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B.JI I'ynvko, A.A. Mewepaxos. Hcnonv3oeanue opmo2ouanbHo JAIUnmuiecky NOASpU308aHHbIX CUSHANO08 7

VK 629.7.052

B.J1. N'ynbko, A.A. MewepskoB

Ucnonb3oBaHne opTOroHasribHO 3NNUNTUYECKN NOSNAPMU3OBaAHHbIX
curHanoB B 6opToBbix CBY AByxKaHanbHbIX paguoMasvyHbIX

cucremax HaBuraumm

Hccnemyercst BO3MOXKHOCTD ONIPEAENIEHHMS MENICHTa U yIila KPpeHa MOABIKHOTO 00BEKTa MO OPTOTOHAIBHO 3JUIHITHYE-
CKU IOJIAPU30BAaHHBIM CUTHAJIaM paJdOMasiKa, U3Iy4aeMbIM OJHOBPEMEHHO U3 ABYX IIPOCTPAHCTBEHHO PAa3HECCHHBIX
TOYEK C M3BECTHBHIMU KoopauHaTamu. IleneHT M kpeH ompexensorcss Ha 6opTy moaBmxHOro oosekra CBY nByxka-
HaJIbHON NPHEMHON CHCTEMOH Ha OCHOBE aMIUINTYIHO-(a30Boi 00pabOTKM pe3yNbTHPYIONIMX BEKTOPHBIX CHTHAJIOB,

NPUHATBIX B JIMHEWHOM TMOJIAPpHU3aAIUOHHOM basuce.

KoroueBble ciioBa: paguomMasik, OPTOrOHAJIBHO SJUIMNTHYECKH HOJIIPU30BAaHHBIC CUTHAJIBI, aMIUINTYAHO-(a3oBas 00-
paboTka, TMHEHHBIH NOIIPU3aLUOHHBIN 0a3uC, TIETICHT, KPEH, TOBIKHBIH OOBEKT.

doi: 10.21293/1818-0442-2018-21-2-7-11

Hcnonp3yemble Ha NpaKTHKE paJdOMasyHbIE CHC-
tembl HaBuraimu (PMC) s monmydenus nHpopMannu
o menenre moaBmkHOro oObekra (I10) TpamgmmoHHO
WCIIONB3YIOT aMIUTUTYIHBIE, YACTOTHBIC WIIM BPEMEHHBIC
XapaKTepUCTUKU IpUHUMaeMbIX Ha 60pTy [1O curnanos
panuomasika [1-3], a amst M3MepeHHs KpeHa HCIIONb3Y-
IOTCS  JOPOTOCTOSIIIME ABTOHOMHBIE HHEPIMATIbHBIE
cpeactBa HaBuraiu [4-6]. [lomspusannoHHbIe *e Xa-
PAaKTEPUCTHKN CHTHAJIOB PaJOMasKa KakK «HOCHUTEISD»
HaBUTallMOHHOM MH(MOPMAIMK NPAKTUYECKN HE MCIIOJb-
sytotest [7-9]. B paborax [10—13] miist omieHkH meeHra
n kpena I1O wuccienoBaaucy 4acTHBIE CIIydaW HCIOJb-
30BaHMS OPTOTOHANBHO-TMHEHHBIX [10, 11] mmm opto-
TOHaJIbHO KpyroBeIX [12, 13] curmamoB paauomasika.
Ienenr u xpen 11O omenmBamuce Ha BeIxome CBY
JByXKaHAJIBHOW IIPUEMHOW CHCTEMBI IO pe3yibTaTaM
aMIUIUTYJHO-(Pa30Boil  00paboTKM  pe3yNbTUPYIOMINX
BEKTOPHBIX CUTHAJIOB, IPUHATHIX B JTuHEHHOM [10] nimm
kpyrosoMm [11, 13] monspuzanmonssix 0asucax. Beidop
MOJISIPU3aLMOHHBIX 0a31MCOB, B KOTOPBIX MPEICTABIISIIOT-
csl M3JIydaemble ¥ npuHuMaeMble Ha Oopty 1O pesynb-
THPYIOIINE BEKTOPHBIE CHTHAIBI, ONpeAeisercs (usn-
YECKMM CMBICIIOM PeIlaeMOi TEXHUYECKOH 3a1adu.

ITocranoBka 3agaun

Lens manHOW paboTBI — wWccienoBaTh Hamboiee
o0ImMi ciy4alf MCIIONB30BAHMS OPTOTOHAIBHO JIUINIM-
THYECKH TOJIIPU30BAaHHBIX CHTHAJOB paguoMasika st
OLICHKHM TeTieHra 1 yria kpeHa [10.

Ioasipu3anMoOHHBINH MeTO/ oNpe/ie/IeHus
neJjieHra u yrjia kpena I1O

[Ipenmnonoxxum, 4To paguoMasik OJHOBPEMEHHO H3-
JTydaeT M3 JBYX NPOCTPAHCTBEHHO Pa3HECEHHBIX B TO-
PHU30HTAIBHON INIOCKOCTH Ha PacCTOSIHUM d TOYEK OpTO-
TOHAJIBHO JJUIMIITHYECKHE TONSAPU30BAaHHBIC 3JIEKTPO-
MarHUTHBIC BOJHBI C PAaBHBIMH aMIUINTYyAAaMH, Hadallb-
HBIMHU (pa3aMy, JUIMHAMHU BOJH W PaBHBIMH yIJIaMH dJI-
JUNTUYHOCTH. Vcmonmp3yeM mpencTaBieHHE IUIOCKOM
OIHOPOJHOM 3JUIMIITUYECKU MOJSPU30BAHHOM 3JIEKTPO-
MarHuTHOH BOJHEI BekTopoM JIxonca [14, 15]. Torma
pe3ynbTUPYIOIAsl BOJMHA HAa HANPABICHUH O MOXET

OBITH Ipe/ACTaBiICHA B JIMHEHHOM IOJSPH3ALMOHHOM
6aszuce (JI[IB) B BekropHOil hopme (omyckass BpeMeH-
HYIO 3aBUCUMOCTbH) B BUJIC

_ 1 [ cose | [jsing] jap
EP_E{[jsins}{coss R 1

2nd .
e A(p:Tsmoc — pa3HOCTh (Da3 MeXIy OpTOro-

HAJIBHO JJUIMNTHUYECKU TOJAPU30BAaHHBIMM BOJHAMHU B
Touke puema Ha [10; A — mIMHA BOJHBI;, € — YTOJ 3JI-
JUNTHYHOCTH H3Ty4aeMbIX OPTOTOHAIBHO IOJSIPHU30-
BaHHBIX JICKTPOMArHUTHBIX BOJIH.

U3 (1) cnemyert, 9To METEHT oL, OTIPENEIIEMBINA KakK
YTOJI MEXAy NMEepHeHAMKYIIPOM K cepenune 0assl d U
HarpasieHreM Ha [10, MoxeT OBITh HalJIeH KaKk

. A
= —(Ao). 2
oL=arcsin 5 (Ao) )

Hamuume MHOXUTENS 1/ V2 B BeIpakeHun (1)

0OBSICHSIETCSI IPUHATOW AT ynoOCTBa €JMHUYHON WH-
TEHCHBHOCTBIO pe3ynbTHpyomeii BonHbl E, .

[Mpennonoxum, uro 1O mmeer B oOuiem ciryyae
KpEH Y , OIpenensIeMblid KaK YroJl MeXJy MpaBoi more-

peuaHoit oceio I1O u TopH30HTANIBHON IIIOCKOCTHIO [1].
IIpennonoxkum Taxke, 4TO NPUEM PE3yAbTUPYIOLIEH
BosHbl (1) Ha Oopry IO ocymiecTBasSeTCS MPUEMHOM
antenHoil B JI[Ib u B e€ CBY-tpakT ycTaHOBIEH IH-
HEeWHBIN nomsipu3aloHHbid pazaenurens (JIIIP), oprer
COOCTBEHHOW CHCTEMbI KOOPANHAT KOTOPOTO COBIA/IAIOT
C BEPTUKAJIBLHOW U MONEPEYHOU CTPOUTENIBHBIMHU OCSIMHU
I1O. Bribpannas opuenramnus optoB JIIIP mo3Bomnser B
JIIIb pasnenurh HOPUHATYXO PE3YJBTUPYIOLIYIO BOJIHY
(1) Ha 1mBe OPTOTOHANBHO JUHEWHO IOJSPU30BAHHEIC
cocrapmsromue E; u E, opueHTHpOBaHHBIE BIOJIH

MONEPEYHON U BEPTHKAIBHOM CTPOUTEIBHBIMU OCSIMHU
ITO cooTBETCTBEHHO.
YcTaHOBUM CBSI3b aMILTUTY 4 U A , a Takxe ¢a3

Y, u ¥, cocrasmstouux E; u E, Ha Beixomax JIITP
c meneHroM o u yrom kpena y IIO.
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st onucaHusi B3aUMOIEHCTBUS Pe3yJIbTUPYIOIIEH
BonHB! (1) ¢ snementamm CBU-Tpakra mpueMHOU aH-
TEHHBI BOCIOJIb3yeMCS M3BECTHBIM (POPMAIM3MOM BEK-
TopoB U Marpunl /[xonca [14]. Torma cocrapmnsiomme
E; u E, na Bexomax JI[TP (omyckas BpeMEHHYIO 3aBH-
cumocts) B JIIIb B BekTOpHOIT (hopMe MOKHO HAHTH C
TIOMOIIBIO TIPEOOPA30BAHUH BHIIA

By =[T ] R(xv)JEy 3)

E; [T ][ R(+7)JE, . O]

_| cosy Fsiny
e [R(iy)]—[ +siny cosy} — omeparop IoBOpOTa Ha

yroi kpeHa ty; +y — mpaBas momepeynas ock 110 Hu-
’)K€ TOPU3OHTAIBHOM IJIOCKOCTH; —Yy — MpaBas MoIe-

peunas och IO BbIlIE TOPU3OHTAIBHON TUIOCKOCTH;

[Hl]z[(l) 8} — omeparop Jlxonca nepsoro mueda JITTP

(mepexox ¢ KpyIvoro BOJHOBOZAA Ha MPSIMOYTOJBHBIH C
TOPHU30HTABHON COOCTBEHHOW MOJSPU3AIlUEH, COBIIa-

Jaromiel ¢ mpaBoii monepeuHoit ockto I10), 3anmcanHbIit
. 0 0

B COOCTBEHHOIl CHCTEME KOOpJIMHAT; [Hz]z[o |
omeparop Jlxonca Broporo mieda JIIIP (mepexom c
KpYIVIOr0 BOJHOBOZAA HAa MPSIMOYTOJBHBIN C BEpTHKAJIb-
HON COOCTBEHHOMW MOJISIpU3alneii, COBNAAaloNIei ¢ Bep-
TUKanbHOM ochto I10), 3amucaHHBIM B COOCTBEHHOM
CHCTEME KOOPIUHAT.

IIponenas B (3) u (4) He0OXOAUMBIC BBEIYHCIICHUS,
nonyyuM Bektopsl Jxxonca E; u E, nHa Bbixomax JIIIP

JUIS YIJIOB KpeHa 1y B BHIE

K, (ﬂ)=%{[‘4(”) +JB (iy)}} NG

2
Ey(+y) :%{[C (v) +0 jD (iy)}} ’ ©)

A(+y)=cosycose—singcosysinA@F

rae

FsinycoseCcosAQ; (7
B(iry) =singcosycosA@Fsinysine F
FsinycosesinAg; (8)
C(iy) =1sinycose+CcosycosecosAQF
FsinesinysinAg; )
D(+y)=cosysing xsingesinycosA@+
+cosycosegsinAg. (10)

C yuerom (5)—(10) curHambl Ha BXOAax JBYXKa-
HAJILHOTO TPUEMHHKA OyIyT UMETh BU/]

B (iy):%{A(iy)+ B (11)
E, (iy)z%{C(iy)+ JD(£y)} - (12)

Kowmmurekcubie amementsr (11) u (12) mpeacrasis-
0T co00i MpoeKuuu B OOLIEM Cllydae SIUTUITHYECKU
MOJISIPU30BAaHHON  pe3yasTupyromeii Bomabl (1) Ha
oprtsl JIIIb.

Hafinem ammmuryner 4, A, u ¢aszer ¥y, ¥,

curHanoB (11) m (12) Ha BBIXOAAaxX IBYXKaHAJIHHOTO
[IPUEMHHKA, UMEIOIIET0, HAPUMED, JTUHEHHYIO aMILIH-
TYIHYIO XapaKTePUCTHKY M JIMHEHHBINA JAETEKTOp, U yC-
TaHOBUM HUX CBSI3b C HABUTAI[HOHHBIMHU JIIEMEHTaMHU
oHY:

A (%y) :%\/l Fsin2ycosA@—sin2ecos2ysinAg ; (13)
B(*r)

)’

1 - p p
Ay (iy)zﬁ\/1is1n2ycosA(p+sm2ecos2ys1nA(p; (15)

V) (+y)=arctg (14)

D(*y)

C(#v)
Haiinem oTHOmIEHNE aMIuTyn A,/ A; u pasHocTs (a3
AW (+y)=W¥,(+y)—-¥(£y) curnanos (11) u (12) Ha

BBIXOJIC IPUEMHHKA AJIsI YIJIOB KpeHa tvy :

¥, (+y)=arctg (16)

ﬁ(iy): \/lisinZ}/cosA(p+ sin2gcos2ysin A 17
4 \/li sin2ycosA@—sin2gcos2ysinA@
u
D(xy) . B(*Y)
AY(ty)=arctg —arctg tnn, (18)
S T R )
rnen=0,1,2,....

B (14), (16) u (18) obo3nauyenust 4, B, C u D on-
peneIstoTCs COOTBETCTBEHHO BhIpakeHHAMH (7)—(10).

O6cyxaeHne pe3y/IbTaTOB HCCJIeI0BAHUS

W3 anammsza (17) u (18) cnenyet, uTo B o0mmIeM ciry-
yae, OTHOIIEHHE aMmIuATyn 4;/A, u pasHocTh a3
AY cocraBmsiromux E; u E, 3aBuciT Kak OT ymia ai-
JIUNTHYHOCTH € W3JTy4aeMbIX JIEKTPOMarHUTHBIX BOJH,
TaK M OT HABUTAMOHHBIX 31eMeHToB o U y I1O.

B 4acTHBIX ciydasx, eclii, HalpuMep, paauoMasiK
W3JIy4aeT OPTOTOHAJBHO JIMHEHHO IOJISAPU30BaHHBIC
BOJIHBI, Toraa, noactarisis €=0° B (17) u (18), ¢ yue-
toM (7)—(10) momyunm

ﬁ(ty): J1£sin2ycosAg

e (19)
4 J1Fsin2ycosA@
u
AV (+y)= iarctg{ tg A(p} tam. (20)
cos2y

U3 (19), (20) cnemyert, 9To0 A1 OJHO3HAYHOM OIIEHKHA OL
wi y Tpedyercs anpuopHasi HHpOpManus o0 OJHOM

U3 HHUX, YTO IOJHOCTBIO COTJIACYETCS C pe3yibTaTaMH
YACTHBIX MCCIIEI0BaHUH, MOMy4YeHHbIX B [10].

Loknaowrt TYCYPa, 2018, mom 21, Ne 2
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B npyrom wactHOM ciydae, eciM pagroMasiK U3IIy-
YaeT OPTOTOHAJIBHO IOJIIPU30BAHHBIE 110 KPYTy OJIEK-

s
TPOMAarHUTHEIC BOJIHBI, TO, ITOJICTABIIASL azz B(17)m

(18), ¢ yaerom (7)—(10) momyunm

ﬁ(ty) R [1+sin(A@+2y)

@
4 1-sin(Ap+2y)
u
AW (+y)=0°. (22)
[Ipeobpasys (21), moxyanm
Ay T A
—(ty)=lctg| ———xv . 23
Al(v) g(4 5 v] (23)

U3 anammza (22) n (23) cnemyer, uyTo MHGOPMAIHI O
MEJICHre O U YIJIe KpeHa Y COAEPIKUTCS B aMILIUTY[-

HBIX COOTHOIICHUSX CHH(A3HBIX OPTOTOHAIBHO JHHEH-
HO TOJIsipr30BaHHBIX coctapsironx E; m E, Ha BHI-

xonax JIITP u nns ogHO3HAYHOM UX OLIEHKH TaKXe Tpe-
OyeTcs anpuopHasi HpopManus 00 OTHOM U3 HUX.

[Ipennonoxum, 9to mpreMHas OOpToBas aHTCHHA
u eé CBY-aneMeHTHI pacroiiaraloTcsi Ha THPOCTaOmim-
supoBaHHOU mwardopme [4, 5]. Torna moxcrasisis B (23)
y=0°, nomyuum

A
Ap== E—231rcctg—2 tnm. (24)
2 A

[Toncrapmss (24) B (2), MOTyYHM BBIpAXKCHUE IS
pacuera nenienra o 11O B Buze

A A
o==arcsin| —| E—arcctg—2 tnm. (25)
nd\ 4 Al
U3 (25) cnenyeT, 4To €CIIU OTHOIICHHE aMILTUATYT
A /A4 =1, 10 a=0°, ecntu A /A4 <1, T0 <0°, u
ecu Ay /4 >1,10 00>0°.

B npyrom ciyvae, eciu, Hanpumep, 110 nBuraercs
BIOJIb PAaBHOCHUTHAJIBEHOTO HAMpPABICHHUS, COBIAJAIOLIC-
TO ¢ MEPICHANKYIIPOM K cepeanHe 0a3 d, oOpa3oBaH-
HOM MCTOYHUKAMH U3ITy4YECHHs OPTOrOHAIBHO MOJSPU30-
BaHHBIX 10 KPYry OSJIEKTPOMAarHUTHBIX BOJH, TOIZA,
noactasisist B (23) Ap=0°, momyyum

A
Tz(iy):|ctg(45iy)| : (26)
1
Otkyna cnenyer, ato kpeH y [10 Oyxmer paBeH
T A2
an|==4| ——arcctg—=|. 27
vlpan] ( 2 g AI\J @7

W3 (27) cnexyet, 9TO €C OTHOIICHHUE aMILTHATY
Ay /A =1,710 y=0°, eciu Ay /A4 <1, 10 ¥<0°, u ecnu
Ay /A4 >1,10 ¥>0°.

3aki0ueHue

ITo pe3ynbrataM HcCCIEAOBaHUI MOXHO CHOPMY-
JIMPOBATh CIIEIYIOIINE BBIBOJIBI:

1. Ecmm pammoMasik W3Iy4aeT OPTOTOHAIBHO JJI-
JUNTUYECKU TOJSPU30BAHHBIE CHUTHANBI M IIPHEM pe-
3yJBTUPYIOIINX BEKTOPHBIX CUTHAJIOB Ha OOPTY OcCylIie-
creisgercs B JIIIb, To ogHOBpEeMEHHO W HE3aBUCUMO
oneHuth neneHr u kped 1O He mpesncTaBisercs BO3-
MOJKHBIM.

2. TlpakThueckoe HMCMHOJIb30BaHUE OPTOrOHAIBHO
3JUIANTAYECKH MOJIAPU30BAHHBIX CUTHAJIOB PaJMOMasiKa
B aHAJIM3UPYEMOH HABUTALIMOHHOW 3ajadye He LIeJIeco-
00pa3Ho, Tak Kak TpeOyeTcs ampuopHas WH(DOpMAIus
00 OHOM W3 paccMaTPHUBAEMBIX HABUTAIIMOHHBIX JIIe-
MEHTOB.

Pa0ota BBINIOJIHEHA B paMKaX MPOEKTa IT0 Toc3aaa-
1o MunoOpHayku Ne 8.7348.2017/8.9.
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Gulko V.L., Mescheryakov A.A.
Use of orthogonal linearly polarized signals on board
dual-channel UHF radio beacon navigation systems

The possibility of using orthogonally elliptically polarized
signals of the beacon having two spaced radiation points for
determining bearing and roll angle of a mobile object is exam-
ined.

The bearing and roll angle can be identified by results of
analysis of amplitudes and phases in the linear polarization
basis of simultaneously received vector signals by aboard
mobile unit with UWF two-channel receiver.
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A.l. BriopuHa, B.J1. Enucees, A.E. Xunses, A.C. HukonaeBa, B.H. Ceprees, A.B. YpuBckumn

Peanusauus cpeactBa Kpuntorpacgpuyeckon 3awmTbl UHopmaumm,
Mcnonb3ylLero KBaHTOBOe pacnpeaerneHue Knoyen

PaccmarpuBaroTcs OCHOBHBIC NPHHIHITBI IIOCTPOCHHS KOMIUIEKCOB 3alUThl MH(POPMAILH, TOIYCKAIOIINX aBTOMaTHYe-
CKOE pacIpoCTPaHEHHE M UCIOJIBL30BAHME KBAHTOBBIX KIIOYEH. PaccMaTpuBaloTCs HEOTHEMIICMBIE COCTABHBIE YaCTH,
HEeoOXouMbIe Il PYyHKIMOHMPOBAHUS TAKOTO KOMILIEKCA B LIEJIOM U allapaTyphbl pacrpeieeHNs] KBaHTOBbIX KIIIOueh
B YaCTHOCTU. B TOM umcie 000CHOBaH BBHIOOpP CXEMbI ayTEHTH(HUKAINU CIYy)XKeOHOT0 KaHalla KBAHTOBOH amIapaTypebl,
000cHOBaH BBIOOpP KBAHTOBOT'O T€HEpATOpa CIyYaHHBIX YHCEN U MOJMYYCH aJrOPUTM €ro paboThl. YKa3aHbI MPOOIEMbI
COBMeNIeHHs MH(PATOPOB U KBAHTOBOH anmapaTypsl ¥ BELIBICHB! TPeOOBaHMS K JIOTHIECKOMY MHTep(elcy HX B3au-
MozeicTBus. Takke IpenCcTaBICHB! Pe3yIbTaThl aHAIN3a BIMSHUS CIyKeOHOTO Tpaduka KBAaHTOBOHM ammaparypbl Ha

Harpy>XC€HHOCTb 3alllMIICHHOI'O KaHajla MEXY mn(bpaTopaMH.

