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IlocJ1e 06HapyJ1teHHH HecoxpaHeirnH tieTHOCTH B cJ1a6cM B3aHMo.zteLicT

BHH B Te'lleHHe HeCKOJlbKHX JleT ()l,IJI, ,llOCTHrHyT 3Ha'IIHTeJlbHU£i nporpecc 

B nOHHMaHHH np11pO.zthl CJla6oro B3al1MO;n:ettcTBl1H 8JleMeHTapHblX tiaCTHU. 

IlpHMepHo tiepe3 ro.zt nocne ony6JIHKOBaHHH B 1957 r. pe3yJ10TaTOB nep

BlilX ~lKCnep11MeHTOB, .llOKa3aBmHX HeCOX~HeHHe tieTHOCTH, ()l,IJIH naMe'lle

Hhl OCHOBHhle IlOJIOEeHHH COBpeueHHOH Teop1111 cna6b!X B3al1MO.zteiiCTBHfi(I). 

IIocne.ztyIOD{Hti nepHO,ll 6b!JI IlOCBHII{eH, rJlaBHHM o6pa30M, 3KCnepHMOHTMI:r

HOMy .llOKa3aTeJlbCTBY CWOPMYJIHpOBaHHblX nOJIO'Jif.eHHH. qTO KacaeTCH 06-

JlaCTH cna6ux B3al1MO;n:eiiCTBl1H 06hl'IIHhlX {T.e. He CTpaHHhlX) tlaCTHU, TO. 

K HaCTOffil(eMy BpeMeHH' KaK npe.ztCTaBJIHeTCH, y'Jif.e 3aKOHt1em,1 Kat1eCTBeH

m,1e 8KCnepHMeHTaJlbHl,Ie HCCJle,I(OBaHHH, no;n:TBeplX,llalOII{He 8TY Teop1110. 

B pe@ep11pyeuow .zt11ccepTa~11 paccMaTpHBaIOTCH pe3yJ10TaThl aKcne

p11MeHTaJ1bHHX pa6oT, HanpaBJleHHhlX Ha npOBepKy OCHOBHhlX nOJIO'Jif.eHHfi 

Teop1111. 3T:tt pa6orn BhlnOJIHSIJIHCb B i:repHO,It c 1957 r. ·no 1962 r. ( 2- 5). 

B COOTBeTCTBHH C pa3Hh1Ml1 HanpaMeHHHMH l1CCJ1e;n:0BaH11ii, ;n:11c

cepTaUI1H pa3611Ta Ha rnaBhl, 113 KOTOphilC nepBhle tieTblpe HBJIHIOTCH He-

3aBHCl1Mb!Ml1 no co;n:ep'Jif.aumo. 

IlepBaH rnaBa noCBHiqeHa liCCJle;n:oBaHHIO_ 8HepreTH'lleCKOli! 3aBHCli:

MOCTl1 aCHMMeTpl111 n03l1TPOHOB B pacna,I(e nOJIHPii30BaHHblX MIOOHOB C 

uenbro npoBepKH Teop1111 npo;n:onoHoro uefiTPHHo; 

BTopatt rnaBa. co;n:eplJCHT on11caH11e aKcnepm,1e11Ta no Haon10;n:eH1110 

6eTa-pacna,1(a n11oua, HBJIHIOII{erocH O.llHHM 113 3BeHbeB B uen11 .ztoKa3a

TeJ1bCTBa coxpaHeHHH BeKTOpHoro TOKa B cna60M B3al1Mo;n:eiicTBm~; 

B TpeTbeti rnaBe onHChlBaeTCH aKcnep1-111eHT, n03BOJll1BllH1i-i Ha6mo

;n:an 3aBHCflll\HH OT CTPYI<Typhl IlHOHa pa;n:11au110HHhli-i pacna;n: £+._. e, :i, { +i\"; 
B t18TB8pTOH rJlaBe l18JIOllteHhl pe3yJl:&TaThl om1TOB no onpe,l\eJleHHIO 
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BSpOHTHOCTH norJIOillSHHH OTPHUC.TSJII,HOro MIOOHa npOTOHOM B l!tli,Z{KOM BO

){OpO){S, . ITOCTaBJISHHb!S C USJII,10 npoBSPKH _ymrnspcaJII>HOCTH B38.HM0,1{e i1CT

BHH MlOOHa H :::meKTPOHa C HyKJIOHOM B SJISMSHTapHOM npousccs. 

KaJK){aH rJiaBa HatmHaSTCH C KpaTKOro BBS){SHHH, IlOflCHfllOillSro 

npo6JISMY, aa KOTOPHM CJIS){yST OilHCaHHS IlOCTaHOBKH oni:rra H o6Cyl!t){S-
. 

HHS psayJII>TaTOB pa60TH. BBH){Y Toro, qTo B ){HCCSpTaUHH OilHCbIBalOTCH 

pa60TH, BHTIOJIHSHHblS HSCKOJII>KO JIST TOMy Haaa.1t, B KOHUS KalK){oi1 rJia

_BhI KpaTKO o6CyJK){alOTCH SKCITSPHMSHTaJII,HblS psayJII>TaTbI, IlOJiyqsHHb!S B 

IlOCJIS){HSS BPSMH. 

OCHOBHbIS BHBO){H 3THX pa60T CYMMHpOBaHbl B ITOCJIS){HSH ITHTOH 

rJiaBs. 

rJiaBa I. 

0TKpbITH6 

3HsprSTIBISCKaH 3aBHCHMOCTI, acHMMSTpHH 
B. µ-+-.e.~\l~+v,,. pacna,zts 

I 

~scoxpaHSHHH qsTHOCTH B npbusccax OJia6oro B3aHMO-

){SHCTBHR npHBSno K rHITOTS3S O COXpaHSHHH TaK Ha3bIBaSMOH KOM6HHH

pOBaHHOH qsTHOCTH( 6). 0){HHM H3 CJIS){CTBHH 8TOH rHITOTS3H HBJIRSTCR 

npO)tOJII,HOCTI, (HnH ){BY?(KOMilOHSHTHOCTI>) HSHTPHHO. 3TO ){aST ~paK

TSpHbIH noqspK BCSM npousccaM, B KOTOPb!X HSHTPHHO HBJIHSTCR napTHS~ 

POM. 

