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METOAONKA OBOCHOBAHWUSA NPEOMOYTUTESIBHOIO BAPUAHTA
NMPUMEHEHUNA PAKETHO-KOCMUWYECKUX KOMINMJIEKCOB
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AHHOTALNA

MpepncTraBneHa MeToAvKa NO3BONAIOLLAA NMLY NPUHUMALOLLEMY peLueHus 06ocHOBaTb BbIGOP
NpPeAnoYTUTENIbHOIO BapuaHTa MPUMEHEHUs] PaKeTHO-KOCMUYECKUX KOMIMIEKCOB, BXOASLLMX
B COCTaB WUCMbITaTe/IbHOro KOCMOAPOMA Kak B YCIOBUSX OTCYTCTBUS NMpeanoyTeHun (kpure-
puranbHON HeonpeAeeHHOCTM), Tak U B Cydasx Hanuuvs npegnouteHun. Kaxapin BapmaHTt
NpYMeHeHsi PakeTHO-KOCMUYECKOro KOMIJIeKca OLLeHMBAETCS MO TPEM NnokasaTesnsiM: onepa-
TUBHOCTb, CTOMMOCTb, PECYPCOEMKOCTb. B KauecTBe NCXOAHBIX AaHHbIX A1 METOAUKM Npume-
HAETCS MHOXECTBO [OMYCTUMbIX BAPUAHTOB NMPUMEHEHMWsi PaKeTHO-KOCMUYECKUX KOMMJIEKCOB,
nony4yaemoe C NOMOLLbIO Hay4YHO-METOAMYECKOro annapara paspabotaHHoro paHee. B 3asu-
CUMOCTU OT yKasaHHbIX yC/IOBUIN 06CTaHOBKM, 3ana4ya 0ob60oCHOBaHUS NPEAnoYTUTENBHOIO Ba-
puaHTa NpMMeHeHns peluaeTcs B AByx obnactsix. B cnyyae otcytetBus y nvua npuHumatoLlero
peLueHus NpennoYTeHuni, 3aga4a Bbibopa NpeAnoYTUTENIbHOMrO BapyUaHTa NpYMEHeHWsi pakeT-
HO-KOCMMYECKOro KOMIIeKCa peLlaeTcsi C MOMOLLbIO METOAA UAeasnbHON TOYKY, B Cllyyae OT-
CYTCTBMS y JINLLa NMPUHMMAIOLLIErO PeLLeHns NPeAnoYTeHN, ykasaHHas 3afaqa peLuaeTcs ¢ no-
MoLLbIO nekcukorpaduyeckoro metoga. lMpu pelieHnn ykasaHHow 3agayv B nepeom obnactu,
KaXAbl BapUaHT NPUMEHeHNs pakeTHO-KOCMUYECKOro KOMiekca NpeacTaBiseTcs TOYKOW B
KoHeuyHomepHoM MbbepToBOM NpocTpaHcTae. [anee HaXOAUTCS MAeasbHas TOuUKa, KaK Tou-
Ka B MPOCTPAHCTBE MMeloLLasi KOOPANHATLI HAWAEHHbIE, Kak COBOKYMHOCTb HAMMEHbLUMX 3Ha-
YeHUI U3 NPeaCcTaBieHHOro MHoXecTBa. [lanee paccunTbiBaeTCs paccTosiHME MEXAY KaXkaow
13 MHOXEeCTBA TOYEK U MPEAMNOYTUTESbHBIA BAPUaHT NPUMEHEHMUS PaKETHO-KOCMUYECKMX KOM-
NJeKCoB UCMbITaTeIbHOrO KocMoApoma. B cnyyae Hanvums y nvua npuHMMaloLLLero peLueHmns
nHdopmMaummn o npuopuTetax 3agada Bblbopa NPEAnoYTUTENbHOrO BapuaHTa NMpUMeHeHus
peLuaeTcsi C MoMoLLbIO nekcmkorpapuyieckoro metoga. OcobeHHOCTb 3TOro MeToAa 3aKito4a-
eTcs B Bbibope Hanbosiee NPYOPUTETHOrO MOKa3aTess U Cy)XEeHUEe MHOXECTBA aslbTePHaTUB
[0 MHOXEeCTBa B KOTOPOM MaKCUMaslbHbl 3HaYE€HUS MO MoKa3aTesio MMetoLL,eMy NepBbIi Npu-
opuTeT. B cooTBETCTBUM C TOM >Ke JIOrMKON MHOXECTBO Cy>KaeTcsl Mo MoKasaTesiiM MMEeoLLNM
npuopuTeT ABa 1 NO NoKasaTesto UMELLEMY NPUOPUTET TPU HAXOAUTCS MPEeANOYTUTENbHbIN
BapWaHT NPUMEHeHNs PakeTHO-KOCMUYecKoro kommnnekca. lNpumeHeHne ykasaHHOW meToau-
K1 nossonsieT 06ocHOoBaTb BbIGOP NMPEANoYTUTENBHOrO BAPUAHT MPUMEHEHUS PaKETHO-KOCMU-

HYeCKUX KOMMJIEKCOB B Pa3JINYHbIX YCNOBUAX obcTaHOBKM.

KJTHFOYEBbLIE CJIOBA: ucnbitaTebHbIN KOCMOAPOM; PaKeTHO-KOCMUYECKUA KOMIIEKE; pa-
KeTa KOCMUYECKOro Ha3HauyeHus; Masible KOCMUYeckue annapatbl; MeToAbl MHOroKpuTepu-

anibHOMN onTuMmnsaunun; metTopn M,u,eaanoﬁ TOYKU; ﬂeKCMKOrpad}MHeCKMﬁ mMeTon.

Ana uutuposauus: Mocux [.A., flyra B.B. MeToamka 060CHOBaHWS MPefnoYTUTENIbHOrO BapuaHTa NPUMEHEHUs! PaKeTHO-KOCMUYECKUX KOM-

NJIEKCOB UCMbITaTESIbHOrO KOCMOAPOMA NPU PELLEHUN 3aA,a4 3aMycka MasibiX KOCMUYecKux annapatos // HaykoeMkre TeEXHONOrmMn B KOCMUYECKMX
nccneposanmsax 3emnn. 2019.T. 11.N2 3. C. 4-13. doi: 10.24411/2409-5419-2018-10264
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BBenenue

OcHOBHasl 3ajjadya KOCMHYECKOH nestellbHOCTH Pd —
«o0ecrieueHne rapaHTHPOBaHHOTO focTyna Poccnn B kocMoc co
CBOEH TeppHUTOpHH, oOecIiedeHHe peleH s 3a/1a4 M0 MCIOIb-
30BaHUIO0 KOCMUYECKUX CPEJCTB B MHTEPECAX PA3BUTHS COLH-
AIBbHO-3KOHOMHYECKOH cdepsl U HayKm». PaccMoTpuM 3amady
obecrieueHns rapaHTHPOBAHHOTO IOCTYTA B KOCMOC, KaK 3aaqy
TIO 3aITyCKy OOJIBIIOro 00beMa KOCMHUYECKUX CPEJICTB B CXKAThIE
BpeMeHHbIe paMKH. OYeBHHO, YTO OCHOBHBIM TpeOOBaHHEM
B 9TOM Cily4ae, OyJeT IOBBIIIEHHE ONIEPaTUBHOCTH TPUMEHEHHSI
paketHO-kocMuueckux komruiekcoB (PKK). Hanbosee mpoctbim
OTBETOM Ha BOIIPOC O TOM KaKUM 00pa30M MOBBIIIATH OTIEPATHB-
HocTh npuMeHeHus PKK, siBisieTcst co3nanme JOMOMTHATENBHBIX
00BEKTOB HAa3eMHON KOCMHYECKOH MH(PACTPYKTYPhI HCIIbITa-
TenbHBIX KocMmoapomoB (HKM MK). Bmecte ¢ tem, co3nanue
YKa3aHHBIX OOBEKTOB (TEXHHYECKHX, CTaPTOBBIX KOMILIEKCOB,
3aMpaBOYHBIX CTAHIMH) BapHaHT YPE3BBIYAHO 3aTPaTHBIN
U SKOHOMHYECKH OIpaBJaH JIMIIb B CIy4ac YBEIHMUCHHS KO-
JYecTBa MYCKOB pakeT KocMmdueckoro HaszHaueHws (PKH).
Bwmecre ¢ Tem, B HacTosIee BpeMsl CyIIECTBYET TEHACHIHS 10
YBEJIMYCHUIO JIOJIM MalblXx KocMmmueckux armaparoB (MKA)
B 00IIEM KOJIMYECTBE 3aryckaeMbIx KA, 4TO IOJOKHTEIBHO
oTpaxaeTrca Ha omeparuBHocTy npumenenus PKK [1, 8-10].
Opnnaxo, B yacTu konnaecTsa myckoB PKH cymectByer Tennen-
IS TI0 WX YMEHBIICHUIO, 00yCIIOBIEHA YBEITMYEHHEM CPOKOB
AKTUBHOTO CYIECTBOBAHMS COBpEMEHHBIX KA 1 pacmmpenneM
CIIEKTpa penIaeMbIx Kax1piM THoM KA 3amau. Takum oOpazom
33j1a4a TIOBBIIICHUSI OINEPATHBHOCTH YCIOXKHSETCs TpeOoBa-
HHEM K MMUHHUMM3AIMM 3aTpaT Ha peai3aldio BapUaHTOB MO-
BbiieHust oneparuBHocTy npumMeHenusi PKK. B pamkax HUP
«Permament-216K» Ha 1 TUK MO P® paspaborana «MeTtoanka
000CHOBaHMS MPEIIOYTUTENILHOTO BapuaHT npuMenenns: PKK
UK npu pemennn 3aqa4 3amycka MKA».

Meroavka mpuBeneHHas naiee «Meromuka 00OCHOBa-
HUSL...» TPEACTABISIET COOOM 3aKIIFOYUTENBHBIA ITAIl LENO0ro
KOMIIJIEKCA UCCIIEI0BaHuil. B paMKax yKa3aHHBIX MCCIIEIOBaHUI
paspaborana «Cucrema nokazareneit apdexrnBHOCTH PKKY, IO
TIPUBE/ICHHBIM B JJAHHOW CHCTEME IOKa3aTelsiM KauyecTBa Ipo-
n3BezieHa olleHka 3¢ dexTnBHOCTH cyiecTByronmx PKK. [lanee
paszpaboranbl MeTOnUKH «DOpPMHUPOBaHMST MAacCHBa MCXOIHBIX
JTaHHBIX» [3] 1 «POpPMHUPOBAHUS MHOKECTBA JIOMYCTUMBIX Ba-
puantoB npumenernst PKK» [4]. 1 yxxe numes B kadecTBe HC-
XOIHBIX JTAaHHBIX MHOXECTBO BapuaHToB npumeHeHns PKK Bos-
MO’KHO 00OCHOBaTh ONTUMAIIBHBIN BapHaHT npruMenennst PKK.

Kak oTmeueHo BblIlI€, 331a4a ONIPeIeNIEHUs] ONTUMAIbHO-
ro BapuanTa npumenenus: PKK, sxoxsumx B cocras UK npen-
CTaBisieT cOOOH MHOTOKPHTEPHAIIBHYIO 3ajiady W pelIeHHe
JTAaHHOH 3aJ1a4¥ BO MHOTOM 3aBUCHT OT OOJIACTH IIPUMEHEHHSI.

s mepexona k popMai3ay permaeMoi 3a1a4um, mpe-
JKJIe BCETO, JIaIuM ee 0000IIEeHHOe TeOPETHKO-MHOKECTBEH-
HOM onucaHue. /Iy 3TOro BBEAEM OCHOBHBIE MHOXECTBA
U OTHOUICHHUS, MEpedHCICHHbIe B MpPEAbLAyIIEeM MoapasJe-
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JIe KOHIETITyaJIbHOH ITOCTAaHOBKH M TIO3BOJISIOIINE OITHCAThH
¢yuakunonuposanue UK.

A:{a,., ie N* | N* = {1,...,nA}} , N =28 — MHOXeCTBO
PKH, xoTopble JOIKHBI OBITH MTOATOTOBJICHBI CHJIAMU U CPEI-
creamu MK x 3amycky. [Ipu stom kaxnas a PKH ortnocurcs
K onpezenenHoMy nogmukectsy A' tuma PKH | Tuna. Mcexons
n3 gero: A= UlA'.

B:{bj,jeNB |NB :{1,...,n3}}, n® = 28 — mHOXe-
ctBo PKK B cocrase UK. Torga cocraB 3amefcTByeMBIX Ha
nepuon noaroropku PKK Moxer ObITh TpencTaBieH maTpu-
neit x° = "xf ”, DIIEMEHTBI xf KOTOPOH IPUHUMAIOT 3HAYCHHUS
x,f =0, ecmu bj, PKK He 3aneiictByercs B noaroroske PKH
a, PKH u x‘f =1, ecmmn bj PKK 3aneiicTByeTcsi B IOATOTOBKE
a, PKH. s V<ai,bj> (PKH, PKK) PKK cooTBeTcTByeT CBOit
HAabOp mapamerpoB <ﬁli’ﬁ2i’ﬁ3i’ﬁ4i’p5i> »  XapaKTCpHU3y10-
A 0COOEHHOCTH €ro 3aieiicTBoBanus 1o nmoaroroske PKH.
Bekrop p,; :|| P || omnpexnenser PKH, kotopbie MOryT ObITh
MO/ITOTOBJICHBI HA bj PKK, anemeHTHI P, ;i BEKTOpa p,; TIpuHH-
Marot 3Hauenus p,, =0, ecnu | tun PKH se Moxer ObITh moz-

TOTOBJIEH bj Ha PKK 1 p, = 1 — B IpOTUBHOM cltyuae.
Pai
Bekrop p,; =||p,;,| omnpenenser koaudecTBO nepcoHana

Pz
HeoOxoamMmoro st moarotoBku PKH cooTBercTByromieit kare-

ropun (1-i, 2- u 3-i1), paboTaromiero Ha bj PKK.

Bekrop p;, :|| DPa || OIpe/iesisieT KOJIMYECTBO TOILTUBA
B bj PKK s kaxxnoro | tuna PKH.

Pan
Pain
Bekrop p,; =|Pas
Paia

OnpeaciIIeT COCTOAHUEC TEXHUYECKON

roroBHOCTH (TT') B KOTOpOM Hax0omUTCs cocTaBHas yacTh PKH.

Taxum o6paszom, MK mpencrasnseT codoit cuctemy PKK,
B3aMMOCBSI3aHHBIX MEKIY COOOH STUHCTBOM IICITH.

B nenom, TeopeTHKO-MHOKECTBCHHAS MOJICIb ITAHUPO-
Banus 3aneiictBoBanus PKK mo moaroroske CU PKH moxer
OBITh IPE/ICTABICHA B BUJIC MaTEMaTHUECKOM CTPYKTYPbI BbI-
60pa ¢ MyJIBTHIIPEATIOYTCHUEM:

L(G). Ay (1.9 €T}, Keoel LF.yed) (1)

rae L(G) Q(S) — ucxomnas MaTreMaTuyeckasi CTPYKTypa THIIa
S, KoTOpasi OIpe/eNseT THUII MOJENHN (CTaTHYSCKUN, THHAMH-
YECKHH U T.11.);

Ag — MHOXECTBO alIbTepHATHB (PELICHHIT), Ha KOTOPOM
OCYIIECTBISIETCSI pEIICHUE 3a/Ia9l MHOTOKPUTEPHUAILHOTO BbI-
6opa Bapuanta npumenenuss HKU UK;
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{hS,S € F} — MHOXECTBO OTHOIICHUM, OTPaHWYUBAIO-
IIUX BBIOOP, K KOTOPBIM OTHOCSITCS CIICAYIOIINE OTPaHIMICHUS:

h? — pecypcHele (3koHOMUUECKUE) OrpaHrueHH s, Gop-
MaJIM3yIoIue TPpeOOBaHUE K CTOMMOCTH M OTPaHUYCHHOCTH
pecypca Bapuanta npumenenus HKU UK;

h! — Texumueckme orpannvenus, QGopmaTU3yOLKe
TpeboBaHME K MOATOTOBKE TONbko oxHoro thuma CY PKH nHa
MeCTaX Ha IUTaHUPYEeMBIi IepHUOJ BPEMEHU;

h? — rtexnomoruueckue orpanmuenus, hopmanusyio-
e Tpebosanue P, k noaroroske PKH na PKK;

{hg,c S 1:'} — MHOKECTBO OTHOILIEHUM MPEeaIoYTEHuUs,
CBSI3aHHBIX C PALMOHATBHBIM BHIOOPOM BapuaHTa 3a1eHCTBO-
BaHus cun U cpencts UK. B cooTBeTcTBUM ¢ IPOBEAEHHBIM
BOCHHO-TEXHHYECKHM aHAJIM30M B monpasmene 1.1 k moka-
3aTelsIM KaueCTBa BapHaHTa 3aJCHCTBOBAHUS CHJI M CPEICTB
UKK ortHocsTCS:

h* — omepaTnBHOCTb MOATOTOBKH U 3aIlycKa OIpere-
jieHHoro konmudectsa KA ;

hy — cronmocTs;

h; — pecypcoemkocTs.

{F ,Y € CD} — MHOXXECTBO OIECPATOPOB, MO3BOJISIO-

v
IIMX 3a/1aBaTh Pe3yJbTHPYIOIIee OTHONICHHUE MPENOYTEHHS

h., =F[{hcel}].

OmnucaHHbBIE MATEMAaTHYECKNE KOHCTPYKIINHU TTO3BOJISIOT
TIPE/ICTaBUTH TIPABMUIIO, B COOTBETCTBUH C KOTOPHIM OCYIIECT-
BIIIETCSI BBIOOP DAIMOHAJIBHOTO BAapHAHTA 3a/1€HCTBOBAHMS
cun u cpencts UK B cnenyromem Buze:

Ne 3-2019

o” = Argopt {h, (o°)} )

»
oPeAy

[Tpy TnaHWUpOBaHUM TNPUMEHEHUs CIIOKHBIX TEXHHYE-
ckux cucreM (CTC) He penkum ObIBaeT 0OCTaHOBKA B KOTOPOi
y nuna npuHuMatoriero pemrenus (JIIIP) vet momorHuTEIbHON
WH(POPMAIUH — YCIIOBHS TTOTHOM HeonpeneneHHOCTH. [lomHas
HEOTIPEICIICHHOCTh B JIAHHOM padoTe TPAKTyeTCsl KaKk HE BO3-
MO>KHOCTB OITPE/ICIIUTh, KaKOH U3 Moka3zaresei 23(h(heKTHBHOCTH
HMeeT NPUOPUTET Ha/l OCTALHBIMH.

B sToMm ciydae, 3aga4a permaercs OMHCaHHBIM B paboTe
[5] MeTomoM meaabHOM TOYKH.

Ob6nacte 1. OtcyrctBue y JII[IP momomHuTENBHON
nH(pOpPMAITHH.

B ciyuae orcyrersus y JITIP nononnurensaoii nagopma-
LMK CXeMa METOJIMKH BBITJISLTUT CIIEIYIONINM 00pa3oM:

[ar 1. BBog MHO)XECTBa JAOMYyCTUMBIX BapHAHTOB TPH-
menenus PKK, Bxomsmux B cocraB MK npu pemienun 3anau
3armycka MKA.

B Tabnm. 1 mpexncraBieHsl pe3yabTaThl MOZIEIMpPOBA-
HUS CO CIEAYIOUIMMH HMCXOJHBIMH JaHHBIMH: HeoOxomumo
3alyCTUTh OpOHMTaNBHYIO TpynmupoBky MKA B komumue-
ctBe BochMu KA wmaccoit B 300 Kkr 3a mpoMeXyTOK Bpe-
vean B 90 cyrok. B cocrae MK maxomarcs mare PKK
«Bun 1» (tum PKH 1-10), «Bux 2» (tun PKH 11), «Bug 3»
(tun PKH 20), «Bun 4» (turt PKH 12-19) u PKK BozaymrHOTO
6azupoBanust «Bun 5» (turm PKH 21-22). B cocraBe kaxxaoro

Tabnuya 1
MHoXkecTBO JOITyCTUMBIX BapuaHTOB pumeneHus: PKK
B;(I)/Ih;;l; a OnepaTuBHOCTb CroumocTb Pecypcoemxocts B;(I);;;z a OnepaTuBHOCTh CroumocTb Pecypcoemrocts

1 48,9 2168726144 8656,6874 14. 210 14306130044 1292,9926

2 210 4090521385 5607,7422 15. 437 14036877581 4341,9378

3 437 3821268922 8528,2148 16. 80,1 13189886924 1860,7923

4 80,1 2974278265 5607,7422 17. 210 12920634461 4781,2649

5 210 2705025802 8824,3421 18. 437 14842429702 1732,3197

6 437 4626821043 5207,5972 19. 80,1 23179886924 1707,331

7 75 1588782682 8528,2148 20. 210 22910634461 4627,8036

8 210 3510577923 5103,5795 21. 437 24832429702 1578,8584

9 437 5432373164 2222289 22. 58 21794391341 4523,7859

10 48,9 11578782682 8166,7181 23. 210 23716186582 1881,8481

11 210 13500577923 4846,1005 24. 75 22599943462 1370,823

12 437 15422373164 2068,8277 25. 437 24252486240 1242,3504

13 23,45 12384334803 5117,7729
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Tabnuya 2

MHOXecTBO JOMyCTUMBIX BapuaHToOB puMmeHeHus: PKK mocie nmpoBeneHust HOpMHUPOBaHUS
R : A : :
1 0,0085109 0,0068547 0,0791086 14. 0,03655 0,0452173 0,0118159
2 0,03655 0,0129289 0,051246 15. 0,0760589 0,0443663 0,0396785
3 0,0760589 0,0120779 0,0779345 16. 0,0139412 0,0416892 0,0170047
4 0,0139412 0,0094008 0,051246 17. 0,03655 0,0408382 0,0436933
5 0,03655 0,0085498 0,0806407 18. 0,0760589 0,0469124 0,0158307
6 0,0760589 0,014624 0,0475893 19. 0,0139412 0,0732645 0,0156023
7 0,0130536 0,0050217 0,0779345 20. 0,03655 0,0724135 0,0422909
8 0,03655 0,0110959 0,0466387 21. 0,0760589 0,0784877 0,0144283
9 0,0760589 0,0171701 0,0203082 22. 0,0100948 0,0688854 0,0413403
10 0,0085109 0,036597 0,074631 23. 0,03655 0,0749596 0,0171971
11 0,03655 0,0426712 0,0442858 24. 0,0130536 0,0714315 0,0125272
12 0,0760589 0,0487454 0,0189058 25. 0,0760589 0,0766547 0,0113531
13 0,0040814 0,0391431 0,0467684

PKK ecTp 0IHO MECTO TOATOTOBKHM JIFOOOI COCTaBHOW YacTH
PKH u ogno mecro xpanennss CH PKH B TT" Ne 2. B pesynsrare
(hopMHpOBaHUsS MHOXKECTBA BapPUAHTOB NPHUMEHEHHSI METOZOM
MOJTHOTO TIepedopa B COOTBETCTBUH C METOAMKOH [ 11] momyueHo
yKazaHHOe B Ta0J.] MHOXXECTBO JIOIyCTHMBIX BapUAHTOB IPH-
meHenus PKK. Kaxnomy Bapuanty npumenenus PKK coorser-
CTBYET CBOW Haps/1 KOCMHUYECKNX CpeAcTB. Kaxxnomy BapraHTy
MIPUMEHEHHS] COOTBETCTBYIOT TPH MOKa3aTes 3(p(EeKTUBHOCTH:
OIEPaTUBHOCTh, CTOUMOCTb U PECYPCOEMKOCTb.

lar 2. HopmupoBanue 3HaueHnit nokazareneit apdek-
TUBHOCTH C ycioBueM (3)

f (%)
f

max

' (%) = 3

Pesynbrar mpoBeneHUS HOPMUPOBaHMS IPEJCTABICH
B TaOI. 2.

IIIar 3. ITocTpoenue MHOXecTBa 1Mo Ilapeto onTrMans-
HBIX 3Ha49eHUi 1o popmyie (4).

0, <0
Q*z{mg}, S, S Vk,g 4)
R <R

Ilar 4. Ilouck xoopauHar uzaeanbHOM Touku A. Koop-
JIUHATHI UJICATFHON TOYKHU MPEICTABISIFOT COO0H HAMMCHBIITHE
3HAYCHUS KKIIOTO U3 MoKasareneil 3(pPEeKTUBHOCTU B paMKax

YKa3aHHOTO B Ta0J. 2 MHOXecTBa BapruaHToB mpumeneHns PKK.
KoopnuHats! neanbHOM TOUKH OTPaXKEHBI B Ta0I. 3.

Tabnuya 3
KoopauHate! neaabHONU TOYKH
Q S R
0,05366133 0,064 0,1408

[Tar 5. Pacuér paccTrosiHUs KaKIOro BapuaHTa IpUMe-
unenust PKK o naeansHO# Touku mo Gpopmyie (5).

A=\/(Q—Q*)2+(S—S*)2+(R—R*)2 (3)

[ITar 6. OnpeneneHne NPEANMOYTUTEIHHOTO BapUaHTA
npumenennst HKM MK no kpargaiiieMmy paccTosHUIO OT Hjie-
QJIPHOHM TOYKH. 3HAYEHUs PACCUUTAHHBIX PACCTOSHUMI /10 HIe-
QIBHOM TOYKHM M BBIOOP MPEIIOYTUTEIBHOTO BapHaHTa MpH-
menenust PKK npuBeznen B taon. 4.

Takum 00pa3oMm, B yKa3aHHOM MHOXKECTBO OIITUMAJIbHBIM
BapuanTom npuMeHerns PKK sBnsercs Bapuant 4. Bapuanty 4
COOTBETCTBYET CIEAYIOMNI Hapsii KOCMHYECKHX CPEICTB.
PKK «Bun 1» (Tun PKH 1) — TI'2-1, (Tumn PKH 1) —
B coctostuum nocraBku —1; PKK «Bupn 2» (Tun PKH 11) —
TI2-1, PKK «Bua 3» (Tun PKH 20) — TI'2-1.
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Tabnuya 4
MhmuoskectBa BapuanToB npumeHeHus: PKK ¢ paccrosiausimu 10 uaeanbHONH TOUKH
Howmep BapuaHTa Q S R A

1 0,1118993 0,0873344 0,9810009 0,7098969

2 0,4805492 0,161725 0,6354856 0,3331694

3 1 0,1538822 0,966442 1,3612767
4 0,1832952 0,119774 0,6354856 0,26464484
5 0,4805492 0,1089312 1 0,7384749

6 1 0,1863217 0,59014 1,1124426

7 0,1716247 0,0639802 0,966442 0,69562197
8 0,4805492 0,1413707 0,5783524 0,37721797
9 1 0,2187612 0,2518362 0,93184602
10 0,1118993 0,4862767 0,9254761 0,6191290
11 0,4805492 0,5436672 0,5491741 0,5791131
12 1 0,6210578 0,2132565 1,2111443
13 0,0536613 0,4987162 0,5799603 0,3818693196
14 0,4805492 0,5761067 0,1465257 0,4415396
15 1 0,565264 0,4920141 1,2702219757
16 0,1832952 0,5311557 0,2108701 0,3051415456
17 0,4805492 0,5203129 0,3418268 0,551305899
18 1 0,5761067 0,1963115 1,160913526
19 0,1832952 0,9334522 0,1934797 0,77556307
20 0,4805492 0,9226095 0,244361 1,806666432
21 1 1 0,1789208 1,77314428
22 0,1327231 0,8776584 0,3126485 0,80099848
23 0,4805492 0,955089 0,2132565 0,98148868
24 0,1716247 0,910098 0,1553456 0,74438956
25 1 0,9766457 0,1407867 1,72851523

I'paduueckn, MOUCK PacCTOSIHUS 10 WACATBHON TOYKH
MpeACTaBJIeH Ha puc. 1.

Cxema rmepBoii 001aCTH METOMKH TPE/ICTaBIIeHa Ha PHC. 2.

Ob6mnacts 2. Hammawne y JITTP ma(OpMAarim o mpropuTeTax.

B ciyuae namumuns y JITTP nabopManum o mpuopurerax
3a7a4a BBIOOpA MPEIIOYTUTEIBHOTO BapHaHTa MPUMEHEHHS
pemaercsi ¢ MOMOIIBIO JIEKCUKOrpadMuecKoro MeTojia OIu-
caHHoro B pabote [14—15].

IIpn pemieHun nekcukorpapuyecKux 3afad, B HACTOS-
mee Bpems pazpaboTaH psii METOOB, HaNOOJIee N3BECTHRIMHU
U3 HUX SIBISIFOTCSI: METOZ KECTKOTO MPHUOPHUTETA; IOCIEN0-
BaTeJIbHBIX YCTYIIOK; YCTAHOBJICHHS MOPOTOB CPaBHUMOCTH,
PaHXMPOBAHUS KPUTEPUEB, PEIIAIOIINX TTPABHIL.

8

Jlist petiennst 331241 000CHOBAHUS IPEIIOYTHTETLHOTO
BapuanTa npumeneHuss PKK MK naubosnee moaxoasium sis-
JIIETCSL METOJ JKECTKOIO IIPUOPUTETA.

IIpouenypa peluieHuss MHOTOKPUTEPHAIBLHON 3aJauu
STUM METOJIOM 3aKJIIOYAETCsl B TOM, YTO BCE YACTHBIE KPHUTE-
pHUH pacnoyaraloT 1 HyMepyroT B MOPSAKE UX OTHOCUTEIIBHON
BaXXHOCTH, OIpEAEIsieMON Ha OCHOBAaHUHM OLIEHOK 3KCIep-
TOB; ONTUMH3HUPYIOT NEPBbIH, HANOOJIEE BAXKHBIA KPUTEPHIL;
OJIHAKO B OTIMYMU OT METOAA IOCIIENOBATEIbHBIX YCTYIOK,
BEJIMYMHA JONYCTUMOIO OTKJIOHEHUS He Ha3Hadaercd. Jlanee
ONTHUMH3UPYIOT BTOPOH 110 BaXKHOCTH YACTHBIA KPUTEPUH NIPU
YCIIOBHH, YTO 3HAUEHHE MEPBOr0 KPUTEPHsI HE JOJKHO OTIH-
YaThCsl OT ONTHMAIILHOTO; Jlajiee MOJ00HBIM e 00pa3oM I1o-



Puc. 2. Cxema niepBoit 001acTH IPUMEHEHUS
«MeTomuK 000CHOBAHHSI. . .»
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o k]
i
"'--..__\_‘_’ ¥ it 08
Bas & s E il
- . /..'-/‘c“ne
ol " Tus
0s
Puc. 1. [Touck xparyaiiero pacCTOSHUS 10 UACAITBHON TOUKU
OuepeHO UCMONb3YIOTCS BCE OCTANbHBIE YaCTHBIE KPUTEPHUHU.
( HAYAJIO ) OnTUManbHBIM CUUTAETCS J1I000€e 3HAYeHHE BEKTOPA X, HOIy-
YEHHOE MIPH PEIICHUH 3213491 OTBHICKAHUS YCIOBHOTO ONITHMY-
Ma TIOCJIEIHETO 110 BaKHOCTH KPUTEPHSI.
Homyctim, 9To ToKazatenu S(QGEKTHBHOCTH TpHUMe-
venust PKK umeror crepyromme npuopuretsl: Q-1, R-2, S-3,
TOTIA PEIICHNE 3aa9 000CHOBAHUS TIPEATOYTHTEIEHOTO Ba-
fR(x) = A&) puanta npumenenus PKK MK MeTogom xecTKoro mpuopurera
1 =
fmax BO3MOKHO NPEICTABUTH CIEAYIOIINM 00pa3oM.
* IpeamouruTensHeli Bapuant npumenenns PKK MK o
0c <0 TIPUHAIICKAT MHOKECTBY JOIyCTHMBIX BapHaHTOB ITPUMEHE-
Q" ={wg}{Sk =S HUS O
Ry, <R |
o’ cn, we (0) ,...co")
Ykg
Kaxxaplii BapraHT MPUMEHEHUS OIEHUBAETCSI MO TPEM
v MoKasatessiM: orepaThuBHOCTh Q, pecypcoemkocTh R u crou-
A MOCTB S
+ ®° = (Qp R? Sp)
O 7 ey e BapuaHT npuMeHeHus ©° IPEANOYTUTEILHEE BAPUAHTA
NPUMEHEHHS ® , TO €CTh
v p
o” >,
[penaom=nces B CIIy4a JTU BBITIOTHSICTCS OJTHO U3 YCIOBUIA:
BapuaHT NpUMeHEHNA ciytae, ec OJTHACTCS OJIHO M3 yCTIOBUH.
PKK MK

~—T 0, (e)>0(o)
( KOHEL] ) 0.(0")=2(0'). 0.(")>0.(w')

0.(6%)=0. (o )melir-1].0. (o), (o)
we{W}
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S, (0)=5,(o).me[lr-11.5,(o")>S, (')
we{W}

s yno6cTBa, pelieHne yKa3aHHOW 3a/1add BO3MOJKHO
3ammcarh ¢ MOMOIIEI0 (GopMyITH (6)

® = argminS(arg minR(argminQ(o)k ))) (6)

[dar 1 u Hlar 2 mOBTOPSAIOT aHAJIOTHYHBIE B IEPBOU
obmacTu.

[ar 3. HaxoxaeHne MaKCHUMaJIbHBIX (MHHAMATHHBIX )
3HaYeHU Mmokasarenei 3G dekTuBHOCTH.

3.1. Ompenenenyie NPUOPUTETHOTO TMOKazaress. Bribop
BapUaHTOB NPUMEHEHHUS! Y KOTOPBIX BHIOPaHHBIN MOKa3aTelb
MaKCHMAaJIbHbIN (MHHUMAJIbHBIN).

3.2. OmnpenesnieHre BTOPOTO 10 MPUOPUTETHOCTH TTOKa3a-
Tens dppeKTHBHOCTH. V3 MHOXECTBA TIOIYYHBIIETOCS B pe-
3yabTare mara 3.1 BEIOOp BapHaHTOB B KOTOPHIX MAKCHMAIBHO
(MMHMMAaNBHO) 3HAYCHHUE TTOKazaTens 2.

3.3. Onpenenenue TPeTbEro Mo MPUOPUTETHOCTH MOKA-
3atens o dexTrBHOCTH. 113 MHOXECTBA MOJIyYHBIIETOCS B pe-
3yJabTare mara 3.2 BEIOOp BapHaHTOB B KOTOPHIX MAaKCHMAaIbHO
(MUHUMAJIBHO) 3HAYCHHE ITOKA3aTeIIs 2.

[Ipu mpoBeIeHWH SKCIEPUMEHTAIBHOTO MOJCINPOBA-
HUSI C Pa3HBIMHM MaCCHBAMHM MCXO/IHBIX JIAHHBIX BBISBICHO, YTO
BO3MOXKHBI CITy4Yau, KOTZa HapsJ KOCMHYECKUX CPEJCTB pa3-
HBIW, a 3HAYCHHE TMOKa3aTeaci 3((HEeKTUBHOCTH OIHHAKOBOE.
DT1OT (hakT TOBOPUT O HEOOXOTUMOCTH UMETH BO3MOKHOCTH
BEIOMpATh M3 TAaKWX BapHaHTOB. J[Is 3TOTO BBEImEeM yXkKe HC-
MOJIb30BaHHYIO paHee xapakrepuctuky PKH — BeposTHOCTB
YCIIEIIHOTO MycKa. BeposiTHOCTh yCIenHOro 1mycKa CTaTUCTH-
YyecKasi BeIMUYMHA U PACCUMTHIBACTCS] KaK OTHOILIECHUE YCIIeI-
HBIX ITYCKOB K HE YCIICIIIHBIM. Ha HaCTOfIH_[I/II\/'I MOMCHT yKa3aH-
Has BEJTMYMHA HE OTpenennMa JUIi OCHOBHOTO OOJNBITHHCTBA
oreuecTBeHHbIX PKH, ogHako B nanbHeiieM cutyanus ¢ Ko-
JIUYECTBOM ITyCKOB, KaK HCXOJHBIM MAaTE€PHAJIOM JUIs CTaTH-
CTMYECKHX UCCIIEA0BAHUI HaJISKHOCTH YITYyUIIUTCSI U 00 ATON
BEJIMYMHE BO3MOXKHO OyZleT cyauTh JocToBepHO. Jli1st peme-
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HUSI 33/1a91 MIPUHSITO JIOMyIeHne. BrIOpano Tpu rpynmsl Be-
posiTHOCTH ycnewHoro nycka. 1. Bepostnocts — 0,996 npu-
Mernma K PKH y koTopbix ObUT OCyIIecTBiIeH X0Tsl Obl OJTMH
ycnemssii myck. 2. BepostHocts — 0,991 npumennma k PKH
COCTaBHBIC YaCTH KOTOPOM ydacTBOBaNU XOT4 Obl B | ycmem-
HoM mycke. 3. BepositHocts — 0,974 mpumennma k PKH na-
XOZSIIIIMCSI HA CTauH MPOCKTHPOBAHMS.

Taxwum o6pa3om, ecim ocie [llara 3 ocraercs 6onee ox-
Horo Bapuanta cienyeM k Illary 4. B ciydae ecinu ocraercs
OJIVH BAPHAHT IPUHUMAEM eT0 B KaueCTBE PEANOYTUTENILHOTO.

[ar 4. BeiOupaeM M3 MHOKECTBa BapUAHTOB BapUaHT
¢ HanOOJbIIEH BEPOSITHOCTBIO YCIIEITHOTO MyCKa.

CxeMa METOIHKH B 00acTw 2 MpecTaBIeHa Ha pHC. 3.

IIpu pacuére nmpumepa ¢ yka3aHHBIMH HCXOAHBIMH JIaH-
HBIMU, IPEANOYTUTEIbHBIM BApUaHTOM siBiIsieTCsl BapuanT 13,
KOTOPOMY COOTBETCTBYET CIEIYIOUUM Hapsa KOCMHUYECKHX
cpeact: PKK «Bun 1» (PKH Tum 1)- TI2-1, PKK «Bug 2»

( HAYAJIO )

©)

fre =29

o= arg min R{arg min S{arg min Ofa, Ji)

@ w, = argmax "

Mpeano4TUTENEHLIA
BapuaHT
npuMmeHeHusa
PKK WK

(: KOHEIL] :)

Puc. 3. Cxema BTopoit o6racTt IpIMEHEHHUS
«MeTonuky 000CHOBAHHSL. . )



(PKH Tumr 11) — TT'2-1, PKK «Buxa 3» (PKH Tum 20) —
TI'2-1, PKK «Bun 5» PKH (Tum 21) — TI'2-1.

3akiiloueHue

B 3axitoueHnu He0OXOIMMO OTMETHUTD, YTO IPUMEHEHHE
YKa3aHHON METOIMKH T03BOJIIET OOOCHOBBIBATH MPEANIOUTH-
TEJIbHBII BapHAHT MPUMEHEHHUS! HE TOJIBKO B YCIIOBHUSIX HaJlU-
qus y JIIIP mpenmouTeHnid JIEKCHKOTPaQUISCKUM METOIOM,
HO U B YCJIOBUSIX OTCYTCTBUS NPEANOUYTEHUH, KPUTEPHATbHOI
HEONPEEICHHOCTH.

Pa3paboTanHas B paMKax peaju3aly JaHHOTO Hay4YHO-
METOJMYECKOTO anmnapara IporpaMma, Ha HaCTOSIIIMNA MOMEHT
ycremHo (pyHKIMOHUPYET B KadeCTBE CHCTEMBI TOJICPKKH
npunstus pemenns B HUL nHdopManmoHHo-aHATUTHYECKO-
ro obecrieuenust Kocmoapoma «Ilnecerky.
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ABSTRACT

The work presents a technique that allows the decision — maker to
justify the choice of the preferred option of using rocket and space
systems that are part of the test spaceport in the absence of pref-
erences (criterion uncertainty), and in cases of preferences. Each
variant of the rocket and space complex application is evaluated by
three indicators: efficiency, cost, resource intensity. As input data for
the method applied a set of valid options for use of missile-space
complexes, obtained through the scientific methodological appara-
tus developed earlier. Depending on these conditions, the problem
of justification of the preferred application is solved in two areas.
In the absence of the decision-maker's preferences, the problem of
choosing the preferred application of the rocket and space complex
is solved by the method of the ideal point, in the absence of the
decision — maker's preferences, this problem is solved by the lex-
icographic method. In solving this problem in the first area, each
variant of the rocket and space complex is represented by a point
in the finite-dimensional Hilbert space. Next is the ideal point as a
point in space having the coordinates found as a set of the smallest
values of the represented set. Next, the distance between each of
the set of points and the preferred option of using rocket and space
complexes of the test spaceport is calculated. If the decision-maker
has information about priorities, the problem of choosing the pre-
ferred application option is solved using the lexicographic method.
The peculiarity of this method is to select the highest priority indi-
cator and narrowing the set of alternatives to the set in the court,
the maximum values for the indicator having the first priority. In ac-
cordance with the same logic, the set is narrowed in terms of priority
two and in terms of priority three, the preferred use of the rocket
and space complex is found. Application of the specified technique
allows to justify the selection of a preferred option of application of

rocket-space complexes in different circumstances.
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AHHOTALMA

HekoTopble 31eKTpOHHbIe yCTPOMCTBa NPKU 061y4eHUN BHELLHUM rnosiemM obiagatoT cnocob-
HOCTbIO GOPMUPOBATL PACCEAHHbIN CUMHAJ, KOTOPbLIN B LUIMPOKOW MOSIOCE YacTOT OKa3biBa-
eTca nomexow ass bansnexaiyen paguonprémHon annapatypsl. [pu opraHusaumm skcne-
PYMEHTaIbHOrO N3MEPEeHUs MapamMeTpPOB, PAaCCESHHOMO TaKUMW HEJIMHENHBIMU OBbeKTaMm
MoJis BO3HMKaeT He0BXOAUMOCTb KaIMBPOBKM PAAMOIOKALMOHHOTO M3MEPUTENIbHOTO CTEH-
Aa. [1ns 3Toro MoxeT ObiTb UCMOb30BaH 3Ta/IOH - MNACCMBHbIN HEIMHENHBIN OTpaXkaTesib ¢
n3BeCTHOMN 3P PeKTUBHOWN NOBEPXHOCTLIO PACcCesiHNS, CMOCOBHbI GOpPMUPOBaTb MHTEHCUB-
HbI PacCesiHHbIN CUrHas B JOCTaTOYHO LUMPOKOWN MOJSIOCE HacTOT, IMBO HeCKOsIbKO 3TanoH-
HbIX HEJIMHeNHbIX oTpaxkaTenen c bosiee y3kMmu pabounmmu nosiocamm Ans obecrneyeHus
AnanasoHHbIX nsmepeHui. NpepnoxeHa KOHCTPYKLUS 3TaIOHHOIO HEJIMHENHOrO OTpaka-
Tesisl, NPUMEHVMMOrO A5 KaIMBPOBKM LUMPOKOMOSIOCHBIX HEJIMHEWHbIX PafNONOKALMOHHbBIX
M3MepuTesIbHbIX CTEHAOB 1 OMWcaHa npoLleaypa kannbposku. [peanoxeHHas KOHCTPYKLMS
npepcTaBiseT cobom LLIMPOKOMOOCHYO aHTEHHY, M3BECTHYIO Kak aHTeHHa «babouka», Ha-
rPYy>XeHHYIO Ha TyHHenbHbIN auog. Micxoas u3 HeobxoanMocTu GyHKLUMOHUMPOBAHMUS B LUK-
POKOWi MoJsioce 4acToT, BbIGPaHbl ONTUMAasibHble rabapuTHble MapaMeTpbl aHTEHHOMN YacTu.
MpencraBneHa skBMBaNeHTHas paAnoOTEXHUYECKas CXeMa 3TasloHa U MOoCTPOoeHa CooTBeT-
cTByloLlas el MaTemaTuyeckas Mopenb. Ha ocHoBe maTemaTuuyeckor mMopenu nposenéH
YNCNEHHBIN 3KCMEPUMEHT, B pe3ysibTaTe KOTOPOro NOCTPOEHbl aMMITYAHblEe XapaKTepu-
CTMKM 1 KaniMBpOoBOYHbIE aMMIUTYAHO-4aCTOTHbIE XapaKTePUCTUKM 3TasloHa B LLUIMPOKOM no-
nloce yacToT. Ha nosyyeHHbIX aMnINMTYOHbIX XapakTepUCcTMKax yCTaHOBJIEHO MPUCYTCTBUE
XapaKTepHbIX Touek (Touek sKCTpeMyma GyHKLMK), 4TO NoATBepXAaeT BO3MOXHOCTb Mpu-
MeHeHNs NpPeasIoXXeHHOWN KOHCTPYKLUN HEeJTMHENHOTO oTpaXkaTesis B KayecTBe 3TasloHa npu
BbIMOJIHEHMWN OMMCaHHON npoueaypbl kKannbpoekn. O6ocHoBaHa ero NPUMEHUMOCTb, Kak
AN PafAMoSIOKALMOHHbIX U3MEPUTESTbHbIX CTEHMOB, C NPOCTPAHCTBEHHbLIM COBMELLEHNEM
nepepatoLLiei U NPUEMHOMN aHTEHH, TaK U AJ151 CTeH[0B C Pa3HeCEHHbIMU aHTEHHaMU, YTO MO-
XeT BbITb BaXKHO AJ151 OpraHM3aLmm SKCNepUMeHTasbHbIX UCCIIe0BaHWUIN MPOCTPAHCTBEHHbIX

CBOWNCTB HeJIMHENHbIX OBbEKTOB.

KJTKOYEBBIE C/TOBA: naockuit AUNONbHbLIN HeNMHENHbIA paccenBaTenb; aHTeHHa «b6abou-

Ka»; MeTopf peaJsibHOro 3TasjioHa.

Ansa uutupoBaHus: babaros H.10., Kopcakos C.C., Jlapuoe C.B., CamapuH B.[1. O6 akcnepMMeHTanbHOM U3MepPEeHNM YPOBHS MHTEHCUBHOCTU

BTOPWUYHBIX HEIMHEWHbIX MOMEX OT 3/IEKTPOHHbIX YCTPOWCTB C MOyNpPOBOAHUKOBbIMY 35ieMeHTaMu // Haykoemkue TexHonornm B KocMuye-
ckux nccnegosanmax 3emnmn. 2019.T. 11. N2 3. C. 14-25. doi: 10.24411/2409-5419-2018-10265
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BBenenue

CyIiecTBeHHON TPYNIIOW MOMEX CBS3HBIM PaaHO3JIEK-
TPOHHBIM CHCTEMaM SIBJISIOTCS TaK Ha3bIBAEMbIC HEJIMHEHHbIC
moMex [ 1], BRI3BaHHBIC MEPEU3ITYYCHHEM OOTYJarOIIEro CHUr-
Hajla Ha 4acTOTaX €ro HEJIMHEUHBIX POLYKTOB — rapMOHHUKAX
WA KOMOMHAIIMOHHBIX COCTABISAIOMUNX. VICTOYHNKaMU Henu-
HEHHBIX MOMEX SIBJIIOTCS yCTPOMCTBA, COAEPIKALIUE B CBOEM
COCTaBe PaMOIICKTPOHHBIC KOMIIOHEHTHI, TAKHE KaK JTHUOIBI,
TPaH3UCTOPBI, MUKPOCXEMBI.

[Iporecc nosBIeHUs] HEMUHEWHBIX TOMEX CBSA3aH C TEM,
4qTO IIpU 06Hy‘IeHI/II/I Ha TPOBOAANIUX YacCTAX IJICKTPOHHBIX
CXEM HaBOJAATCS TOKH, KOTOPBIE HCKAKAIOTCS MIPH IIPOXOXKIE-
HUHM 9Yepe3 TONYIPOBOIHUKOBEIE MPHOOPHI W 00O0TAIIaloTCs
HEJIMHEHHBIMHA TPOAYKTaMU. B pesynbrare 1mo mpoBOISIINM
YacTsM DJICKTPOHHBIX CXEM IPOTEKAI0T TOKM Ha YacToTax
HEJIMHEHHBIX NPOAYKTOB, KOTOpPbIE BBI3BIBAIOT W3Iy4YECHUE
B OKpy’Kalollee MPOCTPAHCTBO CUTHANA HA YacTOTax rapmo-
HUK WIA KOMOMHAITMOHHBIX COCTABIISIOUINX OOIydJaromiero
CHUTHaNA. YKa3aHHBIM TMPOIECC TMONyYnT HazBaHUe 3(hdekra
HEJIMHEITHOTO PacCesHISI PaIHOBOITH H UCCIISIYeTCs B paMKax
poOJIEMbI ANIEKTPOMAarHUTHOM coBmMecTumoctu (OMC).

CooTBeTcTBEeHHO 01HOM U3 3a1a4 OMC sBnseTCs TeCTH-
pOBaHHE PaAJMOAIEKTPOHHBIX YCTPOMCTB M OBITOBBIX MPUOO-
POB Ha CITIOCOOHOCTH K HETMHEHHOMY PaCCEesHHIO.

Takoe TecTHpOBaHWE IENIECOO0PA3HO BHIONHATH Ha
yCTaHOBKaX HENWHeHHoro 3oHmupoBanms [2-4] (YH3).
CrpyKTypHasi cxeMa Takol yCTaHOBKH IPEICTaBIeHA Ha pUC. 1.
OynkmoHanbHo YH3 cTpoutcs mo ToMy ke MO MPUHIIMILY,
YTO M HEJHMHEHHbIe paguonokaTopsl [5—7]. IIpuHIunuansHeIM
ommmureM YH3 OT HenmMHEHHBIX PaIrojIOKaTOPOB SIBIISETCS
WCCTICIOBAaHNE TIOJS, PACCESHHOTO OOBEKTOM, COMEepIKaIInM
HEITMHEHHBIC KOMIIOHCHTHI, Ha YacTOTaX HEJIHHEHHBIX IIPO-
JykToB obmyuaromero curnana (OC) Bo BceX HalpaBlICHUSIX,
a He TOJILKO B HalpaBJIeHUH OOITydeHust (Wi OJIM3KOM K HeMy
HanpasieHun). i oToro mpuéMHasi U U3Myvaromas aHTeHHbI
VYH3 pasHocsarcs B POCTPAHCTBE, a B XOJI€ IKCIIEPUMEHTOB
YYUTHIBACTCS KaK MOJIOKEHUE/OPUECHTAIINS FCCIIETyeMOTO 00b-
€KTa OTHOCHTEIHHO (PPOHTA BOJHBI OOTYYAIOIIEro TOJIs, Tak
U €ro TOJIOKCHUE/OPUEHTAIUsSI OTHOCHTENILHO aHTeHHBI YH3,
npunuMatoreit OC.

OO6mas MeToanKa U3MEPEHH TPeIoaraeT: paMelie-
HHUE ¥ HaCTPOUKY paamoanmaparypsl (reaeparop 3C, aHTeHHA
m3nydenns 3C, anTenHa npuanMaemoro curaana (I1C) ot uc-
ciemxyemoro oowsekTa, mpuéMuuk [1C, usmepurensHoe 00opy-
JIOBaHKE); pa3MelIeHre 00bEKTa NCCIIeJOBAaHNS HA HEKOTOPOM
yIalleHUH OT aHTeHH; o0nydyeHue oowvekta 3C u ananms [1C.
[lepen BBIOTHEHNEM M3MEPEHHS TapaMETPOB HCCIETYEMOTO
00BeKTa HEOOXOIMMO BBITTOIHUTH KaTHOPOBKY paaHOIOKAIIN-
OHHOI'O M3MEPUTENBHOrO cTeHaa. i 3Toro ucciexyeMblit
00BEKT B 30HE OOYUYCHHUS 3aMEHSICTCS HEKOTOPBIM 3TAJTOHHBIM
oTpaxxaTesieM ¢ U3BeCTHOH AP PEeKTHBHON MOBEPXHOCTHIO pac-
cesuus (OIIP — 6 ) 1 perucTpupyroTCsi COOTBETCTBYIONIUE
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n3mydaeMasi MourHocTs 3C — P,.,, ¥ MOIIHOCTB T1IC — Prcor
[Tocie 3TOro 3TaJOHHBIH OTpa)kaTesb U3bIMACTCS U3 30HBI 00-
JIy4EHUsI M Ha €Tr0 MECTe pa3MellaeTcs NCCIeyeMbli 00bEeKT,
KoTOpbIi 00mydaeT 3C MolHOCTBEIO — P, ., TocTaTouHOM st
xopoteil ¢ukcanuu (XOpoiiee COOTHOLICHUE CHUTHAJ/IIYM)
yposrs Mmomuoctn [1C — P, . B pesynwrare, o nssectHo-
My 3Hadenuo OIIP sTanona 6 v BBIIIEYKa3aHHBIM 3HAYEHUSIM
MOIIIHOCTH OKa3bIBAETCSI BO3MOXKHBIM, TPAKTHUECKH, O€3 BIIH-
AHUA IIyMOB, onpenenuTs DIIP peanbHoro oobekra ¢

PP
G, = an 3c;; TICo6 (1)

3Co6 | MCor

[TomoOHBIi OIX0/ K KAJIMOPOBKE OCHOBAH HA PUHIIUIIE
B3aMMHOCTH, MPEINOIAraloIlero paBeHCTBO MOTEPh CUTHAIOB
Ha IyTH PacIpOCTPaHEHHs PagUOIOKaTOp — STAJOHHBIM OT-
paxarenb ¥ 0OpaTHO NMPU COBMEICHUH NPUEMHOHN U mepesa-
TOIIEN aHTEHHBI PaTMOIOKATOPA, & G_; SABIISETCS NHBAPHAHTOM
OTHOCHTEILHO P, ..

Teoperndecku, 1r000it 00beKkT ¢ u3BecTHOM DIIP [2] Mo-
eT OBbITh NCIIONIb30BaH B KauecTBe dTasoHa. [lepen nccienosa-
TEJIIMHU CTOUT 3aJ/iada BHIOOPA MOAXOIAINCH KOHCTPYKIMN 3Ta-
JIOHA JUIsl KalTMOPOBKH KOHKPETHOTO CTEHA, T. €. KOHCTPYKIIHH,
cnocobnoi pu 3amarHoM 3C hopmuposars [1C mocraTouHO#
WHTEHCUBHOCTHU U JJOCTATOYHOM BBIPAKEHHOCTH MHBIX HCCIIE-
JYeMBIX XapaKTEpPUCTUK. DTAJIOHHBIC OTpa)karel OOBIYHO
BBIMOJTHSIOT B BUJIE XOPOILIO M3yYCHHBIX aHTEHHBIX KOHCTPYK-
LU — TUIONBHA, IapooOpa3Has, paMOYHasi, yTrOJIKOBasl.

JInst kanuOpOBKU HEJMHEHHBIX CTEHJIOB, COICPIKAIINX
HEJTMHEHHbBIE PaAnOoIOKaTOPhI, [IeIecO00pa3sHO NCIONIB30BaTh
U HeNuHeWHbIe TanoHkl [8§-9] (puc. 1), 4ro ompexpernser 3a-
Jlady CO3/1aHMs TaKUX STAJIOHHBIX HEJIMHEHHBIX OTpaXkareser
U pacueTa ux xapakrepuctuk [10]. [l HenuHeHOro TaIoHa
MPUHIMIHAIBHON SIBJISIETCSI CIIOCOOHOCTh (hOPMUPOBATH J10-
CTaTOYHO WHTEHCUBHBIA OoTBeTHBIN curHas (OC) Ha gacToTax
rapMOHUK wiu cyorapMoHnk 3C (TIpM MOHOXPOMATHYECKOM
3C), mub0 Ha KOMOWHAIMOHHBIX 4yactorax [l1] (mpm Hamm-
ypy B crekTpe 3C HECKOIbKUX COCTaBISIOIUX). DTO MOA-
pa3syMeBaeT HaJi4Me B COCTaBe ITAJIOHHOIO pPacCeuBaTelis
IOy TIPOBOJHUKOBBIX MPUOOPOB [12—13] miin KOHTaKTOB Me-
TaJJI-OKHCEI-METaNI, ¢ HEIMHEHHBIMU 31€KTPOMarHUTHBIMH
cBoMicTBamH [3, 7].

Ha puc. 1 o603na49en0: P, . — MOIIHOCTb M3JIy4€HHOTO
3C, G,,, — k03 QUIHMEHT yCHIIEHUs H3Ty9arolleil aHTEeHHEI,
I1,, . — MJIOTHOCTH TOTOKA MOIIHOCTHU BOJIHBI M3Ty4eHHOro 3C
Ha pacCTOSHUU | METp OT U3ITydarolel aHTEeHHbI HETUHEHHO-
ro paguonokaropa, [, . — mIoTHOCTh TOTOKa MOIIHOCTH BOJ-
eI 3C B MecTe pacmoJOKEHHsI HeTMHEHHOTO paccemBaTels,
I, . — mIoTHOCTH TOTOKA MOIHOCTH BoHbl OC Ha yacTore
BTopoi rapMonuku 3C (GopMHUpyeMOil HEIMHEHHBIM pacce-
uBareneM Ha pacctosuuu 1 metp, Il . — MIoTHOCTH MOTOKa
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HenuHeitHbIi paccensarens

|

[}
| Yeranoska :
| HenuHe#Horo :
| soMmupoBakuA (YH3) |
I I'Ipnemuag:
I aHTeHHa :
|
' Tonemamk 1. S
| Mpvemhmk | S
|| oTBeTHoro
| curHana -
|
: Gua )
(| Mepenatunk |p,c
' |3oHAupylolLero
{| curHana
|
l Wapydalowas,
| aHTeHHa |

Puc. 1. Cxema HEJIMHEWHOTO B3aUMOJICHCTBHSI PAIMOJIOKATOPA U PaccenBaTesIs

momHocTH BonHbl OC, majaroniell Ha NMPUEMHYIO aHTCHHY
HEMHENHOTO pajuosnokaropa, S, — 3(QQeKTHBHAs MIoma/b
NPUEMHOM aHTEHHBI, P — MOIHOCTL TpuHuMaemoro OC,
K,. — xoaddunuent pacnpocrpanenns 3C Ha MyTH HENH-
HEWHBIHA PAIHONIOKATOP — HEIMHENHBIN paccensarens, K. —
ko3¢ durment pacupoctpanenus OC Ha TMyTH HEITMHEHHBIH
pacceuBaTenb — HEJIMHEHHBINH paguonokarop, | — muHa an-
TEHHOW YacTH HETMHEHHOTO pacceuBaTest, § — yroi packpbl-
Ba QaHTEHHBI.

[IpuHuMnManbHbIe OTIIMYUS U3MEPEHUH HA HEJTMHEHHOM
CTEH/IE€ OT JTMHEHHOTO CITydasi COCTOSIT B CICIYIOIIEM: B HEIIH-
HEWHON paJiMONOKANK HE BBITOIHACTCS MPUHIIUI B3aHMHO-
ctH, To ecTh B obmmeM cinydae K3C # KOC; mapameTpsr rieneit
H, TIpEKJIe Beero, Henuuelnoi OIIP o , 3aBUCAT OT ypoBHs
motHoctu 3C [11]:

c,=o,(Il,.) =4 I,/ I1,. 2)

B «inHeliHOM paguonokaliu» B KauecTBe UCKOMOM Be-
JIMYMHBI, XapaKTepU3yIOlLIell oTpaxkaTeabHble CBOMCTBA 1IEJIH,
ucnonesyercst DI1P, a B HenuHeHHOH panoNoKaIuy JIjIsl -
CaHUsI CBOMCTB OTPAXKCHUsSI HEOOXOIUMO ONPEACTUTh 3aBHCHU-
MOCTh (2). TIpuHIIUTIHAIBEHBIM MOMEHTOM SIBIISIETCSI TO, YTO
B HEJIMHEMHON paguoJIOKallMd KPOME BBIYMCIICHUS! HEJIMHEH-
Hoit DIIP c, HEOOXOIUMO OTIPEIEIATh COOTBETCTBYIOIIEE €
3HAUCHHC TUIOTHOCTH MOTOKA MOIIHOCTH BONHEI 3C, 00iyda-
IolIeH HeMHeNHbIN paccensarens [, .. Heckomnbko ynpocTuts
CUTYaIlMI0 MOKET HMCIIOJIb30BaHUE aMITUTYIHOW XapaKTepu-
cruku (AX) [14] BmecTo Henmueiinoi OIIP o

I, = F, (L,.). 3)
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KOTOpAst SABJSIETCS OoJiee MOHATHON C TOUKHU 3PEHHUS OIMCAHMS
CBOHCTB 1 OoJjiee YI0OHOM C TOUKH 3pEHUSI TPOBECHUS H3Me-
penuil. Heobxonumo otMeTuTh, uto HenuHueiinas OIIP o, 3a-
BHUCHT OT TeX ke BelnuuH, uto U1 AX, a umenno [10C u I13C:

o (IL,) = 4xll . / 11, = 4=k (I1,) / I1,.. @)

Taknm 00pa3oM, HCIIOIBE30BaHNE METOA 3aMELIICHUS JUIST
M3MEpEeHNs apaMeTPOB U XapaKTEePUCTHUK LiesIei HeTMHEHHOM
paavoIoOKaluy MPEANoiaraeT onpeaeaeHue Bxonsumx B (3)
BEJIMYUH I HEKOTOPOTO ITAJIOHA, IS KOTOPOTO (YHKIIUSI
F, m3BecTHa 3apaHee, W TOCIEAYIONIEE OMPENETEHHE TTO00-
HOW (PYHKIMH YIS UCCIEAYEMOT0 00BEKTa C YUCTOM TaHHBIX,
MTONYYCHHBIX JUISI ATalloHa. B psge myonukanuit [9-10], [15]
MIpe/Iarajoch UCIOJIb30BaTh B KAYECTBE 3TAJIOHOB HETUHEN-
HBIC U3JTYy4YaTeciiv C MOJYIIPOBOAHUKOBBIM JIMOJOM B HArpy3Ke.

IIporecc KamMOpPOBKH TPEACTABIACTCS CIECTYIOIINM.
[Ipu m3MepeHnsX HEOOXOAMMO BaphHPOBATH YPOBCHD H3IY-
4aeMOi MOIIHOCTH P, M (PMKCHPOBATh MPH 3TOM MOIIHOCTh
npunuMaemoro curnana P. Ilpu stom Gyner nomyvena He-
KoTOpasi pyHKIMOHAIbHASI 3aBHCUMOCTD:

Poe = F(Pyo)- (5)

ITepexon ot 3aBucumocTH (5) HemocpeacTBeHHO K AX

(3) BO3MOXKEH B TOM CITy4yae, €CIIU U3BECTHBI KO3 PHUIIUCHTEI
pacnpocTpaHeHus:

K3C = PVIC/H3C’ (6)

Koc =P nc/ Hoc’ (7



OTIpEZIeTICHNE KOTOPBIX M SIBISIETCS €TI0 KATMOPOBKH.
[TpakTH4yeckn 3TO O3HAYAET, YTO MPOIECC M3MEPEHUSI METO-
JIOM 3aMelIeHUsl MpearonaraeT IMpeaBapUTeIbHOE H3Mepe-
HUE MHTEHCUBHOCTH BOJIHBI 3C, oOmydaromnieil n3MepsieMbli
o0bexT mnm 3tanoH [15,10] n HaxoxneHWe BeTHUUHBI (6),
CBA3BIBAIOIIEH M3Ty4aeMyr0 MOmHOCTE 3C P, ¥ BEMUYHHY
MHTEHCUBHOCTH BoJHEI oOmywaromero 3C I1, .. Tlo mpunsaTo#
kiaccuukanyn [4] JaHHBIA TOAXOM CIEIyeT OTHECTH K MPO-
MEXYTOYHOMY METOJY U3MEPEHUH paIMOIIOKAIMOHHBIX IIeIeH
MEXJIy METOJIOM pealbHOTO U KOCBEHHOIo dTajloHa. B To ke
BpEMsi aBTOPbI ONMCAHHOTO BBIIIE COCO0a YTBEPHKIAIOT, YTO
BBINIOJTHEHO OJIHO M3 B@KHBIX YCJIOBHUH pealM3alldil METOAA
peanrbHOTO 3TalOHa — TEOPETUIECKHUI PacueT XapaKTEePUCTHK
STAJIOHHOTO HEJIMHEHHOTO paccenBaTels.