KiarwueBbie cioBa: KpI/IHTOFpa(I)I/IH, KBaHTOBOC pacCIpCaCICHUEC KJ'IIO‘{G?I, KBaHTOBBIH TEeHEpaTop CJ'Iy‘IaI\/'IHI:IX qUCel1,

ayTeHTU(UKALHS.
doi: 10.21293/1818-0442-2018-21-2-15-21

B coBpemeHHOM Mupe HaONIONAETCs 3HAYUTEIb-
HBIIl pOCT CKOpOCTH M 00BbEMOB MH(OpMALUH, INepeia-
BaeMOH IO KaHajaM CBs3H. B cBs3u ¢ mpogomkaromum-
Csl TIEPEXO/IOM Ha BJIEKTPOHHBIE (OPMBI B3aUMOJIEHCT-
Busi B Poccun Bo3pacTaroT TpeOoBaHUS K 00ECIEYEHHIO
3amuThl wHpopMamuu. Ilpm 3TOM HEoOXOXMMOCTH
obecrieueHnsT KOHKYPEHTOCIIOCOOHOCTH — POCCHHCKOM
9KOHOMUKH, IPUCYTCTBUSI POCCUIICKUX TOBAPOB U yCIyT
Ha MHUPOBBIX PBIHKAX TPeOyeT MHTErpaluy B MEkKIyHa-
poxHyto ceTb MHTEpHET. AIeKBaTHOI 3aIIUTOI OT BO3-
pacTaoIUX PUCKOB HECAHKIIMOHUPOBAHHOIO AOCTyMHa K
KPUTHUYECKU BaXKHOW MH(OPMAIMKU SBJISIETCS UCIIOJB30-
BaHue mudpoBanus. OnHAKO B CBA3M C OTMEYABIINMCS
paHee POCTOM CKOpPOCTHU Tepeaul JaHHBIX MOSBISIETCS
npoOsiema OBICTPOM BBIPAOOTKH HArpy3kd Ha K04 H
HEOOXOAMMOCTH 4acTOM CMEHBI KiTto4a mudpoBaHus.

Jlpyrum puckoM siBisieTcs co3ganue 3(h(eKTHBHO-
IO KBAHTOBOTO KOMITBIOTEPA, YTO MOTEHINAIFHO CHUXKA-
€T CTOHKOCTh ACHMMETPHYHBIX KpHUNTOrpaduIecKnux
JITOPUTMOB U AITOPUTMOB BBIPAOOTKH CUMMETPHUYHOTO
KJIFOYa, OCHOBAaHHBIX Ha 3a/adax (pakropusamuu U Auc-
KpPETHOTO JIOTapu(MHUPOBaHUSA, B CBA3M C BO3MOXKHO-
CThIO IPUMEHEHMSI KBaHTOBOTO anroputMa [llopa [1].

OmHUM U3 BO3MOXKHBIX PEIICHHM ITOCTaBICHHBIX
npoOJieM SIBJISETCSI MPUMEHEHNE KBAHTOBOTO pacipesie-
nenus kmouert (KPK) xak cpexcTBa mocraBku cuMMer-
puuHBIX KIroueld aboneHTam [2]. OgHAKO HEOOXOTUMO
00ecIeunTh TECHYIO B3aMMOCBS3b MIM(PATOPOB U aria-
patypbl KBaHTOBOTO DAacCIpEleiICHUs KIFOYEeH JUIs CHH-
XPOHHOM CMEHBI KITI0Yel mudpoBaHUS W 0Oe30MacHOi
OecriepeOOHON MOCTaBKH NAHHBIX KIFOYEH OT KBaHTO-
BOH ammaparypsl. bonee Toro, Tak Kak mapameTpsl OIl-
TOBOJIOKHA, B KOTOPOM pEalIN3yeTCsl KBAHTOBBIN KaHAl
cBs3u (KKC), mOCTOSHHO M3MEHSIOTCSI B 3aBUCUMOCTH
OT YCJIOBUI OKpY’Karolllel Cpelibl U 3TO BIMUSAET HA pac-
HNPOCTPaHEHHE JIA3ePHBIX MMITYyIbCOB B KBAHTOBOM Ka-
HaJle CBA3M, TO NMPH KBAHTOBOM PaCHpeAeIeHUN KItouei
B YCJIOBHUSX pabouell IKcIuTyaTtanuy HeoOXoquMa CBOe-
BpPEMEHHAas MOACTPOIKa MapaMeTPOB aNnmnapaTHON 4acTH
annaparypel KPK, 4To BO3MOKHO TOJIBKO B aBTOMAaTH-
YECKOM PEKUME.

Kommanus «MHpoTeKC» coBmecTHO ¢ nmaboparo-
pHeil KBaHTOBBIX ONTHYECKUX TexHosoruii MI'Y B pam-
Kax npoekra MunoopHayku P® (mpoekt 03.G25.31.0254)
pa3pabarbiBacT KOMIUIEKC KBaHTOBOM KpuHTOrpaduue-
ckoil ammaparypsl 3amuThl nHQopMmanuu (KKKA 3U1)
ViPNet Quandor (puc. 1), B KOTOpOM yYTEHO pEUICHHE
OTNMCAaHHBIX BBIIIE MPOOJIEM M KOTOPBIH Oyaer obecre-
YUBATH Mepenady HHPOPMAIIH TI0 CETSIM CBS3U O0IIero
MIOJTb30BAHUS, UCTIONB3YsI KBAHTOBBIM IIPUHIMI pacIipe-
JIEJIEHNs] CHUMMETPHYHBIX Kimrodei mmdposanus [3].
Jannbnii KKKA 3U1 cTpyKTypHO COCTOUT M3 IBYX B3au-
MOCBSI3aHHBIX COCTaBHBIX YacTeH:

— aBTOMATHYECKOH armaparypbsl KBaHTOBOTO pac-
npexenenus kmoueit (AA KPK);

— KBaHTOBO-KPHIITOT pa(hnIeCcKoro
(KKIIL).

[Tonp30BarenbcKue NaHHBIE U3 TOBEPEHHOH Cpembl
nepenaqan (JICIT) nepenarorcst B 3amm$poBaHHOM BHIIE
Mexnay compspbkeHHBIMEH KKIII B cetu cBsi3m obmiero
MIOJTb30BAHUSL.

mmgparopa

) KK - T

JlanHbIC Jlannbie

uc. 1. O6mmas cxema KKKA 31 ViPNet Quandor

[t opraHu3anyy TPaHCIIOPTHOTO KaHAJIA JTaHHBIX
(TK) ¢ ucronb3oBaHWEM KBAaHTOBBIX KIIOYEH HEOOXO-
JUMO HaJW4Me IBYX CONPSDKEHHBIX COCTABHBIX dacTei
AA KPK: cepsepa KPK u kmuenra KPK, a Taxoke nByx
KKII. TIpu sToM Ha OAHOW CTOpOHE pacrmojaraercs
onuu KKII u cepep KPK, a Ha apyroii ctopone — apy-
roi KKII u xmment KPK. JIsa KKII coeaunstorcs
TKI, a cepsep KPK u xinent KPK — kBaHTOBBIM KaHa-
nom cBsi3u. CocraBubie yactd AA KPK u KKII Ha ka-
*moi u3 cropoH TK]I cBsi3aHBI IpyT ¢ APYTOM CITyxKeO-
HbIM KaHaioM, koTopblii mo3Bossier KKIII monywars
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kBaHTOBBEIe Kitoud (KK) u ocymecTBisaTs omepamnuu mo
3anpocy AA KPK. IInaHoBeIe XapaKTepHCTHKH pa3pa-
6aTpIBAEMOT0 KOMIUIEKCA: CKOPOCTh MEPEAAUH JJaHHBIX B
TKJ] — 10 I'6ut/c, npu 3ToM obecrniedeHue KoHQUICH-
muanpHoctn uHpopMarmu o TOCT P 34.12-2015, a
CKOpOCTh BBIPa0OTKH KBaHTOBBIX KIIOYEH HE MEHee
256 OUT B MUHYTY.

CymectBenHble coctaBiasionue AA KPK

PaccMoTpuM HeoTheMJIEeMBIE KOMIIOHEHTHI AA
KPK u o0rmivie mpuHIAITEI UX B3aUMOACHCTBUSL.

Pabora moboit AA KPK ompenensercss uCmoib-
3yeMBIM TIPOTOKOJIOM KBAaHTOBOTO PACHPENECICHUS KITIO-
geir (mporokonr KPK). O6s3arensHBIMU STaraMu B JIIO-
6om mporokoie KPK senstorces:

1. TlpenBapuTenpHas HacTpOika KBaHTOBOTO Ka-
HaJla CBSI3U.

2. Koampomanue kir04eBoi MH(pOpPMAIHMU B OJIU-
HOYHBIE (DOTOHBI M Tepefaya JaHHBIX (POTOHOB Hepe3
KBAaHTOBBIM KaHan cBsi3u. HeoTbemneMmoil uacteio AA
KPK sBisiercst reHepaTop CilydalHBIX 4HCel, HEOOXo-
JUMBIA 1711 BBIPAOOTKM KIIOYEBOH HMHGOPMAIMU IS
KOANPOBaHUsI (POTOHOB.

3. TloctoOpaboTka TONYYEeHHOW KIFOYEBOH WH-
opmanmu (B TOM YHCIIC HCIIPABICHUE OMMOOK B TPH-
HATOUW W NEpPEeAaHHOM MOCJIENOBATENBHOCTAX, YCUICHNE
CEKPEeTHOCTH OYMIIECHHBIX II0CIEJOBATEIIbHOCTEH) C
UCTIONb30BAaHNEM KIIACCHMUYECKOro KaHama. Ilpum asTom
HeoThemJIeMol 4acThio Jt00oit AA KPK sBnsercst mo-
CTPOEHHE KJIACCHYECKOr0 ayTeHTH(UIIMPOBAHHOIO Ka-
HaJIa JTs Iepeiavr CIIy>KeOHOTOo Tpaduka 1Mo mocrodpa-
0OTKe MoJTy4eHHO KITto4eBO HH(OpMAIIHH.

®dusnyecknMy 3aKkOHaMH oOecrieYnBacTcsl Herepe-
XBaTHIBAEMOCTh MH(OPMAINH, TIEPEIABAEMON B KBAHTO-
BOM KaHaJie CBSI3H. MOJKHO BBIJEITUTH HECKOJIBKO THITOB
KOAMPOBaHUs KiII04eBol nHpopmanuu B ¢oToHbI. Tak,
m3BecTHRIH mpoTokon BB84 mcmonmeiyer momspusanu-
OHHOE KoaupoBaHHWe [4], YTO HENpPEMEHHO IOBIEYET
WCIIONIb30BAaHNE CIELUAIM3UPOBAHHOTO ONTOBOJIOKHA,
COXpaHSoIero mnoysgpusanvio. MHoe ontudeckoe BO-
JIOKHO HE COXPAaHSAET COCTOSHHE MOJIIpU3aLUH, II09TOMY
NpU TIPOXOXKACHUU Yepe3 JIMHUIO CBSI3U MOJISAPH3ALUs
KBa3MOAHO(OTOHHBIX COCTOSHUH HEKOHTPOIHPYEMbIM
croco0oM u3MeHsieTcsl. XOTS 3TH U3MEHEHHUS JOCTaTou-
HO MeJ/JICHHBIE, BCE PAaBHO HEOOXOJMMa aKTHBHas CTa-
Ounmzarust moysipu3anuy. [1ombITKM peann3oBaTh Takue
cHcTeMbl ObLIH, HO HE MOJTYYWIN AajbHEHIIero pas3Bu-
THSI N3-3a CIIOKHOCTH CTaOMIIN3aIHN.

IMosToMy B mpoekTe BBIOpaHO (ha30BOe KOTMPOBAHHE,
MPH KOTOPOM OHMTHI UCXOAHOW KJIIOYEBOH MH(OPMALIK KO-
JMPYIOTCS B OTHOCHTENBHYIO (pasy AByX KOTEPEHTHBIX pa3-
JICJICHHBIX BO BPEMEHH KBa3HOIHO(OTOHHBIX cOCTOsIHUI. B
takux cucremax KPK mpu nerekrupoBanmm uH(OpMary-
OHHBIX KBAaHTOBBIX COCTOSIHHH HCIIONIb3yeTcsl MHTephepo-
Metp Maxa-Ilanznepa, Ha KOTOPOM «COMBaeTCs» Mapa Ipo-
CTPaHCTBEHHO Pa3HECEHHBIX KBA3MOJHO(OTOHHBIX KOre-
PCHTHBIX COCTOSHUI C Pa3INYHOW OTHOCHTENBHOU (pa3oit
[5]. TIpocTpaHcTBEeHHOE pa3HECEHHWE COCTOSHUI IPOU3BO-
JIJIOCH Ha TakoM e uHTepdepomerpe Maxa—Llanzepa.

g mosrydenust ctabminbHOM HHTEP(EPEHINOHHON
KapTHHBI BaXXHO, YTOOBI OTHOCHUTENbHAS PA3HOCTh [UINH

wied uHTepdepoMeTpoB OblIa oauMHAKOBOH. OCHOBHEBIC
crocoObl 0amaHCHPOBKHM MPEAIIONAraloT IpephIBaHHE
nepeiady KIoUeH B peXuMe KBa3HOAHO(DOTOHHBIX CO-
CTOSIHUM, MEPEBOJ, CUCTEMBI B KJIIACCUYECKUN PEXKUM U
NOCBUIKH OJIWHAKOBBIX COCTOSIHUHM JUIS TOTO, YTOOBI
cOanancupoBars uHTepdepomerp [6]. Cmena pexuma
paboThl Jlazepa W TNpepbIBAHUE Iepeladyd HEraTHBHO
CKa)XyTCsl Ha BPEMEHHM BHIPAOOTKM KBAHTOBOTO KJIIOYA.
Taxxe maHHBIA MeTOn OanmaHCHPOBKM TpeOyeT AOIoI-
HUTEJNBHOU Iepesiayy CIy)KeOHBIX KOMaHJ yepe3 Kiac-
CHUYECKHUH ayTeHTH()HUITMPOBAHHBINA KaHAI.

B memsax yckopeHus: BbIpaOOTKM KBaHTOBBIX KITIO-
4yel 1enecoobpa3Ho COKPATUTh YHCIO TEPEKITIOYeHU
pexxuMoB paboThl nmazepa. [ 3TUX menell BO3MOXKHO
MIPUMEHEHHE aJbTEPHATHBHOTO CII0c00a OaTaHCHPOBKH,
HE TPeOYIOIIEro JOMOIHUTEILHOTO TpaduKa B CIyxeo-
HOM KaHaJle, OCHOBAHHOTO Ha BHECEHHH JIOTIOJIHUTEIIb-
HOW KOHTpOJIMpyeMoH (a3bl B OHO M3 Iied uHTepde-
poMeTpa NpUHHMArOLIEH CTOPOHBI, TaK KakK 3aMedeHo,
YTO OTKJIOHEHHE BHJIHOCTH HMHTEP(EPEHIMOHHOW Kap-
TUHBI OT UJICAILHON OIHO3HAYHO CBSI3aHO C PETUCTPH-
pyeMo# pa3HOCTBIO YHCIIA HYJEH W €AWHHIl B IIPOCESH-
HOM KJIIOYe, T.e. B coBmajaarommx Oasucax. ITosTomy
MOXXHO OCYIIECTBIIATh OaJaHCHPOBKY TOJIBKO B KBa3H-
OJHO(OTOHHOM PEKUME, HCIONb3Ysl PAa3HOCTh YHUCIA
Hyllell ¥ €QWHUI] B TIPOCESHHOM KIOUE KaK CHTHAI
ommbku O B KayecTBE CUTHANa OOpaTHON CBS3H. JTO
COKpalaeT Bpemsi OallaHCUPOBKH M, KpPOME TOro, He
TpeOyeT IONOIHUTEIFHOI0 OOMEHa MO OTKPBITOMY Ka-
Hany cBsi3u. [lockonbky BHIHOCTH HHTEp(hEPEHLINOH-
HOW KapTHHBI ONpeNeNsieTcss OTHOCHUTEIBHOW pas3Ho-
CTBIO JUIMH Tuted uHTepdepomeTpoB B cepBepe KPK u
xinente KPK, To nocraroyHo peryaupoBarbh TOJBKO
OZIMH U3 UHTEP(HEPOMETPOB.

CormacHO pe3ynbTaraM SKCIEPUMEHTOB [7] BpeMs
pa3zbamaHCUpPOBKH HHTEP(HEPOMETPOB Ha BEIUYUHY,
JAIOLIYI0 YyBCTBUTEIBHBIA BKIAJ B OIIMOKY KIIIO4a,
MHOTIZIA OKa3bIBAETCSl CPABHIMO CO BPEMEHEM €T0 TeHe-
parmn. OTO 03HAYaeT, YTO PETyIHPOBKa (ha3bl JOJIKHA
MIPOM3BOJUTHCS 4allle, Ye€M BBIPA0ATHIBACTCS CHIHAI
OLIMOKY (TIPOCESTHHBIN KITIOY).

Takum o0pa3om, 4YTOOBI 00ECIIEUNTH PaBEHCTBO
JUIMH TuTed MHTep(hepoMeTpoB 0e3 TOCTOSIHHOTO UX W3-
MepeHHs, HEOOXOIMMO TOCTOSIHHO M3MEHATH a3y, MH-
TEpHONIUPYsl 3Ty HOACTPOHKY (a3bl MEXIy pPEIKUMH
MOMEHTaMH M3MEpPEHHs pasHOCTH JUIMH Iuied. To ecTsb
HEOOXOAMMO OTpPENENNTh YCPEIHEHHYIO 3a HEKOTOpOe
BpeMsi CKOPOCTb H3MEHEHHUs (ha3bl M B NPOMEXKYTKaX
MEXIy MOMEHTaMM PETYIUPOBAaHHS H3MEHITh (azy c
3TOH CKOPOCTBIO.

Oco0enHocTH ayTeHTUGUKALMU NIPU
KBaHTOBOM pacmpe/eJeHHH KJI04Yeii

Kak obo3Hauanoch paHee, HEOTHEMIIEMOH YaCTHIO
AA KPK gBnsercd NocTpoeHHE KJIACCUUECKOTO ayTeH-
TUGHUIMPOBAHHOTO KaHaia JUIs Tepefaddl CIry)keOHOTo
Tpaduka.

OOBIMHO 1711 ayTeHTHU(UKAIMK TEPBOH CECCHU BBI-
pabOTKH TIEPBHYHBIX KBAHTOBBIX KIIIOUEH IOJDKHBI HC-
TI0JIb30BAaThCS TIPEABAPUTEIIHHO PACIIPENCIICHHBIE CHMMET-
pyaHble KIodn. 1Ipy HaKOTIEHUH JOCTaTOYHOTO KOJHYe-
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CTBA KBAaHTOBBIX KIJIIOUEH ayTeHTH(HKAIKS ITPOTOIDKACTCS
Ha TUX KBaHTOBBIX KITIOYax, moiaydeHHbIx oT AA KPK.

CymiecTByeT [1Ba OCHOBHBIX IIOJIXOAa K ayTEHTH-
¢ukammm Kimaccudeckoro kaHama B cuctemax KPK.
Bo3MOXXHO TpMeHEeHHe 00 TEOpEeTHKO-HH(pOPMAIH-
OHHO CTOMKOM, MO0 BBIYMCIMTENBHO CTOMKOM ayTeH-
tudukaimu. [IpuMeHeHue TeopeTHKo-UH(OOPMAIIOHHO
CTOWKOW ayTeHTHU(HKAIMK, HECMOTpPsI Ha Ooiee BBICO-
KHUH ypOBEHb CTOMKOCTH, CBSI3aHO C PSAOM CYLIECTBEH-
HBIX POOJIEM.

