I'masa 7

BenunHa CHCTEMATHIECKOH OIIMOKHU
cranpgaptaon [IBI'O

[pH ONMHCAHNY PACHPOCTPAHEHHUS
HEeMO/y/IMPOBAHHBIX PAJUOBOJIH

B HOHOC(hepe

§ 1. Beejgenue

Mopuduunposannbiit BapuanT [IBI'O He TONBKO BBOAHMT
[UCIEPCHOHHYIO pedPaKIHIO B pAHT MAaTEMATHYECKH ONUCHIBAEMbIX
(H3MUECKHUX BOJHOBbIX SIBIICHHUIA, HO M YTOUHSET ONUCaHUE OGBIYHOM
pedpakiii HEMOAYIHPOBAHHBIX MOHOXPOMATHYECKHX BOJIH.

B 3Toii rnaBe Mbl OCTAaHOBHMCSI HAa BONPOCE, BEJIMKA JIM OIIHOKa
cranpaptoil [IBI'O no oTtHomeHno K MONHGHIMPOBAHHOMY Ba-
pHAHTy MpPH ONHCAHUU PAaCIPOCTPAHEHUS KOPOTKHX PAIMOBOJIH B
noHocdepe.

Ha nepBoM aTame cpaBHMM o0a BapMaHTa — CTaHAApPTHYIO H
monudunupoBaHuyio IIBI'O — ¢ knaccu4eckuM TOYHBIM pelIEeHHEM

sonHoBoro ypasHenus (YKI) st pedppakuun B THHEHHOM ciioe o},

Ha BTOpOM 3Tame npoBefeM 4YHCJIEHHBIE JIyYeBble pacyeThl
[BYMsI METOAaMH [Isi HEKOTOPbIX CTAaHJAPTHBIX MOJENIEHd HOHOCKhEPDI
W CpaBHUM pe3yIbTaThl.

§ 2. Pedpakuusi BOJIHBI B JHHEHHOM CJI0€ H o

PaccMoTpuM cny4daii nageHus I0CKO# OJHOPOIHOM MOHOXpOMa-
THYECKOU BOJIHBI YAaCTOThI ® K3 OJHOPOJHOIrO MOJYNPOCTPAaHCTBA
y < 0 Ha HEOHOPOHOE NOIYNPOCTPAHCTBO y = 0 MO YriaoM a.

HyCTb pacnpeaeneHue napaMeTpa Cpeibl (Di 3aBHUCHT TOJIBKO OT
BepTHKaJIbHOﬁ KOOPpAHUHATHI y U 3aacTCs KakK

ol (»=0 y<O0;
w;()=Ppy y=0.
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Toynoe pemenne A1t BOJTHOBOrO MOJS 3aaeTCsl YPaBHEHHEM
Kneitna—I'opnona (1.7):

Hns nocrpoenus IIB-nyda HEOGXORMMO NPOUHTETPUPOBATH
ypaBHeHue (4.8)

dr
—=V,
e *
Iie BEKTOp IrpynnoBoi ckopoct V, onpenenseTtcs dpopmyoi (4.10):
k
2
Vg =cC 5

B cranpgapTHO# reoMONTHKE NPOU3BORHAs IPYNIOBOM CKOPOCTH
onpenensieTcs Kak (4.13):

av o
—£=—TlVo,.
dt 0]

B name# mopudunuposantoit IIBI'O ata npoussonnas pis
MOHOXPOMAaTHYECKOH BOJIHBI 06€3 MONEePEYHOH YaCTOTHOH MOY IALMA
UMEET NONONHUTENIBHBIA KOPPEKTHPYIOWHIA uneH (4.30)

dVg _ c2(1)

dt o’

Huxe nmonyynM TOYHOE pelieHHe 3ajlaydl Ha OCHOBE MCXONHOIO
BOMHOBOro ypasHeHus: Kneitna—I'oppona.
Peulenne ypaBHeHnsi B HEOTHOPORHOM MOJYNPOCTPAHCTBE y = 0