H3Becten cmoco0® [16], mo3Bomstonuii Oojiee TOYHO
peayn3oBath I Cly4yasl HeJIMHEHHOTo paccestHusa METOJ| pe-
AJBHOTO 3TaJIOHA, UCKIIOYAs MPOLEAYpPYy U3MEpEHHs WHTEH-
CUBHOCTH BOJHBI 3C B MECTE pacIoyioKeHUs] 00beKTa. DTOT
Croco0 OCHOBAH Ha MPUMEHEHUN HEITMHEWHOTO PacCenBaTes
¢ xapakrepHoii Toukoil Ha AX [16—18], T.e. Toukoii, B KOTOpOil
onuceiBaromas AX (QyHKIUS WM ee POU3BOAHAST UCTIBITHI-
BaeT CKa4yeK MM CONEPXKUT 3KkcTpeMyM. HenmHeltHbli pacce-
MBaTellb ¢ XapakTepHoi ToYKoi Ha AX 0OBIYHO MPEACTABIISET
co00iif aHTCHHY C HENWHEHHOH Harpy3koil [19] co croxHBIM
HEJIMHEIHBIM 3JIEMEHTOM B Harpys3Ke, HarpuMep cOopkoi pas-
JMYHBIX JTMOOB WM JHOJOM, COJEPIKAIINM HECKOIBKO p-n
MEePEXoI0B B CBOEM COCTaBE, B YACTHOCTH, TYHHEIIbHBIE MU
obpamiennsie auonsl [14]. B xauectBe mpumepa AX, coxep-
KaIUX XapaKTepHbIe TOYKH, MpeacTaBieHsl (puc. 2) AX He-
JMHEHHBIX pacceuBaTresiel — MPOBOJIOYHBIX IOIYBOTHOBBIX
UTIoNeH, HarpyeHHBIX Ha auons ' M401 u 11M103.

Hanuune xapakrepHoit Touku Ha AX MO3BOJISIET BbIUKC-
JUTH KO(QPUIMEHTHI pactpocTpaHeHus (6) u (7) 1Mo CHATHIM
3HAYCHUSIM (MOJNyYeHHE 3aBUCUMOCTH (5)) JUIs ATaJIOHHOTO
pacceuBarens. B pesynsrare 4ero MOXKHO MPHUBECTH B COOT-

* * *
BETCTBUE 3HaUeHus P* . w IT* . . a Tak xe P*HC < I e

Noc, ABBT/Mm? - ="
"65 T /
—75 il /
-85 - Ll —— 11103
~
95 1 7 — —ru401
105 -
e MN3c, abBT/m?

115 T T T 1

-40 -30 -20 -10 0

Puc. 2. ITpumepsr AX TUNOIBHBIX HEIIMHEHHBIX pacceuBaTelei,

HarpyxeHHbIX Ha auonasl ['1401 u 111103
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B pesynprare mporenypa KannOpoBKH HIYEM HE OTIIIYa-
€TCsI OT TIPOLEAYPHI n3MepeHuss AX HEU3BECTHOTO HEJIMHEH-
HOTO PacceuBaTeIs:

1. IlepBoHauaIbHO HA U3MEPUTENBHBII CTEH yCTaHABIHU-
BaeTCs KaJIMOpOBOUHBIA HETMHEHHBINH paccenBarelib C Xapak-
TEPHOM TOUKON Ha AX ¥ M3MEPSETCS 3aBUCUMOCTD P 0T P ...

2. B zaBucumoctu P OT P, BBIABIAETCS XapakTep-
Has TOYKa CO 3HaYEHUAMH P* .. oT P* . .

3. Ha AX kannOpoBOYHOTO HEJIMHEHHOIo pacceuBare-
JISl BBISIBJISICTCSI QHAJIOTHYHAS XapaKTepHas TOYKa B KOTOPOH
OCK u H*3C K’

4. Onpenenstorcest KaTuOPOBOIHBIE KOA(D(HUITUEHTHI:

OMpeNnesIoTes 3HaueHus [1*

= p* * — p* *
K3C P l/ICK/H 3CK° KOC P HCK/H OCK*

5. YcTaHaBNIMBAIOT HA U3MEPUTENIBHBIA CTOJ HOBBIN M3-
MEpsIEMbI HEJIMHEHWHBII pacceuBaTellb U OLPENEISIIOT Ul
HETO 3aBUCUMOCTE: P o = F, (P o0,

6. 3MepeHHyT0 3aBUCUMOCTH TTpeodpa3yioT Ha AX He-

JIMHEHHOTO pacceunBareir:

I F(K

0COB ' 2

3C I13C OE) / KOC = FI(H3C OE)' (8)

Hcnonp3oBaHue HEMTMHEWHOTO pacceuBaTeNsl ¢ Xapak-
TepHOU TOUKOW Ha AX B Ka4eCTBE 3TAJIOHA ITO3BOJISIET pEan-
30BaTh METOJI 3aMEIICHHUS TP H3MEPCHUSIX ITApaMeTPOB HEJIH-
HelHoro paccesHus. OJJHaKO, 10 HACTOSILETO BpPEMEHU OHU HE
HaIlUTA [IUPOKOTO MPUMEHEHUS], 1 B OCHOBHOM HCIIOJIb3YETCS
METO]] KOCBEHHOTO 3Tajona [17, 4].

ITo MHEHHIO aBTOPOB, ITO CBSI3aHO C TEM, YTO HE PEIICHBI
JIBE BaKHBIC 3a/1a4i: 1) OMICAaHHBIC IO HACTOAMIETO BPEMEHHU
B JINTEpaType HEIMHEHHBIC PACCEUBATEIN C XapaKTEPHOH TOU-
koif Ha AX OBUIH Y3KOTIOJIOCHBIMHE JTUTIOJIEHBIMU HEJTMHEHHBI-
MU pacceuBaTesIMU, YTO MPEANoiaraio HaJuuue He OJHOrO,
a 1IeJIOr0 psiia STAJOHHBIX JAMIOJIBHBIX HEJIMHEHHBIX pacce-
uBaTesiel s 00ecIeueHus JUara30HHbIX U3MEPEeHUl; 2) He
CYIIIECTBOBAJIO METONA TEOPETUIECKOTO pacuéra XapaKTepH-
CTHK IWITOJNFHBIX HEJTMHEHHBIX pacCeWBaTeNie C XapaKTep-
Hoii Toukor Ha AX. PenieHreM yka3aHHBIX 331349 MOXKET OBITh
KOHCTPYKITUSI IIHUPOKOMOIOCHOTO JUMOJIBHOTO HETMHEHHOro
pacceuBaress ¢ XxapakTepHOH Toukoi Ha AX, OJKPETUICHHAS
METOJMKON pacyeTa ero AX.

AHaJIN3 CBOHCTB HIMPOKOMOJIOCHOTO JUIIOJIBHOIO

HEJIMHEeITHOT0 paccenBaTe/Isl C XapaKTePHOl TOYKO0i

B aMILUIUTYIHOW XapaKTepUCTHKe

B HacToAMICE BPEMA U3BCCTHBI TOJIBKO JUIIOJIBHBIC HE-
JIMHEWHBIC pacceuBareNid ¢ XapakTepHol Toukod Ha AX.
[TosToMy B TiepBYIO oOuepenb Ienecoodpa3HO PaccMOTPETh
BO3MOKHOCTH HCITOJIH30BAHUS ITUPOKOMIOIOCHBIX TUTIOIBHBIX
u3nydaresieid. Xopoume XapakTepUCTUKU C ITOH TOYKH 3pe-
HUST MOYKHO OJKUIATh OT IJIOCKUX ¥ OMKOHMYECKUX aHTCHHBIX
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n3nydateneid. JlaHHble U31ydaTeiau IPOCThl sl TEXHUUECKOM
peanu3anuu, 115 HUX €CTh XOpoIlo pa3BuTas teopus [20], oHu
XOpOIIO arpoOUPOBaHbl B HETMHEWHOW paauonokaruu [21],
[22] nuist 3129 MOZIETUPOBAHMSI CBOMCTB OOBEKTOB M ITPOBEPKH
paboTOCIIOCOOHOCTH HENMHEWHBIX PajnooKaropoB. B nan-
HOW paboTe OyHeT paccMaTpuBaTbCs TUIOCKHH H3ITydaTels,
TIPEICTaBISIONINI cOOOH TBa paBHOOEIPEHHBIX TPEYTOIEHUKA
(cm. puc. 1). laHHas aHTEHHAss KOHCTPYKIIHSI H3BECTHA TAKKe
TI0/1 Ha3BaHUEM aHTEHHA «0a00uKa» MM B aHIVIOSA3BIYHOH JIH-
teparype «butterfly», «bowtien, «batwingy. [Touck pemieHus
MOCTaBJICHHOW 3aJ1a4n Oy/leT NPOUCXOIUTh HAa OCHOBE HCCIIe-
JIOBaHUSI CBOMCTB TUIOCKOTO JUIOJIBHOTIO HEJTMHEHHOTO pacce-
usarens (ITIJJHP), Harpy:xeHHOTO Ha THOA C HECKOIBKUMH p-71
MepeXoaMH, B YaCTHOCTH, TYHHEIFHBIMH WJIH OOpaIIeHHBIMU
JIMOJIaMH.

B Hacrosiiee Bpemst aisl aHTEHHBI 0aOOYKHM H3BECT-
Ha MeToIuKa pacuéra Kod(PHUIUEHTa YCHICHUS U BXOJHOTO
COTIPOTHBIIEHUST B ImUpokor monoce [20]. PaccmarpuBaemast
CHMMETPHYHAS TUTOCKas JUITOTbHASI aHTEHHA COCTOUT U3 IBYX
PaBHBIX TPEYTONBHBIX YACTEW, HAIPABICHHBIX NIPYT K IPY-
Iy BEpIIMHAMH, MEX/Y KOTOPBIMH ITOJKIIIOYACTCS HAarpysKa.
OO1ast JyTMHA aHTEHHBI |, a YIIIBI pacKpbIBa pH Harpy3Kke — 0.
CornacHo [20] BxojHOE CONpPOTUBIIEHNE, KOIPPUIIMEHT yKO-
POYCHHUS W YaCTOTHBIN MHTEPBAJ TAKOH aHTEHHBI ONPENEs-
IOTCSI YTIIOM pacKpbiBa 6. BOnpIIyro mmpHHY MOIOCH 9acTOT
B JICIIMMETPOBOM JIMAITa30HE BOJH O0OECIIEUMBAIOT YIIIBI O OT
60° o 80°. BxongHoe cONpoTUBIEHHUE MMOYTH MOCTOSIHHO B OT-
HOCHUTENBHO IIMPOKOM JMana30He 4acToT. PeakTuBHas 4acTh
BXOJIHOTO WMIIENaHca W €€ YaCTOTHBIM XOJ MPEeHEOPEeKUMO
Maubl, a JuiHa | 61aromapst MHUPOKOIIOIOCHOCTH H3ITydaTems
c1a00 BIHSET Ha OCHOBHBIE TapaMeTphl. V3 mpencTaBIeHHBIX
B [20] gaHHBIX CIEQYET, YTO BXOIHOE COMPOTUBIIEHUE IJIOCKO-
ro BuOparopa R, ¢ yrmiom packpbisa o = 70° u jumuHOH 450 MM
B JICIIMMETPOBOM JMana3oHe JIMH BOJH COCTABISET OKOJIO
180 Om. 3Hauenus kodpPHUIIMEHTA YCUIICHHS B AUAITa30HE Ya-
ctot ot 500 10 900 MTI'11 Bapsmpyetcs ot 1,5 1o 4,3 1b.

Taxum 006pa3om, IPH MTOCTPOCHUN KOHCTPYKITHH dTAJIOH-
HOTO0 HEJIMHEHMHOro pacceuBaresis Uil IMPOKOMOIOCHON DY
1esIecoo0pa3Ho B KauecTBE aHTEHHOHM YacTH paccMaTpHuBaTh
IUIOCKUE AUTOIbHBIE AHTEHHBI CO CPEAHUMH YITIAMU PACKpPHI-
Ba, YTO IO3BOJUT MUHHUMH3UPOBATh PEAKTHBHOCTH BXOJHOTO
COTIPOTHBIICHHS.

Henp paboTel 00yciaBIMBaeT pelIeHHe 3aaadil COoTvia-
COBaHUS IUTIOCKOW JHITONIFHOW aHTEHHBI M HEJIMHEHHOTO dIie-
MEHTa, 4TO TpeJroyiaraeT pacyér MMIEJaHca MOCIEIHEro,
a TaKk)Ke pelIeHUe 3aJa4yd OIPEICIICHHS MOJOKEHUSI 0COOBIX
touek Ha AX TT/THP. [lnst peuienust 3Tux 3a1a4 MOXKET ObITh
WCIONIb30BaHa MeTojuKa pacuéra AX, npemnoxeHHas B [18].
Mertoauka mpermonaraeT STarbl:

1. Ilpencrasnenue I1IJJHP B Bune sxkBUBajIeHTHOH cxe-
Mbl. Ha 3TOM 3Tamne BBIMHCIISIOTCS BXOTHBIE CONPOTUBIICHHS
n 3 hexTHBHBIE IO/ TUIOCKOH JIUTIONILHOI aHTEHHBI Ha Ya-
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crorax 3C u OC: R, (f, ), S, (f,,0,.B,.0,) u R, (f ), G, (f, s
Oy Boes 0pc)> @ Tak e GopMHUpyeTCs SKBHBAJIEHTHAs CXeMa
HEJIMHEHHOTO 2JIEMEHTA.

2. Cocrasistorcst ypaBHeHus: Kupxroda Juist SKBUBa-
JICHTHOU CEMBI.

3. IIpn moMomM NPOTPaMMHOIO BBIYUCIUTEIBHOTO

KoMILIeKca Haxonutes 3apucumocts T (f,) = HOC(E3C):

4.
Moo (fydlgr, =

= RA(le'I) iHl'[2(E3C)GH1'[(fH]'I’aHH’BH]'I’eHH)/4n’ (10)

re i, — TOK Ha 4acTOTe HEMMHEHHOTO MPOIYKTa, U 3aBHUCH-
mocte: Z,.(f,) =Z,(E,.).

5. Tlo BBIUUCIIEHHBIM B IPOrPaMMHOM KOMILIEKCE 3aBU-
cumoctaM onpenensgercs cBa3b BenuunHbl JJ[C E3C u notoka
najaroniei BoiHbI 30Haupytomero curnana [13C:

H3C(f3C) - H3C(E3C)' (1 1)

6. 3aBucumoctu (10) n (11) npeoOpa3oBBIBAIOT B UCKO-
myto AX ITJTHP (3) mytem ucknrouenns u3 uux B, .

Jst pacaera AX IIJIHP Bocmomb3zyemcsi ero 3KBHBa-
JICHTHOU cxeMo# mu3 [21], mpeacTaBieHHOM Ha puc. 3.

OxsuBanenTHas cxema [1/ITHP comepxut nBa He3aBUCH-
MBIX KOHTYypa, KoTopble 00o3Ha4dens! | 1 1. O60o3Havas Hanpsi-
XKEHUE, TIPUIIOKEHHOE K BBIBOJIAM JIMO/Id,— U, U HATIPSIKEHUE
Ha p-n riepexose — U, MOXeT OBITh COCTaBJI€Ha CHCTEMa ypaB-
Hennit Kupxroda:

I: e=i,R,+uy,

g
M, =Lk§+i2Rb+u
t

C

Puc. 3. DxBUBaJIeHTHAs CXeMa TUIOCKOTO JIUTTOJIBLHOTO
HEeJIMHEHHOro pacceuBaress: §(U) — MpoBOJUMOCTh
p-n nepexona g =1/ ; I — CONPOTUBJICHUE p-/ IEPEXONIA;
C(u) — emkocTb p-n mepexona; R, — comporusnenue 6assl,
OMHYECKOTO KOHTAKTa U BEIBONOB Au0xa; C, — eMKOCTb KopIyca
nuona; L, — MHIYKTUBHOCTE BBIBOJIOB U KOHTAKTHOH TIPYKUHBI,

COCIIUHSIIONIEH KpucTaJsl ¢ OAHUM M3 BbIBOJOB



Aria=i,+1
(12)
B:i,=i +i,
AC:i =c, Ma
dt
d(CU
BD: i, = gu; i3=—(dt )%

Uwncno ypaBHEHHH MOXKET OBITh COKPAIICHO IMyTEM HC-
KITIOYEHHS TOKOB I , I, 1 i

di, .. 1 de
—= (i) +——
dt  C.R, R, dt
di, 1
—=—(E-i,R,—i,R,—u
dt Lk( alty — % )
du; 1 (13)
2,1y
du i, —gu
dr d(Cu)

du

Jnst nanpHeHero paccMOTPEHUsI TAaHHOM CUCTEMBI He-
00X0MMO pelIeHHe BOIpoca C ONMUCAHUEM (YyHKIUI OCHOB-
HBIX HEJIMHEWHBIX MapaMeTpoB JMOJa, a UMEHHO: MPOBOJHU-
mocti g(U) u émroctu C(U). B kauecTBe Harpy3ku B JJaHHOU
pabote Oymem paccMarpuBath TyHHEIbHBIH quon W 103, ms
KOTOpOTo HaOmomamich xapakTepHble Toukn [14] Ha AX mpu
UX BKJIIOYCHWHU B HArpy3Ky HEJIMHEHHBIX paccenBarelnei, 00-
Pa30BaHHBIX IPOBOJIOYHBIMHU TTOJYBOJIHOBBIMU (Ha 4YacToTe
3C) nunonsmu. [[ist TaHHBIX TUOJ0B U3BECTHBI OCHOBHBIE Ta-
paMeTpBI ¥ BOJIBT-aMIIePHBIC XapaKTePUCTHKH [23].

Bonbr-aMnepHas XapakTepHCTHKA TyHHEIBHOTO ANOAA
CKJIaJIBIBAETCA W3 TYHHENBHOTO ToKa | m nud@ysronnoro
(roxa npoBogumoctH) IP [23] (cm. puc. 4).

3aBHCHMOCTB TYHHEJIFHOTO TOKa OT HAIPSDKEHHST MOJKET
OBITh 3aMMcaHa CICAYIOIIMM 00pa3om [24]:

27 . qu qu :
I, =—I1—|1-—1|, 14
4 4]8W( SWJ (14

rae |] COOTBETCTBYET MAKCMMYMY TYHHCJIbHOT'O TOKa, 10CTHUTa-
emomy mipu U, = 6W/3( (cm. puc. 1),  — 3T0 31€MeHTapHBIH
3apsin, OW — mmpuHa 001acTH IEpEKPHITHS 30H (OT JTHA 30HBI
HPOBOAMMOCTH B N-MOJYIIPOBOAHKUKE JI0 MOTOJIKA BaJCHTHOI
30HBI B P-TIONYNPOBOIHMKE). KoopiuHaThl MakcUMyMa IHKa
Ha BOIbTaMIepHOH XapakTepucTuke auona |, u U, 3aBucar ot

11.No. 3-2019, H&ES RESEARCH
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TEXHOJIOTMH M3TOTOBIICHHS p-11 TIEPExofia, OT Marephaa Moiy-
TIPOBOJTHUKA W TEMIIEPATypbl. YUYHTHIBAsI, YTO TEMIIEpPATyPHBIA
norenuwan ¢, = KT/q, a uarepsan snepruii SW = akT, rae K— mo-
crostHHast bonkiMana, T — Temreparypa, 1 o — K03 QUIHEHT,
3aBUCSIIHUI OT pacrpeaesieHus npuMeceit B nepexone (o = 1/3
JUTS TTABHOTO TIepexofia v oo = 1/2 Jj1st pe3Koro mepexosa), Bbl-
paxenne (14) MoxeT OBITh 3aITFICaHO B BAE:

2
IT (u)zgll Y 1- - =
4 o, oL@,

(15)

2 3
:ﬂlu_2u+u

4 afr (O“PT)Z (O“Pr)

_ 2 3
T |=autau +au.

COOTBETCTBEHHO MPOBOAUMOCTH TYHHEIBHOTO Y4acTKa
BOIIBT-aMIIEPHON XapaKTEPUCTHKH . :

I
gr :@:bo—i-blu—i-bzuz.
du

Jlst BBeIEHHBIX KO (PHUIIMEHTOB CIIPaBEIIUBO:

27 1
by=a, =———;
4 o,
27 4l
b =2a,=- =5
CT)
27 31
b, =3a, =— —
O“PT)
1i,
I3 Lasinsincecsspim i s
TyHHensHbIiA 2 Tok
I2] TOH\\ /./,ul,wd)d;ﬁnoalhbu'i
b Lou
{1 {2 {73 7

Puc. 4. KauecTBeHHBII BU MPSMON BETBH
BOJIBT-aMIIEPHOI XapaKTEPUCTUKU TyHHEILHOTO AMOIA
(crnomrHast muHYS). TYHHEIEHOMY TOKY COOTBETCTBYET

IIYHKTUPpHAas JIMHAA, TOKY IIPOBOJAUMOCTH — HITPUXITYHKTUPHAs
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VYuuteiBas, uTo BeIpaxkenue (15) mpuromaHo u st oopart-
HBIX CMELICHHH, HAXOXKICHHE NaHHBIX KOA(P(UIHMEHTOB IO-
3BOJISIET MOJTYYUTH yIOOHOE JUIS BEIYMCICHUH BBIpaKCHHUE 3a-
BHCUMOCTH | (U) st Beero ananasoHa paboumX HampsKeHUH.

Juddy3noHHbIl TOK uyepe3 p-n Nepexol, MPH Harpsi-
’KEHHH Ha Iepexoze U, ONMCHIBACTCS YKCIOHEHINAIBHON 3a-
BHCHUMOCTBIO ¢ KoddpdurmeHToM 10, COOTBETCTBYIONIUM TOKY
HACBILICHUS:

u

I, (u):IO e —1

r7e M= 2 IpH BceX 3HAYCHUSIX U JUIS1 KPEMHHEBBIX JIHO0B; IS
repMaHMEBBIX TMOI0B M= 1 mpu U < (6+7) ¢, 1M = 2 npu 1py-
TMX 3HAYEHWsIX U; JUIsI HAYaJIbHOTO YYacTKa BOJIBT-aMIEPHOU
XapaKTepPUCTUKU TOUEYHBIX AMOAOB M = 2, T.K. JAaXke NP He-
OOJIBILINX TOKAX YPOBEHb MHIKEKIMH OKa3bIBACTCS 3HAYUTEIIb-
HBIM M3-3a MaJIOW Tutomamy nepexona [23]. s HaxokIeHus
3HaYEeHMs TOKA HachimeHus |
CIIPaBOYHBIE JIAHHBIE, ONPEENomue nojoxenue Touku (I,
U,) Ha BOJIBT-aMIIEPHON XapaKTePUCTHKE:

MOTYT OBITH HCIIOJIb30BaHbI

Us

I,=1/] " -1

Torna BeipaxkeHne st pacyéra AU Py3HOHHOTO TOKa
Ip(u) MPUMET BUJI!

u Uy

I,=1|e"" —1|/| " -1}, (16)

a Jutst 1ndPy3nOHHON TPOBOJMMOCTH:

:dlp(u):

1 u "
gP (H) du : ’

exp =8¢ >
moy moy

-56
-30
-58
-60
-62
64 -\
-66 l ‘\
o |
-70 ‘
Moc, aABBT/m2

U, |
/le" =1\ ub= .
mo, mQ;

e g, =

Ha ocHoBe mosyueHHbIX BbIpaskeHuit ansd | (U) u Ip (u)
MOT'YT OBITh HOJIy4eHbI QHATUTHYECKUE BBIPAKCHHS JIJIs1 BOJIBT-
aMIIepHBIX XapakTepucTHK i,(U) = 1 (u) + | p(u) TYHHEJIBHOTO JH-
oma I'M103, myTém Bermcenns kodddummenTos a,, ,, a,, g, b.

Henunelinass €MKOCTH TYHHEIBHOTO IO/, COIJIACHO
[25], onpenensiercs BeIpaXkeHUEM:

1/2
&qn,n,
SJI(ud —u)(nd + na)

C(u)=1,058

rae S — mIomanp p-n nepexona, & — AUANEKTPUIecKas MMpo-
HHIIAEMOCTH CPEJIbI, Ny M N, — KOHUEHTPAIMK MOHU3HPOBaH-
HBIX JIOHOPOB M aKLENTOPOB 110 00€ CTOPOHBI p-1 TIEpPexoa.
Bapnanus EMKOCTH TyHHENBHOTO JHOfa, cormacHo [25],
B MHTEpBAJIC HANPSKCHHUH, COOTBETCTBYIOMIEM TYyHHEIHHO-
My TOKy, coctaBisier 20-30%, mo3ToMy IpH TPOBEACHUH
YHUCIICHHBIX YKCIICPUMEHTOB, HE CBSI3aHHBIX C U3yUYCHUEM I1a-
pPaMETPUYCCKUX SBICHHUN, EMKOCTh JIHOMIA MOXKET CUUTAThCS
TTOCTOSIHHOM.

Bripaxenus (15) u (16) ans pacuéra HeNMHEHHOTO TOKA
i,(U) OBLIM MCTIONB30BAHBI IS YUCIEHHOTO MocTpoeHus AX
IIJHP ¢ wucnonb3oBaHHEM MPOrPaMMHO-BBIYUCINTEIBHOIO
rxoMmrutiekca LabVIEW 1o ananoruu ¢ padoroi [25].

B pesynsrare Obutu momydenbl AX gt gacrot 3C B 1ua-
nasone f,. = 100800 MI'u, (OC paccunThbIBajicsi Ha YacTOTe
sropoit rapmonuku 3C: f . =200+1600 MI'u) u conporuse-
HUS TUT0CKOM TATTOIBHON aHTEHHBI Ra =180 Om, Harpy>keHHOH
Ha TyHHenpHBIN nuon [M103 (puc. 5). II/ITHP ¢ TyHHETEHBIM
quonoM ['M103 okaszanuck cBoilctBeHHBI AX ¢ YETKO BbIpa-
JKCHHBIMU TOYKAMH IKCTPEMyMa.

[Tpencrapnennsie Boime AX moiydeHsl Oe3 ydera B3a-
MMHOTO TIPOCTPAHCTBEHHOTO PACIIOJIOKEHUS H3ITydaromei

MN3c, ABBT/m2

-10 5

=<
S

H bl

— . =100MTry

----- 200MTy,

—400MTIy,

— — 600MTIy,

Puc. 5. Ammnurynusie xapakrepuctuku IIJIHP ¢ nenuneiinoii yactsro B Buje quozna I'M103 i OC

Ha yacToTe BTopoi rapMonuku 3C U cONpOTHBIIEHHH aHTeHHBI R = 180 Om
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W TIPUEMHON aHTEHH W3MEPUTEIHHOTO CTEHIAa W HalpaBJICH-
Heix cBoiictB IIJIHP. IlonyueHHble xapakT€pUCTHKH cCIpa-
BeUIMBBI JUJIs1 ciyvasi coBnajenust HampasieHuii 3C u OC
¢ Hopmaisto [IJTHP. B obmem cinyuae (puc. 6) BIUsHHE MPO-
CTPAHCTBEHHBIX CBOWCTB MOXKET OBITh YUTECHO IIPU PACCMOTpE-
HUH TIEPBOTO 3Tama MPeIOKEHHON METOIUKH, 2 UMEHHO TIPH
pacuere 3nagennit S, (f, o, .B,..0,.) 1 G (f, . o . Boe 0,0)-
Beuny muneiinoii 3asucumoctu I13C u IIOC ot yka-
3aHHbIX BennunH ¢opma AX II/THP He Oyner mpereprneBarsb
CYIIECTBEHHBIX U3MEHEHUH, a OyleT UMEeTh MECTO CMEIIEHUE
OTHOCHTENBHO Ocell koopanHat. Ha puc. 7 mpencrasiena AX
MOJyYCHHAs MIPY TAaKWX JK€ BXOTHBIX ITapaMeTpax, Kak B CIy-
gae pacCMOTPEHHOM BBIIIE, 32 HCKITIOUCHIEM 3HAYCHUN YTIIOB
obmyuenus 0,. = 45°, n orpaxenus 0. = 30°. B xone pacué-
TOB Mpemnonaranocs, uro ueHtp IIJIHP u BoaHoBbIE BekTopa
3C u OC nexar B OJHOW IMJIOCKOCTH, TIOITOMY Tpejronara-
JIOCh JI0CTaTo4HbIM paccMotpenue 3asucumoctu S, (f,.,0,.)

u G, (f,.0,.) OT oHOTO YII0BOTO 3HAYEHHS.

TIac(f3c, Osc, Sac)

Wanyuaiomas
aHTeHHa

Vol. 11, No. 3-2019, H&ES RESEARCH
RF TECHNOLOGY AND COMMUNICATION

[Momy4ennas ¢ yu€ToM ymioBbIx 3Hadenm 0,. n 0 AX
(puc. 7) KauecTBEHHO HE OTIIMYACTCS OT IPEICTABICHHON BBIIIIE
(cm. puc. 5) AX. OTmuue COCTOUT JIMIIb B CMEIICHHH OTHOCH-
TeNBHO oceil koopauHat. CBA3aHO 3TO € TEM, UTO MPeICTaBICH-
Hasi MeToMKa pacyéra AX IMpeanosaraeT pelieHrue o0paTHoi
3a71auH, T.€. BXOZHBIM apameTrpoM siBisiercst DJ1C, HaBeieHHas

B anrtennol gactn [IJIHP, a we I1,.. [Ipu n3mMenennu yma 06-
my4denns 0, . OyneT MeHAThCA 9(QPeKTUBHAS TIOMAIh AHTEHHON
vactu [I[JTHP S, . u, cootBercTBenHo, 3Hauenue 1, ., Heobxomu-
MO€ JUlsl HaBeJIeHHs PUKCUpOBaHHOM E, . B cBa3u ¢ 3TuM npo-
ncxomut cmenienne AX Brons ocu abermcc. 3uauenne [10C
M3MEHSETCS BCIEACTBUE M3MeHenust G . (yuera CBOHCTB Ha-
nipaBieHHOCTH aHTeHHOH yacTtu [1/IHP), moaTomy mmeet mecTo

cmenienne AX Kak B/IOJIb OCH OpANHAT.

ITomumo ananm3a ammuTyaHbx coiicts [IJIHP Heoo-
XOIUMO YAETUTh BHUMAaHHE M €ro aMIUIUTYIHO-4aCTOTHBIM
cpoiicTBaM. Kak ObI0 OTMEUEHO BBILLIE, HAHOOJIee IIHPOKOIIO-
JIOCHBIE CBOMCTBA MPOSIBIISIFOT MJIOCKUE AUMOIBHBIC AHTCHHBI

ITockmi

J—l 3

Ioc(2f5c. Boc, Goc)

ITpuemnas
aHTeHHa

Puc. 6. Cxema B3aumozeiictBust uamepuresbHoro crenaa u [1JITHP

56 r
-15

-58

-

-60
62 {1
; T
!' .
I
-64 ','
'f
66 .'\' !
L & ¢
68 - . \'{
| U~
-70 ! .
Moc, abB1/Mm?2

MN3c, ABBT/m?

-10

— - =100MI'u
200MI g
— 400MTI'u
— —-600MI'y

|
[
|
|
|
|
|
|
|

Puc. 7. Ammmartynasie xapakrepuctuku [1/IHP ¢ Hennneiinoi yacTeio B Bune auona 11103
nist OC na vacrore Bropoit rapmonnkyu 3C u conporusiennn antennbl R, = 180 Om. Ipu 3nadenusax ymios oOmydenus (|
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¢ yramu packpsia 6 ot 60° mo 80°. B cBsi3m ¢ wem, ais pac-
cmotperHoro [TJIHP Taxke ObutH HalIEHBI KaaHOPOBOYHEIC
aMITIMTYTHO-4aCTOTHBIE XapaKTEPUCTHKH (pHC. 8).

JlanHble KaaMOpPOBOYHBIE XAPaKTEPUCTUKH ITOKa3ajH,
uto ¢ poctom yactotsl 3C f, . B muanasone f,. = 100+-400 MI'n
MIPOMCXOIUT POCT 3HAYCHUH IIOTHOCTH TOTOKA MOITHOCTH
OC 1, na yacToTe BTOPOH TaPMOHMKH, PU KOTOPHIX HAOIFO-
JaeTCsl SKCTPEMYM Ha aMIUTHTYIHOW XapakTepuctuke. [lpu
sHayenusax 4actorel 3C f,. B quanasone f,. = 400+-800 MI'n
COOTBETCTBYIOIIEE IKCTpeMyMy 3HadeHue I1 . n3mensercs or-
HOCHUTENBHO c1abo. KauecTBeHHO aHaNoOrMyHasi CUTyalys xa-
pakTepHa u Juis IIoTHOCTH oToKa Moumoctn 3C I1,,
M3MEHEHUIO TTOBEICHNS (DYHKITHA COOTBETCTBYET 3HAYCHHE Ya-
crotl f, = 550 MI' (puc. 8).

[NonyueHHble pac4ETHBIM ITyTEM JJAaHHBIE TOBOPSIT O TOM,
YTO JUISl PEIICHNUs 3a/1a4¥l KaJMOPOBKM HEJMHEIHOTO pajno-
JIOKaTopa B Ka4eCTBE 3TaJOHAa MOXKET ucnonb3oBarses [IJIHP
C YIJIOM pacKpbIBa aHTCHHBI mopsaka 0 =~ 70° u miuHOH aH-
TeHHO# yactu | = 0,4 M, 0bnamaromuii CBOMCTBAMH MIHPOKO-
MTOJIOCHOCTH, BEIPAYKEHHOCTH TOYKH MakcumyMa Ha AX 1 o0e-
CIICYEHHs MPUEMJIEMOH COIIACOBAaHHOCTH AaHTEHHOW YacTh
1 HeJMHelHoro snemenTa (I, < 0,2).

TOJIBKO

3akJiloueHue

1. PacuéTHBIM IyTEM MOCTPOEHBI AMILIUTYIHBIE XapaK-
TEPUCTUKH TUIOCKOTO JIUIOJIBHOTO HEJIMHEHHOIo paccenBare-
JIS C HEeIMHEIHOH 4acThIo B BUJIE TYHHEJIBHOTO JUOAA IS pa3-
JINYHBIX 3HAYEHUI YaCTOThI 30HANPYIOIIEro CUTHANA.

2. Ilo BUIy aMIUTUTYOHBIX XapaKTEPUCTHK TOATBEPIK-
JICHa BO3MOXHOCTb NMPUMEHEHMS B KaueCTBE 3TaJOHA ILIO-
CKOI'O JIMIIOJIBHOTO HEJIMHEHHOIO pacceuBaresisi ¢ Harpy3Koi

N, n6BT/m2

fac, My
0 200 400 600 800

Puc. 8. KanuOpoBo4HbIE aMIUTUTYIHO-4aCTOTHBIE XapaKTEPHUCTUKH
st [IJIHP ¢ nenuueiitHol yacteio B Bujae auona 'M103
¥ aHTEHHBIM conpoTusienreM R = 180 Om. Criouinas TuHsst
cootBetcTByeT 3C, myHkTupHas — OC.
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B BHUJIC TYHHEIBHOTO JNOMA IJIS PEIICHUs 3a7ad KaTHOpOBKH
HEJMHEIHBIX PaH0IIOKaTOPOB U H3MEPUTEIHHBIX CTCHIOB.
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ABSTRACT

Certain electronic devices, while being radiated by external field can
generate scattering signal, which can become interference for nearby
radio-receiving apparatus in wide bandwidth. For measuring of pa-
rameters of the field, scattered by such non-linear objects, there is a
necessity of calibration of radar measuring device. For this purpose
a benchmark(standard) can be used. For example a passive non-lin-
ear reflector with determined effective scattering surface, capable
to generate intensive scattering signal in a quite wide bandwidth or
several reference non-linear scatters with a more narrow operation-
al band for promoting measurements in a defined range. This study
proposes construction of standard non-linear reflector, used for cali-
bration of broadband non-liner radar measuring device and describes
calibrating procedure. Proposed construction is a kind of broadband
antenna, known as “butterfly” antenna, connected to a tunnel diode.
Optimal dimensions of the antenna are chosen basin on necessity to
work in wide bandwidth. Equivalent radio engineering circuit of the
standard is presented in the research and mathematic model is build.
Basing on that mathematic model the numerical experiment is per-
formed. The experiment is resulted in building of diagrams of ampli-
tude and calibrating amplitude-frequency parameters of the standard
in wide bandwidth. Presence of the extreme points at the diagrams
proves possibility of applying of described construction of non-linear
reflector as a benchmark (standard) for calibrating procedures. Its ap-
plicability is justified both for radar measuring device equipped with
combined transmitting and receiving antennas and for measuring de-
vice equipped with separated ones, which may have importance for

experimental studies of spatial features of non-linear objects.
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AHHOTALMA

AHann3 MUpPOBbLIX TEHAEHLMIA Pa3BUTUS CUCTEM YNPaBJIEHUS CJIOXKHbLIMU OpPraHW3aLnoH-
HO-TEXHUYECKMMMN OBbeKTaMM MOKa3sblBAET, YTO B OCHOBE MOCTPOEHWS COBPEMEHHbIX CU-
CTeM CBS3U U YNpPaB/IEHUS, YUUTLIBAIOLLMX NPOLIECCbl KOHBEPreHLUMN MHPOPMALMOHHBIX U
TEJIEeKOMMYHUKALMOHHbIX CPEACTB U TEXHONOMMN, NIEXUT CO3[aHNe U pa3BepTbiBaHWE WH-
$OKOMMYHMKALMOHHBIX ceTel u cucteMm. Takme ceTt GyHKLMOHMPYIOT B YC/IOBUSIX LLIMPOKO-
ro criekTpa BO3MYLLEHWUW, MPUBOASLLMX K TOMY, 4TO Cam npouecc ux GpyHKLUMOHUPOBaHMUS
HOCUT B 3HaAYMUTENIbHOW CTeMNeHW HeomnpepesieHHbIN cToXxacTuyeckun xapakrep. B atux yc-
noBusix Ansi obecrneyeHus nonb3oBaTesiell BCeM HeOBXOAMMbIM CreKkTpoMm ycnyr, Tpeby-
eTCsl OCYLLeCTBNATb HenpepbIBHOE ynpaefieHne ceTbio. [pun 3ToM npouecc ynpasneHns B
YCNOBUSIX CYLLIECTBEHHOW HeonpeAeNeHHOCTH ByAeT HOCUTb Tak)Ke CTOXacTUYECKUI XapaKk-
Tep 1 LenecoobpasHo NpUMeHeHre Mofesnen 1 npoLeayp CTOXacTUYECKOro ynpasieHus.
PaccmaTtpuBatoTcs BONpochbl MOAENNPOBaHUS yNPaB/ieHNUs, OCHOBAHHOIO Ha OLLeHKaX COCTO-
SIHASI COBPEMEHHbIX MHPOKOMMYHUKALIMOHHbIX CETEN MPU OPraHM3aLuu ynpasieHUs umu
Ha OCHOBE MPOLEAYP U CTPaTernii CTOXaCTUYECKOro yNpaBfieHUs! AVHAMUYECKUMMN 0ObeK-
Tamu. IHpOKOMMYHMKaLMOHHbIE CETU PAaCcCMaTPUBAIOTCS Kak OO bEKTbI yNpaBieHUs!, OCHOB-
HOW 3ajadyen KOTOPbIX ABMSETCS eAMHOOBpasHoe npenocTaB/ieHne Mosb3oBaTessaM pas-
HOOGpa3HbIX MHPOPMALMOHHbBIX U TEIEKOMMYHUKALMOHHbIX YCIyr TpebyeMoro Kavectsa
1 B KayecTBe 6a3oBbIX MoAesiell KOTOPbIX BbIGMPAIOT MHOrOYpPOBHEBbIE YHKLIMOHAMbHbIE
apXMTEKTYpbI, NMPeACTaB/eHHble TPEXYPOBHEBLIMU MYJIbTUCETEBbLIMU MOAENAMU (ceTamu
ycnyr). Cuctema ynpaBfieHVs ceTblo, Ha BXOJ, KOTOPOW MOCTYNaloT BXOAHbIE NEePEeMEHHbIe
B BMAE MHOrOMEPHOrO C/ly4allHOro npolecca BTOPOro nopsifka C U3BECTHbIMU CPeAHUM
3HayYeHWeM U KOBapuaLMOHHOW GyHKLMEN, 3afaeTcs OCHOBHOW MHOroMepHoun ¢yHKLuen
W BCMOMoOraTesibHOW crieunanbHon GyHKLMeN, NoyYeHHOW npeobpa3oBaHMEM OCHOBHOM.
PelnaeTcsi 3agava onpeneneHns BbIXOAHbIX NEPEMEHHbIX CUCTEMbI YTNPaB/IEHUs, CUMTasi, 4TO
OHa cama 3afaHa MHOromMepHoW yHKLMen onpeaeneHHoro suga. Paccmarpueaertcs cucre-
Ma yrnpaBJieH/s CeTblo, KOTopas aCMMNTOTUYECKM YyCTONYMBA, NPU [ABYX BapuaHTax NnocTy-
naloLLMX Ha ee BXO[bl MapaMeTPOB: MHOFOMEPHbIN Cly4aliHbl NPoL,Eecc BTOPOro nopsaka
M CTaLMOHapPHbIN CNy4YalHbIA NPOLLECC C M3BECTHBIMU CPEAHUMU 3HAYEHUSIMU U KOBapua-
unsamu. CoenaH BbIBO, O TOM, YTO BbIXOAHOW MHOrOMEPHbIN NPOLLECC CyLeCcTByeT B CMbIC-
Jle cpefiHeKBaApaTUYeCKON CXOAUMOCTH, IBNSIETCS MHOTOMEPHbIM CJlyYalHbIM MPOLLeCCOM
BTOPOro nopsfka uan CTaunmoHapHbIM MPOLLECCOM C BbIYUCIAEMbIMU CPEAHUMMN 3HAYEHUS-

MU, KOBapuauusamMum n CBA3bio MeXXay BXOAHbIMU U BbIXOAHbIMU NpoLeccaMu.

KJIKOYEBBIE CJIOBA: cuctema; MHPOKOMMYHUKALMOHHAsA CeTb; AEeTEPMUHUPOBAHHOE

ynpaBneHue; ctoxactuyeckoe ynpasieHune; Mmoaesib COCToAHUSA.

Onsa untuposanus: bypeHuH A.H., Jlerkos K.E. Mogenu ctoxacTuuyeckoro ynpasieHus COBPEMEHHbIMU MHGOKOMMYHUKALMOHHBbIMM CeTs-
mMu // HaykoeMkne TexHoONnorum B KocMumuecknx nccnegosanusx 3eman. 2019. T. 11. N2 3. C. 26-31. doi: 10.24411/2409-5419-2018-10266
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BBenenue

B Hacrosmee BpeMsi OCHOBHBIE TEHJCHLUU Pa3BUTHS
CHUCTEM YIPABICHHUSA CIIOKHBIMU OPraHU3allMOHHO-TEXHU-
YeCKMMHU OOBEKTaMHM, KaK B Pa3BHUTHIX 3apyOe)KHBIX CTpaHax
MHUpa, TaK U OTEYECTBEHHBIX, MOKa3bIBaIOT [1], 4TO B OCHO-
BE€ MOCTPOEHHUSI COBPEMEHHBIX CHUCTEM CBS3H M YIPAaBJICHUS,
YUUTHIBAIOMINX MPOIECCHl KOHBEPTCHIMH WH(GOPMAINOHHBIX
CHUCTEM M TEIEKOMMYHHMKALMOHHBIX CETEH, JIE)KUT CO3IaHHE
U pa3BepThIBaHHE UH(OOKOMMYHHKAIIMOHHBIX CETEH M CHCTEM,
o0ecIeurBaIOIINX Pa3INuHbIX M10JIb30BATEIIeH BCEM CIIEKTPOM
HEOOXOMMMBIX HH(OKOMMYHHKAIIMOHHBIX YCIIyT.

OcHoBHOW 3amaueil 10001 HWH(POKOMMYHHUKAITHOHHON
CeTH SBJISIETCSA €ANHOOOpa3HOE MPEIOCTaBICHNE T0JIb30BaTe-
JISIM Pa3HOOOpa3HBIX MH(MOPMAIMOHHBIX U TEIEKOMMYHHKA-
LIMOHHBIX YCIyT TpeOyemoro kadectsa. B kauectBe 0a3oBoii
MozieH MH()OKOMMYHHKAI[HOHHOW CeTH OOBIYHO BHIOMpArOT
[1] MHOTOYpOBHEBYIO (DYHKIMOHAIBHYIO apXUTEKTypY, B CO-
OTBETCTBUU C KOTOPOH CETh MPEACTABISAETCS TPEXYPOBHEBOM
MYJIBTH CETEBOW MOJEIIBIO, KAXK/IbIi YpOBEHBb KOTOPOU SIBIISIET-
Cs1 COBOKYITHOCTBIO CETEH yCIIYT, a Ka)kJasi ypOBHEBAsl CETh yC-
ayr omuckiBaeres rpapamu G (Y, H,), G,(J,, E)), G,(Z,, T)).

Jist KaXooro ypoBHsS MoJend MWH()OKOMMYHHKAI[HOH-
HOW CeTH, NHTEHCUBHOCTh TPEOOBAHMI Ha MOTyYCHHUE YCIYT,
MIPENCTABISAIONINX COOOH BEPOSITHOCTHBIM TPOIIECC, SBISETCS
CyMMOW MHTEHCHBHOCTEH YaCTHHIX TpeOOBAaHWI Ha oOTmpere-
neHnyo (i, j, k) ycmyry, T.e.:

A =20 @0 Ay =D 00 Ay =Dk (k).

3Ha4yeHHe MHTEHCHBHOCTH BBIXOJHOTO II0TOKA OO CITYKEeH-
HBIX TpeOOBaHUI (T.e. TpeOOBaHMIA, KOTOPEIM OBLIT ITPEIOCTAB-
JICH COOTBETCTBYIOILHMI CEPBUC) COCTABUT COOTBETCTBEHHO

B =Y0,(A); B, =Y 0,(A,); B =Y 0,(A,)

B cBm3u ¢ Tem, uTO paccmarpuBacMble HH(OKOMMYHHKA-
LIMOHHBIE CeTH (PYHKLMOHHUPYIOT B YCIIOBHSIX [IIUPOKOTO CIIEKTpa
BO3MYILCHHH, NPUBOLILIMX K TOMY, 4TO caM MPOLecc ux (yHK-
LIMOHUPOBAHMSI HOCUT B 3HAYUTEIILHON CTENICHN HEOTPEIeTICHHBIN
CTOXaCTUYECKHH XapakTep, TpeOyeTcsl OCYIECTBIATh HElpephIB-
Hoe ympasiieHne uMu. Cam TIpolecc ynpaslieHHs] HHPOKOMMY-
HHKAIOHHBIMH CETAMH B YCJIOBUSAX CYLICCTBEHHOW Heolpesie-
JICHHOCTH, OYEBUIIHO, OyleT HOCHTH CTOXAaCTUHYECKHH XapakTep,
W OCHOBBIBaThCS HA MOIEISX M HPOLENypaxX CTOXaCTUYECKOro
yIIpaBICHHUS, T.K. UCIIOJIb30BaHNE KJIACCHYECKUX BapHAIIMOHHBIX
METOIOB KJIACCHYECKOH IETePMUHUPOBAHHON TEOPUH YIIPABIICHHSI
Hezoctato4Ho A dekTuBHO [2-3] 1, KpoMe TOro, B Heil HET paziiu-
YHs MY IPOrPaMMHBIM YIIPABICHHEM (Pa30MKHYyTasi CHCTeMa)
1 yTIpaBJICHUEM C 00PaTHOM CBS3BI0 (3aMKHYTas crcTema) [3].

Bynewm cuntarh cucteMy yrpapieHUs HHPOKOMMYHHUKAIIU-
OHHOM CEThI0, pean3yIolIei NPOLeypbl 1 MOJIEIN CTOXacTH-
YECKOTO YIPaBJICHHs, CTOXaCTHYECKOH CHCTEMOW YIpaBJICHUs,
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BHEIIHUMU BO3AECHUCTBUSAMU JIJIs1 KOTOPOH SIBIISIIOTCSI CTy4aiiHbIE
npouecchbl [4-22]. Ilpencrapisier MHTEpEC aHAIU3 TaKUX AU-
HaMHYECKUX CHCTEM YIPABICHUsST MH()OKOMMYHHKAIIMOHHBIMH
CEeTSIMH CO CITy4allHBIMH BXOIHBIMH NepeMeHHbIMH. [Ipu aTOM
CaMH CTOXAaCTUYECKHUE CHUCTEMbI YIPABICHUS HH()OKOMMYHH-
KallMOHHBIMH CETSIMH MOTYT OBITh OIMCAHBI COOTHOIICHHUSMHU
MEXy BXOIHBIMH TIEPEMCHHBIMH W MOJENSIMH COCTOSTHHIL.
Bynem paccMarpuBarh B Ka4eCTBE BXOIHBIX IIEPEMEHHBIX MHOTO-
MEpHBIE CITydaiHbIE MTPOLIECCH BTOPOTO TOPSIIKa, a B KaUueCTBE
BBIXO/IHBIX TIEPEMEHHBIX 1EJIeCO00pa3HO MONYYUTh CpEIHHUE
3HAYCHHA U KOBapUallihi MHOTOMEPHBIX BBIXOJHBIX ITPOLECCOB.

OCHOBHBIE Pe3yIBTaThl OyAyT CPOPMYITHPOBAHBI B TEO-
peMax CHEeKTPaJbHOTO Pa3lOKEHHs W IMPEACTaBICHUS, B CO-
OTBETCTBUM C KOTOPBIMH BCE TPOILECCHl C PalMOHAIBLHBIMH
CHEKTPAJIBHBIMU TUIOCKOCTSIMU TIPE/ICTABIISIIOTCSl MOJICIISIMH
COCTOSIHUH TIPH TIOCTYIJICHUHM Ha BXOJ| CHCTEMbI MHOTOMEp-
HBIX MPOLIECCOB TUIIA OEIOBOIO IIyMa.

CucremMbl ynpapjieHUs] HHPOKOMMYHUKALHOHHBIMH

ceTsiMu. DYHKUMHU CUCTEM

Bynem cuurtark, 4TO cUCTeMa yIpaBicHUs HHHOKOMMY-
HUKAI[MOHHOM CEThIO KaK JMHAMHUYECKAs CHUCTEMa 3a/1aeTcs
HEKOTOpOW MHOTOoMepHOU (yHkuueir h(t), t €T, Ha BXOA
KOTOPOH IMOCTYNAIOT BXOXHBIC IIEPEMEHHbBIC B BHJIE MHOTO-
MEPHOTO CIyYaifHOTO IMpolecca BToporo mopsaka b(f) ¢ us-
BECTHBIMH CPEIHUM 3HAYCHUEM M KOBAPHALIMOHHOM ()YHKIIU-
el — BekTopamu M, (), teT u r (1), teT.

3ajaua 3aKJII04aeTCs B ONPENENICHUN BBIXOAHBIX Tepe-
MCHHBIX CUCTEMBI YIIPABJICHUA, CUNTAsA, YTO CaMa CUCTEMA 3a-
JlaHa MHOTOMEpHOM (yHkimeit h(t), t€T. B

OueBuHO, YTO NpU U3BecTHOW (yHkiwmu h(f), €T,
BBIXOJJHBIC [IEPEMEHHbBIC CHCTEMBI yIIPaBICHUS] HHPOKOMMYHH-
KaIlMOHHOM CETHI0 MOYKHO 3a/1aTh CJIEAYIOIINM COOTHOIICHUEM:!

| o _
YO =D h(t=5)b(s)= h(s)b(t—s). (1)
s=—0 5=0

Jns toro, uroOsl BeIpaxkeHne (1) mMeno cMBICT Tpe-
OyeTcsl ONpe/eNuTh, YTO CyMMa KOHEYHA U Oy/JeT 3a/aBarh
3HAYCHUS BBIXOIHBIX TEPEMCHHBIX (COCTABIISIFOIUX MHOTO-
MEpHOTro mporiecca) Y(f) Kak B3BCIICHHBIC CYMMBI BXOJHBIX
nepeMeHHbIX (7).

Ecmu sxe cymma B BelpakernH (1) sBisieTcst GeCKoHEU-
HOW, TO TpeOyeTcs JOKa3aTh, YTO OHA CXOIOUTCS, XOTS OBI
B KOHTEKCTE CPEIHEKBAIPATUYHON CXOMUMOCTH, JUIS Yer0 CO-
CTaBIISIOT MOCIICA0BATEIEHOCTH Korm:

Z[il_z(s)b(t—s)}

:Mii Z(S)Z(S/)b(t—s)b(t—s/): (2)

s=n g =pn

= Z h(s)h(s)r, (1—s,1—5").

5,8 =n

2
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Ho T.x. BXOmHBEIC TTapaMeTpshl ABJIAIOTCA MHOTOMEPHBIM
CHy‘IaﬁHHM opoueccoM BTOPOro mnopdaka, i KOTOPOro
2
M[b*(#)] <[], To

rts)<Jrn GtOr, (5s)<a A3)

Bynem cuuTath AMHAMHYECKYIO CHCTEMY YIPABICHHS
HH()OKOMMYHHUKAIIMOHHON CEThbI0 ACHMMITOTHYECKH YCTOM-
4KMBOH, TOrAa |iz (s)| <a’; |(1| <1 u, BBIOMpast IepeMeHHbIE M
U N JI0CTaTOYHO OOJIBIIMMH, MOXKHO CyMMY (2) chenarb mpo-
W3BOJIBHO MaJIoif, YTO O3HAYaeT CYNIECTBOBAHUE CXOIUMOCTH
O6ecKOHEUHOH CyMMBI (1) B KOHTEKCTE CPEeIHEKBAAPATHICCKOM
CXOMUMOCTH. TIpH 9TOM BBIXOJIHBIC MEPEMEHHBIE CHCTEMBI
yIpaBJIeHUSI — MHOTOMEPHBIii nporiece Y(¢), te T, cam siBisieT-
Cs1 MHOTOMEPHBIM CITy4aifHBIM IPOIIECCOM BTOPOTO MOPS/IKA.

CpenHee 3HaYeHUE W KOBapHAIIMOHHAs (DYHKIHS MHOTO-
MepHoro mnpotecca Y(7), teT omnpernensercs cCOOTBETCTBEHHO
BeIpakeHUeM (4) u (5):

m, (1) = M[y(n)] = MZh(s)b(t—s)—
o _ _ “)
:Zh(s)M[b(t—s)]:Zh(s)mb (t—s), teT.

r,(s,0) = M[y(s)y(1)] =

M{i‘ﬁ(k)b(s—k)iz(l)b(t—l)} =
k=0 1=0

(6))

h(k)h()) M[b(s—k)b(t—1)] =

M 1M
DM TP

h(k) h(l)x, (s—k,t=1).

=~
Il
=
Il
=

XapaKTepUCTUKH CBA3EH MEXIy BXOIHBIMU U BBIXOHbI-
MH TapaMeTpaMH CHUCTEMBI YIpaBIE€HHs WH()OKOMMYHHKAII-
OHHOH CEeThI0 MOXKHO 33J1aTh (DYHKIHSIMH KOBAPHALUH MEXKILY
MOCTYMAIONMM W BBIXOAHBIM MHOTOMEPHBIMH CIy4alHBIMU
IpoleccaMu:

n,y (s,0) = M[b(s)y(1)] =

o 6
=m, (5)> h(D)r, (s,1=1). ©

Takum 00pa3oM, eClTi CUCTEMa YIIPABICHUS HHPOKOMMY-
HI/IK&I.II/IOHHOﬁ CCThIO ACUMIITOTUYCCKU yCTOIZ‘IPIBa, Ha €€ BXO/bI
IIOCTYIAET MHOIOMEPHBIH CITydaiiHbII IPOLIECC BTOPOTO HOPSII-
Ka b(#) co cpennM 3Havennem M, (¢) 1 KoBapuanueii I (S, £), To
BBIXOJTHOI MHOTOMEpHBIH Tporiece (1) cymecTByeT B CMBICIE
CPEIHEKBAIPATUUECKON CXOJUMOCTH, SIBIISIETCSI MHOTOMEPHBIM
ClTy4aifHBIM TPOLIECCOM BTOPOTO MOPSAKA CO CPETHUM 3Hade-

28

ECKNX MCCITEAOBAHUAX 3EMJTA, T. 11

HUEM (4), KoBapHarweit (5) U CBSI3BI0 MEXKIY BXOIHBIM H BBI-
XOJIHBIM MPOIECCOM, 3a8]aHHOM COOTHOIIEHHEM (6).

DOYHKINOHNPOBAHNE B CTAHOHAPHBIX YCJIOBHAX

[Tpu HEKOTOPBIX yCIOBUSIX (YHKIIMOHUPOBAaHUS HH(O-
KOMMYHUKAI[HOHHOH CETH MOTYT OBITh BBIICJICHBI BPEMEHHBIE
HWHTEpBaNbl (MHTEPBAJIBl KBa3HUCTAOMIFHOCTH Atsl), Korzia Jio-
ITyCTUMO CYHTATh MOCTYIAIOMIAE HA CTAIIHOHAPHYIO CHCTEMY
yIpaBIICHUS TApaMETPHI, 4, CIICIOBATEIFHO, MOCTYMAOIIHNA Ha
BXOJl MHOT'OMEPHBIH CITy4aiiHbIN MPOLIECC CTAUOHAPHBIM.

Kak m3BectHO [5—7], cTanMoOHApHBIA CIy4ailHBIA TpO-
uecc {b(?), teT} aTo mporecc, sk KOTOPOro pacipeeieHne

{b@),b(,),...,
{b@ +1),b(, +1),...,

b(z,)} ToxaECTBEHHO PaBHO pacHpeeIeH IO

b(t, +7)} nna Bcex 1, ansa KOTOPHIX

cpaseqmuso M{b(¢)} = jb (t,®) P(dw) = ;im J‘j b(z,0)dt.
Q

Ecnu BxopHBIe TapaMeTphl CUCTEMBI YIIPaBIeHNsS HH(O-
KOMMYHHKAIIMOHHOW CEThIO CYyTh MHOTOMEpPHBIH CTallloOHap-
HbIi cyyaiinbiii nponecc {b(7), reT_}, To nmeem

m, () =m, = const. 7)
m, =m, iz(k) (8)

r, (s,) = MIy(s) y(1)] =
ii (kY h(D)x, (s—1+1—F). )

=
JIf

0

=0

1, (s,0) = M[b(s)y(H)] =

_ 10
h(Dr, (s—t+1). (10

I
B
s

!

I
o

Eciu BXonHBIE MapaMeTpbl 3TO CTALMOHAPHBIN Cilydai-
HBII TIpoLiece, cucTeMa YIpaBlieHHsT HH)OKOMMYHUKAILIMOHHOM
CEThIO YCTONUMBA, TO BHIXOJHBIC APAMETPBI SBISIFOTCS CTALH-
OHApHBIM CJIyYalHBIM IPOIECCOM, T.€. CPEIHEE 3HAUCHUE BbI-
L
XOIHBIX TApPaMETPOB €CTh MOCTOSHHBIA BEKTOD meh(k),
k=0
GbyHKIIMN I (S Hur, (S 7) OyHKITHH TOJIBKO PA3HOCTH S—.
BBG,IICM CTIENHMANBHYI0 (DYHKIMIO CHCTEMBI YTIPABICHHUS
W, KOTOpast SIBJISIETCS z-1ipeoOpazoBanueM ot GyHKiwu /(¢),

Te: W(z)= Zz’”h(n), Torna cpejHee 3HaueHHE M CIIEK-
n=0
TpajibHas IUIOTHOCTH BBIXOAHBIX IMapaMETPOB CUCTEMBI yIIpaB-

JICHUA 6y,ZIyT OnpeACIATECA COOTBETCTBCHHO BBIPAXKCHUAMU
(11), (12) u (13):

m, =W())m,. (11)



o 0

v, (0) = ﬁ > e’i”“’i“ZZ(k)f_z(l)rh (n+1-k)=

n=—o k=0 1=0

(12)
= 2L 3 et Z(k)i e h(l) i e"r, (n).
T 1=0

k=0

n=-w

Yy () = i ie*f’%(z) i e, (n). (13)

1=0 n=-w

Takum o00pa3om, ecnM Ha CTalMOHAPHYIO ACHMIITO-
THYECKH YCTOMYMBYIO CHCTEMY YIpaBICHUsS HH(OKOMMY-

HUKAIIMOHHOW CEThIO, 3aJaHHOM CHEIUallbHOW (YHKIHEH

—_— x —_—

W(z)= Z z"h(n) TOCTYNalOT HapaMeTpbl, MPEACTABIISIO-
n=0

I1e co00i MHOTOMEPHBIN CTAIlMOHAPHBIN CITydaifHbIN Mpo1iecc

{b(z), teAt } co cpennum 3HadeHHMEM M, M CIEKTPATLHOK
IUIOTHOCTBIO Y, (), TO BBIXOJHBIE MAPAMETPBI MPEICTABISAIOT
c0o00¥i cTaMOHAPHBIH CITyJaifHBIN MPOIIECC CO CPEIHIM 3HaYe-
nueM (11) u ciekrpansHpiMu utotHOCcTsIMU (12) 1 (13).

3aki0ueHue

AHanu3 MUPOBBIX TCHICHIWH Pa3BUTHSA CHCTEM yIIPaB-
JICHHUS CIIOKHBIMH OPTaHU3AIMOHHO-TEXHHYCCKUMH O0BEK-
TaMM TOKAa3bIBAET, YTO B OCHOBE MOCTPOECHHSI COBPEMEHHBIX
CHCTEM CBSI3M U YIIPABJICHUS, YUUTHIBAIOIINX MPOIECCHl KOH-
BEPreHINU HH(I)OpMaHI/IOHHLIX U TCJICKOMMYHUKAIIMOHHBIX
CPEICTB M TEXHOJOTWH, JISKUT CO3JaHWE M Pa3BEePTHIBAHUE
WH(POKOMMYHUKAITMOHHBIX CETeH U CHCTEM.

PaccmarpuBaemblie B cTarbe MH()DOKOMMYHHUKAIIHOHHEIC
ceTH ()YHKIMOHUPYIOT B YCIIOBHUSX IIUPOKOTO CIIEKTPa BO3MY-
IICHUH, TPUBOASIINX K TOMY, YTO CaM MPOIecC UX (PyHKIHO-
HUPOBaHUA HOCUT B 3HAYUTEIBHOMN CTEIIEHHU HCOHpeHeHeHHBIﬁ
CTOXaCTHYECKUH xapakTep. B aTHx ycmoBusx ams obecriede-
HUS TIOJTH30BATEIeH BCeM HEOOXOIMMBIM CIIEKTPOM HH(POKOM-
MYHUKAIIUOHHBIX YCIIYT, TPeOYeTCsI OCYIIECTBIATH HEIIPEPHIB-
HOC yIpaBJIcHUEC HH()OKOMMYHHKAIIMOHHOU ceThio. [Ipu aTOM
MPOIeCC yIpaBICHUs] HH()OKOMMYHHUKAITUOHHBIMU CETIMHU
B YCJIOBUSX CYIICCTBCHHOM HEOIPEACICHHOCTH OyeT HOCUTh
CTOXaCTHYECKUH XapaKTep U [eIeco00pa3Ho MPUMEHEHHE MO-
JleNieit ¥ TPOIIeyp CTOXaCTHYECKOTo ympaBieHus. Crucrema
yHIpaBJIeHUsT HHPOPMAITMOHHON CEThIO0 B 3TOM Ciydae Oymer
CTOXAaCTUYECKOW CUCTEMOM yIpaBiIeHUs], 3a/1aBa€MO COOTHO-
IICHUSMHU MEXKIY BXOJIHBIMH ITEPEMEHHBIMH (MHOTOMEPHBIMU
CIIy4alHbIMU IIPOLIECCAMU BTOPOI'O HOPSAJKA WK CTallMOHAP-
HBIMH TIPOIIECCaMU) W MOJICTISIMHU COCTOSTHUN. B kauecTBe BHI-
XOIIHBIX TTEPEMEHHBIX UCTIONIB3YIOTCSA CPEAHNE 3HAYCHUS U KO-
BapHaIlii MHOTOMEPHBIX BBIXOJHBIX TPOIIECCOB.