KiroueBoii mpobneMoii TeopeTHKO-HHPOPMAITMOHHO
CTOWKOW ayTeHTU(HKAIUK SBIIETCSI HEOOXOTMMOCTh
HCTIONB30BaHUST HOBBIX PA3IMYHBIX KIIOUEH ayTeHTu(u-
KAy U Ka)XIOTO ayTeHTU(HIMPYEMOTO COOOIICHUS
[8]. IIpu 3TOM KJIFOY Ha ayTEHTHU(HUKAIIUIO ITOCIIEIyOIeH
ceccHM BBIPAOOTKM KBAHTOBBIX KIIIOUEH TPHHSITO OTpe-
3aTh OT TEKYyLIEro OOIIero KBaHTOBOIO KIIFOYa, BbIpabo-
TaHHOTO B pe3ynsrare nportokoia KPK. Takum obpazom,
B 3aBHCHUMOCTH OT 00BeMOB Tpaduka, KOTOpbIH HeoOXo-
JMMO  ayTeHTU(HULMPOBATh, BO3MOXKHA CHUTYyalus, IpH
KOTOpOH OosbIasi 4acTh BBIPAOOTAHHOTO KBaHTOBOTO
KJIF04a OyZieT oTpe3aHa Ha ayTeHTHU(UKAIUI0 KaHala IS
TIOCIIEYIOIIEH CeprL.

B kauecTBe TeopeTHKO-MHPOPMAIIIOHHON CTOUKON
ayTeHTU(UKAUK TPUHATO MPUMEHATh (QYHKIUU yHH-
BepcabHOTO X3mmpoBaHus [9]. XapakTepucTuku Hau-
Ooee MepCIeKTHBHBIX KJIACCOB (PyHKIMH yHHBEpCAalb-
HOTO X3IMpoBaHus npuseneHs! B [10]. HmwxHss onenka
JUISL JUTMHBI KJIOYa ayTeHTU(QHUKAIMU TakKuX (QyHKIUH —
JIBOMYHBIH JorapudM oT JumHbl coobuenus. Tak, ais
ayTeHTU(UKAIUK X3II-QYHKIMSAIMH Ha 0a3e Ko/oB
Puna—Comomona, o0ajgaromed OqHON W3 MHHUMAJIL-
HBIX JUTMH HEOOXOAMMOTO KJII04a ayTeHTH()HKAINH, IS
ayteHTHUKanmu 3,5 MOuT Tpaduka, mepegaHHOTO B
xome pabotsl mpotokona KPK, pa3zpaborannoro B pam-
Kax mpoekTa, Heobxogumo 236 OUT Kiroda ayTeHTH(H-
Kaluy P OKUIAEMOM NPOU3BOAUTEIBHOCTH JAHHOTO
mpoTokona 256 6ut kiroda. CrenoBaTenbHO, IOYTH BECh
BBIPa0aTHIBAEMBIN KJIFOY OyNIET OTBOJIUTHCS Ha ayTEHTH-
(duKanuio cieayromeil cecCuu BbIPaOOTKH, YTO Mallo-
1IeJIeCO00PasHo.

Takum o0pa3oMm, /Uit KBAaHTOBBIX KpUHITOrpaduye-
CKHX CHCTEM, OOJaJaroIX HEOOJIBIIOH CKOPOCTHIO
TeHepalyy KIoYeil U3-3a BBICOKOTO YPOBHSI CTOMKOCTH
BeIpabarsiBaeMblx KK, mpumenenne teoperuko-uHdop-
MaIMOHHON ayTeHTH(UKAINN OKa3bIBAETCSI HEBO3MOX-
HBIM. JJI TakuX cHCTEM OCTaeTCsl NPUMEHEHNE BBIYHC-
JUTETBHO CTOMKOH ayTeHTH(UKaruu. [Ipu 3ToM B oTiIH-
YHe OT MEPBOTrO MOAXO0/a Ha OFHOM KIIFOUe ayTeHTH(H-
Kallu¥ JOMYCTHMO ayTeHTH(UIMPOBATh HECKOJIBKO CO-
OOIEHUH.

Heo0xonuMocTh U 0230Bble IPUMHLIMIIBI
KBaHTOBOI0 TeHepaTopa cJIy4aiHbIX YHces

Heorsemnemoii uacteto AA KPK sBnsiercs rene-
parop ciyuaiinbix yucen (['CH) mis momydeHus ciy-
YalHBIX MOciIenoBaTeNbHOCTEH. s obecnedeHus cex-
PETHOCTH BBIPAOATHIBAEMBIX KBAHTOBBIX KIIIOUEH HEOO-
XOJIMO WCTIOJBb30BaHNE CIyYaHHBIX YHCEIN, TOIy4eH-
HBIX UCKIIOYHTENBHO C (QHU3MUecKux reHeparopos [11].
IIpn 3TOM HEOOXOAMMO HCIIONB30BATh MMEHHO KBAHTO-

BbIe TeHeparopsl cimydaiabix uncen (KI'CY). Pesymsra-
Thl WM3MEPEHUM HaJ KBAaHTOBOM CHUCTEMOMW, MPUIOTOB-
JICHHOM Ka)KIBIA Pa3 B OJHOM M TOM K€ COCTOSHUH, HO-
CAT NPUHUUIMAIBHO Ciy4ailHbld xapakrep. Iloatomy
HNCTHHHAaA CJ'[y‘-IaﬁHOCTB HUMECT MCCTO TOJIBKO B KBAHTO-
BOI1 obmacTu.

Hawubornee nenecooOpaszHbIM CIIOCOOOM ITOTyYEHUS
MEpBUYHOM CITy4alfHOCTH MOXKHO CUHUTaTh CIIOCO0, Oc-
HOBaHHBI Ha mpuHIMIE (oToneTeKTHpoBanus [12].
OunanpHas ciydaiiHas IMOCIEOBATENLHOCTh HyJIEH |
€IMHMIL] BO3HUKAET B pe3yJbTaTe M3MEpeHH Haj KBaH-
TOBOH CHUCTEMOM W TOCIIEAyIomel 00pabOTKU pe3yIbTa-
TOB 3THX HU3MepeHHH. i1 IpaMOTHOIO HCIOIHEHHS
KI'CH HeoOXomuMmoO YTBEpAWUTH CIEAYIOIINE BaXKHBIC
stamsl padotsr KI'CY:

1. BniOparb cnoco0 (oTONETEKTHPOBAHUS, KOTO-
pBIit ObI KOHTPOJIMPYEMBIM 00pa3oM obecnedrBa Hesa-
BUCHUMOCTDH OTACJBHBIX aKTOB PETUCTPAILIUU U IIPHUBOINUII
K IIyaCCOHOBCKOH CTaTHUCTHKE (POTOOTCUETOB.

2. BpIOparh Takylo IpynnupoBKy (OTOOTCUETOB B
OT/eNbHBIE OJIOKH, KOTOpasi Obl oOecreunBaia n3BiIeye-
HHE BCell cirydaifHOCTH, KOTOpasi COIEPKUTCS B MpoLec-
C€ PerHCTpaIi KBAaHTOBBIX COCTOSTHHH.

3. BriOpars Takoii ciocod moctoOpadOTKH, KOTO-
pBIii OBl TapaHTHPOBAN IONYyYCHHE HICATBHO CIydai-
HOM MOCIEN0BATEILHOCTH, a He OJIM3KOM K MACaTbHOM.

DOTONETEKTUPOBAHUE 10 CBOEM NPUPOJE SBISAETCS
KBAHTOBBIM TIPOLIECCOM, IOATOMY OHO MCIOJIB3YeTCs
MHOTUMH aBropamu npu paszpadorke KI'CU. IIpu doro-
JIETEKTUPOBAaHUY BO3HHUKAeT pacnpenencHue depmu—
Jupaka [13] npu «pa3meimeHnn» pOTOOTCYETOB IO Bpe-
MEHHBIM HHTEPBAJIaM.

Ilony4yeHne UCTUHHO CIy4allHOM MOCJENOBATENb-
HOCTH 3 TIOCJIEI0BATEIBHOCTH (POTOOTCUETOB O3HAYACT
0TOOpaXeHHE TOCIENOBATEIBbHOCTEH  (OTOOTCUECTOB
JUIMHOW B 71 TaKTOB C M OTCYETAMU B MCTUHHO CIyd4ai-
HbIe OJIOKU HYJIEeH W eTUHMII IJIMHOH /, 3aBHUCAIICH OT 7

u om: ¥, "™ —>{0,1}l, (1<n). TocnenoBarenbHOCTH

pa3duBaeTcs Ha XOAy Ha OJOKH JUTMHOW 71, COIEpIKaIIne
OJIMHAKOBOE YHUCIO TAaKTOB. B KakJoM OJIOKE MOXET
OpITE m oTtoorcueroB (*), 0 < m < n. Bcero tumos Ta-
KUX OJIOKOB CyIiecTByeT 2n. BeposTHOCTh mocienoBa-
TENBHOCTH ¢ m orcueramu (*) m n—m-npomyckamu ()
umeer Bug (1— p(*))"™" p(*)" . Ipu 3TOM HOJIHOE YMC-

JI0O PaBHOBEPOSITHBIX TOCIIEAOBATEIBHOCTEH (TOCIeno-
BaTENbHOCTEH, COJEPIKAIUX OJMHAKOBOE YHCIIO TAKTOB
¢ orcyetamu (*) M mMycTBHIX TakToB (_)) OMHOTO Kilacca
pasro C)'.

CornacHo [14] HeoOXomUMO MPOHYMEpOBaTh BCE
PaBHOBEPOSITHBIC ~ MTOCIEJOBATEIIbHOCTH U3  OIHOTO
KJlacca, a 3aTeM HM3BJiedYb OJIOK CIIy4YaiHBIX HYJEH U e/u-
HUII U3 JJBOMYHOTO HOMeEpa MOCIIEI0BaTEIbHOCTH B JaH-
HOM Kiacce. [Ipu mpsMoM cnocobe Hymepanuu cama
MOCJIEA0BATENLHOCTD SIBIISIETCS. aipECOM HOMEpa B JaH-
HOM Kiacce. OlHaKoO B ATOM Cllydae pa3Mep aipecHOU
Tabnmupl OyJeT SKCHOHEHIMaibHO BenuK. Hampuwmep,
TIpH ATHHE 00pabaTeiBaeMOro 0J0Ka B 64 TakTa pasmep
aJpecHON TaONHIbI COCTAaBUT 20~ 1019, YTO MpaKTUYe-
CKM Hepeanusyemo. [lo3ToMy mpeanaraercsi UCIOIb30-
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BaTh METO/bI apU(METHUECKOTO KOIUPOBAHHS, & UMCH-
HO croco0d HyMepaluu MocjenoBarelbHoCTel (HoTooT-
CUETOB, TPEOYIOIHI JIMIIb MOJTMHOMHAIBHBIX PECYPCOB
MO JIJIMHE MOCIIEeI0BATeIbHOCTH U MO3BOJISIONINIT 00pa-
0aThIBaTh MOCJICIOBATCIILHOCTH MPAKTUYCCKH JFOOOI
JUIAHEI [15].

Ilycts B mocnepoBarensHOCcTH uMeeTcss K orcue-
ToB (*). Torma ecTh B3aMMHOE OJJHO3HAYHOE COOTBETCT-
BHE MEKIY MOCICIOBATEILHOCTHIO ()OTOOTCUETOB (i1, iy,

.., Iy) ¥ €¢ HOMEePOM:

NUM(y i soresiiy JOSNUM(G) 1 ..y ) SCX —1):

.. . 1 2 k
Num(ll,lz,...,l,,)ijl_1 +Cj2_1 +"'+Cjk—1’
1 .
le_l—O, j<L (1

B dopmyne (1) nanexcom j; 0603Ha4eH HOMEp TO-
3UIHH.

B pesynsrare pazpaborkun AA KPK 0but moiyuen
cienyromwii anroput™ padotsr KI'CU:

1. bunHoMHanbHBIE KO3((HIIMEHTHl BBIYUCISIOTCS
3apaHee M IMOMEUIAIOTCS B TalOIUIly pa3MepoM nxn B
MaMATh BBIYHMCIUTEIFHOIO YCTPOWCTBA, HAIIpUMeEp, CHC-
TeMbl Ha MoayJte, coneprkameit FPGA (puc. 2).

CW sourse

o o3 I L T I I
Z " Block length T=64

,_--_-,--_“--
L
i
1

Clock : :
q1F Conversion counts to
number in look-up
table

o m————— [
i
] Oulplll USRB!2.0
i random Conversion number
1 .
' sequence FPGA to random bits
e

Puc. 2. brok-cxema ¢ynkuronnposanus KI'CH

2. Ilpu nosiBIEHUH MEPBOTO OTCUETA B NO3ULMH J;
BEIOMpaeTcss OMHOMUANBHBINA K03(HUIIMEHT Ha TIepece-
YEeHHUH IIEPBOIl CTPOKH j; ¥ MEPBOrO CTONOA MAaTPHLIBL.
[Tpu nosiBIIeHUK BTOPOTO OTCYeTa BhIOUpaercs: koaddu-
IIMEHT B MaTpHILE HAa IIEPECEUEHHH j, CTPOKH M BTOPOTO
crondbua mMarpuubl. B ntore mosyyaercst HoMep mnocie-
nmoBatennbHOCTH Num(iy,i ...,y ) -

3. Homepa mnocnemoBaTembHOCTEH HAXOIATCS B
npenenax 0<Num< N, —1, npuuem OuHapHO€ npen-
CTaBJICHUE

quciia MnoCJI€AO0BATCIBHOCTH B  KJIAaCCe

Ny =Zzi‘g" 2k Heobxomumo PEKYPCUBHO BBIIaTh OJIOK

CIy4yaillHbIX HyleW M eauHul. Eciau HOMep Tekyluen
MOCIEA0BaTeNbHOCTH Num HAaxXOOWTCSI B HHTEpBaje

2k0 1ok 4 okl <Num< 200 42k 4 okt 4ok g

npuueM i <ipax , TOTZIA BBIXOIHOM CIly4aiiHOHN Mocieno-
BaTEJIbHOCTHIO OyIeT k; MIIAIINX Pa3psiioB OMHAPHOTO
npeacrasieHuss Num. Yucio HOMEpoB MOcCaea0BaTesb-

. k;
HOCTEH B 9TOM JHama3oHe paBHO 2" .

3aMeuarenbHO, YTO HCIOJIB30BaHHE MOIO0OHOTO
crocoba 3KCTPAaKIUK CITydailHOM IOCIIeIOBaTeIbHOCTH
JIA€T UCTUHHO CIIy4alHYyIO IIOCJIE€A0BaTENIbHOCTh. Equn-
CTBEHHBIM YCJIIOBHEM CTaHOBHTCSI ITyaCCOHOBCKHMH Xa-
paxTep Mocjae0BaTeIbHOCTH (POTOOTCUETOB, YTO MOXKET
OBITh TOCTUTHYTO TOYHOCTBIO MPAKTUYCCKOW peaiin3a-
mun KI'CY.

Kak BUIHO U3 cXeMBl, NIPEICTaBICHHONW Ha pHC. 2,
KI'CY cocTouT U3 Tpex 31eMEHTOB:

— TeHepaTopa CIy4alHbBIX MMITYJIECOB (MCTOYHHK
nznyuennss LED, marpuna SiPM);

— 0Onoxa 00pabOTKN Ha OCHOBE BBHIYUCIUTEIEHOTO
ycrpotictBa (FPGA), B KOTOpoM peann30BaHBI ajiro-
putmbl KI'CY-rpynmupoBkr (OTOOTCHETOB, TOCTOOpa-
OOTKM MOITyYCHHON MOCIEAOBATENBHOCTH M BBIIAYH UX
HOTPEOUTEINIO;

— wuHTepdeiica Al MOIKITIOUYEHHsT BHEIIHETO M-
TpebuTens MosydyaeMoi MOCIeA0BaTEbHOCTH CITydaii-
HeIX ynceln (Output random sequence).

HNurepeiic Bzanmoaeiicreusa KKIII u AA KPK

Jnsa npaktuueckoit peamusannu KKKA 31 ¢ uc-
nosb3oBanneM KPK HemalloBa)XKHBIM acleKTOM SIBIISIET-
cst rpamotHoe cormacoBanne AA KPK u KKIII, B xoTo-
pble OyayT nepenaBaThCsl KBAHTOBBIE KITIOUH.

[IpoTokonm mX B3aUMOAEUCTBHSI HEOOXOIMUMO pas3-
pabaTbIBaTh YHHBEPCAJIbHBIM, YTOOBI HE CO31aBaTh XKe-
CTKOW MpUBs3KY mUdparopoB k cepsepy KPK wnu ximu-
enry KPK.

CaMoaocTaTouHast KBAaHTOBas almnaparypa, KoTopas
CaMOCTOSTENIFHO CTPOMT Uit  cedsi  KIIACCHYECKHUH
ayTeHTH(UIMPOBAHHBII KaHa, BBI3BIBAET PsiJl MpoOieM
IIPY TIPaKTUYECKOM HCIIOJIb30BaHWH, & MIMEHHO HEoOXo-
JVMOCTh MapLIPYTH3allMH OTAEIBHOTO KaHalla CIIykeO-
HOTO Tpamka U HEOOXOMUMOCTh 00ECIICUCHUS 3aIUTHI
nepeiady KBAaHTOBBIX KIIFOUEH B MIM(PATOPHI, YTO BENET
K CO3JaHUIO M KOHTPOIIO CJIOXKHBIX KpHITOrpaguye-
cKHX mpeoOpa3oBaHM B KBaHTOBOH ammaparype. Ilo-
3TOMY II€NIECO00pa3HO CTPOMUTH NAHHBIN KaHal HETo-
CPEICTBEHHO BHYTPH KOMILIEKCA 3aIUThI HH(GOPMAIIUH,
T.e. yepes mmdparop.

Takum 06pa30M, MOXKEM BbBIACINTh MHUHHUMAJIBHO
HEOOXOANMBIN cocTaB TpaduKa, MPOXOMAAIIEIO MEXKTy
AA KPK u KKII, a Takke 0003Ha4HTH TpeOOBaHUS,
KOTOpbIe HEOOXOJMMO OOCCIICUUTh NMPH TPOXOXKICHUH
JAHHOTO TpaguKa.

1. B kanane mexay AA KPK u KKII nepenatot-
csl TIOJlyYeHHBIC TOTOBBIE KBAHTOBBIE Kitoud. Kpumro-
rpadudeckne kimour, B ToM uncie u KK, momkHs! me-
penaBaThesl TOJNIBKO IO 3aIIMIIEHHBIM KaHaiam. B ciy-
yae ¢ rnepeiadedl KBAaHTOBBIX KIIIOUEH 3alluTa J0JDKHA
OCYIIECTBIIATLCA C NOMOIIbI0 ImudpoBanus. Crenosa-
TCJIbHO, CTOUT YYUTHIBATH HeO6XOJII/IMOCTI) BbIJICJICHUS
KJTfo4uer st mupoBaHUsl KBAHTOBBIX KIIOYEH MpH T1e-
penaue, 4TO HECOMHEHHO BBI30BET CYLECTBEHHBIE H3-
MEHEHHs B 00IIel KII0YeBOH cucTeMe Komiuiekca. bo-
nmee Toro, I OecmepeOoitHO paboTel MHMpPaTOpPOB
ClIelyeT IepeiaBaTh KIIOYH B IIPHOPUTETHOM TOPSIKE.

2. BTOpBIM BaXHBIM THIIOM TpadmuKa SBISIETCS
ciyxeOnbiii Tpaguk AA KPK, xotopsiM oOMeHUBaeTCsI
ammaparypa npu mocrodpadoTke mepeJaHHO KITI0YeBOH
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nociaenoBarenbHocTU. Ilpotokonsl KPK HakmageiBaror
TOJNBKO TpeOOBaHHE ayTeHTH(MKAIMK HA JAHHBIA Tpa-
¢buk, mosTomy mrdposars ciyxeOHblil Tpaduk He 00s-
3aresibHo. BaxkHo, uyro0sl KKIII mo Bo3MOXKHOCTH 0O€3
3aJIepiKeK TepeaaBall CiyKeOHbIH TpauK Mo KaHaly M
naneiie B AA KPK. C touku 3peHus untepdeiica Mex-
ny AA KPK u KKII mauubeiii Tpaguk — naHHbIC, KOTO-
pble HEOOXOIMMO OIepaTUBHO IepeaaTh 0e3 U3MEHeHNH
1 Kakoi-mr0bo 00paboTKH.

3. CrouT y4WTHIBaTh, YTO CO3JaHHE KOMILIEKCa
3amuTHl MHGOPMAIMK, a HE NPHUMEHEHHE OTAEIBHBIX
mmpaTopa U KBAaHTOBOI ammaparypsl MO3BOJISET Haa-
JIUTh TECHOE B3aUMOJEHCTBUE YCTPOWCTB, YTO B CBOIO
o4yepenb BBUIBETCS B IOSIBICHHUE CEPBUCHOTO Tpaduka
mexy KKII u AA KPK. Takum o6pazom, AA KPK n
KKIII crocoOHBI OTCEXKHBAaTh PabOTOCIIOCOOHOCTH
Ipyr npyra u, Oojee TOro, OLCHUBATH BO3MOXKHOCTH
BO300HOBJICHUS] PAOOTOCIIOCOOHOCTH B 3aBHCUMOCTH OT
THTIOB OIIUOKH.

