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MOJENN BO3MYLLEHWNA NOHOCHEPHOM NIA3MbI, COBD,ABAEMbIX PEAKTUBHbIM
ABUTATENEM KOCMVI‘-IECKOI"O 'ANMAPATA
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Uccnenyiorca BOIMYLLEHNA MOHOCHEPHOM rN1a3Mbi, CO34aBaeMble ra3080i CTPyel pPeakTUBHOIO ABUraTens KOCMUYECKoro annaparta,
CNOCODHbIE OKa3bIBATH CYLECTBEHHOE BO3ALHCTBME Ha PACNPOCTPAHERNE U PACCesiHe DafNOBOH. AHAIM3NPYIOTCA MEXarn3msl 00-
Pa308aH1A BOMYUIEHWA MOHOCHEPHOM NNasmbl KOCMUYECKUM aNnapaTtom C paboTaloLyuM ABUraTenem. ManaraeTca croxactudeckan
MOZeNb NpoLecca APEY3ni NOHOB HOHOCHEPHON NNIa3Mbl BHYTPS [a30BO CTDYV PEaKTUBHOIO ABNTaTeNs KOCMIMYECKoro annapara.
lpuBonsTes pesynsTats pacieros 06pa3sosaHits 0BNACTU BLICOKON KORLEHTPALMM 38PAXEHHbIX 4aCTHL MOHOCEEPHON NNa3Mbl B OK-
DECTHOCTY rpaHuLb! ra30BoM CTPYM PEAKTUBHOIO ABUIaTens KOCMUYECKOro annapata. Ha oCHOBe NPeBEeAEeHHOro aHa13a NpeanaraioT-
A MOJIENM NAIA3MEHHbIX BO3MYLUEHIA, CO3AaBaEMbIX ra30B0# CTDYei PeakTUBHOO ABMIaTeNA KOCMUYECKOro annapara B MoHoCcdepe.

Beepenue

Hccnenosanve BIMSAHUS BO3MYLIeHHH HoHOChEp-
HO¥f IL1a3MBI, CO31aBAEMbIX 3aTTYCKAaEMEIMM KOCMUYEC-
KuMH annaparamu (KA), Ha pacripocTpaHeHue paguo-
BOJIH OTHOCHTCS K YHCAY BAXHEHIINX pobnem Gusm-
KHY HoHoc(heph! ¥ pacTipocTpaHeHUs paoBonH. Petiie-
HUE yKa3aHHOH NpobaeMbl HEOOXOMMMO 1M1 U3YYECHHS
IPOLECCOB, MPOUCXOAIMX B BEPXHUX C/104X aTMOC (e~
DB TIPH HATMYMH TaKHMX BO3MYILEHHMH, U BHIPabOTKH
PEKOMEHIALIHH 1714 YCTOMUMBOM pabOTH CUCTEM PalHo-
CB53U, PAlHOJIOKAIHM 1 HABUTALIUH. |

Henp nanHO# paboThl COCTOMT B MCCIENOBAHUH
TIPOLIECCOB CO3AAHMSA MOHoc@ep‘HHx BoaMymeHnﬁ ta-
KesoM KA, criocoGHbIX 0Ka3blBaTh CYLIECTBEHHOE BO3-
neucmne Ha PACNIPOCTPAaHEHHE M PacCesHUE panuo-
BOJTH.

Hauunas ¢ mepBbIX 3aNyCKOB MOLLHBIX PAKET, CIIo-
COOHBIX BEIBOAMTD Ha OPOHUTY HCKYCCTBEHHBIE CITyTHH-
Ku: 3emny, npobneme B3aMMOAEHCTBYS Ta30BbIX CTPYit
peaKTHBHBIX ABuratesieit KA ¢ BepxHuMHu crosmy ar-
MochepH! yuensercs 60m:moe BHuUMaHHe. Mcreuenue
ra30BBIX CTPYM B 33TOMNEHHOE HPOCTPAHCTBO ¥ BaKY-
YM, @ TAKXKE MX B3aUMOJIEMCTBHE CO CIYTHBIM TIOTOKOM

Haberaouero rasa paCCManMBaJIOCL B psizie paor.

[1-5].

HecMotps Ha Gonbuioe KOMMUECTBO Ty6AMKaL,
TIOCBSIICHHBIX TIEPEYHCIEHHBIM BOTIPOCAM, B HACTOS -
1iee BpeMst HeJib3s CAETATh BLIBOI O TOM, YTO Ipodne-

Ma B3aUMOIENCTBHS Ta30BbIX CTPY PEaKTUBHHIX ABU-
rareneit KA ¢ BepxHeit armocoepoit pemena. Tpyano-
CTU MOCTPOCHUS aJEKBATHLIX MOJEIEH B3aUMOACH-
CTBHs1 OOYCNIOBIEHH KaK CIOXHOCTBIO pacyera BCex
MPOLIECCOB, MPOUCXOMSILIMX B (hakene pakeTsl 3], Tak
¥ He0OXOMMMOCTBIO YYeTa BIMSHHA HEOMHOPOTHOCTH
atMocdeps [4], a Takxe reOMarHHTHOTO 101 Ha Gop-
MHpPOBaHHUE CTPYKTYPHl BO3MYILEHHMS KOHLIEHTPALIUK
3apsKeHHBIX YacTHLL [6].