XapaKTSPHHS llSpTH CJia6oro B3aHMO){SHCTBHR HaH60JISS Hl;){Sl!CHO 

uoryT 6HTI, H3j'l!SHH B npousccax, r){S CJia6os B3aHMO){eHCTBHS BhICTy

naeT B qHCTOM BH){S, T.e. 6e3 yqacTHH CHJII,HOB3aHM0){8HCTBYIDillHX qac

THI.{. Xopo111HM npHMspoM TaKoro npouecca HBJIHSTCH pacna){ urooHa, Ko.:. . 
. . 

TOPHH MOlKST 6HTI, ITOJIHOCTI,JO paccqHTaH TSOpSTHqecKH. qyBCTBHTSJII,Hb!M 

napaMSTPOM B paCila){S IlOJIRpH30BaHHhlX MlOOHOB RBJIR8TCH 3aBHCHMOCTI, 

.yrJIOBoro pacnpe){eJISHHH Il03HTPOHOB OT HX 3HSprHH, KOTOpaR B CJij'llaS 

npO)tOJII,HOCTH HSHTPHHO HMeeT BH){ 
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IYlfi 
MOJKHOH ero SHSprHH 

- SHeprHH Il03HTpoHa B S){HHHUax MaKCimaJII>HO B03-

T. m"- e 
/l<~X = J.' ; - yroJI MSJK){y HMnyJII>COM 

Il03HTpoHa H HanpaBJISHHSM CITHHa MlOOHa. 

IIoaTOMy HCCJIS){OBaHHlO MOl!tHO IlO){BSprHyTI, cneKTP Il03HTpOHOB IlO){ 

pa3HblUH yrJiaMH OT pacna){a IlOJIRPH30BaHHhIX MlOOHOB. Heo6XO){HMO, O){Ha

KO, cpaay IlO){qepKHYTI>, qTQ O){HO TaKOS HCCJI8AOBaHHe MOrJIO 6bl B npHH

UHilS OTBSprHyTI> TeOpHlO npO){OJII,HOro HSHTPHHO, HO He MOJKeT ){aTI, OKOH

t1aTeJII>Horo ss IlO){TBSpl!t){SHHR. 

0nhIT(2) 6bIJI IlOCTaBJISH Ha CHHXpOUHKJIOTpOHe la6opaTOPHH fl){SpH!:,!X 

npo6JISM 00Hll B 1957 r. 

BbI6paH noporOBhIH MSTO){ perHCTpauHH Il03HTPOHOB, npHqey SHSprs

THqSCKHH nopor 3a){aBaJICfl TOPM03HlllHM @HJII>TpOM, paccpe)tOTOqSHHblM MSl!t

.1tY IlHTI,10 CUHHTHJIJIHUHOHHb!MH cqsTqHKaMH, perHCTPHPYIDillHMH Il03HTpOHbI 

paCITa){a H BKJI10qeHHbIMH Mei){y COOOH Ha COBila){SHHH. 0Hb!MH CJIOBaMH,Tpe-

60BaJIOCI,1 qT06bI B Kallt){OM CJij'llaS qepe3 CUHHTHJIJIHUHOHHble cqeTqHKH Il.fITI, 

pas npoXO){HJia aapHJKSHHaH qaCTHua. TaKHM o6pa30M y){aJIOCI, CHJII,HO ITO){a

BHTI, BepORTHOCTI, psrHCTpauHH Il03HTPOHOB qepea HX OTHOCHT8JII,HO npOHH

KalOillSe TOPM03HOS HanyqeHHe. 

YrJIOBOe pacnpe){eJISHHe Il03HTPOHOB ObIJIO H3MepSHO npH qeTbipex 

3HaqSHHHX noporOBOH 3HSprHH. IlonyqeHHHS 3KCnepHM8HTaJII,HO 3HaqeHHH 

K03qJ4JHUHSHTa aCHMMeTpHH Il03HTPOHOB Q ( R.) B pacnpe){SJISHHH 

f(fl, e) ~1 +a(fl)~0 
npHBO){HTCH Ha pHc.I ( R. - TOJIIllHHa IlOJIHSTHJieHOBOrO qJHJII>Tpa}. Ha 

STOM pHCyHKS B BH,Z{e CTIJIOIIIHOH KPHBOH (paccqHTaHHOH C yqeTOM annapa

TYPHhlX HCK8l!t8HHH) npe){CTaBJISHa TaKJltS aaBHCHMOCTI, K08c»<.PHUH8HTa acHM-
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MeTpl1l1 OT SHeprHH B TeOpHH rrpo;zioJII>HOro HeHTpHHO. 

Ml1 

CpaBHeH11e 8KCrrepHMeHT8.JII,HbIX ;ziaHHh!X C TeopeTHqeCKHMH 3HaqeHHIT

a(R.) MeTO;llOM KpHTepHH {L IIOKa3blBaeT, qTO D npe;zieJiax SKCIIe-

pHMeHTaJII,HO ;llOCTHrHyTOM TOqHOCTl1 HX COBII8,Z(6HHe HMHeTCH BIIOJIHe 
'1,.2. 'l,.t . 

y;llOBJieTBOPHTeJil>Hb!M ( BepOHTHOCTI, OTitJIOHeHHH '\. OT '\. o COCTaBJIH8T 

0,2)'. 3TO 03HaqaeT, qTO ;llJIH orr11caHHH pesyJil>TaTOB SKCrrepHMeHTa HeT 

He06X0,1.iHMOCTH B npliBJieqemrn. ,1.iOTIOJIHHTeJII,Hh!X TeopeTHqecKHX rrapaMeTpOB 

(KOTOpble MOrJia 6bl ,1.iaTI>, HanpHMep, qeT@pexKOMIIOHeHTHaH TeopHH HeHTPH

no). 

