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SNNIEKTPOHUKA. PAODNOTEXHMNKA

OBHAPYXXEHME YYACTKOB ONTU4YECKUX BOJIOKOH
C USMEHEHHbBIMU XAPAKTEPUCTUKAMM
C NMOMOLLLIO BPUJUTIOOHOBCKOIO PEDJIEKTOMETPA

Pa6oma ebinonHeHa npu ¢puHaHcoesol
noddepxke MuHucmepcmea obpasoeaHus

u Hayku P® e pamkax 6a3oeoli yacmu
2o0cydapcmeeHHo20 3adaHus & c¢pepe HayqHoU
deamenbHocmu (npoekm N2 8.9334.2017/6Y)

BOraH KOB n rops Bu KTOpOBUY Knio4veebie cnoea: 0NMOo80JI0KHO, POHHﬂﬂ
’
Omckuli 2ocydapcmeeHHbIl mexHUYecKul yHugepcumem, duazHocmuka, Gpunyi03HoBCKaA pechriexmomempus,

. u32ub, Mukpousaub, Hams>KeHue,
Omck, Poccus, bogachkov@mail.ru p .
HECAHKUUOHUPOBAHHBIL docmyn.

CBoeBpeMeHHOe 0GHapyeHue u ycTpaHeHue "'NpoGneMHbIX”' y4acTKOB B ONTU4ecKuX BoniokHax (OB)
ABNAETCA BAXKHOW 3a/jlayeil MOHUTOPUHIA U PaHHEN AUArHOCTUKN BOJIOKOHHO-ONTUYECKNX NIMHUIA CBA3U
(BOJIC). Mop "npobneMHbIMU™ y4yacTKaMu B AaHHOM CTaTbe MOHMMalOTCA y4acTku OB ¢ usMeHEHHOM
TeMnepatypow, U3MEHEHHbIM HaTAXKeHUeM, U3rmbel 1 Mukpousrn6sl OB, yuacTku € HeCaHKLIMOHMPOBaH-
HbiM goctynom (HC[) k OB. Mo cpaBHenuio ¢ Apyrumu nuHuamm ceasu BOJIC umelot BbicOKylo cTeneHb
3awmuieHHoctn uHgopmaumm ot HC/L, Ho HecMoTpa Ha Gonblume 3atparbl U cnoxHoctb, HCI] k OB
BO3MOXeH, X0oTA AnA ¢hopMUpPOBaHMA KaHana yTevyku nHcgpopmaumm Tpebyerca HenocpeacTBeHHbIN u-
3uyeckunit KoHTakT ¢ OB. [lna obecneyeHua ponronetHen HapéxHon pabotel BOJIC Heob6xoaumo He
TONBKO OCYLLECTBNIATL CBOEBPEMEHHbIA KOHTPOJbL 3a LenoctHocTeio OB BOJIC, Ho u o6HapyxuBats
"npo6nemMHbie" yHacTKu, MMeloLLUE MOBbILLIEHHbIE MEXaHNYECKUe HaTAXKEHUA UM TEMMepaTypHbie OT/N-
yusa. [axe HeGonblume AecdopMaLmm rpyHTa MOTYT NPUBECTU K BOSHUKHOBEHUIO MEXaHMYECKUX Hanps-
weHui B OB, HaxoaALmMXCA BHYTPY nponoxeHHbIx nog, semnei OK ceasu. TemneparypHble usMeHeHuA
B8 OB Tak»ke MOryT cMrHanusmpoBarb o noseneHum "npodnemuoro” yuyacrka BOJIC. CBoeBpemMeHHoe 06~
Hapy)eHue Nofo6HbLIX yHacTKOB MO3BONIAET NPUHATL HeoGXxoaUMbIE Mepbl MO yCTpaHeHUIo nNpobnembl
no paspywenua OB BOJIC. Cucrembl MoHuTopuHra OB, nocrtpoeHHble ¢ ucnonb3oBaHneM 06bIYHBIX
pednekromerpor (OTDR), He cnoco6HbI pelunTb 3Ty 3apayy. CyulecTByioT cnoco6bl cbéMa nHdopMa-
uumn u3 OB, ocHOBaHHbIe Ha OXNaXKAEHUK, pacTakeHumn yyactka OB, cospanum usruba un 1. n. B atom cny-
Yae )kenatenbHO nNpuMeHeHue 6punniodHoBckux pecpnekroMeTpor (BOTDR) B cucteMe MOHUTOpHHTa,
XOTA NokKa wmpokoe pacnpoctpaHeHue BOTDR orpaHuuyeHo ux BbICOKOH CTOMMOCTBIO.

Mpueepexbl pecpnekrorpammbl BOTDR OB ¢ yyactkamu ¢ MU3MeHEHHOM TeMnepaTypoi, U3rnéamMm u Mu-
Kpousrubamu, Nnpu nepuoan4ecKkoM MexaHu4eckoM BosencTeumn Ha OB.

MpumeHenue BOTDR B cucreme Monutopudra OB BOJIC noseonset noBbicutb 3¢ppeKTUBHOCTb O6HA-
py»xeHus "'npobneMHbIX" y4acTKoB (Y4acTKOB C U3MEHEHHDBIM HaTAXXEHMEM, TEMMEpaTypo U T. M.), B TOM
yucne ¢ HC1. Metop 6punniosaHoBckoii pednekToMeTpuu No3BosNAET OCYLLECTBNIATL PaHHIOK AUArHoC-
MKy OB, o6HapyxuBate HC1 u yctpaHaTte npo6nembl B OB Ha paHHei ctagun.

Uncpopmauus o6 aemope:
Boza4ykoe Mzopb Bukmopoeu4, k. m. H., doueHm; doueHm kacpedpel "Cpedcmesa cesa3u u uHpopmauuoHHas 6ezonacHocms"
Omckozo 2ocydapcmeeHH020 mexHU4eckozo yHueepcumema, uneH IEEE, Omck, Poccus
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pednektometpa // T-Comm: TenekoMMyHukaumum u TpaHcnopt. 2017. Tom | 1. Ne7. C. 4-8.
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CaoeBpemenHoe OOHApYKEHHE M YCTpaHEHHEe «podieM-
HBIX» YYACTKOB B onTH4Yeckux BojokHax (OB), naxopsimuxcs B
MPOJIOKEHHBIX onTHuecknx kabemax (OK), sBnsercs BaskHOM
3ajlaueii MOHHUTOPHHIA M paHHEH JMArHOCTHKHM BOJIOKOHHO-
ontudeckux JuHMil cesazn (BOJIC). «[IpobaemubiMu» B 3TOM
crathe cuntaloTes ydactku OB ¢ nu3smenénHoli Temmeparypoii, ¢
U3MEHEHHBIM HaATHAMKCHHEM, I'IpH HaJIM4YHH 1"[3]"[»[6013 H MHKp0H3—
ruboe OB, yyacTku ¢ HecankunoHHpoBaHHBIM AocTynoM (HCJT)
KOBuT. n[1-4].

Ka]{ H3BCCTHO, 110 CpaBHeHHK} C JAPYIrUHMH JIHHHAMH CBSA3HU
BOJIC uMeroT BBICOKYIO CTENEHb 3allMIIEHHOCTH HH(OpMaluK
or HCJI. Tlpn nopmansueix yciaosusx padorsl BOJIC onrtuye-
CKOE M3JIyYeHHE BBIXOJMT 3a npejensl cepaeunnka OB na pac-
cTosHMs He Oolee JUTMHBI BOMHBI, M BHe OB anekTpoMaruuTHoe
rnosie He oOHapy:kuBaeTcst [3-6].

3ammrHeie 060104KH W AseMeHThl KoHeTpyKumn OK cyie-
CTBEHHO ocnabnsoT GokoBoe u3mydenue, nostomy jaas HCJL
HeoOX0/IMMO HApYIINTh LEIOCTHOCTh BHelIHel 3amuTHoit 060-
noukn OK s nenocpencteenHoro gocryna k OB.

Hecmotpst Ha Gonbiume 3arparel u cnoxuocts, HCJ[ k OB
BO3MOJKEH, XOTA /Ul (JOPMHPOBaHHS KaHala YTEUYKH HH(OpMa-
1K TpedyeTcs HermocpeICTBeHHbIH (hu3nyeckuii kontakt ¢ OB.

B wmecrax creikopkun OB (coeausenuss u pasBeTBIIEHHS
BOJIC) zammty ot HCJ] MmoxkHO o0ecnieunTs 3a cuéT opranmsa-
[UOHHO-TEXHHYECKHX MEPONPHATHIA, YTO HEe OTHOCHTCS K Teme
paboThl.

CrnocoOs1 chema curnana n3 BOJIC no Buay nojcoeauHeHus
MOJKHO pas3/ie/luTh Ha Oe3pa3phIBHBIE U Pa3phIBHLIE, 4 TAKKE HA
NOKaJIbHBIE W NPOTSKEHHbIE [3-6].

B Ge3pa3peiBHOM JOKambHOM crioco0e HecaHKIMOHMPOBAH-
HOTO JIOCTYIIA BBINOJIHSETCS JIMH30Bask (DOKYCHPOBKA BBITEKAIO-
HIMX MOJI Ha M3rnde BOJIOKHA, aHAJIIOTHYHO MPUMEHEHUIO B ar-
naparax juis csapku OB u 1ocTupoBKy.

Yerpoiictea pazpeienoro HCJI TpebyroT BpemeHHOro mpe-
pbIBaHMS IYTH pacrpocTpaHeHust ceeroporo curnana B BOJIC,
YTO MOKET CHIHAJIM3HPOBATL O HAIMYMU CaMOro J0CTyna u 00-
HapyHMBaeTCsAd CHCTEMOIl MOHMTOPHHIA Ha OCHOBE ONTHYECKHX
peduiexromerpoB (OTDR — optical time domain reflectometer)
[3,7].

ITo cnocobam perucrpanuun usnydyenus npu HCJI paspensior
Ha [MaCCHBHBIC, AKTHUBHBIC M KOMIIEHCALIMOHHDBIE [3 — 6].

B maccuBHbIX cnocobax HCJI mast perucrpaims v3myueHus
UCTIONB3YIOTCS YYACTKH C MOBBILIEHHBIM YPOBHEM OOKOBOIO W3-
nydenns. Takue crniocoOel ob6nanaoT 6osee BBICOKOH CKPBITHO-
CThIO, HO MMEIOT HM3KYIO UyBCTBHTEIBHOCTD.

Ilpi noMoiM aKTHBHBIX CrOcO0OB (BJaBIMBAaHUE 30H/IOB B
00010UKy, MEXaHHYeCKOe U TepMHuuecKoe JaedopmupoBanne OB,
nndoBanne W pacTBopenne obonoukn OB M T. M) ¢ MOMOMIBIO
CIIELHAIBHBIX CPEJCTB MOMKHO BBIBECTH M3JIyueHHe yepes OoKo-
Byt0 nosepxHocte OB. Ilpu sTom npoucxoaur u3MeHenue xa-
pakTepucTuK curnana B OB, 4yTo MokHO 00HAPYXKHUTE [3-6].

Komnencanuonnsie criocodbl ocHOBaHbl Ha BBeaeHun B OB
JIOTIONTHUTENILHOTO ~ M3IIyYEHHS, KOMIIEHCHPYIOUIET0 TOTepH
motHoet B OB, koropoe npoucxoaur us-3a HCJI. Hecmotps
Ha onpejel&HHBIE MPEUMYIIECTRA, TH CIOCOOBI TEXHUUYECKH
TPYIHOPEAIN3yEMBI.

[osipnenune noGoOUHbIX H3JIyyeHHH ¢ ODOKOBOH MOBEPXHOCTH
OB npoucxoauT, B OCHOBHOM, M3-3a Npeo0pa3oBaHHs Hanpas-
JSIEMBIX MO/] B BBITEKAIOIIHE 32 CUET JIOKAIBHBIX H3MEHEeHHIT O1l-
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THYECKHX XapakTepucTHK Ha HeperylsipHoctsx OB (Mukpouns-
rudax W Makpousrudax) npu pacrpeieieHHBIX W JIOKaIbHBIX
BO37eHcTBUAX [4, 5].

[IpoTsskenubiit Ge3pa3pbiBHbI ¢beM HH(OPMALHH BO3MOK-
HO TaKKe OCYLIECTBHTHL Ha nosorom usrude OB nox Bo3neiict-
BUEM HH3KHX TeMIeparyp, MOCKOJIbKY NPU ITOM HPOUCXOIUT
M3MEHEHHE nokaszarens npenomiaenus OB, B pesyibrare uero
MOBBIIIAETCA YPOBEHb PACCESHNA.

Usmenenus nokazatens npenowienns OB Takike MOKHO
JIOCTHYB [IPH PacTArHBaloIIeM Bosjieiicteun [4, 6].

ITpu MexaHHYecKOM MIIH AKyCTHYECKOM BO3/ICHCTBUI MOIKHO
joctrds u3ruda OB, npu KOTOpOM yroji najieHus BOJIHLL Ha Ipa-
HULE pa3jiena cpell cepileBHHa-000/10uKa NPEBBICUT KPUTHYE-
CKHif yroi, 4To npuBeIET K BBIXOMY 4acTh u3mydenus u3 OB.
[Tosieienne Taxoro usruda OB npHBOAMT K M3MEHEHHIO KOD(]-
(unpenTa 3atyxanus, 4ro moxkeT OwiTh oOHapy:xkeHo OTDR
[4, 5].

ITpu onTHYECKOM TYHHEIHPOBAHWH H3IyYCHHE NPOHHKACT
yepe3 obonouky OB npu yraax nagenust 607X KPUTHUECKO-
ro, YTO MO3BOJISET [EPEXBATBLIBATL YACTh W3IYYEHHs JIOTIOIHU-
TEJILHBIM CBETOBOJIOM, He BHOCcs B OB cyllecTBeHHBIX n0TEpPh U
obpartHoro paccesuus [4, 5].

Taxum 0Gpazom, [Uisi IPEJIOTBPALLCHNS ChEMA [IEPEIaBaeMoil
uH(popMauKu HeoOXoaumMo obecrednTh 0OHApYIKEHHE TMOIBITOK
HCJ1 x BOJIC u ¢ukcanmio mecta HCJI.

PacemoTpeHHBIE METOIBI BHOCST MoTepH u obiiajgaior odpar-
HBIM paccesHHeM cBeTa B MecTax C(OpPMHPOBAHHOTO KaHasa
yTedkH, 4to nospoiser odbnapyxusate HCJ/I ¢ nomouso Meto-
Jla onTH4eckoit peduiekromeTpun [3-7].

Jlna oOHapyskeHMs M YCTpaHEHHs PACCMOTPEHHBIX BhIIIE
criocobos HCJI B BOJIC, kak u o0HapyKeHHs HeHCnpaBHOCTEl
OB, MOTYT UCIIOIIL30BaThCs CUCTEMBI y1aneHHoro kontpons OB
(RFTS — remote fiber test systems), ucnons3yonue uist paboTsl
OTDR. RFTS no3zgonstor obecrnieunTh aBToMaTH4Yeckoe oOHa-
pYJKEHHE, TOYHYIO JIOKAIU3ALMI0 ¥ WHAMKALMIO BOZHUKILEH He-
ucripapHoctd B BOJIC Ha reorpaduueckoil kapre MECTHOCTH,
YTO MO3BOJIAET MHHHMH3HPOBAThH MOTEPH JAHHBIX W BPEMs YCT-
panenus Hapyenuit OK [1, 2].

Kpome Toro, usmeHenue peduexTorpaMm OTHOCHTEIIBLHO
TATOHHBIX (ITOABJIEHHE HOBBIX «COOBITHIDY, H3MEHEHHE YPOBHS
OTpa}KCHHOTO CHUI'Ha/la M T. l'[.)., MO3BOJIACT CJCarTh l'[peﬂl'l()J'IO‘-
skenue o BosmosknoM HCJI x BOJIC.

Jns obecnievenus jonronerneil Haaéxuoi paborer BOJIC
HEO0XOJIMMO HE TOJIBKO OCYIIECTBIATE CBOEBPEMEHHBINH KOH-
Tponk 3a nenoctHocThio OB BOJIC, Ho n oOHapy®HBaTh «Ipo-
Ouemubie» yyactkn BOJIC, umerolime nopsiieHHbIe MeXaHuye-
CKHe HATSDKeHUsl WK TeMiepaTypHeie otinuns [1, 8, 10].

Hanuuwe mnpofonbHBIX MeXaHHYeckuX HaTsmkeHuii OB
BOJIC nopsaaxa 0,2 % u Gosee MOKET NPUBECTH K CYLIECTBEH-
HOMY cokpameHuto cpoka ciyx0oer OK [1, 10]. Jlna OK cBazn,
MIPOJIOIKEHHBIX T10J1 3eMyel, Jaxe HeDoibine aedopMaliu
rpyHTa (M3-32 [POCAJKH KaHAJIM3ALMOHHBIX KOMMYHHUKAIHIA,
WH/KEHEPHBIX COOPYKEHHH W T. I1), MOTYT NPHBECTH K BO3HHK-
HOBEHHIO MeXaHWueckux Hanpsukenuid B OB, naxopsmmxcs
BHyTpH npososkeHHbix OK [1, 10-14].

Temneparypnsie namenenus B OB Takke MOTyT cHTHAIM3H-
poBatk 0 nosipieHuH «rpodaemroroy yuyacrka BOJIC. Hanpu-
Mep, TMOBBILIEHHE TeMmneparypel kakoro-inbo yuactka BOJIC
MOJKeT HaOJII0JaThCs MPH MPOPBIBE TEIJIOTPACChl B MECTE TMpO-
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kinajaku OK, a B 3umHee Bpems, Hao0OPOT, MOkKeT HAOI101aTLCs
nouuxenne temneparypsl ydactka BOJIC wu3-3a nossienus
TPEUIMH B MOYBE WIH WHBIX pa3pylIeHHil Ha Tpacce MPOKIaakH
OK [15-17].

CpoespeMenHoe 00HApYKEHHE MO00HBIX YHACTKOB I03BO-
JIIeT MPUHATHE HEOOXOIMMBIE MEPBI M0 YCTPAHEHHIO NMPOOIEMbl
10 paspywenus BOJIC.

Jlnia pewienns 3anad oOHapy:KEHHS MEXaHMYECKHX HaTsKe-
il B OB n yyactko OB ¢ u3MeHeHHOi TemnepaTtypoii B Ha-
cTosilliee BpeMs MOXKHO HMCHOJIb30BaTh OpIOJUIMIHOBCKHE ped-
sexromerpsl (BOTDR — Brillouin optical time-domain reflecto-
meters), NpUHIKI PaboThl KOTOPLIX OCHOBAH Ha AHAJIN3E CIIeK-
Tpa paccesnus Maunaensmrama — bpunmosna (PMb), koTopoe
Habmozaaercs npu BeejeHun B OB curuana nosblleHHOH MO
Hoetu [1].

Cucrembl Monntoputra OB, moctpoeHHbie ¢ HCMOMB30BaAHU-
em 00b1uHBIX OTDR, He crioco0OHBI peiuTh 9Ty 3a1auy [1, 8-10].

Kpome Toro, kak OblIO OTMEHEHO BbILLIE, CYLUECTBYIOT CIIO-
coObl chéMa uHpopmanmu n3 OB, OCHOBaHHBIE HA OXJIAXK/ICHHH,
pactskennn yuactka OB, coszanun u3ruba, akycTHYECKHX BO3-
aeiicreusax na OB [3-6]. B sTtom ciydae senaresibHO PUMEHE-
nine BOTDR B cucTeMe MOHMTOPHHTA, XOTH MOKa IHPOKOE pac-
npoctpanenne BOTDR orpaHM4eHo B CBS3H € MX BBICOKOIi
CTOUMOCTBIO.

Kak Oyner noxaszano Husxke, peprnexrorpammbel BOTDR umeror
XOpOIIYI0 UYBCTBHTEIBHOCTE K H3ru0aM M MHKPOH3rHoaM.

PMb npusoaut k obpaszosanuio obparnoii sosnsl B OB, no-
aTOMY, 30HAUpys OB KOPOTKMMH MMIYJIbCAMH M CKAaHMPYH He-
CYLIYIO 4aCTOTY 3THX MMITYJIbCOB, MOKHO HAHTH pacripe/ieneHne
criekTpa pacceanuss Mannensmrtama — bpumosna (CPMbB)
Ba0ib OB 1 HacTOTY MakCHMaJILHOTO CHI'HAlIA B OTOM CIEKTPE,
KOTOpas Ha3bIBACTCH OPHILIIODHOBCKHM CJBHIOM 4acToThl (fy).
Ananmzupys CPMb B OB n onpenenus nosenenue fi, MOKHO
MOHATE KApTHHY pacrpe/ie/ieHus HaTsxennii B Hem [ 1, 10].

C uensio uzyuenus ocobennocteit nosegenus CPMb B OB
oT pazanuHelx (axTopoB npu coxeiicteun 3A0 «Mockabenb—
@ympkukypa» ObLIM NMPOBE/IEHBI IKCIEPHMEHTAIBHBIE HCCIIE/I0-
pauusas ¢ BOTDR «Ando AQ 8603» u c¢ oObraueim OTDR
«EXFO FTB-400» onrtuueckux BOJOKOH, YYacTKH KOTOPBIX
MOJBEPraliCh PA3IHYHBIM BO3JAECHCTBHAM (HArpeBy, OXJIanie-
HUIO, POJOJILHOMY PACTSIKEHHIO U T.J1.).

DKCNEPUMEHTA/IBHBIC HCCIIE0BAHNA, PE3ybTaThl KOTOPBIX
NpeJICTABIEHbI HIIKE, MPOBOJAWINCHL ¢ OOBIYHBIM OJJHOMOJIOBBIM
OB (G.652).

DKCHEPUMEHTAIBHBIE MCC/IEIOBAHNS BIMSHUI MOMEPEUHBIX
CMEIIAIONINX W Pa3/IaB/IHBaAIONIMX BO3JCHCTBHI ObLIH ONUCaHbI
pance B paborax [10, 11], uccnenoBanns BIMAHHUS MPO/I0JBHBIX
pacTsruBaommx cui — B nybaukauumsx [12-14].

OGHapyskenne yyactkoB OB paziauyHbIX BHIOB ¢ M3MEHEH-
HOIl TeMrieparypoii, Temneparyphsie 3apucumoctn CPMb u na-
TAMKEHUs! PacCcMOTpeHs! B padorax [15-17).

PesynbTarhl aHalornuHbIX Heenaeosannii OB ¢ pasinunbiMu
3aKOHAMM MOBEJICHMS JAUCIIEPCHH MPHUBEIeHBI B paboTe [18].

B neppom oskcniepumente ObulM HCCleA0BaHbl pediexro-
rpammbl OTDR u BOTDR yuactika OB, kotopsiii nojseprascs
HArpeBy, OXJIa/KACHUIO HITH MPOJI0TBHOMY PACTIKEHUIO,

AHanu3 MoKasas, 4To KPOME «BCIUIECKa», XapakTepHOro Juis
koHua (odpeisa) OB, kakux-11bo «cobeitniin B OB na peduiek-
torpamMax OTDR wmbl e nabmotaem (8, 9].

Jast cpasuenuss Ha puc. 1 u 2 nokasausl 3D-BOTDR-
peduiekTorpamMmel (kaptuisl pacnpeieneuns CPMb sirons OB)
NpY HE3HAYMTENBLHBIX HATPEBE H OXJIAXK/IEHHH YUaCTKOB.

Ha pucynke 1 nokasana BOTDR-peduexrorpamma npu na-
rpese yuactka a0 +40°C.

Harpersiii yuactok ysepenHo oOuapyskusaercs (B obiactu
1,2 kM) ye npu HarpeBe j10 +35°C, u s Oosee BBICOKHX TeM-
nepatTyp OTJIHYAETCS TONLKO MacitaboM cMelleHns MakcHMyMa
CPMB (f3) B obnacth 6oee BoicokuxX yactort [8].

Cmemerre CEP Ha Harpetom

1.19030 km

T T— 1.20321 e T
Frmgueney: 10, 8706H= r2: 10. 000GH=
Range Fam ToR 1 4.46810

B.W. 1 lona

Ave. @ 2713 Rmm.  0.05m

v
Stark: 10. 700GNs Sarmple: 30/30
top 1 10.590ENH2 Swesp | LOMMa

Puc. 1. BOTDR-pediexrorpamma s yuactika OB,
narperoro jio +40°C

Juast cpasHenuss Ha puc. 2 npuseileHa BOTDR-
pedexrorpamma Ui Toro ke yuacrka OB, oxnamaétoro o —
10°C [9].

OxJ1a/IeHHBII yUacTOK YBEPEHHO 00HAPYKHBACTCH YIKE ITPH
Temneparype +15°C, n ang Oonee HU3KUX TEMNEPaTyp OTIHYa-
ercst Tosibko Macitabom cmelneHus makcumyma CPMb (fp) B
obnacth Hollee HU3KHX 4ACTOT.

Cwmemerme CEP)
H1 0XTAEIEHHOM YHacTKe

S = _.. [ioc.om
1,21460 kn [11,(]{‘[‘;_1@

1.10913 km

Dietance: 1.20404 km Fl: 50 W “:mgﬂ-
Frequancy: 10.BZ08Hz rI:10. 1] LT
Rangei 2kem IOR : 1.45810 z
BP.W. 1tms
il o siEe CBP ' pyccrogmm 1,2 km

ftart: 10. 700Gz Eampla: 3I0/30
Stop ! 10.DDOGCHZ Sweep @ LOMHz

Puc. 2. BOTDR-pednexrorpamma ans yuactka OB,
oxyanaénHoro a0 —10°C

Bo Bropom skcnepumente OblIO WCCIE0BAHO BIMAHHE H3-
ruboe OB na CPMb u xapakrepuctikn Hatsxenus OB npu ne-
puojnueckom Bosjeiicteun (npu Hamotke OB Ha kaTylky).

Ha pucynke 3 npeicrasiena kapruna CPMb OB npu ne-
pHOIMuecKOM MexaHuueckoM Boszeiicteun (OB naxoamres B
npoiecce HAMOTKH Ha Katymky) [10].

MecTo TOHEUHOrO0 MEXAHMYECKOro MOHEPEHHOro BO3JIeHCT-
BUS Ha katywky ¢ OB xopoiuo 3aMeTHO Ha pHc. 3 10 NepHO/IH-
yecknM BriOpocam Ha rpaguke CPMBb.

Taxum oOpasom, B pacemorpennbix ciayuasx BOTDR cmor
0OHapYKHUTh «I1po0IeMHbBIIY y4acToK (3a(pMKCHPOBATE MECTO
BO3/ICIHCTBHUSA ).

B Tperhem IKCIepHMEHTE H3y4aloch BAUSHUE JAHaMeTpa n3-
ruda OB na CPMB.
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MecTo ¢ Bo3jieiictene Ha OB
3
o)

Puc. 3. BOTDR-pedaexTorpamMmma npi nepuoanyeckom
posaeiicteuu Ha OB

Ha pucynke 4 npejcrasiensl uamenenus va BOTDR pe(-
JIEKTOrpamMMe B 3aBHCMMOCTH oT jnamerpa usruda OB. Mecto
n3ruda npeicTapisaio coO0H MOIYKPYT OMpeae/]eHHOro JHaMeT-
pa B 2 M ot konua OB. McenenoBanns nokasanu, 4To yMeHblile-
HUe auamerpa u3ruda MeHee 25 MM CTAHOBHMTCH 3aMETHBIM Ha
peduiekTorpaMme 3a cdeT yMEeHbIIEHHsS aMIUINTY/Ibl U H3MeHe-
HUS KPYTH3HBI HAKJIOHA XapakTePHCTHKH B 3aBUCHMOCTH OT
Jamerpa usrnda.

Ha pucynke 5, kpome uzmenennii BOTDR-peduexrorpaMmel
OT auameTpa u3ruba, MokasaHsl H3IMEHEHHs B CiIydae MHKPOW3-
ruba OB. Mecto mukponsruda (3 m ot konua OB) npeacrapis-
1o coboii nomykpyr anamerpom u3ruda | MM, chopMupoBaHHbIH
Ha CTEpIKHE COOTBETCTBYIOIIETO juamerpa. MUKponsrud Taxske
XOPOLLO 3aMeTeH Ha peieKTorpaMme.

OB wsrnd  srnb
(G.652) D6mm O 10 MM

3rnG
O 15 um

KOHEI

I
=020 MM

| 0.22012 km | [ ©0.00051 km/ | | 0.23417 km |

Puc. 4. BOTDR-peduaexrorpamma 8 mecte usrnbos OB

1 i e}
@ 15 MM

WMo WIrne

OB Oomy O10Mm

KOHCU

G
> 20 MM

Pl ey et

T e
AR

[ o-22539 km | [ o.00102 o/ TN\ [

MUKpo3rnG € 1 sy

0.23555 km |

Pue. 5. BOTDR-peduaiexrorpamma npn usrinbax u mukpousrube OB

Kax Buano u3 puc. 4 u 5, m3rubst 1 mukponsruder OB xo-
pomto 3ametHsl Ha BOTDR-pedaexrorpamMmax.

Metoa OpHIIIOIHOBCKOH pedieKTOMETPUN M03BOJIAET OCY-
ecTBAATs panHiow auarHoctuky OB BOJIC, oGuapy:xuBath
HCJI n yerpauare npobiaemsl 8 OB Ha panneii crajn.

BOTDR cnocoben obHapy:kuTh «poOieMHBIID  y4acTOK
(KaK ¢ M3MEHEeHHOI TeMNepaTypoil, TaKk U ¢ HEeKPUTHYECKH W3-
MEHEHHBIM HATSKEHHEM) H OLIeHHTh cTeneHs HaTsxenns OB, B
To Bpems kak OTDR Takux yyacTKOB He 00HApYKHMBAET.

M3rubsl n Mukpousrudsl Takke obHapyxkupaiotes BOTDR,
HO JUISl [IOJYYEHHSI MTOTOBBLIX 3aBUCHMOCTEH HeOOXO0AMMBI J10-
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MOJIHUTE/IbHBIE HecaeoBanus. B aTom ciyudae ocoOblil HHTEpec
JUISL IAlIbHEHIINX Meclie/IoBanmii npejictasisier uzydenne OB c
MEHBLIEH YYBCTBUTEILHOCTRIO K H3rubam (G.657).

ITpumenenne BOTDR B cucreme monutopunra OB BOJIC
MO3BOJIACT MOBLICHTEL A(D(PEKTHBHOCTE 0OHapyKeHus «rpodiem-
HBIX» YYacTKOB (YYacTKOB ¢ M3MEHEHHBIM HATSKEHHEM, TeMIle-
parypoii u 1. 1.), B Tom uncie ¢ HCJI.
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DETECTING OF OPTICAL FIBERS SECTIONS WITH CHANGED CHARACTERISTICS
USING BRILLOUIN REFLECTOMETER

Igor V. Bogachkov, Omsk State Technical University (OmSTU), Omsk, Russia, bogachkov@mail.ru

Abstract

A timely detection and elimination of "problem" sections of optical fibers (OF) is the important problem of monitoring and early diag-
nostics of fiber optical communication lines (FOCL). Optical fibers sections with changed temperature, changed strain, OF bends and
microbends, OF sections with unauthorized access (UA) are understood as "problem" sections in this work. FOCL have a high degree
of information protection from UA by comparison with other telecommunica-tion lines. In spite of the high costs and complexity, UA
to OF is possible, although interception of informa-tion requires direct physical contact with the OF.

It is important to provide long and reliable FOCL service should not only make timely control of the OF integrity but also detect the
"problem" OF sections having increased mechanical strain or temperature differ-ences. Even insignificant ground deformation caused
by different reasons can lead to mechanical strain in OF located inside the cable.

Temperature changes in OF can signal the occurrence of the "problem" FOCL section. Timely detection of similar sections allows to
take the necessary measures to eliminate the accident until the OF destruction. Monitoring systems of OF constructed using a tradi-
tional optical time domain reflecto-meter (OTDR) are not able to solve this problem. There are ways of information interception from
OF based on the cooling, the OF stretching, the bending effects in the OF. In this case, the BOTDR application is desirable in the mon-
itoring system, although BOTDR widespread is limited due to their high cost. BOTDR reflectograms of fibers sections with the
changed temperature, at periodic mechanical impact on OF, bends and microbends are provided in this work.

Using BOTDR in the fibers monitoring system allows to increase efficiency of the "problem" OF sections detection (sections with the
changed tension, temperature, etc.), including sections with UA. Brillouin reflectometry method allows to carry out early FOCL diag-
nostics, to detect UA and to eliminate problems in the OF at an early stage.

Keywords: optical fiber, early diagnostics, Brillouin reflectometry, bend, microbend, strain, unauthorized access.

The work was performed with the financial support of the Ministry of Education and Science of the Russian Federation
within the scope of the base part of a State Assignment within the sphere of scien-tific activity (Project No. 8.9334.2017).
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Beenenne

Hcenenoranue cBoilcTE MyJIbTH()EPPOUAHBIX MaTEPHAIIOB
[IPOBEIEHO C LIEJIBIO YTOUHEHHS YIEKTPOTEXHHUYECKUX XapakTe-
PHUCTHK W HOBBIX (PU3UYECKUX CBOWCTB JUIsl JajbHEHILero Hx
UCTIONB30BAHMS [P Ppa3pabOTKax YCTPOICTB /Ul IKCTPEHHOrO
ctupanust uH(Gopmainu [1]. AHanu3 MyIsTH(EPPOHIHBIX MaTe-
pPHAJIOB HA OCHOBE AJIEKTPOIM3HOTO M XHMHUYECKOTO OCAMK/ICHHS
HUKEIbCO/IEPIKALINX, KODAIBTCOJAEpKAIINX M IKeIe30Cco/IepiKa-
IIMX CIJIaBOB TTO3BOIMT YTOUHHTH MAarHHTHYI) BOCIPHHMYH-
BOCTh MaTepHaloB U pa3padoTaTh TEXHOIOTHYECKoe 000py10oBa-
HHe [2] s MecaeqoBaHus MArHUTHBIX CBOICTB 00OpasiloB Moj
BO3/ICHiCTBHEM BHENIHUX 2JIEKTPOMArHHTHEIX MOJIEH.

MarauTHble 1 AHH30TPONHBIE CBOHCTBA MATEPHAJIOB

NOJY4EeHHBIX YJIeKTPOJIH3IHBIM

Kak werpynno 6buto yOenuThesi, MHOIHE TOHKOIUIEHOUYHbIE
MarepHaibl ¢ IEpPHeHMKYJISPHON MarHUTHOH aHWU30TpOInei
IOJIy4alOTCsl NPEMMYILECTBEHHO Pa3HBIMH criocodaMH Harbuie-
Hus. TeMm He MeHee, DKCIEPUMEHTaIbHBIE PA0OTHI OKA3BIBAIOT,
4TO MPH HEBAKYYMHOM (DOPMHPOBAHHH TOHKHX IUICHOK, B OC-
HOBHOM IIPH JEKTPOJIM3HOM OCAMICHUH, MOTYT OBITh JIOCTHI-
HYTHI CpaBHHTCﬂbHO HEIUIOXHE MArbdMTHBIC H aHH30Tp0]'IHb]e
cBOHcTBa paboyero cosi HOCHUTENS, BIIOJIHE MOJXOMALIErO st
peanusaluu neprneHaukysipHoil sanucu [3, 4]. Hanpumep, na
marHuTHOM jiucke ¢ CoNiMnReP — paGouum cioem, nosyues-
HBIM 2JIEKTPOJIH3HEIM ocaskaenneM CoNiMnRePrieHok cuibHO
3aBHCAT OT KoHIeHTpanun NiSO,. N

ITpenensl u3mMeHeHUsT KOIpUUTHBHON cuabl H . m Hamaruu-
YEHHOCTH HACHIIIEHHs B 3aBUCMMOCTH OT KOHIeHTpanun NiSO,
COOTBETCTBEHHO PaBHBI 35.2-102 u 104-252 kA/M. MakcHuMalb-
HOe 3HayeHue HHeprum anmszorpornuu Ku, cpasuumoe ¢ Ku
JLIA HallbIICHHBIX KOGaﬂbT—XpUMOBb[X IJICHOK, paBHO
1.6%107 Jlx/em’. MuHUMasbHAs JHCTIEPCHs OCeH aHH30TPOINH
cocrasjsier okono 12°. Jinst cpaBHEHUs ClelyeT OTMETHTh, YTO
HANbUICHHBIEC TUIEHKH ¢ MEPHEHAMKYJISPHOH MarHUTHOH aHM30-
Tponueil M3 pasHbIX MaTEpPHAIOB, B TOM 4YHMCiIEe M KOOAaIbT-
XpOMOBBIE, UIMEIOT TOpa3/l0 AYYLIYI0 OPHEHTALMIO Oceil aHn30-
TPOIUH, KOTOPasi BaKHA MPU JOCTHKEHUU J0CTATOUHO BBICOKOH
IIOTHOCTH 3anucu [5]. HeruroXuMu MarHUTHBIMHE CBOMCTBAMH
obnamaer paboumii cioil, chopMHPOBAHHEIT TEKTPOOCAMKICHH-
eM HHuKend, kobansTa M kee3a Ha MgAl-ocnoBy ¢ 4% couep-
kanunemM Mg, MgAl-ocHoBa moaBepraiack XMMHYecKoii oOpa-
OoTKe, B pe3ylIbTaTe KOTOPO B €€ MOBEPXHOCTHOM Clloe 00pa3o-
BBIBAJIACh MOPUCTAsA CTPYKTYPA.

Ha Takyio OCHOBY M OCYMIECTBIAIOCH JJEKTPOOCAMICHHE
pabodero crosa. Ha oaHOI M3 3aKII0UHTENLHBIX cTaui pabounii
cnoii mojBeprazics nonupoBke. [Ipu snexrpoocaskaeHny mopsi
3aMOJIHAINCh MArHUTHBIM MaTEepUaJioM, 1pu 3ToM (opmuposa-
JIMCh I'€KCaroHaJIbHEIC H‘-{Qf‘][{[fl C HEHTpaJTbe]MH MAIrHUTHBIMH H
nepu)epuitHpIMH  HEMAarHUTHBIMM  30HamH. C  yMeHbILIEHHEM
JIMAMeTpa 1op KOAPUUTHBHAS CHJIa MOHOTOHHO pacrteT. J{namerp
nop okojgo 20 HM, YTO COOTBETCTBYET KOIPUHMTHUBHOI cCHIIE
160 kA/M npu ux 3anojHeHHUH kene3om. Pesyiasrarel Habmmoie-
Hiust MUKPOCTPYKTYpbl CONIP-1uleHOK ¢ nepreHnKyispHoii
AHU30TPONHEH, OCAKIEHHBIX AJIECKTPOIM3HBIM CIOCOOOM, MOKa-
3bIBAET, YTO pasMepbl U (POpMa KPHCTALIOB BIUSIOT HA KOIPIH-
TUBHYIO CHITY B IIEPIEHIUKYJIIPHOM HalpaBjieHuu |5, 6].

[Inenku ¢ OGojiee BLICOKOI KOOPUWUTHBHON CHIIOH cojepixar
KpHCTa/UIHUeCKHe 3epHa OONBIIMX PAa3MEpOB C YIOPAT0YEHHOH
KpHcTauiorpaMueckoil CTpyKTypoil B BHIE MepleHJInKYIApHO

OPHEHTHPOBAHHBIX CTONOHKOB. OJHAKO Takas ynops04eHHas
crosibuaras cTpykTypa He Habmopanack juid niaeHok CoNiP ¢
OTHOCHTEJILHO HM3KOH KOAPUUTHBHOH cuIoH. AHM30TpOIMs
(opMbl, a TaKKe KpucTaorpaduuecKkas aHH30TPOITU, CYIIECT-
BEHHO BIMAIOT HA MArHUTHBIE CBOHCTBA JAHHBIX TUICHOK.
Ha HawanbHOH cTagum ocawaeHus: oOpasyioTcst odoraiieHHbIe
HUKelleM Oecrops/IoYHO OPHEHTUPOBAHHBIE KPUCTAIIIMTEI C Tpa-
HElleHTPUPOBaHHOW KyOu4eckoii cTpykrypoii. [Ipn nansneiinem
ocakIeHNH (POPMHPYIOTCA CTONOYATBIE KPUCTAIIIMTEI € TeKca-
FOHAILHON MJIOTHOYTIAKOBAHHON CTPYKTYPOM, XapakTepHOM s
BBICOKOKOIPLUUTHBHOI cpelbl. B To jke BpeMs B IJIEHKAX ¢ HU3-
KO KODPIMTUBHOM cHI0i HabMI0at0Tess KPUCTAILUTUTHE C TPpaHe-
HEHTPUPOBAHHOI KyOHUYECKOil M reKcaroHalbHOH IIOTHOYTIAKO-
BaHHOMH CTPYKTYpaMH.

Kenezo-koOanbToBbIE HA ATIOMHHHEBOH OCHOBE IUICHKH, 110-
JIyYEHHBIE B PE3YJILTaTE IEKTPOOCAKICHHS, COACPIKAT JKEIe30-
KOOQJIBTOBBIE YACTHIIBI, HaXOJslIHecs B OJHO(QA3HOM COCTOSI-
HUM. B jaHHBIX [U1eHKax HaOII0AalTCs MOPbl CPABHUTENIBLHO
Hebonbmoro guamerpa — okono 15 um. Ilnenkn ¢ 34 % conep-
aKanueM KoOanbra 0071a/1al0T CPABHUTENIBLHO HEIIOXHMH Mar-
HUTHBIMH [1apaMETPaMH: KOIPLMTHBHAS cuja paBHa 216 kA/Mm,
KOY(DQHUIHEHT NPSAMOYToJbHOCTH neTiu rucrepesuca M,/M; =
0.90. [lanHble IUIEHKH XapaKTepU3YHOTCs CPaBHUTENbHO OO0Jb-
woit sueprueil auuzorponuu. [1o CBOMM MarHMTHBIM M aHH30-
TPOIMHBLIM CBOHCTBAM OHM MOTYT CIIYKHTH MaTepHaioM pabodero
CIIOsl HOCHTEIEH ¢ MepreHIHKYIApHBIM HaMarHuuuBanuem [7].

Ocaxnennsim snekTposinzoM CoNiReP-nnenkam takike npu-
cyllla MNepreHIuKyIApHas MarHuTHas anu3zotponus. B Takux
NIIeHKax HaOMIOMAal0TCs 30HBI C PA3HOH CTENEHbI0 KPUCTAILIH3a-
i, Jlns HUX XapakTepHa cepreraims MHKPOCTPYKTYPHI: (ep-
pomarauTHas oborameHHas kodanbTOM (ha3za HAXOIUTCHA B 1IEH-
TPaabHOH YacTH KPUCTAIMYECKHUX CTONOMKOB, OKPYKEHHBIX
HemaruuTHoi NiP-gazoil. Jlnst yaydmieHus XapakTepHCTHKH
3aIMCU-BOCIIPOM3BE/IEHUS B IIPOLIECCE IEKTPOIU3HOIO OCaXle-
Hus Ha ruOKol ocHOBe BHavale (POPMUPOBAICH IUTAKCHAIbL-
Hblii NiMoP-cnoii, a 3arem ocHosHoii CoNiReP-cnoii. Ilone
AHM30TPONMH U KodpuuTusHas cuina H", snutakcuanbHoro cios
3aBUCAT OT KoHIeHTparmu NiSO,.