Cucrema ynpaBieHUs] HHHOKOMMYHHUKAITUOHHON CETHIO
KaKk TUHAMUYECKas CHUCTeMa 3aJaeTCs MHOTOMEPHOH (yHK-
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Lyel, Ha BXOJ KOTOPOl MOCTYNAlOT BXOAHBIE MEPEMEHHBIE
B BHJE MHOTOMEPHOIO CIIy4yaHHOIro Mpolecca BTOPOIO II0-
psAKa C U3BECTHBIMU CPEAHUM 3HAYEHUEM U KOBaPHALIMOHHON
¢dyHkMei. 3ajaya 3aKII0YAeTCs B ONPENENICHHH BBIXOJHBIX
NEPEMEHHBIX CUCTEMBI YIIPABJICHUA, CHUTasd, 4YTO OHA camMa 3a-
JaHa MHOTOMEPHOH (PyHKIMEH OIpeeICHHOTO BUIA.

Ecmu cucrema ympaBneHHs WH(OKOMMYHHKAITMOHHON
CEeTHI0 ACHMIITOTHYECKH YCTOIUYMBA, HA €€ BXOJbI IIOCTYNAeT
MHOTOMEPHBIN CIy4alHBI MPOLECC BTOPOro MOPsAKA C U3-
BECTHBIMU CPEJTHUM 3HaYCHHUEM U KOBapHaluei, TO BBIXOJHON
MHOTOMEPHBIH MPOIIECC CYIIECTBYET B CMBICIIE CPEHEKBAIPA-
THUYECKOH CXOIMUMOCTH, SBJIAETCSI MHOTOMEPHBIM CITy9IaifHBIM
TIPOIIECCOM BTOPOTO MOPS/KA C BBIYUCIIEMBIMU CPEIHNM 3Ha-
YEHUEM, KOBApHaIMeld M CBA3BIO MEXKTy BXOIHBIM M BBIXOI-
HBIM IIPOILIECCOM.

Ecnu Ha cTanoHapHyI0 aCUMITOTHYECKH YCTOHUUBYIO
CHCTeMY YHpaBlieHUs: WH()OKOMMYHUKAIMOHHON CEThO, 3a-
JTAHHOM OMNpEIENICHHON crenuanbHOd (pyHKIMEH MOCTYymaloT
TapaMeTphl, TPEICTABIAIONIE CO00H MHOTOMEPHBIN CTaIn-
OHApHBIN CIy4alHbIH MPOLECC ¢ U3BECTHBIMHU CPEIHUM 3Ha-
YEHHEM M CHEKTPANbHOW IUIOTHOCTHIO, TO BBIXOJHBIE Mapa-
METPbI CUCTEMBI TaKXkKe MPEICTaBIAIOT COOON CTalMOHAPHBIN
CITy4alHbIN MPOLIECC C OINPEAEIIIEMbIM ITOCTOSIHHBIM CPEHUM
3HAQUEHUEM U CHEKTPAIbHBIMU TJIOTHOCTSIMH.
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ABSTRACT

The analysis of global trends in development of management sys-
tems by difficult organizational and technical objects shows that at
the heart of creation of modern communication systems and the
management considering processes of convergence of informa-
tion and telecommunication means and technologies creation and
expansion of infocommunication networks and systems lies. Such
networks function in the conditions of a broad spectrum of the per-
turbations leading to the fact that process of their functioning has
substantially uncertain stochastic character. In these conditions for
providing users with all necessary range of services, it is required to
exercise continuous network management. At the same time man-
agement process in the conditions of essential uncertainty will have
also stochastic character and application of models and procedures

of stochastic management is reasonable. Questions of modeling of
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the management based on estimates of a status of modern infocom-
munication networks at the organization of management by them on
the basis of procedures and the strategy of stochastic management
of dynamic objects are considered. Infocommunication networks are
considered as control objects which main objective is uniform pro-
viding required quality to users of various information and telecom-
munication services and as which basic models select the multi-tier
functional architectures presented by three-level multi network
models (networks of services). The network management system on
which input input variables in the form of multidimensional acciden-
tal process of the second order with known for mean value and co-
variation function arrive is set by the basic multidimensional function
and support special function received by conversion the main. The

problem of definition of output variables of management system is



solved, considering that she is set by multidimensional function of a
certain look. The network management system which asymptotically
is steady is considered, at two options of the parameters arriving on
its inputs: multidimensional accidental process of the second order
and stationary accidental process with the known mean values and
covariances. The conclusion is drawn that output multidimensional
process exists in sense of mean square convergence, is multidimen-
sional accidental process of the second order or stationary process
with the calculated mean values, covariances and communication

between entrance and output processes.
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AHHOTALINA

PaccmoTpeHbl MMUTaLMOHHbIE MOAENN NPOTOKOJIOB MapLUPYTU3aLUnn 1 TpaHCNopTa AaHHbIX
ANs ucnosnb3oBaHus B GecnposogHbix cetsix MANET ¢ AnHamunyeckn namMeHseMon Tononoru-
en. Knaccnueckmmum obnactamv npumereHns nogoGHbix paguoceten ssrsitotcs 6oesble Aeit-
CTBUSI, Ype3BblYalHble CUTyaLMK, MOBUbHbIE POBOTbI, CEHCOPHas TeneMeTpus, MOBUbHbIE
koHdpepeHummn n T. n. Kaxpapin ysen 8 MANET cet paboTaet ofHOBpPeMEHHO KaK TepMuHaslb-
HbI y3en 1 kak mapLpyTtusatop. Knioueson 3agayent B MANET ceTax siBnsieTcs 3agadya MapLu-
pyTtusauuun. B naHHomn pabote npepcraBsieHbl METOAbI M Pe3ysbTaTbl UCCIEA0BaAHUS TPEX MNPO-
TokonoB MapLupyTtusauun FSR, GSR,30Hp0BOro 1 TpaHCNopTHOro AatarpaMMHOro NpoTokosa
nepepaun paHHbix. MogenuposaHne npoBoAnaock Ans cetu, coctosiwen us 32 ysnos. Mpu
MoAeNMPOoBaHNM NPeAnosiaranock, YTO BCe KaHasbl CBA3M UMEIOT 3a[eP>XKKK, onpeaensemble
CKOPOCTbIO Nepefayn AaHHbIX U AJNHOW NepeaaBaeMbix Naketos. B pabote onvcaHbl NpuH-
LMMbl MOCTPOEHUS UMUTaLMOHHON Moaenu B nporpammHon cpege MATJIAB. MokasaHo, 4To
co3faHne MMUTALMOHHBIX MOfesiel MPOTOKOJIOB MapLupyTusauuu B cpeae MATJIAB moxeTt
BbITb OCHOBAHO Ha MPUHLMME «KaseHaaps cobbiTuity. Obuwas oyepenb KaneHaaps cobbITuin
obpabaTbiBaeTCsi BO BpEMEHHOM LWKasie No AUCUMIIIMHE «NepBbli Npulen-nepsbii obpabo-
TaH». [lpefcTaBneHbl pe3ynbTaTbl MOAEINPOBAHNS CETU A5 Pa3/IMYHbIX BAPMAHTOB Napame-
TpoB npotokonioB FSR, GSR ansa ckopocten nepepaum garHbix ot 1200 go 19200 6ut/cek.
B pesynbTtate MofenupoBaHus onpeneneHbl 06beMbl ciyxkebHoro Tpaduka, cpepHUe v nMMKo-
Bble HarpysKku, pasmMepbl ouepeaei MapLIPyTU3aTOPOB, CPefHME Pa3Mepbl CIY>XKeBHbIX nake-
ToB. NokaszaHa HeOBXOAMMOCTL ONTUMasLHOIO BbIGOPa NapPaMeTPOB HACTPONKYM NMPOTOKOSIOB
AJ151 yMEHbLUEHUSI BPEMEHU CXOAMMOCTU anroputmoB. Miccnegosarbl ocobeHHocT paboTbl
30HpgoBOro npotokona. MccnepoBaHbl BEPOSITHOCTHO-BPEMEHHbIE XapaKTePUCTUKU TPaHC-
MOPTHOro AatarpamMHoro npotokosa. PaspaboTtaHHble MOAEsM MO3BOSIET OLEHWUTb AUHAMUKY
MPOTOKOa, BPEeMsl CXOAMMOCTM afifOPUTMa MapLLPyTU3aLum, cnyxebHbin Tpaduk, 1 BbIOpaTh

ONTUMasibHble HaCTPOEeYHble NapamMeTpbl anropuTma.

KJTKOYEBbLIE CJTOBA: mapLupyTusaumsi; NpoToKOs; MMUTALMOHHas Mofesb; GecnpoBogHbie
cetn; MANET.

Ona umtuposaHusa: [Joporos A.lO., [Totanos N.A., TyteHe A.C. MogenupoBaHue NpoToKosoB GecnpoBofHbIX ceTeit B cpepe Matlab //
Haykoemkue TexHonorum B kocMumyeckux nccnegosarmsax 3emnn. 2019.T. 11. N2 2. C. 32-50. doi: 10.24411/2409-5419-2018-10267
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BBenenue

[lepcrieKTHBHBIM ITOAKIJIACCOM OECIPOBOIHBIX MOOHIIb-
HBIX TEJICKOMMYHHUKAIMOHHBIX ceTeil siBisttorcest ad hoc cetn
(MANET — Mobile Ad hoc NETworks) — camoopranusy-
IOLMECS CETH C AMHAMMYECKH M3MEHSIOLIEICS TOIOJIOTHEN.
Knaccngecknmu 0671acTIMH TPUMEHEHHUS TIOTOOHBIX PaIfo-
CeTel SABIAIOTCS OOeBhIC IEHCTBUSA, Upe3BhIYaifHbIC CHTYAIINH,
MOOMIIbHBIE POOOTHI, CEHCOPHAsI TETIEMETPHsI, MOOMIIbHBIE KOH-
(epennnu u T.11. OCOOEHHOCTIMHU MOOMIIBHBIX CETEH SIBIISIOT-
Ccsl: TMHAMHYHAs TOTIOJIOTHSI; HEHAISKHOCTh U JMHAMHYHOCTh
pannopecypca, KOJUIEKTHBHBIN XapakTep €ro UCIOIb30BaHuUS;
OTPaHUYECHHOCTH U HEOAHOPOIHOCTH PECYPCOB Y3JI0B (3HEPTrO-
eMKOCTh OaTapeif, IpOU3BOAUTEIFHOCTE IPOIIECCOPOB, 00BEM
MaMATH | T.]1.); OTpaHWYeHHast 6e301acHoCTb u ap. [1, 9-14].
Kaxnprit y3en B ad hoc cetn paboTaet 0fHOBpEMEHHO Kak Tep-
MUHAJIBHBIN y3eJ1 ¥ Kak Mapupytusarop. [loatomy kiroueBoit
3amadeit B MANET cersix siBisieTcs 3a/1aua MapIipyTH3AIUH.

MapuipyTr3anus TpUHAUICKHUT CETEBOMY YPOBHIO OT-
HOocHuTenpbHO cemuypoBHeBOit ISO/OSI momenu. ITpoTokomst
MapHIpyTH3alUH HCIONB3YIOTCS ISl 00eCeYeHns! y3JI10B HH-
(hopmarieid, HeoOXOANMON AJIST OTIPABKH ITAKETOB CIIE/TYIO-
IIeMy y3JIy Ha IIyTH OT UCTOYHHKA JIO MOJy4aTellsl 110 BCeM
MapuIpyTam.

OCHOBHBIMHU TPeOOBAaHUAMH K ITPOTOKOIAM MapIIPyTH3a-
U MOOMITBHBIX CETEH SIBIIIOTCS: ACTICHTPAIN30BaHHOE (PyHK-
LIMOHNPOBAHNE; MUHUMAJIbHAS 3arpy3Ka CETH CITyKeOHOH WH-
(hopmanmeii; OTCyTCTBUE 3alMKIMBAHHSI MapIIpyTOB; ObICTpast
CXOMMOCTb; MOCTPOEHNE MapIIpyTa 3aJaHHOTO Ka4eCcTBa; o/~
JIepyKKa OIHOHAINPABJICHHBIX KaHAIOB U Jp. B maHHO# padore
TIPE/ICTABIICHBI METOBI M PE3YIBTATHI TPEX MPOTOKOIOB MapIil-
pyTH3aiun. MoaenrpoBaHne MPOBOANIOCH TSI CETH, COCTOSI-
et u3 32 y3nos. Torosorust ceTy U pacrpeesieHue cTeneHei
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CBSI3aHHOCTH BEPIIHH MMOKa3aHsl HAa puc. 1. IIpn Moxenmposa-
HUH TIPEATIONATalloch, YTO BCE KaHAJbBI CBSI3M MMEIOT 3aepiK-
KM, OIpE/IeNIsieMble CKOPOCTBIO MEpeiayy JAaHHBIX U JUIMHOH
repeiaBaeMbIX IMakeToB. Pa3zpaboTaHHBIE MOJENN IMO3BOJISET
OLIEHUTh JUHAMHUKY IPOTOKOJIA, BPEMS CXOJUMOCTH AJTOPUT-
Ma MaplIpyTH3aLHH, CIy>KeOHbIH TpadHK, CpeIHIE H ITUKOBBIC
Harpy3Kd B CETH, pa3Mephbl ouepeied MapIIpyTH3aToOpOB U BbI-
OpaTb ONTUMAJIbHbIE HACTPOECUHBIE TAPAMETPHI AJITOPUTMA.

MeToab! MOIeTHPOBAHUS

OleHKY XapaKTePUCTHK MPOTOKOJIOB OCYILECTBIISIIOT
KaK MPaBWIO CPEACTBAMU UMHTAIIMOHHOTO MOJICIUPOBAHMUSL.
Ha pbiHKe MpEACTaBICHBI JTOCTATOYHO MHOTO CIEIHAIU3H-
POBaHHBIX TIAT(GOPM UMHUTAMUOHHOTO MOJCIUPOBAHUS IS
TEJIEKOMMYHHUKAIIMOHHBIX CeTel, K HUM oTHOcsTcs: Prophesy,
Modeler, NetMarker XA, SES/Stratigizer, Arena, NS-3 u mp.
JlaHHBIC CpEICTBA COAEPKAT BCTPOCHHBIC OMOIMOTEKU CTaH-
JApTHBIX TIPOTOKOJIOB ceMuypoBHeBOi Monenu ISO/OSI u nc-
MOJIB3YIOTCS [UTsl MOJICITMPOBAHMUS PA3IMUHBIX BAPHAHTOB TH-
MTOBBIX ceTel. MoIenH ceTei CO3Mar0TCst JOCTATOYHO OBICTPO,
Kak IpaBmWiIo, C TMOMOIIBIO BH3yaJbHOTO MPOCKTUPOBAHHS
Y UMEIOT Pa3BUTHIE BO3MOKHOCTH 11O OTOOPaKEHHIO pe3yJIbTa-
ToB. O/IHAKO JJIsl MOJICTUPOBAHHSI HOBBIX MIPOTOKOJIOB B PaM-
Kax JaHHBIX IarhopM TPeOyrOTCS 3HAYMTENbHBIC YCHITHSL,
CBSI3aHHBIC C PAacCHIMpEHUEM OMOIMOTEK aNTOpUTMOB. B 3TOM
CUTYyalll YHUBEPCAJIbHBIE MOJEIHUPYIOIINE CPEACTBA TaKHe
kak MatLab oOnasaroT nmpenmMyIiecTBOM IO ONEPaTUBHOCTH
pa3paboTKH YaCTHBIX MOJIEIIEH.

Co3naHre MMUTAIMOHHBIX MOJIEJIEH MPOTOKOJIOB Maplil-
pytm3anun B cpene MatLab MoxeT OBITH OCHOBAHO Ha TPUH-
IIUTIe «KaJleHIaps coObITHit». Kanenmaps npeacraBmseT coOoit
00IIyI0 0Yepe/b B KOTOPOI Pa3MEIaroTCs CIy)KeOHBIC MTAKEThI,
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MOCTYMAOIIHME OT BCEX Y3/0B ceTH. [IpOTOKOIbI MapIipyTH3a-
MM OCYIIECTBISIFOT MEPECHUIKY CIIY)KEOHBIX MAKETOB MEMIY
CMEXHBIMH y3JIaMH, KOTOpbIE COfeprKaT MH(POPMAIHIO O TOIIO-
noruu cetu. B Monenupyroreit mporpaMmMe KaxIaplid IakeT co-
JICPIKHUT aJPECHYIO YacTh, CIIY)KeOHYI0 MH(OPMALIMIO U METKY
BPEMEHH, ONPEACIISIONIYI0 BPEMs HACTYIJICHHST COOBITUS CBSI-
3aHHOTO C HaYaJioM 00pabOTKH MMaKeTa Ha I1eJIeBOM y3ie. MeTka
BPEMEHH B MOPOKIACMOM ITAKETe OMPEIEISIETCS CKOPOCTHIO
pacnpocTpaHeHusI TaKeTa Yepe3 CErMEHT CETH, a TaKyKe MOMEH-
TOM 3aBEpLICHHS ITepe/Iavu MOCIIETHEro MakeTa BBIXOJHOH ove-
pean MapuipyTu3aropa Ha ToM ke cermeHrte. OOmas ouepe/p
KaJeHIapsi COOBITHIT 00pabaThIBaeTCsl BO BPEMEHHOM IIKAJIE 110
JUICIMIUTHHE «IIEPBBIH MPHIIEN-TIEPBbIi 00paboTany.

Mogenuposanue FSR nporokona

FSR (Fisheye State Routing) — nepapXxn4Hblii Ipoak-
TUBHBIN MPOTOKOJ MapIIPyTH3aIUHU [2], HENBI0 CO3AaHUS KO-
TOpPOTO OBLIA TOTMBITKA YMEHBIIUTH 00BEM PACCHIIAEMOI 1O
CeTH CIyXeOHOI MH(OpMANNN 3a CYET WCTIONB30BaHUS OHO-
JIOTHYECKON KOHIENINHU «pblObero miaza». Ilpu peanmsanuu
JTAHHOW KOHIETIIIMH KaXXJIbIi y3€Il CeTH OCYIIECTBIISICT MepH-
OJIMYECKHE HIMPOKOBENIATENIbHbIE PACCHIIKM KO BCEM CBOMM
OmmKalIIMM COCeIsIM, TPUYEM JUISl COKPALIEHUS CITyKEOHOTO
Tpaduka Tomojormyeckas uHpopmanus 00 y3JTax CeTH, W3-
BECTHAs TEKYIIEMY y3ITy, BKJIIOYAETCSl B PACCBHIIKY TOJIBKO Ha-
CTHYHO, B 3aBUCHMOCTH OT YJaJICHHOCTH y3110B. UeM nanblie
HaXOJUTCS y3e] OT TeKYILEro y3jia, TeM pexke MH(pOpMaIms
0 HEM BKJIIOYAETCSl B OOHOBJISIONIYIO PACChUIKY.

Tononoruueckas MHpOpPMALUs TEKYILEro y3ia Mnpesi-
cTaBsieT coOoi Tabmuily, Iie KaKAOMy H3BECTHOMY Y31y
CETH COOTBETCTBYET OfIHA CTPOKA, COZAEpIKAIIas aKTyaJbHBINA
CIMCOK €ro OMMKaNIINX cocenel, BpeMs MoCieJHEro 0OHOB-
JICHUS! ¥ TIOPSAKOBBIH HOMep oOHOBIeHHs. [TopsiakoBbIe HOMe-
pa MCHOJIB3YIOTCS MIPH 3aMeHax 3amuceil. B MoMeHT mmpoxko-
BEIATeJIbHON PacChUIKH TOIOJIOTHYECKOW MH(DOPMAIHH, Y3ell
CHauaja MpoBepsieT MO TaliMayTy 3allUCU B CBOEH TOIOJIOTH-
YecKol TalnuIle, W ecil TOTOoNoTHYecKas nHpopmanus 00
y3J1e He OOHOBJISIIACh B TEUCHNHU MHTEpBaa TalkMayTa, TO OHa
YHHYTOXKAETCS, DTO ITPABUIIO TTO3BOJISICT OTCIIEKHUBATH N3MEHE-
HUSI TONOJIOTHH ceTH. BpeMeHHOW MHTepBan TaiiMayTa ycra-
HaBJIMBACTCA TPEXKPATHBIM IO OTHOUICHUIO K MHTEPBAITY 06'
HomyieHus. [lImpokoBeniarenbHOe OOHOBIISIONIEE COOOIIEHUE
K OmmkaiiimmM y31aM TpeacTaBisieT coboil Habop 3ammced,
BBIJICJICHHBIX U3 TOIIOJIOTUYECKOH TaOIUIIBI TEKYIIEro y3ia.

Korma yzen momywaer oOHOBIsifoIiee cOOOIICHHE, OH
CHayJasa MpoBepsieT y3esl OTIIPAaBUTENs Ha IPHHAIICKHOCTD
K CBOEMY CIIMCKY COCTOsIHUH cBsi3ell. Eciu nepenaromuil yszen
SIBIISICTCS. HOBBIM OJNIDKAHIINM cocenoM, oH OynmeT mobOaBieH
B OTOT CIIMCOK. B MIpOTHBHOM citydae oH OyaeT OOHOBIEH 110
METKe BPEMEHH B CIMCKE cocelel. Y3en 3aTreM oOpabarsiBaeTt
MH(OPMALHUIO O CBA3SIX, COICPIKALILYIOCS B COOOIIEHUH OOHOB-
JICHUSI 110 CIIE/TyIOLeMy MPaBIITY:
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1. Ecnn 3T0 HOBBIH y3€il, paHee HEU3BECTHBIN TeKyle-
My Y31y TO OyIeT CO3IaHa HOBas 3allliCh B TOIOJIOTHYECKON
TabJIMIIE U 3aMl0JHEHa COOTBETCTBYIONIEH HH(OpMaIeH.

2. B mpoTuBHOM cilyyae TOJBKO camoe MocieaHee Ha-
3Ha4YEHHE KOMHMpYeTCsl K Tomnosiornyeckor tabmuue. T.e. eciau
Kakasi-HHOyIb 3aIHCh BO BXOIXHOM COOOIIEHUN UMEET OONBIINI
TIOPSITKOBBII HOMEP, OTHOCSIIIMICS K Y3ITy | TT0 CPaBHEHHUIO C HO-
MEpOM, COXPaHSIEMBIM B TOIIOJIOTHYCCKON TAONUIE TEKYIIETO
y371a, JIOKaJIbHasl 3aIich Oy/IeT 3aMEHEHa BXOISIIEH 3aInChIO.

3. Jlns BXogsiel 3amucu He MOMaJaolero B 1Ba OIU-
CaHHBIX CITyd4as, T.€. €CJIM €€ TOPSIKOBbIi HOMEp MEHbBIIIE YeM
TpeBAPUTENbHBIN MOPSIIKOBBIH HOMEp COXPaHsIeMOU 3amucu
B TEKYIIIEH TOTIOIIOTHIECKON TaONIHIT y371a, 3Ta 3aIHCh TOJDKHA
OBITH ITOCIIAHA TIPH CIICAYIONIEM OOHOBICHUH.

[IpuHATEI TakeT nocne W3BJICUEeHUsT HH(opMaIu
yHHUTOXaeTcs. Bo Bcex ciydasx, Korja TOmojorudeckas 3a-
IUCh JT00ABJISIETCS] MM KOPPEKTHPYETCs, B TOIOJIOTHYECKOM
Tabnuie (uKCHpyeTcs Tekyiee Bpems oOHoBIeHus. [locie
TOTO KaK BCE BXOISIINE 3alACH MTPOBEPEHBI, TAOIUIIA MapIIl-
PYTOB BBIYUCISICTCS 3aHOBO, HO TOJIEKO B TOM CITydac €CIIH
0OHapyKeHbI Kakne-1100 M3MEHEHUS B TOMOJOTHYECKOH Ta-
Omuue. [l pacuera MapHIpyTOB HCIIOJB3YETCSl aJITOPHTM
JIefKCTphl, MEPON PACCTOSIHHUS MOYKET CIIY)KUTh JINOO MHHHU-
MaJIbHOE YHCIIO CETMEHTOB CETH Ha MapIIpyTe MEXIY Y3IaMH,
00 MUHUMAITbHAsI BpeMEeHHAs 3a7iepykKa MEePeCchUTKN TTaKeTa
M0 MHOTOCETMEHTHOMY MapmipyTy. [lo cremeHm ymaneHHO-
CTH OT TEKYILETo y3Ja Bce y3ibl pasnensatorcs Ha FSR-30HbL
Tomonornueckast nHGoOpManust 00 y3nax, MpHUHAIISKAIINX
FSR-30He | BKIIIOUAETCSt B MAKETHI PACCHUIKHM TEKYIIETO y3JIa
¢ oArHaKoBOM yactoToi. Kpurepuem cxoquMocTu aJiropuT™Ma
MapIIpyTH3AIUH B MOJICTH MOTYT CIYXKHTB TOXKIECTBEHHOCTh
BOCCTAHOBIICHHBIX Ha Ka)KIOM y3JI€ TOIIOJIOTHI CETH K allpH-
OpPHO M3BECTHON TOMOIOTHUH.

XapakrepucTuku paborsl anroputma FSR-mapmipy-
TU3aOUU OMPEACIIAIOTCA HAaCTpauBa€MbIMU BPEMEHHBIMHU I1a-
pameTpaMu. MeTOHK pacdyera ITHX [TapaMeTPOB B HACTOSIIEE
BpeMsI He CymIecTByeT. PekoMeHTyeMble 3HAaYCHUS TATEKH OT
ONTHMAIIEHBIX, YTO IIPUBOAUT K HEOOXOUMOCTH MOACITHPOBA-
HUS IPOTOKOJIA JUI1 KOHKPETHOW TOMOJIOTUU CETH.

PesyabTaTsl MoneaupoBanusi FSR nporokosa

Hopwmarusasrii nokyment mo FSR mportoxomy [3, 58]
PEKOMEHIYeT MCIIONB30BaTh B ceTH 1Be FSR 30HBI: OmmkHEIO
U JaTbHEI0 C MapaMeTpaMH IPOTOKOJNA MpPEACTaBICHHBIMU
B KoJIOHKe «PexomeHmanus» taoai. 1.

JoxymeHnT [3] pekoMeHJyeT TakKe HCIOIb30BaTh
JUIsl TIepefadu Tonojorndyeckod uHpopmanuu [P makers.
3aromoBouyHast 4yacTh [P maketa comepkut 32 paspsaHble
ajzipeca y3J0B MCTOYHHMKA W TOTyYaTels, TONHYO UINHY TIa-
KeTa B 0aifTax, KOHTPOJBHYIO CYMMY H JIpyTHE IOJs, HE0O-
XOIUMBIC JUTS TOIACep KKK [P-ipoTokona, 4acTe 3TUX TONeH
ONIMOHaNbHA. MUHHMMalbHas JUIMHA 3arojioBka 20 Oaiit.
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Tabnuya 1
[TapameTpbl MmopenupoBanus npotokoia FSR
Pexomennarust OKCHEPUMEHT
[Tapametp O6o3HaueHne mapamerpa
CeK. CeK.
MHuTepBan pacchlIKy 1S Y3710B ONMKHEH 30HbBI IntraScope_Interval 5 1
VHTepBall pacChUIKH COOOLICHHMIT Tst IntreScope_Interval 15 3
YAQJIEHHBIX Y3JI0B -
TaiiMayT XpaHeHHsI TOIIOJIOTHYECKON NEIGHBOR TIMEOUT 15 3
nHbopManuu -

WudpopmanoHHas 4acTh MaKkeTa OmpeieneHa JOKYMEHTOM [3]
U TIpeJCTaBlIeHa B Ta0M. 2.

Uncna B cKkoOKax yKasbIBAalOT pa3Mep Iojieid B OWTax.
[Taker cocTouT M3 3amucel, rae Kaxaas 3aluch COACPIKUT
azpeca OMMKANIINX COCENEH IS y3/1a CeTH, MOPSAIKOBBINA HO-
Mep OOHOBIICHUS! U YUCIIO COCETHUX y3110B. IIpencraBneHHbIi
BbIIe (hOpMAT HE COJCP)KUT aAPECHBIC 3aroJOBKH IAKeTa
n ynpasistomue nosst [P makera. ITo Tormonornu cetn noka-
3aHHOM Ha puC. la He CIIOKHO pacCuuTaTh MaKCHMallbHBIA
pa3mMep IakeTa TOIoJI0rn4ecKoi HH(OpPMALIUH JUTS MOJEITHPY-
eMOM ceTH, Tipu 32 pa3psIHBIX aapecax ¢ yueTtoMm 20 6aiiTHOTO
3aromnoBka [P makera oH Oynet paBen 744 Gaiita.

Ha puc. 2 moka3ana quHamuKa Tpaduka cirykeOHBIX T1a-
KETOB TPOTOKOJIa MapLIPYTH3ALUK IIPH CKOPOCTH B KaHasax
1200 6ut/cex. CryneH4arble JMHUM COOTBETCTBYIOT HaKoO-
TUIEHHOMY Tpa(uKy TOPOXK/IaeMbIX MakeToB. JinHa cTyneHu
ompezaensercs napamerpom IntraScope Interval — unTepsa-
JIOM PacChUIKH COOOIIEHHUI B ONMMKHEH 30He. BepTukanbHbie
CTpoOBI Ha Tpa)uke COOTBETCTBYIOT HAKOILICHHOMY TpaduKy
YAAISIEMBIX MTAKETOB.

WurepBan pacchUIKd COOOIICHUI sl JATbHEH 30HBI
(IntreScope Interval) B Tpu pasa Oonblie uem Jyist OnmkHEH
30HBI, IO3TOMY KaX[asi TPEThsl CTYNEeHb IPaMKOB BBIIIE JIBYX

TIPENBIAYIIHX, ¥ COOTBETCTBEHHO TyIe OymyT CTPOOBI ymaise-
MBIX TTaKeTOB (cM. pHc. 20). [TomyduB makeTsl OOHOBICHUS, y3IIBI
OCYIIECTBIISIIOT BOCCTAHOBJICHHE TOTIONIOTHH CETH M pacyeT JIHc-
TaHIMI KO BCeM y3J1aM ceTH 1o ainroputmy Jleiikctpsl. Ha ocho-
BE JIaHHBIX PACUETOB CTPOMTCS MapLIPyTHO-aJpecHasi Tabnuia,
OTIpE/IEIISIONIAs ONTUMAITFHOE TIPOIBIDKEHIE HH(POPMAITMOHHBIX
TTAKeTOB 1O ceTH. [Iprmep TaOmuIIs! 11 y371a 3 TIoKa3aH Ha puc. 3.

Kputepusimu cXOIUMOCTH aJITOPUTMa MapIIPyTH3AIHH
B MOJICJTH CITYXKHT TOXJICCTBEHHOCTh TOMOJIOTHIA CETH ITOCTPO-
€HHBIX Ha KaXXJIOM y3Jie C allpiOpHO M3BECTHOH TOMOJIOTHEH
ceTd. MojenupoBaHUe MPOBOIMIIOCH ISl JIByX BapHaHTOB
napamMeTpoB (cTonOIpl «PekomMeHmanus», «IKCIEPUMEHT»
B Tabn. 1). IIpu pacuere ATMHBI OOHOBISIONIETO COOOICHHUS
HCTIONB30BaNCS (popMart, MpeCTaBICHHEIN B Ta0I. 2 ¢ 100aB-
koii 20 GaittHoro 3aronoBka IP makera. B Tabm. 3 npuseneHs
pe3yNbTaThl MOJICTUPOBAHUS 110 JIByM BapUaHTaM 3HAYCHHN
rapameTpoB. 3HaueHHUs! CIY)KEOHOW Harpy3KH Ha CeTh yKa-
3aHHBIC B TAOJHIIE BRIYUCISIOTCS Ha WHTEPBAJIC CXOIUMOCTH
aNTOpPUTMa MapIIPyTH3aIUN M HOPMHUPYIOTCS K TPOITYyCKHOM
CIOCOOHOCTH ceTh. PacueTHas MPOITyCKHAs CIIOCOOHOCTh
JaHHOM cetu paBHa 177600 Out/cek.

Puc. 2 nemoHCTpupyeT 1Ba KpailHUX Ciydast BBIOO-
pa HaCTPOEUYHBIX MAapaMEeTPOB MPOTOKOJIA MapLIPyTH3AIMH.

Tabnuya 2

®dopmar nHpOpMaMOHHOH YacTH nakera FSR-nporokona

Jmuna nakera(16) |

Pezeps(16)

Anpec y3mal(32)

IopsaxoBerit HoMep oOHOBIEHNS y31a 1(24) |

N1-umcno cocemuux y310B(8)

Anpec cocennero y3ina 1(32)

Anpec cocennero yzina N1(32)

Anpec y3na 2(32)

TopsiaxoBeiii HoMep oOHOBICHUS y3ia 2(24) |

N2 —uucino cocenert ysna 2(8)

Anpec cocennero y3na 1(32)

Anpec cocennero y3na N2(32)
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Destination_Node| Destination_Part Mext_hop_address| Distance
& 1 node=6 port=2 2 A
2 2 1 node=6 port=2 4
3 |3 -1 nocle=3 port=-1 0
4 |4 1 nocle=7 port=1 2
c = 1 nocla=7 nert-1 2 g
< >
Puc. 3. MapmpytHo-anapecHas Tabauma
Tabruya 2
Pesymnprarer MogenupoBanus nporokona FSR
Bpews Cayxebnpiii Tpaduk | Cpennuii pasmep | Harpyska [TuxoBas Max.
Bapuant moznenu CXOIMMOCTH .
cexc. our. nakera Oair Ha CeTh Harpyska pasmep odepeu
Pexomenyemble napameTpel
FSRIP 1200 Gur/cek 50,8 3193344 239 0,354 0,406 2
FSR IP 2400 Gur/cek 47,9 3087904 237 0,182 0,139 2
FSR IP 4800 Gur/cek 46,4 3093696 237 0,093 0,099 2
FSR IP 9600 6ut/cex 45,7 3093696 237 0,047 0,050 2
FSR IP 19200 6ut/cex 454 3093696 237 0,024 0,025 2
DKCIepUMEHTAIbHbBIC TTapaMeTpPbl
FSRIP 1200 Gur/cek 21,1 3259616 200 0,872 1,87 14
FSR IP 2400 Our/cek 11,9 2664320 220 0,631 0,989 4
FSR IP 4800 Owur/cek 10,4 3134144 236 0,422 0,501 2
FSR IP 9600 6ut/cex 9,72 3087904 237 0,224 0,249 2
FSR TP 19200 6ut/cex 9,36 3093696 237 0,116 0,124 2
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Ha puc. 2a Bpemsi 00paboTkn CITyKeOHBIX TTaKETOB 3aHUMAET
MalIylo JI0JII0 MHTepBaia pacchuiki. [losromy 6e3 ymiepOa pa-
0OTBI MPOTOKOJIA HACTPOCUYHBIC TAPAMETPBI MOTYT OBITH YMEHb-
IIEHBI, YTO MO3BOJUT YMEHBIIUTH BPEMs CXOIMMOCTH ajro-
purma. Bpemst 00paboTky 1makeToB BKJIIOYAeT B ceOst U Bpemst
JIOCTaBKU Ha COCEIHUH y3ell, C yBEJIMUCHHEM CKOPOCTH Tepe-
Jla4n JJAHHBIX BPEMs I0CTaBKM YMEHBIIIAETCSI TIO3TOMY CTETIEHb
YMEHBIICHNS 3HAYCHUH TTapaMeTpoB MOXKeT ObITh Oombiie. Ha
puc. 20 noka3aH MPOTHUBOIIOIOKHBIN CITydai, KOTjia mapamMeTpbl
BBIOpPAHBI CITMIIIKOM MaJIbIMHU M TIPU HU3KOH KaHaJIbHOH CKOpO-
ctu (1200 O6uT/cex) Ha MHTEpBaJIe PACCHUIKH HE XBAaTaeT BpeMe-
HU 17151 00pabOTKHU MTAaKeTOB, B PE3yNBTaTe 00Pa3yIoTCs Ouepenn
Ha 00pabOTKy ¥ BpeMsI CXOIMMOCTH aJITOPUTMA YBEITIMUMBACTCS.

Pesyabrarsl mogeaunposanus GSR nporokosna

ITporoxon GSR (Global State Routing) siBisieTcs Bapu-
anToM FSR mpotokona ¢ equncTBeHHO# FSR-30HO0#. B 3TOM
Cllyyae HE CYIIECTBYET PA3MMUMNA MEXIy y3JaMH JalbHEeH
n OmmxHel 30HBL. OOHOBICHHE TOTIONIOTHYECKOW WH(OpMa-
IIUH CO CMEKHBIMH Y3JIaMH B 3TOM CITydae OIPEAEIIeTCs KOH-
CTaHTaMH IIPECTABICHHBIMU B Ta0II. 4.

Vol. 11. No. 3-2019, H&ES RESEARCF:
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MopnenmpoBaHue BBITIONHSIOCH UL IBYX HAOOpOB Ta-
pametpoB «PekoMeHmamus» U «IKCIEPUMEHT». Pe3ymbrars
MOJICITUPOBAHHUS PE/ICTABICHBI B Ta0II. 5.

MopnesinpoBaHue 30H10BOT0 MPOTOKOJIA

CyTb MeTOna 30HA0BOM MapuipyTu3anuu [4, 15] 3axro-
4aeTcs B CIEAYIONIeM: C JJI0OOTO y37la HAaYMHAETCS pacChlIKa
K CMEKHBIM y3JIaM KOPOTKHX ITaKeTOB, Ha3bIBAEMBIMHU 30H1a-
MU, KOTOPBIC HAKATUTUBAIOT B ce0c MH(POPMAITUIO O COCTOSIHUN
cet. KaxIplil 30H] CONEPKUT OUTOBYIO KapTy, JJIUHA KOTO-
poil paBHa MaKCHMaJbHO-BO3MOXXHOMY YHCIY Y3JIOB CETH.
[Ipu mpoxoxieHnn y371a B ONTOBOI KapTe 30Ha YCTaHABINBA-
€TCsl €IMHULA B [TO3ULMH, ONpeesIseMoil HomepoM y3ia. [Tpu
MTONTYYCHUH 30H/1a Y3€J aHATTM3UPyeT HH(POPMALIUIO, COICPIKa-
IIyrocsi B OUTOBOW KapTe, W MO pe3ylibTaTaM aHalin3a J100aB-
JIICT 3alMCH B COOCTBEHHYIO MapIIPYTHO-aJIPECHYIO TaOH-
uy. Ilocne yero y3en npoBepsieT psiji yCIOBUM JUJIs IPUHATHUS
PELICHNS O PeTUTMKAINY FIIH YHUYITOKCHHUU 30HAa. B ciydae
peTUTHKAIK B 30HA H00aBIseTcs HHPOPMAITHS O TIPOXOXKIC-
HUU TEKYIIEeTO y3Ja U 30H PacChIIACTCS IO BCEM HCXOSIINM
BETBSIM TEKYIIETO y3Ja.

Tabnuya 4
IMapameTps! MoxempoBanus mporokoaa FSR
[Tapamerp O06o3Ha4yeHne mapamerpa Pexomernams JKenepumenT

CeK. CeK.
WuTtepBain pacchUIKH AJIsl y3J7I0B OJIMIKHEH 30HBI IntraScope Interval 5 1
TaiimayT XpaHEHHs TONOJIOTHYECKOH MH(pOpMAUH NEIGHBOR TIMEOUT 15 3

Tabnuya 5
Pesynsrarer MmonenupoBarus mporokona GSR
Bapuant monenu Bpems CrnyxebOnpiii Tpaduk | Cpennuii pasmep | Harpyska [ukoBas Max. pasmep
CXOAUMOCTH ouT. nakera Oaifr Ha CeThb Harpyska ouepeu
CeK
PexoMeHyeMble apamMmeTpbl
GSR IP 1200 6ut/cex 30.8 2611744 422 0.477 0.783 2
GSR IP 2400 6ut/cex 229 2153472 422 0.285 0.402 1
GSR IP 4800 6ut/cex 21.5 2153472 422 0.141 0.201 1
GSR IP 9600 6ur/cex 20.7 2153472 422 0.073 0.101 1
GSR IP 19200 6ur/cex 20.4 2153472 422 0.037 0.05 1
DKcnepuMeHTalbHbIE TTapaMeTpbl

GSR IP 1200 6ut/cex 51.0 8384328 372 0.926 3.00 36
GSR 1P 2400 6ut/cex 11.25 2965152 349 0.742 1.55 6
GSR 1P 4800 6ut/cex 6.5 2704448 441 0.586 1.06 3
GSR TP 9600 our/cex 4.7 2153472 422 0.321 0.503 1
FSR IP 19200 6ut/cex 4.4 2153472 422 0.174 0.251 1
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Node-1 MNode-2 Node-3 Node-4 Node-5
2l 2 4 2 E
T3 |4 4 3 3 A
Eanla 1 2 4 A
< >

Puc. 4. Marpuna mMapiipyTH3anium

MapuipyTHO-apecHble TaOIUIbI (MATPUIIGI MApIIPyTH-
3alUH) CTPOSITCS HAa KKIOM y3Jie ceTr. Uncio cTondoB B Ma-
TPHUIIE PAaBHO YMCIY LIEJEBBIX y3JIOB B CETH (HOMEP TEKYIIEro
y3J1a U3 CITUCKA IEJIEBBIX Y3II0B UCKITFOYAETCs, HO CTONIOCI] Te-
Ky1iero y3ia (GopMalibHO MPHUCYTCTBYeT B Marpuile). Kaxpiii
9JIEMEHT MATPHUIIBI MAPIIPYTU3AIMUA COACPIKUT HOMEP MOpTa
TEKYIIEr0 y3Jia, YKa3bIBAIOIIErO HATPABICHUE Yepe3 KOTOpOoe
ClIeyeT IepeaaBarh MakeT s 1e1eBoro yaia. [Ipu 30H10BOM
MPOTOKOJIE MaTpPHUIla MapIIPYTH3AIMU COIEPIKHUT CTOIBKO CTPOK
CKOJIBKO TTIOPTOB MMeeT TeKyIuid y3esn. CTPOKH yrmopsOueHbI
0 pUOpHUTETaM. B 1epBoii CTpoKe cojiepKarcsi HarpapIeHHs
BBICIIICTO MPHOPUTETA, 00CCIICUUBAIOIIECTO HAaNOO0JIee OBICTPYIO
JIOCTABKY IMaKeTa K IIeJIeBbIM y3l1aM. Bo BTopoit cTpoke comep-
JKaThCsl HAIPAaBJICHHs, OOCCIICUMBAIOIINE 00JCe MEIICHHYIO
JIOCTABKy MakeTa Mo CPaBHEHUIO C TIEPBOU U T.[I., TAKUM 00pa-
30M MPUOPUTET HAIMPABICHUI CHI)KACTCS TIPH YBEITMUYCHUH HO-
Mepa CTPOKH MAaTPUI] MapHIpyTU3aiuu. [Ipumep mocTpoeHHOM
MATPHIIBI MAPIIPYTU3ALINH JUTS y3J1a 5 TIOKa3aH Ha puc. 4.

B Havasie nukia MapuipyTH3aiuid MapIiipyTHO-aIpecHast
TabiMIa y3/a 3arojiHeHa HYJISIMH 3a UCKIIFOUCHHEM CTOJIOIA,
COOTBETCTBYIOIIETO TEKYIIEMY Y371y, KOTOPBIH 3allOJHEH 3Haue-
aueM (—1). Ecmi 3081 ipruOBLT B y3€1I IEPBBIM, TO 3aTIOTHICTCS
nepBasi CTPOKa MAaTPHIbl MapUIPyTHU3ALUH, CIIEIys TPaBUILY:
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B DJIEMEHTHI CTPOKH C HOMEPAaMH Y3JIOB, Yepe3 KOTOpBIE Tpo-
1IeT 30H, 3aHOCHTCSI HOMEp TIOpTa, Yepe3 KOTOPbIH 30H1 ObLI
MOJTy4eH Ha TeKyleM y3ine. [locTynnenue nocaeayomux 30H-
JIOB Ha TEKYIIUH y3esl MPUBOAUT K 3allOJTHEHUIO HYJIEBBIX 3Je-
MEHTOB TIEPBOIl CTPOKH, KOTOPbIE HE OBUIN 3allOJIHEHBI paHee,
a B CITy4ae UX 3aHSATOCTH ITOCIIEI0BATENBHO 3aMONHSAIOTCS HyIle-
BBIE JIEMEHTHI BTOPOi! ¥ TIOCIEAYIONMX CTPOK. Eciii B MOMeHT
TIOCTYIIJICHHS 30H/a BCE 3JIEMEHTHI MaTPHUIIbl MapIIpyTH3ALUH
y371a 3aroJHEHBI, TO 30H] YHHUYTOXAeTcsl. 30H] OyJeT Takke
YHUUTOXEH, €cli nH(OpMAIMs Ha y3J1€ YKe COIepiKHUT nHpop-
Malliio, JOCTaBICHHYIO 30HIOM. B OCTalbHBIX CllydasxX 30H]
J00aBIISIET B CBOIO OUTOBYIO KapTy TEKYIINIT y3€T 1 PeTUIHLHpY-
eTCsl TI0 BCEM HCXO/ISIINM HarpaBiIeHUsIM. B ciywae oOHapyske-
HUS LUK, T. €. KOraa HH(opManus, JOCTaBICHHAs 30HIO0M yXkKe
COAEP’KUT HOMEP TEKYILETO y3Jla 30HJ PacChLIAETCs MO BCEM
HAIpaBJICHUsIM KPOME TOTO TI0 KOTOPOMY OH OBUT MOTy4eH (J11s
CTapTOBOTO y3J1a 3TO OTpaHHYEeHHE He AeHCTByeT). Kputepuem
CXOIMMOCTH aJTOPUTMA MApIIPYTU3ALMH B MOJIETN MOTYT CIIy-
KHTh UCUEPIIAHIE OUepEaN KaJTeHIapsi COOBITHH.

Pe3ynbTaThl MOAEIHPOBAHMS 30HA0BOI0 IPOTOKOJIA

MopenupoBaHue MPOBOAMIOCH AJIS CETH, MOKAa3aHHOU
Ha puc. la. [Ipn MomenMpoBaHUHU MPEANONArajgoch, 9YTo BCE
KaHaJIbl CBSI3M UMEIOT OJIMHAKOBbIE 3a1epkKku. Ha puc. 5 noka-
3aHa AWHAMUKa TpaduKa CIy’KeOHBIX MaKeTOB IPH CKOPOCTH
B kaHamax 1200 Oout/cek. Pa3mep 30HIA BBIOpaH paBHBIM 12
6aiiT. Ha npuBeneHHbIX TpaduKax €ANHHUIA OTHOCHTEIHHOTO
BPEMEHHU COOTBETCTBYET JIUTEIBHOCTH NMEPECHUIKU 30HAA 110
KaHaly CBA3U. B kauecTBe CTapTOBOTO y3ia HCIIOJB30BAJICS
NepBbIN y3en. B pesynbsrate MoaenupoBaHus MOIYYEHO:

o [lomusrit cayxeOHBIH Tpaduk 30H10B cocTaBmi 3710
MIAKETOB, ITPH pazMepe KaKI0ro 30HA0BOro nakera 12 Oait.

Hakonnenubin Tpadmk Mopowaeno=3710 Yaaneno=3710
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Puc. 5. [lunamuka ciryxe6HOTO Tpadrka 30HIOBOTO IIPOTOKOJIA MapIIPy TH3AIHN:

a — JMHaMuKa Tpaduka; 6 — HaKOIIEHHBIH TpaduK
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e Bpems CXOIUMOCTH alNTrOpUTMa MapIIPyTH3AIHN
5,04 cex mpu ckOpOCTH mepenadn JaHHeIX 1200 out/cex.

e Cpenssis Harpy3ka Ha C€Th Ha MHTEPBAJIE CXOAMMO-
ctu 0,398 OT MPOMYCKHOM CIOCOOHOCTHU CETH.

e [luxoBas Harpy3ka Ha MOMEHT MakcuMyma Tpaduka
paBHa 1,27 OoT mPOITyCKHOI CITOCOOHOCTH CETH.

o [loCKONBKY MKOBAst HATPy3Ka MPEBHIMIALT MPOITYCK-
HYIO CIIOCOOHOCTh BO3ZHHMKAIOT OYEpeH Ha BBIXOJE MapIipy-
TU3aTOpPOB. MakcuMalbHas JUIMHA BBIXOAHOW OYepeqy INpH
JIAaHHBIX YCJIOBHSIX DKCIIEPUMEHTa CocTaBmiIa 29 1MakeToB.

Jy1s 30HI0BOTO TIPOTOKOJIA BPEMsI CXOAUMOCTH aJITOPUT-
Ma MapHIpyTH3aIU{, ¥ Harpy3Ka CETH 3aBUCAT OT CTAPTOBOTO

Vol. 11. No. 3-2019, H&ES RESEARCH
RF TECHNOLOGY AND COMMUNICATION

y37a pacmpocTpaHeHHus 30HA0B. Ha pmc. 6a moka3zaHa cKo-
POCTh CXOIMMOCTH aJITOPUTMa MapIIPyTH3aUH B 3aBHCHMO-
CTH OT BBIOOpa CTapTOBOTO y3JIa.

MakcumanbHoe Bpems paBHo 14,16 cek. (y3en 22), Mu-
HUMaIbHOE BpeMs paBHO 5,04 cek (y3en 17). Ha puc. 66 moka-
3aHBI CTETICHN BEPIINH HccieayemMoii cetn. CpaBHEHHE JIBYX
rpaMKOB MTOKA3BIBACT, YTO CYIIECTBYET SBHAS 3aBUCHUMOCTH
BPEMEHH CXOAMMOCTH aJlTOPUTMa OT CTEHNEHH CTapTOBOTO
y3J1a, 4eM BBIIIIE CTENIEHb CTAPTOBOTO y3J1a, TEM OO0JIbIIIE BpeMs
CXOMMOCTH aJITOPUTMa MapIIpyTH3ALNH.

Ha puc. 7a npencrabieHa 3aBUCMMOCTb CpelHEW Ha-
IPY3KH CO371aBaeMOii CITy)KeOHbIM TpahUKOM B 3aBHCUMOCTH
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OT cTapToBOro y3ma. [lo ocu opawHAT OTIIOXKEHa Harpyska,
HOPMHUPOBaHHAsl K MPOITyCKHOW crocoOHocTh cetu. O0beM
Tpaduka a1t craproBoro y3na 17 cocrasui 362976 our (3781
TIaKeT), JUIst CTapToBOro y3ia 22: 472224 out (4919 nakeros).
MakcumasbHasi CTeleHb 3arpy3KH CeTH CIIyKeOHbIM
tpaduxom 0,406 (y3en 17) a munumansHas 0,188 (ysem 22).
W3 npuBeneHHBIX rpaKOB BUAHO, YTO YEM BBIIIE CTEMECHB
3arpy3Kd CETH CIY>KCOHBIM Tpa(UKOM, TeM MEHbBIIE BpeMs
CXOIMMOCTH QJITOPUTMa MapIIPYTH3AIMH. Y YUTHIBas 3aBUCH-
MOCTb BPEMEHH CXOJJMMOCTH aJITOPUTMa OT CTEIIEHH BEPIIHHBI
MOYKHO 3aKJIFOYHMTh YTO, CTENEHb 3arpy3KH CIyXeOHBbIM Tpa-
(buKOM TEM BBIIIIE, YEM MEHBIIIE CTEIICHb CTAPTOBOM BEPIIHHBL.
C yBenmm4eHHEM CKOPOCTH MepEadl JaHHBIX BPEMS CXO-
JIMMOCTH JITOPUTMA MapLIPyTU3aUH JIMHEHHO YMEHbBIIACTCSI.
XapakTep 3aBUCUMOCTH JIJIs CTapTOBBIX y3710B 17 1 22 nokas3ax
Ha puc 70). Ha ckopoctu 9600 6ut/cek BpeMst CXOAUMOCTH ISt
cTapToBOrO y311a 22 coctasiuster 1,77 cek, a s y3ma 17 cocras-
nsiet 0,63 cek. [IpormyckHas CIocOOHOCTE CETH JTMHEHHO YBEIIH-
YMBAETCSI C YBEITMUEHUEM CKOPOCTH, IPH 3TOM HOPMHUPOBAHHAS
Harpyska CeTH MO0 CIIyKeOHOMY TpaHKy HEe H3MEHSETCSL.

JdedexTbl MAaTPULl MAPIIPYTH3ALUHA

B npeansHOM BapmaHTe pabOTHI aaropuUTMa 30HIOBOM
MapIIpyTU3aluy TIPETNOIaracTcsi, 4YTo B MPOIECCe Paclpo-
CTpaHEHUsI 30HJOB TI0 CETH BCE JIEMEHTHl MaTPHIl MapIpy-
TU3aIMU OyAyT MOJHOCTBIO 3aMOJHEHbI. Tak M MPOUCXOIUT
JUISL CEeTeH ¢ MaJlbIM KOJIMUECTBOM Y3710B. OIHAKO Pe3yNIbTaThl
MOJIETUPOBAHUS AJIS TECTOBOI ceTu ¢ 32 y3naMu MoKa3bIBa-
TOT, YTO I10 3aBECPIICHUIO AJITOPUTMA MapIIpyTU3allUU ITOJITHOTO
3aI0JTHEHNS] MATPUI] HE MIPOUCXOANT — B MaTPHUIIAX MapHIpy-
TH3AIIUN OCTAIOTCSI HE 3allOJHEHHBIC AIIEMEHTH (IC(EKTHI).
Yucio nedekTtoB B MaTpuiax MapuIpyTH3alUud 3aBHCHUT OT
cTapToBoro y3na. Ha puc. 8 moka3aHbl KONU4eCTBEHHBIE OLICH-
K{ CyMMapHbIX Ae(DeKTOB MaTpHIl MapIpyTHU3aluU B 3aBUCH-
MOCTH OT CTapTOBOro y3ia. [Ipu pacyere orieHOK, CyMMHpOBa-
HHeE 71e(hEeKTOB BHIIOJIHSIIOCH IO BCEM y3JIaM M HOPMHUPOBAJIOCh
B TIPOIEHTAX K 00IeMy 00beMy 3aroIHAEeMbIX IeMeHTOB. 13
rpaduKka BUAHO, YTO 00beM Ae(EeKTOB B XyIIIEM CiIydae He
npeBocxoanT 0,5%. CpaBHeHHE rpaduKa OLEHKU CO CTETeHs-
MU BEpPIIHMH MOKa3bIBACT, YTO MUHUMAJIbHBIH MPOIEHT Je(ek-

16 Gur 16 Gur 1-15 Bafir

O6upgi saromosoK

Ne 3-2019

TOB JOCTHUTAETCS JJIsl CTAPTOBOTO y3J1a ¢ MAKCHMAIIbHBIM YHC-
JIOM TIOPTOB (MaKCUMAIIbHOM CTEIEHbIO BepUIHHbI). JeeKTh
B MaTpHIaX MapUIPYTU3AIMH KOHICHTPHPYETCS B CTPOKAX
C HaUMCHBIIUM MIPUOPUTETOM HampasiieHud. [Ipu mpakrtuye-
CKOH peaju3aluy ajJropuT™Ma MapIIpyTH3AUKA HE 3ar0JHCH-
HBIC MO3UIMH MAaTPHIl, MOTYT OBITH Oe3 ymiepOa 3armoHeHBI
3HAYCHHUSIMH CTPOKHU € 00JIee BBICOKUM TTPHOPUTETOM.

MogenupoBaHue TPAHCIIOPTHOIO MPOTOKOJIA

JlatarpamMHbIi TPOTOKOJ TPAHCHOPTHOTO YpPOBHsI 00e-
CIIEUUBACT Mepeady COOOIIEHHUH OT y371a OTIPAaBUTENS K Y3y
nomyuarens. [Ipu nepenade cooOmieHns pa3aenstoTcs: Ha ma-
KEeTbI, pa3Mepbl MAKEeTOB 3aBHCAT OT MTOMEXOBOH OOCTaHOBKH
U YCJIOBHH pacripocTpaHeHus paanoBonH. Mudopmanmonnsie
TaKeThl UMEIOT (opMar, MoKa3aHHbIM Ha puc. 9. OOmuit 3a-
TOJIOBOK COJEPKUT CETEBble aJpeca OKOHEUHBIX Y3JIOB.
CrennalibHbIH 3aroJI0BOK COJCPIKUT HH(OPMAIHIO O THIIE TIe-
peaaBacMbIX JaHHBIX, THIE IPOTOKOJA, HACHTH(UKATOPE CO-
0O0IIeHNs CHOIB3yeMOl KOIMPOBKH, U JIpyTroil HH(opmarmn
KOTOpAasi 3aBUCHT OT MCIOJIb3yEeMOTro poToKoina. [Ipu monenu-
POBaHMHU BBIOMPAJICS MAaKCHUMAJIBHBIM pa3Mep CICIHAIBEHOTO
3aroJIoBKa paBHbBIN 15 OailT.

e dekTsl MaTPUL MapLLPYTHU3aLMK B NPOLIEHTaX
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[TakeTsI mepechUTAlOTCs TIO IEJIEBBIM aapecaM, CIemys
[0 MapIIpyTaM ONPEACISIeMbIM ITEPHOIUICCKH BBITIOTHSIC-
MBIM ITPOTOKOJIOM Mapiipytu3anuu. [ToareepkeHue nprueMa
MaKeTOB B JJaTarpaMMHOM MPOTOKOJIE HE MPOU3BOAUTCS. B pe-
aJIbHOM CETH MOATBEP)KICHHUE TIPUHSTHIX COOOIICHUI KBUTAH-
IIUSIMH BBITIOJTHSACTCS] HA YPOBHE MPHITIOKCHUH.

3amaueii MOICITMPOBAHUS SBIISIETCS OIICHKA BEPOSTHOCTHO-
BpeMeHHbIX XapakTepucTrk (BBX) nepenaun coodmenuii. C ne-
JIBIO YIPOILEHUSI MOJAEIHU BBEACHBI CIIEIYIOIINE OrpPaHUUYCHUS
(3a cyeT ymaJieHus HIEMCHTOB TPAHCIIOPTHOTO MPOTOKOJA JTHO0
HE BIIMSIFOLIMX HA XapaKTEPHCTHUKH Iepeaun, JTH00 peau3yro-
IIMX TPUHIMI HAUXY/IETO CITyJasi pH Mepeaade TaHHbIX ):

1. IlepenayanakeToBKBUTAHLMAMU HE TOATBEPKAACTCS.

2. Tlepemaua coOOIIEHMIA TOATBEPKIACTCS ITOJIOKH-
TEBHBIMH W OTPULIATCIHHBIMHA KBUTAHIIHSMU.

3. Ecnu maker npuHAT ¢ omMOKoH (OopMUpyeTCs OTpH-
LareyibHasg KBUTAHLIMS HA BCE COOOIIEHUE.

4. TloBTOpeHHE COOOIIEHUS TPU HATWIHH OIINOOTHBIX
MTAKETOB HE TIOACPKUBAIOTCS MOJICIBIO.

5. Ilpu oTpumarensHOW KBUTAHOUU (PHKCHpYyeTCs
omu0OKa COOOIICHNUS Ha TICPEAAOIICH CTOPOHE.

6. CiyualiHOCTh BBIOOpA paIUOHAIIPABICHUS OCYIIECT-
BIISIETCS TI0 PABHOMEPHOMY 3aKOHOM pacIpeeieHus sl map
HCTOYHHUK-TIPUEMHHUK COOOIICHHS.

7. VIcTOYHUKOM COOOIICHHNA SIBISCTCS MyaCCOHOBCKHI
MTOTOK.

8. Ilpu mpoBeneHUN KCIICpUMEHTOB B Mojein MatLab
HCIIONB3YETC sl CTaTHUecKasi MapIIpyTU3aIIHs.

9. WHTepBansl TaliMayTa MpHU JAOCTaBKE IAKETOB U CO-
001IeHni He 0TpadaThIBAOTCS.

Uepes uHTEpdEiic TOTH30BATEIS MOMIEIN 3a0af0TCs ClIe-
ITYFOIIIUE TTapaMeTPhI:

Tononorus cetTu.

CKOpOCTh TiepeIayy TaHHbIX B KaHalaX CBSI3H.
JlmrHa cOOOIIeHUS U KaTerOpUsi CPOUHOCTH.
Pa3mep nakera.

5. VIHTEHCHBHOCTPH TTOTOKA COOOMICHHUH B IPOIICHTaX OT
MIPOIYCKHOM CIIOCOOHOCTH.

6. BeposTHOCTB IpreMa OMIMO0YHOTO MaKeTa.

B mporiecce MopenupoBaHus OIEHUBAINCH CIEAYIONTNE

Ll N

XapaKTePUCTUKU!
1. BeposTHOCTh JOCTaBKM IIakeTa B HOPMATHUBHOE
BpeMsL.

2. MakcumasbHOe BpeMsl JOCTAaBKH IaKeTa.
3. CpenHee BpeMs TOCTABKH MAKETA.
4. BeposiTHOCTH JOCTaBKH COOOIEHHSI B HOPMAaTHBHOE

5. MakcumalibHOE BpeMsl JOCTaBKH COOOIIEHUSI.

6. CpemHee BpeMs TOCTaBKH COOOIICHHS.

7. BeposaTHOCTH JOCTyHa K yCIyre Iepenadyd TaHHBIX
B IpejiesiaX HOPMATUBHOTO UHTEPBAJIa.

11.No. 3-2019, H&ES RESEARCH
RF TECHNOLOGY AND COMMUNICATION

Onenka BBX mpowsBoauTcst Al Harpy)KeHHOH CETH.
Harpyska Ha ceTh TeHepHpyeTCs B BUIE ITyaCCOHOBCKOTO TI0-
ToKa cooOmenuid. Kareropus cpoyHOcTH, pa3Mep coooOrie-
HUS U pa3Mep WHPOPMAIMOHHON YacTU MAKETOB BHIOMPAETCS
B TIpoliecce MpOoBeIeHHs 3KcrepuMenTa. Harpyska ycraHas-
JINBAETCSl B MPOLIEHTAX OT MAKCUMAJbHOW MPOIYCKHOH CIO-
cobnoctu cetu. [IpomyckHas cmocOOHOCTH CETH paBHA CyMMeE
MIPOIMYCKHBIX CIIOCOOHOCTEH NYTUIEKCHBIX KAHATIOB CBSI3U:

rae K—4mcyio KaHaoB CBsA3M B CETH, b, — ckopocTs nepeaun
JIAHHBIX B | — OM KaHase 6ut/cek. MakcuMaabHast HHTEHCHB-
HOCTH MH(OPMAITOHHOTO MTOTOKA COOOMICHUH OmpenenseTcs
13 COOTHOILIEHMUS:

A= % [1/cex],

rac M — nosnnas JJINHA COO6H.[6HI/II>1 C Y4€TOM 3aroJIOBKOB I1a-
KCTOB. HpI/I MOJCIIMPOBAHUN HArpy3kKa Ha CE€Tb yCTaHaBJIMBa-
JlaCb B IPOLICHTAx OT MaKCHUMaJbHON MHTEHCUBHOCTH.

OueHka 4YuCJIa HMUTAIMOHHBIX IKCIIEPHUMEHTOB

OrieHKa BEIYUCIISIETCS UCXOMIS U3 IOBEPUTEITHHOM BEpOST-
HOcTH o = 0,95 I MHTEpBaIa ONPEENIIEMOTO TOYHOCTRIO 3a-
JTAHUST HOPMAaTHBHOTO YPOBHS. [IpH OIIEHKE BEPOSITHOCTEH DKC-
MIEPUMEHTBI COOTBETCTBYIOT CXEME HE3aBUCHMBIX HCIBITAHUN
BepHynu, T71e BepoATHOCTH ycriexa (IornalaHus BO BPEMEHHON
HWHTEpBaN) paBHa P, a He ycrexa ( = 1 — p. CirygaiiHOH BeIH9H-
HOU SIBIIACTCS KOJIMYECTBO YCIIEXOB, YIOBICTBOPSIIONINX OMHO-
MHUHAJBHOMY 3aKOHY pacrtpenerneHus. CortacHO IEHTPAIbHON
MIPEICTBHON TeopeMe MPU JAOCTATOYHO OONbIIUX N (OOIbIIe
HECKOJIBKMX COTCH) OIICHKA BEPOSITHOCTH JUISl CXeMbI bepHymu
MMeeT pacripejielieHue, OJM3Kkoe K HOpMaJbHOMY C MareMarH-
YeCKMM OXKHIaHHEeM M = P u aucnepeneii - = pa/n. Jlns Hop-
MHPOBAaHHOTO OTKJIOHEHHS OI[CHKH OT CBOETO MAaTEMaTHYECKOTO
OXKHJTAaHWSI MOXKHO HCIIONTb30BaTh BHIPaKCHIE:

O(1)=P -

<t, |zo.

rae O(f) pyHKINS HOPMATBHOTO pacTIPEeNIeHUs C HYJICBBIM
3HAUCHHUEM MAaTeMAaTHYECKOTO OXKHIAHUS U EAUHHYHOMN JuC-
TEpPCHH, ¢ — KBAaHTUIb, COOTBETCTBYIOMIAs yPOBHIO JOCTO-
BepHocTH a. Jlng a= 0,95, snagenue £, = 1,96. Pacuernas dop-
MyJIa YHciia IKCIIEPUMEHTOB B OTOM Cilydae Oy/leT UMETh BH/I:

n=LL_3841627. (1)
€ e
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B Tab1. 6 mpuBeneHBI pacueTHBIC 3HAYCHUS YHCIa YKC-
NEPUMEHTOB JUIS OLICHKH BEPOSTHOCTHBIX XapaKTEPHCTHUK.
O1eHKH TIOJydeHbl HAa OCHOBE HOPMATHBHBIX TpeOOBaHHIA
K CETH CIIeIMAIBLHON PaMOCBsI3H.

