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~ B.A.Jlax6asJlB 

I. OHUAH XAPAKTEPMCTHKA PAEOTbl 

AKTYaJD'?HOCTh pa6oTH. HliTepec K axcnepHMeHTaJil:>HOMY HCCAe­
;n;oBB.HIDl npo~eccoB pollr,11;9HH.I! OTP~TeJII>HHX IIHOHOB BO BSa.HMo;n;eli­
CTBHHX ~eiiTpOHOB (TPHTOHOB) c B;JJ;PaMH Aeririrx SA9M9HTOB H c npo­
TS1llt0HHHMH MHllI9HRMH CBJISaH, B nepBym o'tlepe,IU>, c sa,Ita'tleli onpe;n;e­
AeHHH QIITHMBJJl,HHX c 9Hepr9T}Iq9CKOi TO't!KH spemm: YCAOBHH c»oPMH­

po:eaJBUI nyqKOB ..... --M930HOB IlpH IlpliIM9H9HKH noc~e,rum:x B Ka.TaJillI-
se R,11;9pHI:lX pea.KJ:J;Hit CHHT9Sa B CM9CH HSOTOnoB BO;n;opo;n;a - npouec­
ca, ROTOp:r:rli MOJ!t9T CTaTl> OCHOBOi!: ,Wm: COS.IJ;BllHJI O.IJ;HOH HS a.JlbTep­
Ha'l'BBHHX CilOCo60B IlpOMSlllJI9HHOrO IlpOH3BO.IJ;CTBa SHeprlilI. no Bb!nO~­
H9HHJI HacTOSDl{9H pa60Tbl liIM~Cb J.IHll[D B9CbMa C:&y.IJ;HH9 axcnepHMeH­
TaJILHH9 ;n;BHHHe no HsyqeHliIID xapaxTepHCTHK npoueccoB o6pasoBamm: 
x--MeSOHOB npH BSaBMO.IJ;9HCTBHH T.fD!teJJHX H30TOnOB BO.IJ;Opo;n;a c Aer­
xmm: B;JJ;PaMH B o6JracTH Ha'tla.JlbHl:lX aHeprHil I-2 raB Ha HYEJIOH, B KO­
TOpoi Ol!l1f,I{a9TCH BHilOJIH9HH9 OilTHMaJI!>Hl:lX y~oBHil IlpOH3BO.IJ;CTBa 3H9p­
rHH IlpH IlOMOJQH MIOOHHO-K8.TaJIH'l!9CKOrO peaxTopa. COB9plll9HHO OTCYT­
CTBOBa.Jlll 9KCil9pliIM9HTaJI&HH9 ~B.HHHe no o6pasoBa.mno X"-M930HOB Ha 

IlpOTJDJt0HHHX MJllllI9HHX. 
Il~elDie·;n;eTaJil:>HHX axcnepliIM9HTaJrbHHX ;n;aHHHX no IVIHOX9CT­

B9HHHM, HHKJJJOSHBHHM, IlOJIYHHKJIIOSHBHHM H KOppemnnrnHHHM xapaxTe­
pHCTHKaM H9YilpyI'HX B;JJ;PO-R,11;9pHHX CTO~OB9HHH HM99T TaKllt9 B8JKH08 
3Ha'tl9HH9 .wm: noHJilMa:HHJI M9xa.HHSMOB STHX peaKUHil, npoBepKH npe;n;­
CKa.SalDii H YTO'tIH9HWi TeopeTH'tl9CKHX MO,IJ;Meil, OilHCHBa.IOl!lHX npouec­
CH o6pasoBa.BHSI BJU)OHOB BO BSaHMo;n;ei!:CTBHHX .H,IJ;ep c JUU>8MH H npo­

TJDK9HHBMH MHlll9H.SMK. 
~ HacTomnei .ii;HccepTan;HOHHoi pa60TH JIBJIHeTca no~eHHe 

nepBHX sxcnep111M9HTaJrbHHX ;n;a.HHHX no cpe;n;HEM MHOX9CTB9HHOCTJ.IM H 
HHRJIIDSHBHBM (B TOM 't!H~e - .IJ;Bruir.zu,I J.tHcfxPepeHD;HaJlhHHM) cneRTpaM 
X"-M930HOB BO BC9M TM0CHOM yrAe HX p0llr,11;9HHH npH B3aHMO;n;elicTBHH 
;n;eiTpOHOB C SH9pl'Hei I rsB Ha HYHJIOH C .a;n;p8MH yrAepo;n;a H C npo­
T.1Dlt9HHHMH 6epK1IJIHeBoi H yrAepo;n;Hoi MHI11eH.RMH, npoBepxa rr:Pe;n;cxasa­

m T90P0TH'tl9CKHX MO,n;Mei!:, IlpHM9H.a:9MHX B pac'tleTax OnTHMa.JI:&Hb!X 
KO~an;d: Ilp0Tmt9HHHX MHDieHei; HsyqeHRe_mn:tJIIOSHBHbIX cneRTPOB 
x- -M030HOB BO cpparMeHTa;uHOHHI:lX H ueHTpaJibHOH o6AaCTHX dC -Bsa­
HMO~eicTBHi!: H HX cpa.BH9HH0 c T00p0TH'tl0CK:m.m npe;n;cxasaHHBMH, oc­
HOBammMH Ha "npamrJiax C'tleTa" H c YCT8.HOBJI9HHHMH paHee ,I(JUI Bsa-
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HlVlO.IJ:9HCTBHH 6oJiee TJDK9JIHX .fI,ll;ep SJ:VITIHpl'ft!eCKIDJ!llI 38.KOHOMepHOCTR­
rvrn:; SKCTI9pHIVleHTaJ!bHOe llCCJie.n;oBa:irn:e MH0Xt9CTB9HHHX, CTI9KTpaJ.Ib­
HHX ll KOppeJIBIJ,MOHHHX xapa.KTepHCTHK x--MeSOHOB H conyTCTByro­
ll(HX HlVl a,DJlOHOB B TIOJIYI'IHKJIIOSHBHHX pea.KIJ:WUC JC -BSa.MMO.n;eficT­
BHfi, ITOHCK poxw;eHHR a;Iij)OHHHX pe3oHaHCOB B STHX pea.KUHRX. 

HoBH3Ha H HayqHaJI ueHHOCTb pa6oTH. 
I. BrrepBHe HsMepeHH BHXO.n;H, IDJinyJihCHHe, yrJIOBHe H .IJ:BaJK.D;H 

.izyrqxpepe~a.JlliHHe cneKTPH 7t--Me30HOB BO BSaHl\/IO.n;efiCTBHRX .n:efi­
TPOHOB c .ff,Iijla.Mli yrJiepo.n:a H c 6ep~¥IeBOfi H yrJiepo.n;HOH npOTR­
meHHMMH MIDIJeH.BMH npH SHeprm!! I rsB Ha HYRJIOH' SIWTiepHIVleHTaJ.!D­
HO oueHeHH SHepreTHqecKHe saTpaTH Ha po:ll\,ll;eHHe TL--M930Ha H3 
npoT.f.DKeHHHX MH1.119H9M, IlOJIYqeHH sxcrrepHIVleHTaJ.IbHHe oneHKH BKJia­
.n:oB pa3Jill'IHHX BTOpHqHHX rrponeccoB norJio~e:irn:R H .n:onoJIHHT9JibHO­
ro pO:ll\,ll;eHHR x--Me30HOB B MHlli9HHX pa3.7IlfliHHX pasMepoB. BHITOJIHe­
HO cpaBHe:irn:e ITOJIYqeHHHX .IJ:aHHHX .n;JIB: npOTIDK9HHOH yrJiepo.n;HOH MH­

lli9HH c pesyJibTaTa.JVJH MO.IJ:9JibHHX pacqeTOB H yxasaHH BOSMO.lKHI:le IIY­
TH HX COBepmeHCTBOBaHHR. 

BrrepBH9 H3MepeHH Heynpyroe H TOTIOJIOrHqecKHe ceqeHHR 
dC -B3aIDJIO.IJ:9HCTBHR ITpH SHeprim: l rsB Ha HYKJIOH, BHITOJIHeHO rrep­
B09 H3Mepe:irn:e ce'l!eHHR d &e -B3aHMo.n;efiCTBHR. 