TaKHM oopa30M, 3KCrrepHM8HT He IIPOTHBOpeqliT TeOpHli rrpo;ziOJII,HOro 

Hei1TpliHOx)_ 

IloJiyqeHHaH CTeneHI, IlOJIHPH3aUHH MIDOHHOro ny-qKa P=0,8!±0,II TaK

~e nax0,1.iHTCH B corJiaClili C OZli'AaeMOH Ha OCHOBaHHli (V -A) TeOpHH CJia-

6blX B3aHMO;lleHCTBliH. 

rJiaBa TI. BeTa-pacrra,zt Il-uesoHa 

r11n0Tesa o coxpaneHHli BeKTopHoro TOKa(B,I) {CBT) saHHuaeT oco

ooe MeCTO B TeOpliH CJia6h!X B3aHMo;ziettCTBHH. CMhlCJI ee CBO;llliTCH K TOMy, 

qTo no auaJior1rn C SJieKTpHqecKHM sapH'AOM B SJieKTPO'AHHaMHKe CJia6blH • 

BeKTOpHhlM sapfiA ne rrepeHOPMlipyeTCH TIO;ll ;ll8HCTBlieM CHJII,HblX BHpTyaJII>

HblX npoueccoB, T.e. cJia6Hil BeKTOPHhlH sapfiA w11sHqecKoro uyKJioHa pa

Beu CJia6oMy B6KTOpHOMY aapHAy ", ro:n:oro II HyKJIOHa. STO 03HaqaeT BTIOJI

He onpe,1.ieJieHHyro CBH3I, IIHOHOB (IT±, ITO) C JieTITOHaMH ( e,l) ) • 

x) B auaJiorHqHhlX sKcnepmrnHTax, r;lle He 6HJIO rrpe;llrrpHHHTO ;llOCTa

Toqm,ix Mep K IlO;llaB:n:eHHID perHCTpaUHH 'Il03HTpOHOB qepea HX TOp
M03HOe HSJiyqe'uHe, 61ma rroJiyqeua 6oJiee c:n:a6aH saBliCliMOCTI, 
K03(l)Wl1UHeHTa acHMMeTpliH OT SHeprHH(?)_ 
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B paMKax yHHBepcaJII,HOrO ®epMHeBCKOrO B38.HMO;ll6fiCTBHH COXpaHe

HH8M BeKTOpHoro TOKa MOZHO OblJIO OO~HCHHTI, paBeHCTBO CJiaoux KOHCTaHT 

B 6eTa-pacrr8,Z(e KHCJIOPO;lla-14 H B pacna;lle MIOOHa. 

O;ziHHM Ha CJie;zicTBHH r11n0Teau o CBT, KOTopoe uoxeT 6HTI, rroJioze

HO B OCHOBy ee rrpoBepKH, HB;IH6TCH npe,1.iCKaaanHe C xopomett CTeneHI,ID 

TOqHOCTli BepOHTHOCTH 6eTa-pacrra;zia II-1,1ea0Ha 

<Ji+ - 5i O -t e. + + \/e. • 

~ettCTBHTeJII,HO, corJiaCHO STOH rHTIOTeae 

R_= f'+-9io+ e.+~)I~ = (I,04 + C,02).ro-8• 
!j+._ }'++~ -

06napyJKeHHe rrpouecca, H;lly~ero C TaKOH MaJiott B8POHTHOCTI,ID, 

npeACTaMH8T,O;llHaKO, OOJII,mHe SKCnepHMeHTaJil>Hble Tpy;llHOCTH. Ha npe-

0,1.iOJieHHe STHX TPY.1-iHOCTeii :\H · 6blJIO HanpaMeHO OCHOBHOe BHHMaHHe. 

l1a nepBbIX pa6oT, rrpoBe;zieHHb!X B ~6He, CJie;zioBaJio, qTO HCITOJII,-

30BaHHe qepeHKOBCKHX ;zteT8KTOPOB IIOJIHOro norJIOll(6HHH ;1\Jlfl perHCTpau!.ffl 

raima-KBaHTOB OT pacna,I(a HefiTpaJII>HOro IIHOHa HBJIHeTCfl HaAe~HblM crro

COOOM ;llJlfl 'AHCKpHMHnauHH OT conyTCTByroll(ero WOHOBOro H3JiyqeHHfl( 9). 

IlocTaHOBKa OilbITa, BblIIOJIHeHHoro B 1962 r. B UEPH"e< 3) 6b1Jla Ha

ueJieHa,rJiaBHW o6paaoM,Ha qeTKoe BH;lleJieHHe co6HTHi1 6eTa-pacrra;lla 

ITHOHa H3 BCeH CyMMbl (aHaqHTe]II,HO 6oJiee BepORTHh!X) corrpOBOlK){aroll(HX 

rrpoueccoB, a TaIOKe Ha oueHKY BepoaTHOCTH HHTepecoBaBmero Hae pac

rra;zia. 

M8TO;llHtI8CKJ,! pemeHHe ITOCTaB:n:eHHOH 3a,1.iatIH MOrJio 6b1TI, ;llOCTl1rHyTO 

TOJil>KO C IIOMO~ID 8Jl6KTpOHl1KH. 

CJie;ziyromHe xapaKTepHhle oco6eHHOCTl1 6eTa-pacna;zia IIHOHa rrocJiy~H

JIH OCHOBOH ;llJIR ero 11;zieHTHWHKau1111: 

a) pacrraA II01IOXHT8JII,HO aapflliC6HHOrO IIHOHa, OCTaHOBl1Billeroca B 

MHmeHH, rrpORCXO;llHT C BpeMeH8M '[ = 2,55.I0-8ceK.; 
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6) B peayn:r:,TaTe 6eTa-pacrr~a 06paay10TcH noa11TpoHH, 11Me10m11e 

crreKTP paaperneHHoro qiepM11eBcKoro rrepexo.l(a c rpaHH'llHoti :mepr11en 

4,0 MaB, rrp11qey Kl1HeTH'llecKaH 3HeprHH ll03HTPOHa npl1 TOPMOllteHHH Bbl

,l(eJIHeTCH B BemecTBe MHlileHHi 

B) 06paay10mHitCH B peayn:r:,TaTe 6eTa-pacrra.n;a Hei1Tpan:r:,Hui1 n110H 

rrpaKTH~eCKH MrHOBeHHO pacrr~aeTCH Ha ,l(Ba raMMa-KBaHTa C 3Hepr11eli 

67,5 MaB, KOTOpble paaJieTaIOTCH B npOTl1BOilOJIOlKHUX HanpaBJieHHHX. 