OyieM UCKaTh B BHIE

2,3
LVcoL+C—“:'—L—VLmL. (7.1)
o

U(x,y,1) = A(y)exp{(gcos (x)x— (ot}. (1.2)
c
Iopcrasnas (7.2) B YKI (1.7), pnst dpyukuuun A(y) nonydnm
0’A |By (m)2 =
—5—9=5—|—| sin“aA=0. 7.3
9y? {cz c (7.3)
Cpenas 3aMeHy nlepeMeHHbIX
2
B—Z - (9) sino =", (7.4)
c c
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NOJy4YHM KJIAaCCHYECKHI pe3ynbTaT — ypaBHeHue Ditpu [69]:
2
°A (c°
o’ \B
PelieHneM 3TOro ypaBHeHus siBiseTcss yHKUus Jipu (cM.
puc. 16):
A(y) = Ai(n).

HMrak, Mbl HallUTH TOYHOE aHAJHUTHYECKOE ONHMCAHHE Mpolecca
pacnpocTpaHeHdsi BOJHbI B HEOHOPOJHOM JIHHEHHOM cioe. [lanee
paccMoTpuM pacnipoctpaHenue I1B-ny4a B Toil Xe cpefe U npu Tex
K€ HayalbHbIX YCIOBHSIX.

Ha rpanune y = 0 rpynnosasi CKOpocTb V, HMEET KOMIIOHEHTbI
Voxr=ccosau Vy, =csina.

IMpononbsHasi KOMIOHEHTa BEKTOpa rPyNNoBo# ckopoctH V,
OCTaHETCS HEM3MEHHOM B CHJIy HE3aBHCHMOCTH NapaMeTPOB CPENibl OT
NPOMOJILHOM KOOPAXMHATHI X, a MonepeyHas KOMNOHeHTa V| nus
cranpaptHo#i [IBI'O GygeT MeHATBLCS Kak
2 2

t

1 ¢ 1c
V=V, — dt =csino — ——[3t. 7.6
(=Y, = [ 25— Bdr=csina -~ =B (7.6)

220’
0
Kooppnunara y(7) [I1B-nmyua 3aBUCHT OT BPEMEHH ! CIEYIOIIHAM
obpa3om:

2
y(t) = (csina)t — —LII%Z-BIQ. (7.7

Touka NOBOpPOTa Jy4ya, COOTBETCTBYIOLAsi MaKCUMaJbHOMY 3Ha-
YEHHIO KOOPIUHATBI ¥ = Yynax, ONPERETUTCS U3 YCIOBHUS HYJIEBOW CKO-
pocta V(ty,) = 0.

Bpems £, COOTBETCTBYIOILIEE TOUKE MMPOXOXKAEHHSI KOOPAUHATDI
Ymax> cieqyeT u3 (7.6):

2 -
o’ sing
f =p @ SING (7.8)
B
ITopcranoska (7.8) B (7.7) naet
o’ sin’a

ymax = B

IIpu nepexopie OT KOOPAMHATHI y K KoopauHaTe 1 (7.4) nony4um

Nmax = 0. - (19

Takum 06pa3oM, Mbl MOXKEM KOHCTATHPOBATh, YTO B CTAHAAPT-
Hoit [IBI'O nmoBopor Jsiyya B JIMHEHHOM CllO€ ®? MPOMCXONHUT Ha
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BBICOTaX, COOTBETCTBYIOIIHX HYJIEBOMY apryMeHTy yHKUuH DHpH,
BHE 3aBUCHUMOCTH OT YaCTOTBI 0 U YIJia NafeHus BOJHBI L.

Hns mopuduuuposanHoro Bapuanta [IBI'O curyauus B 3Haum-
TENbHON CTENEHH OTIHYaeTCs. [JONONHUTENbHBIN KOPPEKTHPYIOLLHR
4JIeH

o}

0)4

Vo,

CONEp>XXHUT MONEepeyHyo (B KOOpAMHATAX Jiyya) YacTHYIO Mpo-
HW3BOJHYIO MapaMeTpa cpefbl ;. IIpu BepTUKAIBLHOM NafeHnHn y4a
Ha cpeay V,w; =0, no 3Toil NpuYHHE Jy4YH CTAHJAPTHOTO H MOJH-
(pUUHPOBAHHOrO BapUAHTOB HHMYEM HE OTIMYAKOTCA. B ob6owux
clyyqasix OTpaKeHHe NPOUCXOAUT B TOYKe ¢ KoopanHaToH N = 0.

