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C UOMeHTa OTKPHTIDl }-teJieHHH ypaHa /I-3/ HayqeHHe uexa

HHaua }-teJieHIDl H]-tep HBJIHeTCH 0)-tHOtt Ha ~JtHHX H HHTepecHHX npo-

6JieM wHaHKH aTOMHoro ~pa. 

~ccne.zionaHruo aToro HBJleHHH nocnamaeTCH 6om,woe KOJIHqa

CTBO 8KCnepHMeHTaJI1,HHX pa6oT. 0.ztHaKO ;1(0 HaCTOHJqero BpeueHH 

HeT e}-tHHOtt TeopHH ;l(eJieHHH H;l(ep, H . 8TO 06'.bHCHHeTCH Tell, qTo 

CKOJII,-JIH6o TOqHoe TeopeTHqecxoe OilHCaHHe CHCTeMH, COCTOHJqett 

Ha uHorax HYKJIOHOB H npeTepnenamme« xopeHHYD nepecTpottKy B 

npouecce ;l(eJieHHH; CBHSaHO c oqem, 60JII,WHIIH Tpy;l(HOCTHMH. Ilo-

8TOIIY ;l(JIH 06'.bHCH8HHH axcnepHY8HTaJI1iHHX ;l(aBHHX HCilOJIJ,SymTCH 

pas1rnqmrn T.eopeTHqecxHe uo.zie1rn, KWR.ztaH HS KOTOPliX OCHOBbIBaeTCH 

Ba onpe.zie11eHHHX npe;l(nonozemrnx o uexaBHsue ;l(eJieHHH. 

BcJie;l(CTBHe aToro o6JiaCTH npHMeHeHHH · uo.zieneii orpam,:qeHH, 

H_.BblBO;l(LI, KOTOPLl8 CJIB;l(Yl)T HS HHX, uoryT 6HT1, paSBl,IIIH H }-taze 

npOTHBOpeqaJqHIIH ;l(pyr .ztpyry; Tell He ueHee 8TOT nyT1i HBJIHeTCH 

noxa, no-BH}-tHMOIIY, e.ztHHCTBeHHO BOSUOlltHI:ill ){J.lfi IlOHHllaHHH CJIOJt

Horo npouecca ;l(eneHHH H;l(ep. 

IlpH paccuorpeHHH npodxeJm .zteJieHHH H;l(ep B cau~u o6meu acnexTe, 

o6pamaeT Ha ce6H BHHMaIDie CJie;l(ymJqee o6CTOHTeJI1iCTBO. CoBpeueH

iyfue npe.ztcTaBJieHHH o uexaHHsue .zteJieHIDI 6asHpyDTCH Ha axcnepH

ueBTam,HHX peayJ.[1,TaTax, nonyqeHHHX, B OCHOBHOII, }-tJIH orpaim:

qeHHOR 06JiaCTH H;l(ep OT pa;l(HH .ztO KMHWOPH:wt. BuepTe C Tell, 

;l(eJieHHe no CBOett npHpO;l(e HBJIHeTCH KOJIJieKTHBHHII npoueccou, B 

XOTOpou, xax npHHHTO C'UITaT1i, yqacTBymT BCe HYXJIOHbl ~pa,H 

uexaHHSM .zteJieHHH B uaxpocxonHqec1to11 pa.ccuoTpeHHH 6y;l(eT cy

mecTBeHHO aaBHCeTJ, OT COOTHOmeHHH KyJIOHOBCXHX H H.ztepHHX CHJ.l 
z2. 

( B IIO;l(BJIH lltH;l(XOtt xanJIH OT napaueT~ .zieJIHMOCTH A / • C 8TOtt 
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TO'llliH speHHH Hccne'AoBaHHaH o6nacTD fl'Aep oKasuBaeTCH orpaHH-
z'2 

qeHHoi,, napaueTp A HaxoAHTCH B npeAemx 84-88, H TOT <Jla.KT, 

qTo sTa o6nacTD He 6una cy~ecTBeHHo pacmHpeHa 'AO nocne'AHero 

BpeYeHH,o6~HCHHeTCH yxe 6onmHMH 8KCnep:m1eHTa.JlDHIDIH TPY'AHO

CTIDIH. 

~eRCTBHTenDHO, npouecC-AenelU1H OKaSUBaeTCH aHepreTHqecKH 
Q. . 

BlirO'AHliM 'Anfi BCeX H'AeP c ~ > 18. 0'AHaKO CllOHTaHHOe Ae3Ie-

HHe, MH AeHeHHe npH SaxBaTe TeMOBblX HettTpOHOB Ha6nro'AaeTCH 
. z'2 

, KaK HSBecTHo, ~HmA 'AHH AOC.TaToqHo Tmte11ux H'AeP A "? 85. 

C 'APYrOtt CTOPOHli Calll,!M THE63IliM. H'APOY, .CilOHTaHHOe 'Ae3IeHHe KO

Toporo B HaCTOH~ee BpeYH xopomo HsyqeHO, HB3IH6TCH 252 Cf 
z2 8 ) . . ( A = 8,I , _a CHHTes H'Aep THEenee Kamupopmm OKasuBaeTCH 

oqeHD SaTPY'AHHTellHliM HS-Sa HHSKoro oeqeHHH HX oopasoBaHHH. 

Heo6XO'AHMO OTYeTHTD TaKEe, qTo, XOTH HS OllliTOB Ha TeMOBliX 

HettTpoHaX 6una nonyqeHa 6onmaH H BaxHaH HH~opuauHH o pas

naqHliX acne~Tax npoueoca 'A83IeHHH, HHTepnpeTauHH aKcnepHueH

TallHliX AaHHliX OKaSuBaeTCH B PHAe cnyqaeB TPYAHOH ~axe B 

xopomo 1rnyqeH~ott o6naCTH H'Aep. 8To OBHSaHO C TeM, qTO Ha 

oO~He SaKOHOMepHOCTH KonneKTHBHOro 'ABUeHHH H'Apa HaK3I~li

BaDTCH a\l)(peKTli, CBHSliHm.te C o6pasoBaHHeY HA8PHBX 06011oqeK B 

·npouecoe 'Ae~opuauHH. YqeT BnHHBHH o6onoqeqHott CTPJKTYPli H~ep

B npouecce 'AeHeHijH BeCDMa cnozeH, a uez~ TeY npz asanHse 

OllliTBliX 'AaHHliX Yli HeHs6exHO CTanKHBaeMCH c BTOtt npo6neuott. 

BuecTe C TeM 8KCnepHM6HTaJIJ:i'HO ycTaHO:MeHo, qTo C pocTOY 

aHeprHH Bos6yxAeHHH AenH~erocH H~pa o6onoqetUil:,l.8 a~~eKTli npo

HB1IHDTCH cna6ee H. npaKTHqecKH HcqesruoT npH 8HeprHH BOS6yx~e-. 

HRH E ~ 50 Y8B.i41 KalteTCH, qTO 8TO o6CTOHTellCTBO AOJDltHO 

SHaqHTe3IDli0 o6nerqHTD HHTepnpeTanHm OllliTHliX pesyllTaTOB. 
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3A80D, OAHaKO, cne~yeT HM8TD B BH'AY, qTo CBOitCTBa HA8P B oc

HOBHOM H BOS6YXA8HHOM COCTOHHHHX YoryT 6HTD cy~eCTB8HHO pas

Hb!MH H noSTOMY AaHHliB, nonyqeHm.te npH BliCOKOtt SHeprHH BOS-

6y~A8HHH, He MOryT BO BC8X cnyqafiX HenocpeACTB8HHO HC-

ll03ID30BaTbCH AHH o6~HCHeHHH npouecca A83I8HHH B63IH3H OCHOBHoro 

COOTOHHHH HApa. 

~3IH HOC3I8AOBaHHH A83I8HHH HAep B BliCOKO B036yXA8HHblX CO

CTOHHHHX HaH6onee Y'A06H!i!MH HB3IHIOTCH peaKUHH, npoTeKam~e C 

o6pa30BaHHeY cocTaBHoro HApa. 0AHaKo, ecnH B KaqecTBe 6ou6ap

AHPYE~HX qacTHU HCil03ID8yIDTCH nerKHe HAPa (HettTpOHH, npOTOHli, 

AettTpOHli), TO IlpH AOCTaTO~HO BliCOKOtt 8HeprHH C npoueccou 06-

pasoBaHHH cocTaBHoro HApa CHHDHO KOHKYPHPYET APYrHe KaHa3Ili 

peaKUHH, qTo BHOCHT 6onbmym HeonpeAeneHHOCTD B 8KCnepHY8HTMD

HHe pesyllTaTH. IlpHMepoM 8TOMy HB3IHIOTCH peaKUHH llOA AettCTBH

eu npOTOHOB BliCOKOit 8Hepr1,rn ( Ep:),:. IOO M8B), rAe B pesyllTaTe 

HyK3IOHHOro KaCKaAa Ha nepBOH CTaAHH npouecca AMeHHe HCllli

THBa6T I\J3;J[aH rpynna HAep :e 6ommou AHanasoHe Z H A. H c mz

poKHM oneKTpOM SHeprHH Bos6yXAeHHH. 

Hau npeACTaBHHeTCH, qTO B HCCH6AOBaHHHX A83I6HHH BOa6yx

'A6HHliX HAep 6ollwym poll uoryT CHrpaTD peaKUHH IlOA A61.tCTBH6M 

Tm:tenux HOHOB ( Ai ~ IO)• llepBHe 8KCIIepm18HTli C THJKenwm: 

HOHaMH IlOKasanH, qTo 8TH peaKUHH MoryT ycnewHO HCil03ID30BaTbCH 
, 

A3IH K03IHqecTD8HHOrO HsyqeHHH 'A63IeHIDI fi'A8P•B mHpOKOtt o6naCTH 

Z HAO 8HeprHe1.t B036YJKAeHHH 'AO 100 118B. r.5- 9] B H~CTOH~ee 

BpeMH C llOMO~ID ycKopeHHHX THxenux HOHOB MOXHO HCC3I6AOBaTD 
z'2 

. AeneHHe H'AeP B AHanasoHe A oT 25 AO 44, H sTa o6nacTD uo-

xeT 6urD, B npHHUHne, e~e 6onee pacmHpeHa. 
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EcTeCTBeHHO, qTO ceqeHlle ;neneHllH ;ztJlil CTOJII> mHpOKOrO 

;nHanaaona H;ztep MeHHeTcH B 6om,mwc npe;nenax,ll p npoueccou ;ne-
. . 

JleHHH KOHKypHpyroT ;npyrlle KaHaJm pacna;na: B086y'J!t;zteHHOrO COCTaB-

noro H;npa. O;ztHaKO B peaKUHHX C THBeJib!Mll llOHaMll cocTaBHOe H.ztPO 

HBJIHeTCH, KaK npaBHJIO, HellTpOHHO-;zteWHUHTHml,ll KaHaJI ;neJieHHH 
z2 

nonnocnro npeo6J1a;naeT y'J!te .ztJIH Bcex Boa6y'Jlt;neHHblX a;nep c A ;,36. 

. C STOtt TOqKll apeHllH npO;ztBHXeHlle B o6naCTh TH'J!teJIHX H;nep Ka

zeTCH uenecoo6paaHHM, TaK KaK B STOM cnyqae ;nenenHe Bcer.zta 

HBJIHeTCH npaKTHqecKH e.ztllHCTBeHHHM cnoco60M pacna;na.Boa6yE-

.zteHHblX H.ztep. 
8TO oOCTOHTeJlhCTBO B OCHOBHOY H onpe;neJIMO oOJlaCTH HC-

cne.ztO:Ba.HllH H~CTOHmen pa60Tbl • 

IlepBaH rnaBa nocBHmena Bonpocau noBe.zteHHH H;ztpa B6J1ll8H 

BepmHHH noTeHUHaJJhHoro 6aphepa, npeo;noneBaeuoro B npouecce 

;neneHllH. B peaKUllHX c yqacTHeu ycKopeHHhlX HOHOB OT I
2c ;no 

40,A. r HCCJle.ztoBaJlaCh 6om,maH rpynna ;zteJIHIJU1XCH H.ztep OT Z = 85 

;no . Z = no. PeayJihTaTbl 8THX OllblTOB [IO I II] BM6CT6 C paHee 

nonyqeHHHMll ;naHHblMll B peaKUllHX C ;nettTpOHaMH ll d.. -qacT~a

MH·[IZ] ;naIDT npe;ncTaBJl6Hll6 0 xapaKTepe KOJIJleKTHBHOro ;ztBH~e

HllH H;ztpa B6Jlll8H ce;nJIOBOtt TOqKH. IlpoBO;ztHTCH cpaBHeHll6 sxcne

pmrnHTaJlhHblX aHalleHllil scfxI>eKTllBHblX MOM6HTOB HHepUllH H.ztep B 

ce;nJibBOH TOqKe C T60peTHqecKHMH pacqeTaMll B MO.zteJill Xll.ztKOtt 

KallJill. 

Ha 88.BllCllMOCTll MOMeHTa HHePUllll B ce.ztJIOBOH . 
onpe;nenHeTCH KPllTHqecKoe aHaqeHHe napaueTpa -

z'2. 
TOqKe OT -A 

' 2. 

