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Beenenne

Hacrosiimee  uccriegoBaHue  NHOCBALIEHO — pa3pabOTKe  MeToJa  BOCCTaHOBJIECHUS
3¢ (dEeKTUBHONM YacTOThl COYJApeHUH 3JIEKTPOHOB B HOHOC(epe 3emMild MO 3aJepiKKe U
aMIUTUTYAHBIM XapaKTepUCTUKAM JIMHEWHO YacTOTHO-MoAynupoBaHHbIX (JIYM) curnanos
HMOHO30H/Ia BEPTUKAIBHOTO 30HAMpoBaHus [1-3]. AKTyaspbHOCTH pabOTHI OMpPEACIseTCS
HE00XOIMMOCTBIO IMATHOCTUKH U KOHTPOJISI HOHOC(EPHI B CBSA3U C CYIIECTBEHHBIM BIUSHHEM
COCTOSIHUSL HMOHOC(QEpHBIX CIOEB Ha paboTy paguoCUCTEM pa3IMYHOIO Ha3HAYECHHUS:
pasuoCBA3M, HaBUraluuu (TO3UMLMOHUPOBAHUSA), PAJUOJOKAIMHN, a TaKXKe JJI MOCTOSHHOIO
MOHHUTOpPHHra JKCTPEMaJbHBIX sBICHUNA B armocdepe 3emun [4].B pabGore BBIOIHEHO
MaTeMaTHYECKOEe MOJIEIMPOBAHUE PACHPOCTPAHEHUS PAJMOBOJIH B MOHOC(EpPHOH IUIa3Me,
OpUEHTUPOBAHHOE Ha OINEpaTHUBHBIE JIaHHbIE BEPTUKAIBHOTO 30HIAMPOBAHUS, IMOCKOJBKY
MOHO30H/bl  BEPTUKAJIbHOTO 30HAMpoBaHus (B3) sBmgrorcs onHumM u3  Hambosee
anpoOUPOBaHHBIX M 3PPEKTUBHBIX CPEICTB TUATHOCTUKU HOHOChEpHI [5].

MeToabIN aJATrOPUTMBI

B pabore mnpenmonaraercs, 4yTo M3 JAaHHBIX B3 H3BeCTHa 3aBHCHMOCTBH 3allePiKKU
OTPa3MBLIETOCSI OT HMOHOC(HEPHl CHUTHAJA, a TAaKKe aMIUINTyAa A TPHHATOrO CHTHAlIa OT
yactoThl f. OciabieHue aMIUIUTYAbl 30HAMPYIOIIETO CUTHANA 3aBUCHT OT S(PQPEKTUBHON
YacTOTHI COYJAapEHH B COOTBETCTBUH ¢ (hopmyJoii [6]:

A=E,Dexp[-1] , )
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B KOTOpOiEo— ammiuTyna mosist Ha pacCTOSIHMM To OT MCTOYHMKA BHE IJIA3MEHHBIX CIIOEB.
bynem cuuTtath, YTO H3OTPONHBIA HCTOYHMK M3JIy4EHHs pACIOJIOKEH B Hadale

koopaunar. Torma:
E, = [3OW (B/m), (2)

r
0

npuuéMW— momHocTs u3nyuyarens (B mannoit pabore W= 1 kBt).Bxogsmuit B popmymy (1)

koddumenTDITopacxomuMocty  JydeBoro moroka. llockonpky BemumumHbl A U Eg

OTIPENIENSIOTCS U3 IKCIIEPUMEHTA, TO, 3Hasl PACXOJUMOCTb, TI0 (GOpMyIIe

y =-In 3)

DE,

MO>KHO HAWTH MOTJIOUICHHUE Y/, coAepxaiiee d3PGEeKTUBHYIO YACTOTY COYAApEHUH Ve.
Bxomsmyro B dopmyner (1) u (3) pacxomumocts DMOXHO HalTH C TOMOIIBIO
paciImpeHHoi cuctemMbl Ouxapaktepuctuk Jlykuna [6-10]

dr _ 2kc? —w’de / ok dk _ o’oelor @
dt o(e®) 60 ' dt o(ew®) 6e '
dr, 3 (2ke® —w'oe 1ok dk. o ( ofoslor )
dt o\ 0(sw’)!ow ’ dt oc\ 0(ew’) 0w )’
dr 0 (2ke® —woe | K dk, o[ woclor ©
dt onl 0(s0’)!ow ’ dt on\ 0(e0*) 0w )’

