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PEKOMEH/JIALIUSI MCD-R P.834-9

Bausinue TponocgepHoi peppakuun Ha pacnpocTPpaHeHue paguoBOJIH
(Bompoc MC3-R 201/3)
(1992-1994-1997-1999-2003-2005-2007-2015-2016-2017)

Cdepa npumenenust

B Pexomenpannn MCD-R P.834 mpenocraBieHbl METOIBI pacyeTa KpyMHOMACIITaOHBIX pedpakMOHHBIX
SBIICHUH B aTMocdepe, BKII0Yash OTKIOHEHWE JIy4a, BOJIHOBOJAHBIC CIIOW, SKBUBAICHTHBI pajnyc 3eMily,
BUJMIMBIA yrojl MecTa W YINIBl HampaBJIeHWss MakCUMyMa H3JIy4YeHUs Ha Tpaccax 3eMIIsi-KOCMOC |
3G PEKTHBHYIO JUTMHY PaHOTPACCHI.

KiioueBkblIe cj10Ba

YBenuueHue JUIMHBI Tpacchl B Tpomocdepe, auaus cBsi3u 3emis-kocmoc, 'HCC, 4wucieHHBIH NPOrHO3
TIOTOJTBI, ITIU(POBBIE KAPThI

Accambies pagunocBsizu MCD,

yuumosleast,

a) 9TO JUISI HAIJISKAIETO TIAaHUPOBAHWS HA3EMHBIX JIMHUN CBS3W W JUHUN CBS3H 3EMIISI-KOCMOC
HEOOXOMMBI COOTBETCTBYIOIINE MPOIETyPhl PACUETOB JUI OIIEHKH BIUSHUS pedpaKkuy Ha paIHOCUTHAIIBI;

b) yTO0 OBUIM pa3pabOTaHbl MPOLEAYPHI, IO3BOJISIONIME KOJIMYSCTBEHHO OIICHUTh HEKOTOPBIC
pedpakiroHHbie 3P GEKThI IPU PACIPOCTPAHEHUH PAIMOCUTHAIOB 10 HA3€MHBIM JIMHUSM CBS3U U JIMHUSAM
CBSI3H 3eMJII-KOCMOC,

peKomenoyem,

YTOOBI TIPH pacyeTe BIUSHUS KPYIMTHOMACIITA0OHBIX pe(pakIMOHHBIX SIBICHUH 0053aTEIbHO WCIOIH30BAIACH
nHpopMarus, mpeacTapicHras B [Tpumoskennn 1.

IIpuioxkenne 1

1 OTkiIoHeHHe JTy4a

Pamnonyu, mpoxons depe3 HIWKHUI (HEMOHH3WPOBAHHEIN) CIOW aTMOc(epsl, MpeTeprieBaeT OTKIOHEHHE,
BBI3BAaHHOE HAIMYMEM IpaueHTa uujekca pedpaxkunu. [lockonbky BenuumnHa HHAEKCA pedpakuy MEHIETCS
[JIaBHBIM 00pa3oM IO BBICOTE, TO, KaK IPABMJIO, PACCMaTPUBAIOT TOJIBKO €r0 BEPTHUKAIBHBIA I'DaJUCHT.
[TosTOMy KpHBH3HA JIyda B TOUKE MIPOUCXOIUT B BEPTUKAIBHOM MJIOCKOCTH U BBIPAXKAETCS] YPABHEHUEM:
1 cosg dn

pn dh’

1)

rie:
p:  paauyc KpUBH3HBI TPACKTOPUH JIy4a;
n: wHIEKC pedpakiyuu B atMochepe;

dn/dh :  BepTuKambHBIA IpaUeHT HHACKCA PePPAKIIIH;

* B 2020 rony 3-a HCCJ’IGI[OBaTeJ'ILCKaH KOMHCCHA MO PpaAHMOCBA3M BHCCJIA TOINPABKHU PCAAKIIMOHHOI'O XapaKTepa

B HacTosIIyI0 PexoMenmarmio B cooTBeTcTBUH ¢ Pesomronmeit MCO-R 1.
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h: BBICOTA TOYKU HAJ]T TIOBEPXHOCTHIO 3CMJ'H/I;

(@: yrol TPAaeKTOPUM  Jiyda  OTHOCHTEIbHO  TOPHU3OHTAIRHOW  IUIOCKOCTH B
paccMaTprBaeMoil TOUKe.

Takast KpuBU3HA JTy4a ONPEEIAETCSA KaK OJIOKUTENbHAS, ECIIU OTKJIOHEHHUE JIy4ya HaIllpaBJIEHO K IOBEPXHOCTH
3emsn. OTO sBIcHHE (PAKTUYCCKH HE 3aBUCHUT OT YacTOTHI, €CJIM HAa PACCTOSHUHW, PAaBHOM JUIMHE BOJIHBI,
IPaJMeHT UHAeKca pedpakiiuu MEHICTCS HE3HAYUTEIBHO.

2 JKBHBAJIEHTHBIN paauyc 3emin

Ecnu tpacca siBisieTcst IOYTH TOPU30HTANILHOM, BelMMYKHA ( O1m3Ka K Hymo. OJTHaKO Tak Kak N 04eHb OIM30K
K equHuIe, ypaBHeHue (1) yrpornaercs CleayonmM o0pa3oMm:

1 dn
=-- @
p dh
HOBTOMY O4YCBHUJHO, 4YTO €CJIU BepTHKEUIBHBIﬁ TpaguCHT ABJACTCA IMOCTOSHHBIM, TO TPACKTOPUH
MPEJICTABJIAIOT COOOM IyTH Kpyra.

Ecnu BBICOTHBII TpOoduITh H3MEHEeHUsT pe)paKIUK JTMHEEH, T. €. TPaJAUEHT pedpaKIUu OCTaeTCsl TOCTOSHHBIM
BJIOJIb TPACKTOPHH JIy4a, BO3MOXKHO IIPe0o0pa3oBaHue, KOTOPOE MO3BOJISIET PACCMATPHBAThL PACIIPOCTPAHEHUE
Kak MpsSMOJIMHEHOe. DTo TpeoOpa3oBaHKHE TMpeNroiaraeT, 4YTo paclpoCTpaHEHUE IPOUCXOJUT Ha
THIIOTETHYECKO# 3emMiteil ¢ SKBUBAJICHTHBIM pagnycoM Re = ka mpu:

1 1 dn 1

ka a dh R,

rae a — ¢axkrnyeckuii paanyc 3emnn, a K — xosddunmenT skeuBanenTHoro pamuyca 3emin (K-axTop).
B pesynbraTe Takoro TeOMETPHYECKOTO MNPEOOpa3OBaHUS TPACKTOPHH JIy4ed CTAHOBATCS JMHEWHBIMH
HE3aBHCHMO OT yTJla MeCTa.