( ~ ) KpllT. -

COOTB6TCTBYD~ero rpaHHU6 ycTottqHBOCTH H;ztep no OTHOWeHllID K 

;neneHHID. 
Bo BTOPOH rnaBe paccuaTpllBaroTCH BOllpOCbl, CBH8aHHb16 C 

uexaHH8MOM paa;neneHHH H;npa Ha ;zt:Ba OCKOJIKa. 0IIHCblB8JOTCH OllblTbl 

6 

--l 
i 

. '· 

} 

·1 

11 

I 

j 

ll npHBe.zteHbl peayJJhTaTbl no MaCCOBblM,pacnpe;neneHllHM OCKOJIKOB 

;neneHHH, [r3- 15J a TaK'J!te ;naHHble nq ®lIDKTyaUllHM MaCCbl ll aa

PH.zta OCKOJIKOB (ll80TOllHble H ll806apHble pacnpe;neneHllH OCKOJIKOB) 

npll .zteneHllll THl!ieJlblX H.ztep OT Z = 83 ;no no LIG,17] 

IlonyqenHble aaBllCllMOCTll llCil~Jlh8YIDTCH .ztJIH npoBepKll OCHOB-
·, 

Hb1X npe.ztilOJ10'J!t6HHH CTaTllCTllqecKliX MO;ztenen .zteneHHH; cpaBH6Hll6 

pacqeTHblX ll SKcnepHMeHTaJlhHblX ;naHHblX n08BOJ1HeT c;nenaTh PH.zt 

xaqecTBeHHblX aaKnroqeHHll o npoueccax, npoTeKaro~Hx B Koneqnon 

CTa.ztllll .ztBll'J!t6HllH H;ztpa - B6J1ll8ll TOqKll paapuBa. 

B TpeThen rJiaBe pacc.ua1·p.11BaeTcH .ztenemrn THJKenoro H.ztpa Ha 

Tpll OCKOJJKa. LIB] OTHO~HTeJ1hHO 6onhmaH BepoHTHocTh pacna;na 

BOa6yz;neHHOro H;ztpa Ha TPll qaCTll npll B8allMO;zt6HCTBllll H;nep ypana 

C llOHaMll 20 l\\e ll 40 Ar 06'.bHCHHeTCH HaMH MexaHH8MOM 11KaCRa;n

HOro .zteneHHH 11
' npH KOTOPOM HatraJJDHOe ~po llCilblTl,IBaeT CllJil,HO 

acHMMeTpHqHOe .ztBOfiHOe ;neneHHe C IlOCJ16.1lYIDmllM ;neneHlleM THlK6J10rO 

OCKOJIKa. [IS] 

qeTBepTaH rnaBa IlOCBHmeHa CllHTeay ll80T0noB ll aneMeHTOB, 

,1laJ16KltlX OT ll8BeCTHOtl o6naCTll CTa6HJII,HOCTH. B ;naHHOM cnyqae 

;neneHlle THE6J1b!X H;ztep paCCMaTpHBaeTCH KaK M6TOA CliHTeaa ll80-

TOnOB,[ZO,ZI] o6na;naIOl!lliX 60JII,WHM H86b1TKOM HefiTpOHOB. IlpOBO

;ztHTCH cpaBH6Hll6 C ;npyrHMll M6TO;ztaMll nonyqeHHH HefiTpOHHO-ll86bl

TOqHblX H;nep. OT;zteJihHO paccMaTpHBaeTCH BOnpoc CllHTeaa ll80TOllOB 

B npe;nnonaraeuott o6nacTH cTaOHJlhHOCTH cBepxTR~enblX H,1lep. tZZ) 
OcHOBHble peayn:r,TaTbl ;ztHCCepTa~llll orry6J1lliCOBaHhl B pa6o

Tax [ IO-II] 't.rs-22] ll 6b1JIH ,1l0J10llt6Hli Ha rop)lOHCKOfi KOHq1epeH

Ullll (ClllA,I966), MeJK.n;yHapO;ztHOfi KOHWepeHUUll no qlH8HKe TffllteJiblX 

llOHOB O(y6Ha, 1966), MeJ!t.ztyHapO.ztHOM cm.moaHyMe no CTpyKType 

H.n;pa (TOKHO,I967), BcecoroaHblX XYill ll XIX COBe~aHllHX no H;ztep

HOfi cneKTpocxomm, MeJK;nyHapo;nHoM c1n.moaHyeue no CTPYKType 
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H.D:Pa (Ay6Ha,I968). d6soplll,le .D:OKJia,D;u no TeMe nnccepTaUHH 

npe,D;CTaBJICHli Ha Mem:,D;yHapo~HHli CHMnosHyu no ~H8HK8 H XHMHH 

,D;eJieHHH (BeHa, 1969) H EBponelicKyro KOH~epeHUH!O no B8aHMO~

,D;8liCTBH!O CJIOEHHX H,D;ep npH BHCORon 9HeprHH (~paHUHH,1969) 

Hnm:e npHBO,D;HTCH KpaTKOe conepm:aHHe rna:s ,D;HCC8pTaUHR H 

,D;aHH OCHOBHli8 EHBO.D:H• 

'· 
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rJIABA I 

CorJiaCHO COBpeueHHWl npe,D;CTaBJI8HHHM, :B npouecce ,D;8JI8HHH 

H.D:PO npoXO,D;HT qepes Blln8JICHH08 COOTOHHHe - Ce,D;JIOBY!O TO'IIKY, 

COOTB8TCTBY!Oll\Y!O BepmHHe 6apDepa .D:8JI8HHR. Ilpe,D;IlOJiaraeTCH, 

qTo :B Ce,D;JIOBOtt TO'lllte H,D;pO HaxO,D;HTCH B COCTOHHHR TepMO,D;HHllllH-

qecKoro paBHOBeCHH~ H ,D;aHHoe cocTORHHe HBJIHeTCH no-cyll{ecTBy 

HaqanHWl ,D;JIH BCero ,ll;aJIDHenmero nYTH paB,D;eJI8HHH. 

EcJIH TaKaH CHTyaUHH HueeT M8CTO, To,corJiaCHO CTaTHCTH

qecxott TeOpHH, yrJIOBOe pacnpe.D:eJieHHe OCKOJIKOB O,D;HOBHaqno 

CBH8aHO C 9~8KTHBHW MOM8HTOM HH8pUHH 83~~, xapaKTepHByD

~y ~opuy H.ztpa B ce.D:JIO:so«· TO'lllte,[28,24] 
. . 1 4 

1 - -- -
c,3'l'<P, - fli.· 8.1. 

r,D;e 811 - MOMeHT HHePUHH R)tpa. OTHocwreJIDHO OCH CHWeTpHH 

(COBila.zta!Oll{ett C .HanpaBJI8HH8M ,D;8JI8HHH), 

8..i - MOMeHT unepuHH OTHOCHT8JIDHO. ocii1 nepneH.ztHitYJIHPHOit 

HanpaBJieHH!D .D:eJieHHH. 

B KaqecTBe npe,D;MeTa'zccJie,D;OBaHHH 6HJIH BH6paHH H~pa B 

06JiaCTH Z OT 86 ,D;O no oCSpaBYJ)ll{HeCH B pea.KUHHX c THZ8JIHYH 
I , 

HOHaMH OT 12c .ztO 40 Al" B HHT8PBaJie aneprHH BO aCSpt.zteHHH OT 

85 ,D;O 100 119B. 

YrJIOBOe pacnpe,D;eJieHH8 OCKOJIKOB .zteJI8HHH MOZ:8T 6HTD npe,D;-

CTaBJI8HO B BH.D:_!:,! [IO] . e2sin'(J (2!:>;n20 

W(_0J _ I± f (2e+1)Tt e.xp(- ~-)I0 ( ~) 

W(<Jo"> - Y l (2f'-t-1)Te e.xp (- ~) I (_E) 
1 

,. 

•2 4M "!Ko ._o 4K; 
r.zte Ko = ii 2 ~ ~'P'P T - nonymHpHHa pacnpeneneHHH npoeKUHH 

MOM8HTa KOJIHqecTBa ,D;BHm:eHHH HaqaJIDHOro H,D;pa Ha OCD .zteJieHHH, 

Io - ~YHKUHH BecceJIH HyJieBoro nopa,D;Ka, T - TeunepaTypa H,D;pa, 

ct = (2J+_~) :Vt - napuHMDHl,le ceqenHH o6paao:samm cocTaB

noro $1•,D;pa C .ztaHHHM yrJIOBW MOY8HTOM t . JlJIH onpe,D;eJieHHH 
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aqiqieKTHBHbIX MOM8HTOB HH8PUHH-B6mt8H BepmHHH 6apDepa ,1{8JI8HHH 

H3 .itaRRHX no YI'JIOBHM pacnpe.zteJI8HHHM OCKOJIKOB 6wm nocTallJieHH 

cneunam.Hble onHTH no nauepeHnro yrJIOBHx pacnpe.zteJieHmi ynpyro 

pacceHHHb!X liOHOB, ROTOpHe HCilOJib80BaJIHCD AJIH pacqeTa 0e B 

KW!t.ztOM KOHKpeTHOM CJiyqae. 

PeayJU>TaTH H8MepeHHli npe.ztcTaBJI8HH B Ta6JiliU8 I. 3aBliCH
z'2. 

MOCTI> c3 ~q, OT napaMeTpa ,l(8JIHMOCTH ·A npHBe.zteHa Ha p1,rn. I. 

(Ha pHc.,11aHo OTHomeHHe cJc'P/4 , r;zie 2fc
9 

- TBep,110Tem.lill!,\ M0-
3q9 . 

M8H'l' HH8PUHH c~epnqeCKOI'O H.ztpa, Macca KOToporo paBHa Macce 

paccMaTpHBaeMOI'O H,11pa). 

Ha cpaBHeHliH peaym,TaTOB npH paaJIHqHoii aHeprnn 6ou6ap

.zt*PYIDUU'lX qacTHU H aKcnepHY8H'l'aJIDHHX .ztaHHHX, noJiyqeHHNX paHee 

B OOJiaC'l'li Hli8KllX aHepr~ B086yx.zteHHH B peaKUHHX C ,1{8iiTpO

HaMH H a<. - qacTnuauvi LIZ~ cne.eyeT, qTo B ;nmanaaoHe naue

HeHHH 3H8PI'HH B035yi£.zt8HHH OT I5 ,1{0 IOO Mai li yrJIOBOI'O MOM8H'l'a 
'-. 

H.ztpa .OT 10 ,1{0 60 t B8JlHqHHa ::53~~ B npe.zteJiaX 3KCil8PHM8H'l'aJlD-

HOii.;oqHOCTH OCTaeTCH H8148M8HHOll H.HBJIH8TCH JlHWb ~YHKU:n 
z2 

napaMeTpa A 
~H~epeCHO COilOCTaBH~h aKcneplil48H'l'aJII>HH8 .ztaHHHe C pac

ll8'1'8lll4 ce_itJIOBOit .zteipop11au1m !l:)tep 'B paMKax KJlaCCJ,1ll8CKOii Ka

nem,Hoit MO,l{BJIH H.ztpa. 

Ilpli cpaBH8HHli C OIIH'l'OM 06Hapym1Ba8TCH B8CI>Ma,cy~eCTB8H-
72 . 

Hoe pacxoz.zteHHe .ztnH 6oJIDmRX A , qTo yKaaaBaeT Ha uanyro 

;zie~opuaunro H.ztep B C8.11JlOBOit TQqKe no cpaBH8HHID C ~OpMoii, no

nylleHHOtt B pacqeTax no KaneJIDHOit M0,1{8Jlll (KPHBaH a, pnc.I). 

0.ztHaRO 3TO pa8HOI'JiaCHe npaK'l'HqeCKH noJIHOC'l'DID ycTpaHHeTCH,, 

ecmt (no-npeEHBMY B paMKax M0,1{8Jlli ~li,l{KOli KallJIH) npaBHJlDHO 

y-qecTI> pacnpe.zt8Jl8HH8 IlJIO'l'HOCTH HyKJlOHOB B fl.ltP8 li BB8C'l'li B 

pacqeT r:J: SaBHCHMOCTD IlOB8pXHOCTHOI'O HaTHE8HHH OT KPHBH8HH 
3~9 ' 

IO 

11 

!i 
i 
'! 

I 
J 
11 
11 

I 

' j 

{ 

I 
l 

t 

r ,, 

)I 

f ,. 

I 
f' 

.J 

TA.lillli~ 1 

z2 
PeaKI:-tns: A 

E"' 
h cl~ 

MBB !fu2 q?,(ilj) 

197A u + 14 /\J 35,1 58 42,3 1Z7 1,25 :!: 0,12 

65 ·ro,6 145 1,30 :!: 0,13 

ID951 + 12c 35,8 36 28,5 106 + 1,23 - 0,13 

1CJ?Au + 22Ne 36,2 ?5 57,0 153 1,12 :!: 0,10 
93 67,5 1?4 1,11 :!: 0,10 

ID9f)i + 16o 36,8 35 35, 216 0,62 :!: 0,07 
51 56, 249 + 0,64 - 0,0? 
?1 67 261 + 0,70 - 0,0? 

238v + lf:o 39J1 eo 52 38.5 + 0,50 - 0,05 

238u ~ 40Ar L13_5 ?O 92 1500 0,10 :!: 0,03 

E." - aHeprns: oos6~eHHs: s:mpa B ce,iµtoBoll Totnte 

L - na~eTp: :xapaKT0pH8yIOO\HU pacnpe,I(eJieHHe COCTaBHHX 

gnep no yrJI0B0My WMeHTy 

.H'o
2 

- cpe,1:tmdt RB~pa.T npoeKI.{Hll yrJI0B0ro M0MeHTa ~ Ha 

OCb ,It0JI0HHSi. 

