITHUM K8H8JIOM ~8TCSI perutnHJI 

I~ ,f I l.f11_ I.fl/_ '.\ 
}'- -t- 0 - M -f Mt: + ne.. + V. (6) 

Y.n;OM8TBOPHT~HOe OllHCaHHe SKCnepHMeHTaJll,HUX pacrrpe.n;MeHHff no 

.n;rumoff peaKqror nMytJ:aeTcSI npH Mo.n;~poBaHHH npouecca no cxeMe 

nor~omeHHSI f- -Mesotta ruracTepoMf 813, 
<lioTOSMy-~bCHOHHuff MeTo.n; nOSBMSieT Ha,Il;eJltHO ~eHTHWHqliP0BaTb 

~ 8tte no .n;BYM s~eKT~HaM pacrra.n;a. Ewr saperncTpHpoBaH o.n;HH 

~an. OTHOCSimB:itCSI K C06UTH.F.IM C o6paSOB8HH8M 8tte. Ilo pesyJII,Ta-
12 .a i11 TaM KHHBMaTHqecKoro aHannsa OH OTHeceu K peaKqHH yC~'/k ttep~ 

Be,P.XHJISI rpattJma OTHOCHTMbHOit BepOSITHOCTH o6paSOBaHHSI 8tte no .n;aa
HOit peaKqHH: 

W c8tte) ~ 0,5•I0-5• 

B peruanmx ,--SaxBaTa .a;n;paMH yrnepo.n;a H KHCJiopo.n;a npoBe.n;eH 

nOHCK CBSI3aHHOit MHoroHeffTpOHHOit CHCTeMI,i - T8TpaHeitTpoHa 4n.. no 

peaKqHn }'-'2c-"8 vn v H HeffTpoHoHs6irro"lHoro .a;n;pa 4H no 

pe~H }'-'V~8P//IY/JJ • Il~eHo, ~o Bepxmre rpattmw OTHO

CJI'1'8Jll,H1a:_:aepoJ1THOcTel o6paaOB8HJIJJ 9'1'JIX JJ,Itep IIO ,Il;MHJ,[M peaxmrm,r 

,PaBJIH: w (4 ft ) <. 5, 4• I0-5 , 

W <4n> < ro-5• 

Peaianm f- -8SXBaTa c 11cnycKaIDieM 8tte, 8 k , 8B SIBJIJmTc.11 

9KS0'1'Hll8CRl!MH H COCT8BJISIIOT MSJIYJ) %CTb OT o6meff BepoSITHOCTH HC

IJYCKBHHJI sapmxeHHHX %CTJm .a;n;paMH Ip-o6MOqxH. IlOSTOMY ,JµIH 6wrne 

r~60Koro HsyqeHHSI npouecCOB 38XBaTa ,--M830HOB C HCIJYCKaHHeM 
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sapmKeUHILX '-IaCTlIU 6wm llCCJie,nOBallll Hal!60Jiee Bepo.aTm.e .KaHaJIH ,'· 

pearo.1:,1ii p--saxBaTa. PesyJibTaTH 3TIIX 11cCJie,noBam1ii rrpe,ncTaBJieHH 

B TP8Tbefi rJiaBe m1ccepTru..urn. 

a) Ha OCHOBe rrpc,nrroJIOJiteHllH O ,nOMl!HllPYJOUteii pOJIII COCTOHHIDi 

r11raHTCKoro pesormHca B pa6oTax: Ea.n:ruuona, 3paMl!UUm 11 ,np. (:JI NR., 
M-4601, 1969; HsB, AH CCCP, 33, 2087, 1969; X~TU, 73-9, 25, 

1973) 611Jil! C,ll;8J.IaHH TeopeTl!tJ8CRll8 rrpe,D;CK838Hll.ff 06 OCHOBHHX KaHa

Jiax paCI118II,IICHIUI M8P rrp11 3ax:BaTe .f--M830HOB ,u B l)JUie CJIY'-I88B 

pacctJ11TaH11 x:apaKTepHCTIIKll 3TIIX rrpoueccoB. B 3TIIX pactJeTax 6wro 

IIOKa38HO, '-ITO M.ff Mpa yrJiepo,D;a OCHOBHHM KaHaJIOM C o6pa30B8HII8M 

sap.HlK8!IHHX '-IaCTlIU .ffBJI./!8TC.ff 38XBaT f- -Me30Ha no pea.Y~ll!I: 
12 "'JI 'I II 3 11 p--+ C - e + tte + n -,. n + v . (7) 