IIpu yMeHbIIeHAN yria o MOEUM(UIMPOBAHHBIA Y4 MOCTEIEHHO
OyaeT NPOHHKaTh B 00j1acTh MOJIOXKHUTENBHbIX 3HAa4YE€HUH apry-
MEHTa 1).

JJ1st MaJbIX YITIOB MaieHHs BOJIHBI pa3/IMyie B NOBEACHUU JTydel
OymeT MaKCHMallbHbIM. BepTukanbHasi KOMIIOHEHTAa TPYHNIIOBOH
ckopoctu s MogudguuuposanHoi [IBI'O MoxeT ObITh OnmMcaHa B
3TOM cllydae YpaBHEHUSIMH

dv, 1B 1By,

i 20 2 o (7.10)
2 2n2 .

V‘,(t):csina—%;—?t+~;—££%t; (7.11)
2 202

)’(t)=(csin(x)t—;1;—cag—t2+%colj—4yt2. (7.12)

CoBMecTHOe pemtenne ypapaenni (7.11) u (7.12) naet 3HauyeHue
MaKCHMaJILHOH BBICOTHI ¥ BpeMeHH ee npoxoxaenust [1B-nmyqyom:

w
VYiax =3 (7.13)
B
2
Imax = 2L (7 14)
cBsina
I[Mepexopst K KOOPIAUHATE Y], UMEEM
0)2
T]max =_2(1_Sin2 (X) (715)
C

3pech, B oTagyne ot cranpaprHoro Bapuanrta IIBI'O, Touka oT-
pa’keHHs! 3aBUCUT KaK OT YacTOThbI W, TaK U OT YIJla NajeHus o.
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§ 3. O6cyxnenue pe3yiabTaToB

Ilpexne Bcero HallOMHUM, B YE€M pa3iNyde MeXAy ABYMs BOJI-
HOBBIMH SIBJIEHHAMHU — pedpakuueil u nudpaknuein. [Ina ksa3u-
MOHOXPOMATHYECKHUX BOJH pedpakuus — 3TO Majloe U3MEHEHHE
HaNnpaBJIEHUs] PacpOCTPAaHEHHs] 110 OTHOLUECHHIO K [UVIMHE BOJHBI U
MeJJIEHHOE HU3MEHEHHME 1O OTHOUIEHUIO K OBICTPBIM OCLMIIISLHSM
nonst. B cuMBOsIBHOM BHJie 2TO BbhIpaxeHo B (4.1). OgHoOBpeMeHHO
(4.1) aBnsietcs ycnosueMm npuMeHnMmocTtu IIBI'O, nockonsky 3Ta
aCUMNTOTHKA CIelUalbHO M cO3faBajnach AJsl ONUcaHUs pedpak-
MOHHBIX 3(pdekToB. OcTanbHble sABIEHUS, HE MOfNajalolife Mox
onpeaenenue (4.1), oTHocaTcst K AUPaKLHMOHHBIM.

J[Insi mMUPOKONOJOCHBIX U CBEPXIIHPOKONOJOCHBIX BOJHOBBIX
[IaKETOB, [JIs1 KOTOPBIX IIOHSITHE AJIMHBI BOJHBI WIHN [AEJEHUE KoJle-
6annii Ha ObICTpbIC U MEJJICHHbIE HE HMEET CMbIcia, noj pedpak-
HHEH TOHUMAIOTCS SBJIEHUS, NPOCTPAHCTBEHHbIE U BpEMEHHEIE
MaciiTaObl KOTOPbIX 3HAUMUTEJIBbHO NPEBOCXOAAT IEPBOHAYalbHbIE
ero pa3Mephbl IO COOTBETCTBYIOIUM KOOpAnMHaTaM. B npoTusHoM
cliydae BOJIHOBBIE SIBJIEHHS] OTHOCATCS K AU paKkLUu.

