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Hccne,n;oBaH:He pacce.aHH.fl nHOHOB Ha nerKHx ·.a.u;pax 

npeACTaBJI.fleT _ co6oii < O,IJ;HO H3 aKTyaJibHbiX HanpaBJieHHH 

B nporpaMMe H3y'leHH.fl B3aHMO,IJ;eHCTBH.fl a,u;poHOB C .a,u;paMH 

H OCYI.l\eCTBJI.ReTC.fl B HaCTO.flll\ee BpeM.fl B p.a,n;e Jia6opaTOpHii' 

MHpa. 0co6eHHbiH HHTepec K 3TOMY HanpaBJieHHIO npo.aB.; 

n.aeTc.a B nocne,n;Hee BpeM!I: B o6nacTH cpe,n;HHX' 3HeprHii 

I< 1 F3B/, r.u;e .u;n.a 3Toii nenH BBo.n;.aTc.a B cTpoii HOBble 

YCKOpHTeJibHble ycTaHOBKH - "Me30HHble <IJa6pHKH" C MOI.l\

HbiMH llY'IKaMH llHOHOB. 

HeCMOTp.R Ha TO, 'ITO K HaCTO.flll\eMy BpeMeHH HaKOllJieH i 
orpOMHbiH 06'beM HH<iJopMaUHH OTHOCHTeJibHO 3JieMeHTapHOrO 

B3aHMO,IJ;eHCTBH.fl HYKJIOHOB C HYKJIOHaMH H Me30HaMH; npH.; 

po.u;a .a.u;epHbiX cHn ocTaeTc!l: Bo MHoro:M lie pacwH<IJpoBaHHoii. 

ITocT~aHOBKa onbiTOB c 3JieMeHTapHbiMH qacTIInaMH'-. .u;ana 

MHOrO U.eHHbiX CBe,IJ;eHHH, O,IJ;HaKO B 3THX 3KCnepHMeHTaX He 

npO.RBJI.ReTC.fl cnenH<iJHKa, CBOHCTBeHHa.fl ,IJ;HHaMHKe MHOro

qacTH'IHOH CHCTeMbl. A HMeHHO~ npH . OllHCaHHH pacce.RHH.fl 

ABYX"laCTH'IHOH t ·MaTpHneii 60JibWOe 3Ha'leHHe HMeeT· no

Be,n;eHHe ee Ha BHe3HepreTH'ICCKOH llOBepXHOCTH B HMllYJlbC~ 
HOM npocTpaHcTBe. B 3JieMeHTapHoM )Ke aKTe pacce.aHH.a 

qepnaiOTC.fl ,IJ;aHHbie TOJlbKO OTHOCHTeJibHO t ·MaTpHUbl Ha 

MaccoBoii noBepxilocTH. KpoMe Toro, Hap.a.u;y c HYKJIOHHhiMH 

- CTeneH.RMH · CB060.IJ;bl MHOro'laCTH'IHOH .· .a.z\epHOH ~HCTeMbl -

B a.n;poH,;, .a.u;epHbiX CTOJIKHOBeHH.RX IIM:eeTc.a· · B03MO)KHOCTb 

H3y'leHH.fl MeJOHHbiX 
1

CTeneHeii ~ CB060.IJ;bl 3TOH CHCTeMbl, 

npO.RBJI.fliOI.l\HXC.fl, HanpHMep; B __ TaKHX :.flBJieHH.flX, KaK B03-

6y)K.IJ;eHHe 6apiloHHbiX, pe3oHaHcoB BHYTPH .a.u;pa, HanH'IHe 

06MeHHbiX Me30HHbiX TOKOB, llHOHHOrO KOH,IJ;eHCaTa· H- ,IJ;p. 

llerqaiiWHe .a.u;pa no3BOJI.RIOT HaH6onee Henocpe,n;cTBeH

HbiM H Ha,IJ;e)I(HbiM o6pa30M CB.fl3aTb H3BeCTHble ,IJ;aHHble 06 

3JieMeHTapH~x N-N- H · ;.:....N -B3aHMo.n;eiicTBH.RX. CBo6o.IJ;HhiX 

'laCTHU C nponeccaMH, npOTeKaiOI.l\HMH npH B3aHMO,IJ;eHCTBHH 
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a,D;pOHa C H,D;pOM, H HCnOJib30BaTb ,li;JIH TeopeTH'IeCKOro 

onHcaHHH HaH6onee cTporHe H nocne,D;oBaTeJILHhle MeTO.D;hl. 

Cpe.ziH nerqaiiwHx H.D;ep oco6eHHLiii HHTepec npe.zicTas

JIHIOT co6oii 4 He H 3 He .OTCYTCTBHe CBH3aHHhlX B036y)K

,D;eHHhlX yposHeii B o6oHx H.D;pax no3BOJIHeT Ha,D;eHTbCH Ha 

HeKoTopoe ynpo~eHHe onHcaHHH npouecca pacceHHHH. Ma~ 
JIOe 'IHCJIO HYKJIOHOB orpaHH'IHBaeT 'IHCJIO B03MO)KHhlX Ka

'uaJIOB peaKUHB. 

0,D;HaKo .D;O ilacTOH~ero speMeHH ,D;a)Ke npocTeiiwHii 

H3 npoUeCCOB B3aHMO,D;eHCTBHH nHOHOB C H,D;pOM - ynpyroe 

pacceHHHe - OCTaeTCH ,CJia6o H3y'leHHhlM. EcJIH OTHOCH

TeJibHO. · rr 4 He - B3aHMo.D;eiicTBHH HMeeTCH pH.D;, XQT H H 

I!JparMeHTapHbiX, ,D;aHHhlX B o6nacTH :meprHii < 1 F3B, TO 

B3aHMO,D;eHCTBHe nHOHOB C H,D;pOM 3 He, COBepweHHO He H3y

qeHO., B nocne,D;Hee speMH .cTaHOBHTCH HCHO, 'ITO HY)KHhl 

He . npocTo OT.D;eJILHMe onMTLI, a wHpoKaH nporpaMMa 3K

cnepHMeHTOB, KOTOpaH 6hl peaJIH30BaJia CHtTeMy "nOJIHhlX 

OnbiTOB" no THny TeX, 'ITO 6biJIH B CBOe BpeMH OCy~eCTBJie· 

Hbl npH HCCJie,D;OBaHHH N-N ·B3aHMO,D;eHCTBHH H 6e3 KOTOpbiX 

HeB03MO)KH0 ·paCC'IHTbiBaTb Ha nOHHMaHHe npHpO,D;hl H,D;epHhlX 

CHJI., 

; L(eJibiO HaCTOH~eii pa60Tbl HBJIHJIOCb npoBe,D;eHHe CHCTe

MaTH'IeCKHX 'HCCJie,D;OBaHHH no H3y'leHHIO ynpyroro pacceH

HHH nHOHOB Ha H,D;pax 4 He H 3He B. o6JiaCTH 3HeprHH 70 ~ 
200 · M3B. 3.D;eCb oco6eHHO pe3Ko npoHBJIHeTcH nepswii 

6apHOHHhlH pe30HaHC L\33 ( 1236) , H n03TOMY HCCJie,D;OBaHHH 

npHo6peTaiOT oco6wii HHTepec. 

H3 .HeynpyrHx npoueccos 6wn Bbi6paH .D;JIH H3y'leHHH 

O,li;HH H3 HaH60Jiee~TOHKHX H 3K30TH'IeCKHX npouecCOB-

34l4leKT .D;BOiiHoii nepe3apH.D;KH nuoHa_B H.D;pe. MexaHH3M no-. 

CJie,D;Hero ,li;O HaCTOH~ero BpeMe~H OCTaeTCH ,D;eTanbHO He 

nOHHThlM, H n03TOMY O'leHb. Ba)KHbiM HBJIHeTCH noJiy'leHHe 

Hosoii- 3KcnepHMeHTaJILHoii HHI!JopMaUHH o6 3TOM npouecce •. 

.. Oco6yro 3a,D;a'ly cocTaBJIHJia pa3pa6oTKa H co3,D;aHHe 

3~eKTHBHOH. yCTaHOBKH, HaH60Jiee npHrO,D;HOH ,li;JIH· peanH-

3aUHH HaMe'leHHOH nporpaMMhl, - reJIHeBOH CTpHMepHOH 

KaMephl BhlCOKOrO ,D;aBJieHHH. 3TOT npu6op ,D;OJI)KeH 6hlJI CO'Ie':' 

TaTb B ce6e O,li;HOBpeMeHHO CBOHCTBa TpeKOBOrO ,D;eTeKTOpa 

H renuesoii ra3osoii MHWeHH. 

B .D;HccepTaUHH H3JIO)KeH UHKJI MeTO.D;H'IecKHX H I!JH3H

qecKHX_Hccne,D;oBaHHii, BhlnOJIHeHHhlX aBTOpOMBCOTpy,D;HH-
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qecTBe c 6oJibWHM KOJIJieKTHBOM I!JH3HKOB )l;y6HM, Byxa

pecTa, TypHHa, Coi!JHH :8 nepHo.D; c 1964 no 1975 ro.D;. IIep

BLie )Ke 3KCnepHMeHThl no HCCJie,D;OBaHHIO rr
4
He-pacCeHHHH 

6wnH Ha'laTbl aBTOpOM 'e~e ,B 1954 ro,D;y/l/ B HHCTHTyTe 

H,D;epHbiX npo6neM AH CCCP. 

B n e p B o ii rna Be ,D;Hc-cepTaUHH KpaTKO onucaHa cH- ) 

TyaUHH, HMeBWaH MeCTO B HCCJie,D;OBaHHH B3aHMO,D;eHCTBHH 

nHOHOB C JierKHMH H,D;paMH K MOMeHTY _nocTaHOBKH ,D;aHHhlX 

HCCJie,D;OBaHHH. 0TMe'leHO, 'ITO _orpaHH'IeHHaH HHI!JOpMaUHH 

no ynpyroMy rrHe -pacceHHHIO conpoBo)K,ll;aJiacb HaJIH'IHeM 

He cornacyro~HXCH Me)K.D;Y co6oii 3KcnepHMeHTaJibHhlX .,e-

3YJILTaTOB · /HanpHMep, no yn-pyroMy pacceH~Hro/2, a_ /. 