Crporo ToBOps, TpamueHT pedpakiuyd OCTaeTCs TOCTOSHHBIM, TOJBKO €CIH Tpacca TOPU30HTAJIbHA.
Ha npaktuke s BbicoT MeHee 1000 M 3KCIIOHCHLMANBHYIO MOJCNb YCPEAHEHHOro MPO(UIsS HHICKCA
pedpakmum (cMm. Pexkomenmammio MC3-R  P.453) moxnHO 3ameHHTHh JHHEHHOW. (COOTBETCTBYIOIIHMA
k-chaxTop k = 4/3.

3 MoauduunpoBaHHbIi UHAEKC pedpakuun

JUIst HEKOTOpBIX NPUMEHEHWH, HampuMep NpU IOCTPOCHHH TPACKTOPHUH JIyda, HCIIOIb3YETCs
MO (UIMPOBAHHBIA WHAEKC pedpaKkiuy WM MOIYJb pedpakiyi, KOTOPBIH onpeneneH B PexomeHamn
MCD-R P.310. Monyne pedpakiuu, M, onpenensiercss ypaBHEHUEM:

MonN+D (4)
a

rae h— BbicoTa paccMaTpuBaeMoii TOYKU B METPaX, a & — paiyc 3eMIIH, BHIPQKCHHBIN B THICSYaX KHJIOMETPOB.
C momouipio 3Toro npeodpasoBaHusl PACIPOCTPAHEHWE MOKHO CBECTH K PaclpOCTPaHEHHUIO HaJl MJIOCKON
3emiieli B atMocepe, MpenoMIIsIIonIas CHoCOOHOCTh KOTOPOH paBHA MOAYJIIO pedpakuuu M.

4 Buaumblii yroa HanpapjieHHsl MAKCHMYMA M3JIy4eHHMsl HA HAKJIOHHBIX Tpaccax

4.1 BBenenne

HpI/I HCCICAOBAHNHU BOIIPOCOB, CBA3aAHHLIX C COBMCCTHBIM HCITIOJIb30BAHHUEM 4aCTOT, HCO6X0):[I/IMO OMpeacIATb
BHHHMBIﬁ yroix mecta KOCMHUYECKOH CTaHIIlUMU C YUYCTOM aTMOC(bepHOﬁ peq)paKuHH. Huoxe IIPUBOAUTCA
COOTBCTCTBYIOH_II/Iﬁ MCTO/J pacycTa.
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4.2 BuanmMocTh KOCMHYECKOH CTAaHIIHH

Kak omumcano Bbime B 1. 1, paguonyy, H3JydaeMblid CTaHIMEN, HaXOMAIIEHcs Ha MOBEPXHOCTH 3eMIIH
(na BeicoTe h (kM) 1 UMerolei yron mMecra 6 (rpamaycoB)), OyzaeT moja BIusHUEM atMocdepHoi pedpakiuuu
nusrubatbess B cTopoHy 3emnu. [lompaBka Ha pedpakuuio, T (B Tpamycax), BBIYHCISIETCS € MOMOIIBIO
CIIEIYIOIEr0 UHTErpaja:

_ [ r(x)
t o I n n(x) - tang o ©)

TJie (@ oIpeersieTcs B MOJISIPHBIX KOOPAMHATAaX Ha OCHOBE 3akoHa CHeNIyca CIeAyIomnuM 00pa3oM:

c
08¢ = (r +x)-n(x) (6)
c=(r+h)-n(h)-coso @)

r: pamayc 3emmn (6370 km);

X!  BbICOTA (KM).

[MockonbKy OTKIIOHEHHWE JIy4a B 3HAYMTENLHOW CTENCHU ONpEAeNsieTcsl HWKHEH 4acThio arMocdepsl, s
0OBIYHOI aTMOC(epsl MHJIEKC pedpakiiy Ha BEICOTE X MOKHO OINPEETUTh 1o hopMyIie:

n(x) = 1+ a-exp (-bx) ®)

rac.
a = 0,000315;
b=0,1361.

3Ta MoJIellb OCHOBaHA Ha UCIIOJIh30BAHUH YKCIIOHEHIIHATBHON MOJIENTN aTMOC(EPHI JJIsl paclipoCTpaHEHUSI Mo
HA3eMHBIM Tpaccam, KoTopas npuBereHa B Pexkomenmarmun MCD-R P.453. Kpome Toro, n' (X) sBisercs
mpou3BoaHoi oT N(X), T. €. N' (X) = —ab exp (-bx).

3nauenus T (h, 0) (B rpamycax) pacCUUTHIBATKUCH JUIS YCIOBHI 3TAIOHHOW aTMOC(hEpBI, IPH ITOM 0Ka3aJIoCh,
4TO CIeIyIoNIas YucioBas GpopMyia odecredrnBaeT XOPOIIyIO alpPOKCHMAITUIO:

T(h, 0) = 1/[1,314 + 0,64370 + 0,02869 62 + h (0,2305 + 0,09428 0 + 0,01096 62) + 0,008583 h2].  (9)

IMpuBeneHHass Bbimie ¢GopMyiaa Obuta modydeHa B KadecTBe ammpokcumaruu it 0 <h<3km u
0n<6<10° rme Oy — yroi, mOoA KOTOPBIM paJHONyd TIepeceKaeTcs C 3€MHOM IMOBEPXHOCTBHIO

U KOTOPBIN onpenenseTcs Kak:
r n(0
6, = —arccos ( . %}

r+h nh)

(10)
WIH, IPUOIN3UTENBHO, 9m=—0,875\/ﬁ (rpamycsr).

VYpasHenue (9) maet Takke BIOIHE MPHEMIIEMYIO alllIPOKCHMANKIO B quamazone 10° < 6 < 90°.

