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BBJ¥lEH11E 

~fl pemeH~fl m~poKoro Kpyra HayqHHX ~ rrp~K~~HHX rrpo6~eM, 

CBfl38HHHX C ~HTeprrpeTaQ~8M H8KOTOpHX aC~po-~~3~8CK~X BOTipOCOB, 

aH~~30M CTpyKTypH m~pOK~X aTMOC~epHHX ~~BH8M, sa~TOM KOC~~e

CK~X arrrrapaTOB Vi 6~o~or~eCK~X 06'F:l8KTOB I1p11 BbiCOTHDIX rro~eTaX, 

OQ8HKOM ~03 p~1108KTMBHOrO H3~yqeHHR, pacrrpOCTpaHRID~erOCR B B03-

~Xe BOKpyr yCKOpMTe~eM, OQ8HKa~ 3~8KTHBHOCT11 sarrycKaeMHX Ha 

60~F:lilll18 BhlCOThl ~eTeKTOpOB HS~yqeH~M, M3yq8Hl18M o6pasyro~HXCR B 

8TMOC~epe Yi~OTOTIOB H T.~., ~~Hhl pac~eTH pacrrpOCTpaHeHHR KOCMM

~8CKMX l13~yqeHHM H TiyqKOB 6HCTphlX ~aCTMQ B 8TMOC~epe. 

B rroc~e~Hee BpeMn 3TH pac~eThl CTaHOBRTCR Heo6xo~MMhlMH B 

CBR3H C HOBHMM 3KCI18pHM8HT8Ml1 TIO perMCTpaQMM 8TMOC~epHHX MIDOHOB 

Vi H8MTp11HO, C He06XO~MMOCTbiD rrpaB~~bHOM MHTeprrpeTaQl18M 3KCI18p11-

M8HT~bHHX ~a.HHHX, Kacaro~MXCR BhlRCH8HHfl MHOrMXBOI1pOCOB ~l1311Kl1 

CO~HQa Vi OKO~OCO~He~HOrO rrpocTpaHCTBa, B TOM ~MC~e M8X8Hl13Ma 

YCKOp8HMR ~aCTHQ BO BCTIHIDKaX, CBOMCTB CO~He~Horo B8Tpa,cTpyKTypH 

re~MOMa-rHMTOC~ephl·Yi T.~. 

PacrrpocTpaHeHMe KOCMM~ecKHx rryqen (MnM BHcoxoaHepreTM~ecKMX 

l13~yqeHMM l1CKYCCTB8HHOrO npOMCXO~~eHMfl) B 8TMOC~epe flB~R8TCfl 

MHOrorpaHHb~ R~8Hl18M. MaT8M8Tl1~8CKH OHO OTIMCHB88TCfl HaCTO~bKO 

C~O~OM CMCT8MOM KMH8Tl1~8CKHX ypaBH8HMM, ~TO ee pemeHMe 06HQHHM11 

~l1C~8HHhlM11 M8T0~8Ml1 pac~eTOB KpafiHe 38Tpy~HMT8nbHO, B OC068HHOC

Tl1 ec~M Heo6XO~HMO yq11THB8Tb C~O~HyiD reOM8Tp11ID M MHOrOKOMTIOH8HT

HhlM COCT8B 6~0KOB B8~8CTBa, HaXO~H~MXCR B 8TMOC~epe. 

PemeHMe sa~a~ rrpoxo~~eHMR B~COKOSHepreTM~ecKoro HsnyqeHMR 

B 8TMOC~epe C TIOMO~biD 06bNHb~ ~MCIT8HHb~ M8TO~OB B03MO*HO TO~bKO 

B rrpoCTbiX c~yqanx, r~e ~orrycKaiDTCH yrrpo~aro~Me rrpe~no*eHMfl KaK 

MaTeMaTM~ecKoro, TaK M ~Ms~ecKoro xapaKTepa. B STMX ycnoBMflX 

HaM60~ee 3~8KTMBHb~ M ~8KB8THb~ CTIOC060M pac~eTa RB~ReTCR 

rrpMMeHeHwe MeTo~a MoHTe-Kap~o Ha Bcex cT~wnx pac~eTa - KaK rrp11 

pac~eTe pacrrpOCTpaHeHMR TIOTOKa ~aCTMQ B aTMOC~epe, TaK M TipM 

sa~aHMM Mcxo~HOM MH~opMaQMH rryTeM pac~eTa BHYTPMH~epHHX KacKa~oB. 