C U8Jib!O 3RCII8 pl!MeHTaJibHoro ll3Y'-!8Hll.ff 3TOit pearowll 113 tJIICJia 

aaperncTp11ponaHHHX B <pOT03My-JibC!IOHHHX KaMepaxTp8XJIY'I8BILX 

~-sBes,n 6wro BW(eJieHo 11 ll3Mepeao 652 CJIY'-IM, B pesyJibTaTe 1m

HeMaTHtJecRoro 8.HaJill38 8TIIX co611THll 6wro BW(eJI8HO 317 CJIY'-!88B, 

OTH8C8HHHX R peaKUll!I (7). PaCC'-IllT8H8 BepxHIDI rpaHRUa OTHOCIIT8Jib
/2/' " "" .3/1 non Bepo.aTHOCTll peaKUHn /FL. -HeneHnv: 

w~ ,2.0+0,2>•ro-2• 

HsMepeam.e yrJIOBHe u aaepreTlltJecRue pacrrpe,D;eJieau.a rrosBOJI.ff!OT rrpo-
I 

8HD./lll311flOB8Tb MexaHU3M peaKUllU. 
'· B pesoHaHCHOll MO,ll;eJIH rrorJIOI11ellll./! l'--Me30HOB CJIOJKHHMII MPB.Mll 

na,nrroporoBoe B036y~eHHe rrpoMeJKyTO'-IHoro Mpa 06'b.ffcHHeTcH saceJie-
' 

Jll!8M BHCOROJICJK8lUIIX HYlLJIOHHHX COCTOIDU!ll ll3 I'JIY60RIIX 38IlOJIJl8Hll11X 

060JIO'l8R, 

B KOHRpeTHOM cJiy,me .ff,ll;pa · 12c TaKoil Mex:aHll3M ,norrycRaeT cJie-

8 

.nyIOI11He cxeMH rrpoTeRaHH.ff P8aKUUH (7): 

- ...'t1-.'13-"' + v 
f' '-"a_., 

u + n 
L_aBtl +3H 

,_ o( + O(_ 

12[' llB-"' fF+ - r ~ 

L "I-I "" + 8Be~ 
L Lo<+o<. 
. 3/-1 + IL • 

n 

m 

Ilo 06011M MexaHH3MaM ,IJ;Be ol-'-IaCTlIUH o6pasyroTc.a rrpn pasBaJie rrpoMe

JtyTO'-IHoro Mpa 8Be • .D:eiiCTBHTeJibHO, 8qqJ8RTllBHM Macca ,ll;Byx sap.a-

lK8HHIDC '-IaCTl!U ll COOTB8TCTBYIOIIIM HM 3Heprll.ff B036yJiu(eHl!H rpyrr-

IlllpyeTc.a B llHTepBaJie Mace (7454,3 + 7458,3) MaB (puc.4), r,ne 

7454,3 MaB COOTBeTCTBym Macce OCHOBHOrO COCTOHHIIH 8Be. 

.lvIJI cpaBH8Hll.ff 3RCIT8PHM8HT8JibHHX pacrrpe,neJieHHll C TeopeTH'-Ie

CKHMH pac'-IeTB.MH npOBO,!(HJIOCI, Mo,neJIHpOBaHHe P8aKUHH no CX8MaM Il 
Hill. 

Y,noBJieTBOpHT8JibHOe OITHC8.HHe 3RCITepHMeHTaJibHHX aHepreTH'-Ie

CRl:!X H yrJIOBHX pacrrpe,neJieHuil (pHc.4, 5) ITOJIY'-Ia8TC.ff rrpn MO,ll;8JIHpo