[Iycth yron Mecta KOCMHYECKON CTAaHLMH B YCIOBHUSX PACIPOCTPAaHEHHs B CBOOOIHOM MPOCTPAHCTBE OyneT
paBeH Op (rpamycbl), a MUHHUMAaJIbHBIH YroJl MECTa OT CTaHUMH Ha IOBEPXHOCTU 3eMJHM, JUII KOTOPOTO

panuoIyd He mepeceKkaeTcs ¢ 3eMHON ITOBEPXHOCTHIO, — Op,. IlonpaBka Ha pedpakiuro, coorBeTcTBYIOmAst O,
oyner pasna t (h, 6n). CienoBaTensHO, KOCMHYECKasi CTaHUUs OyJeT BHIMMA JIHIIb B TOM CIy4ae, eClH
BBIIOJIHAETCS HEPABEHCTBO:

em_T(hi 6m)S 90. (11)
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4.3 Omnpenenenne BUANMOIO yIjia MecTa

Ecnun nepaBencTtBo B ypaBHeHuu (11) BeImomHsieTcs, TO BUAMMBIA yroil Mecta, 0 (rpamychl), MOXHO
OTIPENENUTh C y4eToM aTMoc(epHoii pedpakunu, pelmB cleayoliee ypaBHEHHUE:

6 — t(h, 6) = 6. (12)
Pemenne ypaBuenus (12) numeer BU:

0 = 90 + Tg (h, 90), (13)

rae 3HaueHus Ts (N, Oo) unenTrynbl 3HaueHusM T (h, 0), HO BbIpaskeHsI B BUe GyHKIMH Oo.
Oyuxiws s (h, Oo) (Tpamxychl) XOpoIIo anmpOKCHMHUPYETCS CIEAYIOIIEH YUCITOBOM POPMYJION:

s (h, B0) = 1/[1.728 + 0.5411 6o + 0.03723 6, + h (0.1815 + 0.06272 6o
+ 0.01380 6¢°) + h?(0.01727 + 0.008288 00)] (14)

3HaueHue 0, pacCUUTaHHOE C MOMOIILI0 YpaBHeHus (13), u OyaeT BUAMMBIM YTJIOM MECTA.

4.4 OCHOBHbIE dTaNbl BLIYMCJICHUI

Oman 1. Yron Mecra KOCMHYECKON CTAaHIMH B YCJIOBHSIX PACIPOCTPAaHEHHS B CBOOOJHOM IPOCTPAHCTBE
o0o03Hauaercs Kak 0.

Oman 2: C nomompio ypasHenuid (9) u (10) mpoBeputs, BbimonHsiercss i ypaBHenue (11). Eciu oo
HE BBINTOJIHAETCS, TO CIIyTHUK HEBUUM, U, CJIEZIOBATENbHO, JabHEHIIINE BEIYUCIEHUS HE TPEOYIOTCS.

Oman 3. Eciu oTBeT Ha 3Tarne 2 MoJ0KUTEIbHBIN, TO ¢ moMoIpio ypaBHeHu# (13) u (14) paccuutsiBaeTcs 0.

4.5 Pe3yJ’leaTbI H3MEPEHUA BUIUMOI0 yrJjia HalmpaB/JIC¢HUA MAKCUMyMa U3JTYyIYCHUSA

B Tabnuiie 1 nmpeacraBieHbl cpeiHe 3HAYSHNS YTIIOBOM JEBHALMY TP PACTIPOCTPAHEHUH PAHOBOJH Yepes
atMocdepy 3eMHOTO mapa. B Hell cyMMHpOBaHBI 3KCIIEPIMEHTAIbHBIE JaHHBIE, MOyYEHHBIE C MTOMOIIBIO
PaAMONOKAIMOHHBIX METONIOB, M M3MEPEHUsS, B KOTOPHIX HCIOIH30BAIUCH PATHOMETP M PaAUOTENIECKOIL.
Bokpyr storo BuamMoro yria mecra OyayT MMeTb MeCTO (IYKTyallid H3-3a JOKaJIbHBIX W3MEHEHHI
CTPYKTYpPHI HHAEKCa pedpakiiny.

TABJINIA 1

BeanyuHbl yri10Boii ieBHAIIMY MPH PACTIPOCTPAHEHUH PAUOBOJIH Yepe3 aTMoc(depy 3eMHOr0 mapa

Cpennsisi od1asi yriopas qeBuanusi, AQ
(rpagycsbi)
Yroa mecra, 0
(rpamxycbr) IMonsipubIit YmepenHblid YmepenHblid Tponuyeckui
KOHTHHEHTAJbHBIA | KOHTHHEHTAJbHbIM MOPCKOii MOPCKO
BO31YX BO3YX BO3AYX BO3AYX

1 0,45 - - 0,65

2 0,32 0,36 0,38 0,47

4 0,21 0,25 0,26 0,27
10 0,10 0,11 0,12 0,14
20 0,05 0,06

30 0,03 0,04

Konebanust Bemumab! A 0TO AHS KO JHIO (TOIBKO Uit CTONONOB 1 1 4)
1 0,1  cpeaHeKBaJpaTHYHOE 3HAUCHHE
10 0,007 cpenHexkBaapaTHYHOE 3HAUCHHE
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5 DoKyCHMPOBKA U Pac(phoKyCHPOBKA BOJIHBI IIPH PACIIPOCTPAHEHUH Yepe3 aTMochepy

[Motepu 3a cueT pacxoxaeHus idyda Apg MPEACTABISIOT cO00i HENMHEWHBIC MOTEPH, KOTOPHIE BO3HHKAIOT
BCJIC/ICTBUE PACIIUPCHUS JIy4a aHTCHHBI B BEPTUKAIBHOIN YIIIOMECTHOH IUIOCKOCTH, OOYCIOBIMBAaEMOIO
M3MCHEHHEM HWHJCKCa pepakiiy paJvioBOJIH B 3aBUCUMOCTH OT BBICOTHI. J[aHHOE sIBJICHHE MPOSBIISETCS
HE3HAUUTEIHHO MPH yIiIax Mecta boiee 5°.

[orepwn curHama 3a cueT pacxOKIACHUS JTyda JJsl BOJHBL, pacCpOCTPAHSIOIIEcsl yepe3 aTMoc(epy 3eMHOTO
apa B HalpaBJICHUSX 3eMIISI-KOCMOC U KOCMOC-3eMJIsl, ONIPEIEIISIOTCS CIIEAYIOIUM 00pa3oM:

A, =-101log(B) (nB), (15)
rae:
B=1 0,5411+0,074460,+h(0,06272+0,02760,)+h%0,008288 (16)
- - 2
[1,728+0,541168(+0,037236¢%+h(0,1815+0,062726(+0,01380,>)+h?2(0,01727+0,0082888))]
rae:
Oo:  yroa Mecra JIMHUHU, COCHMHSIONICH TEPENAIONINI U MPUEMHBIN MyHKTHI, B Tpagycax
(60 < 100);
h:  BeIcOTa camoii HU3KO¥ TOUKHM Haja ypoBHEM Mopsi, B kM (h < 3 km);
6 YBenuveHue JJIMHBI PATHOTPACCHI U €€ M3MeHEeHU I

[MockoabKy uHAEKC TporochepHol pedpakiuu 00JbIlIE SAUHUALIBI M U3MEHSACTCS B 3aBUCUMOCTH OT BBICOTHI,
MPOTSHKEHHOCTh PAaTUOTPAcChl MPU PACHPOCTPAHEHWH BOJH MEXAY IMMOBEPXHOCTHIO 3€MJIM M CITyTHHKOM
MPEBBIIIAET TEOMETPUUECKYIO JIMHY Tpacchl. DTy pasHUIy B JIMHE MOXKHO OIpPEIEIUTh C MOMOIIBIO
CIIEIYIOLIET0 HHTETpaia:

B
AL = j(n ~ 1) ds, (17)
A

re:
S:  paccTOsSHHE BIOJIb TPACCHI;
N: WHICKC pedpaKInm;
AuB: KOHIIBI TPACCHI.

