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OElilAH XAPAKTEPl1IC'l'liiKA 

AKTyanLHOCTo T8Mbl. Pa3BHTl18 H8Yl<H H T8XHl1Kll, 11syqea11e q_Jll3J1qecKHX 

npoueccoB, KOHCTpy11pOB8HH8 cnOJICHhlX ycT8HOBOK cero;n:HH HeB03MO~HO 6es 
no;npo6Horo M8TCM8TllqecKoro M0,11em1pOB8Hllfl qJHJllqec1rnx 38KOHOM8pllOCTel:t 

C IlOMOIIILIO SBM. 
B pesynLTBTe CTpeMHTenLHOro p83BllTllfl T8KHX B8JICHhlX o6nacTeli, K8K 

HA8PH8H qJH3HK8, TeOpl!H nepeHoca HsnyqeHHH, KOCMl!qecKHe HCCne;noBBHHH, 

3HepreTHK8,KOHCTPYHPOB8HHe cnOJICHhlX yCT8HOBOK,IlOHBHnacL HeoOxo;nHMOCTL 

BhlllOllHHTL OonLWHe H cnOJKHble 11 M8TeM8THqeCKH8 SKcnep111JeHThl11
, Bocnpo11a

BO;l\.iIIIIH8 peanLHYIO (i)ll3HqecKyIO 06CT8HOBKY • 
B H8CTOH~ee Bp8Mfl YPOB8HL p83Bl!Tllfl BbJqllCIIHTenLHOH T~XHl!Kll, npo

rpaMMHPOB8Hllfl ll qHcneHHhlX M8TO.ztOB ;naeT B03MOJICHOCTL pewaTL MHOrHe 

6onLllill8 ipll3HKO-M8TeM8TH'leCKHe ll HHJICeHepHO-T8XHHqecKHe aa.11aqH C no
MOIIILIO BblqllClll!TenLHOro a~cnepHMeHT8. MOJKHO YK838TL B KaqeCTBB np11uepa 
Tllnllqnue ll npaKTHqecKH B8JICHNe 38.118'1.ll T8KOro THna, .ztnH peweHHH KOTO
PhlX H8H6onee sqitl)BKTHBHhlM H a;neKB8THblM cnoco60M pacqeTa BO MHOrHX cny
qaax HBnHeTcH uaTeMaTHqecKoe 1.10,11en11poBaliHe. 8To sa.11aqH pacnpocTpaae
HllH nyqKOB BhlCOKOSHepreT11qeCKllX qaCTlll.( ll IlOTOKOB t-KB8HTOB B npOTH

lKeHHhlX CpeABX. 

B Oilii~ sa;naqa npoxolK,lleHllH BhlCOKOSHepreTHqecKllX a;npoHOB tJepea BB

IIIBCTBO 6una IlOCTaBnetta H peweHa B TeqeHHe PH.118 neT. 0AHBKO B paspa6o

T8HHOH nporpaMMe pacqeTa OTCYTCTByeT 6noK pacqera r~KOMilOH8HTN. 
YqeT STOll KOMilOHeHTN B pacqeTax nepeaoca BblCOKOSHepreTHqeCKIIX 8APO

HOB B8JICeH C TOqKH apeHHH npaKTHqeCKllX npHnOJKeHlll:t. 
BMBCTe C TBM, MHOrlle H8y'IHN8 BonpoCN H npHKna;nHNe 38AB'IH B H8CTO

H~ee BpeMH Tpe6yIOT ;nnH CBoero peweHHHYMBHHRpaccq11rBTL 38KOHOMepHOCTH 

pacnpocrpane!IHH noTOKOB X -KBBHTOB, pOJKAaeuux B cpe.ztax H 11aoTOilHNM 
HCTO'IHHKOM ll3nyqeHHH, ll nyqKOM 6NCTpNX qacTUI.(. KaK, aanpmiep, p8Cll8T 

38111HTU OT 't -HsnyqeHHl:t 118 t.l)H3llKO-HABPHhlX YCT8HOBK8X, HCilOnL3Yl'.llllHXCH 
B M8AHI.(llHB, TeXHHKe H npOMNWllBHHOCTH, p8C'18T nonR 'I -Hany'IBHHl:t BOKpyr 
60nbWOll THJKenol:\ MHWeHH 118 a.1tcnepHM6HT8X, CBH38HHNX C aneKTpOH.ztepHWI 

MBTO.ztOM 1 p8C'leT CilBKTpa HHAYUHpOBBHHOrO )"-HanyqeHHH paanHqHNX BB-
1118CTB IlO,!t .ztBHCTBHeM KOCMHllBCKHX nyqell. Il03TOMY 8KTY8HbHOll CTBHOBHTCH, 
npo6neMa C03A8Hl!H Y8TeM8TH'leCKOro o6ecneqeHllfl,8BM B BH;ne BNqHclIKTenL
HOll nporpaYMN AHH pactJeTOB nepeHOC8} -KB8HTOB B paanHqHl,IX CPBABX. 

HapH;ny C peweHH8M 38A8Q npOXOE.ztBHHH BhlCOKOSHepreTH'IBCKHX B.ztPOHOB 
tJepea Be111eCTBO ll pacqeTBWI nepeHOC8 '/{ -HanyqeHHH, ,!tIDI np8KTHKH B83HU 
p8C'l8TN pacnpocTpatteHHH nyqKQB 6UCTpNX qacTHI.( B npOTHlltBIIHNX raaoBNX 
cpe.11ax, B qaCTHOCTH, pacqeTN pacnpocTpa11eHHH KOCMHqeCKHX nyqel:\ B BT-
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MOCqiepe. 8TO HeOOXO,llHMO .ztnfl peweHllfl WllPOKOro Kpyra HayqHhlX ll npH
Kn8,l{Hlnt npo6ne1.1, CBH38HHhlX C HHTepnpeT81.{H8i1 118KOTOphlX 8CTPOiJ!H3Hqe

CKHX BonpocoB, aaanH30M CTPYKTYPhl WHPOKHX aTMOCqiepHhlX'llHBHei1, npor-

1103HpOB8HHeM H oueHKOii p8,l{H81.{HOHHOH CHTY8UHH Ha Cloll:&WllX BhlCOT8X, ll3-

yqeHH8M· 06paayIOlJIHXCH B 8TM0Cqiepe H30TOilOB ll T.,l{ •. 
PacnpOCTpaHeHHe KOCMUqeCKHX llyqet;! B 8TM0Cqiepe HBHfl8TCH MHOro

rpaHHhlM HBneHHeM. Eon:&WllHCTBO TeopeTuqecKl!X H :JKcnepHM8HT8H:&HhlX pa

ClOT nocBHllleHo Hccne.ztoBaHHIO xapanepHCTHK wupoKHX aTuocqiepHhlX nHBHei1 
npH ,ltOCT8TOqHo llhlCOKHX :rneprHHX, r,zte ,ztonyCK8IOTCH B pacqeTax.,' oClpaao

B8HHhlX ll 8TMOCqiepe KOMilOHeHT BTOpHqHoro H3nyqeHHH,YilPOl118IOlJIHe npe.ztno
noxeHHH KBK uaTeMaTHqecKoro, TBK H ~uattqecKoro xapaKTepa. · 

3a,ztaqa npoxox,zteHHH KOCMHqecKHX nyqet;I qepea 8TMOCqiepy B llhlquCllll

Ten:&HOM nnamf CHOJKH8 H Tpy,ltH8. 0H8 OTHOCHTCH K 11 ClOH:&lllllJ.1 11 38,ztaqaJ.I H 
TpeeiyeT H8HCionee "CihlCTphlX:11 SBl,1. . 

