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BBEJIEHUE

B cucremax onTHueckoil M paaMOJIOKAIMKM KOCMHYECKHX OOBEKTOB, a TaKke B
CIYTHUKOBBIX HABUIAlIUOHHO-TEOJIE3UUECKUX H3MEPUTEIBHBIX KOMILIEKCAX IMOJIyuyeHHE
HanOoyee TOYHOH TEXHHWYeCKOW HH(OpMalUK B 3HAYUTEIBHOH CTENEHH 3aBUCHT OT
MPUHATON METOJUKH y4yeTa 3JIEMEHTOB TPACKTOPUHU U 3ala3IbIBaHUs 3JIEKTPOMAarHUTHBIX
BoutH (OMB) B atmMocepe 3eMin 0T HCTOYHUKA 10 TPHEMHHUKA TT0JIE3HOTO CHUTHAJA.

Jdnst w3ydeHns W ydeTa BIMAHUS aTMocepbl Ha  paclpoCTpPaHCHHE
JIEKTPOMAarHUTHBIX ~ BOMH  HEOOXOAMMO  3HAaTh  BEPTHKAIbHOE  paclpeieicHHe
IURIIEKTPUIECKO TPOHUIIaeMOoCTH Wi Kkod(dduuuerTa mperomieHus B Tporocdepe,
ctpatocdepe U HoHochepe 3emin.

Koaddrmmentr mpenmomieHns Tpomochepbl OmpenemnseTcss KOCBEHHBIM ITyTeM U
SBIsieTCsT  (YHKUMEH MEHSIOUIMXCS METEOpPOJOTHUECKHX MapaMeTpOB COJACPIKaHUS
BOJASHOTO Tapa, TeMIepaTypbl M JaBiICHUS Bo3ayxa. g ONTHYECKOro Juarna3oHa
K03()(DULMEHT NPEIOMIICHHSI 3aBUCHT OT d(PPEKTUBHOM JUTMHBI BOJIHBI U3ITyYEHUS (JUIMHA
BOJIHBI MOHOXPOMAaTHUYECKOTO JIa3epHOro m3nydenus). s paguoauanasoHa Tpornocdepa
SIBJISIETCSI HEAUCIIEPTUPYIOIIeH cpenol, T.e. KodaHUIHMEeHT mpeIomMIeHns] He 3aBUCHT OT
Hecyllel 4acTOThI.

Tponocdepa 3emmu B cpefHell moioce MpocTUpaeTes mpuMepHO A0 BeicoT 10-11
KM. B He#l cocpenorodeHa ocHOBHas aTMocdepHas Macca. 31ech (OPMHUPYIOTCS TyMaH,
00J1a4HOCTh, aTMOC(EepHBIE OCaIKH. XapaKTEpHBIM SIBICHHEM B Tporocgepe SBIAeTCS
olmiee MOHMKEHHE TEMIIEPAaTyphl ¢ BBICOTOH mpuMepHO Ha 6,5° Ha 1 kM. B HmxHel
Tponocepe (MOrpaHUIHOM ciioe) 10 BHICOT 1-1,5 KM OT 3€MHOH IOBEPXHOCTH HacTO
HaOIONAIOTCST  SIBJICHHUS TEMIIEpPAaTypHOW WHBEpCHM (TIOBBIIICHHE TEMIIEPATYphl C
BBICOTOM).

TpomnocdepHas nonpaBka B CIIlyTHUKOBBIX M3MEPUTEIBbHBIX CHCTEMAaX yYHTBIBAETCS
[0 JAaHHBIM a’3pOJIOTHYECKOT0 30HAUPOBAHMSA WM 1O PA3IMYHBIM CTaHJAPTHBIM,
LHIMPOTHBIM W YTOYHEHHBIM MECTHBIM  MOJENsIM  aTMoc(epbl C  pa3lesbHOM
annpokcuManueil, ocoOeHHO IUisl paJuojAMania3oHa, BBICOTHOIO TNPOGMIsS CYXOoi u
BJIQKHOW COCTABIIAIONIMX KO3 GHUIIMEHTA MTPETOMIICHUS.

Obnacte atMocepsl, HaunHas ¢ BRICOTH 50-60 KM HaJ MOBEPXHOCTHIO 3eMITH, TIC
ra3 YaCTUYHO WM IIOJHOCTBIO HOHHM3MPOBAaH M COJNEPKUT OOJIBIIOE KOJIMYECTBO
CBOOOIHBIX 3JEKTPOHOB, Ha3bIBalOT HOHOchepoil. Ilpm aHanmmze pacnpocTpaHeHUs
PaIMOBOIH BEPXHIOK IPAaHHILy HOHOC(EPH MOKHO OTPaHHYUTh BBICOTOH 0K0s10 1000 KM.

HonocdepHsie cinon OOBIYHO XapaKTEPU3YIOTCS CIEAYIOIMUMH IapaMeTpaMu:
JIEKTPOHHOM MJIOTHOCTBIO B MaKCUMyMe MOHU3AIUHU Nsmax; BBICOTOM HM)KHEW I'paHUIIBI
HoHu3a1MH No; TIOIYTONIIHHON CIT0s (BBICOTOM OT HIYKHEW TPAHMITBI CIIOSI IO MaKCHMyMa
HOHM3AIUH Nimax) 1 ap. Ciion NpuHATO 0603HAYATH CHMBOJIAMHU:

Crnoit 1 - camblii HIDKHHE HOHOC(HEpHBIM CIIOW C HaWMEHBIIEH HWOHM3AIUEH
(37IEKTPOHHOM MIOTHOCTHIO )PACTIONOKEH PUMEPHO B AMama3one BhICOT 60-100kM.

Cnoit E co 3HaumTenbHO OOJbIIE 3JIEKTPOHHOW IUIOTHOCTBIO PACIOJIOXKEH
npumepHo B juanaszoHe BbicoT 100-250 kM. Camblii BepxHMi cioit F wumeer
MaKCUMaJIbHYIO 3JIEKTPOHHYIO INIOTHOCTh Ha BeICOTaxX npuMepHo 250-400 kM.

Koappuunent mnpenomnennss wnoHocdepsl sBiseTcsl (YHKIHEH OJIEKTPOHHON
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IUIOTHOCTM W YacTOThl PajHOBOJIH, T.€. sl PaJvOBOJIH HOHOC(epa sBISETCS
JUCTIEPTUpYIOIIed cpefoil, 4YTo NO3BOJNSET B 3HAUUTENBHOW CTENEHU YYMUTHIBATH
HOHOC(epHOE 3ama3/blBaHie CHIHaja C MCIOJIb30BAHUEM JBYX HWIM Oojiee HECYIIHX
panuodacTor. B 0HOYACTOTHBIX M3MEPUTENbHBIX CHCTEMax Ul ydeTa MOHOC(HEpHOro
BIMSHHUSA HeoOXoauMa HH(opMauusi o0 3JIEKTPOHHOH IUIOTHOCTH HOHOC(EpHl BIOJIb
TPAeKTOPUU IEKTPOMATHUTHBIX BOJH, IOJy4eHHE KOTOPOH MpPEJCTaBIsAeT JOBOJIBHO
CIIOKHYIO 3a/1a9y.

V3MeHeHHE 5SIEKTPOHHOW IUIOTHOCTH B HOHOC(Epe BO BPEMEHH IPOHUCXOAUT
00BIYHO CHMMETPHYHO OTHOCUTEIHHO MECTHOTO MOJAHSA. MakcuManbHOe 3HaueHHEe N3max
HaOmromaeTcsi B JieTHHE Mecsnsl. Hambornee monHyr0 HHOOPMAIMIO O COCTOSIHHU
HOHOC(EPH! JAI0T MHOTOYHCIICHHBIE CTAHIINN HAa3€MHOTO BEPTUKAIHHOTO 30HIUPOBAHMUS,
pacroio’)keHHBIE B Pa3IMYHBIX IIHPOTHBIX 30HAX, W CIICIHAJbHBIC WCCIICIOBAHUS
BepxHeit uoHOochepbl ¢ HMC3, wumMeronmx mojspHbie opOuThl. Jlas ucciaenoBaHuid
3JIEMEHTOB 3ala3bIBaHUs CUTHANA M KPUBHU3HBI TPAEKTOPUH PATUOBOJIH B CIIyTHHUKOBBIX
HAaBHUT'ALIMOHHO-T€0/IE3NUECKUX CHCTEMaX W NP PaJUOJIOKAINU KOCMHYECKUX OOBEKTOB
Haubonee YOOOHBIMHM B IPAKTHYECKOM OTHOIICHWH SIBISIOTCS TaK Ha3bIBacMbIe
ruOpHUIHBIE MOJENN HOHOC(EpHI, COUYeTaloIIue B ceOe TEOPETHYECKUE MCCIIeIOBaHHS
OCHOBHBIX HMOHOC(EpHBIX MPOLECCOB M CTATUCTUYECKHE JaHHBIE HEIOCPEICTBEHHOTO
HOHOC(EPHOTO 30HANPOBAHUS.

B mpun. 1, 2 maHBI B COKpAIICHUH IS YICOHBIX PACUCTOB IMITUPUICCKHAE MOJCITH
BBICOTHOTO paclpeie]ICHUs IIEKTPOHHOH IIOTHOCTH B CPEAHEIINPOTHOM HOHOChEepe s
YETHBIX YaCOB CYTOK B OKCTPEMANBHBIX (JICTHUX W 3UMHHX) TEIHOTeO()U3NISCKUX
YCIIOBHSAX.