Ilpl1 TaKOti IlOCTaHOBKe onuTa B Ka'lleCTBe MHlileHH, r,l(e rrpol1CXO,l(l1JI 

pacrra,l( IlHOHa, l1CilOJIJ:,30BaJICH nJiaCTH'lleCKl1M CUHHTHJIJIHTOp (cqeT'lll1K

Ml1lileHL). W.n;eHTl1qJHKaUHH Hei1TpaJILHoro lll10Ha ocymecTBJieHa ,l(BYMH C'lleT

'llHKaMH raMMa-KBaHTOB (KpHCTaJIJI 110,l(HCTOro HaTpHH ,l(HaMeTpOM 20 CM 

l1 Bb!COTOM 20 CM H ,l(eTeKTOP qepeHKOBCKoro H3Jly'l!8HHH - 6JIOK CBHHUO

Boro CTeKJia ,l(HaMeTpOM 20 CM 11 Bb!COTOH 16 CM). 

HarJIH,l(HOCTl1 ,l(OKa3aTeJILCTBa Bbl,I{8JieHl1ll 6eTa-pacn~a nyqme BCe

ro y.l(OBJieTBOPHJIO q>0Torpaqi:11p0Bamrn Been BpeueiiHoit nocne,l(oBaTen:r:,Ho

cTH Cl1rHaJIOB OT C'lleT'lll1KOB l1 l1X aMITJIHTy~Hb!X xapaKTepl1CTl1K Ha paa

BepTKax 0CUl1JIJIOrpaqioB • .l(JIH 3TOH U8Jll1 na paa BepTKaX .l(Byx OCUHJIJIOr

pacj)OB (O,l{HOJiy'lleBOM 116blCTpOM 11 l1 'll8TblpexnyqeBOM Me,l(JI8HHOM) B onpe,l(e-
1 

JieHHOH IlOCJI~,l(0BaT8JIJ:,HOCTl1 6b!JIH paaMemeHH l1MilYJILCbl OT BCex C'll8T'lll1-

KOB, l1CilOJIJ:,30BaBmHXCll B 3KCrrepl1M8HT8. CHrHaJibl OTJIH'llaJIHCJ:, .l(pyr OT 

,l{pyra 4JOPMOH, IlOJIHpHOCTLIO l1 aMITJll1TYAOH. B 3TOM CJiyqae Bee xapaK

TepHCTHKH pacrr~a MOlltHO 6hIJIO ll0Jly'l!l1TJ:, C 3KpaHOB ocu11nnorpaq>OB. 

Il03TOMy OT yrrpaBJIHIOmett 3JI8KTpOHl1Kl1 Tpe6oBaJICll MHHHMaJILHh!H npe,l(

BapHTeJILHblH OT6op, He06XO,l{HMbIH TOJIJ:,KO ,l(JIH Toro, 'llT06bl YM8HLillHTJ:, 

'lll1CJIO aarryCKOD pa3BepTOK OCUHJIJIOrpaq>aB l1 COKpaTHTL, TaKHM o6pa30M, 

pa6oTy ITO Il~OCMOTpy llOJiy'lleHHb!X qJOTOrpaq>HH. (Tpe6oBanoc:r:, COBIT~eHHe 
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HMITYJlbCOB, OT ,l{Byx .n;eTeKTOPOB rawrn-KBaHTOB B npe,l{eJiax 20 HCeK, 

KOTOpOE' ,l{OJllKHO npOH30HTH B HHTepBaJie Bpe!4eHl1 OT 100 HC8K paH:r:,me 

OCTaHOBKH llHOHa ,l{O 200 HCeK nocJie OCTaHOBKH). HcHoe npe,l{CTaBJI8Hl1e 

0 ipOHe, KOTOPUM MOrJil1 llMHTHpOBaTLCH HCK0Mbl8 COObITHH pacrr~a, B 

3TOM CJiyqae TaIOite MOlKHO 6bIJIO H3BJieq:r:, 113 aHaRl13a MaTepldaJia, OT06-

pamroro B peayn:r:,TaTe rrpocMOTpa qioTorpaqiHit. 

B KaJIH6pOBO'llHb!X 3Kcrrep11MeHTax HCilOJIJ:,30BaJIHCJ:, OTPHUaTeJIJ:,HO 

aapmlteHHble lll10Hbl, qacTJ:, KOTOpb!X rrpH OCTaHOBKe B C'lleTllHKe-Ml1lileHl1 

rrorJIOl!(aJiaCJ:, BO,l{OpO,l{OM, ,l{aBaH xopOllIO' l13BeCTHYIO peaKUH!O 

. :1-+[' -.Jjo+t1. • 

B rrpouecce 3KCll8Pl1M8HTa B Cll~Tlll1Ke-M11meHH 6WIO aaperHCTpHpo

BaHO 2 '72 .ro10 OCTaHOBOK llOJIOlltHTeJIJ:,HblX Me30HOB. .l(JIH aHamrna HC

llOJIJ:,30BaJIOCJ:, OKOJIO 400 q>OTOrpaqmli' KOTOpb!e co.n;eplltaJIH Heo6XO,l{HMble 

c11ruaJibl OT ClleTlll1Ka-Ml1lileHl1 HOT ,l(eTeKTOpOB raMMa-KBaHTOB. 

B KalleCTBe Kp11Tep11eB OT6opa HCITOJIJ:,30BaJIHCJ:,; 

a) 0,l{HOBpeMeHHOCTJ:, (B rrpe.n;e~ax 3 HCeK) IlOHBJieHHll Ha paaBepT

Ke OCUHJIJiorpajla CHrHaJIOB OT Tpex ClleTlll1KOB, B KOTOpb!X perHCTPHPYIOT

Cll ,l{Ba raMI.!a-KBaHTa H ll03HTpOH pacrr~a (Bcero l1MeeTCll 67 TaKHX 

cnyqaeB); 

6) H~elKHOCTJ:, rrpOCMOTpa, 'IITO BKJIIO'lla8T B ce6H Tpe60BaHHe, 'IIT0-

6bl c11ruaJibl ClleTlll1Ka-Ml1lileHl1 OT rrpo,l{yKTOB pacrra,l(a lll'IOHa He HaJiara

mrn:r:, Ha HMITyn:r:,c OT OCTaHOBKH IlHOHa l1 l1M8JIH aMilJIHTy.n;y, npeBbllllaIOmyIO 