Jlns xonuentpammii 0.10 u 0.06 mons/mv’ H", coorserct-
BeHHO paBHa 4 m 6.8 kKA/M. Kpucramiorpaduueckas cTpykrypa
IMUTAKCHAIILHOTO CJIOS SBJIAETCA TPAHEleHTPHUPOBAHHONH KyOH-
YeCcKoii, a OCHOBHOI1 CIIOIi COCTOMT M3 TeKcaroHaILHOH (OPMBI ¢
MIIOTHOH ynakoBkoi, C-0CH KOTOpOH OpHEHTHPOBAHBI B IEp-
MEeHIMKYJISAPHOM HAMpaBJeHWN K TUIOCKOCTH nomanoxk. [Ipu
MCCleIOBAaHUM NpoIlecca NepeMarHiyMBaHus BBIABIEHO, UTO 115
OCHOBHOTO cJI0s npeo0sajlaeT MeXaHW3M BpalleHus BeKTopa
HAMAarHMYEHHOCTH, a U1 MUTAKCHATBHOTO — MEXaHM3M JIBHIKE-
HHA  JIOMCHHBIX ]"paH[r‘]Ll. MeHbLlJaﬂ KD3pHHTHBHaH cuia
NiMoPcios coorsetcTByeT 00jIe€ BBICOKOMY YPOBHIO CHrHala
BOCIIPOM3BE/ICHHS KAK JUIsl HU3KOH, TAK M JUIsl BBICOKOH ILIOTHO-
¢t 3anucu BrutoTh 10 8000 Ilep/mm.

MarHuTHbIE H AHH30TPOINHBIE CBOHCTBA MATEPHAJIOB

]'IOJ'ly‘IeHHbIX XHMHYECKHM OCaXKIeHHEM

B pesynbTate BBIOOpa ONTHMAJBHBIX YCIOBHIT XHMHYECKOTO
OCaXIeHUsT KOOANLTHUKENLPOCHOPHEIX MIIEHOK ¢ MEPIEeH/IHKY-
JIAPHON aHM30TPONUEH JOCTUTHYTA KOIPIMUTHUBHAS CHJIA OKOJIO
120 kA/m Oe3 cylIeCTBEHHOTO W3MEHEHHA HaMarHWYeHHOCTH
HACBIINEHUA ¥ KO3 UIHeHTa TPAMOYTOILHOCTH METIH THCTE-
pe3nca [8]. Kak mokasan aHaan3 METOMOB 3JIEKTPOHHON IH-
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(pakimu, JaHHble IUIEHKH COCTOAT U3 obnacteil ¢ nepreHuKky-
JISIPHO OPHEHTHPOBAHHBIMU KpHCTALIMTAMH 1 obJacTeii ¢ cytie-
CTBEHHO MEHEe BbIPaKEHHOH opuenTauueil kpuctanauros. C
MOBBIIEHHEM KOIPLUUTHBHON CHIIbI pasMep KPUCTALIMTOB pac-
ter. B pabore [3, 9] nccnenoBanich XapakTepHCTHKH 3allUCH-
BOCIIPOU3BE/ICHN Ha HOCHTENE MEepHeHANKYISpHOIl 3amicH ¢
JIBYXCJIOHHBIM TOHKOILUIGHOYHBIM MOKpbITHEM. JIByXCroitHoe
(CoNiReP/NiFeP) nokpsiTie HAHOCHIOCH METOIOM ICKTPOIIM3a
Ha MOBEPXHOCTH THOKOro JMCKa.

KoopuurusHas cuia B HepHeHIMKYISPHOM HarnpasieHUN
OCHOBHOTO C€J10s cocTaBsia okono 96 kA/M. Msrorasnusanucs
MArHHUTHBIE JUCKH C Pa3HOil TONMIMHOI MOKPBITHA U KOIPLHTHB-
HOI cHIoif marHUTHO-MsTKOro cios NiFeP. Jlng sanwucu-
BOCIPOU3BE/ICHNA MCIONB30BAINCE MaccHBHas (eppuTOBas ro-
JIOBKA M MarHWTHas TOJOBKA C METAIIMYECKHM 3arolHEeHHEM
pabouero 3azopa. Ha aByxcrnoitnom nocurene ¢ 6onbiueii koap-
HUTHBHOIT cniioit MaruuTHO-MsArkoro cios NiFeP ¢ nomouisio
(eppuTOBOIi TONI0BKH Moay4yeH Gojee BBICOKHIT ypOBEHb CHIHa-
112 BOCTIPOM3BE/ICHUS.

O/1HaKo Ha 3TOM K€ HOCHTEIE NPH 3aMHCH-BOCTIPOM3BEICHUH
MAarHMTHOI FONOBKOIl ¢ METAIMYECKHM 3anoaHeHneM pabouero
3a30pa JIOCTHTHYT Camblif BBICOKMIT ypOBEHb CHIHAIA BOCHPOM3-
BeJeHHs, uTO OOBsCHAETCS A0BOJIBHO A(D(YEKTHBHBIM B3aUMO-
JeHCTBHEM MAarHUTHOTO MOJIS PACCESHUS TOIOBKH € BBICOKOMPO-
HHIIAEMBIM CII0EM HOCHTEIISL.

JakiaoueHune

HccnenoBanns M aHanu3 XapakTepuCTHK MyJbTH(eppon-
HBIX MAaTepHaJIOB IMO3BOJIMINM PACKPBITH CBOHCTBA MaTepuaioB
MOJIYYEHHBIX JIEKTPOIU3HBIM XMMHUYECKUM OCAXKICHHEM, a TaK-
JKe mporecchl (azoBbIX MEPEXO/I0B MArHUTHBIX MaTepHalloB,
YTOUHHTh KOIPUMTHBHYIO CHJIY MArHUTHBIX MarepHalloB, 3Haye-
HHME HAMArHMYEHHOCTH TOHKHMX IJIEHOK MarHMHTHOIO Marepualia.

AHann3 pe3yJbTaToB MO3BOJSAET C/e/aTh BbIBOJ O BO3MOK-
HOCTH CO3/1aHusA 000Opy0BaHUA C MArHUTHOIH cHCTeMOi, obec-
MEUMBAIOLIEH CO3/aHME MarHUTHBIX [10JCH, HanpsKEHHOCTH
KOTOPBIX MPEBOCXONT 3HAYEHHA KODPLUMUTHBHON CHIIBI MYJIbTH-
(eppuAHBIX MaTepHAIOB, NPUMEHSEMBIX B CYLICCTBYHOIINX
HOcHTENAX HHpOpMaLnm.

YBepeHsl, 4TO MPE/UI0KEHHbIC MCCIICI0BAHNS HAILYT 1IHPO-
KOe [pPHMEHEHHE B cliydasx pa3padoTKH TEXHOIOrHYECKOro
obopy/loBanusi B npomeiilieHHbIX ueasx [10] ¢ MarHuTHbIMM
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cucTeMami, o0ecreunBalonMMi CO3/IaHue MArHMTHBIX noJiei,
HaTpAaKEHHOCTE KOTOPBIX TPEBOCXOANUT 3HAYCHHUA KOIPUHTHB-
HOI CHJIBI Marepualia.
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Abstract

Investigations of the properties of multi-ferroid materials for the purpose of their possible use in devices for emergency information
destruction have been carried out. The characteristics of the materials made it possible to refine their phase changes from external
influences and to study the magnetic properties. When considering the magnetic properties of thin films, such material characteristics
as coercive force and saturation magnetization, as well as their dependence on the technological conditions of electrolytic and chemi-
cal deposition, the thickness of the film, the percentage composition of its constituent elements, and the microstructure of the film
were studied.

Keywords: multiferroic materials, phase transition, coercive force, thin-film sample, anisotropy, electrolytic chemical deposition.
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BOJIbLUME CUCTEMbI ANCKPETHbIX YACTOTHbIX CUTHAJIOB:
NMPABUJIA NOCTPOEHMNA U OCHOBHbLIE XAPAKTEPUCTUKU

AapeHckuin Bnaaumup OAmurpuesunu,
Qryri "18 LUHMM", Mockosckas obnacms, Poccus

Muwnn Muxaun IOpbesuy,
@rymn "18 LIHUMN", Mockosckas obnacms, Poccus

Kanyctkun Angpein lOpbeBuy,
Qryri "18 LUHMN", Mockosckas obnacms, Poccus, Kntoueesie cnoea: 6onswue cucmembl dUcKpemHbIx
kapustkinau@gmail.com yacmommsix cueHanos, KB kawarn.

B Hacroswee BpeMa cnoxHble curHanbl (CC) npuMeHaAloTca B MHGOPMALMOHHBIX paguocucTeMax
pasnuyHoro HasHaveHus [1-3] c Uenblo ynyylleHUAa TaKUX XapaKTepUCTUK PajMoONIMHUNA, Kak NoMe-
XOYCTOW4MBOCTb, CKOpPOCTb nepeaayn, 3¢pceKTUBHOCTL MCMONb30BaHMA MOJNOCHI, JOCTOBEPHOCTb
cBasun. Kak npaeuno, npenmyiectsa CC onpegensiorca BenuunHow 6a3bl curdana. B 1o ke Bpema B
YCNOBUAX OTPaHUYEHHOM MOMNOChl YAacTOT yBenuyeHue 6asbl curHana BeAeT K CHUXKEHUIO CKOPOCTH
nepepayu. MosbicuTb CKOPOCTL NEpeAaln B TAKMX cUcTeMax 6e3 pacllMpe-HUA NONOChl YacToT MO3-
BOJIAAET UCMOJIb30BaHUE CUCTEM CUTHAJIOB 3HauuTeNbHOro o6beMa. NMpuMeHeHne cuCTeMBbI CUrHanoB
obbemom V- noseonser ao log,V- pas noebicuts MHGOPMaLMOH-HYIO €MKOCTb CUMBONA cOOBLLeHMNA
M COOTBETCTBEHHO YBENIMYUTb CKOPOCTbL MEepeAaYu, Npy 3TOM BO3HUKAIOT JHEepreTMyeckue nortepw,
CBA3aHHblE C yXyZLLIEHMEM B3aUMHO M aBTOKOPPENALMOHHBIX XapaKTEPUCTUK CUTHANOB B CUCTEMe.
B cBA3M c 3TUM, 0cOGbLIN MHTEpEC NPEACTABNAIOT CUCTEMbI CNIOXKHBIX CUTHAJIOB 3HAYUTENBLHOTO 06be-
Ma C ManbiM YPOBHEM MUKOB B3aUMHO KoppenaumoHHbix ¢yHkumin (BK®D). Cpeau pasnuyHbix kKnac-
cos CC HanbGonee MoLLHble cUCTEMBI MOTYT ObITb NO-CTPOEHbI Ha 6a3e ANCKPETHbIX YaCTOTHbIX CUT-
HanoB (A4C). B pa6otax [|, 2] onucaHbl npaBuna nocrpoennsa HopManbHbix cuctem A4C, o6bem
KOTOpbIX CPaBHUM CO 3Ha4YeHueM Gasbl B, a Takke nNpefcKasaHo CyleCTBOBaHME GOMBLUMX CUCTEM
(BC) curHanos n nony4eHbl oLeHKU nx o6beMoB. OfHako NpaBuia NOCTPOEHUA CUCTEM CUFHAmNOB
06beMOM, MHOTOKpaTHO NpeBbiluatoLMM 3HaveHue 6asel [1HC, He HalaeHbl. Ha ocHoBe u3BecTHOrO
noAxofa, OCHOBAHHOTO Ha UCMOMb30BaHWUM MONIMHOMA HEYETHBbIX CTEMEHEN, NPeAsIoKEHO perynsap-
Hoe npasuno nocrpoeuusa BC JYC o6uemom B2, CyTb npeanoxeHHoro npasuna coCTouT BO BBe-
LEHUN [OMOJSIHUTENbHOM CBA3U MexAy k03¢ ULMEHTaMN NONTMHOMA, KOTOPOE 3a/jaeTcA C MOMOLLbIO
ob6pasyiouiero Bektopa. NpuseaeHo BbipaxkeHUe Ana pacyeTa curHanos, Bxopaawmx B BC, a takke
npumMep o6pa-3ytoLero Bektopa. KpoMe Toro, npefcraeneHs! pesynsraTbl OCHOBHBIX XapaKTEPUCTUK
BC AYC, Bkniouyana nHopMaLMOHHYI0 eMKOCTb U Kogosyto ckopoctb [1HC. lMNMokasaHo, Yto o6beM
BC OYC cootBerctByeT TeopeTuyeckum nporHosam Bapakuna J1.E. OueHka koppensauMOHHbIX
cBoycTB no-ny4eHHbix BC AYC paerca B Buae pacnpepeneHnsa BepoOATHOCTH MO YUCIY COBMAAEHUNA.
Ana cpaB-HeHUA ¢ HopManbHbIMK cucteMamn [YC ucnonb3oBaH Nokasarenb NPMBEAEHHOTO paccTo-
AHMA Me-KAYy CUTHanaMm cucteMbl. YCTaHOBNEHO, YTO GonbluMEe CMCTEMBbI MO3BOJNAIOT YBEJMUYMUTD
yKa3saH-Hbli nokasarens npuMepHo B 1,5 pasa.

Uncpopmauus o6 aemopax:

Hapenckui Bnadumup Amumpueeud, d.m.H., 6edywuli Hay4Hbil compydruk, @Y "18 LIHUN" MO P®, Poccus
Muwun Muxaun FKOpsbeeuy, K.m.H., cmapwuil Hay4Hslld compydruk, @Y "18 LUHMMN" MO P®, Poccus
Kanycmkun Andpeti FOpbesuy, cmapwuil HayuHslld compydnuk, Pryr "18 LUHUN" MO P®, Poccus
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xapaktepuctuku // T-Comm: TenekoMMyHuKaumm n Tpancnopt. 2017. Tom | 1. Ne7. C. 13-16.
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CBA3b

Jlna nepeaun uHQOpMALMK 110 KaHalaM CO CIOKHOH Nome-
XOBOH 00CTAaHOBKOH HAaXOJAT NPHMEHEHHE CHTHATBHO-KOJOBbIE
KOHCTPYKIIHH, OCHOBaHHbIe Ha ucnonb3osanuu UC [1-4]. Oc-
HOBHBIMH TIPEHMYIIECTBAMH 3TOI0 KJacca CHIHAIOB SBJIAIOTCA
BBIIOJIHEHHE BBICOKMX TpeDOBAaHMl, NPEAbLIBISEMbIX K ITHK-
axropy, Gonbimas pasmepHocts andasura 2’ — 2% u Gonee, a
TaKKe TPHUBJIEKATENbHBIE ABTO M B3aHMHO KOPpEIALHOHHBIE
cBoiictea. OJHAKO IS NMEPCNEKTHBHBIX MPOTPAMMHO OIpeje-
JSAEMBIX PaIHOCHCTEM TPeOYIOTCA CHCTEMBbI CHTHANIOB ropasjio
Gosnburero oovema J,.. Hanpumep, B pabote [S] nokasauo, 4to

24
o0beM . pocturaer 2.

Jlis pocrvakenus Takoit pasmepHoctd andasura Tpebyrorcs
Sonprme cuctemer JJUC (BC UC), B To Bpemsi Kak Bce H3BECT-
HBIE OTHOCATCS K MAJIBIM H HOPMaJIbHBIM.

IIpunsito cpaBuusars 00bem cuerem I4C . ¢ ux Ga3oii B.
Pasnuuaior mManble cuctemsl ¢ V. < B=N?, rae N — obuiee
uncno snementos B JIUC, HopMaibhbie ¢ V. = B 1 Goubiune ¢
V.. > B. K Manbim otHOCAT ontuManbHbie cuctemsl JIUC [2].

K HOpMa/IbHBIM OTHOCSAT HW3BECTHBIE KOMIIO3HIHOHHBIE CHC-
teMbl (KC), 06bEM KOTOpBIX paBeH N(N —1) H J0cTaTo4yHo O61n-

30K K 3Ha4eHH10 Oa3bl. B3aumuo koppensuuonnslie cpoiicrsa KC
XapaKTepU3yIoTCa TeM, YTO HPH [POW3BOJILHOM CIBHIE MAKCH-
MaJIbHOE YHCJIO COBMAJEHHI MEKIY IBYMS I0OCI/IE0BATEIbHO-
CTAMH p  <4.

H3sectro, uTo KC ¢ MUHUMaNbHON B3aMMHON Koppesaiue

CoEn

n. =3 MOKHO NOCTPOMTH MpPH YCIOBHH @g N, Toe

N— NpocToe 4YHCIO. B NPOTHBHOM cCily4ae MHHHMA/IbHOE KOIIH-
4YEeCTBO COBNAACHHI = 4. ﬂeﬁCTBHTeﬂbHO, €CJIH paccMaTpH-

Bath KC ¢ N <41, 10 n,, =3 Aocruraetcs npu N =11,17;23;

29,41,ac n,,,, =4 npu N=7,13,19,31,37 [4].
B paGote [2] TeopeTHYECKH MOKa3aHa BO3MOKHOCTh CYILIECT-
sosanus bC JTUC u npuseaeHa oleHka X cpeanero odbema E

—_ 025, +D!NN! (1)
toex +1)le”

NNle' +(n,,

OnHaKo npaBHiIa UX MOCTPOSHHUS HE ONPE/IE/ICHBI.

Jng cunresa BC JJUC npumeHHM NOJMHOMHAIBHOE MpPaBU-
110, KOTOpOE MO3BOISIET MOTYYHTh YaCTOTHO-BPEMEHHBIE MOCIe-
JIOBATEJBHOCTH C HEMOJHBIM MCIMOJIB30BAHHEM YACTOTHBIX MO3H-
mwiii N. <N [2], u chopMHpoBaTH MHOXECTBO TMOCIHEI0OBA-

tenpHocTell 06bemMom N | ¢ makcMManbHOH B3aMMHOI
Koppensuueii /N , rjie r— CTeneHsb NoposIatoLero nojHHoMa.

3aMeTHM, YTO paccMaTpUBaeMblif KJacc CHMIHAJIOB HMeeT
KBaJIPATHYK 4aCTOTHO-BPEMEHHYIO MATPHILY (MMCII0 YaCTOTHBIX
M BPEMEHHBIX nosuuuii pasHo N ). Iloatomy B Tex ciyuwasx,
KOrjla 4acTh YacTOTHBIX MO3MIMH B TIOCIEI0BATEILHOCTH HE
UCIIOJIB3YETCs, APYrHE YACTOTHBIE MO3HIIMH UCIONb3YIOTCS MHO-
rokpatHo. [Ipu sToM renepupyemsiii curnan orHocures Kk JIUC
l-ro mopsaaka, Tak Kak Ha OJHOH BpeMEHHOMH MO3HIMH BCEraa
HaXOJIMTCS TOIBKO O/IMH 3JIEMEHTAPHbIH CHUrHAa,

ITpaguno GopMupoBaHus yKazaHHBIX 10C/E10BaTEILHOCTE!
Oasupyercs Ha UCIOJIb30BAHHH MOTHHOMOB HEYETHBIX CTeneHeH

aj(y)zgcﬁy‘ +C,(mod N)> (2

Fuen

rje r 23— HeueTHoe; N — NpocToe YHCIIOo;

7,C,=0,N=1; C;; =1, N—1 1pn S =r;

C. = 0,N -1, npunevemnovixSusS #r

I8
0, npuvemmnoix S.

JeranbHoe u3yueHHe CBOICTB MosydyeHHBIX 1o (opmyne (2)
MOC/IE/I0BATEILHOCTEH  [0Ka3a/l0, YTO MHOKECTBO CHIHAIOB,
MOY4aeMBbIX MPH » =5 M padiM4HbIX N , BKIOYaT B cels He-
CKOJIBKO MOJMHOKECTB CHTHAIOB, Pa3iHYalOUIMXCH KOIHYECT-
BOM HMCHOJIB3YEMBbIX 4YacTOTHBIX mo3uimii N, . [lpu stom B

Fuen
pajae ciaydaes yaaercd Mnojiy4uTh MHOMKECTBO CHIHAJIOB C paBHO-
MEPHBIM CIIEKTPOM, JUIsl KOTOpBIX N, =N . MenHo rtakue

CHTHAJIBl ABJAIOTCH HCKOMBIMM, MOCKOJIBKY MPEICTABAAIOT HaH-
OosbLIMI MHTEpEC UIA NPAaKTHYECKUX npuioxkenuil. Heemorps
Ha HX OTHOCHTCIBHO Majlo€ 4YHCIO B OGI.U.CM ICHCpHPYCEMOM
MHOecTBe (nopsjka 1/ N 4acTe OT Bcero odbeMa), OHH MO3BO-
JIAI0T MOJYYHTh CHCTEMBI ropasio Oombinero obovema, yem KC
JUC.

[IpoBesienHbIe Heele10BaHK TIO3BOJIHIN pa3paboTaTh HOBOE
perynspHoe npasuio nocrpoenus cucrem JIUC, cyte kotoporo
COCTOMT B CJIE/IYIOIIEM.

B oGpasyioniuii noaMHOM 5-i CTeneHH BBOJIMTCS JOTIOJIHH-
TelbHAas CBA3b MEXAY Kod(pduumenTaMn W Uis MOCTPOEHMSA
KOHKPETHOMH M0C/Ie/10BaTEILHOCTH HCNONB3yeTes hopmyia

a,(9)=(C.y" +C,7’ +((G,;, (C,)C;)mod N)y+C,)mod N » (3)

rae G, (C,) — o0pasylouiuii BEKTOp, KOTOpBIi 3apaHee paccun-

ol

N,Cy,C;=0,N -1,
C,=1, N—1, j — HOMEp CHIHama, COOTBETCTBYIOUIMH KOMGHHa-
1 KoadduuneHTos Cos O, B,

B Tabnuue 1 B kauecTBe mpuMepa NpHBEICHBI 3HAYEHUS 06-
pasyiouiero Bekropa G, (C,) npu usmenennn C,; ot 1 1o 22-x

abp

TBIBAETCA I  KOHKPETHOrO  3HaA4YCHHUA

i ciryvas N =23,

Tabauua 1
Cs 1 3 3| 4] 5] 6| 74 & 9f 1 19 13 13 14 1 19 17 18 1 20 21| 23
5 b y. p- py. b =
G 4 A 200 1§ 17 100 2 19 22 6] I8 5| 170 1| 4] 210 13 11y 8] 3| 14 9
obp

B tabnuue 2 npencraBieHsl XapaKTEPHCTHKH MMOJYYEHHBIX
cucrem JTUC npu =5 uis pasandHbIX 3HAYEHH N .

Tabnuua 2
[Mapamerp Konuuectso cocrassiommx, N
13 17 23 37 43 47
basa curnana, B| 169 289 529 1369 1849 2209
Obwem cucre- | 2028 | 4624 | 11638 | 49284 | 77658 | 101614
Mbl, Vi
Hud. emxocte, | 10 12 13 15 16 16
E - (6uT)
Konosas 0,77 | 0,71 0,57 0,41 0,37 0,34
CKOPOCTh,
Epp! N
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U3 tabmnusl 2 BHIAHO, 4TO 00bEM MOITYYEHHBIX € HCIIOJIB30-
BanreM mpaBuia (3) cuctem JUC npu n. =5 mga N = 13

cosn
GoJiee, YeM Ha MOPSJIOK MpeBbiIacT 3HaueHne 6asbl. C ydeTom
Toro, uro kodpduuuent C; u3mensercs B npenenax or 1 jo
(N-=1),a C, n C, or 0 no (N—1), oosem cucrems {UC pa-

Ben N°(N-—1), uto B N pa3s Gonbme oobema KC. ITostomy

NlaHHBIE CUCTEMBI CHTHAIOB MOTYT OBITH OTHeceHH! K Kiaccy bC
JUC.

Heobxoanumo ormernts, uro bC JTUC ¢ 1 =S cymectsy-
0T s mpocTeiX N, YJIOBICTBOPAIOUMX  YCJIOBHIO:
—(N_l)eg N u —(N+l)e5 N . DtuMm 0oObACHSIETCH HEBO3MOXK-

5 5

nocth rerepain BC JIUYC, nanpumep, npuy N =29 u 31.
Ha pucynke 1 npesicrasiens 3aBucumoct o6sema V. u Ga-

361 curHana bC or N, a Taxke TeopeTHdeckas OLEHKA MHHM-
manbHoro oobema BC JIUC, paccuurannas no gopmyne (1).

Ve

[

ta

88 bawm J'C

Add Teoperimeckas omeHEn MomgHocTit JHC

@®® NonrocTs GOMLINN CHCTeM

25 27 29 31 33 35 37 39 41 43 45 &7
N
Puc. 1

AmHanus 3aBUCHMOCTEH, NPE/ICTABICHHBIX HA PHC. 1, NOKa3bI-
Baet, 4to bC JIUC no Benuunne o0bEMa HE TOJIBKO NPEBOCXOIAT
6a3y, HO M COOTBETCTBYIOT TEOPETHYECKHM OLEHKaM CpejHei
mounoct BC JIUC, paccunranneiMm no ¢opmysne (1). Takum
oOpa3om, 3a1a4a CHHTE3a peryIApHOro npasuia nocrpoenns bC
JUC, crosiuas nepen pazpadoT4MKaMH B TEYEHHE JTMTEILHOTO
BPEMEHH, YCNEITHO pelleHa.

PesynbTarhl OLIEHKH KOPPENALMOHHBIX CBOICTB MOIYYEHHBIX
bC JIUC B Buze pacnpe/ie/ieH!ss BEPOATHOCTH COBMAJCHHH MPH
OTCYTCTBHH BPEMEHHOTO CABHIa MEXKIY MOCIEN0BATEILHOCTAMHI
quist N =13, 17 npusesenst B Tabi. 3.

Tabnuua 3
N PacnpeneneHne YHcaa COBNANCHHH, Pepm
0 1 2 3 4 5 6 7
13 0,34 | 043 | 0,14 | 0,07 | 59107 | 7,6:107 | - -
17 0,34 | 042 | 0,14 | 0,08 | 6,1-107 | 5,5:107 | - -

AnHanu3 Tadauiel 3 NOKa3biBaeT, 4TO YUCJIO COBNAJICHHI OT-
JIEJILHO B3ATOT0 CHIHAJIA ¢ OCTAJILHBIMM CHTHAJIAMH Pas/IHYHO K

namensercs ot 0 1o 1 I'lpH ITOM BCETO JIHIIE YETBEPTE CHI-

coen
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HAJIOB MMEET KOJIMUECTBO COBNaAeHHii Gonbiie 1, a BEpOATHOCTD
4-x 1 5-tu coBnageHui Menbiie 1%. IToatoMy HeopTOroHab-
HOCTh PacCMaTPUBAEMBIX CHTHAJIIOB HE MPHBOJMT K CYLIECTBEH-
HOMY YXY/ALICHHIO XapaKTEPHCTHK MOMEX0YCTOHYHBOCTH,

B nenom, B COOTBETCTBHH C JaHHBLIMH, NPHBEIEHHBIMH B Pa-
Gote [2] pacnpesenienne YHCIa COBMAJCHHI BO B3aUMHO KOppe-
nauuonHbX (ynknuax bC JIUC Gnusko K aHanornyHOMy pac-
HPEeIeIeHNIO TOIHOrO Kojia.

Jina npenBapuTeNbHON OIEHKH MNEPCNEKTHB MPHMEHEHHs
npeanaraemeix BC JIYC npoezieM ux cpaBHeHHE ¢ U3BECTHBIMM
KOMITO3HIIHOHHBIMH CHCTEMAaMM CHTHaIOB. B kauecTBe mokasa-
Teast ddexkTuBHOCTH BbIOEpEM MPOU3BEAEHHE MHUHHMAILHOTO
KOJIOBOTO PAaCCTOAHMS HAa KOJIOBYIO CKOpOCTh. JlaHHBIH Tokasa-

TCIb, Ha3BaHHbIH MpHUBEIACHHBIM PACCTOAHHCM d- , HCIIOJIB30-

BaH B pabote [6] /15l OLIEHKH BBIUIPBILIA OT KOAWPOBAHMS M MO-
et ObITh PacCUMTAaH 1O creytomie hopmyne

[log, Ve |
N

rae [.'| — B3ATHE LEI0H YacTH.

d =(N-n,,) (4)

Crneayer OTMETHTB, YTO BEIUYHHA

B IOMEXOYCTOIYHBOCTH H3-32 BO3PACTAHMSA YMCIA KOHKYPEHTOB.
B TO e Bpems ITH MOTEPH HE MOTYT ObITh 3HAYMTE/ILHBIMH
BCJIEJICTBHE TOTO, YTO MHHHMAJIbHOMY PAacCTOAHHIO COOTBETCT-
BYET JIMILb OTHOCHTENBHO Heboubluas (Menee 1 %) yacts cHrHa-
JIOB CHCTEMBI.

Pesynerarer pacueror ¢° BC JJUC npu paznuuneix N u

HE YUHTERIBACT MOTCPH

n =5 npusesieHsl B Taba. 4. B oToii xe Tabimile npuBeeHb
3HaveHus 4 s caydas KC (n, =3 s N=17,23, 47 n
n,,, =4 N=13,37,43).

Tabnuua 4
Cucrema Benuunna 4° npH pasnnaHOM YHCIE COCTaBISIOUMX
AHC 13 17 23 37 43 47
BC 6,15 | 847 | 10,17 | 12,97 | 14,14 | 1430
KC 485 | 659 | 696 .92 9,07 | 10,30

M3 tabnuust 4 Buauo, uto no sennuuHe ¢° bC JTUC 3amer-

Ho npeeocxoasat KC. HerpyaHo nokasars, 4TO NpH HEOrpaHu-
YCHHOM YBC/IMYCHUH N orHowmenne d’ H_;‘d' .. CTPEMMTCA

min KC
K 3/2.

PacueThl MOKa3bIBAIOT, YTO pa3sMepHOCTh audaBuTa paBHAs
2* nocturaercs npyu Benmuune N = 257. Tlpn HeoGX0AMMOCTH
COKpAlllEHNs YMC/Ia COCTAB/IAIONINX, HANPHUMEp, B LEIAX CykKe-
HHSl MCMOJIb3YEMOMH TOJIOCKI YacToT, M OTKase oT TpeboBaHHid
BBICOKOI aBTOKOppensunH (CMHXpoHHas paborta) MOkHO B N
pa3 YBeJIH4HUTH 00beM CHCTEMBI IyTeM BBEJIEHHs B HOJIHHOM (3)
JIOTIONTHATENIBHOTO 4iieHa 4-i cTernenn. B aTom ciyvae ykasa-
Has pasmepHocTh andasura 2°! Gyner gocturnyra npn N =67.

PaseuBas nopaxox, mpeanoxkenHwiid B pabore [3], BC JUC
MoryT npumensaThes BMecTo KC ans nocrpoenus Gonee addek-
THUBHBIX CHIHAJIbHO-KOJIOBBIX KOHCTpYKLMii Ha Oaze TypOomo-
n06HBIX KomoB. KpoMe TOTO, JaHHBIE CHCTEMBI CHIHAJIOB MOTYT
MPEACTABJIATE HHTEPEC /UL CHCTEM PajJIHOCBA3M € KOJIOBBIM pa3-
JeneHneM aGOHEHTOB.




COMMUNICATIONS

Takum 00pa3zoM, NPOBEAEHHBIE HCCIENOBAHMS JAI0T BO3-
MOKHOCTh CHHTE3MPOBaTh OOJIBIINE CHCTEMbI IMCKPETHBIX Yac-
TOTHBIX CHUTHAJIOB € 33/IaHHBIMU KOPPEJISIIMOHHBIMYI CBOHCTBAMH
Ha OocHOBe peryispHoro npasuia. ITo oObeMmy u npuBeneHHOMY
PACCTOSHUIO MOJIyYEHHBIE CHCTEMbl CHIHAIOB MMEIOT CYILIecT-
BEHHbIE MPEUMYILECTBA MepPe/l H3BECTHBIMM KOMIO3HIIMOHHBIMH
CHCTEMaMH.
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BIG SYSTEMS OF DISCRETE FREQUENCY SIGNALS: GENERATION RULES
AND BASIC CHARACTERISTICS

Viadimir D. Darensky, Mikhail Yu. Mishin, Andey Yu. Kapustkin, |8th Central Research Institute, Moscow, Russia,
kapustkinau@gmail.com

Abstract

presently, aggregate signals (AS) are used in miscellaneous radio data systems [|-3] for improving such characteristics of the radio lines
as interference immunity, data rate, bandwidth efficiency, communication credibility. As a rule, the advantage of AS is determined by
the process gain. At the same time increasing the process gain leads to the data rate decrease in limited bandwidth conditions. The use
of large signals systems gives an opportunity to increase the data rate in such systems without expanding the bandwidth. The applica-
tion of the signals system of V. volume makes it possible to increase the message symbol informational capacity log,V fold and thus

increase the data rate, but energy losses take place due to the deterioration of mutual and self-correlated performances of the signals
in the system. In this regard, the systems of large aggregated signals with low levels of the cross-correlation functions' (CCF) peaks are
of particular interest. Among the different classes of the AS, the most powerful systems can be generated on the basis of discrete fre-
quency signals (DFS). In works [I, 2], the rules for generation DFS normal systems were described. Their volume might be compared
with the B base value, and the existence of large systems (LS) of signals was also predicted and their volumes evaluations were received.
However, the rules of generating the systems of signals with a volume greatly exceeding the DFS process gain have not been found yet.
In this article, a regular rule for generating the DFS LS of B32 volume is proposed, on the ground of the well-known approach based
on the use of an unven degree pol-ynomial. The essence of the proposed rule is to introduce an additional coherence be-tween the
polynomial coefficients specified by a generating vector. The article con-tains an expression for calculating the signals within the BS, and
an example of a generating vector. Furthermore, it includes the results of the main performances of DFS LS, covering the DFS infor-
mational capacity and code rate. The DFS LS vol-ume is shown to correspond to L.E. Varakin's theoretical predictions. The evaluation
of correlative properties of the received DFS LS is presented in the form of the prob-ability distribution as to the number of coinci-
dences. The index of the given distance between the system signals is used for the comparison with DFS normal systems. Large sys-
tems have been found out to provide for the approximately |.5-fold increase of this performance.

Keywords: large systems of discrete frequency signals, shortwave channel.
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MATEMATKHKA

MOJENVUPOBAHMUE YCPEAHEHHbIX MO YIrJIAM OPUEHTALIUN
XAPAKTEPUCTUK PACCESIHUA BOJIH YHACTULLAM
M CNOXXHOW rEOMETPUM U ®PAKTAJIONOAOBHbIM
N 4YACTULLAMMU

KpbicaHos AmMutpuin Bnagpummuposuu,
Mockosckuli mexHu4eckuli yHusepcumem cessu
u uHpopmamuku, Mockea, Poccus, dimok 1993@mail.ru

Pa6oma ebinonHeHa npu noddepxke PODMU,

KiopkuyaH Anekcanap MNaepunosuy, npoekm Ne¢ [6-02-00247a.

Mockoeckuli mexHuyeckul yHugsepcumem ceasu

u urgpopmamuku, Mockea, Poccus; Kntoueebie cnosa: duppakuyus u paccesHue 8o,
®UP3 um. B.A. KomensHukoea PAH, ®psaszuHo Mockoeckoli 0611., Poccus; memod T-mampuu, Memod NPodosKEHHbIX 2PAHUYHBIX
@ryI LenmpansHeitl Hay4Ho-uccnedogamenscKull uHCmMumym ceAsu, ycnosut, ycpedHeHHas duazpamma paccesHus,
Mockea, Poccus, agkmtuci@yandex.ru ¢ppakmanonodobHbie Yacmuupl.

Bo MHoOrmx o6nacrax coBpeMeHHOM HayKu U TEXHUKU, TAKUX KaK aKyCTUKa, ONTUKa, paauodusmka, actpo-
¢pusuka, paguoacTpoHoOMuUs, NONAPUMETPUsA, OuocpusnKa n Apyrux, umeerca 6onbluas noTpe6HOCTL B 3ch-
EKTUBHBIX MHCTPYMEHTaX, MO3BONAIOLMX UCCIIEOBATh XapaKTEPUCTUKU paccesHUs BOMH YacTULLAMU
pasnu4HOM, B TOM YUCIIE CNIOXKHOI rEOMETPUM, U BO3HUKAET NOTPEBHOCTL B MX 3(P(PEKTUBHOM peLLEHUU.
OpauH u3 HanGonee LLUMPOKO MPUMEHAEMbIX METOAOB pelleHus 3afay audpakumm — Metop T-Matpuu,.
Ero nonynapHocTb 06bACHAETCA NPOCTOTON U YAOGCTBOM BbLIYUCIIEHUA BaXKHBIX B MPUIIOXKEHUAX XapaK-
TEPUCTUK paccesHUA KOMMAKTHbIX 0GbEKTOB, TaKUX, KaK, HanpuMep, AMarpaMMa paccesHus 4acTuiibl, yc-
peAHEeHHas Mo yrnaM opueHTauuu nocnepHei. OaHaKo TpaAULIMOHHBINH MeToz T-MaTpuL, NPUMEHUM NpuU
pelueHuM 3aAay AudpaKLMM NULLBL HA TaK HasbIBaeMbIX pafieeBCKUX pacceuBarensax. HanmoMHuM, uto Kk
Knaccy pa/ieeBCKUX OTHOCATCA Tena, y KOTOPbIX MHOXECTBO 0COGEHHOCTElN aHaIMTU4ECKOro NpoAoKe-
HUA ANPaKLIMOHHOTO (PacCeAHHOro) Nonsa NeXxuT BHYTpu cdepbl (B ABYMEPHOM Clly4ae - OKPY>HOCTH),
LleNIMKOM cofiepikallieiica BHYTpu paccemsartens. K Takoro posa pacceuBarensaM Kak npaBumno, He OTHO-
CATCA Tena C/I0XKHOM reoMeTpum, a TeM 6onee — cppakranonogobHele Tena.

B paHHow pabote pasButo npeanoxeHHoe B [ 1] 0606weHne meTtoga T-MaTpuL, Ha OCHOBE MeToAa NMpo-
AOKEHHbIX FPaHN4HbIX ycnosuit. PaspaboraHHaa MeToauka, obnajatoLas BCceMU NpenMylliecTBaMu Me-
Toaa T-MaTpuL, NpUMEHMMa K UCCNeAOBaHMIO 3aAa4 AUGPaKLMKM Ha TenlaX, UMEIOLLMX U3JIOMbI TPaHULbI.
PaccMoTpeHbl npuMepbl MOAENMPOBaHUA XapaKTEPUCTUK paccesHUs BOJIH MPU3MaMU C MOMNEpPEeYHbIM
ceyeHueM B BUJe NpaBUibHbIX MHOTOYTONbHUKOB U NepBbiX UTepauui cppakrana "cHexxmika Koxa". Pac-
CYUTLIBANUChL TaKME XapaKTEPUCTUKM, KaK AUarpaMMa paccesHUs M yCpefHeHHas Mo yrnaM opueHTaLuuu
AvarpamMa. [1na paccenBarenes yKkasaHHOM Bblllie reOMETPUM OCYLLIECTB/IEHA NPOBEPKa BbINOIHEHUA Te-
opeMbl YhuMLEBA O COOTHOLLEHWUM MHTETPaNbHbIX MOMEPEYHUKOB PacCeAsHNA UAEaNbHO OTPAXKAIOLLIETO
u abcontotHo nornowaiowyero (“'yepHoro") Tena, cpopMynMpoBaHHas UM ANA Ten GONbLUNX BOSTHOBbIX
pasMepoB c rmazKoi rpaHuueii. MokasaHo, YTo ANA NPU3M C NONepeYHbIM CeYeHMEM B BUAE NMPaBUNbHbIX
BbIMYKJ/IbIX LLIECTU- U BOCbMUYTONbHUKOB, TeopeMa YcuMLEBa BbINONHAETCA C NPUEMNIEMON TOYHOCTBIO.
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Brenenne

Meton T-marpur (MTM), npenoxkenusiiit Yorepmenom 6o-
jlee MATHAECATH JIeT Hazaj [2], B HacToslIee BpeMs LIUPOKO HC-
[OJIb3YETCsl MPU PELICHUH 3aja4 AUQPaKUUH BOJIH, BO3ZHUKAIO-
LIUX B ONTHKE, pajuou3mKe, paguoacTpoHOMuu U ap. [3, 4].
[TonynsipHOCTE 3TOrO MeTO/a OOBACHAETCS, B YAaCTHOCTH, TEM,
4TO MpPH pelenuu 3anaun audpakunn npu nomoum MTM nerko
MOJTYYUTH CBA3b MEKIY KOd(D(PUILHEHTAMU PA3JIOKEHHs Malaro-
1ieil 1 paccesHHoit BoiH 1o cdepryeckoMy (MIM LMIHHIpUYE-
ckoMy) Gazucy B BHJIE IPOCTOTO cooTHOIEHus [1, 5]:

c=Ta (1)
rlle @ U ¢ — BEKTOPHI KOY(Q(HUINEHTOB pa3IokeHns Mo cdepu-
yeckoMmy Oasucy majlaromiei  paccessHHOM BOJIH COOTBETCTBEH-
Ho, T — marpuua nepexoza. ITockolbKy 3HaYEHHs IEMEHTOB
MaTpuiel 7 OnpesessioTes JIHIb FeOMETPHEH paccenBaTeisi U
BHJIOM KPaeBbIX YC/IOBHH, TO cooTHOIIEHHE (1) MO3BOJIsET JIEerko
BBITNIOJIHATE, HAIPUMEP, YCPEJHEHHE XapakTEePUCTHK paccesHusd
YACTHILBI 110 yTy1am ee opueHTaumu [5]. OaHako TpajauIMOHHbIH
BapuaHT Meroaa T-MaTpuil MPUMEHHM K PEIICHHIO 3ajad Jiu-
(ppaKiMK JIHIIL HA PAICEBCKUX paccenBarensix |5, 6].

B pabore [1] Obuto npenosxeno obobuwenue meropa T-
MaTpHIl Ha OCHOBE METO/IA MPOJIOIKEHHBIX I'PAHUYHBIX YCIOBHIl
(MIIT'Y). Unes MIIT'Y 3akiodaercst B nepeHoOce IPaHHYHOTO
YCIIOBHSI C MOBEPXHOCTH pacceuBaTelisi Ha HEKOTOPYIO BCIOMO-
rate/ibHy10 MOBEPXHOCTh S, KOTOpas pacrojlaraercs BHE pac-

CCHBATENIA HA HEKOTOPOM JIOCTATOYHO MajloM pacCTOAHHUHA 5 oT
ero rpanuisl S [Ipn 9ToM HOCHTENb BCIOMOraTelbHOIO TOKA,
CO3/IaK0ILEr0 PAacCesiHHOE T0JIe, OCTAETCs Ha MOBEPXHOCTH pac-
ceuBaresnsi. B pesyisrare BMECTO TOUHOH NMOCTAHOBKM TPaHMY-
HOM 3a/1a4d MBI MMOJIy4aeM MPHOIHKEHHYIO, 3aK/Ia/ibiBas B pe-
LIEHKMe TOTPEelHOCTE Topsiaka kd. B cury Toro, uto moboe
YHCJIEHHOE pellleHHe KPaeBoi 3a1aun (B ToM uncie u 6asupyro-
[eecsi Ha CTPOroM ajlropuTMe), SIBAAETCS MPHOIMKEHHBIM, HC-
[MOJIL30BAHHE HpﬂsﬂH}KEHHb[X I'paHUYHBIX yCJ'[()BH[:] BMECTO TOY-
HBEIX BITOJIHE JIOTIYCTHMO.

K rnaBubim gocrouncream MIITY moxHO oTHECTH ero yHH-
Bepca/IbHOCTE U HpocToTy. YHuBepcaibHocte MIITY nposieis-
€Tcsl B OTCYTCTBHHM OIPaHMYEHMIT HAa I'€OMETPUIO pacceuBaTesis
(B TOM umciIe OH NMPUMEHHM W JUlsl pacceuBarteneil MMEroluX
M3JI0MBbI I'PAHMLIBL, U U1 TOHKUX 2KkpanoB). Kpome Toro, MIIT'Y
[pejtaraeT eIHHbI MOJAXOA K PEIICHHI0 KPaeBbIX 3ajad, He
3aBHCSALIHIA OT X THIA, PA3MEPHOCTH, FEOMETPUU OBEPXHOCTH
pacceHBaTes H IPHPO/Ibl PACCEMBAEMOTO OIS,

Pazeutelii B 51001 paboTe 110X0/1 IO3BOJIAET PACIIPOCTPAHUTE
TeXHUKY T-MaTpHll Ha 3a1aud paccesHMsl BOJH TEIaMH CKOJb
YTOJIHO CIIOKHOIT reoMeTpHu. B KadyecTBe NIPUMEPOB paccMOTpe-
HbI JBYMEPHBIE CKaJIApHbIE 3a1a4d JU(PPaKIUH Ha MPHU3MaxX C
TOTePeYHBIM CEYEHHEM B BHIE MEPBBIX JIBYX MTepaiHii (pakra-
na «cHexxuHka Koxa», nNpaBMIBHBIX TpPEyroJbHHMKa, LIECTH-
YTOJIbHHKA H BOCBMHYTOJIbHHKA, H KPAEBBIM YCIOBUEM TPETHETO
pona.

