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i CHf5tipCKHif HHCTHTYT 39MHOrO ·Mar.HeTH3M8 1 HOHOC¢epbi I!_ 
pacnpocTpaHeHHSI panHOBOnH, -.l1pKyTCKo 

2 l1HCTHTYT Sinepaoii aaepreTHKH, MHHCK, 



.. B pa6oTaJt/I/ 6~ pasBHT MOHTe.:.Kap.noBcrutit MeTa~ pactJ:eTa 

pacnpocTpaHeHHH nyq:KOB BRCOK03HepreTR'I9CKHX tJ:aCTRU B UHOTHHX 

cpe~ax:, ocHoBamwil Ha KaCKa,IJ,Ho-RcnapHTeJI])HOfi tvio~eJm HeynpyrHX 

BSamMO~encTBHfi 6HCTPHX tJ:aCTRU C ~aMM·H noSB~ BH'IH~Tb 
corJiaCYJlllll9CSl C OnHTOM nJIOTHOCT:b noTOKa, yrJIOBHe H SHepreTHtJ:e

. c:KHe pacupe~eJieHHH BTOPHtnmx 'l:aCTRU B 6Jio:Ke. 

0~8lt0 Ha npa!t'l'HK9 tJ:aCTO BruKHO SHaT:b pacnpOCTpaHeHHe 

nYtJ:KOB 6HCTpHX tJ:aCTRU Ta.Kllte H B npoTsmeHHHX rasoBHx cpe~rot, B 

'IBCTHOCTH, - pacnpocTp~eHHe KOCMH'IeCKHX Jiyqeit D aTMOoWepe 

seMnH H ~yrKX nnaHeT. '3To Heo6xo~o ~ peweHHH H~oiopHx. 
aCT~HSH'IeCKHX BOllpOCOB, ~ aHaJmSa CTpyKTypH'mupoKKX BTMOC-

~epHHX , nHBHeR, O~eHKH pa~Ha~HOHHOR 06CTaHOBKH 

Ha 60J.l~IJ!HX BHCOTrut 1 a Ta.Kllte npu pactJ:eTe paJ:tHrontollliilX SOH BOKpyr . 

CRJIDHOTO'IHHX yCKOpHTeJieii. . 

MoHTe-Kap.n6BcKM nporpaMMa, nos:BOJIHl(lllaJ1 pacctJ:HTHBaT:r:. pac-· 
·. . .. · ' . ' . . 

npocTpaHeHHe S~,I~;epHHX t~acTRU B npoTsmeHHHX rasoBHX ope~ wm 
aHeprd tJ:aCTIDl o~·HeCKOJI:bKKX ~eCSITKOB MaD ~0 HBCKOJibKHX coxeH 

raB, paspa6oTaHa aBTOpaMH B .ruiP. OAAH. Kim H B pa6bTax:/I/ ~ 
B OCHQBY aToi nporpaMMH ·aanozeHa KaCK~Q..HcnapHTeJI:r:.HM Mo,lte.ln, 

HeynpyrKX nHoH- H HYKJIOH-SI,ll;epHHX BsSKMo~e2cTBHfi. ITpz aToM . . . 

~ono.izHHTeJI])Ho yqTeH !i$})eKT yMeH:r:.meHM nnoTHOCTR tJ:HcJi:a BHYTPR-
, \· . 

Sl,ll;epHHX HYKJIOHOB B .xo~e pasBHTM ~CKa,IJ,HOii JiaBHHH~ tlTO CY1!ltlCT_; 

BeHHo c:KasHBaeTcSI npz aHeprnsx HMeTamtHx t~acTzn T 7t3-5 reB 

/2,3/. Pacnpe~eJieHRe .BHyTp.wr.n;epin.x ··~oHoB · o~cuilaeTCSI (flop~: 
MYJIOil cal<~o~~-By~ca 6es pas6ReHHH roil>a Ha somi c nocTomiHo~ 
nJIOTHOCT:r:.xl 4/. B 06JIBCTR O'leHD BHCOKHx aHeprd 1 60Jll)WHX He

CKOJI:bKHX ~eCSITKOB raB, BHyorp.wr,n;epHHe KaCK!Wi paCC'IHTHBam'CSl 



c yqeToM BKn~a~~pyromnx qacT~5/. Pacn~ Bos6~eHHHX . 