Bocnpon3segennoe Hamu Bbilie ToyHoe pewmieHne YKI' B Bune
¢YHKIMHA DHpPH CIpaBelJIMBO AJs NPOU3BOJILHOrO yriia nafacHus
BOJIHbI O Ha HeOmHOpoAHBbIA cioi. Ilpm BepTHKanbHOM NafeHUH
(o = w/2) MOHOTOHHO yObIBaloOLiasl BeTBb PyHKIUMHU Diipu gias n >0
COW3MEpHMa C JJIMHO| BOJIHBI U OMHUChIBaeT AU PaKIMOHHOE Criafa-
HHE TOJISI B 32aBHCUMOCTH OT BEPTHKAIBHOH KOOpAMHATHL. 3ech 00a
BapuaHTa [IBI'O pgaroT oguHakoBbIl pe3yiabTaT, B (PU3UUYHOCTH KO-
TOPOro COMHeBaTbcs He Ipuxonutcs: [1B-ny4, onuceiBaromuii peg-
PakLMOHHBIE SIBJIEHUS], IOBOPAYHUBAET B TOYKE C KOOpAMHATOH 1) = 0.

OpnHako 151 MaJIbIX YIVIOB MafeHust o yObiBarolasi BETBb (PyHK-
UM DHpH MO CBOEMY NMPOCTPAHCTBEHHOMY MaciiTaly MOXET COOT-
BETCTBOBATh CKOJIb YTOTHO OOJIBIIOMY YHCIHTY JJIUH BOJH npu o — 0.
B aToMm ciyvae ciafanue mons gis v) > O sBisieTcs 1aBHbIM Ha [UTH-
HE BOJIHBI U OTHOCHTCS K pe(ppakIOHHBIM SIBICHUSIM.

Monnduuuposanseiii BapuaHT I[IBI'O oroGpaxaetr ¢usuky
3TOro Impouecca TeM, YTO NPU YMEHbIUEHHH yrjia MafieHUs] BOJHBI
I1B-ny4 HaynHaeT MpOHHKATh B o6jaacTh M >0, B To BpeMs Kak
CTaHAApPTHBIA BAapUAHT HUKaK HE pearupyeT Ha U3MEHEHUE yria o.
PaccMoTpeHHbIi HaMu [IpUMEP IEMOHCTPUPYET HAIMYHE CHCTEMATH-
yeckKod omuOKH B craHpapTHoM BapuanTe [IBI'O npm onucanum
pedpaKIMOHHBIX BOTHOBBIX POLIECCOB.

Kak Mbl BbIsICHUIM B r71aBe 4, NPUUUHON OLIMOKH CTaHJApTHOM
[1BT"'O siBnsieTcs niiockasi MOENb NOJISA, B KOTOpO# (pa3oBast PyHK-
IIUs1 JOMKHA ObITh 6E3BUXPEBOM, YTO TPeOYET BBINOJIHEHUS YCIOBHS

121



¢PazoBbI
¢ponT
BOJIHBI B
CTaHJapTHOH
IIBrO oky

dazoBLit
¢pOHT BOJIHEI B
MOJIGHIPO-
paunoi [IBI'O
ok, |
kyx —a-; Y

—X
Puc. 36. [TpocTpaHCTBEHHOE NOI0XEHHE (DPOHTOB KBa3MMOHOXPOMATHUYECKOH HEMO-
[lyIKPOBAHHOI BOJNHBI /ISl CTAHNAPTHOTO ¥ MOXM(HUMPOBAHHOTO BAPHAHTOB MBIro

TToka3aTeNb NPETOMIIEHHs MEHSETCS TOILKO BAOML OcH y. CHCTeMaTHeCKas ounbKa B
CTAHNAPTHOM BapHaHTE BO3HMKAeT W3-3a HaNM4Hd B a3080#t (YHKLHMH KOMIMOHEHTb
(dk, / 9x) xy, KOTOpas B MORM(HUNPOBAHHOM BapHAHTE OTCYTCTBYET. CraunpaptHas IBI'O