VYpasaenne (17) MOXHO HCITOJIB30BATH JIUIIH B TOM CITydae, KOTJja M3BeCTHBI N3MEHEHUS HHIEeKca pedpakiinu
N BJOJb TPACCHI.

Ecmu temnepatypa, T, atmocdepHoe naBienue, P, u oTHocuTeNnbHas BIaKHOCTh, H, Ha ypOBHE TOBEPXHOCTH
3eMJIM W3BECTHBI, TO YBEIMYEHUE JUTMHBI Tpacchl AL MOXXHO BBIYHCIUTE C IOMOLIBIO MTOTYIMIMPHYECKOTO
METO/a, 0 KOTOPOM peub IOWJET HIKE U KOTOPBIM ObUI BEIBEIEH € MCIIOJIb30BaHUEM NPO(UIIeH, MOTyICHHBIX
C MOMOILBIO PaIO30HANPOBAaHUS aTMOC(ephl, Ha OCHOBE AaHHBIX, cOOpaHHBIX Ha 500 METEOPOIOrHYECKUX
CTAaHIUSAX B TEUYECHHE ONHOTOAMYHOM KammaHuu 1979 roga. B ocHOBe 3TOro meroja JSXKUT Clexyrouiee
YpaBHEHHE AJISl ONPEICIICHUS YBETUUYEHHS JUIMHBI Tpacchl AL:

L= ALy
sing, (L+k cot® @,

)1/2 +8((P0’ALV)1 (18)

rIe:
(p: YrOJ MecTa B TOUKE HaOIIOICHUS;
ALy : yBelWYeHHE JUIMHBI TPACCHI MO BEPTHKAIIH;

kud (p0, ALy) : mompaBouHble  KO3(D(GUIMEHTBl, MpPU  BBIYUCICHHH KOTOPBIX  MCHOJB3YETCS
9KCHOHEHIUAIBHAS MOJIENb aTMOC(hEphI.
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V3mMeHeHus yriia MecTa Ha Tpacce yYMTBIBAIOTCS C moMolibio kKoddduuuenta K. Yien d (po, ALY) oTparkaer
BIMsIHUE pedpakiuu (Tpacca He SIBISETCS MPSIMOH JIMHUEH). DTOT 4ieH BCeraa OYeHb Mall 10 BENWYMHE, 32
HCKITIOYEHHEM TeX CITyyaeB, KOT/Ia YroJl MecTa Ou4eHb MaJl, a IOTOMY UM MOXHO MTpeHeOpeyb B BEIYMCICHUSAX;
3TO MPUBOJAUT K MOTPEIIHOCTH BCEro JUIIb 3,5 ¢M Juid yraa @o nopsaka 10° u 0,1 MM 11 yria @o nopsiaka
45°. KpoMe Toro, MO>KHO 3aMETUTh, YTO MPU OUCHb HU3KUX YTJax MecTa, KOrJa HeJb3sl IpeHeOpedb WICHOM
d, TOMyIIeHHEe OTHOCUTENBHO IJIOCKOHM CTpaTu(HUIUPOBAaHHON aTMOChEpbI, JIeXKalllee B OCHOBE BCEX METOJIOB
pacueTa yBeJIn4eHHs AJIUHBI TPACChl, Oosiee He AEHCTBUTEIBHO.

YBenuyeHnue JUIMHBI TPACCHl IO BEPTHKAIHN (M) OTMCHIBACTCS] YPaBHEHHEM:
ALy = 0,00227 P+ f(T) H. (19)
B niepBom usiene npaBoii yactu ypaBaenus (19) P — armochepHoe naBnenue (rlla) B Touke HaOIOICHNUS.

Bo BTOpOM UJieHe, KOTOPBIi MOTy4eH SMIUPHYECKUM IyTeM, H — oTHOcuTenpHast BIaXHOCTh (%); GyHKIUS
temmeparypsi f (T ) 3aBuCHT OT reorpaduuIecKOro MECTOMOIOKEHNST M UMEET CIIETYFOITHI BU/I:

f(T) = a10", (20)
rae:
T Beipakena B °C ;
a BbIpaKeHa B M/% OTHOCUTEIILHOW BIAXKHOCTH;
b BEIpaskena B °C 1,

[Mapamerps! @ 1 b B 3aBHCHMOCTH OT reorpaduueckoro MeCTOIOIOKEHNUS TPUBEICHBI B Ta0HIIE 2.

TABJIMLA 2
M a b
€CTOII0JIOKEHHE (/%) o)
[TpubpesxHbie paiioHbl (OCTPOBA WIIH ITYHKTHI, YIAJICHHbIC 5,5 x 104 2,91 x 102
Menee uyeM Ha 10 kM ot Oepera Mopsi)
HenpubpeskHble YKBaTOpPHATbHBIE PaiiOHbI 6,5x 104 2,73 x 1072
Bce npoune paiioHb! 7,3x 104 2,35 x 102

ITpu BbIUKCIIEHHH TTOMPaBOYHOTO Kodddurmenta K, Bxomsiiero B ypasuenue (18), nenaercs mpeamnonoxenne
00 9KCITOHEHIIMAIBHOM 3aKOHE H3MEHEHHUs aTMocdepHoit pedpakimu N B 3aBUCMMOCTH OT BBICOTHI h:

N(h) = Nsexp (—h/ ho), (21)
roe Ns — cpemHee 3HaueHuwe pedpakinuu y moBepxHoctd 3emin (cM. Pekomenmarmio MCD-R P.453),
a hy ompezernsercs Kak:
A
h, =10° Aly (22)
NS
Torzaa K BEIYKCIIAETCS ¢ HOMOIBIO CICAYOIIETO BHIPAKCHUSL:
nS rS

—1-| s
n(hy)r(hy)

rae Ng u N (hg) — 3HaueHus HHAEeKCa pedpakiy BOIM3U MOBEPXHOCTH 3eMJIM U Ha BbICOTE Ny (ompesensembie

: (23)

u3 ypaBHeHus (22)), COOTBETCTBEHHO, a I's U I' (Np) — COOTBETCTBYOLIHME PACCTOSIHUS JI0 IIEHTpa 3eMIIH.