~ep, OCTaDmHXCR ITOC~e KaCK~O~ CT~ npo~ecca B3aKMO~eHCTBHH, 

paCC'IJHTHBaeTCH Ha OCHOBe·MO~enz RCnapeHHH. XOTH ~ ~SrKKX ~ep 

y~OBHH rrp~e~ocTR aToM Mo~enz BHrronHHDTCH ~oxo, cpaBHeHHe c 

6o~ee TO~Oit 11B3P~HOH11 MO~SJU)JO pa(m~a IrOKa3a.irO, 'ITO iqm: COOT-

BeTCTBYJ!llleM no~6ope ·napaMeTpoB EHTepecYXIJIRe Hac xapaxTep:icTRKR 

BTOPR'IHHX ~~~~an. ~os~ i;esy~biaT~ ~eyrrpyroro ~epHoro· · 

. B3~0~~ftCTB~~~~~rrpOR3BO~TC~. c' ~~~T,aTo'Iil6~ TO~OCTbiO~ . ~OT ·. B!l~. 
. ·-. ~~ .. _, ,•' . 

BO~ ITO~TBep~aeTCH TaKEe CpaB~eHReM pacqeT~ Be~R'IRH C RSBeCTHHMR 

axcnepRMeHTa.irbHHMH ~BHHHMR~ rpynrrH ~erxnx'~ep WOTOSMY~CHH 
( c . N • 0) ~ . 'inn 6o~ee ~eTM~HHX pacqe~~:a·- B tiacot~ocTR, wm• irsy-. ~' . . ' . . . \ . 

qeHHH o6pasyromBXcH B aTMo.~epe n:soTonoB, BHio~ xoToPHi :BecbMa 

'IJYBCTBHTe~eH x Mo~eu.pacnB.zta~- 'Heo6xo.ttlmo n:cn~so:BaTb 6Mee To'IJ-

HHe MeTe~, pa~CMOTp~mme B pa6~Tax/6/. · .. 
. . . . . . ... · ·. . . . . . . . :t . . . . 

,Il;nsi pacqeTa ROHHs~oHHHX no.fepb iipoTOHOB n:1f -Mesollo:B :B a'r-

·Mo~epe MH n:cno~I>soBanR ~HoM~Ho~or~ecin:e BUpSXeHHH n:s pa6oTul71. 
IloCKO~I>KY HOHR~aJ.UIO~ rrpo~e~ Tsme,;ooc qacT~ d ~ t , 1-/€ , f-1~. 3Ha'IH-

• ~ . • J • 

Te~bHO MeHDme .. me ~epHoro npo6era, BKn~OM aTme tiacTan MH rrpeHe~ 

6per~. IIpoTo~, s~e~eca · ~~ ."aHepr~ o6pesaHID1" Tocip = I5 MaB, 

TaiO!te c'I!HTa.irHcb BH6HBnoom as xac:KB,Iia . :B a'rMo~epe n: · me .ita.ni>Iieibllee · 

pacnpocTp~eHn:e He. paccMaTp~a.nocJ>. . .:. · 
.... ·' . : .. ·, .· .. ' '· . . . ·+ ,. 

Ilpn: pacqeTax rrpe,J4IIo~ara.nn:cb pacna,ti~c.ii· :Bee 1r · .··.;.;,MesoHH 

~ aHePl'~.T~2'Ma~~·To ·~~ c~~e npe,J4II~ar~ocb·R··~rr-~Meso
HoB, 'ITO B~MHe o~a.iut~o, ;~K. MOTHOCTb aTMo6q>epu Mana H, c~e..;. 
~oBaT~~Ho~ l!~p~HocTb.Mep~oro 'nor~ollle~.~ru.!e~cg·Jf~ -Meso

HOB Hes;a~Te~J>Ha •. llpH 60~~ aHepr.IUlX KOHKypemnm npo~ecco:S . 
-~: ·, ~~,r· ···~.-.';",:'•' .·' ·:,'···:·,.~:·; {. -·~ ":',·'. ,.•;'~ ·-.r • • ·::~, .• / .. • • '·' 

pacn~a H ~epHoro B3aKMO~eHCTBHH pasHl'pHBa.iraCb no OTHOCRTMl>HOit 
., __ -, ~ ,-,. :-. , ... r .· .:._ .. _::·, -:· --~~-,··; ·. ·_.::-. - *;. ~- ;:~--. .·• ··,_·:_-_,·i~ . . · ·, 