TaK KaK PacXOIMMOCTh BBIYHCIISICTCS B HM30TPOIHON Cpele KaKk KOPCHb W3 OTHOIICHHUS
sikobuana J k Jo o popmynam [9,11]:

J X ky kz
D= J—O co =y 2, =, (7)
Xf? y'] Z'I

Cucrema (4), 10moTHEHHAS HaYaIbHBIMU ycaoBusamu [8,10]:
k. (0) :%\/asing“ k, (0) =%J§cos§cosn .k, (0) =%\/gcos§sinn ,F(0)=0 ,(8)

ompenenser I =(X,y,z) — JE€KapTOBbl KOOpPAMHATHI Jydel M BOJHOBBIE BekTopa K(f) Kak
¢byHKIMM TpynmnoBoro Bpemenu t. IlapameTpsl ¢, 7 B HAYaIbHBIX YCIOBUAX ATO HayallbHbIE
YIJIbI BBIXOZA JTy4a (JUIsl BEpTUKAIBHOTO Jiyda ¢ =0, n=7/2), a ¢,—3HaueHne 3pPeKTHBHOM

JUDJIEKTPUYECKOM IMPOHULIAEMOCTH cpelbl &(1, K, w) :

e=1-X , x{ﬁj _47e'N@) 9)

) m, o’

B uctounuke wmsnydenus [8]. B dopmyne (9)N3T0 smekrTpoHHas KoHIEHTpamwms, X 3TO

OTHOIICHHUEC KBaJpaTa IIIa3MCHHOU KPYIOBOM YaCTOTHI o, K KBaJpary pa60qen Kpyrosou

4acToTe @, € —3apsAa DJIEKTPOHA, M, — Macca ODJIEKTpOHa, ¢ — CKOpOCcTh cBera./lns
paccmarpuBaeMoil B paborte Mmoxpenu woHochepsl &, ~1 .KpyroBas gactora @ cBs3aHa ¢
paboueit yacToTOM frCTOUHMKA M3ITydSHHST TPATUIIMOHHBIM COOTHOIIIEHHEM: ® = 27 f .

B pabore paccMoTpeHa IUIOCKOCIOUCTas Cpela, s KOTOpoi 3P QeKTHBHAS
JUBNIEKTPUYECKask IPOHUIAEMOCTb CPElbl 3aBUCUT TOJBKO OT BBICOTHI ZH HE 3aBHCHUT OT K .
[To3TOMYy KOMITOHEHTBI BOJIHOBOT'O BeKTOpa Kx 1 Ky moCcTOsSTHHBI B0 TpackTopuu (cMm. (4)), a

JUTS. BEPTUKAJILHOTO Jiyda oHK paBHBI HYITIO (Kx=ky= 0). Torma Beipaskenue mis skoouana J (7)
MOYKHO YITPOCTHTD U MPEICTaBUTH B Buje [12]:
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! !
X, Y
’ 1 .
X, Yn
[Tocne ompezeaeHUs: KOMIIOHEHT BOJHOBOrO BekTopa Kx m KyB cucreme (4) ocrarorcs jBa

ypaBHeHust (x(t)=y(t)=0), npuuem nBa u3 Hux oTHocuTenbHO Z(t) u K (t) oOpasyrorcs
HOJICHCTEMY:

(10)

z

dz 2k,c’ dk,  o’0sloz (11)
dt d(ew®)/ o0’ dt 0(ea®) | o

C HAYaJIbHBIMU YCIIOBUSIMU:
k,(0)== \/g, 2=0. (12)

[ToMrMO KOMITOHEHT BOJIHOBOTO BEKTOpa ISl OINpPEAEIeHUs sAKoOMaHa JCOoryiacHO
dopmyiie (7) He0OXOMMO HANTH MPOU3BOAHBIE X U Y [0 HaYaJIbHBIM yIjaM BbIX0Ja Jiyya { U
n. Jas 3Toro HEoOXoAMMO MpOUHTErpupoBarth ypaBHeHus (5)-(6)[9], momomHeHHBIE
HAYaIbHBIMU yCIOBUSMHU:

K 0=2 @ Jeo cos¢ K., (0) =0, ’4(0)=—%\/gsin§cosn,Q’(O)zo, 7'(0)=0,
k’yn(O)z—z\/g_ocosg“sinn,kgg(O)z—%\/gsing“sinn, k;,(0)=— \/gcosg“cosn, (13)

KOTOpBIC B HAIIIEM CJTydae Mocjie ynpouieHus uMeroT Bu [12]:

, ®
e @ ="z 0=k 0=k (0)=k},(0)=0, K}, ="z (14)
"3 (5)-(6) ¢ yuetoM (14) MOKHO YCTaHOBHTD, YTO:

’ a) ’ ! [ a)

e =\eo, Ko =0, ki, =0, K, = —C\/a_o. (15)

BbruuciuB pacxoauMocte D u 3Has W3 3KclepUMeHTa aMIUIMTYAYAH HadaibHYIO
ammuTyayEo nepeiiiém k HaxoxaeHuto 3(h(heKTUBHON 4acToThl coyaapeHuil ve.Ilornomenue
BOJIHBI BJIOJIb TPACKTOPHUM CBSI3aHO C MHHMOM YacThIO JIUAJIEKTPUYECKON INPOHUIIAEMOCTH
cpensl ¢, cooTHoueHueM [6,13]:

t
»
'//=—E_([52dt- (16)

BelpakeHne U1 MHMMOM 4YacTH JMJIEKTPUYECKOM IPOHULIAEMOCTH CpPEIBl &,

npubmmkéHHO umeeT Bu [1,6]:
XZ

SZE—H, Z:ve/a). (17)
Ecinu npeanonoxuTs, uto BenuuuHoi Z° B 3namenarene (17) MoXkHO peHedpedb, TO
&~=—XZ. (18)

[TpupaBusiem morsorienue y B dopmymnax (16) u (3). Torma moayuuM HHTErpaibHOE
ypaBHeHHe BonbTeppa Broporo poja:
t 2
V.t B _4re
;'([veth—L, V, = m (19)

[MpaBast yacth ypaBHenus (19) L

A
DE,
sBisiercst pyHkumeit paboueir 4acToThlf U BhIUMCIIAETCS B TOYKe mpuéma curHaina. B (19)

Kaktmo003HaYeHO BpeMsl, 32 KOTOPOE CUTHAJ MPOXOAUT PACCTOSTHUE OT MCTOYHHKA /10 TOUKHU
OTpakeHHsI OT HOHOc(epbl. DTa BeIMYMHA TaKkKe sBiIsAeTCS (YHKIHMEH YacToThl. Tak

(20)
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Kakd(p(PeKTUBHA YacTOTa COYAAPEHMH Ve M DJEKTPOHHAs KOHLEHTpauusaNsBisoTCA
(YHKIHMSIMU BBICOTBI Z, KOTOpasi 3aBUCHUT OTIPYIIoOBoro Bpemenu t, To ¢ynkius z(t) Taxke
3aBHCHT OT YacTOTHl BBIUUCIIAECTCA BIOJIb JIydeBOM Tpaekropuu.PaccMoTpuMm pemenue
ypaBHeHus: (19) meromom wurepanmit [12]. [Ins cokpamenus 3amucu o6o3HaunMG =v,N.
[TockonpKy HUXKE ONpPEACIIEHHONW BBICOTHI 3JIEKTPOHHAs KOHLICHTpALUs paBHA HYJO, TO 0
HEKOTOPO# 4acToThI fo, 1 KOTOPO#A Bpems tm paBHOtmo

tmO
J.G dt=0. (21)
0

Paznenum wactotubiii uatepBai (fo,fiev) Ha N wacreit (fo,f;, , fj, , fn= fiev).Ha xaxmom

uHTepBaie OyaeM cuutath QyHKiMio G mocrosHHOW (G= Gj) MHAWAEM BENUYMHBI tmjmuis
kaxo# fj. B pe3yaprate momayunm:

2 2 -1
t . —t ] i —thia .
G=L1L,G -L _G m m°,G-=L-—’—ZG-u, j>2.(22)
S T L T A R T, -t
mL "~ ‘mo0 m2 ~ ‘ml m2 ~ ‘ml mj  mj-1 i<l mj m,j-1