Iupokuii ciiexTp mpobieM, CBA3aHHBIX ¢ B3aHMO-
IefcTBHEM MCTeKalomIeH ra30Boii cTpyu KA ¢ Bepxueit
atmocdepoit, He TO3BONAET PacCMOTPETh MX Bee. [1o-
3TOMY HHXE MTPOBOAMTCH aHATU3 OCHOBHBIX THIIOB
HOHOCGEPHBIX BO3MYIEHHIHA, BBI3BIBAEMBIX Ta30BOM
crpyeit KA, cmocoGHBIX 0Ka3bIBaTh CYIECTBEHHOE BO3-
JeCTBHE Ha PACTIPOCTPaHeHKe painoBoid. OCHOBHOE
BHHUMAaHUe yaessieTcd pa3paboTKe MOAEM BO3NCHCTBUS
KA Ha HoHocdepHy10 T1a3My B 0671aCTH OIMXHEN 30HBI
J0 PacCTOSIHKS, Ha KOTOPOM MPOMCXOMUT BEIpABHUBA-
HUE JABJCHUHA ra3a CTpyu ¥ aTMocdepsl..

1. MexaHu3Mbl BO3MYLLEHMS HOHOCDEPHOT NNasMbl
rasoBoi CTpyeft PeaKTHEHOTO IBHTTENs KOCMUEKoro
annapara

Hcreyenue ra3os U3 Corla peakTUBHOIO IBHTATe-
a4 Ha Boicotax 100.,.400 xM oT nmoBepxHOCTH 3eMiH
XapakTepuayercs GONBIIMM MepelTafioM JaBlIeHHH Ha
cpese comna (p,) ¥ B noHOChepe (py). CornacHo 5, 7], -
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JaBJIEHYE HA CPE3E COTUIA IS KUIKOCTHBIX PEAKTUBHBIX
JBUTaTesel cocTaBseT Besmauuy p, = 0,02...0,5 kr/cm?,
a Ju1s ABuratestei Ha TBepaioM Toruee p, = 1...3,5 kr/cm?

[lonaras p, = 1 kr/cM2 ¥ HCTIONIB3YSL HAHHBIE O [aB-
JleHUH B HoHOChepe, pYBEIeHHEIE B 8], MOXHO on1-
PENENUTD NPE/IEITHI U3MEHEHHUS CTENIEHH HEPacyeTHOC-
T¢ n Ha BeIcoTax 100...400 xu.

" n=p,/p,=310°.3-10". (

XapakTepHble 3HaueHus vucen Maxa Ha cpese co-
ma M, =V, /v, =2..5 (V, v, — HanpasieHHas U
TEIUIOBAA CKOPOCTH MCTEKAIOMIEro ra3a) ISl KUIKO-
CTHBIX DEAKTVBHDIX IBUTATeNeH M M, = 3 [UIs BUTaTencit
Ha TBepaoM Torvmee [3, 7, 9]. Yuciio Maxa naberarolnero
CITYTHOTO T10TOKa IMpu ckopoctn KA V) = 2...8 xM/c Mo-
XET USMEHATBCA BIpenenax M, =V, /v, =3..20, rae
v, — TEIJI0Bas CKOPOCTb YAaCTHI] B HOHOCHEDE.

CornacHo [5, 7], cTeneHp MOHK3ALMUU Ia3a Ha Cpe3e
COILTA H3MeHseTcs B avanasone 107°..10™ . B noHoc-
(bepHOIl TTa3Me CTereHb HOHU3ALMH W3MEHSIETCH OT
2107 Ha BbicoTe 100 kM 10 = 10 Ha BrIcOTe 400 KM:
JlnvHa cBoGOXHOTO TIpoGeEra HEATPANLHBIX YaCTHIL B
HoHochEepe BO3pacTaer or [, =10 cM Ha BbicoTe 100 KM
zo I, = 5xm Ha BrIcoTe 400 xm [10—12].

Ha Buicotax > 130 XM MarHuTHOE noe 3eMau Ha-
YHHAET OKa3bIBaTh CYIMECTBEHHOE BAMAHHE Ha JBUXE-
HHUE MIOHOB MJIA3MBI, IIOCKONBKY JUIMHA CBOGOIHOTO
Tpo0era YacTUIL OKa3bIBAETCS OOMbIIE TAPMOPOBCKOTO
panuyca MiOHOB /; 2 p,(p, = 2...4 m).

[l CTPOroro pelleHus 3a1auy B3aUMOACHCTBUS
Ta30BOM CTPyM peakTvsHoro nsurarens KA ¢ moHoc-
(bepoit Heo6X0MMMO COBMECTHOE PEIIEHUE CHUCTEMBI
KMHETHYECKUX YDaBHEHUA, 3aTTMCAHHBIX UTS BCEX COp-
TOB YaCTHLl B3aMMOACUCTBYIOIIMX ra3oB (akena U
MOHOCGhepLL. TpyTHOCTH YCyTy6IAIOTCS NPUCYTCTBHEM
B MOHOC(EPEe MATHUTHOTO MOJSL, BIMSHUE KOTOPOTO Ha
ABIXESHUE MOHOB HEOOXOIMMO YUMTHIBATh HA BRICOTAX
>130 xm [6]. o 7

