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Llenbio NaHHOU pabOTHI SIBJSIETCS] MCCEA0BAHUE BOJHOBBIX MPOLIECCOB, TPOUCXOISIINX B T€OJOTU-
YEeCKOM TPEITMHOBATOM MacCHUBE B TIPOIIecCce CEMCMHMYECKOM pa3Benk. ABTOpaMH ITPOBEACHO pac-
LIMPEHUE CETOYHO-XapaKTEPUCTUYECKOIO METO/IA Ha TE€KCa3APAJIbHBIX CETKAaX Ha Cliyyal yrpyrou
cpembl, comepKalei mycTble U (hIIoNI0OHACKHIIICHHBIC TPEIUHEL. [IJ1 yuyeTa BIUSHUS TPpeIIMHOBa-
TOCTU Ha BOJTHOBBIE TMPOLIECCHI, MPOUCXOMSIINE B Cpelie, MPeIOKEHO BblAeJeHe HEOTHOPOIHO-
CTeil Ha 3Tare TMOCTPOSHUSI paCUeTHON CETKM C IMMOCTAaHOBKOW I'PaHWYHBIX YCIOBUM M YCJIOBUI Ha
06opTax TpelirH B iBHOM Bue. C UCITOIb30BaHUEM JAHHOTO METO/IA MTOJIyYeHbI BOJTHOBbIE KAPTUHBI
BOJIM3U TIPOTSKEHHOW HAKJIOHHOM TeoJIOTMYecKoi TpellnHbl. CTaBUTCS 3amada Mo YUCICHHOMY
pacueTy celicCMUUeCcKOro OTKJIMKA OT KJlacTepa BEPTUKATbHBIX U CYOBEPTUKAIbHBIX TPEIIIMH B TTOJ-
HO# TpeXMepHOii mocTaHoBKe. [IpoBeneHO UccaenoBaHWe €ro CTPYKTYPhI U BIUSTHUSI BUAA 320~
HUTEJIST Ha PETUCTPUPYEMBIiT Ha MMOBEpXHOCTU curHail. bubi. 26. dur. 6.
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TOH, MaTeMaTHIeCKOe MOACIMPOBaHNE, TPSIIIMHOBATHIC CPEIbI.
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BBEAEHUWE

[To-BumrMomy, TIpSIMOI METOJI XapaKTepPUCTUK OBLI M3HAYAILHO MpeajioKeH B padote [1]. B manb-
HelileM, oH ObLI 0000IIIEH Ha cllydyail iByMepHbIX [2] 1 TpexMmepHbIX [3], [4] 3amay. OCHOBHBIM €ro He-
JIOCTaTKOM SIBJISIETCSI CTYILIEHUE PACUETHBIX Y3JIOB B OTIIEJIbHBIX 001aCTSIX pacyeTHOI 00JIaCTH, YTO MPHU-
BOJIUT K CHMDKEHUIO TOYHOCTH pacyeToOB BAAIU OT HUX. B manpHeiimeM B pabotax B [5], [6] 6bLI mpem-
JIOXXEH MeToHd 0OpaTHBIX XapaKTEPUCTUK (CETOYHO-XapaKTepUCTUYECKUI MeToa) Ha (DUKCUPOBAHHBIX
pacyeTHBIX ceTKaX. BuilenepeyncieHHbIe METObl YCIEIIHO MPUMEHSUIUCH Il TTOJyYeHUs TJaaKuX
pelreHui 3aga9 Ta30BoM TMHAMUKM. J1JIsT oGecredeHnsT BO3MOXHOCTH KOPPEKTHOTO pacyeTa pa3phbiB-
HBIX PEIIeHUI ObLIN MPEIIOXKEHB CETOYHO-XapaKTePUCTUIECKE METOIBI C IBHBIM BBIIEJICHUEM pa3-
PBIBOB (cM., [7], [8]).

OJIHUM U3 BaXXHBIX CBOMCTB UYMCJIEHHBIX METOMIOB SIBJISIETCSI MOHOTOHHOCTD (cM. [9]). K MOHOTOH-
HBIM CXeMaM OTHOCUTCS, HallpUMep, cXeMa MepBoro nopsiaka annpokcumManuu (cm. [10]). B [11], [12]
MpPeLI0XKEeHbl MOHOTOHHBIE TMOPUIIHBIE CXEMbI MOBBILLIEHHOTO TMOpPsiiKa TOUHOCTU. OOIIMI TToaXoa K
MOCTPOEHUIO TaKUX CXEM C MCMOJIb30BAaHMEM IPOCTPAHCTBA HeoNpeAeIeHHbIX KO3(M(MUIIMEHTOB ObLIT
npenyoxeH B [10], [13]. Takke AJ1s1 MOBBIIIEHUS MOPSIIKA CXOAMMOCTHU 03 pacIIUpeHUs] pacyeTHOroO
1ra6ysoHa B [ 14] npemioxkeHa MOHOTOHHAS cxeMa ¢ UCIOJb30BaHUEM MPOTOJKEHHBIX CUCTEM.