[Mpeamonarasi, 4T0 3aBHCUMOCTb JJIEKTPOHHOW KOHIUEHTpauuun N(Z) OT BBICOTHI Z
U3BECTHA, TO €CTh YyX€ BOCCTAHOBJIEHA I10 3aBHCHMOCTU 33/I€P)KKM CUTHAJa OT YacTOThI
U3Y4YCHHUs, W YYUTHIBasg, 4TO BenuuuHbl Gjpro mnpoumsBencHus 3()(EKTUBHON HYaCTOTHI
COyJIapeHUHN 3JEKTPOHOB U DJIEKTPOHHON KOHIEHTPALUU B TOYKE OTPAKEHUS, HAXOIUM
3P PEKTUBHON YaCTOTHI COyIAPEHUH KaK ()yHKIIUIO BBICOTHI.

2
@,

Pe3yabTaThl YHCIEHHOT0 MOJACTHPOBAHUSA

PaccmorpuMm npumep peanuzanuy HM3710KEHHOrO Bbllie anroputMma. llpenmomaraercs,
MOJIB3YSACh TPUBEACHHBIMU BhIINIE (HOpMyJaMH, CHadala pacCYATaTh aMIUIMTYQy MOJS Ha
pa3HBIX YacTOTaxX B TOUYKE MpUEMA, a TTOTOM, IPUMEHSIS M3JI0KEHHBIN BBIIIE aIrOpPUTM (CM.
dopmynsr (21), (22)), BocctaHOBUTH A(DPEKTUBHYIO YACTOTY COYAAPEHUM U CPaBHUTH
MoJelbHBIE W pacueTHble 3HaueHus.Ha puc. 1 npuBeneHa MopenpHas 3aBUCHUMOCTb
AJIEKTPOHHOW KOHIICHTpallMM OT BbICOTHI. OHA TMOKa3aHa Kak JuHHEH, Tak u (oHOM. B
otianuue oT [12], B naHHON paboTe paccMOTpeHa OJHOCIOEBask MOAEIb, IpHUYeM Ha puc. 1 a
MOKa3aH Becb MOHOC(EPHBI oM, a Ha puc. 1 0 Ta yacTh MOHOC(hEPHI, KOTOpask JOCTyIHA
curHainam B3.

JOOF " TTTTTTTTTTITITTTTTITTT TR T —
250+
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100t 1
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N, 10°cm™ N.10°cm™
a) 0)
Puc. 1. 3aBUCHMOCTD JIEKTPOHHOH KOHIEHTPALMUOT BBICOTHI: a)— MOJHBIH MPopuIb, 0) —
¢parment
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Ha puc. 2 a u 6 ToscToii xENTOM NUHUEH MOKa3aHa3aBUCUMOCTh 3()()EKTUBHOM YaCTOTHI
COyapeHUH »HJIEKTPOHOB OT BBICOTBI B MOHOC(HEPHOM MjasMe B COOTBETCTBHM C
IKCIIEPUMEHTAIBHBIMU JaHHBIMU [12].

[ T T B S R o 1 2 s 4 5 6 7
lgv, (ve,s7H) 12 Ve (ve, s
a) 0)
Puc. 2. 3aBucuMOCTb Jiorapr(pmMa 4acTOTHI VeOT BHICOTHI: a) —MOJHBINA NPodub, 6) —
¢parmenT

Tonkoil kpacHO# JIMHUEH Ha puc.2 a MoKa3aHa anmnpokcuManys 3p(eKTuBHON YacTOTHI
COyAapeHui, IOJydeHHass METOJOM HAaMMEHbIIUX KBAaIpaToB. 3aBUCHUMOCTb JOCTATOYHO
CJIO’KHASI 1 MOKET OBITH onucaHa (hopMyJIou:

Igve:a0+aiz+azzz+% , (23)

BKOTOpOap~—1.02341, b1~498.938,a1~0.00799524,a,~8.03841 10°%.0Hako s dexTuBHAS
94acTOTa COYAAapEeHUIl MOXKET OBITh BOCCTAHOBJICHA MO JaHHBIM B3 TONbKO B HWXKHEH YacTh
noHocepsl, TO €cTb He Bblle Makcumyma ciost F2. Jlng »3toii  obnacTu
(puc. 20) anmpoKcUMalus IpoIle, U MOXKET ObITh OMMCaHa THIePOOINYECKON 3aBUCMOCTbIO:

lgv, =a+ b
Z, a=0.61677, b=416.177, (z,xkm) (24)

OTa 3aBHCHMOCTb XapaKTepHa Ui BBICOT HIDKE MakcuMyMma ciost F2.B dopmyna (23) u
(24) BeICcOTA Z BRIpRXKCHA B KIJIOMETPAX.