B.OllliM ellle B 1974 ro,zty nepllaH nonhlTKa nocxaaoBKH H peweHHH aa.zta

qH pacnpocx ..,;iuicnHH KOC1,rnqec1mx nyqett B aTMocqiepe Cluna c,ztenaa/1/. 
0.ztHaKO no~yqeHH8H npHMOHHHeliHOU 8,lt8IlT81.{Hei1 nporpaMM8 pacqeT8 OK838-

ll8C:& cnHWKOM rp0!.103,ltKO.ii ll TpeCloBana MHOro BpeMeHH 8BM (nopH,ztK8 ,zte
CHTK8 qacoB aa ESCM-6) .ztJIH pacqeTa .ztOCTBToqao npocThlX xapaKTep11JCTHK. 

8Ta nporp8MM8 ll ee OilllC8HHe He Clhlnll onyClnHKOB8Hbl H OTCyTCTByIOT B H8-

CTOHlJl88 BP8Mfl. 
Cne,ztyeT OTMeTHT:&, qTo nonyqeHHblX K H8CTOfll118MY BpeMeHH peayn:&Ta

TOB pacqeTOB HBHO H8,ltOCT8TOqHo ,ztnfl Ha,zteJKHoro npe,ztCK838HHH cneKTpa 

HYKnOHOll B npOll3BOn:&HOH TOqKe 8TMOCqiepu li B ,ltOCT8TOqHO WllPOKOM HHTep
Bane JK8CTKOCTe1l reoMarHHTHOI'O oClpeaaHHH. C ,ztpyrou CTOpOHhl, B CBH3H C 

HOBhlMH aKcnepllM8HT8MH no perHCTpau1rn 8TMOCq>epHhlX MIOOHOB H Hei1TPHHO, 
C HeOCiXO,ltID.!OCT:&IO npaBHH:&HOii HHTepnpeT81.\llH 3KCnepHM8HT8H:&HhlX ,l{~HHhlX, 
KaCaIOlllHXCH BhlHCH8HHfl MHOrHX BOnpocoB qili3HKH COHHI.{a H OKonocoirHeqttoro 

' , - '-··, \ . ' . 
npOCTp8HCTBa, B nocne,ztHee BP8MH HeoClXO,ltllMhlM TpeClOB8HlleM CT8HOBHTCH 
npoBe,zteHHe ,zteTa.n:&HhlX pacqeTOB ~po'uec-ca ~POXOJKAElHHH KOCJ.rnqeCKHX nyqe.if 
qepea aTMOCqiepy·,. qHCneHH8fl peaiuiaa~HH KOTOpblX H8B03MOJKH8 Clea 003,zta-

. ,., ,.a•, J '. ,,; I. . • . ' _ I ' ,_ t 

HHH cn~uuanH3HPOB8HHOro M8TeM8THqecKoro ooecneqeHHH SBM B BH,l{e npo-
rpaMMHOl'O. ~0~11JieK~a. n·oaTOMY. oc0Cly10 ·a·KTyan:&aocT:& m.ieeT npoelneua paa

paCioTKH Ci~cTpo.zteilcTBYIOutero nporpau~.!Horo KounneKca .ztnH MOHTe-KapnoB- · 
- ,.· ·' . . . . ' ' ' . 

CKOro MO,ztenl!pOBBHllfl npoQecca npOXOJKA8HHH BblCOKOaHepreTnqeCKllX Hanyqe-
HHtt qe.pe~. a·TMOCq>epy. . . 

Uen:& pa60Thl cocTOHT B paapa6oTKe nporpa1.11.1Horo KoMnneKca AHR aqi
qieKTHBHoro M8T8M8THqecKoro MO,ztenHpoBaHHH Ha .OCHOBe MeTO,lt8 MOHTe

Kapno K8CK8,lt8 8,ztpOHOB H t -KB8HTOB B raaooClpa3HblX H KOH,lt8HCHpOB8HHliX 

cpe,ztax, qucneHHOil peanHaal.{Hll pacqeTOB Ha 8BM npaKTHqeCKll BaJKHliX KOH
KP8THHX aa,ztaq ll cpaBHHTen:&HOM attam1ae nonyqeHHliX peayn:&T8TOB. 
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HOBH3Ha paClOThl. PaapaCloTaHHhlH B ,l{llCC8PT81.{llll nporpaMMHliH ~OMnneKC 

AHH MOHTe-KapnOBCKOro MO,lt811HPOB8HllH MeJK~H,l{epHhlX K8CKa,ztOB, llHHUllllpye
MhlX B 8TMOCqiepe BhlCOK03HepreTHqecKHM nanyqeHH8M, OCHOB8HHliH H8 K8C

K8,ltHO-llCil8PHT8ll:&HOU M0,1{8ID1 H,1{8PHHX peaKUHil, Il03BOnHeT paccqHT8Tl, H 

npe,ztCK838TL MHOroqHCll8HHhl8 xap8KTepHCTHKH H,ztepHO-qill3HqecKHX npouec
COB, npoTeK8IOlJIHX npH npOXOJK,lt8HHH KOCMHqecKHX nyqell,unH HanyqeHHH .ztpy

rux HHTeHCllBHhlX HCToqmrnoB CKB03!, 8TMOCqiepy, C yqeTOM reo1.1arHHTHOro 
aqiqieKT8 B WHPOKOM All8Il830He reorparpHqeCKHX WHpOT M8CTHOCTH. no cpaB
H8HHIO C onyClllHKOB8HHhlMll B nHTepaType pacqeTaMH, ,lt8HHlii1 nporpaMMHhlH 
KOMnneKC OTKPhlB88T ClonLwHe B03MOJKHOCTH AHR .zteTan:&Horo COilOCT8B118HHH 
C aKcnepHM8HTOM BCne,ztCTBHe yqeTa HOHH381.{IIOHHliX npoueccoB, C8MOilpOll3-

BOllLHoro pacna.zta H no,ztpOClHoro OnHC8HHH BHyTpHH,ztepHhlX B38HMO,zteilCTBllH. 

Ha OCHOBe paapaClOT8HHoro nporpaMMHOro KOMnneKC8 BhlllOHH8Hli nepBhle 
pacqeThl HeKOTOpux KOHKpeTHHX cnyqaeB pacnpocTp8H8HHH KOCMHqecKoro H3-

nyqeHHH B aTMOCrpepe. Paapa60T8HHhlU nporp8MMHliH KOMnneKC oClna,ztaeT 

Clon:&won H36hlT0qffOCT:&IO, oco6eHHO B MO~yne pacqeTa H~epHliX B38HMO,zteilcT
BHil, qTo B8JKHO npu peweHHll qiHanqecKHX 38,l{aq, KpoMe Toro, OH ,1{88T ~o
CT8TOql{o TOqffhle peayn:&T8Thl pacqeTa, TpedyH AHH CBOeM pa60Tli npneune
MhlX 06MM8 onepaTHBHOt1 Il8MHTH H BpeM8HH cqexa 8Bf..l. 