B HeH paCCMOTpeHbl TaK)Ke OCHOBHhle npe,D;CTaBJieHHH, 

HCnOJib3yeMhle ,D;JIH OllHCaHHH -.nHOH•H,D;epHOrO B3aHMO,D;eii

CTBHH, H HeKoTopbie Hoswe Teu.zieHUHH B HX pa3BHTHH~ 06-

cy)K,ll;aiOTCH npo6JieMhl, HCCJie,D;OBaHHe KOTOphlX npe,D;C.TaBJIHeT 

HaH60Jiee 3Ha'IHTeJibHhlH HHTepec npH nOCTaHOBKe. 3KCnepH

MeHTOB no H3y'leHHIO rr4He- H rr 3 He-pacceHHHH. Gpe,D;H HHX: 

H3y'leHHe B03MO)KHOCTH 6e3MO,D;eJibHOrO BOCCTaHOBJieHHH 

aMnJIHTY,D;bl B ynpyroM rrlle -pacceHHHH, BbiHCHeHHe npH'IHH 

Hecor~acosaHHOCTH TeopeTH'IeCKHX npe,D;cKa3aHHii o nose

,D;eHHH ,D;eHCTBHTeJibHOH 'laCTH aMnJIHTY,D;bl pacceHHHH Bnepe,D;,. 

npoBepKa npHMeHHMOCTH onTH'IeCKOH MO,D;eJIH, npOCTOrO 

HMnyJibCHoro npH6JIH)KeHHH, MO,D;eJIH rnay6epa- CHTeHKO ,li;JIH) 

MaJIOHYKJIOHHbiX H,D;ep H pH.D; ,D;pyrHX BOnpOCOB. 

Bo BTopoii rnase H3JIO)KeHM pe3yJILTaTLI no 

pa3pa60TKe H.C03,D;aHHIO HOBOrO THna ,D;eTeKTOpa - reJIHeBOH

CTpHMepHOH KaMepi.J-MHWeHH. H~eH 6hlJI npH6op, KOTOphlii: 

6w no3BOJIHJI Ha,D;e)KHO perHcTpHposaTL npouecc ynpyroro 

pacceHHHH nHoHa, conpoBO)K,D;aro~erocH BbiJieToM MaJI03Hep

reTH'IHoro H,D;pa OT,D;a'IH c Ea."' /1+20-M3B/• PaHee ,D;JIH 

3TOH UeJIH HCnOJib30BaJIH TeXHHKY ny3hlpbKOBhlX KaMep/ 2/ 

HJIH. )KH,li;KOrenHeByro MHWeHb /3/, OKp~eHHYIO CUHHTHJI· 

JIHUHOHHbiMH C'leT'IHKaMH, O,D;HaKO, HeCMOTpH Ha COBepweH

HyiO. TeXHHKy, ee npHMeHeHHe ,D;asano He cornacyro~HecH 

Me)K,D;Y co6oii pe3yJILTaTM no .D;HI!JI!JepeHuHaJibHhlM ce'leHHHM 

ynpyroro pacCeHHHH, IJpH'IHHa 3TOrO MOrJia 6hlTb B TOM, 

'ITO B o60HX CJiy'laHX OTCYTCTBOBaJiaB03MO)KHOCTb ,D;eTeK

THpOBaTb H,D;pO OT,D;a'IH. 
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Co3,D,aHHe renHenoii KaMepLI-:MHWeHHnpe.n;cTaBmmo 3Ha

'IHTenLHYJO npo6neMy. K Ha'lany onHCLIBaeMLIX HCCne,D,OBa

HHH 6Lino H3BecTHO; 'ITO cTpHMepHYJO KaMepy ,D,nJI perHcT

paUHH iloHH3HPYJOII.(HX qacTHU MO)KHO co3,D,aTL B ocHOBHOM 

C HeOHOBLIM HanonHeHHeM. )J;nJI nony'leHHJI B30TpOnHOCTB 

npH perBCTpal(HH TpeKOB B WBpOKOM pa3pJI,IJ,HOM npoMe)KyT

Ke BcnoiiL30BancJI MeTo,D, He3aBepmeHHoro pa3pJI,D,a, T.e. 

pa3pJI,Il, fiLICTpO ofipLiBanCJI Ha Ha'lanLHOH CTa,D,HB pa3BBTHJI 

CTpHMepa/ 4/. EcnH ,D,nJI mi.fimo,D,eHHJI TpeKOB B HeOHe Tpe

fioBanHCL BLICOKOBOnLTHLie BMnynLCLI Y*e 3Ha'IHTenLHOH 

HanpJI)KeHHOCTH 1~ 10 KB/cM/ B Manoii ,IJ,nBTenLHOCTH 

I< 10 He/, To nrenHH nony'IHTL ,D,ocTaTo'IHO JIPKHe H xopowo 

noKanH30BaHHLie cne,D,LI OKa3LIBanOCL 3Ha'IHTenLHO Tpy,IJ,Hee. 

KpoMe Toro, · Heo6xo,D,HMO 6Lmo He TonLKO yMeTL. nony

'laTL noKanH30BaHHLIH CTpHMepHLIH pe)KHM B renHH npB 

,D,aBneHHH B O,D,Hy aTMOCibepy, HO H HaRTH• B03M0)KHOCTH 

,D,nJI pafiOTLI renHeBOH KaMepLI npH noBLIWeHHOM ,D,aBneHHH 

ra3a B pa3pJI,Il,HOM npoMe)KyTKe. Ilocne,D,Hee OfiCTOJITenLCTBO 

HeTpy,D,HO nOHJITL, ecnH y'leCTL, 'ITO KOnH'IeCTBO Bell(eCTBa 

B CTPHMepHOH KaMepe npH 1 amM'fiy,D,eT COCTaBnJIT.L BCero 

HeCKOnLKO MHnnHrpaMMOB H noBLIWeHHe ,D,aBneHHJI fiy,D,eT 

nponopl(HOHanLHO yBenH'IHBaTL 31blbeKTHBHOCTL ,IJ,eTeKTOpa 

KaK pacceHBaJOII.(eii MHWeHH. renBeBaJI CTPHMepHaJI 

KaMepa JIBnJieTCJI · ynpaBnJieMLIM ,D,eTeKTOpOM C BLICOKHM 

BpeMeHHLIM pa3pemeHHeM H n03BOnJieT pafioTaTL C nOTOKaMH 

'laCTBI.( nopJI,D,Ka 10 4 - JOfi c-1. IlpH ,D,aBneHHH BCero 

4 amM OHa .no 31blbeKTHBHOCTB KaK MHWeHL B HeCKOnLKO pa3 

6y,D,eT npeBOCXO,IJ,HTL TaKOH pe,D,KHH B npaKTHKe COBpeMeH

HOro 3KCnepHMeHTa ,D,eTeKTOp, KaK )KH,Il,KO- renBeBaJI ny3LipL-

KOBaJI KaMepa O,IJ,HHaKOBOrO C Heii pa3Mepa~ ' 

IlpoBe,D,eHHLie aBTopoM B nepHo,D, c 1965 no 1975 ro,D, 

BCCne,D,OBaHHJI U03BOnBnH npe,D,nO)KHTL HOBLIH MeTO,IJ, nony

'leHHJI . noKanB30BaHHOrO CTpHMepHOrO pa3pJI,D,a B renHB 

H C03,D,aTL CaMOWYHTBpYJOII.(YIOCJI renHeByiO CTpHMepHYJO 
KaMepy. 

; B OCHOBe MeTO,D,a ne)KHT BCnonL30BaHHe B WBpOK03a30p

HOH pa3pJI,D,Hoii KaMepe c BHeWBHMH 3neKTpo,D,aMB ue6onL

WBx ,IJ,OfiaBOK K OCHOBHOMY ra3y ,D,nJI perynBpOBaHBJI npo

CTpaHCTBeHHOH CTPYKTYPLI pa3pJI,D,a; TO'IHee, B03,1J,eHCTBHe 

c noMOII.(LIO ,D,o6aBOK Ha npoueccLI nornmueHHJI lboToHoB, 
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o6pa3yi0Il(HXCJI B pa3pJI,D,e, a TaK*e Ha TeMnepaTypy 3neKT

poHoB B pacnpe,D,eneHBe cne'leHHJI B pa3pJI,D,e 75, 61. Oco6eu

HOCTLIO CTpHMepHOH KaMepLI, pafioTaiOII.(eii .B HOB,OM pe)KH• 

Me, 6Lino · BcnonL30BaHHe sneKTpo,D,oB, H30nBp'onaHHLIX OT 

ra3onoro o6'LeMa npo3pa'IHLIM H30nJITOpoM:, B npBMeHeHBe 

,IJ,nBHHOrO BLICOKOBOnLTHOrO B~nyn:bca. ~~ 0,5 MKC/, 'ITO 

n03BOnBnO BBO,Il,HTL B pa3pJI,Il, fionLWHe MOD:iHOCTH, a cne,D,o· 

BaTenLHO, B nony'IHTL fionLWYJO HpKOCTL. lf3·3'a 3apJI,Il,KB. 

,1J,H3neKTpHKOB, OT,D,enJIIOiuHX Ofi'LeM KaMepLI. OT BHeWHBX 

3neKTpo,D,oB, .n npouecce npoTeKaHHJI. ToKa qepe3 KaMepy 

npoHCXO,IJ,HT · aBTOMaTB'IecKoe myHTHponaHHe .3neKTPB'Iec

Koro nonJI Ha pa3pJI,Il,HOM·npoMe~yT:i<e.. •. , 

KaK noKa3anB MHorO'IBcneHiiLie 3KcnepBMeHTLI, HaB-

6onee 31blbeK'~BBHLIMH ,D,OfiaBKaMH .. JIBJlJIIOTCJI MOneKynJipHLie 

ra3LI BnB napLI HeKOTOpLIX HeopraHH'IeCKBX B opraHH'IeCKHX 

Bell(eCTB I H2 , H2 0 ') CH4 , C 6 H 6 , a -nBHeH/. HaBny'IWBe 

pe3ynLTaTLI ,D,aBanB napLI BO,D,LI.fCH2 Q = 0,10/o/, KOTOpLie 

n03BOnJinH nony'laTL JlpKHe, XOpOWO ·noKanB30BaHHLie cne,D,LI 

B renBH •. JipKOCTL OKa3hlBanaCL TaKOBa, 'ITO. cne,D,LI CTano 

B03MO)KHLIM lboTorpali>HPOBaTL HalboTonneHKy, npHMeHJieMyro 

npH lboTorpali>HPOBaHHB B ny3LipLKOBLIX KaMepax /'IYBCTBH· . 