M3HavyanbHO CETOYHO-XapaKTEpUCTUUECKUIA METO/I ObLIT TPUMEHEH IS 33724 ra30BOi ITMHAMUKU, a
K 3aja4ye OINMMCaHWsI TMHAMWYECKUX TIPOLIECCOB B CIUIOIIHBIX CpelaX OH aJalTUPOBaH CPABHUTEIHLHO
HeaaBHo. Cpeau MepPBbIX pabOT, MOCBSIIEHHBIX €ro MPUMEHEHUIO JJI1 YUCIEHHOTO PelIeHUsI MHOTO-
MEPHBIX YPAaBHEHUU TMHAMUKM YIIPYTUX, a TAKXKE YIPYrorlaCTUYECKUX U BA3KOYIIPYTUX, CPEN MOXHO
OTMeTHUTh paboThI [15], [16]. B pabote [17] ¢ ncnoib30BaHNEM CETOYHO-XapaKTEPUCTUIECKOTO METOAa
pelagruch TpeXMepHbIe BOJTHOBbIE 3aauyu Teopuu ynpyroctu. Padora [18], mo-Buaumomy, siBiaseTcs
OJIHOI U3 MEPBbIX OTEUECTBEHHBIX pabOT, B KOTOPOU paccMaTpUBAJIMCh BOJHOBbIE 3a/1auu FeOPU3UKU.

D Uccnenosanue Boimonneno B pamkax pa6otsl o rpaHTty PH® Ne 14-11-00263 u nipu yacTU4HOM (MHAHCOBO MTOAIEPKKE
crunenauu [Mpesunenra PO CI1-2548.2013.5.
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YUCJIEHHBIM PACUET BOJTHOBLIX ITPOLIECCOB 513

B [19] ceTouHO-XapaKTepUCTUUECKM I METO O000IIIEH Ha CIyYail YUCIEHHOrO PelIeHUS BI3KOYIIPYTUX
BOJIHOBBIX 3a11a4, B [20] — 111 MCCiemOBaHMsI CJIOKHBIX BOJTHOBBIX ITPOLIECCOB B CpeiaX MHOTOCIOMHOM
CTPYKTYpHL. B manbsHeiimeM pa3paboTaHbl METOABI 10 MSITOTrO ITOPSIIKa TOYHOCTH, KaK Ha TeKcadapaib-
HBIX (cM. [21]), Tak 1 Ha TeTpa3aApaIbHBIX paCUYETHBIX CETKAX IS TPeXMEPHBIX 3a1a4 (cM. [22]). B [23]
CETOUHO-XapaKTEPUCTUUECKUI METOJ Ha TPEYroJAbHBIX CETKaX pacIIUpeH Ha cliydail MOJASIUPOBAHUS
re0J0TMYECKON Cpelibl C IBHBIM BbIAEJIECHNEM HEOJHOPOAHOCTE! (B TOM UMC/Ie TPEIUH) U U3Mejbye-
HUSI paCYeTHOM CETKM BOJIM3M HUX IUISI MOBBIIIEHUST TOYHOCTH pacyeTa.

B Hacrosieit pabote npoBeaeHO 0000IIEHNE CETOYHO-XapaKTepHUCTUYECKOTO MEeTOoda Ha TeKcas/l -
panbHBIX CeTKaX ISt MOACIMPOBAHUS AUHAMMNYECKMX ITPOLIECCOB B TPEIIMHOBAThIX cpenax. [1pemioxeH
crnoco0 MOCTPOEHMsI TeKCca3apaIbHOM paCUeTHOMN CETKHU C SIBHLIM BbIIEIEHUEM OOPTOB KasKAOM TPEILIM -
HBI M UICTIOJIb30BaHMSI HA HUX COOTBETCTBYIOIINX I'PAaHUYHBIX ycJIoBUii. C ero MoMOIIbIO MPOBEISHO pe-
LIeHUe 3aJa4i O pacpOCTpaHEHWU MPOIOJbHOM BOJHBI B Cpejie, coaepKalllell OlHY HaKJIOHHYIO Tpe-
IIMHY (B IBYMEPHOI MOCTAHOBKE), a TaKXKe KJIACTep BEPTUKAIbHBLIX M CyOBEPTUKAJIBHBIX TPELIMH
(B TpeXMEpHOI ITOCTAaHOBKE).

OIMMUCAHUE MATEMATUYECKOM MOJEJIN U YMCJIIEHHOIO METOJIA

PaccMoTpuM OCHOBHBIE YpaBHEHUS JIMHEHHON TMHAMWYECKOM TEOPUHU YIIPYTOCTH, KOTOPBIM IO~
YUHSIETCS COCTOSTHUE OECKOHEYHO MAJIOTO 00bheMa JTUHEHHO-YIIPYTO# CPeIbl:

pv; =V, (0

Sy = QiuiCurs

A€ p — IJIOTHOCTDb CpEAbl, v; — KOMIIOHCHTbI BEKTOpPa CKOPOCTU CMEILICHUS, U €, — KOMIIOHCHTbBI

U
TEH30pOB HanpspkeHuid Ko u nepopmanmu, V; — KoBapuaHTHast IPOM3BOIHAS T10 j -i KOOPIMHATE.

By KoMIoHeHT TeH30pa 4-1o MOPSIKa ¢, ONPENEIAETCS PEOIOruei cpebl. s IMHEHHO-yIpyroro
ciydasi OHU UMEIOT BHIT

Qi = M0y0y; + (08 ;y + 00 ;i)

B aTOM cooTHOMmIEHNM, KOTOPOE 06001IaeT 3akoH Iyka, A u L — napamerpsl Jlame, a §; — cumBon
Kponekepa.
IlepBas ctpoka B cucteMe (1) mpeacrasiisieT TP YpaBHEHUSI IBUKEHUSI, BTOpasi — IIECTh PEOJIOTU -
YeCKMX COOTHOILIIEHUIT. BeKTOp MCKOMBIX (DyHKIIMI1, COCTOSIIUI 13 9-TU KOMITOHEHT, UMEET BU],
T
u ={v},v3,V3,011,013,013,022,023,033} -

OTMeTHM, 9TO CHCTeMa TWHAMUKH IedopMHUpyeMoro TBepaoro Teia (1) MoxXeT OBITH 3aIllMicaHa B
MaTPUIHOM BUIIE:

3
ou ou
T=D A 2
ot “ Ox ;
Jj=1 J
rae A ; — MaTpuibl pasmepa 9 x 9, (x,, X,, X;) — OPTOHOPMUPOBAHHAsS CUCTEMa KOOP/IMHAT.