Be~R'I!HHe B!l'IH~eHHHX pacn~oro n: ~epHoro rrpo6eroB (rrpn: yciOBRH0 
lt..\;~ .. - , .. ' :... ' -·~_, ... : ,_.·, ,,_ :~~f-. _.~:· . ·~:-' ..:- ·' . ; ,.;~;:;;.,_,,f __ -: .] .. -·,: 

.~ ."-- ... ' . ~'~ . . ~- \~- ·' ····;"·,.~·H,• ...... : .;." .· '.I:·-~ - ~ ·--

~-;, ''.:~:--· .... ;.,..!';-.-..~,~ -~- -~-; -~ :_, .. ' ' •... ~ \ ,._' .-·: .. 
~ .. :.,.. .. ;. ~.: :· ~'>:_ -"'·_-J.. ' ·.' ' . . -~ ... 
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'IJTo KHHeTRtiecKaH aHeprHH rrHOHa B xo~e rrpo6era 6o~bme "aHeprHH. 0 . . . ' 

06pesaHHH"). Bee ~ -MeSOHH,. He HCWTaBWHe sa BpeMS! me lm3HH. 
· ( e)- Y~t B ~a6opaTOpHOft CHCTeMe KOOp~aT. L : ,'Co 'i ": . .} ~epHoro 

B3ru!MO~efiCTBHH, C'IJHTa.irRCb pacilaBWRMHCH Ha ~a· Y -KBaHTa. 

0THOCRT6~1>HaH B6poHTHOCTb yrrpyroro H Heynpyroro B3aHMO~efiCT

Bxa qacTHnH c ~oM orrpe~e~eHHoro Tn:rra pasarpusanacb no cooTBeT

cTBy:tlliiHM ceqe!iiUi:M ae.e H ~j,J ,B3RTI1M HS M~HorpacpJm/81. 
YrM ynpyroro pacceHHHH pasurpHBa.ncJI no iffJPMY~e/9/ . 

du/d R £.£ = o; eiP (- t P ~,'l 18~/h 2 
), 

r~e G"o - ~OJmTeJll), .He sam!CRlllHil OT '9~l; · 
p - RMrryJll)C 'IJaCTRI$; ' 

't == 1 113 ~ / lllrC., 

l - aToMHllil HOMep MHmeim. 

Oimcrume noBe~elDtfl HeiiTpoHoB c aHeprlU!lm T ' !05 MaB rrpoBo

.ItWIOCb Ha OCHOBe TpaHCnopTHOrO n~H6Jnme~I0/. 
,Il;nsi TOrO qT06H rrpo~Tpn:poBaTb TO~OCTb paspa60TaHHO~ 

rrporpaMMH, pacCMOTPKM rrpaKTRtiecu Bamn:Ui ~Y'IM pacnpocorpaneHHH . . .. . - . . . -.- ' . 
B seMHol aT.r.ro~epe nepBH'I!Horo Koclmllecxoro HSJI~eHKii, .JtiBixpepeH;.. · 

In1BJI1>HH1l Cn~KTP RO'l'Oporo OilliCHBae'l'CH Me,Ityilltm( BUpSZSHRe,/II/ 

. 19.0~1 
I{( E ) = E Z/• , ~ A - - - "'·- • i • , 

r~e E - aaeprm B 109 Bl!t ·a 

·. 

EA/(E) ciE. . . - aaeprm .B IO~ aB/crl.ceK.cTepa.!tHaH, rrpHHOCKMW!: 

·. Ha 3eWID rrpOTOHaMH B HHTepBMe aHeprd E, E -+</E.· 
Ey~eM npe,J4IIMaraTb, ,~o nepBwmoe Hs~yqeime BCTpeqaeT 6ec

KoHe~ nnocKKI ~Oft BOS~a TQnlllBHOl 1033 r/cMf, COCTOHlllHK 
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Ha 2I% KHCJIOPO~a R Ha 79% 1'!3 H30Ta.· l13MEiHeHHe .~B.ru.te'mifi• c··BHCOTO!' 

li TeMIIepaTypo! 6y~eM 'onRCimaT:& CdOTHOmeimeM: 

·.. ~ • .ft.h_) ~~, 
P(h ): Po ( '" l .. eCJIH. h ~ II KM io:dS. ° C 

1 . 