[lockoneKy B TaKo# mOCTAHOBKE pellIeHUe 3agadm
TPaKTHYECKH HEBO3MOXHO, TO B psle paboT 1o B3au-
MOJIEHCTBHIO Ta30B0If CTPYH PeaKTHBHOTO ABUIATENS C
MOHOC(EpPOH NONAraeTCs, YTo MPH ONMCAHUY B3aHMO-
JCACTBHS IPUMEHMMBI YDABHEHHS THAPOAMHAMMKY, a
VIOHBI U 3NIEKTPOHE! YBIEKAOTCA HEMTPAIBHBIMU Yac-
LnaMy (DOk MOTIIUTHOTO OIS HE YYUTBIBAETCS)
[5,7,13. ' o

- Bpaborax [1-4] B ykazannom TIPUGIVKEHHH Tipo-
BCACHO YHCIEHHOE PEIlIeHHE 341344 O PACIIMPEHHY
CBEPX3BYKOBBIX CTPYH B BakyyM [1, 2], B 3arorwienHoe
NMPOCTPaHCTBO [1, 3] U B CIIyTHBIA CBePX3BYKOBOI NO-
TOK Halerawommero rasa [1, 4]. -

Benencreue BoitecHenus HOHOCGhEPHON MAasMbl
C1abOUOHH30BAHHBIM TA30M CTPYH (CTeneHb NOHU3a-
LMK KOTOPOTO, KaK NPaBU/i0, MEHbLIE HOHOCHEPHOI
Ha BbICOTAX 2 100 KM) Ha rpamuLe cTpyu obpasyerca
06/1aCTh BBICOKOH KOHUIEHTDALH 3apSOKEHHbIX YACTHII
noHoctepHoit riasmel (OBK), a BHYTPH CTpPyH — 06-
JIaCTh HU3KOM KOHUEHTPALMM 3apSXEHHBIX YACTHLL
(OHK) [6]. - )

C zpyro# cTopoHsl, raszosyio CTPYIO MOXHO pac-
CMaTpUBATh KK HEKOTOPOE MOPUCTOE TeJNO, ABIKYILIEE-
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¢4 B HoHocdepe co ckopocTsio KA. TIpu asuwxeHuy ra-
30BOM CTPYH ITPOUCXOIUT KaK OTPAKEHHE YACTULL HOHOC-
(epHO# TLIA3MBI OT CTPYH, TaK i TIPOHMKHOBEHUE MX
BHYTPb. OTpaXeHHbIE OT CTPYH YaCTHLIBI, CTAIKMBASCH
C PaBHOBECHBIMH YaCTHLAMH MOHOCHEPHOM IIa3Mbl,
BO3MYIUAIOT MX KOHLIEHTPALMIO W TeMIIEpATYpY. AHAIO-
TMYHBIHA ctydait paccMoTpeH B padoTe [14], rie uctoy-
HUKOM OTPaXEHHBIX MONEKYJT SIBJISETCS TIOBEPXHOCTD
TBEPIOTO Tea. B pesynsrare Bo3MyuieHue oGpasyer
VAApHYIO BOJTHY, KOTOpas clocobHa pacipoCcTpaHaThCs
B MOHOC(EPHOI I1a3Me, BO3MYIiIas €€ KOHLIEHTPALHMIO.

Woner noHOC(EPHOI MIa3Mbl, NPOHYMKAIOT BHYTPb
CTPYH, CTAIKUBAIOTCS C YaCTHUAMU Ta30BOH CTPYH, Te-
pAs TIPY 3TOM 3HEPTHIO ¥ MMIIY/IbC, BCIEICTBIE YETO
TIPOMCXOIMT UX TOpMOXeHHe U obpaszosaHue OBK.
CTONKHOBEHUS MEXIY YaCTULAMU Fa30BOH CTPYU U
MOHOChEPbI IIPUBOAAT K NOBBILIEHUIO TEMIIEPATYPHI 32
B obniacty cMelreHust. YacTb SHEPTHH TIPH CTONKHOBE-
HMAX MOXET NEPEXOIUTH BO BHYTPEHHIO HEPIHIO MO-
JIeKyN rasa. B pesysnsrare BO3MOXHA JIOMONHUTENbHAS
TCPMOMOHM3ALMS ra3a B 001acTH cMemerus. [ogo0Has

* 33]1a4a pacCcMOTpeHa B pabote [ 15] fis SHEPrUYHBIX MO-

JIEKYJI, OTPAXKEHHBIX OT IOBEPXHOCTH JBVIKYILErocs KA.
B crenyiomenm pasnene ocTaHoBMMCS MOIPOGHEE Ha pe-
3yJIBTarax YMCIeHHOr0 MOIEAMPOBAHHUS TIpoLiecca 0bpa-
3oBaHusi OBK 1 OHK.

