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Pa3paboTka 1unoibHOM aHTEHHBI AJs1 Auana3onoB 2,4 u 5 'y
IITamoBanos @. A.

Annomayus. B pabome npedcmaenen cpasnumenvuvlil aHaiu3 08YXOUANAZOHHBIX MUHUAMIOPHBIX
anmenH, npeonasHavennvlx O pabomer 6 cmanoapmax Wi-Fi 4 — 6 (IEEE802.11n, IEEE802.11ac,
IEEE802.11ax). Ha ocHo6anuu nomyueHHbIX Xapakmpucmux, OKA3070Ch, MO npeodidzaemvie paspadomxu
umerom ps0 HeOOCMAMKO8, CHUNCAIOWUX IPPEKMUBHOCMb UX UCNOTL306AHUS 8 COCIABE HOCUMBIX MOOUILHBIX
mouex odocmyna. Ilockonbky ¢ KaxcObiM 2000M — pacmem — (DYHKYUOHANLHOCHb U YMEHbUIAOMCSL
maccozabapummuvle napamempsl NpUEMO-nepeoarowux YCmpoucms, aKmyaiusuposalacs 3a0aid Co30aHus
HOBbIX aHMeEHH, coomeemcmsyouux bonee cmpocum rpumepusm. Llenvto pabomut senaemcsa paspabomia
9HEpP20IPhekmusHoU 1 KOMNAKMHOU AHMEHHbI, PASMEWEHHOU GHYMpPU KOpnyca HOCUMOU MOYKU OOCHIYAQ.
Heobxooumo obecneuums 6 08yx uacmommuvix ouanazonax Wi-Fi (2,4 — 2,48 ITy, 5,15 — 593 ITy)
KO(hpuyuenm cmosuell B0AHbI NO HANPAXNCEHUWI0 He Oonee O08YX, NpU DMOM WIUPUHA TyHad OUASPAMMbL
HANPAGIeHHOCMU 8 a3UMYMANbHOU NIOCKOCMU NO YPpoeHio munyc 3 0bu doncna bvims ne menee 195 epadycos.
K pe3yrbmamam pabomet cnedyem omuecmu co30anue Mooeiu 08yXOUANA30HHOU OUNONLHOU AHMEHHb,
Komopas npedcmasisiem coOol OUINEKMPUUECKVIO NOONIOJNHCKY C PA3SMEWEHHbIMU HA 08YX €€ CMOpOHAX
UOCHMUYHBIMU  USTYYAMETAMU, PACNOIONCEHHBIMU CUMMEMPUYHO OMHOCUMENbHO NIAOCKOCHU  NAAMbl U
COCOUHEHHBIMU MeXHCOY COOOU CKBOZHbIMU MEMAIIUSUPOSanHbiMu omeepcmusamu. Kasxcovui uz uznyuamenetl
npeocmagisiem cobol 08a SNEKMPUYECKU CEAZAHHBIX CUMMEMPUUHBIX 8UOPAmMopa pasHoll KOHguzypayuu u
onunvl. B pezynmemame onmumuzayuu xoncmpykyuu 6 npoepamme «CST Studio Suitey yoarocy oobumwvcs
3HaueHull Kodghuyuenma cmosueti 601HbL NO Hanpsadcenuio He 6onee 1,5 6 mpebyemvix ouanasonax. Ilpu smom
ouazpamma Hanpaenennocmu na wacmome 2,4 [Ty ecenanpasnennas 6 20pu3oHMAIbHOU NIOCKOCMU, A 8O
68MOpOIL Nooce pabouux 4acCmom umeem KapOuouoHyo gopmy ¢ wupurou ayua om 199 0o 224 zpadycos.
Ilpakmuyeckasa 3HaUUMOCMb: pa3paboOmMannas anmenHa NOBblUAem OANbHOCMb U KAYecmeo CEsA3u, Npu
2a0bapumax CcxXoxcux ¢ KOHKYpeHmamu. Omo npedocmasiaem B03MONCHOCHb UHMPeSPUposams ee 8 Yice
cywecmsyroujue yCmpoucmed, nogbiuids 3¢hgexmusHocms ux pabomul.

Kniouesvie cnoea: 0syxouanazonnas awmenHd, OunoivHas anmenna, nianapnas anmenna, Wi-Fi,
HOCUMbLEe MOOUNIbHBIE YCMPOUCMEA.

BBenenune

B Hacrostiiiee Bpemst ctaHaapThl OecripoBoaHoi cBs3u Wi-Fi ocTaroTest oHHM M3 BasKHEHIIINX
sneMeHToB 1M(ppoBoil nHPpacTpykTypbl. C yBeIMYEHHEM CKOPOCTH MEpeAauyd JaHHBIX U POCTOM
YHCIa YyCTPOUCTB EPBOOUEPIHYIO BaKHOCTh 00peTaeT 3aqaua 00ecredeHus: CTaOMIbHOTO COETMHEHMSL.

OCHOBHBIMU 4YacTOTHBIMM auanazoHamu  Wi-Fi cereit sasmsrores 2,4 — 2,48 ITm,
5,15 — 5,93 I'Tu. B nmuanazone 2,4 I'T1, yacTo BO3HHMKAET MEpErpyKEHHOCTh 3(upa, a Takxke
MMEIOTCS TIOMEXH OT APYTUX YCTPOMCTB, UTO HEraTMBHO CKAa3bIBAETCS HA KadecTBE CBA3M. B TO ke
Bpems auanasoH 5 I'T'n mpeanmaraer Oojiee BBICOKYIO CKOPOCTh Iepelayd JaHHBIX M MEHBIIYIO
3arpy’K€HHOCTb, OJHAKO MMEET OrPaHMYCHHBIN paanyc JEHCTBHS M3-3a 0o0Jiee BHICOKOM YaCTOTHI.
JIByxAMana3oHHbIE AHTEHHBI TMO3BOJSIOT 3(P(GEKTUBHO HCMOIb30BaTh MPEUMYIIecTBa 000UX
JIMana3oHoB, obOecnednBasi CTAOMIbHOE COCJUHEHHE KaK B YCJOBHUSAX BBICOKOM IUIOTHOCTH
OJIHOBPEMEHHO pabOTaIOUINX YCTPOMCTB, TaK U Ha OOJIBIIUX PACCTOSHUSX.

Jns  ycTpoicTB, K  KOTOPBIM  TPEABSABISAIOTCS  IOBBIIIEHHBIE TpeOOBaHUS 110
MaccorabapuTHBIM MapameTpaM, Haubosiee aKTyaJdbHbIMU SBIISIOTCS IJIaHAPHBIE KOJITMHEApHbIE U
BUOpaTopHble aHTeHHBI (puc. 1, 2). IlepBble npuUMeHSIOTCS, KaK MPaBWIO, B MapIIpyTU3aTOpax U
00JIa/Ial0T JJOCTATOYHO BBICOKMMHU 3HaueHUsMH Koddduimenta ycunenus (KY) (3 — 6 nbu), HO
UMEIOT TJIOXO0€ COTJIacOBaHME U OOJIbIINE pa3Mephl, YTO HE MO3BOJISIET UX MHTEPUPOBATh B COCTaB
KOpIyca MpHeMO-TIepealoniero ycTpoiictsa. BTopble, HampoTuB, MpH MEHBIIMX rabapurax
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00Ja1atoT TYYIIIUM COTJIAaCOBaHUEM, HO TMKOBOE yCHIIeHUE He npeBbimaeT 3 abu. O0a Buaa aHTeHH
XapaKTEPU3YIOTCS BCEHANpPaBICHHOW amarpamMMmor HampaeineHHoctd (JAH) B asumyransHOM
IJIOCKOCTH, YTO SBSUJIETCS HEIOCTAaTKOM, IOCKOJIBKY JUIsl YCTPOWMCTB, MPUJIETAIONIMX K TEIy
yesoBeka HanboJee 3(HEKTUBHBI aHTEHHBI ¢ KapauouaHou Gopmoit JTH.

s = L u
a)

N |
-

6) 0)

Puc. 1. KonnnHeapHble aHTEHHBI Puc. 2. IInanapHbie BUOpaTOPHBIE aHTEHHBI

)

[Tostomy B AO «HUUN «HentyH» OblIO NPUHATO PELICHUE BBIIOIHUTH WHUIMATHBHYIO
pa3paboTKy IBYXIMANa30HHOW aHTCHHBI, Pa3MEIICHHOW BHYTPH KOpITyca HOCHUMOW MOOMIHHOU
TOUKM JOCTyna. B pe3ynbrare MoAenMpoBaHHs YyHAIOCh JOOUTbCA 3HAYEHHH Kod(dHuIMeHTa
crosiueit BosHbI 10 Hampsbkeruto (KCB) He Gosnee 1,5 B TpeOyembIX quana3oHax M IMOJYYHTh
HeoOxoaumyto ¢popmy JIH Bo BTOpPOIi mosioce 4acToT ¢ MaKCUMaJIbHBIM ycuiieHueM 6,12 nbu.

ITaTenTHBII MOUCK

Kosnnuueapnas nByxauana3oHHas aHTeHHa (puc. 1, a) siBiusiercst pa3paOOTKON KOMITaHHU
Changshu Hongbo Communication Technology Co Ltd [1]. Oxa npuMeHsieTcsl B MapIipyTH3aTopax
U Tpe/ICcTaBIsIeT COO0M MeyaTHyo MjaTy, Ha OJJHOM CTOpOHE KOTOPOH pa3MellleHbl U3Iy4aTel, a Ha
MPOTHBOIOJIOKHON — CHMMETPUYHBIEC TPOTHBOBECHI, 00ECTIEUMBAIOIINE PABHOMEPHOE U CHH(pa3HOE
pacripesieieHue TOKa 1Mo Bcel aHTeHHe. M3iyuaTens npeacTaBiseT coOoi ABe Mmapbl MapajuieabHO
PAacIIoNIOKEHHBIX YETBEPTHBOIHOBBIX ITPOBOJIHUKOB, JUTHHA KOTOPBIX COOTBETCTBYET YacToTam 2,45
u 5,5 I'Tu. B pabore tarke npencrasiex rpadpuk KCB antenHsr (puc. 3).

S22 SWR
0

JIUTTITI |

\ AL
\_ 0

‘_ >12,40 GHz 1,5578
V\ >22,50 GHz 1,5193 : /’Q\
U \J 35,15 GHz 2,0930 4 \/ N,
1 >4 5,47 GHz 1,3954 i )
2 >55,87 GHz 2,4266
1,0 =z : = =

Puc. 3. I'padpux KCB anTennsi [1]

2,0

W3 nipencraBneHHOro rpaduka BUIHO, YTO HA TPAaHWYHBIX YacToTax cranaapta 5 [T 3HaueHus
KCB Bapbupytorcst B unTEpBaje ot 2 10 2,4, 4T0 CBUAECTENBCTBYET O IUIOXOM COTJIaCOBAaHUM AHTEHHBI.

Communication and telecommunication systems 3



TEXHWKA CPEACTB CBA3M Ne 1 (169) — 2025

Awnrtenna [2] (puc. 1, 6), sBasercs paspabotkoii kommanuu «Keenetic» — KkpymHeiimero
MPOU3BOJUTENS CETEBOro 00opynoBaHus. [10CKONIBKY OYEBHIHO CXOJICTBO C paHEEe PAaCCMOTPEHHOU
TMOJIE3HOW MOJIENBIO, HO TIpH 3TOM B padote [1] oTcyrcTByeT rpadudeckoe npencrapienue KY, 6puto
BBITIOJTHEHO MOJICIIMPOBaHUE aHTeHHBI B mporpamme «CST Studio Suite» (puc.4) it yrodHEHUs
XapaKTEPUCTUK.

Ha puc.5 nemoncrpupyercs 3aBucumocts KCB ot wactoTel, a Ha puc.6 u puc. /
conepxkutcs rpaduk KY B a3uMyTalibHOM U BEpTUKAIBHOM MJIOCKOCTU COOTBETCTBEHHO.

I'padux KCB uneHTHueH paHee MmpencTaBIeHHOMY Ha pHUC. 3, 32 UCKJIIIOUYCHHEM TOTO, YTO
paccoriiacoBaHie aHTEHHBI HaXOJIUTCS He Ha Kpasx nuana3ona 5 I'T'h, a Ha HeHTpaibHOM yacToTe.

bnarogapss cHMMETpUYHOM CTPYKTYpPE U3JIydaTeJeld U MPOTUBOBECOB IJ1aBHbIN JienecTok JIH
HE OTKJIOHSIETCSI OT TOPU30HTANBHOrO HampaBieHus, a KY aHTeHHbI HE HMeeT MPOBAJIOB B
a3UMYTAJIILHOW  IUIOCKOCTH, 4YTO TMOATBEpKAaeT d3((EeKTHBHOCTH €€ UCIONb30BaHUS B
Mapuipytuszaropax. MakcumaneHoe 3HaueHue KY B TpeOyeMmbIxX [auama3oHax H3MEHSETCS B
npenenax 3,2 — 6,1 nbu. Pasmepsl 1ByX pacCMOTPEHHBIX aHTEHH CBEJIEHBI B Ta0JI. 1.

] I | L
= = — —
p— —

7 1 | f T

Puc. 4. Mozenp xosutuHeapHoit anTeHHbI [2] B mporpamme «CST Studio Suite»

Voltage Standing Wave Ratio (VSWR)
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Puc. 5. Paccunrannsiii rpadux KCB antenss! [2]

OOpatuM BHHMaHKE Ha TUIaHApHBIE BUOpaTopHbIe aHTeHHHI [3, 4] (puc. 2). KoHCTpYKTHBHO
OHM TIPENCTaBIAIOT CcOOOM JBa JUMOJNSI, pa3BepHYThIX Ha 180 TpagycoB OTHOCHUTEIBHO
reOMETPUUYECKOTO LIEHTPA aHTEHHBI. J[JIMHA MEHBIIET0 U3 IUIOJIEH paBHA ITOJIOBUHE JUIMHBI BOJIHBI
IEHTPATBbHOM YacTOThI BepxHero nuamazona (5,5 I'T), a Gonpiiero — MoJIOBUHE JIJIWHBI BOJIHBI
HEHTPaJIbHOW YacTOTHl HMXKHero auanaszona (2,4 I'Tu). Ha puc. 8 mpezacraBieHsl 3JeKTpudecKue
pa3Mepbl aHTEHHBI [4], JJIMHA IUII0JIeN OTKIIOHSETCS OT TEOPETHUYECKOr0 3HAYCHHS U3-3a BIMSHHS
TURJIEKTPUYECKOMN TOUI0KKHU U IUPHUHBI U3YTydaTeNeH.
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Farfield Realzed Gan Abs (Theta=90)
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Puc. 6. KY anreHns! [2] B a3UMyTalbHOM TUIOCKOCTH

Pt/ deg vs. dBi

Farfield Realzed Gan Abs (Phi=00)

o farfield (=2400)

’ e — farfield (f=2500)
. A \_ Fariekd (F=5800)

Theta / deg vs. dBi

Puc. 7. KY anTeHHsI [2] B BEpTHKAIBHOM IIIOCKOCTH

Tabmuua 1 — OcHOBHBIE pa3Mepbl pacCCMOTPEHHBIX KOJUTMHEAPHBIX aHTEHH

IMapamerp AnTeHHa mpousBoacrea Changshu Hongbo AHTeHHA MPOM3BOICTBA
Communication Technology «Keenetic»
JliHa 1maTel, MM 109 1115
uprHa mIaTel, MM 14,5 9
BricoTa mmater, MM 0,6 0,8

)

0.46 1 @5.2GHz

0512 @2.4GHz

Puc. 8 — Dnextpuueckue pazmeps! aHTEHHBI [4]

I'paduk korddummenta orpakenus S11 u JIH B monsipHO# cucTeMe KOOpIMHAT HA YacTOTaxX
245 T, 5,15 I'To u 5,85 I'T'u none3noit mogenu [4] npeacrasieHsl HA puc. 9 — 12 COOTBETCTBEHHO.
AHTeHHa UIMeeT XOpOolIlee COrJIaCOBaHKE B TPEOyEMBbIX AUaNa30HaX, MAKCUMYM H3JIy4eHHs] COXPaHSAETCS
B HaIIPaBJICHUH TOPU3OHTAILHOMN IJIOCKOCTH, TIpH 3ToM 3HadeHue KY He npesbimnaer 3 gbu.

PaccmoTpeHHbIe BbIllIe aHTEHHBI UMEIOT Psiji XapaKTePUCTUK, HE MO3BOJSIOMNX 3()(HEKTUBHO
UX TPUMEHSITh B MOOWJIBHBIX MpUEMO-TIEpearommXx ycrpoiictBax. Tak, anteHHsl [1, 2] oOmagarot
oonbmu radbaputamu, a KCB npessiiraer 2 B auamazone Wi-Fi 5 I'T1r. V mianapubsix anTeHH [3, 4]
KV ne nmpesocxoaut 3 nbu. Takxke, Bce aHTeHHBI UMEIOT BCeHanpasieHHyro JIH B asuMyranbHON
IUIOCKOCTH. JTO HEOOXOIMMO B MapIIpyTH3aTopax, HO TPU HCIOJIB30BAHUA B MOOMIIBHBIX
YCTPOICTBaX HEMOCPEACTBEHHO MPUJIETAIOIINX K TEITy YelioBeka 0obliei 23 GeKTUBHOCTHIO 00I1a1aeT
kapmuonHas ¢dopma J[H B ropmsoHTanbHOM miockoctu. B mccrmenoBarensckoit pabote [5] ObLIO
OLICHEHO BIIMSHUE YETIOBEUYECKOr0 TeNa Ha OeCpoBOIHBIE ceTH, paboTarorue Ha yactore 2,4 [T,

Communication and telecommunication systems 5
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Parameter(dB)
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Puc. 9. I'paduk koapdurmenta otpaxkenus anteHnsl [4]  Puc. 10. KY anrenns [4] Ha gactoTe 2,45 [Ty

XZ Plane YZ Plane XZ Plane YZ Plane

Puc. 11. KVY anrenns! [4] na gactote 5,15 I'T'1 Puc. 12. KY antenns! [4] Ha wacToTe 5,85 [Tt

Ha puc. 13 npuBeneH pe3ynbTraT MOJEIUPOBAHUS, CBUICTEIBCTBYIOMUI O TOM, YTO TIOTEPH
B TpakTe Bo3pactaroT 1o 20 nb, mpoxons yepe3 Teno dyenoBeka. PaccmoTpeHHble Ha puc. 14
BapHaHThl PACIOJIOKEHUSI MPUEMO-TIEpelaTUMKa, MOATBEPKAA0T (AKT TOro, YTO AJII HOCHMBIX
MOOMIJIBHBIX yCTpoiicTB nocratouHa JIH ¢ mmpuHoi nyda He meHee 195 rpaaycoB u He Oosee
230 rpamycoB 1o ypoBHIO MUHYC 3 1B OTHOCHTEIIEHO MaKCUMyMa YCHIICHUSI.

—_— s [E| [dB]
70 -60 -50 -40 -30 -20 10 0

aHTCHHa

MOJeNb
YeJIOBEeHeCKOro Tea

Puc. 13. Biiusiaue Tena yenoBeka Ha MOITHOCTH M3TyJalllero CurHana
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Puc. 14. OntumanbHas IMrpUHa JUarpaMmbl HAITPABJIICHHOCTHU IPU PA3JINYHOM pasMEIICHUU

npuEéMO-TIepeJaloIero yCTpoicTBa

Bb100p KOHCTPYKIIMH NPOCKTHPYEMOM AHTEHHBI

Ha ocHoBe paccMOTpEHHBIX aHTEHH M MATEHTOB ObLI BBHINOJHEH aHAIMU3 U clejaH BbIOOp
KOHCTPYKLHUU JUIsl JaJIbHEHIIEro pacyéra U MPOEKTUPOBAHUS. 32 OCHOBY IPOEKTUPYEMON aHTEHHBI
ObuIa B3sTa JBYXAMAalla30HHAsl JUIOJIbHAS aHTEHHA, IPeACTaBIeHHas B [6].

Ha puc. 15 nokazano ycTpoiicTBO 3asiBJIEHHOU B [6] moJie3HOM MO/IeH. AHTEHHA TIPECTABIISET
COOOM JAMAIEKTPUYECKYI0 HOMJIOKKY C pPa3MELIEHHbIMM Ha [JBYX €€ CTOpPOHaX HJICHTUYHBIMU
M3ITy4YaTesIMU, PacIOIOKEHHBIMI CHMMETPUYHO OTHOCHTEIIBHO TIOCKOCTH TIIATHl M COSAMHEHHBIMU
MEX/1y CO0OH CKBO3HBIMH METAUIM3UPOBAHHBIMU OTBEpCTUSAMU. M3iyuyarenb COCTOMT U3 JBYX
ANIEKTPUYECKH CBS3aHHBIX CHMMETPHYHBIX BHOPAaTOpOB pa3HOW KOH(UTYpalH W JUIHHBL Pa3Mepsr
aunodist (1) COOTBETCTBYIOT YacTOTHOMY jauana3oHy cranaapra 2G (GSM-900), a mmHa qumnonst (2) —

cranaapty 3G (UMTS).
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Puc. 16. I'padux KCB aHTeHHBI-IPOTOTHUIIA

Puc. 15. Tononorus 1 BHEITHUI BUI aHTCHHBI-IPOTOTHUTIA

I'padux KCB, npencrarineHHblii Ha puc. 16, CBHIETEILCTBYET O XOPOIIEM COTJIACOBAHUHU
aHTeHHbI ¢ TpakToM 50 OM B TpeOyeMbIX 4acTOTHBIX Tosiocax. KY aHTeHHBI He mpeBbimaeT 2 1bu
(puc. 17). Kak u y panee paccMoTpeHHbIX aHTeHH, /IH nmeeT popMy «BOCEMEPKH» B BEPTHKAIBHOM

IUTOCKOCTH M KPYT — B TOPU30HTANIBHO# (puc. 18).

Communication and telecommunication systems 7



TEXHWKA CPEACTB CBA3M Ne 1 (169) — 2025

Pa3paboranHasi aHTEHHa UMEET pa3Mepbl MNPOMOPLUUOHAIBHO TMOJO00HBIE MPOTOTHUITY.
BrITIONTHEHHOE YUCIIEHHOE MOJISIIMPOBAHKE C IIENIBI0 ONTUMHU3AINN KOHCTPYKIUHU MO TpeOyeMbie
YaCTOTHBIE AMana3oHbl M03BoJniI0 u3MeHnuTh [IH u ysennuuts KVY.

Ha puc. 19 nokaszana mozenb aHTeHHBI, BbITIOJIHEHHAs! B iporpamme «CST Studio Suite». Kak u
MPOTOTHUII, OHA TMPEACTABIACT COOOM JMAICKTpUYECKyr0 I1uiaty (cTexnorekcrosmt FR-4) ¢
U3JTydaTes MU TI0 00€ €€ CTOpOHBL. ["abapuThl TaHHOW aHTEHHBI U MPOTOTHIIA TPE/ICTABICHBI B Ta0. 2.
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Puc. 17. KY anTeHHBI-IpOTOTHITA Puc. 18. JIH aHTE€HHBI-IPOTOTHIIA
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Puc. 19. Moneip pa3paboTaHHOM aHTCHHBI
Tabnuua 2 — OcHOBHBIE pa3Mepbl MPOTOTHUIA U Pa3padOTaHHON aHTEHHBI
ITapamerp Pa3paGoranHas aHTeHHA \ AHTEHHA IPOTOTHI
JlnHa mnater, MM 56 99,5
IlupuHa muaTel, MM 15 18
Bricora miaTel, MM 1 1

KiroueBble oTimuusi pa3paOOTaHHONH aHTEHHBI OT MPOTOTHNA 0Oo3Ha4YeHbl Ha pwuc. 20.
CMelieHue TOYKHM TOAKIIOYEHHMS KOaKCHalbHOro Kalens mo3Bonwio u3MeHuts JIH B
a3MMYTaIbHOW IUIOCKOCTH, a YBEIHUYCHHE yIila MEXAy IIedaMy AWIOJEeH MO3BONMIO JTOOUTHCS
JyYIIero corjacoBaHus B AuanaszoHe 5,15 —5,93 I'T.
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Puc. 20. OtnmnuurensHble 4epThl pa3paboTaHHON aHTEHHBI OT IPOTOTUIIA

Taxxe OTIUYMEM OT MPOTOTHUIIA SBIISETCSA TO, UTO MOBOPOTHI aumosneit (2) mox 90 rpamycos
ObUTH 3aMEHEHBI Ha J[Ba MMOBOPOTA MOJ yriaom 45 rpaaycoB. A yribl HakjioHa kpaéB aumnonei (1) u
(2) paBHBI yriy packpbiBa MEXIy HMX IUICYaMH. JTO MO3BOJHMJIO CHH3HUTh HOTEPH M YIYUIIUThH
corynacoBanue anTeHHbl. Ha puc. 21 npencraBieHa 3aBUCUMOCTh kod(dduurenta otpaxenus (S11)
OT YacTOThl pa3paboTaHHOW aHTEHHBI B auamnaszoHe ot 2 mo 6 ITu. Taxke Ha Tpaduke
JIOTIOJIHUTEIBHO MPUBEICHBI TPH pacyeTa co 3HAUCHUSMHU YIIIOB packpbiBa Mexay aumnossamu 30, 50
u 0 rpagycoB. U3 rpagukoB BUIHO, YTO MPHU 3HAYCHHUU YIIla pacKpbiBa B 42 rpaayca IOCTUTAETCS
HAWTY4Illee COTJIaCOBAaHUE AaHTEHHBI.

S-Parameters [Magnitude]
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Puc. 21. I'paduk korddunmenrta orpakeHus pa3pabOTaHHON aHTEHHBI

Ha puc. 22 u puc. 23 comepxurcsi rpapuk KY B TOpH30HTaIBHONH W BEPTHKAILHOU
IJIOCKOCTH cooTBeTcTBeHHO. Ha uwactorax 2,4 u 2,5 I'Tu KY ne Gonee 2 abu, npu stom /IH B
a3MMYTaJbHOM IUIOCKOCTH HEHampasiieHHas. Bo Bropom aumanaszone J[H wmmeer kapavonHyro
¢dopmy Omaromapss nunomto (1), KOTOpBIH CIyXKUT pedreKTopoM. DTO MO3BOJISET JOOUTHCS
sHayeHnit KY B maTepBane 4,28 — 6,12 nbu, npu stom mmpunaa JIH no yposHio munyc 3 nbu
BapbupyeTcss B mpexaenax oT 199 no 224 rpaaycoB, uTO YAOBJIETBOpAET TpeOOBAHUIO,
MPEIbABISIEMOMY K HOCUMBIM MOOMJIBHBIM yCTPOUCTBAM.

Jnuna nunoneit Obla BeIOpaHa TakuM 00pa3zoM, yToObl KapauougHas ¢opma /IH Obuia
chopMUpOBaHa Ha BEPXHHMX YacTOTaxX. JTO CBA3aHO C TEM, YTO JJIMHBI BOJH JBYX JAMANa30HOB
oTMyaroTcst Oonee uyem B 2 pasza. [lostomy, ans obecriedeHus: paBHOYNAIEHHOW CBS3H,
HeoOxo Mo Oonbliee yeuinenue B ctanaapre Wi-Fi 5 T,

Communication and telecommunication systems 9
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Farfield Realzed Gan Abs (Phi=0)
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180
Theta / deg vs. dBi

Puc. 22. KY pa3pabotanHON aHTEHHBI
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3akjao4eHue

PaspaboTannas IByxauana3oHHAas JAUIOJIbHAS aHTeHHA s cranaaproB Wi-Fi 4 — 6 umeer
TaKTUKO-TEXHUYECKUE XapaKTEPUCTUKHU U HAJEKHOCTHBIC TTOKA3aTeNH, MO3BOJISAIONINE 00ECIeYUTh
TpeOOBaHUS 1O MaccorabapuTHBIM IapaMeTpaM JUIsl OKCIUTyaTalli B COCTaB€ HOCHMBIX
MOOMIIBHBIX MTpUEMO-TIepeaaomux ycTpoicTB. [ToctaHoBKa pa3paboTaHHONW aHTEHHBI HA CEpUITHOE
MIPOU3BOJICTBO TMOBBICUT 3((HEKTUBHOCTh CYLIECTBYIOIIUX KOMIUIEKCOB cBsi3u. Hebompine
MaccorabapuTHbIE HapaMeTphbl MO3BOJISIOT HCIOJB30BaTh AHTEHHY Ha MOJBM)KHBIX OOBEKTax
Pa3IUYHBIX KJIACCOB, 0OecneunBast mpuém-nepeiady nuppoBbIX JaHHBIX B mUpokonoaocHoM Wi-Fi
KaHaJIe C Ha36MHBIMH, MOPCKMMH WM BO3AYIIHBIMU ITyHKTAMHU yIIPABJICHUS.
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Development of a dipole antenna for 2,4 and 5 GHz bands
F. A. Shapovalov

Annotation. The paper presents a comparative analysis of dual-band miniature antennas designed to
operate in the Wi-Fi 4-6 standards (IEEE802.11n, IEEE802.11ac, IEEE802.11ax). Based on the obtained
characteristics, it turned out that the proposed developments have a number of disadvantages that reduce the
effectiveness of their use as part of portable mobile access points. Since the functionality is growing every year
and the weight and size parameters of the receiving and transmitting devices are decreasing, the task of creating
new antennas that meet stricter criteria has become more urgent. The aim of the work is to develop an energy
efficient and compact antenna located inside the body of a portable access point. It is necessary to provide no
more than two voltage standing wave coefficients in two Wi-Fi frequency bands (2,4 — 2,48 GHz, 5,15 —
5,93 GHz), while the beam width of the radiation pattern in the azimuthal plane at a level of minus 3 dBi should
be at least 190 degrees. The results of the work include the creation of a model of a dual-band dipole antenna,
which is a dielectric substrate with identical radiators placed on its two sides, arranged symmetrically relative to
the plane of the board and interconnected by through metallized holes. Each of the radiators consists of two
electrically connected symmetrical vibrators of different configurations and lengths. As a result of design
optimization in the CST Studio Suite program, it was possible to achieve SWR values of no more than 1,5 in the
required ranges. At the same time, the DN at 2,4 GHz is omnidirectional in the horizontal plane, and in the
second operating frequency band it has a cardioid shape with a beam width from 199 to 224 degrees. Practical
significance: the developed antenna increases the range and quality of communication, with dimensions similar
to competitors. This makes it possible to integrate it into existing devices, increasing their efficiency.

Keywords: dual-band antenna, dipole antenna, planar antenna, Wi-Fi, wearable mobile devices.
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MOIE/THPOBAHHE CJ/IOKHBIX OPTAHU3AITHOHHO-TEXHUYECKHUX CUCTEM

YK 004.75 DOI: 10.24412/2782-2141-2025-1-12-32

AHaJuTHYeCKas MOJ¢JIb Ipouecca MOHUTOPHUHIA TEXHUIECCKOI'O COCTOAHUSA
TEXHUKHU CBSA3HU y3Jia CBA3U CIICIUAJTBHOI0 HAa3HAYCHUSA

Cadwuynos JI. M.

Annomayun.  Cospemennvle — meNeKOMMYHUKAYUOHHbIE — CUCEMbl  CHEYUANbHO2O0 — HAZHAYEHUs.
@DYHKYUOHUPYIOM 8 YC0BUAX NOBLIUEHHBIX MPeDOBAHUL K HAOEHCHOCMU U ONePaAmusHOCmU. Mo 0COOEHHO
aKMyanbHO NPu 6bINOTHEHUU 3A0aY YNPAGNIeHUs OUCKAMU U OPYICUEM 6 X00e Be0eHUs. COBPEMEHHBIX ONEPayuUl.
B cmamve paccmompensi cywecmsyiowue nooxoovl K KOHMPOIO MEeXHUYECKO20 COCIOAHUSA MEeXHUKU CEA3U HA
V3aX C8A3U CNeYUanbHO20 HAZHAYEHUs U NPeONONCEHA AHANUMUYECKds MOOelb Npoyecca ee MOHUMOPUHRA.
Mooenv obveounsiem epemenHble U HAOEHCHOCHIHbIE NAPAMEMPbL (8KIIOUAS UHMEHCUBHOCMb OMKA308 U
60CCMAHOBNIEHUS, NPONYCKHYIO CHOCOOHOCMb KAHAIOB, 6EPOAMHOCIU NOMePb NAKemMo8), a MaKdice yuumaoleaem
BHeWHUe — 8030elicmBusl  (PAOUOIIEKMPOHHOe — NOOAGieHue) U  OSpaHudeHHvle pecypcvl. B pabome
NPOAHAU3UPOBAHA POb NOOCUCTEMbl MOHUMOPUH2A, KOMOPAs He MOAbKO Cnocoocmeyem COKpaujeHuro
8pemMeHU 0OHaPYICeHUs U YCMPAaHeHUs OMKA306, HO U NO360JAen OYeHUumb Kaiecmeo MOHUMOPUHSA C MOYKU
3peHuUs (DYHKYUOHUPOBAHUS CUCEMbL, 8 UHMePecax KOMOpPOU OHA NPUMEHAemcs, Mo ecmbv Ip@dekmusHocmu
yana ceszu. Llenv uccnedosanus — paspabomams Gopmaruzo08anHbLil NOOX00, NO3GOIAOWUL VYeCHb U
ONMUMUBUPOBAMDb  KIOYesble Napamempbl Npoyecca MOHUMOPUHEA ONsl NOGLIUEHUs  YCIMOUYUBOCU U
agpexmusnocmu y3na cessu. Hayunas Ho8U3HA 3aKII0OUAEMCS 8 MOM, YO PA3PADOMAHHAS MOOEb, 8 OMIUYLUe
OM  U3BECHIHBIX NOOX0008 MOOETUPOBAHUSL MOHUMOPUHEd, — YHUMbIEAem  IDHEKMUSHOCHb — NPUHAMUSA
UHGOPMAYUOHHBIX peuteHull. B uzsecmmbix MoOenax MOHUMOPUHS NPedOCMAsAl MONbKO Cbipble OaHHble O
ananusa, mo20da Kaxk 6 OAaHHOU MOOenu CUHMEUPYIOMCs 6peMeHHble U HAOeHCHOCMHble KpUumepuu, 4mo
nozeonsiem  6oiee  MOYHO — OYEeHUMb  GIUAHUE  UHPOPMAYUOHHBIX — peuwleHul Ha  IPHekmusHocb
@yHKyuoHuposanus memacucmembvl. Peynomamot noomeepacoaiom 603mMoHCHOCb NPUMEHEHUs. NPeideaemorl
AHAMUMUYECKOU MOOen Ol a0anmayuu CUCmem MOHUMOPUH2A 8 PealbHOM BPeMeHU, YUMo 8 KOHEUHOM UMoze
cnocobcmeyem ygenudeHuro 60e2omosHocmu noopasoeneruti u onepamusHocmu ynpaeienus. Ilpakmuueckas
3HAUUMOCHb PaOOMbL COCHOUM 8 MOM, YO CHOPMYIUPOBAHHBIE MOOEU U MEMOOUKU MO2YM OblmMb 6HEOPeHbL
npu NPOEKMUpOSanUY U MOOEPHUIAYUU CUCTEM YRPABNIEHUs CEA3bI0 CeYUaIbHO20 HA3HAYeHUs, 00ecnedusast
BbICOKYIO CHeneHb 20MOBHOCHIU MEXHUKU 0adice 8 YCI0BUAX UHMEHCUBHO20 NPOMUBOOEUCTBUA.

Kniouesvie cnoea: ananumuueckas Mmooenb, epems coopa uH@opmayuu, 60cCMaHosneHue,
00CMamoynas Cmamucmuka, Kod@guyuenm 20moGHOCMU, MOHUMOPUHE MEXHUYECKO20 COCMOSHUSA,
onmuMu3ayUs HONHOMYL, NPONYCKHAA CnoCcobHOCY, PAOUOINEKMPOHHOE nooaenenue,
MeNeKOMMYHUKAYUOHHOE 000pY008anue, Meopus Macco8020 0OCYICUBAHUS, Y3ell CE:3U, YCMPaHeHue cooes.

BBenenune

[TocTpoeHne cructeM MOHUTOPHHIAa TEXHHUUYECKOTO COCTOSHUS TEXHHKH CBA3M Ha Y3Jax
cBsi3u crneuuanbHoro HazHadeHus (CM YC) TpeOyeT KOMIUIEKCHOTO yuyeTa OTpaHUYeHHBIX
pPECYpPCOB,  BEpOATHBIX  JECTPYKTHUBHBIX  BO3ACUCTBUA U  CTPYKTYPHBIX  OcCOOEHHOCTEN
TEJIEKOMMYHUKAIIMOHHBIX ceTel. lloBblmieHHe HageKHOCTH U A(P(EKTUBHOCTH TAaKHX CHUCTEM
O0COOCHHO Ba)XKHO TpPH BBINOJHEHUHM YIPABICHUYECKHX 3a7a4 B XOJ€ BEICHHUS COBPEMEHHBIX
onepauuii. MccnenoBanus (Hampumep, [1-3]) ykaspiBaioT Ha 3HAYUMOCTH (hOpMaNM3aLUU BCETrO
nporecca oT cOopa U3MEPUTEIbHON MH(OPMAIUK 0 aHATIN3a COCTOSIHUSI 0OBEKTOB MOHUTOPUHIA
(OM), HO HEpenKO OrpaHMYMBAIOTCS ONTHUMM3AIMEH OTIENbHBIX IMapaMeTpoB 0e3 JOJKHOIO ydera
CTOXACTMUYECKON MPHUPOJAbI MPOIMYCKHOW CHOCOOHOCTH KaHaJOB M PECYPCHBIX XapaKTEPUCTHUK
BBIUUCIIUTENBHBIX ~ yCTpOMCTB. HeoOXxomum  Mmoaxoi, TMO3BOJISIIOIIMM — y4yecTb BpEeMEHHbIE
COCTaBJISIONINE, BKJIIOYAIOIIME BEPOSITHOCTHBIE U JE€TEPMUHUPOBAHHBIE TMapaMeTpbl, U
ONITUMHU3UPOBATh MOJ33J]a4l MAPIIPYTH3AIMH, TapajielbHOW 00pabOTKM JaHHBIX U aJalTUBHOTO
YIPaBJIEHUS] CEHCOPHOM CETBIO.
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Pazpabotka (opMamnM30BaHHOTO TOAXOMAQ, TMO3BOJSIONIETO KOJMYECTBEHHO OIICHUBATH
Ka4eCTBO TMOACHCTEMbl MOHUTOPHHIA TEXHHKH CBS3M HA Y3JIe CBS3HM CIICIUAIBLHOTO HAa3HAYCHHUS
(YC) m B3auMOCBSI3b BPEMEHHBIX W HAJCKHOCTHBIX XapaKTEPUCTHUK, SBISETCS TEPCHEKTUBHON
obnacTeio uccienoBaHnid. Takoil MOAXO0J JaeT BO3MOXKHOCTH aJallTUPOBATh MOJUTHKY OIpoca
JATYNKOB K TEKYIIMM YCIOBHUSM, YYUTHIBATh PEATBHYIO IPOIMYCKHYIO CIHOCOOHOCTh KaHAJIOB,
OLICHUBATh IMOJHOTY W3MEPUTEIbHOW HWHQPOpPMAIMA C TOYKH 3pEHHS OOEBOW TOTOBHOCTU W
spdexruBHOCTH PyHKIHOHUpOBaHUs YC, a TakKe KOPPEKTHO PACIPEACTSATh BBIYUCIUTEIHHBIE
pecypcbl. CoueTaHue METOJIOB TEOPUH MAaCCOBOTO OOCITY)KUBAHHMSI, aHAIN3a OTKA30yCTOHYUBOCTH U
ONTUMHU3AIMOHHBIX 337a4 TO3BOJISCT MPEIOKHUTh AHATUTUYCCKYIO MOJENb, KOTOpas IMOMOTaeT
UCCIIEZIOBATh W ONPEICIATh PAlMOHAIBHYIO KOH(PHUIYpalHi0 TOJICHCTEMbl MOHUTOPHHIA ISt
YMEHBIIICHUS 3aICPKEK BPEMEHU MPH 00HAPYKCHUH M YCTPAHCHUH OTKA30B (WJIM Yalle aHOMAJIHIA,
cOO0EB), UTO BIMSIET HA MOBBIIICHUE ONIEPATUBHON TOTOBHOCTH TEXHUKH CBSI3H.

KonuenryanbHasi Mogeb cOopa u3MepuTeIbHOM HH(POPMALMY U IOCTAHOBKA 321241
HA MOJleJINPOBaHNe NMPoLecca MOHUTOPHHIA U BOCCTAHOBJICHUSI

[Tog MOHMTOPUHTOM TEXHUYECKOTO cocTosiHUSI TeXHUKU cBsizu (TC) B paboTe moHUMaeTcst
HEeNpephIBHBIN Mpoiiecc HaOIoAeH s U peructpanuu napamerpoB OM (obpaszua TC) B cpaBHEHUN
C 3aJIaHHBIMU KPHUTEPUSIMH, TO3BOJISIIONINN CBOEBPEMEHHO BBIABIATH COOM M aHOMAJIMU B €rO
(GYHKIIMOHUPOBAHUM, TPOTHO3UPOBATH BO3MOXKHBIE OTKa3bl M TPUHUMATh MeEpbl MO HUX
npeaynpexaeHuto [3-5].

CM VYC sBusieTcsi TOJCUCTEMON aBTOMATH3UPOBAHHON CHCTEMBI yIPaBJICHHS CBS3bIO, OHA
npeAHa3HaueHa s JUarHOCTHYECKOTO KOHTPOJS KauecTBa (DYHKIIMOHHUPOBAHMS M PECYpPCHOTO
obecnieuenus TC c 3a1aHHON METPOIOTUYECKONW TOYHOCTHIO U JOCTOBEPHOCTHIO [3, 6]. OCHOBHBIE
ATaInbl MPOIECCa MOHUTOPUHTA MPEICTABIICHBI Ha pucC. 1.

TE.TIENOMM)'H"l\'iﬂl“(lHHOE
oGopynoBanme

Omnenka Xpanenne MM
OGpaborka OneHka o uo . o cpe 5
- . CTOAHHIH HCTEMATH3AIMA
> H3MEPUTENLHON [—>| 3HAUCHM I > > 1
TEXHHKH CBA3M H U TIPE/ICTaBICHNE
uHpopManun TiapaMeTpoB

€€ DIIEMEHTOB PE3yIBTaTOB

l

TIpunarue
HHPOPMAI[HOHHBIX
pemiennii o

1 M cocromn TC

M ee dJieMeHTax

|

Hudopmannonuoe
pelenne o COCTOSHHI

Céop nndopmanun

Puc. 1. OcCHOBHEIC 3TaIbI mnponecca MOHUTOPHUHTA TEXHUKHW CBA3U

[Ton c6opom uzmeputensHoit nHpopmanuu (M) B paboTe moHMMaeTcs 1eJIeHANPaBICHHOE
U3BJIEYEHHE CHCTEMaTU3UPOBAHHON U HecucTeMaTu3upoBaHHOM nHpopmaruu o coctossHuu TC YC
Il TIOCNIEAYIOIIEro ee aHanu3a. B obmiem ciiydae Ha cocraBisromue kadyectBa CM YC Bausior
MHOXKECTBO B3aWMOYBSI3aHHBIX (DaKTOPOB, KOTOpBIE CIEAYIOT YYWUTBHIBATH TPH OpraHU3aIHud
MPOIIECCOB U3MEPEHUI TapaMeTpoB (XapakTepucTuk) snementoB TC.

dopMaIbHO HETeBYI0 (YHKIINIO, KOTOpask PacKphIBaET 3aBUCHMOCTH (PaKTOPOB, BIUSIOIIHX
Ha orepaTtuBHOCTH cOopa M, u cTpeMUTCsi K MUHUMYMY BPEMEHHBIX 3aTpaT, MOKHO MPEJCTaBUTh
BBIpA)KEHUEM:

Ts=f (VT/H/I’QkCO}]M’ Kn}],ﬂ’QCI/I’QpM);)min’ 1)
rae Tes — Bpems coopa MU, Vyy — o6vem nepenasaemoit U; Qycoqv — Ka4ecTBO KaHAOB CETH
oOMeHa ganHHbiMH MoHuTOopuHra (COIM); Kygn — kodh@uIMEHT MOATrOTOBIECHHOCTH
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JOJKHOCTHBIX JIML] OPTaHOB YIpaBJIEHHs CBsA3bIO; Q. — KauyecTBO CPEACTB M3MepeHHi; Qpu —
KaueCTBO Pe3yJIbTaTOB U3MEpPEHUM; ® — JIOMYIIEHHS U OTPaHUYCHHUSL.

VYunteiBas xapakrep (yakimonupoBanus YC, npu dopmupoBannun CM YC nenecoobpa3Ho
paccmaTrpuBaTh €€ KaK HEpapXW4YeCKd CIIOKHYIO CHUCTEMY, COCTOSIIYK0 W3 4YETBIPEX YpPOBHEH
ynpasinenus TC, puc. 2:

— | ypoBenb — wMoHuTOpPUHT oOTAenbHOTO toHUTA (dnmementra) TC  (mampumep,

MOJTYKOMILIEKTa paguopeneiinoit craniuu MUK-PJI 4-18P);

— Il ypoBeHb — MOHUTOPHHI ammapaTHOW (CTaHIMU) CBS3U (HApHUMEp, paauopesierHast

cTaHius (aHTEHHBIN Moyb) P-431AM);

— 11l ypoBenb — MonutopuHr snementa Y C (Hanmpumep, LeHTpa KaHaio00pa3oBaHus);

— IV ypoBenb — morutopunr YC B 11€710M.

OTO TMOMYEPKUBACT AKTYaJIbHOCTH 33Ja4d aBTOMATHU3Al[MF MOHUTOPUHTAa U HEOOXOIUMOCTU
«TO3UPOBAHUSD TTOJIHOTHI TUArHOCTUIECKON MH(OPMAITH ¢ YIETOM MHOTOYPOBHEBOU CTPYKTYpPHI YC.

Kak BumHo Ha puc. 2, umepapxXxWUUecKuil XapakTep CHUCTEMbI YIpaBieHHUs (OT ONepaTopoB
OTAEJbHBIX 37eMEeHTOB A0 omeparopa YC B menom) TpeOyeT, uyToObl KaXKAblid orepaTop MoIydal
MMEHHO Ty CTeTieHb JeTamm3anuu cooupaemoir MU (U), kotopas eMy HeoOXoauMma JIjisl OIepaTHBHOTO
NPUHATHS PpEIIeHUsT U, COOTBETCTBEHHO, 3¢ (eKTHBHOro YyrpapieHus skciuryatupyemoir TC.
Henocrarok nanubix (U) o cocrossaun TC Moxker moBiieds 3a coOOW HEBEpHBIC WM YITYIICHHBIC
YIIPaBIEHYECKHE PELICHHUS, a UX M30BITOK — YBEIWYUTh BPEMS Ha aHAIW3 U 3aMEJIUTh PEaKIUI0 Ha
npenoTkasHoe cocrosiHue. COOTBETCTBYIOIIME AaCMEeKThl ONTUMH3AMKM OOMeHa WH(pOpManued u
CTPYKTYPHPOBAHHSI JAHHBIX, YUUTHIBAIOIIUX PA3HbIE YPOBHH YIIPAaBICHUS, ObLIA PACCMOTPEHHI B [6, 7].

[vcoy av ypOBeHL) i
y3EN ﬁPCCM\

- > \ CBA3U
g 3 Y, \ // i ,.m
PZ \s‘
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:)= i MNpynna xasanooBpasoBaHns

I

= 90 30 xm
-
g
>

"
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-
I
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Puc. 2. Uepapxudeckast CTpyKTypa YIIpaBlIeHHsI COCTOSHHUEM TEXHHUKH CBs3u Y C
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BoNbIIMHCTBO COBPEMEHHBIX AKTHBHBIX CHCTEM MOHHUTOPHUHIA HCIOJIB3YIOT OJWHAKOBBIN
IPUHIUI: CHCTeMa MOHUTOPHHIA HEKMM 00pa3oM ompamuBaer ieMeHTsl TC M nporpaMmHoe
obecrieueHre, MOJIyd4aeT pe3ylbTaT W CpaBHUBAeT ero jaubo ¢ mabimoHoM, JubO C 3apaHee
3aJJaHHBIMM NPEAEIbHO JONMYCTUMBIMU 3HaueHUsMU. OObEM M CBOEBPEMEHHOCThH I0JIy4yaeMOH
uHbOpMALUK ONpeAessieT KaueCTBO NPUHUMAEMBIX PELICHUHA 110 YIPaBICHUIO COCTOSIHHUEM
IKCIUIYaTUPYEMBbIX OOBEKTOB.

MonuTtopuHr TexHn4eckoro coctosiuusi TC gBISETCS CIOXKHBIM MHOTOMEPHBIM ITPOIIECCOM,
B KOTOPOM HEOOXOAMMO Y4YMThIBaTh OOJBIIOE YHMCIO B3aMMOCBSA3aHHBIX (akropoB. [lpu anammse
pealbHBIX OOBEKTOB JUIi MOAEIMPOBAHHUS 3TOrO Mpolecca TpeOyeTcss 3HAYMTENBHOE KOJIMYECTBO
BPEMEHHBIX U MaTepHAIbHBIX PECYPCOB.

Pa3paboTka aHamMTHYECKOI MOJENH Mpoliecca MOHUTOPUHTa TexHudeckoro coctosiaust TC YC
HeoOXoIMMa JIIsl UCCIIE0BAHUs ITPOLIEcca M aHAIM3a €ro XapakTepUCTUK. Moielb 10JKHA yUUTBIBATh
B3aUMOJICHICTBHE PAa3IMYHBIX MOJCUCTEM, TakuX Kak cOop uH(opManmu, ee o0paboTka, aHaIM3
cocrossHMss OM M BIMsSHUE BHEIIHMX (DAKTOPOB, @ TAKXKE OrPaHMYEHUN IO pecypcamM B YCIOBHUSX
BEJ/ICHUsI olepalyu. 3a1a4a MOJIETMPOBAHUS 3aKJIF0YAETCSl B IOCTPOSHUU MOJIENN, KOTOPasi ONUCHIBAET
B3aMMOCBSI3b MEX[Y MapaMeTpaMM MOHMTOpHHTa, cocTossHueM TC W BHEIIHUMHU BO3AEHCTBUSIMH,
a TaKKe BBIYMCISECT BPEMEHHBIC XapPAKTEPUCTHKH M KOI(PPHUIMEHT TOTOBHOCTH HAOIIOIAEMON
cucteMbl. [lomydeHHble pe3ysbTaThl JOJDKHBI MO3BOJIMTH OLeHUTh KauecTBo CM YC, uccnenys ee
BKJIaJ B 3¢ GeKTUBHOCTD (pyHKIMOHUpOBaHUS Y C, KaK METaCHCTEMBI.

OcHoBHBIE 3Tallbl pa3paboTKU MOJETH BKIIOYAIOT [8]:

— ormpeneneHre Habopa mapaMeTpoB, KOTOPBIE BIUAIOT Ha mpouecc coopa M, takux kak

00beM IepelaBaeMbIX JJaHHBIX, KAUECTBO KAHAJIOB CBSI3U M CPEJICTBA U3MEPEHU;

— y4YeT BO3JEHCTBHS BHEIIHHUX (PAKTOPOB, TAaKUX KaK PaAJAMOIICKTPOHHOE IOJABJICHUE
(POII) u BepoATHOCTH MOTEPH MAKETOB B YCIOBHSX IOMEX U APYIHX AECTPYKTHUBHBIX
BO3JICHICTBHUM;

— TIIOCTPOEHHE AHAIUTUYECKUX BBIPAKEHUH [UIi BPEMEHHBIX XapaKTEpPUCTUK cOopa,
00pa0OTKM M aHanu3a JAaHHBIX, a TaKXKE pacueTa BPEMEHH BOCCTAHOBJIEHMSI CHUCTEMBbI
nocse c60eB, aHOMaJINI U OTKA30B.

C y4yeToM M3JI0KEHHOIO, JUIsl peaJnu3aluid MOJENHU IMpoliecca MOHUTOPUHIAa TEXHUYECKOIO

coctosiHusl TC YC HeoO0X01MMBI CIIEeAYIOLIME UCXO/IHbIE JaHHBIE, Tpe/icTaBlIeHHbIe B Ta0I. 1.

[Tpu pa3paboTke MoJenIM MpoIecca MOHUTOPUHIAa TeXxHudeckoro coctosiHus TC ¢ yuetom
1esiel MOAETMPOBAHUS IPUHSATHI CIICAYIOIINE OTPaHUYCHUS U JOMYIICHUS:

1) ZS Zyon, Y S Yyom, RE Ryon — Bce mapameTpsl (Tabi. 1) HaXomsTcs B JIOMYCTUMBIX
npenenax, ONpeleNseMblX TEXHHYECKHMMU HOpMaMH, perjaMeHTaMH U YCIOBHSIMH OOEBOTO
IPUMEHEHHS.