2. !JyTeM COIIOCTaBJI9lll1fi pesyJibTaTOB HSMepeHHR HHKJIIOSliIBHHX 
cneKTpOB x--MeSOHOB ? TeopeTH'l!eCKHMH npe.n:cxasaHHRMH, OCHOB8.H­
HHMH Ha "rrpa.BHJiax C'l!eTa"' BnepBH9 TIOJIY'l!eHO yxaaamrn Ha B03MOXt­
H09 pasJIH'l!He Mexa.HHSMOB WParM9HTau,HH MaJIOHYKJIOHHOH (.n:efiTpoH) 
H MHOrOHYKJIOHHOH (yrJiepo.n:) CllCT9M B y- -MeSOHH: B o6JiaCTH 
<I!ParMeHTanHH yrJrepo.n:a HHBapHaHTHHfi cneKTP x- -MesoHa corJiacy­
eTcR c npe.n;CI~asaHHeM "HYKJioHHoro npa.BMa cqeTa", B OTmPme 
OT o6JiaCTH ~parMeHTauHH .n:efiTpoHa, r.n:e HMeeT MecTo corJiacHe 
(ycTaHOBJieHHoe Ta.ruKe H B 6oJiee paHHHX pa6oTax) c npe.n:cxasa­

HHeM 11KBapKOBoro IIpa.BHJia C'l!eTa". 
rroxasaHO, '!ITO HHBapHa.HTHHfi cneKTP H B9JIH'l!HHa BHXO.n;a x--Me­

SOHOB B ueHTpaJibHOH o6JiaCTH d c -BSaHl\/IO.n;efiCTBHR (xapa.KTepR3Y­
xmerO~i B cpe.n;HeM B9CbMa orpaHH'l!eHHHM 'l!llCJIOM yqaCTB~X B 

CTOJIKHOB9lll1fl:X HYKJIOHOB PI pO.n;HBlliRXCR IIHOHOB) TIO.IJ:'l!HHRIOTCR ycTa· 
HOBJI9HHhlM pa.Hee SMTIHpl'ft!eCKHM 38.KOHOMepHOCT.fIM MHOXt9CTB9HHOro 
po:ll\,ll;eHHR IIHOHOB B MHOrOHYKJIOHHHX BSaHl\/lo.n;eliCTBHRX 6oJiee TIDKe­

Jib!X .fI,ll;ep. 
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3. IToJIY'l!eHH nepBHe sxcnepRMeHTa.JThHHe .n;aHHHe no MHomecT­
BeHHHM, CTI9KTPaJibHhlM H KOpp9.1I.f.IUHOHHhlM xapaKTepHCTHKaM ~--Me-
30Ha H conpOBO:ll\,ll;a.roillHX ero a,I!;pOHOB ( u;+ -Me30HOB ll ITpOTOHOB -
B TOM 'l!HCJie KYMYJIRTliIBHHX H CTpRTIIlllHrOBHX) B IlOJIYHHKJII03HBHHX 
peaKllHRX d c -B8aHMO.n;eiacTBHi1: rrpll SHepr:inr l rsB Ha HYKJIOH. 
BrrepBHe .IJ:JIH .ff.IUJO-MepHHx B3aHMo.n:eficTBHfi TIOJIY'l!eHH oneHKH HHRJII0-
3liIBHHX ceqem 06pa30BaHHR A.0 -nso6apH n no.n:rroporoBoro po,K.n;e­
HHR J'0 -M930Ha • 

Ilpa.RTif9:9CKaJI ll9HHOCTb pa60TH 3a.KJII0qaeTCR B CJI9.IJ:Y!Oll19M! 
ITOJIY'l!9HHH9 SRCIIepllM9HTaJibHHe .n:aHHHe MoryT 6HTb llCIIOJib30-

Ba.HH: .n:JIR o:rrpe.n:eJieHHR onTHlVlaJ!bHHX ycJioBHfi reHepaµxrH nyqxoB 
.,....--Me30HOB IIpH rrpHlV!eHeHHH ITOCJI9.IJ:HHX B IVIIOOHHOM KaTaJIH3e CHHTe-
3a JierKHx Mep~ .IJ:JIH npoBepKH npe.n:cxaaam, YTOqHSHHR H .n:eTa­
JIHSauMH TeopeTH't!SCKHX Mo.n;eJiefil:, OTIHCHBa.roillHX rrpoµecCH o6pa30Ba­
HHR a,DJlOHOB BO B3aHMo.n;eficTBHRX M9P c .ff,IijlaMll H ITpOTJDKeHH!:JMH 
MHIII9H.HMllj IIpll IlJiaHHpOBaHHll HOBHX SKcnepHIVleHTOB (B qacTHOCTH, 
no H3yq9HHIO MaJIOH3yt:I9HHHX rrpo~eCCOB o6pasoBaIDIR a,J:ij)OHHHX pe-
30HaHCOB B .ff,Iij)O-.ff,Il;SpHHX B3aHMo.n:eil:CTBHRX) • 

Arrpo6ar.:gw: pa6oTH. Borne.n;lliRe B ocHoBy ~HccepTauMH pa60TH 
/I-II/ 6HJIH ~OJIO.llteHH Ha Meirr,IlyHapo~HOM CHMIT03eyMe TIO IVIIOOHHOMY 
xaTa.Jrnsy (raTq1rna, 1987 r.); Ha ill BcecoI03HOM ceMHHape no o6-
pa6oTKe WH3H'l!ecxoli HHWOPMauMH (Uaxxa,n;sop, EpeBar:r, 1985 r.); 
Ha lY KOHqJepeHUHU MOJIO.IJ:HX yqeHHX ~M (Hop-.AM6ep~. EpeBaH, 
I979 r.) ; Ha CoBe111aHHRx Me:ll\,ll;Yliapo.n;Horo coTpy~HHqecTBa no nc­
cJie~oBaHHRM Ha .n;ByXJVleTpOBOH rrponaHOBOH Katlmpe Jil38 Ollffi!I; Ha 
Hayq:Hb!X ceMHHapax Ep(l?M. 

Ily6JIHKa.rnm;. OCHOBHOe co.n:epjKaIDIG paCiOTLI orry6JIHKOBaHO B 
XtYPHa.Jie ".M .. o,,. Ca.ta.t~ud Fi.1,.<.on. ", B npenpMHTax H coo611\eHHB:X 

EpillM H _ OIDIB, B c6opHHKe "MaTeMaTLrtrecKue BonpocH 1rn6epHeTHim 
H Bwm:CJIHT9JibHOH TeXHHKH". 

06'beM IDICCepTfilIIDI. ,ILHccepTe.IJJrnHHM pa6oTa COCTOHT H3 
BBe~eHHR, ~:IeTb!peX rJiaB H 3a.KJIIO'l!OIDIR, co.n:ep;-:rn:T 128 C'rpaHHU Ma­
IllHHOilHCHOro T9IWTa, BKJII<JqM 55 pMCYHKOB H 18 Ta6mm:. CIIHCOI< 
JIHTepaTypH co.n:epXtlil:T 55 HaHl\/leHOBaim:lL 

@Top sa.rumuaeT: 
I. PesyJihTaTH o6pa6oTKH H aHaJI11sa 60J1ee IO THCR'tl: co6H­

Tnt'i B3ffiil\AO~eHCTBHR ~eliTpOHOB c ::rneprr.:retl I r3B Ha HYKJIOII B npo-
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Ila.He H B yrJiepo;n;Hofi H 6epMJLJIH9BOH rrpOT.F.OltSHHHX Mmll9HHX. 
2. 3KcnepHJVI9HTa.Jll>Hbl9 ;n;aHHble, IlOJIYl!9HHH9 npH HSMepeHHH 

Heynpyroro H TonoJior:11qecRHx ceqelilifi d C-BsaHMo;n;ettcTBHli n:Px 
I rsB Ha HYKJIOH, cpe;n;Heli MHO.llt9CTB9HHOCTH, mvmyJil:>CHh!X, yrJio­
Bh!X H ,Il;BaJK,I\hl ,:n;H@>epeHIJ;Ha.Jll>HHX pabnpe;n;eJieHW!:, HHBapHa.HTHHX 
cneKTPOB x--MeSOHOB B STHX BSa.IDIJO;n;ei1:CTBJilF.[X. 

3. 3KcnepHJVI9HTaJihHbl9 ;n;aHHh!e, IlOJIYl!9Hl!R9 npH HCCJI9,Il;OBa­
HHH MHO.llt9CTB9HHblX, Cil9KTPaJihHHX H KoppeJI.lll:l;ROHHHX xapa.KTep11c­
THK ~--MesoHoB H conyTCTB~X HM a,n;poHoB B IlOJIYRHRJIIOSHBHHX 
pea.:KIJ;WiX dC -B3a.IDIJO,IJ;9:fiiCTBHH npH I rs]i3 Ha HYKJIOH, 

4. 8KcnepHMeHTa.Jll>Hble naHHDie, noJIY,1reHHDie npH HSMepeHJ2[H: 
Heynpyroro C9l!9HHH df>e-BsaHMo;n:e:lrl:CTBHH, BJ:l:XO,Il;OB, HMI!YJ!bCHI:ll, 
yrJIOBh!X H .IJ:BaJK,I\H .IJ:H@>epeHIJ;HaJibHh!X pacnpe~eJielilifi .x--MeSOHOB, 
o6paaoBaHHHX npH 06JIYl!9HHH npOT.F.Olt9HHHX Mlfill9H0H HS yrJiepo~a H 
6epHJIJIIUI nyqKOM ,Il;9HTPOHOB C SHeprHe:lrl: I rsB Ha HYKJIOH; BRJ[a­
.IJ:OB BTOpliil!Hh!X npori;eccoB nor~o~eHHH H ,Il;OilOJIHHT9Jll:>HOro polK,ll;eH:wI 
7--MeSOHOB B npoTSDK9HHOH npona.HOBOH MH!ll9HH npR ee 06JIYl!9HHK 

IlyqKOM ;n;e:lrl:TPOHOB. 