3aBbilAeT BeNHuHHY ddekTa pedpakLmu

Ok, /dy = ok, /dx. MoancduuupoBaHHasi MOfIeNb MOJI KOMIICHCUPYET
npou3BOAHYIO Ok,/dx IyTeM BBEIEHAs B ypaBHEHHE JUKOHANA BTOpO#
MPOM3BOJHON AMITMTYAHOH (PYHKIMH, YTO MO3BOJISACT HCKIIOUHUTD
CHCTEMATHYECKYIO OLIMGKY, KOTOpast IPUCYTCTBYET B CTAHNAPTHOH
mopeny. IIpuynHa BO3HUKHOBEHUS 3TOM OLUMOKH MOSACHAETCH rpacu-
yeckd Ha puc. 36. VI3 npoCcTpaHCTBEHHOIO MOJIOXKCHHA ¢da3oBbix
¢dpoutos BuAHO, 4yto craHpaptHas [IBT'O 3aBpiiaeT BenMduHy
pedpakuuu.

OlleHHM MakKCHMaJIbHO BO3MOXHYIO JUIsi HOHOCGepbl 3eMin
KOPPEKTHPYIOLIYIO NIONPaBKy, YYATbIBAEMYIO B MOIU(HIPOBAHHOM
[MBI'O u OTCYTCTBYIOLIYIO B CTAHAAPTHON I€OMOIITUKE. YucneHHoe
BhIpaXeHHE BeJIMYMHBI pedpakuuy 3ajaeT MpOU3BOAHAA BEKTOPA
rpynnoBoii ckopoctu dV,/dt.

ITycTs MOHOXpOMaTHYeCKash BOJHA 4YacTOTbl ® pacnpocTpa-
HseTCs BAONb BEpPTHKANbHO-HEONHOPORHOW MOHOchepsl. [Tone-
PEUHYIO TNPOHM3BOJHYIO TPYNIOBOH CKOPOCTH I MogudHIHPO-

122



panHoM IIBI'O MoxHO 3anucaTh Kak

2 2
av, o, (, o

- |-

dt > >

V.o, (7.15)

dopmanbHO nonpaBouHbll KO3(uuuent (1 —a)i/(nz) B
(7.15) MOXET UMETH CKOJib YTONHO MAaJYIO BEIUYUHY NPU O — W) .
Ho peanbno ero MmuHuManbHasi BETMUHHA ONPENENSIETCH YCIOBUAMH
IPUMEHHUMOCTH FeOMETPUYECKOHN onTuku (4.1).

XapakTepHbld BEpTHKATbHBIA MaciTab noHocgepsl Ly = 100 kM,
NO3TOMY F€OMETPHYECKYIO ONTUKY B HOHOC(EPE MOKHO NPUMEHSITh
BILUIOTb IO IJIWHBI BOJHBI A = 10 kM. BeIGpaB 3Ty [auHy BOJHBLI B
KavyecTBE TPAaHMYHOM, ONMpENEIuM, YTO MHHHUMAILHO BO3MOXHOE
3HaueHHe NonpasoyHoro kopoduumenta (1-w; /w?)= 0.04.

HpyruMu cnoBaMH, CHCTEMaTHYECKasi OLIMOKA CTaHJapTHOM
[IBI'O no orHowenuio k 6onee TOYHOH MORUGUUUPOBAHHOM s
NPOM3BOJHONW BEKTOpA IPYNIIOBOH CKOPOCTH B YCIOBHSIX 3€MHOM
HOHOC(EPBI MOXET AOCTHraTh 96%.

§ 4. U3nyyeHne paguoBOJIH € IOBEPXHOCTH 3eMJIH

3neck ¥ anee NpUBEREM PE3YJIbTAThl JIyYEBbIX PACYETOB YHC-
JIEHHBIMH METOJIaMH Ui CTaHAapTHO! 1 MoguduuuposanHoit [IBIO.
B nepsom cnyuyae 6ymeMm monb3oBatbes ¢opmynoi (4.13), Bo
BTOpPOM — opmyoi (7.1).

300 T T T T 1
250 .
200 .

g 150

Y,

100 -

50 .