JLu1st ee pelleHus UCTOIb3YETCS CETOUHO-XapaKTEPUCTUUESCKUI METO Ha KPUBOJIMHEWHBIX TeKCad/I-
pPaNTBHBIX pacdYeTHBIX ceTKax 13 [21]. McxomHast cucteMa ypaBHeHMI (2) TTpeobpasyeTcs K BULY

3
- - 0
u_y3 o .zimh 3)
ot “ 0§, ;
=
rae (&, &,, &;) — HanpaBJIeHUSI pacLIEIUIEHUS B IPeo0pa3oBaHHOM NpoctpaHcTBe. Cucrema (3) pacna-

JIaeTcs Ha TpU OJHOMEPHbIE CUCTEMbI YpaBHEHUIA:

Ou Aau

2123, 4
o ae, ! @)
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514 I'OJIYBEB u np.

Kaxnas n3 3TUX CucTeM SIBIISIETCSI TUTIEPOOINIECKON 1 00JIagaeT IMMOJTHBIM Ha0OPOM COOCTBEHHBIX
BEKTOPOB C ILCﬁCTBI/ITCIIbeIMI/I CO6CTBCHHbIMI/I 3HAYCHUSIMU. Kamy}o N3 CUCTEM MO2KHO II€pEITncCaThb B
BUIE

Ou -1 Ou
_giA Qo0
at J J /a&j

rjie MaTpuiia £); — MaTpulia, COCTaBJIeHHast U3 COOCTBEHHBIX BEKTOPOB, A ; — IMaroHajibHasi MaTpuLa.
JIJist KaXa0ro mara paciueruieH s U1 HanpaBieHus & ; MaTpuia A ; UMeeT BUIL

A; =diag{el;,—cl,cil =il e0l j,—¢4l ,0,0,0}

¢ = [Ar2 c2=\F‘, =] =)+ ) + ) W =V
p p

Jlnst onpeneneHust KoadPUUMeHTOB W’ BbIMUC/IAETCS MaTpuLia, oOpaTHas K marpuie ko6u. Otme-
THM, 9TO €€ HEOOXOMMMO BBEIYUCIISATE B Kaxkmoit ssueiike. KoahhHUIIMEeHTH MOTYT OBITh BEIYUCIICHBI aHa-
JIMTUYECKU B cllydae, KOraa npeodpaszoBaHue 3a1aHo B BUIE & = §(X), JIMOO YMCIIEHHO, UCTIONB3Ys (hop-

rae

MYJIbI BTOPOTO TIOpsAKa TOYHOCTU (W, ),,, = ((€ ) i1 — (€) 1)/ AX; -
IMocnie 3aMeHbI TIepeMeHHBIX V = Qu Kaxzaas u3 cucteM (4) pacramaeTcsl Ha IeBSITh He3aBUCUMBIX
CKaJISIpHBIX YpPaBHEHUI nepeHoca (MHIEKC j lajiee oIrycKaeTcs, Iie 9T0 BO3MOXHO) BUIa
@ + Aﬂ =0.
ot 0g;

OnHOMepHbIE YpaBHEHUSI MIEPEHOCA PEIIaloTCs ¢ MOMOIIBIO METoAa XapaKTepuCcTuK (cM. [8, 24]).
ITocne Toro, Kak Bce KOMIIOHEHTHI V IIEpeHECEHBI, BOCCTAHABIMBAETCSI CAMO PEIlICHUE:

+1 —1_n+l
"t =Q7v",

B nporpamMme peanuszoBaHbl cXeMbl 2-4-TO TTOpsiIKa TOYHOCTU. B paboTte pacueTsl MpOBOAUIUCH C
HCITOJIb30BAHMEM CXEMBI 4-TO TTOpsIIKa TOYHOCTH

V:lnH = V:,n — G(Al — G(A2 — G(A3 - GA4))),

A]ZL

24(_2V7n+2 +16V,,, — 16V, +2v,.,),

Ay = 2i4(—an+2 +16v,,, =30V, +16v,, | —v,_),

Ay =L@, —4vn, 4 = 2" ),

24

A, = 2i4<v:1,+2 4V 6V — AV ).

KpOMe TOro, UCITOJIB3YETCA CeTO‘iHO—XapaKTepI/ICTI/I‘{eCKI/lﬁ KpI/ITepI/Iﬁ MOHOTOHHOCTU. B cJIy4yae 11o-
JIOXKUTEIBHOTO 3HAYEHUS A KpI/ITCpI/Iﬁ MOHOTOHHOCTHU NUMEET CJTG,Z[Y]OIIII/IIL/'I BUA
. n n n+l n n
mm{vm, Vm_l} <v, < max{vm, Vm_,}.
,Z[J'[H OTpMULATCIbHBIX 3HA4YEHUN A OH 6y,Z[CT CUMMCTPUYCH. B HpOCTCfIH.[Cﬁ peammi3anmu B CJIydac HEC-
BBITIOJTHEHUA JAaHHOT'O KPUTEPHUS MOHOTOHHOCTHU ITPUMEHSACTCA KOPPEKTUPOBKA PEIICHMA BUAA
n _n n+l n o_n
max{vm, Vm—l} sy Vi > max{vm, Vm—l} y
n+l . n _n n+l . n o_n
Vi = mm{vm, Vm—l} s Vi < mm{vm, Vm—l} y
n+l