II 
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7f 

de<;> , 
3aBKCID40CTb O'fHOW8HHJl ~- O'r napaweTpa. 'A8JU!MO-

z2 ,J 34'G> · 

CTH A BOs6y.m:,neHHOI'O COCTa!lHOI'O wi;pa. liepHEi8 'l'OllltK -

'ASHHli8 HaCTO~eli pa6oTa, OTKJHTl:l8 Kpy;itRH - p08yJib'faTH 

HSM8p8HKli B peaKD,KIDC C 'A8li'fl)OHSMH H c/-... - ®CT~a

MH [ 121 . CnJIOIIIHaJI KPKBaJI (a) ... pacti8T B MO'A8JIK 

lKH'AROli RanJIK 'AJIJl wi;pa C pesKOli rparou:~eli, KpKBE:18 b. c -

'AJIJl wi;pa C ~Hqxpy:moll I'pB,HBIJ,8li. 
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~HWf>Y3HOil (~Wf>eKTKBHOll) IlOBepXHOCTH HAPa t25] (cu. _KpKBaH b 
p11c.l). 

CorJiacze IlOA06Horo pacqeTa c aKcnepHYeHTa.JIDHHMH ~aHiruMK 

HBJIHeTCH, c Hawen TQqKH 3peHHH, BalKHblM o6CTOHTeJIDCTBOM,H CBH

AeTeJI»CTByeT O TOM, qTo KaneJIDHaH ~OAeJID HBJIHeTCH xopomlfll 

npH6JIKlK8HHeM npH pacqeTe IlOTeHuHaJIDHOll 8HeprHH H H~epHoli 

KOHWHrypaUHH B ce~JIOBOll TotiKe ~JIH Been odnacTH HccJie~oBaHHWC 

HAep. x) HapHAY C 8Tlfll,H3 COBOKYilHOCTH ~aaawc, nonyt1eHHblX B 

peaJCUHHX C paaJIHqHblMH HOHaMH H npH paaHoll 3HeprKH B030yx~eHHH, 

CJie~yeT, qTo npe~IlOJIOX8HHe O CTaTKCTHqecKOM paBHOBeCHH H~pa 

B6JIK3H BepmHHbl dapDepa ~eJieHKH BblilOJIHHeTCH C BblCOKOll TOll- ~--
z2. 

HOCTD!O AJIH BblCOKO BOadyx~eHHWC H~ep c A BllJIOTD ~o 43,5. 
'2. . 

0TM8THM, qTo KpallHHH TO'l'.Ka ! = 43,5 _(pKc.l), IlOJiy-

lleHHaH Ka yrnoBoro pacnpe~eneHKH HAep 140La. npH ~eJie

mm 288IJ HOHaMK 4o A-r. COOTB8TCTByeT 3HaqeHRIO ~c2_ = 0, I. 
' CJ~~~ 

EJiaro~apH BTOYy,Henocpe~CTBeHHO H3 OllblTHWC ~aHHWC MOlKHO Oil-

pe~eJIHTD AOCTaTOllHO TOllHO OCHOBHOil napaMeTp KaneJlJJHOll YO~e-
2 . 

JIH ( f) KPHT.i cooTBeTCTBym~en npe~eJiy cTa6HJlJJHOCTH H~pa no 

OTHomemuo K ~eJieHHIO Ha ~Ba OCKOJIKa. BKCTpattOJIHIJ,KH %i - O 
. 

2 
3~P 

(cwepHqeCK~H WOpYa ~pa B Ce~JIOBOll TOtiKe) ~aeT ~ ! )KpKT.= 

= 46·± I (B KJlaccKqecKoll uo~eJIH lKK~Koll KallJIH ( ~) KpKT. = 

= 50. 12). 

X/ IlpK onpeAeJieHKK IlOTeHUilllJIDHOll BHeprKH ~ewopMKpOBaH
HOrO H~pa B MO~eJIH lKH~KOil KailJIH He yqHTaBaeTCH 
BHyTpeHHHH CTPYKTypa,o6ycJIOBJl8HHaH HeO~Hopo~HOCTllllH 
B pacnpe'AeJieHHH HYKJIOHOB (H~epHHe o60JIOtiKH). OIJ,eHK~ 
noKaaaBalOT, O~HaKO, llTO ~JIH Been o6JiaCTH H3ylleHHWC 
HaMK H~ep o6oJIOll8llHaH nonpaBKa K EH~OKanem.Holi 
BHeprHH ~eWQpMaUHH npaKTHqecKH He BJIHH8T Ha BeJIHllKHY 
~ewopMaUHK1 COOTBeTCTBYJO~ . 3KCtpeMYMY IlOTeH-
UHaJIDHOll BHeprHH H~pa. 

,13 



rJIABA II 

Bume noKasaHo, qTo OCHOBl!Ne xapaKTepHCTmtH H;ztpa B KBaSH

CTaUHOHapHOM COCTOHHHH B6JIH8H BepmHBN 6apDepa MOryT 6liTD onpe

;zteJiel!N AOCTaT~qHO TOqHo. ~aJIDHeitmee ABUeHHe H;ztpa OT C6AJla AO 

TO~H paapHBa HBJIH8TCff B6CDMa CJIOEHliY,H CBe;zteHKH O He~ YOryT 

6HTD IlOJiytlel!N JIHlllI, B Haq~wit MOMeHT (BepmHHa 6apDepa) H B 

cauoit KOHeqHoi! CTa;ztHH (paa;zteJieHHe Ha AM OCKOmta). B 8TWC yc

JIOBHl'IX aapH;ztOBlie H MaCCOBlie pacnpe;ztenerum OCKOJIKOB, cyin1apHaH 

KHHeTHqecKaH 8HeprHH H W1IllKTyaIUIH KHHeTHqeCKOit 8HeprHH OCKOJI

KOB HcqepilliBaDT, no-c~eCTBY, AaHHHe, OTp8.lltaDIIUl8 uexaHH8)1 Ae~ 

neHlUl. 

OqeBHARO, qTo ;ztnfl CJIOEHO~ H,2tepHOit CHCT8YH co YHOrllllH 

. CTeneJUIMH CB060;ztH, HCilliTHBaD~eit KopeHHYD nepecTpOitKy npH 

;zteJieHHH, 8TlfX ;ztaHHWC HBHO HeAOCTaToqHo. Il08TOYY ;ztJIR OllHCamIH 

HBJieHKH IlpHMeJUieTCH Ta MH HHaH YOAeXD, B KOTOpoit npHHllllaeTCH 

aapaHee onpe;zteneHHaH saKOHouepHocTD paaBHTHH nponecca. 

B naqaJIDHOit cTaitHH·nponecca - B6JIH8H 13epmHHH 6ap»epa 

;zteJieHHfi - COCTOBBHO B086Y3;zteHHOro H,llpa xapaRTepH8YDTCH YeA

neHHHMH HSYeHeHHHYH ;zteWQpYanHH no OTHOmeHKD K xapaxTepliliY 

~peYeHaM 06MeHa ~rneprHH Y8llt'AY pasm1qHHYH CTenemtMH CB06o~ • 

. IlpH ;zt~HeitmeM ABW!t8HHH K TOqKe paspaBa CKOpOCTD HSMeHeHHR 
'· 

A8WQpManHH 6yAeT BOSpacTaTD. Ilpe;ztnonaraeTCH,OAHaKO, qTo no 

BCeuy IIYTH ABUeHHH OT C8AJia AO MOMeHTa paspHBa 8TO H8YeHemte, 

AewopuanHH OyAeT npoHCXOAHTD Me;ztJI~HHee no cpaBHeHHD C xapax

TepHHY BpeMeHeM smepHOit penaxcanHH. aTO Il08BOnfieT npe;ztcTaBHTD 

H;ztpo Ka.It HSOJIHPOBaHHYD CHCTeuy, H8XO;ztH~H B TepMOAHHaMHqe

CKOY pa1rno,BeCHH Ha BCeX 8Tanax ;ztBHllteHHH OT CeAna AO TOqKH 

paspaBa C26J . TorAa B~c» nponecc uoxno paccuaTpHBaTD Ha cauo11 
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nocne;ztHeM STane - B TOqxe paspaBa~H npHMeHHTD MeTO;ztH CTaTH

CTHqecKoit TeOpHH ;ztJlfi OllHCaHHH OCHOBHh!X aaKOHOMepHOCTeit :z1e

Jl8HHH. 

B npHMeHeHHH K ;zteJieHHm HS BOS6yE;z\eHHb!X COCTOHHHit TaKOit 

no;ztXOA Ka.lfCeTCH onpaB)\aH&lM HS o6nua: coo6pW1teHHit, Il08TOMY 

8KCilepHMeHTaJlDHaH npoBepKa npHMeHID.IOCTH CTaTHCTHqecKOit Teo

PHH B STOY CJiyqae HBJIHeTCH IlPHHUHilHaJI»HOit. 

HeoOXO)\HMO OTMeTHTb, qTo C IlOMOl!IJ,ID CTaTHCTHqecKOit MOAe

JIH 6HJIH o6~HCH8HH H6KOTOpHe 8KCnepHMeHTaJIDHble ;ztaHHHe [ 7, 8, 27 ] 

npH ;zteJieHHH BOS6YJK;zteHma: H;ztep. O;ztHaKO, AO nocne;ztHero BpeMeHH 

CHCT6MaTHqecKH HCCJie;ztoBaJICH JlHlllI, orpaHHqeHHHit Kpyr nerKHX 
7'2_ • 

H;ztep C ; OT 31 ;ztO 35. 

Hmite 6y:z1yT KpaTKO npeACTaBJI6Hli OCHOBBUe pesyJIDTaTu.omz

TOB no HSMepeHHID MaCCOBHX H sapH]{OBHX pacnpe;zteJieHHit OCKOJIKOB 
z2 

.zteJieHHH ;ztJIH H;ztep c. A OT 34,5 .n;o 43,5 B mHpOKOM llHTep-

BaJie 8HeprH~ BOS6yx.n;eHHH. 

IlpH OC>JiyqeHHH 181 Ta, 209 B i H 238u ycKopeHHb!MH 

HOHaMB OT 12c .n;o 40 Ar pa;ztHOXHMHqecKHM MeTOAOM BH;zteJIRJIHC» 

OCKOJIKH B mnpoKOit 06JI8.CTH Mace OT 90 ;ztO 210. 

B ;ztaJIDHeitmeu C IlOMOntI,JO Ge (Li)' cr- cneKTpOMeTpa HSMepH-
1 

JiaCD _O ~ pa,n;BOB.KTHBHOCTD OCKOJIKOB1 IlOJiyqeHHhl~ CileKTp o6-

pa6aTHBaJICH C neJIDm B.D;eHTH~HKaUHB ll80TOil0B ll onpe~e~eHHH HX 

BWCO;zta no H8BeCTHHM .0- nepeXO;ztaM,COOTBeTCTBYJO~HM .n;aHHl,IM 

HAPaM. ~JIH H;zteHTHWHI<anHH ol - pa;ztHOaKTHBwx ocKOJIKOB ;ztene

mm HCil0JlD80~aJICH 5; (Au)- noBepXHOCTHo-6apDepHHit ct. -cneKTpo

MeTp. 

l. EHJIO Hait;zteHo, qTo ;ztJlfl BCeX HCCJie;ztyeMNX .fI,Z{ep MaCCOBOe 

pacnpe;zteJieHHe OCKOJIKOB ;zteJieHIDI xopomo OllHChlBaeTCH·rayccoBCKHM 

pacnpe;ztenem-1eu: 
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Ao 2. 
1 . (~-2) 

P(A{) = (_2JiG2./2 e.xp - 2152 , 

r,Ite Ao - ua.cca .I(SJIJml8I'OCH ~pa. ,• 

3a.EHCHMOCTb napaJleTpa lllKPHml E.CCOBOI'O pa.cnp9.I(eJI8HHJi O'l na
z2 

paueTpa ,I(8JIHMOCTH A ,I(lUl ~ep C 8H8pI'H8A BOSC>~eHilH rv 100 1113B 

npe,ItCTaBJI8Ha Ha pKc.2. 

2. .l{JIH HSMepeHHH sapsmoBOI'O pacnpe.neJieHKH OCIIOJIKOB ,I(eJ18HHH 

/<pJIIOireyaQKH sa~a ocROJIKOB <pKRCHpoBS.HmA MS.CCW npKMeHffJiaCb .a
TO,ItHKa 008JI8118H'lHOI'O BB,It8JISHKH OCKOJIKOB B DlllpoHOA OC>l[S.C'l'H MB.CC 

~ep H OOJiylleHHH8 BHXO,I(H HSOTOOOB HCOOJili80H3JIHCb ~JIH OOC'fp08HHH 
1 . - . 

. HSOC>apHHX H HSO'fOlIHliX plCnp9.I(eJI8HHA. Hs OnBTOB CJI9,I(yeT, tl'l() BH-

xo.na HSo6apoB C Z I O'lJIHtnlHX .OT HaH()OJI88 B8p0ilTil>I'O SHB.1i8HIU1 Z p 1 

OOHCEIBSIOTCJI rayccOBCROA ltpHBOA: 

,t (z -Zp)2. 
W ( 7 - Z ) = --- e.xp - n ,.>2. 

'- - P (.2.rie2.)'Y2. ""--'02 • 
z . z2. 

3aBHCHMOC'l'H ,I(HcnepcHH sap~a OCKOJIKOB OT napa118Tp8. A 
8H8pI'HH B08C>~eHHH H 8CHMll8'1'pHH pas,neJI8HHH B08C>~8ImlDC ~ap 

npe,ItCTaBJI8HH Ha p11c.8 (a,15,B.) 