0 1 1 1
0 1 2 3 4 5 6

Ju, MI'y

Puc. 37. 3aBUCcHMOCTD MIA3MEHHOM YACTOThI HOHOCHEPDI OT BLICOTI
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150 T T T T T T

50

1 1 1 1
400 600 800 1000 1200 1400

X, KM

1
0 200

Puc. 38. INpoekuuu MB-nyueit Ha NPOCTPAHCTBEHHBIE KOOPAHHATHI.
Cranpapthblit BapuauT [I1BI'O

150 T T T T T T

Y, KM

i 1 1 1 1
0 200 400 600 800 1000 1200 1400
X, KM

Puc. 39. [Mpoekuun MNB-nyueit Ha POCTPAHCTBEHHBIE KOOPAHHATDI.
Moautpuunponanusiit BapuanT [Bro

PaccmoTpuM npoxoxpeHne KOPOTKHX PagHOBOJIH Yepe3 HOHO-
cepy 6e3 yuera ee chepHIHOCTU B C(PEepUYHOCTH 3EMHOH MOBEPX-
HOCTH, YTO CUUTAETCS BIOJIHE AOMNYCTUMbIM Ha OJHOCKAYKOBOWM
Tpacce. Bribepem Mopens HoHochepbl B BHAE OBHOro mnapabo-
nudeckoro ciosi [34], nnazMeHHas yactora KOTOporo f, =, /2n

3aBUCHUT TOJILKO OT BEPTHKAIBbHOM| KOOpAuHaThI y (puc. 37).
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25

T
1

ds, xm

1 1 1 1 1 1 1

0 1
02 025 03 035 04 045 05 055 06 0.65
o, pajt

Puc. 40. 3aBHCHMOCTb Pa3HHIbI JUIHHBI yueit MOAM(HUILMPOBAHHON U CTAHIAPTHO
[IBI'O oT yrna nageHus Ha HoHOCheEpY

IMpoekuuy NpOCTPaHCTBEHHO-BPEMEHHBIX JIydedl Ha MIIOCKOCThb
(x, y), KOrga u3ny4aTeb HaXOJUTCH B TOUYKE C KOOPAUHATAMH X = 0,
y = 0 7151 IByX BapHaHTOB Jy4eBbIX PAacYETOB MOKa3aHbl Ha puc. 38 n
puc. 39. YacToTa pagdoBONHBI B 00OHX Ciyd4asix Oblna BeIOpaHa
f= /21 = 30 MI'y, yron nageHus n1ydei Ha HOHOCGepy O MEHSJICS B
npegenax 0.2-0.65 pan. 3amMeTuTh pa3nuuue MeXNy CTaHAapTHLIM
(cM. puc. 38) 1 MonupHUMPOBaHHBIM (CM. pHC. 39) BapuanToMm [IBI'O
NpakTUYECKH HEBO3MOXKHO. DTO pa3iuyue NPOSBISETCs TONbKO NpH
BBIYACIICHHH Pa3HULbI [UTMHBI Tydeil dS, pacCUMTaHHbIX 110 (HOopMyIIe

T
S= [V, (7.16)
0

3pech T — BpeMs NIPOXOXAECHUS JIyYOM TPacChl JO MOBEPXHOCTH
3eman, y = 0. MakcumanbHas pasHulla B JUIMHE Jyded dS =3 KM
(puc. 40) HabmromaeTcs NpH MaKCHMalbHOM YIJI€ MaJcHHS
o, = 0.65 pap. [ToHATHO, YTO 3Ta BeJIMYHHA HA Tpacce JJIMHON Gonee
1000 KM MpakTHYECKH HE3HAYMMa, €CJIM B XO[Ie peLICHus 3ala4n He
TpebyeTcs pacyeTa pa3OBbIX XapaKTEPUCTUK BOJIHBI.

dusnyeckyd 3TO OOBSICHSAETCS TeM, YTO B JaHHOU MOCTAaHOBKE
3ajja4y BOJIHA IPOCTO He MONAAAeT B T y4aCTKM HOHOC(EPBI H MOJ
TEM YIJIOM, Tie MOrja Obl CHJIbHO NPOSIBUTHCS CHCTEMAaTHYECKas
norpeiHocTs crangaptroi ITIBI'O.
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§ 5. M31yyenne pajiMoOBOJIH CO CIYTHHKA

B pamkax Toii e camMoii Mogenu noHocgepsl (cM. puc. 37) nepe-
MECTHM HCTOYHHK PafgMOBOJIH TOH ke 4acTtorsl f= 30 MI'u c no-
BepxHoctd 3emiun, y =0, Ha BbIcOTY y = 250 KM, Ha KOTOPOH MOTyT
JIeTaTh HCKYCCTBEHHbIE CITyTHHKH.

