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lby<IeHJJe Heyrrpyrnx B3811MOLieiiCTBHH 6biCTpb!X '18CTHU C nerKlfMH SILl-

pa:-..111 nma C H , 0 rrpencTaBnsteT ceilqac oco6biH HHTepec B CBSI3H c 

pac'leTal'vll! pannaunoHHoii aamnTbi KocMn'leCK1i;K .Kopa6nefi H nccnenosaHHeM 

Bnl!HHIIH BbiCOK09HepreTH'IeCKOI'O H3ny'leHHH Ha 6HOnOI'H'IeCKHe 06'beKTblo 

/1-3/ 
B pa6oTax . rroKaaaao, 'ITO rrpn aHeprustx, 6onhrnux HeCKOnhKHX ¥:{eCSIT-

KOB M 381 OCHOBHb!e 'lepTbl HeyrrpyrHX B38HMOLiefiCTBHii 'laCTIIU C nerKHMH 

H/.lpa:,lll /.lOCTaTCI'IHO XOpOIUO 06'bSICHHIOTCH MeXaH·H3MOM BHyTpHSILiepHblX KaC

K8llOB n· cTaTHCTH'IecKofi MonenhJO 6biCTporo rrocnenyJOmero pacrrana soa-

6y~neHHoro HLipa-ocTaTKa. OnHaKo B aTnx pa5oTax He y'IHTb!Bancst ~eKT 

yMeHbiUeHHSI rrnOTHOCTH 'IHCna BHyTpHsu:tepHb!X HyKnOHOB 38 C'leT Bb!QHB8HHSI 

IIX HapaCT8JOIUeH naB.HHOH 6bJCTpb!X K8CK8LlHblX '18CTHU 1 B TO BpeMSI KBK 

OUeHKH .YK83b!B8JOT Ha BB~HYJO pOnh A8oiHOI'O ~JeKTa anSI nerKHX SI/lep y)l{e 

/4/ 
npn aHeprHHX rropSILIKa aecKonhKHX coTeH Mas • UenbJO HacTostmefi pa-

6oTbi HBnsteTcH nccnenosanne BnHHHHSI 3Toro 3<jl<f>eKTa. 
12 

Ha puc. 1 rrpnseneHhi ce'leHHH Heyrrpyrnx saanMoneficTsnfi P + C . 

PacqeTHbie n aKcrrepnMeHTBJlbHbie 3Ha"'SHHH xopomo cornacyiOTCSI B~ seeM 

paccMoTpeaHoM nnarraaoae aHeprnlt rrepBH'IHbiX rrpoToHoB T i: 0,1-30 ras. 

nocKO.'lbKy ceqeHne a In orrpenensteTcH seposiTHOCTbJO rrepsoro BHYTPHHnep

Horo CTOnKHOBeHHSI 1 TO ero BenH'IHHa He 38BHCHT OT 3{jl<fJeKTa yMeHbiUeHHSI 
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PHc. I. CeqeuHe Keynpyroro B3aHMO.tleAcTBHH P + C npH aneprHH ·r 
(s M6H ). KpHBaH - pac'leT no xacxaanoA TeopHH, TO'IKH - aKcnepHMeH
TanbHbie ll8HHbie ( nonpo6uy10 6H6nHorpa4JHIO eM. s o63ope /5/). 
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nnoTnoeTn snyTpmr.nepHoro semeeTBa. ( C pe.nHee paenpeneneHue BHYTPB-

srnepHb!X HyKnOHOB OnHebiBanoeb cpyHKUHeft 

Po 
p(r} =-----------r-e J + exp-

0 

r.ne o = 0.5, e = 0,98. lfHeno a -KnaeTepoB nonaranoeb paBHblM Ha 

= 0,) i 0,2 H 0,28 eoOTBeTeTBeHHO tlnSI ccfJepll'leeKHX enoeB ,\ f = 0-1, )4 i 
-18 

1,14-2,98: 2,98 -4,58•10 eM. TaKoe paenpeneneHHe .naeT Haunyqmee 

eornaeHe pae'leTHh!X H 3KenepHMeHTanbHIIX XapaKTepHeTHK BbJ6HBaeMbiX 

16/ 
a -'laeTHU ) • 

Ha pRe. 2-4 noxaaaHhi .nsoifHbie .nHcpcpepeHuHanbHbJe paenpe.nenenusr BTO-

pH'IHhiX DpOTOH:>B H3 HeynpyrHX CTOnKHOBeHHH p-'- r2 ( • flpH Bbl'IHeneHJf-

SIX y'IHTbiBBnHCb npoueeebl DHOH0006pa30DlliiHSI i ~Ae'leTbl BHyTpHSillepH~IX 

"- H H-H-H CTOnKHOBeHHif BbiDonasrnHeb e y'leToM aaxonoB eoxpaneHHH 

171 
3HeprHH - HMnynbea MeTO.(lOM1 onHeaHHblM B pa6oTaX • Bee OCTanbHbl{' 

neTann pae'leToB Te ~e, 'ITO H B pa6oTax 
/1,4/ 

Mbl BHtlHM, 'ITO npn 3Heprnsrx T : I f3B peaynbTBTbJ o6eux Mo.nenej.j 

llOBOnbHO 6nH3KH npyr K Jlpyry, OllH8K01 6naronapg yMeHbiDeHIJIO 'IRena 

BHyTpHSillepHbiX eTOnKHOBeHHH B MOJlenH, Y'IIITblBlliOUieH 3lf~eKT JJ3MeneHHH 

nnOTHOCTII 'IHCna llyKnOHOB1 neeKOnbKO B03p8CT8eT 'IHeno K8CK8llHblX 'laC-

Tnu, BhineTaJOIIIIIX non ne6onbiDHMH yrna!'.llf, 11 y~.!eHb!"aeTcsr nx qneno B o6-

nacTH 60!!biDHX yrnOB 8 • 3TH lleTanH eHnbHee npOSIBnHJOTeSI llnH HH3KO-

3HepreTH'IeeKOH KOMDOHeHTbl BTOpH'IHblX 'IBCTIJU If eTBHOBSJTeSI BeebMB ey

meeTBeHHbiM npH T -~ 1 fas. 