II. CO.I(EPlKAIIl1E PABOT!l 

Bo BBeneHiqt o6ocHOBHBaeTcH a.KTYaJibHOCTb npoBe~eHHHX ac­
cJie;n;oBalilifi, cwoPMYJil'IPOBa.Ha IJ;eJib ,Il;HCcepTa.IJ,lIOHHO:lrl: pa6oTH, Hayq~ 
HaH HOBHSHa H IJ;SHHOCTb IlOJIYl!eHHHX pesyJ!bTaTOB, npliIBe~eHO 

KpaTROe co;n;ep~a.HHe ,Il;HCC9pTa.I1,lIR. 
B nepBOH rJia.Be ,Il;HCCepTa.rnm: OIIHCa.Hll MeTo,nxqecRHe Bonpo­

CJ:l: IlOJIYl!6HHH H o6pa60TKH 3KCnepHMeijTaJibHI:ll ~a.HHI:lX. 
8KcnepRMeHTaJih~ MaTepHaJI 6HJI nQJIYl!eH npH no~onua: ,u;Byx­

M9TPOBoil: npona.HOBO:lrl: IIYSJ:lPbKOBOtt KaM9pH JIBS owrn:, sanOJIHeHHO:lrl: 
npona.HOM (C3H8), IIJioTHOCTb KOTOporo pa.BHa 0.4sfo.0I r/cM3• 
~aCTb sKcnepHMeHTaJibHoro Ma.TepHa.n:a noJIYl!eHa np11.noMemeHHH B 
o6~eMe KaMepH yrJiepo;n;Ho:fii (,ll;lllIHa 30 CM, ,Il;HBMeTp IO ~CM, IJJIOT­
HOCTb I.73 r/cM3 ) MR 6epHJIJm9BO:lrl: (,IT,JIRHa 28 CM, ,Il;HaltJl9TP 6 CM, 
IJJIOTHOCTb I.848 r/cM3) Mmll9HH, HanpaBJieHHe OCK.KOTOpoi npH­
M9pHO COBba,n;aeT c HanpaBJieHHeM nyqita. Ka.Mapa llOMemeHa B Mar­
HKTHOM Il0Jl9 c Hanpmtt9HHOCTbID H = 15 KI'c: Ka.Mepa SKCilOHH:pOBa­
JiaCb B nyqKax ;n;eliTpOHOB Ha. CHHXP0WS.S:OTPOHe o:m:rn npH nepBHtIHOM 

~ 

~Jll:>C9 I.7 rsB/c Ha HYKJIOH (KHH9TWI9CKruI 3Hepr:wI I rsB Ha 
HYKJIOH). IlpliIBO,I(HTCH 06Iltl'I9 xapa.KTepHCTl'!Kli KaM9pH H CHCT9MH 

©oTorpai1JH:poBa.HHH. 
IlpOCMOTP CTepeOCHIDVIKOB H perHCTpa.u;wI co6h!THM BSa.IDllO;n;e:lrl:­

CTB:wI ;n;e:lrl:TPOHOB B npona.He H B yrJiepo;n;HO:lrl: H 6epHJIJIH9B0:!1 rrpo­
T.F.Olt9HHHX MmIISHHX npoBo;n;~cb Ha CTOJiax EIIC-75. 0To6pa.HHHe 
co6HT:wl c polK,ll;9HJ2[9M TL--M9SOHOB H3M9p&7IBCb Ha IlOJIYaBTOMaTax 
THna IlYOC-I, pa6oT~X B Jililll'IIO c 8BM M-6000. 0Dl1CaHO C03,1l;aH­
H09 nporpa.MMH09 o6ecnel!9HH9 aBTOMaTHSH:pOBa.HHO:lrl: CHCT9Mbl HSMe­
peH:wI H rrpe;n;BapHT9JibHOrO aHa.JIMSa co6h!THH Ha 6ase MHHM-8BM 
M-6000. MaTeMaT11qecKaH o6pa6oTKa HSMepeHHHX co6HTH:lrl: rrpoHsBo­
;IJ,HJiacb c IlOMO~bID nporpaMMbl reOM9TpHqeCKOH peKOHCTPYKUHH 
I'.EO\DIIT Ha 8BM · .1i3CM-6. Oxmca.H npori;ecc no;n;roTOBKH JI9HTH cy-MMap­
HHX pesyJil:>TaTOB, co;n;epJK~e:!1 60JI99 4 THC.fr'! COOHTlifi p021f,Il;9IDIB 

7' - -M930HOB. 
Bo BTOpott rJI8.J39 npoBe;n;eHO ,Il;9TaJibH09 HCCJI9,1l;OBa.HH9 MHO­

JK9CTB9HHHX H Cil9RTPaJibHHX xapa.KTepHCTHK A--M930HOB npH BSBR­
MO~e:lrl:cTBHH ne:lrl:TpOHOB B npona.He H C.H.TI;Pm.m yrJiepo.:n:a. 

lisMepeHH ope~ ,llJ!liHa B3aliMO,I1;9HCTBHH .:n:e:!1TpOHOB B npona­
H0 L = (84.0±r.4) CM H COOTB9TCTByroJ!l99 ett.cel!eHHe 6c.1(C1Ha)= 
= (2027±58) M6, a Ta.KlK0 TOilOJIOrHl!0CRH9 ceqeHHH H cpe;n;HHH MHO­
.llt0CTB0HHOCTb )t- -MeSOHOB <l1x->c.1cc3H1);:::: 0.125±0.006 B d(C,H,)­
B38EMO,I1;9iiCTB:wIX. BoCilOJil:>SOBa.Bllll'!Cb H3B9CTHHMH ,Il;a.HHHMH no pd -
BSalIMO,Il;eiiCTBHRM, onpe,I1;9JISHH: IlOJIH09 Heynpyroe €>de = (425± 
±2:i) M6 H TOilOJIOrJiI'IeCRH0 C9l!9HHH " c -B3aHMO,I1;9il:CTB:wI. cpe;n;HHe 
MHO:at0CTB0HHOCTH sap.F.OK9HHHX l!aCTJilll; < n,i.>= 2.74±o.05 H x--Me­
SOHOB < tiz-> dC = 0. I63±o. OI3, noJIHoe HHK1IIOSHBHoe ceqeHHe polK,ll;e­
HHH 7r-M0SOHOB 61t.(dC)=(68.9±4.4) M6 B dC-B3aHMO,I1;9HCTBHHX. 

B co6HTHHX c poJKJJ;eHHeM x--MesoHa rrpHMepHo I3% co6HTH:lrl: 
npoHCXO.lJ:HT Ha Bo;n;opo;n;e. Bo;n;opo;n;HHe co6HTHH (HMe~e qeTHIJ9X­
JIYl!9Byro ~ODOJIOrHID) H,Il;9HTHWliID;l1POBaJIMCb nyTeM RHH9Ma~eCROro 
a.H~sa. B ;n;a.Jll>HettmeM npHMeH&JicH HSBeCTHHli cTaTHCTliI'ISCKHil: 
M0TO,II; HCRJI!Ol!9HHH HX BK.Jia,n;a npH irnyqeHHH xapa.KTepHCTHK cl c -

. BS8.HMo;n;eiiCTBlrli c pOlK,ll;9HJ2[9M x--M930Ha. . 
Ha pHc. Ia-IB noRasrurn: pesyJil:>TaTH HsMepeHHH mvmyJil:>cHoro, 

yrJIOBoro H SHepre~eCKOro Cil9KTPOB JC- -M9SOHOB B dC-BsaR­
MO,Il;0HCTBHHX · (,u;ByXMepHOe pacnpe;n;eJI9HJ2[9 SHepr:wI-yrOJI BblJieTa 
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IIpHBe.n;eHo B aTo:iil: ~e rJIB.Be .D;HccepT~). Cpe.n;HHe sHa11eHH.fI 
aTHX pacrrpe.D;eJie:Hl'rli rrpe.D;CT~eHh! B Ta6JI. I. 3a.BHCHMOCTH cpe.n;­
Hero HMrryJIDca OT yrJia BHJieTa H cpe'AHero yrJia OT HMrryJibCa 
n--MesoHa rrpHBe.n;eHh! Ha pHc. 2a H 26. Pacrrpe,D;eJieHHe no P~ 