B8.HllH rrponecca no cxeMe n. O,n11axo B aRcrrepHMeHTaJibHOM crrexTpe 

BOS6~eHH.ff 
11

B, r,ne MaRCHMy-M pacnpe,neJieHHR xopomo COBrra,naeT c 

IlOJIOJKeHHeM TeopeTH'-I8CRH BH'-IHCJI8HHoro YPDBHH, HM88TC.ff rrpeBW1I8HHe 

B BHCOR03HepreTH'-I8CROit '-IaCTH, Co6HTIIH, nOIIaBlllHe B HHTepBaJI 

(10262 +·10274) MaB a11epreTH'-IecRoro crreRTpa dopa-II (pnc.4), MOJK

Ho C'-IllTaTb H.rCYJ!1HMH no cxeMe rr. B 3TOM CJIY'-!88 OTHOCHTeJibHM Be-
tZr- VJ/ '/fl .3// 

pomaocTii peaKUHn fr L --ne tte tt ti 'V no cxeMe n : 
W (Il) = (l,l_±O,l)•l0-2• 

9 



.J 

3Ta BeJilltmHa He npoTRBOpequT TeopeTHqecKott OU8HK8 OTHOC~eJibHOtt 

BepoJITHOCTH peaKIUIH no peSOHaHCHOtt MOAeJIH. 

npyI'HM BOBMOlKHHM MeXaHHSMOM norROllleHWI f'--M880Ha B MP8 

yrRepOAa MOXeT 6UTb saxBaT ero MaJIO~OHHOtt accounauHett['iIJ 

Ha CpaBHeH:wr 8qxp8KTHBHllX truce.JI accOUHaUHil [4/.J] H ('ii~ B 

MP8 yrRePOAa ll OTHOCHT8RbHllX BepoRTHOCTeH peaK!Ultt 
tlr ~ 311 121' "1 I V11 J'J/ p- L -'/u ne nv H j'r c.. - ne ne n)) 

(ctmTaJI HX npOT8Ka.lOlllIDvlH qepea MaCTepHIDI: MeXaHH8M) MeAYeT, qTo 

TOrAa BepoRTHOCTb saxBaTa f-_MeaoHa accounaunett[4L1] npm,mpHo 

B 50 pas 6Mbllle, qeM ['ire} 

6) Hs~em1e onpeAeJI8HHllX KaHaJIOB peaKUHH f'--BaxBaTa Mpa

MH Ip-o6MO'IKH noKasano, qTo OHH 06R~aIOT SipKO BllpallteHHWv!H HHAH

BlfJJYaJibH!lMH CBOHCTBaMH. B CBSI8H C 8THM B08HHKaeT He06XOAHMOCTb 

AeTaJibHOro UCCR8AOBaHRfl Boex BOSMOlKHllX peaKUHH f':.BaxBaTa, 

Oco6!lli IIHTepec MOryT npeACTaBRRTb 8KCnepHMeHTMI,Hlle AaHHlle no 

f:.saxBaTy nepBHM cTa_6HJThHHM MpoM Ip-o6MO'IKH-6k , B qacTHO

CTII peaKIUISI pacmeMeHHSI Mpa 6/..t Ha ABa ~parMeHTa paBHOil Maccu: 
6 311 311 }'- + '/..t - .,. n + v. (8) 

,UJrSI na~eH:wr aTott peaKUHH B UeHTpe MepHwc HcMeAOBaHHfI B 

CTpacOypre-KpoHeHOypre ,~PaHUHSI) 6WIH H8rOTOMeHll cneUHaJibHlle 

MOH qJOT03MYRbCHH, sarpy,KeHHlle MpaMH RHTHSI-6 B KORnqecTBe 

32 'NfI'/cM3• KaMepu, cocTaMeHHue as STHX CROeB, o6~anncb B ~-

1,e ,,-;..Me80HOB C aHeprnefI 60 MaB OT ClUDCPOIU!MOTpoHa Jia6opaTOPHH 

MepHllX npo6ReM Ollilli. Ila~eJibHO 6WIH o6~eHll ABe KaMepu H3 

CTaHAaPTHllX MOeB BMYRDCHH, npeAHa8HaqeHHHe ~ HSMepeHHSI qJOHO

BllX C06HTIItt. 

10 

B aarpy~eHHOli MPaMH 6lt H CTaHAaPTHOli BMYRbCHH perncTplI

poBaJIBcb AByxJI~eBue ~-3Be8'AH. .nna 'AaJibHefunero aHanHaa 6wru 

OTo6paHH H H3MepeHH 4498 C06HTIIH, B peayRbTaTe HX KHHeMaTHqecKo

ro aHaJIH3a K peaKUHH 1r% ...;113J1~ . 6wm OTHeceHll n.. = (60±I4) 

c~aeB, Y'AOMeTBOPJIIOlllHX KPIITepmo l..2:;;; 2 H pacnMOXeHHllX B HH

TepBMe 8HeprnH HeHTPHHO Ey = (86 + 87,6) MaB (pHc.6). 