Herpananms kanana TK/I

CTOUT OTMETHTH, YTO B CBS3U C MOSBICHUEM JO-
monauTenbHOro s KKII tpaduka, a mMeHHO Ciryx)e0-
Horo tpadpmka AA KPK, BaxkHOW 9acThi0 pa3pabOTKH
KOMITJIEKCA SIBIISIETCS COIIACOBAHHOE HCIONB30BAHHUE
TPAHCIIOPTHOTO KaHaja IIOJIE3HOI HArpy3KOH U CITyke0-
HeiM Tpaduxkom AA KPK. B pamkax mpoekra Obuia
ouneHeHa aerpazauus TK]l npu pazauuHbIX orpaHuye-
HUSIX TIOJIOCHI IPOIYCKaHHUS CIIy>KeOHOTO TpaduKa.

B TMPOBEIACHBI UCCIICA0OBATCIILCKUE UCTIBITAHUA 11O
BBIABJICHUIO BCJIMYWHBI NTAJICHHUA CKOPOCTU MEpEaavn JaH-
ueix B TK]l u3-3a moGanenus ciryxeOHoro Tpaduka AA
KPK. Ha puc. 3 npezacrasneH rpaguk 3aBUCUMOCTH I1ajie-
HUS CKOpoCTH Tepenadn naHHbIX B TK/I B Bune merpana-
uu JICIT ot mmHb! kBaHTOBOTO Kanaia ceszu (KKC).

1200

2

£ 1000
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% 800

3

= 600

% 400

5 200

5 o

60 70 80 90 100
Jmana KCC, kv
Puc. 3. I'paduk 3aBHCUMOCTH NAJICHUS CKOPOCTHU TepeIadn

B JICIT

U3 rpaduka BHOHO, UTO HAWOONBIIEE ITaJCHHE
ckopoctn nepenaun naHHex B JICII Habmromaercs mpu
mmHe KKC 60 kM, mpu koTopoit 00beM JaHHBIX, Iepe-
JABAEMBIX 110 KaHAIY CIYXeOHON CBS3HM, MaKCHMallb-
HBIA 111 OCTOOpabOTKM TepeaaHHON KITIOYeBON WH-
¢opmanuu. TeM He MeHee MaKCHMaJbHAs BEIHYHHA
NajeHus CKOPOCTHU nepenadu nose3nsix ganubix B JCIT
cocraBusier — 1,1 Mout/c mnpu ckopoctu  TKJI
10 I'6urt/c, uto cocrarisiet 0,011% ot ckopoctu TK.

[To pe3ynmpraTam aHaiM3a HCCICIOBATCIECKUX HUC-
MBITAHUM CJIEAYET, YTO TaJICHHEe CKOPOCTH IIepeladu
marabix B JICIT cocraBuser 0,011%. Takum obpasowm,
mipu ucronb3oBanun KPK st 3ammTsl BEICOKOCKOPOCT-

HBIX KaHAJIOB IepeJadd MOXXHO HE OIpaHWYMBaTh CKO-
pocTh ciykebHoro Tpaduka, obecreuyuBas ONepaTHB-
HYIO JocTaBKy HeoOxomnMbIx naHHbIX At AA KPK mpu
COXPAHEHHH CKOPOCTH TEPEAaudl IOJIE3HBIX MOJIb30Ba-
TEJIbCKUX JTaHHBIX.

3akJ0ueHue

B nmanHOW crarbe omucaHbl CTPYKTypa M COCTaB
KKKA 31 ViPNet Quandor, pa3pabarsiBaemoro OAO
«MHpoTeKC» coBmectro ¢ MI'Y um. M.B. Jlomonoco-
Ba. O0ocHOBaH BBIOOpP (Aa30BOTO KOIUPOBAaHHS B HC-
nonb3yemoM mnporokosnie KPK, omucan peanusyembiii
cnoco0 crabunu3anny nHTEpPEpPEeHIIMOHHONW KapTHUHBI.
ITokazaHO, YTO CKOPOCTh T'CHEPAIMH KBAHTOBBIX KIIIO-
4ell J0/DKHA OBITh JOCTATOYMHO BBICOKOW JIJIsl TPUMEHe-
HHUSI TEOPETUKO-MH(POPMAIIMOHHO CTOMKOW ayTeHTH(du-
Kaiu. Takke pacCMOTPEHO YCTPOMCTBO HCHONB3yeMO-
ro KI'CU u mpencrasieH ajaroput™ ero paboTsl, CO-
cTaBieHHbII B mpouecce paspaborku AA KPK. O6Go-
3HaueHbl TpeboBaHus s Tpaduka mexay AA KPK u
KKIII. OtMeueHo, 4TO A 3aIUThI BBICOKOCKOPOCTHBIX
KaHaJOB II€peAadd JaHHBIX MOXXHO HE OrpaHH4YHBaTh
CKOPOCTB CITY’KEOHOTO TpaduKa.

Pabora BemmonHeHa npu (PUHAHCOBOH MOAIEPIKKE
MunncrepcTBa 00pa3oBaHus u Hayku Poccuiickoit De-
neparun (mpoekt 03.G25.31.0254).

Jlumepamypa

1. Shor P. Algorithms for quantum computation: discrete
logarithms and factoring // Proceedings of the 35th Annual
Symposium on Foundations of Computer Science.— IEEE,
1994. — P. 124-134. — doi: 10.1109/SFCS.1994.365700

2. Humecen M. KBaHTOBBIC BBIYMCICHHS W KBaHTOBas
nHpopmanust / M. Hunecen, . Yanr. — M.: Mup, 2006. — 824 c.

3. Hecrepos C.A. HndopmanmonHas 0e30mMacHOCTb:
y4eOHUK M NPAKTHKYM JUIs aKaJeMHYEeCKOro OakajaBpuara. —
M.: KOpaiit, 2017. — 321 c.

4. Bennett C.H. Quantum Cryptography: Public Key
Distribution and Coin Tossing / C.H. Bennett, G. Brassard //
Proceedings of International Conference on Computers, Sys-
tems & Signal Processing. — IEEE, 1984. — PP. 175-179.

5. bampirma KLA. AKTHBHAs cTaOMIH3AIMS ONTHYECKOH
YacTH B BOJIOKOHHOH KBaHTOBOH kpumnrorpaduu / K.A. bamnbl-
rus, A.H. Kimmos, C.I1. Kynuk, C.H. MonotkoB // Tlucema B
KOT®. —2016. — T. 103, BeIm. 6. — C. 469-474.

6. MonotkoB C.H. O cekpeTHOCTH BOJIOKOHHBIX CHUCTEM
KBaHTOBOM KpHITOrpaduu 6e3 KOHTPOJIS HHTCHCHBHOCTH
KBa3HOJHO(OTOHHBIX KOT€PEHTHBIX cocTosiHui // ITucema B
XKOTD. -2015. - T. 101, BbIm. 8. — C. 579-585.

7. YrpaBieHne paclpelelieHHOW WHTepQepeHuued B
ONHONPOXOAHOW  CHCTEME  KBaHTOBOW  KpunTorpaduu /
K.A. banerrun, A.H. Kmumos, C.I1. Kynuk, C.H. MonoTkos //
IMucema B XKOTD. —2017. - T. 106, Ne 2. —C. 108-114.

8. Quantum Key Distribution [QnekrponHsiii pecypc] //
ETSI. — Pexxum pnoctyna: http://www.etsi.org/technologies-
clusters/technologies/quantum-key-distribution,  cBoGOAHBII
(nara obpamenus: 24.07.18).

9. Abidin A. Authentication in Quantum Key Distribu-
tion: Security Proof and Universal Hash Functions // Disserta-
tion. — Division of Information Coding, Linkoping University,
Linkoping, Swede, 2013.

10. Zhilyaev A.E. On the question of the authentication
tag length based on Reed-Solomon codes/ A.E. Zhilyaev,
E.B. Gurova // Proceedings of Moscow Workshop on Elec-
tronic and Networking Technologies. — IEEE, 2018.-—

Hoxnaoer TYCYPa, 2018, mom 21, Ne 2



20 VIIPABJIEHUE, BBIYUCIIUTEJIBHAA TEXHUKA U HHDPOPMATHKA

doi: 10.1109/MWENT.2018.8337293. - URL:
https://ieeexplore.ieee.org/document/8337293/ (nara obparue-
Hus: 24.07.18).

11. Quantum Safe Cryptography and Security [Onek-
TpoHHBIT  pecypc] //  ETSL.— Pexum  pmocryma:
http://www.etsi.org/images/files/ETSIWhitePapers/QuantumS
afeWhitepaper.pdf, cBobonnsIit (nara obpamenus: 24.07.18).

12. MonotkoB C.H. Peanu3zanusi KBaHTOBOTO reHepaTopa
ClIy4aiHbIX 4YHCEJl, OCHOBAHHOTO HA ONTHUMAJIbHOH TIpymIH-
poBke ¢oroorcuetoB / C.H. MonorkoB, K.A. Bansirus,
A.H. Kmumos, B.U. 3aiines, C.II. Kynuk // Ilucema B
KIOTD. —2017. - T. 106, Ne 7. — C. 470-476.

13. Jlanmay JI.JI. Craructuueckas ¢msuxa / JILJI. Jlan-
nmay, EM. JInpomn. — M.: @mmarmur, 2002. — 1995. - T. 5,
4. 1.-616c.

14. MonotkoB C.H. O mnpenenbHbIX XapaKTEpPUCTHKAX
KBAaHTOBBIX T'€HEPAaTOPOB CIyYaHHBIX YHCET MPU Pa3TUYHBIX
rpynnupoBkax ¢oroorcueros // [Tucema B KITD. — 2017. —
T. 105, Ne 6. — C. 374-380.

15. babkur B.®. MeTton yHHBEpCAIbHOTO KOIUPOBAHUS
MCTOYHHKA HE3aBHCHMBIX COOOLICHHI HEIKCIOHEHIHAIBHON
Tpynoemkoctn // IlpoGmemsl mepenaum  HMHQpOpMAIHU. —
1971. - T. 7, Ne13. — C. 288-294.

Briopuna Auna I'eoprueBna

Wmxenep ¢usmueckoro ¢-ra MI'Y um. M.B. Jlomonocosa
1, Jlenunckue ropsl, ctp. 2, . Mocksa, Poccus, 119991
Ten.: +7-904-333-24-56

On. moyra: ataniru@gmail.com

Esmncee Bnagumup Jleonnnosuy

Kana. TexH. HayK, pykoBoauTens LleHTpa HayuHbIX
uccnenoanuii u pazpadotok OAO «MupoTeKCx»
Crapsrii [lerpoBcko-PasymoBckuit mpoesn, n. 1/23, crp. 1,
r. Mocksa, Poccus, 127287

Ten.: +7 (495-7) 37-61-92, no6. 70-59

On. noura: EliseevVL@infotecs.ru

Kunsies Anapeii EBrenbeBuu

Hccnenosarens LleHTpa Hay4YHBIX HCCIIeI0BaHUN

u pazpabotok OAO «1upoTeKC»

Craperii [TetpoBcko-PazymoBckuii mpoesn, a. 1/23, ctp. 1,
r. Mocksa, Poccus, 127287

Ten.: +7-903-960-05-27, 106. 42-64

On. moura: Andrey.zhilyaev@infotecs.ru

HukonaeBa Anacracus CepreeBHa

HUccnenosarens LlenTpa Hay4YHBIX UCCIIE0BaHUN

u pa3pabotok OAO «1UudhoTeKCx»

Crapiii [TerpoBcko-Pasymosckuit mpoesn, . 1/23, ctp. 1,
r. Mocksa, Poccus, 127287

Ten.: +7 (495-7) 37-61-92, no6. 45-11

On. moura: EliseevVL@infotecs.ru

Ceprees Bragumup HuxosiaeBua

Ben. uccnenosarens LlenTpa HayyHBIX HCCIIEOBAHUMN

u pa3pabotok OAO «1udpoTeKCx»

Crapiii [TerpoBcko-PasymoBckuit mpoesn, . 1/23, ctp. 1,
r. Mockaa, Poccus, 127287

Ten.: +7 (495-7) 37-61-92, n06. 44-95

On. moura: Vladimir.Sergeev@infotecs.ru

Ypusckuii Ajexceii Bukrtoposuu

Kana. ¢pus.-mat. Hayk, 3aM. TeHEPaNbHOIO AUPEKTOPa

o Hayke 1 uHHOBausM OAO «MuapoTeKCy

Craperii [lerpoBcko-PasymoBckuii mpoesn, 1. 1/23, c1p. 1,
r. Mockga, Poccust, 127287

Temn.: +7 (495-7) 37-61-92, no6. 52-49

On. moyra: Urivskiy@infotecs.ru

Vtyurina A.G., Eliseev V. L., Zhilyaev A.E.,

Nikolaeva A.S., Sergeev V.N., Urivskiy A.V.

On the principal decisions of the practical implementation
of the cryptographic devices with quantum key
distribution

This article is considering the basic principles of building
information security complexes, which allow automatic distri-
bution and usage of quantum keys. Required parts of such
complex are described which are needed for the operation of
complex as a whole and for quantum key distribution in par-
ticular. The authentication scheme for quantum protocol is
chosen. The choice of quantum random number generator is
justified and algorithm for such generator is developed. The
problems of combining encryptors with quantum key distribu-
tion devices are indicated and requirements for the logical
interface of their interaction are revealed. In addition, authors
present results of the analysis of quantum devices’ traffic in-
fluence on the load of protected channel between encryptors.
Keywords: cryptography, quantum key distribution, quantum
random number generator, authentication.

doi: 10.21293/1818-0442-2018-21-2-15-21

References

1. Shor P. Algorithms for quantum computation: discrete
logarithms and factoring. Proceedings 35th Annual Sympo-
sium on Foundations of Computer Science. IEEE Publ., 1994,
P. 124-134, doi: 10.1109/SFCS.1994.365700.

2. Nillsen M., Chang 1. Quantovie vichisleniya I quan-
tovaya informaciya [Quantum computing and quantum infor-
mation]. Moscow, Mir Publ., 2006. 824 p.

3. Nesterov S.A. Informatsionnaya bezopasnost. Ucheb-
nik i praktikum dlya akademicheskogo bakalavriata [Informa-
tion security. Textbook and workbook for bachelor students],
Moscow, URAIT Publ., 2017. 321 p.

4. Bennett C.H., Brassard G. Quantum Cryptography:
Public Key Distribution and Coin Tossing. Proceedings of
International Conference on Computers, Systems & Signal
Processing. IEEE Publ., 1984, pp. 175-179.

5. Balygin K.A., Klimov A.N., Kulik S.P., Molotkov
S.N. Active stabilization of the optical part in fiber optic
quantum cryptography. Jetp Lett., 2016, vol. 103, no. 6,
pp- 420424 (In Russ.).

6. Molotkov S.N. On the security of fiber optic quantum
cryptography systems without the control of the intensity of
quasi-single-photon coherent states. Jetp Lett., 2015, vol. 101,
no. 8, pp. 579-585 (In Russ.).

7. Balygin K.A., Klimov A.N., Kulik S.P., Molotkov
S.N. Control of distributed interference in the one-way
quantum cryptography system. Jetp Lett., 2017, vol. 106,
no. 2, pp. 120-126 (In Russ.).

8. Quantum Key Distribution. ETSI Publ.. Available at:
http://www.etsi.org/technologies-clusters/technologies/quantum-
key-distribution (accessed 24 July 2018)

9. Abidin A. Authentication in Quantum Key Distribu-
tion: Security Proof and Universal Hash Functions, Disserta-
tion, Division of Information Coding, Linkoping University,
Linkoping, Sweden, 2013.

Joknaovrt TYCYPa, 2018, mom 21, Ne 2



A.I" Bmiopuna, B.JI. Enucees, A.E. JKunses u op. Peanuzayus cpedocmea kpunmozpaguueckou 3auumol uHgopmayuu

10. Zhilyaev A.E., Gurova E.B. On the question of the
authentication tag length based on Reed-Solomon / Proceed-
ings of Moscow Workshop on Electronic and Networking
Technologies, IEEE Publ., 2018, doi:
10.1109/MWENT.2018.8337293. Available at:
https://ieeexplore.ieee.org/document/8337293/ (accessed:
24.07.18).

11. Quantum Safe Cryptography and Security. ETSI
Publ.. Available at:  http://www.etsi.org/images/files/ETSI
WhitePapers/QuantumSafeWhitepaper.pdf (accessed 24 July
2018).

12. Balygin K.A., Zaitsev V.I., Klimov A.N. et al. Im-
plementation of a quantum random number generator based on
the optimal clustering of photocounts. Jetp Lett., 2017,
vol. 106, no. 7, pp. 470—476 (In Russ.).

13. Landau L.D., Lifshitz E.M. Statistical Physics, Vol. V,
No. 1, FIZMATLIT Publ., 2002, 616 p. (In Russ.).

14. Molotkov S.N. On the limiting characteristics of
quantum random number generators at various clusterings of
photocounts. Jetp Lett., 2017, vol. 105, no. 6, pp. 395401 (In
Russ.).

15. Babkin V.F., A Universal Encoding Method with
Nonexponential Work Expenditure for a Source of Independ-
ent Messages, Problems Inform. Transmission., 1971, vol. 7,
no. 4, pp. 288-294.

Anna G. Vtyurina

Engineer, Faculty of Physics,

M.V. Lomonosov State University, Moscow

1, Leninskie Gory, Bld. 2, Moscow, Russia, 119991
Phone: +7-904-333-24-56

Email: ataniru@gmail.com

Vladimir L. Eliseev

Ph.D., Chief of Research and Development Center,
JSC «InfoTeCS»

1/23, Staryy Petrovsko-Razumovsky proyezd, Bld. 1,
Moscow, Russia, 127287

Phone: +7 (495-7) 37-61-92, add. 70-59

Email: EliseevVL@infotecs.ru

Andrey E. Zhilyaev

Researcher, Research and Development Center,

JSC «InfoTeCS»

1/23, Staryy Petrovsko-Razumovsky proyezd, Bld. 1,
Moscow, Russia, 127287

Phone: +7-903-960-05-27, add. 42-64

Email: Andrey.zhilyaev@infotecs.ru

Anastasia S. Nikolaeva

Researcher, Research and Development Center,

JSC «InfoTeCS», B.Sc. MIPT (SU)

1/23, Staryy Petrovsko-Razumovsky proyezd, Bld. 1,
Moscow, Russia, 127287

Phone: +7 (495-7) 37-61-92, add. 45-11

Email: Anastasia.Nikolaeva@infotecs.ru

Vladimir N. Sergeev

Lead Researcher, Research and Development Center,
JSC «InfoTeCS»

1/23, Staryy Petrovsko-Razumovsky proyezd, Bld. 1,
Moscow, Russia, 127287

Phone: +7 (495-7) 37-61-92, add. 44-95

Email: Vladimir.Sergeev@infotecs.ru

Alexey V. Urivskiy

Ph.D., Deputy Director General for Science and Innovation,
JSC «InfoTeCS»

1/23, Staryy Petrovsko-Razumovsky proyezd, Bld. 1,
Moscow, Russia, 127287

Phone: +7 (495-7) 37-61-92, add. 52-49

Email: Urivskiy@infotecs.ru

Hoxnaoer TYCYPa, 2018, mom 21, Ne 2



22 VIIPABJIEHUE, BBIYUCIIUTEJIBHAA TEXHUKA U HHDPOPMATHKA

YK 004.021

E.A. TonomaHeHKO

AndhbepeHumanbHbIM aHanM3 Tpex payHaoB wudgpa «KysHeunk»

«Ky3Heunk» — 3T0 HOBBIIi CUMMETPHYHBIH alropuT™M MU(POBaHUS, NPUHATHII B KayecTBE CTaHAapTa IMU(pPOBaHUS
T'OCT P 34.12-2015, noctpoensslii no npuHuumny SP-cetu. o cux nmop Het myOumkanuii o aughepeHInanbHbIX CBOK-
ctBax anroputMma «KysHeunk». B manHOi paboTe HCClieI0BaHBl M OMUCAHBI CBOMCTBA OCHOBHBIX OIEPAIMi H TIPEIO-
KeH MeTo]] I depeHINaIBHOTO aHalN3a TpeX payHJoB anropurMa mudposanus «Kys3neunk». B pesymbrare nccie-
noBaHUs T (hepeHIIaNEHBIX CBOMCTB HEMHEIHON QyHKIuK S 1 TrHEeHHOH (QyHKIMM L OBLIO YCTaHOBIICHO, YTO BO3-
MO’KHA CHUTyalus, KOT/la OJMH HEHYyJIeBOil OaliT pa3HOCTH B pe3ynbTate GpyHKIUK L pa3BopaunBaeTcs B 16 HEHYJIEBBIX
GaifToB, IpOXOAUT uepe3 OJIOK 3aMeHbI S U 3aTeM CBOPAYMBACTCS CHOBA B OJIMH HEHYyJeBoH GaiiT. PaspaboranHas cxema
MIO3BOJISICT 3aTParuBaTh aKTUBHBIN S-0JJ0K MUHUMAJIbHOE KOJIMYECTBO pa3. TakuM oOpa3om, oOmLIast CIOKHOCTh aHAIIHU-
3a, BKJIIOYAas IOMCK IPABHJIBHBIX Iap TEKCTOB M IIOMCK OWTOB CEKPETHOTrO KiIo4Ya IHM(pPOBAHHUSA COCTABISAET

271% + 6%27120 zammpposammit.