7L--M880Ha (pHC. 3) HM98T IIpHO~SHT9JI:bHO 3KCITOH9Hll;li8.7.Ib:ayI0 WOP­
MY c rrapaMeorpoM HaEJioHa g = ( 24. 5±0. 7) (raB/ c )-2; rrpH (t>HKcH­
poBaHHHX SHa11emmx IIpO.D;OJI:bHOro HMrryJI:bCa ~ rrapaMeTp HaKJIOHa 
pacrrpe,n;eJieHHR no p~ Sa.M9THO 38.BHCliIT OT Ft (TaOJI. 2). Ha pHc.4 
rroKa3aHo pacrrpe,n;eJieHHe rro weHl!MaHoBcKo:iil: rrepeMeHHoli X = 
= (P,~ IP::..) B C.l(.M. NN-B38.IDl.!O.D;9:iil:CTBHJ'I; 8TO pacrrpe,n;eJieHHe 
B o6JiaCTHX -I< x < O H .o < x <I MOJiteT Oh!Tb arrnpoKcm.mpoBaHo 
3aBMCIDVIOCTbIO - (I- Ix I r c ITOKa3aTe~. COOTB9TCTB8HHO, 
n = 0,99±0.07 H n = r.17±0.os. IIoxa3aHo, 1ITO pacrrpe.n;eJieHHSI 
TIO p~ H no nepeM9HHO:iil: x B d c -B3aHMO.D;eiicTBH.fIX odHapyxH­
BaIOT OOJiee M8.D;JI9HH09 rra.n;eHHe, 119M CJie,D;yeT HS .n;ammx (ITOJIY118H­
HHX B ,IlydHe) no np -B38.IDl.!0.D;9HCTBHHM (pHC. 3 H 4) ; TaK09 pa3-
~e Mo~eT 6HTb o6ycJioBJieHo ~epi.vm:-.D;Bk'DlteHHeM BHYTpllIB,lJ;epHHx HYK­
JIOHOB H a@JeKTOM rrepepacceHHHH r.- -M930HOB B H.D;pax (B OCHOBHOM, 
B yrJiepo.n;e) • 

Ha pHC. 5 IIpliIBe,n;eHH HnBapliiaHTHH:iil: H HBHHBapHaHTHH:iil: cneK'rpli 
x--Me30HOB rrpliI yrJiax .:r ....... = 90°±20° (B c.:a;.M. NN-B3mIMo.n;eli­

cTBHH), KOTOpb!e MOryT Ob!Tb anrrpOKCHMHpOBaHH 8KCTIOH8Hl(H8.7.IbHOii: 
38.BliICHMOCTbIO c odpaTHHM napaMeTpOM HaKJIOHa, COOTB9TCTB8HHO, 
To = (75±3) MaB H Tv =(59±2) MaB • .KaK OJJLJIO YCTaHOBJI9HO paHee, 
HHRJII03HBHhl8 crreKTPhl ITHOHOB~ o6pa30BaHHh!X B :a;eH'rpaJibHO:iil: 06JiaCTH 
( ~14 .... '." 90°) CTOJIKHOB9HHR 6oJiee T.F.DK9Jih!X .ff.D;9p' liIM9IOT ymIBepca.m,­
mm ( H8 38.BliIC.fI!Ill'J:li OT aTOMHhIX B9COB CTaJIKHBa.RXIU:IXC.fI .ff,I1;8p) BM,ll; 1 

o6yCJIOBJI9HHhl:iil: MHOrOHYRJIOHHIDII xapaitTepoM B3aHMO.D;8HCTBH.fI, rrpli 
KOTOpOM B03MO.lKHO o6pa30BaHHe yrrJIOTH9HHOro, CliIJI:bHOnarpeToro 
H.D;epHoro B81!l9CTBa · c "IlliIOHHO:f.i T.eMIIepaTYJ>O:iil:" Tv (B OOJI:blllHHCTBe 
paOOT npliIBO.D;HTC.fI pesyJIDTaTbI H3MepeHH.fI HHBapHaHTHoro cnexorpa, 
xapaRTepH3Y!Olll8rOC.fI HaKJIOHOM To). Ka.K ITOKa3HBaeT Cpa.BH9HliI9 
(pHc. 6) HaJJ!liIX ,n;aHHh!X c pesyJIDTaTa.MH H3MepeHHJI napa.MeTpa T0 
B MHOPOHYKJIOHHbIX CTOJIKHOB8HHHX OOJiee Til8Jih!X H,D;ep (I2 ' A~ 207). 
y:mmepCaJIDHOCTb cneKorpa TIHOHOB COxp8.H.fI9TC.fI H .D;JI.fI d~-BSa:KMO­

.n;e:iil:cTBHli, xapaRT9pH3YJOmHXC.fI ~9CbMa OrpaHH1IeHHHM 1IHCJIOM y-qacT­
BYIOl!lHX B CTOJIKHOBeHH.fIX BHYTpllIB,ll;epHbIX HYRJIOHOB H pO,Il;liIBIIJl![XC.fI 
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IIHOHOB (rrpH paccMaTpHBaeMO:iil: Ha"l!aJibHO:iil: SHeprHH po'1U(a9TC.fI B oc­
HOBHOM O.D;liIH IIHOH). 0Tcro.n;a MO.lKHO 8a.KJII01IliITb, 1ITO aHepreTH1!9CKH:f.i 
CTI9KTP U9HTP8.7.IbHHX IIHOHOB .fIBJI.fI9TC.fI 6oJiee 061!le:iil: xapaRT9pHCTH­
KOH rrpouecca IlHOHOOOpasoBaHH.fI B H.D;9pHHX CTOJIKHOB8HHHX, He Tpe-
6YIOOl9:iil: rrpe.n;noJio~emm 0 H906bI1IHHX CBO:iil:CTBaX B036y'1U(9HHOH H,D;ep­
HO:lii MaTepHM. 

Orrpe.n;eJieHHo:iil: aMIIHp~ecKo:iil: 3aKOHOMepHocTH rro.D;1IHH.HeTc.fI H 
BMH1IliIHa .D;H@JepeHll;liaJ!bHoro ce11eHHH d6/ d.a.. o6pasoBaHHH mro-

HOB rrpH 114 . .M. - 90° • .KaK ycTaHOBJI8HO B p.H.D;e 3KCnepIDVJeHTOB no 
H.D;pO-.ff,Il;epHhllVl H rrp0TOH-H.D;9PHHM B3aIDV!O.D;9HCTBH.RM rrpH aHeprHHX 
TITY1IK ~ 400 MaB, d6/Jn.. rrporropUHOHaJibHO cKefu!HHroBoMY !IJa:it­
Topy CA·B) 213 CA H B - aToMHHe Beca CTaJIKHBaIOI!{HXCH H,D;ep) H 

MOHOTOHHO paCT9T c pOCTOM TITY1IK· (pHC. 7). IlpHB9.D;9HHli9 Ha TOM 
~e PHCyHKe HalIJI![ .IJ;aHirne IlOKa3HBaIOT, 1ITO CK9:1iiJIHHrOBh!:iil: xapaKTep 
C9119HHH o6pa30BaHHH IlHOHOB HM99T M9CTO H .IJ;JI.fI B3aHMO.D;9i1CTBH:iil: 
Jier11alilIJI![x H.D;ep ( cl C ) • 

Ha pHc. 8a H 86 rrpRBe.D;eHh! MHBa:pHaHTHHe cneKTPH n:--Me3o­
HOB; BHJI9TaIOl!lHX no.n; MaJihIMH yrJI&m ( .:;- < 20°' COOTB9TCTB9HHO. B 
Jia60p?TOpHOi1 H aHTHJia6opaTopHo:iil: CliICTeMax OTC119Ta), B 38.BHCH-
MOCTH OT CK9fu!HHrOBOfi ne:p9M9HHOi1 x,:. ( P. .... I pA& ) • r.n;e ph• -"" ....... IIpO.D;OJibHH:iil: HMrryJil>C H Pmo.x - MaKCHMB.JI])HO B03MO.lKHhl:iil: HMrryJibC 
IlHOHa B 001!l9H C.l(.M. dC -CTOJIKHOBeHHJI. B COOTB8TCTBHH c Teo­
p9TH119CIUllVIH rrpe,n;cKa3aHH.HMH, IlOB9.IJ;9HH9 HHBapHaHTHh!X CIT9KTPOB 
B o6JiacTHX WParMeHTa.:a;HH H.D;ep orrpe.IJ;eJIHeTcH xapa:itTepoM xopoTKo­
.n;eficTBYIOH1HX HYKJIOH-HYKJIOHiffiX CHJI B H.D;pax H rrpH .D;OCTaT01IHO 
60JiblIJl![X 8Ha11emmx I x'I Mo~eT OhITb rr:pe,n;CTaBJieHo 38.BHCHMOCTbIO 

s•nv(x') ..... (f- 1x·1r (I) 

EcJIH paccMaTPHBaTb BHYTp:rui:,n;ep~He HYKJIOHhl B RaqecTBe 
6eccTpYKTYJ>HHX To11eqHh!x o6~eKTOB, TO .D;JIH noxa3aTeJIH It rrpe.n;­
cKa3HBaeTCH .D;JI.fI 06.JiacTe:lii ©parMeHTa.:a;HH .n;efiTpOHa H yrJiepo.n;a, 
COOTB8TCTB9HHO. 11,j = 5 Ii nc = 25 ( "HYKJIOHH09 IIpaBHJIO 0119-
Ta"), B TO BpeMR: KaR rrpH y11eTe KBapxoBo:iil: CTPYKTYPH eyKJioHa 
O)!G'I,ll;aeTCH nd= 9 H l'lc= 69 ("KBapKOBOe IIpa.BHJIO C119Ta"). 