C yqeroy qncna Bl,(I{eJieHHllX C06HTIIli no~eHo, qTo OTHOCIITeRI,-

HaJI BepoSITHOCTb peaKJUIH J'-o/..J -11/1-/V paBHa W_ = (9, 7±3, I)• I0-2 • 

:3To 3HaqeHne B HeCKMbKO pas 60Rbllle TeopeTaqecKHX oueHOK 

BHHKe ( Plu15. flev. , C3, 2I79, I97I; C9, 943, I974), BllnORHOHHHX 

Ha OCHOBe MOAeRH TpeyrMbHllX 'AHarpaMM, H corRacyeTCSI C pacqeTa

MH no peaoHaHCHOli MOAeRH norRomeHHSI J'--Me80HOB _ (8pa.MlK!IH ll 'AP·, 

X~, 73-9, 25, I973). 

0AHaKO H3MepeHHllli B 8KcnepHMeHTe 8HepreTHqecKHfi cneKTp TPH

TOHOB H3 peaKUUH (8) (pac.7) He OITHCIIBaeTCSI KaK no pacqeTa.M Ha 

OCHOBe TpeyrORbHllX AHarpa.MM, TaK H no pesOHaHCHOtt MO'AeRH 3axBa

Ta J'-_Me30HOB. 

Bo8MO~eH 'APYrott MeXaHH3M 3axBaTa ]'--Me80Ha no P8aKIU!H 
. 61 3'11,J" f!-M ~ 11 )I - norRomeHne ero Mano~OHHoff accounauneii 

L 3He] ~ MPe. 
6
/.i· • Ewro npoBeAeHo MO'AeJIHp0BaHHe peamum (8) 

no 8TOMY MeXWIH3MY, B npeAnOROXeHHH, qTo :lCapaKTepHCTHKH npouecca 

onHCllBaIOTOSI.TCRbKO ~30BHM o6~eMOM. IlM~eHHHe B TaKOM npH6RH~e

HHH pesymTaTH MOAeRHPOBaHHSI npHBeAeHu Ha pno.6, 7, 8. BHAHO, qTo 

OHH KaqecTBeHHO corRaCYJOTCSI C BKcnepHMeHTMbHHMH pacnpeAeReHIIJIMH. 

B) Hs~eane onpe'AeJieHHHX KaHMOB npouecca .f'--saxBaTa Rer

KHMH MpaMH B qJOTOBMYRbCllll Il03BMRJIO, OCHOBllBaJICb Ha aHaJIH3e Bll

AeJieHHllX peaKUHtt, IlO~Tb aaepreTII'ieCKIIe oneKTPH BTOpHqHllX sa-

11 



pruiteHilliX tJaCTIIII,: p , d , -t , 3He, 4He, 
8 /..i • BucoKO:mepreTH

tJecKruI '!aCTI, cneKTPOB BTOPH'lllliX sapIDKeID!llX '!aCTIIII, OT 38.XBaTa 

"" 

.P -- MB30HOB pa3JIU"IHHMH H,IU)fillll H3ytiaJiaCI, B pa6oTax 3mIOBa H m>. 
(JR:3Tt, 60, 19, 1971; Pl5-11215, OHHH, 1978). Hsuepeuuue B .I\HCCep

T~ cneKTpu BnepBUe ITOJIY'I8Hll B 8HepreTR'I8CKOff 06.JiaCTH (0-15)MsB. 

Ha PHO. 9 npe,n;cTaBJieHll 3RcnepHMeHTaJII,Hlle ,n;amrue 3HHOBa no BUXO.ztY 

TpHTHJI HS H,IU)a yrJiepo,n;a H pesyJII,TaTl:l H3MepeHrur cneKTpa H,IU>a TPR-
12,,. 4 4 3 .I 

TIDI H3 peaKQHH y- L, -;, lie He H n 1' BH.ztHo, 'ITO BeJIHlfflHU, IIOJIY'IBHHlle B 

,ItByx 8KCnepHMeHTax, xopomo corJiacyioTCH H B 60JII,WOii CTeneHlI ,ItOIIOJI

HJllOT .fU)yr m,yra • 

0CHOBHlle ~JII,TaTH 

l.<i>OT03MYJihCl10HIIUM MBTO.D,OM ITpOaHaJIH3HPOBa.HO 50000 S-.r 3Bes,n;, 

o6pasoBamrux npn: B3al!MO,n;eiiCTBHH JC -:.Me30HOB C aTOMlillMH H,IU)ru.llI. 