KuroueBble ciaoBa: xpunrorpadus, 6mounsiii mudp, SP-ceTs, kpunroanamms, nudQepeHInanTbHbIi KPUITOAHAN3,

umop «Kysneunx», TOCT P 34.12-2015.
doi: 10.21293/1818-0442-2018-21-2-22-26

Aunroput™ mmgpoBanus «Ky3Heunk» npencrasiis-
er coboit uacte crangapra mmppoBanus ['OCT
P 34.12-2015, oduumaibHO BCTYIHUBIIETO B CHITY
01.01.2016, moaTomMy HccienOBaHUE €ro HaJeKHOCTU
Ha CETOJHSAIIHUI NIeHb ABISETCA aKTyaJbHOW 3ajadei.
Onwucanne anropurMa mudpoBanus «Ky3Heuwk» Kak
YacTH HOBOTO TNIPHHATOTO CTaHAapTa MIH(POBAHUS CO-
JIEpKUTCI B JOKYMEHTe TeXHHYECKOro KOMHTETa IO
cragmaprusammu TK 26 «Kpunrorpadudeckas 3amura
uapopmarmm» B TOCT P 34.12-2015 [1]. Ecte He-
CKOJIBKO CTaTell, MOCBAIIEHHBIX Pa3JIMuHBIM CIOco0aM
peanmm3anun anroputma «Ky3Heuuk», B TOM YUCIE H C
WCIIOJIb30BAaHUEM CIENUAIBHBIX TaOJHIl NpeIBbIYHCIIC-
Huid [2]. Meton nuddepeHnnanbHOro KpUNnToaHainsa
ObLT BrepBhIC npeiokeH Jnmu buxamom u Anun [llamu-
pOM, KOTOpBIE NPHMEHWIN €r0 K aHalIHu3y alaropurMa
mmoposanust DES [3, 4]. Taxke kpuntoaHanu3 ObLI
paccMoTpeH B paborax [5—7]. Ha naHHBII MOMEHT B
OTKPBITOH TedaTd He (QUIYpHPYIOT IyONHMKaIuH, COo-
nepxamue nHpopManuo o qudQepeHInaTbHbIX CBOW-
CTBaX M O UTOTOBBIX KOJIMYECTBEHHBIX OIICHKAaX CIIOXK-
HOCTH JuQepeHINaATHHOTO KpUNITOAHATN3a AITOPUTMA
mmdpoBanus «Ky3Hednk» W mpensararomye npuMeHe-
HHE JaHHOTO METO/la KPUITOAHANIN3a K HEKOTOPOMY CO-
KpaIlleHHOMY KOJIMYECTBY payHI0B Hindpa «Ky3Heunk».

B naHHOW paboTe MPEUIOKEH METOJ MOCTPOCHUS
TpexpayHaoBoro muddepeHnmana s AIropuTMa
mmdposanust «KysHeunky». Paspaborannas cxema aHa-
JIM3a OCHOBaHA Ha MCIIOJIb30BaHUH U PepeHIHaTbHBIX
CBOMCTB TipeoOpazoBannil S u L anropurma «Ky3HeqnK»
W TIpeJHa3Ha4YeHa Ul TOTO, YTOOBI MOXKHO OBLIO Orpe-
JIETUTh TPABWIBHYIO Tapy TEKCTOB AJS JAJIBHEHIIEro
aHaIM3a, [EIbI0 KOTOPOTO SIBISIETCS] ONPEEICHUE CEK-
petHOTO Kiro4ya muppoBaHmss. Cxema paspaborana Ta-
KUM 00pa3oM, 4TOOBI 3aTparuBaTh aKTUBHBIC HEIMHEH-
HbIe KOMITIOHEHTHI (S-0JI0KM) MUHUMAJIFHOE KOJIMYECTBO
pa3. B pesynbrare i mpenioKeHHONH CXEMBI BEpOSIT-
HOCTb HAXOXJEHMs NPaBUIBHBIX NAp TEKCTOB COCTaB-
nser 2% samm@posanuii. Taxke 6bU1 paspaboTaH ai-
TOPUTM HAXOXKIECHUS CEKPETHOrO KII0Ya, CIIOXKHOCThb

KoTOporo cocrapisier 6+¥2 2 sammpposanuii ¢ HCONb-

3oBanueM mudpa «Kysneuank». Takum oOpazom, obmas
CJIOKHOCTh aHajIM3a, BKJIIOYAsl MOUCK MPAaBHIBHBIX Iap
TEKCTOB M TIOMCK OWMTOB CEKPETHOro Kitoua IugppoBa-
Hus, coctauser 2 + 6%27'% sammdposanuii. Ciox-
HOCTh TIPEJUIOKEHHOM CXEMBI SIBISIETCSl JIOCTATOYHO
BBICOKOW B CPaBHEHHH C BOSMOKHOCTSIMHA COBPEMEHHBIX
BBIYHMCIIMTENBHBIX CPEICTB, HO TOpa3ao Oojee HHU3KOH,
YeM CJIOKHOCTh KOMIIPOMETAlMH KIIF0Ya METO/IOM IIOJI-
HOTO TIepebopa.

Omnucanne anropurma mmmdposanns «Kyzneunio»

Ky3Heunk — 3T0 CHMMETpUYHBIA OI0YHBIN TP ©
JUIMHOW MacTep-Kio4ya, paBHOW 256 OWUT, W IJIMHOM
Omoka — 128 Our. lludp mnocrtpoeH Mo NpHHIHMITY
SP-ceTH, 4TO MO3BOJSET BBHIIOJHUTH ITPeoOpa3oBaHKe
BCEr0 BXOIHOTO OJIOKA IIEIMKOM, @ HE TOJIBKO €ro YacTH.

[IudpoBanne peanusyercst C HUCIOIb30BAHUEM
9 payHII0B M MOOYEPEIHBIM IPHMEHEHHUEM TPEX MPeoo-
pazoBanuii: XOR-010Ka JaHHBIX C PayHJOBEIM KITFOUOM,
¢ moMoIIkIo Oitoka 3ameHs! (S) 1 TuHeHoe mpeodpaso-
Banue (L). [lecatp payHIOBBIX KIIOYEH BHIPaOAaThIBAIOT-
csl m3 256-0UTHOTO MacTep-KiToJa.

PacmmdpoBanme ocymiecTBisieTcss Ha000pOT, CHU-
3y BBEpX, C MOMOIIBIO MPeoOpa3oBaHUil, OOPaTHBIX K
TEM, KOTOpbIE IPUMEHSUINCH NPH A (poBaHuH.

Bonee moapobHoO ¢ mponeccamu 3ammppoBaHus U
pacumdpoBaHus, WX TNPOrPaMMHOM peanuzaiued, a
TaKkKe C MPUMEHsIeMbIMHU B ainroputMe «KysHeunk» mpe-
00pa30BaHUSIMH MOXKHO O3HAKOMHTHCS B [8—11].

Paszpa6oTka anroputma 1jist iugdepeHnuanLHOro
Kpunroananu3a muppa «Kysneunk»

O6muit Meton MudQepeHNInANTEHOTO KpUNTOaHa-
JIM3a CHMMETPUIHBIX OMOYHBIX mmdpoB omwcad B [12].

Hns npumeneHust Merona audQepeHnnanbHOro
KPHIITOAHAIN3a MPUMEHHUTENBHO K mHdpy «Ky3Heuuk»
HEOOXOAMMO Mapy OTKPBITHIX TekcToB X U X', 00benu-
HeHHylo auddepeniuanom AX, OTIpaBUTh Ha BXOA all-
roputma. Ha BeIxoze momyuum mapy TekcToB Y u Y/,
COOTBETCTBYIOIYI0O BXOAHBIM TEKCTaM W OObEIWHEH-
Hyto 1uddepennnanom AY. 3HadeHHe payHIOBOTO
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KIIFo4Ya He BiaWsAeT Ha auddepeHmnansl, Tak Kak TpU
BeIoHeHNH oreparui XOR ero OuTsl OyayT B3aMHO
yHUUTOXKEHBl — X @ K; ® X' @ K.

AHaJIM3 aaropuT™Ma MojpasyMeBacT CO3/IaHHE Taod-
JUIBI BEPOSATHOCTEH s Onoka 3ameHbl S. B cTpokax
TaONUIBI 0003HAYECHBI 3HAUCHUSA AA, SBISIONIUECA BXO-
JIOM B OJIOK IMOJICTAHOBOK, a B CTONOIAX — 3HaueHus AC,
roJTyyaeMble Ha BBIXOIC W3 OJIOKa TMOACTAaHOBOK, COOT-
BeTcTBytoIMe A4. Sueiiku Ha mepeceueHnr MoKa3biBa-

10T, cKoJbKo map auddepenmuanos AA/AC UMerOT naH-
HbIC BXOJHBIC M BBIXOAHBIE 3HAaYeHHs. Tabnuia oTpaxa-
€T 3HaUYCHUE BEPOSITHOCTH, C KOTOPOH NpU KOHKPETHOM
muddepennuane A4, moganHOM Ha Bxoj Onoka S, Ha
BbIXOZle OyAeT Noiy4eHo KOHKpeTHoe 3HaueHue AC.
AnropuT™ nonyueHus TuddepeHIranbHbIX XapaKTepu-
cTHK S-0JIOKOB 3aMeHbI omucaH B padore [13]. Manas
4acTh NONYYSHHOW TaONUIBI CO 3HAYEHUSIMH BEPOSTHO-
CTel CONepIKUTCS B TaOJIHIIE.

®parmMeHT Ta0JUIBI €O 3HAYCHUSIMH BePOATHOCTEI, MOCTPOEHHOI IJ1s 0;10Ka 3aMeHbI S

AC/AA 0 1 2 3e 3f fe ff
0 256/ 256 0/256 0/256 0/256 0/256 0/256 0/256
1 0/256 0/256 2/256 2/256 4/256 0/256 2/256
ff 0/256 2/256 2/256 0/256 4/256 0/256 0/256
B pesynbrare KPHIITOAHAIIH3A JOJDKEH OBITH CKOM- AX = X1 xor X2
MIPOMETHPOBAaH payHIOBBIH Kmod. IIporecc kommpo-

METalUH B JAHHOW CHUTyallMH MOJpPa3yMEBACT, YTO IS
KOHKpEeTHOTO 3HadeHus AA coorBercTBytomue AC
HMEIOT Pa3HyI0 BEPOSTHOCTH OBITH MOMydeHHBIMH. Tab-
JIMLA CBUAETEIBCTBYET O TOM, YTO B JAHHOM CIy4dac
BEPOSITHOCTh MOXKET OBITH paBHa 2/256, 4/256, 6/256 n
8/256, a Tarke MoxeT ObITh paBHOW Hymto. [Tapa mud-
¢depenmanoB A4 u AC mO3BOJISET MPEIIIONOKUTh 3HA-
yeHusi A @ K; u A' ® K. Ilpu usBectHbIX A U A’ 31O
TO3BOJISET onpenenuTh K; [ 14].

Ha ceromHAmHMil €Hb B OTKPBITOM IE€YaTH HET
nHpopManuu 0 auddepeHInaTbHBIX CBOWCTBAX aJro-
putma tmdpoBanus «KysHeunky». CymecTByOMHN
MeTon U epeHINaIbHOT0 KPHUIITOAHAIN3A IIPHMe-
HSUICA K pa3iIMIHBIM M3BECTHBIM mudpam [15], a cxema
MIPUMEHEHHsI JAaHHOTO METOJla KpUNToaHan3a K mudpy
«Ky3Heunk», aHAJIOTOB KOTOPOW HE CYIIECTBYET, ObLia
paspaboraHa U onHcaHa B IaHHOM padote. B pesyibrare
nccieqoBaHus cBOMCTB (DyHKIMH S 1 L ObUIO ycTaHOB-
JICHO, YTO BO3MOKHA CHTyauus, Korna 1 6aiT B pesyb-
tare (GyHKuK L pa3BopauuBaercst Ha 16 Gaiit, mpoxo-
JUT 4epe3 OJOK 3aMEHBl S M 3aTeM CBOpPAYMBaCTCS B
1 OGaiit. PaspaboTanHast cxema IMO3BOJSET 3aTparvuBaTh
S-0510K MUHHMaJIbHOE KOJIMYECTBO pa3. PazpaboraHHbIi
METOJ] aHaIM3a Ul TPEX payHIOB MH(POBAHUS HU30-
OpakeH Ha puc. 1. Ha ocHOBaHUHM MaHHON CXEMBI OBLI
pa3paboTaH aJropuTM.

IlepBbiii 3TAIl COOTBETCTBYET NIEPBOMY PayHIy:

1. Crny4aiiHO creHepHpOBaHHBIH TeKCT X M map-
HBIH eMy TeKCT X' OTIMYaroTCs JMIIbL 3Ha4eHUEM A4,
OTH 3HaYCHUS MTOAAIOTCS Ha BXOJ.

2. Ilocne yHHYTOXEHHUS KIIIOUEH B PE3yNIbTaTe UC-
MOJTb30BaHMUs ONIOKa 3aMeHbl S MaHHBIN OalT MeHseTCs
Ha JPYToi Mo TabHIe BEpOsITHOCTEH

3. Manee mpeoOpa3oBanue L pacKiagsiBacT JaH-
HBII OaliT Ha 16 GaiT.

Bropoii 3Tan cooTBETCTBYET BTOPOMY payHIy:

1. Tlocme yHWYTOXEHHS KITIO9a TpeoOpa3oBaHHE
S M3MEHHT Kbl 13 16 6aliTOB Ha Pyroil B COOTBET-
CTBHH C TaONIULIEH.

2. Tlocme mnpeoOpazoBanusi L Bo 2-M payHIe
16 OaiiT HanOoJNee BEPOSATHBIX 3HAYCHUH MPeoOpa3yroT-
cst cHoBa B | Oalit.

AY =Y1 xor Y2

Puc. 1. Cxema nuddepeHipaipHoro aHammsza
TpeX payHI0B MH(POBAHUS

TpeTuil 3Tan COOTBETCTBYET TPETHEMY PAYHIY:
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1. TIpeoOpa3oBaHHOE Ha BTOPOM dTare 3HAYCHUE
MOCJIE€ YHUYTOXKCHHUS KIIFOUYa MEHSIETCSl Ha JPyroe Io
TabJIHIIe BEPOSITHOCTH

2. B utore npeoOpa3oBanue L packiaabBaeT 3TOT
1 Gaiit Ha 16, 1 Ha BbIXOZIC OyIET MONTYYEH PE3yJIbTaT Mo
UTOTaM TPEX PayH0B IU(PPOBaHHUSI.

Takum oOpa3zoMm, Al paccMaTpUBaeMOil CXEMBI
aHaJln3a MOoJIyYaeTcs Bcero 18 akTUBHBIX S-OJIOKOB BMe-
cTo 33, Kak OBUIO PACCMOTPEHO paHee.

Jaxe eciy MpearonoknuTh, 4TO MOXKHO 10J00paTh
3HaueHUs AuddepeHnanoB, KOTopeie OyIyT COOTBET-
CTBOBATh pUC. |, ¢ MUHUMAaJIbHBIMU 3HAYEHUSIMHU BEPO-
STHOCTEH JUIS KaXXIOr0 W3 aKTUBHBIX S-O0JIOKOB
2/256 = 1/2", nomyuntcs TpexpayHIoBbIi AH(QepeHIH-
aJI ¢ BEPOSITHOCTHIO B (12)* = 1/2'%, yro mensbIme, yem
paHee MpeAnoIoKEHHOE 3HaUCHHE 1/2'%. HyxHo oT™me-
THUTb, YTO YAAJIOCH IOIYYUTh TPEXPAyHIOBYIO XapaKTe-
PUCTHKY, BEpPOSITHOCTb IOSBICHHUA KOTOPOM paBHaA
1/2'%, uto O3Hauaer, YTO NPH MCIOIB30BAHUH AKTHB-
HBIX S-OIOKOB OBUTH 337eHCTBOBAaHBI HE caMble MHHH-
MaJIbHbIE BEPOSTHOCTH.

AJITOPUTM HAXO0KAEHHsI MPABUJIbHBIX Nap
TEKCTOB /ISl TPEXPAYH/I0BOil XapaKTePUCTUKH

ANTOPUTM HAXOXICHUS MPABWIBHBIX IIap TECTOB
JUIS IPOBE/ICHUS aHAIN3a HE MOXKET OBITh MIPSAMO peau-
30BaH HM3-32 MaJECHBKOW BEPOATHOCTH IOJydECHUs IIpa-
BIJIBHBIX Iap TEKCTOB. MOIIHOCTH OOBIYHOTO IEpCo-
HAJILHOTO KOMIBIOTEpA AJIsl 3TOro HemocTarouHo. Ilo-
3TOMY JJIsl OCYILIECTBJIEHHs HPOBEpKH paboTocrocoO-
HOCTH TMPEJIOKESHHOTO METOoIa ObLT pa3paboTaH crocod
«ot obparHoro». [IpumeHeHue naHHOrO criocoba mon-
pasyMeBaert, 4Tto OyayT MmofoOpaHbl TaKHe MPaBUIILHBIE
mapsl TEKCTOB, KOTOpPBIE TPH KOHKPETHBIX 3HAYCHUSIX
payHAOBBIX CEKPETHBIX Kiroued OyayT (opMupoBaTh
HeoOXomuMBbIe 3HaYCHUS AU HepeHITHAIIOB.

Ha ocnoBe mannoro cmocoba ObuT pa3paboTan ai-
TOPUTM HAaXOXJCHUS NMpPaBUIBHBIX Map TekcTos. [laH-
HBI aNropyuT™M, HaWJIEHHbIE 3HAYEHUS U IPOBEpKa €ro
paboTOCIOCOOHOCTH MTOAPOOHO OMKCaHbI B padote [14].

Bcero Obuio HaiimeHo 13 map 3unaueHuit AA/AC.
Hanpumep, mist A4=f3ab8c55¢199996{0c5a42381976846
naiiteno AC=51ac91f0df24701900ad86a256131163, a
it AA=1a76bc71665284b01a3e595982599369 naiine-
HO AC=ba5a9d5e6d2b64310ac6b9cb72dc5a7al.

ITocne HaxoxaeHWs Bcex OANTOB HMCXOMHBIX TEK-
CTOB, COCTaBJIIIOIIUX JaHHbIE MU epeHITraIsl, MOXKHO
c/ienaTh BBIBOJ, YTO OOIEe YUCIIO BCEX BapUAHTOB 3Ha-
YeHUH X 1 X': P=2%2¥Q*AXQHQHRYIDHPADADHIDIDHAXDE) =
=524288.

U3 natinennsix 3HaueHuil AA/AC 1erKo MOXHO OIl-
penenuth 3HaueHUs quddepeHnnanoB Ha BXOIE U BbI-
xone 3-payHmoBoro amroputma «Kysmeumk» AX/AY, a
TaKK€ BEPOSITHOCTh UX MOSIBICHNUS.

HaXO)K}ICHI/IC KOHKPCTHBIX TCKCTOB Ha BXOJC U BbI-
XOJIe TPEXpayHAOBOTO alrOpUTMa OBLIO BBIIOJHEHO C
MTOMOIIBI0 TIPSAMBIX U OOpaTHBIX TMpeoOpa3oBaHM HaL
HalICHHBIMH 3HAYEHHUSIMU BO BTOPOM U TPETHEM PayHJIE.

AJITOPUTM KOMIIPOMETALUH CEKPETHOI0 KII04a
Ha OCHOBE Hali/ICHHbIX MPAaBUJIbHBIX AP TEKCTOB

Merton auddepeHInanTbHOr0 KpUNToaHann3a, Kak
MIPaBUJIO, 3aKIIOYAETCS B KOMIIPOMETALMH PayHIOBBIX

KIItouelt ¢ 1menbio pacmmdpoBanus nHGopManuu. Omm-
caTh TEXHOJIOTHIO KPUIITOAHAIN3a C TIOMOIIBIO HalIeH-
HBIX PaHee NMPABWIBHBIX Map TEKCTOB MOXKHO CIEIYIO-
M o0paszom.

B paccmotpennbix 3 payHnax anropurMma mudpo-
BaHMs UCHONb3yeTcsd 4 payHIOBBIX Kiroda (cM. puc. 1).
Heobxonumo o0patuTh BHUMaHHE HA TO, YTO B ajro-
putMme «Ky3Heunk» NepBBIMH JIBYMsI PayHIOBBIMH KO-
YaMu SIBJISIFOTCSL JIeBass W TIpaBasi 4actu 256-OMTHOTO
MacTep-KJItoda, pasfeleHHoOro HamomonaM. Ha stom
(akTe OCHOBaH pa3pabOTaHHBI MHOW aJTOPHUTM, KOTO-
phIil moapasyMeBaeT Mmouck nepBoro kiatoda K1, mocine
Hero — K2, ¢ moMOIIIbI0 KOTOPBIX 3aTeM MOKHO BBIPa0o-
TaTh octaipHble Kimoun — K3 u K4. IlpennoxeHHBIH
QJITOPUTM COCTOMT M3 TAKUX 3TAloB, KaK:

1. IMpoBenenue oOpaTHBIX onepanid Sy (L (AA4))
u Liny(AA) nns nomydeHus: BXoAa M BbIX0Ja Ipeodpaso-
BaHM S IEPBOT0 payHJa COOTBETCTBEHHO.