PesynbraThl Ny4YeBBIX pacyeTOB B JHana3oHe YIJIOB O =
=-0.025+0.25 pap pns cranpapTHod U Mopuduuuposansoi IIBI'O
nokasaHbl Ha puc. 4l u puc. 42 coorBeTcTBeHHO. M3 npuBegeHHbIX

300 ] T ¥ ¥ ] T

250 ME -
200} -

g 150 ]

Y

100+ 5

50t .

00 200 400 600 800 1000 1200 1400
X, KM

Puc. 41. INMpoexuuu [B-nyyeit HAa MPOCTPAHCTBEHHbIE KOOPAMHATBL.

Cranpaprablii Bapuant [IBIO

3(x) T ¥ T T T T

250 MGG .

200 .

T
1

150

y’m

100 .

S0+ .

1 1 1 1 1
0 200 400 600 800 1000 1200 1400
X, KM

Puc. 42. [Tpoexuun I1B-nyyeil Ha NPOCTPAHCTBEHHbIE KOOPAMHATHI.
MopucduumuposanHslil Bapuant [IB['O
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pe3ybTaTOB BUAHO, YTO BEPXHHE JIyYd HMEIOT Pa3HHUI IO PaccTos-
HHIO MEXIY TOYKAMHU MaJieHus] Ha MOBEPXHOCTb 3EMIIM IPUMEPHO B
120 kM, uyTo cocraBuser 10% ot Bcell mnuHbl Tpaccehl. [Ias MHOTHX
NpaKTUYECKUX 33aad TaKast MOrPEHIHOCTD YXKe HENpHEMIIEMA.
3afgaya U3JIy4eHHs CO CIYTHUKA, B OTIHYHME OT NpEAbIAyIUER
3ajla4yd, MOXKET MPHUBOAUTH K 3HAYUTENbHbIM INOTPELIHOCTSAM NpH
® — ; , BIUIOTb 10 NpeAeNbHbIX 96%, 0 KOTOPBIX YIIOMHHANOCh B § 3

HACTOSIIEN IJIaBbl.

§ 6. IIpoxoxnenne paguoBoOJIH
Yyepe3 MEKCII0eBYIO JOIHHY B HOHOChepe

PaccMoTpuM Gonee ClOXHYI0O M 6ojiee NPUOIUXKEHHYIO K
peanbHOCTH MOJeNb HOHOC(EPBI, Y KOTOpo# Mexay cnosiMa E u F
CYILIECTBYET MOHHMXKEHHE IJIA3MEHHOH 4acTOThl, TaK Ha3bIBaemasi
nonuHa. JTa MOfebL u3oOpaxkeHa Ha puc. 43. Ha puc. 44 u puc. 45
NpUBEJEHBI IIPOCTAHCTBEHHbIE TPAEKTOPHM JydeH ISl CTaHAPTHOM
u monudumposanHoi [IBI'O. Ilpu pacueTax MCNOJIb30BATKCh OJHU
U Te € HavalbHble gaHHble — yacTorta f= 30 MI'u, yron nagenus
nydeii Ha HOHOCepy u3MeHsuics B AuanasoHe o = 0.45-0.65 pan.