Mexay tpomochepoit u moHochepoit Ha BbicoTax npumepHo ¢ 10-11 go 60- 80 kM
npocrtupaercst crparocepa. B 3ToM cioe oTMeuaercss OTHOCHUTEIbHOE IIOCTOSHCTBO
JTURJIEKTPUYECKON IMPOHUIIAEMOCTH Ha pPAa3IUYHBIX BBICOTAX M JUId Ienel ydera
3JIEMEHTOB pacupocTpaneHuss DBM onTuyeckoro u paauoanana3oHa BIOJTHE JOCTaTOUHA
MeTeoposorndeckasl cTpaTuuKaIys cTpaTocdepsl, NPHHATAS B CTAHAAPTHBIX MOAEISIX
aTMocdepbl pa3IMYHbIX ITUPOTHBIX 30H.

B npuit.3 1aHbl BEICOTHBIE TPOQMIN METEOPOJIOTHYECKUX TIapaMeTPOB CTPATOC(hEPHI
B OKCTPEMANbHBIX (JETHHX © 3UMHHX) (U3UKO-TeOrpadMIecKUX  YCIIOBHSIX
CPEIHEITNPOTHOW 30HHI.

Pacuer m aHanmm3 OCOOCHHOCTEH pacIpOCTpAaHEHHs SJCKTPOMATHUTHBIX BOJH B
Pa3IMYHBIX aTMOCQEPHBIX CIIOSX W METOJWKA WX YyYeTa B OITHKO-3JICKTPOHHBIX,
PafnOreoIe3NUECKUX U CIIyTHUKOBBIX T'€OJ€3MUECKUX CHCTEMaX U CTABUTCS OCHOBHOM
3a/1a4eil JaHHBIX METOAMYECKUX YKa3aHHH.
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Tponocdepa 3emuan

3aganne 1. O0padoTka MaTEpUATOB 23POJIOTHYECKOT0 30HAUPOBAHUSA

Hcxonnble naHHbIE:

H" - BbIcOTa HUKHEW TPaHULIBI aTMOC(HEPHOTO CII0SI, KM;

P"(H"), e"(H"), t°C*(H") - cOOTBETCTBEHHO IOJHOE 0APOMETPUYECKOE JIABJICHHE
BO37yXa, BIAXXHOCTH (JIaBJI€HHE BOISHBIX IAPOB) U TEMIIepaTypa Bo3ayxa Ha Beicote H";

Bm Am - IupoTa pactoiokeHusi HA3eMHOW CTAHIIUU M CPEIHUH a3UMYT TPACKTOPUHI
9JIEKTPOMAarHUTHBIX BOJIH COOTBETCTBEHHO;

Z»= 3 PeKTUBHAS IITMHA BOIH M3TyUeHUS (ONTHUCCKHUHA JHAITa30H), MKM;

PabGouue popmyni:

1.Bbrancienue naBieHuA ¥ TEMIIEpaTypa BO3ayXa Ha IIPOU3BOIBHBIX
MPOMEXYTOYHBIX BbIcOTax H arMocdepHoro ciosi.

Jlnsl TOJNMTPONHBIX CJIoeB (TeMIeparypa C BBICOTOH YyOBIBaeT IO JIMHEHHOMY

3aKOHY)
03

— ) " 1)

hrn hrn’

P=P'(1-

nu
T=T —vyAh.,(2)

Jst n30TepMUUYECKHX CIIOEB (TEMIIepaTypa B aTMOC(EPHOM CII0€ TTOCTOSHHA)
P — P”exp _ G(hrn—h;-n)'103 (3)
RyT

u

T" = const, 4

rae P" u P - m3mepenHoe atmocdepHoe gapieHue Ha Bbicote H" 1 BeIYHCICHHOE Ha
IIPOU3BOJIBHBIX BBICOTAX COOTBETCTBEHHO;

T" u T - remneparypa (B rpagycax KenpBuHa) AJs Te€X ke YCIOBHIMA.

(T°K = t°C+ 273,16);

hyp hyn= TEONIOTEHIMALHBIE BHICOTHI HIKHEH MPAHUIIBI ATMOCHEPHOTO CIIOS U
TEKYLIMX TOYEK, ONPEeNIIeMbIX 10 (hopMyJiam:

f‘3'H* _ f‘3'H*
P3+H" u hrn T (5)

y-BepTHKanLHHf/'I TPaJUEHT TEMIIEPATYPBI.

.

Y= rp/KM (6)

G=9.80665 M/c? - rpaBUTAIIMOHHOE 36€MHOE YCKOPEHHUE HA YPOBHE MOPS;

Ry = 287,05287 m%/rp.c? - yyienbHas ra3oBas HOCTOSIHHAS,

I, -cpeIHUil paguyc 3eMiId Ha HIMPOTE PACIIONIOKEHHSI HA3€MHON CTAaHIIUH.

3a cpemHuil paamyc 3eMIM MOXHO MPUHATH PaJuyC KPUBH3HBI HOPMAaJIbHOIO
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CEeUEeHHSsI, TPOXO/ISIIETO Yepe3 CPEIHIOI0 TOUKY TPACCHI, OIIpeesseMoro mno Ghopmyie:

—— Y
1+e'2-Cos2Bm(1+e'2:Cos2Bm-Cos2Am

r~ Ry =

C= 6399699 - nonsipHsIil paauyc smuncouna Kpacosckoro, M;

€2 = 0.006738 - kBapar BTOPOro SKCUEHTPUCUTETA MEPHIMAHHOTO 3JUIUIICA;

Bm- cpenHsis mupoTa TpaeKTOPHUH, paBHAS IOIYCYMME IIHPOT KOHEYHBIX ITYHKTOB;

Am- cpenHuii a3UMyT TPACKTOPHUHU.

2.Brruncienne BIaXKHOCTH BO3IyXa (JaBJICHHE BOMSHBIX IApPOB) HA MPOM3BOJIBHBIX
BBICOTax Tpaccel 1o ¢opmyne ['anHa

e(H) = e,1071/63 (8)

TJie €o ,€ - IaBJIeHHE BOJSHBIX NMapOB COOTBETCTBEHHO Ha YPOBHE MOPS U B TEKYIIUX
TOYKax Ha BbicoTax H.

IIpy Hanmuuuu JaHHBIX O BIWKHOCTH BO3JyXa Ha OINOPHBIX BBICOTax
METEOpPOJIOTUYECKOTO  30HIMPOBAHUS pacueT €€ Ha MPOMEKYTOUHBIX BBICOTax
aTMOC(EPHOTO CJIOS  BBINIOJHAETCS METOAOM JIMHCHHON WHTEPIOJAUN HIH IS
KJIUMAaTHYECKUX YCIOBHU CPEAHCIIMPOTHBIX 30H MO (hopMyIie

e(H) = e"exp(—0,42 (H—H")), 9

rae ¢"(H") u e(H) - maBneHue BOASHBIX MAapoB B HIHKHEH TPAaHUIIE CJIOS HA BBICOTE
H" 1 Ha npoMexxyTouHBIX BbicOTax H COOTBETCTBEHHO.

Hpumeuyanue: Eciy B JaHHBIX paagno30HANPOBAHUS aTMOC(HEPbl BMECTO TaBICHUSL
BOASHBIX TApoB (€) MpeacTaBlIeHa OTHOcUTenbHas BiakHOCTH (II) BO3zmyxa mpm
temneparype 1°C, To BeUHCHeHHE ¢ TpomsBoauTcs To «IlcHxpoMeTpuaeckuM

Tabnumam» (puit.4) ¢ y4eTOM BBIPaKEHUS
_E@®U
100
rae E - HachlleHHas! yIPYTroCTh BOASHOTO Mapa BHIOUPASTCS U3 yKa3aHHBIX TAOJIHI

B (hyHKIIMHU TeMmepaTypsl Bozayxa (t°C).

3. DBeblunciieHMe WHIEKCa TPENOMICHHS B TEKYIIUX TOYKaX TPAaCKTOPHH
SIICKTPOMArHUTHBIX BOJH C 3aJaHHBIM IATOM YHCJICHHOTO HMHTETPUPOBAHHS 110
dbopmynam :

Juist  Oa3sMCHBIX W3MEPEHHWH Ha HAKIOHHBIX Tpaccax B TOPHOW MECTHOCTH
ceeronanbHomMepamu thna CI' (MCTOYHMK cBera rejMii-HeoHOBBHIH jazep ¢  A=0,6328
MKM)

Nogszs = 80.9427 — 11.7402(10)

rae P u e - B rlla (M0apax).
[Tpu ciyTHUKOBO# MMITYIIBCHOI Ja3zepHon okarwn (A=0,6943 Mxm)

Nogoss = 803567 — 119187, (11)
rae P u e-B rlla (mbapax)

P e e
N, = 77.624; - 12.924; +37.188 - 10* ?(12)



rae P u e - B rlla (MOapax).
PesynbTaThl BRIYHCICHUH IPEICTABUTh B BUE TaOMUIH (Ta0m. 1).