TenLHOCTL So 85 = 1000 e:n •. roCT/ • .HpKO CBeTJIII.(HeCJI 
' • v 

yqaCTKH CTpHMepOB B MeCTe npOXO)K,IJ,eHBJI 3apJI)KeHHOH 

qaCTBI.(Ll HMenH ,IJ,nBHY 2-3 MM no HanpaBneHHIO 3neKTpH

qeCKOrO noJIJI /n o6LI'IHLIX cTpBMepHLIX KaMepax c 'IBCTLI

MH HeOHOM B renBeM. ,IJ,nBHa TpeKa no nonro paBHa 5- 10 MM, 
a ,D,nJI lboTorpali>HponaHHJI HY*Ha nneHKa qyncTBHTenLHOCTLIO 

2000 e,D,. roCT/ - puc. 1. HaH6onee HHTeHCHBHoe coeqe

HHe ra3a npOHCXO,IJ,HnO B MeCTe o6pa30BaHHJI' nepBH'IHOH 

naBHHLI, r,D,e nonepe'IHOe ce'leHHe pa3pJI,D,Horo KaHana MB

HHManLHO, a .. KOHI.(eHTpal(HJI 3neKTpOHOB MaKCBManLHa. )J.nJI 
nony'leHBJI Ka'leCTBeHHLIX cne,D,OB HeOfiXO,IJ,HMO fiLinO 3neKT• 

pH'IecKoe none yMepeHHoii · uanpJI)KeHHOCTH /He. Meaee 

20 KB/cM/, KpoMe Toro~ Tpe6onaHBJI :K BLICOKOBOnLTHOMY 

HMnynLCY OKa3LIBanBCL MeHee )KeCTKHMH,- 'leM B CTpHMep

HLIX KaMepaX C He3aBepweHHLIM pa3pJI,Il,OM. )J.nJI lbopMHpO

BaHHJI HMnynLcon 6Lin Heo6xo,D,HM reuepaTop BMnynLCOB 

HanpJI)KeHHJI C nepe,D,HHM li>POHTOM "'10 HC H COBepweHHO 

OTna,D,aJia HeOfiXO,IJ,HMOCTL B C03,D,aHHH CnO)KHLIX BLICOKO

nonLTHLIX lbopMHPYJOII.(HX JIHHHii I 6moM-naiiH/. 
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Puc. 1a. tZ>opMa cmpuMepo8 8 'IUCIIIOM zeAUU Jtfiomozpatfiu
po8aHue noo. yziiOM 90°1C Hanpa8AeHUIO 3./leKmpU'IeCKOZO 
noAJI, 25 KB/cM,Dl: 2,8; 'IY8Cm8. ·1000 eo. TOCT/. 

Puc. lfi. tZ>opMa cmpuMepoe 8 zeAUU c oo6a81COU H2 0 
/0,1%/; 1 amM, 25 KB/cM, D1: 2,8i'ly'8Cm8.1000'eo. 

FOCT/. 

.a 

'~ 

I 

! 
·I 

I 

TaKHM o6pa3oM, pa3pa6oTaHHLiii pe:>KHM no3BOJIHnBnep
Bble ,D;OCTHrHyTL B reJIHH BblCOKOH .H:pKOCTH H llOKallH3aD;HH 
cne,n;a, a TaK:>Ke 3Ha'IHTellLHO ynpOCTHll BLICOKOBOllLTHyiD · 
'laCTL nHTaHH.H: KaMepLI. 

BTopoii Ba:>KHOH 3a,n;aqeii .H:Bll.H:llOCL nonyqeHae·'B renHH 
llOKaJIH30BaHHOrO no TpaeKTOpHH , HOHH3Hpy10ID;eii 'laCTHD;LI 
cTpHMepHoro pa3p.H:,n;a npH noB.hlWeHHOM. ,n;aBneHHH. IIpoBe
.n;eHHble c 3TOH u;eni.ro Hccne.n;oBaHH.H:/S,7/ noKa3an~, 'ITO 
npH ,n;aBneHHH 273 Q111M B 'IHCTOM reJIHH npOHC.XO.ziHT pac
npOCTpaHeHHe pa3p.H:,D;a OT TpeKa no 06'LeMy ·KaMepLI H, cne
,D;bl npaKTH'IeCKH He co.n;ep:>KaT. HH4JopMaD;HH 0' ~ rny6HIIHOH 
Koop,n;HHaTe TpaeKTOPHH 'laCTHUhl. BBe.n;eHHe opraHH'IeCKHX 
,n;o6aBOK B KOHD;eHTpaD;H.H:X 0,0170,10/o pe3KO no,n;aBnj{eT 
M~Y3HIO pa3pH,D;a H cBH3aHHoe c HHM . cBe'leHHe H no3Bo,
nHeT nony'IHTL xopowo noKanH30BaHHLH~ cne,D;hl npH .n;aBne
HHHX ,D;O 6-7 .amM. IlpH 3TOM Hanp.H::>KeHHOCTL non.H:, ;Heo6-
XO,D;HMaa. ,D;nH o6ecne'leHHH onTHManLHoii. HPKOCTH,· pacTeT 
npH6nH3HTenLHO. KaK yp,'ITO C03,D;aeT·6naronpHH~HLie yc
nOBHH ,D;llH C03,D;aHHH CTpHMepHOH · KaMepLI C nOBblllieHHblM 
,D;aBneHHeM pa6oqero ra3a. YpoBeHL . BBO,D;HMLIX ,D;OGaBOK 
HeBellHK, H KaMepa. OCTaeTCH KaK . MHWeHL npaKTH'IeCKH 
'IHCTO reJIHeBOH. • . 

Pa3pa6oTaHHblH pe:>KHM nony'leHHH noKanH30BaHHblX cne
,D;OB B renHH 6hln npHMeHeH ,D;ll.H: pa3pa60TKH BO,D;OpO,D;HOH 
cTpHMepHoii KaMepLI /8/~, TaKoii .n;en~KTop MO:>KeT 6blTL 
nepcneKTHBeH ,D;llH pH,D;a HCCne,D;OBaHHH, H n03TOMY B pH,D;e 
na6opaTOPHH MHpa _HHTeHCHBHO Be,D;yTC.H: nOHCKH B 3TOM 
HanpaBneHHH. linaro,D;apH HcnonL30BaHHIO Hawero MeTo,D;a, 
BnepBble y,D;allOCL yCTOH'IHBO nony'laTL H 4JoTorpa4JHpOBaTL 
cne,D;bl B :Bo,D;opo,D;e npH ,n;aBneHHH 1 amMnpH HanpH:>KeHHOCTH 
nonH Bcero .27 KB/cM 6e3 .HcnonL30BaHHH .n:ononHJii-eni.Hoii 
TexHHKH ycHneHHH /30II/ - puc. 2. ' · 

Puc. 2. tZ>omozpar,fiu.R c.11eoa 
6&rcmpozo 3AeKmpoHa 8 8ooo
po Oe npu 1 amM /Hanp.R · 
xeHHocm& 27 KB/cM, 
oo6a8Ka CH4-0,5%, 

D 1 : 2,8, 'IY8Cm8umeA&Hocm& 
nAeHKU 1000 ·eo. TOCT/. 
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Puc. 3. 06Uiuri· eu() yc11JaHoeKu c ze11ueeori C11JpuMepHori Ka
Mepori-MuweHbiO. ,. 

/ 10 

' 

t ~ 

'1:· . ' 

Iii.m H3y'leH TaiOKe Ka'leCTBeHHO OTnH'IHbiH nO,D;XO,D; 
K C03,D;aHHIO BO,D;OpO,D;HOH KaMepbl Ha OCHOBe npHMeHeHHH 
TeXHHKH HMnynLcHoro ronorpa<iJupoBaHHH/38/. 

Ha OCHOBe npoBe,D;eHHbiX . HCCne,D;OBaHHH 6bln C03,D;aH 
pH,D; KOHCTPYKUHH renHeBLIX CTpHMepHbiX KaMep, pa6oTaiO
IIJ;HX B Jla6opaTopHH H,D;epHbiX. npo6neM OH.HH, Hanuo:HanL
Hoii na6opaTOpHH cPpaCKaTH /9( KaK npH aTMOC<iJepHOM ,D;aB
neHHH B MarHHTHOM none *., .. TaK H npH • nOBbiilleHHOM 

,D;aBneHHH. 
,nnH · 3~CnepHMeHTOB no H3y'leHHIO paCCeHHHH nHOHOB 

iia H,D;pax 3 He . H 4 He 6blna cnpoeKrapoBaHa renilemi.H .Ka- · 
Mepa-MHilleHb ,D;HaMeTpOM 0,5 M, rny6HHOH 12 qc, C pa6o
'IHM ,D;aBneHHeM 4 Q1/JM; ynpaBllHBWaHCH CIJ;HHTHnnHIJ;HOHHbiM 
ro,D;oc:KonoM I puc; 31. KoHCTPYKUHH KaMepbl o6ecneqa:Bana 
B03MO:>KHOCTb pa6oTLI c H30TonoM 3 He · npli MHHHM~nLHbiX 
noTepHx :noro ,IJ;e<iJau;HTHoro ra3a. <PoTorpa<iJutlecKaH ·c·a
cTeMa H CHCTeMa BbiCOKOBOnbTHOro nHTaHHH lrHH Ha 
800 KBI n03BOnHnH· npOH3BO,D;HTb CTepeo<iJoTorpa<iJHpOBaHHe 
CO CKOpOCTbiO, 104 r/J011JO/'IaC. BpeMt!HHOe pa3pellleHiie Ka'.: 
Mepbl COCTaBnHnO 2 73 MKC: Bwno HCCne.zioBaHO peryna-~ 
poBaHHe naMJITH c noMOIIJ;biO pa3.i:IH'IHbiX ,D;o6aBoK: CCf4, 
SF6; a TaiOKe B03,D;yxa IYP.OBeHL.,D;o6aBOK ""0,0111/ol. ' .· .·. . . ·. . . ! 

· B T peT be B: r .rl aBe· onucaHa nocTaHoBKa. 3Kcnepu
MeHTOB no u3yqeHHIO ynpyroro pacceJIHHJI nHoHoB ml. ,l,11;pax 
3He a 4 H/111. 3KcnepHMeHTbl npoBOAHnHcb . Ha :Me3oHHblx 
ny'IKaX CHHXpOIJ;HKnOTpOHa Jla6opaTOpHH JI,D;epHbiX npo6neM 
OH.HH I puc~ 41. H3 Me3oHHoro KaHana 6LinH BbiBe,D;eiJLI 
DY'IKH nHOHOB C 3HeprHeH 68, 98, 120, ~'135·, :145~ .1S6~ 
17 4, 198 H 208 M 3B. II pH 8cex 3THX 3HeprHJIX nony'lanHCb 
"--Me 30HLI. IIono:>KHTenLHble naoHLI .B03Mo:>KHo GLino nony-

qaTL C DpHeMneMOH HHTeHCHBHOCTbiO .TOnbKO AO. 3HeprHH 
156 M3B. 3HeprHJI ny'IKOB .·· onpe,neriJinacL no npo6ery, 
a TaiOKe nyTeM H3MepeHiiH HMnynLcoB B. cTpHMepHoii .Ka
Mepe, noMeiiJ;eHHOH B MarHHTHOM none /MarHHT MC-4AI, 

*KaMepbl,' paOOTaiOIIJ;He Ha 3TOM npHHIJ;Hne, HCnOnb3y
IOTCH B pJI,D;e ,D;pyrHX na6opaTOpHH IHanpHMep, B pa6oTe 
U:.C.BY ·H ,D;p. /10/ npH noHCKe ABOHHOrO {3-pacna,D;al. 