. n o_n < n+l < n o_n
Vg, MWV, V, SV, SMaAX\V,,V, .
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YUCJIEHHBIM PACUET BOJTHOBLIX ITPOLIECCOB 515

JIaHHBIN OrpaHUINTEIIbL COXPAHSIET 4-11 OPSIIOK B 00JIACTSX, TIE pelleHe BEIeT ceOs TOCTaTOUHO
[J1aKO (BBITTOJIHSIETCS XapaKTepUCTUUECKUI KpuTepuit). B ciiydae O0JIbIIMX rpaqMeHTOB PELICHUS T10-
PSIIOK CXeMbl TIOHUXXAETCs 10 3-TO.

anBeﬂeHHbIﬁ BbIIIC aJITOPUTM ITO3BOJIACT HAXOAUTH PCIICHMUE BO BHYTPECHHUX TOYKaAX O6.J'laCTI/I.
Jst 3TOTO Ciy4yas Bce XapaKTePUCTUKHU, BBIXOISIINE U3 PACUETHOIO y3/a Ha CJIEAYIOIEM BpeMEeHHOM
cJioe, OCTAIOTCS JIEXATh B 00JIaCTH MHTErpUpoBaHusI. B rpaHMYHbBIX y31ax cuTyanus nHas. OmgHa xapak-
TePUCTUKA BBIXOAUT U3 pacuyeTHOI 001acTu (cM. [25]). B TakoM ciryyae HE0oOXOAMMO UCHOIb30BaTh rpa-
HUYHBIE YCJIOBUS. YUeT TPaHUYHBIX YCIIOBUIA OCYIIECTBIISICTCS IIPaKTUYeCKU OQMHAKOBO JIJISI BCEX Ipa-
Huil. PaccMoTpuM Tiepexon oT MHBapuaHTa PuMaHa K eCTeCTBEHHBIM IIEPEMEHHBIM B TPAHUYHOM Y3JIe:

un+1 1 n+l ZV N, (5)

-1 1 +1
TAC I;-BEKTOPbI — CTOJ'[6I_[I)I MaTpuLbl Q 5 Vin+ — COOTBETCTBYIOIIIME KOMITOHCHTBI BEKTOpPA V” . Pazo-

0beM cyMMy (5) Ha aBe yacTu. 1t ITepBOTO Cl1araéMoro OCTaBUM T€ WICHBI, IJISI KOTOPBLIX COOTBETCTBY-
IOIIME XapaKTePUCTUKHU ITONAAAl0T BHYTPb PACUeTHOM 061aCTU, 0003HAYNM MHOXKECTBO MHIEKCOB i 4ye-

pe3 A'". Y BTOPOro ocTaBUM T€ XapaKTEPUCTUKU, KOTOPbIE BBIXOIST 3a IPaHULIbI OOJACTU MHTEIPUPO-
t
BaHus, T.e. A°" . Torna paBeHCTBO (5) MOXXHO Mepenucarhb B BUIE

ZV I'—ZV I'+ZV I'—ZV r+Qout out: +Qoulvout’ (6)

t
iex™ ie ™ ienn

out

raoe Q — NPAMOYTOJIbHasd MaTpulia, COCTaBJICHHAaA 13 ITPpaBbIX COOCTBEHHBIX BEKTOPOB, COOTBETCTBY-

t
IOIIMUX XapaKTepUCTUKAM, KOTOPbIE BBIXOAAT 3a 00JacTh MHTerpuposaHus. Bextop v — Bekrop, co-
CTaBJIEHHBII1 U3 COOTBETCTBYIOLIMX KOMIIOHEHT MHBapuaHTa PuMaHa. BekTop u' MoXeT ObITh HaiineH
o o t
pelleHreM COOTBETCTBYIOIINX ypaBHEHUIH iepeHoca (4). OcraeTcs HailTU BEKTOP V'

FpaHHque YCJIIOBHUEC B JVHEUHOM CJIyqa€ MOXET OBLITH IIpEACTABJICHO B BUIC
n+l
Bu""' =b, (7)

rme B — mpsamoyrosibHas Matpuiia, b — usBectHbI BekTOp. [ToacTaBus (7) B (6) MOTyYUM 3aITUCh Tpa-
HUYHBIX YCJIOBUI B 00IIIEM BUIIE:

B(uin + Qom Out)
OTCIOIa MOXHO BBIPa3UTh BeKTOp V™
t_ _(Bﬂout)fl(Buin —b).
C y4eTOM HalIeHHbBIX BBIXOJHBIX 3HAaYeHUIT MTHBApUAHTOB PrMaHa 1 BeIpaxeHus (6) moIyduM
un+1 — uin _ Qout(BQout)fl(Buin _ b)

PaccMoTpuM HECKOJIBKO BapMaHTOB IpaHUYHBIX yeioBuii. Eciiu Ha rpaHMIIe 3a1aHa TOBEPXHOCTHAs
TUIOTHOCTb CUJIbI Bo3aeicTBus f, To Ha rpaHulie BbinojHeHO yciaoBue Tn = f, rne T — TeH30p Harnpsi-
JKeHWH, n — BHEIITHSIST HOpMaib. B cirydae ¢cBOOOIHO TpaHUITEI BHEITHSS CHJIa paBHa HyT0. Koppek-
TUPOBKA 3HAYCHU I B TPAaHUYHBIX y3J1aX UMEeT B/

v =yt —Lz+(l . j(z-n)n,
pcs Cs Cp

T =T"-[z@n+n®z]- Z:“(M 2(A + p)(n ®n)),

®)

in o
rnez=T n—f,al— eIMHUYHBINA TEH30p.
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516 I'OJIYBEB u np.