,ll.nH pacqeTa nepeHOCa 'f -KB8HTOB, o6p830E8JIHhlX B ),,l{epHhlX peaKI.{HHX 
BliCOROaHepreTHqecKHX a,ztpOHOB B BeuteCTBe, BnepBhle B OHfili paapa60T8H8 

MOHTe-KapnOBCKaH MO.ztenL pacnpocTpaHeHHH HH3KOBHepreTnqecKoli KOMilOHeH

Thl y-nanyqeHHH ll C03~8H8 BhlqHCnHTen:&HaH nporpaMMa. PaapaClOT8HH8fl MO

~enL Il03B011HeT npaBH11LHO OilHChlB8T!, noBe,zteHHe "-KB811TOB, POlK,lt88MhlX 
nepBmHhlMH qacTHUBMH n10oon atteprHu oT npe.ztena oopeaattHH .zto aecKonL
KHX I'aB, 

C uen:&D peanH381.{HH Ha 8Bhl MOHTe-KapnOBCKoro MO.ztenHpOB8HHH K8CK8,lt8 
tJ -HBaHTOB, CBH38!1HhlX C BhlCOKOaHepreTHqec1:tHM H3nyqeHHeM B 8TMOCqiepe, 

IlOCTpoetta CXeMa MO,ztenHpOB8HHH, npHBe~eHhl M0,1{811HPY~l11H8 TeopeTHqeCKH6 
rpopMynu, OilHChlB8IOlJlll8 npoueccbl o6pa30ll8HH!I H pacnpocTp8H8HHH j"-KB8H-
TOB B 8TMOC@epe. . 

flp8KTHqec1:tal1 geHHOCT:& paCiOTli, Peaym,T8Tli ~HCC8pT81.{llH MoryT cny
lKHTI, npHKna~HhlM nporpaMMHWJ ooecneqeaneM mm .ztnH peweHH.fl paattooClpaa
HhlX np8KTUqeCKHX 38,ztaq, K8C8~l11HXCH pacqeTOB npocTp8HCTB8HH0-3HepreTH
qecKHX pacnpe.zteneantt BTOpHqHhlX H3lJyqeHHt1 B 8TMocwepe H BHYTPH ClnoKOB 
H8XO,l{ll~8rocH B Heii Be~eCTB8,,1{11H oueHKH p8,l{H81.{HOHHhlX CHTyaunn H8 60111,
WHX BHCOTBX, a T8KlK8 B npHMeHeHHH K pacqeTBM 38lJIHThl OT 1 -HanyqeHHn, 
C03,lt8B88MHX B cpe,ztax nyqK8MH BhlCOKOaHepreTHqeCKHX 8,ltpOHOB. 
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Ha 3alljllTY BllHOCf!TCfl CJI8,J!Y!Olljll8 OCHOBHlJe pe3ym,TaTbl, noJiyqeHH!le B 

8licce pTagttll 
. . . 

1. C03,llaH OCHOBal!HlJti Ha K8CK8t(HO-ncnapllTeJU,HOi1 MO,lleJill f!,llepHblX pe-

8KUlll'I KOMnneKc nporpaMM ,llJIR peweHttfl WllPOKoro 1rnacca TeopeTV!qecKv.x u 

npllKJI8,llHllX 38,lla~. CBfl38HllblX C pacnpocT paHe1meM B 8TMOC:;pepe IlOTOKOB 

8);1POHOB, coa,naHHllX ROCMllqec1rnM 113Jiyqeu11eM llJill llC'l'QqHJUtaMll UCKyCCTBeH

HOrO npo11CXOllt,ll8Hllfl. 

2. BllilOllHBHlJ 11 COilOCT8BJI8Hll C 3KCnepllM8HTOM pacqeTll ·paallllqH!lX 

f!,llCPHllX ll ,ll030BllX xapaKTepttCTllK KOCM11qeCKHX nyqel'\. 8Tll pacqeru noano-· 

Jiflllll nonyqan, peaynLT8TU co CT8TllCTnqecKO.ti norpeumOCTLIO, H8XO,llf!l!(elicfl 

B paMKa_x 15-20%. 
3. IlpoBe,neHu ouemm paAllaU110HHOH o6C'l'aHOBKll Ha paanux BUCO'rax B 

8T!,40.Cqiepe ll pacqeT ,1\03 pa,nuoaKTllBHOro 11anyqellllfl, C03,l\8B88MOro llCKyc

CTBeHHllMH llCTQqHIUtal.111 BUCOK03HepreTl!ll8CKOrO a,npOHHOro ll3Jiyqemrn na 

0011LWl1X BUCOTaX. 

4. BuqucJieH BKJI8,ll f!,llep OT,l\aqH 11 TfLKClillX npO.l\YKTOB, o6pa30B8HIIUX 

B fl,llCPHUX pe8Kl.\11f!X B aTMOCqiepe no.n ;11etiCTBHeM BblCOK03IiepreTHqec1rnx H3-

nyqenHti, B cyMMap11y1tJ pa,llll81\110HHYIO ,noay Ha pa3HUX BUCOTaX. 

5. PaspaooTaHa I.IOHTe-Kap1IOBCKaH MO,llellL 11 cos;11a11a nuq11CJillTe11I,HaH 

nporp8MM8 ,llJIH pac1rnTa pacnpOCTpaHeHHH Hl13K03HepreTHqecKO.ti KOMnOl!SHThl 

i -KBaHTOB, POllt,llaSMllX B ·Beli(eCTBe qaCTllUaMH BblCOKllX a11epr11il. 

6. Pa3pa60T8H MOHTC-KapJIOBCKHJ.i aJiropl1TM ,l{JIH MO,lle111,1ponaHHH pacnpo

CTpaHeHHH ";{ -KBaHTOB, llHi'-lYl.\llPOBaHHllX B 8TMOCq_iepe a,1.1pOH8MH BLJCOKllX 

aHepr1,1U. 

Anpo6ag1,1H pa60Tbl 1,1 ny6n11Kag111,1, PeayJILTaTu, noJiyqeHHUe B ,llllCCepTa-

1\llll, ,llOJIOllteH!l Ha CSMllH8pax JJBTA OIMm 1,1 ll8 YI1 BceCOI03HOM COB8lll8Hllll 

"MeTO,llll MOHTe-Kapno B Bbl'll1CJillTe1u,non MaTeMaTmrn ll M8TSM8TllqecKOil qJll-

3HKe" (HOBOCllOHPCK, 1985), [lo peayJILT8T8M ;11nccepT81\Hl1 ony6JIHKOB8HO 

6 pa6oT. 

Oo~eM pa60Tbl, ~nccepTal.\llfi COCTOHT H3 BBe,neHHH, Tpex rJiaB OCHOBHO

ro CO,llepxaHHH H 3aKJIJ01l8lll,lfi; OHa CO,llllpJKHT 141 CTpaHHl.\Y Mal!lHHOnllCHOro 

TeKCTa, 28 pncyHKOB, IO TaOJIHI.\ H CilHCOK JillTOPBTYPhl H3 124 naHMeHOBa-, 

HHii. 

OCHOBHOE CO~EPl!i.AHliE ~liCCEPTAUlili 

Bo BBe8eHHll no,nqepKHBaeTCH 8KT,Y8JILHOCTL npo6JI8Mll C03,llaHHfl cneuHa

llll3HpOB8HHOro MaTSM8THqecKoro o6ecneqeHHH 8BM B BH,lle nporpaMMHllX 

KOMilJI6KCOB ,l{IDI perueHHH 38,naq O pacnpocTp8H6HliH K8CK8,lla BllCOK03Hepre

THqecKHX a;ztpOHOB H noTOKOB 't-KBaHTOB B npOTHlK6HHblX cpe;11ax. IlOK838Hll 

OCHOBH!le IlO,llXO,llll K pacqeTy npoueccoB TaKoro po;11a H o6cyJK,llaIOTCH npeH-
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MYlll6CTB8 HCnOJII,3QBaHHH MeTo,na l.iOHTe-KapJio,. PaCCMOTpeHo COCTOHHlle cy

ll!6CTBYIOI!(HX TeopeTnqeCKllX MO.ll6Jiei1 pacnpoCTp8H6Hllfi KOCMHqecKHX Jiyqefi B 

8TMOCqiepe. C(I!OpM,YJIHPOB8Hll OCHOBH:,e ilOilpOChl, paccuoTpeHH!le B ,l.lHCCepTa-

1\HH. 