Jns Tpace 3eMis-KOCMOC ¢ yrilaMu MecTa 0 yBenuueHue JUTUHBI Tpacchl B Tporocdepe AL(0) (M) MoxHO
MPEJCTaBUTh B BUE CYMMBI "TujpocTatndeckoi” u "BraxkHou" coctapnstomux ALy(0) u ALw(0).
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VBenMUYeHUE JUTMHBI TPAcChl BJOJIb BEPTHKAIbHOW Tpacchl, ALy U ALwy, MOXXHO CIpoenMpoBaTh Ha Yroi
Mecta 0 Gosee 3°, UCob3ys BE OTACIbHBIC (YHKIMU YUCICHHOTO KapTUPOBAHMUS VIS THIPOCTATUYSCKON U
BJIXXHOU CoCTaBIsOIIMX, Mu(0) 1 mw(0):

AL(B)=AL, (0)+AL, (0)=AL,, -m, (0)+ AL, -m, () ™ (24)
IuapocraTryeckylo BEPTHUKAIBHYIO COCTABIISIIONIYI0 HA TOBEPXHOCTH 3eMiH, Alnys, MOXKHO IOJIy4YHTb,
HCIIOJIB3YS CIIEAYIONIee ypaBHEHHE:
&R
Alpgys=10""9 4 ps  m (24a)
Oms

BraxHyio BepTHKaJbHYIO COCTABIAIONIYIO Ha MOBEPXHOCTH 3eMiH, AlLwys, MOXHO MONYyYHUTh, HCIONIB3YS
ClIe/lyIOllee yPaBHEHHUE:!

6 Rg ko &
Oms (A+1) Tns

Alyyys=10 (24b)
re:
Ps, €. oOmiee AaBieHHE BO3AyXa M YAaCTUYHOE JABJICHHE BOJSHOTO Iapa y MOBEPXHOCTH
3emiu (rlla);

Tms:  CpemHsis TeMIepaTypa CTojida BOASHOTO mapa Haa moBepxHOcThIo (K);
A: K03 UIMEHT yMEHbIICHHS JaBJICHUS Tapa;
Rq:  R/Md =287,0 (Ix/xr K);
R:  momspuas nmocrosHHas rasa = 8,314 (Ix/mon K);
Mgy:  MouspHast Macca CyXxoro Bo3ayxa = 28,9644 (r/mon);
ky = 77,604 (K/rITa);

ky= 373900 (K*/rlTa);

Oms=  gm(hs)

gm(h) = 9,784 - (1-0,00266 - cos (2 - lat) — 0,00028 - h) = yckopeHue CHIIBI TSHKECTH B IIEHTPE
MAacchl BO3IyXa C BEICOTHI h (M/c?);

lat: mmpora MecromonoxeHus (paauaHel);
hs:  BBICOTA OBEPXHOCTH 3eMJIH HaJ CPEAHUM YPOBHEM MOpS (H.C.y.M.) (KM);
h:  BeICcOTa mepenarynka HaJl CPEIHUM YPOBHEM MOPS (H.C.y.M.) (KM).

JIisi TIPHEMHHKOB, PAcCIOJOKEHHBIX Ha BBICOTe h, OTIHMYaromieiics OT BBICOTBI MOBEPXHOCTH, Ng,
THIPOCTaTHUYECKAs U BIIAKHAs BepTHKanbHbIe cocTapistomue, ALny(h) u ALwy(h), 3anatoTcst ypaBHEHUAMU:

R

AL, (h)=10 ; h)kl-p(h) M (25a)

Ry k elh)

M 25b
gn(h) (A +12) T,(h) =)

AL, (h)=10"

rIe:

3HAYCHHUS BXOJIHBIX METEOPOJIOrHYecKuX napamerpos Ha Beicote h, Tm(h), e(h) u p(h), MoryT ObITH MOy 4EHBI
13 3HAYCHHI Ha TIOBEPXHOCTH 3eMJIH, T s, €5 M Ps, €CITH UCIIOJIb30BATh CIICIYIOIINE YPAaBHEHHS:

Tm(h) = Tms — 0O, - (h - hs) K (26a)
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9
a-(h=h,) [Rie
o(h)=p |12 (") Ml (26b)
TS
(h) A+l
e(h) = e, . | 2 IMla, (26¢)
Ps
rue:
Om = BEPTHKAJbHBIN IPaJANEHT CPeHEH TeMIepaTypsl BOJSHOTO Tapa ¢ MOBEPXHOCTH
3emmn (K/xm);
Ts= rtemmneparypa Bo3ayxa Ha nosepxHocTH 3emin (K) = Typg 1—ﬂ K; (26d)
(A+Dg
0= BEpTUKAIBHBIH IPaJMEHT TEMIIEPAaTyphl Bo3Iyxa ¢ moBepxHocTh 3emun (K/km) =
. 50,5-{(“1)'9 _\/(x+1). g [(x +1)-g _4amﬂ K/kM; (26¢)
Rg Rg Rd
R Rd /1000 = 0,287 Ix/(r K); (24f)

a =
g= 9,806-(1-0,002637 -cos(2-lat)—0,00031-hg ) = yckopeHue CHIIBI TSKECTH HA
noBepxHOCTH 3emmn (M/c?).

Bce BxoaHbIe MapaMeTphl MOJCIH, Ps, €, Tms, A X Olm, MOT'YT OBITh MOJIyYEHBI HCXOIS M3 MPEATONI0KEHHUS, YTO
METEOPOJIOrHUECKUE TTapaMeTPhl XapaKTEPU3YIOTCs CE30HHOH (UIyKTyaruex.

M} | 273)

Xi (Dy)z alj —a2jcos {27[ 36525

re:
Xi:  Ps €5, Tmsy A WM Oy, MEzekc i, 1 0003HavaeT Ps, 2 0003Ha4aeT €5, 3 0003HaYaET T,
4 o6o3Hayaer A 1 5 0603HAYAET Oy
ali: cpeaHee 3HAYECHHUE IApaMETPa;
a2j:  cesoHHas (QOyKTyaIus napamerpa;
a3j. JeHb MUHMMAJLHOI'O 3HAYCHHS ITapaMeTpa;

Dy:  nmemwropma(l,2...,365,25), 1 =1 auBaps, 32 = 1 despans, 60,25 = 1 mapra.