2) Ipouecchl 0TKa30B U BoccTaHOBIeHHH OM MOAYMHSIOTCS MAPKOBCKUM MOJIEIISIM.

3) HoctoBeprnocth MU oOecriedena Ha TpeOyeMOM YpOBHE 3a CUET MPUMCHEHHSI
COOTBETCTBYIOLINX MPOTOKOJIOB U TEXHUYECKUX CPEJCTB.

4) Buemnue Bo3xeiictBus  (orHesele, POIl, uHbOpMaNMOHHBIC) 3aJalOTCS  dYepes
MHTEHCUBHOCTH, BIHUAIONIME Ha 3((EKTUBHOCTh KAaHAIOB U BEPOSTHOCTHBIE XapaKTEPUCTUKU
OTKa30B U MOTEPH TaHHBIX [9].

5) Mozenp He YYIUTBHIBACT Pa3INuusl B CLCHAPHSX M CTEIEHH CIOKHOCTH YCTpaHEHHMs! OTKa3a;
BeMUMHA BpeMeHN ycTpaHeHUs (Tycrp) ONMpeenseTcst HCXOs U3 BpeMeHH AUarHOCTUPOBAHUS (T )
u 6a3zoBoro  BpemeHH (), COOTBETCTBYIOIIEIO  ONTUMAIbHBIM  YCIOBHMSM  IPOBEACHHSA
BOCCTaHOBHTEIILHBIX MIPOLIEAYD.

6) IIpennomnaraercst paloHaIbHOE (ONTUMATIBHOE) YIPABICHUE PECYypCaMH TEXHUKHU CBSI3H,
a IPUHUMAEMBbIE PEIICHUSI O COCTOSIHUU 3JIEMEHTOB OCHOBBIBAIOTCS HA JaHHBIX, IPEIOCTABIISEMBIX
CM VC.

7) Tlox TepMHHOM «OTKa3» MOHHMMAETCS JF00OE HAPYIICHUE IITATHOTO (YHKIIMOHHUPOBAHUSI
Ha0moxaeMbIx 1eMeHToB TC, B TOM urcie cOOM WM aHOMAJIHH.

Modeling of complex organizational and technical systems 15



TEXHWKA CPEACTB CBA3M Ne 1 (169) — 2025

Tabmuia 1 — MicxonHbIe JaHHBIC MOJEIH MPOIIECCa MOHUTOPHHTA TEXHHUKY CBs3H Y C

Ne HanmeHnoBanue

O0o3Ha4eHne
n/n napamMerpa
MHO0XkeCcTBO A={ali=1,2,.., N}, rue a— 371eMeHT XapaKTepU3YIOLIHHCS TOKAa3aTEIIMH
1. 00BEKTOB HaJIe)KHOCTH (MHTEHCHBHOCTh OTKA30B, BPEMs BOCCTAHOBIICHNS) M BIMSIOIINI Ha
Monutopunra (A) | kosddumuent roroBHocTr HabogaemMoi cucteMsl (K. er) Ha YC
-U= (me / Vm) — noJtHoTa cobupaemoit U (rme me — 00BEeM MOTyIEHHON
nH(MOPMALMH O TTapaMeTpax, Vm — 00BeM Tpedyemoit MU st onpenenenust TEXHIYECKOro
M5 A EeTEE, cocrostaust OM; U = 1 — nonnast, U < 1 — negocrarounas, U > 1 — u30bITouHas);
IapaMeTpoB — Kexp — K03 OUIMEHT CKPBITHOCTH, OTPaXKaOIIUH 3G PeKTHBHOCTS Mep 1o 3ammure NN
2. npouecca OT yTeUeK, KOMIIPOMETAIUH U UCKAKSHNUS;
MoHuTOpHHTa (Z) | ~ P orep — BEPOSITHOCTH TIOTEPh MAKETOB, ONPEIEIISIOIIAs CTENEHb Aerpalalliy KadyecTBa
KaHaJla B yCJIIOBHSIX TOMEX.
JlononHuTENnbHO B Z BXOASAT BPEMEHHBIE IIapaMeTphl MPOIecca MOHUTOPHHTA — BPEMS
coopa NU (T.s) u Bpems ee 00padboTkH (T,6,), 3aBUCAIINE OT apXUTeKTypsl CM.
MHOXeCTBO —Yors — 1O IPOITYCKHOM CIOCOOHOCTH KaHAJIOB CBSI3H, TepsieMast O OTHEBBIM
BO3JICHCTBUI BO3JICHCTBUEM MPOTHUBHUKA;
3. nporuBHHKa (Y) — Ypsm— JOJIS TIPOIYCKHOM CIIOCOOHOCTH KaHAJIOB CBSI3H, TepsieMasi 110/l BO3JIEHCTBHEM
B YCIIOBUSX POII mpoTBHUKa,
BeneHust onepamd | mpy 3TOM 0 < (Yorm, Yrom) < 1.
—Rcpem — PECYPCHI CEPBEPOB MOHUTOPHHTA (BBIYUCIATENEHAS MOLHOCTb, YHCIIO
MHOXeCTBO CepBEPOB) IS MTAPAILICIIEHOW 00Pa0OTKH TaHHBIX.
OrpaHUYCHUH 10 — Rian — TIPOIIyCKHASI CIOCOOHOCTH KaHAJIOB CBSI3H, ONPEACIAIONAsl CKOPOCTD IIepeIad
pecypcam (R) WU u iustrornas Ha T .
4. B YCIIOBHSX — Ripor — PECYPCHI IPOTOKOJIOB NIEpEeIavdH JAHHBIX, OTPEIeISIFoIie 3 HEeKTHBHOCTD
BEACHUS MapHIpyTH3aluy, HH(POBaHMUS, KOPPEKIHH OLUINOOK.
oreparyu — L., — cpennsis (husuueckas v Joruueckas) JUIMHA MyTH Nepeladd JaHHBIX (CI0XKHOCTh
TOIIOJIOTHH), BIUSIONIAsl Ha 33JIePKKH Mepe/iauu M epepacipeieieHiHe Harpy3KH.

Takum 00pa3oMm, Ha OCHOBE YKa3aHHBIX MCXOIHBIX JAHHBIX MOJEIb MPOIECCa MOHHTOPHHTA
texHudeckoro coctosiHus TC YC noybKHa paccUMThIBaTh COOTBETCTBYIOIIME BBIXOIHBIC JaHHBIC
(Tabm. 2).

Tabmuia 2 — BeixonHsie JaHHBIE MOIeNH nporiecca MmoHuTopuara TC YC

Ne
i HaunMeHoBaHue napamerpa Oobo3naueHue
1 BpemenHbIe TOKa3aTeNn, XapakTepU3yIOIIre Mponeayphl coopa u oopadotku U, a takxke Te6r Toops T otms
" | obHapy)KeHUs M yCTPaHEHHsI OTKAa30B iz
2 KoaddunpeHt roroBHOCTH Ha0II0JaEMON CUCTEMBI, OTIPEIEIISIeMbIl COBOKYITHON K
. T.CUCT

HAJICKHOCTHIO H BO3MOXXKHOCTSIMH BOCCTAHOBJICHHS HAOIOA€MBIX 3JICMEHTOB

BeposTHOCTh CBOEBpEeMEeHHO! JtocTaBku coobuiennit YC 3amannoro tuna (K), paccuntanHas
3. | Ha OCHOBE BPEMEHHBIX XapaKTEPUCTHUK, TOTOBHOCTH CUCTEMBI U YCTAHOBJICHHBIX Pamlx
NpeeNbHBIX BPEMEHHBIX MapamMeTpoB N0CTABKH (T, k)

CrnenoBarenbHO, IENbI0 MOAECTUPOBAHUS BHICTYNAET OMpPEEICHUE 3aBHUCHMOCTH BPEMEHU
BoccTaHOBICHHS Tocie otkaza (T ) u kod3((UIMEHTa TOTOBHOCTH HAOIIOAaeMOM CHCTEMBI

(K
I,CUCT
BEPOATHOCTL CBOEBPEMEHHOM JI0cTaBKK coobmenuit na YC (P ) oT napamMeTpoB MoHuTopHHra (Z,

BOCCT:
), ompenensoomux 3pdexTuBHOCTy QyHKIMOHUpOoBaHUS YC, KOTOpas BBIpa)KaeTcs 4depes

Y, R) u cocTtosinus HaOMOmaeMbIX 00BEKTOB A.

C ¢dopmanpHOI TOYKM 3pEHUS 3a7ada CBOJUTCS K CO3JIAHUIO aHAIMTHYECKOW mojenu (1))
mporecca MOHUTOPHHTAa TEXHHYECKOTO COCTOSIHUSI TEeXHHMKH CBsi3M YC, KoTopas TMO3BOJIUT
OIPEJICNINTh 3aBUCHMOCTbh BEPOSTHOCTH CBOEBpeMeHHOW aocTaBku cooOmeHuil Ha YC (Pgx) or
napameTpoB MoHUTOpUHra (Tes, U, Togp, Kexp), YUUTBIBAS BIUSHHSA APXUTEKTYpPBl CHCTEMBI
MOHHUTOpPHHTa Ha BpeMs cbOopa uHbpopmaruu (T.), a Takke BosnedcTBus mnpotuBHHKA (Y) U
orpanuyeHui no pecypcam (R) B ycrnoBusix BeJieHuUs onepamu:
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n: (A, Z, Y; R) - (TBOCCTv KF.CI/ICT) - PCB,k | Z¢c szon; YESY 0TI Rc R,uon, (2)

rac TBOCCT u KFCHCT TECCHO CBsI3aHbI C OHepaTHBHOﬁ TOTOBHOCTBIO TCXHHUKH CBA3H U, COOTBETCTBCHHO,

OTPEIEAI0T 00N YpOoBEeHb 3P deKTHBHOCTH (yHKITMOHUpOoBaHus YC.

OmnpeneneHne BpeMEHHBIX XapaKTEPHCTHK MPOIeCCa MOHUTOPHHTA
TeXHHYECKOT0 COCTOSTHUSI TeXHUKH cBsi3u YC

Pa3paboTka aHaMUTHYECKOW MOJENH TpOIecca MOHUTOPUHra TEXHUUYECKOro coctosHus TC
VY C npeanonaraer Mo3TaHOE ONPEJENICHUE KIIIOYEBBIX BPEMEHHBIX XapaKTEPUCTUK, BIMSIOLMX Ha
3 PeKTUBHOCTH (DYHKIIMOHUPOBAHUS HAOMIOAaeMOl cucTeMbl. K TakuM xapakTepuCTHKaM OTHOCSITCS:

— Bpems cOopa u3mMepuTenbHor nHopmauu T g,

— BpeMs 00pabOTKH U3MEpUTEIbHON HHPOPMALUH T ogp;

— BpeMsi 0OHapYKEHUS OTKa3a WIK aHOMAINU T ogy.

[TocnenoBarenbHoe W OOOCHOBAaHHOE OIpEIENICHHE OSTHUX IapaMEeTpOB IO3BOJUT B
JaJbHEMIIEeM BBIBECTH AHAJUTHYECKUE BBIPAXKEHUS M BPEMEHM BOCCTAHOBIEHHS T pocer
KodQuIHreHTa TOTOBHOCTH HaOmomaeMoi cucTeMbl Kicuer W BEPOATHOCTH CBOEBPEMEHHOMU
noctaBku cooOmiennii P,k Ha YC.

B pamkax naHHOTO HCCIIENIOBaHHS II€I€CO00PA3HO HCIONB30BATh TMPHHIMIIEI CHCTEMHOTO
aHayu3a, IOJIOKEHUsS TEOPUH MAacCOBOIO OOCIYXMBaHMS, TEOPUU HAJEKHOCTH, a TAKXKe TEOPUU
rpad)oB, TPUMEHHTENTHPHO K CeTsIM CBs3H. Jmsg ydera BIHMSHHUS apXUTEKTyphl M BapHUAHTOB
napauieIbHOW 00pabOTKU JaHHBIX MOXKHO HCIIOJIb30BaTh METO/Ibl ONTUMH3ALUH [1ApaMETPOB CETEBBIX
pecypcoB. Takoil moaxon MO3BOJIMT pa3padOTaTh MaTeMaTUUEeCKd KOPPEKTHYIO, THOKyI0 H
aJlalTHPYEMYIO K Pa3JIMuHbIM YCIOBUSAM MOJIEIb.

[Tpouecc monuTopunra texuuueckoro coctosiHust TC YC B yciaoBUsIX MPOTUBOAEHUCTBUS U
OrpaHUYEHHBIX PECYPCOB MPEIOIAracT:

— cbop UM or mHOkecTBa HaOmomaeMbix deMeHTOB A = {a;}, Kakablii U3 KOTOPBIX
TeHEepUpYyeT OINpE/IEICHHbI 00beM JaHHBIX, HEOOXOJUMBIX JUIsl JMAarHOCTHKH HX
TEXHUYECKOTO COCTOSTHUS;

— nepenauy MU no kanamam cetn oomeHa JaHHbIMH MoHuUTOpuHra (COZIM) k cepBepam
Monutopuara (CpeM), oOnagaromuM BBIUMCIMTEIBHBIMU pecypcaMu ISl ee
nocneayrouei 00padoTKy;

— HaJM4Yue BO3ACUCTBUI MPOTHBHHUKA (PaJHOdIEKTPOHHOE IOIABICHNE, HHPOPMAIIMOHHOE
BO3JCHUCTBUE), CHMXKAIOUMX 3(PPEKTUBHYIO MNPONYCKHYIO CHOCOOHOCTh KaHaloB U
MOBBIIAIONINX BEPOSITHOCTh IOTEPh MAKETOB;

— MapajulelbHyI0 00pabOTKYy HW3MEpUTENbHOW MH(GOpMAIMKM, YTO COKpaIlaeT oOOIIyIo
3aJIep KKy B TIPOIIECCE MOHUTOPHHTA.

Ha nanHom stane nenecooOpa3HO OIpenesnTh (GpopManbHyI0 MOjEIb BpeMeHHu cOopa Tcs

U BpeMeHH 00paboTKH Tosp, @ 3aTEM BBIPA3UTh HA KX OCHOBE BpPeMs OOHApyKEHUS OTKa3a:
TOGH = Tc6 + T06p- (3)

[MocnenyromumM IaroM sBISETCS ONpEAENeHHE BPEMEHHM YCTPAHEHUS OTKa3a lyerp U, B
UTOT€, BPEMEHH ITOJIHOTO BOCCTAHOBIICHHS HAOIIOAaeMOI CUCTEMBI:

TBOCCT = T06H + TyCTp- (4)

[Ipy >TOM CTOWT MpPEIyCMOTPETh ONTHMH3AIMOHHYIO 3a/ady, CBSI3aHHYIO C BBIOOPOM
obbema cobupaemoit N U, onupasich Ha TEOPUIO TOCTATOYHOM CTAaTUCTHKH, YTOOBI 00ECHIEUUTDH
MUHHMH3AIHI0 BPEMEHHBIX 3aTpaT MpH JIOCTATOYHOHW IOJHOTE AAHHBIX JUIS TOYHOW JTUATHOCTHKH.
Kpowme Toro, crienyer yuecTb palMOHAIbHBIM COCTaBa CEHCOPHOW ceTH (BBIOOp Habopa JaTUYMKOB),
o0ecTIeYnBaOIIUX TPEOYEMYIO TTOHOTY, a TAK)KE alalTHBHYIO CTPATETHUI0 M3MEHEHHUST YaCTOTHI UX
orpoca. Takol KOMIUIEKCHBIH TOAXOJ IO3BOJUT YYECTh CTPYKTYpHBIE W OpraHM3allMOHHbIE
aCIIeKThl CEHCOPHOI CceTH, MOBbITIast 3PPEKTHBHOCTH MPOIlecca MOHUTOPUHTA W BOCCTAaHOBJICHHSI.

KntoueBbiM (hakTopoM, ompenensomuM Bpems cOopa HW3MepHUTeNnbHON HHpopMarmu T
SIBIISIETCS. COBOKYITHBI O0BEM JaHHBIX Vy, MOMJISKAIIUX CcOOpY 3a HWHTEpPBAI HAOIIOJCHHS.
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OH popMupyeTcst U3 TTApaMETPOB TEXHUIECKOTO coCTOsTHUSI N HaOIFOTaeMBIX AJIEMEHTOB, KaXKIbIi 13
KOTOPBIX XapaKTePH3yeTCsl COOCTBEHHBIM HAOOPOM H3MEpSAEMbIX mapaMeTpoB. Ecimu s kaxmoro i-ro
OM cobupaercst U mapaMeTpoB, a cpeiHui 00beM TaHHBIX Ha mapameTp paBeH Ve, OUT, TO

N

V2 - ZUiVeH' (5)

i=1

I[J'ISI YHOPOIICHUA aHaJIN3a MOKHO BBCCTHU HHTCFpaJ'IbHBIfI IIoKa3areilb IOJIHOTHI.

N
u=>u, (6)

i=1

TOrga

Vs=U - Vep (7

B xo71e coBpeMeHHBIX orepanuii KaHalbl CBA3M PA0OTAIOT B YCIOBHAX AC(PHUINTA MPOITYCKHON
CIIOCOOHOCTH, @ MHTEHCUBHOE MPOTHUBOACHUCTBHE NMPOTUBHHUKA CEPHE3HO 3aTPYIHSET MX CTAOWIIbHOE
¢ynkmmonuposanue. [lo BO3AEHCTBUEM PaJHO3IEKTPOHHOTO TIOJABICHUS  (XapaKTepH3yeMOTro
UHTEHCUBHOCTBIO Yp311) U IIPU POCTE BEPOSITHOCTH MOTEPh MAKETOB Pjgrepn MPOITYCKHAS CIIOCOOHOCTD
KaHAJIOB CYIIECTBEHHO CHIDKaeTcs. s ydera 3TuxX (PakTOpOB ILENecooOpasHO BBECTH ITOKA3aTeNb
3(deKTUBHON MPOIYCKHOH CHOCOOHOCTH R,¢¢, KOTOPBIA OTpa’kaeT peajlbHYI0 CIIOCOOHOCTh KaHaia
nepenaBaTh JaHHBbIC, YUUTHIBas KaK IMOTEpU, TaK M BO3/JCHCTBHE BHEIIHUX (DAaKTOPOB, TaKUX Kak
PaIrOdIEKTPOHHOE 110/1aBJIEHHE.

OddexTuBHAS TPOMYCKHASI CIIOCOOHOCTH MOXKET OBITH BBIPAXKEHA CIEIYIOIINM 00pa3oM:

Raq)q) = RKaH (1 - ’YPSH) (1 - PHOTepl/I)) (8)
riae Ry.; — HOMHUHAIBHAS MPOMYyCKHas criocoOoHocTh kanana COIM.

Kak ormeuaercst B [6, 7], HEOOXOJMMOCTh ONEPATUBHOIO IPEJOCTABICHUS YCIYTr CBSI3U
opraHaM BOEHHOT'O YIPaBIICHHS 4acTO MPHUBOAMUT K HecOAIaHCHPOBAHHBIM HACTPOMKaM MPOTOKOJIOB
MapuipyTu3anuu, napamerpoB QoS (Habop TexHomorunueckux perrenuit Quality of Service) u mpyrux
CEpBUCHBIX MEXaHM3MOB, a OKCTpeMajbHble KJIMMaTHUYeCKue (aKkToppl U HecTabUIbHOE
SHEProcHa0KEHNE OT IOJIEBBIX T€HEPATOPOB IMPOBOLMPYIOT CUCTEMATUYECKHE AHOMAJUH, cOOU U
OTKa3bl TeleKOMMYHHUKAIMOHHOro oOopyzaoBanus (TKO). OcobGeHHO 3TO YyBCTBUTENIBHO ISt
CPEACTB CBSI3M KPUTHUYHOM HOMEHKJIATYphl, KAaueCTBO (DYHKIIMOHUPOBAHHS KOTOPBIX HAIPSIMYIO
BJIMSIET HA BHITNIOJIHEHUE ONIEPATUBHBIX 3a7a4 YIIPABICHUS BONCKaMH U OpyxHeM [3, 5].

BepositHocTs motepn makeToB Prorepu (0 < Prorepu < 1) ompenensercss cOBOKYMHOCTBIO
(bakTopoB, BKJIIOYAs KaueCTBO SHEProCHAOXKEHMsI M TEXHHYECKoro obciyxuBaHus. [lpu sTom
(1 — Prorepu) OTpaxaeT IONIO YCHEHIHO NEPEJaHHBIX M HPHHATBIX COOOIICHUH M CYIIECTBEHHO
BJIMSIET HA UTOTOBYIO 3(hPEeKTUBHOCTH HAOIIOJAEMOI CUCTEMBI.

Kak Obuto ykasaHO BbIIE, Yp3r MU Puorepn NPHHATBHI 3a Oe3pasMepHble KOX(PQHUIUEHTHI,
OTpa’karoIlye JIOJI0 MPOMYCKHON CIIOCOOHOCTH, TEPSIEMOM MPU PaJHo3IEKTPOHHOM MOAABICHUN U
MOTEPSAX MAKETOB. DTO MO3BOJISIET HANPSIMYIO MCIOJIb30BAaTh WX B BbIpaxkeHUHU (8), He mpubderas K
JONOJTHUTEIBHBIM ITpeoOpa3oBanusM pazmepHocteit [10, 11], 1 TeM caMbIM KOPPEKTHO OLIEHUBATh
s dextuBHocT COAM B yCIOBUSX BHEUTHUX BO3CHCTBUMN.

B CO/IM, cocrosiiieil U3 HECKOJIBKMX MapIIpyTOB, HEOOXOAWMO YUUTHIBATh Pa3iIHuus B
MPUOPUTETHOCTH MAapIIPyTOB WJIM THUIOB JaHHbIX. JlJI1 3TOr0o MOXXHO BBECTH BECOBbBIE
KOYQPHUIUEHTH Wi U Wy, TO3BOJIAIONIME KOMILJIEKCHO OTpPa3UTh BIUSHHE MPOTSKECHHOCTH
MmapupyTa Ljj (Hampumep, B KMJIOMETpax WIIM YHCIIE XOIOB) M 00beMa NaHHBIX Vjj (Hampumep, B
6urax). Kak moka3aHo B HCCIIEJOBaHUSX I10 TEOPUHU CeTed, aHAINW3y HAJEKHOCTH U pacyery
Harpy3Kd B TEJICKOMMYHHUKAIIMOHHBIX cucTteMax [12-14], takue BecoBble KOI(PHUIIMEHTH NAIOT
BO3MOKHOCTh MPUBECTU ITH Pa3HOPOIHBIC BETUYMHBI K OOLIEH «CTOMMOCTH» B OWTax (WM MHOH
ya00HOW eauHUIE), OoOecreunBas COTJIACOBAaHHOCTh Pa3MEPHOCTEH W KOPPEKTHOE CIIOKEHHUE
napaMeTpoB B IEJIEBOM (DyHKIIHH.

B uwactHOCTH, Wi MOKET UMETh Pa3MEPHOCTh «OUT/XOIM» M OTpaXkaTh JIOTIOJHUTENbHBIA 00beM
CITy’>kKeOHOW WJIM KOHTPOJIbHOM HMH(pOpMAIMM, HEOOXOAMMON Ha KaX[Iblil XOIl, Torja Kak Wy 4acTo
Oeperca Oe3pasMepHbIM (WM paBHBIM 1), ecimm Vjj yKe BBIPQKEHO HEMOCPEICTBEHHO B OMTax.
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IIpu srom (Wi Ljj + Wy Vjj) Oyner MMeTh UTOrOBYIO Pa3sMEPHOCTb «OHUT», YTO HEOOXOIUMO Uit
KOPPEKTHOTO JIeNIeHUs Ha MPOIYCKHYIO CIIOCOOHOCTh KaHaila, BBIPOKEHHYIO B «OHT/C». ITomoOHBII
MOAXOA  BCTpeyaeTcs B OOJNBIIMHCTBE  MOJENel ONTHMH3ALMK  MapIIPyTH3ALHN
TEJIEKOMMYHHUKALMOHHBIX CeTeld M 00eCIeurBacT BOSMOXKHOCTh (hOPMYIIMPOBATH CUHYIO IIEJIEBYIO
(YHKIHMIO, COTTIACOBAaHHYIO C PEATbHBIMU ITOKA3aTEIsIMU Pa0OTHI CETH.

Jns dpopmanuzanyy 3aJadyd MUHUMU3AIUA CyMMapHOTO BPEMEHHU Iepeladd JaHHBIX (I
€ro KBHBAJICHTHOM «CTOMMOCTHY») BBOASTCS O—l-mmepeMeHHbIe X.J € {0, 1} xoTOpBIC ONPENECIISIOT,
Oyner v BBIOpaH MapuIpyT | JUis mepenadd NOoToka AaHHbIX I. LleneBas QyHKIHsS MOXET OBITh
3arMcana B BUJIE:

N M
min» > Ly WY,
X i=l j=1 Rl(aH ij (l YPSH)(I nmepn)
rae Ryanjj — HOMHMHAJIbHAs MPOIYCKHAS CIIOCOOHOCTH KaHala JUId MaplipyTra j IOTOKa i, Ypom —
KO3(G(QUIUEHT (MHTEHCHMBHOCTb) DPaJAUOIEKTPOHHOIO NOAABIEHUS, Prorepu — K0dpdurment
(BEpOSITHOCTH) MIOTEPH ITAKETOB.

Jns obecnieueHust (U3NUECKON pPEANM3YEMOCTH PEUICHUS W HCKIIOYEHUS «HYIIEBOTOY
Ha3HauYeHUE BCeX Xjj, MOXKHO BBECTH JAONOIHUTEIbHBIC OTPAaHUICHHS:

1) Ha3HaueHue Ka10ro mNoToKa:

M
inj =1Vie{12..,N}.

Xijs (9)

DTO yCcIOBHE 03HAYACT, YTO KAKAbIH MOTOK JAHHBIX | JOJDKEH OBITh HepelaH XOTs Obl 1O
OZHOMY (MM POBHO IO OJHOMY) Mapmpyry. Tem cambiM BapuanT Xjj = 0 maa Bcex |, |
HCKJIFOYAETCs KaK HEYyOBJIETBOPSIOIINI TPeOOBAaHHUIO TOCTABKU COOOIIEHUS.

2) OrpaHuueHHs Ha TPOIYCKHYI CHOCOOHOCTh (IIPU HEOOXOJMMOCTH, €CIH MOJICIb
YUUTHIBAET HECKOJIBKO ITOTOKOB, nepeﬂaBaeme napajijiesbHoO):

ZDXU_ Vie{l2,.,M},

rae Dj — ucxonuelit 00beM JaHHBIX TOTOKA | (Oe3 yuera Lij), a CJ MakcHUMaJbHas Harpyska (Wiu
OrpaHUYCHUE IO MPOMYCKHOW CMOCOOHOCTH) A Mapuipyra j. DTH YCIOBHUS MPEAOTBPAIIAIOT
Ieperpy3Ky KOHKpETHOTO MapIpyTa.
3) JloMeH nepeMeHHBIX:
Xij € {0, 1}, vi,.

YkazaHHbIE OTPaHUYEHMS JIENAIOT 33a4y KOPPEKTHON U UCKITIOYAIOT HEXKENIATEIbHOE PELLICHNE
¢ «ayneBeIMI» Xjj. IIpu Takom onmcanuy 3a1ada sBigeTcs KoHeYHOH (nmepeMeHHbIX Beero N < M), Ho
OTHOCUTCS K KJAacCy LEJNOYHMCIEHHOIO JIMHEWHOIO NPOrpaMMHMpOBAHMs, 4YTO YKa3blBaeT Ha €e
noreHuuanbHylo NP-tpynHocts. TeM He MeHee, B MpakTUYECKUX 3a/lauyaX C pa3syMHBIMH pa3Mepamu
CeTHM OHa pEIIAeTCsl CTaHJApPTHBIMM MeToJaMy (HampHMep, BETBJIEHHMS W TpaHML, >KaJHBIMU U
ABPUCTUYECKUMH ITOPUTMAMU U T. I1.).

B HenpepbiBHOI NOCTaHOBKE (Korjza ImepeMeHHble Xjj AOMYCKAlOT JIOOble 3HAYECHUS
or0go 1) paccmarpuBaemast 3amavya Obiia Obl JMHEHHOW U BeIMykiIod. OmpHako w3-3a
LEJOYHNCIIEHHBIX orpannuennii (Xjj € {0, 1}) knaccndeckast BBITYKIOCTb TE€PAETCS, XOTS CTPYKTypa
3a7a4l OCTAeTCs JIMHEUHOW. B CEeTeBbIX MOJENSAX 3TO CTaHAapTHAas CUTyallUs: KOHEYHOE YHUCIIO
MEPEMEHHBIX U JMHEHHOCTH 11eJIeBOH (DYHKIIMM U OTPaHUYEHUH 00eCredrBalOT BBHIYMCIUTEIBHYIO
pa3pemrMocTh CpeICTBaMHU IEJIOUUCIEHHOro JHMHEeHHoro nporpammupoBanus (ILP). [Tapamerpsr
Wi, Wy, Ypar U Prorepn MOTYT 3aJaBaThCsl SKCIIEPUMEHTAIBHO MM ONPENEIATHCS CTaTUCTUYECKH.
[Ipu ux cymiecTBEHHOM U3MEHEHHH (HampuMep, YBEIWYEHHUH Ypsr) 33[ady PEeIIaloT MOBTOPHO IS
ajanTanud KoHpurypauuu cetd. Takum o0pa3oM, XOTS IOCTAaHOBKAa HE SIBISETCS BBIMTYKIIOM
B CTPOIOM CMBbICIIe, €€ KOHEYHas 00JacThb JOMYCTHMBIX pELIEHUH U JHMHEeHHas CTPYKTypa
MO3BOJISIOT UCIIONB30BaTh cTaHaapTHbIE |LP-anroputmsl.
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OntumanbHOE perieHne {Xij*} OTpa)KaeT TaKoe pacIpeaesiCcHHe MapIIpyToB, MPU KOTOPOM
CyMMapHO€ BpeMs IE€peJauyd JaHHbIX (WM HKBHUBAJIEHTHAs «CTOMMOCTBY») MHHHUMAJBHO.
Ha npaxTuke BO3MOXXHO €IMHOPa30BOE pEelIeHUE 3a4a4l IPU MPOEKTUPOBAHUH WM MOAEPHU3ALUN
CeTH; INEepUOAMYECKas NEPEeONTHUMM3ALMs P W3MEHEHUU YCIIOBUM SKCIUTyaTalluu (Hampumep,
HOSIBJICHUM HOBBIX MapLIpPyTOB WJIM POCTE YPOBHS IOMEX); a TaKKe JUHAMUYECKas aJanTalus
(OHJIaliH-aNTOPUTMBI), HEOOXOAUMAs JJISi OTIEPATUBHOM MEPECTPOMKN MapIIPYTOB MPH MEeperpy3Kax
WIK OTKa3ax KaHaJoB. biaromapst 3ToMy Moj€idb HE OTPaHUYMBACTCS €IUHUYHBIM ((WKECTKHUM)
BapHMaHTOM apXUTEKTYpbl, OHA MOKET HCIOJIb30BaThCA KaK Ha JTame pa3paboTKH, Tak U IpU
9KCIUTyaTallUl CUCTEMBbI, KOIla HEOOXOAMMO aJalTUPOBATh CEThb K MEHSIOLIUMCS PECYPCHBIM U
TOIOJIOTUYECKUM YCIIOBHUSIM.

B pesynbrare pemenus 3agaud (9) ¢ BBEJCHHBIMH BBIIE OrPAHMYEHUSIMU OIPEAEIACTCS
KOH(MUTypayss MapipyToB {Xij*}, IpH  KOTOPOi CyMMapHOE BpeMs IIepejaid MUHHMAJILHO,
U, CJIEIOBATEIbHO, Mbl MOXEM OO0O3HAa4WTh HalJeHHOoe onTuManbHoe Bpems cOopa MM kak T .
3Has 00beM JaHHBIX Vs U YIUTBIBAS, YTO:

TC; :ii WLLij +W\/Vij 'X;’
=1 j=1 "xan,ij (1_ Yron )(l - Pl'lOTCpH)
MOXHO HEPEHTH K ONpeAeTeHUI0 3(P(PEKTUBHON IPOIYCKHOH CIOCOOHOCTH CHCTEMBI Rygq cucr
U Jajiee CBA3aTh €€ C BPEMECHHBIMHU XapaKTePUCTHKAMU MOHUTOPUHTA (HAIPUMED, Toop, Tosu, T socer)-
[Ipu orpaHnyeHusXx Ha TONOJIOTMIO U PECypChl, PEIICHHE TakOW 3ajayud  JaeT
SKBHBAJIEHTHYIO () (EKTUBHYIO IIPOIYCKHYIO CIIOCOOHOCTh CUCTEMBI Ry cuer:

:V_zl (11)

Ropponcr

Hcnonb30BaHue TaKoOro IOAXOJa I03BOJIAET YYHUTHIBaTh NPOTUBOJEHCTBHE, PECYpPCHBIE
OTPaHMYEHUS U AapXUTEKTYpy CETU I[epelayd JaHHBIX B BHUJIE ONTHMHU3ALMOHHOW 3ajaud,
pelaeMoil CTaHAapTHBIMU METOJAaMHU JIMHEMHOTO WIX LIEJIOYUCIEHHOIO NMPOrpaMMHUpPOBaHUS. JTO
CO3/1a€T OCHOBY JJIsl JajbHEHIIEeH MHTErpaluy C OLEHKON BpeMeHH 00pabOTKH, OOHApYKEHUS U
YCTpaHEHMsI OTKA30B.

Bpemss  oOpaboTkm m3MepuTenbHOM HMHGOpManuu  Tos, HANpPAMYKO  3aBHCHUT  OT
BBIUHCIIUTEIBHBIX PECYPCOB CUCTEMBI MOHMTOPHMHIA, KOTOPBIE MOKHO IPEACTaBUTH B BHJE
MHTErpaibHOTO MOKa3aTels Rcpsvm, OTPaXKaloOHIEro CyMMapHYIO IPOM3BOJHMTENBHOCTh CEPBEPOB.
B ymporieHHOM BuJie TaHHAS 3aBUCUMOCTh MOXKET OBITh 3alucaHa CIeAYIOUIMM 00pa3oM:

T u-v,

obp

(10)

cO

- (12)
3¢ d,crct
Peanbupie ycnoBusi mpumenenus YC [15] mpeamonararoT HEOOXOIUMOCTH YUYWUTHIBATH
OTPaHUYEHHYIO CTENEeHb MapajuiebHOW 00pabOTKH JaHHBIX, a TaKXKe 3arpy3Ky M paclpeaeicHHe
Harpy3Kd MEXIy HECKOJIBKMMH CEpBEpaMH, TOITOMY II€JIeCO00pa3HO BBECTH KOIPUIIUEHT
3arpy3Ku Ksarp M 4UCIIO HApAIIENbHO 00pabaThIBa€MbIX HOTOKOB Nyapans:

Ty = U Ve (13)
Repam T P

3arp

B xozne npoekTupoBaHUsl CUCTEMbl MOHUTOPHHTA MOXKHO MPUMEHHUTh METOJbI ONTUMHU3AINH

pacnpezneneHuss oOpabOTKH JaHHBIX I10 CepBepaM, HCMOJIb3Ys JIMHEHHOE WM IIEJTOYMCICHHOE

nporpaMmupoBanue [16]. DTO NO3BONMT MHUHHMMH3HMPOBATh logp INPH  3aJaHHBIX PECYPCHBIX
OrpaHUYEHUSIX.

B mpornecce monutopunra texuudeckoro coctosiHus TC YC, BpeMeHHbIe XapaKTepUCTHKH,

Takue Kak Bpems cOopa mHpopManuu (Tes), Bpemsa o0padotku (Tosp) M BpeMs OOHapyKeHHs OTKas3a

(Togw), HITPAIOT KITFOYEBYIO POJIb B OlleHKE 3 (HeKTUBHOCTH (PYHKIIMOHUpOBaHUs cuctemsl [ 17]. Kaxmoe

U3 ATUX 3HAYEHUH UMEET CBOM OCOOCHHOCTH U JOJDKHO OBITh THIATEIBHO PACCUUTAHO, TaK KAK OHU
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OTIPEJIeIISIOT, HACKOJIBKO OMEPAaTHMBHO CHUCTEMa pearnpyeT Ha BO3HUKAIONIME COOM WM aHOMAIbHBIX
COOBITHIA. DTH BPEMEHHBIE XapAKTEPUCTHKU 3aBUCST HE TOJIBKO OT apXUTEKTYPhI CETH U UCIIOJIb3yEMbIX
TEXHOJIOTHH, HO ¥ OT BHEIIHUX BO3ICHCTBHIA, TUIIA PAJO3IEKTPOHHOTO MOJABICHHS, IOTEPh MAKETOB,
HECTaOMIBHOCTH SHEPrOCHA0KEHHS | JIP.

KiroyeBbIM 371€MEHTOM B 3TOM HpoOIecce SBISETCS MPAaBHIBHOE ONpECNICHHE BPEMEHHU
OOHapyXeHHsSI OTKaza [.sy, KOTOPOE BKIIOYAaeT B ceOs kak BpeMms cOopa MU, tak m Bpems ee
ob6pabotku. Takum oOpa3om, Bpemsi OOHapyKEHHS OTKa3a MOXKHO BBIPAa3UTh KaK CyMMY JBYX
BPEMEHHBIX XapaKTEPUCTHK: BpeMeHH cOopa u BpeMeHH o0Opaborku WM, 4To Mo3BONUT 3aremM
nepeiT K OoJiee eTaqTbHOMY OICHMBAHUIO BPEMEHM BOCCTAaHOBJICHHUs HAOJII0aeMOW CHUCTEMBI, C
y4eTOM BceX (PaKTOpOB, BIUSIONIMX Ha €€ paboTocrmocoOHOCTh. [lanee Oyaer paccMOTpeH Mmporece
ONTUMHU3AINY JAHHBIX, BKJIOYAas MUHHMHU3AIMIO BPEMEHHBIX 3aTpaT U QJaNTalldi0 CHUCTEMBI K
YCIIOBHSIM PEaJIbHOTO BPEMEHH, YTO IMO3BOJIUT HCCIIE0BATh CTAOMILHOCTH PA0OTHI CETH B YCIOBHSIX
MOBBIIICHHBIX HATPY30K U BHEIIHUX TIOMEX.

OOHapy)XeHHE OTKa3a OCHOBBIBACTCS HAa CBOCBPEMEHHOM IMOJydeHHH U oOpaboTtke WU,
MOATOMY CIIPaBEJIUBO BhIpaxkeHue (3).

[Tocne pemieHust ONTUMH3ALMOHHON 3aJa4d MapIIPyTH3aUUM UL Xjj* U MONY4eHUs] OIHOTO
sdexTrBHOrO KaHana ¢ 3p(HEKTUBHON NPOIMYCKHON CIIOCOOHOCTBIO Ry cier, PACCUMTAHHOM C ydeTOM
Ypor ¥ Prorepn, BpEMsi OOHApY:KEHUsI OTKa3a, ucxons u3 BeipakeHuid (11) u (13) MoxHO mpencTaBUTh
BBIPOKCHHUEM:

u-Vv
TV a (14)
o0H R N
3dd,cucr RCpBM . Tapain
Koarp

TakuM 00pa3oM, MOTyICHHAS MOJIENIb TIO3BOJISCT MPEACTABUTh BPeMs OOHAPYKEHUS OTKa3a
Toon Kak Qynknmio xmoueBblx mapamerpoB CM (U, vpom, Puorepns Riams Repsmy Niapamn, Ksarp) ¥
pe3yabTaTOB ONTHMM3ALMOHHBIX 3afad IO pacmpeneneHuio Ttpapuka u obpaborke WM.
[IpuMeHeHHe OINMUCAaHHBIX METOAOB (pEIIeHHe ONTUMHU3ALMOHHONW 3aJayd [0 MapIipyTam,
ONTHMH3AIMSI  COCTaBa CEHCOPHOW CeTH, aJanTHBHAS CTpaTerusi Ompoca, HaCTpoika
BBIUHUCIUTENBHBIX PECYpPCcOB) OOECHeurBaeT afanTaldid MOJAENW K KOHKPETHBIM YCIOBHUSIM
IKCILTyaTaIlliyl ¥ TI03BOJIIET MUHUMHU3UPOBATH |54 DTO cO3MaeT (PyHAAMEHT ISl JalbHEHIIero
aHaJIM3a U ONTUMM3AIMUM BPEMEHHM yCTpaHeHMs OTKa30B (Tycrp) M, B KOHEYHOM HTOTrE, BPEMEHH
MOJTHOT'O BOCCTaHOBJICHUs HaOmomaeMoit cucteMbl (T yoccr)-

B Tabn. 3 mpuBeAeHbl HUCXOIHBIC AaHHBIE I JEMOHCTPAIlMOHHOTO TMpUMEpa pacdyera
BpEMEHH OOHAPYKEHUS 0TKa3a | ooy

Tabmuua 3 — McxoaHble gaHHbIE U IPUMepa pacyeTa BpeMeHH 00HapyKeHHUs OTKa3a

0 O06o03HayeHHne Onucanne ‘ Exunnna 3HaveHue
n/n H3MepeHust
1. N Yuciio HaOII0HaeMBIX DJIEMEHTOB A en. 3
U, =50;
2. Ui Yucio napameTpoB AJIs I-ro JJieMeHTa en. U, = 60;
Us =70.
3 Vex Cpennuit 00beM JJTaHHBIX Ha TapamMeTp our 2x10°
4 Rian HomwuHanbHas mpoIycKHasi CHIOCOOHOCTh KaHaIa our/c 2x 10°
5 Yeom MuarencuBnocts POII — 0,25
6. P BeposiTHOCTH NOTEPH MAKETOB — 0,1
7 Repm O¢ddexkTuBHAS BEIYUCIHATEIFHAS MOIIHOCTH CEPBEPOB 6ur/c 5% 10°
MOHHTOPHUHTA
8 N} Ywciio mapauiebHO 00pabaThIBaEMBIX TOTOKOB e/l 5
9 Ksarp Koaddunmenr 3arpysku = 2,0
BecoBbie k03¢ GHUIIMEHTH MAPLIIPYTOB (IIMHA 1 w.=1,0
10. WL 1 Wy — _
00BEM) wy =1,0
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B nmanHoMm mpumepe ydTeHbl TUIOBbIE 3HAUEHUS YHCIa HAOIIOMAaeMbIX 3JIEMEHTOB, 00bema
JaHHBIX HA MapaMeTp, MPOIYCKHON CIOCOOHOCTH KaHaia, nHTeHcuBHOCTH POIT 1 BeposTHOCTH TOTEpH
nakeroB. [Ipenmonaraercs, 4yTo HEOOXOQUMbIE ONTHMHU3AIMOHHBIE 3a/laud BbIOOpa MapIIPyTOB H
pacnpesieNieHus] BIYMCIUTENBHBIX PECYPCOB YK€ PpEIleHbl, U M3BeCTHA A(PQPEKTHUBHAS IMPOITYCKHAS
CIIOCOOHOCTD Riygcuer- PE3yBTaTBI pacueToB MOKa3bIBAIOT, 4TO BpeMs cOopa mHpopmauuu Tq IpH
3aJJaHHBIX IapaMeTpax COCTaBIsIeT OKoao 26,7 ¢, a Bpems o0pabotku Tos Jocturaer 2,9 c, B
pe3ysbTare 4ero CyMmMapHoe BpeMsi OOHapyKeHHs OTKaza |, omnpenensercs paBHbIM okono 30 c. Ha
OCHOBE TPHUBEICHHBIX B TAOJNMUIIE JTAHHBIX MOXKHO MPOAHAIM3HPOBATH BIMSHHE 00beMa coOMpaeMoin
MH(pOPMAIMH, YPOBHS MPOTUBOJICHCTBUS U BBIYMCIUTEIBHBIX PECYPCOB Ha gy, @ TAKIKE MOCTPOUTDH
cooTBeTcTBytomMe rpaduku (puc. 3, 4, 5) mus Ooiee HATTISTHOW OIEHKH KITIOYEBBIX (DAaKTOPOB U
BBISIBJICHUS] ONTUMAIIbHBIX HACTPOEK CUCTEMbI MOHUTOPHHTA.

ZOOU(TOGH)

180
160
140
120
100
80
60
40 “.____._____.
20 — —— —_——

0 T06H
100 120 140 160 180 200 220

BpBMﬂ OﬁHﬂp}’)KBHHﬂ OTKa3a HIH aHOMATHH Ha 00beKTe
MOHHTOPHHTIa, CCK

TTonHoTa H3MepHTENbHOH HHpOpPMAITHH

=—0—Tllpn A=3 —@—TIpu A=5 —@—TIpnA=15 rae A - Konu4ecTB0 06bEKTOB

Puc. 3. 3aBucHUMOCTb BpeMeHH 00HAPY)KEHHSI 0TKa3a WK aHOMAJIHU B 00bekTe MOHUTOPHHTA (T o6,
OT MOJIHOTHI u3MepuTenbHOM nHbopmaruu (U)

TOGH (YPBH)

S
8 8 B8

Bpewma obHapyxeHHA OTKa3a Ha
00BEKTE MOHHTOPHHTA (CEK)
= ] (W8] I
8 8 8 B8

[e=]

Ypam
0 0,2 0,4 0,6 038 1

Koaddumuent Bo3aeiicteua POI1T
—0—puA=3 —0—Tlpu A=5 —8—TlpuA=15, rae A - KOIM4eCTBO 0OBEKTOB

Puc. 4. 3aBHCUMOCTD BpeMeHH 0OHAPYKEHHST 0TKa3a MIH aHOMAIUK B 00bekTe MOHUTOPUHTA (T o5;)
OT Bo3zielicTBuA nnpuMenenus POIT npoTuBHUKOM (Ypsn)
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TOﬁH(RCpBM)
250
88
g2 200
S g
22
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=] k.\_‘
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0
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CpenHss cKopocTh 00pa0OTKH JaHHBIX Ha cepBepax CpsM

MOHHTOpHHTa (MOHT/C)
—0—pn A=3 —@—Tpu A=5 —O— Mpu A=15, rae A - Konn4ecTBo 06HLEKTOB

Puc. 5. 3aBUCMMOCTh BpeMEHH 00HApYKEHHsI 0TKa3a B 00bekTe MOHUTOPUHTA (T o55)
OT BBIYUCIIUTCIIbHBIX PECYPCOB CEPBEPOB MOHUTOPHHTA

MopeanpoBanue npouecca ycTpaHeHHsI 0TKa30B ¢ y4eToM (popMHUPOBAHHS CEHCOPHOIi ceTH
¥ aIaNTHBHOTO YNIPABJIEHUSI YACTOTOH onpoca. Pacuer BpeMeHn BOCCTAHOBJIEHUS

bazoBas mMozjenb MOHUTOpUHTa U OOHApY>KEHHSI OTKA30B HE YYUTHIBAET BIUSHUE CTPYKTYPHI
CEHCOPHOM CETH, ITO3TOMY PEAILHOE BPEMS YCTPAHEHHS [ycrp M TIOJHOE BPEMs BOCCTAHOBICHUSA T gocer
3aMETHO 3aBUCAT OT pAlMOHAIBHOTO pPAa3MEIIEHHs] JATYMKOB M HEPAPXUYECKOIO  YPOBHS
nonb3oBatened. B ycnmoBusix akcmmyatanmn YC  TpeOyeTcsl y4MTHIBaTh pa3idyHble  KIIacChl
WH(POPMAIIMOHHBIX TpeOOBaHUM (HampuUMep, HadalbHUKA paJuoOpeseHON CTaHIMKM WM LEHTpa
KaHAI000pa30BaHusl ), 3aJaf0le HaOOp U NTyOuHy coonpaembix naHHbIX. [lomHoTra U u Ge3omacHoCTh
Kep HHQOpPMAIMK HEMOCPEJCTBEHHO BIMSAIOT HA JUIMTENBHOCTH BOCCTAHOBUTEBHBIX ITPOLEAYD,
TaK KaKk HeJI0OCTaTOYHbIN 00beM AaHHbIX MW mpuBOIMT K HETOUHOW JAUArHOCTUKE, a UX W30BITOYHOCTH
BBI3BIBACT JIOMIONHUTENBHBIE 3aZepKKU TMpH o0paboTke. s ONTUMM3AIMM JTUX IapaMeTpPOB
WCTOJIB3YIOT TPUHIUIBI TEOPHH MACCOBOTO OOCTY)XKMBAHUS M TEOPUM HAJICKHOCTH, TO3BOJISIOIINE
(dbopManM30BaTh CTPYKTYPY M XapakTEPHCTHKH CHCTEMBI, a TaK)K€ MPUEMbI TEOPUH JIOCTATOUHOMN
cratuctukd. [locnenHue narT BO3MOXKHOCTh ONMPEICTUTh MUHUMAILHO JTOCTATOYHBIN 00BEM JTaHHBIX
NN Upin A0 KOPPEKTHOTO PEIIeHUs AUarHoCcTHYeckux 3amad. [Ipu 5ToM BpeMeHHbIe 3aTparhl Ha
JTMArHOCTUKY OTMMCHIBAIOTCS 3aBUCUMOCTBIO:

1
Alars =5 (15)
l+o-—m0
rae: Umin  — MHMHUMaIbHO  JIOCTaTOYHBIA  00beM  fgaHHbIX WM jm1d  AMarHOCTHKWY;
o — Kod(pduimeHT, XapaKTepu3yIOIIUH CTeleHb BIMSHUA H30BITOYHOW HH(OpMAIMM Ha BpeMs
auarHocTHKU. Ero 3HaueHme ompeaensercs MO0 3KCIEPUMEHTANBHO, TH00 aHAIUTHYECKH, C yIeTOM
CTIeIM(UKH CHCTEMBI.
besonacHocth (Kep) oTpaskaer ciocobHocTs CM cOXpaHATh COOpaHHYIO MH(MOPMALUIO OT
yTedek u kommpomeranuu. HenocratouHnass 0€30MacHOCTh YBETUYHMBAET BEPOSTHOCTh MCKAXKEHUS
WM yTpaTbl [OaHHBIX, 4YTO, B CBOIO OYCPCIAb, YCIOXHACT MAUMArHOCTUKY HW pCalnu3aluro
KOppeKkTHpyomux Meponpustuii [18]. BnusHue 06e30macHOCTM MOXHO YYMTHIBATH 4epe3
KO3 (OULUEHT CKPBITHOCTH, HHTETPUPYIOIUN BEPOATHOCTH KOMIIPOMETAIIMN UH(DOpMAaILIUK:
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aNy

— N3ac X V3ac 16
- ’
- N3ac + NOTK V3ac +V0TK ( )
rac:
— Ngac, NOTK — KOJIMYCCTBO 3aCEKPCUCHHBIX U OTKPBITHIX KaHAJIOB,
- NM — YHUCJIO 3JICEMCHTOB Ha6JHOI[aeMOI7I CUCTCMBbI, YHaCTBYIOIINX B ITPOLIECCEC;
— Vgac, VOTK — 00BEMBI I/H/I, HCpCHaBaCMOﬁ I10 3aCEKPCUCHHBIM U OTKPBITHIM KaHaJIaM.
BpeMH YCTpaHCHHA OTKas3a TyCTp C YUCTOM O6BCI[I/IHGHI/ISI BIUAHUN T1oaHOTEI U
u 0€e30MMacHOCTH KCKp) MOXHO ITOKa3aTh CJICAYIOIIHUM BBIPA)KCHHUCM:

B (17)
TyCTp = U . ’
Ko -(1+ (x—L’J“'” j

rre p — 6a30Boe BpeMsi YCTpaHEHHS OTKa3a MPH ONTHUMAIBHBIX YCIOBUSX, 3aBHCUT OT XapaKTEPUCTUK
PEMOHTHOI'O IPOLECCA, OMPEAESAeTC CTaTUCTUYECKU WM MO0 HOPMATUBaM, YCTAaHOBJIEHHBIM IS
JTAHHOW CUCTEMBL.

Jns opmanbHOro yuera CTpykTypsl naHHeix MW BBOauTCs mokaszatenb 3()QexkTUBHOM
noaHoTsl MW U,4¢(€,T) 3a1aBacMBblii BBIPaKECHUEM:

Uspp(&,7) ziuiwi (&7), (18)

IJIe € XapaKTepHu3yeT UEePAPXUUCCKHUI YPOBEHB MOJB30BATEIsI, T OTPAXKAET KJIACC MHPOPMAITUOHHBIX
tpeboBanuii, U; cooTBeTcTByeT 0a30BOil MOJHOTE I-ro Kiacca MaHHBIX, a Wi(€,T) — BECOBO
KOA((UIIMEHT, ONPEeACHIIONMI 3HAYMMOCTh JaHHOTO Kiacca HWH(pOpPMANMU B KOHKPETHOM
KOH(UTypaIuu CUCTEMBI.