Tab6muma 1

HN’IK t°C I‘p\//IY(M r}I)T’a r%a Np No,6328 No,6328

0 42,0 1006,8 | 15,3 | 304,6 256,1 258,0
0,2 | 38,6 | +16,842 | 9849 | 14,2 | 299,0 254,6 255,2
0,31 | 36,0 973,1 | 13,7 | 296,0 252,4 253,6
04 | 353 | +16,842 | 9635 | 13,2 | 293,6 250,5 2524
05 | 33,6 952,8 | 12,7 | 290,9 249,1 251,0
06 | 316 +20,0 9422 | 12,3 | 2887 2479 249.8
0,61 | 314 9412 | 12,2 288,5 2479 249,7
0,77 | 29,0 924,4 11,6 284,0 2454 247,2
0,8 28,6 | +12,174 | 9213 | 11,4 283,1 2449 246,7
1,0 | 26,2 900,6 | 10,6 | 277,1 2413 243,1
12 | 24,2 +10,0 880,2 | 9,9 270,8 237,5 239,2
1,32 | 23,0 868,1 | 9,4 267,2 235,2 236,9
14 | 224 | +7,778 | 860,1 | 9,2 264,6 233,55 235,2
15 21,6 850,2 8,8 2614 231,4 233,1
1,6 | 20,6 8404 | 8,5 258,4 229,5 231,2
1,8 | 18,7 +9,60 8210 | 7,9 252,6 2257 2274
2,0 16,8 802,0 7,4 247,0 222,0 223,6
2,5 - - -
3,0 9,2 7118 | 51 - - -
3,5 - - -
4,0 3,0 630,0 | 3,6 - - -
45 - - -
50 -4,2 555,8 2,5 - - -
55 - - -
5,84 | -10,3 490,1 | 1,8 - - -

3aganue 2. AIpOKCUMAITNS BBICOTHOTO PO(HIIS HHACKCA MPETOMICHUS
9KCTIOHEHIMAILHOM (DyHKIIUK BUa

N(H) = NoekH, (13)

1.Ioctpouts rpaduxu BeicOTHOrO mpodmas N(H) ams pasnuyHbIX UIMH BOJIH
OIITHYECKOTO JMAIa30Ha 1 1JIs1 paoBoJIH (puc.1)

Ok
N

=== __Np
N(J »

H’




N
Puc.1
2.Brruncinenne ko3¢ ¢umuentoB NO U K, a Takke KOI(PPUIHNEHTOB Koppensmud I
anmpoxcuMupytomeit pyHkunu (13) MeToqoM HanMEHBITNX KBAAPATOB IO (GOPMyIaM:

No = exp[1/n(X;InNi — k }; Hi)]; (14)

Kk = Y HilnNi-1/n¥;HilnNi
© XiHi-1/n(iHD)?

/(15)

2 _ [ZP 1 HilnNi-1/n ¥; Hi ¥ In Ni]? (16)
re= [X; Hi2—1/n(X; H)2][%;(AnND2—1/n(3; In ND2]’

Brruncienne ko3(h(GUINEHTOB Iesieco00pa3sHO BBITOJNHATH Ha MHHM OBM Tuma
MK-52 ¢ 6mokom pacmuperus namsta bPI1-3 nim no TamosiM nporpammam Ha [I9BM.

3.BBIOMHUTG  aHamM3  TOYHOCTH  ANNIPOKCHMAlMM  BBICOTHBIX  NPOQMICH
SKCIOHEHIHANBbHOH (yHKImei (13) MeTogoM cpaBHeHHS ¢ peanbHbMH podmriMu N(H)
0 pe3yJibTaTaM METEOPOJIOrHYECKOr0 30HANPOBaH s aTMochepsl (Tabi. 2).

Cr.Mun.Bogsr, 25.08 75r. (14-20)

Tabnuma 2
H, %=0,6328 %=0,694 Pannoanamnasox
KM N(13) N(H) AN N(13) N(H) AN N(13) N(H) AN
0,31 [263,7 (2599 4,8 2626 [258,0 (4,6 [313,7 [308,7 |50
0,5 2599 |256,6 (3,3 2575 [254,4 3,1 [294,2 |290,7 [3,5
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3amanue 3. Pacuer 3E€MEHTOB TPAeKTOPHHM W 3ama3/bIBaHHs CUTHAla B
Tpomnochepe3emu
HcxomHble TaHHBIC TIPUBEICHBI Ha pUC.2.

O HgH H; Ha

Puc.2

I3- cpenHui paanyc 3eMian B QyHKINHU OIMPOTHI U a3UMYyTa TPACKTOPHUH;

Hg, Ha - BbICOTBI Ha3eMHOI CTAaHIIMK U KOHEYHOT'O TyHKTa HAOII0IeHUH
COOTBETCTBEHHO;

Ng, Pg- COOTBETCTBEHHO KOA(P(UIIMEHT NpEeIOMIICHUSI BO3LyXa U BUANMOE
3€HUTHOE paccTOsIHKE (YroJl IPUX0/a BOJIHEI) B yHKTE PACIOIOKEHUSI HA3EMHOM
CTaHIMHU CIIC)KEHUS;

Na, Pa- TO XK€, JUISI KOHEUHOTO IMyHKTa TPAeKTOPUH;

N(H) - BeicoTHas cTpaTudUKAIHS TPOHIOCHEPHI C IIaTrOM YUCICHHOTO
HMHTETPUPOBAHMS.

Pacuernsie Gpopmysl.

I'eomeTpuueckas 1MHa KPUBOH TPAeKTOPUH
1= f;ga Secqp;dH,(17)

TZIe @j,-3HAYCHNE 3CHUTHBIX PACCTOSHUHM B TEKYIIMX TOYKAX TPAEKTOPHU
9JIEKTPOMAarHUTHBIX BOJIH, ONpPENeNseMbIX s Cc(EpUYecKH CIOHUCTOW MOJEIH
aTMocdepsl o popmyie CHeutimyca

NgSigeg(rs+Hg)=n1Sigpa(rs+Hi)=...=n;iSigei(r,+H;j)=const.(18)

C yuyetoM 0003Hau€HUH TMOCTOSHHOTO JUIsl JAHHOW CTaHIIMU HaOJIOJCHUN
BBIPQYKECHUSI

NgSigey(rstHg)=Ku  (rs+Hi)=a;;

Sinei=K/n;a;. (19)

IMomnpaBka B pe3ynbTaThl U3MEPEHHH B IEHCTBUTENBHBIX BHEUIHUX YCJIOBHUSX
10 OTHOILIECHHUIO K YCJIOBUSIM CBOOOIHOTO IPOCTPAHCTBA

AS = 10°° [ " Secq;dH, (20)

[MompaBka AS He yYUTBIBAET OTIMYHE JJIMHBI KPUBOH TPACKTOPUH OT XOPJIBI.
Uuncnennoe wuHTerpupoBanue BbolpaxkeHud (18), (20) mpum N uyeTHOM umCIe
MHTEPBAJIOB HHTEIPUPOBAHMUS 11€1ecO00pa3HO BHINONHATE 1O Gopmyie CUMIICOHa
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h
(o +Y2n) +4(V1+Y3+Yn-1)+2(V2+Ya+yan-2)I’

Ha
Jyg YAH =~ (21)

rie y = Nseco uh = €

2n

Ecmu HUHTEpBaJl HHTCTPUPOBAHUA X0-X0+2h pa36HT Ha JABC 4YaCTH, TO

BhIpakeHue (21) mpumer Buf
X0+2h h
b YA S 2

e VYo, YiYz- 3HAYCHHS WHTCrpUpPyeMOd (QYHKIMH B TpeX TOYKax
HHTETPUPYEMOTO UHTEpBAA.

B 3aBHCHUMOCTH OT BBICOTHI aTMOC(EPHBIX CJIOECB M 3CHUTHOTO PACCTOSHHUS
HabmoeHuit mar narerpupoBanus (h) moxer npunumars 3uauenus: 0,1,0,2, 0,4,
0,5, 1,0 2,0 u bonee kM.

JJis OLIEHKH TOYHOCTH METOJa YHCICHHOTO WHTETPHUPOBAHUS 1O (OpMyIaM
(21), (22) ¢ marom wuHTErpHpoBaHus h HEOOXOMUMO BBIMOIHUTH MOBTOPHOE
HHTErPUPOBAHUE C YBOCHUEM M1ara, T.e. npu 2h.