3 • .l{lUI IIIHpoROA o6JiaCTH ,I(8JIJm\HXCH ~ep npH paSJIHtmOA 8H8pI'HH , 

BOSC>yllr,IteHHH C>HJIO H8MepeHO Tmate yI'lIOB08 pacnp8,I1;8B~HH8 ·H cpe.nH88 

tmCJIO HeATpOHOB . - _ )I 
1 

B08HHRB.DqHX npll ,I(8JI8HKH. axcnepH118H'rSJIW1He 

.namme .ztlUI pasJIHllHHX peaxQHA npe,Itc'l'8.Bxemz B Ta6JIHQe n , 
'-

IlpoBe,neHO CpaBH8HH8.8RC08pH118H'lSJibHHX ,naHHHX no 118.CCOBHI& H 

sap~OBEDI pacnp8,I1;8.l'.8HKJDI OCKOJlROB C np9.I(CRB.8B.HH811 CTaTHCTHll8CRHX , 

110,IteJieA ,I(8Jl8HHH s;u;ep. B p~ CTSTHC'l'Hll8CROA lll,I(8JIH B8p0H'l'HOC'fb 

,I(8JI8HHJl B08C>~8HHOI'O R,IU)8 C ,ItaHJIEDl O'fHOm8HH8M 118.CC- OCROJIKOB 

Onp8,It8JIH8TCH xax: 

r.A.E 

- 2. 
· - C At - Af) ] 

p ( E'r ) "- . e.xp - L Ai (AOt ' 
'o2.W -.!.. 

._-2. -ri.~J -A;=½° <AD> = I L 2 ao Af::A 

-16 

I . I 
'1 

\ 
'i 
I 

\ 
11 

l' l 
l 
,\ 

) 
,1 

1 
i, 

F\lc. 2. 

3000,r.---,-r----.-----.--r-.----.----.---.---r--r--...--. 

262 

2000 

moo 
-◊---- ,,t/ 

-;::-6-2-----

.30 .35 

/~~-

A1/ 
)/ 

/ 

. La 
b,c 

4o z.? Lts 
7f 

3aBHCHIIJCTJ, mllJ>■Hii Ma.CCOBOro pacnpe,IteJieHBH OCKOJIKOB . z2 
o'l'. napu1eTpa ,It8JIHMOCTH A • trepHHe 'lOtmH - .ztamme 

HaCTO~eA pa6oTH, Rpy.EKH - pesyJIJaKTH OOJIJ'118HHWC npH 

,I(8JI8HHK JI8l'RHX ~ep B peaRQIUDC C: TBE8JIHIIH HOHS.IIH [Z7] 

ffpHBH.8 Q., b, C - peSYJib'la.TH pacll3TOB B pa.MKBX CTSTH-

CTHll8CKOA MO,I(8JIH ,I(€JI8HH$1 [2.8] C HCOOJib80:oo.HH8M pas

JIHllHHX qx>puyn .ItlIH ·mcc ~ep: (a) - qx>pwyJia KaMepoaa l291 
C..b)- cpop14ym I'pmw. [30?(c )- Mrutepca H CBHTeQxoro· [ 311. 
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4p 1! f T(H1f) 

PHc. 3. 3a.BHCHWCTI> mHpHHli aap~0B0I'O pacnpe~8JI8HHH 0CK0JI-
z2 . . 

BOB 0'f napaKe'lpS, 'A8JIHM0CTH A .. ( a J, accHMeTPHH paa-

'A8Jl8HHH ( CS ) H TeKIIepa'i'ypEi ( B) · npH 'AeJieHHH ~ep B 

peaKqHJDC C TJillt8JIBMH H0HallH. CnJI0llJHH8 JIHHHH - ~SHHlie 

pactreTa q>moll'l'y~HH aap~a 0CKOJIK0B B CTaTHCTH'll:OOK0it 

uo~eJIH 'A8JI8HHH l 28 J , mTPIDC-OyHICTHpHlie ~HHHH - y-qeT 

'A0Il0JIHHT8JihH0R !pJIIOKT~HH aap~a, CBHBaHHDR C KOH8'1l:

HI:ll( pa8M8p0M mefixH B MOM8HT paBp!iBB.. 8KCil8pHM8HTaJih

Hl:i8 TOtnm: Kpy.m:KH - ~amm.e HSCTOffl\8R pa60TEi, KBBJ:U)ST 

H Tpeyron1>HHKH - pe3yJILTaTu pa(jol7' 321 • 
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/1 
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,II 

,) 

i, 

l 
l 

Pearu.{HH 

. 
H17Au + 16c) 

lWAl.: + 22Ne. 

ID9r.,i + 16c) 

ID9fli:, + 22Ne 

238u + 120 

238u + 22Ne 

ro9eii + 40Ar 

z2 
A 

35,5 

36,2 

36,8 

37,4 

38,4 

40,0 

41,0 

19 

E."' 
M3B 

88 

109 

. ?4 

w 

45 

105 

105 

TABJlliI..IJ\ 2 

'J 

9,8 ! 1,0 

11,5 !: 1,0 

+ 10,5 - 1,0 

11,0 !: 1,0 

8,5 !: 1,0 

14,0 :!: 1,2 

13,0 :!: 1,5 



~HcnepCHH sap~a OCKOJIKOB C MaCCOH 

npocTHM BHpWK8HHeM:l
28/ 

2 - 1 ~
2
iv -1 

loz ~ T L 2 r,~- -:,'- ] • z:zr 

A,. npe.ztCTB.BJIHeTcH 
T 

A~.T 
'1 E_. '», • 

/ 

I'.D;8 T - T8MII8paTYJ)8, M!)B. H (:,_ - KOaqxp. B MaCCOBOH qopyYJI8 
I 

/Tllna cfoPMYJIH Ba.HI{88KKepa/ npH 8H8pI'HH CHMM8TpHH ~pa 
. . (A -2Z)2. 

Ee:,.,,, = f> A 
CnnomHHe KpHBH8 H8. pHc.2 H 3 /a,6,B/ npe.D;CTBBJimoT_pac-

z2 
ti:eir, npoBe.zteHHHH B paMitaX cTa':l'HcTHtreCKOH YO,IteJIH. IlpH A > ID 

Ha6JI10,ItaeTCH CHJibHOe npoTHBOpeti:He 8KCil8PHM8HTaJibHHX ,It8.HHBX C 

npe,ItCKaaaHHmm MO,It8JIH, KOTopoe nposmnH8TCH npaKTHtl8CKH BO 

BC8X H8M8pHeMHX SaBHCHMOCTHX YB.CCOBBX H sap~OBHX pacnpe.zte

JieHHR OCKOJIRO B. 0TM8THM' tlTO 8TH pa.SHOI'JiacHH H8 1\40 I'yT 6HTb 

ycrrpaHeHH. HHKaKHMH BapHa.QHHMH napaxeTpoB pacti:eTa B pasywmx 

npe.ztenax. 

CyTb pa.8HOI'JiaCHH 8KcnepHM8HTaJibHHX .ztaHHHX C npe.ztcKasa

HHSIMH CTaTHCTHqecKOH MO,IteJIH 8a.KJIID'tlS.8TCH, KaK HaM B:aJB:8TCH, B 

TOM, tlTO C,It8JI8.HH B p~e cnyqaeB H80npa.B,ItaHHHe np8.D;Il0n0lll:8HHH 

0 MexaHH8M8 npoqecca .D;8JI8HHH. CyiqecTBOBaHH8 CTaTHCTHtl8CKOI'O 

pa.BHOB8CHH .D;JIH B086~8HHOI'O M!)B. B TOtlK8 paspHBa, KOTOpoe 

HCDOJibSyeTCH .D;JIH pacti:eTa nOT8HI{Ha.JlbHOH 8H8pI'HK ~pa, a 8ST8M 

H BC8X ,D;PyrHX BeJIHti:HH, .RBJB:e'fCH COMHHT8JibHHll no CJI8.ztYl(lqHM 

npHti:HHBll! 

B npHK8H8HKH K pacnpe,It8JI8HHS!M Ma.CC OCKOJIROB ,It8JI8HHH 

CTaTHCTHtl8CKOe onHcaHHe Cnpa.Be,ItJIHBO,Ra.K HSK KWK8TCH, JIHlll:b 

B TOM cnyqae,eCJIH xapaKTepHOe Bp8MH acmweTpHtIHHX KOJI8C>8HHH 

CHCT8W npK cnycKe C C8,ItJIOBOH TOtlKH Cylq8CTB8HHO M8H:blll8 Bpe

M8HH H8M8H8HHH ,D;apopMB.QHH [ 32 ] /r'f;A.E'I' >> 'f:; A~JI. /. &ecTe C 
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T8M CK0p0CT:b H8M8H8HHH .D;eqop~HH M!)B. MHHHJW.JI:&Ha H8. Bepmme 

6ap:&epa .D;t3JI8HHH H MaKCHMaJibHa -BC>JIHSH 'l'OtlKH paspma; B DOCJI8,It

H8M cnyqae OI{8HRH noRaSHBBIOT, .trro poCT .ztapopMa.I.{HR np0HCXO,ItHT 

HB.CTOJI:&KO C>EiCTpO, tlTO npoqecc ,ItBHlll:8HHH yrl.8 H8JI:b8H pa.CCMa.TpH

BaT:& Ra.K RBaSHpa.BHOBecmtlt. aro o6cTOHT8JI:bCTBO IlpO'fHBOpeti:HT 

npe.ztnOJIOlll:8HH8M CTaTHCTHtreCKOii KO,It8JIH .D;8ll8HHH. 
z'2. . • 

,l{JIH pa.SHBX 8H8.treHHll A C'l'apTOBB.8 cpHryp,1 /ce,Ip!OBElJl 

TOqxa/ WryT C>HT:b Cylq8CTB8HHO pa.SHBMR ./pHc.11, Il08'lOyY paa-

JIHtlHIDl C>Y.zt8T H tlHCJIO £llt8PHHX KOHpHI'ypaIUIH Ha BC8M I1YTff ,ItO 

TOlIKH paspHBa. EcnH yqeCTb ycKopeHHHH xapmtTep .D;Bmt8HIIH, TO 

cne,ItyeT npe.ztnOJIOJKHT:&, tlT_O OCHOBHyIO llaCT:b BpeMeHH ~ HM88'l' 

.zt$pMa.Qmo, CHJibHO OTJIHqaraeyIOCH O'l' q:urypa B TOtlK8 pi.spma. 

OTO 08H8.ti:aeT, tlTO cy,It:&6a pas,It8JI8HHJI pemaereg 8Bati:H'!8JibHO 

pam.me MOM8H'l'a, KOI',Ita ~ 'YJK8 C>JIHSKO R qiopMe ,ItByx ~HBH

,ItyaJibHHX OCROJIROB. B npoqecce H8M8H8HKH .D;apop~H RBllt,ltM HS 

qlHI'yp xapaxTepHSyeTCH Onp8,It8JI8HHOA YC'l'OHtlHBOC'l'bIO ( (f )no O'f

HOW8HHIO K acmmeirpHtIHHll BaPH~HJIM qiopi.ia ( 331. IlpH.'faKOII 

paccMOTpeHHH qJJIIOK'l'yaI{HH Ma.Cea H sapSWi OCKOJIKOB C>Y.zt8T 8aBH

C8Tb OT CROp0C'fH H8M8H8HHJI ,IJ;apo~RH K O'f HatlaJibHOA qopMH 

S:l,Il;pa. TotlHB.R pacti:eir npe.ztcTB.BJIHeT·onpe.zteJI8HH118 ~en, O.D;

HB.Ko, HH'l'epeCHO ymsaTb ,ItBa npe.zt8JibHEiX CJiy'tlB.JI, ,ItJIH mmpax 

cneKTp Mace OCROJIKOB IIOJB:8'1' C>Ii'l'b pacc,mma ,!tOC'l'S.TOtlHO TOtnl>. 

a/ Ilpoqecc cnycKS. c cewra npo2c:XO,IJ;HT aacron1,m C>acTpo, 
,,_. AC. 

tlTO '"'('. AE'P ,( l. K~II. • Tor,IJ;a xaccoBoe pacnpe,IJ;eJieHHe cinpe.zte-

JIJI8TCH B OCHOBHOM C8,ll;JIOBOl:t KOffPHI'YPSQH8ii ~ H OilHCB.Ba8TCH 

rayccoBCKHII pacnpe.zteneHHeM c ,ItHcnepcHell,pacllllTiil3ae11>ll c no

MO~hlO SHati:eHHll c(f)B C8,ItJ!OBOii 'l'OtlK8 ( 33] ; 
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6/ npoQecc npoTeKaeT HaCTOJibID M8,IJ;JI8HHO, trrO B K~BH 

YJM8H'l' BpeMeHH ycTaHaBJIHB8.8'fCH CTaTHCTHqecKOe paBHOB8CH8 

( "C Ji.E'P >> 't: :~~) I H CHCT8M8. 8aHIUAaeT noJio:m:eHHe I COOTB6TCTBYJOUj88 

MHfflDiYMY ee noTeln..tHaJibHott aaepI'HH. Tor.n;a MaccoBoe pacnpe.n;eJie

HHe onpe.n;eJI.a:eTCSI ycTOHtmBOCTbID sn:q>a no OTHOW8HHIO K aCHMM8Tp11q

HHM BSPHa.L\H.HM qx)pl!H B 'l'O'tllt8 paapHBa ./cTaTHCTHtreCK8.H MO,IJ;8Jlb 

,IJ;8Jl8HHW. 

2cz 2 

3a.BHCHMOCTb 6 A ) ,IJ;JISI ,IJ;Byx 8TIDC CJiyqaeB Ilp8,I\CTSBJI8Ha 

Ha pHc.4. 8KcnepHM8HTMbHB8 TOtJRH 8aHHMa.IOT H8KOTOpoe npoMe:m:y

TOqHOe aaaqeHHe M8'JUU' pacctm'l'affiil:lMK RpHBf:ilm, H 8TO CBHA8T6Jlb

CTBY8'f O TOM, trl'O BepoHTHOC'l'b paam1qHIDC cnoco6oB ,I\8JI8Hlrn: B08-

6yJt,IteHHHX TSllK8JIBX JI,D;ep onpe.n;eJI.a:eTCH BCett HCTOpHeR pa8BHTHH 

npoQecca OT ce.zvra. .n;o TOl:KH paspHBa. 