Jiss OLlEHKHM BJIMSIHUS TIOJTHOTHI JIAHHBIX Ha MPOJOJIKUTEILHOCTh YCTPAHCHUS OTKa3a
BBOJIUTCSl TOTPABOYHBI MHOXKUTEIb, YYUTHIBAIOIIMNA COOTHOLICHHE MEXIy MHUHHMAJIbHO
HEoOXoUMON MONHOTON Upmin ¥ (akTHYecKn TocTHraeMbeiM 3HadeHUueM U,pg(e,T). Mcnompsyercs
anmpoKCHUMaIlisl, OCHOBaHHAs HA MPHUHIIUIIE JOCTATOYHOM CTaTUCTHUKH:

N p (19)

JuarH U ' !
chp 1+ a%
i (E5T)
IJ€ 0. OTPa)aeT, HACKOJIBKO OBICTPO BO3PACTAET BPEMs JUArHOCTHKU HpPU yMeHbIIEHUU U,gg 10
ypoBHS Umin.

OnHaKO UTOrOBBIE 3HAYEHHSA [gocer (3ABHCAIINE OT Togy U Tyerp) OMPEHETSAIOTCS HE TOJBKO
nonnotoil (U) n 6e3omacHocthio (Kop) MHQOpMAIMU, HO TakkKe CTPYKTYPOH CEHCOPHOM CETH.
N30bITOYHOE KOJMMYECTBO JAaTYMKOB W CIHIIKOM YacThIi OMPOC YBEIUYHBAIOT O00BEM
nepeaBaeMbIX JIaHHBIX U 33JIep>KKH 00pabOTKH, TOTJa KaK HEJOCTATOYHOE TOKPBITHE WIIH PEeIKUN
OIPOC CHUKAOT TOYHOCTh JIMATHOCTUKH, TIOBBITIIAsi PUCK HEKOPPEKTHOTO YCTPAaHEHUS OTKa3a.

Jiis perieHust 3Toi MPOOIEMBbI UCTIONB3YIOT U3BECTHBIE MOIXOBI U3 00JIACTH OECIIPOBOTHBIX
cencopubix cereir (WSN), B wactHocTH 3amady mokpeitus (Coverage Problem), tpakryemyro kak
3aJauy BbIOOpa MUHHMAJIbHOTO Habopa MaT4MKOB, yHOBIETBOPS Umin. Takoli momxom dYacrto
peaM3yroT MPHOIMKEHHBIMH JKaHBIMH aJITOPUTMAaMH, TJIe Ha KaKJOM IIare OTOMPAeTCs JaTYHK C
HAauOONBIIINM TIPUPOCTOM  «TIOJE€3HON» TONMHOTHl TMPU MHUHUMAIBHOW «CTOMMOCTH» B BHUJE
JOTIOJTHUTEIbHOTO 00beMa maHHbXx WMU. [lomoOHas onTHMH3anus COKpamaeT Kak H30BITOYHOCTH
JaTYUKOB, TAK U COBOKYITHBIE 3aJI€PKKHU 16 U Togp, CIOCOOCTBYS yMEHBIIEHHIO Tycrp.

Jlanee mnpuMeEHSETCS aJalTHBHAS CTpaTerus HW3MEHEHHMs dacToThl ofmpoca (Adaptive
Sampling), mo3BoJsitomas TUHAMHYECKH PEryJIMpOBaTh Harpy3ky. K mpumepy, mpu pocte Ypon
1eecoo0pa3Ho BPEMEHHO YBEIWYHTHh YacTOTy ONPOCa KPUTHUYHBIX JATYUKOB JUJISI TOYHOMH
JMArHOCTHKH, TOT/Ia KaK B «CIOKOWHBIE)» MEPUOJBI YaCTOTY YMEHBINAIOT, CHUXAs HArpy3Ky Ha
KaHambl cBsa3u. [1ycTh B pe3ynbTaTe peuieHus 3a/1a4i MOKPBITHSI BBIIEICHO MTOJAMHOXECTBO 0 co
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C nardukaMu 6, KakKJIOMy M3 KOTOpBIX HasHaueHa yactoTra ompoca {fj}. Torma sddexruBHas

MOJIHOTA MPHOOPETAET BU:
U.ps (8’T’{f/}): > Ujo(S’T’{fj})’ (20)
0;0"
rae Uj — 6a3oBast NONHOTA JaHHBIX JaTyvka 0j, a Wj y4UTBIBaeT NPHOPUTETBHI U YACTOTY OIPOCA.
B nanpHelimeM 5TO 3HAYEHUE HCIONB3YeTCS TPHU BBIUMCICHHM BPEMEHHBIX XapaKTEPUCTHK
MOHHUTOPHHIA U BOCCTAHOBUTEIBHBIX MPOIEAYP C YUETOM aalTUBHON NEPECTPONHKH CETH.

Brenpenne 3TuX Moaxo/10B B MOJIENb MTO3BOJISIET:

CHavana, ¢ MOMOIIBI0 NPUOIMKEHHOTO (KaJHOT0) alropuT™Ma HAjs 3aJadyd MOKPBITHS,
OTIPENCTUTh PAIMOHATBHBIA HA0Op JATYMKOB, OOECMECUYMBAIOMIMX JOCTATOYHYIO IIOJHOTY JUIS
JAHHOTO HMEpapXHWYeCcKOro YpPOBHsS € M Kiacca HMH(OPMALMOHHBIX TPeOOBaHHUM T. DTO CHU3HT
M30BITOYHOCTh U YMEHBIIUT JOIOJIHUTEIBHBIE 3aJIepXKKU MpU cOope u oOpadoTke manHbix MU,
BIUSIA Ha T o6p.

3areM, WCIONB3YS AJANTHBHYIO CTPATETHIO OMpPOCa, MOJCTPOUTH YaCTOTy ChEMa JIaHHBIX
TakuM 00pa3zoM, uToObl noanepxuBath U.pe(e, T, {fj}) Ha onTUMambHOM ypOBHE NpH MHHHUMYyME
«130BITOYHOTrO» TpaduKa. DTO 0Tpa3uTCs Ha To6p U, KaK CIEACTBUE, HA Tycrp.

KoM6uHanus 3TuX METO10B MO3BOJIUT €111 TOUHEE OLEHUTD [ yerp:

21
T, = p ’ (21)
Umin
Kag | 1+ > Uw, (S’T’ f;)
0,c o

rae U,pg(e, T, {fj}) Tenmeps Oymer ¢dopmmpoBathcss He HpPOCTO 3a cueT BbIOOpa mapamerpoB U
U BECOB Wj, HO U 4epe3 ONTUMM3AIMI0 COCTaBa CEHCOPHOW ceTu (pelIeHue 3a1addl MOKPBITHS) U
aJlanTHBHBIN ONpoC (OMpeieIeHue YaCTOThl CheéMa TaHHBIX ), YTO MOBBIIIAET KaueCTBO HHPOPMALIUU
0e3 upe3MepHOil Harpy3KHu.

Ha ocHoBanuu BbIpaxxeHusi (4), B COYCTaHHM C PE3yJbTaTaMH ONTUMH3AIMOHHBIX 3324
MapmpyTH3auun (Tes) W pacnpesieNieHnsl BBIYUCIUTENBHBIX pecypcoB (Tosp), @ Takke € yd4eToM
BJIMSTHAS TIOJTHOTHI, 0€30TMacHOCTH HMH(OPMAIUK, CTPYKTYPHI CEHCOPHOW CETH M aJalTHBHOCTH
4acTOThl onpoca AAaTYUKOB (Tyerp), MOKHO IIPEJCTABUTh BPEMs BOCCTAHOBIIEHMS IOCIIE OTKa3a
CJIEIYIOIIUM 00pa3oMm:

u.v
Ty = by P @
Ra(bcb,cnc‘r R N napaJut
CpsM K U ..
3arp KCKp . 1+(1 min
D Upw, (S’T’ fj)
0;e0*

B Takom Buae mojenb, MHTErpUpYIOIIas METO/Abl ONTHUMM3AIMKM U3 TEOpuu ceTell (3agaun
MOKPBITHS), aJalTUBHOE YIPABICHHE OMPOCOM JAaTYUKOB M y4yeT (HDaKTOpOB NMPOTHUBOJAEHCTBHA,
PECYPCHBIX OTpaHMYEHHIl W NapaMeTpOB MOHUTOPUHIA, IIO3BOJSIET TPOU3BECTH PACUETHI
U IIOCTPOUTH TPA(UKH 3aBUCUMOCTH Tycrp M Tpocer OT PA3IUMUHBIX KOHGHIypaluil CEHCOPHOW CeTH
U napaMeTpoB ompoca. CpaBHeHHE pe3yJbTaTOB C MpPUMEHEHHeM M 0e3 IpUMEHEHUus
npubnmxeHHplx — anroputMoB  WSN  HarmsgHo  JI€MOHCTpUpPYET HpPEUMYIIECTBa  TaKOIro
KOMIUIEKCHOTO TOJXO0/a, MOBBIIIAS HAy4YHYI0 OOOCHOBAHHOCTh M MPAKTHYECKYI0 MPUMEHHMOCTh
pa3paboTaHHOI MOJETH B YCIOBUSAX dKcIuTyatanuu YC.

Baunsinne BpeMeHH BOCCTAHOBJICHUS H KOI((PHUIMEeHTAa TOTOBHOCTH HA0JII01aeMOH CHCTEMBbI
HA BEPOSITHOCTh CBOCBPEMEHHOM JOCTABKH COOOIECHUI y3JIa CBA3H

[lompoOHas neranmu3aryisi CTPYKTYpbl BPEMEHH BOCCTAHOBICHUS [ gocer, BKITFOUAIOMIETO | o6y
U Tyerp, TIOKA3BIBAET, YTO YMEHBUIEHUE [pocer JAET ONEPALMOHHBIA BBIUTPBIN B IOBBIIIEHUH
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OIEPaTUBHOW TOTOBHOCTH TEXHUKU CBSI3M M YCKOPEHHWM YCTpaHEHHs OTKa3oB. Hapsinmy ¢ atum
paccMaTpuBaercsi KOO UIMEHT TOTOBHOCTH CHCTEMBI K. ¢ycr, OTPAKAIOIINIA CPEIHIO0 T0TI0 BPEMEHH,
KOTJja TeJIEKOMMYHHKAIIMOHHOE 000pY/I0BaHUE OCTAETCs B paOOTOCIIOCOOHOM COCTOSTHUU.

Jnst oneHkn kadectBa, co3naBaeMoii CM, HE0OXOIMMO ONpenenuTh OLeHKY 3(dexTuBHOCTH
¢dbyaknuonupoBanus YC B kotopom oHa mpumeHeHa [17, 18]. DddekTuBHOCTE (HyHKIIMOHUPOBAHUS
YC ocHOBBIBaeTCSI Ha OMPEEICHNA BEPOSTHOCTH CBOCBPEMEHHOH JOCTaBKU cooOiieHuit [19], uro
HEMOCPE/ICTBEHHO CBA3aHO C KaUY€CTBOM PabOThI CHCTEMbI MOHUTOPUHTA. B 3TOM KOHTEKCTE€ MOXKHO
paccMmoTpeTh, kak CM BIIMSIET HA METacUCTEMY, TO ecTh Ha 3(dexTuBHOCTD QyHKIMOHMpOBaHUS YC.
Jlnst Toro 4ytoObl OLEHUTH ITOT BKJIAJ, HEOOXOAWMO pacCUMTaTb BEPOATHOCTH TOTO, YTO BpeMs
nocraBku cooOmiernii Ha YC He TPEBBICUT YCTAHOBICHHBIC MPENENbl, YTO HEOOXOIUMO IS
o0ecrniedeHurs OnepaTUBHOCTU U TOYHOCTU PaOOTHI CUCTEMBI.

JlanHast MoJieNb HampaBlieHa Ha BBIYMCICHHE 3aBUCUMOCTU MEXAY (DaKTHUECKUM BpPEMEHEM
JOCTaBKH COOOIIEHUN M YCTaHOBJICHHBIM MPEEIIOM BPEMEHH, a TaKXkKe OMpe/esIeHnEe BEPOSITHOCTU
TOTO, YTO BPEMs JOCTaBKU HE BBIMJAET 3a PaMKU JIOIMYCTHMOTO. JTO MO3BOJSET UCCIIEN0BATh, KaK
CM Bausier Ha oOmyr0 3ddexTuBHOCT, (yHKIMOHUpOoBaHus YC, mpuHUMas BO BHHUMaHUE
napameTpbl, KOTOPbIE HEMOCPEICTBEHHO BIUAIOT Ha MPOIECC JOCTABKU COOOIICHUH.

Toraa BeposSITHOCTh CBOEBPEMEHHOM TOCTABKH COOOIIEHHI OMPEIeNseTCs] BhIPAKEHUEM:

PCB,k = P{THOCT,k < TTp,}, (23)
rae Theerk — BpeMs 10CTaBKH K-To cooOImenus, Tk — YCTAHOBJICHHBIH Ipe/iesl BpEeMEHH JIOCTABKH
k-ro cooOrieHus.

B Tunoseix mnoaxomax [19, 20] k oIleHKe BEpPOSTHOCTU CBOEBPEMEHHON JOCTaBKH
HCIIOJIb3YETCSI MOJIEIb, MIpeAIoaratomas, yto Pg x IpeacTaBisercs Ipou3BeIeHUEM «TOTOBHOCTH

o N v
Ha «BpPEMEHHOW» MHOXHTENb. IlycTh HH K., XapakTepu3yeT TIOTOBHOCTb HaOII0maeMOi

TTp k 2
CUCTEMBI, 8 — P~ OTBeYaeT 3a BpeMeHHOU pakTop (ecnu Tyocer K Topk, KpuBast 61m3ka K 1):
TTp,k +TBOCCT
N T .
P(:Bk = H Kei |- - (24)
’ i )T +T
i=1 k BOCCT

Koaddumuent roroBHocTH HaOmomaemMoit cucteMbl K cuer YUUTBIBAET WHTEHCHUBHOCTH
OTKa30B M BOCCTAHOBJICHHUS KaXI0ro I-ro smemeHTa (mMoaynsi) OM HUCHONIB3YIOTCS MapameTphbl
MHTEHCUBHOCTEW OTKa30B M BOccTaHOBJieHUs [21, 22]. Jlng ero pacdera BBOJAUTCA JIOKAJIbHBIM
MOKa3aTelb:

= Mm +A“i (25)
i '
Aoi + i+ g + AL
rue:
— Moi — MHTEHCHBHOCTH 0a30BOT0 BOCCTAHOBIICHHUS I-T0 00bEKTa MOHUTOPHHTA,;
— Aj — JIOTIOJIHUTENbHAsE UHTEHCUBHOCTh BOCCTAHOBJICHHSI, 00YCIIOBJIEHHAs! MTOBBIIIEHHBIM
Ka4yeCTBOM MOHHTOPHUHTA;
— \oi — MHTEHCUBHOCTH OTKa30B (0a30Bas);
— Yi— UHTCHCHUBHOCTh  BO3JICHCTBUS TNPOTUBHUKA (HANPUMEP, PaTHOIIEKTPOHHOTO
MIOJIABJICHUS HJIH OTHEBBIX BO3/IEHCTBHIA).
CoBOKyNHBIH  KOO(QGUIMEHT TOTOBHOCTH  HAOJMIOJa€MOM  CHUCTEMBI  ONpeiesnsercs
MIEPEMHOXEHUEM YaCTHBIX KOA(PPHUIIMEHTOB:

N
KF,CHCT = H Kr,i ' (26)
i=1

[TapameTppl WHTEHCUBHOCTH OTKa30B (Agi)) M BOccTaHOBIEHHS (Moi, ALi) SBISIOTCS
KPUTHYECKH BaXXHBIMU JJII TOYHOCTH MOJEIUPOBAHUS HAJEKHOCTH TEIEKOMMYHHKAIIMOHHON
CHCTEMBbl. DTH MapaMeTpbl MOTYT BapbupoBaThcs B 3aBucuMocTu oT crneunpuku TKO u ycrnoswuii
sKcIUTyaTanuu. HanpruMep, MHTEHCUBHOCTH OTKAa30B M BOCCTAHOBJIEHHS MOTYT OBITh OIpPEEICHbI
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yepe3 CTaTUCTUYECKHE JAaHHBIE O YacToTe cCOOEB M BPEMEHH BOCCTAHOBIICHHS JUIS Pa3JIMYHBIX
TUIIOB TKO. B paborax, MOCBSIIIEHHBIX pacueram O0TKa30yCTOMYUBOCTH B
TEJICKOMMYHHUKAIIMOHHBIX CUCTEMax, TaKMX Kak [22, 23], npennokeHbl YUCIOBbIC 3HAYCHUS IS
3TUX MapaMeTpoB, YTO IMO3BOJISIET HCIOJB30BAaTh UX JUIS KalIMOPOBKM MOl B peabHBIX
yciioBuUsX. {1 MOBBILIEHUS! TOUHOCTH PAacdyeTOB CJIENYET MCIOIb30BaTh JAHHBIE, OCHOBAaHHBIE HA
XapaKTePUCTHKAX KOHKPETHOM CEeTH, YYUThIBasi OCOOCHHOCTH €€ KOH(UTypaluu U BO3ACHCTBHUS
BHEIIHUX (DAaKTOPOB, TUIA PATUOIIEKTPOHHOE MOJaBICHUE U (PU3NUECKUE BO3ICHCTBHSL.

Takum oOpa3oM, BEpOSTHOCTH CBOCBPEMEHHON gocTaBKuM coolmeHuidi YC  MOXKHO
IIPEICTABUTH CIICAYIOIIUM BbIPAKEHUEM:

N AL T
Pch — H “’0! + “I . Tp,K ) (27)
’ i1 Agi T+ g AW TTp,k +T,

BOCCT

Ha ocHOBe mony4eHHbBIX Pe3yJbTaTOB MOXHO BBIJEIUTH HECKOJBKO KIFOYEBBIX (DaKTOPOB,
orpeneNaomux d3PPeKTUBHOCT (QYHKIIMOHUPOBaHUS Habmogaemoii cucremsl TKO:

1) IMoxnepxka BBICOKOH TOTOBHOCTH CHCTEMBI (K cyer) MOCTHrAeTCs 32 CUET YBEIUYCHHS
WHTEHCUBHOCTH BOCCTAHOBJICHHS |[loj, ALj U CHUKEHHUS PUCKOB Agj, Y. DTO MOXET MOTPeOOBaTh
JIOTIOJIHUTENBHBIX PECYpCOB TEXHUKU CBs3HM, Takux Kak pe3epBHoe TKO wu ynydiieHHbIC
peryiaMeHThl TEXHUYECKOTO O0CTY>KUBAHHUS.

2) MUHUMU3AIKS BPEMEHH BOCCTAHOBJICHHS gocer TPEOYET 3(G(GEKTHBHBIX METOI0B
MOHUTOPHHTA (YMEHBIICHUE To5,) U YCKOPEHHS IPOLEAYP YCTPAaHEHHs OTKA30B (CHIKCHHE Tycrp).
O6a sTux (axTopa HAMpPSAMYIO 3aBUCAT OT aPXUTEKTYPbl CUCTEMbl MOHUTOPUHTA, €€ CIIOCOOHOCTHU
COOMPATH IMOJIHBIC U TOYHBIC JAHHBIC, 4 TAK)KE YPOBHS aBTOMATU3AIIMU TIPOIIECCOB PEMOHTA.

3) B pe3ynbTate ONTUMAIbHOTO COYETAHHS BBICOKOH MOTOBHOCTH CHCTEMbI U MHUHHMAJIBHOTO
BPEMEHU BOCCTAHOBNCHHS  (Tpoeer) JAOCTHTACTCA  3HAYUTEIBHOE  TOBBIIIEHHE  BEPOSATHOCTH
cBoeBpeMeHHOH foctaBku coodueHnit Y C (P, k) 10 3a0aHHOTO PeIeNIbHOrO BpeMEHU Ty k.

Taxum o6pazom, s dexkruBHOCTD PyHKIIMOHUpOBaHUS Y C HANPSAMYIO ONPEAEISeTCs IBYMS
OCHOBHBIMH  (haKTOpaMH: HAJECKHOCTHBIMH  XapaKTePUCTHKaMH  CUCTeMbl (KO3 UIeHT
TOTOBHOCTH) U OTEPATUBHOCTHIO BOCCTAHOBJICHUS (BPEMS Tgoccr). COBMECTHAST ONITUMM3AIUS ITUX
dakTopoB oOecreunBaeT HAUOOJBIIYI0 BEPOSTHOCTH CBOEBPEMEHHOH JIOCTaBKM COOOIIEHUI
B YCJIOBHSIX 9KCIUTYaTaIlMU, YTO U SIBJISIETCS OCHOBHOM IEJIbI0 MOJICIUPOBAHUS.

Ilens MonenupoBaHUsI TIpolleCCAa MOHUTOPUHTA TEXHHUYECKOTO COCTOsiHMA cBssu YO
3aKJII0Yasiach B UCCIIEA0BAaHNM BIUsSHUS napameTpoB (Z, Y, R) u cocrosnus HabmoaaeMbix 00BbEKTOB A
Ha BPEMEHHbIE XapaKTE€PUCTUKU MOHUTOPUHIA (Tcs, Toop, Toows lyerp)s KOTOPBIE, B CBOIO O4YEpEp,
OTIPENIENISIIOT BpPEMsI BOCCTAHOBJIEHUSI Tocie OTKaza (Tpoeer) M KOI(POUIIMEHT TOTOBHOCTU CHCTEMBI
(Krcuer). Momens  49eTKO JIEMOHCTPHUpYET BIHMSHHE OTHX TIOKazaTened Ha 3((PEKTHBHOCTH
¢ynkumonnposanus Y C, BbIpa)Karollyrocs Yepe3 BEpOSTHOCTh CBOEBPEMEHHON JOCTABKU COOOILIEHUM
Ha YC (Pgk), ¥ TO3BOJISIET OLIEHUBATH KauecTBO cozaaBaeMord CM Y C ¢ TOUKH 3peHuUs] METaCUCTEMBI.

3akjao4eHue

Jns pemenus 3anay nocrpoenuss CM YC nenecoobpaszHo popmupoBaHue U MPUMEHEHHE
COOTBETCTBYIOMIETO METOJIOJIOTHIECCKOTO ammapara, PacKphIBAIOMIETO OCHOBHBIC TIPOICTYPHI
MOJICTTUPOBAHUS UCCIIEYEMbIX CUCTEM MOHUTOPHUHTA.

BonsmuHcTBO COBPCMCHHBIX AKTHUBHBLIX CUCTEM MOHHUTOPHWHIAa HCIIOJIB3YIOT O}II/IHaKOBBIf/’I
NPUHIIMIT: CUCTEeMa MOHHUTOPUHTa HEKUM oOpasom ompammuBaer TKO wunum mporpamMmHoe
oOecrieueHre, TMOJIy4YaeT pe3yabTaT M CpaBHUBAaET €ro JuOo C 1mabioHOM, JHOO C 3apaHee
3aJJaHHBIMHU MIPEIETBHO JOMYCTUMBIMU 3HAYCHUSIMH.

O0beM ©  CBOEBPEMEHHOCTh  IOJIydaeMOW  HWH(POpPMAIIUU  OMNpeAesieT  KadecTBO
MPUHUMAEMBIX PEIIeHUH 10 yIPaBICHHIO.

Ha ocHnoBannu MMPOBCACHHOI'O HCCICOOBAHUA ObLIN BBIJICJICHBI KIJIFOUCBBIC ACIICKTHI,
CYIIECTBEHHO BIMSIONME Ha 3((HEKTHBHOCTH (PYHKIIMOHUPOBAHMSI CUCTEMBbl MOHUTOPWUHTA U
BOCCTaHOBJIEHUsI Tociie oTka3oB Ha YC. OCHOBHOW aKIEHT CJAeJlaH Ha TMOJACP)KaHWU BBICOKOU
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TOTOBHOCTH HAOJI0JaeMON CHUCTEMbI, YTO TpeOyeT MPUMEHEHHs OMOIHUTEIbHBIX PECYpCOB IS
noJiep KaHusi UHPACTPYKTYPHl U COBEPILICHCTBOBAHUS MPOIECCOB TEXHHUYECKOTO OOCITY>KUBAHHS.
OTU pecypchbl BKIIOYAIOT B ce0sl Kak pe3epBHOE 0OOPYIOBaHME, TaK M ONTHUMHU3ALHUIO MPOLEIYP
JUarHOCTUKU M yCTpaHEHMsI HEUCIIpaBHOCTEN. B yciioBUSAX BeEHMSI COBPEMEHHBIX OlEepaluil 3To
OCOOCHHO KPUTHYHO, TaK Kak IIOCTOSHHbIE M3MEHEHHs BHEIIHEW OOCTaHOBKH, BIIMSHUE
JecTaOUIN3UPYIOMUX (PAKTOPOB M BBHICOKAsl CTETIEHb HEONPEAEICHHOCTH TPEOYIOT, YTOOBI Cpe/ICTBA
yIpaBieHUs BOMCKaM U OpyxkHeM (00bEeKThl MOHUTOPUHTA) ObUIH FTOTOBBI K MTHOBEHHBIM OTKJIMKAM
Ha U3MEHEHUS U ONIEPATUBHOMY BOCCTAHOBJICHMUIO.

Jis MojenupoBaHHsl CHCTEMbl MOHMTOPHHTA HPHUMEHSJICS KOMIUIEKC aHAIUTUYECKUX
METOJIOB, OCHOBBIBAIOLIUXCS Ha IIOJOKEHUSAX TEOPUU HAIEKHOCTH, TEOPHUM MacCOBOIO
oOCITy’KMBaHHs, CHUCTEMHOT0 aHalu3a U METoJaxX ONTHUMH3AlUK (JUHEHHOe, LEeTOYNCICHHOE
pPOrpaMMUPOBAHUE W JIOCTATOYHAs CTAaTUCTHKA). Takoe codeTaHwe MO3BOJSIET (OPMaTN30BAThH
BPEMEHHBIE XapaKTepUCTUKH MOHUTOPHHIA (Tcs, Tosp, Toou, Tyerp) U CBSI3aTh MX C BEPOATHOCTHO-
BpEMEHHBIMU NMOKA3ATENAMU (T gocer; Krcuer) € YUETOM OIpaHHYEHHMM IO pecypcaM U BO3AECUCTBUI
MIPOTUBHUKA. B OTIMYME OT yHPOIIEHHBIX WM CTATUYHBIX MOJIXO00B, aHATUTUYECKAst MOJIEb AaeT
BO3MOXXHOCTb YUYECTh CJIOXKHYIO CTPYKTYPY CEHCOPHOH CeTH (3aa4yd HOKPBITHS U aJalTUBHOIO
Olpoca JAaTYMKOB), a TaKKe BIMSHHE BHEIIHUX (PAKTOPOB, YTO KpaiiHEe Ba)XHO ISl TOYHOTO
IIPOTHO3UPOBAHUS M OINEPATUBHOIO YIPAaBJICHUSI B YCIOBUAX OOEBBIX JEHCTBUM, TPEOYIOLIMX
BBICOKOH aJallTUBHOCTH 3KcIutyatupyemon cucremsl TKO.

Takum oOpa3oM, pazpaboTaHHas aHAIMTHYECKash Mojaesb mnpouecca coopa MM B CM YC
MOKET OBITh HCIONb30BaHA ISl PEIICHUS pPsAa 3aJad IO MOCTpoeHHIo apxutekTypsl CM YC,
MOBBIIICHUIO €€ APPEKTUBHOCTH U YCTOWIMBOCTH B YCIIOBUSAX BEJICHHS COBPEMEHHBIX OIEpaIUii.
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Analytical model of the process of monitoring the technical condition of communication
equipment of a special-purpose communication center

Safiullov D.M.

Annotation. Modern special-purpose telecommunication systems operate under conditions of increased
reliability and efficiency requirements. This is especially true when performing the tasks of command and control
of troops and weapons during modern operations. The article considers the existing approaches to monitoring the
technical condition of communication equipment at special-purpose communication nodes and proposes an
analytical model of its monitoring process. The model combines time and reliability parameters (including failure
rate and recovery, channel bandwidth, packet loss probabilities), and also takes into account external influences
(electronic jamming) and limited resources. The paper analyzes the role of the monitoring subsystem, which not
only helps to reduce the time to detect and eliminate failures, but also allows you to evaluate the quality of
monitoring in terms of the functioning of the system in whose interests it is used, that is, the effectiveness of the
communication node. The purpose of the study is to develop a formalized approach that allows taking into
account and optimizing the key parameters of the monitoring process to increase the stability and efficiency of the
communication hub. The scientific novelty lies in the fact that the developed model, unlike well-known monitoring
modeling approaches, takes into account the effectiveness of information decision-making. In the known models,
monitoring provided only raw data for analysis, whereas in this model, time and reliability criteria are
synthesized, which makes it possible to more accurately assess the impact of information solutions on the
effectiveness of the meta-system. The results confirm the possibility of using the proposed analytical model to
adapt real-time monitoring systems, which ultimately contributes to an increase in the combat readiness of units
and operational management. The practical significance of the work lies in the fact that the formulated models
and techniques can be implemented in the design and modernization of special-purpose communication control
systems, ensuring a high degree of equipment readiness even in conditions of intense counteraction.

Keywords: analytical model, information collection time, recovery, sufficient statistics, availability
coefficient, technical condition monitoring, completeness optimization, bandwidth, electronic suppression,
telecommunication equipment, queuing theory, communication hub, troubleshooting.
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MeToauka nNporHo3upoBaHusl HeNpeaHAMEPEHHbIX PaAHOIIOMeX
B Auana3one 0,01-30 MI'u u ee nporpaMMHasi peajiu3amus

Tunukun A. A., I'yctoB A. A.

Annomayun. Ilocmanoexka 3adauu: 603MONCHOCHb 0DecneyeHus CA3bil0  CMAYUOHAPHBIX U
NOOBUIICHVIX 00BEKMO8 8 3a0AHHOM patione Oonpeodensiemcs OmHouleHueM cucHar/nomexa. B ycnoeusx
OMCYMCINBUsL NPEOHAMEPEHHBIX NOMEX OOHUM U3 OCHOGHLIX (DAKMOPO8 CHUJICEHUsI Kauyecmed npuema
CMAHOBUMCST  HAUYUE HENPEeOHAMEPEHHbIX NOMeX, BKIOUAIOWUX HECKOAbKO pPA3IUYHbIX KOMHOHEHMOS.
IIpocrosuposanue HenpeoOHaMepeHHbIX nomMex Modicen Oblb GbINOIHEHO HA OCHO8E Pa3pPAOOMAHHBIX MEMOOUK
U COOMBEMCMBYIOWUX PACUEMHBIX NPOSPAMM, ORUPAIOWUXCS HA pekomeHOoayuu MedcoyHapooHo2o cow3a
anekmpocesazu. OOHako, HeOOCMAamKu, NPUCYIUe CYUECMBYIOuUM MeMOOUKAM U UX NPOSPAMMHBIM
peanuzayusim, He NO38ONAIOM 8 psde CIyuded UCHONb308AMb UX 68 paciemax nokazameneti cea3u 0e3
cyujecmeennvix dopabomox. Llenv pabomul: paspabomams MEMOOUKY NPOSHOUPOBAHUSL HENPEOHAMEPEHHBIX
nomex 6 ouanasone 0,01-30 MIy u coomeemcmsyowyo NPOSPAMMHYIO Peanu3ayuio, YCmpaHsouyio
He0OCmamKy Cywecmeyrouux MemoouK O1si NOCIeOYIoue20 NPUMEHeHUs 8 UHMEPecax NpOSHOUPOBAHUS 30H
obecneuenus ceazvio. Hcnonbv3yemple mMemoowl: npoBeOeHHblll CUCIEMHbIU AHAIU3 NO360AUL 0000UWUMb
pe3yivmamuvl, NOIyHeHHble 8 00AACTNU NPOSHOZUPOBAHUSL HENPEOHAMEPEHHBIX NOMeX. YempaneHue HedoCmamKog
CYWeCmBYIOWUX Memo008 U UX NPOSPAMMHBIX peanuzayull, odecneyenue COBMeCmUMOCMU C HeKOMOpbiMU
Memodamu NPOSHOUPOBAHUST IHEPLeMUYECKUX NaApamempos paoUuOmpace blNOIHEHO HA OCHO8E CUCHEMHO20
nooxooa. Hoeusna: paspabomannas memoouxa u COOMEemMCmeyouds npocpamMmuas peanuzayus obecneyunu
yempauenue  MmpaHcIKGAMOPUATbHO20 —CKAYKA XAPAKMEPUCTIUK — AMMOCHEPHLIX NoMeX, 00YCI06TIeHHO20
paznuduem annpoKCUMAYUOHHBIX CE30HHbIX IYHKYUIL YACMOMHO20 npueedeHus d¢ghpekmusHo2o ko3¢ guyuenma
wiyma, npugeoeHue Kapm noMexo8bix Xapakmepucmuk K 6CeMUpHOMY CKOOPOUHUPOBAHHOMY 8PeMeHl, 6HeOpeHUe
B03MONCHOCIU YYema 8epOSMHOCIU NPEGbIUEHUS. 3A0AHHO20 YPOBHS WYMA NPU BbIYUCTIEHULU HANPAXCEHHOCHU
nojis nomex u MowjHocmu nomex u pso opyeux usmenenutl. IIpaxmuueckas 3HAUUMOCHb: NPOSPAMMHAA
peanuzayusi MemoouKu 8bINOIHEHA 6 8ude nakema pacutupenuss mRNoise 0ns cucmemvl modenuposanusi Matlab.
Taxem pacwupenuss mRNoise docmynen na omxpuimvix pecypcax Matlab-Central u GitHub. Pesyrbmamul
NPOCHOZUPOBAHUS HANPSICEHHOCMU NOJSL NOMEX U MOUWHOCHIU NHOMeX MO2YI Obimb 8 OAbHEUEM UCHOIb308AHbL
0715 onpedeneHus Kayecmaa cesasu 8 3a0aHHbIX PALIOHAX.

Knrouesvie cnosa: amniumyonoe pacnpedenenue nomex, ammoc@epHvie NOMexu, 2aiaKmuieckue
nomexu, UHOYCmpuUaibHble NOMEXU, NPEBbIUEHUs 3A0AHHO20 YPOBHSL noMeX, d¢hhekmusHbill Koagduyuenm uwyma.

BBenenne

Jlnst onpeseneHusl KayecTBa CBSI3M C IMOJBMKHBIM OOBEKTOM B BO3MOXKHOM paiOHE €ro
NEeUCTBUM, MpU OTCYTCTBUHM IPEIHAMEPEHHBIX IIOMEX HEOO0XOAMMO KpOME DSHEPreTMYECcKUX
[IapaMeTPOB CUTHAJa 3HATh IPOTHO3UPYEMbIE YPOBHM HempeaHaMmepeHHbIX nomex [1]. C oxpHoit
CTOPOHBI, CYIIECTBYET JOCTaTOYHO TOApoOHas pekoMeHAauus MexXIyHapoJHOrO  COro3a
anekTpocBsizu MCD P.372-17 [2], koTopas periaMeHTHpYeT pacyeT CyMMapHOW IIOMeXH B
mranazone 0,01-30 MI'm, ckiampiBaromencst u3 arMoc(epHOT0, TATAKTHYECKOTO ¥ HHYCTPHAIBHOTO
KomroHeHToB. Ha 6a3ze pexkomenmaumii MCD pa3paboTaHO HECKOJBKO METOJUK, MO3BOJISIOIIUX
BBITIOJIHATD PACUeThI ISl 33JJAHHOTO MecsIa rojia M, BpeMeHu cyTok h [4], reorpadudeckoil mmpoTsl
lat [rpan] u reorpadudeckoit gonrotsl lon [rpax]. K Takum MetomukamMm MOXHO OTHECTH, HAaIIpUMeEp,
paboty [3]. bonee Toro, HeKOTOpbIE METOIMKU YK€ UMEIOT TOTOBYIO MPOIPAMMHYIO Pealn3alllio B
BHUJI€ TOTOBBIX K HCIOJIb30BAHUIO MporpaMM uian o6ubmuorek [4, 5]. C apyroif CTOpoHbl, HU O/IHA U3
M3BECTHBIX METOAMK WM MPOrPaMMHBIX pealn3alliii He OXBATHIBAET B MOJIHON Mepe BCE ACMEKTHI
pexomenaauuu [2]. Tak Hanpumep, B MeToauke [3] HE MPHUBEACHBI CBEIEHUS O BO3MOXHOCTH
MIPOTHO3UPOBAHMSI YPOBHS MOMEX, OTIIMYHOTO OT MEIMAHHOIO, T. €. IIPU BEPOSATHOCTH NMPEBBILICHUS
3agaHHoro ypoBHs nomexu P #0,5. Ilporpammuas peanuzanus [4] He TO3BOJISIET BBINOJHUTH
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WHTEPIIOJSIIUIO B SKBATOPHAIILHOM 30HE 151 Kodddummenta atMmocepHbIx nmomex F,, 94To mpuBoauT
K DKBAaTOPHAJIBHOMY CKadyKy aTrMoc(epHOW IMOMEXHM Ha YacToTax oTiauyaromuxcs ot 1 MIm.
[Tporpammbl [4, 5] He MMEIOT BO3MOYKHOCTH CTPOWTH KapThl YPOBHEH IMOMEX Ui BCEMHPHOTO
ckoopauHupoBanHoro Bpemern (UTC). Yka3aHHbIE acnieKThl MPHUBOAAT K TOMY, YTO HEOOXOAMMAa
NopabOTKa MPUBEACHHBIX METOJMK, 4, YUUTHIBAas Pe3yibTaThl, JOCTUTHYThIE B pabortax [6, 7] mo
IIPOTHO3UPOBAHMIO SHEPIETUUECKUX MApaMETPOB PAJUOTPACC JUala3oHa OYeHb HU3KHMX 4YacToT,
nenecooOpazHa pa3pa0OTKa TMPOTPAaMMHOM — peaiu3ali  peKOMeHJanuu [2] Ha  eauHOH
TEXHOJIOTN4YeCcKOil ocHOBE. COBOKYIHO YKa3aHHbIE HEJOCTATKHU OIPENENAIOT 1IeJb HCCIEA0BaHUS,
KOTOpasi 3aKJI0YaeTcsi B COBEPIICHCTBOBAHWU METOJMKU MPOTHO3MPOBAHUS HEIpeIHAMEPEHHbBIX
nomex B auamnazone 0,01-30 MI' u pa3paboTku COOTBETCTBYIOLIEH MPOrPaMMHON peau3alvy IS
MOCJIeIYIOIIEro MPUMEHEHHUs B MHTEpecaxX MPOrHO3UPOBAHUS 30H 00eCIIeUeHUs CBS3BIO.

Mogaeab arMocdepHBbIX IOMeX

HenpeanamepeHnHble moMexXu B COOTBETCTBHU C peKOMEHIanuen [2] BKIIOYaroT B cedsi TpU
KOMIIOHEHTa — arMoc(epHble TIOMEXH, HWHIYCTPHAIbHBIE TIOMEXH W TaJaKTHYSCKUE IIyMEI.
ATMochepHbIe TOMEXH SBIAIOTCSA OJHUM U3 HanOoliee CYIIECTBEHHBIX KOMIIOHEHTOB, @ Ha 4aCcTOTaxX
ke npuommsutensHo 300 k[l — JOMHHHPYIOIINM, W PAacCUUTHIBAIOTCS Ha 0aze d(PQPEeKTUBHOTO
ko3¢ dunuenTa myma f, wim norapudmudeckoro addexrrBHoro koadpunmenra mryma F, [8]:

f =P E 10191, (1)
KT,b
r7e Pn — MOIIHOCTh MTOMEX Ha BBIXOJE aHTCHHBI O€3 ydeTa MoTeph B aHTEHHE, K — MOCTOsIHHAsI
Bonbsiimana, paBHas 1,38:10%° [Jx/K]; To =288 — sramouHas mrymoBasi temmepatypa [K]; b—
pabouas 1moyioca 4acToT CUCTEMBI cBs3H [[1].

CpenHekBaipaTUYHOE 3HAYECHUE HAMPSHKEHHOCTHU MOJS IIYMOB, BBIPAXKEHHOE B JlennOesnax

otHOcuTenbHO 1 MKB/M st mostocer B, nb/I't, npencraBnsercs B Buze [9, 10]:

E,=F,+20Igf,, +B-955 [15/(MKB/wm)], )

une fmry — HeHTpanbHas gacrora mosiocsl Af [MI'n]; Af — monoca gacror [I'1r]; B = 10 IgAf.

D¢ dexTuBHBIH KOA(POUIMEHT LIYMOB aHTEHHBbI F, ompexesnsercs BHEUIHMMHU LIyMaMH,
HOJTy4aeMbIMU OT KOPOTKOTo BepTukanbHOoro monomoms (h <« A, h — Beicora, A — anKHa BOJHBI Ha
paboueii yactoTe) 6€3 MoTephb, PACMOIOKEHHOTO HaJl UJeaIbHO IPOBOIAIIEH 3eMIIeH.

ITpoBenennsie uccneaoBanus [11] mokaszanu, 4To U3SMEHYMBOCTH fy U151 3aaHHOTO Ce30HA U
BPEMEHHU CYTOK aJIeKBaTHO MOJEIMPYETCS IBYMs JOTHOPMAaJbHBIMH PACIpeIesIeHUsIMH, OJHO U3
KOTOPBIX TOKPHIBAE€T OOJIACTh BBHIIE MEIWAHBI, a APYroe — HWXKe. Pacmpenenenue 3amaercs ¢
MOMOIIBIO TpeX BenuuuH Faym, Dy u D), tne Fam — Mequannoe 3nauenue F,, Fam + Dy — 3HaueHue
MOIITHOCTH IITYMOB, TpeBbIIeHHOe B TeueHne 10 % BpeMeHH B Ipenenax MpPOrHO3UPYEMOTO
BpeMeHHoro untepBana [aAb], Fan—D; — 3HaueHHe MOLIHOCTH IIYMOB, NMPEBBIIIEHHOE B TEUCHHE
90 % BpemeHH B Tpezieiax MpOTHO3UPYEMOT0 BpeMEeHHOTo nHTepBaia [nb].

3navyenus Fan Ha vactore 1 MI'I anmpoKCUMHUPYIOTCS C TOMOUIBIO Pa3iI0KEHUS B PAJIbI
®ypre [3, 12] no mmpoTe U MO T0AT0TE IS 33aHHOTO BpEMEHHOro 0110ka MecTHoro Bpemenu (LT)
h — 0:00-4:00, 4:00-8:00, 8:00-12:00, 12:00-16:00, 16:00-20:00 u 20:00-24:00 u 3amaHHOTO
nepuofa rona S — 1 {nexkaOps, ssHBapb, (heBpaib |, 4 {MapT, anpeinb, Mail}, 7 {HOHb, UIOJIb, aBI'YCT},
10 {ceHts0pb, OKTAOpH, HOSAOPH}. Ciemyer oTMeTHUTh, 4TO B pekoMeHmammu MCD [2] mns
ompeneneHusi Fam B OTIMYME OT HEKOTOPHIX Oojiee paHHUX PENaKIUi YKa3bIBAIOTCS HE CE30HBI
rojia, a NepuoJIbl MECSIIEB, B TO BpeMs KaK OJJMHAKOBBIE CE30HBI B CEBEPHOM U I0)KHOM MOIYILIAPUU
paznuyaroTcs Ha 6 MECSIIEB.

Jlist annpoKCUMAalMy MKUPOTHON BapHalluy MapamMeTpa IUPOTHAs 1IKana rnpeodpasyercs U3
—90° <x<90° B 0 <X <7 u 3amxaercs pyukius ¢(X), Takum 006pa3oM, 4TOOBI

f(X)=g(X)=a+px, 0<x<lI;

g(x)=-g(-x), —1<x<0, (3)
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rae | — rpanua nHTEpBaa AaNMPOKCUMAILUH, a 0. U 3 BRIOMPAIOTCS HCXOMAS U3 TPAHIUYHBIX YCIOBHNA:
9(0)=0; g(I)=0. (4)
[TonoOnas 3amena maer Oosee ObicTpoe cxoxaeHue psga Pypbe B OTIMYHE OT MPSIMOTO
pasnoxkenus f(x).
®ynkuus g(X) pasnaraercs B psig Oypbe Buga

g(x):blsinIfx+bzsin2|—"x+...+bi siniT“x+..., 5)
npuueM
g(x) = f(x) - f(O)—Mx. (6)

I
B Beipaxkenuu (5) ko3P PUIUSHTHI Dj BEIYUCIISAIOTCSI ¢ TOMOIIBIO POPMYJIbI

2% . m .
b ==Y g(jh)sinij=, i=1..,29. (7
n 45 n

KonmuectBo mmpotHbIX Ko3(¢punuentoB K =29 BbIOpaHO METOAOM IOpPOrOBOIM YacTOTHI.
Takum 00pazoM, Ha TIEPBOM IIare JUisi KayKIOW BBIOPAHHOHM IOATOTHI (OpPMHUpYETCsS MaccuB U3 29
ko3¢ duuuenToB. Bropoll mar 3akiodaeTcsi B MOMCKE JIOATOTHBIX  KOI(PQUIMEHTOB Ui
aNpPOKCUMAIIMK JIOJITOTHOM BapuallMM MapaMeTpa uyepe3 HaiijeHHbie KoddduimeHTts! b st atoro
JONTOTHAs 1IKana npeodpasyerca u3 0° <X <360° (k BOCTOKY OT HyNeBoro mepuauana) B 0 <x <.
CHoBa BBITIONHSIETCS pasiokeHne B psax Dypbe, aHATOrWYHO ONMCAHHOMY BBIIIE BapUaAHTY, 32
UCKITI0YeHreM Toro, uto B cuity f(0) = f(rr), B Beipaxkeruu (6) f(0) 3amMeHsieTCs] KOHCTAHTOI:

g(x)=f () - (8)

JInst anekBaTHOTO TpecTaBiIeHUs Di B 3TOM ciydae nocrarouno 15 wienos psina. [Togobnas
anmnpoKcUMalus JaeT mnorpemHocts 3,17 1b, 4To cuMTaeTcsi XOpOILIUM pe3yJbTaToM Ha (oHe
o01Ieil K3MEHUYUBOCTH PE3yabTaTOB H3MEPEHHIA aTMOC(HEpHBIX momex [12].

HcxonHble paHHble A8 BBIUMCHEHUS Fan  JaHel B (aimax  Kod¢UIMEHTOB
MEXIYHApOAHOIO coro3a 31eKTpocBsa3u (MCD), koTopble MOTYT OBITH NOJyY€HBl U3 apXUBOB Ha
pecypce Github [4]. YtoOsr nepeiitu ot Fam Ha yactote 1 MI'n k Fan Ha 3a1aHHO#T YacToTe creayer
BOCIIOJIb30BAThCS  alMpOKCUMAIe 4acTOTHOW 3aBUCMMOCTH B BHUJAE NOJMHOMA 6- cTeneHw,
MOJTy4EHHOI METOJJOM HaMMEHBIINX KBaaparos [13]:

2 6
Y(X,F,,)=AF,,)+AF)X+AF )X +.+AF,)X", 9)
rae f — pabouas yacrora 8 MI',
.olet
X = 8-2 11 . (10)
4

VcxonHble qaHHbBIC AJIsl YACTOTHOM anmpokcuManuu Fam goctynHsl Ha pecypee [4].

C yueroM (9) u (10) MOXXHO NOITYYUTH KapThl F,m Ha 3aJaHHON YACTOTE, YTO MOKAa3aHO Ha
puc. 1, rae g gactots! 3 Kl BBIIONIHEHA JIMHEHHAsA dKcTpanossauusa. Ha pucyHke He yduThIBarOTCS
CE30HHBIE PA3IMYMS YACTOTHBIX alllIPOKCUMAINI B CEBEPHOM U F0YKHOM IOTyIIApHSIX.

Fam(3 Kly), ,qB/(kTob)
185

180
175
170

165

Puc. 1. Kapra koaddunmenta armochepHbix nomex Fqm,puBenernHoro k yacrtore 3 kI (saBapsb, 4:00 LT)
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Crnenmyer oTMeTuTh, uTO Tpaduku Fay Ha yactote 1 MI'm B pekomeHnauu [2] nmpuBeneHs K
OZTHOMY MECSIIly TOJla HE3aBUCHMO OT CE30HA, B TO BpeMsl KaK 4acTOTHas anmnpokcumaims Fan nana
MOCE30HHO. JTO O3HAYAET, YTO, HAIIpUMEp, B STHBape, 3HaueHus Fam Ha yactore 1 MI' B ceBepHOM
MOJTYIIAPHU JOJDKHBI alllPOKCUMUPOBATHCS 3MMHEN YacTOTHOW (DYHKIMEH, a B F0)KHOM IOJTYIIAPUN —
netHel. Takas cuTyanus TOPUBOJUT K BO3HUKHOBEHHIO PE3KOM HAKBATOPUAIBLHOM T'PaHHUIIBI
(TpaHCOKBATOPHAIBHOTO CKAayKa) B 3HAYEHHWSX F,n, MPHUBENCHHBIX K 3aJaHHON dacrore. Kak
MIOKA3bIBAIOT PACUEThbl, NMPH NPUBENEHUM Fam K 3aJaHHON 4YacTOTE TPAHCIKBATOPUAIBHBIM CKauOK
IapamMeTpa B 3aBUCHMOCTH OT YaCTOThI MOKET COCTABJIATh OT HECKOJBKHUX b 10 HECKOJIBKUX JIECATKOB
ab, 4TO, B KOHEYHOM CUETe, OTpakaeTcst Ha (popMe IPaHMILl IPOrHO3UPYEMBIX 30H MAPAHTUPOBAHHOIO
obecriedeHrs CBS3bIO, KOTOpbHIC, HAlpumep, Ui JHana3oHa O4YeHb HU3KHUX YacTOT, MOTYT OBITh
paccuuTaHbl ¢ NMOMOIIBIO MeToAuK [6, 7]. s yCTpaHeHMs YKa3aHHOIO HEIOCTaTKa IpeylaraeTcs
BBITIOJIHUTDh HMHTEPIOJSIIMIO B SKBATOPUAIBHOW TII0JIOCE ITYTEM B3BEIICHHOTO apu(METHUECKOTO
ycpenHenus Fam ¢ T1aBHBIM H3MEHEHHEM BECOBBIX KOa(duimenTos [14].

Taxxe cinegyeT OTMETHUTh, 4YTO MeCTHbIM BpemeHeM (LT) B Touke npuemMa MOKHO
[I0JIb30BaThCs JUIsI HPOTHO3MPOBAHUS OTHOIIEHUS CUTHAI/TIOMEXa Ha BBIPAXEHHO IIMPOTHOU
paauoTpacce, T. €. paAuoTpacce, OpPUEHTUPOBAHHON BIOJb HEKOTOporo mepuauana. Ha mpaktuke
4acTO MPUXOAUTCS UMETh JIEJI0 € JOJTOTHBIMH TPacCaMH WM IPOMEKYTOUYHBIMUA BapUaHTaMH, IIpU
KOTOPBIX CETMEHThI PaJIMOTPACChl PAcIoaraloTcs B pa3HbIX YaCOBBIX MOSICAX.

Ecnu crout 3amaua onpeneneHuss BO3MOKHOCTH IIPUEMa TOJIbKO B TOUKE, PACIIOJI0KEHHON B
KOHIIE PaJinOTPACChl, TO JOCTATOYHO IMOJIYYUTh XapaKTEPUCTHKU MOMEX B ATHX KOOpAUHATAX IS
3aJJaHHOTO MECTHOro BpemeHu. Ho ecim uzper peub o paifoHe, T.e. 00jJacTH NPOCTPAHCTBA,
B KOTOPOM C 33JIaHHOM BEPOSITHOCTBHIO IIPOrHO3UPYETCS 00ECIEUYEHUE CBA3BIO, TJE€ OIPEIEICHHBIM
o0pa3oM BBIOpaH MacCUB TOYEK IpHEMa, TO MPHUXOJUTCS MCIIOJIB30BaTh HECKOJIBKO KapT ¢
COOTBETCTBYIOIIMMHU 3HAUEHUSIMU MECTHOro BpeMeHHU. [IpocTpaHcTBEHHas MMOCTaHOBKA 3ajadu IO
00ECIEeYeHNI0 CBSA3M B reorpaMueckoM paiioHe NMPUBOJUT K TOMY, YTO LesiecooOpa3Hee UMETb
OJIHY KapTy, MPUBSA3aHHYI0 K BCEMUPHOMY ckoopauHupoBanHoMy BpemeHu (UTC), koTopas Obl
II03BOJIMJIA IPOBOJUTH PAacUYEThl BO BCEX 3aJaHHBIX TOUKaX palioHa.