C wucmonmp30BaHHEM pE3yJbTaTOB HMHTErpupoBaHus npu marax h wu 2h
MOTPEIIHOCTh YUCJIEHHOTO MHTerpupoBaHus (R) oIleHMBaeTCs CleIyIOUUM

MPUOIIMKEHHBIM BBIPAXKCHUEM:
ASh—AS2h
R~—m—.
15
IIpumep pacdera 5>JIEMEHTOB TPACKTOPUM U 3ala3fbIBaHUS CHTHajla B

Tponocdepe 3emiu npuBeieH B Ta0.3

Tabauna 3
Ct. Mus. Boasr (r3= 6377,591 xm), pg= 70°, K= 5994,8014
Ne H, Np ®; Sec @; L N Sec @; AS
TOYKHU KM

0 0 | 304,7 | 70,000000 | 2,9238066 0,0 890,9 0,0
1 0,2 | 294,5 | 69,996682 | 2,9233393 861,0

2 0,4 | 285,2 | 69,993206 | 2,9228536 | 1,169334 833,5 344,6
3 0,6 | 278,3 | 69,989366 | 2,9223143 813,4

4 0,8 | 268,8 | 69,985916 | 2,9218316 | 2,338264 785,4 669,4
5 1,0 | 263,0 | 69,981901 | 2,9212693 768,3

6 1,2 | 260,0 | 69,977438 | 2,9206450 | 3,506768 759,2 977,3
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3a11aHne 4.Pacuer KPUBU3HBI TPACKTOPUU IJICKTPOMATrHUTHBIX BOJIH
METOAOM NOJIAPHBIX KOOPpAUHAT

HcxonHble naHHBIE:
1.Chepuuecku cnoucras crpatTudukanys arMmocheps! (BBICOTHRIAIIPODHITH

ko3 dunmenra npeaomnenus N (H));
2.Bricots! HavaneHOHU (Ho) 1 KoHewHO# (Hy) TOUEK TpaekTopum;
3. BuguMoe 3eHUTHOE paccTOsTHHE HaOIF0JaeMOT0 00BeKTa ((Po) HIH yTOI

mpuxoza BoyHEI (ag) ( puc. 3);
4. Cpennuii pamuyc 3emnn (I;) B QyHKINH CpeqHEN MUPOTH HAYaIbHON U

KOHEYHOU TOYEK U3MEPEHUM U a3UMyTa TPACKTOPHUHU.

I
r, 0

Puc.3

ITocnenoBaTenbHOCTD pacyeTa:
1. TlocnenoBaTenbHOE BBIYUCICHHE YIJIOB MPHUXOAa BOJHBI OTQ, A0 Oy, U3

3akoHa CHesutryca Ajsi chepruueckd CUMMETPUYHON MOBEPXHOCTH aTMOC(hEPHBIX

CJIOCB
NoroCosag=n1rCosas=nmrmCosam=const  (24)

rae
rm=r3+Hm,
Ho,Hs,...Hm- BBICOTBI HMXXHEH TpaHHIBI COOTBETCTBYIOMIMX aTMOC(EpPHBIX

ro=rz+Ho, ri=rs+Hs,
cnoes IIpu HCIIONB30BAHMM BHIYUCICHHBIX 3HAYEHHH 3€HMTHBIX DAcCTOSHHN B

TEKyIIMX TOYKax TpaekTopuu (i) (cM. 3axanue 3, hopmyina (19)) yrisl npuxona

BOJIHBI OIPEACTIAIOTCA U3 BBIPAKCHUS
am:n/Z'(Pm. (25)
2.Brruncnenue YTJI0B MaJICHUA io, 11, , imB KaXXJA0M U3 TPCYTOJIbHUKOB IO

TEOPEME CUHYCOB!



13

Sinigre = Sin (IT/2+ag)/ 11
Siniyr1 = Sin (I1/2+a4)/ 12 ;(26)

Sln im/rm = Sin (H/z""am)/ rm+1.

Orkyna B obuiem ciygaeSiNim/fm1=Cosam rm  (27)

3. Brluncnenne NeHTPaIbHBIX YTIIOB B K&KAOM U3 TPEYTOJIBHUKOB MO
dopmyie

Yo =1n/2 —ay —io;
Y1 =1n/2 —a; —iy; (28)
Ym = 1/2 —ap —iny;

4.BpluncieHUE KOOpPAMHAT IEPECEYECHUS KPUBOM TPAaeKTOPUH C BEPXHEH
TpaHUIEl aTMOC(EPHBIX CIOEB IIPU YCIOBHH:

- koopauHaThl Touku O (meHTpa 3emim) x=0, y=0;

- JIMPEKLUMOHHBIN Yroj Ha Ha4aJIbHBIM MyHKT Tpaekropuu A=0°;

- KOOpIWHATHI HAYAIBHOW TOYKH TPAeKTOpuu Xo=(rstHo)=ro, y,=0.
Koopaunatel Touku 1 OynyT onpenensiTbes U3 BEIpaKeHU I

X1:r1COSy1; Y1:r18iny1 (29)
WK JUIs1 JTI000# TOYKH TPaeKTOPUH

Xm = I‘mCOS Zi:o Yi;Ym = I'mSin Zi:OYi; (30)

5.BplunciieHuEe HauKpaT4ailllero paccTOsIHUS MEXKIYy HadyalbHOW U TeKyllen
TOYKaMHU TPAEKTOPHH 110 (hopmyJie:

Dy, = \/(Xm - XO)Z + (Ym - Yo)z;

D, = AXZ + AYZ. (31)

6.BeruvciuTh TONpaBKy 3a OTIMYME TEOMETPUYECKOM JUIMHBI JIyr'H
TPAEKTOPUHU (Im), HalieHHON METOMOM YHCIEHHOIO HMHTETPUPOBAHHS IIO
dbopmye (17), ot xopasl Dm mo dpopmyiie

Asm(ﬂym)Z |m-Dm(32)

7.BBIMHCINTh WMCTUHHOE 3CHUTHOE pACCTOSHHE MEXIY HAdalbHOW U

KOHEYHOU TOYKAMH TPACKTOPHH 10 hopMyIe

tgz, Am

AXm
" yroj peq)paKIH/II/I 13 BBIPAXKCHUSA
AZm:Zm'(P(34)
Brrancnenue NonpaBoOK 3a KPUBU3HY AYTI'M TPACKTOPUU U YIJIOB peq)paKHI/II/I
HGO6XO,HI/IMO BBITNIOJHATH IO HWHAWBUAYAJIBHO COCTAaBJICHHBIM IIporpaMmMaM Ha
II5BM.

(33)
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B ToMm ciyuae, Korjia cTaBUTCS 3ajada aHAIKN3a WIH TaOyTUPOBaAHHUS
TCOMETPHUUCCKUX IJICMEHTOB TPACKTOPUH IO 00BEKTOB, HAXOASIIUXCS Ha
Pa3JIMYHBIX BBICOTaX B aTMOC(epe 3eMIIH TP MOCTOSHCTBE YIiia MPUXO0]Ia BOJTHBI
B TOYKE HA3eMHOW CTAHIUH, BEIYUCICHHUS 1IEJIECO00PA3HO MPEICTABUTh B BUJIC
Taou 4.

Tab6muma 4
Hi I O ii vi | Xi|Yi Di ASi(aym) Zi | AZ;

TpeyT.

Nm

Puc. 4

8.BBIYMCIUTh OTIMYKME IYyrH TPaeKTOPHU OT XOpIbl ASyym B Tpomocdepe
3emuu (puc.4) OOIIECIPUHITHIME B PAJHOTeOC3MH METOAAMHU O MPHOIMKESHHOM
bopmyire.

AS,yr =S%24R(35)

rae S - U3MepeHHoe JTAIbHOMEPHOH CHCTeMON 3HaueHHe IyI'M TPAeKTOPHU
0e3 ydera IOIPaBoK;

R - cpemnmii paguyc Oyru TPaeKTOPHH, ONPEAEIAEMBIH MPHUOIIKEHHO MO
bopmye:

Hp,+H
:(no—rrr:m)coosB (36)

rae Ho Hm - BBICOTBI HAaUaIbHOM U KOHEYHOM TOUEK TPACKTOPUH;

No, Nm- KO3(QQUIMEHTH NpeNoMIIeHUs BO3/1yXa Ha COOTBETCTBYIOIINX
BBICOTAX;

- yros npuxosa BOJHBI B MyHKTE Ha3€MHOW CTAHIINH.

IIpu OTCYTCTBMM 3aJaHHOTO WM H3MEPEHHOrO 3HAUEHMs yIya MpHXoja
BOJIHBI ITPUOJIMIKEHHAsI BEJIMUNHA €T0 HAXOAUTCS U3 3aBUCUMOCTH:

SinB=(Hm-Ho)/S. (37)

CpaBHHTH BBIMHCICHHOE 10 (opmyne (35) 3HaueHHE OTIMYHMA TyTH
TPAGKTOPUU OT XOPABI C Pe3yIbTaTaMH ONPEAENCHHS 3TOW JK€ IOMPaBKH IO
dbopmyne (32) mpu pPa3NMUYHBIX PACTOJIOXKEHHUSIX HAOII0AaeMOr0 O0BEKTa B
Tpomochepe 3eMIi U MPH PA3TUIHBIX YIiIaX MPHUXOZa BONHBEI B TOYKY Ha3eMHOM
CTaHIHN.
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Crparocdepa 3emiau

B crparocdepe 3emin (ot BepxHeii rpaHuIpl Tponocdeps! Ha Beicotax oTl10-
12 kM 10 HWKHEH rpaHulsl HoHOC(EpH! 10 BbicoT npuMmepHo 80-200 kM) yacTh
METEOPOJIOTHUECKON HMH(POPMAIlMM MOKHO THOJYYUTh C TOMOIIBIO BBICOKHX
METEOPOJIOTHYECKAX 30HAOB. B ocrampHOM dwactu (cioe) crpaTocdeps
METeopooruueckas HHpOpMaIus, HeoOXoanmas JUId aHalu3a >JICMEHTOB
Tpaekropun OBM, mpuHEUMaeTcs mo cTaHZapTHOH Momemn atMmochepsr CMA
4401-81 wm mo 'OCT 24631-81. Atmocdeps! cripaBounsie. [Tapamerpst B CMA
BIIAXKHOCTH BO3yXa B Tponocgepe u crparochepe 3emin He npenctasieHa (e=0).