MOHTe-KapnoBCKMM pac~eT rrepeHoca BHCOK03HepreTM~8CKOro l13~yqeHMR 

B 8TMOC~epe BK~ro~aeT B ce6R ~MC~8HHoe: 



2. 

- MO)J,8JU1pOBaHHe HCTOqHHKa qe.CTH:Q, 

- Mo.rr,enHpoBaHHe npo6era qac~H:q OT o.rr,Horo ~epHoro B3aHMO-

.rr,e~cTBMR .rr,o .rr,pyroro c yqeToM nH6c noTepH 3HeprHH aap~eHHO~ qac

THQbi Ha HOHH3aQHIO aTOMOB cpe)J,bl R:V. 00 pacna.rr,a H8C'l'aOIAJibHO~ qacTH:Qbi 

( KaK, HaTipHMep, 1T -M830HOB) , 

- MO)J,em,1p0BaHH8 B3a.M:MO)J,8MCT::E.VIR qacTVI:Qbl C BCTpeqaro~JAMC.H Ha 

ee nyTM aToMHbiM .H)J,pOM, corrpoBO)K)J,c.ro~erocR B cnyqae Heynpyroro 

CTORKHOB8HHR p01K)J,8HH8M BTOpHqHbiX qacTJAD,. 

PacqeT R)J.epHbiX B3aHMo.rr,ei1cTB:v.M: npH 3HeprH.HX > IO. 5 M3B -

HaHoonee cnoJKHa.H H Tpy.rr,oeMKa.H qac.Tb a~aqH. 0Ha o~opMJieHa B Bvr.rr,e 

.rr,Byx Mo.rr,eJieti - oT.rr,eJibHO ¥acqeT BEYTPMR)J.epHoro KacKa.rr,a H pacqeT 

pacna.rr,a OCTaTO'tlHblX R.rr,ep/ I. B oo.r:acTH E ~ IO. 5 M3B KaCKa)J,H8R 

RaBMHa COCTOMT TOJibKO H3 Hei1:TpOHCIB. 3.rr,eCb BaJKHbi JIMillb H8CKOJibKO 

KaHaJIOB peaK:QHM, KOTOpble MO)J,8JIMpJmTC.H 3a)J,aHM8M B8pORTHOCTei1 Ha 

OCHOBe ~ororpynnOBOM CHCT8Mbl KOHCTaHT )J,JIR pacqeTa .H)J,8pHbiX peaK
TOpOB/?/. 

Ha.MH paapa6oTaH KOMTIJieKc rrpc,rpaMM Mo.rr,eJIMpoBaHMR nepeHoca 

BblCOK03HepreTM'q8CKOrO M3JiyqeHHR ~:epe3 aTMOC~epy Ha OCHOBe MeTO

.rr,a MoHTe-I{apJIO, KOTOpbi~ TI03BOJIR8'J' BOCCTaHOBMTb C TIOMO~biO 3BM 

.rr,eTaJibHyiO ~HaVIqecKyro KapTHHY peru:bHbiX rrpo:qeccoB, npoTeKaiO~HX 

B aTMoc~epe no.rr, .rr,e~CTBMeM qacTH:Q OOJibWHX 3HeprHi1. 

)J;aHHblM KOMTIJI8KC nporpaMM HanHCaH Ha .H3blKe FORTRAN H pea

JIH30BaH Ha 3BM C,Il;C-6500 H JierKo a.rr,anTHpyeTcR K 3BM paaHoro po.rr,a. 

06maR CTPYKTypa nporpaMMHOro KOMTIJI8KCa 

,Ll,rr.H Mo.rr,enHpoBaHH.H nepeHoca BbiCOK03HepreTHqec:rwro H3JiyqeHHR 

B 8TMOC!flepe HCTIOJib3yeTCR )J,BYXKOMIIOHeHTHaR MO)J,eJib 8TMOC!flepbl/4,B/. 
B KOMriJieKC nporpaMM BKniOqeHll CJie)J,yiO~He aBTOHOMHble MO)J.YJIH: 