Koadpunuentsr al, a2 u a3 mapamerpoB Ps, €s, Tms, A U Olm, @ TAKKE BEIUYIMHA ITATOHHOW BBICOTHI Nyer, TIO
KOTOPBIM PacCUUTHIBAIOTCS 3TH KOA(G(GUIIMEHTHI, SIBISIOTCS HEOTHEMIIEMOW YacThi0 3ToW PexoMmenmanuu u
MIpeCcTaBIIeHH B (hopme UpOBLIX KapT, coaepxamuxcs B daitne R-REC-P.834-9-201712-111Z|P-E.

Jannple ipeacTaBieHs! I 3HadeHnid JonroTsl oT 0° 1o 360° u mmpoTsr ot +90° mo —90°, paszpemenue mo
MUpOTe W JOAroTe cocraBiser 1,5°. BenuumHy yBenmuueHWs UTMHBI Tpacchl B JIIOOOM JKeTaeMoM
MECTOIOJIOKEHUH W Ha JI000H BBICOTE HaJ MOBEPXHOCTHIO 3eMiid N, MOXHO MHONYYUTH C TOMOLIBIO
CIIEITYIOIIEr0 MeTo 1a:

a) OnpenenuTs ¢ MOMOIIBI0 IUGPPOBBIX KapT kodpdurmentsl ali, a2 u a3i i Kaxa0ro U3 MATH
HapameTpoB Ps, €s, Tms, A, Om ¥ ITAJIOHHYIO BBICOTY Nrer, ONpeieNuTh K03 duiuents! ali, a2i u a3i B
OMIDKANIINX K )KETaeMOMY MECTOIOJIOKEHHIO YEThIPEX TOUKAX CETKH.
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b) PaccunTars 3HaYCHUS MATH TAPAMETPOB, Ps, €5, Tms, A WIH Oim HA STAIOHHOH BBICOTE Nref HA JICHB TO/A
Dy, Xi1» Xiz» Xj3 B Xj; B Ommkaiflinx K jKeIacMOMy MECTOIOIIOKECHHIO YETHIPEX TOYKAX CETKH,
HcIonb3ys ypasHennue (27) ¢ kosbduimentamu ali, a2 u a3j KaxI0il TOYKH CETKH; TO ecTh p' (hie £
ei(hief), Tk (hief), AL al,m hief, raei= {1, 2,3 u4}. Caenyer OTMETUTh, YTO BEPXHUN UHICKC 1
03HAYacT HOMEP TOYKU CETKH, a HE MOIIHOCTb.

c) PaccunTars 3HaueHus Tpex napamerpos, p'(h), et (h), Ty, (h), B 4eTbIpex TOYKax CETKU Ha BbicoTe h
CJICIYIOLIUM 00pa3oM:

)-d! - (h=hi,) K (27b)

ref

Ti(h) = Ti(h

ref

9
"(h=h',) R
M rIla (27¢)
T (href)

e'(hy = e'(h, )- {ﬁ%} rTla (27d)

p'(h) = p'(hy)|1-

o T (h,
Tl(hrlef ): m( iref ’) K (276)
1- %R
A'+)g'
J_os. biv1)g (b +a)gi [ +a) g 4y
e ' ' ' m
R} R} R} K/xm (271)
g' =9,806-(1-0,002637-cos(2- lat')—0,00031- b, ) w/c? (270)
d) Paccuntars 3Hagenus mapamerpoB AL'my(h) m AL'w(h) B ueThIpex Toukax ceTkd Ha BbicoTe h,

UCnonb3ys ypasHenus (25a) u (25b) co snauennsavu p'(h), e'(h) and T'n(h) kasoit Touku ceTKu.

: R .

DL, (h) =10"° —_kxp'(h M (27h)

w{7) OIS
i + R k, e'(h _
ALy, (h)=10°—4 2 _. i( ) M, (27i)

dn(h) (' +2) T, (h)
g'm(h) = 9,784 - (1 —0,00266 - cos (2 - lat") — 0,00028 - h) m/c? (27j)
e) Paccuntars 3nauenus napametpoB ALnv(h) u ALwy(h) Ha BbICOTE h B jKemaeMOM MECTOMOIOKEHUH C

HOMOLIBIO OUIMHElHOM uHTepronauuu dethipex 3Hadenuit AL (h) u AL\w(h) B geThIpex Toukax
CETKH, Kak onrcano B Pexomenmamuun MCO-R P.1144,

f) Paccunrtars 3Ha4eHHE TPOMOCHEPHOTO YBEINYCHHUS [UTHHBI TPACCHI TIPH yriie MecTa 6 Ha BbicoTe h B
xenaemom mecronosoxenun, AL(h,0), ucnone3ys ypasHenue 24.

TounocTh mpemiaraeMoii MoJeny Oblila MPOBEPEHA C MCIIOIb30BAHUEM PAJMO030HIA, U3MEPEHUH B paMKax
cucrembl HCC u pagmomerpuueckux H3MepeHHH, 4ToObl ompenenuTb Alys M ypOBEHb MOTPEHIHOCTH
OKazajics B Ipezesax ot 2 10 6 cM 1o Bcemy Mupy. Eciin HeoOxonuma OoJiee BBICOKasi TOUHOCTD, TO B KAUECTBE
BXOJHBIX JIAaHHBIX B MOJEJIM MOTYT HCIOJIb30BaThCsl COBMECTHBIE JIOKAIbHBIE H3MEPEHHUS OOIIEero AaBiICHUS
BO3/yXa Y JIaBJICHUS BOJSHBIX 1apOB.
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OYHKIUS OTOOpaKEHHs THAPOCTATHYCCKOM M BIAKHOW coCTaBisiomux, Mn(0) u my(0), momyuaercs c
TTOMOIIBIO CIEAYIONIMX YPAaBHEHHUIA:

mp (e)z m(e, an, bh ,Ch ) (28a)
My, (8)=m(0,ay, by, Cw ), (28D)
rue:
S
1+(1j
m(e) = i ,
sin0+ a
sin9+[ - j
sinB+c
rue:
bn = 0,0029
bw = 0,00146
cw = 0,04391
D, —28 C
C. =C+||cos| =——2n+w |+1 |- +c,, |-|1—cos(lat 28¢
h =0 H (365,25 ‘VJ J 5 10} [ ( ):' (28c)
IHonymapue C1 C1o Cu1
CesepHoe 0,062 0,001 0,005 0
IO0xHO0e 0,062 0,002 0,007 b

a, =10°| A, + A, -C0S 2m— D1 +B,, -sin 2m— 21 +A,, -COS dr 2 +B,, -sin| 4x- D, (28d)
365,25 365,25 365,25 365,25

a,=10"°| A, + A, -cos| 2 B _\ig, sin| 27— +A,,-cos| 4 B _|ig, sin| 4m.—2 (28e)
v 365,25 ) 365,25 v 365,25 2w 365, 25