II 
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Puc. 4. PaaMeUieHue. annapamypbJ Ha MeaoHHbJX ny<~Kax 

cimxpof.IUKAompoHa OH.JIH /1 - rjoKycupyiOUIUe AUHabl, 2 -
MaZHUIII MC-4A c Ka.Meporl, 3 - KaMepa c zooocKonoM, 
C1 - C6 - C'lei/I'IUKU/. 

H KOHTpOJIHpOBanaCL no npo6ery .H,IJ.ep OT,IJ.a'IH B CaMOH 
cTpHMepHoii_ KaMep~·MmueHH. CocTaB ny'IKa H3Mep.snc.s 
'lepe'HKOBCKHM C'ICT'IHKOM nonHOrO norno~eHH.H C TO'I· 
HOCTLIO ,.20fo. 

CTpHMepHa.s KaMepa KaK MHIUeiiL HMena Manyro 3cilcileK
THBHYIO TO~HHy: "'35 MZ/CM 2, n03TOMY ,IJ.CTCKTHpOBaHHe 
B3aHMO,IJ.CHCTlJHH llHOHOB B Heii, npe,IJ.CTaBn.sno co6oii cno:>K
HYIO 3a,IJ.a'ly. 3anycK KaMepLI npOH3BO,IJ.HllC.H OT .rO,IJ.OCKOna 
:8:3 18. c~HHTHnn.s~HOHHLIX c'leT'IHKOB, pa3Meil\aBumx·c.s Bo
Kpyr 'IYBCTBHTenLHoro o61>eMa I puc. 51. OH 3axBaTLIBan 
.nuana3oH yrnoB pacce.sHH.H oT 25 .no 170 o H o6ecne'IHBan 
,IJ.OcTaTO'IHO 6onLWOH TeneCHLIH yron I,..0,12x4rr cpl. Pac,-

. ' 

ce.&HHLie. Me30HLI oT npo~eccoB ynpyroro . H Heynpyroro 
B3aHMO,IJ.CHCTBHH ,IJ.CTCKTHpOBanHCL rO,IJ.OCKOnOM, OT KOTOpor.o 
OC~eCTBll.HllC.H 3anyCK rHH H CHCTCMLI ciloTorpaciiHpOBaHH.H. 

Bw.neneHue co6wTHii ynpyroro pacce.sHH.s I puc. . 61 
npOH3BO,IJ.HllOCL B npo~ecce ,IJ.ByKpaTHOrO npOCMOTpa H06· 
Mepa cTepeoclloTorpaclluii. H3MepeHH.H npoBO.D.HJIHCL Ha npo
CMOTpOBLIX- CTOnax Jla6opaTOpHH .H,IJ.epHLIX npo6neM, Jla6o
paTOpHH BLI'IHC.iiHTenLHoii TexHHKH H aBToMaTH3a~HH OHJIH 

12 

IEITC-3 Ha nHHHH C 3BM TPAI H TypHHCKoro HHCTHTyTa 
. · ciiH3HKH. 0T6op ynpyrHX C06LITHH ocy~eCTBn.HllC.H nyTeM 

npoBepKH 'COOTBCTCTBHH Ha6nro,IJ.aeMOH H paCC'IHTaHHOH KH
HCMaTHKH pa3neTa nHOHOB.H .H,IJ.ep OT,IJ.a'IH no cne~HanLHO 
co3,naHHLIM nporpaMMaM o6pa6oTlrn ruciorpaMM lnpo
rpaMMLI LANT, GAUSS, SECEN H .D.P./. BHOCHJIHCL He
o6xo,IJ.HMLie nonpaBKH, y'IHTLmaiin~He reoMeTpuro ro.nocKona, 
a TaK:>Ke 3cii4JeKTHBHOCTH OT,IJ.CllLHLIX C'ICT'IHKOB, BKna,IJ. OT. 
Heynpyrux npo~eccoB l5·d5~ol, cocTaB ny'IKa.· 

B npHBe,IJ.eHHLIX 3Kcno3u~B:.sx nonyqeHo oKono 2 MnH. 
CTepeociloTorpaciiHii, Ha KOTOpLIX OT06paHO OKOllO 1B.1Q3 
co6:i:.ITHH ynpyroro . rr± 4He- H rr ± 3H~ - pacc·e.HHH.H. 

l'lf,lh"ii 

?Wi"ll'i"lfi' 

..,~--- •;!'.,:·--.{ . ', 
c• ,.. • '~ '\ 

' ' CKBD \...,g_' 

' 

Cl 
~ 

Puc. 5. EAoK~ cxeMa aAeKmpoHuKu zooocKona, ynpaeAJIIOUierl 
pa6omorl cneKmpoMempa ua cmpuMepHbJX KaMep. 
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Puc. 6. · Tunut~HaJI ¢omozparjuJI co6blmUJI ynpyzozo pac
ceJIHUJI rr+·MeaoHa Ha Rope 3He. 

B q ~ T B e p T o B: rna B e aHaJIH3HpyeTCJI 3KcnepHMeH
TaJILHLIH MaTepHaJI ITO HCCJie,IJ;OBaHHIO yrJIOBbiX pacnpe,IJ;eJie· 
HHH ynpyroro pacceJIHHJI nHOHOB Ha JI,IJ;pax 4He B ,IJ;Hana3oHe 
3HeprB:B: 68-208 MaB /Bcero 13 yrnoBLIX pacnpe,IJ;eJieHHB: -
15.103 C06LITHH/ - puc. 7. TaKHe CHCTeMaTH'IeCKHe H3· 
MepeHHJI ynpyroro pacceJIHHJI KaK c rr+- TaK H c rr-·Me3o-· 

· HaMH Ha JI,IJ;pax 4 He. npoBe,IJ;eHLI BnepBLie/12{ 0,IJ;HOBpeMeHHO 
llOJIY'IeHLI 3HepreTH'IeCKHe 3aBHCHMOCTH llOJIHLIX Ce'leHHH 
ynpyroro pacceJIHHJI - a:e (T)H aee (T) I puc. 8/. 

3KcnepHMeHTLI ll03BOJIHJIH ycTaHOBHTL, 'ITO nepBLIH MH· 
HHMYM B ,II;HciJciJepeHUHaJILHLIX Ce'leHHJIX ynpyroro rr±4He -pac
ceJIHHJI HaXO,II;HTCJI npH 0 "'70780°H npaKTH'IeCKH He CMeiiJ;a• 
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Puc. 8. 
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1/ '• 
I . 
// 

.f Jr 
I "! 

6 

so 100 150 200 TIMeYI 
3Hepze1TIU'leCKQJl 3aeUCUMOC1Tib nOAHbiX Ce'leHUU 
pacceRHUJl 3apRJKeHH&rx nuoHoe Ha Ropax 4 He. 
f: - 17 -;. Kpue&re noAy'leH&r no onmu'lecKoii Mo-

eTCH C :meprHeii. 3TO Ka'leCTBeHHO OTllH'IaeTCH OT nOBeAe
HHH MHHHMyMa B 17 12 C -pacceHHHH IMHHHMYM HaXOAHTCH 
npH , lPHKCHpOBaHHOM 3Ha'leHHH nepeAaBaeMOrO HMnynLCa 
q= 0,1 T3B/c/.ITpH :meprHH 120 M3B B o6naCTH yrnoB e17"' 

. ""150-160° Ha'IHHaeT npOHBllHTLCH BTOpOH MHHHMYM B AHip-
4JepeHl(HallLHLIX ceqeHHHX. 

' Ilonuoe ceqeuHe ynpyroro pacceHHHH I puc. Bl AllH 
17- HMeeT MaKCHMYM npH 3HeprHH oKono 140 M3B, H, 

TaKHM o6pa3oM, ua6moAaeTCH ero CMell(eHHe no cpaBueHHIO 
c pe3ouaucuoii 3HeprHeii B 17-N-B3aHMOAeiicTBHHI190 M3BI. 

XapaKTep yrnoBLIX pacnpeAeneHHii no3BOnHeT 3aKmo
'IHTL, 'ITO ynpyroe pacCeHHHe nHOHOB B paCCMaTpHBaeMOM 
AH.ana3oue 3HeprB:ii HMeeT ua HApe renHH, no-BUAHMOMy, 
' . 12 
I<a'lecTBeuuo APYrYID npupOAY, 'leM Ha H~pe C. A HMeuuo, 
B nepBOM cnyqae pe3KO npOHBllHeTCH p - AOMHHaHTIIhiH xapaK
Tep 3lleMeHTapuoro 17-N -B3aHMOAeHCTBHH llPHKCHpOBaH-

HOe nono:>KeHHe MHHHMyMa npH yrnax, 6JIH3KHX K 90 ° , 

jl& 

I 

I 
onpeAenHeTCH uynHMH . a:MnnHTYALI, COAep:>Kall(eH PHA no 

.· nonHHOMaM Jle:>KaHApa, KOTOpbie AaiOT HaH6onee TO'IHOe 
• npeACTaBneHHe aMnnHTYALII; BO BTOpOM - HMeeT MeCTO 
06bi'IHaH AH4JpaKl(HOHHaH KapTHHa IMHHHMYM nOABH:>KeH. H 
onpeAen,aeTCH KOpHHMH lPYHKUHH EeccenH, · HcnonL3yeMoii 
MH npH6nH:>KeHHOrO npeACTaBneHHH nbnHHOMOB. Jle:>KaHApal. 
IloHBnHIOil(HHCH ua renHH BTopoii MHHHMYM B da (0) I dil , ' 
no-BHAHMOMy, HMeeT' y:>Ke AH4JpaKl(HOHHY10 npHpOAY· TaKHM 
o6pa3oM, B pacceHHilH. ua renuu pe3KO npoHBnHeTCH ua
pyweuue ycnoBHH ,\ < R, BLmonueuue KOToporo ueo6XOAHMO 
AilH npOHBneHHH AH4JpaKl(HOHHOrO xapaKTepa B pacceHHHH. 

C npuBneqeuueM nonyqeHHhiX AaHHhiX BnepBhle 6hln Bhl
nonueu 4Ja30Bhlii auanH3 ynpy~oro 174tle-pacceHHHH B AHa
na3oHe OT 24 . AO 156 M3BI 911npHMeHHnacL nporpaMMa 
MHHHMH3al(HH "Fun;ili " I. Ilpu ero npoBeAeHHH ucnonL-
30BanaCL TaK:>Ke HOBaH MeTOAHKa auanH3a - MeTOA pa3nO
:>KeHHH C YCKOpeHHOU CXOAHMOCTLIOI 14l,no3BOllHBWaH B PHAe 
cnyqaeB nony'IHTL 60llhWYIO HaAe:>KHOCTb B onpeAeneHHH 
3Haqeuuii KOMnneKcli~x 4Ja30BLIX c.ziBHrOB (of , 7J f ) • liblnH 
nony'leHbl 3HepreTH'IeCKHe 3aBHCHMOCTH 4Ja30BLIX CABHrOB. 
S - , P- H D -Bonu I puc. 91. · . 