2. Mogenuposanie npouecca Auddysnm noHos
MOHOC(ePHON NNa3Mbl BHYTPb BaKena KOCMUYECKoro
annapara _ : ‘

[Tpu CBEPX3BYKOBOM HBIDKEHHMM ClIaGOMOHM30BAHHOM
Ta3oBO#i CTPYH peakTUBHOTO IBuratens KA B uoHochepe
Ha BbICOTaX = 200 KM HOHBI MOHOC(EPHO IIA3MBI MOTYT
TIPOHMKATh BHYIDh [430BO{ CTPYH, OTAABas IIPH CTONKHO-
BCHHSIX CBOIO SHEPTHIO M UMITYIIBC YACTULIAM CTPYH, U YBSi-
3aTb B Hel, 00pasys 00MIaCTb NOBBIILIEHHOM KOHLIEHTPALIM
3apsDKEHHBIX YACTHIL PelieHue 3a1a9u IPOBOMTCS B IIPH-
OITYDKeHVM XUMMYECKU He pearMpylolvx rasos. [iasma
TIPC/TIONAraeTCs KBA3UHENTPATLHOM, TaK YTO BO3MYILEHNS
KOHUEHTPALIMHM /IEKTPOHOB X HOHOB COBIIANAIOT,

Mopenb ra30Boi CTpyn BEIGHPAETCs, MCXOAS 3 3aKO-
Ha COXPAHEHHS YICJ1a YaCTHLL pacIMPSIIOILETOCS CJI08 Ta3a

- -~
div(NV)=0,rme NuV — KOHLICHTDALWs ¥ CKOPOCTb
YaCTHLITa3a). B LIMIMHAPHYECKOI CHCTEME KOOPIMHAT, CBA-
3aHHO¥i ¢ MCTOYHMKOM (KA), Izie och z HanpasiieHa B Tpo-
TUBOIQIOXHYIO CTOPOHY OTHOCHTEBHO HATIPARJICHHS B -

xeHnst KA, 1011 MakporapaMerpos rasa CTpyM Noyaror-
CS1 BBIPAXKEHMS

N/N,=0,p/z21g0,,z> z,, (1)
N/N,= é/zz,p/zstgeo . )
T=const, V, =const, ¥, =V, p/z, &)

Iae 6y — yron noypacTBopa Koyca, 2,,2,, —KOOpIH-_
HaTbl HAYQ/1a U KOHLA CTPYH, z, =7, [tgB,, 7, — paiu-
ye cpe3a comta, Ny ~ KOHUEHTpaLus HEUTPaTbHBIX Ya-
CTHIL CTPYH Ha cpese comna, T, V, u ¥, — Temneparypa 1
KOMIIOHEHTbI CKOPOCTH MCTEKAIOLIETO Ia3a,

3anava o mndysuu MOHOB Pa3peXeHHOM Ta3Mbl.
B IBUXYIYIOCS CO CBEPX3BYKOBO CKOPOCTEIO CTPYIO, -
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3alaBaeMylo Mojiesbio (1-3), petnaercs MeTogoM MoH-
te-Kapno [16]. Jns ogHopomHoro ra3a B pasnene 1.2
MoHorpaduu [6] M3naraeTcsd cxeMa NOCTPOEHUs epe-
Ba BO3MYIIEHUS, BRI3bIBAEMOTO TIPOOHOM YacTHIIEH B
T10JI€ YaCTHII, pacnpeleNeHHBIX 10 MAKCBEILIOBCKOMY
3aKkoHy. Hrxe ykasaHHasA cxeMa MpUMEHSETCS Mg 110-
CTPOEHUS BETBH BO3MYIICHUS, BEI3HIBAEMOTO HOHOM,
ABIKYIIMMCS B HEOIHOPOXHOM ra30B0M 00pa30BaHUH.

[Ipn Mopennposanuu Ha [I9BM koopauHaTtHoe
APOCTPAHCTBO IENHTCS Ha AYeH K1, OTpaHHYEHHEIE [T0-
BEPXHOCTAMU 6; = const ¥ IUIOCKOCTAMH z; = const.
IIpenmonaraercs, YTO OTHOWIEHHE 3HAYEHHMI KOHLIEH-
TPaLMU YACTHL| CIPYH B COCEIHMX 10 z SYEHKaxX mo-
crosuo 1 6m3ko K 1, g, =N, /N, =1. TIpu 3ITOM
KOOPRMHATH TPaHHULL A9CEK paCTyT, KaK 370 Cleayer u3
(2) Mo 3aKOHY TreOMEeTPUYECKON ~NPOTPECCHH
z; & zogn/ C1pys orpaHnuHBaeTCA IO OCU z IUIOC-
KOCTbIO z=2z,; 2, — BHIOMpAETCA U3 YCIOBHMIA: TIpe-
BHIIIEHHS TA30BOTO AABAEHHS B CTPYE K JABJICHHIO B
noHocdepe U MaToro OTHOHIEHHS [UTMHBE Tpo0era HoHa
B k-0l sryeiike k pasmepy sueitku [, /Az, <<1.

TTo yry 0 rpaHMuB! T4eEK BEIOUPAIOTCA paBHOMEp-
HO, HAYHHAA C HEKOTOPOTO B, 1 10 8. B omeparusHO#
namari [ISBM grigessieTcs coomemmymunn Mac-
CUB S14eeK U1 BHIYUC/IIeMOH BETHYMHEL BO3MYILIEHHA
KoHUeHTpaluy HoHoB AN. Tlepen Hayanom paboTH
APOTPaMMBI HJIeMEHTAM 5TOT0 MACCHBA [IPHCBAUBAIOT-
4 HYJIEBBIE 3HAYCHHUS.

IToroxy noHOB HOHOCEPHOH Ta3Mbl, Haberao-
HIEMY Ha CTPYIO, TIPH YMCASHHOM MOJE/IMPOBAHHH IIPO-
uecca mudy3uu CTaBUTCA B COOTBETCTBUE HCTOYHHK
MOHOB, PACTIONOKEHHK Ha TIOBEPXHOCTH CTPYH. BHI-
f0p HavalbHBIX KOOPAWHAT ¥ CKOPOCTH MOHA TIPOBO-
IUTCS -CTAHAAPTHRIM C1I0CO00M MOIEIMPOBAHUS HPO-

M3BONBHOTO pacnpenenenus P(y) caydyaiHOH BeaIudu-~

Hbl y, u3oxeHHbM B [pwioxerny 1 MoHorpabuu [6].