KoJI11qecTB8HH08 CpaBH8HH8 C onaTHHMH ,IJ;SHH!:WH MOlK8T 6aTb 

Il0Jl,Y1l8HO JIH!llb Ha OCHOBe ,T.tHHmmqecKHX pacqeTQB, KOTopae B aa

CTO~ee Bp8MSI CBHSB.H!i C 60JilillIBMH Tpy;D;HOCTJlKH. 

.I '2. 
Ha6JI1QitaeMOe corJiacHe aKcnepHMeHTM.bHElX aaaqeHHR 6 c 

pacqe'l'8MH B CT8THCTHq8CKOH MO,IJ;8JIH ,IJ;8JI8HHH ,IJ;JIH JI8I'RHX ~ep 
z2 . 
A = 31-34 o6'bflcHHeTCB: T8M, tITO B 8'1'0'1 o6JiacTH q,opMa sui;pa 

MBJIO M8HH8TCH OT ce.n;Jia K 'fO'tllt8 paapHBa. IloaTOMy MaCCOBOe pac

npe.n;eJieHHe OCROJIROB,H88aBHCHMO OT IlPEmilOJIOlK8HHH O xapaKTepe 

,IJ;BHit8HH.a:, OKB.SEmaeTCH npaKTHqeCRH 0,1.tHHaKOBl:ill /.n;ocTa'IOtIHO :aa

nOJIH8HHSI YCJIOBHH CT8THCTHtl8CROro paBHOB8CHSI CHCTeMB B ce.n;JIO

BOH 'l'OtIB:e/. 

B OTJIHtme O'f MB.CCOBOI'O pacnpe.n;eJI8HHSI OCROJIROB,npoQecc 

pacnpe.n;eJI8HHSI aa.pH,D;a MeJOzy 6y.n;yiqHMH OCKOJIBruffl MOl!IBO' IlO""BHAH

MOyY, paCCM8.TPHB8.Tb KaK npoQecC K~8HpaBHOBecHBR, TaK KaK 

BpeMSI ,IJ;BHlK8HHH OT ce.n;Jia R TOtJRe paspHBa 0Ka8BB8.8TCSI CY!ll8C'r-

' B8HID 6om.Il!HM xapaKTepHOro Bp8K8HH ~HnOJibHliX KOJie6aHHll R~pa 

/ 'J 4Eq:> >> 't.,urn . KO,\ ) 22 
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A 
PHc. 4. 3aBHCHMOCTb WHpHHI:i Maccoooro pacnpe.n;eJieHHH OCKOJIKOB 

z2 . 
.n;eJieHH.a: OT napaueTpa A I paccqHTaHJ-ia.sr B npe.n;noJio-

'1'.emrnx: 

1 - Maccomsr ,T.tHcnepcHH OCKOJIKOB OnpEm8JISI8TCSI 

Q8JIHKOM ycTo8tIHBOCTl>IO C8,IJ;JIOBWC ¢Hryp K acmweTpHtI

. HBM BapHar.uiSIM (fiOpw, 

. 2 - MaccoBoe pacnpe.n;eJieHHe onpe.n;eJisreTcsr ycTo

tIHOOCThID KOHqlHI'ypa.L\HH B TOtlK8 pasp1:ma, 
· 2 z 2 
2.a. - 8aBHCHMOCTb 6 OT A B cTaTHCTHqecRoR 

MO,IJ;8JIH ,IJ;8JI8HHSI, 26 - yqeT ,IJ;OilOJIHHT8JibHOH ,IJ;HcnepcHH 

Macca OCKORKOB,CBSISaHHott C BOBMO~HOtt ¢JIIDRTyaQHeR 

JIHHHH paap1:ma. 
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Bcne,n;cTBHe aToro, ruiK HllM KWKeTcH, no~eHo xopomee co

rnactte aKcnepHMeHTanbHoit SaBHCHMOCTH Ha.H60J1ee Bepomttoro sa

pima oT Maccu ocKomw. c rHnoTesolt pacnpe,n;e_nemrn sapima oc- 0
" 

KOJIKOB HS JCJIOBHSI MHHHMyMa IlOT9HqHaJlbHOit aHeprHH ~HCT9M!i B 

Totrae paspHBa /pHc.5/. Tor,n;a pasHornactte Mex,izy TeopeTHqecKHMH 

H 8KcnepHM9HTaJlbHHMH ,n;aHH!iMH <pJIIOKTyal.lRH sapH,D;a OCKOJIKOB 

,Il;OJDKHO: 0 6'bHCHHTbCSI HmutH npHqHHaMH. 

HaM npe,n;CT8.BHSI9TCSI, qTQ Ha6mo,n;aeM!i9 saBHCHMOCTH E'.; OT 
z'2 

napaMeTpa A , aHeprHH B086y2K,D;eHHSI H acHMMeTpHH ,n;eneHHJI 

MOI'JT HatiTH Q()'l,SICHeHHe,ecJIH yqHTHBaTb KOHe~ pasMep PBY

n:ieltcg meitKH 

liyKJIOHH, HaXO,Il;Sl!IlH9CSI B meltKe B paitoHe nJIOCKOCTH paspHBa; 

pacnpe,n;enmoTCSI c~altHHM o6pa80M M~ OCKOJIKaMH, BCJl9,ll;CTBHe 

qero nOJIBJISI8TCSI ,Il;OilOJIHHT8JlbHaSI ,n;HcnepCHSI sap.s;n;a OCKOJIKOB OT

HOCHT9JlbHO Ha116onee BepoSITHHX 8HaqeH11lt. IlpHHHMWI BO BHHMaHHe 

8TO o6CTOSIT8JlbCTBO, MlXHO npe,n;CTaBHTb IlOJIHYIO ,Il;HCnepcHro aapima 

OCKOJIKOB B BH,n;e cyw.ra: 

Q. ( ,2.) . (<o2.) 
Q:,2 = L52 T -t- 2 PA3P ·, 

r,n;e ( G z
2 2-.- TeMIIepaTY!)Ha.H <pmp~HH aapima ocKoJiira, 

• l 

onpe~eJrneuaR B CTM'HCT11qecKolt MO,I1;8JIH ,I1;9Jl9HHSI. Ha OCHOB8 ,n;ammx 

npe,n;CTaBJl9HHit npoBe,n;eH pacqeT 0; ,D;JISI BC8X HCCJie,n;yeMHX Ha.MH 

.s;n;ep. PesyJlbTaTH. pacqeTOB DpHBe,n;eHH Ha p;rc.3 a,6,B ,./nYHRTHp:.. 

HH.e KpHaue/. 

IloKaSaHO, qTQ pacqeT npaBHJibHO nepe,n;aeT, B o6n:iHX qeprax, .. z2 
xapaKTep HBMeHeHHH sapimoBolt ,n;Hcnepc:r,rn OT A , aHeprmt 

BOS6~eHHSI H 8.CHMM9TpHH pas,n;eneHHSI HaqaJibHOro smpa. 

Bonee ,n;eTaJZbHOe paccMoTpeHHe Tpe6yeT ,n;an:oHeitmero pas

BHTHH TeopHH ,ll9Jl9HHSI. 
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3aBHCHMOCTb HB.H6oJl88 B9p0a'l'H01'0 aapsma OT Ma.CCEl oc

KOJIKOB, oCSpa.syxniHXCSI B peaxqHH 238 U ( ID Ne , t? 
JlHHHH COOTB9TC'my:ro'l' npe,n;CitaSaHHSM paaJIHtllfilt I'HilO'f88 

pacnpe,neJ18HHSI aap.m:(OB OCKOJIKOB: 

1 - pa.BHBJI IlJIOTHOC'fb aapsmoB, 

2 - pa.BHOe cuen:ieHHe sapsmoB [ OO J, 
3 - pacnpe,n;eJieHHe aap.m:(OB OCKOJIKOB HS ycJIOBHSI 

MHHH?dj'W IlOT8~H8JlbHOit aHepI'HH .s;n;pa B TO'QB:8 paa

pEma [28]. 
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PJIABA Ill 

· O.rtmm HS BWKHI:lX H mrrepecmx BOnpoCOB npH H8ytr8HHH P85l

n~a TSllt8JIWt: smep HBJUI8TCH ,It8JI8HH8 ea TpH OCKOJI!la.. 

M8B8CTHO, ll'l'O npH BI:llly.iit.It8HHOM ,It8JI8HHH 
236U H CilOH

TaHHDM ,It8JI8HHH 252 C.f npHMepHO B - 1- ,ItOJI8 CJiyq8.8B Haomo-
400 

.rtaeTCH pa.c~ smpa ea TpH qacTH C o6pa80BaHH8M ,ItByx OCKOJIKOB 

H d., ..qaeTHQH • ,l:{aJibHeAmee H8ytr8HH8 TpOimoro ,It8JI8HHH 

smep 234u , 236u , Pu H 252 C.f IlOKa8aJIO, qro eapH,Ity e 

4 He B npoQecee ,It8JI8HHH B08MOJKHO o6pa80BaHH8 ClOJiee Trolt8JIBX 

smep 6,SHe , ?,8,9,10Li , 9,10,He,e , 11,13,15 5., 12-16c 

H 'l'.,It. [34-36] 

O.rteam, C poeTOM Maeea. Tp8Tb80 'IW.CTH~ B8pOSl'l'HOCTb TpOii

HOI'O ,It8JI8HHH pesKO J¥8H1>maeTeH, H B eJiyqa.e o6pa80BaHHH smep 

C z > 8 eeqeHHH 0Ka8EI.Ba.8TCH paBHEI.M ~ 10-8 . OT IlOJIHOl'O eeqeHH.iI 

,It8JI8HHH eaqaJibHOI'O ~- axeTpanO~HH H8B8CTHBX .rtaamx B 

. OClJIBC'm ClOJiee 'l'JDlt8JIHX Mace Tp8Tb8it qacTH~ .rtaeT OTHOCHT8JibHYJO 

B8p0HTHOCTb npoQecca TpORHOI'O ,It8JI8HHH C o6pasoBaHHeM smpa 

A ;:: 40 yJK8 10-13 - 10-14 OT ceqeHHH .ItBOi!HOro ,It8JI8HHH. 

BMeeTe C T8M MexaHHSM ,It8JI8HHH jupa Ha TPH oeKOJIKB. npH

M8pHo paBH08 wcea. MOJKeT 6a.T1> coBeprueHHO HHHM. B pa6clTe ( 371 
B paMKaX MO,It8JIH J!tH.ItKOR IWJIJIH paccqHTEI.BaJIHCb paBHOBeeHHe q'.opMa 

. '· 
smep B Ce,ItJIOBOR TOtJKe H 6a.JIO noKB.SaHO, qro Hapjijzy c ooaqaoit 

q'.opMoit C O,ItHOR meiiKOil B08MOJKHH OOJI88 CJIOJKHH8 KO!JP.Hrypa.qHH -

C .ItBJMH meilKB.MH, KOTOpae,B npHHQHne,wryT npHBO,ItHTb K ,It8JI8HHID 

Ha TpK oeKOJIRa. IlOT8HLtHaJibHaH aHeprmI smpa., COOTB8TCT~ag 

8THM CJIOxtHBM KOHfiHrypaQHHM, OKaSEI.BaeTCH, O,ItHaKO, cyrqecTBeHHO 

BBllle 8H8pI'HH ~ e O,ItHOil meilxon, H 8TO, KOH8qHO, .ItOJDKHO HBHTb

CH npHqHHOti oqei{1, MaJIOit B8poHTHOCTH TpOtiHOI'O ,It8JI8HHH. x/ 

. xi 3.rtecb H .rtaJiee no.rt TpOilHHM .neJieHHeM no,ItpasyueooeTcs .rte.neHHe 
ea TpH .OCKO.llRa. npHMepHO pa.BHOii Ma.Cea. 

26 

IlonaTKH 8KCnepHM8HTaJibHOI'O HaOJIIO,IJ;8HHH ,IteJI8HHH smep Ha 

TpH oeKOJIKa ,ItaBa.nH ,ItO IlOCJI8,ItH8I'O BpeM'eHH JIHillb BepXHIO!O rpamu~y 

ceqeHHH TpORHOI'O ,IteJI8HHH. 

HaMH HCCJI8,ItOBaJIOCb ,IteJieHHe B080~8HHBX smep ea TpH oc-

KOJIRa npK o6JiytreHHH lW Au , 209 S.. H 
238 U HOHB.MH 22 Ne 

40 
H ,A.1· • 

PeI'HC~HH COOEI.THil ,It8JI8HHH Ha TpK OCKOJIKa npoHSBO,ItHJiaCb 

C noMO~bID noBepXHOCTHO- oapbepHI:UC Kp8MHH8BBX ,It8T8KTOpoB, 

BKJIIDqeHHElX B 6acTpO-M8,ItJI8HHyro CX8M'J TpOilHI:UC COB~8HHH 

/pHc.6/. 

B paooTe HSMepeHEl eneKTpEI. KHH8THqecKHX 8H8pI'HH OCKOJIKOB 

TpoliHOI'O ,It8JI8HHH, 0Clpa8yI001HXeH npH OOJiyqeHHH 
238 lJ HOHaMH 

22 N~ H 40 ,IJ.,,,. • Ha pHc.? npHB9,It8HEI. O'l'HOill8HHH ceqeHHH Tpoil-

HOI'O ,It8JI8HHH K ,ItBOilHOMy (. o 3;,~, ) B 88.BHeHMOCTH 0'1' 8H8pI'HH 
/, Ci2f, . 