Pe3y.]'ll>TaT]>l IKCICPUMEHTOB
PGSYHLTEITBI UMUTAIIMOHHBIX JKCIIEPUMEHTOB ITPUBEIC-

HBI B TA0IIL. 7.

Ne 3-2019

3akioueHue

UMHUTAIIMOHHOE MOJCIUPOBAHKUE SIBISETCS 0a30BbIM
CPEICTBOM pa3padOTKU TEICKOMMYHHUKAIIMOHHBIX CETEH, MO-
3BOJISIFOIIIUM OLICHUTH XapaKTEPUCTHKH M BhIOPATh HACTPO-
CUHBbIC napaMeTpH HpOTOKO.]'IOB MapHIpyTI/ISaI_[I/II/I nu nepezlaqn
JIAHHBIX JIJ1s1 OE€CIIPOBOTHBIX MOOUIIBHBIX CETEH.

Br16op HacTpoeuHbsIx mapameTrpoB mportokona FSR 3a-
BUCHT OT TOIOJIOTHH M CKOPOCTH IePe/layyl JaHHBIX B JIMHU-

Tabnuya 6

Yucmo HNMHUTAIIMOHHBIX OKCIICPUMEHTOB

OuenuBaemas XapaKTepucTuka

Yucao IKCIIEPUMEHTOB

BeposiTHOCTB 1OCTaBKM MakeTa B HOpMaTUBHOE BpeMs (3 cex.)

140

3aBHCHT OT KaTETOPUU CPOYHOCTH COOOLICHUS

BepositHOCTB JOcTaBKN cooO1IeHUs B HopMatuBHOe Bpems (10 cex.+10 MUH.) - HOpMaTHB

15000+76000

BeposTHOCTB HOCTYyNA K yciiyre nepeady JaHHbIX B HOPMaTUBHOM UHTEpBae (5 cek.)

31000

Tabnuya 7

BpeMi{ 1 BEPOATHOCTHU NJOCTABKHU IMaKETOB U COO6HICHHﬁ JUIA JaTarpaMHoOro TpaHCnopTHOI'O IMPOTOKOJIa

MakcumanbHoe BpeMA OCTaBKW NakeTa

BepoATHOCTEL AoCTaBKW NakeTa
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sX cBs3U. KpurepueMm onTHMManbHOM HAaCTPOWKH alropuTMa
10 BPEMEHH CXOIUMOCTH MOXKET CIY)KUTh HAallOJJHEHHOCTB
WHTEPBAJIOB PACCBUIKM MpoLeccaMn 00pabOTKH IaKeTOB.
DOKCIEepUMEHTHI MOKa3bIBAIOT, YTO JUIS CETH C JAAHHOM TOIO-
JIOTHEN peKOMEHIyeMblIe ITapaMeTPhbl MOTYT OBITh YMEHBIIICHBI
B 3—4 paza Ge3 HapymeHus: paboTHl MpoToKoia. B pesynsra-
T€, BPEMSI CXOAMMOCTH aJITOPUTMa MapLIPYTH3AIUH MOXKHO
YMEHBIIHTE Oosiee ueM B 4 pasa. [yt okoHYaTeIbHOro BEIOOpa
napameTpoB npotokosa FSR s cetn MANET nHeobxoanmo
BBITIOJIHUTh MOJICIIMPOBAHUE JUISi BCEX MOTEHIMAIbHO BO3-
MOXHbBIX BApUaHTOB «MaKCUMaJIbHOM TOIIOJIOTHUHY CETH.

IIporokon 30HAOBOI MapuUIpyTH3aLMU SIBISIETCS pac-
TpeZeNICHHBIM, Pa00TaeT B ACHHXPOHHOM peXAME U 00IIaaeT
UCKJIIOUUTENIBEHO TIPOCTOM aJlTOPUTMHUYECKON peanu3annei.
brarogapst 3TMM 0COOEHHOCTSM 00ECIeYnBaETCSl BBICOKAs
CKOPOCTBh CXOJMMOCTH ajroput™a. [Ipudem Bpemst cxoqumo-
CTH, B oIn4uu OT anroputma FSR, ymensmaercs nponopuu-
OHAJIBHO YBEIMYEHHIO CKOPOCTH TEpeaadu JaHHbBIX. MeTton
30HJJOBOW MapHIPyTH3AIMH TTO3BOJISIET TIOCTPOUTH HECKOIBKO
BapUAHTOB MapIIPyTOB U YIOPSIOYNTH UX I10 MIPEATIOYTUTEIb-
HocTH. IIpoTOKONI MapuIpyTH3aluu YUYUTHIBAET (pakTHUECKHE
3aIep’KKU B KaHaJIaxX CBSI3U M [TOITOMY MOXKET aJalTHPOBATh-
cs K CTENEeHM 3arpy3ku KaHajoB ceTH. IIpoTtokon oGmamaer
OYEBUAHON 3aBHCUMOCTBIO BPEMEHH CXOIUMOCTH aJITOPUTMA
W CTENeHH CITy)KeOHOW Harpy3KH Ha CeTh OT BEIOOpa CTapTo-
BOTO Y3714, YTO ITO3BOJISIET HAWTH ONTUMAJIBHOE PELIeHUE JUIs
KOHKPETHOH TOIIOJIOTHH CETH.

BpI0Op TpaHCIOPTHOTO MPOTOKOJNA /ISl HU3KOCKOPOCT-
HBIX OECIPOBOIHBIX ceTell OOYCIOBIEH HEOOXOIUMOCTBIO
MaKCHMAaJIbHOTO CHM)KEHMS HaKJIQJHBIX PACXO/I0B HA CITyXKe0-
HBIH TpauK MpU MO PKAHNH TIPHEMIIEMO JI0CTOBEPHOCTH
U CBOEBPEMEHHOCTH Iepelayd WHPOPMAIMOHHBIX JaHHBIX.
JlararpamMHbIif IPOTOKOJI 0OecHeYrBaeT MMUHUMAJIBHBINA CIIy-
JKEOHBIH TpauK 3a CYeT OTKaza OT KBUTHpOBaHMs MHOOP-
MallMOHHBIX TNakeToB. [loBbIIIEHHME JOCTOBEPHOCTH Iepejia-
Y1 COOOIICHUH BBITOMHIETCS HA YPOBHE MPHIOKEHUN B TeX
CUTYaIUAX T/I€ ATO JICHCTBUTEIFHO HE0OXoaAnMO. Pe3ynsrars
MOZICIIMPOBAHUS ITO3BOJISTIOT PALOHAIBHBIM 00pa3oM BbI-
Oparh ImapamMeTpu4ecKyo 00JIacTb PElICHHUH, yIOBIECTBOPSIO-
IIyI0 HOPMaTHBHBIM TPEOOBAHUSIM.
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ABSTRACT

Simulation models of routing and data transport protocols for use
in MANET wireless networks with dynamically changing topolo-
gy are considered. Classic applications of such radio networks are
combat operations, emergencies, mobile robots, sensor telemetry,
mobile conferences, etc. Each node in the MANET network operates
simultaneously as a terminal node and as a router. A key problem
in MANET networks is the routing problem. This paper presents the
methods and results of the study of three routing protocols FSR, FSR
and probe protocol and also datagram protocol for data transport.
The simulation was carried out for a network consisting of 32 nodes.
In the simulation, it was assumed that all communication channels
have delays determined by the data rate and the length of transmit-
ted packets. The paper describes the principles of building a simula-
tion model in the MATLAB software environment. It is shown that the
creation of simulation models of routing protocols in the MATLAB
environment can be based on the principle of "calendar of events".
The total queue of the event calendar is processed in the timeline for
the discipline "first come-first processed". The results of simulation
FSR and GSR protocols for different parameters data transmission
speeds in range from 1200 to 19200 bits/sec are represented. The
simulation is used to determine the level of service of traffic, medi-
um load and peak load, the queue lengths of routers, the average
size of official packages. The necessity of optimal choice of protocol
settings to reduce the convergence time of algorithms is shown. The
features of the probe protocol are investigated. Probabilistic-time
characteristics of the transport protocol are investigated. The de-
veloped models allow to evaluate the dynamics of the protocol, the
convergence time of the routing algorithm, service traffic, and select

the optimal tuning parameters of the algorithm.
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HAYKOEMKVIE TEXHOMOT VN B KOCMUYECKMX A
PAOVOTEXHNKA 1 CBA3b

doi: 10.24411/2409-5419-2018-10268

NCCNIEAOBAHUE ABTOKOPPENALNOHHOWU ®YHKL A
HOBOIO KJTIACCA LLUMPOKOINOJIOCHbIX CUTHAJ10B

NABJINKOB AHHOTALMA

Cepreit Hukonaesuy' OGbekT nccnefoBaHUs — LUIMPOKOMOSOCHbIE CUTHabl B cucTemax paguocessu. MNpegmet —
UccnepoBaHe KOPPensiLMOHHbIX CBOMCTB HOBOFO KJ1acca LUMPOKOMOJSIOCHBIX CUMHAsIOB.

YBAHKUH Llens — obocHoBaTh BbIGOP curHana u metopa ero obpaboTtku Ans obecneyeHns makcu-

Esrenuit UsaHoBuy® MyMa OTKNMKa cornacosaHHoro ¢unbtpa npu GoNbLMX 3HAaYEHUAX OTHOCUTENbHOW paau-
anbHOM CKOPOCTM MeXAy MepeaaTynkoM U MPUEMHMKOM U 3HAYMTENIbHOM MPEBbILLIEHNN
YPOBHS LUyMa Haf, ypOBHEM CUTHaa Ha BXofe npuemHuka. B pabote npoaHanusnposatsi
aBTOKOPPESIILMOHHbBIE U B3aUMHbIE KOPPENALMOHHbIE BYHKLMW onpeaenstowme obnacTs
MCMOb30BaHNS CUrHANOB U3 TOFO U MHOTO aHcambs. B yacToTHO-BpeMeHHOM nnockocTH
BPEeMeHHas U YacTOTHas KOPPensaLMOHHble GYHKLMM 0BpasyloT MOBEPXHOCTb Ha3biBaeMyto
byHKLMeN HeonpeaeneHHOCTH, KOTopast SIBNIIETCS MEPOMN CNOCOBHOCTM TeNEeKOMMYHMKaLW-
OHHOWM CUCTEMbI PasNyaTh NPUHUMaEMble CUrHasIbl MO 3aePXKe U OTHOCUTENbHOW Paau-
anbHo ckopocTu. DyHKLWS HeonpeaeneHHOCTH, BBeaeHHas Bynsopaom u Hawepwas wu-
pOKOe NPUMEHEHWE NPpU aHasIM3e CUrHaoB, No Knaccudukaumm npeobpasosaHnin BpeMeH!
cooTBeTcTBYyeT napabonunyeckomy Tvny. B paboTe nokaszaHo, 4To B COOTBETCTBUM MOAENSMU
aAAVTUBHBIX M MYNbTUMAMKATUBHBIX NPeobpasoBaHmii cnocoBHOCTb PaspeLLeHnsi MO CKo-
poCTV onpepenseTcs WpuHoii nonocon MennvHa curHana, U3aMeHeHne KOTOPOM CBA3aHO
C BBEAEHUEM 3afepPXXKN Havyana MyabTUMIMKAaTUBHOIO CUrHana OTHOCWUTESNIbHO Havana ero
otcyeTa. [ns BbISBNEHWUS 3aBUCHMOCTU KOPPESSLMOHHbLIX CBONCTB MYJbTUMIMKATUBHOIO
CWrHana oT cABMra OTHOCWUTESIbHO Havyasa CUrHana NPOBEAEHO YNCIIEHHOE MOAENNPOBaHNe
B cpepe MathCad. AHanns nonyyeHHbIX pe3ysibTaToB Nokasas yBesmyeHne nomMexoycTonyu-
BOCTM CUCTEMbI CBA3U 3a CYET YyCTPaHEHWs NOTePb CBA3aHHbIX C AONIEPOBCKON Aucnepcuei
Y YMEeHbLUEHWE 3/IeMeHTa paspeLLeHnsl No3BOJISIOLEro, B CBOKO O4epefb, Pacumputb 0bb-
eM aHcaMb1si OPTOroHasIbHbIX CUrHAMIOB U TEM CaMbIM YBEJIMYUTb KOJIMYECTBO OLHOBPEMEH-
HO paboTaloLwmX JIMHUI CBSA3W. B pesynbTaT YncneHHoro MogenvpoBaHus nosiydeH Makcu-
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BBenenue

[Tpu BbIOOpE OPTOrOHANBHBIX (QYHKIMH B KadecTBE Ma-
TEMaTHYECKUX MOJEIeH OPTOrOHAIBHBIX CHI'HAJIOB M KOJIOB
NIPU TTOCTPOSHHUHU TEJIIEKOMMYHHUKAIIMOHHBIX CHCTEM HE00XO-
JTUMO YYUTBIBaTh HE TONBKO CTENEHBIO CIOKHOCTH MX peaju-
3alUH, HO ¥ YPOBEHb BIUSIHUS PA3IMIHBIX BUIOB aJINTUBHBIX
U MYJIbTHIDIMKATHBHBIX TTOMEX M NPeo0pa3oBaHUN CHTHAJIOB
B KaHase pacrnpocTpaHeHus [1]. YBennueHue BeposTHOCTEN
OMMOOK NpH MpHeMe (IIPOUTPHIIIA B OTHOLIEHUH CUTHAI T10-
Mexa (OCII)) cBsi3aHO HE TOJBKO C BUAOM M YPOBHEM TOMEX,
HO ¥ ¢ BBIOOPOM aHCaMOJIsl CUTHAJIOB.

MeTonuka uccjie10BaHus

ABTOKOPPEISIIIMOHHBIC W B3aUMHBIC KOPPEIIIHOHHEIC
CBOICTBA CUTHAJIOB, BBIPAKAIOIIINE CTENIEHb MX 3aBUCHMOCTH TIPH
Pa3MYHBIX BPEMEHHBIX CIIBUTAX, ONPEICIISIOT YCIOBHUS U Orpa-
HUYCHUS UCIIOJIB30BAHWA TOIO UJIM KHOI'O chaM6J'I5[ CUT'HAJIOB.

CurHamasl MOTYT XapaKTepHU30BATHCS KOPPENAIIHOHHON
(GyHKIIMEH B 9aCTOTHOH 067acTH (TIpH 3alaHHOM YaCTOTHOM
casure) [1-2].

B 49acTOTHO-BpEeMEHHOW IMJIOCKOCTH BpEMEHHAas W Ya-
CTOTHas KOPPEJSIIIMOHHBIE (PYHKIIUH 00pa3yloT MOBEPXHOCTh
Has3biBaeMyto GyHkuueit Heonpenenennoctu (OH) [2-3].

Bnarogapsi cymecTBOBaHHIO COOTHOUICHHS MEXKIy dYa-
CTOTHO-BpPEMEHHBIM IpezcTaBaeHueM curnana u ®H, nocnen-
HSISL ITPAET BYKHYIO POJIb TIPH MCCIICOBAHIH CUTHAIOB [4].

CurHan xapakTepu3yeTcsl PsIIOM XapaKTePUCTHK, TAKUX
KaK JUTMTEIbHOCTh, HECYIasl YacTOTa, KOJMYECTBO BOJH TOJ
orubarorieit, MoIHocTh, popma, Bux OH. dyHkIMs Heonpeie-
JICHHOCTH XapaKTepU3yeT CTETICHb pa3peIeH s IPUHIMAeMbIX
CHUTHAJIOB TIO 3aJIepKKE M JOTUIEPOBCKOMY MapaMeTpy WA 110
YCKOpeHHIO ¥ 3aaepikke. Jpyrumu cioBamu, OH sBisieTcs me-
POIt TOYHOCTH PA3INYCHHUS CUTHAJIOB TI0 TAJILHOCTH, Pajnallb-
HOM CKOPOCTH M TIPOU3BOTHON paJIalibHON CKOPOCTH (yCKOpe-
HUIO) MEXIy OObEKTaMH, a TaK)Ke HaJIeKHOCTH Pa3perieHHs
M0 yKa3aHHBIM TapameTpaM. DYHKIUS HEONPENeIeHHOCTH,
BBeIeHHast ByaBopaom [ 5] u HamreAmast mmpoKoe MpuMeHEeHNE
MIPY aHAJIM3€ CHTHAJIOB, IO KIacCU(pUKAIUHU MpeoOpa3oBaHU
BpPEMEHHU COOTBETCTBYeT NapabonmueckoMy tuiy. [Ipu cBs3n
MEK/Ty MOJIBH)KHBIMH 00BbEKTaMU HE00X0IMMO paccMaTpHBaTh
TPYIILY JTUHEHHBIX MPeoOpa30BaHU BPEMEHH, YUHTHIBAIOIINX
Kak 3a/IepKKy CHTHaJjla, TaK U €TO JIOTJIEPOBCKOE MCKAKCHHE.
B mapabomnmueckoit e ®H nannas rpynma G 3ameHsercs Ha
JIBYXITapaMETPUUECKYFO rpyITy H ¢ 3aKOHOM KOMITO3HIIAH 3JIe-
MEHTOB, IEHCTBYIOIIHUX 10 IPaBHITY:

9(t, Q) - 9(r,, Q) =9(tr, 1, Q +Q), )

a ee MPEJICTABICHNE B IPOCTPAHCTBE CIIeKTpoB Dyphe 3a1aet-
sl COOTHOLIICHHEM

T(g) ®(@) =’ - p(0+Q). 2
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W3 (1) u (2) BuIHO, uTO H SBIISICTCS IEKapPTOBBIM IIPOU3BE-
JICHUEM JIByX KOMMYTaTHBHBIX I'PYIIT TapabOIN4ecKoro THIIA,
410 ¥ 000cHOBBIBaeT onpenenenre ®H, nocrpoeHHoit Ha ITHX
rpyInax, Kak napadosmyeckoil. YkasaHHasi 3aMeHa CIpaBe]yiu-
Ba MPH BBINOJIHEHUH YCIOBUSl Y3KOIOJIOCHOCTH CUTHAJIOB, KOT-
Jla IMCTIEPCUOHHOE MPOU3BEJEHUE MHOTO MEHBIIIE €JUHULIBL:

WT-K<<1.
C

[Tpu reTepoaMHHOM MPENCTABICHUHN JJOTUIEPOBCKOTO 3(h-
(exra, mpuBeIeHHBIX B ypaBHeHHAX (1), (2), T.€. Koraa porue-
POBCKHIA APPEKT anmmpPOKCUMHIPYETCS CIBUTOM 4acTOT Dypbe,
B ocHOBY ®H nonoxeHo 000011eHre KOPPETSIHOHHON (yHK-
LUK Ha CITy4yal ABYyX TPAHCIISIMY — OHOM 110 BPEMEHH, JIpy-
roif — o yacrore (pyHKIUS OTKIHMKA) [4].

Tak xaKk B OCHOBY IapaOoiu4eckoi (pyHKIMU HEOIpe-
JICTICHHOCTH TIOJIOKEHO TeTePOJMHHOE MPE/ICTABICHUE JI0-
TUIEPOBCKOTO AP QeKTa, menecoodpa3Ho paccMaTpUBaTh KOM-
IUIEKCHYIO orudarornyro curnana. KoMiuiekcHas orubaromias
CUTHaJIa MPUHSITOTO OT MOJBH)KHOTO 00BEKTa C TOYHOCTBIO JI0
daser e umeer npencrasnenne y(r — 1) . Crexrp Dypbe
KOMIUTEKCHO#1 ormbaromieiil paser 7(ow+Q)-e’®", Ttorma or-
KUK ¥(2, T, (), N3MEpeHHBII Ha BBIXOAE (HIBTPA, COTIIACO-
BaHHOTO C MPHHUMAEMbIM CHTHAJIOM, T. €. IMeIomIero Kod(du-
LIUCHT TIepeIadn ?*(w) , IPUMET BU]L

26,1, Q) = F {H0+Q)- ¢/ 7 (o)} =

3
={y(0)- e/ *y (=)} (1), ®

e Y (f) — AMITyTTbCHAs PEeaKIus,

* — 3HaK omneparopa cBepTkH Pypsbe.

Maxkcumym otkimka (3) 1octuraercsi, ecit GUIbTp co-
IVIacOBaH C CUTHAJIOM, T.€. IpH Q = 0, £ = T, B 9TOM CITy4ae:

L P do=Liofa-£, @
|y(t,r,0)|—2nj|y(w)| do 2j'|y(t)| dt > 4)

rae E —osueprus curnana.

[Ton ®H nmonumaercs MOAYAb OTKJIMKA (3) B TUIOCKOCTH
4acToTa — BpeMsi, HaOJII0jaeMblil Ha BBIXOJIE COIIACOBAHHOTO
¢dunsTpa.

B peanbHbIX ycTpoiicTBax Uil yCTpaHEHHS HEOIIPEIEIEH-
HOCTH HO JIOTUIEPOBCKOMY ITApaMETpPy MPUMEHSIOT Habop (uitb-
TPOB, K&X/IbIA U3 KOTOPBIX HACTPOEH HA YACTOTHI ) =N "AQ,
e N =0, 1, +2, £3, ...; AQ — pa3yMHbIil YaCTOTHBIN UHTEP-
BaJl, B INpeesax KOTOPOTO PHEPreTHUECKHE MOTEePH OTKIMKA
Maibl. HeompeneneHHOCTh 10 3afepiKKe BBIOMPAETCS 3a CUET
WHBAaPHUAHTHOCTH OTKJIMKOB OTHOCHTEINILHO CIIBHTA. B 3TOM City-
Yae 10 MaKCMMYMY OTKJIMKa Ha BBIXOZAE OIHOTO M3 (DHIBTPOB
MOXXHO CyAUTb O 3HAYE€HUM JOIUIEPOBCKOTO CABHra, a MO MO-
MEHTY TOSIBJICHUSI MAKCUMAJIBHOTO OTKJIMKA — O 3aJIePIKKe.
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PAONOTEXHVKA N CBA3b

B crity HHBapHaHTHOCTH OTHOCUTEIBHO CIABUTA MOIYIIS
OTKJTHKA (DHITBTPA B IUTOCKOCTH (£, ), 6e3 moTepu obmrHoCTH (3)
MOYKHO TIEpETNCaTh:

(. = |[F " 0+ 9) 7 (@) =
=[fr+0-y @ ],

a HCIOJB3ys 3aMEHYy IEePEeMEHHOW MpeoOpa3oBaTh B CHMMe-
TPUYHBIN BU:

e Qe Q8 e |
|x(t,Q)|—2ﬁ‘IY(w+2)y(m e dm‘ .

- ‘I Y(E+ D)y (1= 2) -

3ameTnM, 4TO (yHKIMS OTKIMKA (4) MOXeT ObITh 0000-
IIeHA Ha CITydaid, KOTJ|a UMITYJIbCHAsl XapaKTepUCcTHKa (GUIBTpa
OIMMCHIBACTCS (PYHKIIUEH, OTIIMYHOM OT epeaaBaeMoro CUrHaa:

Ty, Q) A [y, (0)- €7 *y5(=0)] =

o L Q)
=F {11 (0+Q)- 7, (w)}.

O6beMm napabonunyeckold @H 3aBHCHUT TOIBKO OT dHEP-
THH CUTHAJIa, €r0 HHBAPUAHTHOCTH MPH HOPMHUPOBKE CHI'HAJIA
T10 PHEPTHU HA3bIBACTCS KIPUHIIUIIOM HEOIIPEEICHHOCTI.

B psine pabor onmcanst ®H, Bua kotopbeix Hamboiee
TIPUCIIOCOOJIEH K THITy HMCCIIeIyeMoro curnana. Tak, Hampu-
Mep, B pabore [6] paccmoTpena o6obOmenHas ®H curnana
¢ nuHEeHO YacToTHON Momyssimueit (JIYM), yuureiBaromas
paccoracoBaHie CHUTHaJIa Kak M0 BPEMEHH IPUX0/a U Hecy-
I1eH yacToTe, TAK U 110 CKOPOCTH KauaHus yacToTsl. [loBeneHne
OH npu 60sBIINX TPOU3BENICHUSX JIUTEIBHOCTH CUT'HAIA Ha
TIOJIOCY YacCTOT SIBIISIETCSl YaCTHBIM CIy4aeM acHMIITOTHYE-
CKOM armpoKCUMalluy UHTETPajioB BHUIa

B
I =[g(x)-exp{jv-®(x)}dx,

rae g(x) u d(x) — neiicTBUTENbHBIE QYHKINH;

v — OOJIBIION MOJIOKHUTEIBHBIN MapamMeTp.

B pabotax [7-8] paccMOTpeH aCHMIITOTHYECKUH METO]T
Borunciienuss ®H YM-curHaioB Ha OCHOBAaHMM IPUHLIMUIA
CTaloHapHOW (a3el. MeTon crarmoHapHOW (a3bl, OCHO-
BaH Ha TOM, YTO IPU WHTCTPUPOBAHUU BKJIAJBI B BCINYHHY
uHTerpana ObicTpoocumnupyromeit gyrkiun exp(jod(X))
B3aMMOKOMIICHCHUPYIOTCA, 3a MCKIIOUYCHHUEM KOHIICBBIX WJIN
CTaIMOHApHBIX To4eK ¢yHKnuun P(X). CrammoHapHOH TOU-
kot pyHkE D(Xx) sBIAETCS TOYKa, B KoTopoit D(X) = O.
CranuoHapHOH TOYKOH SKCIOHEHIMAIBHOW (DYHKIUU SIBIIS-
eTCsl TouKa nepeceyeHus f — ¢ MM OMOPHOTO U MPUHSITOTO
curHasnoB. Ho ucronp30BaHme 3TOT0 METO/Ia CBA3aHO C PSAIOM
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TpynHocTer. Tak ¢pynkums exp(jv-®(X)) Bcerna siBisieTcs ObI-
CTPOOCIIIUPYIOIIEH, a ISl CHTHAJIOB C TPSMOYTOJIbHO# OTH-
Oarorell pu 3HAYCHUSIX BONMM3U T = £7, a Tak ke OIM3KUX
K Ha4YaJly KOOpJMHAT, METO/] HE JJaeT TOYHBIX pe3ynbTaToB. M3
aHayn3a popmysisl (3) BUIHO, UTO /IS IIMPOKOTIOIOCHBIX CHT-
HaJoB Tapabonnyeckoe MPUOIIKEHUE CTAHOBUTCS HEKOP-
PEKTHBIM JIaXke TPU HEOOJNBIINX OTHOCUTEIBHBIX CKOPOCTSIX
Mexay oObektamu. Eciu orpaHnveHue Ha y3KOIOJIOCHOCTh
HE BBITIOJHAETCS, TO BOSHUKAECT HEOOXOMMOCTh MOJICpPHH3a-
uuu y3komnonocHoit ®H BynBopaa ¢ yuerom peasibHONH MO-
nenu 3¢ ¢dekra Jomaepa. Droit mpodiieMe MOCBSIIEHO MHO-
JKECTBO paboT, BAJKHO OTMETHTbH, YTO B OOIIEM ciydae Ipu
mapaboamdeckoM ToaxoAe o0wveM mmpoxonoigocHot OH
(ILI®H) ompenensiercst BeIpaskeHUEeM [9]:

V= T <]Ob(((x, r)|2 dadt =
-0 0
- 2 (7N
© EIRY
= HS(“))|2 dm'_[ﬂda).
—0 0 ®

CrnenctBueM SIBISETCA TO, YTO TONBKO JJISI CUTHAJIOB,
YAOBIETBOPSIIOIINX YCIOBHIO HHTETPUPYEMOCTH OTHOCUTEIb-
Ho Mep do u dw/®, 06beM Tema HeONpeaeICHHOCTH OyaeT
KOHEYCH, YTO 3HAYHTEIHHO CYXAaeT KJIAcC aHAIH3HPYEMBIX
curHanoB. AHamms odbema [IIOH moka3piBaeT 3aBUCHMOCTH
ot dopmel curHana. B pabore [10] moka3ano, yto oObeMa
III®H He cymecTByeT, €Ciu CHEKTP COAEPKUT HYJIEBYIO ya-
croty. Jlns cormacoBaHus BRIpaKeHHS (6) ¢ TpagUIIMOHHBIM
npenactasieHueM ©H ucnonp3yoT orpaHmdeHe 00IacTH 10-
MMyCTUMBIX 3HaYeHWH ko3dduimenTa cxxarus, Ipu yCIOBUH,
YTO OH ONM30K K €IUHHMIIC, WIA HUCIOIB3YIOT y3KOIIOJIOCHOE
npubmmxenue [9].

OpHako 3TO He 03BOJIsAET Hcnionb30BaTh OH npu anamu-
3€ LIMPOKOINOJIOCHBIX curHanoB. HoBast GyHKIMs Heonpee-
JICHHOCTH MOXET OBITh IIOCTPOCHA B KJIACCE HECTAIIMOHAPHBIX
mporenyp. B mampHedmem Oymem moiarate, 4TO 3aJepiKKa
CHUTHaJa W3BeCTHAa. Ecnm ke HeT, TO s yCTpaHEHUs He-
OTIPEIETICHHOCTH T10 JTAUILHOCTH NPUMEHUM Ha0Op HecTalu-
OHAPHBIX MPOLENYP, Kakaast U3 KOTOPhIX HACTPOEHA Ha CBOIO
3anepkKky T = Atn, tne N =0, 1, 2, 3, ..., AT — pasymHbli
BPEMEHHOW WHTEPBAJ, B MMpe/esiaX KOTOPOTO YHEPTETHUCCKUE
TTOTEPH OTKJIFKA MaJbI.

H3omopdusm Mexay rpynmnoi mpeoOpa3oBaHUil cIBUTA
G u rpynmoii mpeobpa3oBanumii cxkatis G MO3BONSET BBECTH
y3KOTIOJIOCHOCTh U JJIl MYJIBTUIUIMKATUBHBIX CUTHAJIOB, yC-
JIOBHE Y3KOIIOJIOCHOCTH Ha THIIEpOOIINYeCcKOM 0a3uce BBITIIs-
TUT B BUJE:

BW T <<1,

rac Wm — HUpHHA MCJIJIMHOBCKOI'O CIICKTpa CUTHAJIA,



T, = In(¢/t ) — nIMTENBHOCTL CHTHANA B MyJIBTUILIHKA-
TUBHOM MacIiTade;

T., f{, — Bpems Hadajla U KOHIA MYJIBTHILIMKATHBHOTO
CUTrHaja;

[} — mapamerp, YYHMTHIBAIONI[MH OTHOCUTEIBHOE DPaju-
aJbHOE YCKOpEHUE aOOHEHTA.

Ipu 3ToM rpymma mpeobpasosanmii cxatis G 3aMeHs-
eTcs Ha IByXIapaMeTprueckyro rpymry H ¢ 3akoHoM Komrio-

3UIIMU DJICMCHTOB, HeﬁCTByIOH_II/IM IO cJIeAyromeMy npaBuily:
9(011, Q]) ’ g((lz, Qz) = g(().l "0, Q] + QZ)

a ee NPEeACTABICHNE B POCTPAHCTBE CIIEKTPOB MeunHa 3a-
JAeTCs COOTHOIICHUEM:

T(g)-¢(w) =exp(jolna)- §(o+Q).

[peanonoxum, 4T0 cHopMHUpPOBaHA MYIBTUILTUKATHB-
Has (TumepOonnmdeckast) KOMIUIEKCHas OTHOAloInas CHTHaja
MIPUHSITOTO OT MOABUKHOTO 00BEKTA JIBUTAIOIIETOCS C YCKOpE-
HHUEM, C TOYHOCTBIO JI0 (ha3bl g i,

1 .
Ym(t) - ’Ym(at)exp(]glnt)s

r1e o — JOIUICPOBCKHI IapaMerp;
2
vV
Q=Q)———/l,li — CABAT MEJUINHOBCKUX YacTOT
CR(0)

00YCIIOBJICHHBIX YCKOPEHHEM 00BEKTa;

(), — UeHTpasbHas MEJUIMHOBCKAs YaCTOTa CUTHAIA,

C — CKOpOCTbh PaclpOCTPaHEHUS JIEKTPOMArHUTHBIX
KoJieOaHwMii B cpene,

R(0) — maganmpHOE paccTOSHHE MEKIY OOBEKTaMH.

Criextp MemrHa KOMITICKCHOM OTHOAOIICH COCTABIISICT
Y0+ Q)-exp(jolna).

OTKJIMK, W3MEPEHHBIA Ha BBIXOJE HECTAI[MOHAPHOTO
(GUIBTPa, COTIACOBAHHOTO C MEPEIaHHbIM CHTHAIIOM, T. €. HMe-
%
I01Iero KO3 PUIMEHT nepeadn Y, , 3aIHIIeTCs:

Km0, Q) = M7, (0+Q)- 50§ ()} =

, . 1 ®)
=1, (1) ®,, ().
rae ® — 3HaK orneparopa cBepTku MesunHa.

[Tox mymbTHUIUIMKATHBHOMN (THUTIEpOOINYECcKOi) QyHKITH-
eit HeonpeaenenHocTy (M®H) noHnmaeTcs MOAYIb OTKIMKU
B IUIOCKOCTH YacTOTa-BpeMs, TPUBEIEHHBIN B (opmyre (8)
1 HaOJOTaeMBIif Ha BBIXOZE MYJIBTHIUIMKAaTHBHOTO COTJIAcO-
BaHHOIO (GUIbTPa. B crily MHBapHaHTHOCTH MOJYJISl OTKIIMKA
HECTaIIOHAPHOTO (PHIIbTpa B IIIOCKOCTH (Z, {2) OTHOCHTEIBHO
cKaTus (PacHIMPEeHHUs), UMeeM
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[ (6, ) = | M7 7, (0+9) -7, ()] =
©

B

O, jolne d0
(5)- e =
t

[ Y (at) 7,
&

rae € — 0 — OeckoHeyHO Masiasi BeTHIrHa.
HecnoxHnoif 3aMmeHO# mepeMeHHBIX hopmyiy (9) MOKHO
NPUBECTH K CHMMETPUYHOMY BUJLY

1% Q. . Q
|Xm(tsQ)| 2% '[Ym(60+?)-ym(o)_5).elglnfdw
€

(10)

b

[ (o) 7y () - /e 9%
. ‘ a

7

Beipaxxenue (10) Mmoxer ObITh IPe0Opa3oBaHoO K BUIY

[ (1,)] =

Ym (exp(ln% +Ina))- y*m (exp(Ina.—In é)) -exp(jQIna) d_oc‘ =
, o
1D

7 ’ t * ’ t . ’ ’
=| [ ¥ (exp(a +5)) “Ym(eXp(a —5) -exp(jQa)do

—00

[Ipennonoxxum, dYTO KOMIUIEKCHBIE orumbatomtme y(f)
1 v (f) IMEIOT COOTBETCTBYIOIME MM TOXK/IECTBEHHbIE CIEK-
TpanbHble pynkuuun dypse u Memuza, T.e. Y(©) =¥, (®).
IIpu 5Tom ycnosuu curHany 7, (f) OyeT COOTBETCTBOBATh K-
BUBAJICHTHBIN curHan y(f) =y, (exp ¢) u, Ha060poT, curHay y(t)
OyZIET COOTBETCTBOBATH DKBHBAJICHTHBIM CHTHAN ¥, (¢) = y(In?).
Ipu cpaBaernn Gopmyn (5) u (11) BuaHO, UTO A7 SKBUBA-
JICHTHBIX CHTHAJIOB IMEET MECTO COOTBETCTBHUE:

Am (,2) = 1 (In2,Q)

(12)
Y (€XPE, Q) = (1,Q).

[lpupona MOTYYEHHOTO COOTBETCTBHS OOYCJIOBICHA
HAJIMYHEM OTOOPaKEHHBIX H30MOPGH3MOB MEXIY TPYIIIO
cneura G u rpynmoii cxarus G :

(13)

IIpu 3TOM YKa3aHHBIE OTOOPAKEHHS COXPAHSIOT IPYI-
noBble onepanuy. Ha 0cHOBaHMU MONTy4EHHBIX COOTBETCTBUMN
B popmynax (12) u (13) MOXKHO MOCTPOUTH IPOCTOH ANTOPUTM
BblunciieHuss MMOH, koTopelii IpecTaBIeH HUXKE.

L. IIpeobpaszoBanue curnamna: y(t) — y(exp #)

II. Beruncnenne mapabomudeckor (aqauTUBHON) (QyHK-
MU HEOIIPECICHHOCTH ISl IPEOOPa30BAHHOTO CHTHAJA U3-
BECTHBIMHU CIOCO0aMH JINOO MCIIOJB3Ys CYIIECTBYIOIINE Ta-
Ot [11-12].
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III. B mony4ennoit ®H ocymiecTBuTh peoOpa3oBaHme
aprymenTa: t — In ¢.

Jns mpumepa Berancanm M®H curnana ¢ runep6omu-
yeckoit UM Buna:

S, (t)=rect(In¢/T_)- cos(Q - In 7).

L. S(exp #) =rect(t/ T ) - cos(€).

II. Jlns mony4eHHOro CUrHala, MpeiCcTaBisoUIero He
YTO UHOE, KaK OTPE30K rapMOHUKH, mapadomuueckas OH us-
BECTHA U UMEET BUI:

a-11, sin(%n (1—|T’|))
[ (expt,Q)| = m m m

—T 1_7
5 I

m

(1—|1;t|)sin(g22T<(l '1;"))
1L |x,, Q)| = u = (14)
Qp I
2" T

Takum 00pa3zoMm, MyIBTHUIUIMKATHBHAs (YHKIHUS He-
OTIPEAETCHHOCTH UISl CIOKHOTO IIMPOKOIOJIOCHOTO CHI'HAJA
¢ I'UM onuceiBaercs BoipaxkenueM (14). MOH cayxut s
aHaJIM3a M CHHTE3a CUTHAJIOB, ONTHMAJbHO DPa3peIlaroiux
00BEKTHI IO CKOPOCTH M YCKOPEHHIO, a TaK e JUIs OLECHKU
TOYHOCTH M3MEPEHNUS JIaHHBIX [TapaMETPOB.

[pasuna (12) u (13) mMO3BONAIOT MEPEHECTH CBOMCTBA
€CTECTBECHHON (DYHKIIMH HEOIPEIEICHHOCTH HA MYJIBTHUILIH-
KaTUBHBIH cinydail. PaccmoTpuM ocHOBHbIE cBoiicTBa M®DH.

1. CuMMeTpust OTHOCUTENBHO Hadajla KOOPIUHAT

Yo (6,22) = xm(l ~Q).

2. HaunOonpmee 3nauenne M®H npunuMaer B Havaie
KOOpAMHAT

[ (2. < [, (0,0)| = =

3. CBoiicTBa maciiTada:

1
ecnu , (¢, £2) COOTBETCTBYET 7, (01), TO | —Am (t ) COOTBET-

|k
CTBYET ym(ak).

4. Tunepbonmueckas haza (Bpems):
ecim M®H y, (7, Q) cooteTcTByeT curnany v, (o), To MOH

%, (t,  + 2KIn ) cooTBeTcTBYET curnainy v, (o) - exp(—j Kin’a).

5. l'nnepOonuueckas ¢asza (4actora):
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ecam , (t, Q) cOOTBeTCTBYET 71y (), TO ¥, (1€, Q) cootsert-

crByeT Y()- et

6. luBapuaHnTHOCTh 0ObeMa: ecu , (£, Q) — M®PH, To

2 2

Vvmon = ,[ “Xm(f Q)| dQ |Xm(0 0| =

—00 &

CrenoBarenbHO, 0O0mIas TOTEHIMANbHAs TUNEPOOIH-
Yyeckasi HeOIlpeeJICeHHOCTh OJMHAKOBA ISl KJlacca CUTHAJIOB
C OJIMHAKOBOMW SHEpTHEH.

7. CBoiicTBO caMoTpaHC(hOopMaInn:

[Xom ,

1 77 2 _iQlnt _joln da.
— [ [t (0. Q)" e e/ dQ— =
21‘[ Xm b a

—00 &
T.¢. kBagpat moxynss MOH sBnsercs HHBApHAHTOM K IPeod-
pazoBanuio Oypre-MenHa

a,t

o () D (1,0)]

Q0

8. IlpaBWIIO YMHOKCHHSA:

Ecmm curmamy vy, () coorserctByer M®H y (¢, Q),
a ,,(t, £2) COOTBETCTBYET CUTHANY Y, ,(f), TO MPOU3BENEHHIO
curnanios vy, (f) = v,,(1) - v,,(t) coorserctByer MOH KkoTopas
3a/1a€TCsl CBEPTKOMI

Xm(t9Q) = J. Xml(t>Ql)'Xm2(t’Q_Ql)dQ b

AHAJIOTUYHO €CIH ¥y () = Y1 () - Y12 (), To cooTBeTCTBY-
rowas MOH onpeneinsercs cBepTkoi

< t dt
Xm(tag):_[Xml(‘C!Q)'XmZ(_’Q) .
. T T

9. M®H o6nangaer cBOHCTBOM OCTaBaThCs WHBAPHAHT-
HOH K cIeayroueMy npeoopa3oBaHUIO

-

k
det| "

21 22

t _tk” Lopse)

=y Int+k,Q

k12 _

Taxum obpazom, ecnm y, (£, ) ectb MOH coorBeTcTBY-
tomas curuany vy, (o), To x,(¢,, Q,) — Tax e M®H, Ho coor-
BETCTBYIOIIAS] CUTHAITY



% ) k
(@) =k | | d2exp(k, Qnoi— "2 )

i . k dx
xj v, (x)exp(—jIn x(Q— ﬁ Inx)) —~

11

Cama M®H y (¢, ©,) MOKET OBITH MOJTyYeHa TTOCIIENO-
BaTeJILHBIM UCIIOIb30BaHUEM CBOKMCTB 3, 4, 5. CrieqqoBaTeibHO,
ecnuy, (o) COOTBETCTBYET ¥, (¢,€2), To Z, (00) = ym(a)exp(jq(lna)z)
COOTBETCTBYET

1 i 1
— ", —(Q+2¢gIna)}.
|k|xm{ k( glno)}

Ecm ke Z(0) =M {Z,,(0)}, To M®H, KoTopast coOTBET-

~ ~ 7 2
CTByeT CHTHAITY CO criekTpoM Mermina V(o) = Z(w)e’*® , ects

LI R R LN P EAcy
|k| oa o

PaccMoTpuM iprMep MYJIBTUIUTUKATHBHOW (DYHKIMN He-
OIPE/ICTICHHOCTH CUI'HAJIa B BUJIE OTpE3Ka IHIepOoInyecKkon
TapMOHUKHI

S, () = 1,(2) - rect(In #/T )cos(Qn 7).
M®H B mutockocty (Ina, Q) 3anumnrercs:

Q

sin
( 2

TM(?»

Q ‘

1
Q) =—

Puc. 1. O61ast cTpyKTypa HEOIpeeIeHHOCTH 1JIs CUTHAIIA,
MIPE/ICTABIISIONIETO OTPE30K T'NIepO0ITNIEeCKON TapMOHUKH
B tutockoctH (Ina, Q)
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1-[t], npu |t <1,

e (O :< 0 npu |t| >1.

Bun M®H npusenen Ha puc. 1.

HopmupoBaHHbIE ceueHNS 3aITUITY TCS:

. Q
2sin(—7T
(2 m)

[ (0.9
[, (0,0)| ‘ Qr,

(@0 _ \ Ina

b, 00 7, "

m

IlocTosHHEBIC pa3peuicHus 110 AOIUICPOBCKOMY ITapaMe-
TPY U I10 4aCTOTE MemHa COOTBETCTBEHHO COCTABIISIIOT:

«< da
o ¢
flen@of “

Alho)=+———=—"1;
1, (0,0 3

[ [, (0,Q) d©
AQ =2 T
[, (0,00 3

IIpy OTCyTCTBMM ampUOpHBIX MJAaHHBIX pacHpesaese-
HUS TIApaMEeTPOB CHTHAJlAa U IOMEXH B YaCTOTHO-BPEMEH-
HOM 1ulockocTH kenarenbHyro @PH MOXHO npencTaBuTh
B BHAe (pyHKIMH, TIpuOIIIKaromeiics K o(¢, Q) — ¢yHKmn.
CpaBHUTENBHBII aHAIN3 TIO3BOJISIET TOHSTH MTPOLIEAYPY BBIOO-
pa nepegaBaeMoro CUrHaia.

C ¢Qusnyeckoll TOUKM 3pEHUs, HEOOXOOMMO IOIYep-
KHYTb, 4TO npu nocrpoenun M®OH noruiepoBckuii 3¢ dexr
OMNUCHIBaeTCs TOUHO, T.¢. MOH npumenunma ass aHanmsa mu-
poxononocHbIx curHainos. Kpome toro, B MOH yuuthiBaeTcs
JIONIOJIHUTENBHBIN TTapamMeTp, OOYyCIIOBICHHBIH YCKOPEHHUEM
HOCHTEJIs CUTHAIA.

YacToTHBIE KOPPEISIIMOHHBIE (YHKIIMK 0CO00 aKTyasb-
HBI TIPH HHPOPMALMOHHOM 0OMEHE MEeX/y a0OHEHTaMH, JIBH-
KYIIUMHUCS ¢ OOIBIIUMHU CKOPOCTSIMHU, HAIIPUMED, B CHCTEMaX
CIIyTHUKOBBIN PAJHOCBSI3H, @ BBIUTPHIII B KAYECTBE ONPEeIIs-
€TCs YMCIIOM CHMBOJIOB ITOCJIEIOBATEIILHOCTH M UX B3aHMO-
KOPPEISILIMOHHBIMU CBONCTBAMU.

OntumanbHON GOPMOI KOPPEISIIIMOHHON (DYHKIMH CUT-
Hauia jyisi cucreM cBsizu ¢ PK® sipnsiercst 8-umnyibe. Kotopsrii
MMEET y3KUil IEeHTPaIbHBINA UK U Majble OOKOBBIE JICTIECTKH,
pacIpezielieHHbIe PaBHOMEPHO BO BPEMEHH.

Pazpematorast ciocoOHOCTh CUTHAJIOB B 4aCTOTHO-BpE-
MEHHOM INIOCKOCTH OIPEIEISETCS 00IaCcThIO X BEICOKOH KOP-
pesanuy 1o 3TUM napametpam [11].
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AHaHOFI/I‘IHyIO OL€HKY MOKHO BBITIOJTHUTH B CTICKTPAJIb-
HOI o0iacTu CpaBHHUBas 3H€pr€TH‘I€CKHI7[ CIICKTP HCCIIeaye-
MOT'0 CUTHaJia CO CIICKTPOM S—I/IMHyJ'ILC&Z

F{d(t)} =1.

Hccrnexyem >HEPreTHYECKUH CIIEKTP MYIBTHILTHKATHB-
HOTO CHTHAJIa Ha ipeaMeT Onn3ocTa K enuHute [13]

S (1) =MD (=) = (1 -y,

e () — HavanbHas gactora (o(f) = Q/( — 1)); T = const;
y=const; 0<y<1.

IIpeobpasosanne Oypbe curnana S (f) onpeneuM uc-
MOJIb3ys TAOMUUHOE 3HaueHue [ 14]:

Sp(®)= T (jQ-y+1)x

(-- jy)n
x| e 2

. (Q+j’Y)TC
,(DJJwal —e 2

. (D_—jQ+y—l .e—mr

npu t > r;
§m(w):0, npn O<t<rt.

KoMmrnekcHO-CONPsKeHHBIN CEKTP MPUMET BUA:

5. (0)=—Jr(jQ-7+1)x

(Q+jy)n
x| 0 2

e
.m+j§2+y—l iy 2 o JO+y-1 .0t

npu t>r;

Spm(®)=0, npn O<t<r.

DHepreTHYecKri CIEKTp CHTHAIA OTPEIEISIeTCs TI0 popme
(0)=3,(0) 5, (0)= o)
=[P(Q=y 1) o T

Uccnenyem Beipaxenue (15) mpu pasmudsbix y = 0
y=12;y=1.
1. IIpu y = 0 Belpakenue (10) npumer Bumy:
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R(0)=5,(0)-5, (o) =[F(jQ+1)[ -|o] >

HWcnone3ys Beipaskenne ['(x + 1) = xI'(x), momyuum:

R(o) =[(2)(]rGOf 5 = E o 16

sh(nQY)
2. Tlpu y = 1/2, Beipakenue (15) umeer Bua:

2

R(m)z‘l"(j£2+%j

3. IIpu vy = 1, Beipaskenwue (15) npuHIMaET BUIY:

|2 T

R(©)=(GO =55 ey

(18)

W3BecTHO, 4TO

£119) -nQ mQ —nQ
€ —¢ s ch(TcQ):e

sh(nQ) = 5

B ycioBusx 6ospmmx 3Ha4eHUSAX i Tunepoonnye-
ckux (yHKu#, Beipaxkenus (16)+(18) mpumyT Bum:

2n 1

1. y=0GR(®)=——; 19
Y (o) s (19)
| 1
2. V=73R(0)= o ol (20)
27
3 y=LR(0)=—2_. 21
Y (o) 0@ 1)

W3 ananu3a KOTOPBIX BUAHO, YTO MpH ¥ = 1 3HepreTuye-
CKHUI CIIEKTpP MCCIIElyeMOro CUrHajla COOTBETCTBYET CIIEKTPY
O-(pyHKIMM U ONTHMAIbHOM MOAENBI0 KaHAJIbHOTO CHUTHAsA
SIBISIETCSI MYJIBTUIUTMKATHBHBIA CUTHAN BUJIA!

S(1)= rect(%)%, (22)

DHepPreTHYecKuii CIEKTP peajbHBIX CUTHAJOB (KOHEY-
HOW JNTMTENHFHOCTH) OTpaHWdeH Tonocoir Am. CIeKTphl y3-
KOnoNocHbIX UM CHUTHAJIOB MOTYT MPUOIMKEHHO CUHUTATHCS
OrpaHMYCHHBIMH TIpeJiesIaMi W3MEHEHHsI MTHOBEHHOH 4acTo-
ThI, HO C POCTOM IIUPHUHBI MOJIOCHI CHEKTpa OmMOKa CTaHo-
BUTHCS IPOU3BOJILHO MAJIOW BEJIUYHUHOM.

IIpu y = 1 ans curHana KOHEYHOW JAIMTEIBHOCTH BBIpa-
xerne (16) mprodbpeTaer BUA:

(23)

R(w) =rect[m_®0]'2—7t

2-Aw ) Q™



AsrokoppemsunonHas Gy (AK®D) BepakeHHS
(23) mpuHUMaeT BUI:

R(5) = (o) - 2202

[pu 3ToM Moxyme AK® ompeznensiercst BeIpaxeHueM (24)

2sin(Aw-1)
R(t)=2222"0 (24)
| (T)| Q _enQ .7

W3 anmamms3a BeIpakeHUs (24) ciemyeT, 9TO OCHOBHAS
YacTh OTKJIMKA OrpaHHYeHa TOYKaMH A®‘? = 7, a dIeMEeHT
paspereHus o BpeMeHH PaBeH:

2n
At)=—,
(0) o

U ompeaernsieTcs mojaocoir @ypbe cCUrHaia.

st cimydaes korna y = 0 u y = 1/2 BujiHO, 4TO BpeMeH-
HOE paspelleHHe yMeHbIIaeTcs. AMIUIMTyIa orudaromen
CIIEKTPOB CNajaeT 110 3aKOHY, COOTBETCTBEHHO, 1/ u 1/lol
Orwub6aromue (19) u (20) MOXKHO € IOCTAaTOYHOH CTENEHBIO JI0-
CTOBEPHOCTH alMPOKCUMHIPOBATh (PyHKIIHEH:

0-wy ) 21

rect ,
2A® ) e™

(25)

e A®' BpIGupaercs c YCJIOBHEM PaBEHCTBA IUIOIIAJEH 1OJ
¢byHKIMAME (25) ¥ OTpaHUYEHHBIMH B TTOJIOCE A® QYHKITUIMA
(19) u (20). IIpu Aw' < Aw, A'(t) > A(t), T.e. paspelnaroimas
CHOCOOHOCTH yMeHbIIaeTcs. TakuM 00pa3oM, HawIydiiee
paspeleHune 1Mo 0cu BpeMEHH COOTBETCTBYET CUTHAITY MPU
vy = 1, mpuBeeHHOMY B BBIpayKeHUH (22).

Paspemarormasi ciocoOHOCTb MYJIBTUIUIMKATUBHBIX CHT-
HaJIOB MO JAJBHOCTH OOpaTHO MPOMOPIOHAIBHA IOJIOCE

2r
Dypre A(t) = o’ a pa3penraroias CloCOOHOCTB IO CKOPOCTH
®

00paTHO MPOTOPIIMOHANIBHA MMOT0CON MerutnHa curaaia AL

A(lna) = z—g

B cuiny HeMHBapuaHTHOCTH CHEKTpa MesiuHa CUTHa-
Jla OTHOCHTEJILHO MPeoOpa30oBaHMil CIBHTA, IIMPHHA CIICKTPa
MennrHa U3MEHsIETCs C TIOSBIICHHUEM 3a/IP’KKH Hauaia CUTHa-
Jla OTHOCUTENBHO Hayajia ero orcyera. J{is onpezenenus 3Ton
3aBHCHMOCTH OIICHUM IIHPUHY CHeKkTpa MeumHa CHTHala
JUTUTETBHOCTEIO T ¢ MIPSIMOYTONBHOM ormbaromeii. Tak kak He-
CyIIasl 9acToTa He HeceT HH(pOpMAIK 0 POpMe CIICKTpa, CUT-
HaJI OTIPENIENSIETCS BBIPAKEHUEM:
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T
t———1

S(t) = rect % ) (26)

B npenmonokenuu, 4To Ha4auo oTcyeTa CUrHaja 3aduk-
CHPOBAHO, a TapaMeTp CIBHUIa Hadajla CUTHaJa OTHOCHTEIIBHO
HayvaJsa ero oTcuéra T u3MeHseTcs1, npeodpaszoBanue MeutiHa
curHaina (26) samumercs:

T
t-——1

M{S(;)}:Treet 2 |
o T

iQl T oy dt
xeMdnt= [ 70—,
t

T

IIpomsBenem 3amMeHy IepeMeHHBIX In ¢ = z, ToTHa!

T+t

M{S(t—1)} = I /¥ dz =

_ jLQ[ejQIn(TJrr) _ /oy

OnpenenyM sHepreTHUecKuil criektp MeinHa:

|M{S(t - =§ 1—[cos(an(T ”))}

T
:isin(gln(T—H)j.
Q 2 T

2

C Y4Y€TOM, TOI'0, YTO OCHOBHAsA 4aCTb SHECPTECTHUCCKOTO

Q. T+=
CIICKTpa 3aKJII0YCHA B MUHTCPBAJIC (E 11’1(

)) =*m  momoca

MennuHa paBHa:

4n
AQ=—r— 27)

ln(T +‘E)

a DNIEMEHT pa3pelieHusi MO JIOIUIEPOBCKOMY IapaMeTpy
COCTABHT:

Aln ) :Z—gzém(T i

)- (28)

Amnanu3 BeipakeHuid (27) u (28) MO3BONSIIOT OOBSICHUTH
CBSI3b MHBAPUAHTHBIX CBOMCTB MYJIBTHUIUIMKATHBHBIX CHUTHa-
JIOB CO CIBUIOM HX Hadaja OTHOCHUTEJIBHO Hadaja OTcueTa
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W OIICHUTh WHBAPHAHTHBIC CBOWCTBA MYJIBTHILTMKATHBHBIX
CHUTHAJIOB B 3aBUCHMOCTH OT BBIOMPAEMbIX [IAPAMETPOB.

N3omopdu3M aJTATHBHBIX U MYJIbTUILUTUKATUBHBIX TIpE-
00pa30BaHMil TMO3BOJISIFOT BOCIIOJIB30BATHCS  aIUTUBHBIMU
METOIAaMH OLICHKH MMOMEXOYCTOWYUBOCTH ISl MYJBTUILIAKA-
THUBHBIX MTPaBUII 00PaOOTKH.

UzBectHO, uTo OCII Ha BRIXOZIE U BXOJE HICATHHOTO KOP-
pessitopa (coracoBaHHOTO (DUIBTPA) MPSMO MPOMOPIHOHAb-
HO KOPHIO KBaJJpaTHOMY 0a3bl CHTHaIA (IIPOM3BEICHUE TOIOCHI
®ypbe curnasia W Ha ero aJyIuTHBHYO JUTUTENBEHOCTH 1) [15]:

g—;(out) = z—;(in) ~NWT.

BrlpaskeHue Ui MakCUMyM OTHOAIOIIEi OTKIIMKA KOp-
pesaTopa UMEET BUJ:

W T
‘<Gm\ll>max _ Sln r;mB 29
2| W, LB | %)
2

e Wm — LIMPHHA IOJOCHI CIICKTPa Memmna curHalia,

t
T =ln+ —
!

n

MYJIBTUIIIINKATUBHAsA  UIMTEIBHOCTH
CUTHaja,
tk, tn — BpEeMs KOHIIA M Hadajla CUTHaJIa COOTBETCTBCHHO,

[} — mapameTp, XapakTepH3yOLHii pajuaibHOe yCKope-
HHE 00bEeKTa
Amnanu3 BelpakeHHs (29) moxas3bIBaeT, 4TO €CIM 3Haye-

nue W, -T, -p MEHbIIE eUHULBI, TO OCNIA0IEHHE BBIXOAHO-
rO CUT'Hajla He npeBblmaet 2 ab.
B cayuae

W,-T,-p>>1 MaKCUMalIbHbIi BBIXOZHOU

curuan nponopuuonanen (W,, -T,, ~B)’1 :

1
2E w,.T.B

IIpn ycnoBum, 4To MOMeXa Ha BXOJE MPEACTABISIET CO-
001t GenbIii IIyM B MYJIBTHIUIMKATHBHOM MacIiTabe apryMeH-
Ta C MJCANBHBIM TIPAMOYTOIBHBIM CHEKTpOM MmHupuHOd W
Y EHTPATLHON MYJIBTUIIMKATUBHON YacTOTOM (), MakchMy-
Mma OCII Ha BbIXOzle KOppeIIATOpa 3aMUILIETCS:

54

2
m out max Nm
BT
_ 2
W, T, ETANE 0,
2

e Nm — CIICKTpaJIbHaA IJIOTHOCTH MyJ'ILTHHJ'IPIKaTHBHOﬁ Io-

MCXH Ha BXOJIEC,
2
(¢} — JUCIepCUsl MYJIbTUIINIMKATUBHOIO CHUTHAJIA Ha

mc

BXOJIE;
2 v
G, AMCTIEPCHS MYNIBTHILTHKATHBHOM [IOMEXH Ha BXOZE;

2
0 . :Gmc

min 2
Sun

— OCII Ha BX0/1€ 110 MOIITHOCTH.

[Tpn n3menennn napamerpa §, MOKHO MOJTYYUTH OLEH-
KM 3Ha4eHUH Ha BbIXoze Koppeisttopa. Ha puc. 2 npuBeneHs
rpauKy 3aBUCHUMOCTH BBIMIPBIIIA B MOMEXOYCTOHUMBOCTH
MYJIBTUIUTIKATHBHOTO COTIIACOBAHHOTO (IIIBTPA

Si TCWmeB ?
em out 2
mowt —w T | —
9m in " T[WimeB
2
(ﬂB)v Qm on/] Qm in
50
10
40
10-4
307
20 107
102
10|
>
0 | | | I | | |
1 2 3 4 5 6 71 I1gW,T,)

Puc. 2. Beiurpsiin Ha BBIXOJIE MYJIBTUIUIMKATUBHOTO
COITIACOBAaHHOTO (DHIIBTPA TIPH HAMYUH JOTUIEPOBCKOW AUCTIEPCHU



ot Benmanubl W T mipw pasnnanbix 3Hadenusx . Korma =0
(OTCYyTCTBYET YCKOpEHHE) BBIMIPHIII SIBISACTCS JMHEHHOU
GyHKIMEH Tpou3BeseHUs MYJIBTHIUIMKATUBHON JUTUTENBHO-
CTH Ha IMPHUHY T0JI0CkI criekTpa Memmna W .
IlpuBeneHHblli MaTeMaTUYECKUN anmapar I[O03BOJIAET
OTIPEACINTh NMapaMeTPbl MYJIBTUIUIMKATUBHOTO CHUTHANA, MPU
KOTOPBIX 3(h(EeKTOM YCKOPEHHS OTHOCHTEIBHOTO IepeMelnie-
HUsI a0OHEHTOB MOXHO TpeHeOpedb. [l curHana c rumep-
0oJIMUeCcKOl YacTOTHOM MOIYINSIMEH Mepa paspelieHus: Mo
4acToOTe paBHa:
V2t

Qu=0 ,
M R(0)

TIE 1y = 4/1,1;, — CPEAHEr€OMETPUICCKOE BPEMS CHIHAIA,

V — oTHOCHTENbHASI CKOPOCTH PAJANAILHOTO NIepeMelnie-
HHSI aDOHEHTOB;

R(0) — paccrosinue mMexay aOOHEHTaMU B HAYaJIbHBIN
MOMEHT BPEMEHH;

C — CKOpOCTh PAaCHpPOCTPAHCHHS IIEKTPOMATHUTHBIX
KoJICOQHMIA.

OrieMeHT paspelieHus Mo vacTtote paseH 2m/T , Torna
o0acTh apaMeTpoB CUTHAlIA, IPU KOTOPBIX 3((PEeKT ycKope-
HUSI MOJKHO HE YUHUTBIBATh, 337a€TCSI HEPABCHCTBOM:

Qr, V4,
2n C-R(0)

<1

b

C ydeToM TOro, 4TO MOJIOCa OTPe3Ka THIEePOOTHUIECKOM
TapMOHHUKH OTIPE/ICISIETCS KaK

QA1 QA1 oAt
6t 1l

Av=0,-0, =

n >

e Wy = /®,®, — CPEIHEreOMETPUIECKast YACTOTA CHIHA-

Ja, (Dn, (Dk — HavaJIbHasg W KOHE€YHAas I'paHUIla YaCTOTHOTO HO-
CUTCJIL CUTHAJIA, YCJIIOBHUC TPUMET BU/:

2
At
V @y <1

_ 30
"mCRO) Ao (0

>

e n,, = — YHUCITO THITEePOOTIMIECKUX TTEPUOIOB.

2n
Ecnu oTpe3ok ToHa MOKHO TPEACTABUTh KaK KOPOTKHIMA
rUepOOTMUCCKUIN CUTHAJ, TO COOTHOIIICHUE HEOMPEICIICHHO-
CTH JIJI1 TOHAJIbHO—UMITYJIbCcHOTO curHana (30) mpu AtAw = 3,
3aIUIIEeTCsl B BUIC HEPABEHCTBA!

an2 n, At

+

C-R(0) 3

B
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oAt
a a1 OTpGSKa TOHA nm: I’I+, n+ = HOquI/IM
LRSI S G U
3CRO) 3 CRO) o @1

Ecmu ycnosue (31) napymraercs, TpeOyeTcs BBINOIHATh
pacuIbTPOBKY CHTHaja 10 MEJUIMHOBCKOM YacToTe aHajo-
TMYHO TOMY, KaKk 3TO JeJaeTcs Npu OOHapy)KEHHH CHUTrHAa
C HEU3BECTHBIM JIOINIEPOBCKUM MapaMeTpOM B aJUTHBHOM
cirydae.