,l{BO~iHYIO lilHPl1Hy JIHHHH paaBepTKHi 

B) Tpe60BaHHe, 'IIT06bl aueprl1H raMMa-KBaHTOB OT pacrra.n;a Heit

~pan:r:,noro llHOHa c yqeTOM attepreTH'lleCKOrO paapemeHHll ClleTllHKOB 6bl

Jia rrpH6JIH3l1TeJILHO rrpaBHJIJ:,HOH, a TaKJKe aMITJil'!Ty.n;a OT Il03l1TPOHa pac

rr~a B C'lleT'lll1K8-Ml1meHH COOTBeTCTBOBaJia Bbl,ll;eJieHHIO atteprHH He 60JIJ:,

me 4-,5 M::rn. 
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B pesyJII>TaTe npHM8H8HHff nepeqHcJieHHHX Blillle KPHTepHeB OT6opa 

OCTaeTCH I6 C06HTHH, KOTOpue HBJIHIOTCff KaH,1{H,2\aTaMH B C06HTHH 6eTa-
,c 

pacnaAa nHOHa. 

AHaJIH8 WOHOBb!X ycJIOBHH IlOKa3bIBaeT, qTQ cpe,2\H 16 OT06paHHblX 

co6HTHH MOlKHO OlKHAaTI, 2 cnyqaa JIOlKHhlX. 

TaKHM ·o6pasoM, ,2\enaeTCH saKJlroqeHHe o Ha6nro~emm I4+2 cnyqaeB . -
6eTa-pacna,2\a IlHOHa. 9TO npHBOAHT K 8KCIIePHM8HTaHI>HOMY 8Haqemrn Be-

pOHTHOOTH 

R= fi-+_,.e+-t1io+Y-c,. = (I 6 + 0 5). 10-8 
,r:-+ + ., ' - ' ' 
JI ~ +~ 

KOTOpoe HaxOAHTCH B corJiaCHH C npe,2\CKasaHHHMH T80PHH coxpaHH!Oll\8rO-

CH B8KTOpHoro TOKa. 11HbIMl1 CJIOBaMH, 11 CJia6Hil B8KTOpHbii1: sapfl,1\11 IlHOHOB 

COBna.ziaeT co cna6bIM B8KTOpHbIM sapH,ZlOM JI8IlTOHOB B npe,2\eJiax 

fjv{1i)= (I,25 ± 0,20) 9v(J) 
no Kpai1:Heil uepe, np11 MaJiblX nepe,2\aBaeMblX HMnyn1,cax. 

rnaBa ill. Pa,ztHaUHOHHblH pacna,n, IlHOHa Ji+_ e++ Ye.+ 'I 
Pa,2\HaIUtOHHbIH pacna.zi IlHOHa ,2\aBHO npl1Bn8Kan BHHMaHHe KaK cno

co6 BHHCH8HHH MexaHH3Ma pacna,2\a IlHOHa. Gro,2\a BX0,2\ffT TPH BOnpoca, 

Ha KOTOpble MOrJIO 6bI IIpOJIHTI> CB8T H3yqeHH8 8TOrO npouecca(l0-l2): 

I. CTPYKTypa cna6oro B3aHM0,2\8HCT Blrn ( CYil\8CTBOBaHHe npoMeJKy

TQqHoro 6osoHa); 

2. CTPYKTypa IIHOHa, o6yCJIOBJI8HHaH CHJII,HbIM.B3aHM0,2\8HCTBHeM; 

3. nonyqemrn ,rnqiopMau1rn ·06 sneKTpOHHOM cnoco6e pacnaAa IIHOHa 

< .1f+-e.++1)· 
K MOMeHTy IIOCTaHOBKl1 OIIHCbIBaeMoro OIIb!Ta nocJie,2\HHli npouecc 

HenocpeACTB8HHO Ha6JII0,2\aJICH B ,rncnepHMeHTax, l1 npl1 HCCJl8;1\0BaHHH 

CTPYKTypHOli qacTH pacna.zia Ill10Ha<IH2) BHyTpeHHee TOpM03HOe l13Jiyqe

HHe OT aToro npouecca HBJIHeTCH woHOBhlM. 
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Ono UOll(eT 6b!TI, llOJIHOCTI,IO paccq11TaHO H B HaCTOffll\88 npeMH He 

npeAcTannaeT npHHI.I.HIIHaJII>Horo HHTepeca. 

HCXOAff H3 Toro, qTo TeOpl1fl O CBT ,2\aeT B08MOlKHOCTI, orrpe,2\e

JIHTI, BICJia,2\ B8KTOpuoro B3aMJ,I0,2\8HCTBHH B CTpyKTypuyro qacTI> pa,2\Ha

lI,IWHIIOro pacnaAa IlHOHa (IO)' _13apOHTHOCTI, 8TOro npou;ecca 6hlJia 110-

nyqeHa ImK WYHKll;HH OTHOl!l8Hl1H HeH3B8CTHOro aKCHMI,HO-B8KTOpHoro 

cJ.jopMq>aKTOpa pacna,ll,a K neKTOpHoMyCIZ). HnTcpec npeACTannaeT onpe

.n;eneHHe BepOHTHOCTH CTPYKTypno 3aB!1Cl1MOli t!aCTH pacna.zia IIHO!Ia 

!f+..._,e_+-+Ye.+Y 
C ueJII>IO onpe,ll,eJieHHH BKJia.n;a aKCV3.JII,HO-BeKTOpHoro B3aHMo.n;eliCTBHff. 

OcHOBHOti xapaICTepHOH qepTOli CTPYitTypH0-3aBUCHMOro pa;I\HalI,UOH

HOro pacna.zta, nosnoJIHIOil\eli BbIAeJIHTI> ero Ha ([JoHe BHyTpemrnro TOP

M03HOro H3JiyqeHHH OT npouecca (~), ffBnHeTCff TO, qTQ Il03HTpOH l1 

raMMa-KBaHT BblCOKOll 8Hepr1111 pasneTaIOTCH.B npOTHBOIIOJIOlKHbIX Hanpan

nemrnx. 