B nepBOH rnaBe paccMaTpUBaIOTCH pa311nqHue MaTeMBTHqecKHe acneKTll 

MOHTe-KapnoBCKoro LlO;ztSJIHPOBaHHH gJH3HqeCKHX flBJISJ!llH H np911eccoB. 06-
C,Yllt,l.18STCH MOHTe-KapJIOBCKlltl anropHTM pacqeTa Mellt~H,llepnux K8CKa,llOB B 

aTMOCWepe, OilllC!lBaeTCH nporp8MUH!lli KOMnJieKC .llRH MOHT6-K8pJIOBCKoro MO

,ll6JIHpOB8HHH WH3HKO-H,l.lepHllX npoueccoB, peaJIH3YIOI!(llXCH npH _npoXOJlt;lieHHH 

BllCOK03HepreTHqecKHX H3JiyqeHHH CKB03I, aTMOCgJepy. ll3JIOlKSH cnoco6 oue

HllB8HHH H pacqeTa pacnpe;zteJieHHH K8CK8,llHllX a,1.1pOHOB H 003,llaBaeMux llMH 

,1{03 o6nyqeHHH C nOMOI!(LKl MeTo,na MOHTe-KapJIO, PaCCMOTpeH yqeT_ BKJia,na 

H.nep OT.ziaqn ll TfilltSJillX npO;!i~KTOB, o6p830B8HHblX B H,l.lepllllX peaKUHHX B 

aTMOCqiepe, B pacqeTax C,YMMapHoii p8;!ill81\ll0HHOH ,l.103U, 

B Haqane rnaB!l H3JIOJKeH!l BOnpocu, CBH38HHlle C npHMel!eHHeM MeTO,llOB 

MOHTe-KapJIO ,l\1IH pacm~oTpeHHH npOl.\eCCOB nepeHoca. IIOHHTHe anropHTM 

MOHTe-Kapno - COCTaBHOe; OHO BKJIJOqaeT B ce6H MeTO;li t~OHTe-Kapno, T .e, 
cnyqaiiH,YlO l.\6IlL H O!J,6HKY, H MO;ztenHp,YIOI!(llS qiOpMyJiu; nOCJIC,llHee - 3TO WOP

MYJill, Bb1paJKa10l!(lle cJiyqaliHble BeJI11quHu B uenn ·.11 ouenKe qepe3 cnyqattHue 

q11cJ1a, paBHOMepHO pacnpe,lleJieHHhle na 0Tpe3Ke (0,1). 
B cJie,llyrollleM naparpaqie oocy~.ziaeTCH MO.lleJIL aTMocwepu, .11cnoJI03yeMaH 

B pacqeTax MSlK~H,llepHblX KaCRa;110B. I1pe.11noJiaraeTCH ,llBYXKOMnOHCHTHllR coc

T8B Be~eCTBa 8TMOC~epu, COCTOfllllllH ll3 a30T8 (79%, a =7, A =14) H KHC

JIOpO,ll8 (21%, 2 =8, A =16), COOTHOIIICHlle KOTopux He MeHHeTCfl c BllCOToli. 

3aBHCllMOCTI, aTMOC\l)epnott nJIOTHOCTll OT BhlCOTll annpOKCHIIHpyeTCH3KC-

nonel!TOH ft.. l \ ~- .. J(k) = 
4 ~ 50 KM 

ft. > 50 KM, 

r,lle Y0 = 1,443·10-3 
r/cu

3 - llllOTHOCTI> B03,l.\yx.a na ypoBHe MOpR; 

ex = 7,327 KM - 3RcnepllMSHTanLHlltl napaMeTp. 

PaccMaTpllDBeTCH.BJillfllllle reoM8rHHT110ro no11H 3eMJIH Ha ;ztBHlKSHHe 38-

PHlKCHHLIX KOCM1lqecm1x qaCTlll.\, na;11aIOll!llX }18 rp8HU1\Y aTMOCqiepu. YqeT 3TO

ro a~weKTa BblilOnHeH nyTeM BblOOpa qacTUl.\ no aHepr.1111, 8 TaKJKe no nOJIHp

HOMy H a3UMyTaJII,IIOMY yrJiaM. IlpH 3TOM 3HeprllH o6pe38Hllfi 3a;11aHa B BH,ne 

r,ne 

nOJIH 

E.,__(M : mc:t ( /1 + [ Hl\.(81/111,:i.t - 1 ), 

lK8CTKOCTI, o6pe38HHH ;11/lfl ,llUnOJII,HOro npe ,l.lCT8BJI8HHH reoMarHHTHoro 

- .2, 

e(tl): 5~.3 lws4x. [1 + J1 - S,n1j~:~11ci..JJ\.] , 
/\ 
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3;zteCL m--,;t., - Macca HOC!JHtzeCHOll tlBCT.111.lU c 38pfl'AOM r , J(, - reoMar-

H.11TH8H WHPOT8 i ft l1 lJ - no1rnpHUii H 83HMYT8JILHUH yr11u, xapaHTep1rny-

IDll!lle HanpaBJieHHe ABHlKeHHH tl8CTlll.l. 
B TpeTLeM naparpawe rnaBu o6cylK;ztaeTCH a11ropHTM pactzeTa MelKbH;ztep

Hux H8CK8;!tOB B 8TMOcwepe C nOMOll!LID MeTO;ll8 MOHTe-KapJIO. 

MOHTe-HapJIOBCKllii pactzeT ABHlKeHl<IH B!lCOKOSHepreTHtzeCHHX tl8CTllll B 

aTMocwepe npe;ztno11araeT BKJIIDtzHTL B a11ropHTM c11e;ztyroll!He npoueccu: 

- Moµe11HpOB8Hlle HCTOtlHllH8 tl8CTHg. Ilpll MO;zteJillpOB8Hlll1 K8CK8AOB qac

Tllll B 8TMocwepe TpeoyeTCH BUtlllCJIHT:b X8p8KT6pHCTHKH K8,it;llOii MOA61lllpye

MOii tl8CTlll.lU: HOOPAHH8TU ee MeCTOH8XOX;zteHHH (.x , Y
I 

l ) , HanpaBJieHHH 
ABHlKeHHH l & , ~ ) , KHHeTHtzecKyro ::meprHro ( e ) • PactzeT xapaHTepHCTUH 

nepBlltlHOii tl8CTHUU BhlnOJIHeH nyTeM poaurpuwa llX no 38;ll8HHUM WYHKUHHM 
pacnpe;zte11eHHH. 

- Moµem1poBaHHe CBo6oµHoro npo6era. T.JaCTlll.lB c pasurpaHHHMH aHatze-

HllHMH E 'f fJ- reHepHpyeT K8CH8A BTOplltIHUX tl8CTHll, HCnHTUB8H nepBoe 
I I O . 