3nauenuss BpeMeHu LT m UTC coBmagaioT BIOJNb HYJIEBOTO MEpHJMaHA, MPH ITOM K
BOCTOKY OT Hero Bpemsi LT yBenmuumBaercst Ha yac Kaxjaele 15° TOATOTHI, JOCTHras pa3HULIbI
+12 gacoB otHocutensHO UTC Ha mepummane 180° B. 4., a K 3amagy OT HYJIEBOTO MepHIAMAaHA
BpeMs LT ymeHblaercss Ha yac kaxable 15°, nocturas pasHuisl —12 yacoB Ha mepuanane 180°3. 1.
Jnst npousBosibHOM noaroTel 3HaueHust BpeMeHu UTC u LT cBsizaHbl BbIpayKeHUEM:

LT —UTC +190. (11)
150

IJIe /U1 BOCTOYHOT'O TIOJTyIIapyst 1osroTa 0N — rmosoxxuTensHast, a JUTs 3a11aIHOro — OTPHIIATEIIbHASL.

ITpuBenenue kapt s3pdexkTuBHOro ko3 uunenta myma Fam x Bpemenn UTC ocymiectBisiercs
¢ momompio BelpakeHust (11). B kadectBe mpumepa Ha puc. 2 TIOKa3aHbl KapThl 3(PQEKTHBHOTO
k03¢ uumenTa myma Ha gacrore 1 MI'n, mpuBeseHHbIe k 3a1aHHOMY Bpemenu UTC.

o o

90_2

10 20 30 40 50 60 70 80 90
F,, (1 Mru), aB/(KT b) F

- ok

Puc. 2. Kaptsl ko3 durenta myma Fuy (1 MI'i) npusenenssie k Bpemenu 0:00 UTC (creBa), 4:00 UTC (cnipaBa)

1 Mr'w), nb/(kT b)
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CrarucTuyecKkue XapakTepUCTHKU aTMOC(EePHBIX TOMeX

OO6buHO aTMOC(EpHYIO MOMEXY PAacCMaTpUBAIOT KaK CITy4ailHbI CHUTHAT, KOTOPBIA MOXHO
OIHMCaTh C TIOMOILBIO aMILUTUTYTHOH U (a3oBoii orubaronmx. [Ipudem cunratot, 4ro (aza pacnpeneneHa
PaBHOMEpHO, a IUIOTHOCTh BeposiTHOCTH pactpenenenus (PDF) MrHOBeHHOH aMIUTMTYABI TIOMEXH
MOXeT OBbITh mosTydeHa u3 orubaromeil ammmurynHoii PDF. Cratuctuka ormbaromeil arMocdepHbIx
noMex OOBIYHO M3MEpSETCS B BHJE KyMYJIATHBHON (DYHKIMH BEPOSTHOCTH HPEBBIIICHUS 3aJIAHHOTO
YPOBHSI IOMEXH M Ha3bIBACTCS PACIIPEICIICHUEM BeposiTHOCTeH amrumuTy bl (APD).

Jlist HekoToporo ypoBHs orubatomieid €; BenmnuuHa APD Oyner sBisithest mosieit BpemeHu T
B TEUEHHE KOTOPOro orudaroias Obuia BBIIIE YPOBHS €;:

D(e) =Proble>e]=1—P(e), (12)
rie P(e) — kymynsaruBHas ¢yHkius BepositHoctd. PDF Benmuunb! € Oynet npou3BoHoi P(€).

Cpenusst orubaromiasi ypoBHEH HaNpsDKEHHs ONPEIENIeTCsl KaKk MaTeMaTHYeCKOe OXKHIaHHe
(MO)e, 1. e. E[e]:

e, =E[e]= TlTe(t)dt - —T edD(e) (13)

rae —dD(e) = P(e)de.
KBagpar  cpeaHEKBaJpaTHYHOrO  ypPOBHSA  OrvOarolieil  HampspKeHHs — (BeJMYMHA,
HPOIOPLIUOHAIBHAS MOIIHOCTH MJIH SHEPTUH):

e = E[ez]zéjede(e). (14)

Tak kak cpenHeKBaJpaTHUYHBIN YpOBEHb HAMpPSDKEHUS MOXKET ObITh JaH B aOCONIOTHBIX
€IMHULAX (HampuMep, CpPeIHEKBAaJpaTUYHBI YPOBEHb HANPSIKEHHOCTU IOJII WJIM MOUIHOCTh
MPUHATON MMOMEXH), TO OOBIYHO OCTAJIbHBIE YPOBHU HAIPSHKEHUN MPUBOAAT K Hemy. Pasnuna B 1b
MEX/1y YCPEeIHEHHBIM HaIlpSHKEHUEM U CPETHEKBAIPATUYHBIM HallpsbkeHneM o0o3Havaercs V.

V, = —20Igei. (15)
rms
B pexomenpanuu [2] cTaTucTHUECKHE XapaKTepuUCTHKU atMochepHbix nmomex Dy u Dy,
anMmpOKCUMUPOBAHBI MOJTMHOMOM 4-ii CTEIEHH ¢ TIOMOIIBI0 METO/Ia HAMMEHBIINX KBaapaToB [15]:

Y(X)=A+AX +A3X2+A4X3+A5X4, (16)

rae f — pabouas yactora B MI'm.
X=lgf. @17
AHaJOTrMYHBIM 00pa3oM anmnpoKCUMHPOBAHbI HapaMeTpbl O, Op,»0p.Vy U O . I'paduknu

CTaTUCTUYECKUX MapaMeTPOB aTMOC(EPHBIX MOMEX MOKa3aHbl Ha puc. 3.

CLII/ITaeTCSI, YTO CTATUCTUYCCKOC pacnpez[eneHI/Ie BCIIMYHNHBI fa YZ[OBJ'IGTBOpI/ITeJ'II)HO
anmMpOKCUMHUPYETCS JIBYMSI JIOTapU(DMUYECKH HOPMAIbHBIMH paclpefeieHus MU, T. €. JBYMS
HOPMaJIBHBIMU PAcCIIpeIeIICHUSIMU JIJIsl BeMduHbI F,. [lepBoe pacmipeneneHne OnMMChIBAeT YIacTOK
HUKE MEIUaHHOTO 3HaueHusi F,n ¢ wucnonb3oBaHueM BenwuuHbl D), a BTOpoe — Bhime Fjup
c ucnonb3oBanueM D,. Menuanoit st 00OMX paclpeneNeHuil sBIseTcs BenuunHa Fap,
a cpeanekBaaparndeckoe otkiaoHenne (CKO) moxer ObITh HaliieHo u3 Gpopmy: [16]:

c, :—D“ ; (18)
v(0,9)
GI = - DI = DI , (19)
v(0,1)  y(0,9)
rae Y(P) — KBaHTWIb, OTBEYAIOIIAs BEPOATHOCTH P Ui BEJIMYMHBI, PACIPEICICHHOW 10

CTaHJAPTHOMY HOPMaJbHOMY 3aKOHY. B CHIly CHMMETpHH HOPMAJIbHOTO PaCHpPEICIICHHSI
v(p) =—y(1 —p). 3nauenne F,n + Dy He npesbimaercs B TeueHre 90 % BpeMeHH, MMOITOMY OHO
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SBJSICTCS. BEPXHEW IeNuibi0 atMochepHOro Imyma, a 3HadeHue Fan— D) sBiasercs HuxHEH
JIeLUIIbIO U He TpeBbliIaeTcs B TeueHnu 10 % Bpemenu.

v (HQOQQS&‘
2 =8
16 d > A D, .
= / T
<>1<; 14 3 / 6 1
2 { oeetteag ]
e 12} ;‘/“Pu 9 ‘ \5{) 4
x ALE a_
£ el N
a 10 o R 1
) 3 ]
'g op &« F, g
2 o gy |, ]
= F i S
g 6| % i | “Seod
g | off ' ”Du\ i e AR, 7.;"-.‘
Q 4~ P p ., T 1
] B o ! "Xk, Vg
= Zesa T = iy vv’f\?vw
Py : %% "veay
7Y =
0 | i Va ‘Q&&sﬁﬂu
102 107! 10° 10’

YacroTta, MMy
Puc. 3. Cratuctiueckue napameTpsl aTMOC(HEPHBIX ITOMEX

KBaHTHIM MOTYT OBITH JIETKO IOJIyYEHBI C MOMOIIBIO OOpAaTHOW KYMYJISTHBHON (DYHKIHMH
BeposiTHOcTel. Hanpumep, B Tabu1. 1 npuBeneHbl 3HaYeHUsT KBAaHTWIIEH CTaHAAPTHOIO HOPMAJIbHOTI'O
pacnpezesieHus A1 HEKOTOpbIX BeposiTHocTel [17].

Tabnmuma 1 — KBaHTHIM CTaHIAPTHOTO HOPMAaJIHHOTO PACIPEIEIICHUS

y(p) 0 0,253 0,524 0,841 1,282 1,645 2,326 3,090
KymynsatuBHble (QYHKUMM pacrpeleneHuss W (QyHKOUM paclpelesieHus] IUIOTHOCTH
BepoATHOCTH Fa mokaszansl Ha puc. 4.
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A
307 0.05 £
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o @
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o 0
o =
B 04 0.03 &
= =
s 2

0.3
& 0.02 =
o

0.2

0.01
0.1
0 = . 0
80 85 90 95 100 105 110 115 120

F, (500 k), AB/(KTb)
Puc. 4. Pacnipeenenne BepositHocTelt F,, meto, 20:00-24:00, boynnep (CIIA) (40,02° ¢. mr., 105,28° 3. 11.)

Tak kak annpokcUMaMOHHbIE QYHKIIUU AJI CTATUCTUYECKUX MTAPAMETPOB ONPEACTICHBI IS
BpeMeHH LT ® COOTBETCTBYIOIIMX CE30HOB ToOJla, PA3UYAIONINXCS B CEBEPHOM H IOKHOM
MOJTYIIAPHSIX, TO 1IeTIECO00pa3HO MPUBECTH CTATUCTUYECKUE MapaMeTpsl K enuHomy Bpemenun UTC
¥ BBIIOJHUTh HWHTEPIOJSINAI0 3HAYCHWH B OSKBATOPHAIBHOW TOJIOCE. YKa3aHHBIC OIepanuu
MIPOJIEMOHCTPUPOBAHBI HA pUC. 5 Ha mpuMepe mapameTpoB Do g u Dy », rae naaekcamu 0003HauEHBI
BEPOSTHOCTH TOTO, YTO ITIOMEXa HE MPEBBICUT ypOBeHb Fam + D mpu p>0,5 u Fyy — D npu p <0,5.
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)4 PUCYHKA MOKHO BHJACTb HCEAOCTATOK CC30HHOI'0 MOAXOJa K OMNPCACICHUIO IMapaMceTpa D -
3HAUYCHUS MMapaMeTpa CYIIECTBEHHO PAa3JIN4art0oTCAd B CEBEPHOM U HOKHOM ITOJTyHIapUsiax.

0.5 1 15 2 25 3 35 4 1.5 2 25 3
Dy g AE D, , B

Puc. 5. Kaptel napamerpa D Ha 3a1aHHOM YpOBHE BEPOSITHOCTH:
p = 0,8 (cneBa), p = 0,2 (cipaBa); sHBaph, 4:00 UTC, f =10 kI'1

MOI[eJ'II/I HHAYCTPHAJBbHBIX U TAJTAKTHYCCKHUX ITOMEX

B coorBerctBUM ¢ pexkoMeHjauuend [2] WHAYCTpUAIbHbIE MOMEXHU BHE 3JaHUNH U
MIPOMBIIIJICHHBIX OOBEKTOB M TaJaKTUYECKHE IIOMEXH HMEIOT XapaKTEPHUCTUKH, OJU3KHE K
aJTMTUBHOMY O€JIOMY TayCCOBCKOMY IIIYMY U alllIPOKCUMUPYIOTCS BBIPAKEHUEM

F.,=c—dlgf, (20)
rae f—yactora, MI'1, a ¢ u d — ko3 puIMEHTHI, 3HAUCHHUS KOTOPBIX MPHBEACHBI B Tadm. 2 [2].

Tabmuua 2 — Kateropun nomex u K03 (hUIIMEHTH! annpoKCUMAaLUU

Oo0o3HaueHue Kareropusi nomex Koadpduunentr ¢ Kozpduuuenr d

A WunycrpuanbHble (ropoj, 1eJ10BOH paiioH) 76,8 21,7
B WunycrpuaibHble (TOpoJ, XKHUII0H palioH) 72,5 21,7
C WupycTpuanbHbie (CebCKas MECTHOCTH) 67,2 21,7
D WunycrpuanbHble (MaloHACEICHHAs CeJIbCKasi MECTHOCTb) 53,6 28,6
E TanakTuyeckue 52,0 23,0

Beipaxxenue (20) nns xarteropuit 4—C cnpaBeqyMBo B auanazone vactor ot 0,3 1o
250 MI', B TO Bpems kak juisi kareropuu D tosnbko B amanazone 0,3-30 MI'm. [amaktuueckue
noMexH (kareropust E) paccmarpuBaroTcs Tonbko Beiie 10 MI'n. I'paduku MenuaHHbIX 3HaYSCHUN
KOX(QPHUIIMEHTOB TOMEX ISl KaTeropuii A—FE moka3aHsl Ha puc. 6.

100 T T T

90
80

70

60 -
50 |-
40 |

F . BBI(KT b)

30 [
20
10 |

0-

10 | . .
10° 10’ 10?

YactoTa, MI'y
Puc. 6. I'paduxu MennaHHbIX 3HAUYCHUN KOS GUIIMEHTOB IOMEX JUIsl KaTeropuit A—F
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CyMMHpOBaHI/Ie nmomMex

Ecnu B nquana3oHe HU3KHUX W OYCHb HU3KHUX YacTOT MPEOOIaaloT aTMOC(EpPHBIC TTOMEXH,
TO B JHMAla30HE BBICOKUX YaCTOT BEIMYUHBI aTMOCGHEPHBIX, UHIYCTPHAIBHBIX M TaJaKTUYECKUX
MOMEX CPaBHUMBI MO BeIWYMHE. B 3TOM ciiydae MenuanHoe 3HaueHne Kod(uimenTa myma u ero
CKO B nb Bbruncsitores 1o ¢hopmysam:

o
F_=c|In(a;)-=—=|; (21)
mT ( T) 202
o; =C,|In 1+B—£ , (22)
Oy
rae
c=—0 _ 4343 (23)
In10
2
o=>e ﬂ+— Br]; (24)
Z Z xp| 2+ |[B1]
:Zaf exp z—iz —1|[B1?]. (25)

B Boipakenusix (24)—(25) Fri u 6i 0603Ha4aroT meauannoe 3HadeHre 1 CKO koadduirieHToB
IIyMa  COOTBETCTBYIOIIMX  IOMEXOBBIX  KOMITOHEHTOB  (aTMOC(epHOro,  HHIYCTPHAIBHOTO
U rajaktuueckoro). Jlis Berumcnenus or U Pr B dopmynsl (24)—(25) HE0OXOIMMO MOJACTABHUTH Gj
U3 HWOKHEH M BEPXHEH 4YacTel DPACIIPEleNIEHUs] COOTBETCTBYIOIIMX KOMIIOHEHTOB IoMex. Iloaromy
B pe3ynbrare JOKHO momyuutbea aBa CKO s HwkHE M BepXHEM YacTel pacnpeieseHHs
CYMMAapHOH IMOMEXH Gt ¥ GT, TOTJIa HWOKHSISL K BEPXHSIS ICIFIIN CYMMAPHOW TTOMEXHY BBIYHCIITIOTCS KaK

D,; =(0,9)o,; =1,2820,;; (26)
D =—y(0,1)o,; =1,2820;. (27)
Awnanornyao u3 ¢opmyisl (21) ¢ momorsio BeipakeHui (22)—(25) MOKHO MOJIYYUTH JBa
3HaueHus: Fm1, 0OHO M3 HUX FyT — C NOMOIIBIO MapaMeTpOB HUKHUX 4YacTed pacrhpelesieHuit
KOMIIOHEHTOB TOMEX, a BTOpoe Fmyt — ¢ IOMOIIBI0 TapaMeTPOB BEPXHUX YacTel pacrpeeseHHH.
OueBHIHO, YTO 3THU JIBa 3HAu€HUs Fp7r mpakTHUeckH BO BceX ciayyasix He OyAyT COBHAAaTh,
MIO3TOMY HEOOXOJIUM pallMOHANBHBIM CIIOCOO BBIOOpPA OJHOTO 3HAUYEHUS U3 JBYX HalJICHHBIX.
OnHuM U3 BapuaHTOB SBIISIETCS] BEIOOP HAWOOJIbIIIEro 3HaueHus1 Fy7, Tak Kak 3TO 1aeT HaubOoJbIIIee
3HaYEHUE MOIIHOCTU MOMEXU Ha BBIXOJE MPUEMHON aHTEHHBI, T. €. COOTBETCTBYET HAWUXYIIINM
YCIIOBUSIM IIPHEMA paiiOCUTHAaA.
Ecnu 3nauenne Dy ogHOTO M3 KOMIIOHEHTOB MOMeEX MpeBbllaeT 3HaueHue 12 b, To oyt
HE JIOJKHO MPEBBIIIATh 3HAYEHUS

;+=C,[2In Kl , (28)

Yr

S| 2], @)

C nomonipio (28) aHAIOTMYHO OIPAaHUYMBAETCS MAKCUMAJIbHOE 3HAaYEHUE BETUYUHBI G|T.

rIe

MeToauka NpPOrH03MpoBaHusi HeNMpeIHAMEPEHHBIX OMeX U ee peaTn3aus
B cpene moaeaupoBanus Matlab
B wuHTepecax mpOTHO3MPOBaHMS YPOBHEH HENpPEJIHAMEPEHHBIX MOMEX pa3paboTaHa
METOJMKA TPOTHO3MPOBAHMS HEMPEIHAMEPEHHBIX IMOMEX, pealM30BaHHAs B BHJC MaKera
pacmmpenust MRNoise mist cpensl Mmogenuposanus Matlab.
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BblucnuTenbHBIM - SAPOM  MAKeTa  SIBISIOTCS  WHTEPIHONSIMOHHBIE  OOBEKTHI
WuTepnonsaiuonnsiii 00bekT F1 0azupyeTcs Ha COBOKYIHOCTU JAaHHBIX, IMOJYUYEHHBIX C MOMOIIBIO
BeIpakeHUH (3)—(8) W MO3BOJISET MOJYYUTh MEAMAHHOE 3HAUYCHHE KOd(pQHIMEHTa aTMOC(hEepHBIX
moMex Ha gactote | MI'i 1j1st 3alaHHBIX B BHE MHOTOMEPHBIX MaTpuil mapamerpos {m, h, lat, lon}.
Wurepnionsumonnsiii 00bekt F2 Gasupyercs Ha Belpaxkenusx Bunga (9)-(10) u obecrneunBaeT
MpUBEJCHUE MeAHaHHOro Koddduimenta arTMochepHbIX MOMeX K 3aJaHHON yactore. B kauectse
BXOJHBIX JAHHBIX HEOOXOAMMO MCIOIH30BAThH MOYYEHHBIN ¢ TIOMOIIBI0 HHTEpIoisaTopa F1 maccus
sHaueHui Fam (1 MI'm) u marpuisl mapamerpoB {m, h, 1gf}. O6bexter F1 u F2 wncnonssyror
JUHEHHYI0O WHTEPIONSALMI0 M JIMHEWHYIO SKCTPANoOJSIUI0 (I YacTOTHOM 3aBUCHUMOCTH —
JorapuMUUECKyI0), 4TO TIO3BOJISIET HCIIOJIb30BaTh MX 3a mpeaenamu auana3zona (0,01-20 MI'm.
OpmHako cleAyeT TOMHUTH, YTO OKCTPANOJMPOBAHHBIC 3HAUEHHSI MOTYT HE COOTBETCTBOBATH
peabHBIM YPOBHSM MOMEX, IOATOMY UX CIIEAYET UCIOIb30BATh C OCTOPOKHOCTHIO.

Wurepnonsiimonnsie 00bekThl FDUA, FDIA, FsigmaFaA, FsigmaDuA, FsigmaDIA, FV_d u

Fsigma_V_d HeobXoauMbl s TIOTydeHHs HapaMeTpoB D, Dy, 0 . Oy, 0p.Vy ¥ Oy, COOTBETCTBEHHO.

BxogHbIMH JTaHHBIMH ISl 3THUX HHTEPIIOIATOPOB CIIy)KaT Marpuilbl mapamerpoB {m, h, g f}.
WHTepronsiuoHHbIe 00bEKTHI HCIOIB3YIOT JTMHEHHYIO HHTEPIOJIALUIO (/151 YaCTOTHON 3aBHCUMOCTH
— JTorapru(MUUECKYI0) M SKCTPATIOJISIIMIO METOIOM «OJIMKANIIIEro cocea.

JInsi mpakTHYecKOro Mcrolib30Banus co3nanbl Gynkinun NoiseFam u DParaml, kotopeie
MO3BOJISIIOT MOJYYUTh KapThl MEIMAHHOTO Kod(duuuenrta myma Fay, IpUBEIEHHOTO K 3aJaHHOM
yactote f, u mapamerpa D ¢ 3aaHHOI BEpPOSITHOCTHIO HEMIPEBBILICHUS YPOBHsI TOMexH P. OyHKIUH
NoiseFam u DParam moryr reHepupoBarh JaHHBIC, aHAJOTUYHbIC MMOKAa3aHHBIM Ha pUC. 2 U 5
cOOTBETCTBEHHO. C MOMOIIBIO ONIIMOHAIBHBIX APTYMEHTOB JOCTYIHBI WHTEPIOJSIHS BBIXOIHBIX
apamMeTpoB B IKBaTOPHAIBLHOM OJIOCE YCTAaHOBJICHHOM MIMPHUHBI U TpuBeaeHune K Bpemenu UTC.,

Jljis IpOrHO3UPOBaHUSl BHYTPUCYTOUHBIX HM3MEHEHUN napamerpoB Fam u D paspabortansl
byukiu NoiseFamPoint u DParam, kotopbsie O3BOJISIOT CTPOUTHh BPEMEHHbIC TPa(QUKU BETUIUH
Fam 1 D mns Todku ¢ 3aaHHBIME KoopauHatamu. [lockonbky 0a3oBble mHTEpHoisTopel F1, F2,
FDUA u FDIA ocymiecTBIsIFOT JIMHEIHYIO HHTEPIIOISINIO, TO YKa3aHHbIC (DYHKIMU BBIYHCISIOT
WCKOMBIE 3HA4YEHHUs ISl BPEMEHHBIX OTCUETOB, COOTBETCTBYIOIIMX CPEIHUM TOYKaM IIECTH
BPEMEHHBIX OJIOKOB B COOTBETCTBUHU C peKoMeHaauueil [2], Ans ocTalbHBIX BPEMEHHBIX TOYEK
BBINOJNIHsIETCs  crutaiiH-uHTepnonsiusa. @Dynkiuu  NoiseFamPoint u  DParam wmoryt  ObITh
MCIOJIb30BaHBI /IS OJTYYEHUs JaHHBIX, AaHAJIOTUYHBIX MTOKAa3aHHBIM Ha pHcC. 3.

XapakTepUCTHUKN WHYCTPUATIBHOTO M TAIAKTHYECKOTO KOMIIOHEHTOB TTOMEX BBIUUCIISIOTCS C
nomoteio  ¢ynkimu  NoiseMG. ®ynkmuu NoiseFam, DParaml u NoiseMG  wucrnons3yrorcs
¢byukimerr NoiseTotal mis ompeneneHus cymMMapHOW IMOMEXH € ydeToM BbipakeHuit (21)—(29).
MormHocTh cymMmapHOi momexu, aAb/BT, M cpeaHekBaapaTHYHOE 3HAUYE€HHE HANpsHKEHHOCTH
AIIEKTPUUYECKOTO Mot noMex, 1b/(MKB/M), BEIUUCIIAIOTCS B COOTBETCTBUM C BbIpaxeHusMu (1) u (2)
¢ momoripio Gyrknuu NoisePwr. @yukmuu NoisePwrPoint u NoiseTotalPoint npennasHaueHs! st
BBIYMCIICHUST TEX K& XapakTepucTHk, uyto u QyHkuuu NoisePwr u NoiseTotal. [lanusie yHKIUH
ananornyHo Qynkuuu NoiseFamPoint, mo3BossFOT MoMy4arh CrilaKeHHBbIE CIUTAHH-MHTEPIIONSINCH
CYTOYHBIX ITPOTHO30B IIOMEXOBBIX XapaKTEPHUCTHK B 33aHHON reorpaguyeckoii ToukKe.

brok-cxema METOAMKY U151 BBITOTHEHHS IPOCTPAHCTBEHHBIX BBRIYMCIICHNH MTOKa3aHa Ha pHC. 7.

Kak BUIIHO M3 pHICYHKA JUUTsl BBIYMCIICHUSI MOIITHOCTH TIOMeX B OJIoke 1 cHavasia HeoOX0IuMo
BBECTU MCXOJIHBIC JJaHHBIE, TAKME KaKk Mecsll roja M, Bpems cyTok h, mmpoty lat, moarory lon u
pabouyto vactoTy frq. DT mepemeHHble BBOAATCS B Tak HasbiBaeMoM ¢opmare full grid, T.e.
NPEACTABISIOT CO00i MaTpuibl pa3mepa [a x b], roe a u b — KonMYecTBO MUCKPETOB MIMPOTHI U
JONTOTHl COOTBETCTBEHHO. BEpOSITHOCTH TMPEBBIICHUS 3alaHHOTO YPOBHS TIOMEXH P, HIMPHHA
MOJIOCHI MHTEPIOJIALMU B 3KBaTOpUANbHOM 30HE INtSz, xaTeropust moMexoBOil OOCTaHOBKHU IS
UHIyCTPUATBHBIX MMOMEX EeNV W mmpuHa padodeil monockl wacToT bandwidth BBomsiTcs B BHIE
CKaNsIpHBIX nepeMeHHbIX. [lepemennas fpath sensercs cTpokoBol M yka3biBaeT MyTh K (aility ¢
WHTEPIOJSIIIMOHHBIMA 00BEKTaMH.
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Jlanee B Os0ke 2 3arpy:Kar0Tcs WHTEPIHOJSAIMOHHBIE OOBEKTH. [lociie 4ero BbI3bIBaETCS
rinaBHas QyHkips NOISEPWr, koropas NpOBOIUT TPOCTPAHCTBEHHBIC BBIYHMCICHUS CYMMApHOM
MOIIIHOCTA TIOMEX M CYMMAapHOH HAaNpsDKEHHOCTH TMMOJsl rmoMeX. Jlis mpoBeAeHHs BBIYMCICHHNA
BbI3bIBacTCs BeriomoratenbHas GyHkims NoiseTotal (6iok 3), KoTopasi 0CyIIecTBIsIeT CyMMUPOBAHUE
KOMIIOHEHTOB IIOMEX B COOTBETCTBHH C BbhIpakeHUsMH (21)—~(29). YkazanHas QyHKIHS MOXKET OBITh
UCIIONIb30BaHA CAMOCTOSITENIFHO, TOrZa OHa Bo3Bpamaer cTpykrypy NStruct ¢ momsmm FmT —
MEIMaHHOEe 3HAa4YeHHe CyMMapHoro kodgduieHta nomex, DIT — HWKHAA JeIMIb CyMMapHOTO
koo duumenTa momex, DUT — BepxHss AemmiIb CyMMapHOro Kod(h@HIMEHTa IMOMeX, a TaKxke
AQHAJIOTMYHBIC TOJSI JUIS KAaXKIOTO W3 KOMIIOHEHTOB IOMEX (aTMOC(EpPHOro, TaTaKTHYECKOrO U
HH/1yCTPUAIILHOTO).

[ @ — KONMYECTBO AUCKPETOB MO LUMPOTE;
b — KonNM4ecTBO ANCKPETOB MO [OMroTE;
p — BEPOATHOCTbL MPEBbILLEHNSA 38aHHOIO YPOBHA NOMEX;
IntSz — WMpKHa Nonockl MHTepnonaLumu, rpag,;
env — KaTeropusi NOMexoBoi 06CTAHOBKW ANS UHAYCTPUATbHBIX MOMEX;
)| bandwidth - paboyas nonoca yacror, I'y;

Bean Nl fpath — nyTb k apxuBy C UHTEPMONSLUOHHLIMU OOBEKTAMU;

FARBE m[axb] MecsiL roaa;
h[axb] - BpeM;l cyTo;< y: [ MHTEpnonsTopbl CTaTUCTUYECKUX
lat[axb] — wwpoTa rpa,;r ' XapaKkTEPUCTUK aTMOCHEPHBIX NOMEX:
lon[axb] —,qonrOTa, rpa/:l" FDUA(m, h,logle(frq)) - napametp D,;
frqlaxb] - '-IaCTOTa: qu.’ FD1A(m,h,logl@(frq)) - napametp D;
y fpath - FsigmaFaA(m,h,logl0(frq)) - napametp O.,;
- 2 FsigmaDuA(m,h,logle(frq)) - napametp O,
AIRYRKANHTEPNONAUMORHBICT L o o s s FsigmaD1A(m,h,logle(frq)) - napametp o,;
0GbekToB load(fpath, . ..) Fv_d(m,h,logle(frq)) - napamertp V;
Fsigma_V_d(m,h,logl@(frq)) - napametp O,
m,h,lat,lon,frq,p, Z:JEES)ZJ;T:EI:OKJZ?(WMMHTa
bandwidth,env,IntSz :
3 Faml = F1(m,h,lat,lon) - uitepnonsatop F,,
—>| BbI30B doyHKUMM NoisePwr Ha vactote 1 M'y;
7y Fam2 = F2(m,h,Faml,logl@(frq)) - uatepnonartop F,,
Nstruct m,h,lat,lon,frq,p, Ha 3aaHHoiA
env, Intsz 3 L yacroTe
—| Bbi30oB pyHkUMM NoiseTotal <P
Fdua,
r env, m,h, A buafaxb], FDla
frq lat,lon, Dla[axb],
m h frq,IntSz | sigma_ul[axb],
lat, v sigma_l[axb] =
lon, | Bbi30B hyHKUMM DParaml Q
frq
FmM,D1M, DuM,
FmG,DuG,D1G
6
| Bbi30B (pyHKUMKM NoiseMG Q
Faml[axb], i, B2

v Fam2[axb] Y -
| Bbi3oB pyHKuMM NoiseFam CI)
P[axb], E[axb]

Puc. 7. biok-cxema METOMKH NIPOTHO3UPOBAHUS HENPEIHAMEPEHHBIX TIOMEX
B CJIy4ae BBINOJIHEHUS IPOCTPAHCTBEHHBIX BEIUMCICHUI

B cBow ouepens MeauaHHbId KO3()UIMEHT aTMOCpepHBIX IOMEX, NPUBEICHHBIA K
3aJlaHHOW YacTOTe, BBIYMCIACTCS MyTeM Bbi3oBa (yHkuuu NoiseFam (Gmok 7), a mapamerpsl

D,. D, Op, U Op UL aTMOC(EpHOro KOMIOHEeHTa — ¢ momompio dyskiun DParaml (Gmok 5).
MenuaHHble 3HauUeHHUsT KOA(PPHUIMEHTOB TalaKTHUECKUX W MHIYCTPUAIbHBIX MOMEX, a TaKkKe HX

HIDKHHE ¥ BEPXHHUE JCIWIN PaCCUUTHIBAIOTCS ¢ oMolibio GyHkimu NoiseMG. dyHKIMoHaATbHbBIC
pa3nuyMs MporpaMMHBIX peanu3zauuii pekomenganmii 1TU npusenens B Tadi. 3.
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Tabnuna 3 — @yHKIMOHATBHBIC PA3THYUS IPOrPAMMHBIX peanu3anuii pekomenaarmu I TU-R P.372

IIporpamMmMHas peajn3anus ITURNOIse \ GHNoise mRNoise
Kpowme Kpome V,, 6, n N
[lepedeHp BEIMHUCIIAEMBIX TIAPAMETPOB PE Vu ¢ [Monuebrit
n' Eno Vg MOy, | cTaTiCTHKH KOMIIOHEHTOB
Y4uThIBa€Mbl€ KOMIIOHEHTHI Bce Bce Bcee
o B Touke u mo Bcen B touke u o 3agaHHOMY
Crroco6 BEYUCIICHHAH TonpKko B TOUKE .
MTOBEPXHOCTH 3eMITH paioHy
[IpuBeneHre K 33 JAHHOMY BPEMEHHU Tonpko UTC Tonpko LT UTCulLT
Yuer BEPOATHOCTH IIPEBBINICHUS YPOBHS H TonbkoO MEIHaHHOE
TIOMeX TIpH Bbraucnennu P ou E | r 3HAYCHHUE fla
OKBaTOpHAIbHASI HHTEPIIOJISIIHS Her Ja, monoca ¢ukcuposana | /la, moyioca perynupyercst
Wurepnonsiimst 1o BpeMeHHM CyTOK | TOJBKO IO BpeMEeHH Her Jla
U MecsIly rojia CYTOK

IIpoBepka agekBaTHOCTH Pa3padOTAHHOI METOANUKHI

B HHM3KOYACTOTHBIX JaWana3oHax aTMOC(EpHBIE TOMEXH YacTO SIBIIIOTCS JIOMUHHPYIOIINM
BUJIOM ToMeX [ 18], MoATOMyY MMeeT CMBICIT POBEPUTH COOTBETCTBUE MMPOTHO3UPYEMBIX YPOBHEH MOMeX
M0 pe3yJabTaTaM PacueToOB Pa3IMUHBIMU crocobamu. B KkadecTBe OMHOTO M3 TaKMX albTEPHATHBHBIX
CHOCO0OB B3AT TpaduuecKkuil crocol ompeaeicHus MapaMeTpoB aTMochepHbIX momex. B Tabi. 4
MIpUBENICHBI pe3ynbTaThl pacuetoB s T. boynnep (CIUA), r. XKenesa (LlIseiiniapus), r. Kanbeppa
(ABctpamusi) u 1. Puo I'panne (ApreHTuHa) BBITIOJHEHHBIE PYYHBIM CIIOCOOOM MO Tpadukam
u ¢ momoupio IBM. I'paduueckue npumepsl npuBeeHsl B JokyMenTax Ne 1 — B [10], Ne2 — B [19].
[Tpumepst Ne 3 1 Ne 4 BbIoHEHBI rpagUIeCKIM CIIOCOOOM IO peKOMeHAaIuH [2].

Tabnuua 4 — Pe3ynbraTsl OnpeAeaeHus CTaTUCTUYECKUX TapaMeTpoB KO pULMeHTa ryMa
C MOMOIIBIO TPaQUUIECKOTO U BBIYMCIUTEIEHOTO METOIOB

ITapamerp
Dy, nb

Merona Fan (1 MI'm), F,, mpuBeaeHHbIH K
ab/(kTob)  wacrore f, 1B/(KTobh)

1. Boynuep (CIIA), 40,02° c.ur., 105,28° 3.1., neto, 20:00-24:00, f = 500 k'
I'paduueckuii 90,00 102,00 9,00 7,70 3,10 2,00
BrraucantensHbIH 87,73 99,19 9,02 7,70 3,07 2,12
Pasznura 2,27 2,81 0,02 0,00 0,03 0,12
2. XKewnesa (Ilseitnapus), 46,20° c.ur., 6,15° B.1., neto, 20:00-24:00, f= 50 x['
I'paduueckmii 78,00 135,00 6,40 6,00 1,90 2,00
BrrunciaurenbHbIin 71,94 132,00 6,38 6,01 1,86 2,02
Pazuura 6,06 3,00 0,02 0,01 0,04 0,02
3. Kanb6eppa (ABcrpanus), 35,30° ro.nr., 149,13° B.1., 3uma, 08:00-12:00, f=5 MI'n
I'paduueckuit 35,00 24,00 11,10 7,40 3,90 3,20
BrranciuTens b 35,14 19,95 10,56 7,29 3,94 3,11
Pasuuria 0,14 0,43 0,54 0,11 0,06 0,09
4. Puo I'panne (Aprenruna), 53,78° 1o.11., 67,70° 3.1., ocens, 16:00-20:00, f= 15 MI'y
I'paduueckuit 51,00 27,00 7,50 6,00 2,40 2,00
BrrunciautenbHbIil 52,45 27,35 7,71 6,32 2,44 1,95
Pasuuria 1,45 0,35 0,21 0,32 0,04 0,05

Kak BuaHO M3 TabiMibl MakCUMallbHas MOTPEIIHOCTh PYYHOTO CHOC00a OTHOCHUTENIBHO
BBIUUCTUTENBHOTO Uit mpumepa Ne 2 coctaBmser 6,06 1b. OngHako, 3TO MOXHO OOBSICHHUTH
YTOYHEHHEM C MOMEHTa M3JlaHus pekoMeHaauuu [19] moAroTHeIX M MIKUPOTHBIX KO3 ULINEHTOB,
HEOOXOIUMBIX TSI allPOKCUMAINHN TapaMeTpa Fam KOHEYHBIMU TPUTOHOMETPUUYECKUMHU PSIAMH.
Jlnst mocnenuei penakiuu pekomeraannun MCO [2] HaOmrogaeTcsl pacXoKIeHHEe pe3yabTaTOB HE
oonee 1,5 nb (mpumepsr Ne3 u Ne4), 4yTO BHOJHE OOBSACHUMO TOTPEIIHOCTBIO PYYHOTO
onpeneneHus napamerpa Faym o kapram kpymnHoro macmrada. Jljis 6osee AeTaIbHOTO YCTaHOBICHUS
COOTBETCTBUS pa3pabOTaHHOM MeTOAUKH pekoMeHaarmsM MCD [2] mpoBeieHO CpaBHEHHE II(PPOBBIX
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KapT MeauaHHoro 3HadeHus: dpdexktuBHOr0 Kodddurmenta myma Fqy. Pacderst BbmonmHeHBI Tpems
pa3HBIMU CIIOCO0AaMH: € TOMOIIBI0 pa3paboranHOro nakera MRNOISE M ¢ MOMOIIBIO MPOrpaMm
GH_Noise [5] u ITURNOoise [4]. YcnoBus — Bpems 14:00 LT, ce30n — 3uma, pabovas gacrora 20 MI'i.
MO u CKO paznuunii mporHo30B IpUBEIACHBI B TA0I. 5.

Tabmuua 5 — CTaTucTryeckue XapakTepUCTUKU Pa3IHYid TPOTHO30B

IMapametp AF,, (mMRNoise — GH_Noise) AF,,, (mMRNoise — ITURNOoise)
MO -0,23 0,30
CKO 1,11 1,76

W3 Tabmuupbl BHUIHO, YTO pE3yJbTaThl NPOrHO3UpoBaHUs B makere MRNOise mo Bceit
MIOBEPXHOCTH 3EMIIM XOpOIIO coriacyrorcs ¢ pesyasraramu nporpamm GH_Noise u ITURNOoise.
Taxoke U1 pe3ynbTaToB mporao3upoBanust B nporpammax GH_Noise u mRNoise HaGmomaercs
XOpolllee COBIaJeHNEe YpOBHEH MeanaHHoW MomHocTtu. Hampumep, mis yenosuii 18.00 LT, BecHa,
b =1 I'u MO paznuunii paBuo 0,0176 1b, a CKO cocrasnser 0,0247 nb.

Cneayer ormeruth, 4to B mporpamme GH_NOISe He OCyIIeCTBISAETCS UHTEPIOSIUS 110
BpeMeHH U Mecsly roja, a B nporpamme |ITURNOISe naHHBIE HHTEPHOIHUPYIOTCS TOJBKO IO
BPEMEHH, OATOMY 1I€TIECO00Pa3HO MTPOBEPUTH PA3TUUMS PACUETOB VIS CIyYailHBIX JAHHBIX, YTOOBI
BBISIBUTH BIIMSHUE WHTEPHOJSIIMKA HA PE3yabTaT NPOTHO3MpOBaHWA. [ljii 3TOro creHepupoBaH
maccuB 3 100 cimydaliHBIX TOYEK B mpocTpaHcTBe mepemeHHbix M € [0; 12], h € [0; 24 (u)],
env € {1; 2; 3; 4}, lat € [-90; 90 (rpan)], lon € [-180; 180 (rpan)], f € [0,01; 30 (MI'u)], rae env —
NepeMeHHas1, Xapakrepusywoias kareropuu nomex A-D coorBercTBeHHO (cM. Tabm. 2). Bcee
NepEeMEHHbBIC pacIpelielieHbl PABHOMEPHO, 3a HMCKIIOYEHHEM 4acToThl f, KoTopas pacrpeneiicHa
gorapuMHUUECKH paBHOMEPHO Ha 3agaHHOM oTpeske. Jlanueie momansl Ha BXox ITURNoise u
MRNOISe u mOJNydeHbl 3HAYCHUS CYMMApHOTO MeauaHHOro Koddduimenta myma Fpr.
'ucrorpamma paznuuuii pe3ysiabTaToB pacueToB mapamerpa Fyr mokasana Ha puc. 8. Ilomyuuts
aHAJIOTUYHBIC pe3yabTaThl B iporpamme GH_NOiSe He npencTaBisieTcss BO3MOKHBIM, TaK KaK B Hel
peanu3oBaH TOJBKO PpPYYHOW BBOJ MCXOJHBIX JIaHHBIX B TIpaduueckoM uHTepeiice,
CKOMITHJIMPOBAHHOW OMOIMOTEKH Wi KOHCOJIbHOTO BBo1a B GH_Noise Her.

Kak BugHO m3 pucynka 80 % pasnmuunii jexar B npenenax ot —2 a0 1,5 nb, HO HekoTopsle
3HaueHus Fpr pasmuuarorcss BechMa 3HaumtenbHO — A0 12 nb. [lostomy BeiOpanbl 6 HamOosee
CYLIECTBEHHO OTJIMYAOIIUXCs nmo3uimii mapamerpa For (JAFyr | >4 nb), KoTopble MOXKHO CUHTATh
BeiOpocamu. COOTBETCTBYIOIIME BHIOPOCAM HWCXOJHBIC JaHHbIC BpydHYro BBeneHsl B GH_Noise.
Pe3ynbTarsl mokas3assl B Ta0I1. 6.

35 T T T T T ] T 1
30 | i 2
i 108 8
© L : I
g > i 3
§ : 406 &
S 20 : ; Q
© c =
E 15 R o
o i 104 ]
g E
J 10 F g,
0 1:0.2 ;
5 [ (<o) 7

x I
0 a7 | 1 El== i=:.|: : 1 Q 0
-12 -10 -8 -6 -4 -2 0
AFmT, nb

Puc. 8. I'mcrorpamma pasnuunii napametpa Fpr, momydensoro B nporpamme | TURNoise u makere mRNoise
C TMOMOIIIBIO CITyYaHBIX BXOJIHBIX JJAHHBIX
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W3 tabmunsl BuaHo, uto MO u CKO pasnnuuii mporHo3UpOBaHUS UMEIOT OAMHAKOBBIN
nopsaok. Eciau ans y3710BBIX TOYEK (TOYEK, IJl€ MHTEPIONALMS HE NPUMEHSAETCS) pPa3Indus
MPOTHO3UPOBAHMS HECYIIECTBEHHBI (CM. TalI. 5), TO AJS MPOMEXKYTOUHBIX TOUYEK IOJyYCHHBIE
paziau4Ksi MOTYT ObITh OOBSICHEHBI Pa3HBIMU MHTEPIOJISIIIMOHHBIMUA MeToamu. B makere MRNoise
IIPUMEHEHAa MHOTOMEpPHas JIMHEIHAsi UHTEPIIOJIALUS JUIsl IPOCTPAHCTBEHHON BapHallMM U CILIAiH-
UHTEPHOJALMSA Ul BHYTPUCYTOUHOM Bapuauuu Ko3dduuuenra armocpepHblx mnomex. B
nporpamme ITURNOISe MHTEpIOsmus BBHIIONHACTCS TOJBKO JUIi BPEMEHH CYTOK C IOMOILBIO

BBIPpAXKCHUA

10Fam1/10 + S(lOFamz/lo _10Fam1/10),

Tabmuia 6 — BeIOpOCH pa3HUIIBI MPOTHO3UPOBAHMSI C UCXOTHBIME JaHHBIMHU
Homep nporxnoza

(30)

ITapametp

(mRNoise), nb/(kTgb) 89,68 100,53 131,90 99,03 115,87 74,91

(ITURNOoise), nb/(kTob) 99,96 106,52 127,69 107,89 120,39 86,16

(GH_Noise), nb/(kToh) 89,66 99,23 129,84 108,45 119,20 81,67
lat, rpan 20,31 -12,98 37,00 -19,81 30,81 -10,68
lon, rpan —86,35 —27,05 —84,65 —22,92 -97,91 -50,27
Bpewmst, UTC, u 17 11 10 18 18 14
Bpewms, LT, u 11,24 9,20 4,35 16,47 11,47 10,65
COOTBETCTBYIOIIKN BPEMEHHON OJIOK 08:00— 08:00— 04:00— 16:00- 08:00— 08:00—
LT (s GH_Noise) 12:00 12:00 08:00 20:00 12:00 12:00
[TomexoBoe okpykeHHE 3 4 3 4 4 3
Mecsin 6 1 2 5 11 11
Ceson (11 GH_Noise) Jletro 3uma 3uma Becha OceHnb OceHb
f, MI'p 0,32 0,09 0,04 0,15 0,06 0,86

CpenHsiss pasHHIla MPOTHO30B MO BBIOpOCaM
(mRNoise — GH_Noise) u CKO noka3ansl B TabJ1. 7.

Tabmuua 7 — CtaTucTUyecKre XapakKTEpPUCTUKH PA3IUUUi IPOTHO3UPOBAHUS 110 BEIOpocaM

AFnr1 (MRNoise — ITURNoise) u AFpr

IMapamertp \ MO \ CKO
AFqr1 —6,20 5,64
AFqto —2,68 4,65

rae Fami 1 Famz — k03 dunimenTsr atMochepHBIX MTOMEX, MOTYyYEHHBIE JJISI CMEKHBIX BPEMEHHBIX
OIIOKOB, ¥ S — KOI()(PHUIIMEHT UHTEPIOIAINH, 3aBUCSIIINA OT Yaca BHYTPU TEKYILIETO BPEMEHHOTO
onoka. B GH_Noise untepromnsius st BpeMEHH CYTOK M MecsiIia rojia He MpeyCMOTpEHa.

BriBoabl

Pa3paborana ycoBeplIEeHCTBOBaHHAs METOAMKA IPOTHO3UPOBAHUS HeNpeaHAMEPEHHBIX
nomex B auanasone 0,01-30 MI'n u cooTBeTCTBYIOIIAs MPOrpaMMHasl peajin3alys B BUJE MTAKeTa
pacmupenust MRNoise [20] mist cpeast moaenuposanus Matlab.

PazpaGotanHblii mporpaMMHBIA MakeT oOnagaer Oosee IMUPOKUMHU (PYHKIHMOHATBHBIMU
BO3MOXKHOCTSIMH [0 CpaBHEHHIO ¢ wu3BecTHbiMH mnporpamMamu GH_Noise u ITURNOoise.
B yacTHOCTH, OH NO3BOJISIET BHINOJIHATH PUBEAEHUE KAPT MIOMEXOBBIX XaPAKTEPUCTUK K €IUHOMY
Bpemenn UTC, ocymiecTBiseT JWHEHHYIO HHTEPIONANWIO 3HAUYEHWH IO MecsiaM roja W IO
BPEMEHM CYTOK IIPH IIPOBEJEHUH NPOCTPAHCTBEHHBIX PACUETOB, a IPU pacdyeTax BHYTPUCYTOUHBIX
M3MEHEHUH TIOMEXOBBIX XapaKTEPUCTUK BBINOIHACT CIUIAHH-MHTEPHOJSIUIO MPOMEKYTOUHBIX
3HaueHuil. IlomHOe cpaBHEHME mporpaMMHON peanuzauuu pexomeHaauuu MCD [2] npuBeneHo
B TabI. 3.
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B nemnom pe3ynbrarhl MPOrHO3UPOBAHMS YPOBHEH HENpeIHAMEPEHHBIX MOMEX C IOMOIIBIO
METO/IMK, peann3oBaHHbIX B mporpammax GH_Noise, ITURNoise u makere pacmmpenus MRNOoise,
COOTBETCTBYIOT JApYr JApyry. Pasnuuusi B NPOTHO3MPOBAHMHM I Y3JIOBBIX TOYECK HE3HAYHMTEINIBHBI,
a CYILICCTBEHHBIC pa3NMuMsl JUIsl TPOMEKYTOUHBIX 3HAYCHWH MCXOJHBIX JIAHHBIX OOBSICHSIIOTCS
pasHuIell MeToZ0B MHTeprosiuy. ClemnoBaTenbHO, pa3padOTaHHYK) METOAWKY MPOTHO3MPOBAHUS
HETPeTHAMEPEHHBIX [IOMEX, peajln30BaHHYl0 B makere pacumpenuss MRNOISe s cpemb
MonesnupoBanus Matlab MoxxkHO mpu3HaTh ajgeKBaTHOM M B JajbHEHIIEM HCIIONB30BaTh €€ IPH
MPOrHO3UPOBAHUS 30H OOECIICUYCHHSI CBS3bI0 KaK IMOJBMXKHBIX, TAK M CTAI[MOHAPHBIX A0OOTHEHTOB B
JE000M TOUKE 3eMHOT'O IIPOCTPAHCTBA.
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Radio noise forecasting technique in 0,01-30 MHz frequency band and its software implementation
A. A. Tipikin, A. A. Gustov

Annotation. Problem statement: stationary and mobile users telecommunication capabilities in
specified region depend on available signal to noise ratio. In case of interference absence noises, including
several components, become the one of the main factors of quality of service decreasing. There are some
techniques and appropriate software implementations, based on International Telecommunication Union
recommendations, that gives possibility to forecast noise level. But disadvantages of the existing techniques
in some cases make difficult to forecast noise level without software or technique modification. The purpose
of the work is to develop technique of noise forecasting in 0,01-30 MHz frequency band and appropriate
software implementation, that eliminates disadvantages of existing methodology and enables subsequent
estimation of the radio links quality of service in specified region. Methods: we used system approach to
summarize results of noise forecasting methodology research. Noise forecasting technique and its software
implementation development based on system analysis provides compatibility with some methods of radio
tracks energy parameters forecasting. Novelty: developed technique and its software implementation provide
elimination of transequatorial discontinuity of atmospheric noise parameters due to seasonal approximation
functions differences, that approximate noise figure on the specified frequency; reduction of noise
parameters maps to the universal coordinated time; accounting of the specified noise level exceedance
possibility in calculations of noise power and noise E-field and some other minor modifications. Practical
relevance: technique implemented as mRNoise expansion package for Matlab modelling software.
Expansion package mRNoise available on open resources such as Matlab-Central and GitHub. Noise power
and E-field calculations appear as required data for the quality of service estimation in specified region.
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MeToauKa NPOrHO3UPOBAHUS NMOTEPh TEXHUKH CBS3U
B YCJIOBHSIX 1eCTPYKTHBHBIX BO3/1eiiCTBUIl

Manumtok E. I1., I'peunminukoBa T. A.