BepoaTHOCTL HaXOXACHUS MOHA HA TTOBEPXHOCTH
CTPYH B MHTEPBANE dz KOODOUHATH Z OIPEIesercs
BLIDAXCHHEM

-z,)dz
P(z)dz = Z(Z %) = (4)
cos’ 0y (2, — 7,)

W3 (4) 1 (I11.5) u3 [6] creayer BolpaxeHUe U1 KO-
OpAMHATH z POXIEHUS HOHA

z=12z,+(z, —zo)\/x‘z,
I]Ie X, — CIyJaitHoe YUCIIO, PABHOMEPHO pacipeeieH-
Hoe B uHTepnane [0,1]. o
A3HMYTANLHBII YTON (9, OTCYUTHIBAEMBLH B TIIOCKO-
CTH TIOTIEPEYHOM OCH Z , ONIPEAE/IAETCSA COOTHOLIEHH -
eM .

¢ =2mx,,
TIE X, — CIyYa{HOE YHCI0, PABHOMEPHO PacTIpENIENeH-
Hoe B uurepsane [0, 1].

BeposTHOCTH IPOGHOM YacTHLIE (MOHY) UMETH CKO-
pOCTh U BHMHTEPBAJIE (U Ha [IOBEPXHOCTH CTPYHM, ABH-
Xyleiics co ckopocThio KA 170 OTHOCHTEIbHO HOHOC-
(bepHO# TITa3MH, OTPENENsIeTCd COOTHOMEHHEM

P(3)do=cii(5+7,) £ (5)dS, 5)

FIE 77 — HOPMAab K IOBEPXHOCTH CTPYH, ¢ — KOHCTaH-

Ta HOPMHUPOBKH, f(V) — dyHKIMI pacnipeneneHus Ya-

CTHLL IO CKOPOCTSM. B pesyniktate moactaHoBku (5) B

(111.5) u3 [6] B TOKANMBHOM CHCTEME KOOPRMHAT C OCHIO

Z, HaNPaBJIEHHOM 110 HOPMAITH K TIOBEPXHOCTH CTpYPl

nonyanOTc;[ TPAHCLEHACHTHBIE OTHOCHTEALHO
sV, YDaBHEHHS

n=(+o®))/2 . . ©

% =(1+0(v,))/2, - ()
_{D—-exp(—uz)/(\[_l/;)+d)(oz)} ‘
B i+0) ®
e D= CD(V)+exp( VZ)/(\[EV”),
' V., =V,sin@,,

V, — cKopocTh aBrxeHus KA, CKOpOCTH. v ¥ V BBI-
paXeHnl B eMHHIAX TEMUIOBOK CKOPOCTH MOHOB v,

e
O (v)= —\% I exp(—t2 )dt — MHTETPal BEDOATHOCTH.

TIpy BEIYKCTICHUAX C LENBIO COKPALIEHUS BpEMEHH
cuera BhipaxkeHHs (6—8) Tabyimpyrorcd. Bribop Bpe-
MEHH U MeCTa CTONKHOBEHHS HOHA C HEHTPaTbHOH Ya-
cTHLEH (hakesa IPOBOAMTCS B CHCTEME KOODIMHAT, CBS-
3aHHO# C TOKATBHBIM YJaCTKOM 32, [epeMeIalomiM-
¢g co ckopocThio V(7). IIpy CTONKHOBEHHH BHINOIN-
HAIOTCS 3aKOHBI COXPAHEHHS MACChi, UMIIYJTbCa, IHED-
THM ¥ YMCNIa BXOJIIIMX W BHIXOAAMMX yacTull. Ilpen-
1oJ1araeTcs, YTo B3aUMOMCHCTBHE MEXIY YaCTHLAMH
TPOMCXOIHT IO 3aKOHY XecTKux cep. Mcromnesyiored
BRIpAXEHHU, IpUMeHIBIIHecS B pasaene 1.2 u3 [6] ms
HAXOXIEHHS BPEMEHHM MEX/Y CTONKHOBEHHAMM H KO-
OpAMHAT CIIEAYIOMET0 CTONKHOBEHHUS. ,

CKOpOCTH YacTHII C MaccaMy my, n; # CKOPOCTAMHM
nepesi CTOIKHOBEHHEM Uy, U, TIOC/KE CTOJKHOBEHHS
IO 3aKOHY XeCTKHX chep onpeaendiorcs BRIpOKEeHHS -
mu [17]

., Uy +H0
5 = ﬁﬁ—’* [0 = By |n/(w+1),
~, U, +MO, _.. .

01=~ql':}fl’l—"|\>o”01|ll/(u+1),

e w=m/m,, i — CAyYaHHKI} BEKTOD, PaBHOMED-

HO pacrpeeiCHHBIN Ha TOBEPXHOCTH chephbl eNMHUY-
HOTO paguyca, IPA MOJSIUPOBAHUH KOTOPOTO HCIIO/h-
sytorcs Boipaxenus ([11.8—I11.14) u3 [6].