CTOJIHHOB6Hll6 H8 paCCTOHHllll ~ OT TOtlHll BXO;zta B 8TMOCW8PY• 9TO pac-

CTOHHlle onpe;zteJIH6TCH l13 ypaBHeHllH 
l ~ 
J 7-(ec-i,,, fJ 

:: - i.,, ~. (3.I) 
0 

r,ne 

~ 
7'. = L G. (E6,,,) j.(i'J 

(3.2) 

_, t ' ' 
- cpe;ztHllii npo6er B TOtzHe 't J O• - nonHoe cetz6Hlle B38l1MO;zteiiCTBl1H . ~ ') 

tl8CTllllU C H.llPOM COpTa t B TOtzHe i , j_ - IlJIOTHOCT:b tlllCJI8 STHX 

a.ziep. liHTerpllpOB8Hlle BHilOJIHH6TCH B.llOJI:b TpaeHTOpllH tl8CTlll.lU. 
EcnH TpaeHTOpl1H.tl8CTllllU He nepeceHaeT 6JIOHOB pacnoJIOlK6HHOro B 

BOS)lyxe Bell!eCT B8, 'TO 

s.1i>= tu·plo1(~-t>L {3.3) 

r;zte e = lc.o!. e - paccTOHHHe OT rpaHHUH BTMOC!J!epu ( fr - yron no 

OTHoweHHID H BepTHHanu), l - BucoTa rpaHHllU aTMocwepu HB.ll ypoBHeM 
MOPH, o/. - 3KCnepHM6HT8JILHO onpe.zienHeMaH HOHCT8HT8, go~ - nnoT
HOCT:b a.ziep 830TB l1 KllCJIOpo,na H8 ypOBHe MOpH. ECJIH, KPOMe Toro, tlBCTll-

0 
ua (HeiiTpOH l1 TT -Meaoa) He llOHH3llpyeT cpe;zty, TO l13 (3.I) cne.ziyeT: 

t = e ... ( 1 X.o<costllt>< ~)J~,o.s-&. 

Bo Bcex .zipyrHx cnytzaax npo6er l paaurpuBaeTcH no wopMy11a1.1 {3.I), 
{3.2) MeTOAOM "Bhlp8BHHB8HIAH11 • .Una STOro reHepupoB8JIHCI, AB6 nocne;ztOB8-

6 

t 

❖ 

)> 

TeJILHOCTll cnytzai1HUX B6JllltlHH: 

'/ = _-I_ f (,,, ( 4 - it., .. u o<.,v~fJ !,,, 7;) 
11, o[ e,o;e c': 4 

H paBHOMepHo pacnpe;zteneHHUe ,; E. (O,I). Ecnll 

N = MIAH { I'\, S ~ M1<ll 'X{JC.)/J.. ( Ef 'l., + 3,.w) J) 
11, • , 

r.zie X. ~ E ( 'Z.0 ), TO e :: tN , 3.ziec1, t" - H8tl8JILHOe noJIOJKe-
Hl18 tl8CTllllN, W - e)lllHlltlHNii BeHTOp BAOJI:b HanpaBneHHH ee .llBlllK6HHH • 

Ilpu pactzeTe npoClerOB TT -M83OHOB YtlllTUB8eTCH BepORTHOCT:b llX pac
na,na .llO MepHOI'O B38llMO)leiiCTBHH, 

- Moµem1poBaHHe aµepHoro Baam.wµeiicTBllH. Tiocne poaurpNwa npoClera 
no HSBeCTHh!M ::rncnepHMeHTan'LHUM BepOHTHOCTHM paaurpNB8eTCH Tlln B38llMO

.zieiiCTBHH - ynpyroe HJIH Heynpyroe. B cny,:zae ynpyroro CTOJIKHOBeHnH 
paaurpuBaeTCH yron pacceamrn -6 no xopomo oUHcuBaroll!eMy sKcnepuMeH
TanLHue ;zt8HHH8 W6HOM6HOJIOrHtzeCHOMY pacnpe~eneHHJ2/. 

.ilJIH pactzeTa Heynpyroro B38l1MO;zteiicTB~H tl8CTlll.lhl C H;ztpOM BOS;ztyxa 
npn SHeprllHX) IO i,!sB Hcnom,ayeTCH K8CK8;ztHO-HCnapHT6JII,H8H MO;zt6JII, J 

KOTOpaH nO3BOJIH6T onpe.zieJIHTI, 3Heprnro l1 yrnu BhlJI6T8 AJIH pOlK;ll8IDll!eiicH 
tl8CTHllhl• 

llpH STOM Bee pOlK;ztaeMue B CTOJIKHOBemm IJ8CTlll.lhl 38HOCHTCH B Il8MHT:b 
8Bl11 B BH;zte IJ8CCl1BOB·. KalK;zt8H tl8CTlll.l8 B K8CH8)le MO,llem1pyeTCH ,l!O TeX 
nop,TIOKa OHa He BW18Tl1T l13 aTMocipepH,llCilhlTaeT M8PH08 nor~o~eHHa WW 
OCT8HOBl1TCH BCJie,l!CTBlle HOHH381.lllOHHhIX noTeph.llJill pacna,na. 

Tipu pactzeTe BTOplllJHOii Hei1TpOHHOii KOMnotteHThl, cne.ziyeT HMeTo B Bll

.l!Y, tlTO Ilpll 3He pl'HHX < 101 5 J.i3B K8CK8.llH8H JI8Bl1H8 COCTOHT TOJioHO ll3 
neliTPOHOB. 3;zteCL B8lKllbl JIHW:b HeCKOJioKO K8H8JIOB pe8Kl.llll1, HOTOP!il8 MO,lle
m1pyIOTCll 38,ll8HlleM H6pOHTHOCTei'I H8 OCHOBe MHOrorpynnoBOli CIICTeMu 
HOIICT8HT AJill pactzera HAepHhIX peaKTOpOB. 

PactzeT M8lKbH,llepHUX K8CK8;ztOB llMeeT ~ll!tJIHtzeCKllli xapaKTep. Tiocne 
TOro,H8H P8CCIJHT8HO O,l!HO H8CK8,llHOe ~epeBo, BHIJHCJieHHH IlOBTOpHIDTCH 
Allll II OB Oil ne pBIIIJIIOli tl8CTllllhl, 38T6M AJIH cne,llyroll!eli l1 T8K ,ll8JI6 e • PacCtzll
TblBBIDTCH MHOrHe ;ll6CllTKH, a HHOr,lla ll COTHH ,nepeBbeB, .llllH Toro, IJTOOhl 
YM6HLWHT:b CT8TIICTHtl8CKHe qlJlyKTY81.lllll H3ytz86MNX B6JllltlllH, 

B § 4 OflllCNB88TCH paapaoOT8HHUH nporpaMMHhlli KOMnneKC AJIH MOHTe-
' H8pJIOBCKOro MO,lleJillpOB8HHH ({lll3HKO-;-HAepHUX npoueccoB, peanuayIDll!llXCH B 

8TMOCipepe no,ll AeiiCTBHeM BhICOHO3116preTH'leC1rnx l13JiytzeH.11ii, npe;ztCT8BJIHeT
CH OClll!BH nporpaMMH8H CTpyHTypa. 

~1111 coHpa~eHHH BpeMe11H ctzeTa aTMocipepJ ue11ecooopastto paa;zteJIHTL_ 
H8 flJIOCKlle CJIOll C TOJI~llHOii Ae ':::! 100 Hr/M (T0Jlll!IIH8 Been 8TMOCipepu 
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10330 1ir/M2) 11 B RBiK,I\OM cnoe npnMeHHTI> OL\emrn no npo6ery 1'1. no nepece

tJeHHHM. 