BuiB0 OCHOBHBIX COOTHOIIEHHII
PaccMoTpuM pellieHHe BHENIHEH KpaeBoil 3ajauun s ypas-
HeHus ['enbMrosbua, T.e. 3ama4y AU(pPakiiu Ha KOMIAKTHOM

pacccHBaTelie, 3aHUMarIeM ob1acTh MpocTpaHcTea D . B wma-
TEMaTHYECKOIl MOCTAaHOBKE Takas 3ajada CBOAWTCH K HAX0KJe-

Huio B obnactn D = R>\ D pemenus U' ypasnenus I'ebm-

roJibLa

AU'+k*U' =0, (2)
rie k= a)\/g_ﬂ — BoJIHOBOE umcio, ke C, k #0, ynosinerso-

psitoniiero Ha rpanuue § obnacti [ uMIeaHCHOMY KPaeBOMY
YCIIOBHIO

u-Wu\ _,, 3)
k on )|
rie U=U"+U" - nonnoe (magaiomee UJ° mumoc paccesrmoe

U') none, W=£’ zZ -
i

MOBEPXHOCTH Blil  MMIIE/IAHC,

d

—_ — auddepeHIpoBaHnE [0 HANPABICHHIO BHelHEH K §
n
HOPMaJIH, a TAK/KE YCIOBHIO HAa OECKOHEUHOCTH.
Bocnons3yemes cieayroiumM npeacTaBIeHHEM JUIs PeIeHHs
ypasuenus ['enpmroneua B obnactu D [S]:

U= flue )25 00 G )}d @

B KOTOPOM G (7, 7) —LH“ [k |r ) (ynaamenTanbHoe
4i
pemenne ypasuenns enpmronpia B R .

Jlns nonydenus wuHTerpainbHoro ypasHenus (MY) ®pen-
rojisMa BTOPOro Pojia, y KOTOPOro sjapo Oy/JeT UMeTh Julsl Kpae-
BOI'O yci0BHs 3-10 pojaa Oojee npocto By, yem y MY 1 poja,
nozicTaBum npesctasienue (4) B toxaectso U =U' +U", To-
rja nocie BeinonHenus auddepentmposanns no pHemHei Kk S
HOPMAJIH MOIY4HM:

WU | @UEY
k on on’ k on’

hy
ITorpeboeae B coorBercTBun ¢ MIII'Y BbInoiHeHHs yCIIOBHS

W 3G, s’ =U'(F). ©)

(3) Ha KpuBOil S pPacHoONOXKEHHON B R*\ D mnonyuum ciie-

JlyIolee HHTerpajibHoe ypaBHeHnue dpearoibma BTOPOro poja ¢

rIaJIKUM ﬂﬂpOM:
" ’
G,(F,r )}z’s

W U (¥)
B kauectse §; BhIOMpaeTCs KpHUBAs, OXBATHIBAOLIAS S uor-

0 aU(F')[Kaﬂ_
55 Ss 4 on k on’

k on

CTOSIIIIAs OT Hee Ha HEKOTOPOE JI0CTATOYHO MAJIOe PacCTOSIHIE O .
B NOJAPHEIX KOOPJIHHATAX C HCIIOJIE30BAHHEM COOTHOIIEHHH

Jd _ 1 9 _plp 0

n ool o pe e
=\P (@) + " (p)dp.

K@) =P (@)+p"(9).

BU p(qo)aU C rpa

=J el

Py ) ) o7 (¥)
G, _P@ %] ¢ enl =k
kK()P(qo) (&) 34 ) (5r)
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(r = p(@)— ypaeuenue kpusoii S) ypasuenue (6) npumer cie-
nyiomuii BHL

(7

J@=U"G, + [KGAI@)dg

ki () () 8

B cooTBeTcTBHM € METOJOM JMCKPETHBIX HCTOYHHKOB [5]
3aMEHHMM MHTErpal B npaaoii yacTH (7) cyMMoid

jJ(d){H"’(klr o

kx()
H"’(klr -7 _ (@) HP k| F~i I)}}

d K "u

[‘D{w PP) o¢f e Ea v

®)
e 7 ={r(0,),0,) ={p(@.).0,) gq,=%z(n—l), AN =

JAHCKPETHBIC HCTOYHHEKH, a, — HX aMIUIHTY 1kI, N — KoJm4decTBO

MCTOYHHKOB.
Hanee, npupaBHAB JIEBYIO H NMPaBylo 4acTy (7) B TOUKax KoJj-
JI0KalKH, BHIOPAHHBIX HA KPHBOH §; 1 uenonb3ys (8), momydum

CHEIYIONLYIO0 CHCTEMY anre0panyecknX YpPaBHEHHiIT OTHOCHTENb-
HO BEJIMYUH  :

id a =U"F
5( ) "
7=, (0,00, ={Ps(0,).0,}> 1e r=ps(¢p) — ypas-

HEHHE KPUBOH § 5°

)

)+Za K(F;7), n=LN,

m=|

Hpeqcmsnenne JUIA PACCEAHHOTO MOJIs HMEET BHJL:

U'(F)= Za K(F;7).

n=l
Bcerony BHe OKpYKHOCTH, ONMCAHHON BOKPYT S, B COOTBET-
CTBHH C TEOPEMOIi CIIOKEHHUS] HUMEeM:

HOK|F=F)= 3 J,(kp(@DHD (kr)e" -

(10)

p=—=
G, G, <« ;
p(P) > f;((((:)) 50 _p;wHin(kr)ewa
X{kp(qa’)-f,’,(kp(@'))wLtpi((—gi,,(kp(@’))}e“”’
OTKy/1a

KFF)= i HO (k)9 .

.(CJ) } ]
[ v m[kp(W(kp(ca’))w PP |~ ko) |

Teneps o6beaunss (11) u (10) noayuum

U= i HO (kr)e x

=l ﬂ n) !
(12)
[lepennmem cootHomenue (12) B cranmaptaHom jais MTM
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U'R)=Y ¢, HD (kr)e™, (13)
=

.
rmue _
®e= Zaﬂ‘]mr ’

n=l

sz{L{ * p( )+:p’0(¢'" J ,(kr, ] Jp(kr;,)}e_m
T

kx(9,)
(14)
B MaTpHuHBIX 0003HAUEHHSAX !
c=J-a=(J-K™"-b=T-b, (15)
rne T=J-K™' —T-warpuua, a b =-U"(F ).
JUtst anarpammel paccesHus u3 (13) Oyaem umers
@)=Y c,i"e". (16)

n=—sa
ITony4eHHbIE COOTHOLIEHHS, KaK H B TPAJIULIMOHHOM METOJE
T-matpH11, NO3BOJIAIOT JETKO OCYLIECTBIATE YCPEIHEHHE XapaK-
TEPUCTHK PACCEesHMA YacTHIl 1O yriam opueHtanmu. Tak, Ha-
MpUMeEp, Ul YCPEJHEHHOH M0 yriaM OpHEeHTalMH JHarpamMmsl
paccestiust M3 (16) nomyuum:

(g@)= 3 (c,)i"e".

N=—c0
npuuéM (eMm. (15)): (E) =T. <b>
Ecnu, nanpumep U~ nuiockas BojiHa, a OpHEHTALMS YaCTH-
LB 110 OTHOWICHHMIO K YIJIaM OOJyYeHWs ¢y — PaBHOBEPOATHA,

r.e. w(g,)=1/27, 10

(a7

(18)

<bn) == ﬁ:[exp (—”ﬂ"_\-ﬁ (an ) Cos(an — @ )y‘pn = _Jn [kr.\'l, (au})'

Ync/ieHHbIE Pe3yJbTAThI

PaccMOTpHM NMpHMephl IPHMEHEHHS M3/10JKEHHOH BhIIIE TeX-
uukH, [Ipu aTom Gyaem UMeTs JIes1o ¢ 3ajavaMi THQPaKLUH Ha
pacceHBaTensx, K PelIeHHI0 KOTOPBIX B IIPUHLMIIE HE IPHMEHHM
TpaauiuoHHbI Meron T-marpuil. B kauecTBe Takoro mpumepa
paccMOTpHM 3ajauy Ju(ppakiii Ha MEpPBBIX IBYX HTepaImax
(paxrana “cuexnnka Koxa”. ['eomerpust paccenBareneii npuee-
JieHa Ha puc. 1.
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a7
Puc. 1. N'eomerpus paccensareneii; uupst 1-5 Ha/l OKPYHKHOCTAMH

PaBHbI BEIHYHHE MOAAPHOH KOOPAHHATBI kr




MATEMATUKA

Ha pucyHke 2 npuBeJICHBI IHArpaMMbl pPaccesHHs JUIs yKa-
3aHHBIX paccenBarteseii, MoMyYeHHbIE IPH

P=20, ¢, =7r/2,ka=4,k5=10"4,Z=§',
rie ka — BOJHOBas JUIMHA CTOPOHBI PABHOCTOPOHHETO Tpe-

YroibHHKa (HCXOAHOH (urypsl nmpu mnoctpoeHuu Qpakraia),
P —npenen cymmuposanus B pasnosxenuu (11).

T T T T T T T

5

08

S - ) 1

e
Pue. 2. JlnarpamMmel paccesHns

Ha PHCYHKE 3 MPpHUBEJICHBl YCPEJAHEHHBIE 110 YTJIaM OpHEHTAa-
LIIHH JHAarpaMMBbl paccesaHus i pacCMaTpHBAEMbIX BBILIE TEIL.
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Puc. 3. YepeiHenHble N0 yriaM OpHEHTALMH 1HAarpaMMbl PaccesHUs

Ha pucyHke 4 npuBe/ieHbl HEBA3KH KPaeBOro YCIOBHS IS
“cHeskunkn Koxa™ B TOYKax KpuBOii ', pacronoKeHHbIX 1oce-

PeaMHE MEXKIy TOYKaMH KOJUIoKauuu. BuaHo, 4to B 000MX Ciy-
yasix JOKAJIbHbIC BHIOPOCH HEBA3KM HMEIOT MECTO B OKPECTHO-
CTSX YIJIOBBIX TOYEK PacCMaTPHBAEMBIX KPHBBIX.

JUist  yepHBIX  Ten (Z:Q‘) HMEET MECTO

[L5. Ydumuesa [7], cornacHo KOTOpOH HHTErpalbHbIA momne-
PEYHHK paccesiHHsi YepHOTo Tella POBHO B JiBA pa3a MEHbIIE WH-
TErpalbHOrO MOMEPeYHHKa PaccesHusl HAeallbHO MPOBOMIAILIErO
tena (Z =(0), MMEIOIIEro TOT )Ke TEHEBOI KOHTYP (T.€. rpaHuIly

TeopeMa

MEXIY OCBEIIEHHOH U TEHEBOH 4acTAMH MOBEPXHOCTH Te.ua).

Puc. 4. Hesszka kpaeBoro ycioBus

DT0 yTBepXKIACHHE CIPABEAIMBO JUIS BCEX BBIIYKIBIX Tell,
JIMHEiiHbIe pa3Mephl H MUHHUMAILHBII pajyc KPHBH3HBI KOTO-
peIX MHOro GoJjblie jutMHbL BonHbL [lpesacrasaser Gonbiuoit
MHTEPEC PAacCMOTPETh BBLINOJIHEHHE JTON TEOpeMbl sl Tel ¢
CHJIbHBIMH H3/I0MaMH TPAHUIBI — JUTA BBEAEHHBIX BbIILIE HTEpa-
umit “cHexnnkn Koxa”, a Takoke, 10NONHATENBHO, UIs IPABHIIb-
HBIX MHOTOYTONIBHHKOB CXOKHX Pa3MEPOB — TPEYTOJIbHUK, IIec-
THYTOJIBHUK, BOCEMHYTOJBHHK. |'eOMeTpHs TakuxX paccemBare-
Jieli mpuBe/ieHa Ha puc. 5.

= = TpEYronbHUK

’ === ECTHYTONBHIK
\ e BOCEMUYTONBHIE

210 k'

240 g 300

270
Puc. 5. 'eomerpus paccMaTpHBaeMbIX BRIMYKIIBIX paccenBaTenei

Bce pesynbrathl, MOMy4YeHHBIE NPH PELICHHH 3ajaud M-
(hpaxunm Ha paccMaTpHUBaeMbIX Tenax npH
P=20,¢,=7/2,ka=4,k6=10",Z =, npencrasrensi B
Tabn. 1-5. M3 HUX BHAHO, YTO HEBA3KA YMEHBIIAETCS C POCTOM
N, UTO CBHETENBLCTBYET O CXOANMOCTH BBIYHCIUTENLHOTO all-
ropHTMA.

e  ——————
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Ta6auna 1

PESy.I'IbTaTI:I pac4eToB 1A nepnm‘i HTEPALHH CHEKHHKH

N 3HAUEHNE HEBAIKH Pesynwrar
Cpennee MunumansHoe | MakcumansHoe | MPOBEPKH TEOPEMBbI
Yipumuesa
600 0.058239 0.00083063 0.22284 2.1408
900 0.038793 0.00034962 0.17451 2.1565
1200 0.029089 0.00023091 0.17427 2.1642
1500 0.02327 0.00015943 0.17417 2.1687
Tabaumua 2
Pe3y.FIbT8Tb] pac4eroB 1Jif BTOPOﬁ HTEPALHH CHEXKUHKH
N 3HAUCHHE HERAIKH Pesynerar
Cpennee Munumansioe | Makcumanb- | NPOBEPKH TEOPEMBI
HOE Yiumuesa
564 0.069393 0.0021486 0.83842 2.2601
852 0.041328 0.00093325 0.76171 2.2564
1716 0.020206 0.00073258 0.69465 2.2454
2868 0.012301 0.00053493 0.67944 2.2388
Tabnuua 3

Pe3y.TIbTaTI:I pacueToB VI NPABH/JIBHOI0 TPEYroJibHHKA

N 3HaUCHHE HEBAIKH Pesynbrar
Cpennee Munumansioe | MakcumanisHoe | NPOBEPKH TEOPEMBI
Yumuera
300 0.086108 0.0011554 0.0011554 2.3501
600 0.040658 0.00040959 0.00040959 2,3668
900 0.026968 0.000269 0.000269 2,3767
1200 0.020197 0.00015699 0.00015699 2,3823
Tabnuna 4

Pesynb"ran,l pacuyeToB AJisl NPABH/IBHOTO INECTHYI0JIbHHKA

N 3HAUEHHE HEBHIKH Pesynerar
Cpennee | MunumansHoe | MakeumansHoe MPOBEPKH TEOPEMbI
Yipumiena
300 | 0.042902 | 0.00072449 (.48827 2.0980
600 | 0.021525 9.8853e-05 0.4925 2.1110
900 | 0.014363 | 0.00010432 (.49328 2.1160
1200 | 0.010777 | 9.5914e-05 0.49355 2.1186
Tabnuua 5

Pe:!y.TII:TaTbI pPac4eToB /I NPABHJIBHOI0O BOCBMHYT0JIbHHKA

N SHaueHne HeBAIKH Pesynbrar
Cpennee Munumansioe | MakeumansHoe | NPOBEPKH TeOpeMbl
Yipumuena
300 0.035035 0.00054994 0.52621 2.1026
600 0.017518 0.00029969 0.52391 2.1121
900 0.011694 0.00016785 0.52493 2.1162
1200 0.0087696 0.00016536 0.52408 2.1187

Kak crnemyer u3 tabnui, OTHOIIEHHE WHTErpPalbHOIO TOIe-
pEYHHKA PACCesHUA HIEAIbHO MPOBO/ALIErO Teja K MonepeyHu-
Ky MOMIOLIAIOLIETO Tejla I PACCMOTPEHHBIX Tel JIHIIb ITPH-
O/mKeHHO cooTBETCTBYET Teopeme Y humiesa.

[TpencraBnser uHTepec Oosee MOAPOOHO TPOCIEANTH 3aBH-
CHMOCTB YKa3aHHOTO OTHOLIEHHS OT pa3MepoB paccerBaTeneii.
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MATEMATHKA

Ha PHCYHKE 6 omﬁpax{el{bl BCJIIMYHHBI OTHOINEHHA HWHTE-
rpajibHOrO TNONEpPEeYHHKa pacceaHud HACallbHO MPOBOIALIETO
TEla K HHTEIrpaJlbHOMY MNMOMNEPEYHHKY pacCCaHUA HYCPpHOTO TEla
JUIS paccMaTpHBaeMbIX FEOMETpHil pacceHBartesieii pu pasiuy-
HBIX pa3Mepax.

18 L L Il L Il 3
4 8 8 10 12 " 1*®
ka
Puc. 6. [TpoBepka Teopembl Y(uMieBa NpH H3MEHEHHH Pa3MepOB
paccensareneii; JInuus 1-oTHOLIEHHE HHTErPaJIbHBIX MONEPEYHHKOB

paccesaHus CorjlaCHO Teopeme

Bunano, 4yro ans paccemBareneil ¢ nonepeyHsIM CEYEHHEM B
BH/IE MPABUIILHOTO LIECTH- H BOCBMUYTO/IBHAKA TeopeMa Y dum-
1IEBA BBITOIHACTCS C JOBOJBHO HEMIOXOH TOYHOCTBIO, YTO MO-
3BOJISIET WCHOJIB30BATE €€ MPU TECTHPOBAHMHM IIPABHILHOCTH
MOJy4YaeMbIX pPe3ylbTaToOB Jaike MpPH pellieHuH 3ajad Audpak-
MM HA TENaX, HMEIOIUX H3/IOMBI TPaHMULIBI.
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MATHEMATICS

MODELING AVERAGED OVER THE ANGLES OF ORIENTATION CHARACTERISTICS
OF THE SCATTERING BY PARTICLES OF COMPLEX GEOMETRY AND FRACTAL PARTICLES

Dmitry V. Krysanov, Moscow Technical University of Communications and Informatics
Russian Federation, Moscow, dimok | 993@mail.ru
Alexander G. Kyurkchan, Moscow Technical University of Communications and Informatics
Russian Federation, Moscow, agkmtuci@yandex.ru
Kotel'nikov Institute of Radio Engineering and Electronics, Fryazino Branch, Russian Academy of Sciences, Fryazino, Russia;
Central Research Institute of Communication, Moscow, Russia

Abstract

In many areas of modern science and technology, such as acoustics, optics, radiophysics, astrophysics, radio astronomy, polarimetry,
biophysics and others, there is a big need for the effective tools allowing researching characteristics of wave scattering by particles of
different, including complex geometry and there is need for their effective solution.

One of the most widely applicable methods for solving diffraction problems is the T-matrix method. Its popularity is explained by sim-
plicity and convenience of calculation of important characteristics of scattering of compact objects in appendices, such, as, for exam-
ple, scatter diagram of a particle, averaged on orientation angles of the last. However, the traditional T-matrix method is applicable at
the solution of problems of diffraction only on so-called Rayleigh scatterers. We recall that the Rayleigh class includes bodies in which
the set of singularities of the analytic continuation of the diffraction (scattered) field lies inside the sphere (in the two-dimensional case,
the circle) entirely contained within the scatterer. To such scatterers usually, bodies of complex geometry, and furthermore — fractal
bodies do not belong.

In this work generalization of the T-matrix method based on method of the continued boundary conditions proposed in work [I] is
developed. The developed technique, which has all the advantages of the T-matrix method, is applicable to the study of diffraction prob-
lems on bodies with boundary breaks. Examples of modeling the characteristics of wave scattering by prisms with a cross section in the
form of regular polygons and the first iterations of the fractal "Koch snowflake" are considered. Such characteristics as the scattering
diagram and the scattering diagram averaged over the orientation angles were calculated. In addition, for the scatterers of the above
geometry, the verification of the fulfillment of Ufimtsev's theorem on the relation between the integral cross-section of ideally con-
ducting and absolutely absorbing ("black") body, which he formulated for bodies of large wave dimensions with a smooth boundary, is
carried. It show that for prisms with a cross section in the form of regular convex hexagons and octagonals, Ufimtsev's theorem holds
with an acceptable accuracy.

Keywords: diffraction and scattering of waves, method of T-matrixes, method of the continued boundary conditions,
average scatter pattern, fractal particles.
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MATEMATHKA

ANCKPETHAY MHOITOKAHAJIbHAS CUCTEMA MACCOBOIO
OBCNTY)KUBAHUA C OTKASAMU UTPYIMNOBLIM
NOCTYIMJIEHUEM 3ABOK

Tarawes AnekcaHap NeHHaabeBUY,
MTYCU, Mocksa, Poccus, a-tatashev@yandex.ru

Axunbroea Mapus,

MTYCH, Mocksa, Poccus, kotova.marie@yandex.ru Knio4yeeble cnioea: MHO20KAHAsbHbIE CUCMEMBbI

. obcnyxueaHus, duckpemHoe epema, Mapkoeckue
LLle6ynnes Cepren AnekcaHpposuv, npouecchl, CMayUOHapHbIe 6epOAMHOCMU,
MTYCU, Mockea, Poccus, sergey.alexandr.24@gmail.com 8epossmHoCMb nomepu.

PaccMarpuBaloTcs MHOrokaHanbHble CUCTEMbl MAacCOBOro OGCNy)MBaHWA B AUCKPETHOM BPEMEHMW.
Yucno 3as8BOK B MOCTYNAIOLLMX rpynnax pacnpeaeneHo no sakoHy lNMyaccona.

MepBas nccneayemMan cucreMa — MHOroKaHanbHaa cucteMa 6e3 oXkMAaHUA U reoMeTpUYECKUM pacnpe-
AeneHneM BpeMeHn obcnyxmBaHua 3aaBku. B otnnume ot knaccuyeckoi cucrembl M|M|n|0 ana koto-
PO BEpOATHOCTb OJHOBPEMEHHOIO MOCTYMN/IEHUA 3aABKU paBHa HyNIo, rPynna 3aABoK, YACNO KOTOPbIX
pacnpepeneHo no 3akoHy lNMyaccoHa, nocTynaer B paccMaTpMBaeMyio CUCTEMY B KaXKAbli AUCKPETHbIN
MoMeHT BpeMeHU. MiccneoBaHue Takoi cMcTeMbl MACCOBOro 06CyXKMBaHMA MOJIE3HO C NPaKTUYECKOM
TOYKM 3peHus, TaK KaK pesynbTaTbl MOTYT UCMONb30BaTbCA NPU aHanu3e pyHKLIMOHUPOBaHUA UH(POKOM-
MYHMKaLMOHHbIX CUCTEM, B HACTHOCTH, CUCTEM, B KOTOPbIX AOCTYN K pECypPCaM OCYLLIECTBNIAETCA B PeXu-
Me pasfiefieHus BpeMeHU. [ina 31oM cucrteMbl 06CNyKMBaHMA NOJSTyYeHa CMCTEMA YpaBHEHUM ANnA cTalum-
OHapHbIX BEPOATHOCTEN COCTOAHUMI, YTO NO3BOMAET BbIYMC/IUTL 3HA4YEHME OCHOBHON XapaKTEPUCTUKMU
3¢ peKkTUBHOCTU paboTbl CUCTEMbI = CTALIMOHAPHON BEPOATHOCTU MOTEPU 3aABKM.

Bropoit uccnesyemoi B HacrosLei paboTte cucTeMoi MAaCCOBOro 06CnyKMBaHUA ABNAETCA CUCTEMA, AB-
nALWAACA AUCKPETHbIM aHanoroM cucrembl M|Gle [lokasaHo, 4To B uccneyeMol cucteMe CTalMoHap-
Hoe pacnpepenieHue Yucna 3asaBokK, kak U B cucteme M|G|l< umeer pacnpepenenue MyaccoHa co cpep-
HUM 3Ha4eHWeM, paBHbIM NOCTyNaloLei HarpysKe, U, TakKuM o6pasomM, 3To pacnpeaeneHne UHBapUAHT-
HO OTHOCUTENbHO pacripefenieHUsA BpeMeHn o6cnyxuBaHuaA Npu (pMKCUPOBaHHBIM BpEMEHEM.
AHanornyHasa MHBapUAHTHOCTb lOKa3aHa Takxe ana cucrembl M|G|n|0 B KoTOpO# NpU OTCYTCTBUM CBO-
60AHbIX NPUGOPOB TepAIOTCA 3aABKM C HAMMEHBLLMM OCTaTOYHbIM BpeMeHeM obcnyxusanua. [ina ston
CUCTEMBI TaKXKe noslydeHbl popMynbl ANA CTaLMOHAPHbIX BEPOATHOCTEW COCTOAHUM U BEPOATHOCTU
nortepu, npuyeM popMynbl ANA CTALMOHAPHLIX BEPOATHOCTEN NOMYy4eHbl B pe3ynbTaTe CpaBHEHUA NPo-
LeccoB (hbyHKLMOHUPOBAHUA JAHHOM CUCTEMbl U BTOPOW M3 paccMaTpuBaeMbiX B HacTosllen paGore
cucreM. C npakTUHECKOM TOYKU 3peHunsa nonyyeHHan chopMyna Ana BepOATHOCTU NOTEpPU 3aABKU B 3TOMN
CUCTEMe UHTEPECHA TEM, YTO OHA AaeT BEPXHIOIO OLIeHKY BEPOATHOCTU MOTEPU 3asBKMU C NPOU3BONbHbBIM
NpaBuUnoM BbIGopa 3aABOK, KOTOPbIE MOJTy4aloT OTKa3 B 06Cy)XXMBaHMM, NMPU OTCYTCTBUN BO3MOMKHOCTH
NPpUHATL Ha 06CNyXKUBaHME BCe 3aABKM U3-3a HEJOCTATOYHOIO KonuyecTsa cBo60aHbIX Npubopos.
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MATEMATUKA

Beeaenue

B Hacrosimieii pabote paccMaTpHBaeTcs MHOTOKaHAJIbHAas
cHcTeMa MaccoBOro of0cmyKuBaHus Oe3 MecT okuaanus. B kaxk-
JIBIH JIUCKPETHBII MOMEHT BPEMEHH B CUCTEMY TOCTYIIAET YHCIIO
3adBOK, MMeroliee pacnpenenenne Ilyaccona. Kparkuii 0030p
W3BECTHBIX Pe3yJIbTATOB 0 TEOPUM CHCTEM M CeTel MaccOBOTO
00C/IyKMBaHHUs U CBEJIEHHA O TMPAKTHYECKHX TPHIOKEHUAX 3TOH
TEOpHH TIpU pazpadoTke W aHann3e WH(OOKOMMYHHKAIMOHHBIX
cuctem npupojsates B [1]. Oanoii u3 obnacreii sTHX npuiIoNKe-
HUI SBIAIOTCA CHCTEMBbl KOJUIEKTHBHOTO T0JIb30BaHUs, pado-
TalolMe B peKUMe pas/ie/ieHHs BPEMEHH.

Jls ciywas, Korja pacripe/ieJieHHe BPEMEHH HMMEET I'eOMeT-
pHYecKOoe pacripejielieHHe, MoJyYeHbl ypaBHEHWs Ul CTallHo-
HAPHOIo pacipe/ielieHus Yucia 3asBOK B cucreMe W (popMyJia,
BBIPAXKAIOIIA BEPOATHOCTD [IOTEPHU 3asBKH Y€pe3 CTAllHOHAPHBIE
BEPOATHOCTH COCTOSIHHI CHCTEMBI.

Jlnst ciyuyas npoM3BOIBHOTO paclpejeieHus BpeMeHH o0-
CIIYKMBAHUS 3asBKH Haii/leHa BEPXHss OLEHKA /Ul BEPOATHOCTH
HOTEPH 3asBKH. JTa oleHKa Oblia rnojyueHa cliie/lytommm obpa-
30M. JlokasaHo, 4TO CTallMOHAPHOE paclpeie]ieHHe B COOTBETCT-
BYIOLIEH cucTeMe ¢ GeCKOHEUHBIM YHCIIOM ITPHOOPOB pacripeie-
neHo 1o 3akoHy llyaccona ¢ mapameTpoM paBHBIM Harpyske.
3aMeTHM, YTO aHAIOTHYHBIH (DAKT MMeeT MecTo IS CHCTEMBI
M|Gleo [2]. Popmyny 1S BEpOATHOCTH TIOTEPH B COOTBETCT-
BYIOIIEH MHOTOKaHAIBHOH cHcTeMe 00CHy:KMBaHHS C ToTepei
3afBOK C HAMMEHBIIEH OCTATOYHOI JATHHOMU, MOIyyaeM, CpaBHH-
Bas MOBEJEHHE ITOI CHCTEMBI H CHCTEMBI ¢ DECKOHEYHBIM YHC-
oM npuOopoB. AHanOTHYHEIM 00paszom B [3] monydena (opmy-
na ]I BepOATHOCTH notepH 3asBku B cucteme M|G|n ¢ norepeit
3a8BKH C HAMMEHbLIEH OCTaTOYHON AMHHOI. fIcHO, YTO BeposT-
HOCTh IMOTEPH B HCXOJHOH CHCTEME CO Cly4ailHbIM BBIOOPOM
TEPAIOLIMXCA 3a8BOK HE MPEBLIMIAET BEPOATHOCTD MMOTEPH B CO-
OTBETCTBYIOLICH CHCTEME C MOTepei 3as1BOK ¢ HAMMEHBILEeH Oc-
TATOYHOM JUIMHOI, Y4TO M JIaeT HCKOMYIO BEPXHIOI OLCHKY JUIs
BEPOATHOCTH HOTEPH.

HekoTopbie JIMCKPETHBIE CHCTEMBI MACCOBOT0O O0CIIYKHBAHHS
C pa3In4YHBIMH JUCLHILIMHAMU paccMaTpuBaiics B [4-7].

1. MHOrokaHaJbHasg CHCTEMA C TEOMETPHYECKHM

pacnpe/jejieHHeM BPpeMeHH 00y KNBAHHS

IlycTh B n-KaHAIBHYIO CHCTEMY MAacCOBOTO 00CTYKHBAHHS B
Kbl JUCKpeTHBIH MoMeHT ¢ = 0,1,2,... TOCTYNaIOT 3asBKH,
YHCIIO KOTOPBIX MMeeT pacnpenenenue Ilyaccona ¢ napamerpom
¢, @ UMEHHO, BEPOATHOCTE TOTO, UYTO B (DMKCHPOBAHHBIH MOMEHT
MOCTYINAaeT POBHO i 3asBOK, paBHa

2'1 -4

il
OﬁCJ’ly}KHBaH[/Ie JAABKH JJIUTCA B TCUCHHE f CIAHHHIL BPECMEHH
C BEPOATHOCTEHD

(-u'",1=12,...

DTO PaBHOCHILHO TOMY, YTO B TEKYILMH MOMEHT 00CITYXH-
BaHHE 3a5BKH 3aKAHUMBACTCSA C BEPOSTHOCTBIO y. YXOJ| 3asiBOK
IPOUCXOJIUT MEPe/l MOCTYIUICHHEM 3asiBOK, T.€. 3aiBKH YXOJST B
MOMEHT /—(), a mocTynaroT B MOMeHT #+(). Eciu yucino nocry-
NUBIIKMX 3a8BOK HE IPEBBIIACT YMC/IA MOCTYNUBIINX 3asBOK, TO
NPUHUMAIOTCS BCE 3asABKH. ECIM YHCIO NMOCTYNMBIIMX 3asBOK
MPEBBINIAET YUCIO CBOOOJHBIX MPUOOPOB, TO MPUHUMAETCA Ha
o0cIy’KMBaHWE YHCIIO 3asBOK, PaBHOE YHCIy NpuUOOpOB, a Oc-
TaJIbHBIE TEPAOTCSL.

,i=01,2,..

Ilyers X(f) — cayuaiinelii mporiiecc, NpeacTaBIsionuii coboii
YHCIIO0 MPUOOPOB, 3aHATHIX B MOMEHT BpeMeHH 7. DToT ciydaii-
HBII TIpoliecc sBasercs nensio Mapkosa. Mmeetcs n+l cocros-
nue 0,1,...,n nenu, obpasyrone eMHCTBEHHBIH HeTepHo/Iye-
CKMii Kiacc cOOONIAIONINXCA CYIIECTBEHHBIX cocTosHHM. B co-
OTBETCTBMHM C 3THM CYLIECTBYIOT CTAallHOHAPHBIE BEPOATHOCTH
COCTOSIHMH paccmaTpuBaemoii tenn Mapkosa. O603HaynM uepes
p; CTALMOHAPHYO BeposaTHOCTE coctosauus I, i=0,1,...,n. Cocros-
HHE CHCTEMBI PETMCTPUPYETCA MOCTE MOCTYTICHHMS 3asABKH.

CraunoHapHble BEPOATHOCTH COCTOSIHMI LIEMH YJIOBIETBO-
PSIOT CUCTEME ypaBHeHnﬁ

.l_,r+i( -4
=YY Cu - s

J=0 k=0 +k)l
n J /1: f-ht —4
+Z p; Z C;.‘;z*(l )‘r *— i=0,1,...,n,
jeivl  k=j-i ( k) I’
" J ) n—j+k-1 ls‘ -4
=27, 2 Ciut = 1= 3 ==,
J=0 k=0 $=0 5.

S p=1.
i=1

O003HaYKnM Hepes h CpeaHee 4HHCI0 3adBOK, IIPHHUMAaEMOe
Ha 06CIIy}KHBaHHC B CAMHHILY BPEMEHH. B coorBeTcTBHH C {bOp-
MyJ'IOﬁ MOJIHOI BEPOATHOCTH UMEEM

h=3p. Yt (1- )~ x

i=0 k=0
n—i+k 95 _~4 n—i+k 98 —A
Z}‘L+ 1= 25 |(n—i+k)
5=0 (S_l)] 5=0

Tak kak cpeaHee 4HCIIO 3aBOK, MOCTYNAOIIMX B €AMHHILY
BPEMEHH, PABHO A, TO Ui CTALMOHAPHOH BEPOSTHOCTH MOTEPH C
nMeem
A-h

A

2.  Cucrema ¢ 0eCKOHEYHBIM YHCJIOM NPHOOPOB

Hasosem cuctemy MaccoBoro o0CiyKHBaHMS, paccMaTpH-
Baplueiics B pasjiene 2, cucTeMoii S;.

B pasgenax 3 u 4 paccMOTPHM CHCTEMBI MAaccoBOro odciy-
’KUBAHHs, UCCIIEN0BAHHE KOTOPBIX, MOMHMO CAMOCTOSTEIBHOIO
UHTEpEca JIaeT BEPXHIOW OLEHKY /IS BEPOSATHOCTH IOTEPH B
cHcTeMe S), a TAKKE B aHAJOTHYHBIX CHCTEMAX C MPOHU3BOJIBHBIM
pacrpe/ielieHieM BpeMeHH O0OCIYIKMBaHUs U C MPOM3BOJILHBIM
HPaBHIOM BBIOOpA PUHUMAEMBIX Ha 0OCTYKHBAHHU 3asBOK.

HazoBem cucTeMoii S, cHcTeMy MaccoBOro, OTIMYAIOLLYIOCH
OT CHCTeMBI S; T€M, YTO YHMCIO NPUOOPOB OECKOHEYHO, a JIHHA
(Bpems, Tpebyromieecst s 0OCIyKHUBaHUS) 3aABKH MMEET Tpo-
U3BOJIBHOE pacrnpesie/ieHne, MPUYeM C BEPOATHOCTBIO b; JinHa
3asiBKM paeHa i, i=1,2,...

Obo3Haunm yepes ¢; CTAllMOHAPHYIO BEPOATHOCThL TOTO, YTO
B MOMEHT Cpasy I0cCJie yX0/a 3asBOK Iepe/l NOCTYIUIEHHEM HO-
BOI1 IPYIIIBI B CHCTEME OCTAETCs § 3asBOK. UHC/IO TAKUX 3a5BOK B

c=

MOMEHT / NPEJCTaBIAET CYMMY ZXJ_, rae X;— uMcio 3asiBOK,
J=l

MOCTYNHUBIIKUX B MOMEHT /—/, j=1,2,..., 1 OCTAIOLIUXCS B CUCTEME

B MoMeHT f. Ciydaiinas BeanmumuHa X; pacnipesiesieHa 1o 3aKoHy

[Iyaccona ¢ napameTpom
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A=A b,.
k=j+1
Taxkum obGpaszom, cirydaifHas BeJIHYHHA HMEET PACIIPE/ICTICHHE
ITyaccona ¢ napameTpom

A=A, =43 b =AY b, (- =Ab-1)=p-A.

J=l k=41 Jj=l

rie p= Z f;j_;‘ npejcTapisger coboii cpenHee 3HAUYCHWE JUTHHBI
j=1
3asBKH, a p = Ab — noctynatouias narpyska. Takum oOpasom,
Ai e—J\
il

3ameTuM, uTo, Kak BUJHO U3 (1), BEPOATHOCTH ¢; HE 3aBUCAT
OT pacrpe/Ie/ICHNs JUTHHBI 3asiBKH ITPH (PUKCHPOBAHHOM CPE/IHEM
3HAYEHUH ITOT0 pacrpe/ie/eHus.

[Tycts p; — craumuoHapHasi BEPOSTHOCTh TOTO, YTO MOCJE I10-
CTYIUICHHS 3asBOK YMCIIO 3a4BOK B cucTeme pasHo i, i=0,1,...,n.
Taxk Kak cranMoHapHOE pacrpeeieHue uucia 3asiBOK Iepej
MOCTYIJICHUEM 3adBOK, KaK BbIIe OLUIO JIOKA3aHO, SBISETCS
pacripenenenneM Ilyaccona ¢ mapamerpoM A=p—Ai, a YKCIIO T0-
CTYMNAKIKUX 3asgBOK pacrpeseneHo mo 3akony Ilyaccona ¢ napa-
METPOM A, TO

i

,i=0,12,... (1

i-p
=P i=012,...

I

3. Cucrema ¢ norepeil KpaT4ailInx 3aA9BOK

Hasosem cucremoil S; cucremy maccoBoro o0CIyKHBaHHs,
OTJIMHAIOLLIYIOCS OT CHCTEMBI S> TEM, YTO B Hel, KaK U B CHCTEME
S uncio npubOpPOB PaBHO K, HO B OTIMYHME OT CHCTEMBI S; Te-
pAIOTCS He ciy4aitHo BbIOpaHHbIE 3asBKM IPYINBL, a T 3as1BKH,
KOTOpbIe MMEIOT HaUMEHBLIME OCTATOYHBIE JUIMHBI (aHAIOrnMy-
Hasi CUCTEMA ¢ HENPEePBIBHBIM BPEMEHEM paccMoTpeHa B [3]).

Iycth g/ MMeeT Juisi CHCTeMbl S3 TOT JKe CMBICI, 4TO H g,

JUISL CHCTEMBI S
f_ .
q; =d;,1 _0}19"'3”_19

n=1
q,=1-Yq,i=0]..,n-1,
i=l

e g, raucasercs no gopmyie (1).

Jlna cpennero uncna /i 3a4BOK, MPUHHMAEMbIX Ha 00CTykH-
BaHHE B (PMKCUPOBAHHBIH MOMEHT BPEMEHH, HMEeM

n=1
h=7 q,(n—i),
i=0

n—1 Af'e—}\ (2)

h= (n—1),

Pl

A=p-A
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MATEMATUKA

JIns BepOATHOCTH NOTEPH 3a8BKH HMEEM
A-h
c=—".
A

rie h Beraucisercs no gpopmyJe (2).

BepoaTHOCTB MOTEpH B CHCTEME S; MEHBLIIE, YEM B CHCTEME S

Taxkum 06pa3zom, /Ulsl BEPOATHOCTH MOTEPH 3a8BKH B CUCTEME
§) noydeHa BepXHsisi OLIEHKA BEPOSTHOCTH MOTEPH 3asBKH.

Jakiouenue

PaccMOTpeHbl CHCTEMBI MAacCOBOTO OOCIYKHBAHMS C BXOJs-
MM TIOTOKOM CHIEAYIONIEro Buaa. B Kamablii QMCKPETHBIH MO-
MEHT MOCTYNAeT YUCIIO 3a8BOK, Metoniee pacnpenenenue Ilyac-
cona. Jlna cucrembl ¢ OeCKOHEUHBIM YHCIOM NpUOOPOB ycTa-
HOBJIEHO, YTO CTAMOHAPHOE PAaCIpe/e/IeHHe YMclia 3asIBOK B
cucrteMe umeeT pacnpesenenue Ilyaccona ¢ mapameTpom, pas-
HBIM Harpyske. Jlis n-KanajabHON cHCTEMBI ¢ NOTepeit 3asBOK ¢
HaMMEHbLIEH OCTATOYHON JUIMHONH BEPOSATHOCThL IMOTEPH 3aAABKH
paBHa BEPOATHOCTH TOIO, YTO B CHCTEME ¢ OCCKOHEHHBIM HHC-
JIOM MPUOOPOB HAXOMTCS HE MEHEe 1 3asBOK. DTOT pe3yibTat
JIaeT BEPXHIOW OLEHKY BEPOSTHOCTH IOTEPH IS CHCTEMBI €
MPOU3BOJIBHBIM MPABUIOM BBIOOPA 3asiBOK, KOTOPbIE JOJKHBI
MOTEPATHCS, B TOM YHCIE JI CHCTEMBI, B KOTOPOil Bee 3asBKH
MOCTYNHBLIEH TPYINIbI TEPAIOTCS paBHOBepoATHO. s mocnes-
HEil CHCTEMBI MOJIYyYEHB! TAKKE YPaBHEHUS [UIl CTALMOHAPHOIO
pacrpejielieHust 4uclla 3asBOK B CHCTEME M JIIs BEPOSITHOCTH
MOTEPH 3asABKH.
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Abstract

The following paper reviews multi-channel queuing systems with discrete time scale. The bathes are distributed in accordance with the
Poisson law. The system in the research is a multichannel loss system with geometric services. In contrast to the M|M|n|0 system, the
probability of batch arrival is not equal to 0 but a Poisson distributed batch comes to the system at any discrete moment. The study of
the system is interesting for applications. Results can be useful for analysis of computer and communications systems. In particular, the
results can be useful in analysis of time sharing systems. The system of equations for state probabilities has been obtained. This allows
to calculate the loss probability, which is the main characteristic of the system efficacy.

The second system is a discrete counterpart of the system M|GJe. We have proved that number of demands in the system is distrib-
uted in accordance with the Poisson law with the expectation equal to the load. Therefore the distribution does not depend on serv-
ice distribution if the expectation of the distribution is fixed.

The similar invariability has been proved for the system M|G|n|0, such that the shortest demands lose in the absence of vacant servers.
Formulas have been found for state probabilities and the loss probability. Ve obtain these formulas by comparing the behavior of this
system and the behavior of the second system. The obtained formula is useful, because it provides the upper estimation of the loss
probability in the system with an arbitrary choice of demands such that these demands if the number of vacant servers is not sufficient.

Keywords: multi-channel queuing systems, discrete time, Markov processes, stationary distribution, loss probability.
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NMHOOPMATHNKA

UCCJIIEAOBAHUE METOAOB TECTUPOBAHUNA CUCTEMbI
BAHKOBCKOIO KJIMPUHTA C NTOMOLLBIO CPEACTB UKT

Manbiwes AnekcaHap Cepreesuu,
Mockosckuli mexHuveckuli yHueepcumem ceasu
u uHpopmamuku, Mockea, Poccus, san-100@bk.ru

Knio4yeebie cnoea: uHgpopmauuoHHo-

Bbycnaes Anekcanpp lMNMaBnoBuy, KOMMYHUKQAUUOHHblE MEXHO/I02UU, MecmuposdHue,
Mockosckuli mexHuueckuli yHueepcumem ceasu Memodbl mecmupoearus, 6aHKOBCKUL KUPUHe,
u uHpopmamuku, Mockea, Poccus, apal2006@yandex.ru npozpammHoe obecneyeHue.