2. BnepBUe HCMB,Il;OBaHll peaKitIDI aaxBaTa.f,-::.Me30HOB JierKI!MH 

H,IU)filllI D qxJT08MYJII,ClW C HcnycKaHHeM a,n;ep 8He' 
8 li.. ' 8B. 

a) ~aperncTpHpOBaHO H np0aHaJill3HpoBa.HO 685 ~ -3Be3,It C 

T-o6paamrM Me,n;oM, odpasoarurnux B pesyJII,TaTe norJionteHrur f-:...Meso

HOB H,IU)aMH B qxJT08MYJII,CmI. BepO.flTHOCTI, o6pa30BaHHJI ~,-aBea~ 

C T-o6pa3HllM MB,Il;OM Ha O.ztHY OCTaHOBKY Jr-MeSOHa panHa:'· 

\xi R- = (0, 30+0, OI) • ro-4 • 
v(T) -

6) Onpe,n;eJieHO, 'ITO OCHOBIIDM KailaJIOM n:cnyc~ 8 l..i_ . npH 

3axBaTe ~ - - MB30HOB JierKHMH H,IU)ar,m D qx)T08MYJII,CHH .flBRJIBTC.fl peaK-
_ 12. s 3H . , 

~ Ha yrJiepo,n;e: .ft C. - L_ eh- v. 
12. g J .\ 

B) 0THOCHTBJII,HM BepoRTHOCTI, KaHa.n:a Jl- C->J..i. Hpv Ha 

ITOp.lT.I(OK HIDKe OCHOBHOro: 

(l,0+0,3) •I0-4 ~ W ~ (I, 9+0,4) .IQ-4. - -

12 

i 
.1 

i 
I '.:1 
t :1, 

J 
Ii 

-':); 

i, 
i;, 

t 

l 
w 
•'\ 

J 
1 ., 

' l 

r) Anamrn :mcrrepl:IMBHTaJII,HIDC ,n;aHHIDC ITO BCeM D03MOJKHHM peai,-

UU.f!M ./'-- saxnaTa smvar,m: yrnepo,n;a c 1:1cnycKaHHeM 8 /./ JMSIIDaeT 

Ha o6pa30Ba!!lW B rrpoMeJKYTO'IHOM COCTORHlll:I B030yJK,lle1moro smpa 4ne* 

npel:IMyllleCTBCHIIO c auepr.ieii (22, 5,±2) 1,laB. 3nepreTutJec1rne u yrJioBue 

pacnpe,n;eJleHUiI BTOpll'UIUX tJaCTl:IU OT peaKUl:lii p--3axBaTa MPa.Mll 

yrJiepo,n;a C HCITYCKaHH0M 8 /./ Ka<rnCTBeHHO corJiaCYJOTCR C pactJeTa

MH, Bl:lITOJIHeHHHMH B rrpe,n;rroJio~eHllll 3axBaTa J'--Me30Ha MaJIOJ:IYKJIOH

HOii accouuauHeil[4/.JJ B.rowe yrJiepo,n;a. 

,II) HcCJie,n;oBaHH peaKUHU IlOrJIOIIt8Hlm r--Me30HOB MPa.Mlf KHCJIO

po,n;a H asoTa. ITOJIY'I0HO, 'ITO HallOOJiee BepoRTHl:lM KaHaJIOM RBJIR0TCR 

16.D s "" Vu peaKUHH 1.r -'/..., tte ,-,e 11 C OTHOCl!TeJII,HOii BepORTHOCTI,10 

(0,93,t0,2)•I0-4 ~ \M ~ (2;I,t0,3)•I0-4• 

8KcnepUMeHTaJII,H!le ,n;aHHl:le KatJeCTBeHHO OITHCI:malOTC.fI B rrpe,n;IIOJI0~0Hlll:I 

norJiomeHM p--Me3oHa tJaCTI,JO n,n:pa KnMopo,n;a - accounau1ieii [8E~ 
e) B peaKUrurx /'.._saxBaTa ,impaMH yrJiepo,n;a n KHMopo,n;a rrpo