KoaddutmenrTtsr Aon, An, Azh, Bin, Ban, Aow, Atw, Aow, Biw 1 Bow SIBISIOTCS HEOTHEMIIEMON YaCTHIO HACTOSIIICH
Pexomenmanun w mpencraBieHsl B Buie IHQPpoBbIX KapT B (aiime R-REC-P.834-9-201712-1!1Z1P-E.
Paccuntate 3HAYEHHS TapaMeTpOB @n M 8w B KEIAEMOM MECTOIOJIOKEHHH C TIOMOIIBI0 OWITMHEHHOW
HWHTEPHOJSIUKN YEeThIpeX 3HAYEHUM 3THX KO3((UIMEHTOB B YETHIPEX TOYKAX CETKH, KaK OIMCHIBACTCS B
Pexomenmanmu MCD-R P.1144.

Uro kacaercsi IMHUM CBSI3M 3eMIISI-KOCMOC € yrilamMH Mecta, 0, Oonee yem 20°, To GyHKUNH OTOOpaskeHHUS,
MoJTy9aeMble ¢ TIOMOIIBI0 ypaBHeHu (28a) u (28b), MOryT OBITH IPUOIU3UTENBHO BRIPAKEHBI YPAaBHEHHEM

1

mh(9)=mw(9)=sin—(9). (28f)

[lpn mpuMeHeHMHM ATOW MOJENNM PEKOMEHIYeTCs HMCIOJb30BaTh JMOO ypaBHeHus (28a) u (28b), mmbo
ypaBHeHue (28f) mocienoBarenbHO 1O BCEM yIiaM MecTa.
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PHUCYHOK 1

Kaprl cpe}]ﬂei’l JIOTIOJTHUTEJIbHOM 3a1€PKKH Ha Tpacce /I ITAJIOHHOI'0 YPOBHA B sIHBape U U10J1e

15 siBapst

MIupora (rpagycsr)
o

45 ‘VBenuueHne
JUTHHBI TPACCHI

—60 (M)
=75 ’s
—90 LIS L L N B B B | T T T I 2’4
—180 —165 —150 135 —120 —105 90 75 60 45 30 -15 0 15 30 45 60 75 90 105 120 135 150 165 180 2'3
Jonrora (rpamychl) | B 2:2
-21
- 20
19
15 nrons 1.8
1,7
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75 -15
60 -14
-13
45 S12

Wlupora (rpamycer)
o

790 L L L e L B L B B B BB B
—180 —165 150 —135 —120 —105 90 -75 60 45 30 -15 O 15 30 45 60 75 90 105 120 135 150 165 180

Jonrora (Tpamycsl)

P0834-01

7 PacnpochaHeHne npv HAJIMYUHA BOJTHOBOAHBIX CJIOEB

BoaHOBOIBI BO3HUKAIOT B TE€X CIIyYasx, KOT/Ia BEIMYMHA BEPTUKAIBHOIO rpagueHTa pedpakiuy Ha TaHHON
BBICOTE U JIJI1 JaHHOI'0 MECTOIIOI0KEHHUS CTAaHOBUTCS MeHbIe —157 N/kMm.

CymecTBoBaHNE BOJIHOBOJOB SIBJISIETCSI OYEHb BaXKHBIM (PAKTOPOM, ITOCKOJIBKY OHH MOTYT CIIOCOOCTBOBATbH
BO3HMKHOBEHHIO AHOMAJIBHBIX YCJIOBHUH pAacIpOCTpaHEHHUsl, OCOOCHHO Ha HA3€MHBIX JIMHUSX CBSI3H WIIH
JUHUSAX CBSI3U 3eMIII—KOCMOC C OY€Hb HEOONBIINMH yrilaMd MecTa. BOIHOBOABI CO3AIOT TaKOH MEXaHU3M
pacrpocTpaHeHus] paJlOCUTHAJIOB JI0CTaTOYHO BBICOKOM YacTOTHI JAJIEKO 3a Mpenesibl UX OOBIYHON MPsSMOit
BHJIUMOCTH, YTO SIBIISIETCS MPUYMHOW BO3MOXHBIX TMOMEX s JApyrux ciuyx0 (cMm. Pexomenpanuio
MC3-R P.452). KpomMe TOro, OHM UIpaloT BaKHYIO POJIb C TOUKU 3PEHHS BOZHUKHOBEHHSI MHOTOJIyY€BOH
nnTepdepernmu (cM. Pekomernanuio MCD-R P.530), XoTs nx Hanmn4ue He SABJISIETCS HA HEOOXOUMBIM, HU
JIOCTaTOYHBIM YCJIIOBHEM JJIsl BOSHUKHOBEHHSI MHOTOJIy4EBOI'O pacCpOCTPaHEHUS Ha OTACIbHOMN JIMHUH.
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7.1 Bausinue yria mecra

Korma mepenaromias aHTeHHa pacmojioKeHa B TpeAenax TOPU3OHTAIbHO CTPaTU(HUIUPOBAHHOTO
PanuoBOIHOBO/A, JIyYH, BBIXOMSIINE MOJ OYCHb HEOONBIIMMH YIJIaMH MECTa, MOTYT OBITH "3axBaueHB" B
IpaHHIBl BOJTHOBOAA. [j1s ynpolieHHoro ciydasi, Korja pedb UIeT o "HopManbHOM" ipoduiie pedpakiuy Hal
MPHU3EMHBIM BOJIHOBOJIOM C TOCTOSHHBIM TPaJUCHTOM pedpakiyu, MpeaeiabHblil yron Mecta o (pam), Ipu
KOTOPOM JIy4H MOTYT OBITh 3aXBa4€HBI B BOJIHOBOJI, ONPE/ICIISCTCS BEIPAKECHUEM:

(29)

dM

. N —<
rne dM/dh — BepTHKanbHBIN TpagUeHT MOAMPHUIMPOBAHHOW pedpakuuu | dh , & Ah — TOJIIUHA
BOJIHOBOJIa, KOTOpast MPeCTaBseT coO00M BRICOTY €ro BEpXHEH rpaHuUIlbl HAJ ITepeIaroliei aHTCHHOM.