Annomayusn. Cospementvle MexHOIOUU CEA3U AGTAIOMC HEOMbEMAEMOU YACMbIO QYHKYUOHUPOBAHUL
KPUMUYECKU  B8AMNCHBIX UHGPACMPYKMYP, OOHAKO UX YCMOUYUBOCHL K PA3PYUUMENbHLIM  8030€UCMEUIM
ocmaemcst noo yeposou. Tpaduyuonnvlie mMemoobl NPOSHOSUPOBAHUS NOMEPL 3a4ACMYI0 He VYUMbIEaom
cneyughuxy yepo3 603HUKHOBEHUS YPEe3bIYAUHBIX CUMYayull, Ymo Oenaem ux HeooCMAamoyuHo HeKmueHsIMU 8
COBpEeMEHHbIX YCI08UsX. B smoil cesasu paspabomka HOBbIX NOOX0008 K OYeHKe BeposimHO20 yujepda O
MEXHUKU CBA3U, VUUMbBIBAIOWUX KOMIIEKCHOe GIUSAHUE UPe3blY4aUHbIX CUMYayutl U Opyeux OecmpyKmueHbIX
@axmopos, npuobpemaem ocodylo 3Hawumocms. B oannoil cmamve npeocmasnena Memoouka, OCHO8AHHAS HA
ananuse napamempos MexXHUKU C6es3U, XAPaKmepUCmuK 6030etiCEULl U YCl08Ull IKCHIyamayuu, Komopas
HANPAeeHa HA NOBblUEeHUe MOYHOCHIU NPOSHO308 U VKpenieHue YCMOUYUBOCIU CUCEM C8A3U 6 VCI0BUAX
coepemennbix puckos. Llenv uccnedosanus — paspabomamv MemMoOOUKy, NO360MAOUYIO PACCHUMATND
npOCHO3UpyeMble NOmepu MexXHUKU CEA3U C Yy4emom OecmpyKMUGHuIX 8030€Ucmeull U SKCHIYAMAYUOHHbIX
OMKA308 Ol OYeHKu ycmouuusocmu u dpgexkmuenocmu ee @ynkyuonuposanus. Hayunaa noeusna
PazpabomanHoll. MemooOuKy 6 Omuyue Om MPAOUYUOHHBIX NO0X0008, 3AKIIOHAemCcs 8 Yueme CleOVIouux
Gaxmopos, yuumeieaiowux OUHaMu4ecKue napamempul, maKue KaxK 6eposimHOCHb ee NOPAdCeHUs C y4emom
cmenenu 3aujUeHHOCU U 8 NPUMEHEHUU MEeXHON02UL UCKYCCMBEHHO20 UHMENNeKMa 05l PACNO3HABAHU
cmenenu nospexcoenust TC. Humezpayus HOBbIX OAHHBIX 3AKIIOUACMCS 8 UCNOTb308AHUU AKMYATIbHBIX OAHHBIX O
cpeocmsax u chocobax npumeHeHus 0ecmpyKmuHbIX 6030€UCmEUl], MAKMUKO-mMexHUIeCKUx Xapakmepucmuxax
MeXHUKU CEA3U U YCIOBUAX ee DKCNIYamayuu, a areopummuzayis npoyecca no3eoisen agmomamusuposans
pacuemsi nomeps MeXHUKU C8:3U U NOBbICUMbL MOYHOCMb NPOSHO3Uposanus. Pezynsmamul noomsepcoaiom
B03MOJCHOCIb  NPUMEHEHUsL  NPeonaeaemoll  MemoOuKku 015l  NPOSHOSUPOBAHUS  NOMEPb 8  YCIO0BUSX
0ecmpyKmMuGHbIX 8030€UCmBuUll, YMmo 8 KOHeUHOM Umoze CHOCOOCMEyem NOBLIUWEHUI0 YCIMOUYUBOCU CUCTEM
C6A3U, ONMUMU3AYUU UX DYHKYUOHUPOBAHUA U CBOEBPEMEHHOMY NPUHAMUIO peuwlenuti no 3awjume U
soccmarosnenuto  06opyoosanus. Ilpakmuueckan 3nauumocmov paspabomanHol MEmoouKu Ccocmoum 6
B03MOICHOCIIU NPOBEOEHUsI paciemad NOmepb 8 YCI0BUAX PeanbHO20 6PeMeHU, a MaKice OCYWecmeneHus 6
PaMKax npocpammHou peanuzayui, Oazupyioweticss Ha MexHON02UAX UCKYCCMBEHHO20 UHMENNEKMA, NO00EPHCKU
NPUHAMUA  peuteHuss  OONHCHOCHBbIMU — JUYAMU — OP2AHO8 — MEXHUYeCKo20 — obecnevenus — cesa3u U
aABMOMamu3UPOBAHHbIX CUCTEM YNPAGICHUS HA BOCCMAHOBTICHUE NOBPENCOCHULL MEXHUKU CE53U.

Knrouesnte cnosa: becnunomuvlie nemamenvhvie annapamebl, OecmpykmueHble 6’030@116’"’161/1}1, mexHojiocuu
UCKYCCMEBEHHO20 UHmMeJljlekma, npocHo3 nomepb,ycmoﬁlmeocmb cucmem CeA3U, akcnﬂyamauuoqulﬁ onmkKkas.

BBenenune

AKTyanbHOCTh ~ pa3pabOTKM  METOJMKH  OOYyCJOBJIE€HAa  HM3MEHUBIIMMHUCS  BOEHHO-
MOJUTUYECKUMH, BOEHHO-TEXHUUECKUMH, TEXHUKO-IKOHOMHUYECKUMHU (DaKTOpaMu U YCIOBHUSIMH,
KOTOpBIE 3aTPYAHSIOT NPHMEHEHHE paHee pa3pabOTaHHBIX M (HYHKUHMOHUPYIOUIMX METOAMK IO
MIPOrHO3UPOBaHMIO NToTeph TeXHUKH CBs3U (TC) B yCIOBHSIX NECTPYKTHUBHBIX BO3JEHCTBUI C yUETOM
M3MEHUBIIMXCS MaTEpPUAIbHBIX CPEICTB M CHOCOOOB BO3AEHCTBUSA. B COBpeMeHHbIM Mupe
00CTaHOBKa M3MEHSETCS OYEHb OBICTPO, UTO TpeOyeT ONepaTHBHOIO MPHUHSTHS pElIeHUu Ha
npumenenre TC. Ilosbiuenue s@dexktuBHOCTH BoccTaHoBiIeHUs TC ocymiecTBiasercs 3a cyer
CHW)KEHHsI BPEMEHM ompefesieHns crenened nopaxenns TC. Meronnka MporHO3MpOBaHUS MOTEPH
TEXHUKH CBSI3U NPUMEHMMA JUIsl pacuerta noBpexjeHHOM TC B 4pe3BbIUalHBIX CUTYyalMsIX Kak Ha
JTare NpeABapUTEIbLHOrO TNIAHMPOBAHUS JJISl OLEHKU MOTpeOHOCTEN U MPOrHo3upoBanus noteps TC,
TaK M Ha dTare HeMOCPEACTBEHHO (DYHKIIMOHUPOBAHUS — 7151 MOHUTOpUHTa 1notepb TC U ynpaBieHus
pesepBaMu. Takum 00pa3oM, METOJIMKA SIBISETCS MHCTPYMEHTOM JJIsi 00€CleYeHusl YCTOMYUBOCTH
CHCTEM BOCCTAHOBJICHHUS CBSI3M U YCIICIIIHOTO BBIMOJIHEHU 3a/1a4 1o ¢pyHkunonuposanuto TC.
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IMocTaHoBKa 3224 HA Pa3paboOTKy MeTOAUKH MPOTrHO3MPOBAHUS MOTEPH
TeXHUKH CBSI3M B pe3yJibTaTe 1eCTPYKTHBHBIX BO3/1eiiCTBHIA

Meroquka B peadbHOM MacmTabe BpPEMEHH MO3BOJSIET: JOJDKHOCTHBIM JIMI[AM OpPraHOB
TEXHUYECKOTO OOCCIICUCHUsT CBSI3W M aBTOMaTH3WpoBaHHBIX cucteM ympasieHus (TOC u ACY)
nepepacrnpesiensaTh TpeOOBaHUS K CHUCTEME CHAO)KEHHsS M BOCCTAHOBJIEHUs, rmoMoraeT 3(dexTuBHO
OpraHu3oBbIBaTh BoccTaHoBieHue TC, oOecreurBasi ONTUMU3ALMIO BBIMOJIHEHHUS MX 33/1a4 B paMKax
peleHus 3a1a4 no auarHoctuke noBpexxaeHHo TC. OCHOBHOM 1LENbI0O METOAMKH SIBISIETCS pacyeT
MIPOrHO3UpyeMbIX 1oTepb TC ¢ y4eTOM JeCTPYKTUBHBIX BO3IEHCTBUI U SKCILTyaTallMOHHBIX OTKA30B.

IIpenyiaraemasi METOAMKA HAIIpaBJICHA HA PELICHUE CIEAYIOIHUX OCHOBHBIX 3a/1a4:

— pacuet noteps TC B pe3yabpTare 1eCTPYKTUBHBIX BO3/ICHCTBHIA;

— obOocHoBaHMe TpeOOBaHMH K oOmepaTuBHOCTH pacdera mnoteps TC B pesynbrare
JECTPYKTUBHBIX BO3/ICHCTBUIA;

— obocHoBaHMe TpeOOBaHMK K JIOCTOBEpHOCTHM mporHo3a moreps TC B pesynbrare
JECTPYKTUBHBIX BO3JICVCTBUI;

— COBMECTHBII y4eT pe3ysbTara JeCTPYKTUBHBIX Bo3zeiicTBuil Ha TC M 3KCIuTyaTallMOHHBIX
OTKa30B Ipu pacuere notepb TC Ha MOObIX BpEMEHHBIX HHTEpBaJIax.

CyiHocTh mpeniaraéMoil METOJMKH OCHOBBIBAETCS HAa y4eTe W paHXUpPOBaHUM (PaKTOpPOB,
BIMSIIOIIMX HA KOIMUYECTBO noTeps TC, U OTIIMYAETCs OT U3BECTHBIX TEM, YTO BIEPBHIC IPUMEHSIOTCS
TEXHOJIOTUM HCKYCCTBEHHOIO MHTEUIEKTa Uil INporHosupoBanuss notepp TC B ype3BbIYAWHBIX
curyauusix. [IporaozupoBanue noreps TC ocyliecTBIsS€TCs 10 IByM OCHOBHBIM HalPaBJICHUSM:

1) [IporHo3 Ha OCHOBE aHalM3a MaTepUAIBHBIX CPEICTB JCCTPYKTUBHBIX BO3JCHCTBHIA,
MIPUMEHSAEMbIX IPOTUBHUKOM;

2) IIporuo3 Ha ocHOBe aHanu3a HaxexxHocTH TC.

Pacuer nporno3upyemsix norepb TC B yCIOBUSX AECTPYKTUBHBIX BO3IEUCTBUI IPOBOJUTCS
C YYETOM: BO3MOXHOCTEH NPUMEHEHUs NPHUHLMIIMAILHO HOBBIX U Pa3HOOOpa3HbIX MO CBOEMY
XapakTepy CpEeICTB JECTPYKTHBHBIX BO3JIEWCTBHM, BKIIOYass TMOCIEACTBUS UYPE3BBIYANHBIX
CUTYallul, CHOCOOHBIX BBI3BaTh KPUTHUECKOE MOBPEKICHUE WM MOJHOE YHUUYTOKEHUE TEXHMKH,
ocoOeHHOCTeH Tonosioruu pazmerenust Ha MmectHocty TC, Bo3moxkHocTH nepemerenust TC.

OcHoOBHBIE 1ONYIIEHUS] U OTPAaHUYECHUSI METOJIUKHU:

— BEpOATHOCTU ONpeAeieHus cTeneHu noBpexaeHus TC  ompenensiorcss ¢ yd4eToM
WHTEHCUBHOCTH, TPOJODKUTEIBHOCTH U KOMOMHHMPOBAaHHOTO XapakTepa BHEIIHUX
BO3JICHCTBUM;

— TC co creneHssMu MOBpeXICHUS CUIbHBIE U O€3BO3BpPATHBIE NTOTEPU BOCCTAHABIMBAETCS
3a cYeT CHaOXKEHUS;

— Bpems BocctaHoBiieHUs: TC co cnaObIMU MOBPEXACHUSIMH COCTaBIISET 1O 5 CYTOK, CO
cpenHumMu noBpexaeHusMu — 20-60 cyTok;

— TEKYyLIUI peMOHT MPOBOAUTCS Ha MecTe noBpexaeHus TC;

— N0 TPYIOEMKOCTH BOCCTAaHOBJIEHMSI OKCIUIyaTallMOHHBIE OTKa3bl COOTBETCTBYIOT
TEKYIIEMY PEMOHTY.

[Tpu pa3paboTKe METOIUKH TOJIKHBI OBITh PEIICHBI CIEIYIONINE 3aJauu:

— TIOJIyYeHHE U MpeIBapuTeIbHAs 00pab0TKa UCXOIHBIX TAHHBIX;

— a”anmu3 Tomosiornu pasmemieHuss TC B COBpEMEHHBIX YCIOBUSX, COCTaBa M
TEPPUTOPUATBHOTO PA3MEIICHUSI PEMOHTHBIX OPTaHOB;

— OIpelereHrue BOZMOXHOCTEN CUCTEMBI BOCCTAHOBIICHUS,

— (¢dopmupoBanre TpeOOBaHWN K OINEpPaTUBHOCTH pacuera moTeph TC B  yCIOBHSIX
JNECTPYKTUBHBIX BO3/ICHCTBUN;

— (¢opmupoBaHre TpeOOBaHHI K I0CTOBEPHOCTH pacyera rnoreps TC nmpu NporHo3MpoOBaHHH.

Takum o0pa3zoM, HEOOXOIUMO pa3paboTaTh METOJUKY, NPUMEHEHHE KOTOPOM I03BOJIUT
o0ecneunTh ONepaTuBHOCTh pacueTa notepb TC mpu BHIMOIHEHUH TPEOOBAHUMN MO IOCTOBEPHOCTH
TaKoro pacuera.
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IMosyyeHnne u npeaBapuTebHas 00pad0OTKAa UCXOAHBIX JAHHBIX

OCHOBHBIMU UCXO/IHBIMU JAHHBIMH METOJUKH SIBIISIFOTCSA:

1) AnpuopHbIe JaHHbBIC O MPEAINOJIAracMOi Ype3BIYaAHON CUTYAIINU:
Tpace. — JUIUTENBHOCTD pacyerTa;
Puopax(t) — OIIOpHBIE BEpOSATHOCTH ompeieeHNs cTenenu noppexaeaus TC,;
Miopax — 3HAUCHHE MATEMaTHYECKOTO OXKHUIAHHS BPEMEHH MOBPEKACHUSL.

2) AnpuopHnsie ganubie o TC:

— Np — xommmuecTBo padoTocrmocoOHbXx TC B HaYabHBIE MOMEHT BPEMECHH;

— | —paccrostaue mesxy oobexramu TC;

— F, —crenens 3aunmimensocTy.

3) OcHOBHBIE MOKA3aTENIA CHCTEMbI BOCCTAHOBJICHHUS

— trp — cpenmHee BpeMs TEKYIIETO PEMOHTA;

— tcp — cpeHee BpeMsi CpeIHero PEMOHTa;

— txp — cpeaHee BpeMs KallUTAIFHOTO PEMOHTA;

— To— cpennss HapaOoTKa Ha OTKa3;

—  Taocer. — CpeIHEE BPEMSI BOCCTaHOBIICHHS,

— Ky — K030 dHuIHEHT 00y4EHHOCTH TMYHOTO COCTaBa PEMOHTHBIX MO/Pa3/ICICHH;

— Kenox. — KO3 PuitpienT crioxxaoctd TC U ee peMOHTOIIPUTOTHOCTH;

— A — KOIUYECTBO JIUYHOTO COCTAaBa, 3aJIcHCTBOBAHHOTO 1151 pemonTa TC;

— T —Bpems moctaBku TC co cHaOKeHUS.

Cocra u Tomosorusi TC OepyTcst UCXOIs W3 THUIIOBBIX CIEHAPUEB Pa3BEPTHIBAHMS
UHPPACTPYKTYPhI, TEXHUUECKUX XapaKTEPUCTHK OOOpYIOBaHMS, reorpapuueckux U KIMMaTUYeCKUX
0c0OEHHOCTEH PETHOHOB, a TAKXKE TPEOOBaHMIA K MPOIYCKHOM CIOCOOHOCTH M HA/ICKHOCTH CETH.

BbIXOIHBIM pe3yibpTaTaMu METOAUKH SBIISIFOTCS

— Nps(t) — xommgectBo TC, MOBpEKICHHON B pe3yiIbTaTe IECTPYKTUBHBIX BO3/ICHCTBHN;

— Noso(t) — komuectBo TC, BhIIIE/IIICH U3 CTPOS B pE3yJIbTaTe IKCIUTyaTAIIMOHHBIX OTKA30B;

—  Npocer(t) — KomruecTBo BoccTanoBinenton TC;

— Nex(t) — kommaecTBo TC, MOCTYMUBILEH CO CHAOKEHHUS

— Pso(t) — BeposATHOCTH BOSHUKHOBEHHS SKCILTyaTallHOHHBIX 0TKa30B TC.

OcHoOBHOE coaepkaHue METOAMKH IPOrHO3UPOBAHUS NOTEPb TEXHUKHU CBA3HU
B YCJIOBHUAX JeCTPYKTHBHBIX BO3/1eiCTBUI

Meronvka @IPOTHO3UPOBAHUSA IOTEPh TEXHUKU CBA3M B YCIOBUAX JECTPYKTUBHBIX
BO3JEHCTBUI COCTOUT U3 YETHIPEX ITAMOB.

1) Ha nepsom omane mupu pacuere koiudectBa TC, TOBPEKACHHOH B YCIOBHSIX
JNECTPYKTUBHBIX BO3JIEUCTBUH, B OTINYUE OT CYLIECTBYIOLUIUX METOJUK, YUIUTHIBAETCS BO3MOKHOCTb
IepEMELICHUSA TEXHUKU CBS3U U CTEIEHD €€ 3alUICHHOCTH.

IIpu pacuere xonmnuectBa TC, MOBPEXACHHON B YCIOBMSX JIECTPYKTHBHBIX BO3/JECHCTBUM,
YUUTBIBAETCSA IEpBOHAYaJIbHOE KoyndecTBO padorocnocobnoit TC Ha wucciaenyeMblii MHTEpBaJI
BPEMEHH, a TaKKe€ BEPOSATHOCTb MMOBPEXKICHHS, YTO IMO3BOJISIET C OOJbIIEH JOCTOBEPHOCTHIO
OLEHUTh Mporuozupyemsie norepu TC 1Mo HEOOXOAMMBIM pacUeTHBIM MHTEpBajlaM BPEMEHHU.
Pacuetrsl mpousBoxarcs mno rpymnmnam TC. Pacder konuyectBa mnoBpexaeHHoM TC MoxHO
MIPOU3BO/IUTH B JIFOOOH MPOMEXKYTOK BPEMEHH, ONIPENEISIONUM (aKTOPOM SIBISIETCS MaKCUMalbHas
JaIbHOCTh MoJjera OecnwiioTHoro JnertarensHoro ammapatra (BIIJIA) w3 cocraBa rpynmsl
TEXHUYECKOH pa3BeIKU MM He0OXO0uMas NepUOIMYHOCTh pacyera noteps TC.

NB/B (tJ) ziiN(tjl).Pnopam(tj) ' (1),

rae je {1, ey n} — HOMEP MTepallK IpH pacuere nporHoupyemsix norepb TC; k e{1,..., m} — rpynmst TC.
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B navanbHbiii MoMeHT Bpemenn N(t;,)=N;, T. €. MCXOAHOMY KOIMYECTBY pabOTOCIIOCOOHOH

TC. BepositHocTh nopaskeHust TC — 3aBUCUT OT YPOBHSI €€ 3alUIIEHHOCTH, a TAKXKE OT MaTepHaIbHBIX
CPEICTB JIECTPYKTUBHBIX BO3JeHCTBUN. BepositHocTs mnopaxenus TC B 3aBUCUMOCTH  OT
MPUMEHSIEMOT0 CPE/ICTBA BO3ACHCTBUS paccunThiBaeTcst o (popmyre (3) u npeacTasieHsl B Ta0m. 1.

Tabmuma 1 — BeposTHOCTH OIpeIeNe s CTETIeHN TIOBPEXKICHHUS TEXHUKH CBSI3U

BepositHocTh
KiioueBble 1ecTpyKTHBHbIE o
I'pymna TC  omnpenejieHus CreneHu e XapakTepuCTHKHU BO3/IeHCTBUS
noBpexaenust TC p
— MexaHu4yeckue (00pyIeHue, BrIicokast HHTEHCUBHOCTh
bazoBrie }
J— 0.7-0.9 BUOpaLusi); (>10 muH), KOMOUHALIHS
— TepMuuecKue (oXxap, Ieperpen) C Meperpy3Koii 3JeKTpoceTei
CriyTHHKOBast HOHHM3HPYIOIIEE U3TyUCHHUE Nponememres(E )
y 0.4-0.6 pyro ya HH3Kas HHTEHCHBHOCTH,
CBSI3b (MarauTHBIE OypH) .
M30JIMPOBAHHOE BO3JICHCTBHE
BonokonHo- KparkoBpemeHnnoe (<5 MuH),
MeXaHUYeCKHue (pasphiB Kabes,
ONTHYECCKUE 0.5-0.7 o BBICOKAst HHTEHCHBHOCTb,
ceficMUYECKUE KOIEOaHMs)
JMHUH KOMOHHAIHS C MOATOIIICHUEM
MoGHIBHbLE — XUMHYECKasi KOppo3us (3aTOIJICHHE, IIponomkurenapHoe (>72 1),
CTDOHCTEA 0.3-0.5 arpecCHBHBIC CPEIbl); KOMOWHAIIHS C TEMIICPATYPHBIMH
yerp — 3JIEKTPOMAarHUTHBIE TIOMEXU nepenagaMmu
Py (£) =1— €7 3)
TIOpax
rIe knopm = WHTEHCUBHOCTH NoBpexaeHust TC; T, — 3HaueHuE MaTEeMaTHYECKOTO OKUIAaHUS

TIOpax
BPEMEHHU MOBPEKACHUS

Hepabotocriocoonass TC, mnony4uBiias TmopakeHHE B pe3yabTaTe JeCTPYKTHUBHBIX
BO3JICUCTBUI MPOTHUBHUKA, PACIIPEICIISIETCS IO CTETICHU MOPaKSHUS Ha YEThIPE TPYIIIIHL:

Nrp(tj)) — KomuuecTBO TC co cnabbIMM MOBPEXICHUSIMU — TEKYILLIUI PEMOHT;

Ncp(tj) — komruectBo TC co cpeqHUMU NOBPEXICHUSIMHU — CPETHUM PEMOHT;

Nip(tj) — komnuecTBo TC ¢ CHIIBHBIMH MOBPEXIEHUSIMU — KallUTAJIbHBIA PEMOHT;

Ngn(tj) — kommdecTBo TC, OTHECEHHBIX K O€3BO3BPAaTHBIM IIOTEPSIM.

Takum o00pa3oM, komudecTBO HepaboTocmnocoOHoit TC BecnencTBue ECTPYKTHBHBIX
BO3JICUCTBUI paccuuThIBaETCs 10 popmyie (4):

Nz[/B(tj) =iiNTP(tj)+ NCP(tj)+ NKP(tj)+ NEI‘[(tj) . (4)

k=1 j=1

2) Ha smopom smane IPOMCXOAUT PACUET KOJTUIECTBA HEPAOOTOCTIOCOOHOM TEXHUKH CBSI3U
B pe3yJIbTaTe IKCILTyaTalIHOHHBIX OTKA30B.

KonmaectBo HepaboTocmocobHoit TC B pe3ynbTaTe BOSHHKHOBEHHS JKCILTyaTallMOHHBIX
OTKAa30B paccUuThIBaeTcs mo popmyne (5):

m n
NOTK (tj) = ZZ N (tj—l) ' PUI‘K (t])
k=1 j=1 . (5)

I[OJ'IH OKCILTYaTalMOHHBIX OTKAa30B, KOTOPBLIC MOI'YyT 6I>ITB YCTpaHCHBI JIUYHBIM COCTAaBOM
PEMOHTHBIX HO,[[pa3I[eJ’ICHI/II71 C YUCTOM YpPOBHA O6y‘IeHHOCTI/I, PaCCUUTBIBACTCA  COTJIACHO

BBIpaKeHUIO (6) 1 TadI. 3.

1 &
Xz_ztsi ' (6)
n, =

rae t,i — BpeMs, 3aTpaunBaeMoe Ha BBIIIOJHEHHE OMepalnii Mo BOCCTAHOBIICHHIO I-ro oOpasia TC;
N, — uncio BoccranoBienHon TC.
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Bo3MoxHOCTH pEeMOHTHBIX OpraHOB 1O BoccTaHoBieHUI0O TC co claObiMU M CpEeIHHMH
MOBPEXKICHUSMH, a TakXKe CTaBlIed B HEpaOOTOCIIOCOOHOM COCTOSSHUM TI0 TPUYHHE
IKCILTYyaTAIMOHHBIX OTKa30B omnpeneisieTcst Nyocer — KOJIUYECTBOM BOCCTAaHOBICHHOW TEXHUKU U
paccuuTsiBaercs 1o gopmyie (7):

NBOCCT = ﬂ
W 1 (7)1
rne W — npenenbHas TpYJO0EMKOCTh (TEKYIIHA peMOHT: 5-7/cyT., cpenuuii pemonT: 1-1,5/cyTt.); A —
KOJIMYECTBO JIMYHOTO COCTaBa, 3ajciicTBOBaHHOTO i pemoHta TC; T — Bpems pabOThI

CHEIIMAIUCTOB PEMOHTHHKOB.
BeposTHOCTS BO3HUKHOBEHUSI SKCILUTYaTallMOHHBIX OTKAa30B PACCUUTHIBAETCS MO BBHIPAKECHHUIO:
—1_ _konwonct
P .(t)=1-e : (8),
riae Koy — «xkoadduirenTa onpITHOCTHY NepcoHana, Tadi. 3; ®Wo=1/T, — UHTEHCUBHOCTh OTKa30B

TEXHHUKHU CBSI3U; T, — CpeqHsisi HapaboTka Ha OTKa3 Iy Kaxaoil rpymmbl TC, 3HaUeHHS KOTOpOU
OTIPECIISIOTCS YKCIUTYaTaI[MOHHOM IOKyMEHTaIMel Ha Kax w1 oopaszer TC.

Tabnuua 3 — 3naueHus «ko3pPuLHeHTa ONBITHOCTHY» MIEPCOHANA

KosnuecTBo MeCAlEB, B TE€YECHHEC

KOTOPBIX HAKOILJIEH OTBIT
Koaddumment onbrrHOCTH 0,31 0,44 0,61 0,91 1,05 1,14 1,17

[Ipu pacuere xonuuectBa TC, nmoctaBnsiemoit co cHadxkenust — Ny (9), cienyer yuuTeiBaTh
koraecTBO TC ¢ CHITBHBIMU TIOBPEXKICHUSMU U OTHOCSIIIICHCS K O€3BO3BPATHBIM TIOTEPSIM.

NCH(tj) :iNKP(tj)-'_ NBH(tj)
k=1 . 9)

3) Ha mpemvem smane POU3BOIUTCS pacueT 0OIIEro KOJUYECTBA MOTEPh TEXHUKH CBSI3H.

[Tpu pacuere obmiero konuuecta notepb TC Mo cyTkam onepanuyl y4UTHIBACTCS KOITUUECTBO
TC, BeImeAme u3 cTposi Mo MPUUUHE JECTPYKTUBHBIX BO3ACUCTBUI, SKCIUTyaTallMOHHBIX OTKA30B, a
TaKke BOCHOJHEHHSI TIOTEPh C YI€TOM BOCCTAHOBJICHHUS U CHAOKEHUSI.

Noon (€)= 3 Ny 1)+ N ()~ Ny (8) = N ). (10)

Ounenka kayecTBa pa3padoTAHHOM MeTOAMKH IPOrHO3UPOBAHMSA NOTEPb TEXHUKHU
CBSI3HM B YCJIOBHSX AeCTPYKTHBHBIX BO3/1eCTBHIA

I[J'IH OIIPCACIICHUA TOYHOCTH pacCUCTa pa3pa60TaHH0171 MCTOAUKU ITPOBCIACH CpaBHI/ITCJ'IBHHﬁ
AHaJIM3 BBIXOAHBIX PE3YJTATOB H IPOM3BCIACHA OICHKA CPCAHEIO0 OTKIIOHCHUA OT (baKTI/I'—IeCKI/IX
3Ha‘-IeHPII>i, IMOJIYYCHHBIX Ha OCHOBC CTaTUCTUYCCKUX OLCHOK 3a MPEAbIAYIIUEC STAllbl OIICpalliu, TaoI. 2.

Tabnuua 2 — Pe3ynbraTsl cpaBHEHUs! IPOTHO3UPYEMBIX MTOTEPh TEXHUKH CBSI3U

Pacuer nuama3ona Pacuer Pacxoxnenne Pacxo:xxnenmne
Hurepsan PARTHHECKHE CyLIEeCTBYIOIIUMH pa3pa0oTaHHOi  CymIeCTBYHOINMX pa3padoTaHHOM
BpEeMEHH norepu TC, en. S

METOAMKAMH, e]l. MeTOANKOIi, e]l. METOMMK, e/l. METOANKH, e[

0-6 yacoB 2 1-4 2 0-2 0
6-12 gacoB 5 4-8 5 0-3 0
12-24 gaca 10 8-14 10 0-4 0
1-2 cyrok 18 15-22 18 0-4 0
2-3 cyToK 25 20-30 24 3-5 1
3-4 cytok 32 27-37 31 3-5 1
4-5 cytok 40 34-46 39 3-6 1
5-7 cyTok 50 42-58 49 3-8 1
7-10 cyTok 60 51-69 59 3-9 1
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Taxkum 00pazom, cpeHee OTKIOHEHHE COCTABIISICT IS CYIISCTBYIOIIMX MeToauk — 15 %,
aqs paspaboranHor Mertoguku — 3 %. Ilpum sTom mnpoBeneHHas oneHka 3(deKTuBHOCTH
pa3paboOTaHHOW METOAMKH I10Ka3alia, 3HAYMUTEIbHBIC IMPEUMYIISCTBA IEpPe]l CYIISCTBYIOIUMU
IIoAxXoJaMu. BHeI[peHI/IC [[aHHOfI MCETOAUKHU IIO3BOJIUT IIOBBICUTH Ka4ye€CTBO pacqua
MPOrHO3UPYEMBIX oTepb TC M ONTHUMHU3HPOBATH MPOLIECCHI CHAOXKEHUS K BOCCTAHOBJICHHS.

3akjaro4yeHue

PazpaboranHass MeTOJMKa MPOTHO3UPOBAHMS TOTEPh TEXHUKH CBS3M B YCIIOBHSIX
JIECTPYKTUBHBIX BO3JICHCTBUIA TMPEICTABISICT COOON 3HAUMTENBHBIA IIAar BIEpel B OOJIACTH OICHKH
yCTOMUMBOCTH M 3(P(PEKTHBHOCTH CHUCTEM CBSI3U. Y4YET IUHAMHYECKHX I1apaMeTPOB, TaKUX Kak
BEPOSITHOCTh TMOPAKEHUSI C YYETOM CTENEeHM 3alIMIICHHOCTH, a TaKXKE MPUMEHEHUE TEXHOJIOTUH
HCKYCCTBEHHOT'O MHTEJUICKTA /ISl aHAIM3a CTEIICHU MTOBPEKIEHUS, MO3BOJISIOT CYIIECTBEHHO MOBBICUTD
TOYHOCTB MPOTHO30B U 3JalTUPOBATh METOJUKY K COBPEMEHHBIM BbI30BaM. MIHTerpaiusi akTyaibHbIX
JAHHBIX O JIECTPYKTHBHBIX BO3ACHCTBUSAX, TAKTHKO-TEXHUYECKUX XapaKTEPUCTHKaX OOOpYIOBaHUS U
YCIIOBHSIX DKCILTyaTalli 00ECIeUYMBACT KOMIUIEKCHBIM TOIX0/1 K PEHICHUIO 33/1a41 TIPOTHO3UPOBAHKS.

[IpakTHueckass 3HAYUMOCTh METOJMKH 3aKIIOYaeTCsd B €€ CIOCOOHOCTH OIEpaTHBHO
paccUMTHIBaTh NMOTEPU B PEATIbHOM BPEMEHH, YTO OCOOCHHO Ba)KHO B YCJIOBHUSX YpPE3BBIYAMHBIX
cutyauuil. IIporpammuas peanu3anuss Ha OCHOBE TEXHOJOTMH HCKYCCTBEHHOTO HWHTEIIEKTa HE
TOJIBKO aBTOMATH3UPYET MPOLIECC PACUETOB, HO W MPEIOCTABISCT HHCTPYMEHTHI ISl TOIICPKKHI
MPUHATUS PEIICHUN JOJDKHOCTHBIMM Jiniiamu, otBedaromumu 3a TOC u ACY. D10 mo3Bojsier
CBOEBPEMEHHO TMPUHUMATH MEPHI MO 3alIUTE W BOCCTAHOBIEHUIO 000PYIOBaHUS, MUHUMU3ZHUPYS
yiepO U MOBbIIIAs YCTOWYHUBOCTD CUCTEM CBSI3U.
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Methodology for predicting losses of communication equipment
under destructive emergency conditions

E. P. Maniliuk, T. A. Grechishnikova

Annotation. Modern communication technologies are an integral part of critical infrastructure
operations; however, their resilience to destructive impacts remains under threat. Traditional methods of loss
forecasting often fail to account for the specific threats posed by emergency situations, making them insufficiently
effective in modern conditions. In this regard, the development of new approaches to assessing potential damage
to communication equipment, which consider the combined influence of emergency situations and other
destructive factors, is of particular importance. This article presents a methodology based on the analysis of
communication equipment parameters, impact characteristics, and operating conditions, aimed at improving the
accuracy of forecasts and enhancing the resilience of communication systems in the face of modern risks. The
purpose of the study is to develop a methodology for calculating predicted losses of communication equipment,
taking into account destructive impacts and operational failures, in order to assess its resilience and operational
efficiency. The scientific novelty of the developed methodology, in contrast to traditional approaches, lies in the
consideration of the following factors: dynamic parameters, such as the probability of equipment damage
considering its level of protection, and the application of artificial intelligence technologies to assess the degree of
damage to communication equipment. The integration of new data involves the use of up-to-date information on
the means and methods of applying destructive impacts, the tactical and technical characteristics of
communication equipment, and its operating conditions. The algorithmic approach enables the automation of loss
calculations for communication equipment and improves the accuracy of forecasting. The results confirm the
applicability of the proposed methodology for forecasting losses under destructive impact conditions, ultimately
contributing to enhancing the resilience of communication systems, optimizing their functionality, and enabling
timely decision-making for equipment protection and recovery. The practical significance of the developed
methodology lies in its ability to perform real-time loss calculations and provide decision-making support for
technical support personnel and automated control systems through a software implementation based on artificial
intelligence technologies, aimed at restoring damaged communication equipment.

Keywords: artificial intelligence technologies, destructive impacts, unmanned aerial vehicles, loss
forecasting, operational failures, stability of communication systems.
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CUCTEMBI YIIPABJIEHUA
VK 621.39 DOI: 10.24412/2782-2141-2025-1-57-63

MeTtoa nepepacnpenejieHusi peCypcoB B MOJACHCTEMe BOCCTAHOBJICHUS
BOCHHON TEXHUKH CBSA3HU

bepatorun U. C.

Annomayus. B cmamwbe onucan Mmemoo nepepacnpeoeneHus — pecypcog 6  Noocucmeme
60CCMAHOBNIEHUS BOCHHOU MEXHUKU CE5A3U 3d CUem OUHAMUYECKO20 NepepacnpeoeieHus UMEeoWuxcs Cul u
cpeocms. Llenvro sensiemca nosviuenue s¢hgpexmusnocmu  GYHKYUOHUPOBAHUA CUCTEMbL MEXHUYECKO20
obecneueHust ceé:A3U U AGMOMAMU3UPOBAHHBIX cucmem ynpaeienus. Ilpedcmaenenvl smansvt Memood, 6Kuo4as.
0bocHoBanue ONMUMANLHOU CMPYKMYpbl NOOCUCHEMbl  80CCMAHOBNIEHUS, NPOBEOCHUE PAHICUPOBAHU
noxazamenei N0 KpUmepuro 6K1a0a 6 00CmudiceHue mpedyemozo ypoeHs 00ecneueHHOCmuU, OUHAMUYEecKoe
nepepacnpeoenenue cun u cpeocms. Ilpuseden kpumeputi oOnmMUMU3AYUL, NO3GONAIOWUL  CO30AMb
PAYUOHATIbHYIO CIPYKMYPY CUCTEMbl, KOMOpas nogvicum sggexmusnocmo ee pynxyuonuposanus. Hoeusna
pabomvl — KI04eBbIM INEMEHMOM NPEONOHCEHHO20 NOOX00A ABNAEMCS NPUMEHEHUE YCOBEPUIeHCTNBOBAHHO0
Memooa nocied08amenbHbIX HA3HAYeHUll, 00ecnevusaiowe2o 00CmudiceHue dIKCMpemyma yeiesou QyHKyuu
npu  coOMOOeHUU O0SPAHUYEHUU, CEA3AHHBIX C UMEIOWUMUCS pecypcamu, YVCI0GUAMU OIKCHLYAmAayuu u
sHewHuMY 8o30eticmausmu. Tlonyyenvl ciedyrouue pe3yibmanmsl. CIMpyKkmypa nooCucmemvl 60CCMAHOGLEHUS
MEXHUKU CBA3U U AGMOMAMUZUPOBAHHBIX CUCEM YNPAGIEHUA, ONMUMATbHAA U3 MHOICECEA 0ONYCIMUMbIX, 8
KOMOPOU pecypcul pacnpedenetsl o ONEpayusivM ¢ Y4emom paudiCupo8anus COOmMeEemcmayIowux nokazamenet
nPpoU3800CMBEHHOU OesIMENbHOCIU NO Ux 6Kka1ady 6 oocmudicenue yenu. Ilpaxmuueckas 3nauumocmo
cocmoum 8 803MOICHOCIU NPOSPAMMHOU Peanu3ayuu npeodrazaemozo memood, 4mo no3601Um COKpamums
YUK ONepamueHo20 ynpasieHus 6 Xxo0e no020MoBKU K 8bINOJIHEHUIO 3a0a HO CEA3U.

Knroueevie cnoea: noocucmema 60ccmamnosieHUss G0CHHOU MEXHUKU C653U, MEeXHUKa CceA3U U
asmomamu3upoeannvlx cucmem ynpaeierus, ouHamuieckoe nepepacnpede/zeHue, Memoo
NOCIE008AMEbHBIX Ha3Haq€HMﬁ, panasHcuposarue

BBenenne

CoBpeMeHHbIE BOOPY)KEHHbIE KOH(DIUKTHI XapaKTEpU3YIOTCS 3HAYUTEIbHBIM M3MEHEHUEM
COCTaBa BOOPYKEHHUS, BOGHHOU U ClIelMalbHON TEXHUKH, MOSBIEHUEM HOBBIX ONEPATUBHBIX 33/1a4,
3aJjad CBSI3U, YTO MPEABSABISIET KAaueCTBEHHO HOBbIE TpPeOOBAaHUS K CHUCTEME TEXHHYECKOTrO
o0ecrniedyeHus CBA3M U aBTOMaTU3UpoBaHHBIX cucteM ynpasieHus (TOC u ACY).

Jns pemenus 3anau TOC u ACY co3paercst cucteMa TEXHUMYECKOro OOecTieueHus! CBSA3U U
aBTOMAaTU3UPOBaHHBIX cucteM ynpasieHus (cuctema TOC n ACY), sBisironiascss COCTaBHON 4acTbiO
CHCTEMBI CBSI3M U COCTOSIIAS U3 TOJCHCTEM YIpaBlieHus (OpraHbl YIpaBJieHus), CHaOKeHUs (OpraHsl
cHabxenus TC nu ACY) u BocctaHOBIIEHUS (DEMOHTHBIE OpraHsl) [1].

OcnogHoii 3anaueit TOC nu ACY B onepanuu siBiseTcs BOCCTAaHOBIIEHHE PabOTOCIIOCOOHOCTH
Y BO3BpAlllEHHE B CTPON TEXHUKHU CBS3U U aBTOMaTU3UpoBaHHBIX cucteM yrpasieHus (TC u ACY) B
MaKCUMAaJIbHO KOpOTKHe cpoku [2]. Jlnst moBbimeHuss >(QQeKTUBHOCTH (QYHKIMOHUPOBAHHUS
MOJICUCTEMBbl  BOCCTAHOBJIEHUSI paHee IPOBOMWINCH HCCIEAOBaHMA JIAHHOTO BOIpoca ¢
UCIIOJIb30BAHUEM DA3IMYHBIX MeToJ0B. B pabore [3] BBOAMIOCH MOHATHE «3HAYUMOCTBY», Kak
MoKa3aTesb, OTPAKAIOUIUI TPYAOEMKOCTh PEMOHTA, OJHAKO YPOBEHb MHPOTHO3UPYEMBIX MOTEPh
TEXHUKH CBS3U, OTEPb CUJI U CPEJICTB TEXHUUECKOTO 00eCIeUeH s, pacX0]l PEMOHTHBIX KOMILIEKTOB
pu GOPMUPOBAHUU PALMOHATIBHON OYepe/ld PEMOHTA HE YUYUTHIBAINCH.

B nannHo#i paboTe mpejacTaBieH METOJ] JUHAMUYECKOTO MEpepaclpeelieHUs] PecypcoB B
MOJICHCTEME BOCCTAHOBJIEHUS B LIEJSAX MOBBIIEHUS 3()()EKTUBHOCTH (PYHKIIMOHUPOBAHUS CUCTEMBbI
TOC u ACY, uto obecreuuT BBIOJHEHHE TpeOOBaHMH 1O 00EBOI MOTOBHOCTH, YCTOWYMBOCTH,
MOOUJIBHOCTH, MPOIMYCKHOW CIOCOOHOCTH, pa3BebIBATEIbLHONW 3aIIMIIEHHOCTH, JOCTYIIHOCTH M
YIIPABISAEMOCTH, IPEABIBISIEMBIX K HEU CUCTEMOH CBA3H. [4].
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O0ocHOBaHHE ONITUMAJILHOM CTPYKTYPbI HOACUCTEMBI BOCCTAHOBJICHUSA

Cucrema TOC nu ACY nomxHa 001aaTh CIOCOOHOCTBIO pearupoBaTh Ha MPOTHO3UPYEMBI
YPOBEHb BBIXOZA W3 CTPOSl TEXHUKU CBSI3M, YTO MO3BOJIUT OINEPATUBHO NPUHUMATh PEIICHHS Ha
M3MEHEHHE 00CTAaHOBKH M IOAIEPKUBATH d3PPEKTHBHOCTH (DYHKIIMOHUPOBAHHS HE TPEOYEMOM YPOBHE.

B ycioBusiX COBpEMEHHBIX BOOPYKEHHBIX KOH(MIMKTOB Hauboyiee CyIIECTBEHHBIE
poOJIeMHBIE BOIIPOCH CBA3aHbI ¢ mposeneHreM BocctanoBieHuss TC u ACY [2]. UccnenoBanue
TaKMX TEXHUYECKH CJOXKHBIX CHCTEM TpeOyeT TMOATAHOIo TMOJAX0Aa, OINHWCAHHOTO B psje
HccienoBanui 5, 6].

Takxe umeercst psall MPoOJIEMHBIX BOMPOCOB B HAYYHOU JEATEIHHOCTH, CBA3AHHBIX C TEM,
YTO CYIIECTBYIOUIMHA HAyYHO-METOJIMYECKUN ammapar He yYUTHIBAET OCOOEHHOCTH COBPEMEHHBIX
BOOpYXeHHBIX KOH(MKTOB 1pu dopmupoBanuu cucteMbl TOC u ACY U OTCYTCTBYIOT KPUTEPUH
111 BBIOOpa €€ ONTHUMAaJIbHON CTPYKTYPBI.

Pabota MOKHOCTHBIX JHUI] NPU TMOATOTOBKE K BBIIIOJHEHUIO 3a/ad JOJDKHA OBITh
HampaBlieHa Ha (opMmupoBanue Takour cTpykTypbl cuctemMbl TOC u ACY, xoTtopas oOecreuuT
BBHITIOJTHEHUE TPeOOBaHUM, MPEIBABISEMBIX K HEH CHCTEMOU CBS3H, B MIEPBYIO OYEpPE/Ib, UCXOS U3
ey ee pyHKIMOHUPOBAHUS, 110 IPOU3BOJICTBEHHBIM BO3MOXKHOCTSIM [7].

OnTtumansHasa ctpykrypa cucremel TOC u ACY, nossossomas I0CTHYb MaKCUMAJIBHYIO
3¢ (HEeKTHBHOCTh €€ (PYHKIIMOHUPOBAHUS, OMPEACIACTCS M0 KOMIUIEKCHOMY MOKa3aTeIi0 — YPOBHIO
obecrieueHHOCTH TC 1 ACY Qqc (1) B 0O51aCTH OrpaHruveHHid U JOyCTUMBIX 3HaueHui D (2):

G*: <G> — Mmax QTOC QTOC (t) 2 QTOC ped (t) (1)
®
rae G* — ontumaneHas crpykrypa cuctemsl TOC u ACY, G — MHOXecTBO cTpykTyp cuctem TOC
1 ACY, Qroc mpes(t) — TpeOyemblii yposens odecnieyennoct TC u ACY.
HTOC- ; SIYToc- SHTOC. ,i=1:7"
D — HTOC CHCC imin i i max (2)
QZIOH S Q S Qucx

rae [l — moka3aTreln CHUCTEMBI CBS3H, [l — MOKA3aTEeNIW MPOU3BOJCTBEHHBIX BO3MOYKHOCTEU
MOJICUCTEMBI BOCCTAHOBJICHHUS, I — CYETHOE YUCIIO ITOKA3aTENEH.

OnTuManbHOE PEIICHUE O COCTOSHUU CHUCTEMBbI MPUHUMAETCS HCXOJs U3 MaKCUMaJIbHOTO
3HaueHUs YypoBHA obecredeHHOCTH pabotocnocodnoit TC u ACY mnpu cobmogeHuH
COOTBETCTBYIOIIMX OTPAaHUYEHUH U JOIYILIECHUI.

MeTtoa nepepacnpeaejieHusi peCypcoB B NOACHCTEMe BOCCTAHOBJICHUS
BOEHHOM TEXHUKH CBA3H

[Toctpoenune ontumanbHoOi cTpykTypbl cucteMbl TOC u ACY MOXKET ITOCTUTaThCsl MyTeEM
JTUHAMUAYECKOTO Tepepaclpe/iesieHUusT UMEIOIIMUXCA CUJT M CPEICTB C YYE€TOM DPaHXKUPOBAHUS
COOTBETCTBYIOIIMX TOKa3aTeylell MpPOU3BOAUTEIBLHOCTH MO HMX BKJIAQy B JOCTHXKEHHUE IENIH, YTO
MO3BOJISIET JOCTUTATh JKCTPEMATBHBIX 3HAYEHUW IEJICBOM (PYHKIIMHW TIPH COOJIOACHUH BCEX
3a/IaHHBIX OTpaHUYECHU U JomylieHuil. B kadecTBe MaTeMaTHYeCKOro ammapara B XOJe
WCCTIEIOBaHUSl TMPUMEHEH METOJl TOCEAOBAaTEeNbHBIX Ha3HadueHui. OO0oO0meHHas OJoK-cxema
MeTO/JIa TpecTaBIeHa Ha puc. 1.

Ha 1 »Tame paccuuThIBaIOTCS TMPOTHO3HPYEMBIE TMOTEPH W BBIXOJ B Pa3IWYHBIC BHJIBI
pemonta TC u ACY (puc. 2)

IIpornozupyemsie notepu TC n ACY, BBIXOJ B pa3audHbIe BUIBI PEMOHTA ONPEAEIISIOTCS
0 BeIpaxkeHuto (3):

Ng, + N, + N, +N_

N, (t) = T

’ Kon ’ ch(t) ! (3)
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Havyano
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Puc. 1. O6006meHHast OJI0K-CXeMa MEeTO/a MepepacipeieNIeHIs] peCypcoB

Hauvano

1
BBoa ucxogHbIxX
OaHHbIX

.

Onpepenexne 6e3B03BpaTHbIX
notepb n Bbixona TC M ACY B N, (t) =(MJ Ko - Ky
pas3ninyHble BUAbl PEMOHTa T
g v .
OnpegeneHnne konuyecTea N, () :inlm(t) +2Wp(t) +S,,(t)
BOCCTaHOBMEHHOW =y =y
TC n ACY no rpynnam S (1) =S (1) 4S5 1)+, (1) + S, (1)
. !
Pacuet Qt) = :\\:vi (:)) te[LT]
obecneyeHHoCTH no rpynnam (0
TC n ACY (Qi(t)) Ny (1) = Ny (0) = Ny (8) + Ny ()
I
acyeT
N (t
o6LLero ypoBHs Q) - Z i (® tefLT]
obecne4eHHOCTN TEXHWKOM i iN ©
cBAan u ACY (Qroc(t)) L =l

| Quenon®) =75%

Puc. 2. box-cxema 1 srama
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r1e Non, Nip, Nep, Nip — kommmuectBo TC 1 ACY, nepexozsieii B kaTeroputo 0e3B03BpaTHBIX IOTEPh
Y BBIXOJISIIIEH B KalTUTAJIbHBIN, CPETHUI M TEKYIIUH PEMOHT COOTBETCTBEHHO, Koy — KO PHUIIUEHT,
YUUTHIBAIONIMI ONEPAaTHBHOE IOCTpOeHHE BOMCK, Kp(t) — Kkoddduument, yduthBarommii
BO3JICUCTBUE YAApHBIX CPEACTB MNPOTHMBHMKA. BhlllieyKa3aHHBIE MOKa3aTed OMNPENEISIOTCS B
COOTBETCTBUU C HOPMATUBHBIMU JoKyMeHTamu MO PO.

Hanee paccuutbiBaercsa konuuectBo BocctaHoBiieHHOW TC u ACY cuiiamMu 1oJCHCTEMBbI
BOCCTaHOBJICHUS (4) ¥ TojicucTeMbl cCHaOKeHU (5):

N © = 2070+ X0 +5,0) @

raen”— koianmuecTBo TeKymmx pemoHToB i-rpymmsl TC m ACY, NP — KOIMYECTBO CPEeIHUX

pemontoB i-rpynmet TC u ACY, t — Bpems Boccranoienus, S (t)— o6bem TC u ACY,
BOCCTAHOBJICHHBIM TOJCHCTEMON CHAOXEHHMsS 3a CYeT pe3epBa, TPOPEHHONH TEXHUKU, TEXHUKU
JIBOMHOTO HA3HAUYEHUsI U MECTHOM MPOU3BOICTBEHHOI 0a3bl COOTBETCTBEHHO.
S (1) = Spea () 5,305 (1) + S, (1) + S5 (1) - Q)
KomnuectBo paborocnocobnoit TC u ACY Ha MOMEHT BpemMeHH t ompexaenseTcss MO
BBIpaXEHHIO (6).

Npi (t) = Npi (O) - Nni (t) + Nsoccri (t) ' (6)
rae Npi(0) — xommuectBo padorocniocobnoit TC u ACY i-rpynmsl B HadaabHbIE MOMEHT, Nyi(t) —
komruectBo moteps TC u ACY i-rpynmbel B MOMEHT BpeMeHH f, Npoeri(t) — KommuectBo
BoccranoBiieHHON TC u ACY i-rpyIibl K MOMEHTY BpEMEHH {, pacCUMTHIBAEMOE 110 BhIpaXKEHHIO (7).

T-A-t
Np :W— (7)

pem
i)

I71€ T — OIPOAOKUTEIBHOCTh paObOThl CIIELIUATUCTOB-PEMOHTHUKOB, 4 — KOJIMYECTBO CHELIMATIUCTOB
TEXHUYECKoro obOecneyeHuss, t — Bpems BoccTaHOBIEHUS, Wpey — TPYIOEMKOCTH PEMOHTA,
paccuuThIBa€éMble HCXOJS W3 IITATHOM YMCICHHOCTH MOJAPAa3JeieHUH M IJIAHUPYEMBIX CPOKOB
BBITTOJTHEHUS 3a/1a4 [7].

B 3aBepiienun paccunThIBaeTCs MPOrHO3UPYEMBIN YpOBEHb obectieueHHocTH 1o rpymmnam TC u
ACY (8) u ompezensercss KOMIUIEKCHbIM noka3zarens dpdexriuBHocTH cuctembl TOC nu ACY (9):

- N@®

Qi (t) - Npi(o)’te[l’T] ! (8)
N, ()

Quc(t) = %—,IG[LT] : (9)
ZNpl(O)

Ha BTOopom 3Tane meTona npou3BOAUTCS paHKUPOBAHKE MMOKA3aTeIEH TPOU3BOAUTEIIBHOCTH
cucreMbl TOC u ACY 1o KpUTEpUIO UX BAKHOCTU. YUUTHIBasi MHOI'OBAPHMAHTHOCTH PECYPCHBIX
CBA3€H, IIEPEMEHHYK0 CKOpPOCTb BBIIIOJIHEHHMS ONEPAlMM M BApUATUBHOCTH  PaA3JIMYHBIX
OpPraHU3aIMOHHO-TEXHUUECKUX CHUCTEM, HanOojee MPEeANOYTHUTEIbHBIMU SBISIOTCS CIEIYIOIUe
METOJIbl paH)XUPOBaHMs IOKa3aTesied, BhIOMpaeMble B 3aBUCUMOCTH OT 3a/lay, CTOSILIUX Iepes
JOJDKHOCTHBIMU JIMIIAMU TEXHUUECKOT0 00ecreueH s, yCIOBUI Olepaluy U APYrux GakTOpPOB:

1) Meto/ B3BEIICHHBIX KPUTEPHEB.