Opramrn8L\llfl BU,llatJl'J 38BlW11T OT KOHKpe THO ii 38,llatJH, np11t1eM MOlKHO 1111-

60 san11CLJB8TI, HeOCiXO;L(llMLle xapaKTepl1CTl1Kl'I na BHew1111i\ HOC11T61!I, (nanpl1-

Mep, na Mar1mTny10 neHTY), 111'100 CTpol1TI> m1Tepecy10m11e nae qJyHKU!fli pacnpe

,n;eJieHli.fI B npo:qecce pac11eTa. . 

PaspaOOT8HHhlli nporpaMMHLJlt KOMIIJl6KC npe,n;Ha3HatJell ,!(1!fl 813,:, C,UC-6500 

l1 TpedyeT ,!(11.fl CBOCil paOOThl ~ 200 K6aiiT onepaTHBHOii naM.HTlil aToii 3H1!. 
l3peMH ctreTa ,11Jifl 1.10,1lem1phBa111'In IOOO nepBlltJHhIX 11acT.a:q - OKOJIO 

10 Mllli.,llamruii nporp8l.'fr,1Hllli KOMITJISKC Ha:rrn:caH Ha .H3h!K9 f."ORTRAN .Ii JierKO 

a.n;anT.apyeTC.fI K 3B,1 pa3Horo po.n;a. 

B § 5 1rn11araeTCfl MeTO,l( pactJeTa noTO!tOB KaCJ(a,l(HblX a,I\pOHOB ll aTMO

c(J)epe Ha pa3Hh!X BLJCOTaX. ,llJifl llbltJl1C1!6Hl1fl IlOTOKa tJaCTl1L\ no CJIO!O B03,I\y

xa 11cno1Jb3ye TC.fl HOC!Je t.\C liliaf! OL\6l!Ka no np ooery 1 KO TOPBfl o'npe,llCJifle TC fl 

Be Jil'ItJl'IHOlii: 

c9 

r,I\e l ( t. t· ) 
)· 4 ) ) 

ytJaCTKe ( i:• ) ti· ) 
J • ◄ 

pe,1le1lfl6TCH B6/ll1tJl1HOii: 

81 

N 

= ,{..... f ( ti.~ '· lj )1 
J:~ 
- ,I\Jll1Ha nyTl'I tJ8CTl'IL\LJ ll CJIOe AC na 

• OL\6HKa IlOTOKa tJaCTHL\ Ha 3a,1lal!HOA BLJCOTe on-

N 

= z_ il (tj-1 I lj )_ 
)~ ◄ 

3,lleCb [ ( lj .• ) t j ) - llll,l(l1KaTop nepecetJelll'Jfl BhICOThl I., na 

ytJaCT!{6 JIOMaHOii ( c;. 1 I ti 

l 1/i;;;)i'I' 
ecnl'I ~j-1 l'I l- 11aX0,1lflTCfl no 

i = 
J 

1,.,, paanue CTOPOHU OT BLJCOTLJ 

0 - B npOTl'IBOnono;,moM cnytJae . 

OnHCLJBaeTCfl cnocoo OL\eHHBamrn ,I\03LJ 06JiytJ6Hl'ifl, (J)OPMllpyeMoA OT 

K8CKa,I\HLJX a.I\P.OHOB Ha p8311hlX BhlCOTax. PactJeT 3KBUBaJI6HTHOli .1l03bl, coa

,l(aBaeMoA a,l(ponaMl'J ll aTMOC(J)epe, npOBO,I\liTCfl 0,l(HODpeMeHHO C pactJeTaMH 

IlOTOKOB a,I\pOHOB C IIOMOIJlI,10 BB6,l(CHl1fl ,I\03HLJX K03ilJqJl'IUl16HTOB B nporpaMMLJ 

pactJeTa. 

Ilpl1B6,!(6HLJ B Bl1,l(e T801!11L\ l'ICil01!b3yeMble B pactJeTax 3HatJ6Hl1fl Ol10JIOrn

'qecKoli ai1JweKTl1BHOCTl1 HYKJIOHOll l1 aapruKeHHl:lX 1T:t-M630HOB, nonytJeHHble ny

TeM o6pa60TKl1 l1 llHTepnOJiflL\1111 3KCnepl1M6HTaJibHLJX ,!(8HHblX. 

B § 6 paccMaTpl1B86TCfl llK1!8,I\ fl,I\ep OT,!(8tJl1 l1 TfllK6JILJX npo,l(yKTOB, o6-

pa30B8HIIIU B 8TMOCqiepe 8,!ipOH8Ml1 lll:lCOKl1X 3Heprl1A, B p8,1ll'I8L\HOHHyIO ll,03Y 

Ha p83HLJX Bh!COT8X. 

8 

1 
,) 

I 

' I 

I 
I 

OnHCblB810TCfl l13Mel!e Hllfl B anropl'ITMe l1 BL!tJliCJil'J1'ellbHOii nporpaMMe, 

CBH3aHHble C pactJeTOM BRJl8,I\8 fl,I\ep OT,I\atJn B JJ,03HLJe xapaKTepl1CTl1Kl1. 

Bo BTOpon rJiaBe C L\6Jlb!O npoBepKU upaBH/Ibl!OCTl'I l~YHKL\1'10Hl1p0B8Hl1fl 

paspa60T8HHOro nporpaMMHOro ROMU1Ie1rna. ,ll1lfl, MOHTe-'-R8p1!0BCKOro MO;t\6Jil1pO

B8!1l1fl npOXOlK,I\BHllfl BLJCOK03HepreTHtJBCKHX l131IytJeH11i1 /tJepe3 8TM0Cq>epy l1 

noJiytJeHHfl npe,I\CT8ll/16Hl1fl O B03MOlKIIIJX CHQTeMaTHtJCCKl!X norpeWHOCTHX 8JI

ropl'ITM8, upOBO,l(flTCfl KOHKP6THble pactJeTbl. Pesy/JI,TaTbl pactJeTOB cpaBHl'JBa

lOTCfl C ll,8l!HblMl1 0IlhJT8 l1 pe3y111>TaTaMU ,npynix pactJeTOB. C,ll6JI8H BLJBO,I\ 0 

TOM, tJTO paapadoTaHHLiii nporpaMMHLiii ItoMnnerw (JlYHKL\l10Hl1pyeT npaBHJII,HO. 

B nepBOM naparpawe rnanu peanHsyeTca MO,l(enHpoBanHe na SBM H,!iepuo

aKTl'IBHoA ROMUOHeHTbl aTMOCqiep,HblX _Jll'JBHeii Ha p83llLIX llLJCOTax. l1CXO,I\l!h!L! B 

LI0,!(6/111POB8Hl'Il1 HBJ!fl6TCfl l13BeCTHblii l13 31{CllepmieHT8 cne1,Tp KOCMl1tJec1mx 

npOTOHOB, H80TponHO naaa10mnx H8 rpUHHL\Y aeMuoli aTMOC(Jlepu, B rO,l(bl Ml1-

Hl1MYM8 COJIHL\a ( CM. puc. I). ' 

A 

i 111' 
~ 

~ ~· 
~ 
1,o' 

,!~-~-~-~-~-"---
10• 10' 101 

£1M•ll 

Pl'IC. I. CneKTP KOCMl'ItJBCKHX npoTOHOB B l'O;t\bl 11 Ml1Hl'IMYM8 11 COJIHL\8. 