JlelicTBUTEbHOE 3HAUCHHUE BIAXXHOCTH B HIDKHEH cTpaTtocdepe cocTaBisieT
cotele nonu MOap (rlla) u He oka3bIBaeT MPAKTUUECKOTO BIMSHHUA Ha XapakTep
pacnpoctpanenust OBM.

3ananue 5. Pacyer 371eMEHTOB TPAEKTOPUH 3aMa3bIBAHHUS CHTHAJIA
U crparocdepe 3emiu

WcxonHbIe aHHBIE:

Hg, Ha - BEICOTHI Ha3eMHOW CTAaHITUH U BEpXHEH TPAHHUIIBI TPOTIOC(EPHL;

Hk (umu Hp;,) - BbicOoTa BepxHeil rpaHuibl crparocdepsl (WM HUKHEHR
rpaHuUIbl HOHOChEPHI 3eMIln);

3 - cpemHHd paamyc 3eMiH, MPUHATHINA JUIS WCCIENOBAaHUS Tpomochepsl
pedpakunu (cMm.3ananue 1, hopmyry (7));

g - BUIIMOE 3€HUTHOE PACCTOSHUE WJIM YTOJI TIPMXO/Ia BOJIHBI (ag) B MYHKTE
Ha3eMHOM CTaHIUH;

1 - reomeTpHuuecKas JyIMHA KpUBO# Tpackropuu DBM B Tpomocdepe

3emn (cM. Tab1.3);

AS- mompaBKa, YIUTHIBAIOIIAS 3aMa3JbIBAHIE CUTHANA B Tporochepe

3eMJTH IT0 OTHOIICHHIO K BaKyyMYy;;

®,, (0,) - Tekylee 3HaUEHNE 36HUTHOTO PACCTOSIHUSI B BEpXHEH IpaHuIle

Tporniocepbl M Hauase crparocdepsl Ha BbicoTe H. mam yronm mpuxoxma
BOJIHBI K HIDKHEH IpaHHIE CTPaTOC(eEpH.

[TocnenoBaTenbHOCTH pacyeTa:

1. OnpenenuTh BEPXHIOK IPaHUIly CTpaTocdepbl WIIM HUKHIOK TPaHUILY
nonocoepst Hmin, rae N»,=0, nn=1; Ny=0 (puc.5);

2. BbluuciuTh WHAEKC TPEIOMIICHHs PaJWoOBONIH B cTpatocdepe 3emin
nopopmyne (12) 1Mo METEOPOJIOTHYECKUM JaHHBIM W3 PaTUO30HIUPOBAHUS
atMocdeps! wu nipu ucnosib3oBannn CMA (6e3 ydera BIaXXHOCTH Bo3ayxa - e=0)
1o opmyie

Np = 77.6224P/T (38)
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Uuteppan nocnoiHol cTpatdukanuu crpatochepbl OTHOCHTENBHO N
(H)3aBucuT OT yrila mpmxonaa BOJHBI K HIDKHEH TpaHmIe Ha BeicoTe H, m s
obecrieyeHrs TOYHOCTH YUCICHHOTO WHTETpupoBaHuUs BeIpaxeHuit (17), (20) mo
¢dopmyne Cumrcona (21) cocrasiser oosraao 10,20xM

Puc.5

3. BBIYMCIUTE JIMHY JTyTW TpaeKTopuu paauoBoiH (1) u monpasky B
namsHOCTE (AS') B cTpaTtocdepe 3emi OT BepXHEH TpaHUIBI Tporrochepsl
(Ho) mommksedt rpanuisl  woHochepsl  (HR;,) METOIOM  YHCIEHHOTO
WHTETPUPOBAHUS COOTBETCTBEHHO BEIpaxkeHWi (17) m (20). Ilpu sToM 3HaueHHA
3€HUTHBIX PACCTOSHUI B TEKYIUX TOYKaX cTpaTocdeps! (;,) WIN YIiOB IIPUX01a
BOJIHBI (Q(,) onpenensieTcst u3 Beipaxkernus (19), (25) kak mpomomKeHHe pacieToB B
Tponiochepe 3emin, T €. JUIA TeX K€ Ha4yallbHBIX YCJIOBHH PpacripoCTpaHEeHHUs
PaAMOBONH B TOYKE Ha3eMHOH cTaHIMHU (puc.2,5). BerumciaeHus npeacTaBUTh B
TabnmumuHOM BHJIE (Tab.5).
Tabnuma 5

H Np @; Secq; I NSeco; | AS' | ITpumeuanue

Ha (13 pacuétoB B Tponocepe 3emmm, cMm.Tabm.3)
Hi

n .
min

3apanue 6. Beruncnutes nonpaBky B U3MEPEHHOE 3HAUEHHE HAKIIOHHON
JATBHOCTH 32 KPUBU3HY TpaekTopuu DBM 0T Ha3eMHOW CTaHIIUU 10 BEpXHEH
rpaHuIlbl cTpatocdepsl (puc.6)
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Horn O

Puc. 6

WcxonHeie naHHbIC:

Xk Yk - KOOpIAMHATHI HepeceyeHuss OYTd TPAeKTOPUH C BEpPXHEH rpaHMIeit
Tpormocdepbl Ha BbICOTe H,, BBIYMCICHHBIE METOJOM MOJIPHBIX KOOPAWHAT
(cm.3amanue 4,1a61.3);

¢i (aj) - 3HaYCHHs 3CHUTHBIX PACCTOSHUH (WM YIJOB NPHXOJa BOJHEI) B
TEKYIIUX TOYKaX cTpaTtocdepsl Ha BricoTax Hi (cM. Tabdm.5);

Mertonuxka pacyera:

1. BbluncieHHe YIJIOB MAJEHUS ij B KaXKIOM M3 TPEYTOILHHUKOB IO
TeopemMe CHHYcoB (27);

2.  BplunclieHWE LEHTPANbHBIX YIJIOB B KaXIOM H3 TPEYTOJIbHHKOB
BBICOTHOH cTpaTtuduKanmu crpatocdeps mo hopmyne (28);

3.  BrluncneHue KOOPAMHAT MEPECeYEeHHs IYrM TPAacKTOPHU C BepXHeEH
rpanuieii crparocdepsl Ha BbicoTeHJ;,, Kak NPOOIDKEHHE aAHAIOTHYHBIX
pacueToB B Tpomocdepe 3eMIIM METOAOM IOJSAPHBIX KOOPIUHAT. BeI4uCICHUs
NpeNCTaBHUTh B TaONHIIE, AHATOTMYHOH Tabu1. 4.

4.  BblUHCIUTh HauKparyailliee paccTosiHie B cTpatocdepe 3emun 1o

dopmyue (31);

5. Brruncanth otiimuue nyru tpaekropun 9BM B crpatocdepe 3emnu ot
xopapl o hopmye (32);

6. BeraucnuTe cymMMapHyH UIMHY KpHBOH Tpaektopum OBM B
Tpomocdepe u cTparochepe 3emiu;

7. Bpriuncnute 1m0 KOOpAMHATAM HauKpaTyaillee pacCTOSHUE OT
Ha3eMHOHN CTaHIMK J0 BEPXHEW IpaHHIbI CTpaToChepsl;

8.  BbIuncnuTh NONPaBKY 32 KPUBU3HY TPAEKTOPUU OT HA3EMHON CTAHIUHU
JI0 BepXHel rpaHuLbl crpatocdeps o Gopmye (32),

9.  BpIUMCIUTB 3€HUTHOE PACCTOSHUE MEXKAY 53TUMH IIyHKTAMH IO

¢dopmyne (33) u yron pedpaximu o popmyie (34);
CpaBHHUTh MOJyYSHHBbIE DPE3YJbTaThl B MNyHKTax 8, 9 ¢ aHAJOrHMYHBIMU
pacderamu B Tporiochepe 3eMiIm.



18

Honocdepa 3emiau

3aganne 7.BpmonHNTe Trpadudecknii  aHAIW3 BBICOTHOTO  MPOGMIA
anektpoHHOH TmotHOocTH No(H) u  xosddummenta mnpemommerns Nu(H)
HOHOC(]EPHL

HcxongHple naHHBIE:

H"%min, Hmax - IPHHATEIE BHICOTHI HIJKHEH M BEpXHEH IPaHUIl HOHOCHEPHI,

KM;

N,(H)-u3mepeHHoe uinM MOJEIbHOE 3HAUCHHWE OSJIEKTPOHHOHW IUIOTHOCTH
MOHH3MPOBAHHOTO I'a3a Ha PasJMYHBIX BBICOTAX B HOHOC]EPE 3eMiH, 351/cMS;

f1, fo- Hecymme yacToThI paanoBoiH, KI'1i;

ru Am — cpeaHuil paauyc 3eMid U a3UMyT TPAeKTOPHUH, HMPUHSTHIE UL
pacyera reOMeTpHYECKUX JJIEMEHTOB PACIPOCTPAHEHHUs PaJMOBOJIH B Tponochepe
u cTparocdepe 3emiy;

OTansl BEIIOIHEHHUS 3alaHus:

1. Tloctpouth rpaduk BBICOTHOTO NPOQGUIS DICKTPOHHOH IUIOTHOCTH
nonocoeps! N,(H) -puc.7;

2.Beraucnuth k03¢ dunneHT npenomieHus noHocdepsl (6e3 ydera BIHSHUS
MarHUTHOTO TOJII 3eMJIM M CTOJKHOBCHHI 9JIEKTPOHOB C HMOHAMH H
HEWTpaNbHBIMM YacTHLAMH) HE MEHee 4YeM IS ABYX 3a/JlaHHBIX KOTEPEHTHBIX

paanoyactoT o Gopmyie:

_ 80,75912N,(an/cm3)
n, = J1 + BRI 00) 5

BeoruncrieHust peacTaBuTh B BUjIE TabuIpl (TabIL.6).