P(h}:: Ptt e:x.P(- ·1tt).· · ecJIR 'h· j II ItM, t:- b6.5 °C ,':-. · 

r~e Po R P11-~aBJieHne,cooTBeTCTBeHHo,Ha yponHe MOPfi H·Ha BHco

Te II KM1 to - TeMIIepaTypa Ha ypODHe, MOPfi1 j). - ~Oa<ppRQReHT 1 
' ,.. . ,. ·. ' ' .. ' . . '' . . ~ . -·· 

xapaKTepasyDJtiDt TeMIIepaTypmlli. rp8.Ii;HeHT. ,. - yc~opei,llie. cruw TJiilec-

Tli, J... :::: 2,870.10-G apr/r rpa,n - nocT~mmM, c~~runirur c nH6opoM. 
. . . 

CHCTSMH e~. , c ·.:. 

PactieTH .611JIH Bl1llOJIH9Hl1 .IT,IJR mliporu i\-' ,; '42°. 'r~e' aMeiOTCJI aK

cnepRMeHTaJI:bHHe ~aHH11/I2-l4/ R p93YJI:bT8Tl1 TeopeTHtiSCKKX pac- , 

'ISTonfi~( • · BJirunme, reoMarHRTHOro n~JIJI y'!RTHBaJIOC:b llJT9M:'OT.6opa 

'!aCT~ no aHeprliR, no' .nOJIJipHOMY R •a3RMJTaJI:bHOMY::jTJiaM.··3HeprHJI .. _., . ' 

o6pe3aHHJI·3a,ItaBaJI8C:b npR.STOMB B~e . I :·• ; ~' 

G~.(~)~n/c~(vi~tzf)Je)/mc")~ :
1

:.:1 ):t .. :, 
K',f 

,,'{·" 

r~e lKSCTKOCT:b' o6pe3aHHJI .IT,IJR ~HnOJI:bHOrO'.np9~CTaBJI9HHJI; reOMarHRT-. ·:·" 

Horo nOJIJI 

Pa(9.)= S"9.6l ~'~A[t+Vi~s,::·~~t;~ 3').']-2 [~,i.llc 
. mc2

- Ma.CCa KOCMU'!SCKOH '!8CTRU11 c sai>JiitoM ·1. ·• A - reo;. 

wi.rmiTliasi mRpoTa~ 9' a· <P ·:.::_. noJIJipmnt a 'asHMJTaJI:bmni:e YI'JIH;: ' 
xapaKTepR3YKJ!tH9 HanPawrSHRe ~nitJKeiDISI ''!aCT~<' . : : ' :' ' ; · '' .· .·. ·' .. 

PesynTam :BHtmc.lieHRii 'noToxoJ3 iieiiT})(mon :BMecTe 6 ·3xcnepii-

- MeHTa.n:&HIOOI ~aHH11MR· ii pesyJI:bTa'i'&m J;iacieTon oK.;.Pir,n;EckoirJiadopa:.:: ··

TopliR npHBe~eH!l Ha p:ac. I R 2. l{aR B~O, HamR pe3yJI:bT8Tl1 BSC:bMa 

6JIR3KH K 3KCnepRMeHTy . H TeOpeTH'!9CKHM ~aJ:Jm:DII5/ • 
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Cne~eT· SaMSTHTb, qTo Ha~· C npoTOHaMH nepB~Oe KOc

MR1I8CK06 HSJIY'ISHHe CO,Itepmrr OK~O 6% fl ~;..~aCT~ H H~60JII,WYJO . .. 

npl1MeCi. (I%) Tmt8.11HX ~e~ •. BKJra;zt STOH KOMIIOHSHTH MO~O yqeCTb, 

SCJIH ,IWI poSili'pmua XSpaKTepRCTHK BT?P~ qacT~ BOCllOJII,SOBaTb- . 

OR MSTO.rtaMH pac~eTa HeynpjrHX B3811MO,It8HCTBRH anep c B,ItpaMH, 

npe,ItJIOilteHHHMH B pa6oTax/3 ,IG/, O,ItHaKO BMaJi J.. -~aCT~ H 60Jiee 

T~ ~ep HeBemm, ~o corJiacyeTca c pesyJibTaTaMH ]>a6oTJI'I5/, . . 
r.rte 6HJI·llO,ItP06HO.HCCJI8,ItOBaH STOT Bonpoc •. 
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