PaccMoTpeHbl npoLecchbl co3paHua U TeCTUPOBaHUA NporpaMMHoOro obecney4eHns HaLMOHaNbHOM CUCTe-
Mbl 6aHKOBCKOrO KNMPUHra, onucaHbl LEeNu U METOAbl TECTUPOBaHUA, NPEACTABIEHO UCCNIeloBaHNE Me-
TO/I0B TECTUPOBAaHUA Ha NpUMepe TECTUPOBAHMA MOJENN HAaLMOHANbHON cMcTeMbl GAHKOBCKOrO KNMPUH-
ra c NOMOLLIbl0 COBPEMEHHbIX CpeACcTB MH(OPMaLMOHHO-KOMMYHUKaLMOHHbIX TexHonorui (UKT), npea-
noXeHbl cnocobbl COBEpPLUEHCTBOBaAHUA METOAOB TECTUPOBaHUA cucTteMbl GaHkoBckoro knupuxra. Co-
3JaHue HaLMOHaNIbHOM CUCTEeMbl GAHKOBCKOIO KJIMPUHIa CBA3aHO C nonpaBkamu B MefepanbHblit 3aKOH
Ne 161-®3 "O HaunoHanbHoM NnatéxHoi cucteme”. Lienb AaHHbIX MONpaBoK — UH(POPMALIMOHHO U UH-
bpacTpyKTypHO 3aMKHYTb MpoOLLECC NEePEeBOJOB AEHEXHbIX CpeAcTs Ha Tepputopun Poccun. B cBasm c
AaHHbIMK MOMNpPaBKaMMU YCTaHABNMUBAETCA, YTO NPU OCYLLIECTBIIEHUM onepaTopaMu Ha Tepputopun Poccun
nepeBoja AEHEXHbIX CPeACTB JONIKHbI NMPUBNEKATLCA ONEpPaLMOHHbIE LIEHTPbI U MNaTeXHble KITMPUHIO-
Bbl€ LIEHTPbl, COOTBETCTBYIOLLME HE TONbKO TPe6OBaHUAM POCCUICKOTO 3aKOHOJATENbCTBA, HO U 06A3a-
TenbHo Haxogaawmeca B Poccun. Mo 31oi npuunHe Bankom Poccum 6bino npuHATO pelueHune o cosaaHum
"HaumoHanbHom cucrembl nnarexHbix kapt' (HCIK), a Takxke onepalMoHHOro U NAaTeKHOro KIMpUH-
roeoro ueHtpa HCIMK (OMNKL HCIK). Tak kak nporpaMMHbIit Ko B NporpaMMHOM obecney4eHnn Knu-
PMHIOBOrO LiEHTPa ABNAETCA NONHOCTLIO HOBOW pa3paboTtkoit, To AaHHOoe MO NpoLUNo NONHbIA XKU3HEH-
HbIA LMK, HA4YMHAA OT CUCTEMHOrO aHanM3a M aHanusa TpeGoBaHMiA, 3aKaH4YMBaA TECTUPOBAHNEM, BHEA-
peHueM u conposoxaeHneM. TecTupoBaHUe COOTBETCTBYIOLLIETO MPOrPaMMHOro obecne4eHns KNMpUHIo-
BOrO LieHTpa Heo6X0AUMO ANA NOATBEPXKAEHUA KOPPEKTHOCTM 06paboTkM nepeBoAoOB U BbINOMHEHUA
B3aMMHOrO pac4erTa fartexei B npouecce 6aHkoBckoro knuputra. MccnegoeaHbl 0CHOBHble MeTOAbI Te-
cTupoBaHus — "6enoro"” u "YyepHoro" ALLMKOB, a TaK)KE COOTBETCTBYIOLLIME UM KPUTEPUM MOKPLITUA NpO-
rpaMMHOro Kozia M npueMbl TecTupoBaHua. PaccMoTpeHbl Takike MeTo/bl py4YHOTO U aBTOMaTU3UPOBaHHO-
ro tectupoBaHua [MO. MpeanoxeHbl cnocobbl coBepLUEHCTBOBAHUA METO[0B TECTUPOBAHUA CUCTEMbI
6aHkoBckoro knupunra. Mccneposanme n cpaBHeHMe METOZ0B TECTUPOBAHUA NPOU3BEAEHO Ha NpUMepe
TECTUPOBaHMA MOAENM HALMOHANbHOW cMCTeMbl GAHKOBCKOTO KNMPUHIa, CO3AaHHOM C MOMOLLIbIO COBpe-
MeHHbIX cpeacts MKT. Mogenb cozpaHa ¢ nomowbio cpegbl Simulink, unterpuposanHoin 8 MATLAB u
COAEPXMUT NpUMepbI TECTUPOBAHUA pasnUYHbIMM MeTofaMu. Ee Takke MOXKHO uUcnonb3oBatb ANA Usyye-
HUA METO0B TECTUPOBaHUA.
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UHDOOPMATUKA

AKTYAJBHOCTH CO3JAHHSA HALHOHAILHOMH CHCTEMBI

dankosckoro kaupunra (HCBK).

[Toaroroska nonpasok B Penepanbhblii 3akon Ne 161-03 «O
HaUMOHAIBHOM nuatéxHoit cucteMe» Obina Havara B 2014 rosuy.
Llens naHHBIX MONPaBOK — HHPOPMALMOHHO W HH(PPACTPYKTYp-
HO — 3aMKHYTb [POLECC NEPEBOIOB JEHEKHBIX CPEACTB Ha Tep-
putopuu Poccuu. B cBA3M ¢ JaHHBIMH NIOTPABKaMH yCTAHABIIH-
BAeTcs, UTO s OCYLICCTBICHHS ONEPAaTOpaMH TNepeBOIOB Jie-
HEKHBIX CPEJICTB Ha TEPPHTOPHH POCCHH JOKHBI PHBIIEKATHCS
OTEPALHOHHBIE W IJIATEKHBIE KIHPHHIOBBIE HEHTPHI, COOTBETCT-
BYIOIIIHE HE TONBKO TPeOGOBaHMSIM POCCHICKOTO 3aKOHOMATEIlb-
CTBa, HO M 00s3aTe/IbHO Haxojsuecs Ha Tepputopuu Poccun
[1]. st BemonHeHust AaHHBIX TpeOorauuii bankom Poccun Obi-
JI0 MPWHATO pelieHne o cosganun «HanuoHaneHON cHCTEMBI
TUIATEXRHBIX KapT».

3amauamu HCIIK sBasiores — obecneuenne GecniepeboiiHo-
CTH TUIATEXKHBIX ONEpalMi Mo KaptaMm MEKIyHApOJHBIX Iia-
TEKHBIX CHCTEM Ha TeppHTOpHH Poccuu; paspaboTka, rnocrpoe-
HHE M Pa3BHTHE POCCHIICKOI CHCTEMBI MIATEKHBIX KapT «Mup»;
a Takxke o/HOH M3 ocHoBHBIX 3a1ay HCIIK asasercs Oankos-
CKHil KIMPHUHI — CHCTeMa MeXOaHKOBCKHX Ge3HAIHYHBIX pacué-
TOB, OCYILECTBIAEMBIX Yepe3 KIMPHHIOBBIE LIEHTPbI H OCHOBAH-
HBIX Ha B3aHMHOM pacueTe ruiaTexeil Mexay Gankamu. Menons-
30BaHHEe KIMPUHTAa OOEecTeynBaeT CTOPOHBI, YYacTBYIONHE B
TUIATEXKHBIX ~ OMEpalMaX, CIACAYIONMMH  TPEeHMYIIECTBAMH:
yMeHblIeHHe 00BEMOB HCMOIb30BAHMSA HATHYHBIX JICHEKHBIX
CpPe/ICTB M BO3MOJKHOCTh YCKOPEHHOTO NMPOBEICHHUS MUIaTexkeit, a
TAKKE YMEHBLICHHE PHCKOB HEBBINOJHEHHsA 0053aTelbCTB CO
CTOPOHBI JAPYTHX YYaCTHHKOB OTepaltii.

Pazpatorka [1O HaunoHANBHOI CHCTEMBI

0aHKOBCKOT0 KJIHPHHrA.

Jlnst manHbIX neneil ObLT co37aH ONEPALMOHHBIN W TIATEKHBIH
kmpunrosslii uentp HCIIK (OITKL] HCIIK). Tak kak nporpamm-
HBII KOJI B IPOrpaMMHOM 00ecreyeHnH KIMPHHIOBOTO LIEHTpA AB-
JISIeTCs MOJHOCTBIO HOBOH paspabotkoi, To jgannoe T1O npomwio
MOJHBIN KU3HEHHBIH LHKI, HAYMHAS OT CUCTEMHOTO aHAIM3a W
aHanmM3a TpebOBaHUH, 3aKaH4MBas TECTUPOBAHWEM, BHEIPEHHEM H
COMPOBOKJAEHHEM MPOTrPAMMHOTO MpoJyKTa. Takas MoOeNnb *KH3-
HEHHOTO 1IMKJIA NPEICTaBIseT CTPYKTYPY, KOTOpas COIEPKHT Mpo-
LECCHI, JICHCTBHA M 3a/lauM, OCYLIECTBISIEMbIE B IpOLIECCE paspa-
00TKH, (YHKIMOHMPOBAHMA W COMPOBOXKIEHWA NPOrPAMMHOIO
obecriedeHHns B TEHCHNE BCEil €ro JKH3HM, HAUMHAsA OT ONpeAeIeH s
TpeboBaHuii 10 NpeKpalleHHs HCIOMb30BAHMS CHCTEMBI.

B Hacrosiiee Bpemsi HauOOIbIIEE pacrpoCTPaHEHHE TMOITy-
YHjla HHKPEMEHTHAs (MTepalHOHHANA) MOJIENb KU3HEHHOTO 1IMK-
na I1O [2]. [Jlannas Mozaens wucnofb3yercs INpH paspaboTke
«OOJIBIIMX» CHCTEM, B TOM YHCJE MPOrpaMMHOro obecrneyeHus
KJIMPHHTOBOTO LieHTpa. MHKpeMeHTHas (MTEepalMoOHHAas) MOJENb
nojipazymMeBaeT pa3paborky HHGOPMAIMOHHON CHCTEMBI C HC-
MOJIb30BAHHEM JIMHEHHOH TMOCIEI0BATEIEHOCTH CTAaaui B He-
CKOJIBKO HMHKpeMeHTOB (utepaumii). [loaroToBuTeinbHbIME CTa-
JISIMH K pa3paboTKe MHKPEMEHTOB SIBJISIOTCS CHUCTEMHBII aHa-
nu3 M ananu3 tpebosanuii. OCHOBHBIMHM CTaMsAMK Pa3paboTKy
WHKPEMEHTA SBJISAIOTCA MPOEKTHPOBAHHE, KOJUPOBAHUE, TECTH-
pOBaHHWE, BHEJAPEHHE W COMpPOBOXKAEHUE (cM. pHCyHOK ). MH-
KPEMEHTHBII rpornecc B OONBIIOH CTENeHH SBIAETCS WTEpPaTHB-
HBIM (3aKIroyaer B cebe 1ociaea0BaTeIbHOCTh MOBTOPAIOLUIMXCS
JieiicTBHii) M oDecredMBaeT Ha KaXKa0M MHKpeMmeHTe paboraro-
WK NPOJIYKT.

@opmHposanme Tpebosali

Puc. 1. MukpemeHTHas MoJenb skH3HeHHOTrO Lkaa [10

Ipumenenne coBpemennbix cpeacte HKT ans tectHpo-
Bauna [10 HCBK

TectupoBanue nporpaMmHoro obecriedeHHst KIWPHHTOBOIO
LEHTpa HEOOXOAMMO JUlA MOJATBEP/KACHHA KOPPEKTHOCTH 00pa-
OOTKH MepeBOJIOB M BBHINOJHEHNA B3aMMHOTO pacyera IuiaTexei
B npoiiecce 6aHKOBCKOTO KIIMPHHTA.

OnHO# M3 OCHOBHBIX METPHK TECTHPOBAHHA (YHMCIICHHOE BbI-
paKEHHE KauyecTBa TECTHPOBAHHUA) SIBJIAETCS TECTOBOE IMOKPHI-
THe, MpejcTaBisioniee u3 cebs NI0THOCTh NMOKPLITHA TpeboBa-
HHUit 100 MOKpBITHA UcnonHdeMoro koja [3]. CioxHocTs co-
Bpemennoro [10 cxaenano HEBO3MOXKHOH 3ajavy NpOBeAEHHS
TecTupoBaHus paspabareiBaeMbIX cucteM co 100% TecToBBIM
MOKPBITHEM BCEX BXOAHBIX 3HadeHHH. [TosTOMYy HCMOmB3yIOT
CeAYIONIMEe MOJAXOMAbI K OIIEHKE M HM3MEPEHHIO TECTOBOTrO MO-
KPBITHA TpOTpaMMHOro oOecrieueHusi: MOKphITHE TpeOoBaHMA,
MOKPBITHE KO/A M TECTOBOE MOKPHITHE HA OCHOBE aHaIM3a MOTO-
Ka yrnpasnenus [4]. B 3aBHCUMOCTH OT THIA MOKPBITHS H OT JI0C-
Tyna K HCXOJHOMY KOJy TECTHPYEMOro MporpaMmHoro odecne-
4YeHHsl, Pa3InyualoT TECTHPOBAHUE METO/IaMH «Oennoro suKa» u
«YEPHOTO SIHKA».

Tectupopanue MeTo1oM Ge10ro AlIMKA ABJIAETCS TECTHPOBA-
HHEM MPOrpaMMHOrO KOJa Ha MpejJMeT JIOTHKH paboTel mpo-
rpaMMbl ¥ KOPPEKTHOCTH €€ paboThl ¢ TOUKH 3PEHHSA KOMITHIIA-
TOpa TOTrO fA3bIKa NPOTPAMMHPOBAHMA, HA KOTOPOM OHa Hamwvca-
Ha. Texuuka «benoro sumka» BKIOwaeT B ceds cieayroume
KPHTEPHH TOKPBITHS MPOrPaAMMHOIO KOJia: MOKPBITHE PELICHHIT,
MOKPBITHE YCIOBHH, IMOKpPBLITHE PELICHHH W YCIOBHil, a Takike
KOMOMHATOPHOE NOKpPBITHE YCII0BHit [5].

TecTnpoBaHHe METOJOM YEPHOTO SILIMKA OCHOBAHO HA TeC-
THPOBaHWW MO TpeboBaHWAM M (PYHKIHOHAIBHOH crenupuka-
MM, TIPH ITOM HE ONEPUPYIOIINH BHYTPEHHEH CTPYKTYpOH KO-
na. Texunka «YepHoro smmka» Briodaer B cebs criemyronue
MpHEMBI TECTHPOBAHUA: YKBHBAJICHTHOE pa3OHeHHe, aHaIn3 rpa-
HUYHBIX 3HAYEHMH, aHAIM3 MPUMMHHO-CIIC/ICTBEHHBIX CBs3eil, a
TaKKe npeanonoxenue ob ownbdke [6].

Pa3nnualoT Takyke MeTO/bl Py4YHOrO M aBTOMaTH3HPOBAHHOTO
tectuposanus [10. Pyunoe tectuposanue I10 — tecrnpoBanue
[I0O ©Ge3 wucnonb3oBaHMA BCIIOMOTATENbHBIX MPOTPAMMHBIX
cpeiacTB. B nanHHOM MeTtozne TecTMpOBaHHS CIELMAINCT MO Tec-
THPOBAHMIO NMPOrPaMMHOTO 00eCreYeHHs BBINOIHACT TECT-KEHCHI
B3aUMOJIEHCTBYs HANPAMYIO ¢ CHCTEMOi. ABTOMAaTH3UPOBAHHOE
TECTUPOBAHHE MPOrPAMMHOIO 00ECIEHYEHHs — JTO IPOLIECC Be-
puduxauun I10, npu KOTOPOM OCHOBHbIE WArH U (YHKLMH, Ta-
KME KaK 3arycK, MHHMLIMAIU3alus, BBIIOJHEHWE TecT-Keiica, a
TaK/Ke aHaIu3 M BblJa4da pe3yjbTaTa TECTUPOBAHMSA, BBIMOIHSA-
FOTCSl aBTOMATHUYECKH MPH TIOMOIIH HHCTPYMEHTOB aBTOMaTH3H-
POBaHHOTO TecTHpOBaHHs [7].
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Puc.2. Mojiesib KIHPHHIOBO#H CHCTEMbI

[Tpun aBTOMATH3MPOBAHHOM TECTHPOBAHWH CIELHAIMCT TI0
tectuposanmio I10 peanu3syer BhIMONHEHHE TECT-KEHCOB B CHC-
TeMe aBTOMATU3HPOBAHHOIO TECTUPOBAHMUS, KOTOpas yiKe B3au-
MoJIeiicTBYeT ¢ pa3pabaThIBaeMoii CHCTEMOIA,

HudopmanHoHHO-KOMMYHHKAIIHOHHBIE TEXHOJIOTHH  OXBa-
THIBAIOT BCE PECYpPChl, KOTOpble HEOOXOAMMBI Ul YIPaBICHHS
nH(opmannen, Takne Kak KOMIBIOTEPbI, CETH, TPOTrpaMMHOE
ofecrieueHue, UCIOMb3YEMbIE JUISl XPAHEHHs, CO3/aHusl, yIIpaB-
JIeHUs], TIOHCKa U nepejaqdn uHpopmauuu. Ilpu ncnonbs3oBaHun
coBpemeHHbIX MKT M03HO MO/€IHpOBATE CIIOMHBIE CHCTEMBI H
BU3YalU3UPOBATh IIPOMUCXO/IAIIHE B HUX IIPOLIECCH.

C nomolIbio pacueTHBIX, MMHTALMOHHBIX, JEMOHCTPALHOH-
HBIX U mozenupytommnx cpejacts KT moxkHO nposectn uccie-
JIOBAHHE M CPAaBHEHHE METOJI0B TECTHPOBAHMS Ha MPHUMEpE Tec-
THPOBAHHS MOJENIH HALMOHANBHOI cHCTEMbl OAHKOBCKOTO KIIH-
PHHTa M, €CJIH TO BO3MOIKHO, MPEIOKHTL METO/bI X COBEp-
LIEHCTBOBAHMSL.

Jlna peann3anuu ONMCAHHBIX 1EJNeH HMCCIENOBAHWS M CpaB-
HEHHsI METO/IOB TECTHPOBAHMS CO3/1aHa MOJE/b KIHPHHTOBOIO
ueHTpa. Mojesib COCTOMT M3 B3aUMOAEHCTBYIOIINX MOJAYIICH 1
CONEPKHT NPUMEPBI TECTHPOBAHHMSA Pa3IMYHBIMH  METOJAMH.
Mojiens co3nana ¢ nomoupio cpeast Simulink, unrerpuposan-
Hoii B MATLAB (puc. 2).

CucreMy MOKHO MCIIOIIB30BATh JIS CPABHEHHSA METOIOB TeC-
THPOBAHMSI, @ TAKKE JUIs M3YUYEHHs! METO/IOB TecTHpoBaHus. Tec-
THpPOBaHHE HA OCHOBE MOJIENH SBIAETCS pa3BUBAIOIIMMCHA BO
BCEM MHPE MOAXO0J0M K TECTUPOBAHHIO, NIPH3BAHHBIM MOBLICHTh
3(heKTHBHOCTE TECTOBOIO IpoLecca.

ITonoOHBIX Mozeneii KIMPHHTOBOTO IIEHTPA B OTKPHITOM
JIOCTYIIE HE MPUCYTCTBYET.
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B pesyibsTate MCClIeIOBaHHI METOJIOB TECTHPOBAHHS BhISAB-
JIEHO, 4TO, TAaK KaK CHCTEMAa HMEET MOC/Ie/IOBATENEHYIO CTPYKTY-
PY PacIooKeHHs MOJYJIeH TO NPOBEpKa PEeLeHHil 1 YCI0BHil 1
NpHEMBI SKBHBAJIEHTHOTO pa30HeHMs ABIAIOTCS NPHOPHTETHBIMH
NPH TECTHPOBAHHH CHCTEMbl DAHKOBCKOTO KJIMPHHIA W HMEIOT
HaubobIIYI0 3()GEKTHBHOCTE 10 CPABHEHHIO C JPYTHMH METO-
JIaMH.

[lepcrieKTHBAMH Pa3BUTUS TECTHPOBAHHSA CHCTEMBI GaHKOB-
CKOTO KJIMPHHIa ABJIAETCS NMPHMEHEHNE MPOMBILIICHHBIX CHOCO-
O0B nNpoBepKH KayecTBa nporpaMMmHoro obecnevenns. Haunbonee
BaKHBIM HAmlpaBlIeHHEM 3/eCh ABISETCA MEPexXoj OT PydYHOro
TECTHPOBAHUA K PasHYHBIM CHCTEMaM aBTOMATH3HPOBAHHOIO
TECTHPOBAHMA H JIOKAIM3AlIMK HallIeHHBIX 1e()eKToB,

CoBepIleHCTBOBAHHEM MeT0J0B TecTHpoBanus [10 kampuH-
TOBOIO LEHTpa ABISIETCH CO3JaHHE NMPOrpaMMHBIX pPacHIMpeHHH
JUId  npoliecca  aBTOMATH3WPOBAHHOIO TECTUPOBAHUS METOJIOM
Geloro ALMKA /T TPOBEPKH BO3BPAILAEMOro 3HAUCHUs (DYHKIIHI
W JoKanu3auny GpyHKumii (Moayneit), copepkamux ae(eKTsl.

Jakaouenue

Takum  oOpasoM,  MCnoib30BaHHE  MH(OPMALIMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOIOTHIi PH MCCIIE0BAHAN H CpaBHe-
HHM METOJIOB TECTHPOBAHMSA MO3BOJSET HE TOIBKO CIIelHaIH-
craM no TecrtupoBanuto I10 cpaBHuBath 3(peKTHBHOCTL METO-
JIOB TECTHPOBAHMA JUIS Pa3MYHBIX CHCTEM, B TOM YHCIe s
CHCTEMbI OAHKOBCKOIO KJIMPHHIA, HO H IO3BOJIAET OPraHM30BaTh
nporecc oOydeHUss MeTOJaM TECTUPOBAHUS IPOrPAMMHOTO
obecrieyeHns Ha MpUMepe TECTUPOBAHMA MOJIEIH CHCTeMBl GaH-
KOBCKOIO KJIMPHHIA M TOJrOTABIMBATE HOBBIX CIELMAJINCTOB
Juist rectuposanus [10 kaupHHroBOro 1eHTpa.
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STUDY OF THE METHODS OF TESTING THE BANKING CLEARING SYSTEM
BY MEANS OF INFORMATION AND COMMUNICATION TECHNOLOGIES

Alexander S. Malyshev, MTUCI, Moscow, Russia, san-100@bk.ru
Alexander P. Buslaev, MTUCI, Moscow, Russia, apal2006@yandex.ru

Abstract

The article examines the processes of creating and testing software for the national banking clearing system, describes the purposes
and methods of testing, presents a study of testing methods by examining the model of the national system of bank clearing with the
help of modern information and communication technologies (ICT), proposed ways to improve methods of testing the system Bank
clearing. The creation of a national system of bank clearing is associated with amendments to Federal Law No. [61-FZ "On the National
Payment System". The purpose of these amendments is to inform and infrastructural the process of money transfers in the territory
of Russia. In connection with these amendments, it is established that when operators carry out the transfer of funds in the territory
of Russia, operational centers and payment clearing centers that correspond not only to the requirements of Russian legislation, but
also are necessarily located in Russia, must be involved. For this reason, the Bank of Russia decided to establish a "National Payment
Card System" (NPCS), as well as an operational and payment clearing center of the NPCS (OPCC NPCS). Since the software code in
the software of the clearing center is a completely new development, this software has passed a complete life cycle, from system analy-
sis and analysis of requirements, to testing, implementation and maintenance. Testing of the corresponding software of the clearing cen-
ter is necessary to confirm the correctness of the processing of transfers and perform the mutual calculation of payments in the process
of bank clearing. The article examines the main testing methods — "white" and "black" boxes, as well as the corresponding coverage cri-
teria for program code and testing techniques. The methods of manual and automated testing of software are also considered. Methods
for improving the methods for testing the banking clearing system are suggested. Research and comparison of testing methods was car-
ried out on the example of testing the model of the national system of bank clearing, created with the help of modern ICT tools. The
model is created using the Simulink environment, integrated into MATLAB and contains examples of testing by various methods. It can
also be used to study testing methods.

Keywords: information and communication technologies, testing, testing methods, banking clearing, software.
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AUWATHOCTUYECKAS MOAEJIb
BO3MOXXHbIX COCTOSSHUA OBBLEKTA

Knro4eeble cnoea: mexHuyeckas dudazHoCmMuKda,
mexHu4eckoe duazHocmuposaHue, duazHocmupyembiii
06beKM, MEXHUYECKOE cocCmosHuUe 0bbekma,
duazHocmuyeckas mooesib, abcmpakmHoe
ModesiuposaHue, ucnpagHoe cocmosHue, HeucnpasHoe
cocmosiHue, HepabomocnocobHoe cocmosHue,
pabomocnocobHocmb, omKas.

Mekkenb Angpeit Makcosuu,
LenmpanbHas cmanuus ceasu — ¢punuan OAO "PXK",
Mockea, Poccus, mekkelam@css.rzd.ru

Cratba noceauleHa c¢opManusaumm npouecca AMarHOCTUPOBaHUA COCTOA-
HMUA TexHu4eckoro obbekra. PesynstatoM gnarHoctuposaHua asnaerca on-
peAeneHne COCTOAHMA AMarHoCTUpyeMoW cuctembl (o6bekTa) B peanbHOM
Macwtabe BpeMeHU C LeNblo CBOEBPEMEHHOTO BbIABNEHUA OTKIIOHEHWIA OT
HOpPMaJIbHOFO COCTOAHMA, a TaK)Ke MPOrHO3UPOBAaHWUA TaKUX OTK/IOHEHWM.
Ana Toro 4To6b1 hopManmsoBarth NpoLEeCC pacno3HaBaHusA, B MArHOCTUPY-
eMoM o6beKTe BbIAENAIOT AUCKPETHbIE KaTeropumu ero COCTOAHUA. DTO No3-
BOJIAET CBECTU NPOLIECC PACNO3HAaBaHWA K OTHECEHUIO COCTOAHMNA 06beKTa K
OAHOW U3 3TUX KaTeropui. BosmorxkHble cocToaHnA HekoToporo abcTpakTHoO-
ro o6beKTa MOXXHO MHTEepnpeTupoBaTb B (hopMe ANArHOCTUHECKOH Moaenu.
HAuarHoctuyeckaa Mogens npeacrasnaer cobov ¢popmanusoBaHHoe onuca-
Hue obbeKTa, HanpuMep, B aHaNIUTU4ECKON, rpachuecKkon, TabnuyHoM, Bek-
TOpHOW unu apyrow ¢dopme.

MokasaHbl NpMMepbl NOCTPOEHUA Pa3NIMHbIX AUArHOCTUYECKMX MOAenen B
TabnuyHow u rpacpuyeckoi popme. PopManbHoe npeacTaBNeHne BO3MOXK-
HbIX COCTOAHMI AWArHOCTUPYeMbIX 06LEKTOB B BUAE ANArHOCTUHECKNUX MO-
Aeneii No3BoJIAET aBTOMaTU3UPOBaTh NPOLLECC ANArHOCTUKM.

D70 faéT BO3MOXXHOCTL HENpEepLIBHO KOHTPONUPOBaTh COCTOAHUE obGbekTa
no6oit cnoXHOCTU B peanbHOM Maclutabe BpeMeHM, BbIABNATL U NpoO-
rHO3UpOBaTb TEHAEHLMMN U3MEHEHNA COCTOAHUA.

MpeacraBnaerca Takke BO3MOXHbIM YNpPaBNATb AENCTBMAMMU SKCRTyaTaum-
OHHOrO NepcoHana no yCTpaHeHMIO NOBPEXAEHWH, a, B HEKOTOPbIX Clly4asnX,
M aBTOMaTM3MpOBaTh 3TOT Npouecc.

Unpopmauus o6 asmopax:
Mekkenp Andpeil Makcoeuy, LlenmpanbHas cmanuusa ceasu - ¢punuan OAO "PXK/", Bedywuii mexHonoe MHxeHepHo-mexHu4yecKol
cnyx6bl, K.m.H., Mockea, Poccus
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UHDOOPMATUKA

O0mne nooKeHun

B npouecce AMarHOCTHKH YCTAHABIMBAETCS CBOEIO POJA -
arHo3, T. €. OTpeaeseTcs COCTOAHNE JHATHOCTHPYEMOTO 00beK-
Ta. [Toa TexHuyeckoi AMArHOCTHKON MOJpa3yMeBaeTcs Hayka o
PACIIO3HABAHHH COCTOSHHS TEXHHYECKOH CHCTEMBI (TEXHHYECKO-
ro obwekra) [1]. Cam npouecc onpeaeneHns COCTOSHUS CHCTEMBI
Ha3BIBACTCA JIMATHOCTHPOBAHHEM.

PesyibTaToM TEXHHHYECKOrO JHArHOCTHPOBAaHMA ABJIACTCA
OIpe/Ie/IeHHe COCTOSHHS JIHArHOCTUPYEMOro 00beKTa B peallb-
HOM MaciuTabe BpeMEeHH C IIEeIbI0 CBOEBPEMEHHOTO BbIsBICHHS
OTKJIOHEHHH OT HOPMAJIbHOTO COCTOSHHA, a TaKyKe MPOTHO3HPO-
BaHUs TAKUX OTKIOHEHMWIL.

OTK/IOHEHHs OT HOPM MOTYT OBITh Pa3IM4HBIMH M BBI3LIBATH
HeraTuBHbIH () dexT paznnuHoii crenenn. MiMeHHO nosTtomy peys
UAET 0 MHOJKECTBE COCTOSIHHI JIMATHOCTHPYEMOT0 00BeKTa.,

Jlns opmanuzauuu npouecca pacrno3HaBaHus B JIHarHOCTH-
pyeMoM 0ObeKTe BBIIENAIOT JUCKPETHBIE KATErOPHH €ro
COCTOAHHA. DTO MO3BOJIIET CBECTH IMPOLIECC PACIO3HABAHHA K
OTHECECHHIO COCTOSIHHA 00BEKTa K OJHOH M3 ITHX KaTeropHi.
KonnuecTBo KaTeropuii NpHHIMITHATLHO KOHEUHO.

Jlnst KOHKpeTHOTO 00BeKTa JANArHOCTHPOBAHUS YCTAHABIHBA-
eTcA:

—  KOJIHMYECTBO KATETOPHii U UX CYLIHOCTH;

—  HOMEHKJIaTypa HOPMHPYEMBIX (KOHTPOJIHMpYEMbIX) ma-
paMeTpoB.

KonnyecTBo kareropuii H MX CYIIHOCTh, OTPAKEHHAS B Ha-
UMEHOBAHHH KaTEropHii, onpeensiercs 0co0eHHOCTIMH 00beKTa
JIMarHOCTHpOBaHUs M cneuudukoil ero skcrryatauuu. CoBo-
KYTHOCTh BEJIMYHH KOHTPOIHMPYEMBIX TNapaMeTpoB ONpejenseT
OTHECEHHE COCTOAHHA 00BEKTA K TOH WM MHOH KaTeropuu. 10T
[IPOLIECC CXEMATHYECKH MPEJICTaBlIeH Ha puc. 1.

AwvarHocTupyembii
06bEeKT

Hopmupyemsie
napamerpbl

OuCKpeTHLIe KaTeEropuu
COCTOAHMM

Puc. 1. Onpenenenne Tekyueii KaTeropuu COCTOAHKA 00BEKTa

| Texywwe aHavenm

Tekyume 3HaueHHs KOHTPOIMPYEMBIX TapaMeTpoB OMNpejie-
JISIIOT KATEropui0 COCTOSHUA 00BEKTA B JIaHHBIH MOMEHT Bpeme-
Hu. Ecii 3HayeHus Bcex napaMeTpoB HAXOAATCA B Ipejenax
YCTAHOBIIGHHBIX HOPM, TO COCTOsHHE 00bEKTA SIBIAETCS HCIpaB-
HbiM. To ecTh KaTeropuss MCIPaBHOTO COCTOSIHMA SBJIAETCA
€/IMHCTBEHHOI, a HEMCIIPABHOE COCTOSIHUE MOJKET HMETh KaKoe-
TO KOJIMYECTBO Ipajialuii H COOTBETCTBEHHO KaTErOPHid.

Kaxoft rpajganmu (KaTteropuu) HEHCIIPABHOTO COCTOSHHS
JIOIIKHA COOTBETCTBOBATh YCTAHOBJICHHAs CHCTEMa MocieeHcT-
BHH, HanpapjieHHas Ha BOCCTAHOBJICHHE MCIIPABHOIO COCTOSHMS
o0BeKTa.

KomuectBo kateropmii cocrosHmii o6bekra (McnpasHoe +
HECKOJIbKO HEHMCIPABHBIX) 3aBHCHT OT KOJMYECTBA YCTAHOBIIEH-
HBIX MMAPAMETPOB M KOJMYECTBA YCTAHOBICHHBIX CTEleHeil je-
rpajalnu Kaxaoro napamerpa. Kak yixe ykasblBanaoch, COCTOS-
Hue oObexTa ompesensercs komOGunanueil 3HaueHnii ero napa-

MeTpoB. Eciii KOIMYECTBO mapaMeTpoB NPHMHATO PABHBIM 7, a
KOJIMYECTBO YCTAHOBJIEHHBIX CTENEHeH Jerpajauuu (BKIouas
OTCYTCTBHME Jlerpajaliiy) Ui i-ro mapamerpa — my, rjae I<i< n,
TO 0011ee YHCI0 BO3MOKHBIX COCTOAHMIT Oy1eT paBHBIM:

N=m;xmy*...xm;*...xm,

IIpy OXMHAKOBOM KONHYECTBE YCTAHOBIEHHBIX CTENeHEl
JIerpafialiii Ul KasKI0ro mapamerpa:

N =) m!l

Bo3MoskHBIE COCTOAHMS HEKOTOpOro abCTpakTHOTO 00beKTa
MOKHO MHTEPIpPETHPOBaTh B (JOpPME AHArHOCTHYECKON MOJIENH.
CornacHo [2] nuarHocTHUecKast MOJIENb onpenenseTcs Kak hop-
MaJIH30BaHHOE ONHcaHue 00beKTa, HeOOXOAUMOe JUlA PelleHNs
3aja4 auarHoctupoBanus. Mrak, amarHoctuueckas Mojelb
npejcrasaser coboil (opmanu3oBaHHOE onucaHHe o0BeKTa,
HanpuMep, B aHAIMTHYECKOi, rpaduyeckoi, TabIM4YHOI, Bek-
TOpHOH MK Jpyroii Gopme.

OcHOBHbIE TIPHHIMIBI JJHATHOCTHYECKOTO MOJIeITHPOBAHHS
MOJIBITOKEHE! B BHJIE CJICIYIONIEr0 NepeyHs:

1.  Bo3MOXHBIE COCTOSHMS HEKOTOPOro abCTPaKTHOTO
00BbeKTa MOKHO MHTEPIPETHPOBATL B (JOPME IMArHOCTHYECKOI
MOJIEIH.

2. JlmarHocTHdeckas MOJIEIb Onpeensercs Kak (opMasin-
30BaHHOE ONHcaHue 00beKTa, HeoOX0MMOe LIS peLieHns 3a1ay
JIHarHOCTHPOBAHMSL.

3. B obmem ciaydae cocTosiHHe 00BEKTa MOKET Ompejie-
NATBCA N NapamMeTpaMy, YeMmy Oy/leT COOTBETCTBOBAThH N-MEpHas
MO/IEb.

4.  Jlnd KaKI0ro U3 n NapamMeTpoB MOXKET ObITh YCTAHOB-
NIEHO m CTENEeHe Jierpajauu.

5.  KomOuHauus 3HaueHuii napamerpoB onpeaesiser Kate-
FOPUIO COCTOSIHUSA IMATHOCTHPYEMOTO 00BEKTa.

ITocTpoenne abCTPaKTHBIX JHArHOCTHYECKUX MoJeei

Caavana OyneT paccMoTpeHna Haubosiee pocTas AByMepHast
MOJeJIb, /U1 KOTOPOH cocTosiHie 00beKTa onpejielsieTcss BCero
ABymMs mapamerpamMud — X u Y.

B ofmem ciaydae cocTosHHE AMArHOCTHPYEMOro OOBeKTa
MOJKET OIpEENAThC n napamMeTpamu, dyemy OyJeT COOTBETCT-
BOBAaTh H-MepHasi MOJIEIb.

B kauectBe mpuMepa npumeM, uto oba mapamerpa X u Y
MMEIOT TPH CTENEHN Jerpajalnu, NpoHyMepoBaHHsie oT 1 10 3 B
cropoHy yxyawenus. Hyném obo3HaueHO oTcyTCTBUE Jerpaja-
unn. Jlauneiii ciyyaii (n = 2; m =4) nnmoctpupyercs tadn. 1.

Obmee uncino cocrosmii (N = m" = 4%) wecrHamuars.
B paccmarpuBaemMom yciaoBHOM npumepe 16 coctosiHmii pacripe-
Jlenensl 1o dyersipéMm kateropusim: A, b, Bu I (ot b k I' npouc-
XOJIMT YBeJIMUEHHE JIeTpajialiii 00beKTa).

Jlns oTHecenns komOnHaumyu napamerpoB X u Y K Toii win
HHOIT KaTeropun jJoikeH ObITh BEIOpPAH CrielHalIbHBIH KPHUTEPHIi.
B peanbHBIX YCIOBHSX OH OIpElelsieTcs 3apaHee, UCXOIS M3
ocobeHHOCTeiT 00beKTa.

B kadecTBe BO3MOKHOTO nmpuMepa B Tadn. | B kauecTBe or-
PEAEIAIOLIEr0 KpHTEpHs BLIOPAHO HAWXY/LIee 3HAYEHHE B KOM-
OMHALMK M3 JBYX MapaMeTpoB (T.e. Haudoibluias jerpajaius
OJIHOTO W3 MapameTpoB B AaHHOH komOmHaumu). To ecTsb, eciu
xot1si Obl OJIMH U3 nmapameTpoB (X win Y) uMmeer crerneHb Aerpa-
jauuK 3, To 00BEKT HAXOIAUTCH B COCTOSHUM, COOTBETCTBYIOLLEM
kareropun "I'". Ecin 2, To B "B" n T.1.

HcnpaBHomy cocTosiHHIO 00BEKTa COOTBETCTBYET 001acTh
MOJIe/IH, B KOTOpOii 00a mapaMerpa UMEIOT 3HAYEHHS He XyiKe
HOPMBI (0003HAYEHO 3€/IEHBIM LIBETOM M 3HAYKOM A).
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Tabmuua 1

TabauuHas HHTEPHPETALHS AHATHOCTHYECKOIl Mojlesn.
Bo3moiknble cocTosinus odbexkTa npu n=2 um =4

B Tabauue 1, kpome Kareropuii cocTosHHs, BBEICHBI elIE U
"oTTeHKH", MM Moakareropuu. B paccmartpuBaeMoOM YCIOBHOM
ciydae NnojKaTeropuu CoCTOsHHA 00BbEKTa ONpe/esioTes BHYT-
PH KaTeropuu o YCJI0BHOII cyMMe HOMEPOB CTerneHel Jierpajia-
uun napamerpoB. Takoe onpejeneHue nojkareropuii BeiGpano
HCKIIIOYHTENILHO B KQUECTBE NPUMEpPA, HA NPAKTHKE MOXKET ObITh
BLIOpaH Apyroi KpuTepHii HIH MOAKATErOPHH MOTYT BOODIIE He
BBOJIHTHCH.

Criejtyer OTMETHTDb, 4TO B O0LIEM ClIyyae NPUMEHUTEILHO K
abCcTpakTHOW MOJIENH JIeNAeTCs KAueCTBEHHAs OLIEHKA napamer-
pos tuna "xyxe-nyuure" (a He "Gosblle-MeHbLIE"), MOCKOIBKY,
HANpUMEp, BO3pPAacTaHME OTHOLIEHUS CHIHAN/IIYM ABJSIETCS
ylydlleHHeM, a Bo3pacTaHue Kod(QHLMeHTa HCKaMKEeHHH —
yxyameHeM. UMEHHO 1O3TOMY BBOJMTCS YHHUBEpPCAJIbHOE MO-
HATHE "Jerpajanmsa”, oTpaxaroliee yXyJIILIEHHe COCTOSHHUS JH-
arHOCTHPYEMOTo 00BeKTa.

Bce rpajaunu kareropuii coctosuus 00BEKTa 3aKIIOYEHBI
MEXK/y HOPMAJIBHBIM (MCIPABHBIM) COCTOSHHEM M COCTOSHHEM
OTKa3a.

HopmanbHoe (ucnpaBHOE) COCTOSHHE JIMATHOCTHPYEMOTO
o0beKTa onpejensercs 3Ha4eHHAMH €ro MapaMeTpoB, YCTAHOB-
JIEHHBIMU TPeOOBAHMAMH TEXHHUYECKOH TOKYMeHTalueH Ha o0b-
€KT (B YaCTHOCTH, TEXHHYECKHM MACHOPTOM).

OTka3 IHarHoCTUpyeMoro o0beKTa — coObITHE, 3aKIHUalo-
mieecss B HapyumeHHH paboTocrnoco0HOTO COCTOAHHMA 00BEKTa,
T.€. nepexo 00beKTa B HepaboToCOCOOHOE COCTOSIHHE.

Kak yxe yka3pBaloCh, KOJIMYECTBO KATErOpWil COCTOSHMSA
MEX/1y MCIPABHLIM COCTOSHHEM M OTKA30M OINpe/eNseTcs 0co-
OeHHOCTAMHM 00BEKTa JMArHOCTHPOBAHMA M CHeUH(HUKOil ero
akcruryatauni. Huke npuseens! onpejeneHus HEKOTOPBIX CO-
CTOSIHMIA, B3ATbI€ M3 HOPMATHBHBIX JOKYMEHTOB [2-4], a Takke
3 [1]:

—  HOpMaJibHOe (MCIPABHOE) COCTOSHHME, MPH KOTOPOM
00BEKT CMOcOOEH BBIMOJIHATL BCE YCTAHOBJEGHHBIE UL HETO
Gyukunn. Kpurepuit HOpMaIbHOTO COCTOSIHUSI — TIOJIHOE COOT-
BETCTBHE NIAPAMETPOB BCEM YCTAHOBJICHHBIM TPEDOBAHMSM.

—  paborocnoco0HOe COCTOSIHHE, TIPH KOTOPOM OOBEKT
croco0eH BBIMONHUTH TpeOyeMyr (YHKIHIO MPH YCIOBHH, 4TO
npejocTaBieHbl HeoOXoauMble BHemHHe pecypcbl. OO0bekT B
OJIHO W TO K€ BpPEMs MOXKET HaxXxoJuThcs B padorocrnocobHOM
COCTOSIHMH JUISl BBIMOJTHEHMSI HEKOTOPKIX (DYHKUMI U B Hepabo-
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N X ¥y
1 3 3 | 6 |

2 3 z

1 3 1

5 1 3 &

6 3 0 r1

7 0 3 =

8 s Z 4 B3

9 74 1 3 B2

10 1 2 B 3 B-2

11 2 0 2 B-1

12 0 2 2 B1

13 1 1 2 k-2

14 1 0 b 1 b-1

15 0 1 1 b-1

16 0 0 A o [
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TOCHOCOOHOM COCTOSHHM JUIS BBITIOJHEHHS JPYrux (yHKIW.
Kpurepuii — BoinonHeHne GpyHKIHiL.