Ha puc. 3 u 4 npuBeneHbl pe3yibTaThl pEIIEHUS] CUCTEMbl OUXapaKTEPUCTHUYECKUX
ypaBHenuit (11)-(12). Ha puc.3 mokazaHsl BepTHKaIbHAs JTy4deBas TPaeKTOpHUs B HOHOC(]epe B
KoopauHatax (X, Z) (puc. 3 a) u mydeBsie Tpaeckropun JIUM curnana B xoopaunatax (t, z)
(puc. 3 0). [Tpu stom uactora f menstercs ot 1 MI't (puoneroBas nuuus) 10 6.993 MI't
(KpacHast JUHHUS) B COOTBETCTBMM C IBeTaMH crekrpa. OueBUAHO, UYTO BpeMs
pacrpocTpaHeHHs CHTHaJIa BO3PACTaeT ¢ pOCTOM YacTOTHI.
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400+

400}

100+

—éO —%0 0 1b 26
X,km
a)
Puc. 3. JIyyeBasi TpaeKTOpHs: a) — BepTHKAJILHASA JIyueBasi TpaeKTopus B HoHochepe, 0) —
JydeBblie TpaekTopuu JIUM curHana B koopauHarax (i, z)

Ha puc. 4 nokasanbl 3aBUCUMOCTH BEPTHKAIbHOM KOMIIOHEHTHI BOJIHOBOIO BeKTOpa K
ot BpemeHH {(puc. 4 a) ot BeICOTHIZ(pHUC. 4 0).

z

200+
0.5

zkm 150+

Kylko, km 0.0 -

-05 =0

-1.0 -0.5 0.0 0.5 1.0
: > : : ! Kzlko, km

-1.0

a) 0)
Puc. 4. 3aBucuMocTb BEPTHKAJbHOI KOMIIOHEHTHI BOJTHOBOI'O BEKTOPA: a) — OT BpeMeHH, 0)
— OT BBICOTHI

CMmbIC LIBETOBOM PACKPACKHU JIMHU PUCYHKOB TOT €, 4TO U Ha puc. 3. IIpu noctpoenun
PUCYHKOB BBIIIOJIHEHA HOPMHMPOBKA BOJHOBOIO BeKTOpa Ha BenuuuHy K, =K, (0), xoropas
sBisiercss (pyHKuued 4actoTsl (12).AHanu3upys puc.4, MOXKHO MPOCIEAUTH, KaK BOJIHOBOM
BEKTOp MeHsieTcsl B noHochepe, ymeHbasich 10 0 B TOUKe OTpa)KEHUs, MEHSIET 3HAK U ONSATh
o Moy BospacraeT. Jlyd mokugaer noHocdepy, korga otHouieHue K, /k, craHoBUTCs
paBHbIM — 1.

Ha puc. 5 mpuBeneHsl 3aBUCHMOCTH OCJIA0JIEHUsT A, CHTHajla OT BpEMEHH (pHC. 5 a) n
BBICOTHI (pHic. 5 0) BJOJb JIy4eid, COOTBETCTBYIOIIHUX PA3IUYHBIM YacTOTaM, PACCUUTAHHBIE 110
dbopmyre:

(25)
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400

300

90}

80 . 100

70[ ] .
00 05 10 15 20 25 30 35 60 80 100 120 140

tms Ap,dB
a) 0)