2) MeTton paH)KUpOBaHUS HA OCHOBE IKCIIEPTHBIX OIIEHOK.

3) MeTon paHXKupOBaHUS Ha OCHOBE CTATUCTUYECKUX JTAHHBIX.

4) Meton aHanm3a uepapxui.

Ha 3aBepmiaromem stare npoM3BOIUTCS IUHAMUYECKOE IEPEpaclpeesIeHue UMEIOIIMUXCS
CHJI M CPEJICTB MOJICUCTEMbI BOCCTaHOBIIEHUS (puUC. 3).
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N] — NoAg4YMHEeHHas BOMHCKas YaCTb

N — KONMNYECTBO NOAYMHEHHbIX
BOMHCKUX YacTen

[Mroc | — nokazatenm
Npon3BOACTBEHHbIX BO3M OXHOoCTen

[Troc i,
MMrociz = Mroci+ 1

r i=i+1 | — Wwar nepepacnpenenexus

i<pr I — 4ncrio nokasarenen
ﬂa npon3soACTBEHHbIX BOBMOXHOCTEW

16

Pacuet
KOMMNJIEeKCHOro nokasartensa

(Qroc(t)

17 &
0.0 202 (1)

= Tomen

18

Pacuet

NOTPeBHOCTU TEXHUKN CBS3N
nACY

Het

fa T

<

19
/ BbiBOA AaHHbIX

Puc. 3. biok-cxema 3 3Tamna

B coorBercTBUM ¢ pa3pabOTaHHBIM METOJOM IPOLIECC OIpPENENEeHUs] ONTUMAIbHON
CTPYKTYpbhl TOJCHUCTEMBbl BOCCTAHOBJEHHMS U JOCTHIKEHHMSI MaKCUMaIbHON 3((HEKTUBHOCTH
¢ynkunonuposanus cucteMbl TOC u ACY (1) pa3buBaercst Ha CUETHOE KOJMYECTBO IIMKJIOB,
B K&KJOM M3 KOTOPBIX PECYpChbl KOHKPETHOI'O IOKa3aTessl MPOM3BOJCTBEHHBIX BO3MOXKHOCTEH,
MMEIOILEr0 pPe3epBbl, epepacipeieNsoTcs Mo oNnepannsM, UMEIOIIMM HauOOoJIbIIYI0 Ba)KHOCTB,

3akao4eHue

[IpennoxeHHBIH METOJ TepepaclpesielieHnus PecypcoB MpecTaBiIseT co0oil Mmojaxon,
OCHOBAaHHBIM Ha IMPOBEACHUM PAHKUPOBAHUS ITOKA3aTeJIed IPOU3BOJICTBEHHOM JAESATEIBHOCTH
10 KPUTEPHIO BKJIaJa B pe3ynbrar. KiltoueBoil cOCTaBIAIOLIEN METOJa SIBISETCS JUHAMHYECKOE
nepepacnpeesieHue UMEIIUXCd CHII U CPEeJCTB, 00ECIeurBarollee JOCTH)KEHUE HKCTpeMyMa
1esneBo (pyHKIMM NpH COOMIOJEHUU OTrpaHHUYCHMH, CBS3aHHBIX C HMEIOIIMMUCS pecypcamu,
YCIIOBUSIMH DKCILTyaTalluy ¥ BHEIITHUMU BO3/ICHCTBUSIMU.

HayuHnoli HOBU3HOM paloThI ABJISETCS y4yeT MoKazaTesed MPOU3BOJCTBEHHBIX BO3MOXKHOCTEH
(TpodpeiiHasi TeXHMKa CBsI3M, TEXHHKA CBS3M JBOWHOIO HA3HAUEHMs, HCIOJIb30BAHUE MECTHOM
MPOMBIIIIEHHOH 0a3bl), paHee He PaCCMAaTPUBABIIMXCS B HAYYHBIX pab0OTax JaHHOW 00IacTH.

[IpakTHyeckas 3HAYMMOCTH WCCIECIOBAHUS 3aKIHOYACTCS B TOM, YTO B METOJE IPEMJIOKCH
MOAXOA K MOBBIIIEHHIO YPPEKTUBHOCTH (DYHKIIMOHUPOBAHUS MOACUCTEMBI BOCCTAHOBJIEHHS BOCHHOM
TEXHHUKH CBSA3H, PA3BUTHE KOTOPOH SBJISIETCS NPUOPUTETHBIM B YCIOBUSX COBPEMEHHBIX BOOPY>KEHHBIX
KOH()JIUKTOB.

Control systems 61



TEXHWKA CPEACTB CBA3M Ne 1 (169) — 2025

[IporpammHas peanusanys METOAA TMO3BOJIMT OJDKHOCTHBIM JIMIAM OPTaHOB YIPaBJICHUS
TEXHUYECKUM OOECIICUCHUEM COKpPATUTh LMKJI OIEPAaTUBHOTO YIPAaBICHUS B XOJE TOJIrOTOBKH K
BBIIIOJIHCHUIO 3aJad II0 IpenHasHadeHuro. Meron mnpeiaraerca Uil HAaydHO-MCCIIENOBATEIbCKUX
opranmzauu BC P®, BpicIIMX BOEHHBIX 00pa30BaTENbHBIX YUPEXKICHUH MpodeccnoHambHOro
00pa30oBaHus C LIEJIbI0 OOOCHOBAHMS U BBIPAOOTKH PYKOBOISIIMX JOKYMEHTOB, PErIAMEHTUPYIOLIMX
opranuzauuio TOC u ACY, BHeApeHUs! pe3ybTaTOB UCCIIEI0BaHMS B yueOHBII mporiecc.
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V]IK 621.396 DOI: 10.24412/2782-2141-2025-1-64-71

CpencrBo cHUKeHHMs NUK-(akTopa curiajoB FBMC ¢ BapuaTUBHBIMH
KPUTEPUSAMH O0CTaHOBA noadopa a3 B meroae PTS

Wmmvues U. U., Jlorunos C. C.

Annomauusn. CucHanvbl MHO2OKAHATLHOU MOOYAAYUU C UCHOTb308aHUem banka ¢urvmpos (Filter-
Bank Multi-Carrier) xapaxmepusyiomes evicoxum nux-gpaxmopom (Peak-to-Average Power Ratio), umo
nPUBOOUM K HEIUHEUHbIM UCKAdNCeHUsM 6 yceurumensix mownocmu. ITocmanoexa 3adauu: Cpasnenue cxem
CHUDICEHUsL NUK-(aKmMopa, UCNOAb3VIOWUX 084 Kpumepus OCMAHO8A, MNO360Jsem 6blasUmb Hauboee
I hexmugHbLIL U3 HUX C MOUKU 3PEHUS. Pealu3ayuu 6 CUCIeMax nepedayu UHGopmMayuy ¢ MHO204ACmomHoul
MOOyAYUel ¢ ucnoavsosanuem oanka @uiompos. ILlenvio pabomul sensiemcs onpeoeienHue GIUsHUs
Kpumepusi OCMAHOBA HA  CHUMICEHUE NUK-QPAKMOPA  CUSHANI08 MHO20YACMOMHOU — MOOVIAYUU  C
UCNONb306aHUEM — OAHKA — PUILMPOE  MeMOOOM  YACMUYHOU  Nnepeoauu  Nociedo8ameibHOCmu — Ha
pe3yibmupyloujue Xapakmepucmuku nuk-gpakmopa u sumponuu cuenanos. Hcenonv3yemsie memoost: 0.5
UCCTIeO08AHUSL NPUMEHSIIOMCSL AI2OPUMMbL 86160PA (PA308bIX MHONCUMENEU 8 MEMOJe YACMUYHOU nepeoayu
nOCIe008AMENLHOCIU, A MAKJICe BbIYUCTEeHUe NnoKazamenell NuK-Gpakxmopa u HMponuu Ois OYeHKU
appexmusnocmu. Hoeusna: cocmoum 6 mMom, HMO 6nepevle NPoBeOéH CPAGHUMENbHbIL AHANU3
aphexmueHocmu  CHUdICEHUs. NUK-(PAKMOPA U IHMPONUU  UCHOAL3OBAHUEM KPUmepus. OCMAaHo8d no
OHMpONUU U NUK-(DAKMOPY 6 Memooe HACMUYHOU nepeoayu Nocied08amenbHOCmu Ol CUSHAL08 C
MHOCOKAHANLHOU MOOYIAYUEH C UCNONb308AHUEM OAHKA PUILMPOS C YUEMOM eapuayuil KOIU4ecmea OKOH u
umepayuil. Pesynomam: saxmouaemcs 6 mom, umo Kpumepuil 0OCmaHoeéa no nuk-gaxmopy oaém 6onee
BbIPAIICEHHBLIL DPPEeKm HA NePEbIX wiazax, Ho mpebdyem MoYHOU HACMPOUKU KOIUYeCmEd umepayuil U OKOH,
Mak Kak OdibHeluee y@eludeHue mux napamempos O0aém Malo3HAYUMENbHbIL NPUPOCm, moedd Kax
Kpumepuii 0CmMano6a no 3umponuu obecneyusaem 6oiee CMAOUILHOE CHUNCEHUE NUK-(AKMOpd, HO
aphexm eé menee svipasxcen. Ilpakmuueckas 3HAUUMOCY. 3aKTIOUACMCA 8 VIVUUCHUU XAPAKMEPUCTUK
CUCHANI08 MHO20HACTOMHOU MOOVIAYUU C UCNOAb30BAHUEM OAHKA (UIbMpoOs, Ymo No36015em CHUUMb
9HepeonompedieHue U NOGbICUMb IPHEKMUBHOCHIb YCUIUMenel MOWHOCMU 6 CUCMEMAX C653U HOB020
NOKONeHUSL.

Knrouesvie cnoea: mno2okananvbhas MOOVIAYUS ¢ UCNOAb308anuem banka ¢uismpos, Filter-Bank
Multi-Carrier, memoo uacmuunou nepedauu nOCIEOOBAMENbHOCMU, IHMPONUs, Huk-axmop, Peak-t0-
Average Power Ratio, cucmemul cés3u.

BBenenune

CoBpeMeHHBIE CHCTEMBI OECIPOBOIAHON CBSI3M MPEIBSIBIAIOT BCE OoJiee BBICOKHE
TpeOOBaHUS K CHEKTPaNbHOM 3(()EKTUBHOCTM M HAAEKHOCTH Iepenaud AaHHbIX. OJHUM U3
MOMYJIAPHBIX MeTom0B Monyssiuu siiastercss FBMC (Filter Bank Multicarrier) — rtexHonorus
YaCTOTHOTO MYJBTUIUIEKCHPOBAHUS C MHOXECTBOM HECYIUX, KOTOpas OTIMYAEeTCS BBICOKOH
CTIEKTPAILHOW TUIOTHOCTBIO W yCTOWYMBOCTHIO K MEKCHMBOJBHBIM W MEKKaHAIBHBIM
unTepdepenusM. Onnako ans FBMC xapakrepen Boicokuii nuk-¢pakrop (PAPR), koTopblii MOXxeT
BBI3BaTh 3HAYUTEIbHBIC HEIWHEHHBIE WCKAKCHUS B YCHIUTENSX MOIHOCTH, CHIDKas WX
9HEProdPPEeKTUBHOCTH U KAUECTBO Mepe/iaun JaHHbIX [ 1-4].

Cpemn  wmetomoB cHmxeHuss PAPR  Beimensiercss MeToA  YacTHUYHOM — Tepeaadu
nocnenosarenbHoctel (PTS), koTopblif 6asupyercs Ha pa30MEHMH HCXOAHOTO CHTHaJa Ha
HECKOJIbKO OJIOKOB (OKOH), M3MeHEHHHU (a3bl DJIEMEHTOB Ka)XXJO0T0 OKHA CHUTHAJIa, CYMMHUPOBAHUS
OKOH C Y4ETOM ICEBAOCIyYaiHbIX (Pa30BbIX CABUIOB U (HOPMUPOBAHUS PE3yIbTHPYIOLIETO CUTHATIA
[5-8]. Hecmotps Ha mokazannyio 3ddexkruBHOCTs PTS, ero peanusaius CONpsOKEHA C PSIOM
CIIO)KHOCTEH, CBSI3aHHBIX C BBIOOPOM KpUTEpUEB CHIDKEHHs NHK-pakTopa. B sToii pabote
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UCCIIEIYIOTCSl JBa TMOAXOJa CHIDKEHHUS NuK-(pakTopa MetogoMm PTS, oTIHUYHBIX KpuUTepHeMm
OCTaHOBa BbIOOpA MCEBAOCITYYAHBIX (a3 CUTHAIOB:

1) Kpumepuii ocmanoga no sumponuu cuexana. B TaHHOM ciydae SHTPOIHS HCIIOIb3YeTCs
KaK METpUKa JAJisl OICHKU CTENEeHH CIy4aHOCTU WJIU paclpeiesieHUs] MOIIHOCTH CHUTHala. JTO
MOJKET OBITh TIOJIE3HO JIJIsl BEIOOpa (ha30BbIX KOMOMHAIHIA, KOTOPHIE MUHUMHU3HPYIOT H30BITOYHOCTh
U CIOCOOCTBYIOT PaBHOMEPHOMY pacCIpeleieHUI0 MOIIHOCTH, YTO B CBOIO OuYepelb MOKET
YMEHBUIUTH MUK-(PaKTOP.

2) Kpumepuii ocmanosa no nux-¢pakmopy (PAPR). D10 6ojice TpaauIHOHHBINA TOAXO0, T/Ie
nocje Kaxaoi urepanuu BblOupaercst (a3oBas KOMOHMHALWS, MUHUMH3HpYOLIas MHK-(pakTop
HANpsIMyI0. DTOT METO/1 HAllpaBJIeH Ha MUHUMHU3AIMI0 KMEHHO TOTO IapaMeTpa, KOTOPBIH SBIISETCS
OCHOBHOM LIEJIBIO 331a4H.

B cBs3u ¢ aTuM uccienoBanue MetonoB cHibkeHus PAPR, Takux kxak MeToJ 4acTUYHOU
nepenaun nocnenoBarenbHocTed (PTS), sBisiercs akTyanbHOW 3amadeil, 0COOCHHO B KOHTEKCTE
ceTeii cBs3M msaToro nokoneHus (5G) u 6ynymux texHomoruii 6G.

ITocTanoBKa 3agaun

CpaBHeHHE CXeM CHWXKEHHS NHK-(aKTopa, HCIOJB3YIOUIUX JIBa KPUTEpHs OCTaHOBA,
MO3BOJISIET BBIABHTH HamOoJiee d((EKTHBHBIA M3 HUX C TOYKH 3PEHUS pealiu3allid B CHCTEMax
nepenaun  uHpopmaruu ¢ FBMC. CpaBHeHue »5THX TOAXOAOB TIPOBOJUTCA HA OCHOBE
KOJIMYECTBEHHOI'0 aHalIM3a XapaKTEepUCTUK CUTHala, BKItoyas u3MeHeHus PAPR u sHTponuu, npu
pa3IMYHBIX MMapaMerpax Metoja PTS, Takux Kak KOJIMYECTBO OKOH M YUCIIO (pa30BBIX MHOKHUTEIIECH.
OcHOBHasl 1eNb — OTO CHWXKEHWEe MHK-pakTopa metogom PTS. B To ke Bpems [9] moxer
OJTHOBPEMEHHO JOCTUTaThCA YBEIHMYEeHHE HH(POPMAIMOHHOW OE30MacCHOCTU IMyTeM YBEIUYCHHS
SHTPOIUH CHTHAJIOB.

Llenpro mccaenoBaHMs SBJISETCS ONMPEICICHUE BIMSHHUS KPUTEPHS OCTAHOBA MTEPALMHA IO
npeoOpazoBanuto curHanoB FBMC meromom PTS Ha pesynpTupyromme XapakTEepUCTHKH THK-
(akTopa U PHTPONHUU CUTHATIOB.

Bricokuit muk-dakrop curnanoB FBMC Be3biBaeT cHMkeHHE 3((HEKTUBHOCTH YCHIIUTEICH
MOIIIHOCTH ¥ CHIDKAaeT HaA&KHOCTh TMepenadyn AaHHbIX. [ pemieHus JaHHOW MPOOIEeMbI
HEOOXOINMO:

1) Pa3paboTath u aganTupoBaTh MeTo 16l cCHIkeHust PAPR mis curnanos FBMC.

2) CpaBHUTH 3P (HEKTHBHOCTH CHIDKCHHUS MHUK-(haKkTopa Mo pas3IudHbIM KPUTEPUSM OCTaHOBA
— TI0 PHTPOTIMH U TI0 MUK-(aKTOopy.

3) OtieHuTh BIMSHUE KOJIMYECTBA OKOH W Wreparnuii Meroga PTS Ha cHmkenue PAPR u
SHTPOTIHIO.

Baunsinne konun4yecrsa urepauuii Ha PAPR u 3nTponuio
NnpH PUKCHPOBAHHOM KOJIHYECTBE OKOH

Ha puc. |1 npuBenena nuarpamma BIMSHHS KOJWYecTBa UTepauuii Ha u3menenue PAPR.
JlanHasi 1uarpamMma JIeMOHCTPHPYET, KaKk U3MEHEHHe KoJIM4YecTBa uTepanuii meroga PTS mus 8
OKOH BIIMSIET Ha CHIKeHUE NuK-pakropa. [lepBblil cTonOuk (CMHHII) MOKa3bIBa€T M3MEHEHHUE
NUK-(akTopa OT U3MEHEHHUs KOJIMYeCTBa UTepalluii IPU UCIOJIb30BaHUU KPUTEPHUS OCTAHOBA 110
nuK-pakTopy, BTOpPOH CTOJIOMK (OpaH)KeBbIl) MOKa3bIBaeT M3MEHEHUE MHK-(pakTopa OT
M3MEHEHHS! KOJIMYEeCTBAa UTEpaluid MpU HUCHOIb30BAaHUU KPUTEPHUS OCTAHOBA IO HHTPOIHH.
Bunno, uro npu yBenuueHuu uucia urepauuii PAPR umMeercs TeHIEHIMS K CHUXEHHUIO,
0co0€HHO Ha HayajbHbIX uTepauusx. [Ipu oxnoit urepauuun PAPR cHuxaerca Ha 3.82 nb, npu
IBYX WTepauusx Kkputepuil octaHoBa no PAPR nmaer cumwxenue nHa 1.14 nb. Opnaxo
najbHelIee yBeJInYeHe KOJIMYeCcTBa UTepalliil MPUBOJUT K MEHEE BbIPaKEHHBIM U3MEHEHUSM

PAPR.
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KonuyecTeo utepauuia

Puc. 1. Jlnarpamma BIMSHUS KOJIMYECTBA UTepanuil Ha nsmeHeHne PAPR

Ha puc. 2 npuBeaena quarpamma BIMSHUS KOJIMYECTBA UTEpALUil HA U3MEHEHHE SHTPOIIUH.

8 OKOH

0,35
0,30
0,25
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0,15 m no PAPR

M N0 3HTPONKUK
0,10

N3MeHeHne 3HTPONUK

0,05

0,00 —
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-0,05 .
Konuyectso utepavuii

Puc. 2. ﬂnarpaMMa BJIMAHHSA KOJIMYECTBA I/ITepaI_II/Iﬁ Ha U3BMCHCHUC DHTPOIINH

AHanmu3 puc. 2 TOKa3bIBAaeT, YTO HAONIOAAIOTCS CIEAYIOIHUE PE3YyNbTaThl: MPU OJHOU
uTepanuu SHTpomnus moBbimaercs Ha 0.31 mpu HCMONB30BAaHUHM KPUTEPUsS OCTAHOBA MO MHK-
¢dakTopy u Ha 0.30 mpu MCHOJIB30BAaHUU KpUTEPHUs OcTaHOBa Mo »HTpornuu. [locne 4 wurepanumii
SHTPONUS MPAKTUYECKU HE U3MEHseTcs. Takum o0pazoMm, ISl U3MEHEHHsI SHTPONUHU CUTHAJIOB
FBMC HeT HE00X0UMOCTH B OOJIBIIIOM KOJMYESCTBE UTEPALHIA 10 ITepedopy (a3 CUTHAJIOB.
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Bausinue kosmuecTBa okoH Ha PAPR u 3HTpOnmio
npu GUKCHUPOBAHHOM KOJIHYECTBE HTepaluii

Ha puc. 3 mpuBeneHa auarpamMma BIMSIHUS KOJMYECTBa OKOH Ha m3MmeHenue PAPR.
W3 pe3ynbTaToB BUAHO, UTO C YBEIHMUEHUEM YKciia OKOH BennyrnHa PAPR 3HaUMTETbHO CHUXKAETCS.
[Tpu yBenuuenun uncia okoH ¢ 2 1o 8 m3menenue PAPR mo nuk-dakropy ymensiraercs ¢ 4,08 1o
0,37, 4TO CBUAETEILCTBYET O MOBBIILIEHHOW 3(P(HEKTUBHOCTH METOJa MPH pa3dMEeHUH CUTHala Ha
OKHa MeHbIIEro pasmepa. OIHAKO TPU JNalbHEHIIEM YBEIWYCHUH KOJIUYECTBA OKOH APQEKT
CTaHOBUTCSI MEHEE BBHIPAKEHHBIM.

8 utepayunu
4,5
4,0
3,5
3,0
2,5
2,0 mno PAPR

1,5 M 1o sHTpOoNuu
1,0

M3ameHeHne PAPR

i
0.0 Bl oe

= 8 16 32 64 128
KonuuecTtBo OKOH

Puc. 3. /InarpamMma BIusiHUS KOJTUYECTBA OKOH Ha u3MeHenne PAPR

Puc. 4 nemoHcTpHpyeT H3MEHEHNE YHTPONHMHU B 3aBUCUMOCTH OT KOJIMYECTBA OKOH.

8 ntepauumn
0,35
0,30
0,25
0,20

0,15 m no PAPR

0,10 M N0 3HTPONUK

N3MeHeHne aHTponuu

0,05

0,00

1 2 4 8 16 32 64 128
-0,05
Konnyectso OKoOH

Puc. 4. JIlnarpamma BIHSHUS KOTWYECTBA OKOH HA N3MEHEHHUE SHTPOITUHI
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Buano, 4yTo mpu yBeIMUEHUU YHUCIIa OKOH SHTPOMHS B LIEJIOM ocTaeTcsi crabumibHoi. [lpu
JICIICHUY CHMBOJIA Ha OJIHO OKHO, HAOJFO/IaeTCsl MOBBIMIEHUE dHTponuH Ha (.2 Mpu UCTIOIb30BaHUU
KpuTepuss ocTaHoBa Mo mnuk-gakropy u 0.3 mnpu KpuTepuum ocTtaHoBa Mo sHTponuu. llpu
YBEIWYEHUU uuciaa OKOH ¢ 4 jgo 128 wu3MeHeHHe HHTPONUU HECYHIECTBEHHOE. OJTO MOXKET
CBUJETEIHCTBOBATh O TOM, YTO YBEJIIMYEHHE YHCJIAa OKOH MPHUBOIUT K JYYIIEMY pPacHpeeIeHUIO
MOIIHOCTH CHUTHaJIa ¥ 00Jiee PABHOMEPHOMY CIIEKTpY.

O0cy:xaeHne pe3y1bTaTOB

1) [Ipn wucronb30BaHUM KPUTEPHsl OCTAaHOBA II0 DHTPOIMHU CHTHaJa HaOIromaeTcs
cienyronias TeHISHINS: IPH YBEIMUYEHUH KOJIMYECTBA UTEpalnii 3HauuTenbHoe cHbkenne PAPR
IIPOUCXOAMUT Ha MEPBBIX IIarax CHUXEHUS; IOcCie 2 uTepauuil cHukeHue coctasiser 0,25 mo
sHTponuu. OJHaKo JanbHelllee YBEIWYEHUE 4YKClIa HUTepauuid He JaéT CyIIeCTBEHHOIO
BBIMTPBILIA.

AHanoru4Has CUTyalusi HaOJIroAaeTcsl MpU YBEIMUEHUU KoiaudecTBa okoH. [Ipu pazouenun
Ha 2 okHa cHmxkeHne PAPR cocrasiser 0.7 nb, a mpu yBenmu4eHUH 9ucia OKOH 10 64 apdexT yxe
He ctoJb BeIpaxeH (0.03).

Takum o00pa3oM, KpuTepuil OCTaHOBAa II0O DJHTPONMM HE IO3BOJSAET JOOUTHCA
OJIHOBpEMEHHOT0 3((PEKTUBHOrO CHIKECHUS TNMHUK-pakTopa curHamoB FBMC, tak kak sHTporus
JIOCTaTOYHO OBICTPO YBEJIIMYUBAECTCS MPU YBEIUUYEHUU YK CIIa OKOH U UTEpaLuil.

2) [Ipy MCTONB30BAHUU KPUTEPHsI OCTAHOBA IO MHUK-(GAKTOPYy B OTIMYHE OT KpPUTEPHS
OCTaHOBa IO JHTpONMM, HayaibHOe cHUkeHue PAPR Oosee BbipaxkeHo. Ilpu 2 wurepanmsx
camkenue PAPR cocrapnser 1.14, yTo 3HaYMTENbHO BBINIE, YeM IPHU UCIOJIB30BAHUU KPUTEPHS
ocTtaHoBa 1O 3HTponuu. OnHAKO JaJbHEWIIee YBEIMYEHHE KOJMYECTBA WUTEpalMi TaéT ropasnuo
MeHbIui ddext: npu 16 urepanusax camxenue cocrasiser 0,03, a mpu 100 utepanusax — Bcero
0,005.

[Tpu yBenuyeHHH KOJIWYECTBA OKOH Takke HaOrofaercs cyliecTBeHHoe cHuxeHne PAPR
Ha nepBbIX marax. Hanpumep, npu 2 okHax nuk-¢akrtop cHkaercs Ha 4,08, a mpu 8 okHax — yxe
Ha 0,37. [lanpHeilmee yBenuyeHHe KOJIMYECTBA OKOH MPUBOAMUT K rOpa3/lo MEHBIIEMY CHUKEHUIO
nuk-dakropa.

Takum oOpa3oM, KpUTEepUil OCTAaHOBA MO MHUK-(PAKTOPY MO3BOJISET 1OCTUYb 3HAYUTEIHHOIO
spdeKkTa TO CHIWKEHUI0 MNHK-(aKTopa M YBEIUYEHHUIO HHTPONMM Ha NEpPBBIX JTamax, €ro
3¢ HEKTUBHOCTh CHUKAETCS 110 MEpe pocTa Yucia uTepanuii 1 okoH. Ho B oTianuum ot kpurepus
OCTaHOBA I10 SHTPOIUU B JAHHOM cilyyae oOecreynuBaeTcsi OOJIbIINM JOMOIHUTEIbHBINA 3P PEKT 1o
CHIDKEHMIO MMUK-(aKTopa MPH YBETUYEHUH YUCIIA UTEpALIUH.

Kpurepuii ocranoBa no nuk-gakTopy Aa€T OoJsiee BBIpAXKEHHBIM 3(P(QEKT Ha MEepPBBIX
marax, Ho TpeOyeT TOYHOW HACTPOMKM KOJMYecTBa MTEpAalMi M OKOH, TaK Kak JajbHeiliee
YBEJIUYCHHE ITUX IMapaMeTPOB Na€T MEHBIIWHA MPHUPOCT CHIKEHUSA NHUK-(akTopa. Kpurepuit
OCTaHOBAa [0 DJHTPONHUHM OOECHeYMBaeT OBICTPOE CHUXKEHUE OHHTPONHUU CHTHajJa, HO He
oOecrieynBaeT OIIEHKY HEOOXOOUMOCTH YBEJIHWYEHUs 4Yuclia HUTepanui aiis JajdbHenIero
CHI)KEHMSI MHK-(aKkTopa.
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A means of reducing the peak-to-average power ratio of FBMC signals
with variable stopping criteria for phase selection in the PTS method

I. I. Ishmiev, S. S. Loginov

Annotation. FBMC (Filter Bank Multicarrier) signals are characterized by a high peak-to-
average power ratio (PAPR), which leads to nonlinear distortions in power amplifiers. Problem
statement: Comparing PAPR reduction schemes that use two stopping criteria allows for identifying the
most efficient one in terms of implementation in FBMC-based communication systems. Purpose: The
study aims to determine the impact of the stopping criterion on PAPR reduction in FBMC signals using
the PTS method, considering the resulting PAPR and entropy characteristics. Methods: The study
applies algorithms for selecting phase multipliers in the PTS method and calculates PAPR and entropy
metrics to evaluate effectiveness. Novelty: For the first time, a comparative analysis of the efficiency of
PAPR and entropy reduction is conducted using stopping criteria based on entropy and PAPR in the
PTS method for FBMC signals, considering variations in the number of windows and iterations.
Results: The stopping criterion based on PAPR provides a more pronounced effect in the initial steps
but requires precise tuning of the number of iterations and windows since further increases in these
parameters yield insignificant improvements. In contrast, the entropy-based stopping criterion ensures
more stable PAPR reduction, though its effect is less pronounced. Practical relevance: The
improvement of FBMC signal characteristics enables reduced power consumption and increased
efficiency of power amplifiers in next-generation communication systems.

Kewords: multiplex frequency modulation, FBMC, PAPR, PTS method, entropy, peak factor,
communication systems.
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NupopMaiuoHHO-THHIBUCTHYECKOE 00eciedeHue Mpoueayp
U NPOrpaMMHO-ANNAPATHBIX CPEACTB PeaTu3alui MOUCKOBbBIX 3alIPOCOB
Ha pecypcax JaTa-ueHTPOB: aHAJN3 U GOPMYJIMPOBKA COBPEMEHHBIX TPeOOBaHUI

Brnagumupona E. C., Camok 1. B., Caspkun JI. A., [Tapamyk U. b.

Annomauun. Ilocmanoeka 3a0auu: 6cecmOpOHHUN AHAAU3 CReyuuyecKux ocobenHocmell,
NPUCYWUX — COBPEMEHHbIM Npoyedypam u npocpammHO-annapamisiM cpeocmeam Ol 3¢hgekmusHol
peanuzayuu  NOUCKOBbIX — 3ANPOCO8 HA  UHDOPMAYUOHHBIX — pecypcax — oama-yeHmpos.  H3zyuenue
3aKOHOMepHOCHell, aNeOPUMMO8, CMPYKmMypul —(cocmasa), Ycioeuil  npumeHeHus UHGOpMayuoHHO-
JIUH2BUCMUYECKO20 ObecnedeHuss noO0OHbIX Npoyedyp U NPoSPAMMHO-ANNAPAMHBIX CPEOCms, d MaKice
dopmynuposka OCHOGHBIX MpeOo8anuti K HOO0OHOMY 6Udy o0becnedeHus ¢ Y4emom B03MONCHbIX
02paHuyenull U BAPUAHMOS NPUMEHEHUS COBDEMEHHbIX — ANOPUMMO8 UHQDOPMAYUOHHOLO —NOUCKA.
Hoeusna: cocmoum 6 mom, umo 00beKmomM UCCIe008aHUA AGIAIOMCA COBPEMeHHble Npoyeoypbl U
NPOSPAMMHO-ANNAPAMHbIe CPEeOCMEd Peanu3ayuu NOUCKOBbIX 3aNPOCO8 HA pecypcax Oama-yeHmpos,
Komopbie, 8 C80I0 04epedb, CLYHCAM OCHOBOU U UCXOOHBIMU OAHHBIMU O POPMYIUPOSKU U 0OOCHOBAHUS
o0WuUx U YACMHBLIX MpebOBaHull NO NOCMPOEHU0 U NPUMEHEHUIO DJIeMeHmo8 UHDOPMAYUOHHO-
JUH2BUCMUYECK020 0becneuenus npoyedyp u cucmem makoeo kiacca. Ilenvlo pabomur senaemcsa ananus
cywecmeyrowux u pazpabomra Ho8bix N00X0008, OPUEHMUPOBAHHBIX HA POPMYIUPOSBKY (CUHME3) cucmeMmbl
coBpeMeHHbIX Mpebo8aHull K UHGOPMAYUOHHO-TUHLBUCMUYECKOMY 0becnedenuio npoyedyp u npoepammHo-
annapamuvlx Ccpeocms peanus3ayuu NOUCKOBbIX 3ANpocos Ha pecypcax oama-yenmpos. Pezynemam:
3aKTIOUACMCSL 8 MOM, UMO NPeOlodHCeHbl U 0DOCHOBAHbI YACMHble U 00WUe Mpebo8anus K UHPOPMAYUOHHO-
JIUHSBUCMUYECKOMY 00ecnedyeHur0 npoyeoyp U NpoSpaMMHO-ANNAPAMHLIX CPeOCm8 UHPOPMAYUOHHO2O
NOUCKA, ONUCANbL PUIUYECKAS. CYWHOCMb U COOepIHCaHUue OAHHBIX MpeDo8anull, a makdice ChOpMyIuUposansl
npeonodcenuss no pasgumuio npoyeoyp U NpOSPAMMHO-ANNAPAMHBIX CPEOCMS peanu3ayuu NOUCKOBbIX
3anpocoé 6 uacmu UHOOPMAYUOHHO-TUHSBUCMUYECKO20 obecneuenus. Ilpakmuueckas 3nauumocmo:
pe3yibmamul  AHAIU3A U NPEONOHCEHHBIN NO00X00 K POpMYyauposke u 000CHO8aHUI0 MpeDOo8anull K
UHDOPMAYUOHHO-TUHSBUCIUYECKOMY 00eCnedeHUIo UHGOPMAYUOHHO20 NOUCKA, C Y4emom 0cobenHocmell,
APUCYWUX UHDOPMAYUOHHBIM PECYPCAM COBPEMEHHBIX OAMA-YeHmpos, NO360NAM HA OCHO8E €OUHbIX
CUCMEMHBIX NO3UYULl  COpMUPOBAMb HOBble, UHHOBAYUOHHBIE MemOoObl NOCMPOCHUs U Pearu3ayuu
aneopummo8 NOUcKo8oU Kiaccugurayuu u KOOUPOBAHUS, HOBble Memoobl (HOPMYIUPOSKU noKazameell
Kawecmeda UHQGOPMAYUOHHO20 NOUCKA U MemoObl HA3HAYEHUs NOUCKOBbIX UHOUKAMOPO8, KAK KIOYeBblX
9IEMEHMO8  UHPOPMAYUOHHO-TUHLBUCIUYECKO20 0becnedeHus npoyedyp U NpocPAMMHO-ANAAPAMHBIX
cpeocme peanuzayuu NOUCKOBbIX 3aNpocos.

Kntouegole cnosa:. dama-yeHmp, UHDOPMAYUOHHO-TUHSBUCIUYECKOE obecneuenue,
UHDOPMAYUOHHDLIL NOUCK, UHGOpMayuUsl, mpebosaHue, NPOSPAMMHO-ANNAPAMHOe CPeOCmE0, Npoyedypa,
peanuzayus NOUCK08020 3anpocd, pecypc.

AKTYyaJIbHOCTh

WNHpopMalinOHHO-TUHIBUCTHYECKOE O0ECTIeYeHNE SABISAIOTCS BaKHEHIIIMM KOMIIOHEHTOM B
IIMPOKOM Habope o00ecnednBaroUINX CPeICTB JJI KAueCTBEHHOW pealn3allud IPOLECCOB
1 3(pPpeKTUBHOTO (YHKIIMOHUPOBAHUS IIPOrpaMMHO-aIapaTHbIX CPEICTB (ITAC)
MH(POPMALIMOHHOTO IOMCKAa Ha pEecypcax COBPEMEHHBIX JaTa-IIEHTPOB, OCOOEHHO C Yy4YeTOM
cneunpuky aHanusa bonbimux J{aHHBIX, ¢ Y4€TOM CTPYKTYpPhl OFPOMHBIX MAacCMBOB MH(OpMaIuu,
XpaHsiencs u oopadaTeiBaeMOl B paMKax IIEHTPOB 00pabOTKH JaHHBIX TaKOTo Kiacca [1-5].

AHanu3 IOKa3bIBa€T, 4YTO HapsAy C MPOrpaMMHBIM, TEXHHYECKUM, TEXHOJIOIMUECKHUM
obecriedyeHrneM, HHPOPMALNOHHO-IMHIBUCTUUECKOE O00€CHEeUYeHHe HE IMPOCTO CYIIECTBEHHO,
a KpaifHe 3HAUYMUTENBHO BIMAET HA TEXHOJOTMYECKYI0 3(()EKTUBHOCTH CUCTEMbI pealu3aluu
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IIOMCKOBBIX 3alIpOCOB Ha pecypcax JaTa-LEHTPOB, a 3HAYWUT, HA KaYECTBO IOMCKOBO-CIIPABOYHBIX
YCIIYT, OKa3bIBa€MBIX IMOJIb30BATENSIM ILIEHTPOB OOpaOOTKM JaHHBIX, Ha OIMNEPATUBHOCTh
Y PEJIEBAaHTHOCTh IMOMCKA M MHTEIUICKTYaJIbHOTO aHajiu3a OOJBIIOr0 KOJIMYECTBAa Pa3HOPOIHBIX
Y HECTPYKTYPUPOBAHHBIX TAHHBIX [6, 7].

3HaYMMOCTh  MH(OPMAIIMOHHO-TMHTBUCTUYECKOTO  OOECIEYEeHUsI, IOMHUMO IPOYEro,
oOycloBJIeHa TeM, 4TO Jro0as MoJcUcTeMa HH(OPMAIMOHHOTO IOUCKA, JIOObIe MPOTrPaMMHO-
annapaTHbIE CPEACTBA pealn3alii IOUCKOBBIX 3alIPOCOB, BKIIIOYAs «IIOMCKOBBIE ABMXKKU) U UHbBIE
MTOMCKOBO-CIIPABOYHBIE MEXaHM3MbI COBPEMEHHBIX JaTa-IIEHTPOB (OCOOEHHO C y4eTOM CHelU(PUKU
aHanu3a MHGOpMauMu u moucka Ha bonpmux JlaHHBIX), MOXET YyCHEIHO (DYHKIHMOHUPOBATH
U pelaTh BO3JIO)KEHHBIE Ha HEe 33/1a4 TOJIbKO TOTIa, KOTJa B HEM:

— BO-TIEPBBIX, [0 ONPEAEICHHBIM NpPaBWIaM CYIIECTBYET M IUPKYIUPYET HUH(OpMAIHS

(TOKYMEHTHI, TaHHBIC);

— BO-BTOPBIX, 3Ta WH(pOpPMAIHS CTPYKTYpHpPOBaHA U cPOpMHUpOBaHA HA OCHOBE €IUHBIX
JUHTBUCTUYECKUX CPEJACTB, HampuMmep, HWHGOPMAIMOHHBIX W HH()OPMAIOHHO-
MTOMCKOBBIX SI3BIKOB U SI3bIKOB (CEMAHTHKU U CHHTAKCHCA) MTOMCKOBBIX 3aIpocoB |35, §, 9].

HHpopMalilnOHHO-TMHTBUCTHYECKOE OOECIeueHUEe HEepa3pblBHO CBSI3aHO C MHBIMHU BHJIaMHU
oOecrieyeHus, B3aMMOJACUCTBYET C HHMH, COCTaBJSIsI OCHOBY KOMILIEKCa OOECTICUMBAIOIINX
MEXaHU3MOB I MpOLEAYyp M MPOrpaMMHO-aIIapaTHBIX CPEACTB pealu3aluid MOMCKOBBIX
3alMpocoOB Ha pecypcax Jara-LIGHTPOB. OTOT BUA  OOECleYeHHs, KakK COBOKYITHOCTb
MHOOPMALIMOHHBIX U JIMHTBUCTUYECKMX  (SI3BIKOBBIX) CPEACTB, BBIMOJHSIET  KIIFOUEBYIO
MHPOPMAMOHHYIO (DYHKIIMIO B HHTEpEcax aBTOMATU3MPOBAHHOTO HH(MOPMAIMOHHOTO MOWCKA,
BKJIIOUAIOIYIO (JOPMUPOBAHUE 3allPpOCOB, TMOUCK, 00pabOTKy © MoxydeHue uHpopManuu,
00paboTKy U Tiepeady 3apoIIeHHBIX JaHHBIX TOIb30BATEISM.

C Touku 3peHHs cyry00 JTUHTBUCTHUYECKOTO aclekTa MHGOPMAIMOHHO-TMHIBUCTHYECKOTO
o0ecrieYeHus1, KIIFOYEBBIM SBISIETCS MOHSATHE €CTECTBEHHOTO S3bIKa, UCIOIB3yEMOT0 TPU OOIICHUN
MOJIb30BaTee W HSKCIUTyaTallMOHHOTO MepcoHala JaTa-IEHTPOB C KOMIUIEKCOM MpPOrpaMMHO-
anmnapaTHBIX CPEICTB peaju3alMi MOUCKOBBIX 3allpOCOB — 3TO S3bIK, MCIOJB3YEMBIH B LIEHTpax
00pabOTKM JAHHBIX M WHBIX CHUCTEMax XpaHEHWs, W NpeAHAa3HAYeHHBIN Ul MpeJCTaBlIeHUs U
npeoOpa3oBaHus ONUCAHUN (IIOMCKOBBIX 3alpOCOB U OTBETOB) MpU (PYHKIMOHUPOBAHUU
COBPEMEHHBIX MH()OPMAIIMOHHO-CIIPABOYHBIX M HMH(OPMAIIMOHHO-TIOUCKOBBIX CHCTEM TaKOI'0
KJiacca.

Baxneiimas 3amaya  MH(QOPMAIMOHHO-TMHIBUCTHUYECKOTO OOECIEUEeHUsl MpoLeAyp |
IIPOrpaMMHO-AIIAPaTHBIX CPEICTB PEATU3alUN TOUCKOBBIX 3alPOCOB Ha pecypcax AaTa-LIEHTPOB —
opraHuzanusi M o0ecle4eHue COBMECTMMOCTH BCEX MEXaHM3MOB, BOBJICUEHHBIX B IIpoIecC
MH(POPMAIIMOHHOTO MOUCKA. DTO KOMIUIEKCHOE, COBOKYITHOE CBOMCTBO JBYX MJIM 0Oojiee MpOILecCOB
(mpouenyp), NpPOrpaMMHO-aNMApPaTHBIX CPEACTB WM OTJAENbHBIX IOHUCKOBBIX MEXaHH3MOB,
OIIpENIENIAEMOE UX NPUTOAHOCTBIO K IIPOrPaMMHOM M anIapaTHOW B3aUMHOM KOONEpalMH B LEJSIX
BBINOJIHEHUS TPeOOBaHUH 10 ONEPAaTUBHOCTH U PEIEBAaHTHOCTU MH(opMarmonHoro noucka [10, 11].

ITpu sTOM HMeeTcs B BUAY, YTO IpOrpaMMHas M amnmaparHas KooIlepalus IPOLECCOB,
MIPOrpaMMHO-ANIApPaTHBIX CPEACTB M MEXaHU3MOB IIOMCKAa BKJIIOYAEeT UX TEXHUYECKYIO,
IpOrpaMMHYI0,  MH(OPMAIMOHHYIO,  OpPraHW3ALMOHHYI0,  JHMHIBUCTMYECKYIO W,  TIpHU
HE00XO0IMMOCTH, IPOLEAYPHO-TIOUCKOBYIO COBMECTUMOCTD.

HNHpopMalnOHHO-TUHIBUCTHYECKOE OOecTedeHrne MpOoLEeAyp M MPOrpaMMHO-aNMapaTHbIX
CPEICTB peaju3allid IOMCKOBBIX 3alpOCOB Ha pecypcax JaTa-IEHTpOB HapabaThiBaeT Ha
MH(POPMAIIMOHHYIO COBMECTHMMOCTb, KaK YAaCTHYIO COTJIACOBAaHHOCTh MH(OPMAIMOHHOTO IMOMCKA,
XapaKTepU3yeMyI0 BO3MOXKHOCTHIO HCIIOJIb30BAHHUS B HUX OJHUX U TeX K€ HHPOPMAIMOHHBIX
acreKkToB U mpu3HakoB. Kpome Toro, ganHoe oOecrieyeHne HapaOaThIBaeT Ha JIMHIBUCTUYECKYIO
COBMECTUMOCTb, KaK  YacTHYK0  COIJIACOBAaHHOCTb,  XapaKTEPU3yEMYI0  BO3MOKHOCTHIO
UCTOJb30BAHUS OJHUX M TEX JK€ S3bIKOBBIX CPEICTB B IENAX BBINOJIHEHUS TpeOOBaHMNA MO
OTIEPaTUBHOCTHU U PEIEBAHTHOCTH HHPOPMAIIIOHHOTO ITOUCKA.
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B cBere 3tHX (akTopoB, 0cOOOrO0 BHMMaHMSA, HAa HaIl B3IV, 3aCTY)KUBAIOT BOIPOCHI
JETaTbHOTO UCCIIEIOBAHMS, CO3aHUs, YTOUHEHHUS M PEJaKTHUPOBAHUS COBPEMEHHBIX TPeOOBaHUU
K HH(pOpMaMOHHO-IMHTBUCTHYECKOMY obecneuernto mponenyp u IIAC wunbopmannonHoro
MOUCKA CPEIX OTPOMHBIX MAaCCHBOB JAHHBIX, XPAHALIMXCS M 00pabaThIBaeMbIX B paMKax Jara-
[ICHTPOB,  SABJSIOIIMXCS, IO CYTH, OCHOBOH  HMH(OPMAIMOHHO-TEIEKOMMYHUKAIIHOHHON
UHPPACTPYKTYPHI, HAIPUMED, JJIs1 000POHOCIIOCOOHOCTH U MpaBonopsiika B Poccuu [12].

OcoOy0 akTyanpHOCTH IpobOjeMa aHanm3a H  (HOPMYIUPOBKH TaKuUX TpeOOBaHUIA
npuobperaer ceifyac, Koraa WHGOPMAIMOHHO-IMHTBUCTHYECKOE oOecrieueHre HapabaTbIBaeT Ha
MIOBBIIIICHUE ONIEPATUBHOCTH M PEJICBAHTHOCTHU ITOMCKA B MEPHOJ JIABUHOOOPA3HOTO pocTa oObema
¥ HOMEHKJIATypbl HHPOPMAIIUH, KOTOPYIO HEOOXOIMMO XpaHUTh U 00pabaThIBaTh.

®opMyJIMPOBKA 00X M YACTHBIX TPeOOBaHMIT K HH(POPMALIMOHHO-
JIMHIBHCTHYECKOMY 00eclle4eHHI0 NPoLeAyp U NPOrpaMMHO-aNNapaTHLIX cPeIcTB
peau3aly MOMCKOBBIX 3alIPOCOB HA pecypcax AaTa-leHTPOB

AHanu3  CyIIECTBYIOIIMX  IOAXOAOB, OPHUEHTUPOBAHHBIX HAa  OTEYECTBEHHbIE U
MEX/IyHapOAHbIE IPaBOBbIE HOPMBI, Ha MOCTYJaThl (MPUHLMIIBI) CHCTEMHOIO MOJXO0/a,
npuMeHsiemble s (GOpMHUpOBaHHA TpeOOBaHWH K COBPEMEHHBIM BHUAAM OOECHEUeHHS s
CJIO)KHBIX HH(QOPMALMOHHO-TEXHUYECKUX CHCTEM, I103BOJIAET TOBOPUTH O TOM, 4YTO OOIIue
TpeOoBaHUs K MHPOPMALMOHHO-TUHTBUCTHYECKOMY obecnieuenuto npouenyp u [TAC peanuzanun
IIOMCKOBBIX 3allpOCOB Ha pecypcax AaTa-IeHTPOB, MOTYT U JOJDKHBI COJEpXkaTb CIIEAYIOIIHe
nojioxenus (mpasuia) [12, 13]:

— MHGOPMALMOHHO-JTMHTBUCTUUECKOE O0ECHeYeHHe JIODKHO OBIThb  JOCTAaTOYHBIM IS
MOAIePKaHUsl BceX (DYHKIHHA, pealn3yeMbIX B paMKax IMpPOLEAYp W aJTOPHUTMOB pabOThI
[pOrpaMMHO-aNINapaTHbIX CPEICTB MH(OPMALIMOHHOTO [TOMCKA HA pecypcax AaTa-IIeHTPOB;

— JUIS KOTUPOBAaHHUS M IPPEKTHBHOTO JIHMHIBUCTUYECKOTO NPEACTaBICHUS HH(OpMAINH,
UCTOJNb3yeMOH B  paMKax  aBTOMAaTH3UPOBAaHHOTO  HH(POPMALMOHHOIO  TOMCKA
U BKJIIOYAIOUIEH TaHHBIE U1 (OPMHUPOBAHUS 3alIPOCOB, TOMCKA, 0OpPaOOTKH U MOITY4YEHUS
CIPaBOK-OTBETOB, OOpaOOTKM M TMepelauyd 3alpoIIeHHBIX JaHHBIX I10JIb30BaTEIsM,
JOJKHBI MCTIOJIB30BaThCs K1acCU(PUKATOPBI;

— JIOJDKHa OBITh TapaHTUpPOBaHA IpOrpaMMHAas M almapaTHas B3auMHas KooIlepauus,
UMEIOIIas 1eNbI0 JTOCTHKEHHE BBICOKOTO YpPOBHSI coBMecTHUMOCTH mnpouenyp u ITAC
MOUCKA ¢ UH(OPMAIIMOHHO-IMHIBUCTUYECKUM O0ECIIeYeHUEeM Ui BCEX MHBIX MPOLENyp
U cucreMm, B3auMmozeWcTByroumx c nponeaypamu u IIAC peanusanuy MNOMCKOBBIX
3alpOCOB Ha pecypcax JlaTa-1eHTPOB;

— (opMBI TIOMCKOBBIX 3allpOCOB, OTBETOB Ha 3alpochl U (opmarbl MpencTaBICHUS
A3BIKOBBIX ~ CPEICTB  MH(POPMALMOHHO-TMHTBUCTUYECKOTO  00ECHeueHUs]  JOJKHBI
0TBeYaTh TPEOOBAHMSIM CTaHJAPTOB MH(POPMALITMOHHOIO NTOKMCKA (MM YHU(DULIIMPOBAHHOMN
CHCTEMBI pean3aliy OUCKOBBIX 3aIIPOCOB);

— CTpPYKTypa TIOMCKOBBIX 3allpoCOB, OTBETOB Ha 3allPOCHl, ITOMCKOBBIX BHU3YyaJbHBIX
uHTepdericoB (3KpaHHBIX (opM) U (PopMaTOB TPEACTABICHUS S3BIKOBBIX CPENCTB
MH(POPMAIIIOHHO-TTMHIBUCTHYECKOT O oOecrieyeHust JOJKHA COOTBETCTBOBATh
XapaKkTepUCTUKaMH TEPMHUHAJIOB Ha pa00YMX MECTaX KOHEUHBIX MOJIb30BaTENEH, B MIHTEpecax
KOTOPBIX OCYILECTBIIETCS pealln3aliisl IOMCKOBBIX 3alIPOCOB Ha PeCypcax JaTa-LeHTPOB;

— rpaduku (OPMUPOBAHMSA U COJAEPXKAHME IMOUCKOBBIX 3alPOCOB M OTBETOB Ha 3arpoChI
(uH(pOPMAILIMOHHBIX COOOIIEHUIT), SKpaHHBIX (opM U (HOpMATOB MPEICTABICHUS S3BIKOBBIX
CpeaCTB UH()OPMALTMOHHO-TMHT BUCTUYECKOTO obecrnieyeHus, UCIIOJNIb3yEMbIE
(hopMaIM30BaHHbIE COKPALLEHHUS CJIOB U CIIOBOCOYETAHUM, JJOJKHBI OBITh KOHBEHIIMOHAIbHBI
TSl KOHKPETHOM cpepbl 3HaHUH U JaHHBIX, U CKOOPAWHUPOBAHBI C 3aKa3UHKOM;

— B apxutektype [IAC jang peanu3anuu TOUCKOBBIX — 3allpoOCOB  HEOOXOAWMO
IPEYyCMOTPETh HAJHUUE CPEICTB MOHUTOPHHTA BXOJHON U pe3yabTaTHOW MH(OpMaIUK
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(oTBETOB ~ HA  3ampochl),  CPEACTB  aKTyaJu3allud  JaHHBIX B €IUHBIX
BBICOKOIIPOU3BOJUTENbHBIX MACCUBaX JaTa-LIEHTPOB, a TaKXe CPEICTB U alrOpUTMOB
KOHTpPOJISI LIEJIOCTHOCTH MACCHBOB JIaHHBIX, CPEACTB 3aluThl nata-ueHTpoB u ITAC
MH(GOPMALIMOHHOTO ITOMCKA OT HECAHKIIMOHUPOBAHHOTO AOCTYIIA.