—  HepaboTocmocoOHOe cocTOsiHME (COCTOSHHE OTKaza),
MpH  KOTOPOM O0OBEKT HECrnocoOeH BBINMOIHUTE Tpedyemylo
¢yaximio no moboit npuunHe. Kputepwii — HEBBIMOIHEHHE
GyHKLMi,

—  HeHCHpaBHOe COCTOSIHHE, IPH KOTOPOM OOBEKT MOKET
Haxo/AuTheA Kak paborocnocoOHOM, Tak M He B paborocnocol-
HOM cocTossHuH. KpHTepuii HeHCIIPaBHOTO COCTOSHUS — HECOOT-
BETCTBHE XOTd OBl OJJHOTO M3 MAPAMETPOB YCTAHOBICHHBIM Tpe-
GoBaHUAM.

—  NpefoTKa3zHOe COCTOSIHHE, [IPH KOTOPOM BIIHSIOIINE HA
paboTocnocodHOCThL napaMeTpsl 00BEKTa CTPEMSTCS K BEPXHUM
WM HIKHUAM IPaHHLIAM HOPM, BBIXOJL 32 [pe/Ieiibl KOTOPBIX MpH-
BOAUT K oTkasy oOwekra. IIpesioTkasHoe COCTOSIHHE SBJISACTCS
OJIHUM W3 BHJIOB HEHCIIPABHOTO COCTOSIHHSL.

—  COCTOSIHHE TOBPEeKIEHHsI — TIpHeMIIeMasl JUIsl T10JIb30-
BaTelIsl Pa3HOBHIHOCTH HEMCITPABHOIO COCTOSIHHS, TPH KOTOPOM
00BEKT HE MOJHOCTBIO CocoOeH BHIMOIHATE TpedyeMyro (yHK-
1HIO.

[TpakTHUECKHM NPUMEPOM HEHCNPABHOrO, HO paboTocho-
cOOHOTO COCTOSAHHSA MOKET CIY/KHMThb YCTPOMCTBO ¢ "ropsunm"
pesepBoM WM ¢ ayOnumpoBaHHBIMM OJ0KaMHu (HanmpuMmep, mep-
BHYHBIIl ATAJIOHHBIH reHepaTop TakTOBO# wactorel — [IOI,
MUMEIOLIHH HECKONBKO TMEPBUYHBIX JTAJOHHBIX MCTOYHHKOB —
I19H). OTka3s pesepeHOro wim ayonupytomero 6J0Ka MPHBOINT
YCTPONHCTBO B HEHMCIIPaBHOE COCTOSIHWE (CHHMIKaeTcs Haaéx-
HOCTB), HO OHO OCTa&Tcsi MPH 3TOM MOJHOCTRIO paboTocnocob-
HBIM.

I'paduueckas nuTEpNpeTalus pacCMaTpPUBAaEMOi 1BYMEPHO#
MOJIESTH MMEET BM/I IIOCKOCTHOI JHarpamMMmsl (puc. 2).

>
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Puc. 2. [Tpumep ABYMEpHOI MOAEH COCTOAHNA 00beKTa

OGo3HaueHusl, PHHATEIE HA PHC. 2, COOTBETCTBYIOT MpPHHS-
TeiM B Tabu. 1. 3nauxkamu 0, 1, 2, 1 3 nokasaHel yclIOBHBIE 00-
nacTH Ha ocaX X M Y, COOTBETCTBYIOLINE CTENEHAM Jerpaiaiin
napamMeTpoB.

Crnesyer Takike OTMETHTB, YTO JUIsi 0003HAYEHHUs! YCIOBHBIX
obunacreii Ha ocsX MapaMeTpoB He TpedyeTcs cobIaaTh Kakoii-
nubo peanbHbIi MacTab, COOTBETCTBYIOIIHI YHCIOBBIM 3HAYeE-

—e - ————




UHDOOPMATUKA

HUsIM TlapaMertpoB. Jlns ynoGcerBa B jaHHOM npumepe BbIOpaH
PaBHOMEPHBIi 1Iar 3Ha4€HHi Jerpajalud napaMeTpos, BCJe/l-
ctBue Yero obnactu 16 BO3MOXKHBIX cOCTOsIHMIT (00nacTH nojKa-
Teropuil) uMeloT (GopMy KBajpaToB.

3HaueHns MapaMeTpoB B JAHHBIH MOMEHT BPEMEHHM OIpese-
AAI0T KOOPJAMHATEI TOUKH, OTPAXKAIOIIEH aKTyalbHOE COCTOAHHE
00beKTa. AKTya/lbHOE COCTOSIHME (KATEeropusi COCTOSHMs) onpe-
nensiercst 061acTblo, B KOTOPOH B JJaHHBIH MOMEHT BPEMEHH Ha-
XOJIMTCS BhIIEyKa3aHHAs TOYKa (Ha pHc. 2 910 061aCTh HCIPaB-
HOro coctosiHust A 1 obnactTu Kareropuii aerpasauuu ot b 1o IN).
HenpepbIBHBIH HIH NEPHOAMYECKUIT KOHTPOIIL NapaMeTpoB Mo-
3BOJIAIOT MOCTPOMTE TPAEKTOPHIO JBHKEHHS TOUKH COCTOAHHS
BO BPEMEHH H TEM CAMBIM BBIABHTHL TCHACHLUHI) W IIPOTrHO3HPO-
BaTh COCTOsIHHE 0OBEKTA.

B kauecTse Apyroro npuMepa AByMEPHOH MOJIENH PaccMOT-
puM cityuaii, koraa napamerpbl X U Y uMeroT pazHoe KOJIHYECTBO
cTeneHeil aerpajatum:

—  napamerp X —Tpu ctenenu 1,2 u 3 (m, = 4),

—  napametp Y — oany crenens 3 (m, = 2).

CoorBerctBytomas Mojens B TabauyHoil u rpaduueckoi
(opMme npeacrasiena B Buae tabn. 2 u puc. 3.

Tabnuua 2

TadauuHas HHTEPNpeTALHs AHATHOCTHYECKOH MoJeIH.
Bo3moxHbIe cOCTOAHNA 00beKTa NpH 1 =23 m, = 4; m, =2

Ne X Y Kateropus X+¥Y nﬂﬂ;em—
1 3 3 :
2 2 3
3 1 3
4 0 3
5 3 0
6 2 0 B 5 -
7 1 0 B I <
8 0 0 K | 0 | &
s
E
H
g
=
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=3
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o
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Puc. 3. Jlsymepnas Mojens coctoanis oObekTa
npun=2;m.=4;m,=2

Kak npasuio, Helieliecoo0pa3HO BBOAHTH OOJIbIIOE KOJTHYE-
CTBO YCIIOBHBIX 00nacTeil, COOTBETCTBYIOLUIMX TOH MIM HHOM
CTeneHH Jierpajauuu napamerpos. B GonsummHcTBE Cilyuyacs
MpeJICTaBIseTCs BIOJHE J0CTATOYHBIM BBe/IeHHEe TPEX obnacteit

(30H) jlerpajalMu Kaxa0ro M3 IapamMeTpoB Kak 3TO C/IENaHO B
Tabn. 1 u Ha puc. 2:

—  3oHa 0 — oTCyTCTBHE Jerpajiallii, HOPMalbHOE 3Hade-
HHE;

—  3o0Ha | — mepBas cTeneHs Aerpanallu napamerpa;

—  30Ha 2 — BTOpas CTeNneHb Jerpaalny napaMeTpa;

—  30HA 3 — TPEThA CTENEHb Jerpajalyu napamMmerpa.

Ecnn konmuecTBO 30H Jlerpajialiii Ha NMPaKTHKE OTPaHHYH-
BACTCA JIByMA-TPEMsl, TO KOJHMYECTBO JHMAarHOCTHYECKMX Iapa-
METPOB CHIILHO 3aBHUCUT OT CrelHPUKH 00BEKTa, U MOKET ObITh
OonbUINM.

ITpu nepexosie ot abCTPaKTHOMH MOJIENH K MOJIC/IH COCTOSAHHI
KOHKPETHOr0 00BeKTa 1enecoodpasHo KOAMYECTBO CTENEHEH
Jerpajaini 00beKTa yBs3aTh C KOJHYECTBOM M BHIAMH MOCIIE-
JEeHCTBHIA, HAaMPaBICHHBIX Ha BOCCTAHOBIEHHE MCIPABHOTO CO-
cTosHUS O0BEKTA.

Ipencrasnsier uHTEpec rpapuueckasl MHTEpHpeTalus TPEx-
MepPHOI MOJeJIH COCTOSHHII 00BEKTa, KOraa ero COCTOSHHS Of-
penenstores Tpems napamerpamu — X, YV u Z. Urak, n=3; m=4
(TpM creneHu AerpajauMu Uit Beex TpEx napamerpoe). B arom
cllydae 4HCII0 BO3MOMKHBIX COCTOsIHMIA 06bexTa N = " =4 =64.

Bo3moskHble cocTosiHMa 00BEKTa, COOTBETCTBYIOLIHE KOMOM-
HALMAM 3Ha4eHuil napameTpos X, Y u Z, npesacrasieHsl B Tabun. 3.

B Tabmuue 3 ¢ 1eabio SJKOHOMHH MECTa MCKIIOUEH psiJl CTPOK,
YTO MPAKTHYECKH HE CHUKAET HH()OPMATHBHOCTH Tal/IHIlbEl, TAK
KaK ajropuT™ (pOpMHPOBAHHS CTPOK OUEBHJICH,

B naHHOM paccMaTpuBaEMOM cllydae BO3MOKHbIE 64 co-
CTOSIHUSA pacnpeieNeHbl MO YeTBIPEM YCIIOBHBIM KaTErOpHAM.

B kauecTBe KpHTepUs NMPHHAUICKHOCTH K TOH MM HHOI Ka-
TEropuu 3afaHo (Kak M B MPeIbUIYLIHX MpUMepax JBYMEpHOil
MOJIe/IN) Hauxy/llllee 3HA4YeHUE rnapaMerpa B KOMOMHALMH W3
TpEX MmapamMeTpoB.

B cootBeTcTBMH ¢ 9THM ycnoBHeM B Tabimile 3 yKazaHbl Ka-
Teropun, obo3HaueHHsle 1BeToM U OykBamu A, b, BuI". Ot b k
I" npoucXoauT yBeIU4YeHHe JIerpajlaliui cOCTOsTHUS 00BbeKTa:

—  Kareropus A — HCIIPAaBHOE COCTOSHHE;

—  kareropusi B — HeHcripaBHOE COCTOSIHHME NMEPBO CTENEHH;

—  Kareropus B — HencnpaBHOE COCTOAHHE BTOPOIi CTENEHM;

—  Kareropusi I' — HeHcnpaBHOE COCTOSIHHE TPEThEi CTENEHH.

IpuHannexHocTh cOCTOSAHHA 00BEKTA K TOH MM HHOH KaTe-
TFOpPHHU OIpeiesseTcs 3Ha4eHHsIMH napamerpoB X, Y, Z:

Karteropus A — Bce TpH napameTpa Jexar B 30He 0 (MMeror
3HAYEHHA, PABHBIE HOPME WM Jy4lIie).

Kareropus B — camblii xyaiumii napametp nexu B 30He | (1o
Kpaiineil Mepe, OJIMH MapamMeTp He B HOpME, HMes NEPBYIO CTe-
TMEHb JIErPajIaliim).

Kareropusa B — camblii xyamnii napamerp nexn B 30He 2 (1o
KpaiiHeil Mepe, OJIMH MapaMerp He B HOPME, UMesl BTOPYIO CTe-
MeHb Jerpajaluu).

Kareropus I' — camelii Xyammii mapamerp sexu B 30He 3 (o
KpaitHeil Mepe, OJIMH napaMeTp HE B HOPME, UMesl TPETHIO CTe-
NEHB JeTrpajaiyu).

KonuuecTBo KaTeropuii paBHO KOJHYECTBY 30H. B Tabmuue 3,
TaK ke Kak ¥ B Tabi. | ¥ 2, Kpome KaTeropuit CoCTosHHs BBEJIE-
Hel ewé u "orrenku", M noakareropuud. Hanuuue noakarero-
puit obneryaer BU3yann3aiHio TPEXMEPHOH MOJIETH.

T-Comm Tom | 1. #7-2017




NMHOOPMATHNKA

Tabnumna 3

Tabin4ynas HHTEPNPeTANHA AHATHOCTHYECKOH MOIe/IH.
Bo3MmokHBIE COCTOSAHUSA 00beKTa NpU 1 =3 1 m =4

Ne X Y Z Karteropus
1 3 3 3
2 3 3 2
3 3 2 3
4 2 3 3
5 3 3 1
6 3 1 3
! ! ! l
9 2 3 2
10 2 2 3
11 3 3 0 6
12 3 0 3 6
! ! | ]
18 1 2 3 6
19 1 3 2 6
20 3 2 0 5 I3
21 3 0 2 5 r3
! ! ! 1 1) ! !
27 1 3 1 5 I3
28 1 1 3 5 I3
29 3 1 0 4 12
30 3 0 1 4 12
! ! ! ] ! !
33 0 3 1 4 12
34 0 1 3 4 12
35 3 0 0 3 Il
36 0 3 0 3 Il
37 0 0 3 3 'l
38 2 2 2 6
39 2 2 1 5
40 2 1 2 5
41 1 2 2 5
42 2 2 0 4 B3
43 2 0 2 4 B3
! ! l ] ] ! ! !
46 1 2 1 4 B3
47 1 1 2 B 4 B3
48 2 1 0 3 B2
49 2 0 1 3 B2
! ! ! ! ) ! ! !
52 0 1 2 3 B2
53 0 2 1 3 B2
54 2 0 0 B 2 B1
55 0 2 0 2 B1
56 0 0 2 2 B1
57 1 1 | 3 B3
58 | 1 0 2 B2
59 1 0 1 2 B2
60 0 1 1 b 2 B2
61 1 0 0 1 b1
62 0 1 0 1 b1
63 0 0 1 1 b1
64 0 0 0 A 0 A

—
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ITonkateropuu cocTosiHus OOBEKTAa OMpPEIENAIOTCS BHYTPH
KaTEropuH I10 YCIOBHOH CyMMe HOMEPOB 30H, B KOTOPBIX HAaXo0-
AATCS 3HA4YEHHMs MapameTpoB (KaK yike YKa3blBaJloCh, MOMKET
ObITh BBIOpan u apyroii kputepwii). [logkareropus 1 coorserct-
ByeT MHHHMAaJIbHOH CyMMe B pamKax JaHHOH kateropuu. Yse-
JIHYEHHE HOMEPA MOJIKATErOpUH COOTBETCTBYET Ooblueii nerpa-
Jaunu 00beKTa:

—  Kkareropusi A (MCnpaBHOE COCTOSIHME) HE MMEeT MojKa-
Teropuii (CyMmMa HOMEpPOB 30H paBHA HYJIIO);

—  kareropusa b conepxut noskareropun b1-B3;

—  kateropus B conepxut noakareropun B1-B5;

—  xareropus I' conepskut noakateropun I'1-I'7.

B cucreme koopaunat X, Y, Z COBOKYNHOCTb BO3MOMKHBIX
COCTOSIHHUI 00BEKTa MHTEpIpETHpyeTCs Kak KyO — kyd cocros-

B3 | B2 | Bl

Bl

R | n

Puc. 5. KomnoHeHTs! TpéxmepHoil Mozenu

Huii. CHcTeMa KOOpJAMHAT, HA OCHOBE KOTOPOI CTpouTca KyO Tabnuua 4
COCTOSTHMIA, pe/IcTaB/IeHa Ha pHc. 4. Koniionesa ky0a socromml
Y | Komnounenr Koauuecrso Kareropus Cocrosune
L oo Sl A I A Hcnpasnoe
A s g; g B Hewncnpashoe 1-
i
/,/ @ =3 l cTeneHH
A y BI 3
rd -
A /1 B2 ¢ Hewucnpasnoe 2-
4 4 - s 5 B it cTenenn
L/ B4 3
-PLRP S i ;
s ¥
i p @ r2 6
: L F3 9 H 3_
v V4 s 6
- ]
A r'6 3
'aN D+ D—+@——x [7 l
A o s /
;/ ; < . Z P Y 64 4
-
1 ¥ s ,'/ ,»"'/o'b i

4 F g i - 2 Q
Vi i L Rl g&‘

Z/ 4ﬁ-'—/r‘,ﬂezp_p@auun/"

Puc. 4. Cucrema koopanHaT TpEXMepHOIT MozenH

M3 pucynka 4 Buaso, uto mobas komOmHauma X, Y, Z u3
TabnIBl 3 COOTBETCTBYET B CUCTEME KOOP/IMHAT ONpe/enEHHOM
KyOuueckoii obactu.

Kyb cocrosinuii cocTouT M3 64 TakuX 3JIeMEHTapHBIX KyOM-
KOB, KQXKJIBIi M3 KOTOPEIX OTOOpaxkaeT onpeenéHHy0 nojKaTe-
ropHI0 cocTosiHumit (npaskiii ctonden Tada. 3).

IIpouece noctpoenus Kyba COCTOSIHMI Mpe/ICTaBlICH HA Clie-
IYIOUIUX pHC. 5-7.

Ha pucynke 5 nokasaHbl Bce pa3sHOBHJIHOCTH 3JIEMEHTAPHBIX
KyOHKOB, H3 KOTOPBIX CTPOUTCA KYO COCTOAHUIA.

KonnuectBo KyOHMKOB KaIoi pa3HOBHAHOCTH B Kybe co-
CTOSIHMIT MOJKHO onpejienuTh 3 1abn. 3. PesynbtaT npuBenéH B
Tab. 4.

Ky6 cocrosunii uzo6paxén Ha puc. 7. s toro uroOsl mpej-
cTaBuTh "HAuUMHKY" Ky0a, Ha pHc. 6 MOKa3aHbl YCIOBHBIC ATANbI
ero (pOpMHpOBaHHS.

O] .") 7 ?

== Iz |82 | 1 2 ez || B
B3 | B2 | B1

s BB
.rs izl r. . Blr|n I
— s

Pue. 6. Dtanel noctpoenus kyda cocToaHmii

82 |61 | LN

n
B
h"

I'padmueckoe uzoOpaxeHnue MoJEIM NPH #, PABHOM BYM
WM TPEM, [O3BOJIAET HAIVIAAHO MPEICTABUTH COBOKYIHOCTH
BO3MOJKHBIX COCTOSIHMIT 06 BEKTa.

[Tpu n>3 rpaduyeckoe u3oOpakeHHe B NMPHHIMIE TOXKE BO3-
MoxkHO [5]. OaHako MHOroMepHble H300pakeHMss HACTOJIBKO
CIIOJKHBIE, YTO BCSAKas HATISAHOCTH TepseTcs. B Takux cmyuasx
1erecoobpa3Ho MoOMIb30BaTHCS TabMUIEH COCTOAHMIA.
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fAezpodayua

— NapameTpel
X, ¥, - napamerp

— HOpMa
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COCTOAHKWE
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Puc. 7. Tpéxmepnas monenb cocTosHus o0bekTa — Ky0 cocTosHuil

Ecnu npuHATL TaKo# e KpUTEPHil onpeseieHHs KaTeropuii
cocTosHusl 00BLEKTa, KaK M B MPEeALUIYLIHX MpHMepax, TO KOJIH-
4eCcTBO KaTeropuii B obuem cioydae Oyaer paBHO m.

3akaodenne

Tak kak cucrema JMarHOCTHKHM TO3BOAET MNpOrHO3HpOBaTh,
oﬁuapyncmsa"rb H JIOKA/JIHM30BaTh HEHCIIPaBHOCTH, eé 3(1][1)6!(’[‘

COMPUTER SCIENCE

YMEHBLICHHH BPEMEHH JIHKBHALMH MOBPEXKICHHIT, YTO MPUBO-
JMT B pe3ylbTaTe K TMOBBIIEHHIO KOI((HUIHEHTa TOTOBHOCTH
JHATHOCTHPYEMOTO 0GbeKTa.

B craThe 1MokasaHbl PUMEPHI MIOCTPOEHHS PA3IMYHBIX JHar-
HOCTHYECKMX Mozeseil B Tabauunoit M rpaduyeckoii dopme.
dopManbHOE NPECTaBICHHE BO3MOMKHBIX COCTOSHMI JHArHO-
CTUpPYEMBIX OOBEKTOB B BH/IE JHATHOCTHYECKHX MOJIelei Mo3Bo-
JISeT aBTOMATH3HUPOBATH MPOLIECC JHArHOCTHKH. DTO JaéT BO3-
MO¥HOCTE HENPEPBIBHO KOHTPOIUPOBATE COCTOAHHE oObekTa
n1060i# CI0AKHOCTH B pealbHOM MaciiTabe BpeMeHH, BBIABIATH U
POrHO3UPOBAThH TEH/EHIIHH W3MeHeHHs cocTosHuA. [Ipencras-
JifeTcs TaKyKe BO3MOMKHBIM YIIPABIATEH JCHCTBHAMH JKCIUTyaTa-
IIMOHHOTO TEPCOHANA MO YCTPAaHEHUIO TIOBPEKICHHIA, a, B HEKO-
TOPBIX CIIy4asx, H aBTOMaTH3HPOBATh STOT MpoLece.
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JIOJKEH  3aKJII0¥aThCid B NPOQHIAKTHKE MOBPEMKJICHHH, B
DIAGNOSTIC MODEL OF POSSIBLE STATES OF AN OBJECT
Company, Leading technologist of engineering department, mekkelam@css.rzd.ru
Abstract

The article is devoted to formalize the process of possible statuses diagnosing of a technical object. The result of the diagnosis is to
determine the condition diagnosed object in real-time with a view to the timely identification of deviations from the normal state, as
well as the prediction of such deviations. In order to formalize the recognition process, it is necessary to determine several discrete
status categories in a diagnosed object. The target of the diagnosis process of is to map the current values of parameters of an object
with one of these categories. The possible statuses of a certain abstract object can be interpreted in the form of a diagnostic model.
Diagnostic model is a formal description of the object, for example, analytical, graphical, tabular, vector or other form. The article shows
examples of different diagnostic models in tabular and graphical forms. Formal presentation of possible States diagnosed objects as diag-
nostic models allows you to automate the process of diagnosis. This makes it possible to continuously monitor the State of the object
of any complexity in real-time to identify and predict trends in the State. It is also possible to manage the operational personnel to ad-

dress damage and, in some cases, and automate this process.

Keywords: technical diagnostics, technical diagnosis, technical state of an object, diagnostic model, abstract modeling, good state,

faulty state, disabled state, operability, failure.
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UHDOOPMATUKA

PA3SPABOTKA MHOOPMALIUOHHON CUCTEMbI
AN NPOABUMXEHUSA PE3YJIbTATOB HAYYHbIX
UCCNIEAOBAHUMN

Abimkosa Ceetnana CepreesHa, Knioueesie cnoea: uHgpopmayuoHHas cucmema,
MTYCU, Mocksa, Poccus, ds@media-publisher.ru npodsuxKeHue Hay4HbIX ny6AUKAUUL,

Hay4Hble uccnedosaHus.

YcneuwHo BbINONHEHHble Hay4YHble MUCCIEfOBaHMA U OMyGNMKOBaHHbIE MO MX
pesynbraTtaM TeKCTbl BKNIOYAIOTCA B NPOLLECC HAay4YHbIX KOMMYHUKaumii. HayuHblie
KOMMYHMKaLMM — cucTeMa NpoABMKeHUA cOpMynMpOBaHHBLIX Hay4HbIX UAeH,
NOATBEPKAEHHLIX TEOPETUYECKUMU U SKCNEPUMEHTaNIbHBIMU MUCCNEe0OBAaHUAMU
BHYTPM Hay4HOro cOo6LLeCTBa, BKNIOYEHUA UX B MPOLIECC PacNpOCTPaHEHUA HayY-
HbIX 3HaHWI NOCPEACTBOM Pa3NMYHLIX KaHAJIOB, CPEACTB U (hOPM KOMMYHUKaLMK.
D710 COBOKYNHOCTb BUA0B NpodeCcCcMoHasbHOro o6LeHns B Hay4HOM coobLecTse,
OAMH U3 IMaBHbIX MEXaHU3MOB Pa3BUTMA HayKM, cnocoba ocylllecTBNeHUA B3aMMo-
AeWCTBUA UCCrefjoBaTeNiell U DKCMEePTU3bl NONYYEeHHbIX Pe3ynbTaToB.
Cr1pyKTypypoBaHHble MH(POPMaALIMOHHbIE CUCTEMBI, pa3paboTaHHble U NoaAepkKK-
BaeMble CrneLMasMcTaMM pasfMUYHbIX OTpacsied HayKu, ABNAIOTCA MpPEKpPacHOW
6asoi AnA npoABMIKEHUA Hay4HbIX Nyb6nukaumin. OTpacnesasa uHdpopmMaLoHHanA
cucTeMa, NpefyioXKeHHan B AaHHOM paboTe, npeanaraer aBTopaM Hay4HbIX MyGnu-
Kalui BOCMONb30BaTbCA CTPYKTYPUPOBAHHLIM PECYypcoM Ans MNpOABUKEHUA
pe3ynbTaToB CBOMX MUCCIIEOBaHMA.

Ha pecypce pasMellieHbl Bce OCHOBHbIE BapuaHTbl MPOABUMMKEHMA Hay4HbIX paGoT
(yyactne B KoHdepeHuuax, nybnukauma crareir B c6opHUKax TpyAoB, usgaHue
KHUT 1 y4e6HbIX nocobum, nybnukauma craten B Hay4Hon nepuopamke, uHcgpopma-
uua no HaubGonee nonynApHbLIM OHNANHOBLIM Hay4HbIiM nnatcopMam). Kaxabin
BapMaHT pacCYMUTaH Ha pasnuyHbie YPOBHU Hay4HO#U pabGoTbl — OT Uccnef0BaHUi
MonopabIX y4YeHbIx (paboTbl, CTYAEHTOB, aCMMPaHTOB U MaruCTPaHToB), A0 Ny6GnuKa-
uumn paboT Hay4HO-NeAaroru4eckux paboTHUKOB, MMEIOLLIMX yHEHbIE CTEMEHMU.
HayuHble paHHble, KoTOpble HaxopATcAa Ha nnatopMe eauHON OTpacneBoM
nHGbOpPMaLIMOHHON cUCTEMbI MOTYT GbITb MCMONB30BaHbI:

- B oGpasoBaTensHOM npoLecce A NO3TanHoro oby4eHNs HauMHaIOLLMX Ucchne-
JoBatenei METOAO0NOrMM HaNMCaHUA Hay4HbIX CTaTel MeXAYHApOJHOrO YPOBHS;
= ANA NpOABMXKEHMNA PasfiiHbIX BUAOB Hay4HbIX paboT B paMKax eauHoro uHdop-
MaLMOHHOro pecypca (ctatbu B c60pHMKax TpPyAoB KOH(epeHUMi U B Hay4HbIX
JypHanax, Hay4Hble U3aHNA, MHULMATUBLI OTKPBITOrO JOCTYyMNa);

— ANA NpPOABMXXEHUA UCCNEeAOBaHUA COTPYAHMKOB OpraHM3alMM B MeXAyHapop-
HOM Hay4HOM COOOGLLeCTBE U 3aKpEemneHUA NPUOpUTETa HA Hay4Hble OTKPbLITHA.
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DddexruBHoe pazBUTHE COBPEMEHHONH HAYKH W TEXHUKH
Tpebyer Goliee COBEPLIEHHBIX BO3MOMKHOCTE 10CTYIA YUEHBIX H
BCEX 3aUHTEPECOBAHHBIX ML K HCTOYHUKAM HH(OpMAaLUH, 1po-
M3BOJMMOI HayuHbIM coobuiecTBoM. B HacTosiee Bpems cyiile-
CTBYET MHOMKECTBO HAYYHBLIX MH(DOPMAIMOHHBIX CHCTEM, Mpejl-
Ha3HAYEHHBIX Ul olecriedeHns HMHOOPMALMOHHONH PaboOTHI M0
HayKe /111 MHHCTHTYTOB M Hay4HBIX KOJIeKTHBOB. Hanpumep, Bo
MHOTHX CTpaHaX MHpa (PaKTHYECKN KayK/blii YHHUBEPCHTET HMEeT
MHDOPMALMOHHYIO CHCTEMY, B KOTOpOI XpaHATCA JaHHBIE O
BEJIYHIMXCS HAYYHBIX MPOEKTaX HX KOJUIEKTHBOB. OHAKO Takne
YACTHBIE CHCTEMbI /ISl HAYKH HEJOCTATOYHBI, TAK KaK OHHM HE
YOBJIETBOPSIIOT TpeOOBAaHMAM HIMPOKOTO J0CTYyNa K MHpOpMa-
LMK YUeHBIX M HHBecTOpoB. Cuctemsl pedepupyrommnx oudamo-
TEUHBIX OpraHu3auMii TO3BOJSIOT XpaHHThL MHpOPMALMIO ©
CTaThsX, [POM3BEICHHBIX HAY4HBIX COOOIIECTBOM B KakKOii-TO
obnacTu B 11EJI0M, MEpcoHax, TeMaTnyeckue karaaorn. Ho opra-
HU3ALMK, KaK [PaBuiIo, HE UMEIOT J0CTATOUHBIX YEIOBEUCCKHX
pecypcos st cOopa U aHaiu3a HHPOPMALMU CO BCeX HKYpPHAIOB
M uHTEpHeT-pecypcoB. [loaTomy HeoOXoamma MHTErpanms
JIAHHBIX HMH(OPMALMOHHBIX CHCTEM O MPOBEAECHHBIX Hay4YHbIX
MCCIIe/IOBAHUSX.

3HauMTENbHBIIT POCT MCMOIL30BAHUS HAYYHBIX HH(DOpPMALH-
OHHBIX CHCTEM MOKA3bIBAET NOTPEOHOCTH YHEHOT0 coo0IIecTBa B
Takux npoekrax. Ilogsuicsa ycroiiunBblii TEPMUH B aHIJIOS3bIY-
Hoit cpene i obosnauenuss takux cucrem — CRIS (Current
Research Information System), kotopslii o6o3HauaeT nHpoOpMa-
[MOHHYIO CHCTEMY /IS JI0CTYNa K HAYYHOH M aKaaeMHYeCKOi
undopmaunn. Coznana EuroCRIS — npodeccnonansias opra-
HHM3alMsl MCccleoBaTeeil, pyKOBOJMTENel HAayuHBIX TPYIN H
MHCTHTYTOB cTpad Epponeiickoro Coroza 1o HayuHbsiM HH(Op-
MAalHOHHBIM CHCTEMAM,

Cpenn nonszosateneit CRIS MOkKHO BBIICTHTH CleayIOLINE
KaTeropuu:

— ydeHble (HayKa);

— NpenojaBaTe/n, yuures, cTyaeHTsl (oOpasoBanue);

— JIUPEKTOpa HMHCTHTYTOB, aAHAJINTHKH, KOHCYJbTAHTHI
(ynpasieHue HayKoil);

— 9KCHepThl, (PUHAHCHCTBI, (PUHAHCHPYIOUIME OpPraHH3aAlNnH
(thmHaHCHpOBaHWE HAYKH);

— YYEHBIC M PYKOBOAMTEIM TMPOEKTOB (KOOpAMHALMS Hay4-
HBIX HCCIIE/I0BAHMH).

Hayunble uH(pOpPMAUMOHHBIE CHCTEMbI HEOOXOIHMMBI HE
TOJILKO JUISl MCCIIE10BaTEeNEH, HO ¥ B aHAJIMTHYECKOMH, YIpaBIieH-
YECKOH M OpraHm3atopckoii jesrensHocty B Hayke. HeobGxomm-
MO UMETh BHJICHHE BCETO MPOLECCa HCCIEIOBaAHMS.

[Tnaunposanue tpedyer paboThl CO CTPYKTYPUPOBAHHOIT HH-
(popmanneii 00 HPGEKTHBHOCTH MPOILILIX W HACTOALMX HCCIIe-
Jlosanuil. TpajiMUHOHHO BBICHAIOT TPH KpuTepus >pheKTuBHO-
CTH HAYHHBIX MHOOPMALMOHHBIX cHcTeM Ui paboTel B obnacTy
MHHOBALMI: JOCTOBEPHOCTb M TOYHOCThL JIAHHBIX, @ TAKKE JIer-
KOCTb B MX MOUCKE W HCIIOJIL30BAHUH.

Hayuuble ganHble, KOTOpblE HAaXoAdTcs Ha ratdopme eau-
HOH OTpacieBoii MHGOPMALIMOHHONW CHCTEMBI, MOTYT ObITH HC-
MoJIb30BaHbl B 00pa3oBaTeNbHOM [POLECCe VIS [10ITAMHOTO
o0y4eHns: HAUMHAIOIINX MCCIIe/I0BATENeH METO0JIOrHH Hanuca-
HHMA HAYYHBIX CTaTel MEXKIYHAPOIHOTO YPOBHA, U MPOABHKEHHS
pa3sIHYHBIX BUJIOB MX HAY4YHBIX pabot (cTaThu B cOOpHHKAX Tpy-
JIOB KOH(epeHIHii U B HAYYHBIX JKypPHAlax, Hay4HbIe W3JaHu,
WHHIIHATHBBI OTKPBITOTO JIOCTYNA) B paMKax eMHOro HHopma-
IIMOHHOTO pecypca. A Takke U8 NPOJABHIKEHUS MCCIel0BaHNi
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COTPY/IHMKOB OPraHu3alii B MEKIYHAPOIHOM HAy4yHOM CO00-
IIECTBE M 3aKpEruieHHs NPUOPUTETA HA HAYUYHbIC OTKPBITHSI.

HeoOX0aMMBbIM YCIOBHEM /IS MOJHOTHI, ayTEHTHYHOCTH H
AKTYaILHOCTH HHGOPMALINK ABISETCS MOUIEPIKKA He HEeHTpan-
30BAHHBIX APXMTEKTYP HHPOPMALMOHHBIX cucteM. OnpiT 2KC-
MiIyaTalMl HayYHbIX HWHQOPMALMOHHBIX CHCTEM [OKa3al, uTo
TPYAHO peanu3yeMo, BO MHOTHX CIydasx Jake HEBO3MOMKHO,
CO3/1aHNE HEHTPATM30BAHHBIX HAYYHBIX CHCTEM, KOTOpBIE IIH-
POKO OXBaThIBalOT MH(OPMAIHI0 B OJHOH HayuHOi obOnacTi.
OnbIT co31aHMA TAKMX CHCTEM 3aBEPHIMICH YAauHO JHIIL B
HManun u Uenanann. [Tpumepom Heyaun MOIKeT CIIYKHTh OINBIT
CO3/1aHus HEHTPaILHOTO peructpa B @unnsuauu B 1989 r. Dror
perucTp AoikeH Obl1 XpaHUTh HH(POPMALIHMIO 00 HCCaea0BaHUIX
B 20 yuusepcurterax @uniasnaun. Bekope crano sicHO, 4TO CO3-
JlaHHE TAKOI'0 perucTpa HemblNojJHMMAas 3ajava u B 1992 r. B
Munncreperse OOpaszoBanns Obiia co3aHa rpynna s okasa-
HUS TIOMOLIM YHUBEPCHTETaM MPU CO3AaHHH CAMOCTOSATEbHBIX
HHpopMauHoHHbIX cHeTeM. B 1994 r. a1oT onbIT no3ponaua He
PEKOMEH/10BATh CO3/IaHNE LEHTPATH30BAHHBIX PETHCTPOB Hayu-
HOI uH(popMauuu. beul cienan BeIBOA, 4TO KasKAblil yHHBEPCH-
TET JOJKEH co3/1aBaTh COOCTBEHHYIO HAYUHYIO MH(pOPMALIMOH-
HYIO CHCTEMY.

ITonp3oBatens JomkeH UMeTh BEIOOP BUAA NpeaoCcTaBIseMOil
uHdopmanmn. Tak kak Oonblias YacTk HaydyHOH MHGMOpPMALMH
OBICTPO yCTapeBaeT, TO Pecypc JO0JKEH COJepiKaTh apXuBHBIC
JlaHHBIE BCEX BHIOB M3/1aHWIi, XpaHALIMXCA HA HEM (apXHBBHI U3-
JIAaBAEMBIX HAYYHBIX JKYPHAIOB, TeKCThl COOPHMKOB TPYIOB
MpOLIEANHX KOH(pEPeHIInii, 0TpasKeHHbIX HA JAHHOM pecypce, a
TaK:Ke apXuBbl M3JAHHBIX MOHOrpadmii u yueGHBIX 1nocoOmii).
Jlanubie MaTepHaabl MOIYT MMETh OFPOMHYK) HMCTOPHYECKYIO
LIEHHOCTh, KOTOpas cO BpemeHeM Toabko pacter. [loaromy
cHCTEMa JIOJKHA TO/UIEPKMBATE BO3MOJKHOCTH JUIMTEIBHOTO
XpaHeHHs HHPOPMALMOHHBIX PECYPCOB C BO3MOKHOCTBIO MX
BOCCTAHOBIICHHSI.

C TOYKH 3peHHs YACTOThI MCMOIBL30BaHHA HHPOPMALIHOHHOI
CHCTEMBI /Ul HAayKH, a TaKKe M0 METOJY JO0CTYNa K AaHHBIM H
no Tpe0OBaHMAM K CHCTEME MOJIL30BATENC MOKHO YCIIOBHO
pas3ienuTh Ha TPH THIA:

Obwecmsennocms — TOIB30BATENH, KOTOPbIE MOCENIAIOT
JlaHHbIi pecypc He peryiaspHo. Hanpumep, sypHaaucTbl, xe-
JalolMe y3HaTh, YTO-TO O MOCACAHMX JocTHieHnax. Kpome
Toro CMH, n mmpoxkas nybianka MOryT HHTEpECOBATHCH CTATH-
CTHUECKMMH JIAHHBIMU O Pa3sBUTHH HayKH, pacxojax Ha Hee, H
MO3TOMY JIaHHas cHCTeMa MOKET ObITh NPHBJICKATEILHONH JUls
ITUX TNOJIL30BATEICH NPH YCIIOBHHM HAJIMYHA B HEH TaKMX JIOKY-
MEHTOB.

Heenedoeamenu. J1ist y4eHbIX W IKCHEPTOB HEOOXOAMMBI, B
MEePBYIO O4EPE/ib, JaHHbIC IS noucka HHpopMauun 00 yiKe 1o-
JIYMEHHBIX HAayuHBIX pesyjibTartax M JUlsl MOMCKa NMapTHEPOB 110
CO3/JaHMI0 HOBBIX HAayuHBIX pE3yJbTATOB MM TEXHOJOTHil, a
TAK/KE 10 BHEJAPEHHIO Pa3padOTaHHBIX TEXHOIOTHIl B MPOMBIII-
JleHHocTb. [t Toro, uroObl cuctema Obula MpHBIEKaTEILHON
JUIsl 9THX [oJb30BaTenel HeoOXoanmo, utoObl oHa obiajnana
MOJIHBIMH KOJUIEKIIMSMH HH(pOpMaLINN.

Ananumuxu, skenepmel, unsecnopel. IlonbsoBareny, nocro-
SIHHO paboTaloliie ¢ Hay4YHOI WIIH TeXHOJIOrn4Hoi nHdopmaln-
eil. Pabora »Tux nonp3oBareneil 3axmodaercs MO0 B TOMCKE
nHdopmauun no 3akasy (cMm. wHanpumep, Innovation Relay
Center, http://www.cordis.lu/irc, /lenapramMent MHHOBaIMOHHBIX
Paspabotox PDDH), mubo B craructudeckoil u apyroii obpa-




UHDOOPMATUKA

6oTke uHpOpMALMH, M NPUHATHU pEIICHWH HAa €€ OCHOBE.
DTH N0JIL30BATE/IH HYKIAIOTCA B Pa3BUTBIX CPEJCTBAX MMOUCKA
Knaccu(pUKaMu MHGOPMAIMHK, TIOJIEPHKKN KOJUIEKIMH, nepco-
HAJIBHBIX PO(pHIEH,

Hcexons U3 BBILEH3NI0KEHHOTO, CEro/iH HeoOX0MMO co3/1a-
HHE OTpac/eBoi HH(POPMALMOHHOI CHCTEMBI JUIS TTPOIBHIKEHHS
HAay4HBIX PE3YJILTATOB, LIEJbI0 KOTOpOi OyleT B mepByio ode-
peib nosTanHoe o0yueHHe HAUMHAIOLIMX UCCieloBaTeNneii MeTo-
JIOJIOTHH HAMTMCAHUS HAY4YHBIX CTaTel MeXIyHapOHOrO YPOBHS,
NPOABIKEHHE HUCCIIEOBAaHHI COTPYTHHKOB OpraHu3alin B Me-
ATYHAPOJHOM HAYYHOM COOOILECTBE M 3aKperieHHe NpHOpUTe-
Ta HAa HAYYHBIC OTKPBITHSL.

[Tpeanaraemas cucTeMa JI0KHA MPEAJIE BCEro ONHUPAThes Ha
YETKO CTPYKTYPHPOBaHHYI0 Hay4yHYK OpraHM3alMio B pamKax
BY3a unm HayuHO-MCCIIEI0BATEILCKOTO HMHCTHTYTA. To ecth
npeicTaBiaTh  coboif He BHPTYyalbHbIH  MHOOPMALMOHHBINH
pecype, coOHpaloMi U CHCTEMATH3IHPYIOLIHIT MHPOPMALHIO B
paMKax Kakoro-mMdo Hay4yHOTO HamnpaBleHHsd, a HAy4HbII OT/e,
MOJIEPKHBAIOIHH JaHHBIH WH)OPMALIMOHHBIH pecypc U BeIy-
muit paboTy MHAMBUIYATBHO 110 Ka’KI0MY HaIPaBICHHIO.

OzMH 13 BapHAHTOB CTPYKTYPhI JaHHOIO OTJeNa IpecTas-
JieH Ha puc. 1.

OT/EJ OPTAHU3ALLIMM HAYUYHOM PABOTbIL

CexTop 1o oprasu3auum HayHbIx Kondepenumii

Opranu3aums Hay4HLIX KOH(Gepentii. MOHHTOPHHI OTPacieBLIX COOLITHI.
CopmectHas paGoTa ¢ BEAYULHMH BHICTABOYHBIMH KOMIIAHHAMH OTPACIIH.

Hinareascknii cexrop

Hanaune monorpaduii n yuebubix nocoGuii.
Cosmectnas pabota ¢ npodiibHBIMH HIAAOWAMH OPraHK

CeKTop HAY4HOI NEPHOAHKH

Hsnanne W npoasumeHne npoduIBHAIX HAYUHBIX KYPHAIO0B, BXOIAUIMY B
nepedens BAK u s Oass aannsix: PHHIL WoS, SCOPUS u ap.
Pabora ¢ penak OTPAc/eBkiX KYPHATOR.

Cexrop no pabore ¢ naatGopmMaMs 0TKPLITOro A0CTYNa

Henonezopanne  mnofanehbix  HHCTPYMEHTOB  OTKPBITOTO  JA0CTYNA M
OHNAHHOBBIX HAYYHBIX NAATGOPM, ceTell W NOHCKOBLIX HAYYHBIX CHCTEM
ana NPOABHAKCHHA pe3yasTaTon HAYYHBIX Hecaenosannii B
HHGoO] YHHOM MPOCTPAHCTBE.

LlenTp aKaieMHYECKOT0 NHCbMA

MeToNOMOTHA HAMHCAHHA HAYYHLIX TEKCTOB, CO3JAHHBIX B pesy/ibTaTe
HecneaoBannii M TeopeTHyeckHx oOoOwienuii Ha OCHOBE HAay4HOTO
merona. OGywenwe wnanucanwio wayunwix crareil 8 ¢gopmare IMRAD
(Introduction, Methods, Results and Discussion).

Puc. 1. CtpykTypa oTAena opranu3aiin HayuHoii paboTel

COBﬂaHHEU] B paMKax OpraHu3alvH CTPYKTypa, NnokKasaHHas
Ha pHcC. I, NO3BOJIACT NMOICPHHBATE H PA3BHBATE NOJHOLUEHHYHO
Hay4YHYI0 HH()OPMalHOHHYIO CHCTEMY TPEANpPHSITHS, OKa3bIBas
MOJIHBII CHEKTP YCIyTr Nno NpoJABHMCHHK) HAYYHBIX HCCIICI0Ba-
Huil (puc. 2).