Ecam Ha rpanuiie 3agaHa BHEITHSISI CKOPOCTh V, TO Ha TpaHMIIe BRITIOJTHEHO yeiaoBue v = V. B cirydae
€CJIM CKOPOCTb HYJIEBasl, TO T'PaHUIIA XKECTKO 3aKperyieHa. KoppeKTHUpoBKa 3HaYeHUI B TpPaHUYHBIX y3-
JlaxX UMeeT BUJ,

vn+1 — V,
T =T" —p{(n-2)[(c, —2¢, —c)(n ®n) + c;l| + ¢(n @z +z D n)},
z=v"-V,
)\'2
\p(h+2p)

JlOoTIOJTHUTEJIbHO PAaCCMOTPUM CMEIIaHHbIE TPaHUYHBIE YCII0BUsI. B TakoM citydyae 3aaHbl HOpMaJib-
Hasl COCTaBJISIIOIIAsl CKOPOCTU M TaHTCHIIMAJIbHAsI COCTABIISIONIAsl CUIbLl. B ciydae OTCYTCTBUSI CUIIBI
TpeHUsI MEXIY TeJlaMU, TAHTEHIIMAJIbHAS COCTABIISIOIIAS CUJIBI paBHA HyMi0. Eciii 0603HAYNTh TAHTEH-

THaJIbHYIO COCTABJIAIOIIYIO KaCaTCJIbHbBIX CUJTI YECPE3 fr , @ HOPMAJIbHYIO COCTaBJIAIOIIYIO CKOPOCTH YE€PE3 Vn 5
TO I'PaHUYHBIC YCJIOBUA MO2KHO 3aliucaTtb B BUIC

Tn=f, v-n=V, f=f -, -n)n+ (- n)n.

KoppekTupoBka OyaeT ocyliecTBIIThCs o hopmyie (8), B KOTOpoit
f=f +[pcV,+(T"n—pc,y" —fnn. 9)

B cirydyae KoHTaKTa ABYX TeJl IPOU3BOAMTCS KOPPEKTUPOBKA COOTBETCTBYIOIIMX I'PAHUYHBIX Y3JI0B.
B nanHOIT paboTe UCHOIb30BaAIOCH YCI0BUE CBOOOTHOIO CKOJIbXeHUs. [1py Takoil MOCTAHOBKE Y KOH-
TaKTUPYIOLIVX TeJI COBITAIAIOT HOPpMaIbHbIe KOMIIOHEHThI CKOPOCTH Ha IpaHUIle, HOPMaJIbHbIE KOMIIO-
HEHTBI CUJIbl KOMIIEHCUPYIOT APYT APYra, U TAHT€HIIMAJIbHble KOMITOHEHTHI CUJIbI paBHBI HYJ0. O00-
3HAYMM KOHTAaKTHUPYIOIINE TeJla MHASKCAaMU au b, Torma yCa0BUSI KOHTaKTa MOXKHO 3allCaTh B BUIC

va=vn=V, fl=-f), fi=f =0. (10)

Torma u3 (9) ¢ yuerom (10) MOXKHO HalTU CUJTY U1 KOPPEKTUPOBKY y3JI0B B KaXKIIOM U3 TeJ:

[y =pel, + (T m—peym, f, =pcy,+(=T'n-pcy)n,

p
v, =iy eyt - L _1"n)n, (h
2 C,

Mogenb 66CKOHEYHO TOHKOM TPELIMHBI IIPEACTaBIISIET COO0M HAaOOP y3JI0B 13 ABYX COCEIHUX PSIAOB
pacyeTHoOI ceTkM. PaccMoTpumMm, UIST HATJISIAHOCTU, IBYMEPHBIN ciaydaii. Ha HayanbHOM 3Tamne mpous-
BOJIUTCSI TIOCTPOEHHUE TIPSIMOYTOJILHON pacuyeTHO CEeTKM BO Bceli 00JlacTh MHTerpupoBaHusi. Eciau
IUIOCKOCTh MOJIEINPYEMOU TPEIIMHBI BEpTUKAJIbHA WJIA TOPU30HTAIBHA, TO B OTACILHYIO CTPYKTYPY CO-
XpaHSIOTCS MHACKCHI Y3J10B, MpUHAIIEKAIINX KaXXI0My 13 ee 00pToB. B ciiyyae HaKJIOHHOM TpeIIUHbI
JIOMOJHUTEBHO MPOMU3BOAUTCS KOPPEKTUPOBKA CETKU. MIHAEKCHI y3JI0B, Hanboiee OJM3KUX K LICHTPY
TPEILIMHBI, HO HAaXOISIIMXCS CJIeBa M CIIpaBa OT Hee, ITojaraloTcs onpeaeisomumu ee 6opra. [Tocne
9TOr0 BCE Y3J/1bl C JAHHBIMUA MHAEKCAMU CIBUTAIOTCS Ha TPaHUILy TPEIIMHBI (CM (UL 1,a) 1 Mx Koopaun-
HaTbl UKCUpPyOTCs. sl ycTpaHeHUs CUJIBHOTO CTYILIEHUSI CETKU, BO3HUKAIOIIETO BOJIU3Y TPEIIUHBI,
MPOM3BOISTCS IBE IOCIeIOBaTeIbHbIE KOPPEKTUPOBKHU. BO-TIEpBBIX, Y3/bl, MONAgalonIre B MOJIOCY
TPEILIMHBI, PACCTaBJISIOTCS pABHOMEPHO B Mpeeiax MHTEPBAIOB “TpaHUIIa TPEIMHbI—TIPaHUIIa 001a-
CTU” U “IrpaHMIIa TPeIIMHbI—IpaHMlIa coceaHel TpeluHbl” (¢ur. 1,0). Bo-BTOpHIX, 10 hopMyJie