IlpHB9.D;9HHH:iil: Ha PHO. 8a HHBapHaHTHhI:iil: CTI8KTP B 06JiaCTH 
qiparMeHT~ .n;e:hpoHa rrpvr /X'I > 0.15 H.llliI fx'I > 0.20 OTIHCH­
Ba9TCH SaBHCIDVIOCTbIO (I) c IlORa3aTeJieM, COOTB9TCTB9HHO, 
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rzJ = 8. 7±0. 9 H n." = IO. r±o. 9, cornracyroIItk:IMcR c "rrpa.BMo:tv. 
rrnapIWBOro C'G:eTa" (Ha TOM .l!t9 pHCYHKe ;n:Jm Cpa.BHeHHR rrpHBe;n:em1 
;n:aHHHe, TIOJIY'!eHHHe B EepR.Jm), B o6JiacTH lite ©ParMeHTa.IJ;HH yr­
Jiepo.n:a (p:ac. 86) rrpll 1x'I > 0.02 HJIH /x'I > 0.05 fPHTE:pOBaHHoe 
sHa"G:eHRe rroKasaTeJm n., = 2I. 7±1. 3 HJIH nc = 24. &tr. 8, co­
OTBeTCTBeHHo, HaXO,n:HTC.fI B CHJibHOM rrpOTHBOpe"G:HH c rrpe,n:cKasa­
:r:m:eM "KBapKoBoro rrpa.BMa c"tJ:eTa" H B rrpe.n;eJiax onm:CioK corJiacy-:­
eTCR c rrpe.n;cKa3aHHeM "HYRJIOHHOro rrpa.:awra C'ieTa". 8TOT pe-
3YJIDTaT y:ita3HBaeT Ha pa3JIH'ille MexaHH3MOB ©ParMeHT8.D;l1!H B mm­
HH Ma.JIOHYRJIOHHbIX ( d ) ll MHOrOHYKJIOHHHX ( C ) CHCTeM. 

B TpeTne:l.t rJI§Be HCCJie.n;yIOTC.fI MHO.l!teCTBemme, cneKTpa.JID­
HHe ll KOppeJIRII,HOHHHe xapaKT6IJHCTHKH IlOJIYllHEJII03HBHHX rrpoueccoB 

dC - n-lr. x 
r.n:e /,, osHa"tJ:aeT THII corrpoBoxt,IJ;a.:romerocR a,n;poHa (It= Tt.- H "It+ -

Me30HH, rrpOTOH, B TOM "G:HCJie KYMYJIHTHBHiiJil: p H CTpmnmHI'OB~ 
~ ). ,IT,7m cpe,n:HRX MHO.l!teCTBeHHOCTe:l.t corryTCTByronµnc 7C-Me30HY 

a,n;poHoB noJIY't!eHo: < n'IC- > = 0. 032±0. 006, < n'IC .. > = 0. 177±0. OI4, 
< nP > = 3. IO±o. 05 ( rropor perxcTpa.IJ;m'! rrpoToHa - 140 MsB/ c) , 

< ftp>= o. 30±0.02. 
IIoKasaHo, "G:TO m.myncm.re H yrJIOBhte pacrrpe,n:eJieHHR :c- :a 

n+-Me30HOB B TIOJIYHHKJII03llBHOi peaKUHH 

d c - 7t'-'li. ... .x (2) 

B rrpe.n;eJiaX OIDHOOK COBTia,Jl;aJOT, 'G:TO O.l!tH;n:aJIOCD B CHJIY H30TOIIl!l­
qecKOH mrnapHa.HTHOCTH CHJI:&HMX Baa.mJio;n:elicTB>:llt. B peaKUHH (2) 
JC -MesoHH B cpe.n:neM o6Jia;n:aroT MeHDIDHMH m.myJI:&caMH ( < P'li- > = 
= (0.258±0.013) raB/c, < PT

2 >= (0~033±0.003) (raB/c)
2

) K Bhl­
JieTaIOT TIO,Il; 66JI:&Ifil'JMH yrJia.MK ( < lJn- > = 63. 90;t.3. 3°) •. ti:eM ·B HH­
KJII03HBHOM KaHa.Jie· dC.-i<:-x (.cM. Ta6JI. I). B pacrrpe;n:eJieHJl[ll 
rro sqxJleKTHBHO:il: Macce M-..-ir:+ B peaKUHH (2) na6JIIO.D:eHo rrpeBimre­
mi:e na.n: wonoBHM pa.crrpe;n:eJieHHeM B o6JiaCTH 0.'75< M"".,..<0.84]:'sB/c

2 

(pHC. 9), 't!TO MO.l!teT OHT:& llHTeprrpeTE:pOBaHO Ka.K rro.n;rroporoBoe 

poxt,IJ;eHHe J°-MesoHa c :cetJeHHeM 6p" = (0.26±0.I4) M6; co­

oTBeTc~BYIOIIIM oueHKa cpe.n;neli MHO~eCTBeHHOCTH f' 0 
-M980Ha Ha 

o;n:HO Heyrrpyroe dC -B3a.IDJlO)l;e:ti:CTBKe paBHa <l'l.r>=(6±3)oI0-4. 
113MepeHH TIOJIYHHKJII03HBHble crreKTPH ~- -M630HOB B 

IO 

pearoJ;1ur 

dC -1cpx, (3) 

corrpoBoxt,IJ;aromelica KYMYJIRTHBHWI! (BHJieTa.IOll1llM Hasa.n: B JI.c.K.) 

rrpOTOHOM, ll B pea.KIJ;Hll 

dC -1q.~x, (4) 

corrpoBoxt,IJ;arome:ti:c.f:I o6pasoBa.HHeM rrpoToHa c mvm:y.m,coM PP > I. 2I'sB/c 
H yrJIOM BlilJieTa ;,,. < 6° ( OCHOBHM 'l:aCT:& TaKHX rrpOTOHOB .f:IBJI.ff­

eTC.fI CT:pHIIIIHHrOBb!Mll). Cpe;n::r:m:e 3Ha'l:eHH.f:I mvm:yJI:&COB u--M830HOB 
B 3THX pea.KW'Lf!X Ha (7-9)% M6H:&Ille, a cpe.I(lme yrJThl Bli!JieTa JIHIIID 
He3Ha'l:HTeJI:&HO OOJibille, "tJ:eM B HHKJII03HBHOM K8.Ha.JI6. 

MirnapHaHTHHe cneKTPhl no 3HeprHH rrpOTOHOB B TIOJIYIDIKJII03HB­

HOH peaKUHll 

dC _..,i-px (5) 

rrpe,n:CTa.BJI6Hhl Ha PHC. IO. Ilpll MaJIHX yrJiaX ( ~,. < 6°) OCHOBHO:ti: 
BKJia,n: B crreKTP ;n:aroT cTpllllIIllHrOBh!e rrpoTOHhl (pHc. IOa). IlpH cpa.B­
HHTeJibHO 60.m,nmx yrJiax B nepe;n:Heli noJIYcwepe cneKTPH onlich!BaroT­
c.f:I CYMMOH .ll:BYX 3KCTIOHeHT (pHC. J06), a B 3a,JJ;Hefi TIOJIYC~epe 
( ~,. > 90°) - o;n:Holi aKcnoHeHToli (pHc. I06 H IDB). 06paTHHe na­
paMeTpH HaKJIOHa cneKTpOB ;n:Jm pa3JIH'l:HHX yrJIOBh!X HHT9pBa.JIOB rrpe;n:­
CTaBJieHH B Ta.OJI. 3. BH;n:HO, 'l:TO c yBeJIH'i9HH6M yrJia napaMeTp HaK-

JIOHa Tf YMeH:&maeTC.f:I OT - 40 MaB .n:o - 20 MaB. 
HccJie,n:oBa.H PH.n: Koppe.JIJlIU'[OHHh!X xapaKTepHCTHK MeJK.IJY 1i---Me-