JlanHelil pecypc MOXKET HCIONB30BaThCA JUIs BBIOOpa nepBo-
Ha4yalbHOIO BapHAHTA INpOJIBMKEHHA IMybiaukauuu. B nanbHei-
11IEM aBTOP MOJKET PeryIspHO o0OpalnaTkcs K 3TOMY pecypey JUis
BB[GOpa HHBIX {DOPM MNpOJABHKEHHA CBOET0 HAy4YHOI'0 HCCIENo-
panus. ITonyuaerca «ddekr ogHOro 0KHa», KOTOPBIH MO3BOJISA-
€T aBTopy, 0COOEHHO MOJIOJIOMY Y4EHOMY, COPUEHTHPOBAThHCA Ha

JIAHHOM JTare ¥ CKOHIEHTPHPOBATHCA HA OCHOBHBIX HAlpaBsJie-
HHSAX ero paboTel.

ITAIT
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Puc, 2. CtpykTypa Hay4HOil HH)OPMALMOHHO CHCTEMBI PEANPHATHA

Pe3ynbpTaToM AesATeNbHOCTH TAKOH CTPYKTYphI OyaeT Kavect-
BEHHOE TOBBINIEHHE YPOBHA MyOMMKAMOHHON aKTHBHOCTH
HAy4HOH OpraHH3alMi W Kak CIIEJICTBHE «BHAMMOCTH» IyOn-
Kaluii Hay4HeIX paboTHHKOB (pHc. 3-5).

Paopeaenerse no sy vt L]

o

NPOHONONECKTE PACTIPERENEHVE
) BTECB A BCET SRR (T A, TR eOR 8 104 L

E wm g ani e e

Puc. 3. XpoHonoruueckoe pacnpeaenenue yuena mydnukaumii
H un'mp{)aannii OpraHusalHH
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A AKTEHOCTY nybnukauuonHoii cpese. Tak kak orpaciesas uHpopmalHoHHas

e
. cuctema pacnonokeda Ha OGaze BVY3a wim  nayuwo-
s = g HCCIIE/IOBATENBCKOTO WHCTHTYTA, TO OOpaTHBIINCHE K JaHHOMY
ma 3% nat! 3 ¥ s

0 ®» @ w @ ‘ ‘ ) :{ /) pecypcy, aBTop 3auMiaer ceds OT MHOTOYMCIEHHBIX MTpodieM,
Sotuncaesintmaisen o) . : B = KOTOpbIE MOIYT BO3HMKHYTh MpH ciyuaiiHom oOpailieHun B
\MEro CraTe B My AT 2783 ol v L — UXHIIHHYECCKOEY, HCHOGPOCOBECTHOE H31aTCIBCTBO HIIH opra}m-
N ) SELS R ' o — zaimio. Obnagas STHMH 3HAHWAMM, YYEHBII BITOCIIE/ICTBHH YkKe
« ' ( ‘\) ( % ) CaMOCTOATENBHO CMOJKET PACIIHPUTh CIEKTP YIPABICHUS CBOM-

o crated o apyGeman wppHan: a6 0 = i o / - MH ﬂyﬁﬂHKauHﬂMH.
Scoousineteecodon 5, S ummwen r— [Ipepnoxennas uHPOpMAUMOHHAA cHCTeMa O0BEHHSIET
T ———— - el i ek Afsumie OCHOBHBIE BapHaHTBLI TPOJBHMKEHHS PE3YJILTATOB HAYYHBIX
; @ @ o 7y Mccle0BaHnil (y4acTue B OTpAcieBbIX KOH(EPEHLHAX U CeMH-
S nyliaedapal © YT MorBea - — * { Y o "
Pt " i V ) { ) Hapax, myGIMKalMs Hay4HBIX CTaTel, KHUAT U y4eGHBIX MocoGHit,
Ve B — - = ofyueHHe aKaJeMH4YeCKOMY IHChbMY, paboTa ¢ OTKPBITBIMH
coroe i) Shrmies Peno3nuTOpHAMH M 0a3amMM JaHHBIX) H MX NPUMEHEHHE JUIA pas-

Puc. 4. HHI[HKaTOpr ﬂyGJTHKaI.I.HOHHOﬁ AKTHBHOCTH JIHYHBIX KaTcmpHﬁ aBTOpOB Hay"“‘“)lx HCCIleJIOBaHHﬁ.
Hay4HOIH OpraHu3alum
Jluteparypa
JNAHAMAKA PASEATAA HAYUHBIX HANPABNEHWA
BOemereaa JAN DA [ AONmen b
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Ellle oIHUM BaKHBIM TIPUOPHTETOM TpH paboTe ¢ JaHHO
CHCTEMOIl ABISETCS rapaHTUPOBAHHAs 3allliTa OT HeJ00pocoBe-
CTHBIX [MPAKTHK, CYIIECTBYIOUIMX B COBPEMEHHOH Hay4HO-

DEVELOPMENT OF INFORMATION SYSTEM FOR PROMOTION OF SCIENTIFIC RESEARCH RESULTS

Svetlana S. Dymkova, Moscow technical university of telecommunications and informatics, Moscow, Russia,
ds@media-publisher.ru

Abstract

Structured information systems, developed and supported by specialists of various branches of science, are an excellent base for the pro-
motion of scientific publications. The sectoral information system proposed in this paper suggests that authors of scientific publications use
a structured resource to promote the results of their research. The resource contains all the main options for the promotion of scientif-
ic papers (participation in conferences, publication of articles in proceedings, publication of books and manuals, publication of articles in
scientific periodicals, information on the most popular online scientific platforms). Each version is designed for various levels of scientific
work — from the research of young scientists (work, students, graduate students and undergraduates), to the publication of works of sci-
entific and pedagogical workers with academic degrees. Scientific data that are on the platform of a single industry information system can
be used: in the educational process for the step-by-step training of beginning researchers in the methodology of writing scientific articles
at the international level; to promote various types of scientific work within the framework of a single information resource (articles in
proceedings of conferences and scientific journals, scientific publications, open access initiatives); to promote the research of the organi-
zation's employees in the international scientific community and to prioritize scientific discoveries.

Keywords: information system, promotion of scientific publications, scientific research.
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NYBJIMKALIMA B NOPAOKE OBCYXIOEHUA

OB OCOBEHHOCTSX HOBOIro BAPUAHTA PEAJIU3ALIUU
noaAXoAA SUHLUTEMHA K PELLUEHUIO NMPOBJIEMbI
MHEPLIMAJIbHBIX CUCTEM

Osuunuukos Jleon Muxainosuy, Knroyeeblie cnoea: dnekmpomazHumHele
n n .
@ryn *18 LiHMM" MO, Poccus, ANIeHUsA, 3¢pup, UHEPUUASIbHBIE CUCMEMBI,

leonmo2015@gmail.com npeobpasosarus JlopeHua, cheyuanbHas
meopus omHocumesnbHocmu SUHWMelHa.

PaccMoTpeHbl oco6eHHOCTU NpeAnpUHATONM NOMbITKA CO3aHWUA HOBOTO BapuaHTa peanusauuu nsobpe-
TEHHOro DMHLUTENHOM NOAXoAaA K pelleHuIo NpobneMbl MHepLMaNbHBIX CUCTEM, B KOTOPOM, B OTNMYME
OT BapuaHTa peanusaumu DHHLUTENHA, YAaNoCh OCYLLIeCTBUTL BO3BpaT k 3¢hupy, ycTpaHuTb NapajoKc
BnusHeL0B U ycTaHOBUTBL CyTb caMoro usobperéHHoro diHwTelHOM noaxoaa. Mpu 3ToM HOBbIM Bapy-
aHT, KaK ¥ BapuaHT DAHLUTENHA, OCHOBaH Ha UCMONb30BaHUM CUCTEMbBI MOCTYNATOB, HO C TEM OT/IUYUEM,
YTO B HOBOM BapMaHTe 3a OCHOBY NMPUHMMaETCA He BbINOJIHEHUE NPUHLMNA PaBHOMPAaBUA UHepLManb-
HbIX CUCTEM, A BbINONHEHWE NPUHLMNA HEPABHONPABUA UM NMPUHLMUMNA HANIM4KUA BbI€NEHHON CUCTEMbI
orc4éra. To ecTb Hanu4Me cUCTEMbl OTCHETA, B OTHOLLUEHWM KOTOPOW Ha CaMOM fJesie BbiMOJHAETCA
npuHUMN oTHocuTenbHocTu Manunesa-NyaHkape, nossonsAloLlen cHMTaTL BbIENEHHYIO CUCTEMY Hemno-
ABWXKHOM, HECMOTPA Ha €€ UHepLManbHOE ABUXKEHHE.

OcHoBHas uenb cratbu — 06paTUTh BHUMaHUE LLIMPOKOTO Kpyra CreLuanucTos (pagnouHxeHepos, ¢u-
3MKOB M 3aHMMAIOLLIUXCA BOMPOCaMU ecTecTBO3HaHuA ¢unococos) Ha ase pabortbi [, 2], nocBAwEH-
Hble pelleHuIo NpobneMbl, OTHOCALLIEHCA K 3NIEKTPOAMHAMMUKE MHEpPLMANbHO ABMKYLLIMXCA CUCTEM
(Ten), T.e. K cneuymanbHoi Teopun otHocutenbHoctn (CTO) ditHwreiHa [3, 4], n KpaTKo 03HAKOMUTL C
ux copepxaHmeM. B ykasaHHbIX pabGoTax usnoxkeH HOBbIM BapuUaHT peanusauum noaxoaa DWHLUTEHHA
K peLueHuio npobneMbl MHEpLMANbHBIX CUCTEM, B PaMKaX KOTOPOrO yCTaHOBNIeHa CyTb U306peTéHHOro
DHHIUTEAHOM NoAXxoAa K pelleHuio npo6neMbl, BbiABNEHbI MPUHMHbI BO3HUKHOBEHUA COGCTBEHHDbIX
npo6nem CTO DiHLWITERHA U HaWAEHbI cNOcoObl UX peLLeHUs.

B koMnakTHoi cpopme npuBopaAaTca nobyautenbHblie MOTUBbI OOpALLIEHMA K MOMCKY HOBOTrO BapuaHTa
peleHna npob6neMbl MHepLMaNbHbIX CUCTEM, KiioYeBble MOMEHTbI HOBOTrO BapuaHTa peanusauuu
noaxoaa DWHLUTEAHA U OCHOBHble 0COGEHHOCTU NMOJy4eHHbIX pe3ynbTaToB. [1pu 3TOoM oTMeTUM, YTO B
cuny ocobeHHOCTEN caMoit pelllaeMOi Npo6neMbl Mbl HE MOXKEM KaTeropu4ecku yTeepxaarhb, YTO Bce
ucnonb3yeMble B paborax paccy:AeHMA U MOJy4YeHHble pe3ynbTaTbl BbipaxaloT coboit UCTMHY B
nocneaHei MHcTaHumu. B To ke BpeMa Mbl He MOXKEM He OTMETUTb, YTO 3HAKOMCTBO C cofiepXKaHueM
npuBeAeHHbIX paboT He GyaeT nycroit TpaToi BpeMeHu. HYutartenu ysHatoT MHOTO Nto6GONbITHBIX BELLEH,
KOTOpble MMEIOT NPaBoO Ha CyLECTBOBAHME U OT KOTOPbIX HENb3A MPOCTO TaK OTMaxHyTbcA. Brnonve
onpefenéHHO MOXHO CKasaTb, YTO HOBbI BapuaHT peanusauuu nojxofa DWHLUTEAHA K peLUeHuio
npo6neMbl MHEpLMaNbHBIX CUCTEM ABRAeTcA Gonee coaepkarenbHbIM U Gonee npaBaoNoAo6HbIM, YeM
BapMaHT peanusaLluu, nsnoxeHHoin B camoni CTO DiHwiTenHa.

Uncpopmauus o6 aemope:
Oe4uHHukoe JleoH Muxaiinoeuy, 21aeHbil HayuHbil compydHuk @Y "18 LIHUMN" MO P®. 9.m.H., Mockea, Poccus
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I. MOBYIUTEJIbHBIE MOTHBBI

1. OcHoBHBIM NMOOYAHTEJIBLHBIM MOTHBOM K TOMY, 4TOOBI
3aHATLCH TEMATHUKOI, oTHOcsAulelcs k obiaacTn (pyHaaMeHTalb-
HBIX HCCIIE0BaHMI, ObIIO KejdaHHe BEPHYTh pajHOMHIKEHEpaM
3aKOHHOE IPAaBO HCIMOIBL30BaTh B CBOMX PACCYkKICHMSX IpeE/-
CTAaBIEHUS O CYIIECTBOBAHHM 3(hUpa, B KOTOPOM BO3HHKAIOT,
npeObIBAIOT W PACIPOCTPAHAIOTCS HJIEKTPOMATHHTHBIE SBIICHHS.
T.e. BepHYTH NMpaBo, OTHATOE Y HUX bonbiIoi Haykoil B CBA3M ¢
CO3/1aHHeM CMelnalbHONH TeOpHH OTHOCUTENbHOCTH. MHave ro-
BOpsi, BEPHYTH MPaBo, KOTOPOE Ui paJHOMHKEHEPOB SIBIAETCS
HACTOIBKO €CTECTBEHHBIM M HEOOXOJWMBIM, YTO MHOTHE Jaxe
HE MOJ03PEBAIOT, UYTO OHHM, HCTOJB3YsA B CBOMX PacCyKIECHHUAX
a¢up, HapymawT (yHIaMeHTaldbHbBIE 3aKkoHbl. K aTOomMy Hamto
J100aBUTE, UTO W caM DiHIITEHH B cBoeil o0Iieil Teopun 0THO-
cutensHocTH (OTO) npumén k BeIBOAY 0 HEOOXOAMMOCTH
BK/IIOYEHHS B €€ cocTap npejcrasieHuii od agupe. Yro xe kaca-
ercst CTO, kotopas sisnsiercs ocHosanuem s OTO, To ona no-
MPEKHEMY OTBepraer ero Hanauume. Be€ 910 ykaspiBaeT Ha TO,
yro CTO Ditnrelina go/nkHa ObITh CKOPPEKTHPOBAHA TAKUM
o0pa3zoM, 4ToObI NpeCTaBIeHHs O CYIIECTBOBAaHUH d(pupa BXO-
JIUWIIH B eé cocrae 66'3 BCAKHX COMHCHHF‘I H Gbl.l'[lr{ eé MCXO0JHBIM
OCHOBAHHEM.

OnHaKo OCHOBHAsI YCTAHOBKA IPH MOCTPOCHUH HOBOTO BapH-
aHTa TEOPUH, HAZBAHHOIO TeOpHel HHEPUHAJBHBLIX CHCTEM,
COCTOMT HE TOJILKO B TOM, YTOOBI BEPHYTH B (hU3UKY Hpup, HO H
B TOM, 4TOObI OJHOBPEMEHHO COXPaHUTb W300peTEHHBIN DiiH-
LITEIHOM MOJAXO0/ K PeIIeHHIO MpodIeMbl MHEPLUAIBHBIX CHC-
TEM, OCHOBAHHBII Ha WCMOIB30BAHUM, KaK U MPH MOCTPOECHHH
YHCTO MAaTEeMATHYECKHUX TEOPHii, COOTBETCTBYIOLICH CHCTEMBI
nocTynatoB. To ecTh CUCTEMBI ITOCTYIATOB, 3aMeHsoUIel co0oii
HE/IOCTYIIHBIC HEIOCPEJCTBEHHOMY BOCIPHATHIO IIyOMHHBIC
MEXaHHM3Mbl B3aMMOOTHOLICHHI MEKILy 00pasylolUMH CHCTEMbI
(pU3HHECKUMH SIBICHUAMH M CPEIOH MX BO3HUKHOBEHMS M Mpe-
ObiBanus. Jlpyrumu cioBamMH, COXPaHHMTbL I0JXO0J, B KOTOPOM
co3jlanue (PU3MUECKOil TEOPHH NMPOM3BOAMUTCS 110 00pasy M Io-
JIOOHIO CO3/JaHMsl YUCTO MaTEMaTHYECKOI TEOpUH.

[Tpu 5TOM B OCHOBY MOCTPOEHHUS HOBOIT TEOPUH TOJIOKEHA HE
rUnoTes’a oTcyTcTBHA >(upa, Kak B Teopuu DifHunTeiiHa, n He
runotesa abCOMIOTHO HEMOJBIXKHOTO MHPOBOTO 3(hHpa, Kak B
teopun Jlopenna-Ilyankape, a runoresa yBIEKaeMOTr0 MacCHB-
HBIMH TesnlamMu 3¢upa. B 310l runortese BBIPAKEHO HaIHM4YHe
B3aMMOJIEHCTBHA 2(QMpa U CYIIECTBYIONIMX B €0 HeApax opra-
HU30BAaHHOCTEH (CHUCTEM), B pe3ysbTare KOTOPOTO OJIHH JBHIKY-
HIMecs CHCTEMBI MOTYT yBJEKaTh 3a co0oit 3(hup u TeM caMmbiM
0CTaBaThCA HEMOABHKHBIMH OTHOCHTENIBHO JIPYT JApyra, a Apy-
rie He MOTYT €ro yBiekarb co0Oi M B CHJY 3TOIO UCIHBITHIBATH
He cede X OTHOCHTENIBHOE JABHKEHHE.

2. Ko Bropoii npuunne, noOyuBILIEH MOHCK HOBOIO BapH-
aHTa pealn3alMu 1ojaxoAa DiHINTeiHa, HeOOXO0AMMO OTHECTH
YCTAHOBJICHHOE B MpoOllecce aHalin3a Teopuu 00CTOATEe/IbCTRO,
KOTOpOE JJaéT OCHOBAHMS YTBEPIKJIaTh, 4TO npoldiieMa BpeMeHH B
CTO Ditnwreiina B obmem ciryyae perieHa HesepHo. Tak, eciu
JIeNIAaeTCsl BBIBOJ, YTO B JIBHIKYIUEHCS CHCTEME NPOCTPAaHCTBEH-
HbIC Pa3MEpbl COKPALIAIOTCS, TO BPEMsl B TaKOil CHCTEME JOJIIKHO
HE 3aMe/UISITh CBOM TeMIl, KaKk OOBIMHO CUMTAETCS, a, HAIIPOTHB,
ycKopsaTh. B o0iiem ciyuae B ABMKYILEHcsS cucTeMe npocTpaH-
CTBEHHBIC M BpPeMEHHBbIC MacIuTaObl (MPOCTPAHCTBEHHbBIE U Bpe-
MEHHBIE JIMHEHKN) JIOJKHBI OJIHOBPEMEHHO MO0 cOKpalarses,
mudOo pacuMpsThCs, JTHO0 OCTABATLCS HEM3MEHHBIMU.
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D10 MOKHO 00OCHOBATH HECKOJILKMMHU criocodamu. Hanbo-
JIee MpocThIM MOIyT ObITh Cleytolme paccyxienus. M3 3zako-
HOB MakcBeJuia ciie/lyeT, 4To €Clli Mbl XOTHM OT reHepaTropa Ha
00BEMHOM PE30HATOPE MOIYYUTH 00JIee BBICOKYIO 4HacToTy, TO
MBI JIOJDKHBI YMEHBIINTE pasMepsl 9TOro pesoHartopa. Eciii Bbl-
X0/l TAKOr0 reHeparopa NOAKIIOYHTE K CYETHHKY, TO TOIYYHM
Yacel, THKawolue Oollee YacTo, 4eM paHblle. JTO OIHO U3
cpoiicTB 3akoHoB Makcsenna. Jlpyrum cBOMCTBOM 3aKOHOB
Makcgenna sBnseTcs UX KOBAPHAHTHOCTH (2 HE MHBAPHAHT-
HOCTh, KaK 4acTO IHIIYT) B OTHOHIeHHH mpeobpaszoBanuii Jlo-
peHna. Ecim MBI IPH MOTBITKE YCTAHOBUTH (PU3HUECKHI CMBICI
3TOro (hakra NPUXOJUM HAa OCHOBAHMH KAKHX-TO COOOpazeHWi
(nMpaBHa TPaKTOBKH) K BBIBOJLY, YTO B npeobpazoanusx Jlopen-
1a CO/IepIKATCs CBEJCHMS, YKa3bIBAIOIINE HA COKpAlIECHHE Tpo-
CTPAHCTBEHHBIX Pa3MEPOB MHEPIMAIBHO JIBUKYIIMXCA CHCTEM
(Ten), TO MBI JIOJIKHBI HAa OCHOBAHMM JTHX K€ COOOpameHWi
TaKyKe NpH3HaTh, 4To B npeobpasopanusax Jlopenua copepxarces
CBEJICHMS, VKa3bIBAIOIIME HA YBEJIMYEHHE TEMIAa BPEMEHH B
JaBwkymxes cucremax. Muas tpakroeka npeoOpasoanuii Jlo-
peHua B OTHOLICHHUH BpeMSHH JIOJIZKHA paCCManHBaTbCH KakK
omuboyHas. Tak, B 4aCTHOCTH, IPUHUMAs, YTO BPEMs B JIBHIKY-
ieics cucremMe BCE-TakH 3aMe/UIseT CBOI TeMIl, Mbl HUKOI/1a HE
obecrnieyuM PpaBeHCTBO 110 abCOJIOTHON BeJIMYMHE 3HAYEHMH
CKOPOCTH OTHOCHTEIBHOIO JIBUKEHUS, U3MEPEHHBIX M3 Pa3HbIX
CHCTEM. A TO 03HAYAET HAPYLIEHHE JIOTMKH PACCyIKACHHH, CBsi-
3aHHBIX C NPAMBIMA 1 00paTHBEIMU Npeobpazosanusmu Jlopenua,
B KOTOPBIX NPUHAMAET Y4acTHE TOJIBLKO OJHO e 3HauYeHue, Hesa-
BHCHMOE OT CHCTEMBI, B KOTOPOIi nosry4yeHo 1o 3nadenue. Mua-
4Ye roBopsi, CYLIECTBYIOLIEE pelieHHe npodjaeMbl BpPeMeHH
(paKTHYECKH MPOTHBOPEYHT UCXOAHBIM OCHOBAHHAM TEOPHH.

3. TperHii modyanTeJbHBIIE MOTHB CBs3aH C HPOOJIEMOii,
PELICHHEM KOTOPOIl SIBJISIETCS YTBEPIKICHHE O HEHM3MEHHOCTH
IOTIEPEYHBIX PAa3MEPOB CUCTEMbI (Teja) Ipu npeodpazoBaHuH
HHEPLMAIBHBIX JBWKeHuid. T.e. yrBepikieHue, 4To npu npeod-
pa30BaHUM MHEPLUAIBLHBIX JIBUKEHUI cdepa npH CKOpOCTIX,
OIM3KHX K CKOPOCTH CBETA, MEPEXOANT B IUIOCKHI Juck. B Ho-
BOW TEOPUM [IOKA3LIBACTCSH, YTO ITO YTBEPIKICHUE SIBIISETCS
oumnbounsiM. Ha camom nene cdepa npu npeobpazoBaHuu
HUHEPLHAILHBIX [BHKEHHH MOKET NEepeXoanuTh B cepy, KoTopast
MOJKeT OBITH JIMOO MeHBIIETo pasMmepa, THO0 Gonbliero, JHO0
octaBaThcs HensMmeHHOI. To ecTh cdepa MOKET NepexoanThb
mbo B TOUKy, 1160 B cdepy Oeckoneunoro paamyca. B npeod-
paszoBanuax JlopeHua mateMaTHYECKHE PABEHCTBAY =y U Z = Z
BBOJAT B 3a0myxkaenne. Ha camom nene onu roBopar ue o0 MH-
BAPHAHTHOCTH (He 00 HEH3MEHHOCTH KaK TAKOBOIi), a 0 KOBa-
PHAHTHOCTH (O COTJIACOBAHHBLIX M3MEHeHHAX). Beauuunsr y,
Y, Z, Z SBAAIOT CO00il KOJMUECTBEHHOE OMMCAHHNE MPOTHKEHHO-
creii. B ¢opmupoBanum 3THX ONMCaHWIl y4acTBYIOT JBa BHJA
Ka4CeCTBCHHBIX Ol'l[r‘lcaHl"][:]. OﬂHH M3 HHX ]'Ipe}],CTaBJ'IﬂE'T Camy
OINHCBIBAEMYIO MPOTSKEHHOCTh KaK TaKOBYI), KOTOPYIO Mpejl-
CTOUT KOJIMYECTBEHHO OLCHUTHL (M3Meputhb). Jlpyroi Buj kaue-
CTBEHHOI'0 OIMCAHUS npejcTaBisier co0oi Mepy NpoTsxKEHHO-
CTH, BBUICJICHHYIO (HA3HAYCHHYIO) BOJICBBIM PELICHHEM U3
MMEIOLIEroCsi MHOMKECTBA MPOTHIKEHHOCTEH W HCIIONB3YEMYIO B
M3MEPHTEIBHBIX ONEepaluiax Kak dTalnoH (Mepy). SIcHo, 4To Kak
Obl HE MEHSUINCH MPOTSKEHHOCTH KAK KA4yecTBa, MX KOJIMYECT-
BEHHBIE OIIEHKH OyJIyT OCTAaBaThCs HEM3MEHHBIMHU. DTO IUiaTa 3a
T€ Y100CTBa, KOTOPBIE NPEJOCTABISIOTCS KOIHYECTBEHHBIM OIH-
caHueM rnpoucxosuero. KonuyecTBeHHOE ONMCAHUE [IPOUCXO-
JIAIIET0 MOKET CKPBIBaTh (DAKTHUECKOE TMOJI0KEHHEe JIell H TeM
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caMbIM BBOJUTH B 3a0Jyi/IeHHe. JTO 03HAYAET, YTO METOJI0JI0-
Il HAYYHOTO TO3HaHUs lanwies, opueHTHPOBAHHAs Ha KOJIH-
YeCTBEHHOE OINHcaHHe, MOXKeT JaBaTh cOon. Mo¥kKHO cKa3ark,
yro CTO DiinmreiiHa — 3TO pe3yabTaThl TIO3HABATEILHON ned-
TEJLHOCTH, B KOTOPBIX HAILIH CBOE OTpayKeHHe MPOOIIeMbl, CBA-
3aHHBIE C BBIXOJIOM Ha TPaHMIbl MPUMEHMMOCTH YHCTO MaTema-
THYECKOTO (KOJIMYECTBEHHOT0) MOJAX0/Ja K MO3HAHHIO TPOUCXO0-
asmero B (usznueckom mupe. Omngymaercs siBHas HeoOX0M-
MOCThL YYacTHsi B IMO3HABATEJBLHONH JEATEJILHOCTH HE TONBKO
YHCTO KQUYECTBEHHBIX (YHCTO (PU3HMYECKNX) MPEe/ICTABIEHHUIT, HO 1
MeTaM3MYECKHX, BBIXOJAINIMX 33 Npeienbl (PM3MKH Kak Tako-
BOI. B CBA3M ¢ 3THM He ABIAETCS CIy4YaiHBIM NMPHUBICUEHUE JUTS
pemenus cobcrBeHHbIx npodnem CTO DiiHireiina obmecuc-
TEMHEIX l'lpe;:lCTaBﬂeHHf‘] Ha OCHOBE KOHLECIIIHH TpHeJJ,P[HCTBa,
KOTOpble B padorax ObUIM BaKHBIM OPraHU3YIOIMM, HAIpaB-
JIAKOIIMM M HalCJIHBAKIIMM Cpe;:lCTBOM MO3HaHMA.

II. KIIOUEBBIE MOMEHTBI

K ki1ro4eBbIM MOMEHTaM HOBOIO BApPHAHTA pealu3aliy 1o/j-
xoja DitHuTeiina MoryT ObITh OTHECEHBI CIIEAYIOLIME OCHOBHbIE
[OJIOKEHHUSL.

1. Ilpeobpaszosanus Jlopenia — 2To ojiHa W3 MaTEMaTHYECKUX
dopM npejcTaBieHns (ONMCaHMs) 3aKOHA M3MEHEHMs! 3aKOHa,
KOTOPOMY IOJUHHSAIOTCS DJIEKTPOMArHUTHBIC SIBJIGHHA B CHCTe-
M€, NPU MEPEXO]Ee CHCTEMbl M3 COCTOSHHUS IOKOS B COCTOSIHHE
UHEepHUATLHOrO JBHKeHUs (IpH npeodpa3oBaHUM WHEpPLUAlb-
HBIX JIBHKEeHUIT). To ecTh B HOBOI peallu3alliy paznn4alorcs TpU
BHJa MaTeMaTHuecKux (opm mpejcTapiaeHus (onmMcaHus) mpo-
UCXOIAIIETO B (PU3HIECKOM MHpE!

— Marematuyeckas (opma TpejcTaBIeHNs caMHUX (dIEKTPO-
MAarHMTHBIX ) SIBICHHIH KaK TAKOBBIX;

— MareMaruyeckas popMma npecTaBlIeH s 3aKOHa, KOTOPOMY
MOJAYUHAETCA MHOKECTBO (2JEKTPOMArHUTHBIX) SIBJICHUIT;

— Maremaruyeckas (popma npejcTaBlieHHs 3aKOHA H3MeHe-
HHsSl 3aKOHA, KOTOPOMY MOAYMHAETCA MHOKECTBO (deKTpoMar-
HUTHBIX) sBJIEHHH, NpH npeoOpasoBaHUM HHEPLHATILHBIX JBH-
AKEHHIL.

2. 3aKoHBI KJIACCHYECKOIl d/eKTpoAnHaMuKi MakcBe/ia He
MHBapHaHTHBI B OTHOIEHHH Tpeobpasosanuii Jlopenia, a koBa-
PHaHTHBL A 3TO 03HAYAET, YTO 3AKOHBI, KOTOPHIM MOAYHHSAIOTCA
SIEKTPOMarHUTHBIE sABIEHHs, NpH npeobpasosanuax Jlopewua
Bcé-Taku Menstotest. CoracoBanno, Ho MeHstotes. Muaue Gyner
yTpaueH BCSAKHMI CMBIC] KaK B CaMOM IOCTPOEHHH TEOPHH, I0-
JyuyMBLIE MO pPasHbBIM TIPHYMHAM HEKOPPEKTHOE Ha3BaHHe
«TEOpPHs OTHOCHTEJBLHOCTHY», TPEANOIaralonee OTCyTCTBHE
KakuX-1u00 M3MEHEHMIH, Tak M B MOMCKE PElleHHi paccMaTpH-
BaeMBbIX B TE€OpHH 3a7ay. JIpyrumu cioBamu, 3aKOHBI KJIaccHue-
CKOI 2JIeKTPOIMHAMUKH MaKcBe1a 1pH Mepexo/ie CHCTEMbI U3
COCTOAHUA ITOKOA B COCTOAHHEC HHEPUHAIBHOIO JBUMKCHHUA MeE-
HAIOTCA M MPH ONPEAEIEHHBIX YCIOBHAX C MOMOIIBIO JJIEKTPO-
MArHUTHBIX SIBJICHUI 3TOH CHCTEMbI MOMKHO YCTAHOBUTH (pakT e
HHEPLHAIIBHOIO JIBHIKCHUS.

3. CTO Diinwreiina — 310 KMHeMaTuyeckas Teopusi. Hosas
e Teopust — AuHaMudeckas. Takoe rpespaileHHe cratyca Teo-
PHH CTAll0 BO3MOKHBIM OJjarojapsi KOPpeKLUHMH H YTOUHEHMS
coCTaBa MCIOJIBb3YEMOH CHCTEMBI IIOCTYIATOB U BBEJIECHHs 0OCO-
0ol TpaktoBkn e€ copep:kanus. [T1aBHBIM B 9TOHl TpakTOBKE
SIBHJIOCH UCTIONB30BAHUE B Hell 0DIIECHCTEMHBIX TPeJICTaBICHIUH
Ha OCHOBE KOHIIENLMM TPUEAMHCTBA M BKJIIOYEHHE B CB3H C

5THM B €€ cOCTaB IpeJCcTaBIeHHi 0 3-X CTENeHsX COOTBETCTBUS
HCTHHHOMY MOJIOAKEHHIO JIe] IPOBO3IIIALIAEMbIX B MOCTYyIaTax
MPHHIIMIIOB, YUCIO KOTOPBIX TAK/KE PABHO TPEM.

Tak, nonaraercs, 4To B peajabHOM (IIPOSIBIEHHOM) MHPE HET
BceoOiiero pasnonpasus! Ecim oHO M ecTh, TO TOIBKO B Mjle-
anbHoM Mupe. TTosTomy, opMupyst cHCTeMy MOCTYIAaTOB, MbI
JOJIZKHBI BKIIOYHTE B €€ COCTaB IOCTYJAT, MPOBO3IIIAIIAIONINIA
HalM4YMe BbIJIEIEHHOI cucTeMbl, obecreunBas TeM CaMbIM COOT-
BETCTBME C HCTHHHBIM MOJOKEHHEM Jel. DTHM TMOCTYIaTOM
NPEJCTAaBIAETCSA TO, UTO €CTh HA CAMOM JEeJIe.

B kauecTBe Apyroro mocrynara NpHHUMAETCS TOCTYIAT, CO-
JIEPJKaHHE KOTOPOrO B OTHOLIEHMH COOTBETCTBHSA C MCTHHHBIM
MOJIOJKEHHEM JIeJT 3aHUMAET NPOTHBOMNONOKHOE nonokenue. T.e.
B HEM [POBO3IJIAIIAETCS BBINOJIHEHHE TOrO, YTO HA CAMOM JIejie
He Beinosnsercs. Ilonaraerces, 4To B TEOPHU TAKUM MOCTYJIATOM
JIOJKEH CTaTh MOCTYJIAT, B KOTOPOM B OTHOLICHHH MOJBH/KHOMH
CHCTEMBI [POBO3IJIalacTes CcoO/I0/ICHHE TMPUHIMIIA OTHOCH-
teasHocTH. Ho 910 cobmofeHue M0MIKHO paceMaTpHBaThCs HeE
KaK CBEpUIMBLIMIICH (aKT, 2 KAK CTPEMJICHHE K €r0 CBEPLICHHIO
HIIM Kak TpeboBaHMe TOro, 4TOOBI ITO CBEpIIEHHE COCTOSIOCH.
DTUM MOCTYJIATOM BBIPAKAETCs LieJlb BCErO IPOMCXO/SILIEro B
ABHAKYLIeHes cucteMe. JIpyruMu cI0BaMH, co3MaaTelbHas CHia
3TOTO MOCTYJIATa COJAEPIKUTCS B €ro HECOOTBETCTBMU C HMCTHH-
HBIM [0JIOJKEHHEM JIe]I, T.€. B ero HeceepwénHoctu. M ata cuna
yTpaunuBaeTcs, eclu Lelib OyJeT JOCTHrHyTa (IPHUHLMII OTHOCH-
TeJLHOCTH Ha caMoM Jese Oyner seinonteH). Takas TpakToBKa
noctynara OyJeT UMEThb CMBICI TOIBKO B TOM ClIydae, €cCH
HHEPIHAIBHOE JIBHKEHHE MOJABMKHON CHCTEMBI ITPOMCXOIMT B
HEJpax BBIIEIEHHONH CHCTEMBI, B OTHOLIEHHMHM KOTOPOH Ha ca-
MOM /ieJjie BBINOJHAETCs MPHHIMIT OTHOCHTENbHOCTH ['anumes-
Ilyankape. M60 3To He TONBKO 1AET MPABO CYMTATD BHIACIEHHYIO
CHCTEMY HEMOJBHIKHOI, HecMOTpsi Ha ef (pakTHuecKoe JIBHIKe-
HHE, HO U JIaéT OCHOBAaHHE ISl PealibHOr0 CTPeMJIeHHS Npo-
HCXO/SIIEro B MOJABHAKHOIN cHeTeMe K TOMY, 4TOObI B OTHOLLE-
HHUU 3aKOHOB, KOTOPBIM IOJUHHAETCS TO MPOUCXOJSIIEE, BbI-
MOJIHSJICS IPUHLIUIT OTHOCHTEILHOCTH.

Mesxay 95TUMH JAByMS! IPOTHBOIOJI0KHBIMH 0 OTHOLIEHUIO K
HCTUHHOMY TIOJIOKEHHIO JIeJ OCTYIaTaM1 JOJKEH OBbITh MOCTY-
J1aT, KOTOPBIl SABJISETCS MEKIY HMMH TOCPEAHMKOM, HECYIIHM
coboif He MPOTUBOCTOSIHKME, a coriacue. JIIs BBIMOIHEHHS MMO-
CPEIHHYECKOH MHCCHM 3TOT TOCTYJAT J0/KeH obnaaath ABOH-
CTBEHHOIl NPUPO/OH B OTHOLIEHHMHM COOTBETCTBHA HMCTHHHOMY
nonokenuto aeia. Tak B HEM MOMKEH MPOBO3IIAIATHCSA TaKoH
NPHHIIMI, BBINOJHEHHE KOTOPOrO OJHOBPEMEHHO M COOTBETCT-
BYET MCTHHHOMY IOJIOJKEHHIO JIE]l M B TO 5K€ BPEMs paccMaTpH-
BACTCS KaK CTPEMIIGHHE K TOMY, uToObl 3T0 Obino Tak. Takum
SIBJIICTCA M10CTYJIAT, B KOTOPOM NPOBO3IJIAIAETCA BBINOJHEHHE
NPHHIMIA MOCTOAHCTBA CKOPOCTH cBeTa, O/IHaKO Ha caMoM Jiese
€ro BBIMOJIHEHHE FAPAHTHPOBAHO TOJIBKO MO OTHOMICHHIO K BbI-
JenieHHoil cucteme otcuéra. ITo OTHOMIEHHIO K TTOJIBUIKHON CHC-
TEME OTCUETA €r0 BhINOIHEHHE JIOJIKHO PACCMAaTPUBATLCA TOJIb-
KO Kak cTpemiieHHe ObITh BBINOMHEHHBIM. TO ecTh eciu B OTHO-
IIEHHH BBIJICIICHHOH CHCTEMBI BBINOJHEHHE 3TOrO IMPHHIMIA
ABJIAETCS CBEPINMBLIMMCS (DAKTOM (MCTHHHBIM IOJIOMKEHHEM
JIelT), TO B OTHOLIEHHH TOJBHKHOI CHCTEMbI €ro BbINOJIHEHHE
JOJIKHO OBITh HE pealbHbIM (JAKTOM, & TOJBKO LENbI0, K KOTO-
poii JO/IKHO CTPEMHTBCS BCE NPOMCXOJIAIIEE B MOABUKHOI cHe-
Teme. Ipu Takoii cucreme nocTyIaToOB MOMCK pereHus npobe-
MBI CTPOMTCS HA CIEAYIOIMX TPEX PABHONPABHBLIX, PABHOLICH-
HBIX M PABHOBEIIMKHX «KHTaxX».
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1) Ha yka3anuu HarnpaelIeHus, B KOTOPOM HEOOXOAMMO JBH-
rarbes (Moctynar o cobIoeHHn NPHHIMIA OTHOCHTEILHOCTH)
W KOTOpOE He sBIsieTCs HaJAyMaHHBIM, a Kak Obl JIMKTyeTcs ca-
MO mpupojioii (BCE B ABHIKYINEHCS CHCTEME «X0YeT», UTOOBI
npu e€ nepexojie U3 COCTOAHUS MOKOS B COCTOSHUE WHEPIIHATb-
HOTO JIBUKEHHA B Hell, KAK H B BbIJEJIEHHOH CHCTeMe, HUYEro
HE MEHSIOCE).

2) Ha yka3aHu# TOTO, KaK 3TO JIBUKEHHE JOJKHO OCYIIECTB-
naTees (nocrynar o coOnioeHHe TPHHIMNA MMOCTOAHCTBA CKO-
pOCTH CBeTa).

3) Ha yka3zanuu TOro, 4To JOIIKHO CTaTh PealbHOM OCHOBOH
JIBJKEHHA B YKa3aHHOM HAamNpaBlICHHH YKa3aHHBIM crocobom
(nmoctynat o cobuII0IeHNH NPHHIMIA BBIIEICHHOH CHCTEMBI).

4. Takum 00pa3om, cONocTapids YUCTO MATEMATHUYECKHE M
YUCTO (PU3MYECKHE TEOPHH, MOJKHO CKa3aTh, YTO IOCTYJIATHl B
MaTeMaTHYECKOH Teopuu ABIA0T codoil kuHemartuky. [locTyna-
ThI JK€ B (PM3MYECKOI Teopuu, cosasaemoil o obpasy u 1ojo-
61“"0 CO3JIaHHA YUCTO MATCMATHYECCKHX TCOpHr‘], JIOJIZKHEI SABJIATH
coDoit He KMHEMATHKY, a JMHAMUKY (npeactasiiarh coOOH Ka-
KYIO-TO «MEXaHMKY» - «MEXaHHKY» JUIs 3aKoHOB). B cBssu ¢
TUM MOCTYJIAThl B YHCTO MATEMATHYECKOI TEOPHH U MOCTYJIaThl
B (DU3HYECKOH TEOPHH JIOJDKHBI HMETh PA3HOE CMBICIIOBOE CO-
Jiep/Kanne B OTHOLIEHHH CTENEHU MX COOTBETCTBHMS MCTHHHOMY
NOJIOKEHHIO Jeft. Ecim B MateMaTHuecKoil TeOpun UCNob3yIoT-
sl TIOCTYJIAThI, B KOTOPBIX IPEACTABICHO TO, UTO €CTh HA CAMOM
Jienie, TO B (PU3HMUYECKOIl TEOPHH HMCIOJIb3yeMble TOCTYIIATHl He
00s3aHbI COOTBETCTBOBATH TOMY, YTO €CTh Ha camMoM jene. B eé
€OCTaB JIOJIKHBI BXOJIUTH [OCTYIAThl, KOTOPEIE MPEICTABIAIOT HE
TO, YTO €CTh, @ TO, YTO XOTEN0Ch Obl MMEeTh. B Takux mocrynarax
JIOJDKHO OBIThH BRIp@KEHO TpeboBaHue, 3amycKaroliee COOTBETCT-
BYIOIIIHE MEXaHH3MBI, IPUBOAIINE K M3MEHEHHIO 3aKOHOB, KO-
TOPBIM TOJAYMHAIOTCS AJIEKTPOMArHUTHBIC SIBJICHHS B CHCTEME.
[Toctynatei-rpedoBaHust — 3TO CBOETO Poja 3aKOHOBHKYIIHE
CUJIBI.