Kpl'IB8fl - 3KCnepl'IM6HT81lbHb16 JJ,8HHHe/3/. rHcTorpaMM8 -

pe 3Y1lbT8T MO,l(em1pOB8lll1fl 

reoMarHHTHOe l'ICKaJKeHHe cneRTpa YtJl1TLJBaeTCfl nyTeM OTdpaKOBKl'I tJ8C

Tl1L\ C 3Heprl1HMl'I E < E .. ~~ ( 'A, fJ 
I 

q). 11pOBO,l(l'ITCfl cpaBHHTeJII,Hl:lll 8H81!1'13 

pe 3YJ!bT8TOB MO JJ,e 1Il'IPOB81!Hfl npOL\e cca pacnpoc1· pa11e Hl'Ifl UOTOKOB fl,ll6PHLIX 

tJ8CTl1L\ ll 8TMOCqiepe na pa3HLIX BLICOTax l1 WllpOTax. IJOKasauo, tJTO B llil'IpO

KOM 3HepreTl1tJeCKOM l'IHTepBaJie xopowo OITHCblB8!0TCfl 3Kcnepl1M6l!T8JlbHble 

,l(al!Hhle l1 pesynuaThl ,llpyrHx pactJeToB. Cornacne pactJeTHLJX l1 3KcnepHMeH-

TanI>HhlX ,!(8HHhlX 1'1/IJIIOCTpllpyeTc:n pnc. 2. 

Ha SB!.! c 6ucTpO,!i6i1CTBHeM nopn.l(Ka MHJIJIHOHa onepal(l1i1 B ceKYH.I\Y 

(Kar,, H8llpl111ep, coc. - 6500) Tl1nl1'lH06 BpeMfl CtJeTa Haoopa npocTpaHCTBeH

H0-3HepreTl1tJ6CKl1X pacnpe,l(eJieHl'Iil npoTOHOB l1 TT -M630HOB ,!(11.fl 0,7.\HOro 3H8-

tJ6Hl1fl reorpaqil'ItJeCKOll WllpOThl co CT8Tl1CTl1tJeCROlt norpeWHOCTblO, !18XO.I\flmeli

Cfl B pai.max 15-20%, COCT8B1lfl6T OKOJIO tJ8C8 H cnado 38Bl'ICl'IT OT Toro' 

npz CKMbKlIX 3Ha~eHH.RX BhlCOThl It, CTPO.fITC.fI pacnpa,n;eJiaHH.H. B oco-
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Pim. 2. 8HepreTllqecRHl1 cneKTp Hel1TpOHOB, nopo~eHHhlX KOCMft!qe

CKllMll JiyqaMll Ha Bb!COTax 12' 4' 50 KM Ha,I], YPOBHeM MOPH 
B rO,ll,U 11 MHHHMyMa" COJIHUa. reoMarHHTHaH lllllPOTa }(. =42°. 
CnJIOlliHUe rllCTOrpaMMU - Halli pacqeT, nyHKT!tlPHBH - pac
qeT/4/. KpHBUe - 3KCil6pHMeHTaJI&Hue H pacqeTHble ,ll,8H-
Huel5,61. . 

6eHHOCTH ,ll,JIH ,ll,OCTllliteHllH 3TOli norpelliHOCTH B H6l1TpOHHUX pacqeTax, 

ll3-3a H300llJIHH H6iiTpOHOB, 00paa0Ba11nux B H,ll,6pHUX peaKUllHX B aTMOCilJe

pe Tpe6yeTCH Bp6MH cqeTa Jlllllib IlOPHAKa nonqaca. IlpH 3TOM nporpaMMB o6-
pa60TKll Tpe6yeT ,ll,JIH CBOeii paoOThl ue 6onee 6 KB onepaTft!BHOii IlBMHTH 

. 8Bl1i H BpeMeHll cqeTa 3 M. 

B CJI6,ll,Yl0lll6M naparpaiIJe uayqeHbl C IlOMO!ll&lO quc Jl6IIHOro MO,ll,eJIHpOBaHHH 
611onor11qeCKlle 3Wip6KTU KOCMHqecKoro l13JiyqeHHH.· 

Ha p11c. 3 IlOKaaaH peayJI&TaT MO,ll,6JillpoBaHHH BhICOTHOtl aaBllCllMOCTH 
,ll,03U o6JiyqeHHH He3a!llll!I16Hl!OrO qeJIOBeKa npOTOHaMll, H6t!Tp0Ha1,m 11 Tfi; -Me-
30HaMH, nopo~aeMhIMll B aTMOC1epe KOCMHqecKHM ftl3JiyqeHHeM npll o6uqHux 
YCJIOBHHX - KOr,l],a HeT anaqft!TeJI&HUX XpOMOCrpepHUX BCilUllieK Ha COJIHUe. 

.l!JIH nonyqeHHH peayJI&TaTOB pacqeTa, IlOKa38HHb!X Ha p11c. 3, Heo6xo
,lll1MO npOBO,ll,llT& BpeMH cqeTa na 3BM ,.. l '!. IlpH 3TOM .l(OCTHraeTCH CTBTH
CTHqecKaH norpelliHOCT& ~ 201t 

B TpeT&8M naparpawe o6cy~,ll,86TCH qHCJieHHOe MO,ll8JIHpOB8HHe o6p830Ba
HHH JIHBHetl H,ll,epH0-8KTUBHb!X qacTHU B 8TMOCilJepe OT llHTeHCHBHUX HCTO•mH
KOB l13JiyqeHHH B OKOJ!038MHOM 1lpOCTp8HCTBB • .l!JIH ,ll,0CTHJit6HHH norpemHOCTH 
~ 20% H606XO.l(HMO BpeMH C'l8Ta " I 'l B pacqeTax nyqKQB npOTOHOB H Helt
TpOHOB C 3Heprlletl .T=I raB, na,ll,BiO!llllX B 8TMOCipepy. 

IO 

~ 1 --
~ 
~ 
~ 101 

.I 

.I 
0 

~. 
102 

103 

o~c'c10~2~0 ~3"'"0~4oc--cs""o---=50 
Sb/COTA [KM] 

P11c. 3. BucoTuaH ,1:1oaa o6nyqeuHH Ha paan11qH1,1x umpoTax~:.90°,42°,o~ 

KpllBble - peayn&TaT MO,l],enllpOB8HHH 

B TpeT&etl rnaBe ,ll,8H KP8TKlltl o6aop npo6neMu npOXOJit,ll,eHllH .¥ -KB8H

TOB B npoT~euH1,1x: cpe,1J,ax, 06cyJK,1J,euu anropRTM l,louTe-Kapno ll ero npo
rpaMMHaH peanuaaullH·Ha 8riM ,ll,lIH pacqeTa Hll3K03HepreTli1'leCKOii KOMilOHeH

TH t-KB8HTOB, p0Jit,ll,88MHX B B8!ll6CTBe 'l8CT~U8Mll Bb!COKllX 3Hepr11t1,M no
CTpOeHa T60p6TH'l6CK8H CX:6M8 MO,ll,6llllpOBaHJi1H IC8CK8,ll,a r -KB8HTOB, CBH-
38HHUX C BblCOK03HepreTH'l6CKllM 1rnnyqemrnM B 8TMOCqiepe, no M6TO,ll,Y 
MoHTe-Kapno. 