30HOM H rrpoTOHOM B pea.KUHR (5). Ha6JIIO;n:er:a He60JI:&illM, HO CTaTllC­
TH'19CI\ll o6ecnetJeHHM IWppeJI.fl:Ull.f:I Mext,IJ;y a3ID11YTa.JI:&HblMll yrJiaMH TIHO­
na H rrpOTOHa B rronepe't!HOH TIJIOCKOCTll, TIO-BH,ll;IDIIOMY, ooycJioBJieH­
HM 38.KOHOM coxpa.HeHH.f:I rroneper:rnoro m.myJI:oca. MeJK.IJY OHCTIJOTaMH 
7i.--Me30H8. H rrpOTOHa He Ha6JIIO;n:eHO cTaTHCTH'i9CKH ooecrre'l:eHHHX 

KOppe.JIJlIU'[H. 
Ha plic. II IIIJHBe.n:eno pacnpe.n;eJie1rne no si[xlJeKTVIBHOH Macce 

CliCTeMH ( ..,.-p ) • OOJia,n:arometl: CJMMapHHM npo.n;oJI:&Hb!M HMnyJI:ocmfi cfr + P,,"' )
11 

> 0 B C. IJ;.M. NN-B38.liMO.D;6MCTBll.f:I. IlpH 3TOM MaJ.!03Hep­

rmi:HHe IlpOTOHH C p < 0. 2 raB/c ( OCHOBHYJO 'l:aCT:& KOTOpb!X COCTaB­
Jli!IOT 1111crrapHTeJI:&HHe" rrpoToHH) H cTpHTIIlliHI'OBHe rrpoTOHbl c 

P > I. 4 rsB/ C H ~ < 4 O HCKJIIOtJ:a.J.IHC:& H3 paCCMOT:pelOOl. 3KCTiepH­
M8HTaJIDHOe pacrrpe.n;eJieHHe B o6JiaCTH M _ > II49 MaB anrrpoKcH-

11. p 
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MJIPOBaJIOC:O BapallteHHeM 

d6/cl M - F.(M )[ 1 -+ Q. F11...,(M)] , 

r,IJ;e WoHOBoe pacnpe.IJ;e~eHHe napBMeT:pHSOBaJioc:o B BH,IJ;e F.CM)-exp(-tM, 
(Ta.KM rrapaMeTpkl8a.IJ,WI BH6RpaJiac:o HCXO,Il;Ji HS BH,IJ;a pacrrpe,IJ;MeHllIJl, 
IIOJIY'qaeMoro n:yTeM "rrepeMSlllI!!BaHllIJl" T:p9KOB "'- -MeSOHOB H I!pOTO­
HOB HS paSHblX C06HTd)' a BMa,II; peSOHa.HCa F,. ... (M) -Iqll!:Boi 
Bpeii:Ta-BHI'Hepa. Macca Mo H nmpmia ro peSOHa.HCa pacc:Ma.T:pHBaJ.!li!C:O 
Ka.K CBOOO,IJ;Hble rrapaMeTpH. 

PesyJIJ>TaTH WHTa rrpe,IJ;CT8J3JleHH Ha pnc. II, r,IJ;e noxaaa.H Tax­
:ate BMa,II; peSOHaHCa, COOT~ (2o±I4)%"oT IIJIOII{a,Il;H ~TH:pye­
Moro sxcnepHMeHTaJI:oHoro pacrrpe,IJ;e~eHllf.I. Ilo.IJ;orHaHHoe sHaqeHHe nm:­
pHHb! paBHO r 0 = (I05±?2) MsB, .a SHa~eHHe MaCCH M0=(I289±I9)MsB 
npeBHIIIaeT Ta6.JllfqHOe sHaqe:im:e MaccH A0 -HaooapH. Iloc~e,IJ;Hee 
o6cTO.llT9~:0CTBO MO:ateT OHT:O CBH88.HO c nepepacceHHHeM I!pO,IJ;yKTOB 
pacrra,IJ;a HsooapH B ~e yr~epo.IJ;a, rrpHBO,It.alllHM K YB~emno cpe,IJ;­
Hero yr~a M9.l!OJY IIBMK, T.e. R C.IJ;BHrY aqxpeKTHBHOH MaCCH B CTopo­
ey 66JIJ>l!IHX SHalJeHllil:. l1CXO,IJ;Ji HS pesyJr&TaTOB @'!Ta, IIOJIY'q9Hbl on;eH­
KH ~ HHKJ.llOSlf.BHoro celJeHHH (rrpH XF > 0) o6pasoBaHHH t:>.0 -Hso6a­
PH 6 4° ( XF > 0) = (26±!8) MO H ee cpe,IJ;Hei MHO:at9CTB9HHOCTl'l B 
Hb:'TIPyrHx dC -BSB.HMO,IJ;eicTBHHX, < n4o(X,. > O)> = o.o6±Q.04. 

B 39TBepToli rJia.Be npe.IJ;CT8J3JleHH pesyJIJ>TaTH HSMepeHE:H BH­
XO.IJ;OB l'l cneKTpa.Jll>HblX xapa.KTepHCTl'!K &--MeSOHOB BO BSa.J1!MO,IJ;ei­
CTBHHX ,IJ;eHT:pOHOB c II:pOT.IDKeHHHMH yr~epO,Il;HOH l'l oepHJIJIHeBOH MH­
rueH.RMH rrpH I raB Ha ffYMOH. 

l1sMepeHO Heynpyroe ceqeHHe d&e -BSB.HMO,IJ;elicTBM: 6~~ = 
= (359±Ia) .M6. HsMepemrue Heynl>yr>re ce~eHHH JC H dl!>e -Baa>r­
MO.IJ;eicTB~ cor,acyIOTC.ll c SMIIH:plftleCK-OH SaBHCHMOCT:OIO s~;AT = 
= ?8·(~ 3+A~ ,3-I.25) 2 MO (pHC. I2), YCTa.HO~eHHOi. pa.Hee B 
SKCII9pHM~HTax B EepMH • .1l;7IJI BHXO,IJ;OB ~--MeSOHOB Ha O,IJ;HO HaJie­
T8.IOIJ.lee Ha 1VIHIIl9H:o ~o ,IJ;9HT9pli.ll llOJIY'f!9HO: ~ yr~epo.IJ;HOH MHillSHH 
<~->c= 0.I2I±Q~Q07 H ~ 6epHJIJIHeBO}i MHrueHH <~->&e = 0.13!)± 

±o.OI2, a Ha O,IJ;HH II:pOB8aHMO,IJ;elicTBOB8.BmHH B MmIIeHH ,IJ;e}i:T:pOH 
< n.,.,. >~( = 0. I73±0. OIO H < n"lt. ~~ = 0. I90±o. OI8 1 COOTB9TCTB9HHO. 

8HepreTH"tieCIGI9 saTpaTH Ha po:at,IJ;e:aHe O,IJ;Horo &--MesoHa COCTaB­
J.LffIOT, COO;B9TCTB9HHO,(I6.5±I.I) raB H(I4.8±I.3) raB. °CpaBH~­
ID'I9 < n"lt_ >!~ c H3M9p9HHO:il: BlilIIIe· cpe,Ii;Heli ~O:at9CTB9HHOCT:OIO "lt--Me-

I2 

SOHOB BO BSaHMO,It6HCTBHJIX ,IJ;e!TpoHa c Jm.POM yr~epo,IJ;a, <~->de = 
= O.I63±o.OI3, IIOKaSI:lBaeT, lJTO CYMMB:Pmrli BKJia,II; BTOp:tmrHX npo­
ueccoB rror~Oll{6Hl1Lf1 H ,IJ;OIIO~TeJIDHOro -~pOJIOJ;eHHJI n--MeSOHOB B 
rrpOT.RJK9HHO! Mmll9HH H98HaqHTMeH. .1l;7IJI no.nyqe:im.a: 6oJiee ,I1;9TM:o­
HOH HHWoPMa.Illilt 00 STHX npoueccax: BHIIOJIH9H CII9D;H8.lll>Hliii npOCMOTp 
CHHMKOB c npona.HoBoi KaMepH (oes pasMemeHHH ee B oj~eMe Mmlle­
HH) ~ nyx KOHWHrUJaI.T;l'Ii npona.HOBOH MHill9HH, HM9100{9H npo,IJ;OJIJ>­
HHi pasMep I6 r)c~ H 26.6 r/cM2• EHJro YCTaHOBJI9HO, qTO 
B~a,II; BTOp:ir<IHHX npoueccoB rrorJIOII{9HllLf1 ~--MeSOHOB (OCTa.HOBKa. 
B sqxpeRTHBHOM o6~eMe, nepeaapR,IJ;Ra wm rror~o11teime aa ~eTY) coc­
T~eT, COOTB9TCTB9HHO, (9.6±I.5)% H (Ia.a±2.2)% OT cpe,IJ;Hero 
q>r~a ~--M980HOB, oopaaoBa.HHHX B nepB~OM a.KTe d(Cslis)­
BSaHMO,IJ;9HCTBd, a BKJia,II; BTOPH"1niHX npoueccoB polK,Il;eHHJI ~--Me­

SOHOB {B peaym.TaTe BSa.m\IIO,ItelcTBK.ll CT:pHIIIIHHrOBoro rrpOTOHa HJ.lH 

HeiT:pOHa) COCT8.BJI.ll9T, COOTB9TCTB9HHO, (8.Q±I.5)% H (I3 • .P:2.8)%. 
Kalt BH,llHO, BMa,IJ;H sTHX np-ouecooB (,JlJI!! lVIHilieHei paccMaT:pnaeMHx 
pasMepoB) I!paKTHq9CKH II~OCTJJIO KOMII9HCH:pyroT .npyr .npyra. 