Puc. 5. 3aBHCHMOCTH aMILUTUTYIBI CHTHAJIA: 2) — OT BPEMEHH, 0) — OT BBICOTBI

Ecmu mpocnenuTs moBeneHHE KPUBOM BAOJB ONPENEICHHOrO Jiyda, TO BHUAHO, YTO
NPUIBIKEHUU BJAOJb Jlyda OT MCTOYHUKA oclabieHue pe3ko yBenuuuBaercs (mo 100 nb),
HIOTOM PE3KO MaJaeT B TOYKE OTPaKEHMs, COOTBETCTBYIOIEH Kayctuke [13], a moTom omsith
pPE3KO BO3pacTaeT, Korja Jiyd CTpeMHUTCs OOpaTHO B TOYKy M3inydeHus. Ha kayctuke B
JTY4eBOM MPHUOIIKEHUH aMIUIMTyAa oOpamaercs B OECKOHEYHOCTh. XOTS M3 PHC.5 3TO He
OUeBUJHO, OoJiee TOYHBIE pacueThl IOKa3bIBAIOT, YTO B OOJNACTH KayCTUKH (TOYKHU
OTPa)KEHUs) U B UCTOUYHHUKE A —>—o0.

Ha puc. 6 mnoka3zaHa 3aBUCHMOCTb OT 4YacTOThI BBICOTHI OTPaXEHUS CHUTHAJA,
BBIUMCJICHHAS TI0 MICXOJHBIM JaHHBIM (pHC. 6 a), U 3aBUCUMOCTh BPEMEHHU IMPHUXOJa JIyda B
TOUKY oTpaxkeHHs (puc. 6 6). M BricOTa OTpakeHUs CHTHaia, U BpeMs tm pacTyT ¢ pocToM
yacToThl. OCOOEHHO PE3KU POCT BPEMEHHU MPUXO0/a Jyda B TOUKY OTPAXKEHUsT HAOIIOAACTCS
Ha 9acTOTax, OJMIM3KUX KpUTHUECKOH fna7 MI 1.

‘ . . : 1.8¢ . . . . —
250/ 166 ]
1.4} :

200" - ;
£ 212/ ]
N 150 F10f ]
0.8/ ]
100 1 o6l ]

1T 2 3 4 5 6 71
f, MEGC f, MEGC
a) 0)

Puc. 6. 3aBUCMMOCTHOT YacTOThI: a) — BLICOTHI OTPaskeHUsl, 0) — BpeMeHU MPUX0/a Jy4a B
TOYKY OTpPa:KeHMsI

HetpymHo momyunth rpaduk 3aBUCHMOCTH BBICOTHI OTPAKEHHSI CUTHAJIA OT 33aJIePKKH tm,
uckirounB yactory f(em. puc. 7). B ominume ot aByciioeBoit moaenu [12], kpuBas miaBHas U
B3aUMHO-0/IHO3HauHas. Ha puc. 8 moka3aHa 3aBUCHMOCTh MOTJIOMICHUS —WOT 4acToThl f,
noctpoeHHas mo Qopmymnam (16), (17) B coorBercTBuM ¢ TpaduKoM Jorapudma 4acTOTHI
coynapenuit (puc. 2 0).
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N 150) ]

100+ 1

06 08 1.0 12 14 16
tn, Ms

Puc. 7. 3aBUCHMOCTB BBICOTBI OTPAKEHHS OT 3aePIKKH

s . S !
100 ]
-y
05 ]
00 I 1 I 1 P I 1
1 2 3 4 5 6 7
f, MEGC

Puc. 8. 3aBHCHMOCTD NOTJIOLIEHHS — i OT YACTOTHI f

Ha puc. 9 a - 9 6 npuBeieHBI 3aBUCUMOCTH aMIUIUTYIbI CUTHaJa B Touke npuéma A4 (1) u
¢yukuun L(20) ot yacrorsl f. AMmunTyna orpaxéHHOro ot noHOchepsl curHaia (puc. 9 a)
CHayaja HapacTaeT C yBEJIMYEHUEM YacTOThl, IOTOM PE3KO YObIBaeT. 3aBUCUMOCTh (DYHKIIUU
L (20) ot wacrotsl f Gonee mnaBHas (puc. 9 0), Tak Kak OHa MPONOPLUOHAIBHA JOTapupmMy
OTHOIIEHHSI aMIUTUTYIbl M PAaCXOAMMOCTH, YMHOXCHHOW Ha IOCTOSHHBIN K0d(duimeHt.
KpacHoli 1uHMeN ToKa3aHa SKCTPAIOJIALHs KPUBOH.