Tabmuma 6
H, km N, (3n/cm®) Ny [Ipumeuanue
fi, k' fo, k't
‘ryrllin
Hi
Hryrllin

3.Iloctpouts rpadgukn BeICOTHOTO Hpodmis Kod((UIHEHTa NpPEeTOMIICHUS
JUISL KaXKABIX M3 JaHHBIX PaJAN0YacToT B €JMHOM BBICOTHOM MacliTade ¢ rpagukom
9NIEKTPOHHOH MIOTHOCTU HOHOChEpHI (puc.8).
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H,xm H,xm
100 1000
4 A 1 |
s
i / . B
500 S sop S
....... ) ‘ /
= 550-10%an/cm A e, ]
B Tl
100 10
0 L ‘ |
e e > >
100 500 900 (an/cn®) 0,8 09 10
Puc.7 Puc. 8

4. Onpenenutb  METOAOM  JIMHEWHOM — MHTEpPNONSALUM  3HAYEHHS
KodpduIneHTa MpeToMICHUs HOHOCc(epsl Ha PAa3TUYHBIX IPOMEKYTOUHBIX
BBICOTax ¢ marom 5, 10, 20, 25 nwimm 50kM, oOecTIeqnBaONINM 3aIaHHYI0 TOYHOCTD
BBIYUCIICHUS pe(PAKINOHHBIX MOMPABOK METOIOM UYHUCICHHOTO WHTETPUPOBAHUS
JUT pa3NIUYHBIX 36HUTHBIX PACCTOSHUN HAONMIOACHUN KOCMHUYECKHX OOBEKTOB B *
TOYKE HA3€MHOM CTaHIIUM CIIEKCHUS,

3aganue 8. Pacuer reomeTpuueckux 3J€MEHTOB TpaekTopuu OBM u
3ara3/bIBaHus CUTHAIa B HOHOC(hepe
Vcxonuble naHHbIE IPUBECHBI Ha pUC.9:

I3, Qg - CPEOHUN pannuyc 3eMJIM U BHIMMOE 3€HHUTHOE PACCTOSHHE B TOUKE
Ha3eMHOM CTaHIINH, IPUHATHIE IS pacdeTa AJIEMEHTOB TPACKTOPHH M CKOPOCTH
OBM B Tpomnocdepe u crparochepe 3emin.;

n, (H) - BoicoTHas cTpaTuduranus Kod3(h(UIMEeHTa MTPETOMICHUST
noHOC(hEeps! AT 3aJaHHBIX PAaJHOYACTOT C IIArOM YHCICHHOTO HHTETPUPOBAHMS;
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@u WK (0y) - 3€HUTHOE PACCTOSIHUE (MM YToJl MPHXOZAa BOJHBI) B HIDKHEH
rpaHuie HOHOC(Epbl WIM B KOHEYHOW TOUYKE PacHpOCTpaHEHHs curuaia M B
crpatocepe 3emim Ha BBICOTEN];, (MO pe3ynbrataM pacdera T€OMETPHIECCKHX
31eMeHTOB TpaekTopur OBM B ctpatocdepe 3emin - Tabmn.5);

NP ;- IPUHATas: MAKCUMAIIbHASL BBICOTa HOHOC(HEPHOT'O CIIOS.

IlocnenoBaTeIbHOCTH pacuera:

1. OnpeneneHne 3CHUTHBIX paccTosHUA (@i") TpaekTopun OBM B
TEKYIINX TOYKaxX HOHOC(EepHBIX cioeB (puc.9) no popmyne CHemnmyca

NgSingg(rs+Hg)=NuSin@u(rs+Hup;n)=Nig) Singigy(rs+Hy') (40)
OTKy[Ia

Sin@iwy = K/ Nigy(ra+H}") (41)
rre

k= Ny Sin@yu(ra+H"min). (42)

2. Pacuer reomerpuyeckoil IIMHBI KPHUBOW TpacKTOpHH B HMOHOc(hepe
3emud JUTs KaXKI0# U3 3aJaHHBIX ABYX paanodactort fi u fmo dpopmyne

1, = f:&"::‘ Sec @ dH. (43)

3. OmpenenuTh NHHEHHYIO BeIWMYWHY mOmpaBku (AS,) B H3MepeHHOE
3HA4YeHHE HAKJIOHHOM IambHOCTH (ONTHYECKOW MJIMHBI IyTH) 3a aTMoc(epHoe

3amasgpIBaHUe CUTHANIA B HOHOC(hepe 3emi mo hopmyIe
Hn 1-n;

AS, = [ — Secq;(,)dH(44)
min  Niw)

PacyeTtsr u3 AByX paguovacToT IPEACTABUTH B BUAE TaOIHIIEI (Ta0I.7).

Tabnuma 7
Haw | foi(n) [Secoio [la [(1-niw)/niwSeciny  [AS,
H"min (u3pacueraB KOHEUHOU TOUKe cTpaTocdepsl 3emin Ha BoicoTe H min,
rabi. 5
Hi(f1)
Hi(f>)
Hnmax(fl)
Hnmax(fz)
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3aganue 9.BrrumcianTe MONpaBKY B HW3MEPEHHOE 3HAYCHHWE HAKIOHHOW
NATPHOCTH 3a KPHBH3HY Tpaekropud DBM 0T Ha3zeMHOW CTaHIMH O BEpXHEH
TPaHUIIBI HOHOC(EPHL.

VcxopHpie naHHble (puc. 10)

~

XM, YM - KOOPIMHATHI NIEPECEUCHUSI YT’ TPACKTOPHHU C BEPXHEW rpaHUICH
crpatocepsl Ha BBICOT€ H"min, BEIMHUCICHHBIE METOIOM HOJISIPHBIX KOOPIUHAT
(cm.1abm1.7).

Qi) (diw))- 3HAYCHHS 3CHUTHBIX PACCTOSHHUU (MJIM YIJIOB NPUXOJAA BOJIHEI) B
TEKYIIMX TOYKax HoHOc(epsl Ha BhicoTax Hj (cM.Tab:.7) s AByX paiuovacToT;

Meroauka pacuera:

1.  Beruucnenue yrinoB nageHus (ij) B KaXI0M U3 TPEYTOJbHUKOB
BBICOTHOM CTpaTH(QHUKAIMK HOHOC(HEPHI 3eMITH 110 TeopeMe CHHYCOB (27);

2.  BplunciieHne NEHTPaIbHBIX YTIOB B KaX/IOM M3 TPEYTOJIbHUKOB T10
dopmyue (28);

3. Brruncnenne  tpaektopunm  OBM B IyHKTE  PAcHOJIOXKECHHUSA
HaOmozaeMoro o0beKTa Ha MaKCUMaJbHOW YCIIOBHOW BBICOTE€ HOHOC(HEPHOTO
cios. BplumcieHus SIBISIFOTCS  NPOJODKEHHWEM aHAJOTMYHBIX —pPacueToB B
ctpaTtocdepe 3emiu;

4. BrluuciuTe paccrosiHie MEXAy HauaabHOW U KOHEUHOM TOUYKaMU Jyru
TpaekTopuu (Xopay) B noHochepe 3emitu mo popmyie (31);

5. BpIuucauTh oTIMYKe AYyTH TPAeKTOPUH OT Xopasl To Gopmyite (32);

6.  CpaBHHTH NOJydeHHOE 3HAUEHHE C AHAJOTUYHBIMH PACUETaMH B
Tpomnocdepe u crparochepe 3emm;

7.  BBMHCIUTD CyMMapHYIO T€OMETPUYECKYIO UIMHY KPHBOW TPaeKTOPHU

OBM oT Ha3eMHOW CTaHOMU 10 HaOIIOmaeMoro oOBeKTa B Tpormocdepe,
cTpaTocdepe u noHochepe 3emiu

8. BrluucinTe 0 KOOpAMHATAM PACCTOSIHUE MEX]y TOUKaMHU Ha3eMHON
CTaHIMH U HAOJIF01aeMOT0 O0BEKTa,;
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9. Brruncnuthk nmonpaBKy 3a KpUBU3HY JyTd TPACKTOPUH OT Ha3eMHOM
CTaHIMH JI0 HaOIr01aeMoro o0bekTa 1o dhopmyte (32).
10.  BBIYMCIUTH UICTUHHOE 3€HUTHOE PACCTOSIHUE MEXAY 3TUMHU ITyHKTaMH

o ¢opmyie (33) u yron peppakmuu mo popmyne (34).