Be,n;en ITOHCK CBR3aHHOtt MHoroHettTpOHHOii CUCTeMl:l 4 n.. ll ueilTpOHO

H30UTO'IHUX smep 8He II 4tt. BepxHl:le rpammu OTHOCl1T0JII,HHX BepORT

HOCTeii o6pa30BaHM 3TUX smep D CJie,n;yiomux peaKUIDIX paBHU: 

\X/ c4n ) < 5,4.nr-5 (1./I:-'lJnv ) 
2 I 

\JI (8He) < 0,5•I0-5 ( p.!l'-J'l!t/1/epV) , 
\'JI c4tt) < rn-5 

C p-'60-/8 v11i1 'I > • 

3. BrrepB11e uccJic,nonana peaKUM .f'-'t' _v//c "!//!In i7 , RBJI.AlO-r 

l!IMC.fl HaHOOJiee nepORTHl:lM KaHaJIOM .f'--3axBaTa MPOM yrJiepo,n;a C 

ncnycKauueM sapmteHHl:lX qaCTl:IU, 

a) IloJiytieHO, 'ITO BepxHRR I'PaHUUa OTHOCHTeJivHOtt BepomHOCTH 

peaKUHH panua W 6: (2,D±D,2)•I0-2 • 
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,.,. 
6) PaccMOTpcau B08MOJKHue MexaanaMU aToro rrpo~ecca. IlOJiy,1e-

HO, tfTO OTHOCllTeJII,llaJI BepomHOCTI, pearu.urn ITO CXeMe · 12L ll-n:1< 1.r+ --o+v 
~''tic +n 

88: +311 
l_cJ._-,.~ 

COCTaBJIJieT \'t.f01f (I,I,±C),I) 0 I0-2, tfTO RatfeCTBeHHO COrJiacyeTCR C 

TeopeTHtfeCKOtt o~eHKOtt, CJieJzyIOmett na peaOHaHCHOtt MO'AeJIH. 

4. C ITOMOUU,IO gJOTOSMYJil>CHll, aarpy,iceHHOff JJ;I{paMll JIH'l'IDI-6, BIT8P

BU8 HSy,leHa pea.ru.urR f.--8B:X13aTa ~POM JIHTIDI: 

f'- + ¾ -31/ ,_311 .,_ v. 
a) Orrpe'AeJieHa OTHOCllTeJII,HaJI B8PDJITHOCTI, aTott pearu.urn 

IX/= (9, 7,±3, I)• rn-2• 

6) 8KcrrepHMeHTaJII,Hue yrJioBue H aaepreTatrecKae pacnpe'AeJieHIDI 

BTOPHtfHWC lffiCT~ na pe~n Y.I{OBJI8TBOPHTeJII,HO OITllCl:lBalOTCR npn 

MO'AeJillpoBaHHn rrpo~ecca trepea aaxBaT. p_--Meaoaa traCTI>D Sl;I{pa 

JIHTM-6 - MMOHyKJIOHHOil: accomi~ett [ 3HJ . 
5. MaMepeau crreKTpu BTOplltfHWC Sa,PJDKeHHWC tfaCT~ OT 88XBaTa 

f--MeSOHOB JieI'ICHMR JJ;I{paMll B gJOTOSMYJil>Cllll. McCJie'AOBaIIHUe B pa6o

Te crreKTpu xoporuo corJiacyvrcR n aaatrHTeJII>Ho 'AOITOJIHRIOT BKcnepHMeH

TaJII,Ime 'AaHHue, IlOJiy,l8HHUe 'APyrRMR MeTO'AaMR. 
'· 
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... 
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KaHaJIH pearuunt 

lfuMo Bcex :imeH-
TH~HIU!EOBaHHHX 
CO HTH 

\1/ I 

lfuMo onHosHatmo 
:IOi8HTH~mtlrrBaH-
H!lX: CO HTH 

w2 

Ta6.mma, 2 0THOCHT8Jll,HHe B8PORTHOCTH Ka.tl:aJ!OB J'.._3a:x.BaTa JmPOM KHCRopona 

C HCIIYCKaHHeM B N 

.11- + 160 -% +v+ 
4He + 4ife 6 I,,, + 2H 4He+3He+ n 6/,., +P+n. 3He+¾e+2n.. 