Xy T Xy T X0 T X

i
4
NPOBOIMTCS HECKOJIBLKO UTepanuii Ikoou (cM. [26]) 1is1 Beex y3/10B, He MONaaroUInX B OMMH Psiji C rpa-

HULIaMU (BEpXHEW M HUXKHEN) TpelrHbl (bur. 1,8). B TpexMepHOM cityyae KOPpEeKTUPOBKHU pacyeTHOMN
CETKMU ITOJIHOCTBIO aHAJIOTUYHEI, a UCITOJIb3yeMasl (popMyJia IpUHUMAET BUJL

i1
X i

Xk T X ik TX ek Xk T X Xk
X k= 6 .

duHanmbHas pacyeTHasI CeTKa TSI KyOMJecKoit 061acTi, comepKalieit OmHy HaKJIOHHYIO TPEITHY,
npuBeaeHa Ha ¢ur. In.
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@ur. 1. PacnoioxxeHue y3/I0B paCUyETHON CETKU MPU HAJTUYMU OJHON HAKJIOHHOM TPEIMHBI B AByMepHOM (a), (6) u
TpexMepHOM cirydae (T). 2KUpHBIM BbIIEJICHBI y3/1bl, TPUHAJIEXKAIME ee OopTaM.

Ha xaxxmoM BpeMeHHOM IIIare Mpy pacueTe OJHOTO Iara pacileIieHusI 0 KOOpaAWHATaM B y3JIax,
JIeXalIux Ha 0opTax TPeIIMHBI, TIPOU3BOIUTCS KOPPEKTUPOBKA 3HaUeHM. Eciu rpaHuIia TpenmHbI
MPOXOAWT BAOJb TEKYIIEro HaIpaBIeHUS pacIlleIJICHUS, TO TOYKHU OOpTa CUMTAIOTCS 10 TeM XKe (hopMy-
JIaM, 9TO M BHYTPEHHHE TOYKMN obnacTy. Eciau HeT, To B HUX IPUMEHSIOTCSI TPaHUYHBIE KOPPEKTOPHI.
B 3aBMCUMOCTH OT TUIIA 3aMIOJHUTENS (OTCYTCTBUE WM (hJIIOUI) TOTIOJHUTEILHO Ha TPaHUIIAX TPEIM -
HbI (UL 2) mocje pacyeTa 3Ha4YeHU I BO BCeX BHYTPEHHUX TOYKaX UCTIOIb3yeTCsl TMOO YCI0BUE CBOOO/I -
HOM rpaHulbl (8), TMOO yCIIOBUE KOHTAKTa CO CKOJIbXeHneM (11) cooTBeTCTBEHHO.

PE3VJILTAThI PACUETA 3AJIAY B JIBYMEPHOM MMOCTAHOBKE

C ucnojib30BaHMEM OITMCAHHOTO MeTOo/1a pacuyeTa IMHAMUYECKUX MPOLIECCOB B TPELIIMHOBATBIX Cpe-
ITax OBUT TIPOBEIICH pacyeT B3aMMOIEHCTBHS TTPOAOJIBHOM YITPYTOM BOJHBI ¢ HAKIIOHHOW TPEITUHON B
IBYMepHOM nmoctaHoBKe. O01acTh MHTETPUPOBAHMS TIpeacTaBiIsiia coooit kBaapat 100 x 100 m. B kaue-
CTBE HAYaJIbHOIO BO3MYIIIEHUSI MCTIOJIb30BaJIach P-BOJIHA, pacIIpOCTPAHSIOIIASICS BEPTUKAJIBHO BHU3,
nMeroIas mupuHy ¢ppoHTa 3 M. PacyeTHast ceTka, B KOTOPOM BBIIEISLIACH TPEIIMHA TTPOTSKEHHOCTHIO
50 M, HaKJIOHEHHas 1oz yrioM 28° K ocu OX, conepxana 10° y310B. 3agaBaauch ciaeaylolye yIpyrue
xapaktepuctuku cpeabl: 3000 M/c — CKOPOCTbh IPOIOJBHBIX BOJH, CKOPOCTh IOMNEPEYHBIX BOJH —
1400 m/c, 2500 kr/M> — IUIOTHOCTb. BOJTHOBBIE KAPTUHBI B ITOCJIENOBATENbHBIE MOMEHTBI BPEMEHU
(7 mc, 14 Mc u 24 Mc nocJjie Hayaia pacueTa) 1Jisi 000X TUIIOB 3alOJIHUTENISI TIPUBEASHBI Ha (DUT. 3.

AHaN3 pe3yabTaTOB pacyeTOB MOKA3bIBAET, UTO CEMCMUYECKUI OTKJIMK OT TPEIIUHbBI BHE 3aBUCUMO-
CTH OT 3aTTOJTHUTEIISI COCTOMT, KaK M3 MPOIOILHOM YIIPYTO#t BOJHBI, pacCIpOCTpaHsIoOmeiics ¢ OoIbIei
CKOPOCTHIO, TaK U MOIMEPEYHON yIIpyroii BoJHbI. [1pu 3TOM B Cilydae OTCYTCTBUS 3aIlOJTHUTEIISI 00¢ COo-
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®ur. 2. Cxema SIBHOTO y4yeTa 'PaHUYHBIX YCJIOBUI Ha GOpTaxX TPELIMHBI.

CTaBJIAIOIIMEC UMCIOT MPUMEPHO OAMHAKOBYIO MHTCHCUMBHOCTDL, TOIJa Kak B CJIy4yac (I)J'IIOI/LI[OHaCBIH_IC—
HHUA UHTCHCHUBHOCTb HpOﬂ.OJIbHOfI BOJIHBI 3HAYUTCJIbHO HMKE.