Pe3ynbTaThl BBIYHUCICHUN OTAENBHO U JABYX 3aJaHHBIX paguodactotfiun
faipencraButh B TabnuIle, aHATOTHYHOM TabI1.4.
Crenate BBIBOABI 00 OCOOCHHOCTSAX DACIPOCTPAHCHHWsI CHUTHalNa B PasiTHYHBIX
atMochepHbIX cnosx (Tpomocdepe, crparochepe u HOHOCPepe 3emin) B
3aBUCUMOCTH OT KJIMMAaTHYECKHX U TeIHO-TreorpadUuecKuX YCIOBHi, 3¢HUTHOTO
pAaccTOSHUS HAOMIOACHUS U YaCTOTHI PAJTHOBOIH.
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IIpunoxenue 1

OMnupHUIecKasi MOJIEIb BEICOTHOTO PacIIpeAEIeHHs IICKTPOHHOM
KOHLICHTPAINH B CPEIHEIINPOTHON HOHOC(EpEe 3UMHETO CE30Ha

(nexabpb-sTHBapB)

Bricora, MecTtHOe BpeMs,u

KM 0 02 04 06 08 10
85 1,72(2) 4,51(2) 1,00(3) 3,21(3)
90 3,15(3) 8,01(3) 3,561(3) 1,11(4)
95 4,70(3) 2,01(3) 6,51(3) 2,562(4)
100 6,01(3) 5,03(3) 1,35(4) 5,01(4)
110 4,01(3) 5,50(3) 3,52(4) 9,81(4)
120 1,70(3) 2,03(3) 7,02(4) 1,05(5)
130 1,50(3) 2,52(3) 6,60(4) 1,18(5)
140 1,52(3) 8,01(3) 5,83(4) 1,25(5)
150 1,80(3) 3,02(3) 5,51(4) 1,62(5)
160 3,00(3) 2,63(3) 6,12(4) 1,80(5)
170 5,00(3) 2,91(3) 8,25(4) 2,11(5)
180 1,03(4) 4,00(3) 1,36(5) 2,55(5)
190 3,02(4) 4,00(4) 1,65(5) 3,07(5)
200 4,02(4) |4,16(4) 5,98(4) 1,99(5) 3,567(5)
250 |5,57(4) [7,35(4) |9,95(4) 1,06(4) 1,90(5) 4,14(5)
300 |7,12(4) [7,87(4) |9,18(4) 8,59(4) 1,08(5) 2,32(5)
350 14,90(4) |5,38(4) |5,77(4) 4,79(4) 5,67(4) 1,46(5)
400 |3,52(4) 13,59(4) |3,58(4) 2,87(4) 3,59(4) 8,74(4)
450 12,36(4) 12,33(4) |2,34(4) 1,86(4) 2,40(4) 6,12(4)
500 1,55(4) [1,61(4) |1,55(4) 1,26(4) 1,94(4) 4,29(4)
550 1,06(4) [1,22(4) |1,02(4) 9,04(3) 1,52(4) 3,15(4)
600 |7,79(3) 18,73(3) [7,03(3) 7,07(3) 1,24(4) 2,53(4)
650 |5,83(3) 16,03(3) [5,65(3) 5,75(3) 1,04(4) 1,91(4)
700 |455(3) 14,51(3) [4,32(3) 4,55(3) 9,06(3) 1,76(4)
750 |3,62(3) |3,80(3) |3,60(3) 3,61(3) 7,55(3) 1,57(4)
800 12,82(3) [3,02(3) [3,01(3) 3,13(3) 6,45(3) 1,31(4)
850 12,30(3) |2,61(3) [2,62(3) 2,86(3) 5,85(3) 1,07(4)
900 |2,00(3) |2,02(3) [2,10(3) 2,55(3) 5,30(3) 9,05(3)
950 1,80(3) [1,95(3) [1,95(3) 2,08(3) 4,65(3) 7,60(3)
1000 |1,50(3) [1,80(3) [1,83(3) 1,88(3) 4,00(3) 6,43(3)

Tpumeuanue. B mpui.1;2 1,83(3) osnauaer 1,83-10%cm Tabnuupl
3aMMCTBOBaHHI 13 [3].
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[Iponomxenue mpwui. 1

Bricora, MecTHoe Bpems,u

KM 12 14 16 18 20 22

85 3013) | 2,23(3) 9,01(2) | 541(2)

90 1,41(4) 9,01(3) 6,033) | 3,61(3)

95 3,54(4) 2,52(4) 1,61(4) 9,04(3)

100 6,51(4) 5,72(4) 2,21(4) 1,51(4)

110 1,16(5) 1,00(5) 3,81(4) 1,75(4)

120 1,18(5) 8,31(4) 4,26(4) 1,20(4)

130 1,25(5) 8,02(4) 3,85(4) 1,25(4)

140 1,43(5) 1,04(5) 3,85(4) 1,55(4)

150 1,71(5) 1,51(5) 4,00(4) 1,81(4) |6,02(3)

160 1,97(5) 1,81(5) 6,10(4) 2,32(4) 19,03(3)

170 2,32(5) 2,12(5) 8,02(4) 3,03(4) | 1414

180 2,76(5) 2,80(5) 1,24(5) 6,62(4) |2,02(4) | 1,28(4)

190 3,29(5) 3,52(5) 2,30(5) 1,03(5) |3,86(4) | 2,18(4)

200 4,02(5) 4,10(5) 3,27(5) 1,37(5) |5,05(4) | 3,15(4)

250 5,20(5) 4,87(5) 4,46(5) 2,69(5) |9,89(4) | 6,85(4)

300 3,27(5) 3,17(5) 3,02(5) 1,93(5) |9,01(4) | 6,83(4)

350 1,99(5) 1,92(5) 1,87(5) 1,34(5) | 6,02(4) | 5,33(4)

400 1,32(5) 1,35(5) 1,30(5) 9,12(4) [4,44(4) | 3,72(4)

450 8,83(4) 8,77(4) 8,84(4) 6,05(4) |3,10(4) | 2,58(4)

500 6,38(4) 6,38(4) 6,32(4) 4,14(4) |2,10(4) | 1,81(4)

550 | 4,75(4) | 4,99(4) 4,95(4) | 3,19(4) | 1,60(4) | 1,10(3)

600 3,82(4) 4,16(4) 3,96(4) 2,49(4) |1,21(4) | 8,35(3)

650 2,28(4) 3,18(4) 3,24(4) 1,85(4) |8,45(3) | 6,30(3)

700 2,15(4) 2,62(4) 2,58(4) 1,56(4) | 7,50(3) | 5,15(3)

750 1,92(4) 2,23(4) 2,03(4) 1,29(4) |6,16(3) | 4,03(3)

800 1,68(4) 1,92(4) 1,59(4) 1,07(4) |4,82(3) | 3,45(3)

850 1,36(4) 1,71(4) 1,38(4) 9,00(3) |4.32(3) | 2,95(3)

900 1,28(4) 1,52(4) 1,19(4) 7,77(3) [3,65(3) | 2,33(3)

950 1,05(4) 1,32(4) 1,07(4) 6,81(3) [3,10(3) | 2,12(3)

1000 | 9,46(3) | 1,20(4) 9,34(3) | 588(3) |2,95(3)| 1,90(3)
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ITpunoxenne 2

OMIUpUIecKas MOJIEIb BRICOTHOTO pacpeIeiICHUS
ANIEKTPOHHOI KOHLIEHTPALMK B CPETHELIMPOTHON HOHOC(]EpE JIETHETO Ce30Ha
(MTOHB-HFOJIB)

Beicora, MecTHOE BpeMs, 4
KM 0 02 04 06 08 10
85 1,70(2) 1,21(3)
90 1,15(3) 9,02(3)
95 1,44(4) 3,17(4) 5,03(4)
100 2,25(4) 8,01(4) 1,30(5)
110 6,51(4) 1,25(5) 1,60(5)
120 8,72(4) 1,23(5) 1,70(5)
130 6,55(4) 1,30(5) 1,81(5)
140 6,02(4) 1,47(5) 2,22(5)
150 6,51(4) 1,71(5) 2,41(5)
160 7,02(4) 2,02(5) 3,03(5)
170 8,51(4) 2,55(5) 3,21(5)
180 2,32(4) 1,23(5) 2,80(5) 3,75(5)
190 1,26(4) 3,80(4) 1,70(5) 3,20(5) 4,16(5)
200 1,75(4) | 1,09(4) | 5,60(4) 1,83(5) 3,75(5) 4,80(5)
250 1,03(5) | 1,20(5) | 2,10(5) 5,35(5) 7,12(5) 7,05(5)
300 3,65(5) | 4,60(5) | 5,25(5) 8,79(5) 9,63(5) 9,15(5)
350 7,55(5) | 7,57(5) | 6,20(5) 8,20(5) 8,04(5) 7,10(5)
400 7,80(5) | 6,55(5) | 5,05(5) 6,65(5) 5,70(5) 5,25(5)
450 5,82(5) | 4,34(5) | 3,95(5) 5,23(5) 4,05(5) 3,99(5)
500 4,11(5) | 2,62(5) | 3,08(5) 3,95(5) 2,84(5) 3,04(5)
550 2,82(5) | 1,70(5) | 2,35(5) 3,05(5) 2,15(5) 2,32(5)
600 1,85(5) | 1,08(5) | 1,75(5) 2,49(5) 1,61(5) 1,76(5)
650 1,25(5) | 7,30(4) | 1,30(5) 1,81(5) 1,28(5) 1,38(5)
700 9,36(4) | 5,12(4) | 1,03(5) 1,45(5) 1,03(5) 1,14(5)
750 6,60(4) | 3,65(4) | 8,20(4) 1,14(5) 8,17(4) 9,34(4)
800 4,92(4) | 2,44(4) | 6,40(4) 9,82(4) 6,64(4) 7,46(4)
850 3,63(4) | 1,75(4) | 5,22(4) 7,96(4) 5,56(4) 6,08(4)
900 2,55(4) | 1,33(4) | 4,25(4) 6,43(4) 4,75(4) 5,06(4)
950 2,08(4) | 1,15(4) | 3,53(4) 5,40(4) 4,07(4) 4,31(4)
1000 | 1,66(4) [ 9,24(3) | 2,95(4) 4,53(4) 3,60(4) 3,68(4)