- p03hlrpblill HCTOtiHHKa (onpe)J,eJieHHe KOOp)J,HHaT, HanpaBJieHH.H 

,~BHJK8HMR H KHHeTHqeCKOM 3HeprHH nepBHqHoti tiaCTH:Qbl, Tia)J,aiO~eM: Ha 

rpaHH:Qy aTMOC~epbi), 

- pacqeT )J,JIHHhi CBooo.rr,Horo npooera qacT:viQhi, 

- pacqeT BKJia.rr,a B o:qeHKy, 

- onpe.rr,eJieHHe TMTia B3aHMO)J,8iiCTBH.H, 

- pacqeT B CJiyqae ynpyroro B3aMMO)J,8HCTBH.H 

HarrpaBJieHHR H KHHeT:viti8CKOM 3Heprtm qacTM:Qhi IIOCJie pacce.HHM.H H 

3aTIHCb B CJiyqae Heynpyroro B3aHMCl)J,8MCTBH.H tiHCJia H XapaKTepHCTMK 

o6pa30BaHHbiX BTOpHtiHbiX tiaCTHU B IIaMRTb 3Bivl B BH)J,e MaCCMBa. 
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ITporpaMMa cTpoHT .rr.epeao Tpae {TOpHi1:, B03HHKaiOII\ee npH perum

saQMM U8TIM C paCII\8TIJI8H118M C TIOMOII\:,IO MCTIOJib30BaHH.H JI8KCHKOrpacp11-

qecKOrO o6xo.rr.a. CxeMa ero TaKoaa: )J.BH~eHHe no KaKoi1:-HH6y)J.b O)J.HOM 

BeTBH, np11 aTOM DpOM3BO)J.MTC.H o6paJOTKa TpaeKTOpMM M ~HKCMpyroTC.H 

OTB8TBJI8HM.H. flpH )J.OCTH~8HMH KOHUa B8TBH CJie.rr.yeT B03Bpall\8HHe Ha 

O)J.HO 3B8HO Q8TIM Ha3a)J. 11: npOCJI8~MB~8TC.H CJI8)J.YIOII\88 M3 3aTIHCaHHb~ 

OTBeTBJieHHi1:. CqeT saKa~HBaeTC.H, Kor.rr.a ~ocTHraeTc.H ocHoBaHMe 

,rr.epeaa. 

B KOMnJieKce nporpaMM yqMThlBaeTc.H To o6cTO.HTeJibCTBO, qTo ecJIH 

3ap~eHHa.H qaCTHQa 3aMe)J.JI.H8TC.H ,IJ.O HH3KMX aHeprMM, BepO.HTHOCTb ee 

.H,IJ.epHb~ asaMMo,rr.eMCTBMM cTaH~BMTC.H npeHe6pe~HMO MaJIO:t1. TaKa.H 

qaCTMQa JIM60 OCTaHaBJIMBaeTCfl 11: Tep.HeTCfl B aTMOCcpepe (npOTOH npH 

E ~ 15 MaB), JIM6o pacna,rr.aeTc.H ( yz== -MesoHhl npM Errt~ 2. 5 MaB). 

~MTpOHhl MaJihlX aHeprMM, Hao6opOT, HCTihlThlBaiOT 60JibiD08 qHCJIO fl)J.ep

HhlX CTOJIKHOB8HHM, H HX rrpHXO)J.HTCH npOCJie~MBaTb )J.O oqeHb H113KMX 

aHeprH:t1. 

06JiaCTb M3M8H8H11fl KMHeTMqecKMX 

TaKOBhl: npoTOHhl - Tp (15 Iv1aB -

"tT -M830Hhl - Tp ( 2. 5 MaE -

Hei1Tp0Hhl - Tn (0.003 3B-

r.rr.e TMAX~ H8CKOJibKO ,rr.eC.HTKOB r2B. 

aHeprMn qaCTVIIJ, 

'T' MAX ) 

T MAX) 

TMAX ) ' 

pasHoro po.rr.a 

flpM nepaMqHhlX aHeprM.HX Tp ) 5 raE B pacqeTaX MCTIOJib3YIOTC.H nporpaM 

Mhl/2/ hMThlBaiOII\Me aqxpeKT "JIM)J.MpOEaHM.H" B a)J.pOH-a,rr.pOHHb~ CTOJIKHO

B8HM.HX ) • 

~fl COKp~eHM.H BpeMeHM cqeTa qMCJIOBhlX XapaKTepMCTMK pa3JI11q

Hb~ .H)J.epHo-~sMqecKMX npoueccoa E aTMoccpepe ueJiecoo6pasHo pas.rr.e

JIMTb aTMOCcpepy Ha TIJIOCKHe CJIOH C T~JIU.\VIHOM Ah ~ 100 :Kr /M2 ~ 
(TOJIII\MHa BC8M aTMOCcpephl 10330 Kr/M ) 11: B KaJK)J.OM CJIOe Dp11M8H.HTb 

OQeHKY npo npo6ery 11: nepeceqeHM.Hrv/61. 