Jist otieHKH 3 (HEKTHBHOCTH TPUMEHEHMSI curHana (22)
IIPOBEICHO YUCICHHOE MoJienpoBanue B cpene MathCad, pe-
3yJIBTaThl MOJICITMPOBAHNS MIPECTABICHBI HA PUCYHKAX.

Bpemennas nuarpamma nepefasaemoro fl, curnana (22)
npencTaBieHa Ha puc. 3—6, rme |clj| — ero aMIUTUTYIHbIH
ol — (ha30BBIif CIIEKTPHI.

YnciieHHBIN SKCIIEPUMEHT ITOKa3aJI, YTO aBTOKOPPEIISLIH-
oHHast (PYHKIMS CHTHAJIA C TapaMeTpaMu

N=2"®=900-10% Q=10

HMMeeT UroNbyaTyro popmy (puc. 3), a 3IeMeHT pa3penieHus 110
T nopsimka ~107° (puc. 4).

Pesynbrar kBaspaTypHOH KOPPEISIIMOHHONH 00paboTKH
R mpunumaemoro f, curnana, npeacTaBisrONIEro CyMMy CHI-
Hana fl, mogsepruyToro momsiepoBckolt aucrepcuu M aau-
TUBHOI'O IIyMa IpH Pas3IMYHbIX 3HAYCHHUAX OTHOCHUTEIHLHOM
panuanbHOW CKOPOCTH M OTHOIICHWH CHUTHAJ/IIYM Ha BXOJE
MIPUEMHUKA, IPEJICTABIIEH Ha pucC. 50, Ie |c j| — aMITIATYI-
HBII U o,— (ha30BBI CITEKTPEHI.

Ha puc. 5 nmpezacraBieHsl pe3ynbTraTbl YUCICHHOTO MOJIe-
JIMPOBAHMS JIS1 IOTIEPOBCKOH ANCTIEPCUH IIPH OTHOCHUTEITLHOM
panuanbHOM CKOPOCTH MEXIy NMepeAaTyuKoM U MPUEMHUKOM
V = 10° M/cex ¥ ajIMTHBHON MOMEXH B BHJE IIyMa, TPH OT-
HOIIICHHS CUTHAJA K ITyMy Ha BXozae npuemanka OCIL = 0,25.

Ha puc. 6 nmpezacTaBieHsl pe3yabTaThl YUCICHHOTO MOJIe-
JIMPOBAHMS ISl IOTUIEPOBCKON JNCIIEPCUEH TTPU OTHOCHTEIIb-
HOU paJiaIbHON CKOPOCTH MEXK/Ty TIepeAaTUMKOM U MPUEMHHU-
koM 7 = 10° M/ceK M aaIUTHBHON MOMEXH B BUJE IIyMa, HpH

oCHlI =0,15.

3aki04enue

Taxum 00pasoM, UccleJOBaHUs KOPPEISIMHOHHBIX (DYHK-
1IH#i CHTHATIOB C(OPMHUPOBAHHEIX 110 3aKoHy S(In(f—1)) - (1—1) ',
I7ie T = const, Hapamerp, ONpeAeIsIOLIHi 00beM aHcamoIst op-
TOTOHAJIBHBIX CHI'HAJIOB, ITOKA3aJId TIOBBIIICHHE TOMEXOYCTOI-
YUBOCTH CHCTEMBI CBSI3H 3a CYET YCTPAHEHHMS INOTEph CBS3aH-
HBIX C JOIUICPOBCKOM JHMCIIEPCUEH W YBEIUUYCHHE KOJMYECTBA
OJIHOBPEMEHHO Pa0OTAOIINX JIMHHUIA CBS3H 32 CYCT MAJIOro 3Ha-
YEHHS DIIEMEHTA Pa3PEIICHHS.
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& A
1x10° ; . ZE=MX) c=2ifl cl= Z(fl)
80 : T : T
i 60 S
e 40
[
4 20 " "M/\/\-
-1&103 ; 0 1 1 1 1
01 0.10001 010002 0.1000: . - acad " o
%5 ;
‘- - J
i . . 1111 .‘ﬁug]: cj:| d::lj : a.rg(clj} ) . .
ﬂxlﬂn' fl
R
0P -
a 1 1 <4 1 1 1 1
01 0.10001 0.10002 0.1000: s ol e i it
. i
]
w:=900-10" - uacrora sampmmmHan (L), Hamal? . HHCIO OTCHETOB Pe A3 Ll CHTHAIOB;

= 1|33 - YACTOTa MYyIETHINIHMEATHEHAA (Temep b oimrie cxan),

=01 - CABMI HAYANA CHIHATa Fl. OTHOCHTEIBRHO HAYAIA ero DTC‘IET&;

Tl =01 - cgpur Hagama curHana flj oTHOCHTEMEHO Hawana eT0 OTCUETA .

Puc. 3. ArokoppensuuonHas GpyHKuus MynbTHInKaTueHoro curnana (f, = f1,)

(7 (4]
ZE =fM(X) c=ZIf] c1=Zlf1
20t 7 : T
b Pyt LA
o agt P o A it o
7 :
L w0t .
Isl :
5a0°! 1
f i
= hﬂﬂ%ﬂﬂl mmloma 0.10;]003 0‘1DI000!- 0.100( Dﬂ 200 400
% ol - i)
& = ogle) Pl = egol)
810t - : : T . -
a1c 2 |
,- il
R eadth : -*—1{ ll h |l Hmr” |li_i.lh |||| I'I|
® I | = Tl ey
a1t ‘ -2
l 12
ofb0001 01000012 01000014 01000016  0.1000013 i
x i
6
;=900 10" - uacrora agmemumHaz (I 1j); N:= 21[] - WMCTIO OTCHETOB e A3 alpit CHTHATIOB,

1= 103 - MACTOTA MYJh THINHMKATHBHAA (THITep b omre cxas),

T=01 -cAeurHaYana cHTHATA fi OTHOCHTENBHO HAYANla ero OTCHETa,

1 :=0.10000111111 - cgpwr Havana curHana flj oTHocHTer®HO Hauana ero oTcuéTa.

Puc. 4. @yHKIMS B3aMMHON KOPPEJISALUN MyIbTUITUKATUBHBIX curHanos f, u f1,
pH 7 # 7,, 03 MoMex (3 TIPE/ICIIOM Pa3penIeHus )
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20 = ﬁ; o= Z[;) cl = Z(;l))

8x10°%,
6x1
Il
EI«M
2x1
3tl I 2|;Jll . 4|I:I:I 60
= arg( ) o1, = a.rg(cij) ]

"'ITU T T

R— o A

offoor ooz 010003 o omoor Yo 200 w00 600
x i
6
@:=900-10" - wacrora agmureeHan (T'L); N2l WHMETIO OTCHETOR PeamMIalil CHTHATOR,
= 103 - HaCTOTa MyTLTIINMKaTYBHAT (Timepbomenteckad), 1:=0.1 - cApur Hauana curHana f; OTHOCHTENBHO HAYATA €T OTCUETA;
OCIL =025 - OTHOIIeHHe CHTHAI/TIYM, Tl =01 - capur Hawama curHana flj orHocHTeNsHO Hauana ero oTcuéTa.

Puc. 5. Pesynbrar kBajiparypHoOil KoppensauonHoi 06paboTku npuaumaemoro curnana f, npu OCII = 0,25 u V= 10°m/cex

Z =M c=2lf) o=zl

1x10* T T T
S5x10
5
fl; g
- 5x107
=5 4 1 1 1 Ty ik T
#0001 0.100002 0.100003 0.100004 200 400 '
Xi i J
axg[cJ) Pl = argl:cl )
610" . . r 45 .
R -
L 1
o.booo1 10000 ; ; =X 200 400 )
x i
= 900 - 105 - : 10 . o
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ABSTRACT

Object of research broadband signals in radio communication
systems. Subject: study of correlation properties of a new class of
broadband signals. Aim is to justify the choice of method and sig-
nal processing to ensure maximum response coordinated the filter
at high values of the relative radial velocity between the transmit-
ter and receiver and significantly exceeding the noise level above

the level of the signal at the input of the receiver. In the analysed
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avtokorreljacionnye and mutual correlation functions define the
scope of the use of signals from an ensemble. In the time-frequency
plane time and frequency correlation functions form a surface called
a function of uncertainty, which is a measure of the ability of a tel-
ecommunications system to distinguish the signals taken by delay
and the relative radial velocity. Function of uncertainty imposed by

Woodward and found wide application in the analysis of signals,



according to the classification of the transformations of time corre-
sponds to the parabolicheskomu type. It is shown that under addi-
tive and multiplicative models transformation ability to speed reso-
lution is determined by the width of the stripe Mellin signal, which is
associated with the introduction of the delayed start of multiplicative
signal relative to the beginning of it. To identify the properties of
multiplicative correlation dependence of the signal (MS) from shift
relative to the start signal numerical modelling in MathCad Wednes-
day. Analysis of the results showed an increase in the noise immuni-
ty of communication systems by eliminating losses associated with
Doppler dispersion and reduces an item permissions allowing, in
turn, increase orthogonal ensemble signals and thereby increase
the number of simultaneous lines of communication. In the result of
numerical simulations obtained maximum contrast response agreed
to filter the relative radial velocity 10° m/s and additive noise inter-
ference when the SWAPS at the entrance of the receiver in the range
0.25-0.15.
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AHHOTALMA

B paborte paccmMoTpeH MepcrnekTBHbIA CMOcob opraHu3auuMn CeTU CBSI3U B YCNIOBUSIX
CIIOXKHON MOMEXOYCTOMYMBON OBCTAaHOBKM W OTCYTCTBUSI HA3eMHOMN WHPPACTPYKTYypbI.
OnepatuBHasi cucTema cBsi3u pa3paboTaHa ¢ MOMOLLbIO CAMOOPraHM3YIOLLLECst ceTu ¢ ap-
xutekTtypoit Ad-hoc Ha 6ase ctangapta WiMAX, npuyem onopHas ceTb CBsi3u opraHusoBaHa
B BUAE rPYNMUPOBKM MasiopasMepHbIX BeCnunoTHbIX fieTaTeslbHbIX annapatos. BHeceHbl
M3MeHEHUs1 B CyLLeCTBYIOWMI NpoTokon MapwpyTtusaummn AODYV, yto nossonuso pewuntsb
npobnemMbl, BO3HMKaOLWME MPU BbICTPOM M YaCTOM U3MEHeHWM Tornonorumn cetu. B ocHose
MeTofa NIEXMNT NMPUHLMUM peTpaHcsuum Tpaduka yepes banmxanmx cocefeit ans KaHana
C aAAUTMBHBIM 6enbIM raycCOBCKMM LLYMOM U BEPOSITHOCTbIO ownbku 107,
PaboTocnocobHOCTb CUCTEMbI MOATBEPXKAAETCS PacyeTom BlopykeTa JIMHWUM CBA3M BBEPX
M BHWU3 C NOMOLLBIO paspaboTaHHOro MporpaMMHoro obecreyeHus, KoTopoe obnervaer
nepecyeT Bcex MapaMeTpoOB MPWU apanTauuy CUCTeMbl K AWHAMUYECKM U3MEHSIOLWUMCS
yCnoBusiM okpyxatolen cpefbl. PacyeT napamMeTpoB 4aCTOTHO-TEPPUTOPUASIBHOMO Mia-
HWPOBaHUs NOKasasl, YTO OfAMH BECMUIOTHbIN JSleTaTesbHbIN annapaTt MoxeT obecneunsaTb
cBsizbto o 1000 HazeMHbIX aBOHEHTOB (POBOTOTEXHMYECKMX KOMIIEKCOB) B CBOEW 30He 06-
CNY>KMBaHWS, HaXOAACh NPU 3TOM Ha PaccTosHMM 3-9 KMTOMETPOB OT APYrux fieTaTesbHbIX
annapatoB, obecneyrBas yCTOMYNBOCTb K MUHTEPDEPEHLMOHHBIM MOMEXaM.

Takum obpasom, cosfaHue OMOPHON CUCTEMbI CBS3W Ha Gase BecnMNOTHbIX SleTaTenbHbIX
annapaTtoB sIBNSiETCA akTyasbHOW. [laHHOe TexHUYecKkoe pelleHne OT/InYaeTcs OT U3BEeCT-
HbIX CAMOOPraHM3YIOLLMXCS CUCTEM CBSI3U BO3MOXHOCTbIO peanusaummn Ha base manopas-

MepPHbIX 6ecnunoTHbIX NeTaTesibHbIX annapaTtosB pOCCI/II;ICKOFO npowunssoAcTea.

KJTKOYEBbIE CJTOBA: masiopa3mepHbIit 6ecrnuioTHbIN JleTaTenbHbIN annapar; onopHas ceTb
CBA3M; caMoopraHuaytoLascs cetb cBsasn Ad-hoc; npotokon mappyTtusauuu AODV, craH-

napt WiMAX; HazeMHbI1 po6OTOTEXHUYECKUI KOMTIIEKC.

Ansa uvtuposanus: Yeprosa O.I,, Yupoe []. C. MNocTpoeHne onopHOMN ceTu cBA3UN Ha Hase ManopasMepHbiX BECNUIOTHbIX eTaTesbHbIX ar-

napaToB C OTCYTCTBUEM Ha3zeMHOW UHbpacTpyKkTypbl // HaykoeMkme TexHoMormm B KOCMU4eckmx uccneposanmsix 3emnn. 2019. T. 11. N2 3.
C.60-71. doi: 10.24411/2409-5419-2018-10269
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BBenenue

HecmoTpst Ha BBICOKMH TEXHOJIOIMYECKHM yKiaz, co-
BpPEMEHHOE OOIIECTBO ITOJBEP)KCHO BIMSHUIO TEXHOT'CHHBIX
W MPHUPOIHBIX aBapuil M KaracTpod, B pe3ylibrare KOTOPBIX
HaOromaeTcss JAerpajainusi, BIUIOTh O IOJHOTO pa3pylle-
HUS THQPACTPYKTYPHI B palioHe aBapHH, B TOM YHCIE ceTeit
U CpeAcTB CBs3W. [10ATOMY TpW JMKBUIAIIMH TIOCIIEACTBUI
aBapuu (kaTtacTpo(bl) BO3HUKAET HEOOXOIMMOCTh OTIEPaTHB-
HOTO pa3BEePTHIBAHMS CHCTEM CBSI3H JUIsl 00ECIICYCHUS! CBS3BIO
CHEUHUANBHBIX cTyK0. OJJTHIM 13 BO3MOXKHBIX BApUAHTOB OIle-
PaTUBHOTO CO3/IaHMSI CETH CBA3HU SBIISAETCS OpPTraHU3aLns OTop-
HOHM ceTH Ha OeCHMIIOTHBIX JieTaTeNbHbIX ammaparax (BJIA).
3amadueil OMOPHOH CeTH ABISAETCSA ONepaTHBHAS 3aMeHa YHHUU-
TOXXCHHOW Ha3eMHOIN HH(PACTPYKTYPHI CBS3H.

MeTtoauka uccyie10BaHNA

Yame Bcero Jyisi 0oOeClEYEHHs CBS3bIO IOJB3YIOTCS
cpencrea YKB nuana3zona, HO MakCHMajbHOE paCCTOSHUE
paboTsl B 3TOM amarazone orpanudeHHo 10 xm [1]. st oGe-
CIICYCHUSI CBSI3H Ha OOIBIINE PACCTOSHUS TPeOyeTCs yBeInJe-
HHE 30HbI NOKpBITHA. B ciydae ¢ 6azoBeiMu crannusiMu (BC)
NPUIUIOCH OBl BBIHOCHTH MX aHTEHHBI Ha OOJBIIYIO BBICOTY,
YTO HAPYIIACT CKPHITHOCTh M HEU30E)KHO IPHUBJICKACT BHUMA-
HHUE TPOTUBHHKA C MOCICAYIOIINM OIHEBBIM TOPAKEHUEM HITH
(YHKIIMOHATEHBIM ITOIAaBICHUEM. AJBTEPHATUBHBIM CIIOCOOOM
peIICHNUS 3aa9u sIBIISICTCS OpraHu3anys cBsi3u Ha BJIA maio-
ro Kjlacca, KOTOPBIE HCIONB3YIOTCS B KauyeCTBE PETPAHCIIs-
TOPOB M 0a30BBIX CTAHIMM, HO PACIOIOKEHHBIX HE Ha 3eMIe,
a B Bozayxe. Mcnonb3oBanue manopazmepHbsix bJIA smecto BC
o0ecTieunBaeT:

— BBICOKYIO OTKa30yCTOHYMBOCTh. OmepaTWBHOE BOC-
CTAHOBJICHHE OTIOPHOM CETH 3a CYET 3aITycKa JIOTOIHUTEIb-
HBIX BJIA;

— BO3MO)XKHOCTh ONITUMAaJIBHOTO TIOKPBITHS 00CITyKHBae-
MOH TeppUTOpUU;

— BO3MOXHOCTh nepeMenienust bJIA B Bozayxe aJist no-
KPBITHS MAKCUMAITFHO BO3MOYKHOM TUTOIIAIH;

— OBICTpOE pa3BepPTHIBAHUE CETH;

— Bo3MOkHOCTh BJIA nerars Haj onpenenéHHbIM MOJ-
BW)KHBIM a0OHEHTOM, TEM CaMbIM IMOCTOSHHO 00ecHeYnBaTh
€ro COeTMHEHNE;

— yBeNWYEHHNE 30HBI 00CTyXIBaHUS 3a cuéT B3néTa BJIIA
Ha OOJIBIITYTO BEICOTY;

— OoJjiee HU3KAsk CTOMMOCTh TI0 CPABHEHUIO C Pa3BEPTHI-
BaHUEM Ha3eMHON HH(PACTPYKTYPHL.

—MacIITadupPyeMOCTh CETH B PEXKMME CAMOOPTaHU3AIINH.

OnHako opraHu3anys MOOWJIBHOM CBsi3u Ha BJIA 00y-
CJIOBJIEHA PSIIOM HEIOCTAaTKOB: HEOOXOMMMOCTBIO CO3/TaHUS
TYCTOH CeTH TOKPBITHS, KECTKasg (PUKCAIUS y3II0B M Maplil-
PYTOB, BO3MOXKHA HETIONHAs 30HA TOKPBITHS, 00sS3aTEIHHO
TUIOTHOE PACHOJIOKEHHE OCCIMIOTHUKOB M T.Jl. DTH HENO-
CTaTKM OTCYTCTBYIOT y CaMOOPTaHU3YIOIIUXCS CeTell CBA3M.

11.No. 3-2019, H&ES RESEARCH
RF TECHNOLOGY AND COMMUNICATION

OnHUM U3 THIIOB OECIIPOBOIHON CaMOOPTaHU3YIOUICHCS CeTH
SIBISIETCSI JISIIEHTpaIn30BaHHas ceTh cBsi3u Ad-hoc, xoropas
o01a1aeT BayKHBIM CBOMCTBOM — aJJallTHBHOCTBIO K OBICTpO-
MEHSIOIIEHCST 00CTaHOBKE.

[TocTpoeHune onopHOii ceTu CBsI3U Ha Oa3e Majopa3Mep-
HeIx BJIA Bo3MokHO ¢ momombsio Ad-hoc apxutextypsr (6ec-
TIPOBO/IHAS TMHAMHYECKas CETh MM OECIIPOBOIHAS CaMOoopra-
HU3YIOIIAsICS CETh, HE UMEIOIIas IOCTOSTHHOM CTPYKTYphI). Eé
UCIIONB3YIOT B CITy4asiX, KOrna MOOWIIBHBIE yCTPOWCTBA TpH-
HaJUIeXKaT pa3HbIM a0OHEHTaM W eIMHOE IIEHTPAIM30BaHHOE
yIpaBjieHue oTcyTcTByeT. KiimeHTckue ycTpoicTBa coeanHsi-
IOTCS «Ha JIETY», 00pasyst codoit ceTh. KaxpIii y3en ceTH mbl-
TaeTcs MepeciaTh JaHHbIC, TPEJHA3HAYCHHBIC APYTUM y3JIaM
[2]. TIpu »TOM oOmpeneneHne Toro, KaKoMy y3iy MepechliaTh
JIaHHBIC, TIPOU3BOAMTCS JMHAMUYECKH, HA OCHOBAHUM CBSI3-
HOCTH ceTu. D70 siBisieTcs oTianyueM Ad-hoc cetu ot mpo-
BOJIHBIX CETeil M yIpaBiisieMbIX OECIPOBOJHBIX CETel, B KO-
TOPBIX 3aJady YIpPaBJICHHUs MOTOKAMH JIAHHBIX BBIMOJIHSIOT
MapIIpyTH3aTops! (B MPOBOJHBIX CETSIX) WIJIM TOYKH JOCTYTIA
(B ynpaBisieMbIX OecIIpOBOIHBIX ceTsX). Kaxoe ycTpoiicTBo
Ad-hoc cetu siBrsieTcsl Kak aOOHCHTCKUM TEPMHHAIOM, TaK
1 MapuipyTH3aTOpOM.

[Tockonbky B Tpoliecce BBINOJIHEHHUS 3aJla4d OpraHu3a-
LIUN CBSI3H, ACHCTBYIOMINE Y3/IbI MOTYT OTKJIIOUAaThCS, @ HOBBIC
Y3JIBI TTOZIKITIOUAThCSI — TOTIOJIOTHS CETH MOJIBEPKEHA OBICTPHIM
1 4acTbIM M3MeHEeHUsIM. COOTBETCTBEHHO TAKUE )K€ N3MEHEHHS
MIPUCYTCTBYIOT B MapuIpyTax JOCTaBKH JaHHBIX 0T BJIA k abo-
HEHTY. DTO NPHUBOJAMUT K TOMY, YTO NPHMEHEHHE H3BECTHBIX
mpotoxoioB Mapuipytusannu (AODV, OLSR) nmpuBoauT k He-
BO3MO)KHOCTH OPTaHM3alNK CBSA3H IIPH 3/IallTalliK UX K padoTe
Ha Manopa3MmepHbIx BJIA B cranmapre WiMAX.

Crangapr WiIMAX no3BossieT padoTarh B JIFOOBIX YCIIO-
BUSIX, B TOM YHCJIE B YCIIOBUSIX INIOTHOM FOPOJCKON 3aCTPOIKH,
obecrieunBast OOJBIIYIO AaJBHOCTh CBSI3H, BHICOKOE KadeCTBO
CBSI3U M CKOPOCTH Tepeiauu JaHHbIX. CeTh M03BOJISIET MPEIo-
CTaBISATH yciayru TenedoHun, noctyna B MHTEpHET 1 mepe-
Jlaun JTaHHBIX 0€3 MCITOIb30BaHMUs KaOENbHBIX JIMHUN. Takxke
CeTh JAaeT BO3MOXKHOCTH OIEpaTopy IpH JajbHEHIIEM pocTe
yrcita abOHEHTOB PON3BOANTH MAacIITAOMPOBaHUE, HE 3aTpa-
YHUBast IPU ITOM OOJIBIIHNX CPencTB [3].

[Tepenaya aHHBIX B CAMOOPraHU3YIOIINXCS CETSX CBS3U
nocrpoeHa Ha IP-nporokosie, a JaHHbIE MapUIPyTU3UPYHOTCS
Ha ceteBoM ypoBHE Mozeru OSI [4]. Takoit moaxom HCITOIB3Y-
eTcsl B CaMOOPTaHM3YOLIUXCS CETSIX M MoJIaraeTest Ha 0coOble
nporokonsl Mapupytuzannu (AODV, OLSR, HWMP u npy-
rue). PemieHne o MpUMEHEHWH TOTO WJIM WHOTO ITPOTOKOJIA
MapUIpyTU3aIMY 3aBUCHUT OT YCIIOBUH PaOOThI y3JI0B JUIs KaxK-
JIOM KOHKpETHOM 3a7auu. J{Jis peneHus 3a1a4u opranu3anuu
cBs3u ¢ moMmonrsio BJIA 1enecoobpa3HO HCIOIB30BATh TPO-
rxonor AODV (Ad hoc On-Demand Distance Vector) [5-7],
nockonbky AODV paszpaboTtaH Uit CHIKEHUS 3a/iepiKeK
Ha Tepefavy YIpaBISIOMIMX COOOLICHWH, yITydIIeHHs Mac-
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MTa0MPYyEeMOCTH U TIPOU3BOAUTEIFHOCTH PaOOTHI CETH B Ce-
TSX PA3IMYHOIO pa3Mepa U IPeACTaBIsIeT cO00il KOMOMHALIMIO
JIByX TIPOTOKOJIOB: PEaKTUBHOTO U MIPOAKTHBHOTO, OT KOTOPOTO
OH HacleyeT KoHuenuuto hello-coobmennii. Otu ciryxeOHbIe
COOOIIEH s, PACCHITACMBIC Ha PACCTOSIHHE OJHOTO TPAaH3HT-
HOT'O y4acTKa, CIIy)KaT JJIs MOIIEPKaHHUs Y3JIOM aKTyallbHO-
IO CITHCKA CBOHMX COCEJICH, YTO MO3BOJISIET YCKOPUTH NPOLece
PACCBUIKH 3aIIPOCOB Ha IIOCTPOCHUE MapLIPyTa.

Jst moamepkki TpebyeMoro KauecTsa mepenayn cooo-
IICHUT TIPH PENICHUH MOCTABJICHHOW 3a]auH 1e7eco00pa3Ho
BHECTH B ITPOTOKOJI P m3MeHeHui [8—10]:

— BCE CIIy)KeOHBbIE IMAaKeThl HHKAICYJIUPYIOTCS HE B IIPO-
tokon UDP, a B mpOTOKOJI KaHAJILHOTO YPOBHS, UTO MO3BOJISI-
eT JIOKaJIN30BaTh 00JacTh, B KOTOPOIl MOTYT IOJIEIIBIBATHCS
azipeca OTIPABUTEINCH B COOOIICHUSIX;

— BBECTH MEXaHHM3M IepHoJudyeckoro obmeHa TalIiu-
[[aMH MapUIPYTH3AIMH, YTOOBI K 3HAHUSIM y3J1a O TOTOJIOTHH
CeTH J0OaBHUTH 3HAHUS €T0 COCENeH;

— BBECTH J[Ba IIOPSIKOBBIX HOMEpA: JUIsl HCTOYHHKA M IS
ajipecara, 4To IO3BOJIUT OTCJICKUBATh HOBU3HY MH(OPMAIIUH
0 TOTOJIOTHH CETH IPH UCIONB30BAHUH MapLIPyTa OT aapeca-
Ta K UCTOYHHUKY;

— BBECTHU MCXAaHHU3M 6BICTpOFO BOCCTAHOBJICHUA MapIi-
PYTOB B Clly4ae HapyLICHHs OJHOW M3 IPOMEKYTOUHBIX CBS-
3eif, IPU 3TOM MHOTOKPATHO COKPATUTCS BpeMsI Ha BOCCTaHOB-
JICHHE HAPYIICHHOTO MapLIpyTa, a TAKKE YMEHBIIHUTCS 00bEM
TpaduKa, IepeaBaeMoro Mo CeTH JJisl BOCCTaHOBICHUS Hapy-
IIEHHOTO MapIIpyTa.

EMJI, T T1.N°® 3-2019

JlaHHBIC M3MEHEHUsI MO3BOJIAT OCYIIECTBISTH Iepesa-
qy Tpaduka ¢ TpeOyeMbIM Kaue€CTBOM B paMKax CTaHIapTa
WiMAX.

Crioco0 npumenenus Texnoxornu Ad-hoc aist nocrpoe-
HUs OIIOPHOM CETH CBSI3U C UCIIOJIb30BAHUEM MAJIOPA3MEPHBIX
BJIA 3akmiouaercsa B cienyromeM. CymiecTByeT HECKOIBKO
a00HEHTOB (I KOHKPETHOTO MTPUMEpa B KaueCcTBE aOOHEHTOB
paccmarpuBaeM Ha3eMHBIE POOOTOTEXHHYECKHE KOMILUICKCHI
(HPTK)) B ycioBHSIX JMHAMHYECKH H3MEHSIOIICHCS OKpY-
JKaIOIeH Cpesibl C OTCYTCTBHEM Ha3eMHOI MH(PACTPYKTYPBL.
HPTK HeoOxomnMo OpraHu30BBIBaTH B €IMHYIO pPOOOTOTEX-
HUYECKYIO CUCTEMY, CKOOPIMHHUPOBAHHYIO 10 LIENSM U 3aj1a-
gam. [l obecnieuenns cBs3u Hag Humu jtetaeT BJIA (puc. 1).
Ha 6opty BJIA pa3memiaercs aBa mpuéma-repeaaroniiux Mo-
aynst (ITIIM), onue uist obecnieuenust csizu bJIA-BJIA (nyn-
KTUpHasl JINHHS), BTOPOH, padOTaIOMIMi Ha JIPyroil 4acroTe
U C Ipyroil MOIIHOCTHI0, AJist oOecrniedenus csizu bJIA-HPTK
(KpyraM# OTMEYEHBI 30HBI IIOKPBITHSA).

CTOUT OTMETHTH, 9TO CB3b Mexny BJIA HeoOxommmo
peanu3oBaTh Ha OCHOBE IIPOTOKOJIOB T€OMapLIPyTHU3AIHH.
leomapipyTuzanusi mojpasymMeBaeT Iepeiady AaHHbBIX JUIs
TPYIIIBI TOJTy4aresiel B CeTH, HACHTH(UINPYSCH 110 UX reorpa-
(urueckoMy MecTOnoNoKeHNn0. OCHOBHBIM IIPEUMYILECTBOM
MIPOTOKOJIOB TAKOTO THIA SIBISICTCS OTCYTCTBHE HEOOXOMIH-
MOCTH B XPaHEHHH MapLIpyTHOW MH(pOPMAalUHM Ha TPaH3WUT-
HBIX y3J1aX CETH M BO3MOXXHOCTh ONTHMH3ALUH MapLIPyTOB,
C Yy4eTOM TeKyIIeH MH(pOpMAlMH O MECTOIOJIOKEHUH Y3JIOB.
Jist TOCTpOeHNMST ONTHMAITBHBIX MapIIPYTOB, TPOTOKOJIBI T€0-

Puc. 1. Cxema opranuszauuu onopHoit Ad-hoc cetu cBsizu Ha 6a3e MasiopasMepHbix BJTA
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MapIIPYTH3AIUH HCTIONB3YIOT TEKYIIHE TeOMpPOCTPAHCTBEH-
HbI€ JaHHBIe O nosiokeHuH BJIA B onopHO# ceTu, NoTy4YeHHbIE
0T OOpPTOBBIX HABHTAIIMOHHBIX CUCTEM (HAIlpUMEp, ammapary-
PBI CITyTHUKOBOM HaBuranuu «I jjoHacc»).

PaccmorpuM  BO3MOXHOCTH OIIOPHOMU
Ad-hoc cetn Ha ocHOBe 6a30Bo¥ cranumu Airdgp craHmap-
ta IEEE802.16e ¢ woHpwurypamumeir anteHHsl Tuma MIMO

N BO3MOXHOCTBKO aBTOMaTH4YC€CKOI'O BBI60pa MOAYJISIUUN.

OpraHu3aluu

[IpenmymectBo ncnonb3oBanus cranaapra WIMAX sBisiercst
€ro ajianTaiys K BHEIIHUM ITOMeXaM, T.€. CUCTeMa MOXET Mpo-
TpPaMMHO TOZICTPANBAThCA K TEKYIM XapaKTepHUCTHUKAM KaHa-
na cBs3u. [Ipu HI3KOM ypOBHE IOMEX CHCTeMa OyIeT HCIIOMTb30-
BaTh MoAyIsIii0 QAM-64 1 BBICOKYIO CKOPOCTH CBEPTOYHOTO
KOAMPOBAHUSI, YTO 00CCIIEUUT MaKCHMAITFHYIO CKOPOCTB TIepe-

Vol. 11. No. 3-2019, H&ES RESEARCF:
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nmaan qaHHbX [11, 12]. [Ipu BeIcokoM ypoBHE ToMeX OyZeT uc-
nosie30Barhest Moay Lo QPSK npu Gonee Hu3Koi ckopocTn
KOJIMPOBAHUSI U TIPU MEHBIIICH CKOPOCTH IepeIauu JaHHBIX.

Takyro cucreMy BO3MOXKHO peaji30BaTh Ha Maliopas-
MepHbIXx BJIA tuma «Opnan-10», «Jleep-3», «IItepo-CMy,
«Bopon-300», «Henk-B6» u T.1. TexHuueckne XapakTepu-
CTHKH KOTOPBIX TIO3BOJISTIOT Pa3MECTHTDh Ha OOPTY yKa3aHHYIO
6azoByro cranmuto [13].

JIyist olIeHKHM peann3yeMOCTH MPEACTABICHHOTO CIIoco0a
OBLT MPOBEJICH PacueT OFOKETa JTMHUU CBSI3U BBEPX U BHH3
o (opmyste (1) OTHOCUTEIBHO MOIIHOCTHU MEPEAaHHOIO CHI-
Hauna [13], KoTopHIit MoKa3ai, 4To CUTHAI Oy/IeT mepeaaBaThCs
C 33/IaHHBIM Ka9eCTBOM U TIOCTOSTHHOM CKOpOCTh V=75 Mout/c
B JIFO00IA, TaXe CIOKHOU TTOMEXOYCTOHYNBON OOCTaHOBKE.

4 BERFigure [E=SEen ===
File Edit Tools Window ]
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Hamming
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Reed-Solomon
s Convolutional
| = General
w
w
]
108t : . i =, . . .
1] 2 4 6 8 10 14 16 18
EDINO (dB)
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File Edit Tools Window
PR T 1=

PSK

Hamming
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s Convolutional
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Puc. 2. Kpuble 1OMeX0yCTOHYUBOCTH JUIsl Pa3HBIX TUIIOB MOJYJISILIUA
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PAOVOTEXHUKA 1 CBA3b

P =Ky~ Gyt Lotk 4V, (1)

pd

e K — Tpedyemoe otHomenue curnan/mym (OCI) msa
CBEPTOYHOTO KOJIMPOBAHHS C BEPOSTHOCTHIO OmmOku 107°
(puc. 2), 3aBucsiiee OT KpaTHOCTH MoAyisauuu u npu QAM

64 K, = 32,882 nb;

G om —— YCHJICHHE npuHuMaromied anteHHsl, y HPTK

G,, = 15 abwu, 4TO COOTBETCTBYET yCHICHHIO AHTCHHbI COBPE-
MEHHOTO aBTOMOOWIIS;

Ly — cymMapHbie TOTEpH, BIHSIONINE HA KaHAI, NPH
pacueTe Opajuch HAMXY/IIINUE YCAOBHUs (BBIMAICHUE OCAIKOB)

LZ = 85,533 nb;

64

Hauasno

BBOJ1 4aCcTOTHOTO

JiHamnasoHa

AF, cxeMmbl

MOJYJIALIHH, YCHICHUSA
NPHHHMAKOLIEH AHTEHHBI
Gnip, BBICOTA, Ha
koTopoii neraer bJIA d

Y

Kc»'ul.rpcﬁ = Kc,-'m o @ vk IOlgB

i

)J
Il

c/f

i

L= (4n

d)/Ar2

X

Pra = Kefwrpe6 - G + L +ke+V

A

Brisost Tpedyemoro

OTHOIICHHA

CHTHAL/TITYM

Kewrped, Jumnbl BOIHBI

A, IOTEPD B

CBODOJHOM

npocTpaHcTie Ls,
MOIIHOCTH TIepeIaTuHKa
Prin

Puc. 3. Anroput™ paGoTsI IporpaMMbI



k, = —228,6 n1b*B1/(I'1*K) — moctosnnas bonbimana;

V' — mmpuHa KaHala MPOrpaMMHO-HACTpauBacMas
ot 1,25 mo 13,6 MI'm.

Pacuer BBINONHSIICS JUIsl IMHUKM BBEPX W BHU3 IIPU pa3-
HBIX CIIOCO0AX MOIYJISILIMH, C TIOMOILBIO IPOrPaMMHOTO 00e-
CIICYCHHS, COTTIACHO pa3paboTaHHOMY anroputMmy (puc. 3).

[Ipumep pa®oTHI TpOTpaMMBI TIPEICTABIICH Ha pHC. 4.

C momormrpio pa3paboTaHHON MPOrpaMMBl OBLT TIPOBE-
JNEH aHaln3 3aBHCHMMOCTH MOIIHOCTH IEPENAIONIero MOIy-
751 OT BBICOTHI OappaxkupoBanust bJIA nipu paszHbIX paboumx
gacrotax (puc. 5). [IyHKTHpHAs TMHUS COOTBETCTBYET Orpa-
HUYeHuo 1mo MomHoctd P = 0,159 BTt D10 MakcumanbHast
MOILHOCThG IepenaTurka, pazmeriensoro B [11IM BJIA, coor-
BeTcTBylomero crangapry WiMAX u anrenne turna MIMO
Jutst 6a30BO¥ cTaHIMy Airdgr.

W3 puc. 5. BUAHO, 4TO CHCTEMA SIBIISIETCS] pab0TOCTIOCO0-
HOW ¥ Ha yactortax 10 4 ['T1 paboraet npu 1r000# U3 3a1aH-
HBIX MOAYJSAIHMNA Ha pabodel BbICOTe Majopa3MepHoro BJIA
(mo 3 metpoB). Ha gactorax ot 4 mo 12 I'T'1 He Ha Bcelt pabo-
4eil BEICOTE paboTaeT ¢ HeOOXOAMMBIM KaueCTBOM MOJTYJISIINS
QAM 64, a mpu 12-13,6 I'T't Ha Bceli paboueii BrIcOTE C He-
00X0IMMBIM KadecTBOM pabotaer Toibko QPSK. Takum 00-
pa3oMm, Ipu AMHAMHUYCCKU U3MCHAIOIINXCA YCIIOBUAX OKPYKa-
OIIeH Cpeapl CIeayeT MOCTOSHHO W3MEHSATHh BHUJ MOTYISALINU

Vol. 11. No. 3-2019, H&ES RESEARCH
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1 TIIATEITHFHO CIEINTD 32 BBICOTON Oappaxkuposanus BJIA, ato
n obecrnieunBaeT pazpaboTaHHas IpOrpaMMa.

OnHaKo Npy CMEHe BUJTa MOYJISLIMU U3MEHSIETCS CKOPOCTh
Tiepeiadl CUMBOJIOB, YTO MOKET YXY/IIIUTh Ka4€CTBO Mepeiadn
undopmanyn HPTK. Beibop Momyisiimu BIUsIET HA CKOPOCTh
Tepenaqn CUMBOJIOB R_ 1o criemyromei popmyre (2).

14

R =— 2
s log2B @

e V' — cKopocTh mepenadu naHueix 75 Mout/c, B — kpar-
HOCTH Moxyisiiwd. [lomydum cienyromue 3HadeHus (Tadm. 1).

Tabnuya 1
CUMBOJTbHASI CKOPOCTh

QPSK 37,5 Mout/cuMBOI
QAM 16 18,75 Mo6ut/cumBon
QAM 64 12,5 M6ut/cumBon

CornacHo puc. 5 u Tadi. 1, MoxHO paboTarh Ha MaKcH-
MaJibHOM CUMBOJIBHOM CKOPOCTH J10 paboueii yactorel f=4 T,

-

= ™Y
Pacuet HeobXOAVMBIX NAPaMETPOB ANA CPraHN3auMy C.. ﬁ

paccTosHue mexay BA u
BreHToM, M

! | 1000

Boifiop cnocoba MoaynaLm

| G QPSK
1 " QAM 16
" QAM64

Pabouan qacroTa, Mu

YouneHue NpuHMMaiowen
aHTeHHsl, Abu

ﬁ |

-57,4936393055117

PaccynTaTh MOWHOCTL NepeaaTymKa, ABBT E

Beixoa |

Puc. 4. Pesynbsrar paboTsl IporpaMMsl
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af _
QesK .-
Qs / i
Qs OF .
¥

0.0

Puc.5m.a—f=23TTu,b—f=3,0TTw, c-f=4,0TTw,
d—f=50TTu,e—f=6,0TTw, f-f=7,0TTw,
g-f=8,0TTu, h—f=9,0TTw,i-f=10,0TTw,j—f=11,0 T,
k=f=12,0TTu, | -f=13,0 Ty, m—f=13,6 I'Tu

ot f=4TTu a0 f=13 I'T1 CTOUT HEPEKITIOUUTHCS HA MOYISI-
o QAM 16, a Ha npeneTbHO BO3MOXKHON pabodel yacTtore
f=13,6 I'T'y BOBMOXXHO KCIIOJIB30BaTh TONBKO QPSK.

OcHOBHOM 3amadeil creKTpaabHO d(P(GEKTHBHBIX MOIY-
JSIIUH SBIISIETCS MaKCUMU3anust 3 PEeKTUBHOCTH UCIIOIb30Ba-
HUSI TIOJI0CHI yacToT [ 14].

Hwuskast ckopocTh Iepeiads IaHHbIX yMEHbIIAeT HINPUHY
NPOITyCKaHHUs, a JJF000€ MOBBIIIEHHUE CKOPOCTHU TIePEAadn CUT-
HAaJIOB TPeOyeT yBEINYEHHs INUPUHBI TOJOCH! IIPOIYCKaHUSI.

3amumreM  GopMyny CHeKTpaltbHOW 3PPEKTHUBHOCTH
(3) u paccMorpuM €€ i BCeX 3HAYEHWH HIMPHHBI MOJIOCHI
B TaOI. 2.

Z=— 3)

Tabnuya 2
3aBUCHUMOCTD CIIEKTPALHOM 3PPEKTHBHOCTH OT Pa3HBIX
3HAYEHU I IIMPHUHBI TTOJIOCHI

KpwuBast muHMS Ha rpaduke — 3TO TPAHUIA, PA3AEISIO-
11ast 00J1acTh peallbHBIX NPUKIIAJHBIX CHCTEM CBS3U U 00J1aCTh,
B KOTOPOH TaKHe CHCTEMBI CBSI3U TEOPETHYECKH HEBO3MOXKHBL.

[Tpu BBIOOpE TEX WIIM MHBIX ITapaMEeTPOB CBSI3M BCErna
HYKHO UCKaTh KOMIIPOMHUCC MEX/ly HECKOJIbKUMHU I1apaMeTpa-
MH: TaK, yBEINYNBAasi CHMBOJIbHYIO CKOPOCTb, YBEIHMUHBACTCS
MOIIHOCTh Ha rnepeaarynke. [Ipu BeIOOpe Momymsn ¢ HU3-
KMM OTHOLIEHHEM CUTHAJI/IIyM TpeOyeTcs! 3HAUYMTEIbHO yBe-
JIMYUTH 3HAYCHHE IUPUHBI MTOJIOCHI.

PaspaboranHass mporpamMma IOMOXET  OIEepaTropy
HE TPaTHTh BPEMsl Ha MEpecueT U MepecTPOiKy IapaMeTpoB
Ha BJIA. B nmanpHelIeM mimaHMpyeTCs CAeTaTh 3Ty paboTy
aBTOMAaTHYECKOM.

Taxoke paccMOTpeHa 3aJa4a YacTOTHO-TEPPUTOPUAIIBHO-
ro mianupoBanus (UTII), B Xome KOTOpOH yCTaHOBIJICHO, YTO
MakcuManibHoe unciio HPTK npu ujeanbHbIX yCIoBHSX MpH-
éma, oociyxuBaeMoe ogHuM BJIA, MokeT mocTurars Nabz 1000
HPTK. 3nauenHne momy4eHo B COOTBETCTBHH C BRIpKEHHEM (4):

K

A
N, =M= 4
ab Al s ()

rae M, — 4ucio CEKTOPOB B aHTEHHE, ObLIa MCTONb30BaHA
Y3KOHAITpaBJICHHAs! AaHTCHHA;

A, — momyctuMas Harpyska B cektope onnoro bJIA mpu
JIOIYCTHMOM 3HAa4€HUM YHCIIa KaHAJIOB Tpa(uka B COOTBET-
CTBHHM ¢ MojiesIbto Dpnanra (puc. 7) A, = 0,001...50 [15];

A, [Opn] — cpennss 1o BeeM BUaaM TpaduKa aDOHEHT-
ckast Harpy3ka ot oqHoro HPTK.

Ilensto YUTII sBasieTcss HaXOXKI€HNUE 3HAYCHUS BEIIMYH-
HBI 3aIIUTHOTO WHTepBana Mexay BJIA, xotopoe HaxomwT-
cs1 U3 BbIpakeHus (5). 3alUTHBIN HHTEpPBAJT HEOOXOANM JUIS
60pBOBI ¢ MHTEPhEPEHIINEH MEK/TY OTMHAKOBBIMH YaCTOTHBI-
MU KaHaJIlaMH.

Af=1,25MI'g Z =60 our/c/T'y
Af=5,0 MI'y Z =15 our/c/T'y
Af=10,0 MI'n Z=1,5 our/c/T
Af=13,6 MI'y Z =55 6ur/c/Ty

Ha puc. 6 nmpoaeMOHCTpUPOBAHHO, YTO TPU (PUKCUPO-
BaHHO# ckopoctr J =75 MOuT/C ¥ NpH IMHPHUHE TOTOCH
Af=10,0 MI' nyumie ucnosnb3oBath QAM 64, a ipu Af =13,6

MTI'1i— QPSK.
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Puc. 7. 3aBucumocTb TpaQ)I/IKa OT 4YHCJjia KaHAJIOB B CUCTEME

D=R[3N, ®)

rae R = 4-5 kM — paguyc 30HBI OKPHITHS B COOTBETCTBUHU
C XapaKTepUCTHKAMHU CTaHAapTa 0a30BOH CTaHIINM;

N,, — 4mCiI0 KaHanoB Tpaduka B OIHOM paJMOKaHa-
Je, ompexaersieMoe ctaHmaprom paauonocrtyna (mist OFDM

N, = 1...3). Utoro momyunm D = 9-13 xu.

BriBoabI

B pabGote paccmorpeno mpumeHeHue BJIA B kadectse
perpancisropa 1 bC B 00nacTax ¢ OTCYyTCTBYIOIICH HazeM-
HO uHPppacTpykTypoil. Ocobennoctu Ad-hoc apXuTekTypbI
Ha Oeze cranmapra WiMAX Mo3BOJSIOT CO3/1aTh ONOPHYIO
CETb CBSI3U C BO3MOXHOCTBIO OIIEPAaTUBHOMN a/IaNTaI[K K INHA-
MHYECKH M3MEHsomIeiics obcTaHoBke. OTHAKO CYIIECTBYIO-
K€ MTPOTOKOJIBI MAPLIPYTH3AINH HE TIO3BOJISUIN PEATIM30BaTh
paboTy cHCTEMBI C HEOOXOAMMBIM KaduecTBOM. J{iIst perieHus
9TOH MPOOIEMBI CIIOIB30BAaH ONTHMU3UPOBAHHBIN MO/ KOH-
KPETHYIO 3a/1a4y PpOoTOoKoI Mapiipytusanuu AODYV, koTopsrit
M03BOJISIET OBICTPO BOCCTAHABINBATh MAaPLIPYTHI B CITydae Ha-
pYLIEHUsI OJHOM U3 MPOMEKYTOUHBIX CBSI3€H C MUHUMAJIbHON
3aJIep>)KKOH MIPU YCTAaHOBJICHUH COEAMHEHHS C HOBBIM Y3JIOM,
MapHIpyT JJ0 KOTOPOTO OB paHee He U3BECTEH.

PaboTocrnocoOHOCTh pa3pabOTaHHOW MOJICTH CETH CBSI-
31 Ha 0a3e Maopa3mepHbix BJIA npoBepeHa ¢ MOMOIIbIO aHa-
ni3a Oro/KeTa JIMHUK CBSI3U BBEPX U BHU3 JUIsl 3TOTO ObLIa pas-
paboTtaHo mporpaMMHOe obecrieueHne Ha si3pike Visual Basic.
[To pesynpraram aHaiu3a IOJYYCHHBIX JAHHBIX BbISBICHBI
HeJTMHEHHbIe 3aBUCUMOCTH ITapaMeTpoB APYT OT Jpyra, IMod-
TOMY TP IEPECTPOSHUN CUCTEMBI 110]] U3MEHEHHS OKPYKato-
I_[Ieﬁ 00CTAaHOBKH MHOTHE U3 HUX MIPUXOAUTCA IEPECUNTHIBATH
W NPUHUMATH pelieHus 00 n3MeneHnu. Tak npu yBenn4eHHN
MPOMYCKHOW CITOCOOHOCTH YBEIMYMBACTCS OTHOIICHHE CHUT-
HAJI/IIyM, KOTODBIMA, B CBOIO OuYepe/b, YBEIMYUBACTCS IMPU
TIOBBIIIIEHUHM CKOPOCTH II€peiaud JaHHBIX. B panpHeimem
TUTAHUPYETCS YCOBEPIICHCTBOBAHHUE TIPOTPAMMBI C IIEJIBIO TIe-
pexojia CUCTEMBI K TIOJIHOCThIO aBTOHOMHOM paboTe.
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BUILDING A CORE COMMUNICATION NETWORK WHICH IS BASED ON SMALL SIZE UN-
MANNED AIRCRAFT VEHICLE WITHOUT GROUND INFRASRTUVTURE
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DENIS S. CHIROV,

Moscow, Russia, den-chirov@yandex.ru

ABSTRACT

In work are reviewed perspective way of organization a core com-
munication network between small size unmanned aircraft vehicle
and ground-based robotics complex in condition of noise immunity
and without ground infrastructure. Operative communication sys-
tem is developed by self-organizing network which is based on Ad-
hoc architecture and WiMAX wireless standard. Changes that intro-
duced in existing routing AODV protocol allowed solving problems

which appeared due to fast and often network topology changes.

70
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routing AODV protocol, WiMAX standard, ground-based robotics

complex.

The method is based on traffic retranslation principles through the
nearest neighbors for channels with additive white gaussian noise
and 10 probability of error.

Efficiency of system is checked by up-link and down-link budget cal-
culation with developed program soft which alleviate counting all
parameters while system is adjusting to dynamic changing environ-
mental conditions. The main results are shown in tables and graphs;

as a result, the main task of spectrally effective modulation is visible:



maximum bandwidth efficiency.

Separately, was made the calculation of the parameters of the fre-
quency-territorial planning, which showed that one unmanned aerial
vehicle can provide communications up to 1000 ground-based ro-
botic complexes in its service area, while being at a distance of 3 to
9 kilometers from other aircraft, resisting interference.

Thus, a core communication system is relevant and efficient, differs
from the known self-organizing communication systems by the pos-
sibility of implementation on the basis of small-sized unmanned

aerial vehicles of Russian production.

REFERENCES

1. Donchenko A.A., Chirov D.S. Rationale requirements for the com-
munication system of UAVS medium and long range. -Comm. 2015.
Vol. 9. No. 12. Pp. 12-16. (In Russian)

2. Lokhin V.M., Manko S.V., Romanov M.P., Diane S. AK. Perspektivy
primeneniya, principy postroeniya i problemy razrabotki mul'ti-
agentnyh robototehnicheskih sistem [Application prospects, prin-
ciples of construction and problems of developing multi-agent
robotic systems]. Sbornik trudov Xll vserossijskogo soveschaniya
po problemam upravleniya VSPU-2014 [Proc. of the Xl All-Russian
Meeting on the Control System -2014, Moscow, June 16-19, 2014].
Pp.3810-3821. (In Russian)

3. PCI DSS Wireless Guidelines, 2011 [Electronic resource]. URL:
https://www.pcisecuritystandards.org/pdfs/PCI_DSS_v2_Wireless_
Guidelines.pdf (access date: 12.22.2018).

4. Abilov A.V. Seti svyazi i sistemy kommutacii [Communication net-
works and switching systems]. Izhevsk: Kalashnikov Izhevsk State
Technical University Publ., 2002. 147 p. (In Russian)

5. Shirani R., St-Hilaire M., Kunz T., Zhou Y., Li J., Lamont L. Combined
reactive-geographic routing for unmanned aeronautical ad-hoc net-
works. 8th International Wireless Communications and Mobile Com-
puting Conference (IWCMC-2012). 2012. Pp. 820-826.

6.Frew E.W., Brown T.X. Airborne communication networks for small
unmanned aircraft systems. Proc.|[EEE96(12). 2008. Pp. 2008-2027.
7. Bani Yassein M., Damer N.A. Flying Ad-Hoc Networks: Routing
Protocols, Mobility Models, Issues. International Journal of Advanced
Computer Science and Applications. 2016.Vol. 7. No. 6. Pp.162-168.
Doi:10.14569/IJACSA.2016.070621

8. Sorokin A.S. Sotovye sistemy radiosvyazi. Kursovoe i diplomnoe

I 11. No. 3-2019, H&ES RESEARCH
RF TECHNOLOGY AND COMMUNICATION

proektirovanie [Cellular radio systems. Course and diploma design.
Study Guide]. Moscow: Moscow technical university of communica-
tions and informatics Publ., 2006. 30 p. (In Russian)

9. Chertova O.G. Issledovanie vozmozhnosti postroeniya seti svyazi
na baze bespilotnyh letatel’nyh apparatov special’'nogo naznacheni-
ya [Research of a possibility of creation of a communication network
on the basis of unmanned aerial vehicles of a special purposel.
Sbornik dokladov Vos'moj nauchno-tehnicheskoj konferencii molo-
dyh uchenyh i specialistov [Proc. of the Eighth scientific and techni-
cal conference of young scientists and experts, Moscow, October 26,
2017]. Moscow: Almaz, 2018. Pp. 531-538. (In Russian)

10.Vasiliev D.S., Abilov A.V. Routing protocols in MANET. Elektrosvy-
az’ [Electric communication]. 2014. No. 11. Pp. 52-54. (In Russian)
11. Grace D., Morhocic M. Broadband Communications via High-Alti-
tude Platforms. Wiley, 2011. 398 p.

12. ChirovD.S., Lobov E.M. Choice signal-code designs for ko-
mand-telemetry communication radio line with unmanned aerial
vehicle average and big range. T-Comm. 2017. Vol. 11. No. 10.
Pp. 21-28. (In Russian)

13. Certificate of State Registration of Database No. 2017620925.
Baza dannyh robototehnicheskih kompleksov [Database of robot-
ic complexes] / A.A.Danilevich, OG Chertova, E.A. Gorokhova,
I.O. Starikova, M.S. Toforov, G.N. Nastas, I.V. Gratitude. Declared
15.08.17. (In Russian)

14.Sklar B. Teoreticheskie osnovy i prakticheskoe primenenie [Digital
communication. Theoretical foundations and practical application].
By ed. A.V. Nazarenko. Moscow: Williams, 2004. 1099 p. (In Russian)
15. Vasiliev D.S. Razrabotka algoritmov peredachi potokovyh dan-
nyh na prikladnom urovne v setyah bespilotnyh letatel’'nyh appara-
tov: dis. ... kand. tehn. nauk [Development of streaming data transfer
algorithms at the application level in networks of unmanned aerial
vehicles. Dr. tech. sci. diss.]. Izhevsk, 2015. 147 p. (In Russian)

INFORMATION ABOUT AUTHORS:

Chertova O. G., postgraduate student of Moscow technical univer-
sity of communication and informatics, researcher of Federal state
budgetary institution «General scientific research center of robotics»
Ministry of Defence of Russian Federation;

Chirov D. S., PhD, Docent, leading researcher of Moscow technical

university of communication and informatics.

For citation: Chertova O. G., Chirov D. S. Building a core communication network which is based on small size unmanned aircraft vehicle with-
out ground infrasrtuvture. H&ES Research. 2019. Vol. 11. No. 3. Pp. 60-71. doi: 10.24411/2409-5419-2018-10269 (In Russian)

71



HAYKOEMKVIE TEXHOMOT I B KOCMUYECKMX UCCNEAOBAHMAX 3EMIA, T. 11.N° 3-2019
NHOOPMATUKA, BbIMUCITUTEJTbHAA TEXHUKA 1 YTIPABJTEHNE

doi: 10.24411/2409-5419-2018-10270

METOObl ONPEOEJIEHUSA MOPCKOW BEPEFOBOU
JIMHAU C NOMOLLUbKO BEOPTOBOU MHOTIOKAHAJIbHOW
U3MEPUTEJIbHOW CUCTEMbI

ABAOYJIJIAEBA AHHOTAUUA

NATUDPA ODKADPAPATA Kbi3bl PaboTta nocesuleHa Bompocam onpefeneHus MOPCKOW GeperoBon SIMHWUM C MOMOLLbIO
BopTOBbIX U3MepUTENbHbIX crucTeM. OTMEUEHO, YTO OCHOBHOW HEAOCTAaTOK CreKTpasibHO-
ro Metopa onpepeneHvs GeperoBoil NMHUM MOXeET BbITb YCTPaHEeHO MyTeM peanusauuu
M3MepPEeHNn C NpUMeHeHMeM pasHoPOpPMaTHbIX OKOH. MoKa3aHo, YTO B KayecTBe rpaHu-
Ubl BOAA-CYLLIA MOXHO MPUHATb KPUTEPUWI, KOrAa nokasaTtesib BOAHOE COAep KaHue Nousbl
pocturaet Benuunnbl 40%. PaccMoTpeHa BO3MOXHOCTb MOCTPOEHUS FMNepCrneKkTpanbHom
n3MepuTenbHON cucteMbl Ha Base nHaekca WISOIL ¢ npuMeHeHrem ynpasaseMoro xua-
KokpucTannuyeckoro punstpa. ChopmynmposaHo TpeboBaHme K CKOPOCTU NepPeaBUKEHNS
HocuTens cucTeMbl namepenus. ONTUMNU3NPOBaH pPexXuMm paboTbl N3MepUTeNs B CMbICe
yMeHbLUeHMs U3BbITOYHOCTU MHpOPMaLMKM NyTeM BBEAEHUS afanTUBHOMO peXxuma m3me-
peHus. MpoaHanusnposaHbl BONPOCHI pa3paboTku MHOrOBOJIHOBOrO METOAA ANCTAHLMOH-
HOro onpepgesieHVs GeperoBoN JIMHUKN B YCIIOBUSX CUJIBHOFO a3pO30JIbHOMO 3arpsisHeHUs!
atmocoepsl. MpeanoxeHa Moaenb OLEHKU CUTHANOB CYTHUKOBbIX CNEKTPOPagMoMeTPOB
AN151 Cllydas aHOMasIbHOro 3arpsisHeHnst aTMocdepbl aspososnem. Ha ocHoBe npepioxeHHoN
Mopenu pa3paboTaH MHOrOBOJIHOBbIN METOA onpeaesieHnst GeperoBoil JIMHUM, MO3BOJISAIO-

LM YCTPAHNTb a3pP030JIbHYIO NOTrPELLIHOCTL U3BECTHOrO [1ByXBOJIHOBOrO MeToAa.

CsepeHus o6 aBTope:

BeAyLMIN Hay4YHbIA COTPYAHMUK

HaUNOHaNBHOrO 33POKOCMUUECKOTO areHTCTBa, KJTKOYEBbBIE CJTIOBA: aBTOMaTM3MpoBaHHasi CUCTeMa BOEHHOrO Ha3Ha4yeHusi; MHpopmaum-

r. baky, Azepbaiigxat, latifa.abdullayeva@mail.ru OHHas cMCTeMa; CPeACcTBa aBTOMaTU3aLMK; KaYeCTBO; XapaKTePUCTUKM; SKUSHEHHDBIN LIUKJI.

Ana uutupoBaHus: A6gynnaesa J1.[. MeTopbl onpepeneHuss MOpckoW GeperoBol JIMHWM C MOMOLbIO GOPTOBOM MHOrOKaHaslb-
HOW M3MepuTesbHOW cucteMbl // Haykoemkue TexHonormm B KOCMMUYecKux uccneposaHusax 3emnum. 2019. T. 11. N¢ 3. C. 72-80. doi:
10.24411/2409-5419-2018-10270
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BBenenue

XOopoIIo U3BECTHO, YTO MPOBEICHIE JTOCTOBEPHOTO MO-
HUTOPHHTa OEPErOBBIX 30H SIBIIACTCS BAKHEHILCH 3a1a4eid uis
YCTOWYMBOTO Pa3BUTHsI TIPUOPEKHBIX TEPPUTOPHHA H 3AIIUTHI
OKpy>Karommei cpensl B 3Tux peruoHax [1-2]. Ilpu stom oco-
OyI0 BaKHOCTH MIMEET HMCCIICJOBAHHE JONTOBPEMEHHON H Cce-
30HHOH TWHAMHKHA OEPETOBBIX JIMHUH Pa3INIHBIX BOZOEMOB.
Kak ormeuaercs B [3], OeperoBasi THHHUS SBISICTCS Hanbolee
BR)KHOM XapaKTEPUCTUKON 3eMHON ITOBEPXHOCTH, 00Jaaro-
el BpeMeHHO# auHaMukol. IlpuMeHeHne qUCTaHIMOHHOTO
CHEKTPAJIBHOTO 30HAMPOBAHUS B I[EIISIX OIpeieNieHHs Oepero-
BOM JINHUM OCHOBBIBAETCS HA CBOWMCTBAX BOJHOM Cpeibl MO-
TJIOMICHUS ONITHYECKOW panuanuu B WH(ppaKpacHOi obmacth
U CIJIBHOTO OTPa)KCHUS ITOU paJualliy MOYBOH M PaCTUTEIb-
HOCTBIO. OJTH CIEKTpaJbHbIE CBONCTBA KOMIIOHEHTOB MpU-
OpeKHBIX 30H 00YCIaBIMBAIOT MCIOJIB30BaHIE H300pakeHUN
BUIMMOTO U HH(PPAKPACHOTO JNANa30HOB JJIsl PELICHUs 33134
KapTUpOBaHUs OeperoBbIX TUHUH [1].

MeTtonuka uccjie10BaHus

Kaxk coobmraercst B pabore [4], popma GeperoBoit muHuN
HaXOJUTCS M0/ BO3ACHCTBUEM TaknX (pakTOpoB Kak T'MaAporpa-
¢bwust, reosorus, KIMMar ¥ pacTteHus. lcrnoiib3oBaHue camo-
JIETHBIX CpeACTB [t adpodoTtorpadupoBanmst 6€peroBbIX 30H
C IETBI0 KOHTPOJSI OEPETOBBIX JIMHUI CBA3aHO C OONBIIUMHU
3aTparamu, 9YT0 0OOCHOBBIBAET HCIIOIBb30BAHUE KOCMUYECKUX
CHHMMKOB B 9THX LEJISIX.

CornacHo pabore [4], A UCCICIOBaHUS TUHAMUKA
OeperoBoil JIMHUU MOTYT OBITh MCIOJIb30BaHbl Pa3IMYHbIC
UCTOYHUKHU JaHHBIX, TAKHE KaK Kaprorpaduieckne AaHHbIC,
cinytHuKoBBIe cHUMKH (SPOT-PX/XS, Landsat-TM, Corona),
a TaK)Ke CaMOJICTHBIE JJaHHbIC.

Kak ormeuaercst B pabote [5], pe3ynbrarsl AUCTaHIIMOH-
HOTO 30HAMPOBAHMS TaKOro IMOKa3aTessl, Kak BOJHOE Cojep-
xanne noussl (SMC) 3aBHCUT OT HEPOBHOCTEH OBEPXHOCTH
nouBbl. MH(OPMAaTUBHOCTS THUMEPCIIEKTPAIBHBIX H300paske-

Vol. 11. No. 3-2019, H&ES RESEARCF:
INFORMATICS, COMPUTER ENGINEERING AND CONTROL

HUH ITPY UCCIIEOBAaHNH BIAKHOCTH MOYBBI 3aBUCHUT OT I[BETA
TIOYBBI, @ TAK)KE OT TEKCTYPbI OYBBI.

Hecmotpst Ha BbIlIeyKa3aHHbBIE HEOCTATKH, THIIEPCIIEK-
TpaJIbHble METOJBI UCCIEAOBAaHMS BOJHOTO COAEPIKAHUS IO-
yBbl B 2015-2018 rr. mponomkanuce pa3BuBathes. B Tedennun
9THX TOJJ0B Ha OPOUTY OBUTH BBIBEAEHBI TUIIEPCIIEKTPOMETPEI,
pabotaromtue o mporpammam PRISMAnEnMAR. Yka3anusre
MpUOOPHI OXBATHIBAIOT CIIEKTPAIBHBIN Auana3oH 0,4-2,5 Mkm
CO CIIEKTpaIbHBIM pa3pemienneM 10 HM.