500

400} 1 -1t

A ivim 200F ] LY
200+ , -3r
100 A -4
1 2 3 4 5 & 7 I E—"
f, MEGC /. MEGC
a) 0)

Puc. 9. AMmumnTyaa: a) — 3aBUCMMOCTb aMILJIMTYAbI OTPaKEHHOTO OT HOHOCGhePHI CUTHAJIA
OT 4aCTOThI, 0) — Jorapudm aMIUINTYAHOH (YHKIHH OT YACTOTHI

Ha puc. 10 a u 6 mokazaHbl pe3yabTaThl MOJCTUPOBAHUS 3aBHCUMOCTH 3(PPEKTUBHOIMA
YaCTOThl COYJIApEHHUI Ve OT BBICOTHI Z.JKENTOW JIMHWEH TMOKa3aHa MOJENIbHAas 3aBUCUMOCTh
3¢ (HeKTUBHON YacTOTHI COYAapEHUH OT BBICOTHI, a 3eNIEHON — pacuéTHbIe 3HaUeHUs. BuaHO,
YTO C MPUEMJIEMOM TOYHOCTBHIO MOJICJIbHBIE M PACUETHBIC 3HAYEHUSI COBIIAJAIOT, MPUUYEM
TOYHOCTh COBMNAJCHUS yBEeIWYMBAeTCs BbicoTOH. Ha puc. 10 O6momMumo MojaenupoBaHUs
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3aBUCUMOCTh 3(()EKTUBHONW YaCTOTHI COYJApPEHUH  VelIPUBEACHBIIKCTPAIOIALNOHHBIC
KpHUBBIC, TOCTPOCHHEBIE 110 hopmyiie (24) (kpacHas TuHUS) U 110 popmyre (26):
b
lgv,=a+—
Z | a=0.164442, b=483.512, (z, km), (26)
MOCTPOCHHON MO pPAacy€THBIM JaHHBIM (CHUHAA JiMHUA). BugHo, 4To coBmageHue
YZIOBJIETBOPUTEIBHOE.

250f 250
200{ 1 200t 1
=l =l
= 150t 8 < 1501 .
N N
100} 1 100} |
500, .., ‘ s . s R 50, ‘ ‘ ‘ ‘ &
2 3 4 5 6 7 2 3 4 5 6 7
g Ve (Ve 57 lgve (ve,s71)
a) 0)

Puc. 10. YacroTa coyaapeHuii: a) — conocraBJjieHue 3aBUCUMOCTH OT BbICOTHI MOJIeJIbHOM U
PacyéTHOM 4acTOThI cOyaapeHuii, 0) — annpoxkcuManus 3G PpeKTUBHONH YaCTOTHI COyIaApEeHU

3akirouenue

Takum oOpazoM, B paboTe pa3BUT METOA BOCCTAaHOBJICHHS S()(PEKTUBHOW YACTOTHI
COyJapeHUui »3JEeKTPOHOB B HOHOchepe 3emid, Ha OCHOBE JaHHBIX 00 ocnabieHun
KOPOTKOBOJIHOBOTO M3JIy4€HHUS IMPH BEPTUKAIBLHOM 30HIUPOBAHUU HOHOC(EPHI YaCTOTHO-
MOJYJINPOBAHHBIM PAJUOCUTHAIIOM. UYHCIEHHOE MOJENMpPOBAaHUE IPOBEIEHO HA OCHOBE
MeTona Ouxapakrepuctuk ['amunbrona-JIykuna. Iloctpoens! nyueBblie TpaekTopuu JIUM
CUTHaJa B KOOPJMHATaxX BpEMA-BBICOTA; MCCIEAOBAaHbl 3aBUCUMOCTH BEPTUKAJIBHON
KOMIIOHEHTbI BOJIHOBOTO BEKTOpa OT BBICOTHI U BPEMEHM; PACCMOTPEHBI 3aBUCHUMOCTH
aMIUIMTYZlbl CHUTHaJ]a OT BPEMEHHM M BBICOTHI Baoib Jydeil. IlomydeHo mnpuemiiemoe
COBMAJICHUE MOJEIbHBIX 3HaueHUM >((EKTUBHOW YACTOThl COYAApEeHUN U pacuETHBIX
3HAYEHUU.

Hccneoosanue gvinonnsanocsy 8 pamkax epanma Poccuiickoeo nayunoeo ¢onoa (npoexm
MNe 20-12-00299).
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