C Touku 3peHus aHanu3a U (OPMYIHMPOBKH YACTHBIX TpeOOBaHMH K HMH(OPMAIIMOHHO-
JMHTBUCTUYECKOMY OOECIIEUEHHUIO IMPOLEeAYyp W IPOrpaMMHO-aNNapaTHBIX CPEACTB pealnu3aliu
MIOMCKOBBIX 3allPOCOB Ha pecypcax IaTa-IEHTPOB, MPEANOIAracTcs 1eaecoo0pasHbIM, 0 HaLIeMy
MHEHHMIO, YTOOBI B UX COCTaB BXOAUIIM:

— TpeOOBaHUS K COCTaBy M CTPYKType MH()OPMAIIMOHHO-TMHI'BUCTUYECKOTO O0ECTICUCHHS
IpoLelyp M IPOrpaMMHO-ANIAPATHBIX CPEACTB pealu3allii MOUCKOBBIX 3alpPOCOB Ha
pecypcax JaTa-LeHTPOB;

— K pa3paboTke U OOOCHOBAaHMIO TEXHOJOIMH  B3aUMOJEHCTBUS  KOMIIOHEHTOB
MHGOPMAIIMOHHO-TUHTBUCTHYECKOTO ~ O0ECIeYeHUsi  MPOLEeAyp U IPOTrPaMMHO-
annapaTHbIX CPE/ICTB peal3aluy MOMCKOBBIX 3alIPOCOB Ha pecypcax JaTa-1eHTpOB;

— K pa3paboTke M OOOCHOBAaHHMIO AJITOPUTMOB M METOAHMK INPHUMEHEHHS KOMIIOHEHTOB
MHGOPMALIMOHHO-TUHTBUCTUYECKOTO ~ O0ecleyeHuss  Mpoueayp U IPOrpaMMHO-
annapaTHbIX CPE/ICTB pealn3aluy IOMCKOBBIX 3alIPOCOB Ha pecypcax Aara-LIeHTPOB;

— K HaJeXKHOCTH, TOYHOCTM W BPEMEHHU pELICHUS MPAKTUYECKHX 3a7ad C IOMOIIbIO
KOMIIOHEHTOB ~ MH(OPMAIIMOHHO-IMHIBUCTUYECKOTO  OOEclieYeHus]  Hpouenyp u
IIPOrpaMMHO-aIIapaTHBIX CPEACTB HH(POPMAIIMIOHHOIO TIOUCKA,

— K pecypcaM NaMsTH J1aTa-LEeHTPOB U K TEIEKOMMYHHUKAIIMOHHBIM pecypcam MporpaMMHO-
annapaTHbIX CpEJICTB pealu3allii IHOUCKOBBIX 3allPpOCOB, BBIACISEMBIM JUIS PaOOTHI
MHGOPMAIIMOHHO-TUHT BUCTHYECKOTO 00ECTICUeHHS;

— K MOJYJBHOCTHM M THUOKOCTM Takoro Buja oOecrneueHHsl Mpoueayp M HporpaMMHO-
amnmapaTHbIX CPEJCTB pealM3alliil  TIOMCKOBBIX 3alpoCcOB — HH(POPMAIMOHHO-
JMHTBUCTUYECKOE 00ecredyeHue JAOJDKHO HMEeTh MOJYJIbHYK CTPYKTYpY U OBITh
OTKPBITBHIM JJIs1 JaJIbHENIIETO Pa3BUTHS;

— K TPUMEHUMOCTH (HOPMAaTHUBBI ajanTaluy) HHGOPMAIMOHHO-IMHTBUCTHYECKOTO
o0ecrniedyeHns K COCTaBy M COCTOSIHUIO IPOrpPaMMHO-aIapaTHBIX CPEICTB peau3aluu
ITOMCKOBBIX 3aIIPOCOB;

— K IPEEeMCTBEHHOCTHM — o0ecredyeHne BO3MOXKHOCTH  HCIIOJb30BaHMSI  paHee
pa3paboOTaHHBIX  JJIEMEHTOB  HH(POPMAIIMOHHO-TMHIBUCTUYECKOTO  00OecredeHus
IIPOLIEAYP U TPOrPaMMHO-ANIAPATHBIX CPEACTB peAIN3allMy TOMCKOBBIX 3aIIPOCOB;

— K cepTuUKanMM Takoro BHAAa OOecrneyeHus: — D3JIEMEHTHl  (KOMIIOHEHTHI)
MHGOPMALIMOHHO-TUHTBUCTUYECKOTO ~ O0ecleyeHuss  Mpoueayp U IPOrpaMMHO-
anmapaTHBIX  CpPEACTB  pealu3allid  TOWCKOBBIX  3allpOCOB  JIOJDKHBI  OBITh
CepTU(QHUIHUPOBAHBl  YIIOJIHOMOYEHHBIMU OpTraHU3alUsMM Ui HCIHOJb30BAHUS Ha
pecypcax COBPEMEHHBIX /1aTa-1IIEHTPOB;

— K aKTyaJbHOCTH (@J€KBaTHOCTH BpEeMEHH) HWH(POPMALMOHHO-INHTBUCTHYECKOTO

oOecIieueHus;

— K HE3aBHCHUMOCTH OT KOMIIBIOTEPHBIX CpEICTB Ha JaTa-LEeHTpaXx M TEepMHUHAIAX
M0JIb30BaTENEN (MOOMIIBHOCTH, MIEPEHOCUMOCTH, KpoccIiaTpOpMEHHOCTH ),
UCTOJNB3YIOUIMX  MOAOOHBIM  TUI ~ OOecrieyeHuss —  3JEMEHThl  (KOMIIOHEHTBHI)

WH(POPMAIIMOHHO-IMHTBUCTUYECKOTO  OOECredYeHus: Tpolenyp U  MPOTPaMMHO-
anmapaTHBIX CPEJICTB Peau3allii MOMCKOBBIX 3alPOCOB JOJKHBI OBITh HE3aBUCHUMBI OT
WCIIOTB3YEMBIX CPEJICTB TEXHUKHU W OTNEPAIMOHHBIX Cpejl, T. €. JOJKHA OBITh oOecrieueHa
MEPEHOCUMOCTh WH()OPMAIIMOHHO-THHTBUCTUYECKOTO 00ECTICUCHHS;

— K HaJeXKHOCTH TaKOTO BHJIa 00€CIIeUeHUs — DJIEMEHTHI (KOMIIOHEHTHI) HH(POPMAIIHOHHO-
JUHTBUCTUYECKOTO OOeCreYeHuss MpOoIeAyp H MIpOrpaMMHO-aIapaTHBIX CPEACTB
peanu3alui TIOUCKOBBIX 3alpOCOB JIOJDKHBI 00JIajaTh BBICOKOW HAJSKHOCTBIO U
YCTONYHMBOCTBIO K OIIMOKAaM MOJIb30BATENS;
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— K YHUBEPCAJIBHOCTH CPEJCTB MOJAOOHOTO THIAa oOecrieueHus] NH(HOPMAITMOHHOTO TMMOUCKa
— HHCTPYMEHTAJIbHBIE CPEACTBA WH(OPMANMOHHO-THHTBUCTUYECKOTO O00ECIICUCHIS
MPOIeIyp U MPOrpaMMHO-AIIAPATHBIX KOMILICKCOB peaU3allii TTOMCKOBBIX 3aIPOCOB,
KpOME CTaHIApPTHBIX S3BIKOB W JIaHHBIX, JOJDKHBI BKIIIOYAaTh CPEICTBA HX
KOPPEKTHUPOBKH, XPAaHCHHUS U BBIJAYM TAHHBIX U SI3BIKOBBIX ITAPAIUTM;

— K JIOKyMEHTAIlU{ 3TOTO BHUJA 00ECIICUEHUS MPEAONPEILSISIFOT, YTO BCS JOKYMEHTAIIUS Ha
MHGOPMAIIMOHHO-TUHTBUCTHYECKOE 00ECTICUeHHE MPOIEAYp U MPOrpaMMHO-anapaTHbIX
CPeACTB peajH3allid IOMCKOBBIX 3allpOCOB JIOJDKHA COJEpXaTh BCE CBEACHUS,
HEOO0XOAMMBIC TIEPCOHAITY ISl UCIIOJIb30BAHHUS;

— K HUCHOJB30BAaHUIO TMEPCICKTUBHBIX S3BIKOBBIX U HH(GOPMAIIMOHHBIX TEXHOJIOTHH IS
WH(POPMAIIMOHHO-TMHTBUCTHYECKOTO ~ O0OCCIIEYEeHUsI  MPOLEAYp H  IPOTrPaMMHO-
anmapaTHBIX CPEJCTB PEATH3AIH MOUCKOBBIX 3aIIPOCOB;

— K HUCHOJB30BAHUIO CTAHAAPTHBIX CPEICTB MH(OPMAIIMOHHOTO OOECHEUYCHUS U SI3BIKOB
OTIMCAHUS,

— K UMIIOPTO3aMEIICHHUIO JIEMEHTOB MOI0OHOTO TUIA 0OecrieueHUs] — HH(OPMAIIMOHHBIE U
SI3BIKOBBIC CPEJICTBA, a TaKXke BCe WH(MOPMANMOHHO-TMHTBHCTUYCCKOE OOCCIICUCHHE
IpoIelyp U TNPOrpaMMHO-ANIAPATHBIX CPEICTB peaju3allMd TOMCKOBBIX 3aIpOCOB,
JIOJHKHO OBITh, MPEUMYIIIECTBEHHO, OTEYECTBEHHOT'O TTPOU3BO/ICTRA.

AHaJIM3 PAacCMOTPEHHBIX TpPeOOBaHWUI W YCIOBUW HMX peajHu3allMyd I1OKa3bIBACT, YTO
HEKOTOpBIC OOINME MPHUEMBI, CIIOCOOBI M MPEIOKEHUS M0 yCOBEPIICHCTBOBAHUIO, CBS3aHHBIE C
pa3paboTkoii u 3pdekTuBHON opraHuzanUeil WHPOPMAIUOHHO-IMHTBUCTHUECKOTO O0ECIICUCHHSI
MEXaHH3MOB ITOMCKa, HEOOXOAMMO KOHKPETH3UPOBATh.

D10 0O0YCIOBICHO >KECTKOH B3aMMO3aBHUCHMOCTBIO MpEIJIaraéMbIX HOBBIX IPHEMOB,
CrIocO00B W TMPEIOKECHUN, BCEX HWHHUIIMHPYEMBIX TIPOIEAYp IOUCKA W BHOBB CO3/IaBaE€MBIX,
WHHOBAIMOHHBIX POrPAMMHO-TEXHOJIOTHYECKMX CXEM pealu3alliil IMOMCKOBBIX 3aIlpOCOB Ha
pecypcax COBpPEMEHHBIX AaTa-IeHTpoB. bosiee TOro, 3To, rIaBHBIM 00pa3oM, OOYCIIOBIEHO TEM
daktomM, dYro UH(pOPMALMOHHO-TMHTBUCTHYECKOe  oOecmeuenue mpomenyp u [IAC
WH()OPMAIIMOHHOTO  TIOWCKA  yCTaHABIMBAeT  (OMpeeNseT) Kak KOMMYHHKATHBHBIC U
BHYTpUCUCTEMHBIE (PopMaThl MOUCKA, BBAAYUM U OOpaOOTKM WHGOPMAIMK, TaK M TMOIXOJBl K
MMOCTPOCHHIO CHCTEM KJIacCH(DUKAIIMK M HHICKCHPOBAHHS (POPMATOB 3aIIPOCOB, HCIIOIH3YEMBIX JIJIS
aBTOMATHU3HPOBAHHOTO TOWCKA, MOAXOJbI K 00paboTKe TakUX 3alpocoB, a TaKXKE KOMILIEKC
CJIOBAPHO-TE3aypPyCHOMN TOJJICPKKU U JIMHTBUCTHUECKHUX TIPOIIECCOPOB,

HexoTopble npeniosxkenus No pa3BuTHIO Mpoueayp
1 POrPAaMMHO-ANNAPATHBIX CPEACTB PeaTn3aluy NOMCKOBBIX 3alIPOCOB
B YaCTH UH(OPMAIMOHHO-THHIBUCTHYECKOI0 o0ecnedeHnst

N3BecTHO, YTO 1Ie/IeHaNpaBIeHHOE YIIYUIICHHE XapaKTEPUCTHK, paciupeHne PpyHKImoHana
MH(OPMAIIMOHHO-TUHTBUCTUYECKOTO O0ECIIeUeHUsI ¢ TOYKU 3PEHUs TMOBBIMICHUS ONEPAaTUBHOCTH
Y PEJICBAaHTHOCTH WH(OPMAITMOHHOTO TIOMCKa Ha pecypcax COBPEMEHHBIX JlaTa-IIEHTPOB,
TPAAUIIMOHHO TMOHUMAETCsA, Kak mpouecc pa3putus npouenyp u ITAC peanuzanuu mOMCKOBBIX
3ampocos [8, 12].

B osTOli cBsi3U, U y4YMTBIBasE pacCMOTPEHHBIE pPaHEE MOJXOJbl K CO3[IaHUIO0, YTOUHEHUIO
Y PEIaKTUPOBAHUIO  COBPEMEHHBIX  TpeOOBaHWUA K  WH(OPMAIMOHHO-THHTBUCTUYECKOMY
obecnieuenuto mporenyp u I[TAC uHPOpPMAIIMOHHOTO TOWCKA, MPEJCTABIAECTCS OYEBHIHBIM, YTO
MH(POPMAITMOHHO-IMHTBUCTUYECKOE 00eCTIeYeHHE MOAOOHBIX MPOIEYP U CPEICTB — TO KOMILIEKC
(KOHTJIOMEpar) CHUCTeM, CPEACTB M METOJOB: CHUCTEMBI KOJUPOBAaHUS U KIACCHU(PUKAIIUU
nHpOpManui, HWCKOMOM M XpaHUMOW Ha pecypcax COBPEMEHHBIX JaTa-IEHTPOB, MAaCCHBOB
KOHTPOJBHBIX JAaHHBIX O cocTossHuM mporeayp u [TAC uH(bOpMAalMOHHOTO MOMCKA; MHOXKECTBA
napaMeTpoB (TokaszaTenel) U MeTPUK (MHAMKATOPOB) OLIEHKH MOJOOHBIX MPOLENYyp U CPEICTB;
YHU(DHUIIMPOBAHHBIX CUCTEM JOKYMEHTAIlMU M OpraHMU3alii oOMeHa JaHHBIMU B paMKax MPOLexyp

76 BbluMcAMTEABHBIE CUCTEMBI



Ne 1 (169) — 2025 MEANS OF COMMUNICATION EQUIPMENT

n ITAC peanuzanuu NOUCKOBBIX 3allpOCOB; IMOMCKOBBIX KaTajoroB, CJIOBAapell M IpaBWwil AJis
(dbopmanu3anuK A3bIKa 3alPOCOB, UCHOIb3YEMBIX MPH MH(MOPMALMOHHOM IOUCKE, M, 0€3yCIOBHO,
METOAOJIOTUH TIOCTPOCHHUS TIOUCKOBBIX ITOPUTMOB M 0a3 TaHHBIX.

[Tomumo 3TOrO, SICHOE M OJHO3HAYHOE IOHMMAHHME CMBICIIA, CEMAaHTUKA M CHHTAKCHCa
TepMUHA ¥ KOHLENIHMH «HH()OPMAIIMOHHO-TMHIBUCTHYECKOE oOecreueHne» HH()OPMaIMOHHOTO
IIOMUCKA, MO3BOJISET Ja)Ke HEMCKYIIEHHOMY HCCIIEOBATEN0 CHOPMYINPOBaTh Psili MPEATIOKECHUH,
HalEJIEHHBIX Ha coBeplieHcTBOoBaHMe npouenyp v ITAC peanuzanny noucKoOBBIX 3alIpOCOB B YacTH
MMEHHO 3TOr0 BUAa 0oOecreueHMs, Ha KOHKPETHbIE 3aJaud I0 YJIYYLICHHIO KauecTBa IOMCKa B
LEJIAX BBIIOJHEHUSI COBPEMEHHBIX KECTKHX TPEOOBaHMI 1O €r0 ONEPATHBHOCTU U PEIEBAHTHOCTH:

MOJIEpHU3alMsl Te3aypyca s3blKa 3alpoCcOB M COBEPLICHCTBOBAHUE MPEIMETHBIX
MOUCKOBBIX ~ PYOPMK B  paMKax  [MOBBIIICHUS  KayecTBa  HMH(OPMAIMOHHO-
JUHrBUCTHYECKOro obecneuenus npouenyp u ITAC peanuszannu nNOMCKOBBIX 3alIPOCOB;
nopaboTKa M COBEpPIICHCTBOBAHWE LU(PPOBBIX KATATOTOB XPaHEHHsS COBPEMEHHBIX ara-
LIEHTPOB, YTO MO3BOJIUT BBIBECTH MH()OPMALIMOHHO-IMHIBUCTUYECKOE OOECIICUeHUE U caM
MOUCK MH(OPMAIIMOHHBIX OOBEKTOB Ha pecypcax COBPEMEHHBIX [aTa-IEHTPOB Ha
KaueCTBEHHO HOBBIII ypOBEHb, COOTBETCTBYIOIIMI YpOBHIO IM(pOBOI TpaHchHopmaru
roCy/1apcTBa;

pepopmupoBaHue (ONTUMHU3ALMS) MEPEeUHs Lenel M 4YacTHBIX 3a7ad MH(OpMaIMOHHO-
JMHTBUCTHYECKOTO 00eCTIeueH s ISl TIOAJIEPIKKU U Pa3BUTHUs chepbl HHPOPMAITHOHHOTO
MIOUCKA, JOpabOTKA U YCOBEPLICHCTBOBAHUE METPUK M KPUTEPUEB OLIEHKU JOCTHXKEHUS
KOHKPETHOM IeJIM K3 TakKOro IIepe4Hs, CHUHTE3 palMOHAJIbHOM IO COCTaBy U
0e3bI30bITOYHON  CHUCTEMBbI  TOKa3aTeded M MHIUKATOPOB  OLEHKH  HCKOMBIX
MH(POPMAIIMOHHBIX 00BEKTOB Ha Pecypcax COBPEMEHHBIX J1aTa-IIEHTPOB;

pa3BuUTHE (COBEpIICHCTBOBAHUE) CHUCTEMbl CEJIEKIMH U OOOCHOBAHHOIO BbIOOpa
JICUCTBYIOIUX W CONMPOBOXKIAEMBIX  IOMCKOBBIX  KJIAacCH(UKATOPOB  JUIS
MH(GOPMALMOHHO-TUHTBUCTUYECKOTO  obecnieueHus  MH()OPMAIMOHHOIO  IOMCKA,
JalbHENIasi MHTErpalus ¢ 00IepOoCCUHCKUMU MTOMCKOBBIMU KJIaCCU(PUKATOPaMHU;
pa3paboTKa HOBBIX COBPEMEHHBIX JIOKAJIbHBIX MOHUCKOBBIX KJIACCU(PUKATOPOB IS
COBEpIICHCTBOBAaHUS WH(GOPMAIIMOHHO-IMHIBUCTUYECKOTO OOECHedeHuss Hpoueayp u
IIPOrpaMMHO-AIIAPaTHBIX CPENCTB peaJu3aluy ITOUCKOBBIX 3allpOCOB Ha pecypcax
COBPEMEHHBIX /1aTa-1[EHTPOB;

MOMCK, MOAM(pUKALMS M aJanTalus K CYIIECTBYIOUIUM YCJIOBHSIM HWHHOBAIIMOHHBIX
CIOCO0OB M MEXaHHW3MOB MOUCKOBOW KaTaJOTU3alMU U KJIaCCU(PHUKALMK, OPUEHTUPYSIChH
YK€ Ha IIepCIEKTUBHYIO CUCTEMY MH(OPMALIMOHHOTO MTOKMCKA;

CO3JIaHHE U COBEPIIEHCTBOBAHUE HOBBIX, MIEPCIIEKTUBHBIX (hOPM IU(PPOBHIX JTOKYMEHTOB,
YTO MO3BOJIUT OBBICUTH 3(PPEKTUBHOCTH peain3alliy MOUCKOBBIX 3alPOCOB;
MoJIepHU3alus [U(POBOI CUCTEMBI MOMCKA JOKYMEHTOB Ha PECcypcax COBPEMEHHBIX
JaTa-lEHTPOB, [JOBEIECHHWE €€ JI0 YPOBHS, COOTBETCTBYIOILEIO YPOBHIO LH(pOBOMH
TpaHc(hopMaIMK rocyaapcTBa;

pa3paboTka HOBBIX MH(OIOrHMUECKUX HUPPOBBIX Mojeneld 00BEeKTOB MH()OPMAIIMOHHO-
JIMHTBUCTUYECKOTO O0ECIEUYEeHUsI U KOHKPETHBIX THUIOB HCKOMBIX WH(OPMAIMOHHBIX
00BEKTOB Ha pecypcax COBPEMEHHBIX JaTa-IIEHTPOB, COBEPUICHCTBOBAHUE JIOTHYECKHX
1 GU3UYECKUX CTPYKTYp aJTOPUTMOB MOMCKA U 0a3 JaHHBIX B paMKaxX MH(OPMAIMOHHO-
JIUHTBUCTUYECKOTO 0OecTeueHus;

pa3BuUTHE (coBepIIEHCTBOBAHUE) MYJIBTUJIMHTBUCTUYHOCTH MH(POPMAaIMOHHO-
JUHTBUCTUYECKOTO oOOecredeHus, T.€., MHOrooOpasus (pacmupeHus auana3oHa)
IIPUMEHSIEMBIX COBPEMEHHBIX M MEPCIEKTUBHBIX SI3BIKOBBIX CPEJICTB ISl IPEICTaBICHUS
U peleHus 3afad (GOpMHUPOBAHUSI MHOTOS3BIYHOIO MH(OPMALMOHHO-TUHIBUCTUYECKOTO
o0ecrieyeHus: MpoLEeaAyp W MPOrpaMMHO-AINApaTHBIX CPEJCTB peaju3allMi MMOMCKOBBIX
3alpocoB M JI PAcHpEeNIeIeHHbIX CHUCTEM MOJAEPKKU MPUHATHS PElIeHUuN B paMKax
MH(POPMALIMOHHOTO MTOUCKA;
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— pa3BuTHE (COBEPIICHCTBOBAHWE) HOBBIX IMOIXOJ0B K MOCTPOCHUIO WH(POPMAIMOHHO-
JMHTBUCTHYECKOTO OOECHeueHHsl TMpOoUEAyp M IMPOrpPaMMHO-ANIapaTHBIX CpPEACTB
peaiv3allii  MOMCKOBBIX  3alPOCOB B  YCIOBUSAX HMHTETpallud U HUPPOBOIA
Tpanchopmanuu HHPOPMAITMOHHBIX CUCTEM, IICHTPOB 00pabOTKM JaHHBIX, CHCTEM CBSI3U
Y aBTOMATHU3AIIH.

Bce 310, B KOHEYHOM WTOre, JOJDKHO CIIOCOOCTBOBaTb CO3JaHMIO KOHLENIIMUH U
(OpMHUPOBaHMIO STAllOB HOBOM METOIOJOTUM HH()OPMAITMOHHO-TMHIBUCTUYECKOTO OOecIeyeHus
npouenyp u [TAC peanuzanuu TOUCKOBBIX 3alIPOCOB, KaK €IUHOM, B3AUMOYBSI3aHHON COBOKYITHOCTH
METOZIOB IMOMCKOBOHM KaTaJoTW3aliM, KiIacCU(PHUKAIMKU, KOAUPOBAHUS U HHQOJIOTHUECKOTO
MOJICTTMPOBAHMS MHPOPMAIIHOHHOTO NTOMCKA, aITalITUPOBAHHON K COBPEMEHHBIM YCIIOBHSIM.

Hcxons u3 paccMOTpPEHHBIX paHee 0COOEHHOCTEN U cocTaBa MOJ00HOTO BUa 00ecreueHus,
paccMOTpPUM HAMpaBICHUS U MPEIJIOKEHHUS IO COBEPIIEHCTBOBAHUIO INPOLEAYp U IPOrPAMMHO-
anmapaTHBIX CPEACTB  peaju3alud  IOMCKOBBIX 3alpoOCOB B  4acTH  HH(OpPMAIMOHHO-
JIMHTBUCTUYECKOTO 00ECIEeUeHHs], C TOUKHM 3PEHUSI COBEPIICHCTBOBAHUS ATANOB U 3JEMEHTOB ITHX
MIPOLIECCOB U CPEJICTB.

Bo3MoxHBIMU HanpaBi€HUSMU U NPEJJIOKEHUSIMU 10 Pa3BUTHUIO AJITOPUTMOB MOMCKA U
MacCHBOB JIaHHBIX O COCTOSHMM MH(OPMAIMOHHBIX OOBEKTOB Ha Pecypcax COBPEMEHHBIX Jara-
[EHTPOB, KaK BAXXHBIX JIIEMEHTOB TaKOro BHUAAa OOECHEYEHHs, SBISIETCS CO3JaHHE HOBBIX
COBPEMCHHBIX  IU(PPOBBIX  (AJIEKTPOHHBIX)  MMACHOPTOB  OOBEKTOB  MH(OPMAIMOHHO-
JIMHIBUCTUYECKOTO oOecrnedeHus, HUPPOBbIX (JIEKTPOHHBIX) OTUETHBIX, OPraHU3ALMOHHBIX U
pacnopsAUTENbHBIX TIOKyMEHTOB. B mHTepecax [[is CTpyKTYypuUpOBaHHS MAcCCHUBOB JAHHBIX O
COCTOSIHMM KOHKPETHBIX THIIOB HMCKOMBIX HH(OPMAIMOHHBIX OOBEKTOB Ha pecypcax JaTa-
LEHTPOB, MOTYT W JOJKHBI OBITh NMPUMEHEHBI COBPEMEHHbIE HHTEIUIEKTYalIbHbIE TEXHOJIOTHH
MOMCKOBOM KATaJIOTH3AllMH, CIIOCOOBI KiIacCH(UKAIMM TaKuX OOBEKTOB M KOIMPOBAHHS
MTOMCKOBBIX 3aIIPOCOB.

OpxHUM U3 MPEUIOKEHUH TT0 Pa3BUTHIO CUCTEMBI TIOKa3aTeNell KadecTBa HH(POPMAIIMOHHOTO
MOWCKAa W TOUCKOBBIX HHIUKATOPOB, KaK JJIEMEHTOB WH(OPMAIMOHHO-THHTBUCTUYECKOTO
obecrieuenus mnporeayp u ITAC peanuzaiu MOMCKOBBIX 3alpPOCOB, MOXXET BBICTYNATh CHHTE3
ONTUMAJIBHBIX, 0€3bI30BITOYHBIX M HETPOTUBOPEUMBHIX MOUCKOBBIX MOKA3aTeNeH, IKadl U METPUK
(MHAMKATOPOB) OIEHKH HWH(OPMAIMOHHBIX OOBEKTOB, pa3MeIlaeMbIX B IIEHTpax o00paboTKu
JaHHBIX. DTOT CHUHTE3 JIOJDKEH YYHUTBIBATh HE TOJBKO COBPEMEHHBIH YpOBEHb MH()OPMALMOHHOTO
oOecnieueHrs W MHGOPMAIMOHHBIX TEXHOJOIMM, HO M HOBBIE NMPHUHIMIIBI, CIIOCOOBI U IPHUEMBI
MH(GOPMALIMOHHOTO TPOTUBOOOPCTBA B IU(PPOBOM MPOCTPAHCTBE.

BaxxHoil 0cOOEHHOCTBIO CHHTE3a CHUCTEMBl IOKa3aTejael kadecTBa HH(OPMALMOHHOIO
MIOMCKa ¥  TOMCKOBBIX HMHJIUKAaTOPOB  SBIAETCS OOBEKTHUBHAas HEOOXOAMMOCTh  ydera
KOPPEJSIIMOHHBIX CBS3€H M B3aMMO3aBUCHMOCTEH MEXJy TEKYIIMMH U JOJITOCPOYHBIMHU LIEISAMU
peanu3aly MOMCKOBBIX 3aIpocoB. boiee Toro, nogo0Has B3aMMO3aBUCUMOCTb OYET MPOSBIATHCS
U B paMKax HHBIX TOANPOLECCOB €AMHOI0 HHGOPMAIMOHHOIO IpoIlecca, HAleJeHHOro Ha
MOJICP)KKY HPUHATHS PEIICHUH MO yIpaBlIeHUIO rocyaapcTBoM. IlogoOHbIe KOppensuoHHbIE
CBSI3M M B3aMMO3aBUCUMOCTD IIeJiel OyIyT ONpenensaTh CUCTEMY KPUTEPUEB JUIS OLEHKU CTEIEeHU
UX JOCTHKEHUS ¢ IOMOIIBIO Tpoliecca HH(OPMAITMOHHOTO TOUCKA.

[Tpouecc mpuBIE€YEHUS] HMHTEUIEKTYAJIbHBIX TEXHOJOTHI MOWCKOBOHM Kiaccuukamum —
IIpoLecca CUCTEMaTU3UPOBAHHOIO PAacIpEAC/ICHUsI Ha OIPEEICHHBIE KIACTEPhl, IPYIIbI, KIAcChl,
paspsaabl (MCXold W3 HMX CXOACTBA U pa3ivuuil) HHPOPMAIMOHHBIX SIBICHHUH M OOBEKTOB,
XpaHALIMXCSd Ha pecypcax COBPEMEHHBIX JaTa-LIEHTPOB, MOXKET OKa3aTbCsd 3HAKOBBIM,
HETPUBHAJIBHBIM M, TJ1aBHOE, A(Q(EKTUBHBIM pEIIEHHEM B paMKax pa3BUTHUS €AUHON CHUCTEMbI
KIaccupuKkaud H KoaupoBaHust uHPopManuu (B wuHTEepecax d(PPeKTUBHOW peamu3anuu
MOMCKOBBIX 3ampocoB). Pe3ynapTaToM BHEApPEHUS HMHTEIUIEKTYalIbHBIX TEXHOJOTHI IMOMCKOBON
KIacCU(UKALUKA JIOJDKEH BBICTYIIUTh HOBBIM COBPEMEHHBIM TOMCKOBBIN  KilacCU(UKATOD,
MPEACTABIISIIONUNA cO00 pa3OuTHIE HA PYOpUKH W OIMU(POBAHHBIN KaTajor MH(GOPMAIIMOHHBIX
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SBIIGHUHA U OOBEKTOB, XPAHSIIIMXCS HA PEecypcax COBPEMEHHBIX IaTa-lIIEHTPOB, KaXKIOMY U3
KOTOPBIX MPUCBAUBAETCA OlNpeaeiaeHHbId ko [12, 13].

[Ipyu »>TOM BakK€H NPUHIUII E€AUHCTBA PA3BUTHUS — TMPUHIUI B3aHUMOYBS3aHHOTO
COBEpIICHCTBOBAHUS IIOUCKOBBIX KJIACCU(PUKATOPOB U HCHOJIB3YEMbIX MPaBUJI KOIUPOBAHUS
MH()OPMALIMOHHBIX SBJICHUA M O0OBHEKTOB, XPAHSAIIUXCS HA PeCypcax COBPEMEHHBIX JlaTa-IICHTPOB,
YTO TO3BOJIUT, B KOHEYHOM HTOre, CO37aTb HOBYIO, LH(POBYIO CHCTEMY MOUCKOBOM
KJaccu(UKauy ¥ KOIUpoBaHUS HH(OpMaIK B HHTEpecax 3((HEeKTUBHON pear3aliy MOMCKOBBIX
3anpocoB. [IlpuMeHeHHEe HWHHOBAIMOHHBIX, YCOBEPIIEHCTBOBAHHBIX HAa OCHOBE  HOBBIX
MH()OPMAIIMOHHBIX TEXHOJOTUH, TexHOoJIorui bonbmmx J[aHHBIX M MCKYCCTBEHHOTO HMHTEJUICKTA,
CUCTEM IIOMCKOBOM Kiaccu(puKaluu OOECHeUUT OJHO3HAYHOCTHh (OPMYIUPOBKH MOHCKOBBIX
3aMpocoB, EIUHCTBO BOCIPHUATUS MH(DOpPMAIMH, a TaKKe eAMHOOOpa3ue MOAXOA0B K pean3aliu
MIPOLIECCOB €€ MOMCKA, MO3BOJUT 00eCrneynTh yMEHbIIeHHEe (PUHAHCOBBIX H3/IEPKEK Ha CO3/IaHUE
Y SKCIUTyaTalio MOMCKOBBIX aJTOPUTMOB U CUCTEM, YTO, B KOHEYHOM HUTOTI€, TO3BOJUT MOBBICUTD
3¢ (HeKTUBHOCTH (HYHKIITMOHUPOBAHUS CUCTEM HHPOPMAIIMOHHOTO MOUCKA.

BaXHBIM 4YaCTHBIM aCIIEKTOM COBEPIICHCTBOBAaHUS HH()OPMAIMOHHO-THHTBUCTHYECKOTO
o0OecriedyeHrs TMpoLUEayp U MIPOrpaMMHO-AIMApaTHBIX CPEACTB HMH(DOPMAIIMOHHOTO TOUCKA,
SIBJISIETCSL PA3BUTHE TAKOW CYIIECTBEHHOM 4YacTH TakKoro BHaa oOOecleueHus, Kak CHucTeMa
MOMCKOBOTO  KoaupoBaHus. JlaHHass cucTeMa TMO3BOJISIET OOECHEYUTh CBOEBPEMEHHOCTH
(hOpMHUPOBaHHS TMOUCKOBBIX 3alPOCOB U TMOBBICUTH OTICPATUBHOCTH IOUCKA B IIEJIOM, 3aMCHSS B
aBTOMAaTUYECKOM peXHMe Ha3BaHUS WH(OOPMAIMOHHBIX SIBICHUNW W OOBEKTOB, XPaHSIIUXCS Ha
pecypcax COBpEMEHHBIX JlaTa-IICHTPOB, HA WX YCJIOBHBIC KOJOBbIC OO0OO3HA4YeHHS. Takxke
MOTEHIIMAJIbHO BaXXHBIM IMPEAJIOKEHUEM TI0 Pa3BUTUIO HWHGOPMALMOHHO-TUHTBUCTUYECKOTO
o0OecriedeHrs, B YacTH COBEPIICHCTBOBAHHUS €IIE OJHOTO0 BAXKHOTO JJIEMEHTAa TaKOTO BHUIA
obOecrnieueHns — 0a3 M XpaHWUJIUI JAHHBIX, COCTABISIONIUX OCHOBY COBPEMEHHBIX JaTa-lIIEHTPOB,
SBIIICTCS (OPMUPOBAHUE HOBBIX, IEPCICKTUBHBIX TEXHOJOTHYECKHMX M METOJOJOTHICCKUX
MOAXOJ0B K UX MOCTPOCHHUIO.

BriBoabI

BcectopoHHMii 1 AeTanbHbIM aHaNU3 0COOEHHOCTEH, MPUCYIIUX COBPEMEHHBIM MpOIielypam
U MpOrpaMMHO-aNNapaTHeIM CpeACTBaM Ui 3P(GEKTUBHON peanu3alii MOMCKOBBIX 3allpOCOB Ha
MH(GOPMALMOHHBIX Pecypcax JaTa-LIEHTPOB MOKa3bIBAET, YTO MH(POPMALMOHHO-TUHIBUCTHUECKOE
obecrieyeHre Moi00HbIX MPOLEAYp U MPOrpaMMHO-aINapaTHBIX CPEACTB SIBISETCS BaKHEUIINM U3
BUJOB obOecrieueHusi. Bmecte ¢ Tem, HEOOXOAMMO MPHU3HATH, YTO TOKA HE pEllieHa Ha JOJHKHOM
TEOPETUYECKOM, METOJOJOTHYECKOM M NMPAKTHUYECKOM YpPOBHE 3ahada (pOpMyTUPOBKH OCHOBHBIX
TpeOoBaHUM K MOJI00HOMY BUAY OOECIEUEHUsI C YYETOM BO3MOJKHBIX OIpAaHUYEHHUN M BapHAHTOB
MPUMEHEHHsI COBPEMEHHBIX aJTOPUTMOB MH(POPMAIIMOHHOTO MIOUCKA, C YYETOM 3aKOHOMEpPHOCTEH,
QJIITOPUTMOB, CTPYKTYpHI (COCTaBa) U yCIOBUM MPUMEHEHUS OTAENIbHBIX MPOLEeayp U MPOrpaMMHO-
anmnapaTHBIX CPEJCTB.

[TpuHMMast BO BHUMaHUE 3TU OOCTOSTENbCTBA, OCYIIECTBICHA MOMBITKA cHOPMYIHPOBATh U
00OCHOBAaTh CHUCTEMY COBPEMEHHBIX TpeOOBaHMH K HH(GOPMAIMOHHO-TUHIBUCTUYECKOMY
obecnieyennto npouenyp u [IAC peanusanuy NOUCKOBBIX 3allpOCOB Ha pecypcax Aara-IEeHTPOB.
Oxupmaercsi, 4Tto chopMylupoBaHHbBIE M OOOCHOBAHHBIE 4YacTHbIE W 0OmIMe TpeOoBaHUSA K
MH(OPMALMOHHO-TMHTBUCTUYECKOMY O0ECIIEUEHHIO MO3BOJISAT M0 HOBOMY, C €IMHBIX CHCTEMHBIX
MO3UIMH, B3MISHYTh HAa (PU3UYECKYIO CYIIHOCTH IMPOLEAYp M MPOrpaMMHO-aNNapaTHBIX CPEICTB
MH(OPMALIMOHHOTO TOMCKA, MO3BOJIAT OMMCATh TaKWe AacleKThl MOJO0OHOro BHAAa OOecredeHus,
KOTOpBIE U3MEHSAT MPEACTABICHUE O POJIU U MECTE PEATU3ALNU TOUCKOBBIX 3aIIPOCOB B CTPYKTYpE
rpolecca MoAePKKU MPUHATUS PEIEHUH TOJKHOCTHBIMU JTUIAMH.

Onpenenens! U cHOPMYITUPOBAHBI MPEUIOKEHUS IO Pa3BUTHIO MPOIEIYp U MPOrPAMMHO-
anmapaTHBIX CPEACTB  peaju3aldd  IOMCKOBBIX 3alpocOoB B  4acTH HH(GOPMAIMOHHO-
JMHTBUCTHYECKOTO obecnieueHus. [loyueHHbIe pe3ysbTaThl aHAIN3a U MPEUIOKEHHBIH MOIX0A K
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dbopmynupoBke U OOOCHOBaHHIO  TpeOoBaHWUN K  MHGOPMAIMOHHO-TUHTBUCTHYECKOMY
obecrniedeHn0 HHPOPMAIIMOHHOTO TIOMCKA, C YYETOM 0COOEHHOCTEH, MPHUCYIIUX NUHHOPMAITUOHHBIM
pecypcam COBPEMEHHBIX J1aTa-IIEHTPOB, TO3BOJISIFOT ¢(hOPMUPOBATH HOBBIC, BLICOKOTEXHOJIOTHYHBIE
MCTOAbI IIOCTPOCHHUA W pCajiu3allii aJIrOPUTMOB IIOUCKOBOH KHaCCI/I(i)I/IKaLII/II/I U KOJUPOBaHUA,
HOBBIE MeETO/Abl  (OPMYJIMPOBKM TOKa3aTejed KadecTBa WHPOPMALMOHHOTO TIOMCKA U
HWHHOBAIIMOHHBLIC MCTO/JbI HA3HAYCHHUA IIOMCKOBLBIX HWHAMWKATOPOB, KaK KIIOYCBBIX J3JICMCHTOB
WHGOPMAIIMOHHO-TMHTBUCTHYECKOTO 00ECIIEUeHUs TIPOIIeIyp U IPOTPAaMMHO-AIIaPaTHBIX CPEICTB
peann3aiiy MOUCKOBBIX 3aIPOCOB.
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Information and linguistic support of procedures and hardware and software
for implementing search queries on data center resources:
analysis and formulation of modern requirements

E. S. Vladimirova, D. V. Salyuk, L. A. Sayarkin, I. B. Parashchuk

Annotatio. Task statement: a comprehensive analysis of specific features inherent in modern procedures
and hardware and software for efficient implementation of search queries on the information resources of data
centers. Study of patterns, algorithms, structure (composition), conditions of application of information and
linguistic support of such procedures and hardware and software, as well as formulation of basic requirements
for this type of support taking into account possible limitations and options for applying modern information
retrieval algorithms. Novelty: consists in the fact that the object of the study is modern procedures and hardware
and software for implementing search queries on the resources of data centers, which, in turn, serve as the basis
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and initial data for formulating and justifying general and specific requirements for the construction and
application of elements of information and linguistic support for procedures and systems of this class. The
purpose of the work is to analyze existing and develop new approaches aimed at formulating (synthesising) a
system of modern requirements for information and linguistic support of procedures and hardware and software
for implementing search queries on the resources of data centers. Result: consists in the fact that particular and
general requirements for information and linguistic support of procedures and hardware and software of
information retrieval are proposed and substantiated, the physical essence and content of these requirements are
described, and proposals are formulated for the development of procedures and hardware and software for
implementing search queries in terms of information and linguistic support. Practical significance: the results of
the analysis and the proposed approach to the formulation and substantiation of requirements for information
and linguistic support of information retrieval, taking into account the features inherent in the information
resources of modern data centers, allow, on the basis of unified system positions, to form new, innovative methods
for constructing and implementing algorithms for search classification and coding, new methods for formulating
quality indicators of information retrieval and methods for assigning search indicators as key elements of
information and linguistic support of procedures and hardware and software for implementing search queries.

Keywords: information and linguistic support, requirement, procedure, software and hardware, data
center, information retrieval, implementation of search query, resource, information.
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AHaJN3 Ka4ecTBa PEKOHCTPYKIIMU OU3HeC-TIPOLecCOoB
¢ MoMoIbI0 3bIK0BOI Monean ChatGPT

Bbypasnes A. C., lemupnona /l. E., TkaueBa E. A.

Aunomayua. Paspabomky npoepammnozo obecneuenus CLONCHO npedcmasums  0e3
UHCMPYMEHMO8 a8MOMAmMu3ayuy pymuHHOU 0esmeibHOCmY, He Malds 4acms KOmMopou nPuxooumcs Ha
Gopmanuzayuro  mpebosanuli ¢ NOMOWDBIO 2pAPUUECKUX AZLIKOE MOOENUPOBAHUS  NPOYECCOs.
IIpeobpaszosanue mexcmogou ungopmayuu 8 Gopmaruzoeantvle RPOYeccvl 3aHUMAaenm MHO20 8PeMeHU
OU3Hec-aHanumuKos, OONbLUWIASL YACTHL  KOMOPO20 MOodcem Oblmb HANPAGIeHA U HA Opy2ue 6adiCHbule
3a0auu, 6 4YUCIO KOMOPbIX 6XO00UM KAK CO2NACO8AHUE NOCMAHOB0K 3a0ay C 3aKA3YUKAMU, MAK U C
paspabomuuxamu. Pewenuem nocmaenennou npodremvl modcem cmamv HPpUMEHeHUe CMpemMumenbHo
DA36UBAIOWUXCST HEUPOCEMEBbIX UHCMPYMEHMO8, NPeOHA3HAYEHHbIX 0Nl 00pabomKu ecmecmeenHo20
azvika. Llenvio 0annozo uccne0osanus A61Aemca auaiu3 603MOACHOCMeEl NO8bl uleHUs dPpexmusnocmu
mpyo0o6oil 0essmeNbHOCMU OU3HeC-aHATUMUKO8 8 YaCmu PeKOHCMPYKYUU OU3HeC-npoyeccos ¢ NoMOubIo
azvikoeoit mooeau ChatGPT 4.0. Hayunas noeusna pabomuvl 3aKkiiouaemcsi 8 NOLYYEHUU paHee
Heuzgecmuwlx pezyrvmamos sppexmusnocmu ChatGPT Ona pexonHcmpykyuu 0OmoenbHuvlX NpOoeKyuli
OusHec-npoyeccos (NOmox ynpasienus, OauHble, pecypcol, Onepayuu) HaA OCHOBAHUU U3YYEHUs
pe3yIbmamos  peKoOHCmpykyuu 54  KOpOmKux noaib306AmMeNbCKUX —CYeHapues ¢  NOCAeOVIOWUM
CPABHUMENbHBIM AHAUZOM C CYUeCmEYIOuUM NOOX000M PEKOHCMPYKYUU HPOYecco8 Ha OCHO8E NPAGUIL
epammamuku 3asucumocmei. IIpakmuieckas 3HauUMOCmMy UCCAE008AHUS 0OYCIO8NEHA BO3ZMOICHOCTBIO
UCNONb308AHUSA NOTYUEHHbIX OAHHBIX Ol YMOYHEeHUs cXeM 00pabomKu noib308amenbCkux ucmopui. B
pabome pewaiomcs ciedylouue 3a0a4u; aHaiu3 apxumexmypst u eozmodxcnocmet modeau ChatGPT 4.0
6 uacmu 06pabomKu ecmecmeeHHo20 A3bIKd, pa3padomKa MemoOuKu OYyeHKU Kavecmed pekoOHCmpyKyuu
busnec-npoyeccos,  IKCNEPUMEHMANbHAA — OYeHKa  KA4eCmea  pPeKOHCMPYKYuu,  NoayyeHue
CMamucmu4eckux OYeHOK, CPABHUMENbHbIN AHANU3 C CYUWeCmBYIOWUM NOOX000M HA OCHOGE HPAGUIL
epamMmamuxy  3asucumocmeiu. [na oocmudicenuss NOCMAGIEHHbIX 3a0ai 6 padome UCHONb3Yemcs
annapam cmamucmuieckou oopabomku OAHHLIX, IKCHEPMHO20 AHANU3A, NPUKIAOHOU TUHSGUCIMUKU U
HeUpOHHbIX cemell.

Kniouesvie cnosa: busnec-npoyecc, 06pabomka ecmecmeeHH020 A3bIKd, UTIO3bl, HEUPOHHbLE Cem,
Mooens mpancgopmep, azvikosvie mooenu, ChatGPT

1. BBenenue

Texymmii Kypc pa3BuUTHS HH(GOpPMAIMOHHBIX cucteM [1, 2] xapakTepusyercss HepexoaoM
OT JaHHBIX K IporeccaMm. B meHTpe aBTOMaTu3aluy Tenepb HAXOAATCS HE CTPYKTYPBl M MOJEIH
JaHHBIX, a OM3HEeC-TIpolLecChl KaK OCHOBa ympaBieHus. KoHIeHTpauus Ha LesIX NpeAnpHsITHs
U Coco0ax WX JOCTH)KEHUS B paMKax JaHHOTO [O/XO0Jla IMO3BOJISIET YYUTHIBATh H3MEHEHUS
B aBTOMAaTH3UPYEMBIX CHCTEMax, a (UKCHPOBAHHBIE XapaKTEPUCTUKU OOBEKTOB OTOJBHUHYTH Ha
BTOPOM IIJIaH.

Co3naHue mpoleccoB OCHOBAHO Ha aBTOMAaTH3allMM Habopa PYTHHHBIX 3a/la4 U KOHTpOJIE
VX BBIIIOJIHEHUSI COTPYAHMKAaMH, 4YTO TII03BOJISIET OOBEAMHATH HWH(POPMAIIMOHHBIE CHUCTEMBbI
U TOfIpa3/iefieHusl B BUJI€ eIMHOro OM3Hec-Tpolecca. Pe3ynbTaTtoM Takoro oObeInHEHHs SBISETCS
MTOBBIIICHNE KadyeCTBA KOMMYHHKAIMA MEXAY COTPYJAHMKAMH M YCKOPEHHE JIOCTHIKEHUS IeJen
KOMIaHuU. BHenpeHne OM3HEC-TIPOIECCOB B MPOM3BOACTBEHHYIO CpEly YIPOILAET BBITOJHEHHE
Cpa3dy HECKOJbKUX (YHKIMHA MeHee KBaTU(UIUPOBAHHBIMH COTPYIHUKAMH, TEM CaMbIM
yBeIU4MBas 0011y 3 (HEKTUBHOCTD AEATEIbHOCTH KOMITAHUH.

B npounsBoacTBeHHOMN cpefie OU3HEC-TIPOLIECCHl CO3AI0TCs OU3HEC-aHAIUTUKAMU HA OCHOBE
aHaJIM3a HOPMATUBHON JOKYMEHTAllUH U OIPOCOB COTPYAHUKOB. Hamie BCEro OHU INpEACTaBICHBI
B BUJIE HEKOTOpOro Habopa cleHapueB (I0JIb30BATEIbCKUX HCTOpUM), (popmanuzanus KOTOPBIX
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OCYILIECTBIISIETCSI C MCIOJNb30BAaHUEM SI3BIKOB MojenupoBaHus, Takux kak BPMN wm IDEF.
[Ipouecchl sBIsSIFOTCS THMOKMMHM M MOJUIekKaT A0pabOTKe B clydyae HU3MEHEHHUs TpeOoBaHUM
aBTOMaTH3aIHU.

Onnako dopmanuzanus MOJIb30BAaTEIbCKUX MCTOPUNM 3adacTylo TpeOyeT BBICOKOM
KBATM(PUKAUUN OT OM3HEC-aHAJUTHKA, MOCKOJIBKY MPEACTABIsAET COO0N TPYIOEMKYIO 3aaauy.
Jlns ee pelieHus: CyIIeCTBYeT MHOECTBO MOAXOJ0B OOpabOTKH €CTECTBEHHOIO SI3bIKa C
pa3IUYHONW CTENEeHbI0 AaBTOMATHU3AIlMM, OCHOBAaHHBIX KaK Ha OOHAapYy)KEHHH B TEKCTe
«XapaKTEPHBIX I1a0JIOHOBY» AJIEMEHTOB, TaK U Ha GOPMUPOBAHUHN HEKOTOPOTO MPOMEKYTOUHOTO
npejacraBieHus [2].

Ha stoM ¢one cTpemutenabHoe pa3BUTHE METOJ0B OOpPabOTKU €CTECTBEHHOIO s3bIKa
(NLP) oTkppiBaeT HOBBIC BO3MOXHOCTH JMJIsi aBTOMAaTH3allMH TOJOOHBIX 3anad. [losiBicHHe
apxutekTypsl Transformer, mpeacrasiennoii B pabore "Attention is All You Need" [3], crano
KJIIOUeBBIM 3TanoM B pa3Butur NLP, a e€ BHenpeHue B MOJIeIM HOBOTO MOKOJIEHUSI, TAKHE KaK
ChatGPT [4], kapauHaaIpHO H3MEHUIIO MOAX0 K 00paboTke TekcToBoi nHpopmanuu. ChatGPT
MPOJIEMOHCTPUPOBAT  BO3MOXKHOCTH IPe0oOpa3OBaHUsI HECTPYKTYPHUPOBAHHOTO TEKCTa B
CTPYKTYpUpOBaHHBIE JaHHBIE, 4YTO [eJaeT ero IOJIe3HBIM HWHCTPYMEHTOM [Jisd aHaliu3a
MOJIB30BATEIBCKUX UCTOPUH U MOJIETUPOBAHUS OU3HEC-TIPOIIECCOB.

ChatGPT ysxe Halen mmpokoe MPUMEHEHHUE B Pa3InIHbIX 00sacTsax. B o6pa3oBanuu oH
MCIOJIB3YETCS /Il MOMOINM B OOYYEHHMH, COCTABIICHUS MAaTEpUATIOB M OOBSCHEHHUS CIOKHBIX
KoHIenuid. B mporpaMmupoBaHuuM MOJENb IOMOTaeT UCIHPABIATh KOJ, TE€HEpUpPOBaTh
QITOPUTMBI M JOKYMEHTHPOBAaTH MpPOEKTH.. B cdepe aBTOMaTH3anmuum OHW3HEC-TPOIECCOB
ChatGPT moazmepxuBaeT aHAIW3 TEKCTOBBIX JaHHBIX, MOICIHPOBAHUE MPOIECCOB M CO3/IaHUE
cueHapueB. lIpuMeuaTenbHO €ro NMpPUMEHEHHE B KPEATHBHBIX HHAYCTPUSAX Uil TEHEpaluu
KOHTEHTa, a TakXke B MEIMIMHCKOW cdepe, Tle OH ympoimiaer padoTy C JOKyMEHTaluueu u
HOJIJICPXKUBACT McclenaoBarenbckue npoiecchl. Murerpanus ChatGPT B npoaykThl, Takue Kak
Microsoft Copilot u Khan Academy, momuepkuBaeT ero MNpakTHYECKYK 3HAYUMOCTb H
3(phEeKTUBHOCTD.