Ha p>rc. I npe,IJ;CTaJ3JleHH mmym.cHHe, yr~OBHe H saepreTHtiec­
RHe crreRTPH BWI9Ta.ICl!tliX HS Mll!llleHe:lt 7l--MesoHOB CnyXMepHHe pac­
npe,IJ;MeHHJI SHeprHJI-yrM BWI9Ta npHB9,IJ;9HH B STOi :ate r~aBe ,IJ;HC­
cepTail;lilli, a ~ yrJiepo,D;HOi IIPOT.ll:at9HHOH lVIHilI9HH - Ta.Kllt9 H Ha 
pHC. I3). Cpe,IJ;HHe SHalJ9HHH STHX pacnpe,Il;eJI9Hd IIpHB9,IJ;9Hli B Ta6~. 
I. .1l;7IJI cpaBH9HH.ll Ha PHO. I H I3 H B Ta6~. I npHBe.zteBH Ta.K:at9 
,IJ;aHHH:e ,1lJil! BSaxMO,IJ;elicTBH.ll ,IJ;eiTpOHOB c SI,Iij)OM yr~epo,IJ;a. CpaBHe­
HE:e ,IJ;aHHHX no dC H dCMHIII9H:o-B3amvIO,Il;eicTBli.llM IIOKasHEaeT, lJTO 
~e MI!IllleHH pacoMaTpHBaeMHx pasMepoB Ha yr~oBHe pacnpe,IJ;e~e­
mm He oqem; CYlllSCTBeHHo (pHc. Io), HO npno,IJ;HT K HeKoTopoMY 
cn>rry mmyJIJ>cHoro. (pHc. Ia) H aHepreTHqecxoro (pHc. IB) pac­
npe,I1;e.n:eHd B CTOpoey M9H:o!llHX SHalJelilrll: (cM.TaT.JKe TaOJI. I)' oco-
6eHHO npH MaJibIX yr~ax BWI9Ta IIHOHOB (pHC. I3). B7mrume MHill9HliI 
rrpo~eTC.ll Ta.K:at9 B oo~ee KI>YTOM II8,Il;9HHH pacrrpe,IJ;eJieHHJI IIO· p~ 
(cM. Ta6~. I H 2). 

BHIIo~HeHo cpaBHeHTll:e .IJ;aHHHX ,IJ;JI.ll yrJiepo,Il;HOH rrpoTRJKeHHoli MH­

·melill: c pacqeTaMH IIO paspaOOTaHHOH B JJMH~. T90p9THqecKOH MO.II;~. 
B M0,!1;9.Jill[ yqHTHB8.IOTCJI noc~e,IJ;oBaTeJil>HHe BSaHMo,IJ;elicTBHJI ffYMOHOB 
HaJieTa.IClllero ~a, a Tax:ate 1U!;9pHoe rror~omeHHe ~--MesoHOB 

(sax:saT wm nepeaapH,ItKa) B npoTJI:ateHHoli MHmeHH. PacqeTHoe sHa-

l3 



-- pAc~. 0 I3 -qemi;e BHXO~ /(. -Me80HOB <flit- >c = • OKa3a.JIOCI> HSCKOJ.CbKO 
OOJffillle aKcrrepl:DVleHTaJII>HO H3MepeHHOro 3Ha-qelm.f.[ < n_. >c = 0. r2r± 
±0.007 (CM,Bb!Ille), "t!TO, no-B~OMy, oOyc~OBJieHO Hey-qeTOM no­
T0p:& Ma.JIOSBeprWrnb!X Illi!OHOB, OCTa.Ha.BJI.HBaJOIJ.{HXC.F.( B MIDIISHll. B :o:e­
JIOM He~oxo cor~acyroTC.F.( H O~HOMepHHe cneKTPH no aHeprHH (pHC. 
IB), yr;rry BHJieTa {pHc. Io). Pac-qeTHaR saBHCl:DVIOCT:& cpe.n;Hero HM­
IIYJII>ca OT yrJia {pHc. 2a) H ocoOeHHo cpe.n;Hero yrJia OT HMIJ.Y.T.CbCa 
(pHC. 26) no~aeTC.F.( OoJiee C~HOH, "t!9M HaO.mo.u;aeTC.F.( Ha OITHTe. 
PaSHOrJiaCHJI MeJl\IlY MO,:a;SJI!>ID H SKCnepHMeHTOM 3aM0THee IlpO.fIBJL!l:K)TC.F.( 
.UJI.F.( ~8.lli,I(H .n;HqxpepeHIJ;Ha.JII>HHX cneKTpOB (pHc. I3), ocoOeHHo B 06-
JiaCTH MaJIHX yrJioB. YKasamiHe pasHorJiaCH.F.(, no Bceli BepoRTHOCTH, 
CB.F.(88.HH c TSM, "t!TO B MO,Il;SJIH He y-qHTHBaJOTCH HOHll8a.IJ;liOHHHe noTe­
pM ii"""~M030HOB H npou;ecCH HX pacce.F.[Hll.F.[ (He COilpOBOJ!f,Ua.IC8llli0C.F.( 
IIOI'JIOII.l0HH0M K7IliI nepesap~KOH) B IlpOT.HJKSHHOH Mliil1!0Hll, a Ta.ruite 
~pMH-~:i!:l!teBHe:ryi BHYTp~epmrx HJMOHOB. ,Il,mr MJIJIIOCT:pa.u;IDl: BJIH.F.[­

HH.II HOHH3a.IJl;IOHHHX IIOTSPI> 7t--M030HOB BHIIO~HSHH paC"t!STH (no Me­
TO~ MOHTe-KapJio), B KOTOpbTX B Ka"t!SCTBe HCXO,Il;Horo HCnOJI:&30Ba­
JIHO:& ~8.lli,I(H .u;~peHIJ;Ha.JII>HbT0 cneKTpH u:--M030HOB B dC -B38.H­
Mo;a;e:ltcTBHJIX. KaK B~O HS pHC. I3, y-qeT HOHH3au;HOHHbTX IIOTepi:, 
H6CROJII>KO y.7!Y'Ill1aeT corJiacHe c 3KcnepHM0HTOM. 

Ha OCHOBe CpaBH9HH.f.[ 3KCTiepHM0HTaJil>HbTX ,Il;aHHHX c pac"tieTa.MH 
;a;BHH peROMSH,ll;au;HH ;rr,JLfI y.n:y-qmeHH.f.I: TeopeTH"t!eCKOH MO,:a;eJIH, ormcH­
Bal01I.10H nponeccbT o6pa30BaHH.F.( 7t--Me30HOB HS IlpOT.HJKSHHHX MHIIIeHeli. 

B 3aKJ,lIO'I0HgH cwopNJYJIHPOBaHH ocHOBHHe pesyJI:&TaTH H BHBO;a;H, 
no;rry-qeHHHe B ~ccepTau;HH. 

Ta 

·v 
I 

\ 

TadJIHJJ;a I 
Cpe~e KHHeMaTH'!ecKHe xapaRTepHCTHRH x--MesoHOB 

I ---- -T-

THII B3aH- j cl(C-H-) i dC i dC i dB 
MO;a;e:lkTBHRj 0"~ i i MHIII0Hl> i 8M::JII0H:& 

I i+ i + i + i + < fi.>(raB c) i o. 309-0. 004 jO. 307-D. D05jO. 272-0. 004 i o. 276-0. 004 
< ii ... >(rpa,JJ;.) i 57±1 i 57±1 i 5s±I i s2±r 

I + I + I + I ,,.+n <cos-:7E-> j0.473:!:0.0I3j0.457-0.0I9j0.499=!=0.0I2j0.40v-u.OI5 
2· + . + . + . + (P,.\(raB/c) !0.043=!=0.00I!0.043:!:0.00I!0.037-0.00I!0.038-0.00I 

. ! ! ! ! 