OTMeTHUM, YTO 3a ITYCTOM TPEeIIMHOM 00pa3yeTcst 00JIaCTh TEHU, B KOTOPYIO He IIPOHMKAET ITa1alolast
BostHa. TaknM 06pa3oM, BOJM3HM TPEIIUHBI ITPOUCXOIUT Pa3phbiB BOJHOBOro ()pOHTA, KOTOPHI, OJHAKO,
UcUye3aeT Ha HEKOTOPOM yAaJieHUM OT Hee. OT HUXKHE ! rpaHuIlbl (DJIIOMIOHACHIIIIEHHOM TPEIMHbBI MHU-
LUMPYETCS TOIOJHUTEIbHASI MOIepeYHasi BOJIHA, PaclpOCTpaHSIOIIasics JaJibllie B INIyOb ITOPOIBI.
OT yriaoB NyCTOM TPelIMHBI HAUMHAIOT PACHPOCTPAHITLCS chepruiecKre BOJHBI, ITPOXOISIINEe BIOb
obonx ee bopToB. B ciydae dmonmoHACHIIIEHHONW TPEIIMHBI TaKKe HAOJIOJaeTCs pacpocTpaHeHMe
MOBEPXHOCTHBIX BOJIH Ha I'paHUIIE TpellMHA—II0poAa, OAHAKO 00JIaJaroliX 3HAYUTEIIbHO MEHBIIEH
WHTEHCUBHOCTBIO I HE C(pepUIeCKOI CTPYKTYPOIA.

Taxum 06p330M, peE3yJabTaThl YNCICHHbIX PAaCYCTOB B HBYMCDHOﬁ ITOCTAHOBKE MOTYT OBITh UCHOJIb-
30BaHbI IJId J€TAaJIbHOTO aHaJIn3a BOJTHOBBIX ITPOLECCOB BOJIN3Y I'€0JIOTMYECKUX TPpCIIVH 1 BBIICHCHUS
IIpUpPpOaAbl BOBHUKHOBECHMA CEMCMUYECKOTO OTKJIMKA OT TPCIIMHOBATBIX CPCII HpOHSBOJ'[LHOfI CTPYKTYDHI.

PE3VJIBTATbBI PACUETA 3AJAY B TPEXMEPHOM ITOCTAHOBKE

C 1cIIob30BaHEM ONUCAHHOTO YMCJIEHHOIO METOA IJIsI MOAEIMPOBaHMS TUHAMUNYECKUX ITPOLIEC-
COB B TPEIIMHOBATHIX Cpenax B paboTe ObUI pacCUYMTAH CEMCMMYECKUI OTKJIMK OT KJjlacTepa ITyCThIX U
IO IOHACKIIIIECHHBIX TPEIUH.

Jst onmucaHUs BEPTUKAJIBHBIX TPEIlUH MCHOJIb30Ballach MapajilejienuIleAHasl pacueTHasl CeTKa.
Monenuposaics KiaacTep u3 31 mapajuiebHOU TpelInHBI, MpoTskeHHOCThIo 3000 M 1 BeicoToi 100 M,
pacriojioxXeHHbIX Ha pacctosiHuu 100 M apyr ot Apyra. OH Haxonuics Ha riryouHe 2000 M OT JHEBHOM
HOBEepXHOCTHU. BMelarommii MacCuB IIpeAcTaBIIsI coool mapauienerunesn (10 x 10 x 3 kM) co cieny-
IOIIIMMU YIIPYTUMU XapakTepuctukaMu: 4500 M/c — CKOPOCTh MPOIOJBHBIX BOJIH, 2250 M/C — CKOPOCTb
MonepeyHbIX BoH, 2500 Kr/mM> — TUIOTHOCTB cpeabl (cM. ur. 4). B kauecTBe MCTOUHMKA BO3MYILIEHUS
WCITOJIb30BaJIach MPOJIOJIbHAS YIIpyTasl BOJIHA, PAcIpOCTPAHSIONIASICS OT JHEBHOM MOBEPXHOCTHU MO
yIJIoM 5° K BepTUKanu B Itockoctu OXZ.

B xoz1e uncineHHoro pacuera pou3BOJUTCS BBIYMCIEHUE MOJTHOTO BEKTOpa CKOPOCTHU M TEH30pa Ha-
MpPsIKEHUsI B TTIOCTIEI0BATEIbHBIE MOMEHTBI BPEMEHHU B KaXKJIOM y3JIe paCU€THOM CETKHU, YTO MO3BOJISIET
BU3yaJIM3UPOBATh BOJHOBYIO KapTUHY BIOJIb MPOU3BOJIBLHOTO ceyeHus obactu (cM. ¢ur. 5). Heobxo-
JIUMO OTMETHUTh, OJIHAKO, YTO MPHU MPOBEAEHNU MOJIEBBIX UBMEPEHUI UMEETCSI BO3MOXHOCTb perucTpa-
LIMU JIMIIb KoJieOaHUli THEBHOM MOBEpXHOCTHU. B Xome pacuera Ha BepxHeil rpaHulIe Mapajuiejenuena
MPOU3BOIUIIACH 3aMTUCh MTOJTHOTO BEKTOPA CKOPOCTHU B MECTaX PACCTAHOBKM CEMCMOINPUEMHUKOB. Pac-
CTaHOBKa MpeACTaBsiia coboil TIolaaHOe MOKPhITUE B BUAE KBaIpaTHOU ceTKM ¢ 1maroM 50 M u ocsi-
MU, TTapasuieabHbIMu OX u OY.
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®ur. 3. BzaumoeiicTBrE TPOAOIBHOM BOJTHBI C HAKIIOHHOM TPEIIMHOM B CIy4ae MyCTOM TpelInHBbI (cieBa) U hIouIo-
HaCHIIIEHUS (CIIpaBa).