B080~8HHH ,It8JI811\8Il>CH smpa. 8KcnepHM8HTa.llbHHe 'fOqKH npe.rt-

CTaBJI.H!OT BC8 H8BOOTHH8 B aacrogqee Bpewi ,ItaHHae DO ,It8JI8HHIO 

smep Ha TpH OCKOJIKa B peaKQHJIX c Tse~ HOH8l,Ui [ 18, 38,39 J, 
,l:{JISI OO'b00H8HH8 · DOJiytr8HHHX pesyJI1>'1'aTOB pacm.40TpHM KpaTRO BOS

MOJKHEI.H Kexamrnu ,It8Jl8HHH TBlKeJIOI'O H,Itpa Ha TPH OCKOJIRa. 

Kalt no:itasaao 6am paHee, npH HSMepeHHH MaeeoBax pacnpe

.rteJieHHtt OCKOJIKOB ,It8Jl8HHH, B080y,E.!l8HH08 COC'l'aBHOe H,Itpo HCilEI.Tli

BaeT B onpe,IteJBHHOil ,ItOJie CJiytre.eB CHJibHO aeHMM8TpHqH08 ,IteJI8HH8, 

BKJJ.8.,It BOTOporo oacTpo pacTeT e pOCTOM 8HepI'HH ros6y~eHHH H 
. " z--

napaMeTpa .rteJIHMOCTH A. . EcxH aHeprHH BOSo~eHHa TBlKeJioro 

OCKOJIKa BBIIl8 ero 6apbepa ,It8JI8HHH,,TO npHHQHnHaJibHO OH MOJKeT, 

B CBOID oqepe,Itb, JBS,IteJIHTI,eH 8I118 pas Ha ,ItBa OCKOJIKa. B pesynb

TaTe 8TOI'O npoqecca nepBOHaqaJibHOe COCTaBHOe H,ItP0 OBruKeTeH 

pa8,It8JIHBnnmCH Ha TpH llB.eTH. CJie,ItyeT OTM8THTI,, qTQ npH ,ll;8JI8HHH 
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PHc. 6. CxeMa OIIIiTOB ,ItJUI pel'HCT!)S.qHH ,IteJieHH.a: ~ep Ha TpH 

OCKOJIKa. 
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Ce11eHH.a: -rpoRHOro .zteJieHHa ~ep no OTHomemm K .zt:eoR-
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HCXO,Il;HOI'O ~pa H DpH ,I1;8Jl8HHH T8llteJIOI'O OCKOJIKB. MH HM89¥ ,I1;9JIO 

C o6IDmHJil ,I!;BORHHII ,u;eJI0HH8M npH OOJib!IlHX aHeprHSOC B080yJlf,IJ;8HHH. 

TaxoR npoqecc ycJIOBHO HB.80B8M 11KaC~HlDI ,It8JI0HH81l
11

• [l9J 
,llJIJI jij:ij)8. C 88,Ila.HHOR 8HeprHeR B080y.iir.Il8HHH E BepoHTHOCTb 

11 KaCita,ItHOI'O ,Il;eJI0HHH11 MO:ll£8T 6HTb npe,ItCTaJ3JI8Ha B B}Ut8! 

~~ "' "> pc ( At Jr) WF- (/-\.f,Zf) 
T . A;Z / 

r,u;e ~ (Afi;)- O'fHOCHTeJI&Hld BHXO,zt T.!DlteJioro ocxoJIKa ( 2-f ,At) 
c aaeprHeR B080yJlf,IJ;eHHH E{ 

w E. ( At ,Z4)- B0p0HTHOCTb ,It0JleHHS aroro OCKOJIKB.. 

il)yHKQHS: Pe (A-1)2.,) ll)ll£8T OS.Th iraR,u;etta HS MS.CCOBIDC H sap~OBBX 

pacnpe,u;eneHHR ocxoJIKOB ,u;enem1s, nonyqemmx paHee /cM.I'JiaBy IJ/. 
BepoRTHOCTb WE(A{,2f)onpe,u;eJIJ18TCS KOH!YP8HQH0R .u;Byx npoqec

COB - ,u;eJieHHH H HCnapeHHS HeR'l'poHOB ( ~-f. ) - KO'l'Opas,B CBOIO 
. ·~ 2 

oqep~,u;b, 8BJIS8TCH qiyHltQHeR napa.Me'l'pa ,I1;8JIHMOCTH (: ~ ·H aHep-

I'HH B080yJ1f,JJ;8HHS: - Et ,u;en~eroca OCKOJIKa. 

0CHOBHBMCb Ha ,u;aHHWC npe,u;CTaBlleHJmX,MOlKHO paccqHTaTb 

OTHOmeHHe 63-Y<o:t( ,It.JIB'. pa8JIHtnmX peaKQHR B SaBHCHMOCTH OT 

8HeprHH B080yJ1f,JJ;8HHH ,u;eJI~HXC.11 ~ep. CnJIOIIlHHe KpHBS.e HS pHc.7, 

. COOTB0TCTBYJ(IIIH8 ,Ita.Hll>yY pacqeTy, xopomo COI'JISCYJOTC.11 C 8Rcne

PHM0H'faJibffiillH TOtmalffl. 0TM0THM, tlTO Ha nepBOR ~TyneHH npoqecca

,It0JleHH8 COCTSBHOI'O ~ - C pOCTOM MaCCEI T8llt0JIOI'O OCROJI:Ka BH-

XO,Il; ero Cytqec?'-B0HHO Y1(0Hbma0TCH, B TO Bp8MH KaK B0p0H'l'HOCTb ,It8Jl0• , 
. I 

HHS: 8HalfflT8JlbHO B08pac'l'a8T. Pact1em Il0Ka8BBSIOT, tl'IO ,Il;JIH pea:it-

QHit 238u ( 22 Ne ,3.f) H 238u (40A'<", o{) B8p0HTHOC'fb 11KaC

KB,ltHOl'011,It0JI0HHSi M8.KCHW1Jlbtta, KOr,u;a o6pasyroTCS 'i'pH OCKOJIKS C 

uacCSXH, He CHJibHO OTJ!HtraRl!lHMHC.11 ,u;pyr OT ,u;pym. 8TO Ratl8C'fB8Hll) 

COI'JiacyeTCH co cneK'l'pSMH KHHeTHqecKHX 8HeprHit OCKOJIKOB,H8M8-

peHHHMH ,Il;JIH 8'.rHX peaxQHR. 

30 

TaltHM o6pasoM, HS cpaBH0HHS aKcnepRMeHTSJibHHX H paCtreT

HHX ,u;amrn:x: cxe,u;yeT, tITO OCHOBHOR BKJia,I{ ,u;eJI8IDIH Ha TpH OCKOJIKa 
7 )_ 

,u;n.a: B086y.iir.Ilemm:x: ~ep c A ~ 40 MO:lB:eT o6'bacHHTbCH uexamrn-

M'.lM nocxe,u;oBST0JlbHOI'O HJIH KaCita,ItHOI'O ,It0JI0HHH,cetreHHe KOTOporo 

OHCTpo pacTeT c JB0JIH11eHHeH aHeprHH B086yJlf,IJ;eHHH H napaMeTpa 
'1 z- ' 

,u;eJIHMOCTH A . floaTOMY B pea.KQHHX c HOHW4H 6onblileR Macca.., 

HanpRMep Kr HJIH Xe. MO:lB:HO npe,u;noxaraT&, qTQ C0tl8HH8 "me-, 

Ita,IJ;HOI"O ,I1;8JI0HHH
11 

6y,u;eT Cytll0CTB8HHO B08pa.cTa'l!b. &>nee no,u;po6HO 

BJIHHHH8 8TOI'O npoqecca o6Cy.iir.IlaeTCH B I'JI8B8 1Y, B CB.!ISH C BO

npoCOM CHH'feaa CBepXT8lK8JIHX cTa6HJibHHX 8JI8M0HTOB B o6xa-
CTH Z = 110-114. 
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I. 

rJlABA IY 

llpH H3ylleHHH .iteJieHHH 11oa6yllt,1teHHblX H.ztep, IIOJiylleHHblX B pe-
,,. 

aKUHHX C TflllteJIWH HOHaM11,orrpe,1teJieHHbla HHTepec rrpe,1tcTaEJIHeT 

IlOIIpoc O TOM, KaKHM o6pa30M 3TOT npouecc MOllt8T 6HTD HCilOJih30-

BaH ,l(JIH CHHTeaa H30TOIIOB, HaxO.ztHmHXCH .itaJieKO OT- 06JiaCTH CTa

OHJIDHOCTH. 

HaBeCTHO, llTO llHCJIO CTa6HJihHblX H30TOilOB OKOJIO o00. KoJIH

lleCTBO pa,1tHOaKTHBHHX H.ztep, IlOJiylleHHHX B peaKUHHX pa8JIRllHOro 

THrra, 8HallHTeJihHO OOJihme~H COCTailJIHeT B HaCTOHmee BP8MH OKOJIO 

· 1500. 3TH H.ztpa HBJIHDTCH npe.ztMeTOM ,1teTaJIDHblX cneKTpOCKOIIH'tleCKHX 

HCCJI8,ltOilaHHH, KOTOplie He~yT BWltHYD HH~OpMaUHD O CBOHCTBax H,ltep

HOH MaTepHH H npHpO,lte H,ltepHbIX CHJI. 0TMeTHM O,ltHaKo, 'tlTO 60JIDIIIMH-

. CTBO H8~8CTHblX pa,1tHOaKTHBHl:iX H80:i'OilOB Hax0,1(.ltlTCH, KaK npaBHJIO, 

B6JIH8H o6JiaCTH CTa6HJIDHOCTH, TO ecTh. COOTHOW8HHe npOTOHOB R 

HeilTpOHOB B 8THX H,1tpax 6JI1'18KO IC TOMY' 't!TO coo·TBeTCTByeT CTa-

6HJihHliM H80TOIIaM. HaH60JihWHH HHTepec B HaCTOHmee BpeMH rrpe,lt

CTaBJIHeT Hsyqenz~ cDottcTB H,1tep, y.ztaneHHblX no BosuoxnocTH .itaJih

me OT CTa6HJihHOH o6JiaCT·H, r.ite Il CHJIY anatrnTeJihHOrO H3MeHeHHH 

COOTHomeHHH.KyJIOHOBCKHX H H.ztepHliX CH~ MOlltHO OlltH,ltaTh KalleCTBeH

HO HOBlie npOHBJieHHH C~OHCTB H.ztepHOli MaTepHH (HOBlie 06JiaCTR 

CTa6HJihHOCTH, .ite~pMaUHH, H30MeTpHH H,1tep, HOBlie THIIli pacna.ita 

1'I To.it•) 

Ha PHCyHKe 8 ycJIOBHO rrpe.ztCTaBJieHa KapTa H3B8CTHblX H30TO

IlOB. qepHNe TOllKH COOTB8TCTBJDT CTa6HJihHliM H,1tpaM ( 'Ly2> ro16neT); 

CilJIOWHaH JIHHHH orpaHHtrnBaeT o6JiaCTh H3B8CTHblX H30TOIIOB, rrony

qeHHblX B pa3JIHllliblX H,1tepHblX peaKUHHX. IlyHKTHPHOH JIHHHett IlOKa

aaHli ~opMaJIDHlie rpaHHUli CTa(5HJIDHOCTH ( e,n.. = 0; '~p = 0), no

ny-qe_HHlie HS TeopeTH'tleCKHX oueHOK. B· ,ltHCOepTaum1 aHaJIH3HPJDTCfl 

Il08MOlltHDCTH pa3JIHllHblX H,1tepHblX peaKUHtt AJIH CHHTeaa H80TOIIOB✓ 
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lla.KCHK8JII>HO y;itan:eHHHX OT JIHHHH CTa6HJ1I>HOCTH. PesyJIDTR!lliilO;it0<5-

HOro aH8JIHSa Sa.K1I!)qaJOTCH B CJie;itYDllleY. H;n;epHI,ie pea.KUHR, HCilOJIDSy

euue ,ll;Jifl CHHTesa HelitTp0HHOH36STOqHWC H H8ffTpOHHOA8~HUHTHHX 

HSOTOilOB,MOZHO ycJIOBHO pas6HTD Ha 4 rpynill,I. 

l. PeaRUHH IlOJIHoro CJIHHHHH C o6paaoBaHHeM COCTaBHOrO H;n;pa. 

9TOT THil peaRUHlit HYeeT OTHOCHT8J1I>HO 60J1I>moe ceqeHHe H PH.ll: 

npeHMYlll8CTB, CBHSaHHHX C npOCTOTOlit H;n;eHTHWHKauHH nonyqeHHWC 

H80TOilOB. BBHAY Toro, qTO BOS6yz;n;eHHe H;Ltpa CHHMaeTCH, B OCHOB

HOII, nocpe;n;CTBOYBUJieTa H8litTPOHOB, peaRUHH IlOJIHOrO CJIHHHHH 

oxaauBallTCH B8CDlla y;n;o6HHMH ,ll;Jifl nonyqeHIDI H8litTp0HHOA8~HUHTHNX 

H80TOilOB. 

B cnyqae HCilOJII,80BaHHH THZenwt: HOHOB ;ltJIH H;n;ep c ~ ? 40 

MOSHO nonyqaTD HSOTOill,I, -OTCTOHlllHe OT HaH6onee CTa6HJ1I>HOrO H;n;pa 

Ha 15-20 11acCOBliX e;itHHHU. 0TY6THII, qTo BTHY 11eTO,ll;OII 6NJIH CHH

Te8HpOB8.BH H;itpa, HCTIUTUB8.l)lllH6 npOTOHHNlit pacn~ t40J H 60J1I>moe 

xonzqecTBO o/. - pa;n;HOaRTHBHl:OC HSOTOilOB B o6nacTH Z OT 50 

;ito 88 [ 4I]. 