IlOCTaHOBKa om1Ta B 8TOM CJiyqae cymecTB8HHO Ta JKe caMaff, llTO 

n AJIH IlOHCKa 6eTa-pacna.zia IIHOHa. HeKOTOpoe OTJIWIHe B qiymtn.1,rnx 

SJieKTPOHHKH, ynpaBnH!Oll\8ll npon.eCCOM cpOTOrpaWHPOBaHHH TIOCJie.ZI;OBa

TeJII,HOCTH c11rHaJIOB OT cqeTtJHKOB C 8KpaHOB OCUHJinorpaqJOB, aaKJiro

tzaeTCff TOJII>KO B TOM, qTo s.n;ec:r, Tpe6yeTCH COBIIa,2\eHHe no BpeMeJIH 

CHrHaJIOB OT Il08HTPOHa U raJ.fMa-KBaHTa. 

BBHAY Toro, qTo BepoaTHOCTH 6eTa-pacnaAa IIHOHa 11 CTpyKTypno 

3aBHCHMOH qaCTH pa,2\HaI.I.HOHHOrO paCna,1\a Ilpll B!x6paHHOM 8HepreTHll8C

KOM no pore 6JIH8KH' o6a 8KCnepHMeHTa IIpOB0,2\HJIHCI, 0,2\J:IOBpe!.rnHIIO. B 

X0,2\e OillxTa B cqeTq11Ke-Mllll18Hl1 6bl1IO OCTaHOBJI8HO 2,6.Io10 IlOJIOlKH

TeJII>HO sapmteHHb!X IIHOHOB. B pesyJII>TaTe npe,2\BapHTeJII>HOrO npOCMOT

pa nonyqeHHIDC 3200 ~0Torpaw11tt (o6mee q,1cno), KOrAa BHHMaHHe 06-
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pamanocr, TOJIJ,KO Ha HaJIHqlle He06XOAIDUDC CHrHaJIOB, xapaKTepHhlX AJIH 

paI(HOHaJII,HOro pacrr~a, 61mo OT06paHO 45 WOTOrpaip:1111 C06blTl1ii, KOTO-

pble IIOABeprJIHCI, 6oJiee TlllaTeJIJ,HOMY aHaJIH3y. cl-

Ilp:11 OT6ope C06b!Tl1ii Tpe60BaJiocr,, qT06bl 3HeprHH raMua-KBaHTa 

rrpeBHlllaJia 55 MaB, a 3HeprHH II03llTPOHa - 50 MaB. TaKHe Bb!COKHe 3Hep

reTHqecKll:8 rroporll rrp:11 OT6ope C06blTlli1 CTPYKTYPHO 3aBUCHMOro p~im

I:J,HOHHOrO pacrr~a 'AllKTOBaJIHCI,, rJiaBHblM o6pa30M, H800XO'AHMOCTI,IO rro

'AaBll:TI, CHJII,HyIO KOHKypeHI:J,1110 OT 06blquoro paAHaI(HOHHOro pacrraAa, a 

TaIOKe c paayuHoii TOqHOCTI,IO onpeAeJIHTI, aw<PeKTHBHOCTI, perHcTpaI(HH. 

IlpHMeHeHHe 'AllCKPHMllHaI:J,HH no 3Heprllli 11 Tpe60BaHli8 COBITaA8Hl1H 

IIO BP8M8Hll Cll:rHaJIOB OT cqeTq1rna-Mlilll0Hli 11 'A0T0KTOpOB rru.lMa-1rnaHTa 

ll II03liTPOHa OCTaBJIH8T 12 KaH'All'AaTOB. AHaJili3 WOHOBb!X rrpOI(0CCOB rro

Ka3blBaeT, qTQ ll3 3TOro q11cJia MOlltHO OlKll'AaTI, 4 JIOlitHb!X C06b!THH. Ha 

OCHOBaHllll 3TOro 'A8Jia0TCH 8aKJiroqeH11e, qTo B Oilb!Te ObIJIO aaperHCTpll

poBaHO (8±2) cJiyqaeB p~11an110HHoro pacrr~a rr11ona. 

IlocJie onpe){eJieHllH awweKTHBHOCTH perHCTpawrn aToro rrpoI:J,ecca 

6b!JIO Hati'AeHO, qTO OTHOCHTeJIJ,}IaH Be POHTHOCTI, paAHaI:J,HOHHOrO pacrra){a 

IlllOHa C 3HeprHHMH, rrpeBblIIlaIOJ!lllMll Bbl6paHHble rroporH perHCTpaI:J,HH,COC-
. . ' 

TaBJIHeT: 

R.. : :Ji+... e_-"-+ "'~ • 'f (Et~ SS°)l3e :'Ee.?:, So ~'>I) : 
§+-,1++\J.)1 

(3±I,5)I0-8 

IloJiyqeHHOe 3KCnepHM0HTaJIJ,HOe 3HaqeHHe CO'A0PlltllT B ce6e' BKJia.z{bl OT 

AByx ©HsHqecKH OTJIHqHblX rrponeccoB: BHyTpeHHero TOPM08HOro ll8Jlytle-
A 

Hll:H rrpH ToqeqHQM B3all:MO'A0iiCTBlll1 JI0IITOHOB C IIll:OHOM (rrponecc 3) ll 

HcrrycKaHHH WOTOHa CTPYKTypHOfi qaCTI,IO IlllOHa. BKJI~ BHyTpeHHero TOP-

M03HOro ll3JiyqeHHH MOlltHO paccqHTaTr,: rrp11 yCJIOBHHX 3KCrrepHM0HTa OXll

){aeTCH rrpHuepHO l COOb!Tlle TaKOii rrpllpO){bl. Ha caMOM 'A8Jle B OIIb!Te 
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HaOJIIOAaJIOCI, (8±2) COOb!Tllfi pa'AHaI:J,HOHHOrO pacrr~a. 0TCI0,1{a Bll'AHO, qTo 

HaOJIIO'Aa0MblH aqxileKT Il0JIJ,8H 06'I>HCHHTI, TOJIJ,KO O'AHHM TOp!A03HblM ll8Jiytie

HHeM (BepOHTHOC;I,~l0-5). CJI8'AOBaT0JIJ,H0 1 3KCil0pllM0HTaJIJ,HO Ha6JI:ro-, 

AaJICH 8cpqJ0KT CTPYKTYPbl IlllOHa. 