OpraHMsaQ:vr.H Bb~aqM saaMCVIT CT KOHKpeTHOM sa.rr.aqH, npMqeM 

MOJKHO JIVIOO 3aTIHChlBaTb H800XO)J.VIMbiE: xapaKTepHCTMKVI Ha BH8IDHHM HO

CMT8Jib (HaiipVIMep, Ha MarHHTHYIO JIE!HTy), KOTOphle B )J.8.JibH8~Jll8M 

HCTIOJib3YIOTC.H B :KaqecTBe VICXO)J.HOM MHcpopMaQVIM )J.JI.H aHaJIVI3a M o6pa

OOTKM pesyJibTaTOB, JIM60 CTpOVITb :t<HTepeCyroll\H8 cpyHKIJ,MVI pacnpe,rr.e-

JieHM.H B npou,ecce pacqeTa. 

I) Mhl 6Jiaro.rr.apHhl B.~.KocTeHKO sa npe,rr.ocTaBJieHHe nporpaMM MO)J.eJI:vr

poaaHVIH a.rr.poH-a,IJ.pOHHhlX B3aHMO~~ei1:CTBVIM, yqMTbiBaiOII\VIX aTOT 

acpcpeKT. 
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Paspa6oTaHHbiM ROMTI.JI8KC nporpaMM COCT011T 113 OCHOBHOM npo

rpaMMhl 11 ynpaB~RID~MX no~nporpaMM. CxeMaT~ecKM MO*HO 11so6pas11Tb 

ero o6myro cTpyKTYPY B B11~e pMc.I, Ha KoTopoM npe~cTaB~eHhl r~aB

Haa nporpaMMa M ocHoBHhle no~nporpaMMhl. ITo~o6;oe onMcaHMe M 

MHCTPYK~11R no MX 11cno~bSOBaHMID ~aHhl B pa6oTax I/. B HaCTo~eti: 
pa6oTe npe~CTaBJieH TIOJIHhiM T8KCT HOMTI~eKca nporpaMM. 

PacnpocTpaHeHHe ~ep oT~aq11 11 T~eJihlX aapH*eHHh~ qacT11~ 

(~ei1TpOH, Tp11TOH, He3 11 c:£- ) , E03HMRaiDl.I.\MX B HeyrrpyrOM B3aMMO

~eti:CTBM11 M Ha MCrrap11T8JibHOM CTa~~M R~epHOM peaKQ1111 B aTMOC~epe, 

MO*HO He paCCMaTp11BaTb M3-3a BhlCOKMX MOH113aQMOHHhlX TIOT8pb. 0~

HaKO yqeT 3TOM ROMTIOH8HThl ~8*8H rp~ MO~eJIHpOBaHM11 pa~11aQ110HHOM 

C11TyaiJ;MM 11JIM 6110JIOrMq8CROPO ~8MC'IBMR KOCMMqecKMX M3JiyqeHMM 

( 11JI11 M3~yqeHMM l!iCKyCCTB8HHhlX MCTCqH11ROB) Ha 6oJiblli11X BbiCOTaX B 

aTMOC~epe. 

Haiii ROMTIJieKc nporpaMM ~aeT :E03MO*HOCTb oueH11BaTb 11 aToT 
3~8RT Ha OCHOBe MO~M~11RaQ11I.1 HeKOTOphlX 6JIOKOB pacqeTa/6/. 

ITpaKT11qecKaR pa6oTa c KOMITJIE~KcoM rrporpaMM 

,4JIR peiiieHMR RaKOM-JIM60 ROHRpeTHOM sa~aq11 C ITOMOl.I.\biD HaCTOfl

~ero KOMIIJI8KCa rrporpaMM Heo6XO~MI'vi0 3a~aBaTb MCXO~Hyro MH~pMaiJ;MIO, 

a TaK*e opraavrsau;MR B~aq11 pesym:oTaToB pacqeToB Ha MarH11THyro 

JieHTY oc~ecTBJIReTca c rroMo~bro cqeu
7

MaJibHhlX rro~nporpaMM. Hx 

~eTaJibHOe OITMCaHMe ~aHO B pa6oTe14 . 

P11c.I. 06l.I.\afl CTPYKTypa nporpaMMHOro KOMTIJieKca. 
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