2. Pea.RUHR Henonnoro CJIHHHHH. 

B OTJIHqHe OT o6paaoBaHHH COCTaBHoro H;itpa 11exaHH8M peaRUHlit 

Henonnoro cnHHHHH oxaauBaeTcH, KaR npaBHnO, BeCDYa cnozHUY, B 

oco6eHHOCTH npH BaaHIIO;itelCTBHH cnozHHX H;iteP, r;ite B08MOE8H o6MeH 

(SoJII,mHII KOllllneKCOII HyKJIOHOB.(43, 43] KoJIHll8CTB0 axcnepHUeHTaJID-
'· 

ma ;itaHHHX· s;n;ecD, x cozaneHHJJ, orpaHHqeHO, llOBTOMY 6unH npo-

:Be;iteBH onu'fu no H_aylrnHHD 88.ROHOMepHocTeti odpaaoBaHHH paanHq- , 

ma: zso,:ono:B B peaRUHHX T1rma: Ao ( Ai~:± l:J P, :t -Y- 11,) AK , 

r:ite Ao, A 1 H AK-YaCCli H;itep 1,rnmeHH, qaCTHUH H KOHeqHoro npo

;ityKTa. Ha pHc.9 npe;itcTaBneHI,i ceqeHIDI o6paso:BaHHH H;n;ep - npo

;ityKTOB peaRUHtt MHOrOHyKJIOBBHX nepe;itaq npH odnyqeHHH 
127

J·, 

188c 
5 

H 189 La, HoBaMH 28Ne. Kaz;itas xpHBaH npe;n;qTaBJIHeT ,I 

'.34 

no-cyllleCTBY, H80TOilHOe pacnpe;n;eneHHe BJieMeHTOB, 

rrpH nepe;itaqe aa;n;aHHoro_ qzcna rrpoToHoB. 

IlOJIHaH MaCCOBaH ,ll;HCrrepCHH npo;n;yKTOB peaKUHH 

o6pa8Yi>lllHXCH 

OTHOCHTeJIDHO 

11accu ,H;n;pa MHWeHH OKaauBaeTCH ~OCTaToqHo OOJIDWOlit (c ceqeHHeM 

rv 10-29 0112 H;n;po MHmeHH rrpHoopeTaeT 8-IO, a TepHeT ;n;o 15-17 

HYKJIOHOB). 0,ll;HaKO, C TOql(H apeHHH IlOJiyqeHHH ;n;aneKHX OT JIHHHH 

CTa6HJihHOCTH H30TOilOB HHTepec npe;n;cTaBJIHeT He IlOJIHaH MaCCOBaH 

;n;HcnepcHH, a COOTHOWeHHe npOTOHOB H HelitTpOHOB B nepe;n;aBaeMOM 

KOMilJieKce HYKJIOHOB H, B KOH81lHOII Hore, H30TOillIOe pacrrpe;n;eire

HHe H;n;ep C ;n;aHHclM aTOMHW HOMepoM. ECJIH TenepD odpaTHTD BHH

MaHHe Ha nonylleHHble peaym,TaTN (pHc.9), TO BH,ll;HO, llTO Ma.KCHMYM 

celleHHH HSOTOilHHX pacnpe;n;e.neHHlit cooTBeTCTByeT uacce, pacnono

xeHHolit B6JIH3H HaHOonee cTa6H.HDHoro H;n;pa, a ;a:1rnnepcm1 no uacce 

IlpH_~aHHOM .Z HeBeJIHKa. IlonoxeHHe npaKTH1!8CKH He M8Hfl6TCH C 

pocTOM 8HeprHH,H Macca 6011:6ap;a:1,1pym1lleH llaCTll~N (B llHTepBane 

OT 10 ~o 4U) ll BO Bcex cny-qaruc ,ll;HCilepCHfl 11aucu H80TOilOB npll 

~aHHOM Z oxasuBaeTCH CYlll8UTB8HHO MeHhwea, Toro, llTO HadnJO

;n;aeTCH ~H OCKOJIKOB ;n;eneHHH. 

8. PeaKUHH no~ ~elitCTBH8M npoTOHOB BNCOKHX aHeprHlit. 

MexaHH81l B8aHMO;n;elitCTBHfl 8~8CD cy~eCTBeHHO OTnHqaeTCH OT 

pa~cuoTpeHHWC paHee peaxuttlit. Ha nepBolit cTa;n;HH npouecca B pe

ayJ1I>TaTe 6ucTporo HYKJIOHHoro xacxa;n;a o6paayeTcH 60J1I>maH 06-

nacTD H;n;ep C mHpOKHM Cll8KTpOM BHeprHH B036yx~eHHH. BTOpU~ ~ 

11Me;n;neHHaH11 CTyneir& peaKuirn aHanorHllHa TOMY' llTO HMeeT MeCTO 

IlpH pacna;n;e B086yx;n;eHHOrO COCTaBHoro H;n;pa. IlOCKOJIDKY BOadyx

;n;eHHe o6paaoBaBmHxcH nocne eyKJIOHHoro xacxa~a a;n;ep CHHMaeTcH, 

B OCHOBHOM, HcnapeHHeM He~TpOHOB,peaKUHH no;n;o6Horo THila~HB

nHETCH BeCDMa y;n;odHNMll ~JIH CHHTeaa HelitTpOHHOA8~HUHTHUX 
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PHc. 9 • .Bwco~ pasJIHqHHX HSOTOilOB IlOJiytiemmx B. peaKLtHSDC MHOI'O

ffYKJIOHliBX nepe~aq ( THne pea~it yxasaHH Ha KpHBWC ) 

npa o6JiyqeHHH 127 J , 133 Cs H 
139 La., HOHSMH 

22 
Ne 

C 8H8pPH88 170 MSB. IfpHBHe,npoBe,u;eHHHe qepes eRCnepH-

M~HTBJil»HI:l8 TOQXH, npe~cTaBJUOOT myccoBCKOe pacnpe'Ae-

JI8HH8: [ 
(,.x -:;..}2-

P;,, u) ~ eJLp - 2,:;;:] , 
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H30TOilOB.[44] ECJIH B xaqecTBe MHmeHH HCnOJih3YIDTCH TruteJiue 

HApa - HaITpHMep ZS8·u ,TO o6pa30BaBWH8CH-B036yEA0HHI,Ie HApa 

MOryT HCilHTUBaTh AeJieHHe. B 8TOM cnyqae o6paayeTCH 60JihmOe 

qHCJIO H8IlTpOHHOH30UTOqHuX OCROJIKOB, pacnOJIOEeHHUX B cpeAHett 

o6JiaCTH Mace HAep.[451 
4. ~eJieHHe H'Aep. 

YEe nepBHe onuTu no HayqeHHID MaCCOBlIX H aapH'AOBWC pac

npeAeJieHHtt OCKOJIKOB npH A8JI8HHH 285 U TenJIOBHMH HenTpOHaMH 

noxaaaJIH, qTo 8Ta peaKLtHH MOX8T 6UTb ycnemHO HCnOJih30BaHa 'AJIH 

CHHTeaa H8IlTpOHHOH30UTOqHHX H80TOilOB. PeaRLtHH HMeeT 6oJIDmoe 

ceqeHHe, HaH60Jiee BepOHTHaH Macca OCKOJIKOB COOTBeTCTByeT Hett

'TpOHHOH30HTOqHpMy HSOTOilY,- H 'AHCnepCHH no uacce OTHOCHTeJihHO 

HaH60Jiee BepOHTHOro 8HaqeHHH OKa3UBaeTCH 'AOCTaToqHo 60Jihmott. 

EcTeCTBeHHO, qTo A6JieHHe MOXeT 6UTD HCilOJID80BaHO 'AJIH llOJiyqeHHH 

H30TOilOB B o6JiaCTH Mace H'AeP, orpaHHqeHHNX MaCCOBliM pacnpe'Ae

JieHHeM OCKOHKOB (IlPHMepuo OT A= 75 'AO A= 155). Cy~eCTBeHHUe 
z2 

npeHMy~eCTBa HMeIDT peaRLtHH A0JI8HHH fl'A8P c A·>, 40. Ha 'AaH-

m.oc, noJiyqeHHUX B HaCTOH~ett pa6oTe, CJieAYeT, qTo ~JIH 8THX 

H~ep npH 8HeprHH B036yEA8HHH ~ 50 MSB MaCCOBOe pacnpe'AeJieHHe 

OCKOJIKOB 3HaqHT8JIDH0 pacmHpHeTCH_, H MaCCOBaH 'AHCllepcHH H80TO

IlOB (H80TOilHOe pacnpe~eneHHe npH Sa'AaHHOM aapH'A8 OCKOmca) 

' OKa3UBaeTCH 8HaqHT8JIDH0 6om.mett,.qeu 8TO HMeeT MeCTO B 06Jia-

CTH ~-Pu. 
ilpH cpaBH8HHH pa3JIHqHwc MeTO'AOB CHHTeaa H30TOllOB MOXHO 

C'A6JiaTh CJI8'AYID~He BliBO~H. 

~JIH CHHTeaa HettTpOHHO-'A8~HLtHTHUX fl'A0P B mHpOKOtt o6JiaCTH 

Mace HaH60Jiee a(MleRTHBHUMH HBJIHIDTCH peaRLtHH IlO'A 'A08CTBHeM 

THEeJIUX HOHOB C o6paao~aHH0M COCTaBHOro H'Apa. C IlOMO~ID STHX 

peaKLtHtt MOEHO noJiylW.TD H80TOllH ( Z:::;:.. 4oi 0TCTOHl!Ui8 OT JIHHHH 

.37 



CTac5WlI>HOCTli Ha 15-20 uacco:smc e;ztHHHU. CHHTeB HeilTpOHI!O-Hl36li

TOqHIDC HBOTOilOB OKaBliBaeTCH 6onee CJIOXHliM. 

B o6JiaCTli nerKHX H;ztep ( Z ;f, 20) HaH60Jiee ~eKTHBHb!M Me

TO;ztOU CliHTesa MOZHO cquTaTD B HaCTOH~ee :speun peaKUIDi MHoro

HYKJIOHHIDC nepe;ztaq IlO;zt ;zteHCT:SlieM THJ!teJil:UC HOHOB. 

B oCSJiaCTH Z OT 35 ;ztO 60 6oJIDmHe BOBMOZHOCTli ;ztJIH CHH

Tesa HettTpoH~mrndHToqmnc H;ztep m..iee~1i peaKumi ;zteJieHHH 235u 
TertJIOBHUH HeHTPOHauu. B;ztec:& MOEHO IlPHHUHilHaJIDHO noJiyqaTD H;ztpa 

C H80HTKOM H8HTPOHO:S OTHOCHTeJIDHO CTac5HJIDHOro H80TOila ;ztO 15 

uacco:swc e;ztHHHu.[461 O;ztHaK07 ;ztJIH aTo~ peaKUHH ceqeHHe oc5paao

BaJIHH HBOTOilOB CZ> 60 pe8KO na;ztaeir, H CHHT88 HettTpOHHO-H86li

ToqHIDC H80TOilOB 6oJiee THl!t8JiblX H;ztep MOE6T 6liTD ocy~eCTBJI8H 

TOJIDKO B peaKUHHX C aapruKeHHWm qaCTHUaMH. ~8 pHc.IO, r;zte 

npe;ztCTaBJieHH ceqeHHH oOpaaoBaBRH H80TOilOB HO;zta, noJiyqeHHHX :S 

paaJIHqHlll peaKUHHX c npOTOHaMH BliCOKOli 8HeprHH ( Eo~600 M8B) 

H HO~aMH 22 Ne , CJie;ztyeT, tiTO HaHOOJiee aqxileKTHB~MH H:SJIHIOT

CH peaKUHH ;zteJieHHH ypaHa npoTOHaMH :SliCOKOR 8HepruH H THZeJIHMH 

HOHaMH. O;ztHaKO, c pOCTOU Z OCKOJIKa CetieHHe ero o6paaoBaHHH 

l3 pea.KUHR ( P~t ) pe8KO yMeHDmaeTCH, l3 TO BpeMH KaK l3 peaKUHH 

;zt8JI8H~H IlO;zt ;zteitCT~HeM THEeJililX HOHO:S ( A;, ~ 40) ~ BH;zty mupo

Koro uacco:soro pacnpe;zteJieHHH ocKoJIKO:S uozHo ycnemHo CHHTeBH

po:saT:& HSOTOIW :SIIJIOT:b ;ztO z = 85. [16,471 
HapH;zty C 8THU pacCMOTpeHO oc5paao:saHH8 OCKOJIKO:S :S HSO

uepmix COCTOHHHHX. Ha cpa:sHeHHH RSOMepHblX OTHOmelllttt IlOJiytieH

Hl:lX HaJ.fR :S peaKUHHX ;zt8JieHHH 238u llpOTOHaYH C 8HeprH8li 

680 ua:s u TruKeJIHUH HoHauH 20 Ne H 40 Ar ( E. ~ 8 ..!!filL ) ' • HYKJIOH 
;ztJIH mHpOKOit o6JiaCTH H;ztep CJie;ztyeT, tiTO :SblXO;zt H80Mepo:s D pea.K-

UHR ;zteJieHHH no;zt ;zteHCT:SHeM THEeJiblX HOHO:s,:scJie;ztCTBHe OTHOCHTeJID

HO BHCOKO~ yrJio:soro MOMeHTa OCKOJIKO:s,oKaBHBaeTCH aaueTHO 
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PRc.10. CeqeHHH o6pasomHHH H80TOilOB Ho~a B KaqeCTB8 DpO)U'K

TOB ~epHHX PeaRI.lHA npa oOJiyqeHHH 139 La. npoTOHBJm 

'590 118B - OTKpa'l'ae TpeyroJibHHKH; 133cs HOHBllH 22Ne 

1?0 IWB ,( pea.RUHR - 2p ± .lln..)- qepHae TpeyroJI:&HHKH; 

238-u npoTOHBMH 590 M8B - OTKpElTHe KpyJ!l'.ltH, H HOHa-

MH 
22Ne -170 M8B -qepHH8 TO'tlltH. 
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BNWe, tlTO .itaeT HOBlie B03MOlKHOCTll CllHTeaa H HCCJie.l{OBaHH~ 

CBOilCTB H,ztep, ,1taJie1rnx OT OCiJiaCTH CTa6nJIIiHOCTH, HaX0,7:tH~llXCH 

B H30MepHNX COCTOHHHHX. 