AHallH3 BLIHBHll cepbe3HLie TPYAHOCTH, 'CBH3aHHble C 
ueOAH03HaquocTHMH npu Bhi6ope peweuuii B 17 4 He-pacceH
HHH, H Aan B03MO:>KHOCTL CAenaTL Bhi60p HaH6onee BepOHT
HhiX peweuuiil15l, 3TO, B CBOIO oqepeAL~ 06'bHCHHllO npuqH
Hhl ·nonyqeHHH auoManLHO 6onLWHX 3uaqeu~ii BenH'IHHLI 

. . . - . 
3lleKTpOMarHHTHOrO paAHyca nuoua B HeKOTOpbiX H3 OnLITOB 
no d-a-pacceHumol27, HcnonL30Bauue onTHManL:Horo pewe
HHH no3Bonuno uaiiTH 3Ha<ieuue <r;>112 = 10,8±0,41 4>M, 
YAOBneTBopuTenLuo cornacyiDil(eecH c pe3ynLTaToM:, nony
qeuHLIM H3 auanu3a MHpoBLix AaHHLixl161. ·. . . . 

BnepBLie npoBeAeHHLiii 4Ja30BhiH auanH3, 3aBHCHil(Hii OT 
3Hepr:Hul17 I, noKa3an, 'ITO napaMeTpH3al(HH BH.Aa · 

2f+ 1 A l b T c T 2 d 'I' 3 k c tg Ll e = - a e + f : + • f. + e 
AaeT uaunyqwee onucauue HMeiOil(HXCH MHpOBhiX AaHHhiX 
no 17 4He ynpyroMy pacceHHHIO /393 TO'IKH, BKJUO'IaH AaHHhle 
no at {T) H3 pa6oThl/l8f; HcnonL30BancH 51 napaMeTpl. 
B pe3ynLTaTe 3Toro auanH3a ycTaHoBneuo, 'ITO uau6onee 
OnTHMallLHaH BellH'IHHa AllH 

<r 2> 112 = 10,80±0,201 4>M, 
17 

17 
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a 3Ha'leHHH ,IJ;JIHH pacce.HHHH Rea0 = /-0,160_±0,0IO/ t/JM 
H Im a 0 =/0,055±0,07 I t/JM xopowo cornacyroTc.H c ,IJ;aH,; 

HhiMH, ITOJiy'leHHhlMH H3 HCCJie.D;OBaHH.H 714He-Me30aTOMOBf 19/. 

HaH,IJ;euuax 3HepreTH'IecKa.H 3aBHCHMOCTh ,IJ;JIH MHHMOH 

'laCTH aMnJIHTY,IJ;hl 71
4He-pacce.HHHH Bnepe,D; Im £{ 0, cu) 

o6Hapy)KHBaeT HeMOHOTOHHOe H3MeHeHue· B paHOHe 20-

30 M3B jy nopora Heynpyrux nponeccoB/. u BHe li>H3H~ 
'leCKOH 06JiaCTH HMeeT ropa3,IJ;O MeHbWHe j,IJ;a)Ke H OTpH

I.(aTenbHhle/· 3Ha'leHHH, 'leM 3TO ITpHHHMaeTC.H npH Bhi'IHC

JieHHH ,IJ;HCITepCHOHHhiX HHTerpaJioB/20 f.HaH,IJ;eHHa.H H3 4>a30-

Boro aHaJIH3a 3HepreTH'IecKa.H 3aBHCHMOCTh ,IJ;JIH Re £( O,cu)
,IJ;eHcTBHTeJILHOH 'laCTH aMimuTy.D;LI ;onepe,IJ; B 11

4 He -pac

ce.HHHH - pacxo,IJ;HTCH c npe,D;cKa3aHHHMH pac'leTOB, uc-

ITOJIL3YIOII.(HX ,IJ;HcnepCHOHHhie COOTHOWeHH.H /21/ . 

/3KcnepuMeHT - Ref( 0, cu) :::· 0 npu 140 M3B, Teopux -

npu 180 M3B/. llpH'IHHhi :noro pacxo)K,IJ;eHHH MoryT 6h1Th, 

BepO.HTHO, 06'b.HCHeHhl> C O,IJ;HOH CTOpOHhl, ITJIOXHM 3HaHHeM 

at ( T) , a c ,D;pyroH - o6mi.pyJi<eHHLIM noBe,IJ;eHHeM Imf{O, cu) 
B He!l>H3H'IeCKOH o6JiaCTH • 

3Ha'IHTeJILHoe KOJIH'IeCTBO nony'leHHOH HH!l>opManuu no 

ynpyroMy pacce.HHHIO 11 ± 4He IT03BOJIHJIO ITPOH3BeCTH ee . . 
COITOCTaBJieHHe C paCITpOCTpaHeHHhiMH MO,IJ;eJibHhiMH npe,IJ;-

CTaBJieHH.HMH, HCITOJih3yeMhlMH .,IJ;JI.H OITHCaHH.H B3aHMO,IJ;eH

CTBH.H ITHOHOB C JierKHMH .H,D;paMH. 

1. B paMKax MooeAu uMnyAbCHozo npu6.;"wtceHuR/22/ 
OKa3aJIOCh B03MO)I(HblM JIY'IWe, 'leM B pa6oTe/1/, !l>eHOMeHo

JIOrH'IeCKH OITHCaTb 3KCITepHMeHTaJibHhle yrJIOBhie pacnpe

,IJ;eJieHH.H ynpyroro paccexuux BO BCeM .D;Hana3oHe ~33 -pe-

30HaHca ITpH HCITOJih30BaHHH . 4>a3 CB060,IJ;HOrO 11- N -pac

Ce.HHHg H nyTeM BBe,IJ;eHHH T<lJIL~o .Tpex.napaMeTpoB': Ha -
pa,D;Hyca .H,D;pa 

4 
He, 4>a3bl p-BOJIHhl - oj3 H p (T) - MHHMOH 

,IJ;o6":BKH B S -Bonuy, cBx_3~HHOH c nornoll.(eHHeM. B pe 3YJ1L

TaTe ITO,IJ;rOHKH napaMeTpOB MeTO,IJ;OM HaHMeHbWHX KBa,D;pa

TOB OKa3aJIOCh, 'ITO OITTHMaJihHLie BeJIH'IHHhl Ra H p(T). 
XOpOWO COOTBeTCTBYJOT H3BeCTHhlM OIThlTHhiM . 3Ha'leHHHM: 

pa.D;Hycy 3ap.H,IJ;a .H,D;pa 
4 

He H3 e-a -pacceHHH.H /1,65 tPM/; 
.ce,'leHHIO Heynpyroro pacce.HHH.H ai (T) /npH6JIH)I(eHHO CB.H-

47TA · . 
3aHHOMY c p ( T) cooTHOWeHHeM a i ( T) = --

2
- p (T)/. OnTu-

P 

19 



98 Jl- He4 156MeV 
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.l:J 120 .150 ec .. s 

Puc. 10 .. YzAoeoe pacnpeoeAeuue ynpyzozo 11- 4He-pacce.R
HUR e MoOeAu TAay6epa~ CumeHKO /cnAowHa.R Kpuea.Rj •. 

,; 

ManbHhle 3Ha'leHHH ~a3hl o13 npH Kam~OH 3HeprHH npH
MepHO Ha 20- 30o/o. HIDKe, 'I eM .~aKTH'IeCKHe BeJIH'IHHhl o;

3 
~nH CBo6o~Horo 11-N -pacceHHHH. 

2. AfoOeAb MHOZOKpaTIIHOZO Ou¢paKijUOHHOZO pacce.RHUR 
OKa3biBaeTCH npHMeHHMOH /23/ , ~nH nonyKOnH'IeCTBeHHOrO 
onHcaHHH ~aHHhlX no 11

4He ynpyroMy pacceHHHIO npH ycno
BHH yqeTa B. pacqeTax penHTHBHCTCKOH KHHeMa THKH. Y'IHTLI
RanHCL nHOH-HyKnOHHhle ~a30Bhle C~BHrH TOnLKO S- H 

P-BonH, H~epHhlH ~OpM~aKTOp ~HKCHpOBancH HCXO~H H3 
onLITOB no e-He -pacceHHHIO. ConocTaBneHHe npoBe~eHHhlx 
pacqeTOB C OnLITHhlMH ~aHHhlMH nOKa3biBaeT, 'ITO HIDKHHH 
rpaHH:o;a npHMeHHMOCTH npH6niDKeHHH Tnay6epa- CHTeHKo 
B 17 4He-pacceHHHH HaXO~HTCH npH 3HeprHHOKOnO 100 Af3B. 

~20 

3KcnepHMeHTanLHhle ~aHHLie npH 98 H 156 Af3B Y~OBneT
BOpHTenLHO cornacyroTCH c pacqeTaMH, HCKmoqag o6nacTL 
ManLIX yrnoB /< 40°/, r~e HMeeT MeCTo CHnLHaH 
HHTep~epeH:o;HH KynoHoBcKoro B3aHMo~eHCTBHH c H~epHhlM. 
06paiiJ;aeT Ha ce6H BHHMaHHe ~OCTaTO'IHO XOpOWee COOTBeT· 
CTBHe pacqeTOB H OnbiTHbiX ~aHHhlx·no da(O)jdQ npH 
156 Af3B ~a)Ke npH 6onLWHX yrnax I"" 90° H Bhlille/. 