62 2I I2 I2 I 

(2,I,t0,3)Io-4 co, 7,t0,2)ro-4 0,4-ro-4 0,4•Io-4 ro-6 
28 2 

co,s+0,2)ro-4 (0,7+0,5)I0-5 

·' 

\-

Ta6RHga 3 .tl--sa:x.BaTa Jmpa.Mli asoTa OTHocwremiHHe BepoHTHOCTH KaHMOB J 

C HCnyCKaHH8M BM 

}' - 'W 8L -,. - + JI ..,. 

KaHBJW pe8.KIU!it 4ife + 2H ¾e + ¾ 4He+p+n. . ¾e+2H+ n.. ¾e+p+2n... 

1:JHMo Bcex HneH- 52 4I 34 I6 2 
TH~~!!C>BaHHHX 
CO liTR:11 

WI (7,4,tO,~)Io-4 (5,8,tO,I)Io-4 ,4,B•Io-4 2,3•Io-4 ro-5 

1:JHMo onHosHa-rmo 7 6 
:imeHTH~mtl!fBaH-
HWC CO !..'TH 

w2 (I,0,±0,4)I0-4 (0,9,±0,4)I0-4 
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T.IDKMOfi ( Jl9 ~. 81... ) KOMIIOH(lHIOil qx:>T08My~I,CHR. 
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Cos(H3,p) Cos(Hrf,~) Cos(Li8;~) Cos(H3,Y) Cos(p,\l) 

Pnc.3 Yr~oBue pacnpe'AMeHHR ,n.ruI peaia:um 
'½ IIJ ,Jll Jrc -Ltrtp'J 

:ln . I I . 
~ti I 

~1 I l-
40 

M4,3 

Cn:JIOWHM I'RCTOrpa.MMa - 8KCnepllM0HT; 

nyHKTHP - pac~eT no pe3OHaHCHOMY MeXaHH3MY; mTpKX-nyHKTHP 

- pac~eT no MacTepHOMY MexattnaMy; KPHBa.JI.- qiaaoBuff o6~eM. 

a 

Pnc.4. 3HeprernqecKne pacnpe~eneHHH ~nn peaK
UHH f' 1V-"l/e"l/e3/ln~. rncrorpaMMa -
aKcnepnMeHr;nyHKTHP - pacqer no cxeMe rr;mrpnx
nyHKTHP - pacqer no cxeMe lli; KPHBaH - ¢aao
Bllil o6~eu. 
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Pn:c.5 12rl VJ/ VJ I 3 YrJIOBl:le pacrrpe.rieJiemm ,JJ,JIR pearomn /FL _,. ne ne 'H n 1l 

Pnc.6 

(o6osaaqeana Te .llte, qTo H Ha pnc.4). 

NI ['lucno cnyeae6) 
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861) 88,0Ey/M•M 
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dE, [omH.ed] 

:,o 6 
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a) Pacrrpe~eJieIDre IIO 9Heprnn HeHTPHHO; IIYHRTHP - CO61:lTIDI 

H8 qJOHOB!lX Ra.Mep; 6) CrreRTP HeiiTpHHO ,JJ,JIR BWJ;eJiemmx co

Cl!JTHH pcamu,m ;r% ..!//3#" jCITJIOillHaR KPllBaR - pac 1rnr Ha 

ocHoBe 1wacTepnoro MexaanaMa aaxBaTa }'-_Meaoaa 
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a) 3HepreTnqecRoe pacrrpe,n;eJieHne smep TPHTHR OT pea~nn 

(8); 6) Pacrrpe.n;M~Hne no eaeprHH Bos6y,imeHrur rrpoMeJKyToq-

Horo smpa 6He3: 

CllJIOIIIHa.f:I KPHBa.f:I - pacqeT Ha O_CHOBe KJiacTepHoro MexaHH8-

Ma srurnaTa ,--MesoHa; rryHKTHPHa.f:I KpHBaI:I - pacqeT Ha 

OCHOBe Tpeyrom,Hl:lX .nnarpa.wt j IIITPHX-rryHKTIIPHaJ:I KpHBa.f:I -

pacqeT no pesoHaHCHOtt MO,n;MH norJiomeHHR. 
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0 

Tue.a YrJIOBl:le pacrrpe,n;eJiemm co6uTnii pe~H p-o/.J-
3
//3'/I V 

cnJIOll!HaH Kpnaan - pacqer Ha ocHone KiiacrepHoro MexaHmrna 

3axaara)( -ue3oHa. 
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