W3 pUCYHKOB cCilefyeT, 4YTO LEHTpaJIbHbIE JIy4d BEAYT ceOst
COBEPLIEHHO MO-Pa3HOMY AJIsi Cllydasi CTaHAApTHOH M Monuduuu-
poBanHoil [IBI"O. Orciofa MOXHO CenaTh BbIBOJ, YTO CHCTEMATH-
yeckasi morpelrHocTh crangapTHoit TIBI'O B 3apayax, CBSI3aHHBIX C
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Puc. 43. 3aBUCUMOCTD MJIa3MEHHOH YaCTOTbl HOHOCHEPDI OT BbICOTbI
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Puc. 44. Tpoekiuu TB-nyueii Ha NPOCTPaHCTBEHHbIE KOOPAHHATBI.
CrangapTHbtit Bapuant [1B'O
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Puc. 45. lMpoexuun INMB-nyueit Ha NPOCTPAHCTBEHHbIE KOOPAHHATSI.
Moaunduuuposatuslii Bapuaur [IBro

3aATKOM M pacnpoOCTPAHEHHEM BOJHOBOHN 3HEPIHH B MEXKCIOEBOM
KaHalie, He[ONYCTUMO BbICOKa. B TO e BpeMst ocTasbHbIe JyuH,
COCTABJISIFOLIME OCHOBY CKa4YKOBOH MOJABI, BEAyT ceOsl MpaKTHYECKH
OJMHAKOBO NI 060MX METOJOB pacyeTa.
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§ 7. O6cyxneHue pe3yJibTaToOB

OCHOBHO# LENBIO MPOBEACHHBIX B HACTOSILIEH IJ1aBE YMCIEHHBIX
pacyeToB JIyYEBLIX TPAEKTOPHIA (ray tracing) siBsu1ach JEMOHCTpaLUs
¢daxkTa, 4TO npu HOHOC(HEPHOM paCNpOCTPAHEHHH PANHOBOIH Cy-
eCTBYET LENbIA pAf 3ajad, KOrjga CHCTEMaTHdecKas olIHuOKa
cranpaptHoro Bapuanta IIBI'O MoxeT npHuBecTH K HEBEPHbIM
pe3ynbTaTam.

Takas cuTyanust MOXeT BOZHHKHYTb, HAlIPUMEP, NIPU U3TY4YEHUN
(unM npueme) pajMOBOJIH CO CINyTHUKA, MPH pacueTax 3alUTKH
HOHOC(EPHOrO BOJIHOBOTO KaHaja MexXay cinosiMu E u F, a Takxe
NOYTH BO BCEX 3ajadax, B KOTOPBIX BaXXHbl (pa30BbIe XapaKTe-
PUCTUKH BOJIHBI.

CnenyeT OTMETHTb, TEM HE MEHee, YTO BO MHOIHMX 3ajauvax,
CBSI3aHHBIX, B OCHOBHOM, C HaKJIOHHBbIM MEXaHH3MOM pacHpocTpa-
HEHUsI paJOBOJIH, OrpelIHOCTh cTangapTHoit [IBI'O npaktuyecku
HE BIMAET Ha pe3ynbTaT. [Ipn HakKJIOHHOM pacnpOCTpaHEHHH H31Y-
YEHHbIE C MOBEPXHOCTH 3EMIIU PaJJMOBOIHBI H3-3a FEOMETPHHU 3a[]a41
He MomnajgarT B Te 00nacTu MOHOcdEpDI, e BeNNYNHA OLIUOKU
cranpapTtHoi [IBI'O umeer Gonblune 3HaYeHHS.

Opnako oTciofa He CIEAyeT, YTO B 3THUX 3ajayax CleayeT
u36erath MOUMHULUPOBAHHOIO BADHAHTA F€OMETPUUYECKOM ONTHKH,
MOCKOJIbKY NPH MPOYUX PABHbIX YCIOBHSIX BCErJa Jyd4lle MOJb-
30BaTbCsl G0Jiee TOYHBIM METOAOM pacueTa. OcoGeHHO, eClii y4YecTb,
4TO MOU(pUUMpOBaHHbIE (POPMYIbI /ISt HEMOAYJIHPOBAHHBIX BOJIH
OTJIMYAlOTCS OT CTAaHJApTHbIX HE3HAUUTENbHO U NMPAKTHYECKH He
BJIMSIIOT HAa CKOPOCTh BbIYMCIIEHUHA U OOBEM NIaMATH KOMNBIOTEPA.