MeTtonoorust co3/laHus MPOLECCOB M3 TEKCTOBBIX CIIEHAPUEB BKIIOYAET HECKOJIbKO
sTanoB [2]:

1) Onpeoenenue epanuy npoyecca — BBHISBICHHE COOBITHH, 3alyCKAOUIMX MPOIECC,
U OIpEeJIeNIeHNE €ro BO3MOXKHBIX PE3yJIbTaTOB.

2) Onpedenenue deticmauii — yCTAHOBJICHHE JIEMEHTAPHBIX OMEpalyii, 3a/IeiiCTBOBAHHBIX B
mporiecce.

3) Onpeoenenue pecypcos u nopsoxka nepedauu ynpasieHus — AACHTUGHUKAIHMS YYACTHUKOB
nporecca (KOMIAHWA, OTAEIOB W JPYrHMX 30H OTBETCTBEHHOCTH), OIPEACICHHUE poJieH u
M0CJIe/I0BATEIbHOCTH CMEHbI HCIIOJTHUTENEH.

4) Onpeoenenue nomoka ynpaeieHusi — YCTaHOBJICHUE IMOPSIKA BBINOJIHEHHS JICHCTBHH,
BKJIIOYasl MapajyiesIbHbIe, YCIOBHBIE M LIUKIMYECKUE CLIEHApUH.

5) Hobasnenue 0ononHumenbHulx 31eMeHmos — PACIIMPEHUE MOJENN 32 CYET BKIFOUCHHS
OOBEKTOB, C KOTOPHIMU CBSI3aHBl 3JEMEHTapHBbIE OMNEpalu (HampuMmep, U3JAeNus, JOKYMEHTBI
U T. 1.).

B nanHOi paboTe mnpu  yCIOBMM, YTO TpPaHUIBl IpoLecca SBIAIOTCA 3aJaHHBIMU
MOJIb30BaTEILCKOM HucTOpuer (1Mo dTamy 1) OBUT TMOCTaBIEH SKCIEPUMEHT TIO OIIEHKE
PEKOHCTPYKIIMM MOJEIH mpolecca (3tambl 2-5) ¢ momoinkio si3bikoBor momenu ChatGPT 4.0
Ha OCHOBaHUM 54 KOpPOTKUX TMOJb30BaTeNbCKkux creHapueB (1o 300 crios). IlpousBenén
CPAaBHUTENbHBI aHAU3 KayecTBa PEKOHCTPYKIMHM 3TamoB 2-5 ¢ pe3yjibTaTaMH NPUMEHEHUs
MOJX0a HAa OCHOBE TIPAaBWJI BBIJIEIICHUS DJEMEHTOB W3 JepeBa, IMOCTPOCHHOTO Ha OCHOBE
dbopmHupyeMoOil aBTOMATHYECKM TIpaMMaTHKH 3aBUCHUMOCTEeH [2]. DKCIEpUMEHT HallpaBlieH
Ha MMPOBEPKY aBTOPAMU THUIOTE3bl O HAJMYMU Y SA3BIKOBBIX Mojesel (Ha nmpumepe ChatGPT 4.0)
BO3MOKHOCTEH PEKOHCTPYKIIMM MOJIENU MPOLEcca C COMOCTaBUMON WM MOBBIIEHHON TOYHOCTBIO
M0 CPaBHEHHIO C JIPYTMMH HW3BECTHBIMH METOJaMU OOpaOOTKH €CTECTBEHHOTO SI3bIKA, ke
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B YCIIOBUSIX OTPAaHUYCHHBIX W (ParMEHTUPOBAHHBIX BXOJHBIX JaHHBIX. PaGota cocTouT
U3 BBEJICHUS, TPEX Pa3/Ie/IOB U 3aKIIOUCHHUSI.

B pasmene 2 mpuBOaMTCS KpaTKoe omnucaHue s3bikoBoi momenu ChatGPT, mpuomutcs
000CHOBaHHE HUCIOJIb30BAaHUS MOJEIHU B KOHTEKCTE JaHHOW paboThl, a TakKe MPEeUMYyIlecTBa ee
WCIIONB30BaHUSI 10 CPABHEHUIO C CYIIECTBYIOIIMMHU MOAXOAaMH  (QHIJIOSI3BIYHBIMU) IO
HCIIOJIb30BAHUIO CPEACTB OOPaOOTKU €CTECTBEHHOI'O fA3bIKA JJISl BBIACJICHUS AJIEMEHTOB ONUCAHUS
OM3HEC-TIPOIIECCOB, MPEACTABICHHBIMU B Ta0J. |1 nuctounuka [2].

B pazgene 3 onucana mocTtaHOBKa 3KCHEPUMEHTA MO OILCHUBAHHUIO PEKOHCTPYKILUHU ATAIOB
2-5, T.e. BBIJICICHHUE JICHCTBUH, IUIIO30B, PECYpPCOB W MOJEIM TMOTOKA BBIMOIHEHUS OW3HEC-
mpoliecca Ha OCHOBE s13bIK0BOM Moenu ChatGPT.

B pazgene 4 npuBoAsATCS  pe3ysbTaThl  AKCIEPUMEHTAIBHOIO  HCCICAOBAHUS U
CpPaBHUTEJILHBIN aHAIN3 C MOJIXO00M, IPEAJIOKEHHBIM B UCTOYHUKE [2].

2. Onucaunmue a3p1koBoi Mogeau ChatGPT

ChatGPT — siBisteTcst I36IKOBOM MOJIENIBIO, pa3paboTanHoi kommanueir OpenAl. Mexanusm
pabOTBl MOJENM OCHOBAaH Ha BEPOSTHOCTH TIOSBICHHUS CIEAYIOIIETO CJIOBa B 3a/JaHHOU
MOCJICIOBATEIBHOCTH U TeHEePAIIMH TEKCTa HA OCHOBE BXOJIHBIX JIAHHBIX.

2.1. Apxurektypa Tpancdopmep

S3pikoBbic  Mopenu, Takue kak ChatGPT, paspaboranbl Ha OCHOBE apXUTEKTYPbI
TpaHcopmepa, KoTopas Tmo3BoyigseT 3(PGEKTUBHO aHAIM3UPOBaTh M TE€HEPUPOBATH TEKCT.
[Tockonbky OCHOBHOM 3ajadeil OOJBIIMHCTBA S3BIKOBBIX MOJCNICH SBISIETCS TIPEICKa3aHue
CIIEyIOIIero cloBa (TOKEHA), B HHUX HCIIOJIB3YeTCS TOJIbKO 4YacThb MOJENH TpaHcopmepa,
a uMeHHo, Jlexonep. Mozaens Apxurextypsl ChatGPT npejcrasiena na puc. 1.

[Tepexonst Ha cioi BIOXEHUH, BXOJIHAS MOCIEAOBATEILHOCTh TOKEHOB MPeoOpa3yroTcs
B BEKTOPHl (DUKCHUPOBAHHOW pPa3MEPHOCTH C HMCIOJIB30BAHHEM DMOEIIUHTOB. DTH BEKTOPHI
cojepxarT HHPOPMAIMI0O O CEMAHTHUUYECKUX ¢ CHHTAKCMYECKMX CBOWCTBAaX TOKEHOB.
[To3unimoHHBIE KOAUPOBKU MOOABISIOT K AMOEIIUHTaAM WHQPOPMAIUI0 O MOPSAKE TOKEHOB B
MOCIIe10BAaTENbHOCTH.

ITony4yeHHBIE JaHHBIE MPOXOIAT 4YEpE3 CIOM HCKIIOYEHUsS HEUPOHOB, I'ZIe HEKOTOPBIE
AJEMEHTHl MOTYT CIy4YailHO «OTKIIOYaThCSA» MM MpeaoTBpalieHus mnepeodydenus. Torma
rorajiasl Ha MEepBBIi clloi TpaHchopmep-010Ka, HOPMATU3UPOBAHHBIE SMOCIJIMHTH C YUETOM UX
MO3UIIMU 00pabaThIBAIOTCA 4Yepe3 MEeXaHHW3Mbl BHHMAaHUS (BBIUMCISETCS BEC IS KaKIOTO
TOKEHAa OTHOCUTEIBHO BCEX OCTAIBbHBIX. DTOT BEC MOKA3bIBAET, HACKOJIBKO CHUIIBHO OJIUH TOKEH
BIIUSIET HAa JIPYroi) U MOJTHOCBSA3HBIE CIOW B BEKTOPHOE IMPEACTABICHHUE MOCIEI0BATEIbHOCTH
TOKEHOB.

Ha crneayromux urepanusax TaHHbIE MOCIEAOBATEIBHO IMEPENAIOTCs Yepe3 HECKOJIbKO
cioeB TpaHcPopmep-0I0KOB, TAe KaXKIbIH CIOM YyTOUHSET MPE/CTaBICHHE TOKEHOB, YUUTHIBAs
KOHTEKCT BCEH MocienoBaTelbHOCTH. MTOroBOo€ BEKTOpPHOE MPEACTaBIEHUE, MOJYYEHHOE Ha
BBIXOJIC TIOCHEeNHeTo Ojoka TpaHchopmepa, MacmITaOUPyeTcs W ILEHTPUPYETCS Ha CJI0e
HOpPMaJH3alli, TEM CaMbIM CTAaOWIM3UPYysS AaHHBIE O UX Cleayromeid oOpaboTku B BUIE
HOPMaJIM3UPOBAHHOTO MIPECTABICHUS TOKCHOB.

[Ipoxons, uepe3 NHHEHHBIN CIOHM, TOKEHBI MPEOOPa3ylTCs B JIOTUTHI — YHCIOBBIC
3HAYEHHS, KOTOPHIE OMPENENSIIOT «BaXXHOCTH» KaXJIOTO TOKEHAa B BBIXOJHOM MPOCTPAHCTBE.
Crnoit Softmax mpeoOpa3yeT JIOTUTBI B BEPOSTHOCTH JUISl KaXKIOTO TOKEHA B cloBape. DTH
BEPOSATHOCTH MCHOJB3YIOTCS JUIsl BBIOOpA CIENYIONIET0 TOKEHa B IOCIEJ0BAaTEIbHOCTH.
Ha xoHeyHOM »9Tame, Ha OCHOBAaHMHM BEpPOATHOCTEH BBIOMpAETCS TOKEH, KOTOPHIA OyaeT
CJIEAYIOIIHUM B MOCTIEA0BATEIbHOCTH.
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Bxop

Bx0gHanA nocnefoBaTensHoCTh
TOKEHOE

Cnoii BnomeHnd

NoznuWoHHoe

KOQWpOBaHKUe
Cymma 3MEe0OHHIOE TOKEHOE W

MOZNUHOHHED KOOQWDOEOK

Bribop
chyuaiiHoe
WUCKMHUEHHe
HeiipoHoB

HopMAanW30BaHHEIE IMOELIMHII
TOKEHOE © YUETOM WX NOZNLMK

TpaHctpopmep-0nox
Cnoii 1

BexTOpHOE NpeACTABNEHWE
NOCNEADEATENEHOCTH TOKEHOE

l BexTOpHOE NpeacTaBNeHnE

TpaHctpopmep-0nox
Cnoil N

l BekTOpHOE NPEACTABNEHWE TOKEHOE

Cnoif
HOpPManMU3aLmMK

l HDF}MELH HM20BaHHLIE NPEACTABNEHHWA TOKEHDE
' ™y

NuHeiinblid cnoi

. J
l logit - BEKTOPEI
i ™y

DPyHryMA Softmax

\ A
l BEPDHTH{JC‘TI-'I TOKEHOE

Bbixog

Puc. 1. Apxurextypa s361k0B0M Moaean ChatGPT
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2.1.1. Mexanu3m BHUMaHus (Attention)

Attention — 3T0 KJIHOYEBO KOMIIOHEHT apXHTEKTyphl TpaHchopmepa [3]. OH mo3Bosser
Mojiesid (POKYCHUpPOBAaThCs Ha HAaWOOJIee 3HAYMMBIX YacTsaX TekcTa. Attention BeuuciseT Bec s
KaXJI0rO0 TOKEHAa OTHOCHUTEJIBHO BCEX OCTAJIbHBIX. JTOT BEC MOKA3bIBAET, HACKOJIBKO CHIIBHO OJHH
TOKEH BimsieT Ha apyroit. @opmyina (1) Beruncnenus Attention npeacraBiieHa HIKE:

;
Attention(Q, K,V) = soft max QK Vv (D)

Jdk

B npanHom cnyuyae s popmupoBaHUS OOIIErO NPEACTABICHUS O MeEXaHHU3Me paboThI
1es1ecoo0pa3Ho AaTh JA€TATM3UPOBAHHOE OMTMCAHKE 33/1eHCTBOBAHHBIX B (pOopMyJie mapaMeTpoB:

a)Q - wmarpuma 3amnpocoB Pa3zMEPHOCTH nXdk, rrenN — 4YHCIO TOKEHOB B
MOCJIEZI0BATEIBHOCTH, Oy — pa3MepHOCTh BEKTOpa 3ampoca. Kaiplii TOKeH reHepupyer
CBOM 3ampoCc — BEKTOP, KOTOPBI «UIIET» pejeBaHTHBIC KIOYU A (OKYCHUPOBKHU
BHUMAaHHS;

. nxd .

b) K(Key) — marpuma Kirouei k. Koy OIpeaensor, HACKOJAbKO CHIBHO KasKIbIA

TOKEH BIMACT Ha apyrue. Uem BbIime cxoncTtBo Mexay Q; (3ampocom misa TokeHa i) u K;
(3armpocom Jyist TOKEHa j), TeM OO0JIbIlIe BHUMAHHUS YAEISIETCS TOKEHY |

c) V(Value) — marpuima 3HaueHHil pa3MEPHOCTH nXdV, rae 0y — pa3sMepHOCTh BEKTOpa
3HAYCHMs. 3HAYCHHUS COJep)KaT WH(OpMAIIHIO, KOTOpas OyAeT arperupoBaHa ¢ y4&Tom
BECOB BHUMAHUS,

d) QK" — CkamsipHoe mpoM3BEACHHE, BHMHCISIONEE MMOMAPHOE CXOACTBO MEXKIY BCEMH
3anpocaMd M Kirodamu. Pesynprar Berucienuss matpuua XN rne snement (i, j)
MOKa3bIBACT, HACKOJIBKO TOKEH | 3aBHCHUT OT TOKEHA J;

e) ‘/d_k — Macmrabupyomuii kodgdunment. CTabWM3upyeT NUCTIEPCHUI0 CKAISIPHOTO
npousseneHns. bes Hero mpu Gombmmx Oy 3mauenms QK' cramoBsTCs CcMmkoM
OONIBIIMMH, 4YTO TIPUBOAMT K HachlleHHo (yHknuu Softmax u mpobimemam ¢
IpajiueHTaMH;

f) softmax — ¢yHkuus npeoOpa3oBaHMs «CBIPHIX» BECOB CXOJCTBA B BEPOSTHOCTHOE
pacripeienieHue, YToObl CyMMa BECOB I KaX/10r0 TOKEHa paBHsIach 1.

Bee tpu matpunpl: Q, K m V monydarorcs W3 HCXOAHBIX SMOEIIMHTOB TOKEHOB dYepe3

JTMHEeWHbIe peoOpa3oBaHus (2):

Q:X-WQ,K:X-W,V:X-V\(/’ (2)
rae X — MaTrpuiia BXOJHBIX 3MOEITIUHTOB TOKEHOB xd
MaTpPHIIbI.

TakuMm oOpa3om, MEXaHH3M BHUMaHUS HE TpeOyeT pydyHO HACTPONKH, OH aBTOMAaTHYECKU
00ydJaeTcs BBIICTSATh 3HAYUMbIE 3aBUCUMOCTH B TIOCIICIOBATEIHFHOCTSIX MMPOU3BOJILHON JJTUHBI.

model - \Wo, Wy, Wy — oOydaemble BecoBbIE

2.1.2. Multi-Head Attention kak MexaHM3M BHUMAaHUsI apxXuTeKTypbl GPT-4

B wucrounuke [6], moaTBepxkaaercs, 4TO B OTJIMYME OT CTAHJAPTHOM apXUTEKTYphl
Tpanchopmepa, B GPT-3 wucnosnb3yercs pacmmpeHre ©0a30BOr0 MeXaHW3Ma BHHMAaHUS, 0]
Ha3BanueM Multi-Head Attention. Tak kak oduuuansHo kommanus OpenAl He omyOJIMKOBbIBaIA
neranei apxutekTypsl GPT-4, MOXXHO MpPEaNOI0KHUTh, YTO JaHHAS MOJEb YHAcjeloBaja JaHHOe
pacmpenre mexanusma. CormacHo [3], Multi-Head Attention mo3BossseT MOJEIH COBMECTHO
o0pabartbiBaTh MH(POPMAIUIO U3 PAa3HBIX MOJIPOCTPAHCTB MPEJCTABICHHUM, YTO KPUTHUECKH BAXKHO
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JUIsL Pa3HOPOJHBIX 3aBUCUMOCTEH B JaHHbIX. DOpPMaIbHO ONMCAHHBIA MEXaHU3M MOXKHO
OIpeIeIINTh, Kak (3):
MultiHead (Q, K,V') = Concat ( head,, ..., head, )W° (3)

re:
head, = Attention (Q-W, K W,V W) @

1 7 . n><dmodel
Q, K, V — ucxonHbie MaTpHUIBI 3apOCOB, KIIOYEH U 3Ha4YCHUH (pa3MEepHOCTH: , rmen —

W W W

d
YHCIIO0 TOKCHOB, M€ — pa3sMepHOCTh SMOCIIMHIOB); @ — BecoBble MaTpHIIbI, KOTOPHIC

Wi e Rdmodelxdk
npeobpasyror Q, K, V B moampocrpancTBa s kaxgoro head; (- ° — TIPOCKIUS

Wi c Rdmodelxdk Wi c Rdmodelev
K

3anpocoB s i-7 head, — IIpoeKuus KIoveu, v — MPOEKLIUs 3HAUEHUI);
Concat — omepanus oObeAMHEHHS] BBIXOJOB BCEX «TOJIOB» B OJHY MATPHUILy IJIi BO3MOKHOCTH
HUCIIOJb30BaTh Pa3HOPOAHBIC IIPU3HAKH, we - BBIXOJHAs COXpaHsomas CoriacoBaHHOCTh

5 WP e R(h]dv)deodel
pasmepHocTen B APXUTEKTYype Tpanchopmepa (
KOHKAaTEHUPOBAHHBII Pe3yIbTaT 00PaTHO B HCXOAHYIO Pa3MEPHOCTh Umodel)-

Ha oOcHOBaHMM MpPEACTAaBICHHOTO pPACIIMPEHUS MEXaHH3Ma BHHUMAHHsS, aBTOPAMH
BBIIBUHYTa THIIOTE3a, 4YTO B KOHTEKCTE OTalOB pPEKOHCTPYKIIMH MOJEIH  Ipolecca
U3 MOJIb30BATENIbCKUX ~ ClieHapueB Mexanu3m  Multi-Head  Attention  (mpeamosoxutensHO
ucnonb3yembii) B GPT-4 MoXer ynydmmuTh pe3ysibTaT 3a CYeT MNapajuIeNIbHOTO aHAIN3a
Pa3HOYPOBHEBBIX 3aBHCHMOCTEH (KaIbplii Ha0Op «royioB» (OKYCHPYIOTCS Ha pasHOro poja
3aj1a4ax, OJJHA OTBCYAIOT 32 BBIBIICHUE TOPSIKA ITAIOB MPOIEcca, APYTUe 3a ONPEIeICHUE POJIei
aKTOpOB, a TPEThbH 3a JIOTMYECKHE BETBICHUS M T.J.) U aJaNTalMd K BapUaTUBHOCTH
dopmymupoBok (Multi-Head Attention arperupyeT npu3HaKu U3 pa3HBIX MOINPOCTPAHCTB, YTOOBI
COMOCTaBUTh CHHOHHUMHUYHbIC JeiicTBus). Hanbosee 3HAUUTENBHBIM MPEUMYIIECTBOM MEXaHHU3Ma
Multi-Head Attention sBisieTcss ero crmocoOHOCTh K 0OydueHHIo, 4TO mo3Bossier GPT-4
aanTHPOBATHCS K crielupuKe OU3HeC-MpoIeccoB 0e3 pyuHOil HACTPOUKH MPABHIL.

npeodpasyer

2.2. TIpouecc odyuenuns moaeau ChatGPT-4

OOydeHue MoJenu — 3TO TPYAO03aTPaTHBIA MpoLEcC, B KOTOPOM aJITOPUTM HAacTpauBaeT
CBOM TMapaMeTpbl Ha OCHOBE JaHHBIX, 4YTOOBl »(pdexTuBHO pemath 3amayu. [ sToro
UCTOJIb3YIOTCS MaTEMAaTUYECKHE METO/Ibl, KOTOPhIE MO3BOJISIFOT MOJIETd MUHUMHU3UPOBATh OLIMOKU
W YJIyqmarth e€ MpOonu3BOAUTEIHHOCTb.

I[Mpomecc o6ydyenus: ChatGPT-4 ocHoBaH Ha TPEX KIIFOYEBBIX JTArax:

— mnpenobydenwue (pre-training);

— n0oo0y4eHHE C TOJKPEIJICHMEM Ha OCHOBE YEJIOBEYECKOM 0oOpaTHOW CBA3M

(Reinforcement Learning from Human Feedback, RLHF);

—  TECTUPOBaHHE/ONTUMU3ALUS JIUIsl pa3BEPTHIBAHUS.

OTOT MOJX0J yHaciemoBaH u3 Ooyiee panHMX Mojeneit GPT-3 [6] m mMomudunupoBaH ¢
y4€TOM HOBBIX 33/1a4, TAKUX KaK 0€30MacCHOCTh U COTJIACOBAHHOCTH OTBETOB [7].

1) IIlpedobyuenue (Pre-training). Ha »stane mnpenoOydeHuss Monenb oOy4aeTcs Ha
Pa3HOPOJHBIX TEKCTOBBIX JAHHBIX, BKIIOYAs KHUTW, HAyYHbIE CTaTbU, BEO-CTPaHULbI, POPYMBI U
koxa. Llems — cdopmupoBarh 00IIME S3BIKOBBIC HABBIKW: TIOHMMAHHWE CHHTAKCHCA, CEMAaHTHKH U
KOHTEKCTHBIX  CBsizeil. OOydyeHHe TPOBOJAUTCS METOAOM  MACKHMPOBAHHOTO  S3BIKOBOTO
moenupoBanus (masked language modeling), rae moenb mpeacka3pIBacT MPOMYIIEHHBIE TOKEHBI
B IIOCJIEIOBATEIbHOCTH, MAKCUMU3UPYS BEPOSITHOCTh IPABUIBHOTO BOCCTAHOBIIEHUS TeKcTa [§].

Ha manHOM STame yke BBITEKAIOT CIIOKHOCTH B MHQPACTPYKTYpE, MOCKOJIBKY OOydeHHe
TpeOyer MmacmrabupoBanusi Ha kimacrepax u3 Teicsy GPU/TPU, onTHMU3UpOBaHHBIX ISt
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pactpenenéHHbIX BBIYUCICHUN [9] M MPU 3TOM HCIHONB3YIOTCS TEXHUKU Mapajieii3Ma JTaHHBIX
(data parallelism) u momensHOro mapamieausma (model parallelism) mis o6paboTku mMozencit ¢
COTHSIMM MIJUTHAPJIOB MapameTpos [5].

2) Obyuenue ¢ nookpenienuem u uenogeweckou obpamnou ceasvio (RLHF). Tlocme
npeno0ydeHns: MOJIENb 1000Y4aeTcsl ¢ MOJKPEIJICHUEM JUIsl COTIIACOBAHUS OTBETOB C OKUIAAHUSIMU
noJib3oBaresei. JlaHHbIi nmpoliecc BKIIOYAET TaAKUE TaIbl, KaK:

— cOop maHHBIX 00paTHOM CBs3H (MOJETh TEHEPUPYET HECKOJIBLKO OTBETOB HA OJIMH 3arpoc,

KOTOpBIE OIICHUBAIOTCS aceccopaMu (JIF0JIbMHU) TIO HIKaJIe KauecTBa);

— oOy4yenue reward-mozmenu (Ha OCHOBE OIICHOK acecCOpOB CTPOHMTCS (DyHKIUS
Bo3Harpaxaenus (reward model), mpencka3biBarorias KauecTBO OTBETA)

— ONTHMHU3ALUS TMOJUTHKH  (Mojens  gooOydaercs — anropurmom Proximal — Policy
Optimization (PPO)[10], 4ToObl MaKCHMH3HPOBATh OXKHIAEMOE BO3HATPAKICHHE,
MUHUMU3UPYS OTKIIOHEHUE OT UCXOAHOU MOMUTHKHU (TIpe100y4eHHONU MOJCIIN)).

3) Tecmuposanue u paszeépmuvlsanue. Ilepeq BHEIPEHHEM MOJEIb IPOXOAUT ITaIl
KpayJIcopcuHTroBod oueHku (red teaming), rae He3aBUCHMBIC JKCIEPThI BBISBISIOT PHCKU
reHepaly BpeJJOHOCHOTO WM MpeB3sATOoro KoHTeHrta [12]. Jlns onTuMu3anuy B3auMOAEUCTBUS C
[I0JIb30BATEISIMU MOJIENb aJanTupyerca noj padory uepe3d API, Bkitouas orpaHudeHHE JJIUHBI
OTBETOB M (PMIIBTPALIMIO HEXKeNaTeabHbIX TeM [ 13].

CnenoBarenbHO, TOCIAE€  KaXJIOro JdTamna, B pe3yjbTaTe IONYy4alCs  YaCTUYHO
(GYHKIIMOHUPYIOIIUX MPOAYKT:

— Tocle MpenoOydeHHus: — MOJENb, CIIOCOOHAs T'€HEPUPOBATh CBS3HBIM TEKCT, HO 0e3

TOHKOW HACTPOMKHU HA ATHYHOCTH MJIM O€30MacHOCTb;

— J000y4eHHs — MOJeNb, u30eraroniasi TOKCHYHBIX WJIM BPEIOHOCHBIX OTBETOB, HO
COXpaHSIONIast KpEaTUBHOCTh U TECTHPOBAHNE,;

—  OoNTUMHU3ALMS A pa3BEPThIBaHUS — Oe3omacHas U CTaOuiIbHas MOJENb, TOTOBas IS
MPOMBIIIICHHOTO HCIIOJIb30BAHMS.

2.3. O6GoCHOBaHME HCIIO0JIL30BAHUSA roTOoBOM Moaesau ChatGPT-4 u ee BoO3MOXKHOCTH

B mpuBemenHbix dtamax oOydenuss monenu ChatGPT-4 yxe conmepkurcst yacTh
00OCHOBAHHUS MCIIOJB30BaHUS TOTOBOM MOJETN BMECTO CO3JaHHUS COOCTBEHHOI'O MPOTOTHIIA,
OJTHAKO HEOOXOIMMO BBIJICIIUTh KOHKPETHBIE CII0KHOCTH:

— @blYUCIUMENbHAS CLoAHCHOCMb 00yuenus. 1lo orneHkam, ctouMoctb oOydeHuss GPT-3
(npenmectBennnka GPT-4) cocraBuna ~$4.6 mian, a gt GPT-4, ¢ yuérom
MacIITaOMpOBaHUs, 3Ta CyMMa JIOCTUraeT AECATKOB MIIIMOHOB aosiapoB [5]. Ilpu
3TOM, OOydYeHHE MPOU3BOAMIOCH Ha SKCKIO3UBHBIX Kiactepax GPU/TPU (okoio
10,000 NVIDIA A100 ans GPT-3). Jlaxxe npu Hanuuuu foctyna y aBtopos k 100 GPU
(rpaduaeckux mporeccopoB), oOyueHue monenu ypoBHs GPT-4 3ansuio Obl menbie
TOJIBI;

— agpgpexmusnocmv RLHF. Anroputmbel oOydenus ¢ mojakperieHuem (PPO) u cOop
YeJI0BEYECKONH OOpaTHOM CBA3M TPEOYIOT KOOPIMHALIMU THICSY aCeCCOPOB M MECSIIEB
pabotsl [7]. IlonbiTka Bocnpoussectu 3tan RLHF manoii sxcneptHoil rpynmoit Moxer
MIPUBECTH K MEPEKOCY B JAHHBIX U HEKOHTPOJIUPYEMOMY YXYALICHUIO KauecTBa;

— odocmynnocms uepes API. OpenAl mpenocrasnser moctyn k ChatGPT-4 uepes API,
MO3BOJISIE MHTETPUPOBATh MOJENb O3 3aTpaT Ha OoO0CIyXHBaHHE HUHQPPACTPYKTYpbI
[12], BuHMCIO KOTOpPHIX BXOJSAT KakK TpaThl Ha apeHay CcepBepoB (CTOMMOCTH
GPU/TPU: or $5,000/Mec 3a y3en), Tak W Ha ONTUMHU3AIMIO HH(pEpeHca
(kBaHTOBaHMe, aucTWUIALUs). [lns pa3BEpThIBaHUS COOCTBEHHON TpelyeTcs Kak
MUHHUMYM Heckolibko uHxeHepoB (MLOps, DevOps), torma kak APl mo3Bomser
HayaTh pabOTy 32 HECKOJIBKO YaCOB.
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— cneyuanuzayusi Ha WUPOKoM cnekmpe 3aoay. '0TOBast MOAENb yKe ONTUMU3UPOBaHA JUIS
reHepauuu (Co3faHue TEKCTOB, KOJOTeHepalus, AUAJIOorH), KilaccupUKauuu (aHanus3
TOHAJIBHOCTHU, KaTETOPU3AIM 3alIPOCOB) M U3BJICUEHUS HH(OpMAIK (IOUCK CYIIHOCTEH,
PEKOHCTPYKIMSI IPOLECCOB) IIMPOKOTO CHEKTpa 3ajad (reHepauus, Kiaccupukanus,
aHaJIM3), YTO I03BOJSET COCPEJOTOUYNUTHCA Ha INPUKIAAHBIX HCCIIEIOBaHUSIX, a HE Ha
0a30Boi1 HacTpouke [5].

CrnenoBarenbHO, CO3aHUE SI3BIKOBOM Mojienu ypoBHs GPT-4 cBs3aHO ¢ HENPEOIOIUMBIMU

IUI1 aBTOPOB HCCIIEZIOBAaHMs BBI30BAMM, BKJIIOYAs HSKCTPEMAJIbHBIE BBIUMCIUTEIbHbBIE 3aTparthbl,
HEO00X0AMMOCTh KOOPJAWHAIIMKA MAaCIITAaOHBIX YEJIOBEYECKUX PECYpPCOB M CIIOKHOCTh pealn3aluu
QITOPUTMUYECKUX KOMIIOHEHTOB. IIpuMeHeHue roroBoi sBiseTcs HauOojee 3SKOHOMHUYECKH
3¢ EKTUBHBIM peIIeHHEM, TTO3BOJISIOIIUM MPEO0IETh YKa3aHHbIE TPYIHOCTH.

3. UcciienoBaHme Kav4ecTBA PEKOHCTPYKIMH MO/IEIH Mpolecca
¢ nomomb0 mogesan ChatGPT-4

[lenbto uMccleOBaHUS SIBISETCA OIICHKA KayecTBa PEKOHCTPYKLUUU OU3HEC-TIPOIECCOB C
MOMOIIIBIO s3b1KOBOM Mozean ChatGPT.

DKkcrnepuMeHT ObLT pa3fenéH Ha 4 JTarma:

1) [MonydeHue pe3ysibTaToB 0OPabOTKHU MOJIb30BATEIILCKUX CIICHAPUEB S3BIKOBOH MOJIEIBIO
ChatGPT.

2) DKCIiepUMEHTalIbHAsI OLIEHKA KaYeCTBA PEKOHCTPYKIIHH.

3) Pacuet cTaTUCTHYECKUX MTOKA3ATEICH.

4) CpaBHHUTEIIbHBIA aHAIN3 KayecTBA PEKOHCTPYKIMU OU3HEC-TIPOIECCOB C MOJIXOJIOM,

HCIIOJIb30BAaHHBIM B UCTOYHUKE [2].

Ilonyuenue pezyromamog o06pabomku NoIb308AMENLCKUX CUEHAPUES A3bIKOGOU MOOENbl0
ChatGPT. B cOoOTBeTCTBHH ¢ TIPUBEICHHOW BO «BBEICHHUU» METOJUKONH MOJICINPOBAHUS
NPOILIECCOB s3bIKOBOM Mozenu ChatGpt 4 Obuta mocTaBieHa 3aa4a M0 PEKOHCTPYKIIUU JIEMEHTOB
OM3HEC-TIPOIIECCOB, BhIICTICHHBIX B oTanax 2-5. Cunrtas rpaHuilbl polecca 3aJaHHbpiMu, depes API
HEUPOCETEBOW MOJIeNTu OBLIO OTMPaBIIeHO 54 3ampoca, KaKIbIi U3 KOTOPBIX COAEpKal 3ajiady Mo
BbieneHuto aevictBuit; M/MJIM 1mumo30B; cyOBEKTOB M OOBEKTOB; MyIOB M JOpOXKeK. B
SKCIIEPUMEHTAIbBHOM HCCJIEIOBAHUH MCIOb30BasIach BbIOOpka u3 54 kopotkux (mo 300 cioB)
TEKCTOBBIX CLIEHAPHEB.

OKcnepumenmanbias oyeHka kavecmea pekoncmpykyuu. Ha sTanme oneHkH KadecTBa
PEKOHCTPYKIIMHU aBTOpaMU OBLIT OCYIIIECTBIIEH aHAJIN3 KaueCTBa PEKOHCTPYKIIUU OU3HEC-TIPOIIECCOB
¢ momoripio Moaenu ChatGPT. Omenka 00paboTkM HeHpoceTeBOW Mojenbpio Habopa u3 54-x
MOJIb30BAaTEIbCKUX  CLEHApUEB MPOM3BOJAMIACH HA OCHOBAHMM  CIEAYIOIIMX KPHUTEPUEB,
MpeACTaBICHHBIX B Ta0I. 1:

Tabmuna 1 — Kpurepun oneHku

YHCIIO KOPPEKTHO PACTIO3HAHHBIX
. . . [IponierTrast mkana ot 0 10
OreHKa OIpe/ICIICHNs ISUCTBUH | 3JIEMEHTAPHBIX OIEPAIlUil B BUJIE 100 %
JNEUCTBUHI
YHUCIIO KOPPEKTHO PACTIO3HAHHBIX [IpouenTHas mkana ot 0 10
O1eHKa OTIpeaeNIeHUs PECYPCOB 0
9K3EMIIISIPOB IYJIOB U TOPOXKEK 100 %
YHUCJIO KOPPEKTHO PACIIO3HAHHBIX
[Ipouentnas mkana ot 0 1o
OreHka orpe/ieneHrs 00beKTOB 9K3EMILISIPOB CYOBEKTOB U 100 %
00BEKTOB
OLLeHKA OIPeeNeH s LTH030B YHUCIIO KOPPEKTHO PACTIO3HAHHBIX [IpouenTHas mkana ot 0 10
P sx3emiuisipoB W/MJIN nutro308 100 %
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Kputepun oneHHBaIUCh HE3aBUCUMO IPYT OT JIpyra, BO BHUMaHHE MPUHUMAIOCH O0IIee
KOJMYECTBO OLIEHMBAEMBIX 3JI€MEHTOB B KPUTEPHUH M Ha OCHOBAaHUM JONYHICHHBIX OIIMOOK B
pacrlo3HaBaHWKM BBIHOCHJIACH OIIGHKA KadecTBa O0OpabOTKH EIMHUYHOTO TOJh30BATEIbCKOTO
CIICHapHSl.

Pacuem cmamucmuueckux nokaszamerneni. 110 TOTy4eHHBIM IaHHBIM OILIEHOK, B KaXJIOM
KpuTepuu ObUTH BbICIEHbl MUHUMAJIbHOE U MAaKCUMAJIbHOE 3HaYCHHE, MOJIYYEeHbI TaKUe BETUYHHBI
KaK pa3Max BBIOOPKH, KOJMYECTBO W JUIMHA MHTEPBAIOB. Ha OCHOBaHMM CepeIH WHTEPBAIIOB
1 aOCONIOTHBIX YacTOT (KOJMYECTBAa 3HAUYEHWM, MOMABIIMX B OINpEAEJICHHbIH HHTEpBal) ObUIN
MMOCTPOCHBI TOJIMTOHBI A0CONIOTHBIX YacTOT. KIIOYEBBIMH PACCUMTAHHBIMH CTAaTHCTUYECKUM
OLICHKaMH CTaJId: AUCIEPCHs, CPEeIHEKBaIpaTHUHOE OTKJIOHEHHUE, CpeliHee apudMeTHIecKoe, Moa
u MenuHa. Bce pacderbl OBUIM MPOU3BOIWINCH TOJTYaBTOMATHUYECKH, C TOMOIIBIO CPEJICTB,
npepocTaBisieMbix makerom Excel.

CpasnumenvbHulii aHaIU3 Kauecmea pPeKOHCMPYKYuu OU3Hec-npoyeccog ¢ NnooXo0oM Hd
OCHOBAHUU MemOo0a 0OpabomKu ecmecmeenHo2o A3vika. Ha GuHaaIpHOM 3Tare SKCrnepruMeHTa Oblia
MPOM3BE/ICHA CPAaBHHUTEIbHAS OIEHKA OOpa0OTAaHHBIX CTATHCTUYECKUX JAHHBIX HA OCHOBAHHH
npumenenuss monxenu ChatGPT 4 u pesynabratamu NpUMEHEHHUS TOAXOAa HAa OCHOBE IMPaBHMII
rpaMMaTHKU 3aBUCUMOCTEHN U3 UCTOUYHHKA [2].

4. Pe3yabTaThl IKCIIEPUMEHTA

B nauvane sTama cratucTuyeckod OOpaOOTKM B KaKIOM M3 UYETHIpeX HaOOpoB u3 54
3HAYCHHI OIICHOK OBbLIM ONpE/CICHbl: MAaKCMMAIbHOC W MHUHHMAIbHOE 3HaueHue (Max u min),
pasmax BeiOOpkH (R), konmudecTBO u pasmep uuTepBaioB (K u h). [TomydeHHble 3HAUYCHHS BEITUYUH
OBLTH CBEJICHBI B TA0II. 2.

Tabnuma 2 — 3Ha4eHus A1 TOCTPOSHUS HHTEPBAJIOB

max 100 100 100 100

min 70 70 70 65
R 30 30 30 35
k 6 6 6 6
h 5 5 5 5,83

W3 mpuBeneHHBIX JaHHBIX B TaOJ. 2, y)€ HAa HaydaJlbHOM 3Tale 3KCIepUMEHTa MOXKHO
clenath IPOMEeXKYTOUHbIH BbIBOA 0 ToM, 4To ChatGPT mpoaeMoHCTpHpoBan yBepeHHbIC HABBIKH
00pabOTKH TMOJIb30BATEIbCKUX CIEHApUEB, O YeM TOBOPUT MHMHHUMAJIbHOE 3HAUYEHHUE OLEHKH,
MOJIy4YE€HHOE 110 KPUTEepHI0 00paboTKH MUTI030B B BuAe 65 %, a MakcumanbsHoe B kputepun B 100 %
10 BCEM KPUTEPUSIM.

Ha cnenyroreit ntepaiuu SKCIIEpUMEHTa Ha OCHOBAHUH MONyYeHHBIX 3HaueHu# (K u h) mms
KaXIOro KpuTepus ObUIM MOCTPOEHBl MHTEpPBAJbHBIE PAIbI, JJIS KOTOPHIX ObUIM OIpeaeeHbI
a0CONIOTHBIE YacTOTHl M; (KOJIMYECTBO 3HAYCHUWH, MOMABLIMX B ONpEACICHHBIA WHTepBan) u h
TOUKH (cepeTuHbl MHTEpBaoB). [I[puMep MOoMydYeHHBIX 3HAUEHHH MTPECTaBIeH B Ta0M. 3.

Habmronaembie naHHbIe U3 puMepa B Tabi. 3, B yacTHOCTH M; = 16 ans uaTepBaa (85,90]
u m; = 15 gns unTepBana (95,100], nmoiaydeHHbIE HA 3Tane MOCTPOEHUS MHTEPBAIBHBIX DPSIIOB
CBHJIETEJILCTBYIOT O TOM, 4TO 31 9K3eMIUISIp MOJIb30BaTENBCKUX clieHapueB (0koio 57 % ot olriero
YHuCia), TMOJYYHJI OIeHKY He MeHee 85 %, Oojee TOro, TOJbKO 3 3HA4YEHHUs TMOMald B WHTEPBAIT
[70,75], aTo y>ke CBUIETEIbCTBYET O BHICOKOH 3()()eKTUBHOCTH B YACTH BBISIBIICHUS JICHCTBUH.

Jlasnee, 10 MOJyYEeHHBIM aOCOMIOTHBIM YacToTaM M; (ock Y) u h Toukam (ock X) ObuTH
MOCTPOEHBI TOJIMTOHBI a0COJIOTHBIX YacTOT (crmocol rpaduueckoro MpeACTaBiICHUs IIOTHOCTH
BEpOATHOCTH). [10IMTOHBI 4acTOT GBI MOCTPOEHBI Ha €IMHOM rpaduKe i BceX 4-X KpUTEPUEB U
MIPEeJICTaBICHbI HA PUC. 2.
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Tabmuia 3 — [IpuMep UHTEPBAIBHOTO PSJIa IS 3HAUCHUIN KPUTEPUS OIICHKH JICHCTBUN

[70,75] 3 72,5
(75,80] 10 775
(80,85] 6 82,5
(85,90] 16 87,5
(90,95] 4 92,5
(95,100] 15 97,5
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MoAnroHbl abCONtOTHBIX HaCTOT
Puc. 2. [ToauroHs! 4acToT 10 4-M KpUTEPHUSIM

W3 puc. 2 cnenyer, yTo HanboJbIIEe KOJINYECTBO BHICOKMX OLIEHOK MPUILIOCH Ha KPUTEPHM
OIIpeJIeJIEHUs] PECYPCOB U COCTABMIIO 25 OLIEHOK, NMOMAaBIIUX Ha cepeAnHy uHTepBaia (95,100], 1. e.
97,5 %, GompIle BCETO HU3KMX OICHOK NMPUILIOCH HA KPUTEPUN ONpeNeeHus IITI030B, 12 MmTyK,
MONaBIIMX Ha cepeAuHy uHTepBana [65,70,8], T.e. 67,9 %, 4ro Bce paBHO SBIAETCS AOBOJBHO
BBICOKMM II0Ka3aTejeM, MPUHMMAas BO BHUMAaHHME OCTaJbHBbIE IOJYyYEHHBIE OLIEHKH B JaHHOM
KpUTEPHUHU.

Ha koHeyHOM »3Tame cTaTHCTUYECKOM OOpaOOTKM IaHHBIX AJIS KaKJIO0ro KpUTepus ObLIN
ompeneseHbl  cleayromue 3HadeHus: L (cpemHee apudmermdeckoe); D (mucmepcus); O
(cpennexBaapatuuHoe oTkiIoHeHue); Me (Mennana) u M, (Moa).

Tabmuna 4 — CTaTUCTHYECKHE OLIEHKU

0 89,7 92,6 90,1 86,4
D 71,1 87,5 80,1 148,5
o 8,4 9,4 9 12,1
Me 90 95 90 90
M, 90 100 100 100
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W3 3HaueHuit BenuuuH Tabi. 4, CIeyeT, YTO PACCMOTPEHHBIN B paboTe MOIX0/], HECMOTPS
Ha BBICOKHE MOKa3aTeld JUCHEPCHH U CPEIHEKBAJAPATUYHOTO OTKIOHEHHUS OTHOCHUTEIHHO BCEX
KpUTEpUEB 00J1a1aeT BBICOKUM IOTEHIIMAJIOM I MPAKTUYECKOTO HCIIONh30BAHUS B YaCTH
BBIABJICHUS pecypcoB (L = 92,6 %), oobekToB (L = 90,1 %) u meiicTBuii (1 = 89,7 %). I[IpoueHt
BBIZICJICHHS IITIO30B TOXE SBISETCS OCTaTO4HO BhICOKMM (U = 86,4 %), omnako pasdpoc
3HAYCHUW OIICHOK BeChMa 3HAYMTEIbHBIN, UTO OTpa)kaeT BeduunHa aucrnepcuun D = 148 5.
CambIM BBICOKHM TIOKa3zareneM M. (MequanHOTO) 3HaueHus siBiusiercs M. = 95, a M, = 100
(3HaueHue, KOTOPOE Yalle BCero BCTPEUasoch B HAOOpe OIEHOK), 00€ 3TU BEIMYUHBI IPUXOIATCS
Ha KPUTEpPUH OMpENeNCHUs PECypCOB, KOTOPBIA B HTOTE SBISCTCS HAWIYYIIMM M OTBEUYaeT 3a
BBISIBJICHHE ITyJIOB U A0pokek. Ommbku monenu ChatGPT B HampaBiieHHH BBISBICHHS IILJIFO30B
OOBSCHSIOTCS HEAOCTATOYHOW HATPEHUPOBAHHOCTBHIO B uacTu ompeaeneHus W/WJIIM mmo3oB
(Jaie Bcero MexaHU3Mbl MOJENIH MPUTYMBIBAIIU IILJIIO3bI, KOTOPBIX HE ObLIO B MOJI30BATEIBCKUX
CLIEHAPUSIX).

[TomyueHHble 3HAUEHUS CpPEOHET0 Aapu(METUYECKOro IO KakAOMy KpUTEpHIO ObLIn
OIyOJIMKOBAaHBI B CPABHUTCIBHYIO Ta0J. 5 W COMOCTaBJICHBI C JaHHBIMHU, TOJTYYCHHBIMH B
pe3ynbTaTe MpUMEHEHUs MOIX0a Ha OCHOBE IIPABHII TPaMMaTHKU 3aBUCUMOCTEH [1].

Tabmuua 5 — CpaBHUTEIbHBIC XaPAKTEPUCTHKH MOXO/I0B

IToxxon Ha ocHOBE MO EIH
ChatGPT

IToxxox Ha ocHOBe MpaBUJI
rpaMMaTHKH 3aBHCHMOCTed [2]

89,7 92,6 90,1 86,4

89 90 78 50

3HaueHHs] CpenHero apudmeTHueckoro aiis MOXO0Ja Ha OCHOBE MPaBUJI TPaMMAaTHKH
3aBUCUMOCTEH [2] OBLITM pacCYUTAaHBl CAMOCTOSATENIHHO B CBSI3M C OTCYTCTBMEM TaKOBBIX JAHHBIX B
pabore. Mcxons U3 MONy4YEeHHBIX 3HAYEHUW B TaONHIlE, CIEAYyeT, YTO Pe3ylbTaT MPUMEHEHHS
nojaxoaa Ha OCHOBe s3bikoBoM Momenu ChatGPT okazancs 3HAYUTEIBHO JIy4dlle B YacTH
BBIsIBIIEHU 1ITI030B (Ha 36,4 %) u 00bexToB (Ha 12,1 %). CrenyeT mpuHATH BO BHUMaHUE, YTO B
JTAaHHOW paloTe OIleHKa MPOU3BOAMIACHE HAa OCHOBAaHWU BBIOOPKH U3 54 MOJIB30BATEIbCKUX
CIIEHApHEB, a aBTOPBI pabOTHI [2] UCTOIB30BAIN TOJBKO 5 TECTOBBIX MPHUMEPOB, B CBSI3M C YeM,
MpUHUMATh BO BHUMAHWE PA3HUIy MEXIy 3HAYCHUSAMH CpPEIHEr0o apu(MEeTHUECKOro
oTpeeneHus NeUCTBUI U pecypcoB Hellenecoobpa3Ho. bombiias pa3Huia MeXy 3HAUCHUSIMU B
YacTH OMpPEICICHUS IILII030B 00bsICHsETCs mpeapacnoniokennocteio ChatGPT x BeisBienuio U
[IUTI030B, MTOCKOJIBKY MOJIENb UCIIONIB3YET 0oJiee CIOKHbBIE aTOPUTMBI U 00ydanaach Ha 00bEMHOM
Ha0Ope TECTOBBIX JTAHHBIX.

5. BeiBoabl. O0cy:kaeHusA

[Tony4yeHHbIE CTATUCTHYECKHE OLEHKH CPEIHEr0 B paMKax sKcmepuMmenrta (maparpad 3)
Ha 9Tare 00pa0OTKM JTaHHBIX OIEHOK HAa OCHOBAaHWUHW MpPUMEHEHHs s3bIkoBoi Mmozenu ChatGPT
OTPaXAlOT BBICOKHUU ITOTEHITMAI MOJCIHM B €€ NMPUMEHCHHWU ]ISl aBTOMATH3AIlMH BCEX 3TaIloOB
PEKOHCTPYKIINHU OM3HEC-Tpoliecca (IeHCTBUM, pecypcoB, 00BEKTOB U 1ILII030B). B oTianune merona
[2] momxom o00pabOTKH ecTecTBEHHOro Ha ocHoBe Momenu ChatGPT mpomeMoHCTpHpOBaI
3HAYMTENIbHBIC MTPEUMYIIIECTBA B YACTH BbIJIEJICHUs 1UTI030B (Ha 36,4 %) u 00bekToB (Ha 12,1 %).
D} PeKTUBHOCTD BBISBICHHBIX ITOKA3aTelIe aBTOPhI OOBSICHSIOT HCIOJE30BAHUEM IPOJIBHHYTOTO
MexanuzMa BHuManus Multi-Head Attention, mo3Bossoriero mnapajieibHO MPOBOAHWTH aHAIIN3
KOKJIOTO U3 JTalmoB PEKOHCTPYKIMU Tipoiiecca. Kpome TOro, OKOHYATENbHBIA pPE3yJbTatr
WCIOJIb30BAaHUSI MOJIENH B JAbHEHIINX MCCIEIOBAHUSAX MOXKET ObITh 3HAYUTENBHO YIIYYIIEH, 3a
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CUeT CIOCOOHOCTEH HEWpOCeTeBhIX MoJeNel K JanbHelieMy oOydeHuio, yro noszpoiutr GPT-4
Jy4llle aJanTUpPOBaThCs K crienuduke OU3HeC-POLEeCcCOB.

JlanpHelie  MCCIENOBaHUS  aBTOPbl  CBSI3BIBAIOT C  pAcCHIMPEHUEM  BBIOOPKH
M0JIb30BATEIbCKUX CLIEHAPHUEB ISl MOJy4YeHHs Oojiee 3HAYUMBIX CTATHCTUYECKUX OIICHOK B YacTH
BesiBieHusT W/WJIN nutro3oB. Takum o0Opa3om, MIaHUpPyeTcs ETAIBHO HCCIENOBATh KadeCTBO
oIpesieNieHUs III030B, a TaKKe 00Jiee TOUHO OXBATUTh KAXKIBIA ITANOB PEKOHCTPYKLUU OU3HEC-
IIPOLIECCOB.
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Analysis of business process reconstruction quality using ChatGPT language model
A. S. Buravlev, D. E. Demidova, E. A. Tkacheva

Annotation. It is difficult to imagine software development without tools for automation of routine
activities, not a small part of which falls on formalization of requirements using graphical modeling
languages. Conversion of textual information into formalized processes takes a considerable amount of
time of business analysts, most of which can be spent on other important tasks, including both
coordination of problem statements with customers and developers. A solution to this problem may be the
application of rapidly evolving language models designed for natural language processing. The purpose
of this research is to analyze the possibilities of increasing the efficiency of labor activity of business
analysts in terms of business process reconstruction using the ChatGPT 4.0 language model. Scientific
novelty of the work consists in obtaining previously unknown results of ChatGPT efficiency for
reconstruction of separate projections of business processes (control flow, data, resources, operations) on
the basis of studying the results of reconstruction of 54 short user scenarios with further comparative
analysis with the existing approach of reconstruction of processes on the basis of rules of grammar of
dependencies. Practical significance of the research is conditioned by the obtained statistical evaluations
and comparative characterization, on the basis of which the conclusion is made about the prospects of
application of the investigated language model in real tasks of processes formalization. The following
tasks are solved in the work: analysis of architecture and capabilities of ChatGPT 4.0 model in terms of
natural language processing, development of methodology for assessing the quality of business process
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reconstruction, experimental assessment of reconstruction quality, obtaining statistical evaluations,
comparative analysis with the existing approach based on dependency grammar rules. To achieve the set
tasks, the paper uses the apparatus of statistical data processing, expert analysis, applied linguistics and
neural networks.

Keywords: business process, natural language processing, gateways, neural networks, transformer
model, language models, ChatGPT
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