Bwmecre ¢ Tem, B mpuHImIe, OeperoBas JMHHS MOXET
OBITH OITpeJieieHa C MOMOIIBIO CUTHAJIA OTHOTO CHIEKTPAJILHOTO
KaHajia crekTpopaauomeTpa. Hampumep, curHanm oTpakeHHs
Bozbl B UK nmana3oHe cyiiecTBEHHO HMKE 110 YPOBHIO CUTHaJIa
OTPa)KCHUSI TIOYBBI U APYTHX KOMIOHEHTOB MIPUOPEKHOMN CYILIH.
C o701 1eNbI0 MOTYT OBITH HcToNb30BaHbl ouH 13 MK kaHa-
noB anmapatypsl TM umu ETM. Cornacso [3], 11 9Toit rieu
HanOoJIee MOAXOSIINM siBJsieTcs: S-i kanan cpennero UK aua-
nazona TM. OxHako, kak oTMedaercs B [ 1], eciiu rpaHuIia 3eM-
JI5I-BOZIa IMEET KOMIUICKCHBIH XapaKTep M 3aIrloHeHa BOAHBIMA
PacTEeHMsMH, TO M3-3a BBICOKOW OTpaKaTeJIbHOW CIIOCOOHOCTH
pacTeHHii BO3HHKAeT HEKOTOpasl IOTPEIIHOCTh OIpeeICHHs
OeperoBoit juHUM. JIs1 ycTpaHeHWs] yKa3aHHOTO HEJOCTaTKa
HCTIONB3YeTCs JIBYXBOJHOBAs METONMKA, HAPUMEP CHTHAJIBI
kaHa1oB 4 u 2 anmaparypsl ETM'/TM. B Ta6i. 1 npuseneHs!
JAHHbIE CTIEKTPaIbHBIX KaHanos ETM /TM.

Kak ormeuaercs B padore [ 1], s onpeneneHus 6epero-
BOI JINHUM MOXKET OBITH MCIIOIB30BAHO CJICTYIOIIEE CBOMCTBO
CHEKTPaTbHBIX KAHAIOB: OTHOILIEHHE CUTHAJIOB KaHAJIOB 2 U 5,
T.¢. b,/b, npumenuTensHO K BOAHOM cpesie Gornblile, Yem eu-
HUIA, OAHAKO MEHbINE eIUHUIBI s cymu. OqHako, cyie-
CTBEHHBII HEIOCTAaTOK JAaHHOTO METOJa 3aKIIOYaeTCsl B TOM,
YTO HEKOTOPBIE PACTUTEINILHBIE YYaCTKH, CYIIECTBYOIIHE B Oe-
peroBoii 30He MOTYT ObITh OTHECEHBI K BOJHOW TEPPUTOPHHU.
Jpyrum, He MeHee CyIeCTBeHHBIM HeJOCTaTKOM JAHHOTO Me-
TOJa, Ha HAIll B3IVIS, ABJISIETCSA HE3AIUIIEHHOCTh OT BIHSHUS
AHOMAJIBHOTO aTMOC(EPHOTO a’PO30JIs, YTO MOKET MPUBECTH

Tabnuya 1
JanHble cnekrpaibHbIx kaHasioB ETM/TM
Homep xanana CrekTpanbHblii nuanason ETM' CrnekTpanbHblii tuanazon TM
1 0,45-0,515 0,45-0,52
2 0,525-0,6 0,53-0,60
3 0,63 - 0,69 0,63-0,69
4 0,75-0,9 0,76-0,90
5 1,55-1,75 1,55-1,75
6 10,4 -12,5 10,5-12,4
7 2,09-2,35 2,08-2,35
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EMJI, T T1.N°® 3-2019

NHOOPMATUKA, BBIYNCITUTENTIBHAA TEXHUKA U YTIPABJTIEHUE

K yMeHbIIeHuIo curaana b,. Kax pesynsrar, ymensmenue b, /b,
MOKET IIPUBECTH K OIIEHKE HEKOTOPBIX BOIHBIX YUIACTKOB B Ka-
yecTBe cynu. [ ycTpaHeHus BBIICYKa3aHHOTO HEI0CTaTKa
B HACTOSIIEH CTAaThe TAKIKE PACCMAaTPHUBACTCS BO3MOXKHOCTH
pa3pabOTKH TEOPETUYECKUX OCHOB MHOTOBOJIHOBOTO METOAA
ompeneneHus 6eperoBoil IMHUHM, OCHOBY KOTOPOH COCTaBIISCT
TPEXBOIHOBBII METOJ| YCTPAHEHUSI a3pO30JbHON MOIPELIHO-
CTH B COITHEUHBIX ()OTOMETpaX, H3IIOKESHHBIN B paboTax [6—7].

HaubGonee momHoe Teopernueckoe 0OOCHOBAaHHE BO3-
MOKHOCTH TIpUMeHeHUsI moka3zaresst SMC B kauecTBe WHIUKA-
TOpa Jylsl ONpeieIeHuUs OeperoBoii IMHUK MPUBEICHO B paboTe
[8]. Cornmacuo [8], xoMOMHAIIUS Cpell «BOAA-TIECOK» TIO pe-
3yNbTaTaM CIIEKTPAIBbHBIX U3MEPEHUH MOXKET OBITh pa3/iesieHa
Ha YeThIpe TPYIIIBL: CYXOH MECOK; BIAKHBII MECOK; MOKPBIN
TIECOK; HACBIIIEHHBIH Mecok. CIeKTpaIbHbIe CHIHATYPBl ATUX
YeThIpeX KJIacCOB IMOKa3aHbl Ha puc. 1.

B tabu. 1 npuBeieHbl JaHHbIE 110 BEIOOPY I'PAHUL] MEXKTY
BbIIIEyKa3aHHBIMM IPyIIaMU U BOIHOM Cpesoil.

Bwmecre ¢ TeM, 0OueBHIHO UTO BEICKa3aHHEIE B padote [5]
KPUTHYECKUE 3aMEUaHMs Ha CUET BIMSHHS HEPOBHOCTHU IIO-
BEPXHOCTH ITOYBHI JOJDKHBI OBITH MIPUHSTHI BO BHUMaHue. J{is
peLIeHUs YKa3aHHOTO BOIPOCA BOCIIOIB3YEeMCsI pe3yIbTaTaMu
HCCIICIOBAaHUH, MPUBEICHHBIX B padboTte [9].

Kak ormeuaercs B pabote [9], Ha pe3ymbTaThl CHEK-
TPATBHBIX N3MEPEHUH BIQXKHOCTH MOYBBI MOTYT TTOBIIHATH Ta-
Kre (akTopbl KaK KOHTPACT, TOMOT€HHOCTb, TEKCTypa U YHEp-
TETUYECKUE XaPAKTEPUCTUKHU. [y HMCCIIeOBaHMs BIMSHUS

TEKCTYPBI TIOUBHI TIpe/jIaraeTcs MPOBOJUTH H3MEPEHHUS C pa3-
HOQOPMATHEIMA OKHaMHU: 3%3; 7x7; 15%15; 31x31; u 63%63.
OTMmedaeTcst 9YTO UCIONIL30BAHUE PE3YJIBTATOB TAKHX U3MeEpe-
HUI ¢ IPUMEHEHUEM aJTOpUTMa HeoOyuaeMol Kiaccuduka-
uun ISODATA 1no3BosisieT 4eTKO YCTaHOBUTh TPAHUIIbI BhIIIIE-
YKa3aHHBIX TPYII.

Takum oOpa3zoM, Hamboyee OOMMII HETOCTATOK CIIEK-
TPAJIILHOTO METOJa OIpENCICHUsT OeperoBod JIMHUH MOXKET
OBITH yCTpaHEH C MPUMEHEHHEM croco0a N3MEPEHUI pa3Ho-
(hopMaTHOTO OKHa.

[ToxpobHOe onrcanue 1 000CHOBaHKE METOAA pa3HOGOp-
MaTHOTO OKHa MpHUBEEHO B pabote [9] u 31ech nanee HEe 00-
cyxmaercs. bonee monrpoOHO paccMOTPUM BOMIPOCHI HCTIONB30-
BaHMS CIIEKTPAITEHOTO METO/Ia OIIPEICIICHIS OSPErOBOM JIMHIH.

Kak yka3aHo B pabote [5], B OCHOBE CIIEKTPaIbHOTO Me-
TOZIA OTIPE/ICIICHHS BIQYKHOCTH ITOYBBI JISKHT TTOJTyIMITUpUYE-
CKasi MOJIeJIb, CBSI3bIBAOLIAst KOI(DDHUIHUEHT OTPAYKEHUSI TIOUBBI
p(A) ¢ mokazareneM SMC U HEKOTOPBHIMU KOI(PPHUITUSCHTAMH
a(}), b(}), c()), 3aBUCAIINMHA OT JJIMHBI BOJHBI IPOBOIUMBIX
HU3MEpEeHU:

p(L) = a(r)- SMC? + b(L)SMC + c()) (1)

rae c(A)—cHeKTpanbHBIA  K03(p(DUITHEHT, SKBHBAJICHTHBIN
CHEKTPaJIbHOM curHarype cyxoit moussl; a()), b(A) — crnek-
TpajbHbIe K0d(UIHEHTHI, ToapoOHO n3MepeHHsbIe B [10].

051,

““ Cyxoii mecoxk 1
04 | .

& Baaxasii necox 2 '
03 1 : :

OTpaxenne

.
.
.
]
.
.
.
.
1

i

L4 L L

Moxpstit mecok 3, ..-="""" s

Haceimenssii Baaroi mecox 4

pae=tTe L}

g
mm:-
=0

1000

1200

Jnusa Boaas! (BM)

Puc.1. CriekrpasibHble CUIHATYPbI 4-X TPy KOMOMHALUH «BOAA-TIECOK»:
1 — cyxoii necok; 2 — BIIa)KHbII IECOK; 3 — MOKpBI eCOK; 4 — HACBILICHHBII IECOK
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Tabnuya 2
JlaHHBIC 110 BEIOOPY TPAHUIl MEXKIY BBINICYKa3aHHBIMU TPYIIIIAMH U BOIHOW Cpenoit
I'pynmsr Bonnoe conepxxanue I'panuier MeX Ty rpynnaMu 1 Bogoi
Cyxoit mecok 0-10% I'panuna Mex 1y CyXuUM U BIIQKHBIM IIECKOM
Brnaxuslii necok 10-20% I'panuiia Mex 1y BIa)KHBIM U MOKPBIM IIECKOM
Moxkpblii iecok 20-30% I'panuna Mexay MOKpPBIM U HACHIIIEHHBIM TIECKOM
HacpIeHHbIi Bi1aroi necok 30-40% ['panuna Mex 1y HAaCHIILIEHHBIM TIECKOM U BOJIOU

Ouesuno, ato ecnu p(L), a(L), b(X), c(X) n3BecTHbI, TO
SMC MOXeT OBITh BBIYHCIICH IIyTEM PEIICHHUS COOTBETCTBYIO-
IIETO KBAIPATUIHOTO YPaBHCHUS

suc? + 28 gy, CO—PA) _, @
a(h) a(h)

Cornacuo (2), st onieHkd SMC TakKe PUTOTHBI CIICK-
TpanbHble HHAEKCBINSMIn WISOIL, onpenensemsbie kak

NSMI = Pig = P29 3)
Pis T P20
wisorrL = 14 @)
P130

B Beipaxenusix (3) u (4) B HAEKCAX YKa3aHBI 3HAUYCHHUS
JUTHH BOJIH MIPOBOJAMMBIX H3MEPCHHUSAX B MKM.

Kak BumHO m3 BeImenpuBeneHHBIX Gopmyn (3) u (4),
st onpeneneHus: BenanHbl SMC HeoOX0qMMO NPOBEACHHE
THIIEPCIIEKTPAIBbHBIX M3MepeHnil. OyHaKo, NPUMEHEHHE TH-
MIEPCIIEKTPOMETPOB HE SIBISIETCSl SMHCTBEHHBIM PELICHUEM
JAHHOM MPOOIEMBI.

Jlamee, B HACTOSIIEH CTaThe IMOKAKEM, UTO IS DTOU
LETH MOTYT OBITh HCIONB30BAHBI KUIKOKPUCTATITHUECKHE
(UITBTPBL.

B Hacrosiiee BpemMst MHOTHE KOMITAaHWU MAPA U3TOTaBITH-
BAIOT JKMJIKOKPHCTAJUINYECKUE (QUIIBTPHI C NepecTpanBacMoin
JmuinHOU BonHbl. Hanpumep, kommanus AZIMUT-FOTONIKS
MIPOM3BOUT  TIEPECTPAUBAEMBIN  KHUIKOKPUCTATITHUCCKUN
¢uIBTp, y KOTOPOTO JUIMHA BOJIHBI MOXKET OBITh M3MEHEHA
¢ waroM 20 um B auanazone 650-1100 um. Ha puc. 2 npu-
BesieHa OJIOK-CXeMa TMIEepCIEKTPAIBLHOTO OnpenenuTens Oe-
peroBoii JIMHUM, TOCTPOSHHOTO Ha 0a3e >KUIKOKpPHCTaIUINYe-
CKOTO (hHJIBTpA.

VYerpoiicTtBo paboTaer ciemyromum obpasom. Ilpu mo-
CTYIUICHNH Ha BXOJ )KUAKOKpHCTAIIHYEeCcKoro GpuiasTpa | on-
THYECKOTO CHUTHasia OJIOK yIpaBieHHS 6 MOAKIIOYAET BBIXOJ
reHeparopa 2 Ha yIpaBisieMbli BXon ¢uibTpa. CHUrHaigbl Ha

Bxop, 1 3

o «
S
g

] o
3 —>Buixop,
|
3anyck

Puc. 2. Biiok-cxema runepCrnekTpaibHOrO OMPEIesIUTENs 6eperoBoil IMHUN Ha OCHOBE JKHIKOKPHCTALTHUYCSCKOTO (QIIIBTPA:
1 — KUJAKOKPUCTALTHYCCKHIMA GUIBTP; 2 — TeHEePaTOp UMITYJIbCOB; 3 — (OTOACTEKTOD;
4 — cuerunk; 5—GPS; 6 — 610K ynpaBieHus; N],NZ— BHEIITHE 3a/1aBa€MbI€ KOJbI
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BEIXO/IBI (PUITBTPA MTOCTYTIAIOT Ha BXOM (hoToaeTekTopa 3, chop-
MHUPOBAHHBIE UMITYJIECHI KOTOPOTO TTOJICYMTHIBAIOTCSI HA CUET-
yuke 4. [Ipn ToCTHKeHN paBEeHCTBA KOJIa CYETUYNKA C BHEIITHE
3a1aHHbIM KoztoM (N,) GJ10K yrpaBlieHHs 3alIOMUHAET BBIXOJI-
HBII onTuyeckuii curnan ¢uisrpa 1 U mocsie moBTopa Bcel
BBINICONMCAHHON MPOLEAyPhI VISl BHEIIHE3aHaHHOr0 Koma N,
BEUHCIsIeT 3HaueHue nHaekca WISOIL. Tlpu paBeHCTBE BHI-
gucieHHoro 3Hauennst naaekcaWISOIL ¢ BHemrHe 3aJaHHON
noporoBoii BennunHoit WISOIL mnepBeiii O110K ynpaBieHHs
nojiaeT KoMaHay Ha 0ok 5, conepskamuii GPSu cunranHbIN
CUrHajl reorpapuyeckoil KOOpAWHATHl TOYKH OeperoBou Ju-
HHUM TIOCTYTIAeT Ha BBIXOJ] BCETO YCTPONCTBA.

Tak Kak yCTpOICTBO ompeneneHus OeperoBOi JHMHHUU
yCTaHaBIMBaeTcss Ha OOpPTy OECHHIIOTHOTO JICTATEIbHOTO all-
napara (BITJIA), paccmorpuM TpeGoBaHKHE K CKOPOCTH Tepe-
nemxennst BITJIA.

Eciau Bpemsi mnepexioueHHs KaHaioB (uibrpa 000-
3HauUTh Kak A7, a KONMYECTBO CHEKTpanbHbIX KaHamoB N To
obmee Bpems T, Berancnenns naaexcaWISOIL B mepsom mpu-
ONMMKEHUH OLIEHUM Kak

T, =2N-AT (5)

Haiee, eciiit 0003HAYNTH CKOPOCTH EPEABIKEHUS KaK V,
a IONYCTUMYIO TEOMETPHYECKYIO IIOTPEITHOCTD ONPEISIICHUS
OeperoBoit muHUN Kak AL, To 3amuireMm

T,-v<AL (6)
C yuetoMm (5) u (6) momyaum
2N-At-v<AL 0
U3 BeIpaxenus (7) umeeM

y< _AL (8)
2N -At

Takum o6paszom, mexxay v u N cymectByer runepOoiu-
YecKasi 3aBUCUMOCTb, T.€.VMOXKET PAacTH C pocToM L 1 yMeHb-
marbest ¢ ymenbiieHueM N u 7.

IIpoananusupyemM MHGOPMATUBHOCTD MPOBOAUMBIX H3-
MepeHuil. PaccmoTpum crneayioniee MoOJAEIbHOE MpPEaCcTaB-
JICHWE MPOBOAMMBIX M3MepeHui. Cuuraem, 4To momepek Oe-
peroBodl uHuK A A, TPOBOJAATCS U3MEPEHHUS OTPAKEHHOU
pajuanuu Ha Tpaccax JutiHol L, mpuuem MuoxkecTBO L={L.};
| =1, n; sBNI€TCS YHOPSIIOYCHHBIM, T.€.

L =L, +AL;
AL = const;
L,=0
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C y4eToM BBIIEIPUBEACHHBIX JIOTYIICHH, BEIpaOoTaH-
HOE KOJINYECTBO MH(OPMAIMK B TEUCHUH OJHOTO IMKJIA H3-
MEpEHUl onpenenuM Kak

é U
M=)"N, log—"e )
0 AU
L,
rme N, =—;
AL
N, — Komu4ecTBO M3MepeHuil Ha Tpacce AIMHOM L.
UmaX — MaKCHMaJIbHO BO3MOKHBIM CHUTHaJl Ha BXOO€C
H3MEpUTeIs

AU — KBaHT cHUTHaa.

PaccmoTpuM ajanTUBHBIA PEKUM U3MEPEHUH, KOrja
Mexny U u Ni BBOIUTCS (DYHKIIMOHAJIbHAS CBSI3b, T.C. CYIIC-
CTBYeT (DYHKIIHS

AU, = f(N,) (10)

Cwmbicnt Qynkuum (10) 3arumodaercss B CTPEMIICHHH
YMEHBIICHUS N30BITOYHOCTH BBIpAaOaThIBAEMOI HHPOPMALIUH.

C yuetoM BeIpaxkeHuit (9) u (10) mpuHSAB OrpaHUYUTENb-
HOE YCJIOBHE

> f(N)=C (11)
i=1
C =const

MOKHO COCTaBUTH 3ajady JAMCKPETHOW BapHaIMOH-

HOW ONTHMH3ANNH, IIeIeBOH (HyHKIIMOHAT KOTOPOH OymeT
UMETh BUJ

AL A,
\ f
\ /
\_ _I
I'!TIBI
L
A,

Puc. 3. 'eomerpuueckoe npeacraBieHUe
paccMaTprBaeMOil MOZICITN IPOBOANMBIX H3MEPEHHUH



n U n
F =Y N log—= gN Ny-Cc| (12
2, Nilog i ”[gﬂ ) }

Jliis ynoOCTBa pelicHUs BBIICYKa3aHHOM 3aa4ul Mpe/-
ctaBuM (pyHKHoHaN (12) B HEMpPEepHIBHOM BHIE

N, max

Un jf(N)dN—c (13)

F, = I N -log

0

2 dN +vy
JN)

Pemenne ontuMmzanmonHoN 3amadn (13) mo meromy
Diinepa-Jlarpamxka [11] momyueHo B BuIe

2CN
f(N)—E (14)

[Ipu 3TOM JIeTKO TIOKa3aTh, 4TO MpH yciaoBuu (14) GpyHk-
muoHaln (13) qocturaeT MUHIMYMa, T.€. 3a/1a4a YMEHBIICHUS
M30BITOYHOCTH MH(POPMAITUH BEITTOTHACTCS.

[Ipexae Bcero H3I0kKIM TIpeIIaracMyr0 MOJICITb OIICHKH
CUTHAJIOB CITyTHUKOBBIX CIIEKTPOpanIuoMeTpoB. Cunraem, 94To
Ha HUCCIIeyeMYI0 TOBEPXHOCTh NPUOPENKHOM 30HBI MOMAJIAI0T
JIBE COCTABIISIOIINE COTHEYHON paTHaInu:

l. Irlp — TIpsiMasi COTHEYHAST ONTHUYECKas paIuallis.

2. Ipac‘H‘n_— [I0JIOBUHA PACCESIHHOM COJIHEYHOM OITHYe-
CKOI1 painalivy, HarpapJieHHas B HIKHIOK noirycdepy (puc. 4).

IIpu 3TOM, B MPOTHBOIOJIOKHOM HAMPABICHUU H3ITY-
YyaeTcsd B KOCMOC BTOpas MOJOBHHA CYMMapHOM paccesHHOU
paauanuu Ipac.n.n. Takum 00pa3zoM, B 30HY OEpEroBOH JIMHUH
ToTTafaeT CyMMapHasi paialis.

Connne ‘I}

Il Cnexrpopaauomerp

Asposoas

Ipac.n.n.

7,()+AT(h)

lpat.n.n.

707787777\

Puc. 4. Ilpeuiaraemas Moaenb GOPMHUPOBAHHS BXOJHOM
ONTUYECKOH pajualuy CIeKTPOpaJuoMeTpa
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=1 +1 (15)

> np pac.H.1.

OTpa)KéHHaH paananus MOKET OBITH OICHCHA KaK

Imp = (x(7\,)(|I1p + IpaC_H.n.) (16)

rae o(A) — anp0eno oTpakeHus B IPHOPEKHOH 30HE.

Tax kak | HAIpaBieH B CTOPOHY CHIGKTPOPAHOMETPA,
TO Ha €ro BXOJI MOCTYNAeT CyMMapHas paauanus F , onpese-
nsieMast Kak

I ac.H.n. I ac.B.M. -1, (A
FOZJH|W T ]a(x)+—“2 }e Pdo  (17)

IJC @ — yroj 0030pa ONTUKHU CIIEKTPOPATUOMETPA.

T(\) — onTuveckas TONIIHHA aTMOC(HEPHOTO a3PO30JIsl.

XopoIo HW3BECTHO, YTO CHEKTPOPAIUOMETPHI, YCTa-
HOBJICHHBIC Ha CITyTHHKaX AWCTAHIIMOHHOTO 30HIMPOBAHUS
OCYIIECTBISIIOT aTMOC(EpPHYI0 KOPPEKINIO, BKIIOYAs a’po-
30JIEHYIO KOPPEKIIHIO 110 COOCTBEHHOMY airoputMmy. Bmecre
¢ TeM, Kak ObUIO MOKa3aHo B pabore [12], BamumanuoHHbIC
oleHKH ¢ ucnonb3zoBanreM AaHHBIX AERONET nokasbiBaioT
Pa3HOCTh ONTHUYECKUX TOJIIMH a3p030Jsi, U3MEPEHHBIX C TI0-
morsio cryTHrKa 1 AERONET, nocruratomtyio 0, 1.

Taxkum 00pazoM, ONTHYECKYIO TONIIHHY aTMOC(HEPHOTO
a’p030JI MOYKHO OMPEACIIHUTh KaK

=1, W+1_ ) (18)

rae mepsas cocraBmsonias B (18) ompenenser koppekTupye-
MYIO Ha OOpPTY YacTh ONTHYECKOW TONIIMHBI a3PO30JIsi, & BTO-
past COCTaBIISIONIAs] HEKOPPEKTUPYEMYIO YacTh.

C yuérom Beipakenuii (17) u (18) nmeem

I I
—1,, (1) pac.H.n. pac.B.n. —T, (A)
g Tan (M) I, +—— |a(M)+—— e ™"do (19
:[ 0 > () > (19)

Bripaxenne (19), B KOpOTKOM BHE HAITUIIEM Kak

E)(k) = FaaM x
(20)

x E 'VIO i ID 2 ]DaC4B4l'L’ Taﬂ. (7\')—‘ € ) : E (7\’)

ac.H.I1. 2
rae F, — cymmapHas onTudeckas paamanus Ha BXOJE CIIEK-
Tpopajuomerpa npu T, (A) = 0.

C yuérom mozenu (20), BIIIEYTTOMSHYTOE OTHOIICHHE
b,/b,, mpennosxenHoe B [1] MOXKET OBITH OlIEHEHO KakK

by _b,0y) _e R0 6RO
hohGo T ROo koo Y
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Kak BugHO 3 BhIpaskeHUs (21), IByXBOJIHOBBIA METO,
M3TIOKEHHBIH B [ 1], OyzeT naBath pe3ynbTar, 3aBUCHMEIH OT

A‘Ea.a. = Ta.a.()\?) - Ta.a. (;\'5) (22)

T.. OT CIyYalHOH BENMYMHBI AT BBHIY CIy4aliHOTO Xa-
pakTepa BEIMYMHBI ONTHYECKOH TOJIIMHBI aTMOC(HEpHOro
a3po30J1sl.

C yu€TOoM BBIIEH3IIOKEHHOTO, HAMH TIpeJyIaraeTcs MHO-
TOBOJIHOBBII METOJI ONIpeJIeSICHNs] OEpPEroBOil INHUU B yCIOBH-
SIX CUJIBHOTO a3PO30JIbHOTO 3arpsi3HEHUSL.

CyTb mpenyaraeMoro MeTOAa 3aKJII0YaeTCsi B HCIIOJIb-
30BaHMU HM3BECTHOU TPEXBOIHOBOW METOMWKH [6—7] mprmMe-
nutenbHo K b (L) u b (X)) 11 ycrpanenus BausHus T, (A,)
u T, (A,) cooreTcTBeHHO. COmTacHO TPEXBOIHOBON METONMKE
BBOJMTCS TIPOMEKYTOUYHBIN ITOKa3aTellb Y, ONPEACIIEMbIH KaKk

_ 11 (7\'1)Kl '13(7”3)1(2

1 (23)
1,0,)

rue Xl< k2< k3;

(&), LX), 1,(A,) — pe3yabTaTbl CIEKTPOMETPUIECKUX
M3MEPEHHUH Ha JUIMHAX BOJH A, A, A,;

K,, K, — K03Q(hHUIMEHTE KOPPEKINH, BBIYUCIIACMBIE
¢ yu€rom Moien AHrcTpema arMoc()epHOro a3po30Jist B BUJIE

T, =B 4

rae [ — mokasareib a3p030JIbHOM MYTHOCTH arMoc(epsl;

0.— I0Ka3aTenb AHICTpeMa, a TAKXKe aJIUTHBHON Mozie-
71 aTMoc(hepHOTO a3p0o30IIs B BUAE

Ta = Tac+ Taf (25)

rae T, — ONTHYECKAs IUIOTHOCTb KPYIHOAMCIIEPCHOW CO-
CTaBIIAIONICH a3p030Is;

T,,~ ONTHYECKas MIOTHOCTh METKOJMCIIEPCHOM COCTaB-
SO a3pO30IIs.

C yuéroM METONUKHU, 3aKIIOUEHHOH B BBIPAXKEHUSIX
(23) —(25), BBenéM npoMeKyTOUHBIH Mokasaresb v, (b,) npu-
MEHHUTENBHO K b, momo6Ho (9). meem

21

|:E (A3)-e ) JK” : [Fl ;) e-ua,u;)T

Fky)e =0 0

V(b)) =

e A, = A FAN

A, = A-AL

AA = const.

OueBHIHO, YTO YCIIOBUSI YCTPAHEHHUS BIHMSHUS aTMOC-
(depHOTO a3p030iis B (26) MMEEM CIICTYIOLIHIA BU

78

Kll’tzLal. (}\’;) + KZITzLa.(}\’Z) = Ta.a4 (7\‘2) (27)

C yuérom BeIpaxeHuil (24), (25), n (27) nomyuum cie-
JYIOIIYIO CUCTEMY ypaBHEHHH JUISi BBIYHCICHHS KOI(PPHIH-
entoB K n K .

Ky Y+ Ky 0 =0, (28)
I SRV SRRy S (29)

rae o, 0, — TOKasaTenn AHICTpEMa Il MENKOOUCIEPC-
HOTO W KpPYNHOAWCIIEPCHOTO COCTABISIOIINX — ad3pPO30JIs
COOTBETCTBEHHO.

OuesnHo, uto Berumcienue K u K, mossosser Ham Ha-
ncarh BeipaxkeHue (26) B Buze

F; (7\‘1+ )Ku . Fi (}\‘27 )Ku
£®,)

(30)

,(b,) =

[ToBTOPHB BCE MPOLIELYPHI TPEXBOIHOBON METOIMUKH JIJIst
b,(L,) momyuum

E (7\‘5+ )Klz . E (7\’57 )Kzz

Y1(b5): FI(}\'5) (31)
C yuérom (30) u(31) umeem
:Yl(bS) :ClE(}\‘Z) (32)
v(b,)  F(ks)
e Cl _ Fi(}\.y) 12 .F‘Z(}\’5 ) 2 (33)

RO R, )

CpaBnauBas BelpakeHus (21) u (32), MOXXHO 3aMETHTH
HX CXOXECThb TI0 (hopMe, OHAKO, CYIIIECTBCHHOE pa3InJKe 3a-
KIHo4aeTest B ToM, uT0 C SIBISETCS CIyYalHOM BENUUYMHOM,
a C, — NeTepMUHUPOBAHHOM.

BosBpamasice k pemaemoil 3ajade ompeneneHus Oe-
PEroBOi JTMHHUM IBYXBOJIHOBBEIM METOIOM, KPHUTECPHH, H3JI0-
JKCHHBI B pabote [1], Ha ocHOBaHMM BBIpakeHHA (32) MOX-
HO rmepeOopMyIHpOBaTh CICAYIONIMM 00pa3oM: OTHOIICHUE
Cl B (}"2 )

F (%)
u MenpIne, 9eM C| 11 cymu. TakuM 06pa3om, MPOBEAEHHBIH
aHaJN3 MO3BOJISIET YCOBEPIICHCTBOBATH M3BECTHYIO ABYXBOJI-
HOBYIO METOAMKY B CMBICTIC YCTPAHEHUS BIUSHIS AOMaTbHBIX
BEJIMYUH aTMOC(EPHOTO adPO30IIsL.

[IpMEHUTETPHO K MPAKTUYCCKOMY HCIIOIb30BaHHIO
MpeaIaraéMoro MHOTOBOJIHOBOTO METO/Ia OTMETHM, UTO MOKa-

IPUMEHUTENIBHO K BOJHOHU cpenie Gonblue, yem C,|



3aTen AHTCTPEMA O, 1 0, MOTYT H3MEHATBCS C HHTEPBAJIOM aB-
TOKOPPEIISIMH BETHYMHON OHOW CYTKH U JIa)Ke MEHBIIIE, 4TO
JIUKTYeT HEOOXOIMMOCTh TIPOBEICHHS ONEpalluii KOPPEKLIUH
koa(uientos K, 1 K. s 310 1emu MOryT ObITh HCTIONb-
30BaHb! JaHHbIe BcemupHOi cetdt AERONET, a taxoke apyrux
PETHOHAIBHBIX CeTel M3MEPEHHS aTMOC(HEPHOTO a3PO30JIs.

3akJl0ueHue

Cdopmynupyem OCHOBHBIC BBIBOIBI U TTOJIOKCHHUS TIPO-
BEJIGHHOTO MCCIICIOBAHUS:

1. OT™MeueHo, YTO OCHOBHOM HEJJOCTATOK CIIEKTPAIILHOTO
METO/1a OTIpe IeNIeH s OepPETOBO IMHUN MOXKET OBITh yCTpaHe-
HO ITyTEeM pean3aliiil U3MEPEHHH ¢ TPAMEHEHHEeM pa3Hohop-
MAaTHBIX OKOH.

2. OTMEYCHO, YTO B KQYECTBE T'PAHMIIBI BOJA-CYIIIa MOXK-
HO MPUHATH KPUTEPHIA, Koria nokazareab SMC gocturaet Be-
nuauHb! 40%.

3. PaccMoTpeHa BO3MOXXHOCTh ITOCTPOCHUS THIIEPCIICK-
TpabHON M3MEPUTENBEHON cucTeMbl Ha 6a3ze nHaexca WISOIL
C TPUMCHECHHEM YIPABISIEMOTO JKAIKOKPHUCTAILTHYECKOTO
¢dubTpa.

4. ChopmynupoBaHo TpeOOBaHUE K CKOPOCTHU TEPE/IBU-
KCHHUSA HOCUTEIISL CUCTEMbI UBMEPCHU .

5. OnTUMHU3UPOBAH PEKUM PAOOTHI U3MEPHUTEIIS B CMBIC-
JIe yMEHBIIEHUS U30BITOYHOCTH WH(POPMALINU TTyTEM BBEZC-
HUS aJJalITUBHOTO PEKAMa H3MEPCHUSI.

6. [IpennoskeHa MOIeTh OIICHKU CUTHAJIOB CITy THUKOBBIX
CIICKTPOPAJUOMETPOB ISl CITy4dasi aHOMAJIBHOTO 3arps3HEHUS
aTMoc(hepbl a3PO30JIeM.

7. Ha ocHOBe MpenioKeHHON MOJIeNH pa3padoTaH MHO-
TOBOJTHOBBIM METOJ[ OTIpeeNieHIsI OeperoBOi TMHHH, TTO3BO-
JSIOMIAN YCTPAHUTD a3PO30JIBHYI0 IMTOTPEITHOCTh U3BECTHOTO
JIBYXBOJTHOBOTO METOJIA.
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METHODS FOR DETERMINATION OF MARITIME COASTLINE
USING ABOARD MULTICHANNEL MEASURING SYSTEM

ABDULLAYEVA LYATIFA DJAFARAGA KizI,

Baku, Azerbaijan, latifa.abdullayeva@mail.ru

ABSTRACT

The work is devoted to questions of coastline determination using aboard
measuring systems. It is noted that major drawback of spectral method for de-
termination of coastline can be removed by realization of windows of differ-
ent sizes. It is shown that as a border between water and soil media criterion
stating that the water content of the soil at the border should reach 40% may
be adopted. The feasibility for development of hyperspectral measuring sys-
tem on the basis of WISOIL index by utilization of controlled liquid cristallic fil-
teris considered. The requirement for speed of movementt of carrier of meas-
uring system is formulated. The operation regime of measuring instrument
is optimized in direction of decrease of information exorbitance by way of
use of adaptive measuring regime. Questions on development of multiwave
method of remote determination of coastline in condition of heavy aerosol
pollution of atmosphere are analyzed. The model for assessment of signals
of satellites spectroradiometers in condition of abnormal aerosol pollution of
atmosphere is suggested. On the suggested model the multiwave method for
determination of coasline is developed which make it possible to remove the

aerosol error of known two wavelength method.
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AHHOTALNA

Ob6Lwen3BecTHO, YTO OOHMM M3 OCHOBHbIX (HAKTOPOB, BbI3bIBAIOLWMX KAMMATUYECKUE W3-
MEHeHUs Ha 3eMJie SIBNIAIOTCS BOAsHbIE Mapbl, ABYOKUCh yriepoaa u mMetaH. M3-3a Hanu-
UMSi HaIMYMK Y BOASIHBIX MAPOB CUJIbHBIX MOJIOC MOrOWEHNs B BU3KOM MHbpPaKpacHOM
U MHPpPaKpPacHOM AuanasoHax, MHGOPMaTUBHOCTb CMYTHUKOBON MHGOPMaLUN [UCTaHLM-
OHHOrO 30HAMPOBAHWSA 3EMJIN CUJIBHO OrpaHuuymnBaeTcs. BoiweykasaHHoe obycnosnusaet
HaCyLLHYIO aKTyaslbHOCTb TOYHOW OLLEeHKM OBLLero KosiMyecTBa BOASIHbIX MapoB B aTMOC-
¢depe. ConHeuHbit poTOMETP ABNAAETCH OAHMM U3 OCHOBHbIX U3MEPUTESIbHLIX UHCTPYMEH-
TOB, UCMOMb3yeMbIX B HacTosliee BPeMsa A/ U3MepeHus OBLLero KosimyecTBa BOASHbIX
napoe B aTmocdepe. PaboTta nocesiLieHa npepsiaraeMoMy HOBOMY METOAYy W3MepeHusi
obLero KonmMyecTsa BOASIHbIX NapoB B aTMocdepe C NMOMOLLbIO COSTHEYHbIX GOTOMETPOB.
M3mepeHune ocyulectBnsetcss Ha AnunHe BosiHbl 940 HM. lNorpelHOCTb aHaNOrMYHbIX W3-
MepeHuI B HacToswee Bpems gocturaeT 5+10 npoueHTOB, Npu 3TOM OAHUM U3 OCHOBHbIX
MPUYUH OTHOCUTENIbHO HEDOSBLIOW TOYHOCTU TaKUX U3MEPEHMUI ABAAETCH BAUSIHUE aTMOC-
¢depHoro asposzona. Ons ycTpaHeHUs1 YKa3aHHOTO BIIUSAHUSA LUMPOKO MPUMEHSAETCS MeTOL,
N3MepPEeHNs ONMTUYECKON TOJILLMHbI a3pP030Jia Ha TakoW AJINHE BOJIHbI, TAE BOASHbIE Napbl
He MMeloT nosiockl nornoweHus. [lanee ocylecTBASETCS 3KCTPANoAUnUa NoslyYeHHOro
pesynbTaTta Ha ANVHY BOJIHY BoJiHbI 940 HM. Kak pesynbTaT, yaaeTcs HECKOMbKO MOBbICUTHL
TOYHOCTb NMPOBOANMBIX U3MepeHui. OgHako ruapoduanyeckme CBOMCTBa aspo30ss He no-
3BOSISAKOT MOJIHOCTBIO YCTPAHUTL yKasaHHylo npobnemy. Paznuune BpemMeHHbIX Maclwitabos
YBJIaXXHEHMWS yKa3aHHbIX KOMMOHEHTOB a3p030/sl He NO3BOJMIAET YCTPaHUTL BAUSHME aspo-
30719 U3BECTHbIMU MeToAamMun. Ha ocHOBe M3BECTHOro TPEXBOJIHOBOIO METOAa COJIHEYHO-
bOTOMETPUYECKUX N3MEPEHMI C KOPPEKTUPYIOLLUMMU KO3 DULMEHTAMM NMPEAJIOKEH HOBbIN
TPEXBOJIHOBbIN METOA U3MEepPEeHUs BOASHbIX MAapOB C NPaKTUYeCcKM NOJSIHOW KOMMeHcauven
BO3AencTBus asaposonsa. CoctaBsieHa MeToAmMKa NPOBeAEHUs TPEXBOTHOBbIX CKOPPEKTUPO-

BaHHbIX I/13MepeHI/IIh 06u.|,er0 Konun4yecTBa BOASAHbIX MapoB B aTMOcd>epe.

KJTKOYEBbLIE C/JTOBA: conHeyHblt doTOMETp; BoAsiHbIE Napbl; U3SMepeHusi; aTMmocdepa; Aau-

Ha BOJIHbI.

Ana uutupoBaHusa: Acagoe X.[, Mamegoea Y.®. HoBbil MeTon u3aMepeHus obLuero KonmMyecTBa BOASHbIX MapoB B aTMocdepe ¢ no-

MOLLbIO COJIHEYHbIX ¢poToMeTpoB// HaykoeMkme TexHosMOrMm B KOCMUuYeckux uccnegosanuax 3emnu. 2019. T. 11. N® 3. C. 81-88. doi:

10.24411/2409-5419-2018-10271
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BBenenue

XOpOoII0 M3BECTHO, YTO OOUIMH paJMAlMOHHBIA OaraHC
3eMin ompenersieT ee KIMMar U 3eMHast atMocdepa BBICTYIaeT
B KQYECTBE CBSI3BIBAIOIICTO 3BCHA BO B3AHUMOJICHCTBIN KOCMOC —
3eMJIst B pariallioHHOM Tiane. DHeprust CoHIla 3HaYUTETHHO
TIOTIIONITACTCS PA3IMYHBIMUA COCTABIISIONIMMYI 3€MHOH aTMocde-
pol [1-3]. OgHako pons atMOchepsl B paaralliOHHOM OaaHce
9THUM HE OTpaHUYMBACTCSA. ATMOC(Eepa TaKKe MPOTUBONICHCTBRY-
€T TPOXOXKICHUIO COOCTBEHHOTO HH(PPAKPACHOTO H3ITYUCHUS
3emn B kocMOC. [IBOCTBEHHAS! pOJIb aTMOC(EPbI — OCHOBHAS
MPUYHHA [IATKOCTH TOTO KaKYIIETOCsS PAaBHOBECHSI B PaIHally-
OHHOM Oanance 3eMiH, KOTopast JIETKO MOXKET OBITh HapyIIeHa,
WITH, CKOpEee BCETO, Y)Ke HapyIeHa OSCKOHTPOIBHBIM aHTPOIIO-
TeHHBIM (pakTopoM. Hapytienune paauannoHHOTo Oananca 3eMiin
CKOpEEe BCETO BHIPAXKACTCS B KIIMMATHUCCKUX NU3MEHCHUSIX, TIPO-
UCXOISIMX Ha TuiaHere. OCHOBHBIMH TAPHUKOBBIMU Ta3aMHU,
CHOCO6CTByIOH_II/IMI/I KIIMMAaTU4YC€CKUM H3MCHCHUAM Ha 3CMJ'[e
SIBJIIOTCS BOAAHBIC TTaphl, ABYOKHCH yIiepoma W MeTaH [4—06].
Tounast oreHKa copepyKaHWs yKa3aHHBIX KOMIIOHEHTOB aTMOC-
(epsl TI0 ATOW IPUYMHE UMEET BaKHOE 3Ha4eHHe. bymyun map-
HHUKOBBIM T'a30M, BOJSIHBIC TIaphl YYaCTBYIOT B (DOPMUPOBAHUU
a’3p030JIs1, YTO TAKXKE TMOJUCPKUBACT BAXKHOCTh U 3HAYHMMOCTH
HCCIIeI0BaHus 3TOro akropa. Bmecte ¢ TeM, BOASHbIC MaphI aK-
THUBHO BIUSIOT Ha Pe(PaKTUBHOCTH TPOMIOCHEPHI K TEM CaMbIM,
BBI3BIBasi HEOMHOPOIHOE CBOMCTBO Pe(PPaKTHBHOCTH TPOIIO-
ceprl, MPUBOIUT K TTOSBICHAIO CIICIAPITYSCKOIN TOrPEITHOCTH
ydeTa BPEeMCHH TIPOXOXKICHHUS AIICKTPOMATHUTHBIX BOJIH B T'€0-
JIE3MYECKUX U3MEPHUTEIBHBIX MPUOOpax u cersix [7-9]. BomsHbie
naphbl B arMochepe 4acTo XapaKTepU3yrTCsl TAKUM [TapaMeTPOB
KaK «CyMMapHasi TOJIIMHA OCAKIAEMOH BOIBD), KOTOPAs OIIpe-
JIeNsieTcs TOMILUHON SKBUBAJIEHTHON BOASHONW Macchl IOJTydyae-
MOH W3 CYMMapHOTO KOJMYECTBA BOISTHBIX TTAPOB, HMCFOIIHXCS
B aTMOC(hepHOM cTonGe ¢ Tonepeunsv cedenneM 1 M [10].

Haubosee mupoko UCTIOIB3yeMbIMA METOIAMHU HU3Mepe-
HUA CYMMApHOT'O KOJIMYCCTBA BOAAHBIX IMAPOB ABJISAIOTCA:

1. M3mepenne ¢ MOMOIIBI0 MHKPOBOJIHOBBIX pagHOMe-
TpoB B TurareprieBom nuamaszone (31,4 I'T'; 23,8 I'Tm).

2. HW3mepeHnre C TOMOIIBIO COTHEYHBIX (OTOMETPOB
(ma mmHax BoH 0,82 MM u 0,94 MKM).

3. U3mepenus ¢ nomoisio GPS cucrtem.

[Ipu UCMONB30BAHUN COMHEYHBIX (POTOMETPOB IS H3-
MepeHHs 00IIEero KOJMYecTBa BOJSHBIX MAapoB B arMocdepe
TTOJTB3YIOTCS MATEMAaTHIECKUM BBIPAKEHUEM, YaCTHIHO BKITIO-
garomuM B cebst 3akoH byrepa-bepa [10]

E}b ZE)? .e—(C,+C2+C3)m 'T;L’ , (1)
e Ef -u E, -ciekrpasnbHas paguarus Ha 3a[aHHOMN UTHHE
BOITHBI A, BHE aTMOC(EPHI U ITOCIIE TPOXMKICHHS Yepe3 aTMOC-
(bepy ¢ onTHYECKOH Maccoi M;
C, — onThyeckas TOJIMHA PEIEEBCKOTO PACCETHUS;
C,— onTuyeckas ToJIMHA aTMOC(HEPHOTO a3PO30IIs;
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C,— onTnyeckas ToqmuMHa aTMOC(EPHOTO O30HA.

Onrtudeckast BO3IyIIHAS Macca M ONpeaesseTcs Kak ce-
KaHC 3eHUTHOrO yria z ConHua (z < 62°); T, - koodduuueHt
MIPOITyCKaHHsl arMOc(ephl, YUUTHIBAIOLIMN HAINYNE MOJIEKY-
JAPHBIX TI070C BOAAHBIX mapos. Cormacuo [10], T, mosker
OBITh NIPEJCTABIICH B CICAYIOMIMX TPEX MOJEIBHBIX (hOopMax:

112

T, =e ", )
T, =", (3)
T, =1-Cym'", 4)

rJe M— onTHYecKas Macca BojsiHoro napa; W — koindecTBo
ocaxkaaeMoil Boabsl B MM; C ” C5 u C6 — OMIIUPUUYECKH OTIpe-
JIeTIsIeMbIE TIOCTOSIHHBIE.

Kooddurment T, mnpumeHseTcst s CHIBHBIX MOJIOC
IOIIIOLICHNUs BOASHBIX [1apoB. Koodduument T, npumenser-
cst JuIsl ciaObIX MOJICKYJISIPHBIX MOJIOC TMOIVIOIICHHUS, 8 TaKkxkKe
JUISL CITy4aeB MajbIX ONTHYECKUX ToaMH. Kosppuuuent T,
MIPUMEHSIETCS. Ha TeX JUIMHAX BOIH, B KOTOPBIX ITOIIOLICHHE
BOJISIHBIX IAPOB HECYIECTBEHHO, OHAKO MMEET MECTO HEKO-
TOpOE MONIOIICHUE COTHEUHON PaMaliiy TAKUMH Ia3aMu, KakK
€O, 0,u0,.

O6napyxenssiii B 2000-M rogy (akT Haludusl OIIH-
60k B mmpoxko ucnonszyemoit mogenmn HITRAN96 no wactu
UHTEHCHBHOCTEH JHui mortomenus H,O ctumynuposaiu
JaTbHEHIIINE UCCIIEN0BAHMUS B 00IaCTH MOJEIIBHBIX ITPEACTaB-
JICHNI BIUSIHASL BOJSIHBIX IIApOB Ha MPOITyCKaHWe armocde-
pel. Bmecte ¢ Tem, Mozens (2) Oymydn BceoOIe pr3HaHHON
MOJIEJIbIO, IPUBETIA K TIOSIBJICHUIO MHOXKECTBA PAaCYETHBIX Me-
TOAMK, HOMOTPaMM, TaOJHIl U rpaduKoB, KOTOpbIE oOJerya-
10T pacyeTsl 1o 3Toi Moxenu. Kpome Toro, uamepuTenbHbIe
NpuOOpPhl, ¥ B YAaCTHOCTH COJHEYHBIE (OTOMETPHI, H3Me-
pSIIOINE CYyMMapHOE KOJMMYECTBO BOJSHBIX MApOB OTKAJH-
OpoBaHbl ¢ yyeToM MMeHHO Mozenu (2). [IpousBoncTBeHHas
1 XO3AHCTBEHHAsl JAEATEIBHOCTh YeJI0BeKa B MaciiTadbe Bcel
TUTAHETHI SIBJISIETCS] OTHUM M3 OCHOBHBIX ITPUYMH POCTa 001Ie-
r'O KOJIMYECTBA BOAHBIX IapoB B armMoc(epe, uTo AUKTYeT He-
00XOIMMOCTb OpPTraHN3aIMY TTOCTOSHHOTO KOHTPOJIS HaJl THM
Ba)XHEHIMM (pakTOopaM paaWarmoHHOTO OamaHca 3emirn.
OueBuIHO, YTO ISl TIPAaBUIBHOTO MPOTHO3UPOBAHMS pajifa-
LIMOHHOTO OajyaHca 3eMIN JOJDKHBI OBITh pazpaboTaHsl Oosee
TOYHBIE METO/IbI M3MEPEHNUs TapOB BoAbL. OOIIee KOIMYECTBO
BOJISIHBIX ITAPOB B IIOOAJBHOM MaciuTabe U3MEepsIFoTCsl ¢ I10-
MOIIBI0 CHYTHHKOBBIX mpubopoB (MODIS, TOVS u np.),
TOYHOCTH M3MEpeHHs KOTOphIX cocTaBisieT 10-15%. B atom
KOHTEKCTE CYIIECTBEHHO BA)KHO HAJIMYME TOYHBIX Ha3eMHBIX
(OTOMETPHUYECKUX CPEACTB B LEISX BAIUAALNH U KaIHOPOB-
KH CITyTHHUKOBBIX H3MEPUTEIBHBIX PUOOPOB.



Cremyer OTMETHTH, YTO B HAay4dHOH JINTEpaType Hawu-
OoJiee 4acTO MCIONB3YETCsI CIIEAYIONas MOAEb ONTHYECKON
TOJILIMHBI BOASHBIX TAPOB B aTMocdepe:

IHzozc(md Wd), 5)
rae ¢ u d sBistroTest KodhQUIHeHTaMH, 3aBUCSIIAME OT JJIH-
HBI BOJIHBI M TOKa3aTesiell ONTHYECKOro TPaKTa COJHEYHOTO
(oTomeTpa, BEpPTHKAIBEHOTO Paclpe/ielIeHUs] BOASHBIX IapoB,
TEMIIEpaTyphbl U AaBJIEHHS B aTMOcdepe.

B mecte ¢ TeMm, umeercsa npyras, HEMalOBaXXHAS IPH-
YMHA JUIS OPraHU3alUK IIMPOKOMACIITAOHBIX HA3€MHBIX M3-
MEpEeHM BOISHBIX IMApoB B arMmocdepe, 3aKIIOvaromasics
B HAQJIWYHWU y BOASHBIX IAPOB CHIIBHBIX I10JIOC MOTVIOIICHHMS
B 01M3KOM MH(PAaKpacHOM M MH(]paKpacHOM Juana3zoHax, cy-
IIECTBEHHO OTPaHUYMBAIONINX HH(OPMATUBHOCTH CITyTHHKO-
BO MH(OPMAIMY TUCTAHIIMOHHOTO 30HJUPOBAHUS 3EMIIH.

OnHUM M3 OCHOBHBIX M3MEPHUTENBHBIX HHCTPYMEHTOB,
UCTIONB3YEMBIX B HACTOSIIIIEE BPEMS /ISl H3MEPEHHS OOIIETO
KOJIMYECTBA BOJSIHBIX ITAPOB SIBIISIETCS] COTHEYHBINH (hOTOMETD.
ConHe4HO-(pOTOMETPUYECKUM HM3MEPEHHSIM BOJSIHBIX HapoB
B arMocdepe MOCBSIIEHO OoJbIoe KoaudecTBo pador [10—
15]. Ha puc. 1. noka3ansl rpaguku IpoOIyCKaHust arMochepsl
Ha cnekTpansHoM auarazone 7001000 um [10].

Kak BumgHO W3 rpadmKoB, MPEACTABICHHBIX HA puc. 1,
BOJASHBIE Mapbl HMMEIOT IMOJIOCHI MONIOIMICHWS HA JUIMHAX
BoIH ~ 720uM; 815 uM u 940 um. Ilpu sToM nonoca noro-
[IeHHs Ha JuHe BOJHBL 940 HM sBisgeTcs HauboIee CHILHON
1 ILIUPOKOH.

11.No. 3-2019, H&ES RESEARCH:
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Kaxk yxassrBaercs B pabore [11], mporryckanne atmocde-
Ppbl Ha JuiMHE BOJHBL 940 HM onpenessieTcs Kak

— ()
T:ztm =e T (6)
rae mo —OTHOCHUTEJIbHAA ONTUYCCKAasA Macca BO3ayxa,

T,— OINTHYCCKas TOJIIINHA adpO30JIsd,

Ty — ONTHYCCKas TOJIIHHA Peneesckoro paccesaHus,

T— TMIPOMMyCKaHWE€ BOJAHBIX ITapPOB, OMPEACTIACMOEC KaK

T — e—a(mW)b (7)

atm

rAe M — onTHYecKas BO3MyLIHAs Macca BOISIHBIX IapOB;
W — o01wee coaepixaHie BOISHBIX 1apOB;
a, b — mocrosHHbIe KOA(DGUIUECHTHI U1 BHIOpaHHOU
JUTUHBI.
[Tpu sTOM onTHYecKas: TOJIIMHA a3pPO30Jsl U3MEPSIeTCs

ncnonb3ys popmyimy AHTcTpema
() =p-2" (8)

rJe o — rokasareib AHrcrpema; f — rmokasareib MyTHOCTH
aTMocQepsl.

Kax 6b110 OTMEUEHO BBIIIIE, /IJIs POBEICHUS N3MEPEHUI
ONITHYECKOW TONIMHBI aTMOC(Ephl IIHUPOKO MTPUMEHSIOTCS
cosHeuHble (hoToMeTphl. B kauecTBe mpumepa Ha puc. 2. IpH-
BesieHa rpauueckasi cxeMa KOHCTPYKIIMU COJTHEYHOTo (oTo-
Mmetpa tuna EKO MS-115 smonckoit pupmsr Eko Instruments
Co., Tokyo [12].

\ | v/
g -, NS
o8t Y |
= || |
= o7t | J
= { | !_,-
> 0 | \l/
= | | Y
S 0. ~Rayleigh |
- IWV=1cm \
0.4+ IWV=2cm| !
AOD=0.1
i AOD=0.2
0.3t
0,‘ | L L i L '
750 800 850 900 950
JTHHBI BOIHBI (HM)

Puc. 2. I'pauku nponyckanus armocdeps! B quanazone 7001000 am:
1 — Ilpomyckanue armMmocdeps! mpu 00IeM KonndecTBe BOAIHBIX mapoB (OBIT)
paBHOM | cM 1 mpu ontuuecKkoit TomHe adpo3oins (OTA) pasuotii 0,1;
2 —npu OBII = 2 cm; OTA = 0,2 (3nauenus OTA npuBenens! 11 HHBL BoiHbl 700 HM)
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Puc. 2. Cxemarnueckoe n3o00pakeHue cotHedHoro gporomerpa MS-115: 1 — y3en HaBeneHus;
2 — aneprypa; 3 — LMWINHIPUYECKUI HarpeBaTellb; 4 — KOHTEHHEp ¢ CUIMKAreieM;
5 — uHTepdepeHINOHHBIN GUIBTP; 6 — ABHTaTeNb; 7 — (QUIBTPHI YCTAHOBICHHBIE HA KPYTAIIEMCS KOJIece;
8 — doroanon; 9 — cencop nonoxeHus GuabTPa; 10 — Y3761 INEKTPOHUKU

Mamepenne OBII ¢ momormipio colHeYHbIX (oTome-
TPOB B OCHOBHOM OCYIIECTBIISIETCS] Ha JUTMHE BOJIHBI 940 HM.
Ocob6enHoctr nposeaeHus nzmepenuit OBIT Ha jmiHE BOTHBI
940 M HanboIEee TOAPOOHO H3IIOKEHEI B padore [13].

Amnanus, poBe/ieHHbIN B pabdore [13], moka3bIBaeT, 4To
B HacTosmee Bpems morpemHocts m3Mmepenus OBII ¢ mo-
MOIIIBIO COJTHEYHBIX (POTOMETPOB Ha JUIMHE BOJHBI 940 HM
cocrapusger 5+10 mporeHToB. OCHOBHOW NPHYUHON OTHO-
CUTEJBHO HEOOJIBIION TOYHOCTH TaKMX HM3MEpPEHMI Ha Halll
B3IVISIJL SIBJISICTCS BIMSIHME aTMOC(epHOro asposons. Jlms
yueTa BIHMSHUS adpo30Jis1 Ha MPAKTHKE MIMPOKO IPHMEHseT-
CA METOJ UBMEPECHUA ONTHYECKOMN TOJILIIMHBI HA TaKou JJINHE
BOJIHBI, IJIE MOJIOCA TIONIOUICHHUS BOASHBIX MAPOB OTCYTCTBY-
eT. Jlanee ocyImecTBIsETCSI HKCTPANOISIHS TTOTYIEHHOTO pe-
3ynbTaTa Ha JUIMHY BOJHY BOJHBEI 940 HM ncnonb3ys Gpopmyity
Amnrcrpema (3). Takoif MeTon JaeT BO3MOXHOCTb IOBBICUTH
TOYHOCTB MTPOBOIMMBIX M3MEPEHHH, OHAKO (pr3MKo-onTHYEe-
CKHE CBOMCTBa a’po30Ji1 HE IMO3BOJSIOT MOJHOCTHIO YCTpa-
HUTb YKa3aHHYIO poOieMy. J{eno B ToM, 4TO 110 BPEMEHHOMY
MacmTaly yBIaKHEHHS adpO30JIH JENATCS Ha THAPOPOOHBIE
u ruapodmiIbHbIe. [ Hapo(oOHBIM a3p0O30IIsIM OTHOCAT TBEP-
JIble MMHEpaJIbHbIC YacTHUIIbI, yBJIaKHEHHE KOTOPBIX MOXKET
mutes cytkamu (Black carbon u ap.). T'mapodumsHabie aspo-
30JIbHBIC HaCTHU1LIbI CHOCO6HI)I YBJIQXKHATCA B TCHCHUE HECKOJIb-
KX MHHYT, IPU 3TOM TNIPOIIECC YBIAKHEHHS OKa3bIBACTCS HeE-
TUHEWHBIM (U3NIecKuM TporieccoM. CoTlTacHO pe3yibTaraM
9KCIEPUMEHTAJIbHBIX HMCCIIEZI0BaHUM, NPOBEACHHBIX B [14],
B HayaJIbHbIe MOMEHTBHI pe3koro m3menenust OBII B atmoc-
(epe HabIIOaeTCsl oTpuLaTeNbHas Koppessinus mexy OBIT
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u OTA (puc. 3 [14]). Takoit 3pdexT MoxkeT ObITh 00BICHEH
TTOYTH MTHOBEHHBIM YBIKHEHHEM THAPOPIITFHOTO a3pP030JIs,
MPUBOJLIETO K HeKoTopoMy cHIbkeHuto OBII. Onnako, nocine
YBIQKHEHUS] THAPOMWIBHBIX COCTABISIONIMX a’pO30JIsl Ha-
OiroyiaeTcst MoJIoKUTENbHast Koppessinus mexay OBIT u OTA.
YKka3zaHHBIC TIPOLIECCHI B KOHEYHOM CUETE OIPAaHUYHBAIOT TOU-
Hocth orieHkn OBII mpu mpoBeAeHUN OXHOBOIHOBBIX H3MeE-
peHmii Ha rHE BOMHBI 940 HM W3 — 3a HEONpPEeAeICHHOCTH
B YCTaHOBJICHHH 3HAaKa BHINICYKa3aHHON Koppemsanuu. B ka-
YeCTBE BBIXO/Ia M3 CO3/IaBIIETOCS IMOJOKEHUS HaMH IIpesyia-
raeTcsi MCIOJIb30BaTh HOBYIO MOJM(HUKAINIO TPEXBOJIHOBOTO
METO/]a U3MEPEHUsI C KOPPEKTHPYIOIUMHU Kod(duireHramu,
BIIEpPBbIE M3JIOKEHHOTO B padote [15].

1.0 1.4
=] 13
£ 0.8 8
- =
0, 0.7+ 12_
= 0] g
5 1.1

0.5

-1 R . Y

08:00 10:00 12:00 14:00 t; 18:00 t2 18:00

Puc. 3. Bpemennas B3aumocss3b usmenenns OBII nu OTA:
1 — Bpemennoe u3menenue OTA;
2 — BpemeHHoe uzMeHeHue OBII



Janmm kpaTkoe H3II0KESHNE TPEXBOIHOBOTO METO/IA COTI-
HEYHO — (hOTOMETPUYCCKHUX H3MEPCHUN C KOPPEKTUPYIOIIU-
MU K03 duImeHTaMu, u3loxkeHHoro B [15]. B aTom MeTone,
B YaCTHOCTH, TIPH TIPOBEJICHUU U3MEPEHHIA MAJIBIX Ta30BbIX CO-
CTaBJIAOMINX CTABUTCA 3a/la4a YCTPAHCHUS BJIHUAHUA a3p0O30J1d
Ha pe3yJbpTaT u3MepeHui. JlomycTuM, 4To IpoBOISTCS U3Me-
pEeHHS Ha JTMHAX BOJTH 7»1, 7“2, k3, e 7“2 SIBIISISICH TIEHTPAJIBHOM
JUTMHOM BOJIHBI COBIAJAET C JUIMHOM BOJIHBI MOTIOIIEHUS HC-
cleayeMoro rasza. PesynbsraTel u3MepeHuit 0003HaunuM CIIey-
IOIIMM 00pa3oMm:

T (M) =exp|=(my, () +myr, (2,))] ©)
T(r)=exp| -(m, (%) +m1, (1,))] (10)

T(n)=exp|=(m, (b)) +myr, (1)) ] )

rne T (Xl. ),i =1,3 —mnpomnyckanue armocdepsl Ha JTTHHE BOJI-
HBI A, M,, M — onTUYecKas Macca a’po30Jisl U Ta3a;

rq(ki) — ONTUYECKAs TOJIIMHA UCCIIeyEeMOTO ra3a Ha JIH-
HE BOJIHBI A;

T, (ki) — onTHYeCKas TOJNIINHA adPO30JIs Ha TOH JKe JITHHE
BOITHBL.

Jlanee BBOIUTCS Ha PACCMOTPCHHUE OTHOCHTEIIBHBIN I10-

Ka3aTelnb Y, ONpeaesseMblid Kak

ky ks

y:T(}“l) 'T(Kl)
70 12

C yuerom (9) — (11), u (12) umeem

exp[—(k]m]‘ta (M )+ kymyt, (B))+ kymyt, (hy )+ kymyt, (Ry ))J
exp[—(mlta (Ay)+myt, (?»2))} (13)

'\{:

VenoBue YCTpaHCHUA BIIUSAHUA adPO30Jid Ha BEJINYUHY Y
UMCECT BU/JT

klml‘cu (}\‘1)+k1m21a (}\‘l)zmlta (}"z) (14)

Jlanee onThyecKas TOJIIMHA a’PO30Jisl TPECTABIISET-
Cs B BHJIC CYMMBI ONTHYCCKUX TOJNIIHH KPYIMTHOAUCICPCHOTO
1, (A) ¥ MenkozMcnepcHoro T .(A) adpo3ons, T.e.

T (2)=". (ki)+r/.(ki) (15)

IIpu
T, (?u[):BAX,.’“” (16)

I, 11. No. 3-2019, H&ES RESEARCH
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T, (ki):Bf A a7

e B, P, — MyTHOCTH arMocepbl COOTBETCTBEHHOTO
JUIsL  KPYNHOIUCHEPCHOTO adp03071 U MEIKOAUCIIEPCHOIO
a’po30J1s;

0, 0, — MOKa3aTeIM AHICTPEMa [T KPYHOIUCTIEPCHOTO
a3p030J1s ¥ MEJIKOANCIIEPCHOTO a3PO30JIsl.

C yuerom (15)-(17) HETPYAHO IOIYYUTH CIICTYIOLIYIO
CUCTEMY ypaBHEHHI

klx‘liaA + ]‘72}“370"4 = 7‘27% (13)

ka Y +kh, Y =, (19)

Pemenne cuctems! ypaBuenui (18), (19) orHocuTensHO
K, 1 k, u yder nomydenHbIX 3HadeHuit y B (13) npu ycnosuu
T, )= T, (X,) = 0 MO3BONAET BHIMUCINTL HCKOMYIO BETTHUHUHY
T, ().

Paccmorpum mpeasniaraeMoe yCOBEpIIEHCTBOBAHHE BbI-
IIEN3JI0KEHHOTO TPEXBOJIHOBOTO METO/1a, 3JI0KEHHOTO B [7].