BoJiee 3HatrHTeJII,l!Oe rrpo.zi:am1temrn B OC5JiaCTH HeliiTpOHHO

H3ClliTOtlHliX H.ztep MOJKHO OlKH.ztaTb, corJiaCHO oueHKau, C poCTOU 

uaccN C5oM6ap.ztHPYJO~HX HO HOB ( Ai > 40). 

B CBH3H C 3THM B ,7:tHCCepTaUHH paccMOTpeHli HeKOTOplie BO

rrpocu, CBH3aHHNe C CHHTe30M THlKeJIUX 3JieMeHTOB, oe5pa3YJOIJU1XCH 

B KatreCTBe OCKOJIKOB .zteJieHHH B peaKUHHX .zteJieHIDI, IIO.zt .zteHCTBHeM 

HOHOB c uaccolii ""IOO. 

KatrecTBeHHO rroxaaai;o, t1TO .ztJIH CHHTeaa .ztanex:iu: TpaHc

qiep1111e:ewc aJieMeHT.QB ,IteJieHHe :eoaeiyJK,zteHHblX H.ztep MOl!teT H}.leTb 

cy111ecTBeHHUe npeHMY~eCTBa nepe.zt H3BeCTHliMH MeTO,ItaMH CHHTeaa 

BJieueHTOB ·(11urrymclilie IIOTOKH HeliiTpOHOB CiOJibfilOH YO~HOCTH Will 

peaKUHH c oeipaaoBaHHeM COCTaBHOro H.ztpa).L 22]MOlKHO OlKHAaTD 

TaKl!te, tlTO ,IteJieHHe H.ztep C5y,zteT HaHCiOJiee 81!)(!)6KTHBHUM MeT0,7:tOM 

CHHTeaa H80TOIIOB B rrpe,ItIIOJiaraeMOH HOBOlii OC5JiaCTH CTaeiHJI1>HOCTH 

CBepXTHJKeJINX HeffTpOHHOOOora111eHHblX H,Itep BC5JIH3H z = IIO-II4 

n N =· !84. [ 48 , 49] 
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OcHOBHlie BliBO,ltli, KOTopue MOlKHO C,IteJiaTD H3 ,ztaHHOlii.paC5oTli/ 

aaKJIJOtraJOTCH B CJie,ztyJO~eM. 

r. ~a 8KCIIepHMeHTaJIDHliX ,ztaHHUX no yrJIOBliM pacnpe.l{eJieHHHM oc

KOJIKOB .zteJieHHH H ynpyro pacceHHHblX HOHOB IIOJiytreHli 3HatlelilUI 

B(!l(!leKTHBHb!X MOMeHTOB HHepUHH B ce.ztJIOBOH TOtrKe ,ItJIH CiOJIDmo«· 

o6JiaCTH :eoa6yx,IteHP.blX H.ztep, o6paayio~HXCH :e peaKUIDIX c ycxo

peHHliMH THlKeJiliMH liOHaMH. 

2. IloxaaaHo, tlTO S(!l(!leKTHBHliH MOMeHT HHepuHH H.ztpa B Ce,ItJIOBOH 

TOtrKe He BaBHCHT B npe.zteJiax BKcnepHMeHTaJIDHOH TOtlHOCTH OT 

crrocoe5a oeipaao:eaHHH, BHeprnH Boae5yx.zteHHH H yrJio:eoro uoueH-
. 2 

Ta .zteJIHll!erocH H.ztp~ H HBJIHeTCH JIHmD l!lYHKUHeH rrapaMeTpa ~ I 

3. Bee pact1eTli 8 3 G>G> npo:ee.ztelili :e npe)UIOJIOEemm x:eaa11cTau110Hap

HocT11 rrpouecca .ztewopuaun11 H.ztpa :ee5n11a11 :eepmnHH 6apbepa ~er.e

HHH (BpeMH HaxOlK,IteHlrn :eoaeiylK,IteHHOro H.ztpa B BTOM ~CCTOHHHH 

cy111ecT:eeHHO npe:eumaeT xapaxTepHoe BpeMH Bpa111eHHH H.ztpa). 

lia COBOKYIIHOCTH BKCIIepnueHTa.JlDHblX ,ztaHHblX MOEHO C.zteJiaTb 

aaKJIJOlleHHe, tlTO 8TO npe.ztIIOJIOJKeHHe BliIIOJIHHeTCH C xopomett 
z 2.. 

TOtlHOCTDJO ~JIH :ecex HCCJie,ztOBaHHHX HaMH COCTaBHblX H.ztep CA 

OT l::15 .ztO 48,5. 

4. IlOJIJtleHHaH B OIIliTax aa:eHCHMOCTb Bql(!leKTHBHOro MOMeHTa HHep-
z2. 

QHH OT rrapaMeTpa A xopomo cornacyeTCH c pactreToM, npo-

:ee.zteHHliM B pawcax MO,zteJIH lKli,7:tKOH KaIIJIH C yt1eTOM aaBHCIDlOCTli 

IIOBepXHOCTHOrO HaTHEeHHH OT KPHBli81ill .ztlll!)(!)Y3HOH (Bl!)(!leKTHBHOi:t), 
z2. 

noBepxHocTH H.ztpa. ~a aa:eHcHuocTH c{ 'P ( A ) onpe.iteJieH 
z2. ~ 'P . 

napa.MeTp ( A ) KpHT., COOTBeTCTBYJOIIIHlii ~ 
0

M0,1t6JIH lKH,7:tKOlii 

KanJIH npe.zteJiy CTaeiHJibHOCTH H.ztep no OTHOfileHHJO K ,zteJieHHJO. 
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5. HsMepeHB M8.CCOBH8 H sap~OBHe pacape.neJI8HHSI OCROJmOB DpH 
. z2 

.neJieHHH BoscS~emmx s;qep B HHTepBaJie A OT 34 .no 48,5 

H B IllHpoK08 o6JiaCTH aHep:ru B086~eHHSI. IlORa.88.HO, 'qT() IllH

pmra. Ma.CCOBHX H saps;qOBHX pacnpe.n;eJieHHii OCKOJIKOB cyiqeCTBeH-
z 2. z2 

HO YBeJIHllHBS.eTCH c pocTOM napa.weTpa A B oC>JIBCTH A> 3r_ 
Ha OnHTHHX ,I(aHHWC CJie.n;yeT Taim:8 88.BHCHMOC'l'b )J;HCD8pcHH 

saps;qa ocxoJIKa O'l' cnoco<5a pas.neJieHHH ~- l1s11epeHB. Ba.BH

CHMOCTI> nmp:r.um sap~OBOI'O pacnpe.n;eJI8HHSI OCKOJIKOB OT 8Hep

MIH B08C>~8HHSI Ha'tJ8JlhHOI'O Sij!pB.. 

6. ,l{aHO Cpa.BH8HH8 ODH'l'HHX .n;aHHHX C np8,IlClta88HH.HMH C'l'S'l'HC'l'Hqe

CKHX MO,IleJie8 .n;eJieHH.fI H pesyJibTS'l'SMH )J;HHSMHqecKHX-pacqeTOB, 

npoBe,D;emmx B pa.wxax onpe.neJieHHHX npe.nnoJI021teHH8. IIoirasaHO, 
z2 

llTO B OC>JISCTH .A ::> 37 8KCnepID48HTWihHI:l8 pesyJihTSTH cy-

. Iq8CTB8HHO O'i'JIH'tla!OTCSI O'l' '!eOpeTHqeoKH npe.ncmsammx 8HB.

qeHH8. 

7. .naeTCH KaqeCTB8HHB..II HHTepnpeTattHJI OnHTHHX ,IlSHHHX. IIpe.n;no

Jiaraerrcs:, tlTO CytqOOTB8HB 18 pacmHpeHHe MB.CCOBOI'O pacnpe.ne-
z2 

JI8HHH c pocTOM A CB.1ISa1.o c aecTSQHOHapHOCThlO nportecca 

KOJIJI8Rl'HBH08 ,Ilap>pMSQHH ID omomeHHIO It 8CHM!.{8'l'PHllHHM KOJI8-

!5amum qx)pMB BOSC>~eHHOro ~pa npH )J;BIDK8HHH. ero O'l' C8,IlJia 

K TO-cme pasl)W3a. C .n;pyroa CTOpoHH, )J;JIS: OC>'bSCH8HH.II 8llCD8pH

M8HTaJibHHX 88.BHCHMOCTea'sap~OB08 .n;HcnepcHH OCKOJIKOB OT 

SCHMM8TpHH ,Il8JI8HHS: H 8HeprHH B08C>~8HHSI HOOC>XO,IlHMO yqHTH~ 

BaTb DpoQ8CCH, ROTOp!ie MOI'JT HI'pB.Tb C>OJibmyro pollb B CSM08 

KOH8tUIDit CT~HH npoQecca - B MOM8HT paspHBa meflKH. 

8. IlpH OC>Jiytl8HHH 209 Bi H 238u HOHBMH 22 Ne :u 40 Ar OC>Ha

pyxeHO ,Il8JI8HH8 BOSC>~eHHI:IX ~ep HS TpH OCKOJIRa, npHMepHo, 

PSBH08 MaCCH ( Tpo8Hoe .n;eJieHHe). HsMepeHB. 88.BHCHMOCTb cetreHHH 
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Tpo8Horo ,D;8JI8HH.II OT 8H8pI"HH B08C>j'211;IteHHSI COCTSBHOro ~pa 

H aHepreTHqec1t11e cneKTpH OCKOJIKOB Tpo8HOro ,D;8JI8HHSI smep 
z2. 

. C ·A = 40 H 48,5. 

9. ,I:{JIH OC>'l>JICH8HHSI OnHTHHX ,ll;SHHHX no TpofiHOMY ,Il8JI8HHIO npe,wro

JB:8H M8xaHH8M 11 Ka.C~HOI"O ,ll;8JI~HH.II11
, npH KOTOpoM B08C>j'211;IteH

HOe COCTSBH08 s;qpo HCDHTHBaeT CHJII>HO acHMMeTpHtrHoe ,ll;B08-

HOe ,Il8JI8HH8 C DOCJI8.JJY!O[qHM ,Il8JI8HH8M T.BlKeJIOI"O OCKOJIKa. Pac

qeTH, DpoB8,Il8HHH8 B paMKaX 8TOH MO,Il8JIH,H8.XO,ll;Sl'l'CSI B xopomeM 

COI"JISCHH C 8KCfi8p!1M8HTSJibHHMH ,IlSHHHMH. 

10. PacCMOTpeHH B08MOJKHOCTH .peaKQHH ,Il8JI8HHSI TmiteJIHX .imep ,IlJISI 

CHHTesa HSOTODOB, ,IlaJieKHX O'l OC>JiaCTH CTa.C>HJibHOCTH • .I:{JISI 

Cpa.BH8HHSI C .npyrHMH M8'1'0,IlaMH CHHTesa 8KcnepHMeHTaJII>HE:IM ny

TeM onpe.neJieHa 8aKOHOM8pHOCTH OC>pa80B9.HH.II HSOTODOB B pea1t

QHSIX MHOI'OayKJIOHHHX nepe.n;aq DO.It 'A8fiCTBHe~ HOHO B 12c, 2.2 Ne 
H 

40 Ar C pa.8lIHtlH08 aHeprHeii. ,naeTCSI amums cyiqeCTBYIOO!HX 

cnoco60B CHHTesa HSOTOilOB H IlOKasBHO, tlTO B HaCTOmqee Bpe

MJI peaitQHSI ,D;eJieHHS: T.fllK8JIHX B086~eHHHX .imep OTKpHBa8T HO

BH8 B08M02KHOC'l'H )J;JISI IlOJiytl8HHJI C>OJII>moro ROJIHtJ8CTB8 HettTpoHIID

HSC>HTOtlHHX .smep B. OC>JiacTH z > 65 • 

11. 0-T,D;BJibHO pacCMOTpeHH BOnpocH, CBSl8aHHHe c DOJiyqeHHeK TpaHC

ypa.HOBHX 8JI8M8HTOB H B08WJKHOCTm.m CHHTesa CBepXT.fllKeJIHX 

s;nep B npe.n;noJiaraeuoit HOBOH OC>JiacTH CTa6HJibHOCTH z > 108. 

IlpHBO,ll;HTCJI pesyJibTS~IOQ8HOllHaX pac~eToB, HS KOTOpwc CJie

.n;yeT'. tlTO peaitl{HSI ,ll;8JI8HHS: 238 u HOHSMH C MB.Ceo a C>OJiee 

100 MOJB:eT C>HTb BeCbMB. nepcneKTHBH08 ,ll;JIJI CHHTesa TmB:eJIHX 

HSOTODOB B 01'.>JiacTH z = 90-98, a TBIO!te MOE8T SIBHTI>CJI YHH

KaJibHW( cnoco6oK HCityCCTB8HHOI'O CHHTesa HaHl'.>OJiee CTaC>HJih-

HHX CBepxTmi:eJIHX ~ep B OC>JISCTH z = 110 + 114. 
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