ToqHOCTI, ITOJiyqeHHOro peayJIJ,TaTa, OAHaKo, TaKOBa, qTo TPY'AHO 

C;l\eJiaTI, OITP0'A0Jl0HHble 3aKJIIOqeHHH O BKJI~e aKC:1-laJIJ,HOro B3aID.rn.1{ei1cT

BllH B CTPYKTYPHYIO qacTr, paAHaI(HOHHoro pacn~a. 

I'Jill,Ba IY. IlorJIOll(0HHe MIOOHa B Bo,n;opo,n;e 

3KCIT0pllM0HTaJIJ,HaH IIpOB0pKa rHilOT08bl 00 yHHBepcaJIJ,HOCTll (_p0p

Mll0BCKOrO B3aHMO'A~!1CTBHH (Y~B) B rrpOI(0CCe (f ";, ) (pn-) HBJIH0TCH 

O;l\HOJ.1 Ha OCHOBHblX SaAaq MIOOHHOM qi11s11It11. 

· Ha116onee 'AOCTOBepHb!e CB0'A0HHH O rrponecce rrorJIOJ!l0HllH MIOOHa 

HYKJIOHOM uoryT Ob!TI, noJiyqeHbl, Koueqno, B 3JI0M0HTapHOM aKTe B3all

MO'A0HCTBHH 

;,-+ p -- tt + vi' 
MeTO'AHqecKll: HaHOOJiee npOCTO ua6JIIO'AaTI, 3Ty peaKI(llIO rrpll OOJII,

lllOH IIJIOTHOCTH BO'AOPO'Aa. B CBH3ll C 3THM Ob!Jlll rrpOB0'A0Hbl 3KCrrepHM0H

TaJIJ,Hb!0 llCCJ10'AOBaHHH norJIOJ!l0HllH OTpll:I:J,aTeJIJ,HO sapHllt0HHblX MIOOHOB B 

lltll'AKOM BO'AOPOAe C IlOMOJ!lI,IO litll:;l{KOBO;l{OpO;l{HOM TIY3UpI,KOBOti KaM0pb1( 5 )x~ 

KoHeqnh!MH IlPO'AYKTaMll peaKI(llll rrorJIOJ!l0HllH HBJIHIDTCH 'AB0 H0HTpaJII, 

Hble qacTHI(bl: HeMTpoH C 3Hepr11eii 5,2 M3B ll HeiiTpllHO. Cauo COOb!THe 

rrorJIOl!l0HllH npOHCXO'AllT ;l{OBOJIJ,HO pe;nKo (c BepOHTHOCTI,JO OKOJIO ro-3). 

x) B nponecce rrpOB0'A0HllH 3TOro 3KCrrepHM0HTa OUJIH ony6JIHKOBaHI,I 

coo6m,eHHH O IlP0'ABapnT0JIJ,HblX pe3yJIJ,TaTax 113yqeHHH rrorJIO!Il0HllH 
MIOOHOB B JKH'AKOM BO){O)o;ne B lltll'AKOBO;l{Opo;nnol.1 KaMepe<13) 11 ue
TO'AOM 3JI0KTPOHHKH(I4 • 
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IloaTOMY :ztJrn nytruieit H,n;eHTUcpHKaum-1 OT6op coeiuTHii rrorJIOlllemrn u10oaa 

neo6xo;ztHMO npOH3BOAHTI, no :zlBYM HMCIOl!lHMCH B pacnopflJKeHHH npH3Ha

mrn: OTCyTCTBHIO aJieKTpOHa pacna,zi.a 118 TOl!KH OCTaHOBKH MIOOHa H Ha

JIHl!HI0 npOTOHa OT;ztallll npamm:r,aoii 3Heprll!H OT pacceHHlUl HetiTpOHa 

BHYTPH llYBCTBHT8JII>HOro o6~eMa KaMepH. 

IlpH o6JiytI8HHH lmAKOBO,n;opo,n;HO~ KaMepH B l!HCTOM Ilyl!K8 MIOOHOB 

OT CHHXPOUHKJIOTporia :s 11.EPH"e C>b!JIO JIOJiylleHO OKOJIO 260 TblCHll (pOTO

rpawuii. 

IIpH H7-\8HTH(.PHKau1rn COC>b!THti norJIOfll8HHH MIOOHa HCJIOJII>3OBaJIHCI> 

CJrn,n:y10m11e H:PIIITepHH OT6opa: 

a) CJie;zt npOTOHa OT,n:al!H HM88T ,n:JIHHY npoeKI.(HH ua JIJIOCKOCTI>, 

ne 1JJICII,ll;t11RyJIHPHYIO K OJITHll8CKOiil OCH q>OTOK8.M8PH (XOTH 6H B O,ll;IIOH H3 

Tpex npoeKI.(HH) He MeHee I ,o MM (MaKCHl.laJII>HaH ;ztJIHHa TpeKa npOTOHa 

OT;ztal!H, COOTBeTCTBYIOI~an JIOJIHOii nepe,n:al!e aHeprHH OT HeiiTpOHa, coc

TaBJineT OKOJIO 3 MM); 

6) paCCTOHHHe M8JJtAY TOl!KOW norJIOfll8HHH MIOOHa H npOTOHOM OT;zta

l!H He npeBH□aeT 5 CM. 

IlepBOe ycJIOBHe OTC>Opa o6ecnel!HBaJIO BblCOKyIO aqiqieKTHBHOCTI> 

JipDCMOTpa. OrpaHHl!8HHe o6~eMa, B KOTOPOM OTC>llpaJIHCI, CJiyl!aH He~

TpOH-JIPOTOHHOro pacCeHHHH, pa,zi.HyCOM 5 CM CJiyJKHJIO yveHI>meHHIO l!HCJia 

@OHOBhIX HaJIOX8HHiil. SqJqieKTHBHOCTI> perHCTpaUHH HeiilTpOHOB ,JipH HaJio

JK811Hb!X orpaHHll8HHHX onpe,n:eJIHJiac:r, Ha 3Jl8KTPOHHOH BHl!HCJIHT8JII>HOi1 

MailIHHe M8TO,n:OM MOHTe-KapJIO • 

PeayJII>TaTH o6pa60TKH npHMepHO TpeT:r,eii: l!aCTH 3KcnepHM8HTaJI:r,

HOrO MaTepHaJia CyMMHPOBaHH B Ta6JI.l. 