2. Ha Bxon anropurma (cM. puc. 1) nmogaercs panee
nogoOpanHas mapa TekcToB X 1 X', KoTopast IIpH CIIoxKe-
HUH C YHCIIOM, MOIYYUBIIMMCS B PE3yJIbTaTe ONEpaluy
Sinv(Linv(AA)), naet 3nauenune kiroda K1.

3. [MomyumnBmieecs: 3Ha9eHUE Sy (Liny(AA4)) cocTonuT
13 OHOTO OaiiTa M ero BepoOATHOCTH paBHA 6 1Mo Tabmu-
11e, COAepIKaIIeil 3HaYeHUs BEPOSITHOCTEH. DTO TOBOPUT
0 TOM, 4TO OyZeT 6 BOSMOXKHBIX 3HaYEHUH OTHOTO OaiTa
kmoda K1. Takum 00pa3om, KOJHYECTBO BCEX BO3MOXK-
HbIX BapuaHToB 128-OutHoro kioua K1 Oymet paBHO
21206

4. IlpousBoauTcs MoMCK mpaBuibHOro Kimoda Kl,
MOJPa3yMEBaIOIINI CIIEAYIOIINE ONEPaIIH:

[Momatorcs Ha Bxox 2 mogoOpaHHbIX Tekcta X U X',
CKJIQIBIBAIOTCS C TEPBBIM BO3MOXHBIM KitouoM K.
[Noxydennsie 3HaYEHUS IPOXOMAT MPEOOPazoBaHuA S U
L mepBoro payHna. Pesynbrar ckimameiBaeTcsi co 3Hade-
HusMH A 1 A', 00benuHeHHBIMU UG depeHranom A4,
MIOCTYTAONMMHA Ha BXOA IpeoOpa3oBaHHSA S BTOPOTO
payana. [lamHpie mpeoOpa3oBaHHS MO3BOJSIIOT HAWTH
OJTHO U3 BO3MOXKHBIX 3HaueHuH kiroua K2. Kmoun K1 u
K2 oObeaussitorcst B 256-OUTHBIN MacTep-KIOU U W3
Hero BblpabOarbiBatoTcs kiaroun K3 u K4. Jlanee npa
BO3MOJKHBIX IIUPPTEKCTa ¥ U Y, MONMyYSHHBIX B PE3yJlb-
Tare NPUMEHEHHUS allTOPUTMa HaXOXKICHUS TIPaBHIBHBIX
nap TEKCTOB, CKJIafpIBatoTca ¢ KitouoM K4. IMomyden-
HBIE 3HAUCHHUS TIPETEpPIEBAIOT NpeoOpa3oBaHus Li,, H
S TPETBETO payHIa, CKIambiBatoTcs ¢ KiouoM K3 u
3aTeM MPOXOAAT MpeoOdpa3zoBaHue Li,, BTOPOrO payHAa.

Pesynerarer mpeobpasoBaHust L;,, BTOpPOTO payHaa
CPaBHHUBAIOTCS CO 3HAYCHUSIMHU, COCTABILIOIIUMHU THQ-
¢depenman AC. Ecnu 3HaYeHUsT paBHBI, TO KJIIOYH CO-
XPaHSIOTCSI KaK BEPOSITHO MpaBwibHble. Eciu 3HaueHus
HE paBHBI, TO AJITOPUTM ITOBTOPAETCS 3aHOBO.

dakrruecky omnpoOOBaHWE KIIOYEH CBOIUTCS K
BBIMIOJIHEHUIO BCEX OINepaluil TpexpayHIOBOIO 3a-
mmppoBanus. [103TOMy CIOXHOCTH aJropuTMa HaXOX-
JICHHS KII0Yel OymeT 3aIelCTBOBATh MAKCUMYM 2120x6
samm¢posanuid. [Ipn 1aHHOM yCnOBHM OyLyT CKOMIIPO-
METHPOBAHBI BCe 4 KITF0Ya ¢ ropasio MEHBIIEH CIIOKHO-
CTBIO, YEM TIPH yCIOBUH MOJHOTO Tepedopa, CI0KHOCT
KOTOpOTO paBHa 22,
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OO0mas cIoXHOCTh TU(PPEPESHINATEHOTO KPHUIITO-
aHAJIM3a TpeX payHIoB airoputMa mmdposanus «Kys-
HEYHK» MOXKET OBITh OILIEHEHA KaK 2120% 642108 3amud-
poBaHuil.

BriBoabI

B pesynbrare pabGoThl HajJ JaHHBIM HPOEKTOM
BIICPBbIC OBLIM HCCIICMOBAHBI M MONydeHbI audhepeH-
LMajbHBIE CBOMCTBa anroputMa mudpoBanus «Kysne-
yuk». Ha OoCHOBEe NpOBEAEHHBIX HCCIICNOBAaHUN Obla
BBISIBJICHA CBS3b MEXIy NpeoOpasoBaHusMH S U L, KO-
TOpast TI03BOJIMIIA pa3paboTaTh anroput™ auddepeHnn-
abHOTO KPHIITOaHANIN3a TpexX payHaoB mmdpa «Kysue-
YHK», paHee HUKEM HE MPEUIOKCHHBI B OTKPBITBHIX
JIUTEPATypPHBIX HCTOUYHHUKAX.

Ha ocHoBe npeiokeHHON CXeMbI TPEXPAYHI0BOIO
mddepennnana ObIM pa3paboTaHbl aITOPUTM HAXOXK-
JICHUS IPAaBUJIbHBIX Map TEKCTOB JUIsl aHanu3a mudpa u
QITOPUTM HAXOXKJICHUSI CEKPETHOTO KJII0Ya C ropasyio
MEHBIIEH CIOKHOCTBIO, YEM CIIO)KHOCTH TIPH ITOWCKE
KJIIoYa MOJHBIM TepedopoM. PaspaboraHHble anropwur-
MBI TIO3BOJIIOT OIIEHUTH OOIIYIO CIOKHOCTH IpOBEje-
HUSL aHANM3a, KoTopast coctapmser 2'°° + 6%2'%. Pesys-
TaTbl PabOTHI MCIIOIB30BaHbI MPHU BHIMOJHEHUH HCCIIE-
JoBaTeNbCKUX padot mo rpanty PODU Nel7-07-00654-
a «Pa3paboTka U Hccle0BaHUE TOCIIEAOBATEIBHBIX H
MapaJuIeNbHBIX ~AJTOPUTMOB aHAJIM3a COBPEMEHHBIX
CUMMETPHYHBIX IIU(PPOB C HCIOIB30BAHHEM TEXHOJIO-
ruit MPI, NVIDIA CUDA, SageMathy.
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Tolomanenko E.A.
Differential analysis of three rounds
of cipher «Kuznyechik»

«Kuznyechik» is a new symmetric encryption algorithm,
adopted as an encryption standard GOST R 34.12-2015, built
on the principle of SP-network. There are still no publications
on the differential properties of the algorithm «Kuznyechik».
In this paper, the properties of the main operations are re-
searched and described, and a method of differential analysis
of three rounds of the algorithm of encryption «Kuznyechik»
is proposed. In the issue of the investigation of the differential
properties of the nonlinear function S and linear function L, it
was established that a 1 non-zero byte of the difference as a
result of the function L can be expanded into 16 non-zero
bytes, passes through the replacement block S, and then folded
again into 1 nonzero byte. The developed scheme allows to
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affect the active S-unit a minimum number of times. Thus, the
overall complexity of the analysis, including searching for the
correct pairs of texts and searching for bits of the secret en-
cryption key is 2'%® + 6 * 2'%° encryptions.

Keywords: cryptography, block cipher, SP-network, crypt-
analysis, differential cryptanalysis, cipher «Kuznyechiky,
GOST R 34.12-2015.

doi: 10.21293/1818-0442-2018-21-2-22-26

References

1. Cryptographic protection of information. Block ci-
phers. GOST R 34.12-2015. Available at:
http://tc26.ru/en/standard/gost/GOST R 34 12 2015 ENG.pdf
(accessed: 04 April 2018).

2. Ishchukova E.A., Babenko L.K., Anikeev M.V. Fast
Implementation and Cryptanalysis of GOST R 34.12-2015
Block Ciphers. 9th International Conference on Security of
Information and Networks SIN 2016. Newark, Nj, 2016.
pp. 104-111.  URL:  https://dl.acm.org/citation.cfm?doid=
2947626.2947657

3. Biham E., Shamir A. Differential cryptanalysis of
DES-like cryptosystems. Journal of Cryptology, 1991, vol. 4,
no. 1, pp.3-72. URL: http://www.cs.bilkent.edu.tr/~selcuk/
teaching/cs519/Biham-DC.pdf

4 Biham E., Shamir A. Differential cryptanalysis of the
full 16-round DES. Advances in cryptology. Proc. of
CRYPTO'92 conference? 19927 vol. 740, pp. 487—496? URL:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.720.
215&rep=repl&type=pdf

5. Biham E., Dunkelman O. Differential Cryptanalysis in
Stream Ciphers. Cryptology ePrint Archive, Report 2007/218
2007. — URL: https://eprint.iacr.org/2007/218.pdf

6. Biham E., Shamir A. Differential Cryptanalysis of
Hash Functions. Differential Cryptanalysis of The Data En-
cryption Standard. Springer, 1993, pp.133-148. URL:
https://link.springer.com/chapter/10.1007/978-1-4613-9314-6 8

7. Babenko L.K., Ishchukova E.A. Primenenie metodov
kriptoanaliza dlya issledovania stoikosti sovremennikh bloch-
nikh shifrov [The use of cryptanalysis methods to study the
persistence of modern block ciphers]. Problemi informacion-
noy bezopasnosti v sisteme vishchey shkoli. Tezisi dokladov
X Vserossiyskoy nauchnoy conferencii [The problems of in-
formation security in the system of higher education. Proc. of
the tenth AllRussian scientific conference]. Moscow, MIFI,
2003. URL: http://cyberrus.com/wp-content/uploads/2015/
05/vkb_10_02.pdf

8. Kuznyechik (cipher). Available at: https://ru.wi-
kipedia.org/wiki/Ky3neunk_(mm¢p) (accessed: 04 April 2018).

9. Tolomanenko E. A. Programnaya realizaciya shifra
Kuznyechik [Software implementation of the cipher Kuzn-
yechik]. Studencheskiy nauchniy forum. Materiali IX
mezhdunarodnoy studencheskoy elektronnoy nauchnoy kon-
ferentsii. [Student Science Forum. Proc. of ninth International
Student Electronic Scientific Conference]. 2017. URL:
https://www.scienceforum.ru/2017/pdf/36883.pdf

10. Schneier B. Prikladnaya kriptografiya: Protocoli, al-
goritmy, iskhodnyye teksty na yazyke Ci [Applied cryptogra-
phy: Protocols, algorithms, C source code]. Moscow, TRI-
UMPH, 2002. 648 p. URL: https://htrd.su/wiki/ media/ zhur-
nal/2012/03/23/todo_prikladnaja_kriptografija/cryptoshn.pdf

11. In the GOST there was a «Kuznyechik». Available at:
https://habrahabr.ru/post/266359/ (accessed: 04 April 2018).

12. Differential cryptanalysis. Available at:
https://ru.wikipedia.org/wiki/[Juddepenipanbupiii_kpunro-
ananu3 (accessed: 04 April 2018).

13. Ishchukova E.A., Kalmikov I.A. Differential proper-
ties of S-replacement blocks for the algorithm GOST 28147-
89. The engineer's messenger of the Don, 2015, no 4. — URL:
https://cyberleninka.ru/article/n/differentsialnye-svoystva-s-
blokov-zameny-dlya-algoritma-gost-28147-89

14. Babenko L.K., Ishchukova E.A., Tolomanenko E.A.
Differential analysis of cipher Kuznyechik. News of SFedU.
Technical science. Taganrog, Publishing house SFedU, 2017,
no. 5, pp.25-37. URL: http://izv-tn.tti.sfedu.ru/wp-content/
uploads/2017/5/3.pdf

15. Babenko L.K., Ishchukova E.A. Analiz sovremen-
nykh kriptograficheskikh sistem s pomoshch'yu metoda differ-
entsial'nogo kriptoanaliza [Analysis of modern cryptographic
systems using differential cryptanalysis]. Topical aspects of
information security in the Southern Federal University, 2011,
Taganrog, TTI SFedU, pp. 102—-181.

Ekaterina A. Tolomanenko

PhD student,

Department of Security of Information Technologies
Engineering and Technology Academy

of the Southern Federal University

2, Chekhova st., Taganrog, Russia, 347928

Phone: +7 (863-4) 37-19-05, +7-908-504-73-92
Email: kat.tea@mail.ru

Joknaovrt TYCYPa, 2018, mom 21, Ne 2



I A. Aumunos. Ananuz ymeuex ungopmayuu Ha OCHO8e ROOOUHBIX NEKMPOMASHUMHBIX USTYYEHUL 27

YK 621.396.41

O.A. AHTUnoB

AHanus yteuyek nHcpopmMmaumm Ha OCHOBE NOOOYHbIX

ANNeKTPOMarHUTHbIX Vl3l1y'~leHVII7|

IpuBenén cucTeMaTH3UPOBAHHEIA 0030 UCCIEAOBAHMHN, ITOCBAIICHHBIX KaHATY YT€YKH HH(OPMaNUK depe3 MoOodHoe
JJIeKTpoMarHuTHoe m3iaydenue. ITo pesynapraram 0630pa ciesaHbl BEIBOJB 00 aKTyaJbHOCTH HCCIIEAOBAHHN B YacTH
CHIDKEHHS YIpo3 yTEeUKH MHpOpMAaLHK Yepe3 MoO0YHOe NISKTPOMArHUTHOE M3JTydeHHe. B yacTHOCTH, IOKa3aHo, 4To
NePCIIEKTUBHBIM HANpaBJICHUEM SIBJSIETCS W3YYCHHE HaNpaBICHHOCTH M3Jy4eHHs. BEISBIeHO mpeobiagaHue Hpo-
IPaMMHBIX CIIOCOOOB YCTPaHEHHs YTEUeK Hajl allapaTHbIMU, a TAKXKE HEJJOCTATOK pealM3alliii annapaTHbIX PeLICHUH.

KuaroueBble cioBa: 3aunmra nadopmaruu, [IDMU, OTCC, rerepaTopsl dJIeKTPOMarHUTHOTO IIyMa, ch&éM HHpopma-

uu, Markuid [I9MIH.
doi: 10.21293/1818-0442-2018-21-2-27-32

Co3gaHne HAAEKHBIX CHCTEM OO€CIIEYeHHs] WH-
(hopManMoOHHOM 0E30IIaCHOCTH SIBIICTCS KIIFOUCBBIM ac-
IICKTOM IpU MPOCKTUPOBAHUN KOMIIJICKCHBIX CHUCTEM
6e3omacuoct [1, 2]. DTO momTBepxkaacT HEOOXOIu-
MOCTB OOIIECHCTEMHOTO IMOJX0/a MPH aHAJIN3e PUCKOB
U OLEHKE Yyrpo3 0e30MacHOCTH, a TaKKe BBISBICHUH
TEXHHUYECKUX KaHAJIOB YTEUKH MH(pOpManuu u obecme-
YeHUS X HaAEKHOM 3amuThI [3].

Kanan yreukn nadopmanum dyepe3 IoO0IHOE dIIeK-
TpomaranTHoe n3nydenue (IIOMU) sinseTcs oqHUM U3
CaMBIX aKTyaJbHBIX TEXHHMYECKHUX KaHAJIOB yTeuku [4].
[Ipu oOpaboTke MHPOpPMALUK C TTOMOIIBI OCHOBHBIX
texangecknx cpencts (OTCC) Hem30exKHO BO3ZHHKAET
I[I3MMU, necyiiee B ceOe HHPOPMATHUBHBINA CUTHA [5, 6].

PaGora mo 3ammuTe KaHana yTeukd WHQopManuu
OCYILECTBIISIETCSI HA OCHOBE HOPMATHUBHBIX JIOKYMEHTOB
pEryIsITOpoB, a Takke (eaepabHbIX 3aKOHOB. B HHX
OIMCaHBl HE TOJILKO TPEeOOBaHUS K WHPOPMAaLMOHHBIM
CHCTEMaM M X COCTABIISIONINM, HO M METOIMKH OLIEHKH
3aMMIIEHHOCTH HH(POPMALIHH.

OCHOBHOE HaIpaBlICHAE HCCIEAOBAHUMA, MOCBS-
mEHHBIX uertounukam [I1OMU, namygaronmM uHpOpMa-
LMOHHBIA CUTHANl MPU HCIOJIb30BAaHUU aBTOMATHU3HPO-
BaHHBIX pabounx mecT (APM), SABISAIOTCS YS3BUMOCTH
9KpaHOB, >kecTKkux auckoB u USB-yctpoiicts. [pyrue
UCTOYHUKU TaKXKe H3y4aloTCs, OJHAKO Ha IPAaKTHUKE
YPOBE€Hb M3JIY4YE€HHA OT HHUX MaJl, U YTCUKa HE pe€a-
JIU3YETCSL.

Kanan yreuku nHpOpManuy TpagulMOHHO JEIUT-
csi Ha 3 cocrapystromnue (puc. 1):

1. HcTouHHK cUrHama, 1Mo KOTOPHIM ITOHUMAETCS
mo00e pasrodIeKTPOHHOE YCTpOicTBO. Yamre paccMmar-
PHUBAIOTCST MCTOYHMKH, peallu3alusi yrpo3 OT KOTOPBIX
9KCTIEPUMEHTAIIBHO MOATBEPXKICHA.

2. Cpena nepenaun (BO3IyX, MPOBOISIINE MaTe-
pHAaIBl ¥ INHUH CBSI3N).

3. VYcrpoiictBo chéMa MHpOpPMALINH, KOTOPOE, KaK
NPaBUJIO, BKIIIOYAET OJIOK 00paboTKH HH(GOpMAIIUH.

OO0nacTy Hay4YHBIX UCCIIEIOBAHUI MOXKHO YCIIOBHO
pasnenuTh Ha 4 OOJIbIINE KaTerOpHH:

1. HccnenoBanusi, cBsI3aHHBIE C 00paOOTKOW CHT-
HaJla, TIPOUCXOJSIIEH mocie chéMa mHpopmanmn. 3Ha-
HUSL O CTPYKType NPHUHHMAaEeMOTO CHI'HAJa YIPOIIAIOT
TIPOIIEAYPY €TO BOCCTAHOBIICHHUS.

2. HccnemoBaHusl, CBSI3aHHBIE C HCTOYHHUKOM
I[IOMU. B Hux peub UAET O MEPEOCMBICIIEHIH XapaKTe-
puctuk U ¢pu3uku [I9MU OT U3BECTHBIX UCTOYHUKOB, a
TaKXke 0 CII0CO0aX CHUKEHUS YPOBHS M3ITyUeHHUS.

3. CpencrBa 3amuThl MHGOPMAINHU, aKTHBHBIE —
TeHepaTopsl AIEKTPOMAarHUTHOIO IIyMa U MAacCUBHBIE —
JKpaHMpylomue MaTtepuansl. OCHOBHOM TeMoO#l Hccie-
JIOBaHHMS 3[€Ch BBICTYNAIOT AHAIIN3 U3TyYEHHsI TEHEPATO-
POB IIIyMa U PEIIEHNUS 10 ONTHUMHU3ALMU HX apaMeTPOB.

4. MopenupoBaHue KaHalla YTeUKH. B aTux pabdo-
Tax IMOKAa3bIBAETCS HECOCTOATENBHOCTD CYIIECTBYIOILEN
KIJIACCHYECKON MOJEIH KaHaa yTeUKH, a TAaKXKe IpeJuIa-
raloTcs MOJEIH M CHOCOOBI OLEHKH 3alHIIEHHOCTH.
Kpome Toro, paccMaTpuBaroTcs NOTEHIHMANIbHBIE HOBBIE
MIPOSIBJICHHSI KaHAJIa YTEUKH.

Mym
Kmm’l/
Hctounuk Cpena YcrpoiicTBo chéMa
[I5MHN nepeaayn nundopmanuu

Puc. 1. @ynkiponansHas cxeMa KaHana yTedku nHpopmamm

OopaboTka curnana

B craree [7] TOBOpHTCS O TOM, UTO peaH3aIUsd
YTEUYKH OT MOHHTOpA SBISETCS Ooiee BEPOATHOH, dyemM
3TO TPUHATO CUWTaTh. VMH(MOPMATHUBHBIN CHUTHAI BOC-
CTaHABJIMBAETCS C TIOMOIIBIO CTATUCTHYECKOH 00paboT-
KJ Ha OCHOBE 3HaHHUH O (opMe M MEPHOIUIHOCTH CHTI-
Hana. IIpoBenéHHBIM HSKCIEPUMEHT IIOKa3al BO3MOX-
HOCTh peaJI3alliy YIPO3bl YTEUKHU HAa pacCTOSHUU 46 M
OT UCTOYHHUKA U3ITYUCHUSA.