Tlpu cnexenuyt 3a k-5IM HOHOM [TPOBORUTCH HAKOII~
JleHVie BpEMEHH ero NpeOhBaHud Ty; B j-0if guelike Ko-
OpAMHATHOTO NpocTpaHcTBa. HabiioneHue 3a HOHOM
IpeKpallaeTcs IMpH BHXOLE €r0 3a IPaHUIILl CTPYH.
Tocne nmocTpocHus: M BeTBel 3HAUCHUE OTHOCUTEND-
HOTO BO3MYHICHHS KOHHEHTPALIWK MOHOB B j-Ol A4eil-
K& KOOPIMHATHOTO MPOCTPaHCTBA (P YCIOBUU

"V, >> v, ) Al HaYaIbHOM MaKCBEIIOBCKOM QYHKIUH
_pacrpelie/IeHH HOHOB MO CKOPOCTAM OIpene/sercs

BEIpAXeHUEM [6]
r) SV Z T,q

N MW .

0i i

&)
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TIE N, —PaBHOBECHAA KOHLIEHTPALUAs HOHOB HOHOCED-
HOM TUIa3MBl, S — IUIomamh G0KOBOM MOBEPXHOCTH T30-
BOU CTPYH, W, — 00TeM j-0i sdeiiku KOOPIMHATHOTO Mpo-
CTPAHCTBa, A/ — YHACIIO BETBEH BO3MYHIEHHS, 110 KOTOPBIM
TIPOBOIUTCH YCPEMHEHHE.

3ateM Bech MPOLIECC TIOBTOPSETCS | TIpH YBEJIMUCHIH
YHCTIa BETBEH M PE3y/IETaTEL, IIOJTy4eHHEIE [IPH PAXIHYHBIX
PeaTM3aINAX, CTPEMSITCA K OIHOMY 3Hadermio. TTocie ye-
DENHEHUS MO BCEM PEATM3ALMAM TIOAYYAETCH UCKOMOE
CpenHee 3HaYEHHE BENMYMHbI OTHOCHTEIBHOIO BO3MYLLIE-
HUA KOHUEHTpaUMH HOHOB. CleNyeT OTMETUTD, YTO B/~
YMHA OTHOCHTENIBHOM OLIMOKH BHIYMCTEHUH YMEHBILACT-
€51 C POCTOM YHCJIa BeTBeil KaK 1 / VM . Obem craticmy-
K IIPH pacyeTax B JAHHOM paGoTe BEIGHPATICS TAKUM, YTO-
OBI 00CCTIEWTS BETMYMHY OTHOCHTENBHOM TIOTPELIHOCTH
BBIYMCIIEHMH < (,].

Pesynbrarsi NpoBEICHHEIX PacyeTOB NPEACTARIEHE HA

puC. 1—4 ans ceAyromyX SHAYe Hyl TIaPaMETPOB: CKOPOCTD
meixerust KA V) = 50, ; ckopocTs rasa c1pyu B cHcTeMe
KOOpIHHT, CBA3anHoN ¢ KA, v, = 2v, (v, —Temwosas
CKOPOCTh HEUTPATBHBIX YACTHIL Ta3a CTPYH); OTHOLIEHHE
KOHLIEHTPAIMH HEHTPANBHEIX YaCTHI B COCETHUX TIO Z
sYeiikax g, = 1,1; oTHOLIEHYME IMHB cBOGOAHOTO npobera
HEHTPTbHBIX YACTHLL 334 CTPYH /, Ha Cpe3e COTLIA K BEJH-
unHe z, =7, [tg, papHo | /2, =107 (puc. 1-3) u
1077 (puc. 4); st oTix Xe cywaes  z,, /z, =1500 u
4000 cOOTBETCTBEHHO; OTHOILICHME MACCH MIOHA K MACCE
HEUTPATTHOM YaCTHLIBI ra3a CTpyH m,/m, =1 (puc. 1,4),
m,[m, =0,5 (puc.2), m, /m, =0,25 (puc. 3). Ha epx-
Helt TIOJIOBIHE PUCYHKOB H30GpaXeHs! M30MUHUH, A Ha
HIKHEH — BEIMYMHA BO3MYLIEHHST AN / N,; B3aBUCHMO-
CTU OT KOOPIWHATEI P, OTCYMTHIBAEMON OT OCH CTPYUL.

AHAJIM3 TIOMYYEHHBIX PE3YTBTATOB MOKA3bIBALT, YTO
MAaKCHUMYM OTHOCHTETLHOTO BO3MYLUEHHS KOHIIEHTPALAY
MIOHOB pacrioflaraeTesi B 06/iaCTH, IIPIIEralomiei K rpaHu-

PIE
1000
AN=0
AN=max
500
AN=0
0 400 800 1200 | z/z,
500 | 0 5 :22
o 5
1000 | . 0 5
iz,

Puc. 1. OrnocurensHoe BO3MYyUleHWUE KOHUEHTPaUU UOHOB
' AN/N,. npu m./m, =0,5,1 /7, =107
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L€ CTPYH, U COCTARNIACT BE/IMYMHY TOPANKA AN, /N, =5.

BiheKT HAKOTLIEHHS HOHOB OBHACHSIETCS TOPMOXe-
HYCM VIOHOB B Ta30BO CTPYe 3a CHET HX CTONKHOBEHMA ¢
HEHTPATBHBIMH YACTULIAMY T334 CTPYH H YBETMUEHHEM HIX
BPEMEHM XU3HH B SYEHKAX KOODAMHATHOTO TIPOCTPAHCTBA,
310, commacHo (9), U IPUBOIMT K 0GPA30BAHMIO OGIACTH
YIUIOTHEHHS.