B nepBoM naparpaqie rnaBu 06cyJK,1J,aeTCH npHKna,1:1Hoe aHaqeHRe pac'!eTa 

38KOHOMepHOCTeit npoXOJit,ll,6HllH noTOKOB t -KB8HTOB, .o6pa30B8HHb!X B cpe
,ll,8X paaHHM!tl li1CTO'lHHK8Mll. 3a,1J,aqu no pacnpocTpaHeHuIO y-KBaHTOB B cpe

,1J,ax CTaHOBHTCH oco6eHHO ClIOJitHHMli1, KOr,l],a y-KBaHThl conpOBOJit,ll,8!0T npo

X0Jit,ll,6Hli18 qacTHU 6oJI&llili1X 3Heprntl qepea cpe,ll,y. P8C'l6T nepeHocat·KB8HTOB 
Tpe6yeTCH npll 3TOM npOBO,ll,llT& O,ll,HOBP6M6HHO C p8C'l6T8MH nepeHOCa BH
COK03HepreTll'l6CKllX qaCTHU. 

B Cll6,ll,YID!ll6M naparpaqie ll3lIOJit6H pacqeT pacnpOCTp8H6HllH Hli13K03Hepre-' 

Tll'l6CKOH KOMilOH6HTH Y -KB8HTOB B BB!ll6CTB6 no,I], ,ll,Bt!CTBHBM Bb!COK03Hepre
TH'l6CKllX 'l8CTHU. MOHT6-K8plIOBCK06 MO,ll,6JIHPOB8Hll6 npoxo~eHllH o6paao
B8HHUX i -KB8HTOB npH 3TOM peam1ayeTCH B COOTB6.TCTBllH C BepOHTHOCTH

MH 1 38,ll,8HHb!MH 3KCnepllM6HT8 lI&Hl,IMl1 ,ll,8HHh!Mftl (llllll Teo peTll'l6CKHMll qiopMyna
Mll). '!Reno f-KB8HTOB, po.r,1J,aeMux B K8lit,ll,Oll TO'!Ke B cpe,ll,e B peaynnaTe 
H,1],6pHUX peaKUHii HeiiTpOHOB npH HH3KHX 3HeprHHX, paaurpUB86TCH. no ll3-

B6CTHOMY ll3 3KCnepHM6HT8 cneKTPY o6p830B8HHH y -KB8HTOB. Ilpll 3TOM 
npocTp8HCTB6HHU6 KOOp,ll,HH8TU ,ll,8HHOii TO'!Kll B cpe,1],e aaHOCHTCH B naMHT& 
8BM B BH,ll,6 M8CCllB8, ncnon&ayroII1erocH B K8'!6CTB6 HCXO,ll,HOro ,ll,JIH MO,ll,6llll
poB8HllH tf -KOMnOHBHTbl, a poaurpum xapaKTepHCTHK K8Jit,ll,Oro·na o6paaOB8H
HHX '/ -KB8HTOB peamrnyeTCfl no 11 3KCnepHM6HT8lI&HHM11 _BepOHTHOCTHM ll 

H30TPOITHOMY yrJIOBOMY pacnpe,ll,eJieHH!O. 
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Pim. 4. _3HepreTwrncK11il cneKT!J Y-KBBIIToB, BWieTBIOllll!X 11a 

UIIJIIIH,llpllll6CKOi1 MIIW6HI! u 238 paaMepoM 30xIO CM B 

p83HLIX IIHTepBan:ax yrn:oB. . CnJIOWHLle r11cTor~aMML1 

- Ham pactieT, nyHKTIIPHLI; - 0630PHLle ,ll8HHLle/ ~ 
a - Air = 33°56-48°19 6 - A ti- =I3I08I-I46°44 

~Jlfl pacqeTa t-KB8HTOB, 11cnyCK86MLIX B036ylK,ll6HHhlMII H,llp8MII-OCT8T

K8MII (IIJIII B030YlK.ll6HHhlMII q_iparMeHT8Mll), nonaraeTCH, llTO STII t -HBaHThl 

· l!MeroT 11a0Tpon11oe yrnoBoe pacnpe,llenea11e, 11 np11 MO.i\en:11poBaH1111 aHepr11H 

ft8,K,ZIOro J -J(B8HT8 JJ83UrphlB88TCH no qiopMyJie 

( 
,l • .l f. 1. , L 2. 1•1 -r l E c •) :: 3 rr ~ c ) G' -~ EJt r l ( 1:i. - e ) + e 1:L b,•(U,,E•) 

~ )' V .)ft j rt JI\ 

~ tl(r [ :l /.ta.A (E"- j) ] . 

3;ziec:& (;vf1 = 2,5 A 6ap11; r/1. = 01 3 Ell- MaB; Ell= 40 1 3 A-I/5 MaB 
E" - a11epr11H B036ylK,llemrn H,llep-OCT8TKOB; A - Macca H,llp8-0CT8T1ta; 

c~ - napaMeTp IlJIOTHOCTl1 YJJOBHCM ( tt =O,I). 

Ilpl!Be,lleHa OlIOH-CXeMa j.;8ClJe1'8, onucaua 0Uu(8H nporpaMMH8fl CTpyHTY

pa B napannen:&noM .c Mo,l.(e.mrponamrn.1 qacT11u BL1C01<11x auepr11M pactieTe. 

Paapa60T8HH8H BLllll1CJll1TeJihll8H nporpaMMa TpeCiyeT ,lli!H CBOeii patiOTU He 

60Jiee 5 K6a.ilT onepaTnBHoil naM.fTTll 3EMCDC-650U H BpeMeHH cqeTa Ha aToii 

3.Hil ~ 2U M.HH ,]J,II.11 .r(OCTiDK0HllR norpelllliOCTH ~ 15% IIpll MO.J:(8.lllipOBarurn 2UU 
rrepBllllHUX 8,llpOHOB • .llBHH8fl npOI'JJ8MM8 M0)1(6T OUT:& np111.1e11eua ,llJlfl pacqeTa 

npoxOJK,lleH.11H 'X -HBBl!TOB 1111a1<11x aHepr11ii, 11cnyc1taeMux 11cTotI11111taM11 uany

lleHIIH, pacnoJIO)l(eHl!LIMII BIIYTJJI! CJJ6,llU. 

HJ11IIOCTpau11H TO~IOCTl1 IljJOI'jJ8MMLI 11306paJKena 118 JJIIC. 4. 
B TpeT:&eM naparpaqie nocTpoe11a reopeT11qecKan cxe11a MO.llen11poBaHHH 

npouecca pacnpocT pauem!H J -KB8HTOB I CBH38HllhlX C BLIC0!(03Hepre THlleCKHIJ 

113JIYlleHl!eM, B 8TMOC~epe. ilO,llpOOHO p~CCMOTpeHLJ npoueccu OOJJ830BDIIIIH .11 

12 

pacnpoCTpaneHHH ";f .-KBaHTOB B ~'.l'!AOCrJ,epe IlOA ,lltJtiCTBl16M qacTHU BhlCOirnX 

auepr11ti. IlpllB8,ll8Hbl !AO,lleJIHPYiOU\!16 TeopeTUtiecmie tIJopMyJIU. 

00CYJK,llaeTCH Ilp0~8CC MO,lle1!!1p0B8Hl1fl pacnpOCT paueHHH BTOpH~lblX qac

Tl1U {C
I 

e + 
1 

J"1 ), CBfl38HHLIX C nepeHOCOM BbJCOK031!6preT11qecm1x ;s' -KBau

TOB. 

B 38KJI!Oll61!l1l1 nepelll!CJlfllOTCfl OC!IOBll1J8 peayJiI,T8Thl l1 Bb!BO,llhl,, nonyqeH

Hble B ,lll1CCepT8Ul1l1. 
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