IIar ceTku cocTaBisia 5 M BIosib ocu OZ 1 10 M BIoJib oceit OX u OY, 1 oHa copepxkaina 600 MuLIm-
OHOB Y3JI0B. 3alyCK IpOrpaMMbl IIPOM3BOAMIICS Ha BEIYUCIUTEIbHOM cucTeMe ¢ 30 pacyeTHBIMU siapa-
mu. [ToCcKONIBKY IpU TAaKOM 00beME BBIUMCIIEHUIT, HECMOTPSI Ha MapaJIeIbHOCTD aJiTOPUTMa, OJHO BhI-
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®@ur. 4. [eoMeTpus pacyeTHOI 061aCTH B 3a1a4e O KJIacTepe BePTUKATbHBIX TPEIIUH.

@ur. 5. CeueHue pacyeTHOI o61acTu IockocThio OYZ. HackllieHre BepTUKaJIbHBIX TPEILIMH: ITycTOTa (CJieBa) U (Iiro-
un (cipaBa). Momysib CKOPOCTHU B Tpalalliyl CEPOTO 1IBETa U BEKTOP CKOPOCTH.

ALLLLCLULULLCELUUEUELCETT AT

SS—
(6)

A
)

(r

®@ur. 6. CeueHue pacyeTHOI 06JacTy TNTOCKOCThIO OYZ (cHu3y) u OXZ (cBepxy). HachlllieHe HAKJIOHHBIX TPEITUH: TTy-
crora (caeBa) u ¢daoua (cnpaBa). Moaysib CKOPOCTH B rpaJallii CEPOro LIBETa U BEKTOP CKOPOCTH.
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MOJTHEHHE TIPOrpaMMbl 3aHUMAJIO IIPUMEPHO CYTKHU, ObLUIO pEIlIcHO 3a1aBaTh 3aIy0JIeHHOE HayaJlbHOE
BO3MYIllleHHe Ha paccTossHUU 1700 M OT JHEBHOM MOBEPXHOCTHU (HaJ KJIAaCTEPOM).

AHAaJIN3 pe3yJIETaTOB YUCJICHHBIX PACYETOB MMO3BOJISIET YCTAHOBUTD CJIEIYIOIIIe OCOOCHHOCTH JUHA-
MUWYECKUX MTPOLIECCOB, ITIPOUCXOISIINX B TPEXMEPHOM TpeIIMHOBATOM cpene. BHe 3aBUcMMOCTH OT Buaa
HACHIIIEHUS TPEIIUH IIPOUCXOIUT (OPMUPOBAHMUE, KaK IPOAOIbHBIX CEMCMUYECKMX BOJH OTKJIMKA,
TaK U TTONepeYHbIX BOJH. OIHOI 13 MHTEPECHBIX 0COOEHHOCTEN Mpoliecca sIBIISIETCSI TeHepalusl TTepu-
oJIMYecKOoro “uuieida” yrpyrux KojebaHuii, COIPOBOKIAIOIIEr0 OCHOBHEIE (pa3bl OTKJIMKA U, ITO-BU-
JMMOMY, BI3BAHHOTO MEXTPEIIMHHBLIM B3auMoieiicTBreM. 1o Beeil MprHe KaacTepa MHULIMUPYETCS
IUIOCKUI BOJTHOBO# (DPOHT, a OT €ro KpaeB HAUMHAIOT PACIpOCTPaHIThCS chepruiueckre BoIHEL [1pu
9TOM MpPU HACHILIEHUU TPEIIUH (PIIOUI0M MHTEHCUBHOCTD ITPOXOISIIEro Yepe3 TPeIIMHOBAaThIN Kiia-
CTEp BO3MYIIEHMSI HAMHOTO BEIIIIE, YeM IIPU OTCYTCTBUHU 3aIIOJTHUTEIS.

Taxke ObLT TIPOBEIEH pacyeT CEMCMMUYECKOro OTKJIMKA OT KjlacTepa CyOBEpPTHKAJIbHBIX TPEIIWH.
Kiractep comepzkan 31 Kpyriayio 66CKOHEYHO TOHKYIO MapajljieJIbHYIO TpeIIUHY AuaMeTpoM 48 M, Ha-
KJIOHEHHYI0 oz yryioM 10 rpaaycoB K BepTUKaIU B II0cKoCcT OXZ 1 pacoIOKEHHYIO Ha paCCTOSTHUU
48 M npyr ot apyra. OH HaxoauIcst Ha riyourHe 960 M OT THEBHOM ITOBEpXHOCTU. [eoIornyecKuii BMe-
AN MacCUB MpPeACTaBIIsT codoit mapamenenunen (2880 x 720 x 1440 M) ¢ TeMHU Ke yIIPYTUMHU Xa-
paKTepUCTUKAaMU, KOTOPBIE UCITIOIb30BaJIMCh B pacdyeTe C BEpTUKAILHBIMU TpelnHaMu. B kauecTBe mc-
TOYHMKA BO3MYIIIEHUSI MCIOJIb30Balach MPOAOJIbHAS yIIpyras BOJIHA, PacCIpOCTPaHSIONIAsCSI BEPTU-
KaJbHO BHU3 BA0Jb ocu OZ, uMetolias mupuHy ¢pponTta 70 M. Iar ceTku coctasisui 8 M B1oJib ocu OX
u 4 M BIoJb oceit OY m OZ, v oHa comepkaja 24 MIUIUINOHA y3/10B (cM. GUL 6).
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