YMeHbmenne nnoTHOeTH BHyTpnSiaepHoro se··teeTBa B npoueeee paaBH-

TIISI KaeKalla O'leHb elfnbHO CK83biBaeTCSI H8 BenH'IlfHe 3HeprHif B036y~lleHDH 

OCT8TO'IHbiX SILJep ( CM. pHC. 5) 0 H 0 eOOTBeTCTBeHH00 H8 Ce'leHJISIX Bh!XOllB 
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PHc. 2. 3HepreTH'ieCKae cneKTpbi npoToHoB, BhineTaiOmHx non yrnoM 8 
ua smep J 2 C , o6ny'leHHhiX npoToHa:-.tn paami'iH~Ix sHeprHfi: ( s enH~Huax 
M6/ M ss•cTep.). CnnowHbie rHCT:>rpaMMhi - Haw pacqeT nnSI HHTepsanos 

yrnoB L\8 = 10-200, 7-17°, 7-11°, nyHKTHpHbie I'HCT:>rpaM.-ibl - COOTB9T

CTByiOWHe pe3yllhT8Tbl paC'i·O!Ta, He Y'IHTbiB8IOW9I'O yMeUbWeHHe lliiOTHOCTH 

BHYT<JHHLlepHOI'O semeCTBa / 3 / • 3KcnepHM9HT81IhHbie TO'IKH H KpHB&SI lliiSI 

T = 57 Mas B3HTbi H3 pa6oT /8-10/. 
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PHc. 3, To :>Ke, 'ITO H ua pHc. 2 • .llnH T"" 1 H 3 f3B cpennHif yron Bbi.leTa 

npoToHoa 8 = 32°, pac'leTbi BhmonueHbi nnH HHTepaana A8 = 22-40°; 
JlnH OCTa.'lbHbiX 3HeprHH 8 = 30°, pacqe·rbi OTHOCHTCH K HHTepaany A8 = 
= 25-35°. CooTBeTct'3yiOIIIHe 3KCnepnMeHTa.'lbHbie TO'IKH ( H KpHBaH .11nH 

T = 57 H 100 M 3B) B3HTbi H3 pa6oT /8,9,11-13/. 
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Pac'ICT H SKCnep:MMeHTB.Ilbtlf>iEt ;'I;O';IKH Ha: pa6oT /8,12,14/ OTHOCSITCSI K HHTep-

Bany 1\8 = 55-65°. · · 
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Pnc. 5. CpeAHIIII 3HeprHII soa6y>KMeHII51 IIAep, ocTaiOIUHXCII nocne xacxa.aaoii 
··· - P 12c r CT3AHH B38HM::menCTBH51 + , - 3HeprH51 nepBH'IHblX DpOTOHOB. 

nJlHKTHp - pe3y.llbT8T paC'IeTOB1 He Y'IHTblBBIOmHX H3ldeH::!:ilt51 CBO:ijCTB 51Apa 

C B npouecce pa3BHTH51 xacxaAa. 
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Puc. 6. 3HepreTII'IecKaR aaBHCHMOCTb ce'leHHi o6paaosaHHH paanH'IHbiX 

P rz 
HaOTonoa B peaKUHH + C • Ce'leHHR B M6H. fiyHKTHp - peayn&Tal'bl 

paC'IeTOB 6ea y'leTa yMeH&meHHSI nnOTHOCTH 'IHCna BHyTpHSIQepHhlX HyKno

HOBo 3xcnepRMeHT8n&Hble TO'IKH H3 pa60T /15-30/. 

10 

T 

• 
' ~ 



I 
x/ ~~_ 

( pHCo 6) ; pa3JIH'IHHXTdHOBHTqH 3QeCb OqeHb 38-

MeTabiMll y:lKe rrpH sHeprHHX T ·~ 300 M 3B, a a oonacTH T '?. l fsa pea yqe-

Ta 113MeHCH:fii CBOHCTB HQpa-MHUieHH MO:lKHO HaQeHT&CH JlHUib Ha Ka'leCTBeH-

Hbie oueHKH. 

Ha ce'leHHHX BbiXoaa paanH'IHbiX H3oTorroa cymecTseHHO CK83biBaeT:::H 

TSK:lKe yqeT a -KnacTepoa. 

Ha cpaBHeHitH rrpHaeaeHHbiX sKcrrepuMeHTaahHbiX H TeopeTH'IeCKHx· aaH

HbiX CJICgyeT,_ 'ITO MOLteJib BHyTpHH;':!e)HblX KaCKSQOB1 QOIIOJIHeiiHaH <flepMHeBC-

KOH MOQeJlbiO pacrraga B030Y:lKlleHHblX OCT<lTO'IHhiX Hllep1 · MO:lKeT C ycrrexoM 

JICII0.1b30BaTbCH QJlH pacqeTa pa3.'1H'I.iblX xapaKTepHCT:ii:K HeyrrpyrHX B38HMO-

neiicTmu'f qacT<~U c HapaMH a oonacTH sHeprHii, 6onhUIHX HeCKOJihKHX aecHT-

KOB J'-1 :3B. 

llanhHeiiwee coaepweHcTsoaaHHe Moaean Tpe6yeT rrpe>KJle ecero 6onee 

QeTaJlbHOH :3KCIIepMMeHT8JlbHOH HH<fJOpMaUHHo 
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