Tak xak nepenada nadopmanuu o mumae USB To-
JKE SIBJSIETCSl JMCKPETHBIM CIIyYaiHBIM IPOLECCOM C
TOYKH 3pEHHs ChEMa MH(OPMAINH, a XapaKTEePUCTUKH
(h)pOHTOB M3BECTHBI 3apaHee, TO MOXHO HCIOJIb30BaTh
MaTeMaTHYeCKUi amnmapar Ais BOCCTAHOBJICHHS WH-
(OpMaTHBHOTO CHUTHAIA M3 CMECH «CHUTHAm+mrym» [8].
B pesynbrare uccienoBaHUs aBTOPHI MPEICTABUIN MO-
JIeNb, KOTOpast MTO3BOJIMJIA TTOBBICUTH BO3MOKHOCTH BOC-
CTaHOBJEHUS] MH(OPMATHBHOTO curHana Ha 3-6 ab B
3aBUCUMOCTH OT THUIIA MIPUCYTCTBYIOIINX IMOMEX.
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Crioco0 OIeHKH 3alUIEHHOCTH MPEIOKEH B pa-
6ote [9]. DToT cocob ocHoBaH Ha pacuére MH(DOpMa-
LUOHHON EMKOCTH KaHaJla, KOTOpasi PACCUUTHIBAETCS] HA
OCHOBE MpOBENEHHBIX u3MepeHui. llomyuyennass €Em-
KOCTb KaHajla CPaBHUBAETCS C €ro MPOITyCKHOM croco0-
HOCTBIO, KOTOpasi PaCCYMTHIBAETCS HA OCHOBE XapakTe-
pUCTUK ycTpoicTBa. Eciin €MKOCTh KaHalla yTE€UYKH HH-
(hopmanum GoJIbIIE PACCYMUTAHHOM MPOITYCKHOM CIIOco0-
HOCTH, MO’KHO TOBOPHTH O PUCKE pean3aliy YTeUKH.

ITonxon [10] Taxxe 3aciyKMBaeT BHUMaHHs. AB-
Top [10] pykoBonctByercs ¢opmymnoit IlleHHoHA—
XapTau, M03BOJSIONICH OLICHUTH MPOIYCKHYIO CIIOC00-
HOCTb KaHasa Mepeady JaHHBIX. YUUTbIBask COOTHOIIIE-
HUE «CUTHAI/IIyM», MPOU3BOAHUTCA €€ MepecdéT, uTo
BBIPAKAETCSI B MAKCUMAJIBHOM pa3pelIeHHH n300paxe-
HHS, KOTOPOE CHOCOOEH MepexXBaTUTh 3JI0YMBIIIICHHHK.
YMeHbllIeHHe pa3pelleHns dKpaHa 1npu padore croco0-
HO TMOBBICUTH 3AIIUIIEHHOCTD, TaK KaK ero OyJeT CIIoxkK-
Hee BoccTaHOBUTH. Onnako aBTop [10] He yumThIBaeT
0COOCHHOCTH CUTHAJIOB M IIIyMa, a TaKXKe OTCYTCTBYIOT
9KCIIEPUMEHTAIIBHBIE  TTOATBEPXKJICHNUST TPUBEAEHHBIM
paccyXICHHSAM, YTO 3aTpyAHSET OLEHKY MX J0CTOBEp-
HOCTH.

Cpencrsa 3amuThl HHGOPMALTT

B pabore [11] ommcana TexHWYeCKas peaIn3amus
PEKEKTOPHOTO (UIBTPa, TO3BOJISIOIIETO TEHEpaTopy
anekrpomarautHoro mryma (I'DI) ocymecTBusaTs ce-
JICKTUBHOE 3allymiieHue. Takoe pelieHue IM03BOISET
co3narh «okHO» B cnekrpe ['OI1l, B kotopoM MoxeT pa-
00TaTh Tpa)kJaHCKOE YCTPOWCTBO, HE HCIBITHIBAs Ha
cebe neiictue reneparopa. Kpome Toro, paszpaboraH-
HOE YCTPOWCTBO 00J1a/1aeT BO3MOXHOCTBIO MOJCTPOHKH
YacTOTHI pexxeKuuu B npenenax 10-20 MI'n.

B paborax [12, 13] pacmmpsieTcs 3TOT IOIXO.
OnHako U3-3a TEXHUYECKUX TPYAHOCTEH JHana3oH Jac-
TOT, Ha KOTOPBIE MOXKET OBITh HACTPOEH ATOT PEXKEKTOP-
HBIH (UIBTP, UMEET OTPaHUYCHUS 110 MIUPUHE U HE MO-
KET JISKaTh B 00JIaCTH BBICOKUX YaCTOT. DTO JAENaeT Ta-
KOW MO/IXO0J] HEPUMEHUMBIM Ha IIPAaKTHKEe, Belb 0O0JIb-
HMIMHCTBO MH()OPMAIIOHHBIX CHTHAJIOB JIE)KaT B MOJIOCE
ot 100 MI'1y u BbIIIIE.

Pabora [14] mocesmiena uzydeHuo 3¢dekTuBHO-
CTH TIPUMEHEHHs CTPYKTYpHBIX ITOMeX. ABTOp yTBep-
JKJIAeT, YTO UMHUTHUPYIOIIAsl OMeXa MO3BOJISIET CHU3UTh
o0ImMil YpOBCHD M3IIy4aeMOH MOIHOCTH 0e3 MOTeph B
3amuIEHHOCTH. Tarkke MNpeUIoKeHa MOJENb OLEHKH
3((HEeKTUBHOCTH TaKHUX ITOMEX.

Pabora [15] mocesimiena mpobreMaM MacKHpoOBa-
Hus [IOMU. K npobmemam MOCTPOCHUS aTanTHBHBIX
I'OHI aBrop [15] noxogut uaave. CyTh €ro mccienoBa-
HUA B BO3MOXXHOCTH TEHEPUPOBAHUS IIYMOIOIOOHOI
MOMEXH, HCHONb3ysl KaK HECYIIyI KBa3UTapMOHHUYe-
CKUI CHTHAJ, MOIYJIHPYSI €r0 HU3KOYaCTOTHBIM CHUTHA-
nom. Ha onpenenénHoii yacTore uMeeTcss BO3MOXKHOCTD
YCTaHOBHUTB MTOMEXY, KOTopas OyzeT o0s1aarh JTydiimMu
XapaKTEpPUCTUKAMH 3alIyMJICHHUS 110 CPaBHEHHIO C IPHU-
BBIYHBIM IrymMmoM o1 ['D111.

Onun n3 ocHOBHBIX HemocrarkoB 'O, cymect-
BYIOIINX B HACTOSIIIIEE BPEMs U IIHUPOKO OOCYKAAEMBIi
COO0O0IECTBOM, — 3TO HEIOCTAaTOYHAs I10JI0Ca 3allyMile-

HUs. B paGorte [16] paccMmaTpuBaroTCs COBpEMEHHEIC
uHTEepdeiics mnepenaun n3zoOpakeHus. BumoBas uH-
¢dopmanus, wim HHGOPMAIHS, IepexBaTbiBaeMasi ¢ K-
pana APM, obnagaer HanOombIneii HHOOPMATHUBHOCTHIO
JUIs 37I0yMbIIUIeHHKa. COrIacHO MONYy4YeHHBIM Pe3yiib-
TaTaM B pabote [16], 4acTOTHI epBOH TaPMOHUKH HEKO-
TOpBIX LU(POBBIX MHTep(eiicoB mepenaun n3oOpaxe-
HUSI MOTYT BBIXOAMTH 3a 2 I'T'1i, uTo ocraBisieT BO3MOX-
HOCTB ISl PEANIM3alMU yA3BUMOCTH M3-32 TEXHUYECKUX
XapakTepuCcTUK HekoTopeix ['OII.

B paborte [17] aBTOp mpencTaBIsieT OMEHKY dPQeK-
TUBHOCTH MAacKHPOBAaHUS CHT'HAJA MOZOOHBIM €My IIy-
moM. Curnan IIOMMU cHavaa 3ammMchIBAacTCs, a 3aTeM
M3JTy4aeTcsl B MPOCTPAHCTBO KAK IIyMOIOA0OHAs TIoMe-
xa. M3-3a BBICOKOM CXOKE€CTH ITHX CUTHAJIOB Jpyr C
JPYroM 3ajiada MO0 MX Pa3jIMYCHUIO W BBIIEIICHUIO HH-
(hopMaTUBHOTO cUTHaNIA yCIIoxHseTCs. OIEHKEe BO3MOXK-
HOCTH 3TOTO BOCCTAHOBJICHHS U MTOCBsIIeHa padoTa [17].

B pabore [18] Takxke oOpamaercsi BHUMaHue Ha
BO3MOKHOCTb TTOBBICHTH 3aIIUIIEHHOCTh, MAHUITYIUPYS
(opMOIi NIyMOBOTO CHUTHaja IMyTEM CO3/1aHHS MOMEXH
KOMIIEHCAallMOHHOTO THmna. Peann3oBaHHAs CeJEKIHA
mpuéma [IODMU B ycrpoiicTBax cHATHS WHPOPMAITUH
nenaet 'O HeahpekTHBHBIMU H3-32 pa3IHIUA MEKITY
CTPYKTYpoil HMH(OPMALMOHHOTO CHTHalIa M IIyMa.
[Ipennaraercst peann30BbIBaTh 3aLIUTY B BHIE PETPaHC-
JSITOPOB, YCTaHABIMBAEMBIX HEMOCPEACTBEHHO B Onu-
30CTU ycTpoiicTBa, uznydatomiero [IOMMU. Tlpunumas
I[IOMU, obpabareiBas €ro W M3My4yash KOMIEHCAI[HOH-
HBII IIyM, MOXHO JOOUTHCS BHICOKOTO YPOBHS 3all[UTHI
P MHHUMAaJbHO BO3MOXKHOM YpPOBHE H3JIy4aeMOM
MOIIHOCTH. [yl pa3BA3ku MPUEMHOTO U TMEPENaIonIero
TPAaKTOB y PETPAHCIATOPa PEKOMEHIyeTCs NMPHUMEHSATh
HanpaBJIeHHbIE AHTEHHBI, KOTOPHIC OPHUEHTHPYIOTCS B
CTOpOHY MpEANONIaraéMoro pasMeNICHUs] ycTpoicTBa
chéMa HHpOpMAIHH.

B paGote [19] aBTOpPBI OTMEUAIOT HEZOCTATKH aK-
TUBHBIX CPEICTB 3aIIUTHl HWHPOPMAIUH, TaKHe Kak
BPEIHOCThH BBICOKOTO YPOBHS M3JIyUSHHUS [UIsl 30POBBSL.
ONEeKTPOMarHUTHBIN IIYM SIBISETCS JEMacKHPYIOIUM
npusHakoM pabotsl I'OIIl, uyTo mpuBIEKaeT HHTEpeC
3JI0YMBIIIUICHHUKOB K 00bekTy. Kpome Toro, akTuBHBIH
Metof 3amuThl nHpopmarmu (31) He obecrieunBaeT ra-
PaHTUPOBAHHYIO 3alIUTy OT IepexBara HUH(OPMAIIH.
Cam mepexBar, 10 MHEHHIO aBTOpoB [19], MOXkHO co-
BEpIINTH C MOMOIIBIO JOCTYITHOTO J1ab0paTopHOro 060-
PYIOBaHMS, TAKOTO KaK aHAJIM3aToOp CIEKTPa, aHTCHHA U
CpencTBO 00pabOTKH U(POBBIX CUTHAJIOB.

MoaennpoBaHue KaHAJIa YTeUKH

ABtopEI [20] cTposT Moaens (YHKIIHOHHUPOBAHUS
KaHaja yTedku uHpopmamuu. PaccmarpuBaercst CTpyk-
Typa TEXHMYECKOTO KaHaja, B KOTOPOH IOKa3bIBACTCS
Ha0Op AIIEMEHTOB, YYacTBYIOIMX B HEM. Takas Mozeib
MI03BOJISIET OIEHUBATH 3AIIUIIEHHOCTH CUCTEMBI Ha ATa-
Tie IUIaHUPOBaHMs MeponpusTuil mo e€ 3ammre. Kpome
TOTO, Pe3yabTaThl PaOOTHI SIBISIOTCS 0a30¥ IS Jaib-
HEHIUX HCCIENOBAaHUN COCTAaBHBIX AJIEMEHTOB KaHaja
YTEUKH.

B paGore [21] BBIIBUHYTO HpeAyioKEHHE MO KOp-
pexiun pacuéra ko3¢ ¢urmenta 3aryxanus. [lokazaHo,
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YTO TPU MPaBHIBHOHN oOlleHKe Kod(dummeHTa ociabie-
HUSI MOXKHO MOJIyYUTh PE3YNIbTaThl, OTIMYAIOLUINECS OT
KIIACCHUYECKOTO 1moaxoza. [ paccTOsIHUS OT TOYKH U3-
myuyerns B 30 u 50 cm — 30 u 34 1b cooTBeTCTBEHHO.

Takxxe 00CYyXHAaeTCsi U TECTOBBIM PEXHM DPabOTHI
CpeACTBa BBIUUCIUTENBHON TeXxHUKH [22]. ITo MHeHMIO
aBTOpa [22], »Ta TeMa MPHOOpPETACT aKTyalbHOCTHh B
CBSI3M C TIEPEXOZOM OT aHAJOTOBBIX CHTHAJIOB K IU(PO-
BbIM. [{ndpoBoil curHan obnamgaer ocoObIMU Xapakre-
pUCTHKaMHu. JTO CBSI3aHO C KOAMPOBaHMEM HH(popma-
UM, a TaKXKe C Pa3INYHOH CTPYKTypOH HPOTOKOJIOB
oOMeHa HHPOpPMAIHH.

B pabote [23] moka3pIBaeTCsS BOSMOXHOCTh Peaju-
3alM ONTHUYECKOrO KaHala yTEYKH HH(POpMALUH OT
WHIUKAIMOHHBIX CBETOAMOJOB TAKHX YCTPOMCTB, Kak
XKECTKUE MCKHU, CETEBBIE KapThl U JIp. JTOT KaHall aBTo-
pst HasbiBaroT «optical TEMPEST» u skcniepumenTans-
HO JIOKa3bIBalOT BO3MOXKHOCTD IepexBara HH(OPMaTHB-
HOTO ONTHYECKOTO M3JIy4eHHs. XOTsl KaHal U He oOna-
JlaeT 3JIeKTPOMarHUTHOW NPHUPOAOH pacnpoCTpaHEeHHS,
OH MMEET NpaBO ObITh OTHECEHHBIM K TPYIIE KaHAJIOB
YTEUKH, CBA3aHHOW C MOOOYHBIM HM3Iy4eHHeM. B maH-
HOM CJIy4ae N3JTy4eHHE SIBIISICTCS] ONITHYECKUM.

HUcToynnku curuana

Bapuanus nporpaMMHOTO crioco0a 3aIuThl BUIO-
Boil mHpopMaru npeanaraercs B [24]. Tak xax mudg-
POBOM CHI'HaJl MOHHUTOpAa COCTOUT U3 OJIOKOB JaHHBIX,
KOAMPYIOUIMX [BET KaXIOro TNHKcels 1o ¢dopmary
RGB, To aBrops! [24] npeanaraloT ocTaBuTh HHMOpMa-
LIMOHHBIM TOJILKO OJIMH LIBETOBOHM KaHaj, a Ha APYIux
JByX TeHepupoBaTh mIyM. Ilomb3oBarenp MOXET Ha-
CTPOWUTH Y MOHUTOpa (UIBTP LBETOBHIX KAaHAJOB, YTO-
OBl ero He OTBJIEKAT UX IIyM oT paboTsl. PaccmarpuBa-
IOTCSI PA3IMYHBIE CHOCOOBI MAaHMMYISIMK ypPOBHEM
CHTHAJIa LBETOBBIX KaHAJIOB, & TAKXKE JETACTCS BHIBOJ O
MPOAYKTUBHOCTH TAaKOTO crocoba obecrieueHus WH-
(bopMarMoHHOH 0E30MaCHOCTH.

Vrpo3a yreuku HMHGOpMAIMM O LIMHE JaHHBIX
USB pacnpocrpansieTcst Jake Ha JTUHUH, MO0 KOTOPHIM
He nepenaéres MHGOPMATHBHBIN CUTHAIN, IEMOHCTPHPY-
eTcst B paborte [25]. U3-3a Oommzoctu pazsémo USB B
onaoM USB-xa0e nHpOpMaTHBHBIN CUTHAI OJHHUX pa3b-
€MOB MOKET HaBOAWTHLCS Ha JIMHUM APYTUX He3aleHcT-
BOBaHHBIX pPa3bEMOB.

ITepexBar wmH(pOpPManuu OT KECTKOTO AUCKA, CO-
IIACHO WCCIIENOBAaHUIO [26], 3aTpyaHEH W3-3a CIaboro
YPOBHSI CHT'HajJa. DTO MPOUCXOAUT, NaKe €CJIN MCIOJb-
3yIOTCSl CIICIMANIbHBIC II0CIECIOBATEIbHOCTH CHUTHAJIOB
JUIST MAaKCUMH3AaLUU aMIUIUTY]l CUTHAJIOB. ABTOp yTBep-
KJIAeT, YTO I 3alIUTHl HHGOPMAIUU OT KECTKUX JHC-
KOB MOYXHO OOOMTHCH MACCHBHBIMH MepaMu: SKpPaHHPO-
BaHueM U 3azemiieHneM APM. XoTsa HeKoTopble Hccie-
JIOBaHMSI MOKa3bIBAOT [27], YTO KaHAJ YTEUKU peau3yeM.

Bonpmioli Bkag B MCCIEJOBaHWE CHTHAJIOB MpH-
Haanexut Markus G. Kuhn. OcHOBHast 4acTb ero padoT
[28-31] mocesmeHa nepexBary CUTHANIAa OT MOHHUTOPOB.
Pannne ero myOnukanyy ONMCHIBAIOT NTEPEXBAaT CUTHAJA
MOHHUTOPOB C AIEKTPOHHO-Ty4eBbIMHU TpyOkamu (DJIT),
HO B MO3IHUX paboTax BO3MOXKHOCTH IIEPEXBATa CUTHA-
ma ombITHO noka3aHa u st JKK-morutopos. CyTh ero

WCCIIEZIOBAaHNN — B OIIGHKE yrpo3bl Iepexsara HH(Op-
Maluy, HCCIEIOBAHUS YAaCTOTHBIX XapaKTEPUCTHK
[IOMMU, a Takxke criocobax CHU3UTh PUCKH pealTu3allin
3TOTO KaHaja IepexBaTa HH(HOPMAIHH.

OreHuBaeTCsl yrposa IepexBara IO pacrlpocTpa-
HEHMIO DJICKTPOMArHUTHBIX BOJH M TI0 H3TydaeMmoil
sHepruu. CornacHo [28], MOXHO CHHM3UTH yrpo3y, pac-
MIMPUB KOHTPOJIUPYEMYIO 30HY TaK, YTOOBI CHTHAJ OT
MOHUTOPA CHU3WICA A0 HEBO3MOXHOCTH €ro BOCCTa-
HOBJIEHHS. MOXXHO BIMATH Ha YpPOBEHb H3ITy4aeMOM
SHEPTHUH, yNpasisist MHGOpPMAIe, BEIBOAUMON Ha K-
paH. CrnenuanbHBIM CHOCOOOM OKpammBas IHKCEINH,
MOXKHO CTIaJUTh THKU U3IY4EHHs, YTO 3aTPYIHHUT BOC-
CTaHOBJICHHUE IIU(POBOTO CUTHATIA.

B pabore [32] oTmewaercsi, 4TO HEIOCTATOYHOE
BHUMaHHE yAeJeHo uctounukam 11OMMU, Haxomsmumcst
BHYTPHM YCTPOWCTBA. BOJIBINIMHCTBO MCCIENOBaHUI Ha-
NpaBJIeHO Ha HM3y4YeHHUE pabOThl COEJUHUTEIBHBIX HH-
tep¢eiicoB. bruto momyueno mHdopmaruBHoe [TOMU
oT OJIOKa JIa3epHOT0 MPUHTEPA. DTO CTAIO0 BO3MOXKHBIM
Onaronapst 1opaboTKe 3TOro OJI0Ka, MOBBIIIAIOIIEH ypo-
BeHb 1moOouHOro m3mydenus. Pakruuecku [IOMU mo-
JKET OBITh CHATO, HO BEPOSTHOCTH PEATM3AIMH TaKOH
yTpo3bI KpaifHe Mana BBULY CIIO)KHOCTH BBITTOTHEHHUS.