B npemiaraemom BapraHTe TPEXBOJIHOBOTO METONA M3-
MEpPEHHH ¢ KOPPEKTUPYIOMUME KO3(DPHUIMEHTAaMH LIEHTPaIb-
Hasl JUIMHA BOJIHBI A, BEIOMpAeTCs paBHOd 940 Hm.

B sTom ciygae, aranormyaHo (12) Harmmmrem

_ L) - T()"

(20
1 T05)
rme T ,(Ah,) — npomyckanue atMOC(epbl HAa JUIMHE BOJHBI
A=A
T,(A,) — npomnyckanue atMOCEpbl Ha IJIMHE BOJIHBI
A+ AN

Ipu oToM A, = A, — Al A, = A, + AL,

Bennunna AA BbIOMpaeTcst TaKuM 00Opa3oM, Y4TOOBI I10-
JI0ca MONJIOLICHHS BOJSHBIX IIApOB Ha LEHTPaIbHOU JUIMHE
BOJTHEI 940 HM He OXBaThIBaJIA JUTHHBI BOJTH 7»4 " kﬁ.

Ipormyckanust arMocepsl Ha JUIMHAX BOJH A, A, A,
OTIPEIETISIFOTCS CIIEAYIONIMM 00pa3oM:

T()u):exp[—(ml‘ca (M))] (1)
T(kﬁ ) = eXP[_(mlta (}\‘6 )):| (22)

T(r)= exp[—(mlta (As)+71, (Rs ))] (23)

rae T, (A,) — ONTHYECKas TONIIMHA BOISHBIX TAPOB Ha [JTHHE
BOJIHBI A.

BcerasuB Boipakenus (21)+(23) B dopmyny (20) mony-
YUM CIIE/yIOIee YCIOBUE YCTPAHEHHs BIHMSHUS adpo30Jis
Ha BBIYUCIICHHYIO BEJMIUHY 7.
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k;t, (7‘4 ) +hk,, (7\‘6 ) =1, (7‘5) 24

HormycTum, 9T0 BO BPEMEHHBIE MOMEHTBI £, U £, H3BECT-
Hbl 3Hadenus T, (A, ¢) u T, (A, £,), Tne 1, (A, £,) > 1, (A, £)).
C yuetom (3), a Taxke (15)+(19) ycnoBue xomneHcanuu Biu-
AHUS a3PO30JI HA BBIYUCIEHHYIO BEIMYMHY Y, B MOMEHT f,
UMeeT BHI

k37\‘4-‘1(’1) + k47\‘6-0t(t1) - )\‘S_Q(tl) (26)

3anuiiemM aHaJoTHYHOE YCJIOBUEC IJIsT MOMEHTA t2
k}}\%‘“(’z) + k47\.6_a(t2) - }"s_a(IZ) 27

Ilpn u3BECTHBIX 3HAYEHUAX a(f) M a(t,), N BEIOPAHHBIX
JUTMH BOJIH 3HAYEHMsSI KOPPEKTUPYIOIUX Kodddurmentos K,
1 K, MOTYT OBITh BHIYHCIIEHBI TYTEM PENIECHUs CHCTEMBI YPaB-
HeHwuii (26), (27).

Bcerapnss Borumciennble 3Hadenns K, 1 K, B BbIpakenne
(20) st BpEMEHHBIX MOMEHTOB | M £, IOy M:

7(6)= (28)

n(t)= 1 (29)

- exp[—(tw (ks,tz))]

e v,(¢,), v,(t,) — 3HaueHUsA TIapaMeTpa Y, B MOMEHTHI £, U 1,
COOTBETCTBEHHO.

[anee ¢ yueroM MOJENM ONTUYECKOW TOJIIIUHBI BOJS-
HBIX ITapOB B aTMocdepe B BHIC

T, =a(m W) (30)

n3 BeIpaskeHu# (28) u (30) momyurm

m a

lel.bln%(t‘) (31)

CootreerctBenno (31) Il BPEMEHHOTO MOMEHTa 1,
MOTy4UM

Wz_l.blrm—(tZ). 32)

m a

Takum 00pa3zom, B pe3ysibrare MpOBEICHUSI B MOMEHTHI
{, ¥ t, TPEXBOJIHOBBIX M3MEPEHUH, a TaKKe TIPH HAIMYUU HH-
(opmarmy 0 3HAYEHUSX 0(¢,) U 0(Z,) TIOSIBIISIETCSA BO3MOKHOCTD
OIpeNeNIuTh 00LIee CoIepIKaHue BOASHBIX AapoB B aTMOChe-
pe W, u W, myTem npeiBapuTeIbHOTO BEIYMCIEHHS BBOJMMBIX
KOPPEKTUPYIOLIUX KOIPPHUIIUESHTOB.
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C y4eToM BBIIIEU3IOKEHHOTO MOXHO TPEIOKATH CIIe-
JYIOLYI0 MeToIuKy onpenenenus OBII:

1. IIpoBomsTcs coMHEYHO — (POTOMETPUYECKUE H3Me-
PEHMs Ha TPEX JIMHAX BOIH A, A, A, Tae A, = 940 uM; A, u A,
BBIOMPAIOTCSI TAKUMH, YTOOBI [0J10Ca MOMIOMIEHHS BOASHBIX
MapoB Ha IEHTPpaIbHON JTMHE BOJTHBI 940 HM HE OXBaThIBaJia
9TH AJIMHBI BOJH. YKa3aHHbBIC N3MEPEHUS TPOBOASATCS BO Bpe-
MEHHBIC MOMCHTBI £, U [,; I, = [, +At. Ilpu 3TOM B IPOMEXKYTE
At nokazarens OBII nomkeH 3HaYNTETbHO U3MEHUTCSL.

2. CocraBisieTcsi cuCcTeMa ypaBHCHHH, MOMO0OHO BhIpa-
weHusM (26), (27). Berumcisitorest KoppekTupyronust ko3hhu-
LUEHTHI ITyTEM PELICHHs COCTaBICHHON CUCTEMBbI YPaBHEHUH.

3. OOmee KomuvecTBa BOISHBIX MapoB B aTMmocdepe
B MOMEHTHI ¢, U ¢, BBMUCISAOTCA 110 hopmysam (31) u (32).

3akJjroueHue

B 3akirouenue chopMyinupyemM OCHOBHBIE BBIBOJIBI IIPO-
BEJCHHOTO MCCIICIOBAHUS:

1. IlokazaH OCHOBHOHl HEIOCTAaTOK CYLIECTBYIOLIUX
METOJIOB COJIHEYHO-()OTOMETPUICCKIX METOIOB HM3MEPEHUS
o01iero coyepKaHust BOASHBIX ITApOB B aTMocdepe.

2. Ha ocHOBe U3BECTHOTO TPEXBOJIHOBOTO METOJa COJ-
HEYHO-(POTOMETPHUYECKUX HM3MEPEHUH BOJISHBIX TAPOB B aT-
Mocdepe ¢ KOPPEKTHPYIOUTIMHA K03(DHUITEHTaMH TIPEITI0KEH
HOBBIM yCOBEPILIEHCTBOBAHHBIN TPEXBOJIHOBBIM METOA M3Me-
PEeHHS BOISHBIX MTAPOB.

3. CocrapieHa METOAMKA pean3aly MPeI0KEHHOTO
YCOBEPIUIEHCTBOBAHHOTO TPEXBOJIHOBOTO METOAA CKOPPEKTU-
POBAHHBIX I/ISMepeHI/Iﬁ o61uero KOJIMYCCTBA BOJAAHBIX IIapOB
B atMocdepe.
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NEW METHOD FOR MEASURING OF TOTAL AMOUNT OF WATER VAPORS IN ATMO-

SPHERE USING SUN PHOTOMETERS
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Baku, Azerbaijan Republic, asadzade@rambler.ru

MAMEDOVA ULKER FIZULI GIZI
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ABSTRACT

It is well-known that one of major factors, causing the climatic chang-
es in the planet is water vapor, carbon dioxide and methane. Due to
presence of strong absorption lines of water vapors in near infrared
and infrared bands the informativity of satellites remote sensing data
is significantly limited. Aforesaid conditions the urgent actuality of
accurate estimation of amount of water vapors in atmosphere. Sun
photometer is one of major measuring instruments used at present
time for measuring of total amount if water vapors in atmosphere.

The paper is devoted to suggested new method for measuring of

KEYWORDS: sun photometer; water vapors; measurements; atmos-

phere; wavelength.

total amount of water vapors in atmosphere using sun photometers.
Measurements are carried out at wavelength 940 nm. The error of
similar measurements at present time reaches 5-10 percents. One
of major reasons for relatively low accuracy of such measurements
is effect of atmospheric aerosol. To remove effect of aerosol the
method where measuring of optical depth of aerosol is carried out
at such wavelength where water vapors have not absorption lines is
widely used. Then obtained result is extrapolated to wavelength 940

nm. As a result the accuracy of held measurements can be improved
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in some degree. But hydro physical humidification of aerosol don’t
allow to remove this problem at all. Difference in temporal scales
of humidification of various aerosol components don't allows to re-
move effect of aerosol using known methods. On the basis of known
three wavelength method of sun photometric measurements using
correction coefficients the new three wavelength method for meas-
uring of water vapors with practically full compensation of aerosol
effect is suggested. The relevant methodic for carrying out of three
wavelength corrected measurements of total amount of water va-

pors is composed.
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YHUDULNPOBAHHbIA METO OBECMNEYEHNS

CEOE- 1 OTKA3OYCTONUYMBOCTU B PACMPELOENEHHbIX
ABTOMATUN3NPOBAHHbIX LULUD®POBbLIX CUCTEMAX YTIPABJIEHUA
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AHHOTALMA

Brnepsble npeactaBieH yHUPULMPOBaHHBIA METOA, NOCTPOEHUS cOOe- U OTKa30yCTONUMBBIX
nHpopmaLmMoHHO GesonacHbIX pacnpepeseHHbIX aBTOMAaTU3NPOBaHHbIX LUdPOBbIX cucTEM
ynpaBfieHUs CNeLnasbHOro HasHauYeHusi, NapasieslbHO BbIMOJHSIOLLMX MHOXECTBO B3alMO-
LEeVACTBYIONX LieNeBbiX 3afay, OCYLIEeCTB/SIOWMX aBTOMaTUYeckoe NnapupoBaHWe MposiB-
JIEHWUIN JOMYCTUMbIX COBOKYMHOCTE BPaXaebHbIX HEUCNPaBHOCTEN Ha OCHOBE PeruInKaLum
KXo Leneson 3agaun (napasiensHOro BbIMOMHEHUs KOMUIA 3TON 3aAadn Ha Hem3bbITou-
HbIX BbIYUC/IUTENISIX C OOMEHOM pe3ybTaTamMmu U BbIGOPOM M3 HMX MPaBUIbHOTO B NPEANOosIo-
XKEeHUS, 4TO OLLMBOUYHBIMU MOXKET BbITh TOSILKO MEHbLLAs YaCTb 3TUX PE3ybTAaTOB) U UCMONb30-
BaHWS AMHAMUYECKON U3DObITOYHOCTH, obecrneunBaloLLell MakCMMasbHO AJUTEsbHbIE BPeMs
aKTVMBHOIO CyLL,ECTBOBaHWUSA CMCTEMbI U TPAEKTOPUIO €e CaMOoynpaBsieMoN Aerpajaumn u
CoCTOsILLe B aBTOMaTUYECKMX CAMOOBHaPYXXEHUM 1 CaMOUAEHTUPUKALMMN MO MECTY BO3HUK-
HOBEHUS 1 MO TUMY NPOSIBIEHUI CITYUMBLLNXCS HEUCMPABHOCTEN, CAMOBOCCTaHOBMIEHUM Liene-
BOrO BbIYUC/IMTENBHOMO MNpoLEecca Nocsie NPorpamMmmHbix c6oeB, caMon3onsLMN OTKa3aBLLNX
3/1EMEHTOB, B 3aMeHe 1X 3amnacHbIMU 3/IeMeHTaMu (MpU UX HasMuMmn) 1 CaMOBOCCTaHOBIIEHUN
LIeJIEBOrO BbIYMCIIUTENILHOrO MpoLecca € MPEXHUM ypoBHeM cboe- 1 0TKa30yCTOMUMBOCTH,
nMbo, NpU OTCYTCTBUM 3aMaca, BbIMOJIHEHWM CAMOYNPaB/IIeMON ferpafaLmnm CMcTeMbl € nepe-
XO[OM B COCTOsiHME Ge30MacHO OCTaHOBKM CUCTEMbI MPU MOJIHOM UCHEPMaHUN PECypCoB.
MeTogn npvMeHMM Ha caMOM BEPXHEM, apXUTEKTYPHOM YPOBHE MPOEKTUPOBaHUS TakmMX Ch-
CTeM, OCYLLECTBIIIEMOrO MO TEXHONOMMMU «CBEPXY-BHM3Y. [TpeanoxeHbl 0606LLeHHbIe Mofe-
JIN BepPXHero, apXuTeKTypPHOro ypOBHS Mpouecca NpoekTUPOBaHUS NOACUCTEM AUArHOCTU-
Ky, c6oe- 1 OTKa30yCTOMUYMBOCTM TakMX MHOrO3aJauHbIX CUCTEM U METOAbl UX MOCTPOEHMS.
MokasaHo, YTO MPOEKTUPOBaHME TaKON MOACUCTEMbI ANArHOCTMKY, cBoe- 1 0TKa30yCTONYNBO-
CTW AN MHOTO3a[,a4HON CUCTEMbI AO/IKHO HauMHaTbCA Ha CAMOM BEPXHEM, apXUTEKTYPHOM
ypoBHe mpoLecca NPOeKTMPOBaHUS 3TOM CUCTEMbI, KOHTPOJIMPOBATbLCA U OLEHWBATLCS Ha

BCeX HMXKenexauwmnx ypoBHAX NPOEKTUpOoBaHUA.

KJTHKOYEBbLIE CJIOBA: ceTeleHTpuyeckoe ynpaBfieHNe; MHOFOMNPOLLeCCOPHbIE CUCTEMbI; pe-
NAnKaLus 3a4ayn; oTKaszoyCTOMYMBOCTb; B3aMHOE MHPOPMALMOHHOE CorflacoBaHue; AuHa-

MUYecKas N3bbITOYHOCTb.

Ansa uutupoBaHus: Jlo6aHos A. B., Awapura U.B. YHuduumnposaHHbii MeTog obecrnedeHns cb6oe- 1 0TKazoyCTOMUYMBOCTM B pacrnpeesieHHbIX

aBTOMAaTU3MPOBAHHBIX LMPPOBbIX CUCTEMAX YNPaBEHUs CneumanbHOro HasHavyeHus // HaykoeMkre TeXxHONorum B KOCMmMYeCckux ncciefoBa-
Huax 3emnn. 2019.T. 11. N2 3. C. 89-99. doi: 10.24411/2409-5419-2018-10272
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BBenenue

CoBpeMeHHbIC aBTOMATH3UPOBAHHBIC IU(POBBIC CHCTE-
MBI YIIpaBJicHUs crienuansHoro HasHadenus (ACYCH) mpen-
CTaBJISIIOT co00M pacrpesielIeHHble MHOTOMAIIMHHBIE BBIYUC-
JUTETbHBIE CUCTEMBI [ 1] ceTeBON CTPYKTYpHI, BBIMOIHSIOMINE
COBOKYITHOCTH B3aWMOJICHCTBYIOIINX II€TIEBHIX 3a7ad.

KputnuHocts ycnoBuil NPUMEHEHHS TaKUX CHUCTEM,
OYCHP BBICOKAs CTOMMOCTH OIIMOOK WX MPOCKTHPOBAHUS
W DKCIUTyaTalliy MPEABSIBISIIOT caMble BBICOKHE TPEOOBaHMS
K MX HaJIeKHOCTH, cOOe- M OTKa30yCTOWYMBOCTH W HHQOP-
MAaI[MOHHOHN 0€30I1aCHOCTH, KOTOPbIE MOTYT OBITH OOecrieye-
HBI TOJIBKO KOMIUIEKCHBIM HAay9HO 00O0CHOBAaHHBIM ITOIXOIOM
K TIOCTPOEHHIO 3THX CHCTEM M TIPUMEHEHUEM TEXHOJIOTHH MX
MIPOSKTHPOBAHUS «CBEPXY-BHH3Y, UCKITIOYAIONIIX W 3HAYHU-
TEJIFHO CHIKAIOIIMX BEPOSITHOCTH BO3HUKHOBEHHUS JOpPOTO-
CTOSIIIMUX HETaTUBHBIX 3()(PEKTOB dMEPHKEHTHOCTH, COCTOS-
LIIMX B BOSHUKHOBEHUU B IKCIUTyaTUPYEMOM CUCTEME TPYIHO
Wi BOOOIIEe HEOOBSICHUMBIX ONIMOOK M HEIITAaTHBIX CHTY-
aIiif, BIUIOTH IO TIONHOW TOTEpW TPEANUCAHHBIX (YHKIIHI
VIpaBICHUS, B TOBEICHUN TAKOW CHCTEMBI.

K HacrosiieMy MOMEHTY OIpeeieHbl W HCCIea0Ba-
HBl CHCTEMHBIE MEXaHW3MbI, O00ECHeYHBaIOIINE 3a/laHHbIC
ypoBHH c0Oe- M OTKa30yCTOHUMBOCTU MJIs TapayjieIbHO
BeimosiHsseMblx B ACYCH meneBbIX 3amay, a TakkKe caMo-
yopaBisgeMyro nerpamammio mpoektupyemoir ACYCH mpm
BO3HUKHOBEHHH [IOIIYCTUMBIX HEHCIIPABHOCTEW W WX TIIO-
CJIC/IOBATEIbHOCTEH: 0a30Bble MEXaHM3MbI OpraHM3alld
Beruuciienni (monenn ACYCH, cboe- u oTkazoycToitumBas
cunxponmsanus B8 ACYCH, B3aumHoe nHGOPMAIITHOHHOE CO-
IJIaCOBaHME C OOHAPYXEHHEM W HIACHTHU(HUKAIMEH TPOsBIe-
HUH HencnpaBHocTeil). Takxke uccienoBaHb OCHOBHBIE MEXa-
HU3MBI OpraHU3aINH c00e- U 0TKA30yCTOMYMBBIX BRIYACICHUI
B OJHOKOMIUIEKCHBIX MHOroMamuHHEIX ACYCH: TectoBOE
u cucremHoe quarHocruposanue ACYCH, ¢yHkmoHansHoe
JAUAarHoCTUpPOBaHUEC B pacHpe€ACJICHHOM CHCTEMHOM JUArHo-
ctupoBanuu MHOroMamuHHBIX ACYCH, mMeTon moctpoeHwst
cboe- W OTKa30yCTOWYMBHIX OTHOKOMILICKCHBIX pacrperie-
JICHHBIX MHOTOMAIIMHHBIX HH()OPMAIIMOHHO-YIIPABIISFOIIIX
ACYCH, MexaHU3MbI UX CaMOBOCCTaHOBIJICHUS U CaMOYIIPaB-
nsieMoit nerpagaryu [2-3].

Vaupukauuss — 3TO ymnpaBieHHe
U TIPUBEACHUE MPOCKTHPYEMBIX OOBEKTOB K eIMHOOOPa3HOI
cucreme wii popme. [IpHHINTBI TEXHUYECKOH YHU(DHUKAIIIT
HAIIpaBIICHBI, B TIEPBYIO OYEpellb, HA YCTPAHCHHE H3IIUIIHETO
MHOT000pa3usi N3AEINH, UX COCTaBHBIX YacTeil U MPOLECCOB
M3rOTOBJIEHHS [4], 4TO TOJIOKUTEIHHO BIUSIET KaK Ha CaM Mpo-
[[ECC TPOU3BOACTBA M3MEIUH, TaK U Ha €0 AKOHOMHUYECKYIO
COCTaBJISIOIIYO.

[Mon apxuTeKkTypHON YHU(DHUKAIEH METOIOB U aJITOPUT-
MOB obecrieueHust c00e- U 0TKa30yCTOWIHBOCTH pacIIpeIeIICH-
HbIX ACYCH ceteBoii cTpyKTypbl OyZieM ITOHUMAaTh JOCTHKE-
HHE eIMHO00Pa3us B UCIIOIB3YEMBIX METO/IaX M aJropuTMax,
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Ha4YMHAsI C CaMOT0 BEICOKOTO aPXUTEKTYpPHOTO YPOBHS IPOIIEC-
ca X NMPOEKTHPOBAHUS, IIPOBOANMOrO IO €ANHCTBEHHO NPH-
emsieMoi Ju1sl pazinuunbix TMoB ACYCH TexHonoruu mnpo-
EKTHPOBaHUs «CBepXy-BHMU3» [5]. Tonbko Takas TEXHOJOTHUS
MOXKET 00ECIIeUUTh MPOLIECC MPOSKTUPOBAHUS C TPUEMIIEMOI
CTOMMOCTBIO B IIPHEMJIEMBIE CPOKH 1 0€3 BO3HUKHOBEHHUS OT-
MEUEHHBIX BBIIIE 3()()EKTOB HETATUBHOM AMEP/PKEHTHOCTH.

ITox c6oe- 1 0TKA30yCTOMYMBOCTBIO CUCTEMBI B TAHHOU
pabore monnmaercst criocoonocts Takoi ACYCH ocymiecr-
BJIATH B MPOLIECCE ee IeTIeBOi paboThl MPaBHIBLHOE HCIOJIHE-
HUE MPEANUCAHHBIX AITOPUTMOB YIIpaBieHHs ¢ (pOpMHUpOBa-
HUEM IPAaBUWIBHON BBIXOAHOW WMH(OPMALUK W NPABUIBHBIX
npenycmorpeHHsx neiicteuit ACYCH mpu BO3HUKHOBEHUH
B HEW KaXKIOH 00nycmumoil COB0KYNHOCMU HeUCHPAGHO-
cmell u Kajicoou 0OnyCmuMou nocied08ameibHOCMu maKux
CcOBOKynHocmeil.

Wmerorcst Be NMPUHIMITUAIBHBIE XapaKTEPUCTHKH, KO-
TOPBIE ONPEACTAIOT 001acTh TPEOOBAHUH K TIPOSKTUPOBAHUIO
paccMaTpuBaeMbIX cOoe- u oTkazoycroitunBeix ACYCH [6]:
1) BbIUMCIHTENBHAS IIEIOCTHOCTD, ONPEICISIONas BO3MOXK-
HOCTh OIIMOKM B BBIYMCICHHUSX MM HEIOIyCTHMOW WX 3a-
JICPIKKH; JUTSI pacCMaTpUBAEMBIX COOe- M OTKa30yCTOHYMBBIX
ACYCH ommbka B BBIYHCICHHUSIX WM HMX 33J€PXKKa IPH
BO3HMKHOBEHHHU JIOMYCTUMBIX HEHCHPAaBHOCTEH M HX J0-
ITyCTHUMBIX COBOKYITHOCTEH HE JOIMYCKaeTcs; 2) MOKPBITHE
HEHCIPABHOCTEH, ONpeseNnsionee Mepy Xopourei padoTsl
UCIIONIB3YEMbIX MEXaHM3MOB OTKa30yCTOHYMBOCTH M O3Haya-
I0Il[ee YCJIOBHYIO BEpOSATHOCTh INPaBHJIBHOIO BOCCTaHOBIIE-
Hust ACYCH npu BO3HMKHOBEHHM HEHCIIPaBHOCTH. TOJBKO
UCIIONB30BAaHUE HAyYHO OOOCHOBAHHBIX M MAaTeMaTHYECKU
JIOKa3aHHBIX METOIOB MOCTPOEHUSI pacCMaTpHBAEMbIX cOoe-
u otkazoycToitunBbiXx ACYCH, 0CHOBaHHBIX Ha caMO o0IIei
MOJIEJIM HEUCIIPABHOCTH, TIOKPBIBAIOIICH BCE JPYrHe M3BECT-
HBIE MOJIENT HEHCIIPaBHOCTEW, rapaHTUPYIOT MX TPeOyeMylo
c0oe- ¥ 0TKa30yCTOHYMBOCTb.

Bropas xapaktepucTrka (MOKPBITHE HEUCTIPABHOCTEH)
HETIOCPE/ICTBEHHO BIHAET W Ha MEPBYIO XapaKTEPHUCTHKY,
MIOCKOJIbKY, YeM MEHbIlIee MOKPBITHE HEHCIPaBHOCTEH, TeM
HUKe BelunciauTenbHas 1enocTHocTs ACYCH. Opnako mno-
KPBITHE HEUCIIPABHOCTH HAINPSIMYIO 3aBUCHT OT CIOKHOCTH
MIPUHUMAEMOM B METO/aX MPOEKTUPOBaHHs cOOe- M OTKa30-
ycroitunBoct ACYCH mozmenu HewcmpaBHOCTH. B mccie-
JIOBaHMAX TI0 MOCTPOCHUIO cOOe- M OTKA30yCTOMUYMBBIX BbI-
YHUCIIUTENBHBIX CHCTEM HCIIONB3YIOTCSI CIIEAYIONINE KIIACChI
MojiesIell HeHMCIPaBHOCTEH, TIEPEUNCIICHHBIX HIKE B TIOPSIIKE
OT MEHee CJIOKHBIX MOBEICHYECKHX MOJeJed HeHCIPaBHOTO
arIeMeHTa K Oosee CloXHBIM [7-8]: 1) HemcmpaBHOCTH He-
npaBwIbHON ocTaHoBkH (fail-stop faults); 2) HemcnpaBHOCTH
aBapwmitHOTO O0TKa3a (crash fault); 3) HermcpaBHOCTH TpoOITyCKa
(omission fault); 4) BpemeHHast HeucpaBHOCTS (timing fault);
5) HEHWCIIPaBHOCTh HENPAaBMWIIBHBIX BBIYMCIEHHH (incorrect
computation fault).



Heobxonnmo oTMeTHTh, uTo B cymiecTByromux ACYCH
UCTIONB3YIOTCS CaMble TPOCTBIE MOJICJIN HEUCIIPABHOCTH, YTO
naryOoHO BIIMSIET Ha NPAKTUYECKYIO HAJEKHOCTb U JIONTOBEY-
HocTh Kak camux ACYCH, Tak u ynpaBiseMbIX UMH O0OBEK-
TOB. O/IHaKO BHICOKUE CTENIEHb MHTEIPALIUK 3JIEMEHTHOH 0a3bl
U CIO)KHOCTh UCTIONIB3YEMBbIX alllapaTypHBIX U IPOrPaMMHBIX
cpenctB ACYCH tpeOyeT mpuMEHEHUS TOJBKO CIEAYFOIIHX
JIBYX MOJeJIell HEHCIIpaBHOCTEH: 6) yIOCTOBEpHUTENIbHAS
BpaxieOHast HencnpaBHOCTH (authenticated Byzantine fault):
IIBM nocbuiaer coceisM B IIMPOKOBEIIATEIBHON MOCBLIKE
YAOCTOBEPEHHbIE COOOIICHUS, KOTOPbIe HEHCIpPaBHbBIC dlie-
MEHTBI CHCTEMBI HE MOTYT MCKa3UTh HE3aMETHO; 7) camasi 00-
mast MOZeTs «BpaxkaeOHoi» (byzantine, rigorous, malicious)
HEHCHPaBHOCTH, NIPH KOTOPOH ITOBEJCHNE HEHCIIPABHOTO 3JIe-
MeHTa [IBM nomyckaeTcst HONMHOCTBIO IPOU3BOJIBHBIM, B TOM
YHCIIE U MOJJOOHBIM «3JIOHAMEPEHHOMY», BKIIIOUAsi €r0 HEO M-
HAKOBOCTb IO OTHOIICHHIO K JPYTHUM 3JIEMEHTaM CHCTEMBI.
Mognenb BpaxaeOHOW HEMCTIPABHOCTH MOKPHIBAET BCE OCTAIb-
HBIE MOJIEJIN, M METO/IBI OPTaHU3aINH CO0e- N 0TKA30yCTOHIH-
BBIX BBIYMCIICHHH B yCJIOBHSIX BOSHHKHOBEHHS BPaXkJIeOHBIX
HeHCHpaBHOCTEH OyayT oOecreynBaTh 3aIIUTy U OT HEHUC-
MPaBHOCTEW BcexX Ipyrux Mopeneil. Mopenb BpakaeOHON
HEHCTIPABHOCTH OTPAKaeT CIONKHOCTh HAXOKIACHUS NMPUYHH-
HO-CIIEICTBEHHOW CBSI3M MEXIy BUJAMH IPOSBICHUN HEHUC-
MIPAaBHOCTEH M UMEIOMINMHICS B ICHCTBUTEIILHOCTH HENCTIPAB-
HOCTSIMH TaKHX CJIOXHBIX OOBEKTOB Kak coBpeMmeHHas [[BM
U MX B3aUMOJICHCTBYIOINE COBOKYNHOCTH. Bee npyrue mone-
Ju HeucnpasHoctu [IBM, uckiroyaroniye BO3MOXHOCTb He-
OJIMHAKOBOI'0 NIOBeAeHUs HeucnpaBHoi LIBM 1o oTHomeHuo
K apyrum LIBM cucremsl, Ha3bIBAIOTCS «JIPYKECTBEHHBIMMI.

Tpebyemast HaJeKHOCTb CHCTEMBI MOMKET JOCTUTATHCS
3a CYEeT MOBBINICHHUS KauecTBA U HaZeKHOCTH BXO/SIINX B HEe
JJIEMEHTOB, Ka4eCTBAa KOHCTPYHPOBAHUS, YIYUIIEHUS TEXHO-
JIOTUM W3TOTOBJIEHUS, UCHBITAaHUH U T.N. DTH HAMpaBICHUS
HaXOASTCA B TOCTOSTHHOM pa3BUTHH. OJTHAKO, KaK TTOKa3bIBAET
MPaKTHKa, UX HEJOCTaTOYHO MPH IMOCTPOCHUU paccMaTpUBa-
emMbix ACYCH mu3-3a BBICOKOW CIIOKHOCTH M KPUTHIECKHUX
YCIIOBHUII TPUMEHEHHS TaKUX CHCTEM. JIpyroif myTh pocTmxe-
HUs TpeOyeMol HajeskHOCTH paccMmarpuBaeMbix ACYCH —
BBe/IeHHE HM30BITOYHOCTH C IENbI0 obecredeHus: ux cboe-
U OTKa30yCTOHYMBOCTH M HMH(POPMALMOHHOIH 0E30MacHOCTH.
Hawnbonee monnas kiaccupukanys MOHATHA B OOJACTH W3-
OBITOYHOCTH, COOTHOIICHHE MEXITY H30BITOTHOCTRIO H pe3ep-
BHpPOBaHHEM NPUBOAITCA B [9]. B o0macTi BEIYUCIUTETHHOM
TEXHHKH pa3jIMyaloT BPEMEHHYIO, HH(OPMAIIMOHHYIO, alla-
paTypHYIO ¥ aJTOPUTMUYECKYI0 U30bITOuHOCTS [10].

B paccmarpuBaembix MHoromammHEEIX ACY CH oTtkazo-
YCTOWYMBOCTh TI0 BTOPOMY ITyTH MOXKET JIOCTHUTaThCS JIBYMSI
B3aMMOJIOTIONHSFIOIIUMHE CIIOCO0aMH: BO-TIEPBBIX, oOecriede-
HHUEM aIllapaTrypHOl OTKa30yCTOWYMBOCTH BXOISIIMX B Hee
[IBM (ammaparypHast peruinKanys), 1, BO-BTOPbIX, pelIeHUEM
OJTHOM ¥ TOM K€ 3a7]a4i Ha HECKOJIBKUX Hen30bITouHbIX [[BM
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C MOCIEAYIOIIM OOMEHOM pe3yabTaTaMH U BEIOOPOM M3 HUX
MIPAaBUJIBHOTO (IIPOTpaMMHAsI PEIUIMKAINS WIA PETIMKaLHs
3amaun) [11].

[TpuMeHeHHe TONBKO MEPBOTO CIOCO0A CTAIKUBACTCS
C OrpaHUYEHUEM, COCTOSIIIUM B TOM, YTO NP YBEIMYCHHHU YHC-
ma [IBM B cucteme 10mkeH pacTH ypOBEHb H30BITOYHOCTH, BBO-
JUMOH B Kaxkyto LIBM, 11t coxpaHeHusi TOCTOSIHHOTO YPOBHS
HaznexxHoctd ACYCH. IMostomy anst paccmarpuBaemsix BIIBC
HanOoJIee MPUEMIIEMBIM SIBIISIETCS BTOPOW CIIOCO0 JOCTIKEHHS
c0oe- 1 0TKa30yCTOIYMBOCTH — PEIUIMKAIINH 3a/1a4.

HazoseMm, kak u B [12] xommiexcom COBOKYIMHOCTH
IIBM, ocyecTBIsIOMUX PEIUIMKALUIO 331a4l U PELIatoIINuX
OJHOBPEMEHHO OfIHY M Ty K€ 3ajady C IEJbI0 00ecTIeueHHs
3amaHHo# cOoe- u oTkazoycroiunBocTH. ACYCH Moxer co-
Jepkath ofuH KoMIuleke (oxHokomiuiekcHas ACYCH), nmu6o
HECKOJIbKO KoMIiekcoB (MHorokomiiekcHasi ACYCH), pema-
IOUIMX OJJHOBPEMEHHO pa3jIMuHble 3a]a4M, KOTOPbIC TOJKHBI
obmenmBathes nH(popMmarmelt. Pacipenenenue [IBM mexmy
KOMITJIEKCAMH MOKET OBITh KaK CTATHUECKUM, COXPAHSIOINM-
Csl TIOCTOSIHHO, TaK M JWHAMHUYECKUM, U3MEHSIOIIMMCS B 3a-
BHUCHMOCTH OT II€pHOAa PabOThI, TEXHHMYECKOTO COCTOSHHS
ACYCH, ycnoBuif mpuMeHeHHus U Jp. J[MHamHueckoe pac-
npezienieHre odecnednBaeT 0oJiee BBHICOKHE HAJISKHOCTHBIC
XapaKTepUCTUKU U Oojee JUINTEIbHYI0 TPACKTOPHIO CaMo-
ynpasisiemoit nerpagammn ACYCH. 3nech paccMarpuBaroTces
mHorokomiuiekcHble ACYCH ¢ auHaMuyeckuM pacnpezenie-
HueMm [IBM mexay KoMIieKkcamu.

[on apxumexmypotl noocucmemvt QuacHOCmMuKy, cooe-
U OMKA30YCMOUYUBOCNU, A MAKHCe UHPOPMAYUOHHOU Oe3-
onacnocmu ACYCH 6yneM TOHIMAaTh COBOKYITHOCTh METO/IOB
1 MEXaHW3MOB, MX CaMbIX OOIIMX XapaKTePHCTHK U Tapame-
TPOB, ONPEACIAIOMNX (YHKINOHAIBHO-JIOTHIECKYTO ¥ CTPYK-
TYPHYIO OpPraHU3alMI0 ITOH mmopcucTeMsl. [loHsATHE apXuTeK-
TYpBI OXBaThIBAET 001IME HaNOOJIEe CyIIECTBEHHbIE TIPUHITUITEI
W METOJ/IbI MOCTPOCHUSI ¥ (DYHKIIMOHMPOBAHUS ITOJCHCTEMBI
JTUAarHOCTUKH, c00e- W OTKa30yCTOWYMBOCTH M HH(OpMAIH-
OHHOHN 0€30MacHOCTH, KOTOPBIMH JIOJKHBI PYKOBOZICTBOBATH-
cst paspaborunku takux ACYCH c nensio Hanbomnee s¢pdek-
THUBHOTO, OBICTPOTO M JICIIEBOTO JIOCTHKEHUS OCTABICHHBIX
LeNei Ui Ka)kKI0ro W3 YpOBHEH NMPOEKTHPOBAHWS, HaYWHAs
€ CaMOT0 BEPXHEro apXUTEKTYPHOTO YPOBHS MPOLIEcca MPOeK-
THUPOBAHMUSI [0 TEXHOJIOTUHU «CBEPXY-BHU3» — (DOPMUPOBAHUS
TEXHIUYECKOTO 33IaHUs, ¥ YINTHIBAIOIETO BECh HAKOTUICHHBIN
OTIBIT ¥ HAPAOOTAHHBIE PaHEee HAYYHO-TCOPETUIECKN U TEXHH-
Yyeckrue JoCTkeHHs. OIUcaHue apXUTEKTYphl ITOJCHCTEMBI
JIMarHOCTUKH, c00e- U 0TKa30yCTOHYMBOCTH Ha KXKAOM YPOB-
He nporecca npoekrupoBannss ACYCH nomxHo ObITh J0CTa-
TOYHO TIOJHBIM U MOAPOOHBIM ISl PEaNN3allii CO CTOPOHBI
pa3pabotunkoB Bcero Tpedyemoro ¢ynkimonara ACYCH
Ha CJIEAYIONINX HIDKENISKAIINX YPOBHAX MPOLEcca MPOEKTH-
POBaHHMS TOH IOJCHCTEMBI TMATHOCTHUKHU, cOOe- U OTKa30y-
cToiuMBOCTH M MH(OpMaIoHHOU Oe3onacHocT. Kpome Toro,
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BO m30ekaHUe TII00ATBHBIX UTEpaIiii Tporiecca IPOeKTHPO-
BaHUSI, KOT/Ia TPAKTUIECKast OI[CHKA IIETICBBIX XapaKTEPUCTHK
npoekra ACYCH ocylecTBisieTcst mocie 3aKiItounuTEIbHOTO
aTama 3TOro IMpolecca M MpH HEYIOBICTBOPUTEIBHON OLIEH-
K€ OCYIECTBIISETCS TIEPEXO0Jl «BBEPX» HA BCE MJIM HECKOJIBKO
y)K€ BBIITOJTHEHHBIX YPOBHEH, Ha KaXXJIOM ypPOBHE MPOCKTH-
poBaHUs, B Heaie, JOIDKHBI OBITh MPEITyCMOTPEHBI METOIBI
MIPOTHO3UPYEMOW OIICHKH TOCTHKEHHUS TPEeOyeMBIX IEJIEBBIX
xapakTepuctuk npoektupyemoit ACYCH.

Iupoko pacnpocTpaHeHbI ONpeIeIeH s TOHATHIH cO0s
M OTKa3a B PACCMaTPUBAEMbIX CUCTEMax B CIEAYIOLIEH TpaK-
ToBKe [6]. B mdposoii anmaparype HepeaKo MPOUCXOIAT He-
OXKHUJTaHHBIE M3MECHEHUS (U3UUECKUX TapaMeTPOB, BBIXOIS-
IIHe 32 IOy CTUMBIC TIpeAebl. VX mpUHATO Ha3kIBaTh COOSIMH,
eCJIM U3MCHEHHUSI HOCST BPEMCHHBIA XapaKTep, M OTKa3aMH,
eCJIM U3MECHEHUS MOCTOSTHHBI. OHU BBI3BIBAIOT HEOXKHUIAHHBIC
He6HaFOHpI/I$[THBIC U3MCHCHUS OI[HOI?I WNJIN HECKOJIBKHX JIOTH-
YECKUX MEPEMEHHBIX CHCTEMBI, KOTOPBIC HA3BIBAIOTCA (hu3u-
YecKoll HeUCnpPagHOCMb0 WA TIPOCTO HEUCTIPAaBHOCTHIO.

Jis cucTeM paccMaTpHBaeMoro Kiacca, B KOTOPBIX 00-
HApy)KCHHE M WICHTHU(HKALUS MPOSBICHUN HECUCIPABHOCTH
Hekotopoit [IBM ocyrmiecTBisieTcss aBTOMaTHYeCKH HCIIPaB-
HbiMu 1[BM 31011 cuctemMbl, BBEIEM CIEAYIONIYI0 HOBYIO Tpa-
JTAITAIO TIPOSIBIICHUH HEUCIIPABHOCTH 110 TUITY, YYUTHIBAIOIIYIO
HEOOXOIMMOCTE U CIIOKHOCTH UX 00paOOTKH B TIpoIiecce Iie-
neBoit padotel ACYCH u omnpenensionyio ee mocieayome
neiictust: 1) cOoit 1IBM, mpenmornararolmiuii, 4To HCKa)e-
HUIO TIO/IBepIIIach MH(OpMaIWs, He BIHSIONIAs HA X0/ U I10-
ClIe/IyIOLMe pe3yJbTarhl €€ BBIUUCIUTEILHOIO Ipolecca;
2) mporpaMMHBIi c60ii [IBM, BHEIITHUM TIPU3HAKOM KOTOPOTO
cunTaeTCs MPOSBICHNE 3apaHee OTOBOPEHHOW COBOKYITHOCTH
cboes atoit LIBM (kputepuii mporpaMMHOTO c00s1); B CITydae
MPOTPaAaMMHOTO C0OSI HEOOXOJMMEBI CIICIIUAIBHBIC JICHCTBUS
1o MHPOPMAMOHHOMY BOCCTaHOBJIEHHIO cOuBmIelcs [[BM;
3) orka3 LIBM, 00bsABIAEMBIN IIpH NPOSBICHUH 3apaHee Oro-
BOPEHHOH COBOKYITHOCTH €€ IPOTPaMMHBIX CO0EB (KpuTepuit
otkaza [IBM), mubo oOHapyXKHBaeMBIil IpH €€ TECTOBOM FITH
CHCTEMHOM CaMOAHMAarHOCTHPOBAHUM;, TIPU OTKa3e HeoOXOmu-
Ma u30JsIus HeucnpaBHoi [IBM u mubo BKIFOYCHUE BMECTO
Hee 3amacHoil LIBM, eciu ona mmeercst, mH(OpPMAIIMOHHOE
BOCCTaHOBJIEHHE ATOW BKJIFOUEHHO 3anacHoil [IBM u Braru-
BaHU €¢ B HEOOXOAMMYIO IENIEBYI0 pabOTy CHCTEMBI, JTHOO
BEITIOJTHEHUE CaMOYTIPABIIEMOH JeTpagalliii CUCTEMBI C Tie-
pexomoM ee Ha Ooiee HU3KHUI yPOBEHB 3a/1aBacMoii cOoe- 1 OT-
Ka30yCTOHYUBOCTH, JTHOO MEPEXOIOM K IPYTUM BHIAM CaMo-
ynpasnsemoii gerpagaunu ACYCH.

Jns snementa ACYCH, ommmunoro ot LIBM, BBoguTCs
MOHATHE OO0 KaK OJJHOKPATHO OOHAPYKUBAEMOE TPOSBICHUE
€ro HeNCIPaBHOCTH, BBIPA3UBIIEECS B NCKAKEHUH TPAHCIHPY-
MO ATHM 3JIEMEHTOM HH()OPMAIINH, ¥ TIOHSATHE 0TKa3a — KaK
o0OHapy>keHHne 3apaHee OTOBOPEHHOI COBOKYITHOCTH €ro cOoeB
(xpuTepuii 0TKa3a 3TOro AIIEMEHTA).
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Heobxoanmo 3aMeTnTh, YTO BO3MOKHOCTH TIPELYCMO-
TPEHHOTO M3MEHEHHMSI 3THUX KPUTEPHEB NPOrPaMMHOTO cOOs
1 0TKa30B co ctopoHsl camoii ACYCH B mporecce ee Lene-
BO pabOThI B 3aBUCUMOCTH OT W3MEHEHHSI €€ TEXHUYECKOTO
COCTOsSIHUSA U U3MCHCHUS yCJ'[OBI/Iﬁ €€ NIPUMCHCHUA ABJISACTCA
BEChMa BOKHOW 0COOEHHOCTHIO TIpEIaraeMoro MeTojaa obe-
criedeHus cboe- n otkazoycrorgmBocTi ACYCH.

B nacrosieii pabore paccMarpuBaroTcs HEOOCTyKHBa-
emble ACYCH co 3HauuTelIbHBIMU CPOKAMU aKTUBHOTO CYIIE-
CTBOBAHWUSI, JOITYCKAIOIINE BOZMOXKHOCTh THOKOTO U3MEHEHUS
CTEINEHU BBIYHMCIIUTEIILHON LECJIOCTHOCTH B PAa3jIMYHbIC IIC-
puons! cBoei paboTel. B onpeneneHHble MEPHObI BBIYNCIH-
TeJIbHAS LIEIOCTHOCTD W MOKPBITHE HEUCTIPABHOCTEH JIOJIKHBI
OBITh MAKCHMaJIHO BBICOKHMHU, B JIPyTHE TIEPUOIBI — MOTYT
OBITH CHIDKCHBI JUISl MOBBIIICHUSI CyMMapHOH BBIYHCIIUTENb-
HOW MOIITHOCTHU CHUCTEMBI. 3HAYHUTENbHAS JUTUTEIBHOCTh CPOKa
AKTUBHOI'O CYHICCTBOBAHUA TpeGyeT HaJln4yusg B CHCTEMC 3a-
MIACHBIX 3JIEMEHTOB U MEXaHM3MOB aBTOMAaTHYECKOTO YIpaB-
JICHUS] UMH.

Cosnanne cboe- n otkazoycroiunBeix ACYCH paccma-
TPUBAEMOTO KJlacca, MPUMEHEHHE B HUX HAay4YHO 0OOCHOBaH-
HBIX (POPMAIM30BAHHBIX METOJOB OOECHEUYEHUs 3aj1aBacMOi
cboe- U OTKa30yCTOWYMBOCTH, FapaHTUPYIOLIMX IOJy4YCHHE
TpeOyeMBIX pe3yJbTaToOB, JOKHO OBITH OCHOBAaHO Ha WC-
TIOJTb30BAHUH CTPOTUX HAYYHO M NMTPAKTHUECKH 000CHOBAHHBIX
MozesIel KaK OTJIENbHBIX alapaTHO-TIPOrpaMMHBIX 3JIeMEH-
ToB Takux ACYCH, Tak u Bceii ACYCH B 1enom, BKirouas
YIpaBIsieMyI0 HMH BHEUTHIOIO cpealy (BHEIIHUE YIpaBlisieMble
1ieseBble 00BEKTHI U X COBOKYIIHOCTH).

Cy1mecTByeT creyromye 1Ba Bua N30bITOYHOCTH, BBO-
JIIMOY 1 UCTIONB3yeMoit B paccMarpruBaeMbix BIIBC ms peami-
3aIlid B HUX 3a7]aBacMoil cO0e- M OTKa30yCTOHYMBOCTH [6, 12]:

1. Cmamuyeckan u3bvimounocms, 00OECIICUNBAIOIIAS
TOJIKO TPaBHJIBLHOCTH BBIXOAHOW MH(OPMAIMK NPOEKTHPYe-
Mot ACYCH npu BO3HUKHOBEHHUH JOMYCTHMBIX COBOKYITHO-
cteit HeucnpaBHocTel. [Ipu cTaTnueckoit M30BITOYHOCTH TIPO-
SIBICHUSI HEUCIIPABHOCTEW «MACKHPYIOTCS» W TPaBHIBHBIA
Ppe3yabTar MoJIydaeTcs 3a CUeT M30BITOYHOTO YHCIIa €ro KON,
HarpuMep, IMyTeM UX Ma>KOPUPOBAHUS WIIN KBOPYMUPOBAHMUS,
B TPEANOIOKEHUH, YTO OLUIMOOYHBIMH MOXET OBITH TOJIBKO
MEHBIIIasl 4aCTh 3TUX PE3YJIbTATOB.

2. TpeGoBanue TOCTHKEHHS BOSMOXHO OoJIee TUTeNTbHO-
ro cpoka cymectBoBanaust ACYCH u ympasnsiemMoro ero o0bexra
MOXKET OBITh JOCTHT'HYTO TOJBKO MPH HCIOJIb30BAHUH B IIPO-
exrupyemoii nieneBoit ACYCH ounamuueckoi uzbvimounocmu
JUTs 00eCIIeueH s ee 3a1aBaeMol cOoe- M 0TKa30yCTOWYNBOCTH,
COCTOSILLECH, BO-IIEPBBIX B IIAPUPOBAHUU IIPOSIBIICHUI HEUCIIPAB-
HocTel (ommO0K) B BBIXOJHON MH(OpMAIUK CHCTEMBI, a 3Ha-
9HT, B (POPMHUPOBAHUY TIPABHIIGHBIX 3HAYECHHUI TOW BBIXOTHOMN
nH(OopMaIn, BO-BTOPBIX, B OTHOBPEMEHHOM U COIVIACOBAaHHOM
OOHApY)KCHUM CITyYMBIIUXCS TPOSIBJICHUH HEUCIPaBHOCTEH,
B TPETHUX, B HEMPEPHIBHOM M CKBO3HOH HIEHTU(UKAIMN 00-



Hapy>KEHHBIX MPOSBICHUNA HEUCIIPABHOCTEH MO MECTY HX BO3-
HUKHOBEHHS M IO THUITy, B-4€TBEPTHIX, B MH(OPMAMOHHOM
BoccranoBiieHn teMeHToB ACYCH, mneHTnuimpoBaHHbIX
B COCTOSIHUM TIPOTPAaMMHOTO COOSl, CO CTOPOHBI HCIPaBHBIX
anemenToB ACYCH, u BTaruBaHus BOCCTaHOBJIEHHBIX DJIEMEH-
TOB B COBMECTHYIO IIEJIEBYI0 PabOTy C IPYTHMMH HCIIPABHBIMH
anemerTamu ACYCH, B-mateiX, B pekoH(urypanun ACYCH,
COCTOSILIE B HM3OJSIIMM 3JIEMEHTOB, HICHTH(HIMPOBAHHBIX
B COCTOSIHUM OTKa3a, OJKIIFOYEHHSI BMECTO HUX 3allacHbIX dJie-
MEHTOB, €CITH OHH UMEIOTCSI, NH()OPMAIIMOHHOM BOCCTaHOBIIE-
HHUHU TIOJKJIFOYEHHBIX 3allaCHBIX JJIEMEHTOB M BTSATMBAHUM WX
B COBMECTHYIO C IPyT'MMH HCIIPABHBIMH JIEMEHTaMH IIEJICBYIO
padory ACYCH, B-miecThIX, NpH WICHTH(PUKAIAN OTKa30B
U OTCYTCTBHM COOTBETCTBYIOIIMX 3allaCHBIX JIEMEHTOB OCY-
HIECTBIICHUE NIPEAYCMOTPEHHON CaMOyTIPaBIIIeMON erpaialiiu
ACYCH co cHWKeHHeM HaJeKHOCTHBIX W/Win (pyHKIHMOHANb-
HbIX XapakTtepucTik ACYCH, B-cebMBIX, IPH HEBO3MOXXHOCTH
BBITIOJTHEHNUS caMoytipaBisieMort nerpananuu ACYCH nepeBon
ACYCH wunm ee 4acTd B COCTOsSIHHE O€30ITaCHOIO OCTaHOBA,
B KOTOPOM BBITIOJTHSIIOTCS] BCE HEOOXOMMBIE ACHCTBHUS 110 00e-
CIIEUEHHIO 0E30MacCHOCTH YIPABISIEMOr0 OOBEKTa C TIEPEX00M
ACYCHK oXUIaHUIO YKa3aHHIA U3 BHEITHEN Cpe/ibl U MOCIeNTy-
IOIIEMY BBIITOJHEHHIO TIOCTYIUBILIHNX YKa3aHHH.

O0001eHHbIE MO/IeJTH BEPXHETr0, ApXUTEKTYPHOT0
YPOBHSI IpoLiecca NPOeKTHPOBAHMSI 110 TEXHOJIOTHH
«CBepPXy-BHH3» MOJACHCTEMbI AMATHOCTHKH, c0O0e-

U 0TKa30ycTONYNBOCTH MHOrOKoMILIekcHoi ACYCH

B npouecce BoinonHenust ACY CH niesneBoii paboThl 1031-
KEH 00eCIIeYNBaThHCS TAKOH YPOBEHB COTIIACOBAHHOTO O0HAPY-
JKEHUSI M HICHTH()UKAIINHY BCEX IOy CTHMBIX HEUCTIPABHOCTEH
(HencripaBHOCTEH, Ha KOTOpPBIE PACCUMTAHBI HCIIOIb3YyEeMbIE
MEXaHU3Mbl NPUMEHIEMON JUHAMHYECKOH H30BITOYHOCTH),
KOTOpPBIA rapaHTHpOBal Obl MPHHSATHE BCEMH HCHPABHBIMU
BBIYHUCIIUTEIISAMU CUCTEMBI CBOCBPEMEHHBIX U COITIACOBAHHBIX
pacIpeNeNIeHHbIX PEIIEHUH N0 JajdbHENIIEMy MPUMEHEHUIO
UMCIOIINXCS MEXaHW3MOB JHHAMHYECKOH H30BITOYHOCTH
1 HEOOXOIMMBIM OCIIEAYIONMM ASHCTBUSAM KaXJI0TO BBIUHC-
JIUTEJISt ¥ BCEH CHCTEMBI B LICJIOM.

[Ipn mocTpoeHHM MHOT033/1auHON MHOTOKOMIUIEKCHOW
cboe- M OTKA30yCTOWYMBOH HAa OCHOBE IHHAMHUYECKOW W3-
osrrounocTn ACYCH HeoOXomuMo omnpenensaTh TpeOOoBaHHs
10 TOCTOBEPHOCTH PE3YJIBTATOB BBIYMCICHHUN A KaXKJ0H 3a-
Jla4H, BBIPQKCHHBIE MJIM CBOANMBIE K TEPMHHAM JOITYCTHMBIX
COBOKYITHOCTEI HEUCTIPABHOCTEH M MX JIOITYCTHUMBIX TIOCJIE/I0-
BaresibHOCTEN. Takke 9TH TpeOOBaHMS IOJKHBI OBITH OTIpe/ie-
JIEHBI U JUISl BCEX NPENYyCMAaTpUBaEMbIX TPAEKTOPUI BO3MOXK-
HOW gerpagannu npoektupyemoit ACYCH.

[penmonoxum, uto B npoektupyemoir ACYCH mis pe-
IICHNS KayKI0W M3 MapajlIebHbIX [EJIEBbIX 3a]ad JOCTaTOYHO
npuMenenre [{IBM oiHOro 1 TOro ke THma ¢ OMHAKOBBIMH Xa-
PaKTEepUCTUKAMH 10 BBIYUCIMTEIBHON MOIIHOCTH M 00beMam
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TpeOyeMo MmaMsITH, a I JIFI0O0TO KaHalla CBSI3M MEXKIY 3a/a-
gamu (Mexay [IBM) — kaHana cBS31 OTHOTO U TOTO XK€ THIIA.

Ha ocHOBaHMM 3THX JTaHHBIX M CBEJICHUH 00 MCIIONbB3Yye-
MOH 2JIEMEHTHOM 0a3e BHa4Yaje HeoOXOUMO OIPEeNeNTUTh TI0I-
HYI0 MCXOAHYI0 (DyHKIHOHAJIBHYIO IpadoByr0 MOIEIb CTPYK-
Typsl ACYCH, BepmmHaMH OTpakaromiei (QyHKIIOHATIbHBIC
neneBble TozcucTeMbl uctpasHoit BIIBC u myramm — cBsizu
MeXIy (QYHKIIMOHATBHBIMU MoAcUcTeMaMu. [t 3Toit Momenn
TaKKe JIOJDKHBI OBITh pa3padoTaHbl TEKyIIHe (yHKIHOHAIb-
Hble TpadOBbIE MOIEIH JUIS JIOMYCTUMBIX TPAeKTOpHH camo-
yrpasisieMo pyHkunoHanbHOM aerpajganun ACYCH Bruiots
no mniepexoma ACYCH B coctostHEe 0€301acHOTO OCTaHOBa
¢ obecrieyeHHEM BO3MOXKHOCTH, TIPH HEOOXOAWMOCTH, BBI-
nonHeHus nocienyomux aeicteuit B ACYCH, Haxonseics
B COCTOSIHMM 0€3011aCHOTO OCTaHOBA, 110 BOCIIPHATHIO YKa3aHUH
13 BHEIIHeH cpeabl o aanbHeimmx aeiictBusx ACYCH u Bo3-
MO>KHOCTH TOCJIE/IYIOLIETO BBIMOIHEHHUS ATUX YKa3aHHH.

Tonnas ucxoonas 06obwennas cmpykmypHas epagosast
mooens ACYCH oToOpaxkaeT MOTHOCTHIO HCIIPABHYIO CTPYK-
Typy ACYCH co BceMu MMEIOUIMMHUCS B HEH «XOJIOTHBIMUY
U «TOPSYMMH» 3allacaMM, B KOTOPOH JIOJDKHA OBITH OpraHu-
30BaHa TpeOyemasi paboTaromias MOJIHOCTBIO HCIIpaBHas MPo-
extupyemass ACYCH B ee ncxomHoi (GpyHKIMOHAIBLHON Ipa-
(hoBoif MozeNH.

Texywasa ucxoonas 0b6obueHHAs CMpyKmMypHas epagho-
east mooens ACYCH — 1o momnHast ucxonHas 000OIeHHas
cTpykrypHas rpadosasi moaens ACYCH, yuutsiBarommas te-
Kylllee TEXHUYECKOE COCTOSHHE (CTPYKTYPHYIO JIerpaJialluio)
stoii ACYCH myTeM HCKIIIOYEHUS IEMEHTOB, OTHOCSIIIUXCS
K UACHTA(UIIMPOBAHHBIM B COCTOSHUY OTKa3a. Texyuyas cmpyk-
MypHas KoHgueypayus mexkyujel (yHKYUOHATbHOU 2pagoeoti
mooenu ACYCH — 310 Texymasi GpyHKIMOHAIbHAS rpadosast
Mozeib ACYCH, otoOpaskeHHasI Ha TSKYIIYIO UCXOIHYEO 0000-
HICHHYIO CTPYKTYpHYI0 rpadosyro monenb ACYCH. Texywas
pexongueypayusi ACYCH — 310 BBIOOp ¥ peanu3aius OJHOU
13 BO3MOXKHBIX TEKYIIHX CTPYKTYPHBIX KOH(QHIYPAIHid TEKy-
et pyHKIroHasHOH rpadosoii mogenn ACYCH.

st popMupoBaHHS TEKyIIEH CTPYKTYPHOH KOHPUTYpa-
uu npoektupyemMoit ACY CH Heo0XoIMO HMETh, BO-TICPBEIX,
TEKYIIyI0 UCXOIHYI0 0000MICHHYIO TPadoByIO CTPYKTYPHYIO
MOJIEJIb MPOEKTUPYEeMOl cO0e- M 0TKa30yCTOHUMBOI camope-
koH(puUTYypHupyemoi camoBoccTaHaBnuBaeMoii ACYCH. Ora
TeKyIIas ICXOIHas 00001IeHHast rpadoBas CTPYKTYpHAs cCXeMa
JOJDKHA UMETh TTOJTHOCBS3HBIN OproArpad), MpeacTaBIIsSIONIAT
TEeKYUIYI0 guiuucaumensvuyio wacmoe ACYCH ¢ BepuIMHAMHU,
oToOpakarIUMe TeKyIue ucrpasHbie LIBM u nobasneHHbIC
BEpLIMHBI BCEX UCIPABHBIX A00HEHTOB, U AyTaMH — BO3MOXK-
HOCTb HETIOCPEICTBEHHOH Tepeaadr MeKMaITMHHONW UHPOP-
MaIiH MeX Ty Kakaoi napoit [IBM (BepmmH), a Takke MEXKIY
K0 BO3MO)KHOW Tapoil (BepminHAa aOOHEHTa, BEpIIMHA
[IBM). Taxas ob6o6mennas rpagosas monens ACYCH obe-
CIIEYMBAET CBOICTBO €€ IMOJTHOI caMOPEKOH(HUTYpaIH — BO3-
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NHOOPMATUKA, BbIMUCITUTEJTIBHAA TEXHUKA N YTIPABJIEHNE

MOYXHOCTH OTOOpakeHHs JTF000# (YHKIIMOHATHHOM rpadoBoit
moznenu ACYCH Tekymieit nerpanamiy 1 BceX TpeOyeMBbIX JIIs
Hee (PYHKIIMOHAIBHBIX TPa(OBBIX MOJEIEH TPACKTOPHA BO3-
MOYKHOU TIOCIIENTYIOIIeH Jerpafaliii Ha meKyuyio UCXOOHYIO
0006w ennyo cmpykmypHyio epagosyio mooeis ACYCH, eciu
9TO BO3MOYKHO.

ITycte mpoektupyemas ACYCH nomkHa pemarbs MHO-
xectBo Z = {Z,, Z,, ..
3a1ad, IS Kax/10i Z, U3 KOTOPBIX JOJKEH OBITh CPOPMUPOBaH

. Zt} B3aMMOJICHCTBYIOIINX IIEIEeBBIX

komniexc K, pewaiowuii smy 3a0auy Ha ocHoee ee peniuxa-
yuu. OO603HAUYNM Yepe3 | Ki| Tpedyemoe it komruiekca K,
MUHIMaJbHOE KonndecTBo [[BM Ge3 yuera BBOIUMOTO TOpSI-
Yero W XOJIOJHOTO 3aIlacoB, a depe3 | S, | — KOJIMYECTBO 3a-
nacHeIX [IBM ropsiuero u XonomHOTO 3armaca, J00aBIseMbIX
K 2TOMY KOMILTEKCY K. B COOTBETCTBHM C TEXHUYECKUM 3a/1a-
HUEM Ha npoekTupoBaHue paccmarpusaemoir ACYCH. Torna
oOmee konmn4ecTro LIBM, BKiIo4as 3anacHeie, B kKomruiekce K.
6yner coctapnate cymmy |K. |+|S. |, a obmee xommuectro
[IBM (BepmnH) B BBIYHCIUTEIHHON YacTH MPOCKTHPYEMOI
ACYCH Oyzner He MeHee Z:(|K,| +|Sl.|).

[Monnas wmcxomguast o0OoOmieHHas TpadoBas CTPYKTYp-
Hasl MOZIeJIb MTPOEKTUPYEMOil cOoe- U OTKa30yCTOWYMBOU ca-
MopekoHpurypupyemoir camoBoccranasnuaemoit ACYCH
co cOoe- ¥ OTKa30yCTOWINBOCTBIO HA OCHOBE PETUIMKAIINU 3a-
Jlad 1 MCTIONb30BAHUS JUHAMHYECKONH M30BITOYHOCTH CTPOUT-
Cs1 B BU/IC TTIOJTHOCBSI3HOTO OpIIoATrpada, MpeICTaBISIONIETO BbI-
yucnuTenbHyro yactb ACYCH ¢ He MeHee yeM z:(|K,| + |S,. |)
BepIIMHaMu, otroOpaxatomumu LIBM, n pazHOHaIpaBieHHbI-
MU JIyraMH, 0TOOpa)KarolMMH BO3MOKHOCTb HEITOCPEICTBEH-
HOW Tepefayn MEKMAIIMHHONW HH(POPMAIIIH MEXITy KaKIOoH
napoif LIBM (BeprmmH), a Takke BepIIMHAME BCeX a0OHEHTOB,
Ka)kJas U3 KOTOPBIX 0TOOpakaeT HEKOTOPOro aDOHEHTa, a Bce
BEPIIMHBI A00HEHTOB OTOOPaKAIOT BCEX A0OHEHTOB, M KaXKast
BeplIMHa a0OHEHTa CBs3aHa Mapod pa3HOHAIPABICHHBIX YT
¢ Kax 01 BepiinHoi [[BM BeuncnuTeIbHOM YacTH MPOEKTU-
pyemoit ACYCH. Tekymee Texamueckoe cocrosane ACYCH
YUHTBHIBACTCS B UCXOIHOM 0000mIeHHON rpad)oBOH CTPYKTYp-
Hoi cxeme ACYCH uepe3 UCKIIOYEHHE U3 HEe BEpPUIMH, CO-
orBercTBytomux [IBM u aboHeHTaM, naeHTH(UINPOBAHHBIX
B COCTOSIHUM OTKa3a, ¥ YT, COOTBETCTBYIOIINX CHMILIEKCHBIM
WK TICCBAOCHUMIINICKCHBIM KaHaJlaM CBSA3H, I/IL[CHTI/I(I)I/IHHpO-
BaHHBIX B COCTOSIHUM OTKa3a.