!IorJIO!ll8HHe MIOOHa npOTOHOM B JltH,n:KOM BO,n:opo,n:e npoucxo,n:HT H3 

cocTonHnfi ;zinyx cucTeM: MeaoaToua ( p)1) H ueaoMoJieKyJW ( PJ4P )(Is; 
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npHl!eM CKOpOCTI> peaKUHH B BTHX CHCTeMax paaHaH. IIoaTOMy HHTepnpe

TaI{HH peayJII>TaTa B 3TOM CJiyl!ae 3Hal!HT8JII,HO ycJIOJKHH8TCH. 

B rrepByIO Ol!epe;zi:r, HYJKHO TOl!HO 3HaTI> BepOHTHOCTI, o6paaOBaHHH 

M83OMOJieKyJihl. UJIH onpe,n:eJieHHH CKOpOCTH o6paaoBaHHH M83OMOJieKyJIH 

).. PP B litH.n;KOM Bo;ztopo,n:e naun 6HJI BHITOJIHeH cneuuaJII>Hl,IH onHT, ua 

KOToporo cne;zionano, l!TO A~p = (2,8± 0,6).I06ceK-I x). 

Ta6nuya I 

8KcnepHM8HTaJII,Hl,18 peayJII>TaTbl onpe,n:eJieHHH CKOPOCTH 

norJIOlll8HHH MIOOHa rrpOTOHOM B JKH,n:KOM no,n:opo,n:e 

I. WccJie;ztOBaHO cpoTorpacpHH 

2. OJKu,n:aeuoe l!HCJIO u10oaon, CBHaaHHb!X B ( Pl )
aToMe HJIH ( Pl' p )-uoJieKyJie 

3. BepoHTHOCTI, perHCTpaI{HH Hei1Tp6Ha rrpH HCITOJII>-

3OBaHHIDC KpHTepHHX OT6opa 

4. qHCJIO aaperHCTPHPOBaHHb!X CJiytiaeB (rrocne Bbl

l!HTaHHH cpoaa) 

5. 8';WleKTHBHOCTI, npOCMOTpa 

6. IlOJIHOe l!HCJIO COC>b!THH C yl!8TOM acp~eKTHBHOCTH 
IlpOCMOTpa 

?; BepOHTHOCTI> norJIOlll8HHH MIOOHa B JKH;llKOM BO;llO

po;zie 

8. CKOpDCTI, rrorJIOJll8HHH /\ { ,-p - h. ~) 

80 000 

(67 ± 4).104 

(8,2±0,6).ro-2 

46 ± 8 

0,90 

51,2±9,3, 

(9,3±1,8) .10-4 

( 42,±8) .roiceK-I 

x) Iloa;ztHee 3TOT OJib!T C>b!JI JIOBTOpeH<16) H JIOJiyl!eH 6onee TOl!HHiil 

1 · ) 6 -I peayJII>TaT 'lpp = (2,55±0,!8 .IO ceK • 
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11CIIOJI:Ei3YH noc.n:e,1taee 3Hat1e1me, MOlitHO oupe,1tem1T:Ei, tITO B llill)tKOM 

B0,1topo,1te B 18 upoueaTax c.n:yqaeB rror.n:omeaHe Mrooaa npoHcxo.itHT H3 coc

TOHHirIH ueaoaTOMa Ao H B OCTaJI:EiHblX CJiytiaHX - H3 COCTOHHH.fl Me30MO

.n:er<yJibl I\ ( f'f'P) , T.e. 

/\{j'-f-Yl'?-) = O,I8!\o + 0,82 A{p,rp) . 
0TCID.ita, npmieHHH rHIIOTe3y· OT Y~B, MOlitHO no.n:ytIHT:Ei OlitH)taeuoe 

TeopeTHtieCKOe 3HatieHHe CKOpOCTH nor.n:omeHHH MIDOHa B litH;ztKOM B0,1topo

.1te<17)' BOCIIOJI:Ei30BaB~HCJ:, noc.n:e;ztHID.rn ,1taHH1:>11.m TeopeTHtieCKHX pa60T 

0 M830MOJieKyJIHpHOli BOJIHOBOH 4JYllKUHH(I8)~ 

J.,;cJIH npeae6peq:r, opro- napa-nepexo,1tru.m B Me30MOJieKy.n:e, ro 
11TeopeTHtieCKaH 11 CKOpOCTJ:, norJIO!i18HHH MIOOHa B litH)tKOM B0,1topo,1te, KOTO

paH ;ztOJIJKIIa Ha6JIIO,ZlaT:EiCH B rryahlp:EiKOBOti KaMepe, 6y,1teT COCTaBJIHTJ:, 

I\ { u-p- h. vJI) = 490 ceK-l. 
/ · / · reo1> 

rpy6hle 01\eHKH rroKa3hIBaroT, tITO To1mocT:Ei aToro aaatieHHH BPH.it 

.n:u .n:yqme IO npoueaTOB. 

CpaBmrna.a 11TeopeTHtI8CKOe" 3HatieHHe C peaym.TaTOM peq,epHpyeMOM 

pauOThl, lla,1.\0 OTM8THT:Ei, tITO npu HCIIOJIJ:,30BaHHJ,IX TeopeTHtI8CKIDC npe;zt

IIOCbIJIKax o6e BeJIHtIHHbl HaxO;ztHTCH B y,1tOBJI8TBOPHTem.HOM cor.n:aCHH. 

~13 peayJI:EiTaTOB OTiblTa c.n:e;ztOBa.n:o, tITO ;ztaHHhlli 3KCnepHMeHT HCKJIID-
) . 

qaeT ( V +A) Bap:,rnHT B3am.w;ztei1CTBHH MIDOHa C HyKJIOHOM (TeopeTHtiec:.. 

Koe anaqemrn A< 200 ceK-1) H ronopliT B no.n::r,ay npHcyTCTBHH qiepirn

eBc1mro B3aHM0,1teitCTBHH ( OTCyTCTBHe qiepuHe:BCKoro B3aHMO;zteliCTBHH 

np1rnO;ztHT K CKOPOCTH /\ o: 260 CeK-l). , 
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