C yMeHBILIEHHEM OTHOILIEHHS MACCH! OHA K MACCe Heli-
TPATBHOM YaCTHLLL 77, /m, (pHC. 1-3) pasmepsl BO3MY-~
U[EHHO# OG/IACTH YBEIMYMBAIOTCA, 410 OGBACHAETCS Tem,
4TO JIETKHE HOHBI B TeUeHHe 60Iee JUTMTE/IHOTO BpeMeH!
COXPaHAIOT SHEPIHIO IPH CTONKHOBEHHSX ¢ MACCHBHEIMU
HEHUTPATBHBIMHU YaCTHIIAMH H JATBLIE TPOHKKAIOT BHYTDh
CTPYH.

YMeHbIIIeH e OTHOMEHUS THHY CBOGOTHOTO pobe-
T4 4aCTHUL| ra30BO¥ CTPYM /, Ha CPe3e COILIA K BEIMUMHE
2, =1, /g6, COOTBETCTBYeT YBeTHYCHHMIO KOHLIEHTALIAK
HEHTPAIHBIX YaCTHII raza cTpyd. Tak mpu Zy=2M W
I,/7,=107, 10 nomysaercs N =10® oM
(puc. 1-3), N, =10" cm3 (puc. 4) cootBercTeHHO, Vae-
JIMYEHHE ITOTHOCTH Ia30BOM CTPYM IIpUBOXHT (DHC. 1, 4) K
BO3PACTAHHIO Y1CIa CTOKHOBEHHH HOHOB C HEHTPATHHBI-
MM JaCTHLIAMH CTPYH ¥ K POCTY BEJTMYMHE! MAKCHMYMA OT-
HOCHTEbHOTO BO3MYLLEHHS KOHIEHTpailiK oHoB, Kak .
CIEAyeT U3 CPAaBHEHMS PE3YNBTATOB, NIPEACTABICHHBIX
Ha puc. 1 1 4, yBeueHHe pacxoa TOMIBA Ha TIOPAIOK
NPUBOIAT K POCTY pa3MEPOB BO3MYILEHHOI 06/IaCTH B

;—\/1—0 pas. ’

3. Mopeniv BoamyleHU NOHOCEPHOM NNa3MbI,
€03/1383€MbIX TA30BO CTPYeli PaKTUBHOTO ABUTaTeNs
KOCMMYeCKoro annapara

Ha ocHose npoBeneHHOro aHAM3a MEXaHH3MOB BO3-
MYLIEHHA HOHOC(EPHOM TUTA3MEI [a30B0 CTpYei peaKTHB-
Horo apurate/is KA Hipke BHIGHPAIOTCS MOJETH I1a3-

olz,
1000 |
AN=0
AN =max
500}
AN=0
. 400 500 1200 172,
0| 5AN| .
Noi;_
500 0 3
T
1000 0.5
Pl

Puc.2. OrHocutenstoe BosMyijenve KOHUEHTpaumumu NoHoB
AN/N,, npu m,[m, =11 [z, =107




EcrectBeHHbie HAykK

PlT,
1060 ¢ AN=0
" AN=max
500
~ AN=0
400 800 1200 | 2/z,
0 -
0 AN . o
500} 0 >~
RO
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Pz,

Puc. 3. OtHocuTenbHoe BosmyLueHwe KOHueHrpaunm MOHOB
s, 1PM m,[m, =0,25,1, /2 =107

AN/N,

Puc. 4. OTHocheanoe BOBMyLLlEHMe KOHEHTpaLMM MOHOB
AN/N,, npu m, /m =1,1,/z, =107
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Puc.5. Mogenu nnasmerHoro obpa3osanms

MeHHoro 06pasoBanys, co3naBaemMoro KA B oHochepe
16]. PaccMarpuBaetcs o6macth GiKHEH 30HH 10 pac-
CTOSHUS, Ha KOTOPOM [IPOUCXOMHUT BHIPABHUBAHUE JaB-
JIEHHH XMMWYECKH He B3aMMOIEHCTBYIONIMX ra3a HCTe-
KaIOIIEH CTPYM M aTMOCGEPHOTO rasa.

- TlepBast Mogens paboTacT Ha BHICOTAX > 300 KM,
prc. 5 (I). B aroM ciiyyae, BceacTBUE OONBLION ITHHE!
CBOGOIHOTO Npobera HeMTPaIbHLIX YACTHIE HOHOCHED-
HOM T1a3Mel / > 1 KM, BO3MYIIEHHE KOHIICHTPALlUH 3a-
PAXEHHEIX YACTHL, BRI3HIBAEMOE HEMTPAILHBIMU YaCTH-
HaMH, OTpPaXeHHBHIMH OT Ta30BO# CTPYM, Mano:

" AN, / N, <L B T0 Xe BpeMs MEXAHHM3M YBA3aHUA HOHOB
HOHOCGEPHOU TIa3MEl B Ia30BOM CTPYe PEaKTHBHOTO

neuraTesss KA paboTaeT Ha 3THX BRICOTAX U BO3MYyLIE-
HYE KOHLIEHTPALMH 3apTKEeHHBIX YacTHI HOHOCHEPHOIM
TUTa3MBI ApeacTaBasgeT co60H (Kax 3T0 [I0Ka3aIH Pe3yab-
TaTHl TIPEIILIECTBYIOMIUX PACYETOB) OCECUMMETPHYHOE
KBa3HKOHHYECKOE IUIa3MEHHOE 00pa30BaHue.