5. Cnieunanbnas Teopus otHocutensHoctn (CTO) DifHmreii-
Ha — 9Ta TEOPUs, B KOTOPOIl e¢ co3/1aTeH, o Beeil BUAMMOCTH,
BIIEPBBIE CTOJIKHYJIUCH C IPOSBIEHHEM IPAHUIILI TPUMEHHUMOCTH
METOM0JIOTHH Hay4Horo nosuanus ["amnnes. Merononoruu, Ko-
TOpas JielaeT CTaBKY HE Ha BLISBIEHHE KaueCTBEHHOH KapTHUHBI
MPOUCXOANIETO (HE Ha BBIIBJIEHHE TOTO, YTO M KaK), a Ha KOJIH-
YeCTBEHHOE OMHCAHME, CBA3aHHOE C OTBETOM Ha BOMPOC «CKOJb-
Ko». MeTomonorun, KOTopasi yCHemHo npuMeHaIach npu OIH-
CaHHMHM ABJEHMI U YCTAHOBICHUH 3aKOHOB, KOTOPBIM MO TYHHACT-
¢ MHOJKECTBO fIBJIeHMIT. MeTol010Tuy, KOTOpas cTaja JAaBaTh
cOoM NpH MO3HAHWH 3aKOHOB, B COOTBETCTBHM C KOTOPBIMH Me-
HAIOTCS 3aKOHBI B CHCTEME NPU CMEHE €€ COCTOSHMSA JIBUKCHUS,

6. HeoOxomumo 4€TKO M SCHO pa3nuyaTh MaTeMaTHYECKYH
(dopMy 3aKOHA 3aKOHOB M €€ COJICPIKaHNE U UMETh B BHILY, UTO
0JIHa M Ta JKe MaremMarnyeckas (opMa B 3aBUCHMOCTH OT YCIIO-
BHil, CUTYalnil 1 00CTOATEILCTE MOKET UMETh PA3HBIE TPAKTOB-
ki (MHTEpHpeTaluy, pacuudporkn). OuHaKoBOCTh GopM mps-
MbIX M 00parHbIX npeobpasosanuii Jlopenua emé ne osnauaer,
4YTO OHH MMEIOT OJIMHAKOBOE COJICp:KaHHe (OJIMHAKOBYIO Tpak-
TOBKY). Kpome Toro, nuHelinsie 1o Gpopme 3aKOHbI 3aKOHOB MO-
ryT ObIThb HeIMHEHHBIMU 1O cojepxkanuto. MO0 Tosibko Hesu-
HEHHOCTh 3aKOHA 3aKOHOB MOKET INPUBHECTH YTO-TO HOBOE B
3aKOHBI, KOTOPBIM MOAYUHAIOTCS JJ€KTPOMArHUTHBIE SIBJICHHI.
[TockonbKy Bee opMbl CBA3AHBI MEKLY cO00i TEMH WM HHBIMH
MaTeMaTHYECKUMHU Tpeo0pa3oBaHusIMU, TO TPHBEICHHBIE OCO-
OGEeHHOCTH MOTYT OBITh BHIPAIKEHBI YTBEPKIEHHEM, 4TO npeodpa-
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30BaHUs MaTeMaTH4ecKoi ()OPMbI 3aKOHA 3aKOHOB MOTYT CO-
IPOBOAKAATLCA U3MEHEHHEM CMBIC/IA MCIIONIB3YEMbIX B HHX CHM-
BOJIOB!

7. Ilpn pemenun npobieMbl MHEPLUMAILHBIX CHCTEM B 3a-
OmysKIeHHe MOYKET BBOAUTDH HE TOJIBLKO HCIOIb30BAHUE HATrJIsiI-
HBIX T€OMETPHYECKHX MOCTPOEHHI, HO M CaMOii MATEMaTHKH Kak
TakoBoil. Ilpn 5TOM €cim OT MCMONABb30BaHMSA HArSIHBIX TEO-
METPHYECKUX TOCTPOEHMH MOMKHO KaK-TO YKJIOHHUThCS, TO Oe3
MaTeMaTHKH Mbl He MOKeM 000#THCh. EANHCTBEHHBIM BBIXO0M
MOJKET CTaTh TOJILKO NPABHILHOE NMOHMMAHHUE CTaTyca MareMa-
THUKM M XapakTepa e€ CBA3M ¢ (aKTHUECKHM MOIOKEHHEM Je]l.
B ocHoBe 5TOro NoHMMaHHs JIOJKHA JIEkKaTh Kakas-To MeTadu-
3UKa, Kakoe-To odliee npejcrapicHue od ycrpoiicTee Muposa-
HHS B LIEJIOM BMECTE C MO3HAIOUIMM CyOBEKTOM H BCEMH €ro at-
pubytamu, obecreuHBAOIIMMH CaMy BO3MOXKHOCTb MO3HAHUS,

8. Ha Bcém npoTsKeHMH CO3/1aHHMs HOBOH TEOPHM HMHEpIIH-
AJIBHBIX CHCTEM B Ka4C€CTBC OPraHH3YIOLICro, HANPAB/IAKOIIETO H
HALEJIMBAIOLIETr0 CPE/ICTBA MO3HAHUS UCIOIb30BAINChL 00LIecHe-
TEMHBIC TIPEJICTAB/ICHHA HA OCHOBC KOHUCIIHH TPHEJIAHHCTBA.
DT0 a0 BO3MOMKHOCTb ABTOPY I0-HOBOMY B3IUISIHYTh Ha CYTb
n300peréHoro DHIITEHHOM MOAX0Ja K PElUeHHI0 MpobaeMsl
HHEPLMATLHBIX CHCTEM, YCTAHOBUTEL IPUYMHBI BO3HHKHOBEHMS
COOCTBEHHBIX MPOOJIEM CrELHaIbHOH TeOPHH OTHOCHTEILHOCTH
1 Haiiti criocodel ux pemenus. ObiiecucTeMHble TpejcTaBie-
HHSI HA OCHOBE KOHLIENLMH TPHEJAHHCTBA — 9TO TO, YTO M03BOJIS-
JI0 aBTOpPY JIeNaTh CMelble NPEAnoNokeHns u He OoaTbes yro-
JIMTh B H3BECTHBII1 J0M.

III. OCOBEHHOCTH NNOJYYEHHBIX
PE3YJIbTATOB

1. HoBast Teopusi BelpazkaeT coboil pealbHOCTb, T.€. TO, 4TO
IPOUCXOUT B caMoif cucTeMe Ipu nepexoje e€ U3 coCTOSHMS
MOKOSL OTHOCHTEJILHO d(Upa B COCTOSIHUE HHEPLUAILHOTO JIBH-
acenust. Teopust DifHiuTeiiHa MOKeT paccMaTpHBaThCs B JIyUILEM
Cllydae TOJIBKO Kak Teopusi BuauMocTH. To ecThb, Kak Teopus,
KOTOpas BbIpaxaer coOoif 0cOOGEHHOCTH TOro, 4TO MO3BOJSET
BecTH HaOIII0IeHHE 3a TIPOUCXO/ISLINM B JIBHIKYIIUXCS CHCTEMAX
IPH YCJIOBUM, YTO CaMO MPOUCXOAIIEE B CHCTEMAX NMPHU UX Ie-
pexXo/ie U3 COCTOSIHUA IMOKOA B COCTOSIHUE MHEPLHMAILHOTO JIBHU-
JKEHMS! HE MEHsAETCA (BBIIOIHAETCA NPHHIMI OTHOCHTEIBHOCTH).
Ecmn mb1 Oyaem cumrtath, uto CTO DiiHmTeiiHa BeIpaXkaeT xa-
paKkTep H3MEHEHHIi B CAMHMX CHCTEMAax, TO Mbl OyJIeM UMETh JI€/10
¢ napaaokcoM baM3HENOB, TAK KaK HE CMOKEM OTBETHThH Ha BO-
NpocC, B KAKOH K€ CHCTEME Ha CaMOM JieJIe NTPOM30LIIN H3MEHe-
HuA. YHTH OT napajgokca MOKHO TOJIBKO MNPEINOJNOMkKHB, UTO
TEOpHsl ONMCHIBAECT YKA3aHHOE BbILIE ABJICHHE BMAMMOCTH. SIB-
JIEHHE BUIMMOCTH, KOTOPOE MOJKHO COIOCTABUThL C TEM SBJICHH-
€M BHJHMOCTH, ¢ KOTOPBIM MBI PEaJIbHO CTAIIKMBAEMCH IIPH pac-
CMOTPEHHH YJANEHHBIX 00BEKTOB (YMEHBIIEHHE Pa3MepoB 00b-
eKTOB npu ux yaanenun). Opnako u Ttakas tpakroska CTO
DHHIITEHHA HE MOMKET CUUTATBCS YI0BICTBOPHTEIILHOM, TAK KaK
OHa HE MOJKET PacCMaTpUBATBLCS KAK PEIICHHE MOCTaBJICHHON
npobaemsl 1o cueayomteil npuyaune. Teopus BUAMMOCTH HMeET
JIeII0 ¢ OCODEGHHOCTSIMH PealbHBIX BHELIHMX B3auMojeiicTBuii
MEH1Y JIBHKYIIMMHUCS OTHOCHTEIBLHO JAPYI Jpyra cHCTeMaMmHu,
OJIHA M3 KOTOPBLIX TOJBKO YCIOBHO CHHTAETCSl HEMNOBHKHOIL.
Yro kacaercst petaemoii 8 CTO npobiemsl, TO OHa COCTOUT B
MOMCKE XapaKTepa U3MEHEHHs 3aKOHOB, KOTOPBIM MOJAYHHSIOTCA
cucreMooOpasyionye (B JaHHOM cllydae 3JIeKTPOMarHUTHbLIE)
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ABJIEHHSI TIPH TIEPEX0/IE U30JIMPOBAHHBIX OT BHELIHHUX BO3IEHCT-
BUIl CHCTEM M3 COCTOSAHUS MOKOA B COCTOSHME MHEPIHMAIBLHOTO
JIBIKeHHA. B MCX0/IHOW MocTaHOBKE NMPOOJIEeMbl HET BHEIHHX
B3aMMO/IEHCTBHI MEKTy CHCTEMaMH B CHITYy MCXO/HOTO TIPEro-
nosxeHus 06 MX u3onuposaHHocTH. M3 sToro cnemnyer, uto ecin
HET BHENIHUX B3aUMOIEHCTBHIL, TO U HE MOXKET OBITh pPeallbHbIX
ABICHUH BUIAUMOCTH. TO ecTh sIBIeHHEe BUAMMOCTH KaK TaKOBOE
He uMeeT (pu3nudeckoro cmeicia. Ha camom nmene B CTO Diin-
mTelHa BHEITHHE B3aMMOJEHCTBHUA — 9TO HCKYCCTBEHHO CO3/1aH-
Has peaJbHOCTh, TPH3BAHHAs HA BpPEMsS pelleHHs MpolIeMbl
HArJIAAHO TMPEJCTaBIATh XapakTep (3aKoH) BiAuMsHMA cyOcraH-
uuu (3gupa) Ha 3aKOHBI, KOTOPBIM MOTUYHHAIOTCS IEKTpOMar-
HUTHBIE ABICHUA B cucTeMe. To ecTh HArJIAIHO MPEICTABUTH TO,
YTO HEBO3MOKHO YBHJIETh. 3/I€Ch HET peallbHbIX ((PH3MUYECKHX)
Ha0IrOIeHUH Kak B cliydae HabIoaeHus 3a OTAaIEHHBIMU 00b-
extamu. Ectb TOnbKO BoOOpakaemble (MaTeMaTHUECKHE) Ha-
OJo/1eHHs. )TO BUAHMOCTD, CBA3aHHAas ¢ 0COOEHHOCTAMH camMo-
0 MCIOJIb3YEMOro crocoda YMCTBEHHOTO MO3HAHMA KaK TAKOBO-
ro, a He ¢ OCODEHHOCTAMH PE3YJILTATOB PEAIbHBIX (PU3HUECKHX
Habmronenuit (u3mepenuit). Ilpu sToM B pamMkax HOBBIX Ipei-
CcTaBJIeHH HeoOX0MMO OTMETHTEL, uTo B CTO Diinmreiina B
KaueCTBE MCKYCCTBEHHO CO3/IaHHBLIX BHELIHUX B3auMojeiicTBuii
UCTIONB3YIOTCS TAKKE DJIEKTPOMArHUTHBIE SIBICHMS, HO HaJe-
NEHHBIE HEOOBIMHBIMH JIOTIOIHUTENLHBIMH CBOICTBAMH, M03BO-
JSIIONMMH UM Q/IEKBAaTHO NPEJICTABIIATL BIMsHHME CyOCTaHIIMH
(2(hupa) Ha 3aKOHBI, KOTOPBIM MOJYHHAIOTCS IEKTPOMATHUTHBIE
ABICHHA B CAMUX HHEPLMAILHO JBHUKYIIUXCS OTHOCHTEILHO
aupa cucTeMax.

Takum obpazom, B obmiem ciiydae HeoOXOJMMO Pa3inyaTh
CIEIYIONME TPH BHIA IEKTPOMArHUTHBIX SBIEHHH (B3aUMO-
JICHCTBHIA).

1). DiexkTpoMarHWUTHbIE SIBICHHSL B CaMUX HHEPLHAILHO
JIBIOKYILLMXCSI CHCTEMax, KOTOpbIE sBISIOTCS CHCTEMOOOpasylo-
UMK (COOCTBEHHBIMH) SBICHHSMH, 3AKOHBI KOTOPBIX MOTYT
MEHATBLCS TPH NEPEX0/e CUCTEMBI U3 COCTOSHUS TOKOA B CO-
CTOSIHME MHEPLHATBLHOTO JIBUIKEHHUSI.

2). BHemHMe HCKYCCTBEHHBIE (BHPTYaJIbHBIC) DIIEKTpOMAr-
HUTHBIE SBJIEHHS, HaJIeNEHHbIE OCOOBIMH CBOICTBAMHM, BhIpa-
KEHHBIMH B COOTBETCTBYIOIINX MOCTYJIaTax U o0ecreunBaro-
MH HeoOXOJHMMBII XapakTep (3aKOH) M3MEHEHHs 3aKOHOB, KOTO-
PBIM TIOJTMHHSAIOTCSA COOCTBEHHBIE ANIEKTPOMATHUTHBIE SIBICHHS
cucTeMbl. MOKHO CKa3aTh, YTO TH ABJIEHHUS MPEACTABIAIOT CO-
0ol oTHOLIEHNS ABMIAKYIIEIHCS CHCTEMBI ¢ caMoil cyOcTaHuuen
(aupom), T.e. cyOcTaHIMOHAIBHBIE MIH BHYTPEHHHE B3aHMO-
JIEHCTBHA.

3). Buemnue peajibHbIe 2IEKTPOMArHUTHBIE B3aHMO/ICHCTBHA
CHCTEM, KOTOPBIX MO YCIOBHAM peraeMoid npodlieMbl Ha caMoM
gene Her. OHM MCKIIOYEHBI M3 PACCMOTPEHHS C TeM, YTOOBI
MMETh JIEJIO TOJIBKO ¢ B3aUMOJICHCTBHAMM CHCTEM ¢ cyOcTaHIu-
eil (apupom), npeCTaBICHHBIMH B TOM WIIH HHOM BHJIE.

2. 3/1ech cle/lyeT OTMETHTh, YTO OJIHON M3 NMPUYMH BO3HHK-
HOBEHUS OMINOOYHBIX NPEJICTABICHUIT ABISACTCA OTCYTCTBUE pas-
IPAHUYEHHIT MEMly BHEIIHUMH HCKYCCTBEHHBIMH (BUPTYalib-
HBIMM) M BHELIHUMH pPeabHBIMH dJIEKTPOMArHUTHBIMHM B3aUMO-
jgeicteusmMu. Tlpu peasbHOM HANMYMKM BHEIHUX SIIEKTpOMAr-
HUTHBIX B3aUMOJCHCTBUI MEKIy cHCTEMaMM MpoOaeMbl, CBsi-
3aHHBIE C peajbHBIMU BHEIIHMUMHU DJIEKTPOMArHUTHBIMH SBJIC-
HUSIMH (B3aMMOJEHCTBUAMM), JIOJKHBI PELIATLCS TOCIE pere-
HHs 11po0JieM, CBA3AHHBIX ¢ YCTAHOBJICHUEM XapakTepa M3MeHe-
HUS 3aKOHOB, KOTOPBIM MOAYMHAIOTCA dIEKTPOMArHUTHBIE ABIIE-

uus B cucreme. Tak, nanpumep, npu onpenenenun >¢pdexra Jlo-
niepa NnepBoHavalIbHO JA0JDKHA ObITH penieHa npobiema Bpeme-
HHU B JBWKYIIHXCS cHcTeMax (pensituBucTckuil adpext [Jlome-
pa), a 3aTeM yiKe Mepexo/INTh K PelIeHHI0 Po0JIeMbl, CBA3aHHOMH
¢ ompezenenneM Kiaccuueckoro agdexra [lomnepa, kotopoe
JIOJZKHO OCYHIECTBIATHCS € YYETOM HOBBIX BPEMEHHBIX CBOICTB
npoucxosmiero B cucreMax. CoBMenEHHOe UX pelieHne Helo-
MYCTHMO, TaK KaK 3TO NPHUBEIET K HEKOHTPOJIMPYEMOMY CIIHs-
HHIO HCKYCCTBEHHBIX BHEIIHMX B3aUMOJICHCTBHI, HEOOXOIHMBIX
JUIs perieHus mpodieMbl BPEMEHH, H PealbHbIX BHEUIHUX B3aH-
MOJIEHCTBHH, HEOOXOAMMBIX JUIA ONpeieneHus KIacCHYeCKOro
apdexra [lornepa. D10 ABAAETCS OJHON M3 NMPUYMH HATHYMSA B
nuTepartype pasHeix Gopmyi s oduiero a¢exra lonnepa nmpu
OJIMHAKOBBIX ycsoBHsAX. [lpu pasiensHOM e MX pelieHuH 3a-
BEepILICHHE pelieHust npoliieMbl BpeMeHH COIPOBOMKIACTCs y/1a-
JICHHEM MCKYCCTBEHHO BBEJIEHHBIX BHEIIHUX (TEXHOJIOTHYECKHX)
B3aMMOJICHCTBHIH IMyTEM COOTBETCTBYIOLLEH TPAKTOBKOIL 1peodpa-
zoBanuii JIopeHia, KOTOPy0 MOMKHO COIMOCTABHTEL C BBIICICHHEM
H y,[la.]'lCHHCM KaTaJ'IH33T0pa B XMMHYCCKOM l'lpOPBBOﬂ.CTBe 0T KO-
HEYHOTO Pe3yibTaTa COOTBETCTBYIOLIEH XUMHYECKOH peaKiinH.

3. [IbiTasice yeranoBUTH U3 nipeodpasosanuii JlopeHua cMbici
HPOUCXOJISIIETO B IMOJABHIKHOW CHCTEME MpH repexoje e€ u3
COCTOSIHHS [IOKOSl B COCTOSHUE HHEPLUAIBHOTO JIBUKEHUS OTHO-
CHTEJILHO BBIJIEJICHHONW CHCTeMbI, OBUIM BBIHY/ICHBI CJIe/IaTh
3aKIoueHne, 4to npeodpazosanus JlopeHua ToNbLKO 10 Marema-
THYecKol (popme sBistOTCA IuHEHHbIMU. [lo comepikanuio oHH
TAKOBBIMH He sBIsitoTes. 1o 9T0il sxe npuumHe npsMelie U o0pat-
HBIE NTPeo0pa3oBaHus TOJNBKO M0 MAaTeMAaTHYECKO (hopMe sBIs-
10Tcd coBnaaaimumi. [lo cBoemy comep:kaHuio OHH pasHble —
UCTIONIB3YEMBbIE B HMX CHMBOJIBI, 0003HAYaIOIHE TPOCTPAHCT-
BEHHBIE H BPEMEHHbIE KOOPJIWHATHI, HECYT cODO0if pa3Hoe CMbI-
CJIOBOE COJIEpIKaHKe, IO3BOJsiIONEe peodpazoBaHusiM ObITh
IPOTHUBOIOIOKHBIMH, @ He coBnajaronmmu. Muade ropops, npu
U3MEHEeHHH (POPMBI MATEMATHYECKOro IpeJACTaBlIeHus (onuca-
HHsA) 1peoOpa3oBaHuii MPOCTPAHCTBEHHO-BPEMEHHBIX KOOP/H-
HAT, BBIpAXKAOWKX co0O0il Xapakrep W3MEHEHHs 3aKOHOB DJIEK-
TPOMArHUTHBIX SBJIEHHWH TOJIBIKHOH CHCTEMBI IIPH NiepeBojie eé
U3 COCTOSHMS TIOKOS B COCTOSIHUE MHEPIHATBHOTO JIBHIKEHHS,
W3MEHSETCS CMBIC] CHMBOJIOB, HCIIONB3YEMBIX /IS MpejicTaBlie-
HHsI TPOCTPAHCTBEHHO-BPEMEHHBIX CBOWCTB TPOMCXOANIETO B
chcTeMe. JTH M3MEHEHHS CMbICIA CBA3aHBI C TepexXoJaMu OT
CHMBOIIOB, SBJISAIONINX cO0O0I Ka4yecTBO, K CHMBOIIAM, ABJISIOIINX
co00ii KOINYecTBO.

4. PaccmaTpyBasi OTHOIIEHHS JIBYX CHCTEM, OJIHA M3 KOTOPBIX
SIBJIAETCS BBIJACICHHOIH CHCTEMOI B CHIIY TOTO, YTO OTHOCHTEb-
HO He€ 3(hup HenoBHIKEH, B paboTe HaiiIeH HOBBIH BBIBOJ Ipe-
obpazopanuii JlopeHua, OCHOBaHHBIH Ha HCIOJIB30BAHHH B SB-
HOM BHJIE HEJIMHEIHOI onepanuu, odecrneunsatomneil hopmupo-
BaHMe c(epruecKoil MOBEpPXHOCTH, HAOIIOAeMOH U3 CHCTEMBI,
JIBUKYILEHCS OTHOCHTENIBHO BbIIEIEHHOI cuctembl. OcobeHHo-
CTBH) HOBOI'QO BEIBOJIA ABJIACTCH HCIIOJB30BAHHE B HEM TaKMX
MPUEMOB, KOTOPBIC Kak Obl MO3BOJIAIOT MOCMOTPETH HA COJIEpP-
HKaHHE l'lpOHCXOIlH].L[cFO B CHCTEME B MOMEHTHI e¢ nepcx()ﬂ.a n3
COCTOSIHHS TI0KOS B COCTOSIHUE HHEPLMAIBHOIO JABHIKEHUS, KO-
riaa cOpoiena crapas popma 0JIei/ibl, a HOBas eilé He ojeTa, U
YBWJIETE TO, 4TO €CTh Ha camoM jejie. [Ipu aToM ObLIO yeTaHoB-
JIEHO, YTO YBH/EHHOE IOATBEPIKIACT IPABOMEPHOCTL HpHBE-
JIEHHBIX BBILIE YTBEPIKICHUI.

5. Ilepecmorpen BeiBOA npeobpaszosanuii Jlopenua, cienan-
HBIH caMuM DitHinTeiinoM. IIpu 5ToM nokaszaHo, 4TO NPHBE/ICH-
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HOE JI0Ka3aTelbCTBO TOrO, YTO BO3HMKAIONIAsA B MPOLECCE BHIBO-
Jla Hen3BecTHas (PyHKIMA ( paBHa |, Ha camoM Jiene He sBAeTCs
JlokaszatenbeTBOM. bonee Toro, B paMkax MCNoib3yemMoro BbIBO-
Jla paBeHcTBO (@ = | Hejgokazyemo. PakTHyeckn paBeHcTBO ¢ = |
DifHwTeiiH Ha3HauynI BoleBbIM pewenneMm. M caenan sto npu
yC.‘[OBHH, YTO BBITOJHACTCS l'lpHH[lHl'[ pHBH(‘}HpaBHH BCECX HHCp-
UHAIBHO JIBUAKYILHXCS CHCTEM, MMO3BOJISKOUIMH TTPOH3BOIBHO
NpUHUMATh 100YI0 U3 HUX B Ka4eCTBE HENoJBHKHON. D10 no-
3BOJIMIIO  DHHIITEHHY TNOJAYYHTh M3BECTHBIC MpeodpazoBaHus
Jlopenua, HO ¢ 10BECKOM B BHM/IE YCJIOBHS O COOIIOJICHUN TTPUH-
LMI1a pABHONPaBUA, KOTOPBIH CTal NPUYMHOH BO3HUKHOBEHHS B
TCUpHH H{:YCT[)EI.HHMOFO ]'[apa,‘]()lﬂ.:ﬂ B.'I]{ZSHC[I.OB. Bth{)J‘IUM H3
CIIOKMBLICHCS CHUTYalMH B pamMkax HM300peTéHHOro DHHIITEH-
HOM NpaBwia BeIBoja npeobpasopanuii Jlopenua moxer crartb
TONBKO llpHHﬂTHC B 'I'COPH]{ yCJIOBHE 0 HC(‘JGXO}[HMOM y'-[ﬂC'l'HH B
MEHKCHCTEMHBIX OTHOUMICHHAX BBLJICIICHHBIX CHCTEM, OGCCIIC‘IH-
BAIOIIMX OJIHO3HAYHOE petenue npodiemsl. [lanee neobxoan-
MO, KaK ¥ paHee, Ha3HAYNTh BOJIEBLIM PEIICHHEM BBINOIHEHHE
paBeHcTBa @ = |, mepeHocs TeM caMbIM HEONpeIeIEHHOCTh (op-
MBI 1peodpas3oBaHuii B HeONpeIenEHHOCTL €€ COepiKaHus, KO-
TOpasi J0J7KHA YCTPAHATHCA COOTBETCTBYIOIIMMH TPAKTOBKAMH
npeobpaszosannii JlopeHiia.

6. IlepecmoTpen BbIBOJ COOTHOLIEHHI, ONpEACIsSIONNX Xa-
paKkTep M3MEHEHMs MPOCTPAHCTBEHHBIX W BPEMEHHBIX MaclTa-
GOB NMPOMCXO/ANIET0 B MHEPUHATbHBIX CHCTEMaxX, OCHOBAHHbII
Ha MCMOIL30BAHMH PAIHOIOKAIMOHHOTO METO/a W3MEepeHus
ckopocrteii. ITpn 3TOM nokaszano, 4To M NpH JAAHHOM MOAXOJIE K
petieHio npodiemMbl MHEPIHAILHBIX CHCTEM € HeoOXoaumo-
CTBIO CJIE/IYET BBIBOJ O COTIACOBAHHOM M3MEHEHHMH MPOCTPAHCT-
BEHHBIX W BPEMEHHbIX MacmTaboB NpH MEpexojie CHCTEMbl M3
COCTOSIHUSL TOKOSl B COCTOSIHHE MHEPLUHATBHOTO JIBHIKEHHS.
Ycranopneno, 4o n3ectHoe n3 CTO DiiHinTeiiHa pelsTHBUCT-
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CKOE MPABHJIO CIOXKEHHs CKOPOCTeH MOMKHO MOJYYHTh M Ha OC-
HOBaHWY KJIACCHYECKUX MPEJ/ICTABICHHH, CBA3AHHBIX C 3aKOHAMU
MakcBeia M CylIecTBOBaHHEM HenoaBniKHOro s(upa. Iokasa-
HO, 4TO HEOOXOAMMO PasInNuaTh TPH BHIA OJAMHAKOBBIX 10 Ma-
TeMaTHYecKoi (hopme npaBuil CIAO0KEHHUS CKOPOCTEH, HO pa3sHbIX
no CB{)CMy CO.rle}KaHHK'l, ﬂCE[aK‘l]llCMy HUX HEC3aBHCHMBLIMH, XOTH
M CBSA3AHHBIMH C JCKTPOMArHMTHBIMH SBICHHSMH. DTO a0
OCHOBAHHWE YTBEPA/IaTh, YTO MPABHIIO CIOMKEHHS CKOPOCTEii, Bbl-
TCKAKILECC H3 OILITOB (DH'SO. HC ABJISICTCS 'BKCI'[C[)HMCHTEUIBHHM
MOATBEPIKACHUEM TpaBuia cioxenus, noiayuennoro B CTO
Diininreiina. He sBnsercs noATBep:kKaeHHEM M NPABHIIO CIIOXKE-
HHSl CKOPOCTEHi, MOJIYYEeHHOE Ha OCHOBAHMM CBOMCTB PaJMOIOKaA-
LIHOHHOIO METO[a M3MepeHHus ckopocrteil. IlpaBumia ClaoKeHus!
CKOpUL‘TCﬁ, NOJIYYHUBLIME HA3BAHUC «PEJIATHBUCTCKOEC TPABUHIIO
CIIOKEHMs CKopocTeity, BosHuKine npu nocrpoeHun CTO Diin-
ITeiiHa, Npu pacCMOTPEHMH CBOMCTB PAJMOIOKAIIMOHHOIO METO-
J1a U3MepeHuii cKkopocTeil M npu onucannu ornelitoB Mu3o 1o ceo-
eMy MPOMCXOKIEHHIO UMEIOT BCe OCHOBaHHS ObITh HAa3BAHHBIMH
KaK «MaTeMaTHYecKoe», «(pU3MKO-MaTeMaTHUeCKoe» U «hH3nue-
CKOE» TPABHJIO CIOJKEHHS CKOPOCTEH COOTBETCTBEHHO.
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ABOUT FEATURES OF A NEW VARIANT OF REALISATION OF THE APPROACH OF EINSTEIN
TO THE DECISION OF A PROBLEM OF INERTIAL SYSTEMS

Leon M. Ovchinnikov, Moscow, Russia, leonmo20 | 5@gmail.com

Abstract

Features of the undertaken attempt of creation of a new variant of realisation of the approach invented by Einstein to the decision of
a problem of inertial systems in which, unlike a variant of realisation of Einstein, it was possible to carry out return to an aether are
considered, to eliminate paradox of Twins and to establish an essence of the approach most invented by Einstein. Thus the new vari-
ant, as well as Einstein's variant, is based on use of system of postulates, but with that difference, that in a new variant for a basis per-
formance of a principle of equality of inertial systems, and performance of a principle of inequality or a principle of presence of the
allocated system of readout is accepted not. l.e. presence of system of readout in which relation the principle of a relativity Galilee-
Poincare actually is carried out, allowing to consider the allocated system motionless, despite its inertial movement.

Keywords: the electromagnetic phenomena, aether, inertial systems, Lorentz's transformations, the special theory of a relativity of Einstein.
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INTERPOLATION AND EXTRAPOLATION OF FREQUENCY
CHARACTERISTICS OF TRANSMISSION PARAMETERS
OF CABLE CIRCUITS BY MEANS OF THEORETICAL FUNCTIONS

Julia V. Deart,
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Alexander J. Tsym,
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The method of least squares (LSM) is considered - a common
way of choosing the best smoothing function. The goal is to sig-
nificantly improve the accuracy of approximation and extrapo-
lation of the experimental frequency characteristics of trans-
mission parameters of cable circuits. It is shown that this goal
can be achieved if functions of limited variation, obtained as a
quotient of dividing the measured values by the corresponding
theoretical values, are used as smoothing dependencies. This
results were used in the construction of communication sys-
tems that meet the condition of undistorted signal transmis-
sion. The analysis showed that the results obtained can be
applied to a wide class of problems, when high accuracy is
required for determining analog functions from discrete meas-
ured values.

LSM defines the best function of the type that is specified by the
researcher. LSM is a purely formal mechanism that does not
give any indication as to the choice of the kind of smoothing
function. There are problems in the solution of which the ques-
tion of choice is of fundamental importance. Such tasks include
determining the nominal frequency characteristic of the atten-
uation coefficient, the exact knowledge of which is necessary to
ensure the condition of undistorted signal transmission [1].
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The following method for determining the nominal frequency
characteristics of transmission parameters of cable circuits is
proposed.

A) Measure the total open-circuit and short-circuit resis-
tance at optimum frequencies, minimizing both methodological
and instrumental errors.

B) Calculate the measured values of the secondary parame-
ters at the optimum frequencies.

C) Calculate the measured values of the primary parame-
ters (R, (fonm.i), Ly, (fonm.i), C,,(fonm.i), G, (fonm.i)) at the
optimum frequencies.

D) Calculate the theoretical frequency characteristics of the
primary parameters Ryeop(f), Lueop(f)s Cineop(f), Geop(f) by known
formulas.

E) Calculate the auxiliary discrete functions by dividing
the measured values of the primary parameters (R, (fonm.i),
Ls(fonm.i), C,(fonm.i), G, (fonm.i)) at optimal frequencies
by the theoretical values of the primary parameters
(Ryeop(fonm.i), Lyeqp(fonm.i), Ceop(fonm.i), G.,,(fonm.i)) on the
same frequencies:

Kp(fonm.i) = R (fonm.i)/Rcop(fonm.i), K (fonm.i) =
Logu(fornm.i)/Leqp(fonm.i), Ke(fonm.i) = C(fonm.i)/Ceop(fonm.i),
Ka(fonm.i) = G, (fonm.i)/G peqp(fonm.i);

F) Calculate the frequency characteristics of the auxiliary
functions Kx(f), Ki.(f), Kc(f), K(f) by the method of least squares,
taking linear functions as approximating functions:

Kr(f) = ag +br(f); Ki(f) = ar. +bi(f); Ke(f) = ac: Ko(f) =

= ag +br(f);

G) Calculate the actual frequency characteristics of the
primary parameters of the circuit (R(f), L(f), C(f), G(f)) by multi-
plying the auxiliary and theoretical functions:

RO) = Kﬂ(f) xRuu’up(f): L(f) == K.’o() xLH?t’r!ﬂ(f) ;

C(f) 2 K( ()() xcmmp(f)'. G(D = K(}(rf) xGrm’np(f) v

H) Calculate the actual frequency characteristics of the
secondary parameters of the circuit a(f) = F.{R({), L), C,
G(f)}. ﬂw = Fﬂ{Rmi L(f)s Cv Gm}n Zﬂm = FZ{R(f)i Lms Cy
G}, pz00) = FAR(), L(f), C, G(f)} by the known relations:

9 = a(f) +J B = [R() +ioL(D)( G +jeO",

a(f) = Ref[(R(f) HoLD)( G +jwC)]"},

B = Im{l(R(P) +oLP) G +joC)]"*},

Zy(Ne* = {IR() HoLOIGH +joOl}",

Zy(f) = HI(R() +joLOI(G() +jo )},

o0 = argfl(R() HoLOGH +joC)]}" .

The statistical background of the mathematical model used
makes it possible to propose a natural criterion for its validity.
We pay attention to the distribution of the differences between
the value of the approximating function and the real observed
values of the predicted value z = y12(i)—r, There is every rea-

son to believe that for an adequate approximating function, the
random variable will obey the normal distribution (Gauss) with a
mathematical expectation of 0 and dispersion o :
= 1 x?
I [
o271 %
It is known that the characteristic function of a normal distri-

O(z2) =

9

bution has the form: Z:({f):exp(—%(ll), but entropy —
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H(z) =log, 2meo” . The form of the characteristic function

relates the normal distribution to the class of infinitely divisible,
and, consequently, limiting for a wide range of initial distribu-
tions of summable random variables; and the form of entropy
determines its largest value for a given root-mean-square devia-
tion. Thus, the normal Gaussian distribution describes the behav-
ior of the "most" random variable itself, and it is natural to
choose it as a criterion for the truth of the adopted smoothing
function. The hypothesis of the normal distribution of differences

is verified by the Pearson's consent criterion ZE ;

Consider the second, no less important case, — long-term
forecasting of optimal rates of development of the telecommuni-
cations market. Here we enter the regression analysis area [2],
applied to the solution of the problem of a well-founded forecast,
i.e. the specification of limits in which the quantity of interest to
us will be contained with a predetermined probability if the other
quantity associated with it is given a certain value.

If two random variables X and Y are considered, then there
are two regression lines:

M(Y/X) =x=y(x) - regression of Y in X
and M(Y/X) =y = x(y) —regression of X in Y.

These lines represent the geometric locus of the centers of
conditional distributions corresponding to the given values of
one of the variables. Thus, the regression line is an approxima-
tion curve constructed from selective interval estimates of
mathematical expectations of a single value for given values at
the centers of the corresponding intervals of variation of another
value. In general, for each given value of one random variable
X = x, a more or less significant scattering of another random
variable Y relative to the interval center is observed y(x).

The measure of this dispersion can be the conditional vari-
ance of ¥ for a given x, i.e. dispersion of the conditional distribu-

tion p(Y/x): Of'f.\' =Z[y—;(x)]zp(}’fx). The quantity o,

can be considered as the mean square error of the forecast of the
value of ¥ from the observed value x of the value of X, if we use

the regression line ;(x} found for forecasting.

The most important for forecasting is that the regression line
is optimal, minimizing the forecast error. This property follows
from the properties of the minimum scattering, measured by the
mean square deviation near the center of the scattering y(x) for

each x (i.e., the value O';',,"_}. In the already cited work of N.V.
Smirnova and L.V. Dunin-Barkovskii showed that with a dis-
placed scattering center (x —a), the dispersion increases:

¢ =[x -G-a] p=c +a* e & =3 (5,-3) p,
i=1 =

Therefore, only the least squares fit curve is the regression
line that provides the maximum forecast accuracy.

An essential disadvantage of LSM is the constraints imposed
on the form of the approximating function. Typical mathematical
software packages for the implementation of LSM use an ana-
lytical algorithm with linear or easily linearizable functions [3].

Let's consider features of application of LSM for construction
of the long-term forecast of development of telecommunications
(cellular communication). To ensure the accuracy of the forecast,
an arbitrary smoothing function should be used here, which is

—e . —————
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revealed in the construction of the complete model of the phe-
nomenon under consideration, consisting of verbal, physical and
mathematical models, as well as the criterion of the truth of the
latter.

The verbal model. Modern science considers the process of
introducing new technologies, products and services as diffusion
of innovations [4]. A vivid example of diffusion of expansion is
the introduction of telephone communications. Alexander Gray
Bell appealed to the US Patent Office (Patent Office) with a re-
quest to grant him the privilege of the invented phone on Febru-
ary 14, 1876. Currently, more than two billion people use tele-
phone communications around the world. It is noteworthy that
the telephone density in New York (the epicenter of innovation)
in the 30s of the last century was 35%; that is, it had the level
that has been achieved by Russia only at the present time.

The foundations of the theory of diffusion of innovations
were laid in the work of the Swedish geographer T. Hagerstrand
"Spatial diffusion as a process of introducing innovations", pub-
lished in 1953. The fruitful hypothesis of T. Hagerstrand consists
in the division of all consumers according to the normal distribu-
tion law into a small group of "innovators" immediately perceiv-
ing innovation (2.5%), early adopters (13.5%), the early majority
(34%), the late majority (34%) and the group longer than all per-
sistent "conservatives” (laggards, 16%).

Concluding our examination of the verbal model for the in-
troduction of new technologies, products and services, we em-
phasize that the dynamics of the diffusion of innovation is de-
termined between consumers who have already embraced inno-
vation and the remaining part of potential consumers.

Physical model. In accordance with the verbal model, we are
dealing with the environment (the set of potential consumers),
whose elements are distributed according to the normal law. This
environment is affected by energy (innovation), extending from
the epicenter to the periphery. Thus, the physical picture of the
phenomenon is analogous to the processes of heat transfer, diffu-
sion, and evaporation. The adequacy of the model is evident in
the process of introducing innovations, where the distribution of
consumer susceptibility to innovation is similar to the distribu-
tion of molecular velocities, and the energy of the useful proper-
ties of new technologies, products and services "warms up" con-
sumers as the ambient temperature.

Mathematical model. The considered physical model gives
grounds for constructing a rigorous mathematical model of diffu-
sion of innovations. The process of expanding the space of inno-
vation generates contacts between consumers P, who perceive it,
and other potential consumers (I — P). The rate of expansion will
be proportional to the product of these subsets:

oP

— =rP(1— P). The exact solution of this equation is the

ot

logistic function: P(r) = l;‘[” , where @ — is the shear coeffi-
+ e

cient, and b — is the slope coefficient of the S-curve curve. It is
not difficult to verify this by substituting the function in the
original expression:
—be™ r re
a—=bt2 = a=bt X (l =, a-bt ) = a-br~2 "

(1+e“ ™) l+e l+e (I+e™™)

Substitution shows, r in the initial expression is numerically —
b. The graph of the logistic function is shown in Figure 1. We
note the characteristic features of the logistic function: the pres-

] a—bt

ence of asymptotes P(f) = 0 and P(f) = 1, as well as the clearly
distinguishable three sections-the elevation, the vigorous growth
area and the smooth growth retardation region, as the upper as-
ymptote approaches.

HHEEH

Ty - ] = =

Fig. 1. Graph of the logistic function and its derivatives

The logistic curve is two-parameter. To find its parameters it
is sufficient to have the values of the function at two different
times. The presence of more observations makes it possible not
only to calculate the nominal predicted trend with greater accu-
racy, but also to find the prediction error in the initial data by
determining the boundary curves reflecting the "optimistic" and
"pessimistic" variants of the development of events. In this case,
the algorithm of our actions for implementing the mathematical
model is as follows.

1. For each pair of observed values of the predicted value,
calculate the logistic coefficients a; and b;. (The total number of

computations is equal to the number of combinations C’ = n(n-1),
where n — is the observed number of values of the predicted
value in the sample). Formulas for computing the logistic coeffi-
cients (for combining the first two observed values) are given
below:

T
a =In 100—y1 (100 - y1)- y2 |2 ’
v \y1-(100-y2)

s [rz - fl ) ' ]“[S:}O(l_ogl-)ﬁ)}

2. For each of the logistic functions obtained, calculate the
sum of squares of the ratio of the difference between the value of
the approximating function for this time and the real observed
value of the predicted value 7, to the value of the approximating

¥ 2
function: d12=z M .
»12(i)
3. Select the logistician with the minimum value of the
sum of the squares of the relative deviations. By its coefficients,
calculate the values of the predicted value by the given depth of

i=l
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the forecast. Accept the calculated function as a weighted fore-
cast.

4.  Select two logisticians with the following values of the
sum of the squares of the relative deviations, but larger and
smaller values of the coefficient b. Take these functions as an
optimistic and pessimistic forecast, respectively.

The transition from a numerical algorithm to an analytical
method for determining a smoothing function can be performed
by processing the least-squares auxiliary function of bounded
variation. The latter is constructed in the form of a difference
between the experimental values and the values of the best
smoothing function determined numerically.

As an example, consider the forecast for the development of a
cellular network in one of the regions of Russia [5]. The prehis-
tory of the forecast contained 6 values of cellular density. Thus,

we have C; =15 possible forecasts of the development of

events. In this case, the logist of the weighted forecast will have
a minimum sum of squares; Logistic optimistic forecast it is
natural to consider a curve with the first large value of the sum of
squares and a large value of the slope b, and a logistic pessimis-
tic forecast is a curve with the first large value of the sum of
squares and a smaller value of the slope b.

Table 1
Logistic coefficients and sums of least squares
al2=6.995 | al3=6.821 | al4=0.672 | al5=6.987 | al6=6.808
bi2=1.145 | b13=0.971 | b14=0.868 | b15=1.136 | b16=0.958
d12=0.584 | di3=0.654 | di4=2.618 | d15=0.551 | d16=0.760
a23=6.298 | a24=6.166 | a25=6.973 | a26=6.528
b23=0.796 | b24=0.730 | b25=1.133 | b26=0.911
d23=2.186 | d24=4.171 | d25=0.553 | d26=0.696
a34=5902 | a35=7.815 | a36=6.757
b34=0.667 | b35=1.302 | b36=0.949
d34=5.134 | d35=1.744 | d36=0.737
a45=11.00 | a46=7.613
b45=1.940 | b46=1.092
d45=675.6 | d46=2.823
a’6=2525
b56=0.244
ds6=3.151
al5=6.987
b15=1.136 | - norucra B3BeLIEHHOr0 NporHo3a /z15(i)/
d15=0.551
al2=6.995
bi12=1.145 | - norucra ONTHMUCTHYECKOTO NporyHosa /z12(i)/
d12=0.584
a25=6.973
b25=1.133 | - norucra NecCHMHCTHYECKOTO NporHosa /z25(i)/
d25=0.553
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Fig. 2. Forecast of cellular density in the region (0 = 2000 year)

The forecast error with a six-year horizon did not exceed
0.7%.

Conclusion. The proposed method of approximation and ex-
trapolation can be applied to a wide class of problems, when high
accuracy is required for determining analog functions from dis-
crete measured values.