YHUQHUIHUPOBAHHBIN METOI TOCTPOCHHS pacIpeesieH-
HBIX cOoe- u orkazoycroiunBeix ACYCH momkeH OBITH OcC-
HOBaH Ha YHU(PHUIIMPOBAHHBIX MOJIEIAX TaKUX cucteM. Camble
o01ue 1moaX0/Ibl, MOJIENHN, KIIIOUEBbIE ONPENeNICHNs] U TOHS-
THsl, HeoOxoauMeble pu npoexTupoBannu ACYCH, npezcras-
nensl B [13]. Moaenu pa30uThI Ha MIECTh TPYMI: 1) CTPYKTYp-
HO-IMarHOCTHYECKHUE MOJEIH, 2) THarHOCTUIECKNEe MOJICIIH,
3) anropuTMHYECKH-INarHOCTHYECKHE MOJENH, 4) Mouenu
MpOLIECCOB MCHTH(UKAIMKU, 5) MOJETb Ipolecca Jerpajia-
1[uH, 6) ONUCaHUE CHCTEMBI.
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ApXMTEKTYPHBI MeTO NAPUPOBAHUS NPOSIBJICHU I

JAOIYCTHMBIX COBOKYIHOCTel BpaK/1eOHbIX Heuc-

NPaBHOCTEH U UX HACHTU(GUKALUH 110 MECTy BO3-

HHUKHOBEHMSI I THIY B c00e- M 0TKA30yCTOHYNBBIX

CaMOpPEKOH(UIypUPYEeMBbIX H CAMOBOCCTAHABJIMBAE-

MbIX MHOrokoMILIekcHbIX ACYCH

PaccMOTpuM TOTHOCBS3HYIO CHCTEMY, YIPABIISIONLYIO
p abonentamu A, A,..., Ap BHEIITHEH Cpefpl, C OTMEYCHHOH
BBIIIIE OpraHM3alMeil MEXMAIIMHHBIX CBS3el IOCPEACTBOM
MepeAoNIUX [HPOKOBEIIATEIbHBIX KaHAJOB, COJEPKaIlylo
S menepecekaommxcs komruiekco K, K,,..., K, xaxnpri
K, (=1, ..., S) 13 KOTOPBIX COCTOMT HE MEHEE YEM M3 YETHIPEX
[IBM B COOTBETCTBHUH C 3aJaHHBIM YPOBHEM cOO€- U OTKa30y-
croiunBocTH [ = 1 1 TpeOGyeMbIM KonmyecTBOM LIBM, paBHBIM
3p,+ 1, B monHocesaznoM kommiekce K. Kaxnas 1IBM umeer
COOCTBEHHBIH MEXMAIIMHHBIA KaHaJ I[IHPOKOBELIATEeIbHON
nepegaun cooOuieHni kak Bcem apyrum [[BM, tak u Bcem
aboHeHTaM BHemmHed cpenapl. Kaxaprii aDOHEHT MMeeT co0-
CTBEHHBIN MIepeIAIOIINi IMHPOKOBEIATEIFHBIN KaHa, 00ecte-
YMBAIONIMI TIepeiady COOOLIEHUH OT ITOro abOHEHTa B KaxK-
ayto [IBM cucremsl. To ecTs, B paccMaTpuBacMou CTPyKType
nepenava coobuiennii u3 LIBM k aboHeHTy ocyiecTBiseTcs
10 TOMY € IIHUPOKOBELIATENIFHOMY IEpeaalouieMy KaHaly,
0 KOTOpOMYy Tiepenarotcsi coobmenus apyrum [[BM cucre-
MBI, @ COOOIIEHHE OT KaK10T0 aboHeHTa BceM LIBM cucremsl
nepeaeTcs 10 MHEpearoieMy IIHPOKOBEIIATEIFHOMY Ka-
HaJly CBSI3M 3TOro aboHeHTa. [lonnas ucxoonas obobujennas
cmpykmyphas epagosasi Mooenb pacCMaTpHUBaeMOH CUCTEMBI,
BepuHaMu otobpakatorias [[BM u aOOHEHTHI, a gAyramMu —
BO3MOYKHOCTH HETIOCPEJCTBEHHOW Tepenadn COOOIIEeHUH, Co-
JICP’KUT TOJHOCBSI3HBIA oprioArpad M3 BceX BEpIINH, COOT-
BercTByrOIX [IBM (Mexy KaXKmoil mapoil BepIIinH HMeeTcs
Tlapa pa3HOHAIPABJICHHBIX JIyT), @ TAKXKE P BEPIINH a0OHEHTOB,
Kax/asi U3 KOTOPBIX CBA3aHa Mapoil pa3HOHAIPAaBIEHHBIX YT
C KXol BepIIMHOM, cooTBeTCTRY01IeH [[BM.

Ilyctp kaxkmoe cooOmieHne, MepeJaHHoe IO JIF00OMY
TIepeIaroneMy ITHPOKOBEIIATEIEHOMY KaHaITy CBSI3H U TIOCTY-
TIAIOIIEe 110 3TOMY KaHaJly CBSI3U B IPYTHE HIEMEHTHI CHCTEMBI
(IIBM nim aOOHEHTBI), COIEPKUT BCE HEOOXOMMBIE aTpUOY ThI
JUIS €70 UJICHTU(QHUKAIIMY ¥ aHAJTU3a THMH 3JIEMEHTaMH CHCTe-
MBI, 3alIOMUHACTCA B 3TUX JJICMCHTAX U CTAHOBUTCA OOCTYII-
HBIM B HUX JUIsl YTCHUS ¥ aHAJIN3a HEMOCPEACTBEHHO MOCIIE €T0
TIOTydeHHsI. DTUM PEATN3yeTCsl CHCTEMHBIH PeXXnM BceoOIe-
TO IOJICITYIINBAHUSD) TIEPEeIaBaAEMbIX B CHCTEME COOOIICHUH,
Kora oOuMid TpauK CHCTEMbI CTAHOBUTCS JOCTYITHBIM JUIS
ero aHaym3a B kax o [IBM cucremsl. [TonooHoe noxciymm-
BaHHE MOXKET OBbITh PEaIM30BaHO B CHCTEME HEOOJIBILIOr0 pa3-
Mepa, HanmpuMep, mpuMeHerneM npotokona MIL-STD-1553B
(F'OCT 26765.52-87) 3a cUeT WMEIOMIETOCS B HEM PEeXUMa
MoHHuTOpa. Peanuzaiust c6oe- 1 0TKa30yCTOWIMBOCTH B TaKOH
CHCTEME MOXET MOTpeOOBaTh 3HAUYMTENBHBIX PECYPCOB ITOH
CHCTEMBI, BO3MOXKHO, HEITPUEMJIEMBIX I HEKOTOPBIX CUCTEM



peansHOTO BpeMeHH. OmHAKO ee aHaJM3 TO3BOJSET OMpeie-
JIUTHh MEXaHU3MBI, TpeOyeMblIe [Tt 00ecTieueHus cOoe- U OTKa-
30yCTOHYMBOCTH CHCTEM MOJTOOHOM apXUTCKTYPhI, U BO3MOXK-
HBbIC OTPAHUYCHUS, KOTOPhIE MOTYT CJAEaTh 3TU MEXaHH3MBI
Oosiee PaKTHYHBIMHU.

[Ipeanonoxxum, 9TO BCce BpeMs pabOThI paccMaTprBae-
MOW MHOTOKOMILIEKCHOH CHCTeMBI pa30WTO Ha IPOHYMEpPO-
BaHHBIC IIEJICBBIC IUKIBI paboTel. [Ipemmaraemerii MeTox 1ie-
JIeBOW c0Oe- M 0TKa30yCTOMYUBON paOOTHI CUCTEMBI COCTOHT
B cneaytouiem. [Ipeanonoxum, 4To Kaxabi r-i (r=1, 2, ...)
LEJIEBO#1 LIMKJI COCTOUT U3 TPEX MOCIEA0BATEILHBIX TIEPHO/IOB!
1) aGOHEHTCKOTO BHYTPHUKOMIUIEKCHOTO TIEpHO/a, 2) Imeprosa
MEXKOMIUIEKCHOTO B3aMMOOOMEHa, W 3) TepHoma Ccoriiaco-
BaHUS U OOpaOOTKM CHUCTEMHOW IMAarHOCTHYECKOH HHGDOp-
Manuu. [lycts kaxnoil ucnpasnoit IIBM cucreMbl n3BecTHa
CTPYKTYpa 3TOM CUCTEMBI U CTPYKTYPa KaXKIOTO M3 BXOSIINX
B CHCTEMY KOMILIEKCOB.

B aboneHTckoM meproze F-ro mejaeBOro MUKa KaKmaas
i-s1t [IBM kaxmoro ¢-ro (¢ = 1,..., S) KomIuiekca (0003HaYUM ee
gepe3 M, ), eciin 310 TpeOyeTcs, MoJTydaeT MOCPEICTBOM alro-
purma APM-1 [14] HeoOX0aMMYTO JUTSE 9TOr0 KOMIUIEKCA BXO/I-
HYH0 HH()OpPMAIMIO TAHHOTO IIEJCBOTO IMKJA OT 3aJaHHBIX
a0OHCHTOB BHEIIHEH CPEJIbl, BBIYHUCIISIET JOCTOBEPHOE 3HAYC-
HUEe TpeOyeMoil BBIXOAHOM MH(OPMAINH JAHHOTO IIEJICBOTO
UKJIa ¥ TIepeiaeT 3Ty HHPOPMAIIIO TpeOyeMbIM abOHEHTaM
BHEIIIHEH CpeJibl, a Takke (GOpMHUPYET OAMHAKOBYIO B KOXKIOH
ucripasHoii [IBM M, xommnekca K jpuarHocTHyeckyro MH-
(dbopManuio: pe3ylbTaT BHYTPHUKOMILICKCHOTO (PYHKITHOHAIIb-
HOT'O JMAarHoCTUpPOBaHHA B BHJAC JIOTHUYCCKOI'O BBIPAKCHUA
(F),” monospesaemoii o6nacTu Bpax/e6HON HeMCTIPaBHOCTH,
B CBOMX TE€pMaxX OTOOPa)KArOIIETO BCEBO3MOKHBIC OIMHOYHBIE
BpakIcOHBIC HEUCIIPABHOCTH JTAHHOTO KOMILIEKCA, TIPU KaxK-
JIOH M3 KOTOPBIX BO3MOXKHO MMEIOIIEE MECTO MOBE/ICHHE -TO
KOMITJIEKCa B aDOHEHTCKOM TepPHOJIe JAHHOTO I-TO IeJIEBOTO
mukiia. B ciydae, koraa B aOOHEHTCKOM EPHOJIE NPOSIBICHHUI
HEHCIPAaBHOCTEH BBISABICHO HE ObUIO, BEIpaxkeHue (F))7 =1.

B meprone MeEXKOMIDIEKCHOTO B3aUMOOOMEHa [-TO
LEJICBOT0 [UKJIA Kaxaasi uchpasHas i-s1 [[BM kaxmoro £-ro
KOMILUIEKCA-TIOTyYaTeiIsi MEKKOMILICKCHOTO COOOIICHUS TpU-
MeHsieT MeTo]] APM-2 MeKKOMIUIEKCHOTO B3aMMOOOMEHA I-ro
LI€JIEBOT0 1IMKJIa, B KOTOpoM Kaxkas [[BM kaxgoro komruiek-
ca-ToryJareisi MPUHUMAeT MEKKOMIIEKCHOE COOOIIeHHe
or Kaxzaod [IBM kaxmoro KoMIUIEKCa-OTIPABUTENS U IO-
CPEICTBOM Ma)KOPHPOBAHUS ITHX COOOIICHHH, MOTYYCHHBIX
ot Bcex LIBM omHOro u TOro ke KOMILJIEKCA-OTIPaBUTEIS,
BBIUUCIISCT TOCTOBEPHOE 3HAYCHHUE TOTO MEKKOMIUIEKCHOTO
cooOIieHus1. 3aTeM aHaJIOTHYHO 3TOMY B airoputve APM-1,
B Metone APM-2 kaxmas ucnpasHas [[BM kaxmoro xom-
TUIeKCa-TI0NTyJaTessl CTPOUT Ha OCHOBE TIOCTPOSHHBIX 3apaHee
BEIPQKEHUH ITOI03PEBACMBIX HEHCIIPABHOCTEH, IOITOOHBIX
TaKOBBIM BBIPAXKCHUSAM MOI03PCBAEMBIX HEHCIIPABHOCTEH
B amroputMe APM-1, HO YYHTBIBAIONIMX TAKXKE BO3MOXK-
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HOCTb JONYCTUMBIX HeucnpaBHocTed LIBM n3 komIuiekcoB-
OTIpaBUTENEH, OAMHAKOBOE BO Bcex ucnpaBHbIX [IBM nan-
HOTO KOMILIEKCA-MOoMydaTeis Jorudeckoe Bhipaxenue (F)™
BCEBO3MOXKHBIX IMOJI03PEBACMBIX JIOMYCTUMBIX COBOKYITHO-
CTed BpaXJIeOHBIX HEHCIIPABHOCTEH 3TOr0 KOMILIEKCA-TIOINY-
yaTessl U BCEX €ro KOMILUIEKCOB-OTIPABUTENCH, MPU KaK10U
13 KOTOPBIX MOTYT MMETh MECTO MMEIoNIiecs (haKTHIeCKHue
PE3YIBTaThl KaXIOTO MEKKOMIUIEKCHOTO OOMEHa ITaHHOTO
{-TO0 KOMILICKCA-TTOTYYaTelisi M BCEX €ro KOMIUIEKCOB-OTIpa-
BUTEJIEH B MEPHOJEC MEKKOMIUIEKCHOTO B3aUMOOOMEHa I-To
neneBoro nukna. [Ipu aTom kaxknast ucnpasnas LIBM kaxzao-
T'0 KOMIUIEKCA-TIOy4aTeNs CTPOUT KOHBIOHKIIUIO BBIPAKCHUH
(F),“ u (F),"*, onnnaxoByio Bo Bcex ucrnpaBHpX [[BM sToro
£-TO KOMIUIEKCA-TIONTydaTessi, KOTOPYIO Mpeodpa3yeT K BHIY
JU3BIOHKIINY KOHBIOHKIIMN, W3 KOTOPOW MCKITFOYACT KaXKIbId
TepM, 0TOOpaXKalomnil HEOIMYCTUMYIO COBOKYITHOCTh HEHC-
npaBHOCTEH. B pesymsrate GopMUpyeTCs JOrMYCCKOE BBI-
pakeHHe Moj03peBaeMbIX HemcrpasHoctei (F)™, xampiit
TEepPM KOTOPOTO OMpEAETSeT JOMyCTUMYIO COBOKYITHOCTD OJTH-
HOYHBIX HEHCIPABHOCTEH OIHOTO HMJIM HECKOIBKHAX KOMILICK-
COB, @ BCE TEPMbI — BCCBO3MOXKHBIC TAKHC JIOITYyCTUMBIC COBO-
KyITHOCTH, TIPU Ka)/I0W U3 KOTOPBIX BOBMOXKHO HalIroaeMoe
MIOBE/ICHHE JIAHHOTO KOMIUIEKCA CHCTEMbI M B a0OHEHTCKOM
TIEPUOJIE, M B IEPHOJIC MEKKOMILIEKCHOTO 0OMEHa paccMaTpH-
BaeMOTO I'-T0 IeJIEBOTO KA. DTO BEIpaKEHHE SBISICTCS JHa-
THOCTHYECKON MH(OpMAIHel JaHHOTO /-T0 KOMIUIEKCa B I-M
[IEJICBOM IIMKJIC JUIsI €ro aOOHEHTCKOTO IEpHoJa U MepHona
MEXKOMITJIEKCHOTO B3aUMOOOMEHa.

B niepuose coracoBanusi 1 00pabOTKK CUCTEMHOM Jira-
rHoctrueckoit madopmarmu (CI) r-ro meneBoro mukIa Kax-
nas wucnpasHas LIBM M, Kkaxkmoro KOMILTIEKCA-TIOTyYaTes
K, (¢=1,...,8) HOCPENCTBOM NpeIaraeMoro ajnroputma APM-3
MOJTy4aeT OT KaXKJI0TO APYTroro (-ro komruiekca (q=1,..., S; g#f)
CHCTEMBI €r0 JIOCTOBEPHYIO TMarHOCTHYECKYI0 HH(POPMAIHIO.
Anroputm APM-3 obecnieunaet nonyyenue B [IBM M,
romory ainroputMa APM-2 xonmuu MeX3aJlaqHoro cooOIie-
HES (CJII/I);'/Cq C CHCTEMHO JIMaTHOCTHYECKOi HH(popMaImeit
oT Kax0i#i j-it [IBM Mj/q Kaxxoro apyroro g-ro (4 = 1,...S;
¢ # ¢) KOMILIEKCA-OTIIPABHUTEIIS, COACPIKAIICTO JIOTHICCKOC BBI-
pakeHue (F );’a’e 10/103PEBACMBIX HEUCIIPABHOCTEH, a TaKkKe
norudeckoe Bbipakerne (F ):;;C
HOCTEH W, BO-TIEPBBIX, OIMPEICNACT JOCTOBEPHBIC 3HAYCHUS
9THX JIOTHYECKUX BBIPAKCHUH B BHIE JOTWICCKUX BBIpaxe-
HUHI (F );'a’e u (F );4,0 , KOTOpBIE OYIyT COOTBETCTBEHHO OJIH-
HaKOBBIMHU BO Bcex ucnpaBHbix [[BM Mj (i=1,..., n) cucremsi,
a, BO-BTOPBIX, CTPOUT TEM JKE CIIOCOOOM, UTO U BBIPAKCHUE
(F),; B mpuBeieHHOM BbIIE OMUCAHHK anropuTma APM-2,
JIOTHYECKOE BBIPAKCHHUE (F );C MTOJI03PEBAEMBIX HEHCIIPaB-
HOCTEeH [UTS TIepHO/a COTIIaCOBAaHUS U 00pabOTKH CHCTEMHOMH
muarHoctudeckord uHpopmaru (CIU) r-ro meixeBoro muk-
J1a, OMUHAKOBOE BO BceX HcnpaBHbIX [IBM 3Toro xoMriniekca
K. 3arem kaxmas ucnpasnas [IBM MJ. ,, K&KJIOTO KOMIIJIeKca
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K, (=1, ..., S) CTPOHT JOTUYECKOE BHIPAKEHUE COBOKYITHO-
CTell MOI03peBAEMBIX BPaXKI€OHBIX HEHCIIPAaBHOCTEW B BUE
KOHBIOHKI[UH BBIPAXKEHUI (F );fl’a’e U BBIPAXKEHUN (F );71,0
JIJIsL KQXKJ0Tr0 KOMIUIEKCa Kq (g=1, ..., s) cucreMbl. TO BbI-
paXE€Hue, MpUBCACHHOC K BUAY AW3BIOHKIHNU KOH'I)IOHKL[I/Iﬁ
C MCKJIIOUCHHEM M3 HEe KaXJO0ro TepMa, oToOpaxaemas co-
BOKYITHOCTh HEHCHPABHOCTEH KOTOPOTO HE YHOBIECTBOPSET
MIPUHITOMY KPUTEPHIO JOITyCTUMOCTH TAKUX COBOKYITHOCTEH,
Oy/ieT OIMHAaKOBBIM BO BCeX McIpaBHbIX LIBM cucremsl 1 kax-
JIBIIA TEPM ATOTO BBIPAXKEHUS OyAeT ONpesesaTh JOMYCTUMYIO
COBOKYITHOCTh BPa)kJ€OHBIX HEHCIPABHOCTEH CHCTEMBI, IIPU
KOTOPOW BO3MOXHO HMEIOIIEE MECTO MOBEICHHE CHCTEMBI
B (I—1)-M 1emeBoM IHIKITE ee paboTHI, a BCe TEPMBI — BCEBO3-
MOKHBIE TaKHE€ COBOKYITHOCTH.

[Tocne aToro B kaxnoi ucnpasHoii [IBM cucremsl B co-
OTBETCTBUM C TPHHSATBIMH KpPUTEPUEM IMPOTrPaMMHOTO cOOs
I[IBM u otkaza nepenaromero YC (Hampumep, uaeHTHDU-
Karusi c6oeB HekoTopoil [IBM B 1IBYX COCEOHHX IIENIEBBIX
IIUKJIAX), CTPOUTCA TpeOyemMoe KPHTEpHeM JIOTHIECKOE BBHI-
paKeHHE BCEBO3MOXKHBIX COBOKYITHOCTEH IO03pEBAEMBIX
nporpamMMHbIX c6oeB LIBM u oTka3oB nepeparonux YC, mpu
KaXJI0M U3 KOTOPBIX BO3MOXHO MMEIOIIEe MECTO MOBEACHUE
cUCTEMBI B (I-2)-M 1 (r—1)-M 1eJeBBIX IIUKIAX CUCTEMBI.

B pesynbrare Bcex 3THX JNEHCTBUHM KaKaas UCIpaBHAas
[IBM cucteMbl OJHOBPEMEHHO, B OTHOM U TOM K€ LIUKJIE, OJI1-
HAaKOBO W TPAaBMJIBHO HAECHTU(HHUIMPYET BCE OOHApY)KECHHBIC
MIPOSIBIICHUSI JOITYCTUMBIX BPKICOHBIX HEHCITPAaBHOCTEH.

Opraau3anus nNpoueccoB BOCCTAHOBJICHHUS

1es1eBoii padoThl B ABTOMATHYECKOI pacnpe/ie1eHHO

c0oe- 1 0TKA30yCTOHYMBONH MHOTOMALIMHHOM

ACYCH ceteBoli CTPYKTYpPBI

B nmanHOM paszene paccMarpuBaeTcs mpodiema Boc-
cTaHoBJeHus 1eneBoi pabotel B ACYCH, Bo3HHMKaromas mo-
cjle TOro, Kak B 3TOH CHCTEME B HEKOTOPOM KOMILIEKCe (FITH
HEKOTOPOM MHOXeCTBe F KomrmuiekcoB) Obuia oOHapykeHa
JIOIyCTHMasi COBOKYITHOCTH (JIOIyCTUMbIE COBOKYITHOCTH)
HencnpaBHocTed. [IpuyeM Kaxkiash HEUCIPABHOCTH Oblia
TaK)Xe OJHOBPEMEHHO M COIVIACOBAHHO WJICHTH(UIMPOBAHA
B Kakaol ucnpasHoit [[BM cucteMsl o MecTy ee BO3HUK-
HOBEHHS U 110 TUIY KaK IPOTPaMMHBINA COOI MIIH OTKa3 ompe-
nenernoit [[BM sroro komrmiekca. OTMETHM, YTO TIPU OTOM
COINIACOBaHHOM BO BceX ucnpaBHbIX LIBM cuctemsl sBIsieTCS
nH(pOpPMALUS O TEXHMYECKOM COCTOSIHAU €€ 3JIEMEHTOB, OfI-
HaKoO MHAMBUAYyaJbHAS IiejeBasi HHGOpMAIUs KaXX10TO KOM-
TUIEKCa 10 COCTOSIHUIO YIPABICHUS! BHEITHUMH aOOHEHTaMU
COZIEP’KUTCS TOJIBKO B COOTBETCTBYIOIIEM KOMIUIEKce. B To ke
BpEMSI COIVIACOBAHHBIE ACHCTBUS BCEH CHCTEMBI MPH MICHTH-
¢uKanmy B HEW MPOrpaMMHEIX cOOEB W OTKAa30B W HEOOXOMIH-
MOCTH JalIbHEHIINX BOCCTAHABIMBAIOIINX JCHCTBUH JOIKHBI
BBITIOJHATHCS TOJNBKO C YYETOM Takxke HH(OPMAIMOHHOTO
COCTOSIHUSL BCEX DPELIAEMBbIX LENEBBIX 3ajad. Takod aHaimu3
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1 y4YeT JOJDKHBEI OBITH BEHITIONHEHB! MPEIBAPUTEIHHO Ha CTa-
W TIPOCKTUPOBAHHS CHCTEMBI W IS Ka)XIOW BO3MOXKHOMH
CUTyallid B CHCTEME M KaKJJOTO BO3MOXKHOTO CIyd4as OOHa-
PYKCHUS U UACHTU(PUKAIUU TPOSIBICHHUIA TOMYCTUMBIX COBO-
KYITHOCTEH HEMCTIPABHOCTEH JJOTKEH OBITh MIPELYCMOTPEH CO-
OTBETCTBYIOIINI pacTpeesIeHHBII alTOPUTM OCYIIECTBICHHUS
TpeOoBaHN OUHAMHUYecKo m30bITouHOCTH. CornacoBaHme
WH(POPMALMOHHOTO COCTOSHHSI BCEX PEIIaeMbIX IIETICBBIX 3a-
Jlad MOXKET BBITIOJTHSATHCS B KQKJIOM 11€JIEBOM LIUKJIE B TIEPUOJIE
COMIaCOBaHMS ¥ 00PaOOTKU CUCTEMHON TUATHOCTUYECKOM HH-
(dbopmaruu, Korna BMecTe ¢ JUarHoCTU4ecKoil nHdopmaruei
coracyercs 1 MHPOPMAIMOHHOE COCTOSTHUE BCEX PEITaeMbIX
B CHUCTEME LEeJNeBBIX 3a4ad. Torma kaxknaas ucrpaBHas LIBM
CHUCTEMBI Ha OCHOBAaHWHU BCEH WH(OPMAIUH, COTIIACOBAHHOMN
B MIEPHOJIC COMTACOBAHUS U 00PaOOTKH TUATHOCTHYCCKOM HH-
(dbopmanuu, cOOCTBEHHOTO MOPSIKOBOIO HOMEpa W TPUHAI-
JICKHOCTU OTPECIEHHOMY KOMIUIEKCY, JOJKHA BBIMIOJIHUTH
MpeaycMOTpeHHbIe Ha 3Tane npoexktupoBanns ACYCH Boc-
CTaHABIMBAIOIINE JCHCTBHUSA LIS NAHHBIX KOHKPETHBIX 3HA-
YeHHUU TUArHOCTUYIECCKOW MH(POPMAIH ¥ WHPOPMAITHOHHOTO
COCTOSIHUSI pelIaeMbIX 1IeJIEBbIX 3aj1a4. B kauecTBe Takux nei-
cTBUIl (KOMaH]] BOCCTAHOBIICHHSI) M3 COCTaBa HEOOXOIMMBIX
JUTSI KOHKPETHOTO KOMITJIEKCA MOYKHO OIPEIeNTh, HAlPUMED,
clenyouye JeHCTBUS:

— TPHUOCTAaHOBUTH IIENIEBYI0  paboTty
HAa OIIpEJIeNICHHOE KOIMYECTBO IEICBBIX UKJIOB, JIN0O 10 TO-

KOMIIJICKCa

SIBIICHUST HEKOTOPOTO COOBITHS, HAIPUMEpP, OMPEIACICHHOTO
MEKKOMITJICKCHOTO COOOIIICHUS;

— TMPUCTYIHUTH K MPOLECCY BHYTPUKOMIUIEKCHOIO BOC-
cranosneHust [IBM maHHOTO KOMIUTEKCa, HIASHTH(PHUITUPOBAH-
HOW B COCTOSTHUH ITPOTPAMMHOTO C00S;

— BbIMOJHUTH u3oJsinuio [IBM nanHoro komruiekca,
UICHTU(DUIIMPOBAHHYIO B COCTOSIHHU OTKa3a, MOIKIIIOYUTH
BMecTO Hee 3anacHyto [IBM 3amanHOro Homepa u BBIIOI-
HUTH €€ I/IH(i)OpMaHI/IOHHOC BOCCTAHOBJICHUEC W BTIAT'MBAHUC
B COBMECTHYIO IIeJieByl0 pabory ¢ npyrumu [IBM manHOTO
KOMILIEKCA.

IIporecc BHYTPUKOMIUIEKCHOTO BOCCTAHOBJICHHUS B BOC-
CTaHaBJIMBAEMOM KOMILJIEKCE COCTOUT B TOM, YTO BCE HCIIPaB-
Heie [IBM 3TOro komrsiekca COTIaCOBaHHO OOpas3yrT BOC-
cranaBnuBaromuii noakomiuieke (BITK) BoccTanaBnnBaeMoro
KOMIUIEKCA W TIEPEXOIAT K IPOLECCY BOCCTAaHOBIEHHS, CO-
CTOSIIIIEMY B CIIEAYIOMIEM. BO-TIepBBIX, MPEIyCMOTPEHHBIMU
anmapaTHO-TIPOTPaMMHBIMH  CPEACTBAMH BOCCTaHABIINBAO-
mue [[BM u3 BIIK coracoBaHHO u 6€3ycIOBHO TEPEBOJIST
BoccTaHaBiuBaemble [[BM 3Toro koMmriekca B pekUM BOC-
CTAaHOBJICHHUA U 6HOKprIOT MX KaHaJIbI MEXKMAIIIMHHOMN CBSI3HU
OT BO3MO)KHOCTH BMEIIMBATHCS B pabOTy 000N MCTIPaBHOM
IIBM wu3 BIIK. B pexume BoCCTaHOBIEHHSI BOCCTaHABIINBAE-
Mas [IBM oxumaer ot BIIK moctymierus koMaHx COOCTBEH-
HOT'O BOCCTAQHOBIIEHUSI, B COCTAB KOTOPBIX BXOJAT, BO-IIEPBBIX,
KOMaH/Ia 3aliCH B 3aJaHHy oOmacth mamstu 3tod [[BM



JIAaHHBIX, TIOCTYMHUBIINX B COCTaBE ATOW KOMaH/bI, BO BTOPBIX,
KOMaH/a YTeHUs! JaHHbBIX M3 3aJlaHHOW 00IacTh mamsiTé BOC-
cranaBinuBaemoi [IBM u mepegaya 5TuUX JaHHBIX KaxIoi
IIBM wu3 BIIK, B-TpeThux, KOMaHJa CUHXPOHHOTO Tepexoja
BoccTaHaBIuBaeMoi [IBM K BBINIOJIHEHUIO IIPOIPaMMBbI B €€
MaMATH € 33/1aBAGMOT0 B KOMaHJE aapeca JU00 K BBITIOJIHE-
HUIO IPOrpaMMBbl, IepeaaBacMOM B COCTaBE JaHHOM KOMaH-
Jlbl, B-UE€TBEPTHIX, KOMaH/1a ycka BoccTaHaBauBaemoil LIBM
C YKa3aHHOIO ajJipeca cMHXpoHHO co Bcemu [IBM u3 BIIK.
B cocrase nporpamm kaxjoi [IBM u3 nenesoro komIuiekca
JIOJDKHA OBITH MpOrpaMMa BOCCTAHOBJICHHS BOCCTaHABIUBAC-
Mot [IBM 13 3T0r0 KOMIUIeKCa, KOTOpas T0JIKHA 3aBEpIIaThCS
MOCJIEIHEN M3 YKa3aHHBIX KOMaHJ, IEPEBOAIIEH BOCCTaHAB-
JIMBAOIIUE U BoccTaHaBnBaemyto [IBM BoccTanaBnrBaeMoro
KOMIUIEKCA K BBIIOJHEHUIO €ro LeneBoil 3anaun. [IposBnenus
NPOrpaMMHBIX cOoeB BoccTaHaBnuBaemoii [[BM, coorser-
CTBYIOIIME IIPUHATOMY Kpurepuro orkaza [[BM, Hanpumep,
JIB€ TIOAPSJ HEYIauHbIE MOMBITKA BOCCTAHOBIIEHHS, JOIKHBI
BOCIIPUHHUMATBCSI CO CTOPOHBI CUCTEMBI Kak 0TKa3 3Toi [IBM
C HEOOXOANMOCTBIO €€ MCKIIIOUSHHUS U3 BOCCTAHABIMBAEMOTO
KOMITIEKCa U U3 pabouell KoHQUTypaluu CUCTEMBI, TOIKIIO-
yenus 3anacHou LIBM, eciu oHa uMeercs, U aHaJIOTUYHOIO
BOCCTAHOBIICHHUS B Heil 11e71eBOi pabOThl BOCCTAHABIMBAEMO-
ro KoMIuiekca. B ciyuae orcyrersust 3anacHoi LIBM naHHbIi
KOMITJIEKC TOJDKEH OBITh TIEPEBE/ICH B PEKUM II€TIEBOM pabOTHI
C TIOHWXEHHBIM yPOBHEM COO€ 1 OTKa30yCTOWYNBOCTH. 371€Ch
TaK)Ke BO3MOXKHO HUCHOJb30BAaHUE MPEAYCMOTPEHHON HA ATa-
e mMpOCeKTHPOBaHus (yHKIMOHANBHOM nerpamaiun ACYCH,
IIPU KOTOPOH IieNeBast 3ajada KOMIIJIEKCa ¢ HEUCIIPaBHOCTHIO,
HE IMOJUIEeXkAIIEN BOCCTAHOBIEHHIO, MCKIIIOYAETCsS U3 COCTaBa
BEITTOJTHSAEMBIX IIEEBHIX 3a1ad, ucrpaBubie [[BM pacdopmu-
POBaHHOrO KoMILIEKca nepesoasrces B 3anac, 1 ACYCH npo-
JIOJKAET BBIMOIHEHHE COKPAIIEHHOTO CIUCKA LIEEBbIX 3a1a4.
[Tpn nOCTHKEHUHM TPHHSATOTO KPUTHYECKOTO YPOBHS cOoe-
n otkazoycroifunBoct B ACYCH, omnpeneneHHoro Ha sTamne
ee MPOEKTUPOBAHUS, U BOBHUKHOBEHUHU B CHCTEME CIIEAYIO-
et HencnipaBHOCcTH ACY CH nomxkHa mepeiiti B pesxuM 0e3-
OIaCHOTO OCTAHOBA, MHAUBUAYAIIBHOTO AJISl CUCTEMBI U 3aBU-
CSIIIETO OT YCIOBUH ee NpUMeHeHus. B aToMm pexxume cucrema
JIOJDKHA COOOIIUTH O CBOEM MEePeXo/ie B PexKUMe 0e3011acHOTO
OCTAaHOBA BHEIIHEMY I10JIb30BATEIIO U IIEPEUTH B PEXKUM OXKHU-
JIaHHWs OT DTOTO IONb30BaTeNsl KOMaHJ PYyYHOIO YIMPaBICHUS
cucremoil. CozeprkaHne 3TOr0 peKUMa U COCTaB KOMAH, HC-
MOJHSIEMBIX B HEM, SIBJIETCS TEMOU OTJEIBHON MEePCIEKTUB-
HOM Hay4HOH paOboTHI.

W3noxxeHHast TEXHOJIOTUSI OpraHU3aluK cOoe- 1 OTKa30y-
CTOWYMBOW PabOTHI B OJIHOKOMILJIEKCHOM cOOe- U OTKa30yCTOM-
YMBOH YIIPABIIAIOLIEN cUCTEME JJIs1 MOAEIH Y0CTOBEPUTEIBHOM
Bpax1e0HOI HeNCTPaBHOCTH ObLITa pa3paboTaHa, apoOHpoBaHa
U YCIICIITHO BHE/IPEHA Ha PsiJie KOCMUYECKNX 00BEKTOB U ITPAKTH-
YECKH MOKa3aya cBOI0 3 PEeKTHBHOCTh. TeopeTHaecKre BOmpo-
CBI M 000CHOBAHMS TAaKOW TEXHOJIIOTUH OpraHHu3aluy cOoe- U OT-
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Ka30yCTOWYIHMBON IIeNIeBOI pabOTHI OJHOKOMITIICKCHON CHCTEMBI
1 TIPOIIECCOB €€ BOCCTAHOBIICHHUS IIOCIIE MPOTPAMMHBIX COOEB
Y OTKa30B JIJIsI OMTHOKOMIUICKCHON CHCTEMBI U BPKICOHOM MO-
JIeTI HEUCTIPAaBHOCTH U3JIOKEHBI B [15].

3akii0ueHue

IIpencraBneH BrepBble YHUPHUIMPOBAHHBIN apXUTEK-
TypHBII METOJ TAPUPOBAHHUS MIPOSIBICHHUIA JOIYCTHMBIX COBO-
KYIHOCTCH BpaskACOHBIX HEUCIIPABHOCTCH, UX OOHAPYKECHUS
U uaeHTH(GUKAIUU B cOOC- M OTKa30yCTOWYMBBIX Camope-
KOH(HUTYPUPYEMBIX U CaMOBOCCTAHABIMBAEMBIX MHOTOKOM-
mnekcHbIX BIIBC MmokaspIBaloT, 4TO MPOEKTHPOBAHHUE TAKHUX
MHOrokoMIuiekCHbIX ACYCH 10omKHO HauMHATHCS HA CAMOM
BEpPXHEM, apXHUTEKTYPHOM YpPOBHE IpoIecca MPOSKTHPOBa-
Hust 3Toi ACYCH, npoBonuMoro mno TEXHOJOTHH «CBEPXY-
BHU3», M Ha CICIYIOIINX HIKEICKAIIUX YPOBHSAX 3THU 00-
[IUe TPENCTaBICHHs] W TPEIOKEHUS JOJKHBI Bce Oolee
JETATN3UPOBATHCS U YTOYHATHCS, YTOOBI Ha 3aKITIOUUTEIIEHOM
YpOBHE TIporiecca MPOeKTHPOBAHUS OBLIN MTOTYYCHBI BCE He-
00XoauMbIe OOOCHOBaHHBIC aImIapaTHO-IIPOTPaMMHBIC pe-
mieHus. [IpuBeneHbpl 0000IICHHBIC MOJACITH apXUTCKTYPHOTO
YPOBHSI TIpOIIecca MPOCKTUPOBAHUS 110 TEXHOJIOTUU «CBEPXY-
BHHU3» TOJCHUCTEMbI JUATHOCTUKH, COOE- M OTKAa30yCTONYH-
BocTH MHOrokomIuiekcHoit ACYCH. Drtor MeTom M MOIEIn
obecrieunBaror B ACYCH B03MOXHOCTE COTJIACOBAHHBIX O-
HOBPEMCHHBIX W HEOIWHAKOBBIX JCUCTBUHA BCEX HCIPABHBIX
[IBM, rapaHTHUPYONUX MPaBWIBHOCTh (PYHKIIMOHHPOBAHUS
ACYCH B yclIOBUSIX BOBHUKHOBEHUS JTOITYCTUMBIX COBOKYII-
HOCTEH BpaxJeOHbIX HEUCIIPABHOCTEHH.

OTKpBITOI 00IaCThIO HAYYHBIX UCCIIEIOBAHUH IS pac-
CMaTPUBAEMBIX CHCTEM SBISIOTCS OIICHKH TPEeOyeMbIX s
HUX allapaTHBIX U MPOTPAMMHBIX PECYypCOB M METOMABI HX
cHIKeHUsl. brivxaiiell nepcneKTuBHONW Hay4YHO-HCCIIEA0Ba-
TENBCKOU 3a/1aueil MOXKHO TaK)Ke OMPEeIeNUTh CO3aHue U HC-
cliefioBaHre MakeTHOTro oopasua takoit ACYCH.
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ABSTRACT

For the first time, a unified method is presented for constructing fail-
safe and fault-tolerant information-safe distributed automated digi-
tal control systems for special purposes that simultaneously perform
a set of interacting target tasks. The proposed systems automatically
parry the manifestations of admissible hostile faults based on rep-
lication of each target task (parallel execution of copies of this task
on non-redundant computers with the exchange of results and the
choice of them correct in the assumption that only a smaller part
of these results can be erroneous) and use of dynamic redundancy,

providing the longest possible time of active existence of the sys-
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tem and the trajectory of its self-managed degradation of. Systems
perform automatic self-detection and self-identification based on
the place of occurrence and the type of occurrence of faults, self-re-
covery of the target computational process after software failures,
self-isolation of failed elements, replacement with spare elements
(if any) and self-recovery of the target computing process with the
same level of failure and fault tolerance, or, in the absence of a stock,
the implementation of a self-managed degradation of the system
with a transition to a safe shutdown state of the system full exhaus-

tion of resources. The method is applicable at the highest, architec-



tural level of design of such systems, carried out according to the
"top-down” technology. Generalized models of the upper, architec-
tural level of the process of designing subsystems of diagnostics,
failure and fault tolerance of such multitasking systems and meth-
ods for their construction are proposed. It is shown that the design
of such a subsystem of diagnostics, failure- and fault-tolerance for a
multitasking system should begin at the highest, architectural level
of the design process of this system, be monitored and evaluated at

all underlying design levels.
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ABSTRACT

The modern spacecraft’s are difficult subjects to control and diagnosing which at completions
and partial modernization allow joint operation of the elements having various volume
of statistical information on defects and refusals, and at times and total absence of this
information. When diagnosing the onboard equipment of spacecraft the problem of reliability
of decision-making is particularly acute very. The poor quality of diagnosing can lead to
adoption of wrong solutions of the technical condition and is negative influence processes of
maintenance of a subject to diagnosing that leads to decrease in efficiency of the solution of
tasks, or to start of spacecraft with faulty onboard equipment of that means failure of the set
target task. It demands further intensive development of new approaches to determination
of technical condition on the basis of diverse prior and current information as the existing
approaches not rather fully reflect the proceeding processes in an object and the system of
diagnosing. In this regard the technique of synthesis of the suitable program of diagnosing
of the onboard equipment of the spacecraft on reliability on the basis of the hidden Markov
models based on Bayesian networks of trust is developed. Application of Bayesian networks
of trust in models of diagnosing allows to increase reliability of results of diagnosing at the
expense of a possibility of accounting of uncertainty of results of measurements of diagnostic
signs, dynamics of prior information on technical condition of a subject to diagnosing,
coverage of considerable volume of diagnostic signs and also uses of parameters of the
law of distribution of values of diagnostic signs and precision characteristics of measuring
instruments. Use of the office of Bayesian networks of trust significantly supplements models
and methods of the solution of problems of technical diagnostics. The example of synthesis
of the suitable program of diagnosing of a control system of the movement of the spacecraft
on reliability is presented. According to authors, results of researches can be of interest to
developers of control devices and tests of the onboard equipment of spacecraft’s both by

preparation of spacecraft for start, and in flight.

KEYWORDS: diagnosing; onboard equipment; technical condition; Bayesian network of

trust; precision characteristics, posteriori conclusion.
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Introduction

Increase in complexity of the modern missile and space
equipment is followed by increase in requirements to efficien-
cy of its regular functioning [1]. Considerably processes of de-
termination of technical condition of systems at ground tests
became complicated and in you weed that complicates preven-
tion and parrying of refusals in various modes of functioning.
timely detection of malfunctions and refusals. The most impor-
tant component of the spacecraft (S) is the control system of
the movement (CSM) which provides, in particular, manage-
ment of the angular movement for the purpose of high-quality
working off of the program of management during the opera-
tion of the special equipment. In this regard it is necessary to
carry out reliable diagnosing of CSM of S as on the technical
complex (TC) that there was no start of S with disabled CSM,
and further during flight that there was no failure of perfor-
mance of a target task because of refusal of CSM of S [2-3].

Problem definition. The problem of ensuring the required
reliability of diagnosing of CSM of S as subject to diagnosing
on shopping mall is formulated as follows [4].

The formalized models of a subject to diagnosing M_,,
process of diagnosing Mp ,and model of measuring instruments
of sensors are set M :

M,,=<S, Pr, A>,

M, =<Y,.Y,.ILQA BT

or?
M,=<Sr, A, B,
where o
— S={S,|i=0,m} — set of types of technical condi-
tions of BO S;
- Pr={pr,|/j= 1,n} — the set of the diagnostic signs

csSr>’

(DS) consisting of the discrete DP Pr, = {pr,; | j =1/} and
continuous DP Pr, = {pr, j |j= I,_h} described by the normal
law of distribution with parameters H; and o;;

- A={\|i= I,_m} — set of intensities of failures of
equipment packages of an object;

- Y=g li= 1,_1} — set of the received signals from
sensors of discrete type and ¥, ={y,, | j = I,_h} — a set of the
received signals from sensors of continuous type;

- M={r, |j=1,_n} — a set of checks of DP for
which are set T={r,|j= I,_n} — duration of checks,
A, ={a, [/= 1,n}and B, ={B,1/j= 1,n} — probabilities
of methodical errors (the 1st and 2nd sort) which are caused by

errors of purpose of admissions to the measured parameters;
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- Q={R|o0=0,.., (2"'-1)} — the event algebra W,

W = 2™'_1 seton a set S in which elements R... =S, S, }—
are the information statuses of process of diagnosing which are
formed as the result of the carried-out inspections;

- T(t) = [t,,+o0) — time point, where #, — initial time
point of operation of a system, and ¢, + t,— corresponds to
diagnosing time;

- Sr={8r|j= 1,n} — a set of the sensors fixing val-
ues of diagnostic signs for which metrological characteristics

are set. For sensors of discrete type are set Ag, ={o,; | j = L1
and Bg, =B, [ /= 1,_1} —sets of error probabilities of checks

(the 1st and 2nd sort), for sensors of continuous type meas-
urement uncertainty distribution functions in the form of the

normal law o, ={og; |/ = I,_h}, facility instrumentations

caused by errors, are set by noises and other negative factors.
It is required: synthesize the diagnostic program
Prog* = {m, ...

> ch(c)’ LR} T[J(n*)} >

where {nj(]), ces Ty oo ch(n*)} — an ordered set (structure and
the sequence) of checks, j — a code name of check ¢ — se-

quence number of check, such that
D(Prog")= T X [P(S;/ ¥ujiiyYu oy ) PSIZ Do
i=0,m j=l,n -

provided that T(Prog*) < T, . T, , — an allowed time of
diagnosing.

Assumptions: 1) the value of each diagnostic sign is
measured by one sensor; 2) at the same time there can be only
one failure; 3) the observability of types of the CU is provided.

Task solution. For synthesis of the diagnostic program
hidden Markov models on the basis of the Bayesian networks
of trust (BNT) representing the probabilistic and graphic mod-
els having the following advantages [5] are used:

1. High performance of a solution of tasks for complex
systems in which there are a lot of observed signs of variables

Y {J’ i 1i=1 ”1} , N <1000 allowing decomposition on contin-
uous and discrete diagnostic signs.

2. Accounting of receipt of new information — certifi-
cates (new data on results of checks of diagnostic signs Y(#) or
information on degrees of product availability P(S)).

The data provided in problem definition are necessary for
synthesis of the diagnostic program OE S, suitable on reliabili-
ty, on the basis of Bayesian networks of trust including: failure
density, given about diagnostic signs, given about precision
characteristics of measuring instruments of DP.
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The technique of synthesis represents the following se-
quence of actions:

Step 1. Construct a diagnosing process model in the form
of a hidden Markov model on the basis of the Bayesian net-
work of trust (BNT):

Step 1.1. Give a task topology of a Bayesian network
of trust — to define prichinno investigative communications
proceeding from structure of a system [10].

Step 1.2. Calculate the prior probabilities of types of the
CU {P(S,|i=0,m} :

1
P(SO): Ly —\it
1+; i
)
1—e™
it
P(Si)= mel_ —Ait
1+
=1 €

Step 1.3. Specify the prior information for DP

oy, | j =T and By, | j=1n}.
Step 1.4. Set observation model, i.e. conditional prob-
abilities of DP set in the CU {P(pr, /S;)|i=0,m;j=1,n},

using, including, parameters of the distribution law of discrete
and continuous diagnostic signs with parameters b and o,
Step 1.5. Specify the prior information for the sensor of

discrete type {o,; | j = 1,/} and {a, Jli= 1,1} — error proba-

bilities of checks (the 1st and 2nd sort), and for the sensor of
continuous type to set metrological characteristics in the form
of the normal distribution law of page {og,; | j =14}.

Step 1.6. Set the model of measurements i.e. condi-
tional probabilities connecting metrological characteris-
tics of measuring instruments and the DP [6] model values
{P(Sr; / pr;)|j=1n}.

Step 2. Synthesize the diagnostic program, suitable on
reliability, on the basis of a posteriori output of Bayesian net-
works of trust:

Step 2.1. With the initial uncertainty of information state
R,. =1, S,,..., S} to carry out the distribution of model re-
sults of checks in the BNT {<y; >,j =1n}. Distribution of
model results of checks to BNT is understood as addition of
the evidence of the DP model value and recalculation of prob-
abilities of the CU.

Step 2.2. To find possible information (intermediate) states
R(@=0,1,.,m, (2™'-1)), which are formed as the result of
the carried-out inspections on the basis of the DP model values.
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Step 2.3. If the measured value DP {<y, >,/ :L_h}
is continuous, then to define reliability for this check.
Reliability are the values of conditional probabilities of types

of technical states {P(Si),i:(),_m}, average on a priori
probabilities of technical condition, from results of checks
{P(Si 9y )ei =0 j = ﬁa} The reliability of check is de-

fined by expression [7-8]:

Zf(ynj /prnj)'f(prnj/si)'P(Si)

D({m,}) = A 8
ZP(Si) ‘% % f(ynj /prnj)'f(Prnj/Si)'P(Si)
i i=0,m j=lI,
XP(S)=—— 53 P(S,/,,)-P(S))
ZP(SI) i=0,m j=1,h

Step2.4.Ifthemeasuredvalueisdiscrete{< y,, >, j = 1,_1},
then to define reliability for this check. The reliability of check
is defined by expression:

.%P(ydj /prdjj).P(prdj /Si)'P(Si)

m

z P(Sl) i=0,m j=1,/

D(tr,}) = 5t x
YPS) Y 27 P(ya; 1ots;)-P(prs; /5,)-P(S))
i i=0,m j=l,

XP(S) = T % RS ) P(S)

Step 2.5. To find for again formed information states,
checks which provide discernability of the CU and to carry
out distribution of possible results of checks to BNT for the
purpose of finding of new possible intermediate states.

Step 2.6. The previous step repeats until all information
states do not consist of the only degree of product availabili-
ty— R ={S;,i= Oa_’n} .

Step 2.7. To calculate

— *
D(Prog )= X Zi[P(Si /yd(l),..~,yn(,,*)),dﬂ/W___HM ’P(Sl')]~
i=0,m j=1,1

* n
Step 2.8. To find T'(Prog )= X' t;.
=1

Step 2.9. To check a conditiorjl D(Prog*)>D, ,to check
T(Prog*) < Toopr

Step 2.10. If the condition of a step 2.9 is not satisfied,
then to create the DP set with other characteristics.

Let's give an example of the solution of a problem of
synthesis suitable on reliability.



Act as prior information the failure rate of blocks CSM
of S— A, which are given in table 1.

As types of the CU (tab. 2) we will define one efficient
S, and 7 disabled S;(i = 1,_7), called by single refusals corre-
sponding blocks presented in table 2.
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The values of probabilities of technical states calculated
on a formula (1) for time ¢, are presented in table 3.

Values of continuous diagnostic signs pr, — tempera-
tures, pr, — tension of onboard sensors, pr, — load current and
discrete diagnostic signs — pr,, pr,, pr,, pr,, accepting binary

Table 1

Structure and failure rate of blocks CSM of S

The name of the equipment

Intensity of refusal — A

1. Measuring instrument of an angular position

2. Determinant of coordinates of stars

3. Measuring instrument of angular speed

4. Plotter of a local vertical

5. Power gyroscopic complex

6. System of measurement of increment of speed

7. Coordination device block

P I B PR B B

Table 2

Types of technical conditions of the onboard equipment CSM of S

S, — efficient

S, — failure of the plotter of a local vertical

S, — failure of the measuring instrument of an angular position

S, — refusal of a power gyroscopic complex

S, — refusal of determinant of coordinates of stars

S, — failure of the system of measurement of increment of speed

S, — failure of the measuring instrument of angular speed

S, — failure of the block of the device of coordination

Table 3
Probabilities of technical states CSM of S
Probabilities of the CU Type of the CU Probabilities of the CU Type of the CU
N . _ failure of the plotter of a local
P(S,) =0.754 efficient P(S,)=0.038 vertical
P(S)=0.096 failure of the measuring instrument P(S)=0.019 refusal of a power gyroscopic
! of an angular position of 5 complex
_ refusal of determinant of _ %103 failure of the system of
P(S,)=0.012 coordinates of stars P(S,/=2.484%10 measurement of increment of speed
P(S)=0.076 failure of the measuring instrument P(S)=2.417%10° fa11ur§ of .the block of the device of
3 of angular speed of 7 coordination
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values {0,1}, are presented in table 4. The set error probabil-

ities of the first and second sort DP are presented in table 5.
For accounting of precision characteristics of measuring

instrumentstheobservationmodelisset {P(Sr; / pr;)| j =1,n},

Table 4
DP model values CSM of S
pr;
S, binary DP
pr,, °C pr,V pr,, A
pr, | Pry | Prg | PI,
S, | 15251 | [1822] |[1.13.051 | 0 | 0 | 0 | ©
S | 5251 [ [22:33] |[1.1;3.05] | 0 | 0 | 0 | 1
S, | [25:45] | [18;22] | [3.05;5] ol o |olo
S, | [25:45] | [22:33] | [3.05; 5] o]l oo/ o
S, | [25:45] | [22:33] | [1.1;3.05] | 0 | 0 | 0 | 0
S, | 15251 | [22:33] | [1.1;3.05] | 1 | 0 | 0|0
S, | [5:251 | [22:33] | [1.1;3.05] | 0 | 1 |0 |0
S, | 15251 | [22:33] | [L1;3.051 | 1 [ 0 | 1 |0

Table 5

Errors 1 and 2 sorts DP

for discrete DP
Check

pr,, pry, pr, pr, 0.01 0.05

in statements of the problem we will accept set the characteris-
tics of measuring instruments presented in table 6.

The Bayesian network of trust [8] operates with uncondi-
tional and conditional probabilities. Processing of conditional
probabilities of DP for BNT is given in table 7.

Characteristics of measuring instruments for sensors
of continuous type are set in the form of family of functions
of density of probability of the normal law of distribution by
means of parameter Og;j. The block considering precision
characteristics of measuring instruments, being the block of
continuous type (continuos) into which the set passport values
of tool errors are entered [9] is entered into model of process
of diagnosing of OE of S in BNT.

Data for creation of Bayesian network are the probabil-
ities of types of technical states determined by formulas (1)
(tab. 3), model values of diagnostic signs (tab. 4, 5, 7), char-
acteristics of the measuring instruments (tab. 6) set by discrete
and continuous sizes.

Table 6
Characteristics of measuring instruments of discrete and continuous values
Duration of the For sensors of the signal Duration of the For sensors of continuous type
check, min check, min
aSrj BSrj HSr, GSrj
T, 2
2 T, 4 0 0.03
T
: 0.06 0.001
T, 4 T, 5 0 0.05
T, 2 T, 3 0 0.04
Table 7

Error handling of the first and second sort DP for BNT

P(pray /{80:51,82,83,84,86}) =1-%4 = 0.99
P(pryy /{S5,87}) =24 =0.05

P(pryy / {S5,8;1) =1-%, = 0.95

P(pryy /{S0,5),55,53,54,85}) =, = 0.01

P(prys /{80.51.5,,83,84,85,87}) =1-£5 = 0.99
P(prys /{Ss}) =25 =0.05
P(pry s /480.8,,5,.,85,54,85,8;}) = +5 = 0.01

P(prys / {Sg}) =125 =0.95
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Atinitial uncertainty of technical states S = {S; | i = O,_m}
it is necessary to calculate reliability of all checks (as all checks
are admissible) taking into account precision characteristics of
measuring instruments and to define the check having the max-
imum reliability. On the subsequent steps, some checks will be
inadmissible or need for them will be absent, therefore, the set
of alternatives of checks will be narrowed, time of checks and
volume of calculations is reduced.

Infig. 1 the fragment of process of diagnosing of a system
at which on the 1st step there is a check =, is represented.

At receipt of the certificate < y,, > there is a narrowing
of area of uncertainty of types of technical states to {S, S, S, S,
S, S}, and at receipt < y,, >—{S, S,}. Therefore, the average
reliability of check 7 , will be equal:

D(r,) = ————[P(Sy /33 P(So) +

2 P(S)
i=0

P8}/ ¥,0)- P(S)+ P(S, / y)- P(S,) +
PS5/ Y,2)  P(S3)+ P(Sy 1 yn) - P(Sy) +
+(P(S5/ y,2) - P(Ss)+ P(Sg / y,2)- P(S6)
+P(S7/ ) - P(S7)]

In fig. 2 probabilities of types of technical states in the
absence of certificates are presented and at receipt of certifi-
cates after conducting check n , at the time of t = 60 min.
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Fig. 1. Fragment of process of diagnosing
consisting of check m,

5(“2) = 7;
2 P(S)

i=0
+P(S)/ Y02) - P(S)+ P(Sy | Yn2) - P(S;) +
+P(S3/ ¥42) P(S3) + P(S4/ ¥np) - P(S4) +
H(P(Ss | Yy2) P(S5)+ P(Sg | )+ P(Se) +
+P(S; /yp,)-P(S;)]=0.8654-0,754 +
+0.0998-0.096+0.0138-0.012+0.0790-0.076 +
+0.0395-0.038+0.0197-0.019+0.003-0.0002484 +
+0.003-0.002417 = 0.67,;

[P(Sy/ Yna) P(Sy)+

By analogy the others are found reliability of checks
[14-15]. As a result of performance of the sequence of steps of

---- 22,73 Mean
----- 36.09 Yariance

..... 21.73 Mean
..... 11.09 Yariance

G- [ ] 75.74 State O [ |
= 9.64 State 1 ]
o | 1.21 Skake 2 W
= a— 7.63 State 3 ]
O — 3.82 State 4
= 1.91 State 5 —
= 0,02 State & p—
o 0,02 State 7  —
. b

25.00 Mean
0.00 Yariance

22,00 Mean
0,00 Yariance

21.74 Mean
9,97 Variance

20,583 Mean
5.52 Variance

86.54 State 0 N | 74,96 State O
E.05 State 1 = I 9,95 State 1
1,33 State 2 o I 1,19 State 2
4,00 State 3 = I 7.90 State 3
2,00 State ¢ = I 3,95 State 4
1.00 State 5 o I 1,97 State 5
0,01 State 6 o I 0,03 State &
0.01 State 7 = 0,03 State 7

Fig. 2. Probabilities of technical states:
a — in the absence of certificates; b — at receipt of the certificate; ¢ — at receipt of the certificate
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S8 )m

G
Y2

Fig. 3. Programs of diagnosing CSM of S for time point ¢, = 60 min:
a — the program of diagnosing CSM of S without dostovernost of checks;
b — the program of diagnosing CSM of S taking into account dostovernost of checks

a technique, the suitable program of diagnosing on reliability
for timepoint of diagnosing of #, = 60 min. presented in fig. 3
is constructed. .

For CSM of S average reliability unconditional (Ds)
and the suitable program (D(Prog* )) are equal respectively
[7-8]:

Dy =0.843;

D(Prog") = (P(Sy / Yag»Yas»Yuss Yas» Yu>Yar ) P(So)+
+P(S\ 1 Vags Vass VarrVaas Yy Var ) P(S1))x

ot (P(SoSy ! Vags Vs Yuzs Vaar Y ) P(SoS1) +
+P(S5/ Vags Vass VassYaws Yy ) P(S5))

+...(P(S7 /yTé).P(S7)) =0.956.

As a result of comparison of dostovernost we promote
reliability for 14% at implementation of the program of diag-
nosing taking into account dostovernost of checks.

Conclusion. Accounting of precision characteristics of
measuring instruments increases adequacy of model of process
of diagnosing, at the set requirements in TTZ of reliability of re-
sults of diagnosing. The unconditional program of diagnosing
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CSM of S (without dostovernost of checks) does not meet the
established requirements l_)(Prog) =0.843 < 0.95, and the pro-
gram of diagnosing CSM of S taking into account dostovernost
of checks meets requirements of TZ D(Prog*) =0.956 > 0.95.
The received results give the chance to the automated probing
system at ground tests of the onboard equipment of the space-
craft on a technical complex quickly to synthesize programs of
diagnosing in case of refusal. Further results of researches can
be directed to creation of programs of diagnosing taking into
account dynamics of technical condition.
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AHHOTALUA

CoBpeMeHHble KOCMUYecKue annapaTbl MpepAcTaBnsior coboit
CJIOXKHbIe 0ObEKTbI KOHTPOJISI U [UMAarHOCTUPOBaHWs, KOTOpbIe Npu
[0paboTKax U YaCTUYHOW MOAEPHM3ALMM AOMYCKAIOT COBMECTHYIO
IKCMUIyaTaumio 3/1EMEHTOB, UMEIOLMX PasfinyHbIi o6bem cTaTu-
cTMyeckon nHpopmaumm o gedekrax u oTkasax, a mopon 1 nosHoe
oTcyTcTBME faHHow undopmauuu. Mpu gruarHoctuposaHumn Gopto-
BOro 060pyaoBaHMsi KOCMUYECKMX anmnapaTos npobsiema gocrosep-
HOCTU MPUHATUS PeLleHns CTOUT BecbMa ocTpo. Huskoe kauectBo
AMarHOCTUPOBAHUS MOXKET NMPUBECTU K MPUHATMIO OLIMBOYHBIX pe-
LIEHWI TEXHUYECKOro COCTOSIHUSA M HEraTMBHO MOBUSATH Ha NpoLiec-
Cbl BOCCTaHOBJIeHMsi paboTocnocobHoCTM 0bbekTa AgnarHocTupoBa-
HUWSI, YTO MPUBOAUT K CHUXKEHMIO OMEPaTUBHOCTU PeLleHns 3afay,
nmMbo K 3anycky KOCMUYECKMX armnapatoB C HencrnpasHbIM GopTo-
BbIM 06OPYAOBaHMEM, YTO O3HAYaET CPbIB MOCTaB/EHHOW LeIeBomn
3agaun. 1o TpebyeT fanbHENLEero UHTEHCUBHOIO Pa3BUTUS HOBbIX
NOAXOAOB K OMpPefesieHnio TEXHUYECKOrO COCTOSIHWS Ha OCHOBE
pa3HOPOAHOW anpPMOPHON 1 TekyLen nHbopMaLmun, Tak Kak cyLue-
CTBylOLLME MOAXOAbI HE AOCTAaTOYHO MOJSIHO OTPAXAaloT MpoTeKalo-
WMe npoueccsl B 06bekTe U cucTeme AnarHocTupoBaHus. B cesizn
c 3TuM paspaboTaHa MeToAMKa CUHTE3a NPUrofHON Mo [OCTOBEp-
HOCTU MPOrpamMmbl AVArHOCTMpPOBaHus GopToBoro obopynoBaHus
KOCMMYECKOro annapaTta Ha OCHOBE CKPbITbIX MapKOBCKUX MOfe-
nell, ocHoBaHHasi Ha baiiecoBckux ceTsix gosepwus. MNpumeHeHve
GallecoBCKUX ceTeil [OBepusi B MOAENSX AUArHOCTUPOBaHMS Mo-

3BONdeT NMoBbICUTb AOCTOBEPHOCTb pPe3ysibTaToB AMarHOCTUpoBa-

KEYWORDS: pnarHoctuposatue; 6optoBoe ob6opyaoBaHue; TEXHN-
yeckoe cocTosiHue; BallecoBckas ceTb [OBEPHUS; TOYHOCTHbIE Xapak-

TePUCTUKMN, aI'IOCTepVIOprIDI BblBOL.

HMS 3a CYeT BO3MOXHOCTM yyeTa HeoMNpeaeeHHOCTH pe3ysbTaToB
M3MEPEeHUA ANarHoCTUYeCKMX MPU3HaKkoB, AUHAMUKN anpuopHom
nHbOPMaLMN O TEXHUHECKOM COCTOSIHUM OObEKTa AMarHOCTMPOBa-
HWsl, OXBaTa 3Ha4YUTesIbHOro obbeMa AMarHoCTUHECKUX MPU3HAKOB,
a TaK>Ke UCMoJIb30BaHMs NapaMeTPOoB 3aKOHa pacnpefesieHns 3Ha-
YeHWI ANarHOCTUYECKMX MPU3HAKOB U TOYHOCTHbBIX XapakTepUcTuk
cpencTe nsamepenui. NMpumeHerne annapata GariecoBckux cetei
[OBEpUs CyLLECTBEHHO [OMOJIHAET MOAEM U MEeToAbl PelleHUs
3afay TexHuveckon amarHoctuku. MNpepctaBneH npumep cuHTesa
NPUroHON NO [OCTOBEPHOCTU NPOrPaMMbl AUArHOCTUPOBAHUS CU-
CTeMbl yNpaB/ieHUsi ABUKEHNEM KOocMuyeckoro annapata. o mHe-
H/IO aBTOPOB, Pe3ysibTaTbl UCCNEAOBaHUA MOTYT MpeAcTaBisaTb
UHTepec Ans pa3paboTunKoB CPeACTB KOHTPOJIS U UCTbITaHWI Bop-
TOBOro 0bopyAoBaHUsi KOCMUYECKUX annapaToB Kak Npu NOAroToB-

K& KOCMUYeCKUX annapaTtoBK 3anycKy, Tak U B nosneTe.
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