Ha pucynke 2 mokazaH MakCUMaJIbHBIM yroji MecTa, P KOTOPOM JIYYH MOTYT ObITh 3aXBa4€HbI BOTHOBOJIOM.
MakcHUMabHBIA YTOJI 3axBaTra OBICTPO YBEIMYHMBACTCS MPH YMEHBIIEHWU TPAJUEHTOB pedpakiuu HIDKE
ypoBHst —157 N/kM (TO ecTh TpH YBEITMYEHHH BEPTHKAJIBHBIX TPAJUCHTOB) M MPU YBEJIUYECHUH TOJIMHEI
BOJIHOBO/IA.

7.2 MuHuMajJlbHas 4yacToTa 3axBaTa

CylilecTBOBaHME BOJIHOBOJIA, Jake HanboJjiee OJaronpusTHEIM 00pa3oM pacIioyIoKEHHOT0, He 005A3aTeIbHO
03HAYaET, YTO DJICKTPOMArHUTHAs SHEPTHUs CUTHAIA OyAeT COCPEI0TOUCHA BHYTPU HET0, 00SCIICUNBas TAKUM
00pazoM pacnpocTpaHeHre Ha OoJbline paccTossHUs. [IoMUMO TOTO, YTO JIOJKHO BBHINIONHATHCS YCIOBUE
MaKCHMAIBHOTO yTJIa MECTa, O KOTOPOM TOBOPHJIOCH BBIIIIE, YACTOTA CHTHAJIA JIOJDKHA OBITH BBIIIE HEKOETO
KPUTHYECKOTO 3HAYCHHS, OTTPEIISIEMOro U3MUECKON TONIIHMHON BOIHOBOA U TipoduiieM pedpaximun. Hroke
3TON MUHHMAJIBHOW YaCTOTHI 3aXBaTa BCE OOJIBINE DIIEKTPOMArHUTHON SHEPTHH OyJIET yTeKaTh 3a Mpeeibl
BOJIHOBO/IA.

MUHUMAIGHYIO YacTOTy 3axXBaTa CHUTHANa TPOMOC(HEPHBIM BOJHOBOJOM MOXHO PACCUUTATH C TOMOIIBIO
¢dazoBoro wmHTerpana. Ha pucyHke 3 mpencraBieHbl MUHHMAIBHBIC 3HAYCHUS YACTOTHI 3aXBara JUIs
MPHU3EMHBIX BOJHOBOJIOB (CIUIONIHBIE KPUBBIC), TJE JOMYCKAeTCsl MOCTOSHHBINA (OTPUIIATENLHBIN) TPATHEHT
pedpakium OT TOBEPXHOCTH 3E€MIIH JO 33JJaHHOM BBICOTHI Ml CO CTAaHIAPTHHIM MPoduiIeM pedpaKkIliy BBIIIS
3TON BBICOTHI. J[JIsl 9acTOT, MCIONB3yeMbIX Ha3eMHbIMH cucTeMamu (00braHo 8—16 I'T1), MuHMMAanbHAs
TOJIIIMHA BOJHOBOJHOTO CJIOS IOJDKHA OBITH MPHOIIM3UTENHHO OT 5 10 15 M, U B 3THX CITydasix MUHUMAaJIbHAS
qacToTa 3axBara, fynjn B 3HAYUTENBHON Mepe 3aBUCHT KakK OT TOJIIMHBI BOJHOBOJA, TaK W OT I'PaJUCHTA

HHIEKCa pedpaKITim.

B cnyuae npumomHATHEIX BOJHOBOIOB, NaXKE€ KOTJIA pPACCMATPHUBAETCA IPOCTOW JHHEHHBIA TPOPUIb
pedpaknuy, BBOAUTCS HOMOJHUTENbHBIA MapamMeTp. TOT mapaMerp OmUchIBaeT (GopMy mpoduis HHIEKca
pedpaknuu nomnexamero cios. Ha pucynke 3 mTpUXOBble JIMHUM MOKa3bIBAIOT MUHUMAJIBHYIO YacTOTY
3axBara AJsl BOJTHOBOJHOTO CJIOS C TIOCTOSHHBIM IPAMEHTOM, PACIIOIOKEHHOIO Hajl TIOBEPXHOCTHBIM CJIOEM
CO CTaHMAPTHBIM IpagueHToM pedpakinn, paBHBIM —40 N/kM.



5,0

4,0

3,0

2,0

Kpurnaeckuit yrom 3axsara (Mpa)

10

0,0

-100

Pex. MCI-R P.834-9

PUCYHOK 2

MaxkcuMaIBHBIH yroJ1 3aXBaTa /ISl IOBEPXHOCTH BOJTHOBO/JA € HOCTOSTHHBIM
rpajueHToM pedpakuuu Hajx cepuyeckoii 3emureit
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Kpuruye ckuit yron3axsara (rpaaycsr)

13

s clloeB, HMEIOIIMX BEPTHUKAIBHBIC TPATUCHTHI W3MEHEHHUS pPePpakiU{ JIUIIbL HEMHOTHUM OOJIbIle
MHHHMMAJIBHON BEJIWYMHBI, HEOOXOAUMOM IJIs BO3HHMKHOBEHMS BOJHOBOJA, MHHMMAaJIbHAsl 4acTOTa 3axBaTa
(dakTuyecku OoJbllle, YeM JUIsi SKBHUBAJICHTHOI'O IOBEPXHOCTHOrO BOJHOBOAA. [l BceX TIpaaucHTOB
BOJTHOBOJIA 3aXBaT CHUTHAJIA MPHUITOAHATHEIM BOJHOBOJIOM U JIFOOOHN 3a7aHHOW YaCTOTHI MPOUCXOAWT IPH
3HAYHUTEITHLHO MEHBITICH TOJIIIMHE CIIOS IO CPABHEHHIO C TIOBEPXHOCTHBIM BOJTHOBOJIOM, MMEIOIITUM TaKOH ke

TpaIyCHT.
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PHUCVYHOK 3

MuHMMaTBHAs YACTOTA 32XBaTa CUTHAJA B aTMOcdepHbIe PATHOBOJIHBI
€ MOCTOSIHHBIMH I'PAAMEHTAMH pedpaKuuu
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ITpHHOHATBIE BOTHOBOIBI HAJl CTaHJAPTHBI PO dHieM pedpakiun
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