OTHOCHTEIbHOE 3HAYCHUE BO3MYILEHUS KOHLICHTpa-
MM 3apOXEHHBIX YaCTUL HOHOCGHEPHOI! TUTa3MbI B Ha-
YAIBHOM YYacTKe CTPYM MOXET HOCTUIaTh BETHYMHH

= 5. KoadduireHt otpaxeHus pagHoBoJH OT ITOBEPX-
HOCTH TUIA3MEHHOTO 06pa3oBaHus ONpee/eTcs B 0C-
HOBHOM KOHUEHTPALUEH 3MEKTPOHOB U YaCTOTON MX
CTONKHOBEHHIE C HEHTPATBHEIMY MOJTeKyTaMH. OLEHKH
TIOKA3BIBAIOT, YTO B CpeHEM B 00MACTH BO3MYLIEHHUS
Y4CTOTa IMEKTPOHHBIX CTONKHOBEHHUH v, < 2-10%¢™. B
3’TOM cliyyae st lICKaMeTpOBbIX PAIMOBO/IH C YaCTOTOM

N,/N,.f =N, +AN, f, — Ia3MeHHas
‘{aCTOTa I/IOHOC(gepr Ha BHICOTE nsuxennsa KA) xoad-
GUUMEHT OTPaXeHUS OT BOMYIIEHHS GIM30K K 1, Tak
KaK v, << f [18, 19].

W3BecTHo, ¥TO fIpy pabote geurarens KA ctpyd uc-
TeKAIOLIUX Ta30B TypOym308aHa. MCTOYHUKOM TYpOy-
JEHTHOCTE}H MOTYT CIXUTb KaK HEPABHOBECHbIE 1TPO-
LIECCHI B KaMepe CTOpaHHs, COPOBOXAaeMble GIyKTy-
ALMAMH AaBIeHUS H TEeMIEPaTyphl, TaK M HEYCTOHYHM -
BOCTH, BO3HUKAIOMIKE [IPH B3aUMONEICTBIM HECKONb-
KHX CTPYH ra3a, HCTEKAIOILMX B HpOCTpaHCTBO € ManeIM
JTaBJICHHEM.

Bcnencrue 31010, 061aCTh YIUIOTHEHMS KOHIEHT-
paLHK 3apSXKEHHBIX YaCTHI HOHOC(HEPHOH TLTa3MEL, CO~
3naBaeMas dakeoM KA, Oymer Takxe TypOyau30BaHa.
Hannuiio TypOy/IeHTHBIX BUXPEH B IIA3MEHHOM 00pa-
30BaHHH MOXHO TIOCTABUTH B COOTBETCTBHUE MEMEHTAp-
HBle pacceuBartenu [20, 21]; mepemelanomuecs B0
o0pasyioneit mia3MeHHoro 06pa3oBaHus CO CKOpOC-
THIO HCTEYEHHS CTPYH V.

Bropag Moneib CrpaBe/IuBa O BbICOT “oHOCHe-
PHl <130 KM, I1Ie JUTHHA CBOOOMHOIO MpoOEra YacTHIL
B Ta3e CPaBHUMA C TapMOPOBCKUM DaIUyCOM MOHOB
1 =p,;, puc. 5 (I). B aroM ciiyyae BIMSAHUEM MarHuT-
HOTO [OJIS Ha IBMXeHUe HOHOB MOXHO NpeHebpeds U
B HAYATbHOM YYACTKe CTPYH BOMYILICHHUE NPEACTABIAECT
¢000ii COBOKYITHOCTH BHYTPEHHETO ¥ BHEUIHETO IL1a3-
MEHHBIX 00pa3oBaHuil. BHyTpeHHee IIa3MeHHOe 06-
pasosanue (OBK), kak u B nepsoit Mozienu, obycios-
J€HO paboToi MexaHu3Ma yBsizaHus MoHOB. OGpazo-
BaHKE YIApHOH BONHBI YaCTULIAMH, OTPAKEHHLIMHA OT
dakena KA, xoTopoe BO3MOXHO Ha 3THX BbICOTaX,
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‘BC/IEICTBUE MasIOH JTUHLL CBOGOIHOTO Tipo6era YacTHIl
ra3a; MPUBOMWT K TIOABIEHUIO BHELIHETO MIa3MEHHOTO
-00pa3oBaHus. o

“Tperpsl MOZENb PEATTU3YETCA HA BHICOTAX MOHOCHE-
pet 130...300 xm, re /> p,. ¥ HEOOXOIUMO YIUTHIBATH
BIMSHHME MATHUTHOTO HOMA Ha HOPMUPOBAHHE BO3MY-
AIEHNS 3aPSKEHHBIX YaCTHIl HOHOCGEPHOH TJIa3ME,
BEI3HIBAEMOTO yIAPHON BOJNHOM, reHEPHpPYeMOil (ake-
nom KA, puc. 5 (I1I).
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" L. IlpoBeeH aHaJIN3 MEXaHU3MOB CO3IaHMS BO3MY-
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