3. Onmu'lecKa.R MoOeAb. Pac'leTld, BLmonHeHHhle c Hc
nonL30BaHHeM noTeH:o;HanoB nepBoro nopH~Ka/24/ 
KHccnHHrepa: 

'Vk(r) =2mV {r)+(A-l} IBp(r) +C(-Vp(r);)+ AA- 1 _!!!_(V 2p(r))l, 
c 2mN · 

H HenoKanLHoro noTeH:o;Hana c 
nannacHaHoM: 

?ro 1 m2 2 
VL(r) =2rnV (r) +(A-1} l (B+p"l...) p{r) +-

2 
-.C(V p(r)) I 

c 112 

/B ~opMynax m H p. - npHBe~eHHLie Macchi, B . H C 
KOHCTaHTLI, CBH3aHHbie· C ~a3aMH 17-N -B3aHMO~eHCTBHH/, 
noKa3hlBaiOT, 'ITO o6a TIOTeHIJ;Hana BOCnpOH3BO~HT nonO)KeHiie 
nepBoro MHHHMyMa B da (0) /dfl npH 70-80° C.IJ;.M. /3TO 
MO)KeT CBH~eTenLCTBOBaTL 0 ~OCTaTO'IHO XOpOWeM yqeTe 
P-BonHoBoro xapaKTepa 11-N -pacceHHHH/. HecKonLKO 6o
nee xopowee onHcaHHe ~H~~epeH:o;HanLHhlX H nonHLIX ceqe
HHH ~aeT HcnonL30BaHHe noTeH:o;Hana KHccnHHrepa 
fpuc. 7,8/. O~HaKo Ha6mo~aeMoe pacxo~enHe Me)K~y 
pacqeTaMH H 3KcnepHMeHTaMH B ~Hana3oHe yrnoB 25-
600 /npH T 17< 120 Al3B/ He .Y~aeTcH · o6'bHCHHTL, coxpaHHH 
3Ha'leHHH qia30BLIX C~BHrOB CB060~Horo 17-N -pacceHHHH, 
a TaK)Ke BLI6Hpag p(r) H3 OnLITOB no pacceHHHIO 3neKTpo-. 
HOB Ha H~pe .4 He./B pacqeTaX He HMenOCL KaKHX .;nH60 
cBo6o~HLIX napaMeTpoB/. Bo3MO)KHO., npHMeHeHHe 6onee 
peanHCTH'IHLix cenapa6enLHhlx noTeH:o;HanoB/25/, HcnonL3o
BaHHLix B nocne~Hee BpeMH ~nH OnHCaHHH 17.4He·pacceHHHH, 
no3BonHT nony'IHTL nyqwee cornacHe . Me)K~Y TeopHeH H 

3KCnepHMeHTOM. 
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rna a a n .H: T a .H: noca.H:meHa H3no)KeHmo pe3ym.Ta TOB 
+ 

uccne~oaaHH.H: ynpyroro pacce.H:HH.H: rr--Me30HOB Ha .H:~pax 
3He npu !lHeprH.H:X 68, 98, 120, 145, 156, 198, 208 M3B. 
3xcnepHMeHTanLHLIH MaTepuan/26/ co~ep)KHT 13- yrnoBLIX 
pacnpe~eneHHH /5.10 3co6LITHH/ · - __ puc. 11. 3To noxa 
e~HHCTBeHHLie ~aHHLie no. ynpyroMy paCCe.H:HHIO nHOHOB Ha 
.H:~pax 3He. Tax )Ke, xax B rr 4He-pacce.H:HHH, B yrnoBLIX pac
npe~eneHH.H:X 06Hap~HBaeTC.H: MHHHMYM npH Orr =70-80° 
c.~.H., nono)KeHHe xoToporo He MeH.H:eTC.H: c !lHeprueH:. Ilpu 
!lHepruu oxono 120 M3B B yrnoaLix pacnpe~eneHH.H:X no.H:B
n.H:eTc.H: BTOpOH MHHHMYM npH8rr-:140-150°C.~.H. 3TO no~
TBep~aeT apryMeHTLI, H3nO)KeHHLie paHee npu HHTepnpe
Ta~u pe3ynLTaTOB no rr 4He-pacce.H:HHIO. rny6HHa nepaoro 
MHHHMyMa B yrnOBLIX pacnpe~eneHH.H:X rr+ 3He 3Ha'IHTenLHO 
npeaLiwaeT rny6uHy MHHHMyMa B pacnpe~eneHH.H:X d7 (0) I d!l 
M.H: rr- -Me30HOB npu .cooTBeTcTayromux !lHeprH.H:X. HHTer
pupoaaHHe yrnoBLIX pacnpe~eneHHH ~ano B03MO)KHOCTL yc
TaHOBHTL !lHepreTH'IeCXHe 3aBHCHMOCTH BenH'IHH nonHLIX 
Ce'leHHH ynpyroro pacce.H:HH.H:rr+- H rr- -Me30HOB Ha .H:~pax 

3 He/puc. 12/. )l;aHHLie, nony'leHHLie c rr--Me3oHaMH, no-
3Bon.H:IDT npe~nonaraTL HanH~He cna6o BLipa)KeHHoro Max
CHMY_Ma B a~ (T) - npH 3HeprH.o; Me30HOB 150-180 M3B. 
K CO)KaneHmo, He HMenoCL B03MO)KHOCTH npocne~HTL no
Be~eHHe aJ<T> npu !lHeprH.H:X BLIWe 156 M3B. · 

Ilpu !lHeprHH 156 M3B Ha6nro~aroTc.H: cne~yromue aenH-:
'IHHLI OTHOWeHHH nonHLIX Ce'leHHH ynpyroro pacce.H:HH.H:: 

+ 4 - 4 
aef ( He) aee ( He) 

= 1,4 ± 0,2, = 2,14 ± 0,25, 
aJ (3He) a;e (3He) 

a~( 3He) 
__;;,:;_ __ = 1,90±0,27. 
aef (3He) · 

H3 npOCTLIX o~eHOX 3THX OTHOWeHHH Ha OCHOBe 3ap.H:~OBOH 
CHMMeTpHH B rr- N -a3aHMo~eiicTBHH MoryT 6LITL nonyqeHLI 
COOTBeTCTBeHHO cne~yromHe npH6nH)KeHHLie BenH'IHHLI: ·1 ,3; 
2,5; 2,0. 3TO CB~eTenLCTByeT, C O~HOH CTOpOHLI, 0 BHyT
peHHeH cornaCOBaHHOCTH .. · !lXCnepHMeHTanLHLIX ~aH

HLIX, a C ~pyroii CTOpOHLI - 06 OTCYTCTBHH XaKHx-nH60 
CHnLHLIX 3<il4JeXTOB, XOTOpLie 6LI npO.H:Bn.H:nHCL B OTXnOHeHHH 
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Puc. 12. 3Hepzemut~ecKue 3aaucuMocmu noAHbiX cet~eHuii 
ynpyzozo pacce.JIHUJI tr± -MeiOH06 Ha JIOpax 3 He /f - rr+ , 
§ - rr- /. Pe3yAbmambl Bbi'IUCAeHuii no onmut~ecKoii MoOeAu 
c pa3HbiMU nomeHIJUaAaMu noKa3aHbl KPUBbiMU K u L /. 

OT 3ap.H~OBOH CHMMeTpHH npH B3aHMO~eHCTBHH ITHOHOB C .H~-. 3 4' 
paMH He H He. 

ITony'leHHhie 3KcnepHMeHTanLHhie ~aHHhie no rr 3He- pac
ce.HHHIO 6hliTH COITOCTaBneHhl C p.H~OM MO~eneii:, HCITOITh30-
BaHHhlX B OITHCaHHH 1T 4IJe ynpyroro pacce.HHH.H. 

1. MooeAb uMnyAbCHozo npu6AuxeHuJI B cnyqae rr 3 He
pacce.HHH.H He no3BOn.HeT nony'IHTh y~oBneTBOPHTenLHoro 
OITHCaHH.H 3KCITepHMeHTaiTbHhiX ~aHHhlX 6e3 y'leTa aMITITHTy
Jii.J C nepeBOpOTOM CITHHa/27/. )l;H4JcbepeHl{HaiTbHhle Ce'leHH.H 
npe~cTaBn.H,JIHCh cne~yroll{HM o6pa3oM: 

24 

da ± ( 0) 

tD I[ A· F1 ( q2) £ ~ (0) + £ !<o)] 2 + [ A· F2 (q 2) g ~{0)] 21. 

15 

i 
I 
10 

5 

. dO 
dQ, 

mrv'sr 

"" 

30 60 90 120 150 
8r,2pag. 

Puc. 13. ,[fu{fo.PepeH!JUaAbHoe cet~eHue ynpyzozo pacce.JIHUJI 
rr+ 3 He a UMnyAbCHOM npu6AuxeHuu npu T17 = 98 M3B • 

1 llpoBe~eHHhle pac'leTLI noxa3anH, 'ITO ~n.H xopowero onHca
HH.H Tpe6yeTC.H ITO MeHbWeii: Mepe TpH CB060~HhlX napaMeTpa 
/nepeHOpMHpOBKa 4Ja3bl P -BOITHhl. o ~3 H 4JopM4JaKTOphl npH 
aMimHTy~ax 6e3 'nepeBopoTa, fN(O) , H c nepeBopoToM: cnHiia, 
gN{O), puc~ 13/. ·Tax )Ke, xax H a rr 4He -pacce.HHHH, on

THMani.Hoe 3Ha'leHHe 4Ja3hl P-:BonHLI oxaJhiBaeTC.H npHMepHo 
-Ha /20-30/o/o. MeHhWe, 'leM CB060~Ha.H 4Ja3a ~ CB060~0M 

rr- N - pacce.HHHH. 3To xax 6LI yxa3hiBaeT Ha CHH)KeHHe 34l-
4JeKTHBHoii 3HeprHH HaneTaiOil{ero ITHOHa 3a C'leT 3lPlPeKTOB 
3KpaHHpOBaiiH.H, 4JepMHeBCKOrO ~BH)KeHH.H H T.~.; 'ITO HY)KHO 
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y'IHTbiBaTb Ha OCHOBe 6onee TO'IHbiX MO.l(eneii. EcnH 6b1Tb 

nocne.l(OBaTenhHhiMH,TO, KaK H B cnyqae c 1r 
4He- pacceg

HHeM, Heo6xo,l(HMO Y'IHThiBaTb HanH'IHe norno~eHHH. 0.l(HaKo 

He,l(OCTaTO'IHaH TO'IHOCTb nonyqeHHbiX ,l(aHHbiX ,l(enaeT-BBe

,l(eHHe 'leTBepTOrO napaMeTpa, XOTH ~H3H'IeCKH H onpaB

,l(biBae~oro, He o6ocHoBaHHhiM. 

2. B paMKax onmutlecKou MooeAu ynpyroe 1r3He -pac

ceHHHe 6hino paCC'IHTaHo/26/ C yqeTOM CnHHa H H30CnHHa 

H.l(pa 3 He c npHMeHeHHeM .l(Byx noTeH~HanoB: KHccnHHrepa 

H IienoKanbHoro noTeH~Hana c nannacHaHOM. B- Bbipa)KeHHH _ 

,l(nH noTeH~HanoB, B oTnH'IHe OT cnyqag 1r 
4 He - nacceHHHH, 

4~ -+-+ 
BXO,l(HnH qneHbi, 3aBHCH~He OT npOH3Be,l(eHHH {J • e) H (T· t). 