Ta' m;a 2 
ITapa.MeT:p HaRJIOHa (B e~ax CraB/c)-2) 
cneRTpa no P; .UJI.F.( pasHHX HHTepBa.JIOB no P 

T.11n &3AMrto-! - -T -----,-------
.1tei'icTsM1 r c:l(Cjls) l c:IC dC l 

Pi_ (r;~~ i i Mmll8Hl> ! . . ! 
IJ.< o i 4r.6±2.6 l 35,9±2.5 l 45.o±3.8i 

. + . + . + . 
PL= O+O.I ! 30.9-I.9 ! 29.&:!=I.9 ! 43.6-3.5 ! 
PL= o.r+o.2l 28.2±1.7 l 29.2±1.9 l 36.2±2.4 l 
PL=0.2+0.35i 20.4±r.4 i I9.s±I.4 i 25.s±I.7 i 

n I + I + I + I PL> o._,5 i I9.I-I.2 i rn.r-r.2 i I9.I-I.7 i 

dBeMHIIIBH:b 

44.7±3.2 
37.2±2.9 
3I.5±2.6 
25.3±2.3 
22; 7±r. 7 

TadJIHJJ;a 3 
06paTHHe napaMeTpH HaRJIOHOB HHBapHaHTHOro cneKTpa 
IlpOTOHOB ,UJI.F.( pasJIH~HHX yrJIOBHX HHTepBa.JIOB B peaK-

1\HH ( 5) 

.JP 
r -----~-

i TI i T2 i ;X2;NDF 
(rpa.u;.) ! (MaB) ! (MaB) ! 

I5+30 ! 41±14 ! 258±I5 ! 28/8 
30+50 ! 38±5 ! I74±IS I 

II.6/9 ! ! i 
50+90 ! 29±2 ! I59±53 ! 6.2/9 
> 90 ! 22±2 ! ! 5.8/5 ! ! - ! 

90+120 ! 24±2 ! - ! 4/5 
I20+I80 ! I9:!:2 ! - ! 2.4/5 I I I 

I5 
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Pac. II Pile. I2 

C.4 0.6 '-' 

T tr.I) 

P.c. r3 

PHc. I. 

PHc. 2. 

PHc. 3. 

PHc •. 4. 

PHc. 5. 

PHc. 6. 

PHc. ?. 

PHc. 8. 

IlO)UIJl[CH K pHCy-HKBM 

MM!IyJll>CHHe (a)' yrJIOBHe (6) H ::lHepreTHl!0CRHe (B) 
cneKTPH 1l--MeSOHOB BO BSaMMO,n;eliCTBMJIX .n:eliTpOHOB c 
.!Uij>OM yrJiepo.n;a (. ) l'I c npOTmK0HHlilMK Mm110H.f.1MH E:S 
yrJiepo.n:a ( c ) H 6epH.11J1IDI ( >< ) • Kpnrur - pactieT )J.JUl 

npOT.lllK0HHOH yrJiepo,ziHoli MHlll0HH. 
3aBHCIDJIOCTI> cpe.n;Hero mirr:ryJII>ca OT yrJia BHJieTa (a) ·H 
cpe,n;Hero yrJia OT mirr:ryJII>ca r.:--MesoHa (6). 06osHa'l:e-

HIDI - Ka.K Ha pHc. I. '·. 
Pacnpe.n;eJiemm: no P; x":..MesoHa B dC ( • ) H np ( o )­

Bsamvro.n:eil:cTBIDIX npE: - I rsB Ha HYEJIOH. IlORa.Sa.H Ta.K­
~e pesyJII>TaT WHTa no aKcnoHe~Holi saBHCIDJiocTH. 
PaCn:pe,n:eJieHHe no qieiiHMa.HOBCKOH nepeMeHHofi x 7l~e-
soHOB B HYEJIOH-HYEJIOHHOii c.:a;.M. )J.JUl dC -BSaMMO,n:eil:-
CTBH.!l (• ). Kpl'IBHe - pesyJII>TaT annpOKCHMa.IJ;ID! SaBHCl'I-
MOCTbIO .... CI- IXI r B o6JiaCTSIX -I< x < 0 H 0 < x <I. 
IIoKasa.HH Ta.KlKe ,n;aHHHe )J.JUl ycpe.n;HeHHHX /1 p - H p n. -
Bsamvro.n;eil:cTBPrli: ( o ) • 
H.HBapHaHTHlill: ( • ) H HeHHBapHaHTHHii ( 0 ) cneKTPH 
7t--MesoHOB, o6pasoBaHHHX no.n; yrJia.MPI .{)"c.u. .... = (90±20)? 
.lil'!HHH - pesyJII>TaT 3KCllOH0HUHaJII>HOrO <:PE:Ta. 
Ilapa.MeTp HaRJIOHa T0 E:HBapHa.HTHoro cneKTpa JC--MesoHoB, 
o6pasoBaHHHX B :a;eHTpaJI:&HOi o6JiaCTH B dC-cTOJIKHOBe-
HRF..X ( x ) H B CTOJIKHOBeHWIX 60Jiee TmiteJIHX .imep. 
HopMHpOBaHHOe Ha WaKTOP (A·B)-2/ 3 .n;H<Ix!>epeHUHBJll>HOe 
cetieHHe de/d.n. o6pasOBa.HWi ~--MeSOHOB B :a;eHTpaJibHOli 
o6JiaCTH rJC -CTOJIKHOB0HIDI ( x ) • IloKasaHH TaKllte pe- . 
syJI:&TaTH .n;pyrHx pa6oT. 
TurnapHa.HTHO.e cetieHE:e o6pasoBa.HHJI x--MesoHa B o6me:fti 
c .:a;.M. d C -Bsamvro,n:elicTBH.!l: 
a) 06JiacTI> @parMeHTau;IDI .n:e:ttTpoHa: >< - )J.JUl itA .. ~. < 20°, 
.. - )J.JUl ~AQ~. < 25°. CIL7IOJIIHa.F.C ( nyHKTHpHaJI) Iq)HB8.ff -

pesyJII>TaT annpoKCHMau;IDI saBHCPJMOCT:&IO CI- x')n. B 06-
JiacTH x' > 0.2 ( x' > O.I5); 
6) o6JiacT:& cppa.rMeHTau;IDI yrJiepo.n;a: x - ,n:JIJi ~AAaS:< 20°, 

• - )J.JUl ~•uaS. < 25° • CIL7IOJIIH8.ff ( nyHKTHpHaJI) KPHB8.ff - ' 

pesyJII>TaT annpoKCHMau;IDI SaBHCHMOCT:&IO CI- /x'./ )"'B 06- · 
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JiaCTH ix't>0.05 ( lx'I > 0.02). 
fire. 9. Pacnpe.n;eJieme no scixQeitTli!BHOli Macce M",..- B pea.RUIDI 

(2). DICTOrpa.MMOH IIOK8.3a.HO @oHOBOe pacnpe.n;eJieHHe, IIO­
J.IY'I6HHOe nyTeM nepeMelllHBamm JC H Ji+ -MeSOHOB H3 

pasHHX COCiHTHH. 
PHc. 10.MHBapHa.HTHHe cneKTPH npoTOHOB ,n;JIJI pas.mrqHllX yrJIOBHX 

HHTepBaJIOB B pea.KIJ;Im (5). 
a). • - lTp < 6°, a - \tp< I5°, • - Vp = (15+30)

0
; 

Ci) • - l'/p = (30+50)0 , 0 - ~p = (50+90)
0

' • -
1"p>900; 

B) a - .;)°p = (90+120) 0
, • - .;)°p = (l20+I80)

0
• 

KpHBHMH noKasa.H pesyJil>TaT aKcnoHe~a.m,Horo cpHTa. 
Plii:c. lI.Pacnpe.n;eJie:ime no sclxQeKTHBHOH Macce Mr.-p • KpHBHMH 

no:rtasa.mr pesyJil>TaTH @HTa: l - CYNJMapHM KpHBa.sr; 2 -
BKJia;IJ; cpoHa; 3 - BKJia,I( IJ.

0 -HSOCiapH. 
· n l/J. •/J 1/3 

PHc. 12. 3a.BHCHMOCTI> cs;,. ... T) OT Ap + Ay • IIoRaSaHH HamH 
,Il;a.HHH9: X ( d C) , v ( d Be) npH l TaB Ha HYKJIOH H ,n;a.HHHe 
EepRJm @H o. 87 Ca ) n 2. l ( • ) rsB Ha HYKJIOH. .1ImmH -
ffa' (~73+Af 3-I. 25) M6. 

PHc. 13.Pacnpe.n;eJieHHe no KKHeTif<Iecxoli sHeprRR ~--MesoHOB B 
pa3JIIf<IHHX yrJIOBHX HHTepBaJiax: a - ,n;JIJl dCMHIIIeHI>­
B3aJ'IMO.D;9HCTBHH, • - ,n;JIJI dC -Bsal'IMo.n;e:l!cTBHi. KpH­
BHe - pacqeT ,n;JIJl yrJiepO.D;HOH Mm116HH. I'HcTorpa.IVllllill -
pacqeT TIO M9TO.llY MoHTe-KapJIO c yqeTOM HOIDI88lU{OHHHX 
IlOTep:r, u--M630HOB. 
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