The method of least squares can be extended to the case of an
arbitrary smoothing function. It should be identified on the basis
of a rigorous model of the phenomenon under consideration,
determined by a numerical algorithm and an auxiliary function of
bounded variation.
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MHTEPMONALNA U DKCTPAMOJIALIMNA HACTOTHbIX XAPAKTEPUCTUK NMAPAMETPOB
MEPEAAYU KABEJIbHbIX LIEMEX MPU NMOMOLLU TEOPETUYECKUX dYHKLIUN
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AHHOTauumAa

PaccmatpuBaetca MeTog HavMeHblumnx kBagpaToB (MHK) — kak cnoco6 Bbibopa Haunyulel dyHKUMKM crnaxxusanusa. Llensto
ABNAETCA 3HAYUTENbHOE MOBbILLEHNE TOYHOCTM anMPOKCUMALIMK U SKCTPAMNOJALMMN SKCMIEPUMEHTASIbHBIX HACTOTHBIX XapaKTepyu-
CTWK NapaMeTpoB nepefain kabenbHbix Lenei. [MokasaHo, 4To 3Ta Lenib MOXET 6bITb AOCTUTHYTA, €C/IM B Ka4eCTBe CriaXKuBa-
IOLLMX 32BUCMMOCTEN UCMOSb3YOTCA PYHKLMM OrpaHUYEHHOI BapyaLu, NOJyHeHHbIE KakK YacTHOE OT AeNeHWUA U3MEepPEeHHbIX
3Ha4YeHMIi Ha COOTBETCTBYIOLLIYE TEOPETUYECKUE 3HAYEHMA. DTU pesyrbTaTbl ObIIM MCMONb30BaHbI MPY MOCTPOEHUM CUCTEM CBA-
31, KOTOpbI€E YAOBIETBOPAIOT YC/IOBUIO HEMCKAXKEHHOM Nepefayn curHana. AHanms nokasasi, YTo MoslyHeHHble pe3ynbTaTbl MO-
ryT 6bITb MPUMEHEHBI /1A LLIMPOKOro Kacca 3ajad, korga Tpebyercs BbICOKas TOHHOCTb OMpeAesieH! aHaIoroBbIX yHKLMIA
MO AVNCKPETHLIM U3MEPEHHbIM 3HAYEHUAM.

Knioueebie cnoea: memod HauMeHbLUX K8AOpamos, annpoKCumMauus, 3KCmpanonAyuus,
annpokcumupyrou,as ¢yHKUus, napamempsi nepedayu, Mo4HOCMb.
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In transport networks in contrast to service networks (SN) the link
choice is made not for individual messages but for their aggregates or
groups, which are usually forwarded through a predetermined route.
At service networks such groups which may be SN tunnels can be
formed out of the total packet stream, selecting packets with totally
or partially coinciding routes. In networks of large capacity and
length, which is specific for Russia's backbone networks, traffic tun-
nels are huge and transit a large number of intermediate network
nodes without any treatment and changes in the composition of the
flows within the tunnel. So eliminating transit traffic from the tunnel
intermediate service network routers proposed in this article will lead
to a significant load reduction in channels between the routers and
will improve the quality of service due to the transparent traffic for-
warding and absence of queues in an optical network. It also will
increase security of information transmission in the network. The lat-
ter is especially important for special customers' data as the packet
service network is more vulnerable to unauthorized access than a
synchronous optical network.

Such opportunities arose when OTH/OTN (Optical Transport
Hierarchy/ Optical Transport Network) optical networking technolo-
gies were used with ITU-T G.709 standard [1]. The article discusses
the issues of tunnels design optimization in service network with
MPLS-TE technology and with subsequent transfer of transit traffic
tunnels into OTH/OTN optical transport network.
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New opportunities in optical networks

The functional interaction of optical transport networks with
service networks has significantly changed currently. For exam-
ple, earlier fiber-optic technology on the basis of DWDM optical
multiplexers OADM was used only to obtain high bandwidth
between the SN nodes. With the advent of configurable optical
multiplexer ROADM with both electric and optical (photonic)
switching in several links of fiber optic network the optical net-
works functionality has expanded considerably.

Controllable optical network ASON [2] supporting GMPLS
protocol [3] is currently introduced which is an extension of
MPLS technology to the optical level. GMPLS provides auto-
matic selection and switching not only of A-channels, but also of
the boot blocks of lower hierarchy level used to build optical
transport modules (OTM) loading optical channels in accordance
with the ITU-T G.709 Recommendation [1]. The structure of the
optical transport module OTM consists of synchronous blocks of
three levels [4]. The lower level module OTM consists of blocks
ODUk, where 4=1,2,3. Currently, ROADM has the ability of the
input-output units ODUk extraction out of OTM spectrum in
optical nodes, where ODU1 is the smallest unit corresponding to
the STM-16 path with transfer rate of 2.5 Gbit/s. In latest ver-
sions of the OTM structure a minimal boot module is even
smaller in capacity/speed unit 1.25 Gbit/s. It matches two STM-4
SDH paths. Each of these ODU1 blocks can be extracted out of
the OTM spectrum by transforming OTM into electric form and
by using electronic switch to be switched to 1/O interfaces asso-
ciated with SN routers ports. One of such problems considered in
this paper is tunnels organization in a service network with fur-
ther transfer of their traffic into selected modules of the transport
network optical channels.

The optimal organization of tunnels problem solution

As mentioned a modern backbone network consists of a
packet service network SN providing users with telecommunica-
tions services and an optical transport network with DWDM
technology (Fig. 1).

Fig. 1. Functional components of the communication network

Let’s consider tunnels formation in SN network subject to
further tunnels traffic transmission in DWDM transport network.

It is known the MPLS-TE technology uses two types of tun-
nels — fixed (or rigid) tunnel and free tunnel [5]. We point out
that in following methodology the SN network determines fixed
tunnel, and a DWDM network operates free tunnel. It is known
that in MPLS-TE networks, the creation of fixed tunnels is done
on basis of pre-calculated schemes [4]. In this paper the optimi-
zation algorithm to produce fixed tunnel uses LSP paths for all
kinds of traffic, except the Video traffic. Let’s illustrate the
methods with an example. Fig. 2 presents the graph of an MPLS

network fragment where PE are boundary nodes and P — nodes
with label switching.

Fig. 2. An example of IP/MPLS network fragment

Let all LSP paths between RE nodes with a list of intermedi-
ate nodes to be known. We present all possible tunnels as addi-
tional edges in the graph of the initial network (dotted lines in
Fig. 3).

Note that the designer can on the basis of his experience add
direct edges or specify the most preferred tunnels. Using the fol-
lowing methods among the added edges those that carry the
maximum traffic are selected. The problem of optimal organiza-
tion of the tunnels is formulated in the form of known Multi-
commodity Flow Problem with minimum cost in path form [6].
The communication network is represented as undirected graph
of the original network G(V,M) that is specified with a set V' of
nodes, a set M of links connecting the nodes, and a set D of de-
mands (LSP paths in the SN network). We introduce a network
graph G*(V,M*) with added edges and set R — a set of paths in
the graph G*. Added edges describe options for a tunnel forma-
tion including possible ways for the passage of transit LSP path
between the end nodes of the tunnel.

Fig. 3. Example network graph with arcs added

Let d,. be a demand between nodes « and v belonging to the
set D, and R, is a set of paths for this demand , which pass
through the links of the network G(V,M) or added edges *. Let
X,y to be a share of demand d,, passing through the r-th path of
the set R,,. The minimum value of traffic at the tunnel arranging
we’ll assign equal to 0.8 B, where B is the ODUI capacity.

LP Task is formulated as follows:

> zZ, - min,

me M *

Provided that
08-B <Y Y tix, < kZ

m =y m?

me u*,

well reR,

e  ——————
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thx,, —kZ, <0, meM,
well reR,
x' =d,, d,eD,
re R,
- 1, if mer,
N 1 3 else,
x;, 20, Z, =0 (integer)-

The solution of the problem above can be obtained by means
of standard LP packages, such as LPSOLVE package operating
in a UNIX environment for example. In the problem that can be
solved by using this package the number of integer variables
does not exceed a few dozen, but the solution of the continuous
problem, the dimension of which can be several tens of thou-
sands of variables can be of significant value hinting paths with
maximum transit traffic

A consecutive method of problem solving can be used when
the results of the previous solution is applied as source data for
subsequent attempt. However though the task of grouping can be
solved using the above LP method for a limited part of the net-

COMMUNICATIONS

to use the developed heuristic algorithm which is not presented
here due to limited size of the paper.

Conclusion. Thus, improving the efficiency of the network
can be obtained through the optimal organization of the tunnels
in networks with the subsequent transfer of transit traffic tunnels
into optical transport network, which currently has the technical
ability to organize such transfer.
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MEPEBOJ, TPAH3UTHOIO TPA®UKA CEPBUCHOW CETU B TPAHCIMOPTHYIO CETb

Cepzeeea Tampbana, Pryr LIHUNC, Mockea, Poccus, tsergeeva@zniis.ru
Cmonbckasa AHacmacus, @IYr LUIHUNC, Mockea, Poccus, pavlenko@zniis.ru

AHHOTauuA

B TpaHcrnopTHbIX ceTsAX, B otTnm4umne ot cepeucHbix ceTelt (CC), BbIGOp HanpaBneHus nepefadv Npov3BOAUTCA He AJiA OTAeSb-
HbIX COOOLLEHWI, @ ANA UX COBOKYMHOCTEN UMW FPyMM, KOTOPble OObIYHO HAMpaBNAIOTCA MO 3apaHee OMpeAeneHHOMy MapLu-
pyTy. @OpMUpOBaHME TakuX rpynr, KOTOpble MOryT ABNATbCA TyHHenAMU CC, nponssBoauTCA 13 obLLEro NoToka NakeTos, Map-
LUPYTbl KOTOPbIX COBMAAALOT MOHOCTbIO MM YacTUHHO. B ceTAx G0obLUIOR €MKOCTU M MPOTAKEHHOCTH, KOTOPbIMU OT/INHAIOT-
cA MarucTpanbHble cetn Poccum, Tpaduk TyHHenen nMeet Gorbluve pasMepbl U MPOXOAUT 3HAYUTENIbHOE KOMIMHYECTBO MpOMe-
XKYTOYHbIX Y3/10B CETU TPaH3UTOM, 63 06paboTKM M U3MEHEHWA COCTaBa MOTOKOB, BXOAALUMX B TyHHesb. [osToMy nckntove-
HWe TPaH3UTHOro TpacuKa TyHHENEN U3 MPOMEXKYTOUHbIX MaPLLIPYTU3aTOPOB CEPBUCHOM CETU MPUBEAET K 3HAYUTENbHOMY CHU-
XKEHWIO 3arpy3Ku KaHasioB MeXZy 3TVMW MapLUpyTM3aTOpaMi M MO3BOJIUT MOBbICUTb Ka4eCTBO OBCIY>KMBaHUA 32 CHET Mpo-
3payHoi nepefa4n Tpaduka U OTCYTCTBUM OHEPELEi B ONTUYECKOM CETH, @ TakKe MOBbICUTL 6e30nacHOCTL nepedadn MHPOp-
Maumm B ceTu. lMocneaHee ocobeHHO BXXHO A1 AaHHbIX crielnoTpebuTteneit, Tak Kak MakeTHas cepBUCHas ceTb Gorblue noa-
BEp)KEHA YrpO3aM HECAHKLIMOHMPOBAHHOIO AOCTYMa, YeM CUHXPOHHAA OMTUYECKanA CETb. Takue BO3MOXHOCTU MOABWUINCH MpU
ncrnonb3oBaHuK B ontndeckunx cetax TexHonormm OTH/OTN (Optical Transport Hierarchy/ Optical Transport Network) co
craHpaptoM G.709 MC3-T [I]. B cTatbe paccMaTpuBatoTc BOMPOChI ONTUMU3ALMM NMOCTPOEHUA TYHHESNIEN B CEPBUCHOM CETM
c TexHonoruert MPLS-TE ¢ nocnegytoLueit nepepadein TpaH3UTHOro Tpaduka TyHHeNen B ONTUHECKYHO TPaHCMOPTHYHO CETb.

Knroyeebie cnoea: cepsucHas cemb, onmuyeckas mpaHcnopmuas cems, myHHess, DWDM, OTH/OTN, ODU,
JUHeliHoe npozpammuposaHue, MHO20npodyKmoebIli NOMOK.
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The article reveals a new approach and justifies the system of indicators for a com-
prehensive assessment of the socio-economic efficiency of the use of infocommuni-
cation technologies in public administration organizations, taking into account the
many manifestations of the effect and consequences based on the application of the
integrated expert method. Application and further development of ICT in public
administration is creating new opportunities for solving national and regional prob-
lems. At the same time, the share of electronic control processes entails not only
positive but also negative effects for both government workers and the population,
which is to solve their problems takes a direct interaction with the public through
ICT system. Integral-expert method consists in obtaining quantitative assessments
of efficiency through expert evaluation of its parameters for a set of private indica-
tors of economic and social efficiency, reflecting the positive and negative conse-
quences of the application of ICT. To solve the problem of integrated measurement
of the effectiveness of the use of ICT in the public administration of the authors,
private indicators were analyzed and systematized, on the basis of which a ques-
tionnaire of an expert survey of users of ICT in public administration was devel-
oped. The integral-expert method served as a basis for constructing a model for
assessing the current and possible state, taking into account many factors, effects
and consequences in connection with the formation of an information society based
on the results of an expert survey. Approbation of the proposed methodology for
assessing the effectiveness of the use of ICT in the public administration system was
carried out on the basis of a survey of specialists from government bodies (Ministry
of Communications of Russia, RCC) and production organizations (PJSC MGTS,
PJSC Baltic Leasing). The obtained results made it possible not only to evaluate in
quantitative terms the effectiveness of the use of ICT in public administration in
the current and prospective periods, but also to identify the reasons for the insuf-
ficient level of efficiency in the use of ICT in the public administration system.
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The sector of information and communication technologies
(ICT) occupies a central position today in the innovative devel-
opment of key areas of the society's life, such as state and mu-
nicipal management, business in the production of goods and
services, education, medicine, etc. In modern conditions for the
person the degree of distribution of ICT and quality of granting
of services in an electronic kind which with arrival of "an infor-
mation age" associate with the most valuable for it - time econ-
omy have special value. Various forms of commercial and state
institutional structures are also an integral and priority part of
their strategic development, which also place public and com-
mercial services in electronic form. Thus, the introduction and
application of ICT in the public administration of the Russian
Federation requires a systematic analysis and methodological
justification of its parameters [2].

To assess the development of the infocommunication sector
around the world and its impact on the formation of the informa-
tion society, international organizations collect and analyze sta-
tistical data on the following multi-component indices: the de-
velopment of the e-Government Development Index (EGDI);
Readiness for the network society (Networked Readiness Index,
NRI); Development of ICT (ICT Development Index, IDI) [3, 4].
The Partnership for Measuring ICT Indicators, which includes 10
international and regional organizations (OECD, Eurostat, ITU,
UNCTAD, UNESCO, ECLAC, ESCAP, ESCWA, ECA and the
World Bank) is key to the development of statistical standards in
this field. The list of key indicators of ICT consists of 53 indica-
tors in six areas of the information society formation.

State Russian statistics for the development of infocommuni-
cation infrastructure, the use of ICT and the movement towards
the information society are built on the international system of
indicators and the principles of international cooperation and the
exchange of statistical data with international organizations [3,
4]. The system of indicators of the information society statistics
in the Russian Federation includes six groups of indicators cov-
ering the ICT sector, ICT infrastructure, content and media sec-
tors, the use of ICT in national economy organizations, house-
holds and the population, as well as international comparisons
around the world [3] .

The application and further development of ICT in the public
administration system creates new opportunities for solving na-
tional and regional problems. At the same time, the electrifica-
tion of management processes entails not only positive but also
negative effects for both state employees and the population,
which, in order to resolve its issues, interacts directly with the
state system with the help of ICT.

In this regard, the task of a comprehensive measurement of
the effectiveness of ICT application in the public administration
system involves the use of methods and methods that most fully
reflect all the positive and negative aspects of electronic govern-
ance and would allow assessing the current and possible state in
view of the multitude of factors, effects and Consequences in
connection with the formation of the information society. This
approach is the method of expert interview, integral resultant and
cost effectiveness indicators, which are based on a system of
generalized and particular indicators of economic, social and
political effectiveness.

T-Comm Vol.l |. #7-2017
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The conducted researches in the field of ICT application
showed that the solution of this problem is at the intersection of
such sciences as qualimetry, expert technologies and methods of
constructing complex indicators [1, 5, 8]. The methodical appa-
ratus of the integral evaluation of the socio-economic efficiency
of ICT application and the development of infocommunications
developed in accordance with [7, 8] in connection with the for-
mation of the information society is based on the application of
an integrated expert method.

When developing an integrated system of integrated expert
assessment of the effectiveness of ICT application in the public
administration system, it is important to study the influencing
factors and select key particular performance indicators
(Figure 1).

On the one hand, ICTs initiate structural transformations in
the public administration system that can lead to a synergistic
effect of additional innovations; on the other hand, it is necessary
to take into account the increasing risks of cyber attacks on the
information state system and the problems of ensuring the sus-
tainable operation and security of the public system.

Therefore, in order to create a secure, harmonious and effec-
tive electronic interaction between public authorities and the
public, systematic monitoring of the results of implemented ICTs
in the public system is required, making decisions on how to
further effectively interact, and preventing virtual and real
threats, protecting against unauthorized access to public Re-
sources and information [2].

The integral-expert method consists in obtaining quantitative
assessments of efficiency by means of expert evaluation of its
parameters on a set of partial indicators of economic and social
efficiency that reflect the positive and negative consequences of
ICT use and serves as the basis for constructing a system of indi-
cators of the effectiveness of ICT application in the public ad-
ministration system [2, 6, 7 ] (Figure 2).

The application of expert survey methods includes four major
procedures:

+  substantiation of private performance indicators reflect-
ing the most significant economic and social indicators of the
positive and negative effects of ICT in the public administration
system;

«  establishing the importance (weight) of private eco-
nomic and social indicators that reflect the positive and negative
effects of ICT in the public administration system;

*  the construction of the integrated indicator model on the
basis of generalizing indicators that reflect the positive and nega-
tive effects of ICT application in the public administration sys-
tem, in quantitative terms;

assessment of the state and potential of the effectiveness of
ICT application in the public administration system for the long
term.
To determine the practical acceptability of the proposed
methodology for assessing the effectiveness of ICT application
in the public administration, we conducted a survey of specialists
from government bodies (Ministry of Communications of Rus-
sia, RCC) and production organizations (PJSC MGTS, PISC
Baltic Leasing).

—e . ————
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Factors of ICT development
in the system of public administration

1
) | 1

‘ Positive effect

!

‘ Economic

'

‘ Social ‘

‘ Negative effect ‘

'

'

‘ Economic l l

Social ‘

1. Economic growth due to
innovative development and
introduction of ICT in the
system of public administration
2. The economy of labor
resources and the growth of
labor productivity

3. The economy of material
resources

4. Increasing the share of
information resources in the
resource structure of the
provision of public services to
society

5. Reducing operating costs

6. Increasing the efficiency of
public administration

7. Improving the efficiency of
collecting. processing statistical
data through virtualization and
automation of public services
provided

1. Growth of intellectual labor
2. Increase the attractiveness of
employment in public
administration sector

3. Increase in the number of
services provided to the
population in electronic form

4. Saving time by providing
electronic public services
through the Internet and ICT

5. Increasing the population's
loyalty to the government

6. Increase the degree of
interaction between the
population and state power

7. Increase of national rating of
electronic development of the
country on the international
arena

1. Expenses for the development
of infocommunication
infrastructures in the system of
public administration at all
levels of government

2. Expenses for informational
training of employees of state
structures at all levels of
government

3. Expenses for information
security of the public
administration system

4. Risks (informational.
cybernetic)

5. Expenses for creating global
national data banks on public
services and a unified system for
their provision at all levels of
government

6. Regional disparities in access
to the Internet

7. The costs of combating

1. The difficulty of adapting part
of state employees to
infocommunication innovations
2. Deterioration in physical
health due to the significant time
spent working at the computer

3. Deterioration of psychological
health due to the significant time
of work and large amounts of
processed information at the
computer

4. Electronic inequality of
Russian citizens

5. Loss of people’s time through
virtual interaction with public
authorities due to difficulties in
the perception of information
and the procedure for its use for
the intended purpose

6. Low loyalty of part of the
population of a certain age
category to electronic interaction
with public authorities

cyberterrorism 7. Mistrust of a part of the
. population to virtual interaction
with public authorities for
certain categories of public
services
Complied by the authors

Fig. 1. Factors of ICT development in the public administration system

Comprehensive assessment
of the effectiveness of [CT
in the public administration system

¥

Integral efficiency score from
the introduction of ICT into the
public administration system
(positive / negative effect)

¥ L

The overall indicator The overall indicator
of economic efficiency of social efficiency
from the introduction from the introduction

of ICT in the public of ICT in the public
administration system administration system
(positive / negative sides) (positive / negative sides)

¥ ¥

¥ ¥ ¥
Spheres Spheres Spheres
of economic of social of political
activity activity activity

* Developed by the authors

Fig. 2. Integrated system for assessing the effectiveness of ICT applications in the public administration system
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Summary results of the expert opinion on the appropriateness
of including private indicators in the model of an integrated as-
sessment of the effectiveness of ICT application in the public
administration system (points) and their significance (weight) in
the context of generalizing indicators (in%) are given in Table 1.

Table 1
Summary of expert opinion

Feasibility of The sig-

e A partial measure of a gener- the indicator nificance
B alized estimate (from 1 to 3 of the indi-
points) * cator in%
1 A generalizing effective indicator of economic | Amount =

efficiency (positive effect) 100%
Economic growth through
1 innovative development and 2.7 16

implementation of ICT in
public administration

The economy of labor re-
1.2 | sources and the growth of 23 14
labor productivity

1.3 | Saving of material resources 2,0 12
Increasing the share of infor-
mation resources in the struc-
1.4 | ture of resources for the provi- 2,2 13
sion of government services to
the public
1.5 | Reducing operating costs 2,2 13
16 Increasing the efficiency of 27 16

public administration

Increase in efficiency in the
collection, processing of sta-
1.7 | tistical data through automa- 2,5 15
tion and virtualization of pub-
lic services provided

2 A generalizing effective indicator of social Amount =
effectiveness (positive effect) 100%
2.1 | Growth of intellectual labor 2,5 15

Increasing the attractiveness
2.2 | of work of public administra- 23 14
tion employees

Increasing the number of ser-
2.3 | vices offered to the public in 2,8 17
electronic form

Saving time by providing
2.4 | electronic public services 3,0 18
through the Internet and ICT

Increasing the population's

%2 loyalty to the government

1,8 11

Increase the degree of interac-
2.6 | tion between the population 1,8 11
and state power

Increase of national rating of
2.7 | electronic development of the 2,0 12
country in the international arena

3 A generalizing cost-based measure Amount =
of economic efficiency (negative effect) 100%
Costs for the development of
31 info-communications infra- 23 14

structure in public administra-
tion at all levels

Costs of information training
3.2 | of employees of state agencies 1.8 11
at all levels of government

—e - —————
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13 The costs of information 28 17
sccunty govcrnancc

3.4 | Risks (information, cybernetic) 2,0 12

The cost of creating global
national data banks on public

3.5 | services and a unified system 2,5 15
for their provision at all levels
of government
Regional disparities in access
3.6 to the "Internet" 2,0 12
37 The costs oi: the fight against 2.5 5
cyber terrorism
4 A generalizing cost indicator of social Amount =
effectiveness (negative effect) 100%

The difficulty of adapting part
4.1 | of state employees to info- 2,0 15
communication innovations

Deterioration of physical
4.2 | health due to the considerable 2,0 15
time working at a computer

Deterioration of psychological
health due to the significance
4.3 | of the work time and large 2,0 15
amounts of information to be
processed at the computer

Electronic inequality of Rus-

44 e o
sian citizens

Loss of time of the population
in virtual interaction with
public authorities due to diffi-
culties in the perception of
information and the procedure
for its use by purpose

4.5

Low loyalty of part of the
population of a certain age
category to electronic interac-
tion with public authorities

4.6

Mistrust of a part of the popula-
tion to virtual interaction with
public authorities for certain
categories of public services

4.7 2,0 15

* Developed by the authors

On the advisability of including private indicators in the
model of an integrated assessment of the effectiveness of ICT
application in the public administration (points) and their impor-
tance (weight) in the context of generalizing indicators (in%).

The consolidated results of the integrated assessment of the
effectiveness of ICT application in the public administration sys-
tem are given in Table 2.

Integral gain efficiency ICTs calculated as the quotient of the
effective integral index ICT to the cost effectiveness of the inte-
gral indicator: Keff = Pint.rez / Pint.zatr=2.35 /2.1 = 1.12 rel. u.

The results indicate a fairly high level of efficiency of the use
of ICT in public administration in 2016 — 1.12 and its potential
growth in 2020. First of all, the positive economic effects will be
caused by innovative development and deepening of ICT imple-
mentation in the control system (2 8 to 4.2 points), the growth
state management efficiency (from 3.2 to 4.0 points), improve
performance monitoring statistics (from 3.2 to 4.0 points) and
simultaneous saving of material resources (with 3.0 to 2.8
points). In the aspect of social efficiency will be observed a posi-
tive trend in the reduction of time for the delivery of public ser-
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vices to the population (from 4.3 to 3.5 points), as well as the
growth of the intellectualization of labor (from 3.2 to 4.0 points).

Table 2
Summary results of the integrated assessment
of the effectiveness of ICT application in the public
administration system (In points from 1 to 5)

The effective-

ST T : fth
A partial indicator of a generalized effec- s 0

Ne | . uati of ICT in public
tiveness evaluation administration
2016r. | 2020 .
7 A generalizing effective indicator of 24 3,6

economic efficiency (positive effect)
Economic growth through innovative
1.1 | development and implementation of ICT 2,8 42
in public administration

The economy of labor resources and the

12 growth of labor productivity &1 232

1.3 | Saving of material resources 3.0 2.8
Increasing the share of information resources

1.4 | in the structure of resources for the provision 3.2 3.8
of government services to the public

1.5 | Reducing operating costs 2,7 3,5

1.6 lncrc_aa_sing t_he efficiency of public 32 4.0
administration
Increase in efficiency in the collection,

17 processing of statistical data through auto- 32 40

’ mation and virtualization of public ser- ’ ’
vices provided

2 A generalizing effective indicator 2,3 3,7

of social effectiveness (positive effect)
2.1 | Growth of intellectual labor 3,2 4,0

29 Increasing the attractiveness of work

of public administration employees 2.8 3.5
Increasing the number of services offered
23 L : 3,7 4,2
to the public in electronic form
24 Saving time by providing electronic pub- 43 35
) lic services through the Internet and ICT ’ ’
25 Increasing the population's loyalty to the 2.8 32
government
Increase the degree of interaction between
2.6 - 2,8 32
the population and state power
Increase of national rating of electronic
2.7 | development of the country in the interna- 3,2 3,8
tional arena
3 A generalizing cost-based measure of 23 35

economic efficiency (negative effect)
Costs for the development of info-
3.1 | communications infrastructure in public 3,7 3.5
administration at all levels

32 Costs of information training of employees

of state agencies at all levels of government A 32
3.3 | The costs of information security governance 3,2 4,2
3.4 | Risks (information, cybernetic) 3,2 3,3
The cost of creating global national data
3.5 | banks on public services and a unified system 3,0 33
for their provision at all levels of government
3.6 | Regional disparities in access to the "Internet"” 2,8 3,0

3.7 | The costs of the fight against cyber terrorism 3,0 3.8
4 A generalizing cost indicator of social 1.9 27
effectiveness (negative effect) ’ ’

The difficulty of adapting part of state em-
ployees to infocommunication innovations

e  ——————

3,0 2.7

Deterioration of physical health due to the

42 considerable time working at a computer A 43
Deterioration of psychological health due
43 to the significance of the work time and 25 25

large amounts of information to be proc-
essed at the computer

4.4 | Electronic inequality of Russian citizens 2,5 2,5

Loss of time of the population in virtual
interaction with public authorities due to
difficulties in the perception of information
and the procedure for its use by purpose

4.5 2,5 3,0

Low loyalty of part of the population of a
4.6 | certain age category to electronic interac- 3,0 2.8
tion with public authorities

Mistrust of a part of the population to
4.7 | virtual interaction with public authorities 3,0 2,7
for certain categories of public services

Efficient integral index

Effective use of ICTs 238 355
Cost effectiveness integral index ICTs 2,1 3,1
Integral gain efficiency of ICT in public ad- L12 1.17
ministration 7 i

* Developed by the authors

At the same time it requires an increase in the costs of infor-
mation security governance (from 3.2 to 4.2 points) on the fight
against cyber terrorism (from 3.0 to 3.8 points), to create a na-
tional data bank on public services and a unified system of their
provision at all levels (from 3.0 to 3.3 points), as well as address-
ing regional disparities in access of the population to the "Inter-
net" (from 2.8 to 3.0 points).

Thus, the proposed method of socio-economic efficiency of
the use of ICT in public administration not only provides a rea-
sonable description of the process of public administration elec-
tronization in the current and perspective period but also opens
and specifies the ways of increasing the efficiency of the use of
ICT in public administration.
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AHHOTauusa

PackpbiBaeTca HOBbIM Noaxos U 06OCHOBBLIBAETCA CMCTEMA MOKa3aTenell KOMMIEKCHOW OLEHKM COLManbHO-3KOHOMUYECKOM
3¢pPeKTUBHOCTM MPUMEeHEHUA UHPOKOMMYHUKALIMOHHbIX TEXHOJIOTUI B OpPraHM3aLuaX rocyfapCTBEHHOrO YrNpaB/ieHNs C y4e-
TOM MHOXXECTBa NPOAB/EHWUI 3pdeKTa U NOCNEACTBUN HA OCHOBE MPUMEHEHWUA MHTErpasibHO-3KcnepTHoro Metoaa. lpume-
HeHve v panbHeiilwee passutve VKT B cucTeMe rocyaapcTBEHHOrO yrpaBneHUA CO34aeT HOBblE BO3MOXHOCTU 1A peLUeHUs
HaLMOHANbHbLIX U PerMoHanbHbIX 3agay. [py 3ToM, 31eKTpOHM3aLMA MPOLIECCOB YMpaBneHUs BneyeT 3a coboil He TONbKO
NONIOXUTENbHbIE, HO U OTpULaTENbHbIE 3P DEKTbI Kak ANA roCcyAapCTBEHHbIX pabOTHUKOB, TaK U HaCENIEHWsA, KOTOPOE AJiA pe-
LLIEHUA CBOUX BOMPOCOB BCTyMaeT BO MpAMOE B3aMMOZENCTBUE C rocyAapcTBeHHOM cucteMoli ¢ noMotpto MKT. MHTerpans-
HO-3KCMepTHbI METOZ, COCTOUT B MOJTyYEHUN KOSIMHECTBEHHbIX OLIEHOK 3(dPEeKTUBHOCTM NMOCPEACTBOM SKCMEPTHOrO OLIEHM-
BaHWA ee MNapaMeTpOB MO COBOKYMHOCTU YaCTHbIX MOKa3aTeneli 3KOHOMUYECKON U coLuanbHOM 3P EHEKTUBHOCTH, OTpaXKato-
LLMX MOMOXUTENbHbIE U OTpULaTENbHbIe nocneacTeua npuMeHenusa VKT. [na pelueHuns 3ajayqv KOMMIIEKCHOTO U3MepeHUs
a¢pPpekTnBHoCTM npumeHeHua VKT B cucteMe rocyfapcTBeHHOro ynpaeneHUs aBTopaMu Gbiny NpoaHanu3MpoBaHbl U cUCTe-
MaTU3UPOBaHbl YaCTHbIE MOKa3aTesu, Ha OCHOBE KOTOPbIX Obina pa3paboTaHa aHKeTa SKCMepTHOro obcneoBaHNUA MOMb30-
Batenert MIKT B cdepe rocysapcTeeHHoro ynpaeneHus. VHTerpanbHO-3KCNEPTHbIM METOZ MOCTYXWST OCHOBOWM MOCTPOEHMUsA
MOZENM OLieHKW TeKyLLIEro ¥ BO3MOXXHOIO COCTOAHUA C YHETOM MHOXecTBa (PakTOpoB, 3PeKTOB U NMOCIEACTBUI BO B3au-
MOCBA3U C HOPMMPOBaHNEM MHPOPMALMOHHOrO OBLLECTBA HA OCHOBE pe3yJbTaTOB SKCMEpTHOro onpoca. Anpobauus npea-
naraeMoii METOAMKM oLeHKM 3¢ dekTnBHocTU npuMeHeHna VKT B cucteMe rocyaapcTBeHHOro ynpaeneHus Gbiia ocyLyecTs-
nleHa Ha OCHOBE OMpOCa CMEeLMaIMCTOB OPraHoB rocyAapcTeeHHol Biactu (MuHkomceasu Poccun, PCC) 1 npoussoacTBeH-
Hbix opranusauuin (MAO "MI'TC", NMAO "bantuiickuin nuauHr"). MNMonyyeHHble pe3ynbTaTbl AanyM BO3MOXXHOCTb He TOJIbKO
OLIEHWUTb B KOJIMYECTBEHHOM BbIpaXXeHUN 3ddeKTBHOCTL NpuMeHeHna VKT B rocyaapcTBeHHOM yrnpaBsieHWM B TeKyLLEM U
MEepCreKTMBHOM MepUofax, HO U BbIABUTH MPUYMHBI HEAOCTATOYHOTO YpOBHA 3 dekTuBHOCTM npuMeHeHua VKT B cucteme
rocyZjapCTBEHHOTO yNpaBneHUs.

Knioveebie cnoea: uHpoKoOMMyHUKAUUOHHbIE MEXHOJI02UU, 20CydapcmeeHHOe ynpaeseHue,
COUUAILHO-3KOHOMUYECKAA 3P (PeKMUBHOCMb, UHMe2pasibHbIU MemMOd, 3KChepmHbIt onpoc.
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WAYS OF REALIZATION OF THE "YAROVAYA LAW"
REQUIREMENTS IN TELECOMMUNICATIONS

Ivan V. Uglov,
Public Join Stock Company "Mobile TeleSystems, Keywords: Yarovaya Law, telecommunications,

Moscow, Russia, uglov_ivan@mail.ru store data, Federal Laws No. 374,
legacy intercept.

In July 2016, two Federal Laws (FZ) were adopted for
anti-terrorist purposes (No. 374-FZ and No. 375-FZ),
which in public discussions were called "Yarovaya Law" —
by the name of one of the initiators of the review process
and subsequent approval of the Federal Law. Federal Law
No. 374-FZ, among other things, puts forward stringent
requirements for telecom operators regarding the stor-
age of information, both official and user, transmitted
over a the network, within 6 months from the date of
transmission.

According to telecom operators and independent
sources, the implementation of the requirements set
forth in Federal Law No. 374-FZ will require enormous
investments and formidable costs.

The article analyzes the main requirements of the law for
telecom operators and ways to implement them. The
author analyzes the impact of the implementation of this
law on the development of the industry, including a sig-
nificant increase in tariffs for services, the downfall of
small and medium-sized operators, and the formation of
monopolies.
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Introduction

In April 2016, the State Duma of the Russian Federation
passed bills that toughen persecution for terroristic and extremist
activities. Already in June 2016, after adjustments to the clauses
relating to telecom operators, these bills were adopted by the State
Duma and on July 7 a package of laws was signed by the President
of the Russian Federation V.V. Putin [1]. As a result of the im-
provements, documents were sent to the Federation Council, the
storage time for the data transmitted via the networks of the tele-
com operators was limited from three years to six months.

The amendments, which give the government the authority to
make telecom operators to keep records of telephone conversa-
tions, sms and Internet traffic of users for a period of 6 months,
will come into force on July 1, 2018. At the same time, as it fol-
lows from the amendments, this information will have to be
stored exclusively in the territory of Russia.

This laws approved requirements that give the government
the opportunity to demand [2, 3]:

1. Store calls, messages and other information transmitted by
subscribers over the network of the telecommunications operator
for a period determined by the Government of the Russian Fed-
eration (but no more than 6 months) in accordance with Article
64 of the Federal Law "On Communications";

2. Information on the facts of receiving, transmitting, deliver-
ing and processing messages and calls must be stored at 3 years.

The main requirements of the «Yarovaya Law» (in part
of Federal Law No. 374-FZ) with respect to control of tele-
com operators

Of the two laws included in the "Yarovaya Law," only the
requirements set forth No. 374-FZ are related to the providers'
activity. The main point affecting the activities of telecom opera-
tors is clause Ne64 of the Federal Law No. 126-FZ "On Commu-
nications" is revised by the Federal Law No. 374-FZ. In accor-
dance with this clause, communication operators must:

— store text messages, voice information, images, sounds,
video, other messages of users of communication services — up
to 6 months from the end of their reception, transfer, delivery
and (or) processing. The procedure, terms and volume of storage
of information specified in this subparagraph shall be established
by the Government of the Russian Federation.

— to provide the authorized state bodies carrying out opera-
tional search activity or ensuring the security of the Russian Fed-
eration with the specified information, information about users of
communication services and about the communication services
rendered to them, and other information necessary for the per-
formance of tasks assigned to these bodies, in cases established
by federal laws .

To specify the requirements to telecom operators in clause 64
of the Federal Law No. 126-FZ "On Communications" as revised
by Federal Law No. 374-FZ, the Ministry of Communications
has prepared a draft resolution "On the order, timing and amount
of storage of text messages, voice information, images, sounds,
video and other communications by communication service users
" (hereinafter referred to as the Draft Rules). [4].

The in-depth analysis of the Federal Law No. 374-FZ and the
Draft Rules shows:

1. Absence of clearly defined criteria with reference to in-
formation transfer technologies, the description of such require-
ments will allow to determine the types of equipment for re-
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cording information, unification of requirements for all regions
of the Russian Federation;

2. The presence in clause 4 of the requirements for operators of
local, zonal, long-distance and international telephone communica-
tion, obliging to store voice information, text and other types of
messages within 6 months, from which it follows that these opera-
tors must store all voice information and all kinds of messages.

3. Clause 5 describes the requirements for operators providing
communication services other than those specified in clause 4:

e from 01.06.18 the amount of stored data is defined as 1
petabyte for each Gbit/s of capacity (throughput) of the commu-
nication node put into operation

e from 01.06.18 2 petabytes for every Gbit/s. It is worth
noting the absence of well-defined services with a list of licenses
to which this requirement applies.

Base that, it can be concluded that the requirement can be ap-
plied to all organizations that provide communication services,
without exception.

As noted in the report on the assessment of the regulatory
impact of the draft act prepared by the Ministry of Economic
Development of the Russian Federation [5] ( hereinafter referred
to as the Conclusion), there are some of services where informa-
tion storage is not advisable. Also, it was noted that the current
requirements for the volumes of stored data should not be calcu-
lated on the basis of the throughput of the nodes, since this leads
to an unjustified increase in the costs of implementing the re-
quirements.

Issues related to implementation of requirements in the
current version of the Federal Law No. 374-FZ and the Draft
Rules

Now the regulatory framework, which describes the require-
ments of Federal Law No. 374-FZ, contains many contradictions
and blurred concepts that do not allow us to clearly define the
requirements for stored information, its type, information search
systems and analysis. In the case that the requirements are not
detailed and Federal Law No. 374-FZ will be interpreted in the
current, maximally broad sense, it will be cause huge operator's
cost. Based on Conclusion we can note [5]:

1. According to PJISC "Megafon" estimates, the volume of
data storage will be 2.6 Ebytes in 2018, 6.6 Ebytes in 2019 (That
based on the capacity of the operator's network at 2600 Gb/s and
its planned expansion to 3300 Gb/s).The cost of implementing
such a data center for PISC "Megafon" will amount to more than
938 billion rubles, which exceeds the annual revenue of the
company for three years.

2. According to the data of PJSC "MTS", construction costs of
the data center will amount to 574.4 billion rubles, or 62% of the
company's revenue (based on income reports for 2015 and 2016).

3. According to the estimations of PJSC "MGTS", the con-
struction costs of the data center will amount to 144 billion rubles,
which is 3.5 times higher than the company's annual revenue.

4. According to the estimates of PRESTIGE-INTERNET
LLC (provider of Enforta), the construction costs of the data cen-
ter will amount to 795 million rubles, which will exceed the total
costs of this operator for the development of the network over
the past 10 years.

These forecasts do not take into account OPEX costs for
maintaining the infrastructure created, replacing equipment, cre-
ating filtering systems and searching for information.

— . —————
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In clear, that a financial load on telecom operators can nega-
tively affect the cost of communication services and business
development in the industry as a whole [6].

The analysis of the conclusions noted in the Conclusion

On March 23, 2017, the Ministry of Economic Development
concluded its Opinion on the Impact of the Draft Regulation on
the Industry [5]. It contains a long list of comments on the draft
act. The absence of specification of requirements to information
storage, their inconsistency and redundancy was noted. The pos-
sible occurrence of unreasonable expenses on the part of opera-
tors was underlined. The Draft Rules are recommended to adjust
and detail the requirements.

Global experience

Foreign experience in implementation of such projects also
shows the excessiveness of the currently approved requirements
under the 'Yarovaya Law'. For example, in the European Union
from 2006 to 2014 a directive was in force which required stor-
ing metadata (i.e. only data about the fact of the information
transmission, rather than all transmitted data) within six months.
This directive was abolished in 2014. In the Great Britain, such
requirements were approved by the parliament in 2014, but chal-
lenged in the court of the European Union and never came into
effect. In Germany, after long discussions, in 2016 a law pre-
scribing that metadata is stored within 10 weeks was passed.
Therefore, the Russian Federation is the only country on the
Eurasian continent which has a law that obliges communications
service providers to store not only metadata, but also all trans-
mitted information during a six-month period.

Conclusions
For introduction in the Russian Federation of the data collec-
tion and analysis system, the general requirements for which are

described in the Federal Law No. 374-FZ, currently there are no
detailed rules and regulations, as well as resources for construc-
tion of such systems. The requirements set forth in the current
versions of the Federal Law No. 374-FZ and the draft Rules are
excessive, and presently cannon be implemented by the commu-
nications service providers alone without financial support from
the government. The implementation of requirements in the cur-
rent redaction Draft Rules of the "Yarovaya Law" can lead to a
serious increase in tariffs for services, the disappearance of all
small and medium-sized telecom operators. To implement the
project, it is necessary to thoroughly study the requirements to
the stored information and exclude the data which is not valuable
for arrangement of counter-terrorism activities (for instance, TV
streaming data, encoded data for which there is no possibility to
negotiate acquisition of decoding keys).
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MyYTU PEAJTTM3ALIMA "3AKOHA APOBOWN" B TEJIEKOMMYHUKALIMOHHOW OTPACIIN

Yznoe Mean Banepbeesu4, K.m.H., s3kcnepm MAO "MTC", Mockea, Poccus, uglov_ivan@mail.ru

AHHOTAUUA

B utone 2016 roga 6bnm npuHaTel Asa PefepanbHbix 3akoHa (P3) aHTUTeppopucTudeckoin HanpasrieHHocTn (N2 374-D3 n Ne 375-d3), ko-
TOpbie B My6AMYHbIX O6CYKAEHUAX MOSTyYUnnN HaseaHue "3akoH Apoeoit” — no ¢amMmnMn oJHOro U3 MHULMATOPOR MpoLiecca pacCMOTPEHUsA
1 nocneytoLero yTeepXaeHus gaHHbix M3. PepepanbHbiii 3akoH Ne 374-D3, B 4Mcne npoyero, BbIABUrAET XKecTkue TpeboBaHuin K onepa-
TOpaM CBA3W B 4aCTU XpaHEeHUA MHDOPMaLMK, KaK CIy)KeGHOM, Tak U MOJIb30BaTesIbCKOM, TPAaHC/IMPYEMOM MO CeTU B TeHeHUM 6 MecALeB C MO-
MeHTa nepegayn. o oueHKaM onepaTtopoB CBA3WU U HE3ABUCUMbIX UCTOYHWUKOB, peannsaums TpeboBaHUM, U3NOXKEHHbIX B PeaepanbHOM 3a-
koHe N2 374-d3, noTpebyeT KoMoccanbHbIX MHBECTULMI U Tpyao3atpart. [lpoBeaeH aHanM3 ocHOBHbIX TpebGOBaHWMIM 3aKOHa K ornepaTopam
CBA3M U MyTU ux peanusauvn. [NprBeseH aHanM3 BO3MOXXHOIO BAIMAHUA peanv3alyun AaHHOTO 3aKOHA Ha pa3sBUTME OTPac/u, CPeA KOTOPbIX
MHOFOKpaTHOEe yBesninieHne TapudgoB Ha yCiyrn, UCHE3HOBEHNE MESIKUX U CPeAHUX OMnepaTtopoBs, popMMpOBaHME MOHOMOWN.

Knro4veeble cnoea: 3akoH Aposoll, menekommyHukauuu, xpaHeHue danHbix, PedepanbHbit 3akon Ne374-P3, COPM.
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