Tpumeuanue. B npun.2 - 3,68 (4) o3nayaer 3,68-10%m3
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IIponomxkenue npuin.2

Bricora, MecTHoe Bpems,u
KM 12 14 16 18 20 22
85 4,01(3)
90 3,31(4)

95 |9,02(4) | 6,40(4) | 2,80(4) 151(4)

100 1,61(5) | 1,40(5) 9,00(4) 3,03(4)

110 1,95(5) | 1,90(5) 1,43(5) 6,50(4)

120 2,01(5) | 1,80(5) 1,30(5) 5,00(4)

130 2,30(5) | 2,03(5) 1,70(5) 8,00(4)

140 2,55(5) | 2,31(5) 2,00(5) 1,08(5)

150 2,75(5) | 2,80(5) 2,40(5) 1.25(5)

160 2,96(5) | 2,92(5) 2,71(5) 1,40(5)

170 3,10(5) | 3,03(5) 3,10(5) 1,61(5)

180 3,60(5) | 3,50(5) 3,70(5) 1.75(5)

190 4,13(5) | 3,95(5) | 4,05(5) 1,80(5)

200 4,54(5) | 4.35(5) 4,05(5) 2,45(5) 1,03(5) 1,97(4)

250 6,96(5) | 6,96(5) 6,60(5) 5.95(5) 3,15(5) 1,25(5)

300 8,60(5) | 8,27(5) 8,43(5) 8,40(5) 6,50(5) 4,75(5)

350 7,59(5) | 7,35(5) 8,05(5) 8,24(5) 8,94(5) 8,67(5)

400 5,63(5) | 5,50(5) 6,30(5) 6,59(5) 6,70(5) 8,50(5)

450 4,20(5) | 4,15(5) 5,06(5) 4,68(5) 4,52(5) 6,18(5)

500 3,11(5) | 3,20(5) 3,25(5) 3,50(5) 3,16(5) 4,30(5)

550 2,25(5) | 2,30(5) 3,08(5) 2,81(5) 2,23(5) 3,05(5)

600 1,75(5) | 1,76(5) 2,30(5) 2,10(5) 1,70(5) 1,97(5)

650 1,30(5) | 1,30(5) 1,77(5) 1,65(5) 1,28(5) 1,38(5)

700 1,08(5) | 1,06(5) 1.42(5) 1,18(5) 1,03(5) 1,05(5)

750 8,82(4) | 8,54(4) 1,09(5) 9,70(4) 8,20(4) 7,45(4)

800 7,02(4) | 7,05(4) 9,27(4) 7,52(4) 6,60(4) 5,90(4)

850 5,90(4) | 5,80(4) 7,30(4) 6,13(4) 5,42(4) 4,33(4)

900 4,91(4) | 4,95(4) 6,11(4) 5,32(4) 4,48(4) 3,40(4)

950 4,24(4) | 4,23(4) 5,23(4) 4,73(4) 3,80(4) 2,81(4)

1000 | 3,60(4) | 3,98(4) | 4,59(4) 4,28(4) 3,20(4) 2,20(4)

B npoMexxyTOYHBIX (MEK1y 9KCTPEMAIbHBIMH) COCTOSTHUSX HOHOC(EPHI
BBICOTHBII POQHIB IIEKTPOHHOM TNIOTHOCTH COCTAaBIISIETCS! MHANBU/YaIbHO
METOJIOM NpOCTeHIeil BpeMEHHONW HHTEPIOIALUY.
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[Ipunoxenue 3

CpenHue 3HaUEHHS TAPaMETPOB CTpaToc(epsl HA IUpOoTe 45° B 3UMHUIA
nepro (ekadpb-sIHBaph) U JICTHUH (MIOHb-HIOJB)

TFeomerpu 3UMHUH TIEPUOJT JleTHu# nepuon
;;ggg Temmneparypa JlaBnenue P, Temmepatypa Jasnenue P,rIla
PV T,K r[la(mb6ap) T,K (m0ap)
12 2179 187,0 2223 205,4
14 2171 136,8 216,2 150,3
16 216,3 99,9 216,2 109,7
18 2155 72,9 2173 80,1
20 2154 53,2 2197 58,7
22 2154 38,8 2221 43,2
24 2154 28,3 2244 31,9
26 2154 20,7 2275 23,6
28 2154 15,1 2315 17,8
30 2199 11,1 2355 13,1
40 2439 2,6 259,2 3.3
50 262,8 0,7 276,6 1,0
60 2492 0,2 2546 0,3
70 229,0 0,04 2125 0,07
80 208,4 0,00 182,1 0,01

Tabmuia cocTaBieHa B COKpAIleHHH 10 MaTepuaiam [5].

B ocTanpHBIX (MeXIy S9KCTPEMaIbHBIMHU ) KITMMATHYECKUAX YCIOBHAX
BBICOTHBIH MPOGIIIE METEOPOJIOTHUECKUX BEJINYHH COCTABIIACTCS HHANBUIYAIBHO
METOJIOM MPOCTENIIEN BpEMEHHOM HHTEPTIONSILIUU.
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[Ipunoxxenue 4

Haceimennas ynpyrocts BoasHoro napa E(M0ap) Hazx III0CKO# HOBEPXHOCTBIO YHCTOM
BOJIBI 1 JIbJIa IIPH Pa3HBIX Temreparypax t°C

t°C 0 1 2 3 4 5 6 7 8 9

Bona

50 123,390 | 29,644 | 136,169 | 42,972 | 150,064 | 57,455 | 165,155 | 73,174 | 181,523 | 190,213

40 | 73,7980 | 7,7980 | 82,0107 | 6,4186 | 91,0292 | 5,8501 | 100,889 | 06,154 | 111,654 | 117,396

30 | 42,4272 | 4,9242 | 47,5478 | 0,3035 | 53,1966 | 6,2329 | 59,4183 | 2,7870 | 66,2604 | 69,9297

20 | 23,3708 | 4,8583 | 25,4279 | 8,0834 | 29,8289 | 1,6682 | 33,6058 | 5,6459 | 37,7930 | 40,0518

10 | 12,2709 | 3,1178 | 14,0156 | 4,9672 | 15,9750 | 7,0420 | 18,1711 | 9,3653 | 20,6278 | 21,9618

00 6,1070 | 6,5653 | 7,0538 | 7,5743 | 8,1284 | 8,7181 | 9,3453 | 0,0120 | 10,7204 | 11,4726

-00 6,1070 | 5,6772 | 52745 | 4,8974 | 45444 | 42142 | 3,9055 | 3,6171 3,3478 3,0965

-10 2,8622 | 2,6438 | 2,4404 | 2,2512 | 2,0751 | 19114 | 1,7594 | 1,6183 1,4874 1,3661

-20 1,2538 | 1,1498 | 1,0536 | 09647 | 0,8826 | 0,8068 | 0,7369 | 0,6726 0,6133 0,5588

-30 0,5087 | 0,4627 | 0,4204 | 0,3817 | 0,3462 | 0,3138 | 0,2841 | 0,2570 0,2322 0,2097

-40 | 0,18909 | 0,17037 | 0,15334 | 0,13788 | 0,12384 | 0,11111 | 0,09959 | 0,08916 | 0,07973 | 0,07122

-50 | 0,06354 | 0,05663 | 0,05040 | 0,04481 | 0,03979 | 0,03528 | 0,03125 | 0,02764 | 0,02442 | 0,02154

-60 | 0,01897 | 0,01667 | 0,01466 | 0,01286 | 0,01126 | 0,00985 | 0,00860 | 0,00747 | 0,00653 | 0,00567

Jlen

-00 6,1064 | 5,6219 | 51727 | 4,7564 | 4,3709 | 4,0141 | 3,6840 | 3,3789 3,0970 2,8368

-10 2,5966 2,3752 | 2,1712 1,9833 1,8104 | 1,6514 | 1,5053 1,3711 1,2479 1,350

-20 1,0315 | 0,9368 | 0,8500 | 0,7708 | 0,6983 | 0,6322 | 0,5719 | 0,5169 0,4668 0,4212

-30 0,3797 | 0,3420 | 0,3078 | 0,2768 | 0,2487 | 0,2232 | 0,2002 | 0,1794 0,1606 0,1436

-40 0,1283 | 0,1145 | 0,1021 | 0,0995 | 0,08094 | 0,07196 | 0,06390 | 0,05669 | 0,05024 | 0,04448

-50 | 0,03933 | 0,03474 | 0,03066 | 0,02702 | 0,02379 | 0,02092 | 0,01837 | 0,01612 | 0,01412 | 0,01236

-60 | 0,01080 | 0,00943 | 0,00822 | 0,00716 | 0,00622 | 0,00540 | 0,00469 | 0,00406 | 0,00351 | 0,00303

[Mpnmeuanne. Tabnuia B cOKpaIieHUN 3aMMCTBOBaHa U3 [4]
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