06a noTeH~Hana TOnhKO Ka'leCTBeHHO aocnpOH3BO,l(HT 

xapaKTep yrnoBbiX pacnpe.l(eneHHii I puc. 11/. Pa3nH'IHe 

B OTHOCHTenbHbiX rny6HHaX MHHHMYMOB 

do-(Omin) do+(emin) ( > __ ___:;;,;:.::.,_ 
d11 dQ 

XOPOWO 06'bHCHHeTCH 3Ha'IHTenhHbiM BKna,l(OM B 77- 3He 

pacceHHHe or aMnnHTY.l(hi c nepeBopoToM cnHHa. CooTBeT

CTBYIO~He Bbipa)KeHHH MH Ce'leHHH HMeiOT BH,l(/28f: __ 

2 12 do+ (0) = If 
312 

1 2 + sin Ol g3/2 • 
df! 

do-(0) 

dQ 
2 1 2 .2 2 1 2 

13£ I/2 + 3£3/2 I +Sin Ol3gl/2 + 3g 3/2 I ' 

r,l(e g H f - COOTBeTCTBeHHO aMnnHTY.l(bi C nepeBOpOTOM 
T T • 

H 6e3 nepeBopoTa_ cnHHa. 

3HepreTH'IeCKaH 3aBHCHMOCTb fiOnHbiX Ce'leHHH .ynpy

roro pac_ceHHHH_ BocnpoH3BO.l(HTCH pac'leTaMH o'leHb nnoxo 

/puc. 12/. HecKonhKO 6nH)Ke K onbiTY pac'leTbi c noTeH

,_~HanoM KHCCnHHrepa. _3To pacXO)K,l(eHHe, a TaK)Ke 3Ha'IH

. TenbHOe , npeBbiWeHHe TeopeTH'IeCKH Bbi'IHCneHHbiX ,l(H~e
peHtiH:anhHbiX Ce'leHHH Ha,l( _ onbiTHbiMH 3Ha'leHHHMH, no-

BH,l(HMOMy, yKa3biBaeT Ha He06XO,l(HMOCTb yqeTa B pac'leTaX 

no OfiTH'IeCKOH MO,l(enH ~Kna,l(a OT HeynpyrHX KaHanOB. 

j26 

3. KcJHcliraHma ce.11au £2 
3H 3H· • IIonyqeHHhle 3Kcne-

7T e . . 
pHMeHTanbHble .l(aHHhle . no 77-llHe · HeynpyroMy pacceg-

HHIO no3BOnHIOT npe.l(ripHHJITb -nOnhiTKH no H3BneqeHHIO KOH

CTaHTbl ' CBH3H f~H-e3H - • 3Ta KOHCTaiJTa XapaKTe

PH3yeT nepeHopMHPOBKY 3neMeHTapHoro 77- N -B3aHMo

.l(eiicTBHH H3-3a 3~~eKTa B3aH.MHOrO BnHHHHH HYKnOHOB B 

H.l(pe. )J;ng O~eHKH KOHCTaHTbl HCCne,l(OBanHCb ,l(Be pa3-

Hhle npo~e.l(yphl: MeTo.l( qy /29/, 3KCTpanong~g .l(~~~epeH
~anhHhiX ceqeHHii ynpyroro pacceHHHH B nonroc H 11epe3 

He~H3H'IeCKYJO o6naCTb, H MeTO,l( 'lly H Jloy /30~ B KOTOpOM . 

3KCTpanonH~HH npoH3BO.l(HTCH n_p nepeMeHHoii x = s ...., M 2. 

B x=O /puc. 14/. KaK noKa3an aHanH3/26/, TO'IHOCThnony~ 

1. r 

1S 

s 

,-
\ 
' 

\ 

ca> n p 
(bl n:3 He 
(C) :nltfe With wt-otf Furdion 

Q I ~- ~ -•--ol _c \ 'lb -

-5 

~\lal 
\~ .. , 

\\ 
()\ . \ 
' \ \ ' 
; ~ 

Puc. 14. · 3Kcm~noA.Rfi~JI no meopuu 
2 
qy !l. Jioy_oAJi Oflemw 

nceeoOCKaA.RpHOU KOHCmaHmbl C6JI3U f 3H ~. - ~ 
. 7T e ~tl · 

2T 



\ ' 

qeHHhiX ,D;aHHbiX n03BOJIHeT "HaHTB ,IJ;OCTaTOqHo ,IJ;OCTO-
. . . 2 ·' 

BepHiile 3HaqeHHH ,IJ;JIJI f ;m:e 3H .. TOJib~O BTOpbiM MeTO,IJ;OM. 
)J;JIH • 3KCTpano.iiHUHH HCITOJib30BaJIOCb CJie,D;yiO~ee BblpruKe ~ 
HB:e 1311, Koropoe dlaKTHqeci<H npe,D;cTaBnaeT co6oii npa:Myro 

(:3: ' .iiHHHIO no nepeMeHHOH X H C napaMeTpOM HaKJIOHa 

8 M (V.(k))2k3 11'3(.¥ + sin20f-{2 . . 1 . 

3 m2.·. v(s) (s-M 2). 1...;_173~2 cos2o 3./.2 = £2 3u 3n 
1 1 1T e 

- (s-M 2){:3, 

r ,D;e V ( k) . yqHTbiBaeT dJopMdJaKTOp H,D;pa, v ( s) = a ee , o H 
at 

1J -' dJa3bl p -:BoJIHbl, s - nOJIHaH 3HeprHH B CHCTeMe UeHTpa 
MaCe. BeJIHqHHa f 2 3~ Sn KOHCTaHTbl OKa3biBaeTCJI 6JIH3KOH 

2 1T e v 

K BeJIH~He ( f = 0,08 ,D;JIJI CB060,D;HOro rr-N -B3aHMO,D;eH-

CTBHH: 

f !sue sn= 0,101 ± 0,018. 

0Ha 3aMeTHO OTJIHqaeTCJI OT BeJIHqHH (, 0,06), ITOJiyqeHHbiX 
,IJ;JIJI · 6oJiee T g)l{eJihiX H,D;ep C npHBJieqeHHeM ,IJ;HCnepCHOHHbiX 
COOTHOilleHHiil21l, HO He npOTHBOpeqHT oneHKe Ji.3.Kone
JIHOBHqal32l Henocpe,D;CTBeHHO ,D;JIJI 3He(=- 0,16), C,D;eJiaHHOH, 
no-BH.D;HMOMy, 6onee crporo jyqer dJopMdJaKTopa 3He, 
Ft H3 (:3-pacnana 3 H /. ,D;na BhiHCHeHHH npHqHH pac
xo)KJJ;eHHH Heo6xo,D;HMO . ,D;aJibHeiimee noBhlilleHHe roq-

. HOCTH . 3KcnepHMeHTaJibHhiX ,D;aHHhiX no . da ( 0) I df! 
HJIH )Ke H3Mepemie 3HepreTHqecKOH 3aBHCHMOCTH nOJIHbiX 

+ - 3 ceqeHHii pacceHHHH rr -H rr -Me30HOB Ha anpax He B mH-
poKOM ,D;Hana30He 3HeprHH, qT06bl MO)KHO 6biJIO npOBeCTH 
H3BJieqeHHe f;, 3ue 3H C nOMO~blO ,D;HCITepCHOHHbiX COOT
HOilleHHH. 

B r naB e me c To ii npencraBneHhl · pe3yJILTaTbl He- 1 . I I cneno:BaHHH 33, o,D;Horo H3 nponeccoB Heynpyroro B3aHMo-
neiicTBHH nHOHOB C H,D;paMH 4He, a HMeHHO, peaKUHH 
rr + + 4 He ... rr-+ 4p.,D;o Hacroa~ero BpeMeHH peaKUHH .D;BOiiHoii 

nepe3apH,D;KH OCTaiOTCJI CJia6o H3yqeHHbiMH 1341, OC06eHHO 
B Cnyqae JierqaiimHX H,D;ep, r,D;e ,D;aHHbiX MaJIO, H K TOMY 
)Ke OHH B pane cnyqaeB npoTHBopeqaT ,11;pyr npyry. 

Oco6blii HHTepec npencraBnaeT ,D;BoiiHaH nepe3apa,D;Ka 
Ha TaKHX JierKHX H,D;pax,·KaK 4He, T.K. B 3TOM CJiyqae H,D;pO 
HMeeT MHHHMaJibHOe. qHCJIO HYKJIOHOB, qT06bl nponecc HMeJI 

./ 28 

Mecro, H peaKUHH MO)KeT-H3yqarbca, TaK CKa3aTb, a "3ne
MeHTapHoM"-BH,D;e. 

JiOJibillaH CBeTOCHJia YCTaHOBKH n03BOJIHeT 3dJdleKTHBHO 
perHcTpHpoBaTb 3TOT npo~ecc, un~Hii c MaribiM ceqeHHeM, 
H Ha6JIIO,D;aT:b BCe qacTHUhl /B TOM qHcJie C oqeHb MaJibiMH 
3HeprHHMH, He,D;OCTYJIHbiMH ,IJ;JIH Ha6JIIO,D;eHHH, HanpHMep~ 
B )KH,D;KoreJIHeBoii KaMepe/, HcnycKaeMble B nponecce ,D;Boii
Hoii nepe3apH,IJ;KH nHOHOB. 

3KcnepHMeHThl no H3yqeHHIO noJIHoro ceqeHHH pea:KnHH 
/1/ 6biJIH BhlnonHeHbl npH 3HeprHax 98, 135, 145, 156 MaB. 
Bcero 3aperHcTpHpoBaHo 36 CJiy<!aeB B3aHMoneiicTBHH /eM. 
ma6AUfiY/. • . 

Ta6nHna 

3HeprHH, 98 135 145 156 
MaB 

--
qHCJIO Ka,D;pOB 70.000 73.148 45.171 81.072 
qHCJIO ~06bl-
THH 9 . ,7 4 3 
ad.ex(TI 
CeqeHHe,M6 0,30±0,15 0,29.±.0,10 0,34±0,17 0,13±0,07 

fiHTHJiyqeBag TOnOJIOrHH C06biTHH n03BOJIHJia OT,D;eJIHTb 
CJiyqaH ,IJ;BOHHOH nepe3apH,D;KH .. OT dJoHOBbiX nponecCOB 
I puc. 15/. KoHTpoJib dloHa npoH3BO.D;HJICH no 3Kcno3HUHHM 

Puc. 15. Tunu'-moe co6r.1mue oeoi1Hoi1 nepeaap.RoKu noAo
xumeAbHozo nuoHa Ha .110pe 4He • 
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c 3He /r11.e '1I.BOiiHaJI nepe3apJITI.Ka Ha rr+ He MO:lKeT HTI.TH/ -

puc. 16. CooTBeTCTByro~e.nonpaBKH BHOCHnHCL Ha B03-

MO:lKHLIH I}JoH OT nap ,l(anHT~lt· MeTOTI.HKa npOCMOTpa H'H3-

MepeHHii 6LIJia aHaJIOrH'IHa HCnOJIL30BaHHOH npH H3y'leHHH 

ynpyroro pacceJIHHJI. KruKTI.oe co6LITHe HTI.eHTHI}JH~poBanocL 
nyTeM npoBepKH KHHeMaTHKH pa3JieTa 'laCTH~. IlpHBJieKa

nHCL TaK:lKe HOHH3a~HOHHLie KpHTepHH. 

N 

n 

Puc. 16. Paauocmb pacnpeoeAeuuu aeeao no ~ucAy Ay~eu 
OAJI 3Kcno3UfiUU rr+ 4 He u rr+ 3He /nocAe coomeemcmeyroflleU 
HOPMUPOBKU/. 

j30 

::> 

,l(aHHLie .Ta6nH~LI Yli.OBJieTBOPHTeJILHO cornacyroTcJI c 

O~eHKaMH ad. ex (1), KOTOpLie MO:lKHO .CTI.eJiaTL nyTeM H3-

MepeHHJI, ce'ie:HHJI peaK~HH rr + + 12-c .· :.. a + a + 4p + . "

npH; T17 = 138 M;3B/37(.Ha~TI.eHHLie ·BeJIH~HHLI ad. ex (T) no

Ka3LIB8.IOT, 'ITO" pac'leTLI no MOTI.eJIH napHLIX KOppeJIJIUHii/3 5/ 

TI.aiOT 3aBLIIIIeHHLie O~eHKH 11.JIJI HOJIHOrO Ce'leHHJI H 'ITO, 

KpOMe TOro, npe1J.CKa3LIBaeMLIH TeOpHeii MaKCHMfM B ceqe

HHH npH 250-300 M3B HMeeT MaJIO WaHCOB npOJIBHTLCJI, 

ecnH OH CTOJIL IIIHpOK. B TO :lKe CaMoe BpeMJI·xapaKTep 

yrnoBoro pacnpeTI.eJieHHJI rr--Me30HOB OT TI.Boiilloi nepe3a·

PJI1I.KH Ka'leCTBeHHO TaKo:ii, KaK 3TO CJieTI.yeT H3 pac'leTOB 

/HOPMHPOBKa Ha onLIT/. 

0:MO 

II ~~} 
I '~~} ,, . \ ~}. 

II . ':._;!'! 
1/ ~ 
I ' I,' Q ,, ' . 

4 

u 
~I· I I I 0 1 1 .. ,...J~', 1 .. ,. I 1 I I I 

40 100. 140 200 260 300 400 470 
E31 ,M3b 

Puc. lZ 3Hepzemu~ecKaJI aaeucuMocmb noAHozo ce~eHUJI 
-oeouHou nepeaapJioKu noAoxumeAbHozo nuoua ua Jlope 4He. 
qepHbre KpyxKu - oaHHble HacmoRflleU pa6ombl. lllmpuxoeKou 
noKaaaHbl peayAbmamM pac~emoe no MooeAu napHbiX Koppe-
AJiliUU. . 
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Puc. 18. Y21zoeoe pacnpeoeAeuue ompuijameAbHbJX nuouoe 
om npoijecca oeouuoii' nepe3apRoKu. /Co6bJmUJl cyMMupoea
HbJ eo eceM uumepeaAe 98-156 M3B, uopMupoeKa meopuu 
no 3KcnepuMeumyj. 

PacqeTLI, BblllOllHeHHble B nocne,IJ.Hee BpeMH Ha OCHOBe 
MO,IJ.enH . OOMeHHhlX Me30HHhiX TOKOB /36/, ,IJ.aiOT ,IJ.nH a d..ex(T) 
MOH(>TOHHYIO 3aBHCHMOCTb Oe3 MaKCHMyMa npH 250-
300 M3B. Coana.u.aa c onLITOM npH 485 M3B, TeopH.lf, TeM 
He MeHee~ npe,D.CKa3biBaeT .u.Jia Hawero ,IJ.Hana30Ha :meprHH 
BenHqHHhl ceqeHHH, MeHhWHe onLITHhiX B HeCKOllhKO pa3. 
Ilo..;BH,IJ.HMOMY, HeOOXO,IJ.HMbi oonee CTpOrHe TeopeTHqe CKHe 
MO.IJ.enH, KoTopLie Obi He HcnonL3oaanH npHonHiKeHHH, npH
BO.IJ.HIQHe K CTOllh o·onLWOMY pa3HOOOIO B OnHCaHHH nponec
ca .IJ.BPHHOH nepe3apa,D.KH ,IJ.aiKe Ha TaKOM npOCTOM H,IJ.pe, 
KaK 4He. 

: 0 C H 0 B H hi e p e 3 y n b TaT hi ,IJ.aHHOH ,IJ.HCCepTanHOHHOH 
paoo'i'hl MoryT oLITL c!lJopMynHpoaaHhl KpaTKO cne.u.yroiQHM 
o6pa3o~: . 
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1. IIpe.u.noiKeH HOBLIH MeTO.IJ. nonyqeHHH apKHX _H noKa
nH3oaaHHhlx cne.u.oa B renHH. IloKa3aHa ero 34MileKTHBHOCTL 
,IJ.llH !lJoTorpa~HpOBaHHH TpeKOB B renHH npH nOBhlWeHHOM 
.u.aaneHHH, a TaKiKe B ao.u.opo.u.e. 

2. BnepaLie co3,IJ.aHa ycTaHOBKa,.co CTpHMepHoii KaMe
poii._MHWeHi.ro, HanonHeHHoiirenHe:M:.:3, KOTopaa .AO HacToa
IQero BpeMeHH HBllHeTCH e,IJ.HHCT,BeHHOH 113 nO,IJ.OOHhlX ycTa
HOBOK. TaKHM oopa30M, 3anoiKeHbl- OCHOBhl OpHrHHanbHOrO 
HanpaaneHHH B TeXHHKe ,IJ.eTeKTOpOB - CTpHMepHhlX KaMep-_. 
MHWeHeii. 

3. BnepBLie BhlnOnHeHbi CHCTeMaTHqecKHe HCCne,AOBaHHa 
ynpyroro pacceaHHa nH(moa oooHx 3HaKoa Ha a.u.pax renHa-4 
B ~Hana3oHe 3HeprHii 68-208 M3B. YKa3biBaeTca Ha Ka
qecTBeHHO pa3nHqHhlH xapaKTep rrHe-H rrC -pacceaHHa /a 
nepaoM cnyqae pe3Koe npoaan(mHe P-.IJ.OMHHaHTHOCTH, a 

rr-N-:a3aHMO,IJ.eHCTBHH, BO lHOpOM - ,IJ.H~paKnHOHHaH Kap
THHa/ • 

. 4. Bnepable Hccne~oaaHo ynpyroe pacceaHHe rr±-Me3o
HOB Ha H,D.pax · 3He. 0TMeqaeTCH 3HaqHTellbHhlH BKna~ B 
pacceaHHe aMnnHTY.IJ.hl c nepeaopoTOM cnHHa. 

5. Pa.u. HOBLIX .u.aHHhlX nonyqeH a ~a30BOM aHanH3e yn
pyroro rr 4He-pacceaHHH /cMeiQeHHe nonoiKeHHa pe3(>HaHca, 
Heno,IJ.BHiKHOCTL nepaoro MHHHMyMaj, Bnftl>Bhle...:..:..BJ>InOJ:IH£!1 
Ji>!!~I!~H aHaJIH3, ·. , 3aBHCHIQHH OT 3HeprHH. Y CTaHOBneHa 
npHpo.u.~eifa~>112~1!.::::!!:PE_c_eJiifiUi • .,_ __ , __ -- ---- ' . ~- ·- -·-··---r·'-----~-~--· -~,.,,__,.......-- . ,...,.,___ 
IloKa3El.HO ·iiaiJ:HqHe 3HaqHTCllhHhlX OCllOiKHeHHH B OnHCaHHH 4 3 . . -
rr He H rr He ynpyr:oro pacceaHHH /npH Manhlx . yrnax 

11 3HeprHax 100 M3B/ a paMKax onTHqecKoii Mo.u.enH 6e3 
npoH3BOnLHhlX napaMeTpoa; OneHeHa HHiKHaa rpaHHna npH
MeHHMOCTH npe,IJ.CTaBneHHH rnayoepa-CHTeHKO ,Ana onHca
HHH ynpyroro rr 4H~-paccea:HHa. BnepaL~e~nQl!YqeHhl .IJ.~HHble. 
o · noae.IJ._~JIHH __ ~oii. qacT_!!_:._~~Li QacceaHHi"ineQe,Ih 

··---------~ ' -. 
1 npoaHallH3HpOBaHbl B03MOiKHhle npHqHHbl paCXOiK,IJ.eHHH OnhiT-
HhlX ,IJ.aHHhlx no H3MepeH:Hro Re £( 0 , rn ) c pacqeTaMH no 
,IJ.HCnepCHOHHhlM COOTHOWeHHHM. 

BnepBble BhlnOnHeHa oneHKa · KOHCTaHThl · B3aHMO,IJ.eii-2 . 
CTBHH_ f 17 3 He ~ • . 

6. IloKa3aHa 34J4JeKTHBHOCTb renHeBOH CTpHMeJ>HOH Ka
Mepbi-MHWeHH ,IJ.llH HCcne,IJ.OBaHHH ·o,IJ.Horo 113. pe,D.KHX HeYIIpy
rHX nponecco:B B rr+4He- pacceaHHH - .u.aoiiHoii nepe3apa.u.
KH. H3MepeHLI aenHqHHhl ceqeHHii npH 3HeprHax 98~ 135, 

33 



145 u 156 M3B. YKa3LIBaeTcx Ha 3HatiuTeJILHoe pacxo:>K~e- · 
HHe onLITHLIX ~aHiiLIX '' C npe~CKa3aHHHMH TeopeTHifeCKHX 
Mo~eneii. 

OcHOBHax qacTL pe3yJILTaToB, H3JIO:>KeHHLIX B ~uccep
TaiUIH, npe~CTaBmiJiaCL Ha Me:>K~yHapO~HLie KOHcllepeHIJ,HH 
u coBemaHux: Me:>K~yHapo~HLie KoHcllepeHIOIH no annapaType 
B cliH3HKe BLICOKHX 3HeprHH /,I(y6Ha, 1964; EepKJIH, 1966; 
BepcanL~ 1968; ,I(y6Ha, 1969; qHKaro, 1972; ~pacKaTH, 
1973/ j Me:>K~yHapo~Lie KOHcllepeHUHH no cliH3HKe BLICOKHX 
3Hepruii H cTpyKType x~pa I ,I(y6Ha, 1970; 3Kc-aH-llpo
BaHC~ 1972; Jloc-AH:>Kenec, 1972; Ynncana, 1973; CaiiTa
~e. 1975/; BCeCOl03HLie COBemaHHH /T6HJIHCH, 1972;HT3~, 
1973/ H ony6JIHKOBaHa B pa6oTax/5-9,ll-l5,17,22,23,26-29,33,38/ 
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