ABtop [33] paccmarpuBaeT MPHUMEHHMOCTH Mac-
CHBHBIX CPE/CTB 3aIIUTHI, AHAIU3UPYS BO3MOKHOCTD
MPUMEHEHHSI CHELHAIbHBIX JKPAaHUPYIOIIUX TKaHEH.
OOnagaronive BBICOKMMHU TI0Ka3aTesIMU SKpPaHUPOBa-
HUS, OHU MOTYT Hcnonb3oBarbes BMecte ¢ I'OIIIL Tlpu
aToM mnpennonaraercs, uro DI Oymyr paborarp Ha
yacrotax no 1 I'Tn, a pacnpocTpaHeHue curHainos 0o-
Jiee BBICOKHX YacTOT OyAyT OCTaHaBIMBATHCS TKAHSIMU.
Kaxk moxa3piBaroT onbIThI [33], Ha yacTotax Hrwke 1 [T
TKaHM He 00ecnednBaloT TpeOyeMylo BEIMYMHY JKpa-
HUPOBAHUS U3-3a CBOMX (PM3HIECKUX CBOHCTB.

B pabore [34] npeioxkeH CX0XKHii aCCUBHBIA Me-
Tox 3ammThl. OH 3aKIF0YaeTCs BO BHEAPCHUH B PE3UHO-
BbIE MaTepHallbl OJHOCTOPOHHUX YINIEPOXHBIX (KapOo-
HOBBIX) HaHOTpyOOk. Takoil marepuan obecneduBaeTt
noromiesne 90% momrHoctu currana B CBU-vacrorax.

[TpaBuiIbHBIH BHIOOP MarepuaiioB Uil H3TOTOBIIE-
HUS KaOernel MOXKeT 3HaUYMTENbHO CHU3UTh M3JTyYaeMblii
ypoBeHb Iryma B nuamnazoHe 2—150 k['1. B paGote [35]
UCCIENYIOTCS XapaKTePUCTHKA HaHOKPHCTAJUINYECKOTO
(eppuTa W €ro CHOCOOHOCTH IIOBBIILATH 3JIEKTPOMAr-
HUTHYIO COBMECTHMOCTB C IPYTUMH MCTOYHHKAMH CHT-
HAaJIOB 3TOTO JHaNa30Ha 4acToT.

HUccnenoBanms [36] mOCBAIICHBI BUAOBOMY KaHATY
yTeuku nHpopmanuu. B pabore [36] paccmoTpeHa BO3-
MO’KHOCTbh BOCCTAHOBJIEHHSI H300pakeHHsI MOHUTOpA 110
OTpPaXEHHUIO OT MPOYMX MOBEPXHOCTEH — 3padka Iiasa,
OBITOBBIX MPEIMETOB.

Brinensercs takxke Soft TEMPEST, unu «Msarkoe»
[I3MMU. OcHoBHast 0COOCHHOCTh JaHHOW BapUaIlH Ka-
Haja yTeuku B ToM, yTo Ha APM ycranaBnuBaercs crie-
muansHOoe [10 mns yeunenust [IDMU nytém obpameHust
K JICKY, TIPH 3TOM 0OpaIeHne MPON3BOANTCSI UMEHHO K
ToW MH(OPMAIMHN, KOTOPask MPEICTABISIET IEHHOCTD IS
snoymeinuieHHuKa. Soft TEMPEST Takxe BKiIro4aer B
cebs u [10, koTopoe ocnokHAET THOO MPEeHOTBpaIIaeT
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yTeuky. M3menss oroOpaxaeMble mMpUQTH Ha SKpaHe,
MOXHO crenars [I9MU Gornee CTORKUMHE K ITEpexBaTy.
3aki0ueHne

IIpoBeneHHbI aHAIM3 HUCCIECAOBAHUN IO3BOJIAET
cZeTaTh CIEAYIOIINE BHIBOIBI:

1. HekoTopbie mpoOaeMbl OOCCIICUCHHS 3alUThI
nH(pOpMaLnK, BO3HUKAIONIME H3-32 BBICOKOTO YPOBHSI
I[IDMU ot ycrpoticte B cocraBe OTCC, MoryT ObITH
peleHsl TPOrpaMMHBIM — criocoboM. Takol  moaxon
MIPEANIOYTUTENIEH HCIONb30BAHUIO aKTUBHBIX CPE/ICTB
3aIIMTHI, TaK KakK SBISETCS IMACCHBHBIM M HE TpeOyer
JIOTIOTHUTENBHOTO 00opynoBanus. [laccuBHast 3ammra
or yreukn depe3 [IDMMU pasrpyxaer paguomuanazoH
M0 CPABHEHMIO C AKTUBHBIMU CPEACTBAMHU MOCTaHOBKH
MIOMEXH.

2. Tomxomp! K onNTHMHU3AIMK PaOOTHl AKTHBHBIX
CPEJ/ICTB 3aIUTHI TTOKAa3bIBAIOT CBOI (P(PEKTUBHOCTD B
MOJIENH, HO 3a4acTyI0 HE UMEIOT IIOATBEPKAEHHOMN TeX-
HUYECKON peaan3aluu.

3. Monens xaHana yTeUKH, U3JI0KEHHas! B HOpMa-
TUBHBIX JOKYMEHTaxX peryJsTopoB, o0iagaeTr psjaoM He-
JIOCTaTKOB, BIMSIOIINX HA TOYHOCTH OIEHKU 3alUIIEH-
HOCTH MH(OpManuu OT yTeuku. PaccmarpuBas mcTod-
HUKH M3ITyYCHUS] KaK CUCTEMY PaJHodIeKTPOHHBIX yCT-
POMCTB, MOXKHO TOYHEE OLIEHMBATh CTENEHb BO3ICHCTBUSA
Ka’K/I0TO 3JIEMEHTA Ha 3alMIIEHHOCTD NH(POPMAIHH.

4. U3-3a mepexoma OT aHAJIOTOBOM TEXHHUKH K
(poBOH NPOUCXOMUT TMEPEOIECHKA PACTIPOCTPAHEHUS
curHaioB. Eil moaseprarorcst Bce XapaKTEPUCTHKH CHI'-
HaJla, BIUSIONINE Ha BO3SMOXKHOCTD IIepexBara U BOCCTa-
HoBileHUs MHpopMarmu. OTHAKO HEAOCTaTOYHO BHUMA-
HUSI YJeJNseTCsl HalpaBiIeHHOCTH M3JIy4eHust MHpopMa-
nuu. PaGora [12] moka3pIBaeT, 4TO UCHOIH30BAHUE HH-
(hopMany 0 HANPaABICHHOCTH PACIIMPSET BO3MOXKHO-
CTH 00ecCIIeYeHHs 3alUTH HH(POPMAIIHH.

Y4unTeIBasg BHEAPSEMOCTh M MPAKTUYECKYIO 3HAYHU-
MOCTb PE3Y/IbTaTOB, MOKHO BBIIEJIUTH IEPCHEKTUBHBIE
HAaIpaBJIEHHs UCCIEIOBAHUS:

e [IporpamMMHOe U3MEHEHHE (PYHKIIMOHUPOBAHHMS
YCTPOICTB, B TOM YHCIIE TIPOTOKOJIOB 0OMeHa HH(popMa-
[IMeH, YTO MO3BOJIAET CHU3UTH YpoBeHb [[1OMMU.

e Pa3paboTka MarepuajoB, CHIDKAIOUIMX H3IIy-
yaeMblid yposeHs [IOMMU.

e [nmyOokuii aHANHM3 KaHAJIA YTCUKH, TAC KaKIbIH
JIEMEHT paccMaTpuBaeTCs B CHCTEME C JPYTMMH, a
MMEHHO BJIMSIHHE JIEMEHTOB JIpYyT Ha apyra. bnarogaps
CHCTEMHOMY TIOJIXOAY OTKPBIBAIOTCSI HOBBIE AaCIEKTHI
KaHaja yTeYKH, MPEACTAaBILIONINE YIpo3y 3alNIIEHHO-
CTH WHPOPMAITUHL.

Pabora BBITONMTHEHA TIpU (PUHAHCOBOM MOIACPIKKE
MunncrepcrBa oOpa3oBaHust U Hayku PO B pamkax 0Oa-
30BOM yacTu rocymapcTBeHHoro 3ananus TYCVYPa Ha
2017-2019 rr. (mpoext Ne 2.8172.2017/8.9).
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Antipov D.A.
Analysis of information leaks based on spurious
electromagnetic emissions

This systematic review of the research devoted to the channel
of information leakage through secondary electromagnetic
radiation is given. Based on the results of the survey, conclu-
sions were drawn about the relevance of research in reducing
the risks of information leakage through spurious electromag-
netic radiation. In particular, it has been shown that the direc-
tion of radiation is a promising direction. The predominance
of software methods for eliminating leaks over hardware was
identified, as well as a lack of hardware implementations.
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O.A. AHTunos, A.A. lLlenynaHoB

UccnepoBaHue HanpaBrieHHOCTU NOGOYHOIO 3NIeKTPOMarHUTHOro
M3JTy4YEeHUSA OT NepCcoHanbHOro KoMnbTEpPa

Hccnenyercs pacnpocTpaHeHHe MOOOYHOTO 3JIEKTPOMAarHUTHOTO M3JIyYCHHs OT YCTPOWCTB B COCTaBe IEPCOHAIBHOIO
KOMIIbIOTepa. B xo1e paboThl HPOBEACHBI IKCIIEPUMEHTBI, IEMOHCTPUPYIOIIHE HEPABHOMEPHbBIC XapaKTCPHCTUKH JiHa-
rpaMMbl HAIPaBJICHHOCTH U3Jy4eHUs. [IpuBeICHbI pacuTHBIC COOTHOLICHHUS, [TO3BOJISIOLINE OLICHHTh BINSHUE HEPaB-
HOMEPHOCTH PacIpOCTPaHCHHs Ha 3allUIIEHHOCTh HMH(popMannu. ChenaH BBIBOJ O TOM, YTO BEJIMYHHA KOJIeOaHHi
YPOBHS CUI'HAJIa, B 3aBUCHMOCTH OT HAIPaBJICHMS U3JIy4CHUs, OKa3bIBACT BIMSHME HA 3aIIMIIEHHOCTh HHOOPMALMH.

KiroueBble ci10Ba: no00oYHOE ICKTPOMATHUTHOE M3JIy4YEHME, 3alluTa MHOpMaluu, auarpaMma HarpaBlIeHHOCTH,

MoHuTop, USB-HakomuTemb.
doi: 10.21293/1818-0442-2018-21-2-33-37

HcTouHHKOM TOOOYHOTO 3JIEKTPOMAarHUTHOIO H3-
nydenus (IIDMU) B 31eKTPOHHBIX YCTPOWCTBAaX SBIIA-
IOTCSI IPOBOJHMKH C MPOTEKAIOIIUM 110 HUM TOKOM. M3-
3a ()OPMBI U TOIOJIOTUHU TPOBOJHUKOB, OHU MOTYT CTa-
HOBUTBHCS CIIydailHBIMM aHTEHHAMH, PACHpPOCTPAHSIO-
OIMMH JJIEKTpoMarauTHoe wmanydenue (OMU) B mpo-
ctpancTBo [1-7]. Ha pacnpocrpanenne OMU oxa3biBa-
€T BIHMSHUE TEXHUYECKOE HCIIOIHEHHE JJIEKTPOHHOTO
ycrporictBa [2]. Hampumep, MeTamnuyeckuil KOpITycC
CIOCOOEH JeHCTBOBAaTh KaK 3KpaH, CHIDKas ypOBEHb
OMU.

[IpoBOAHMKHN B YCTPOMCTBE SIBJISIOTCS aHTEHHAMM,
PACIHONOKEHHBIMH CIy4aliHBIM 00pa3oM OTHOCHUTEIBHO
Ipyr npyra. MznydeHue aHTeHH nHTEpdepupyer Mexay
co0oii. [Ipeamnonaraercs, 4To U3-3a UX HECOTIIACOBAaHHO-
TO PacIONIOKEHUs pacipeelieHne U3Iy4eHus OJIU3K0 K
paBHOMepHOMY. llenblo maHHON PabOTHI SBISETCS HC-
cnenoBanue pacnpeneneHuss OMU ot ycTpolcTB B co-
CTaBe MEPCOHATBHOTO KOMIIBIOTEpA.

ITocTpoenne N3MepUTEILHOTO CTEHAA M PACYET
JaJdbHOCTH pacnpocTpanenust MU

Jlnst mpoBenieHHsT KCIIEPUMEHTOB, OBLIT MOCTPOEH
U3MEPUTENBHBIN CTEHI. XapaKTEPUCTUKU 3IIEMEHTOB
CTEH/Ia U MpoLenypa CbéMa YpOBHEH CUTHaja COOTBET-
CTBYIOT METOJIUKE CHELUaIbHBIX HCCIIEI0BaHUN TT000Y-
HBIX 3JIEKTPOMArHUTHBIX H3JTy4eHHH

W3amepurenbHblil CTEH BKIIOYAET B ceOsl:

® IIMPOKOIIOJIOCHBIA CIEKTpPaIbHBIA aHaIU3aTOP
R&S FSC-3;

e aHTEHHY AWIOIBHYIO aKTHBHYIO «ANS5-0»;

e aBTOMaTH3MpOBaHHOE pabouee Mecto (APM),
COCTOSIIIIEE W3 CHCTEMHOro OJIOKa, MOHHMTOpA, KIJlaBHa-
TYpPbI U MBIIIIH;

e TIOBOPOTHBIN CTOIL

Ha puc. 1 npezacraBieHo ero cxeMaTH4HOE H30-
OpaxeHue.

OKCIIepUMEHTHI HalpaBJIeHbl Ha UCCIIEIOBAHNE H3-
JyueHHs MOHHUTOpa, a Taxke USB-makomuteneil, moa-
KIIIOYEHHBIX K CHCTeMHOMY Oyioky. OCHOBHOW IIEJbIO
CTaBUTCS CHATHE Iuarpamm HarpasieHHocTH (JIH) us-
JTyd4eHWs W WX aHauu3. 3ajadeil sBIsSeTcs IMpoBepKa
npeanonoxenus, yro IH — paBHomepna. Eciau ona He
paBHOMEpHa, TO HEOOXOAMMO OLEHHTh HEPaBHOMEp-
HOCTh, CPaBHHUB YPOBHH CHTHAJIA.

* 1 meTp >
)

II1pokononocHslit

MMM AU-5.0 CHEKTPOAHAIIHIATOP

Puc. 1. Cxema nu3MepuTesIbLHOro CTeHaa

CHuMas ypoBeHb HANpsHKEHHOCTH U ITOBOPAYHBAs
ctoxn ¢ maroM 10, momygaem /IH. YpoBenp HampspkEH-
HOCTH YCPETHSIETCS 0 3 TOCISTHIM U3MEPEHISIM.

W3MepeHHBIe YPOBHU CHUTHAIOB «CHTHANTIIYM» H
«1rym» [8] TMO3BOJISIFOT BBIJICIUTH HAMPSHKEHHOCTh CHUT-
Hana [9-11]. Tlocne anreGpanueckoro BHIYUTAHUS CHUT-
HaJIOB BO3MOXKHO IepecuuTaTh pe3ynsrar B AbmkB [12].
Bocmnonb3yemcst BeIpakeHHEM

U, =20x1g\10Werm/10) _1o@Wu/10) 1)

rne Ugyy — 3HAUEHUE HANPSKEHHOCTH CMECH «CHI-

Han+mymy»; Uy — 3Ha4eHUE HaNpsHKEHHOCTH IIyMa;
U, — 3HaueHue HaNpsHKEHHOCTU CUTHAA.

Takum 00pazom, ToOKazareiab 3amUIIEHHOCTH [1
onpezensercs Kak

H=U.—Uy. 2)
IIpu pacuére xoap¢uunenra zaryxanus K, wuc-

MOJB3YKOTCA HU3MEPCHHLIC BCIWMYUHBI HaHpH)KéHHOCTI/I
MEXKIY TOYKaMH U3MEPCHUA

20x1g(U1ysm /U
Kr[ — g( luzm 2H3M) , (3)
/
rae [ — pacCTOsIHUE MEXAY TOUKaMH U3MEPEHUSL.
Ilocne pacqéTa IIO0Ka3aTecisa 3aIIII/IH1éHHOCTI/I H KO-
3(1)(1)I/IIII/I€HTE[ 3aTyXaHusi PpacCUUTBLIBACTCA BO3MOKHAsA
JUIMHA Hp06era CUTrHaJia:

7
Ri=——. ()
Ky
I/ICC.]'Ie)IOBaHl/Ie HaNpaBJCHHOCTH U3JIYyYCHUS

MOHHTOpPA
OmopHasi yacTora MH(QOPMATHBHOIO CHTHANa, W3-
JTy4aeMOro MOHHMTOPOM, OIIPENEsISeTCsl Ha OCHOBE pas-
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peIIeHus SKpaHa M 4acTOTHl OOHOBJIICHUS M300paKeHHUS
[13]. Ilpm ananmm3e BHYTPEHHETO  YCTpOIiCTBa
LCD-monwuTOpa, OBIIO 3aMEYEHO €r0 CXOJCTBO C aHTEH-
HOM PELIETKON: NMPOBOAHUKM PaCIOiIararTcs IUIOCKON
JIByMepHO# Matpureit [14]. OnHako paccTosSHHE MEXKIY
COCETHHMH ITPOBOJHUKAMH, 10 KOTOPBIM MPOXOIUT TOK,
HE MOCTOSIHHO, TaK KaK HE BCE IHKCENIH paboTaroT of-
HOBpeMeHHO. boiee Toro, mukcenb (QOpMHUPYIOT CyO-
MIHKCENH, padoTaloNIie B 3aBUCHMOCTH OT BBIBOANMOTO
Ha KpaH n300pakeHUs.

Ha ocHoBe »THX 0coOeHHOCTEH BBIABHHYTO TPEa-
nonokenue, yro JH wm3mydeHuss or moHmTOpa OymeT
cxoxa ¢ JIH antennoi pemérku (puc. 5). Oxnako oc-
HOBHOI nemectok JIH Oymer MeHee BbIpakeH H3-3a
MIPEACTaBICHHBIX BBIIIE OCOOCHHOCTEH (YHKIMOHUPO-
BaHHs MOHHUTOpA.

B xo7e uccinenoBanus ObUTH U3yYeHBI 3 MOHHTOPA
pasnuusbiXx Mapok: BenQ BL902M, LG 24MP65HQ-P,
Samsung EX2020X. Kaxxaplif u3 MOHHTOpPOB 00Iamat
yHukansHOH JIH, HO B nmaHHOW paboTe mpencTaBiieHbBI
JH, umeromiye caMmble BbIpaXKEHHbIE HEPAaBHOMEPHOCTHU.
UYem Oombilie pa3HHIla YPOBHEH CHUTHANA IO Pa3HBIM Ha-
MPABJICHUSAM M3IIyYCHUS, TEM OOJbIIe BEpOSATHOCTDH
peanu3anuy yTedkd HH(OPMAINH, TaK KaK MIPUCYTCTBY-
€T BO3MOXHOCTb HENPAaBHIBHOM OLIEHKH paclpocTpa-
Hernsa [IDMU, crenaHHOM| SKCTIEPTOM.

bein cuATel JIH MOHHUTOpOB, N€Xalue B MIIOCKO-
ctax X0Y u Y0Z, xak mpencrtaBieHo Ha puc. 2. Jua-
rpaMMbl TATBHOCTH pacipoctpaHenus momobusl JJH B
mKaine MKB/M.

PesynbraTel u3MepeHui MpeACTaBIEHbl HAa pHC. 3
n 4. TopusonraneHas [AH (cm. puc. 3) moareepamia
MpeanooxkeHus o e€ cxoxectu ¢ JJH anteHHoM pemér-
ku (cM. puc. 5). Ha puc. 3 nHampasnerne 0° cooTBeTCT-
ByeT ocu X (cm. puc. 2). Y JIH ects yuactku Oojee BbI-
cokoro ypoBHA m3mydeHus (ot 320 mo 60°). B atom
JMana3oHe YpOBEHb CUTHAJIa MEHAETCS B Ipezaenax 17—
27 mxB/M, TOrAa Kak Ha OCTAIBHON YaCTH JUATPaMMBbI
(ot 60 10 320°) ypoBeHb CUTHAJIa U3MEHSETCS B y3KOM
nmuanaszone 11-16 mxB/m. Illym ocraéres Ha ypoBHE 3—
4 MxB/M. lanbHOCTh pacmpoOCTPaHEHUS JISKUT B Ipe-
nenax 3,2-6,6 M. DTO 03HAYaeT, YTO B HANpPaBICHUU
HauOOJNBIIEr0 YPOBHSI M3JIyYEHHUs] CHTHAJ «IIpoleraer»
Oosiee yeM B J1Ba pa3a OoJiblllee PACCTOSHHE IO CpaBHe-
HUIO C HAUMEHBIIIIM.

V¥ BepruxansHO#t JIH (cM. puc. 4) Hampaenenne 0°
cooTBeTcTBYeT ocu Z (cM. puc. 2). Ha BepTrukampHOM
JIH xone0aHMs ypOBEHb CHTHAla MEHSETCS B Ipeaenax
6—12 mxB/Mm. HecMoTpst Ha TO, 9TO OHH MEHEE BhIpaXke-
Hbl 110 CPaBHEHHIO ¢ ropusoHranbHo [IH, HepaBHO-
MepHOCTb pacnpoctpanerHus MU npucytcrByer. Mak-
CHUMAJIbHBIN YPOBEHb CHUTHAJA M3Iy4aeTcs B JUala3oHe
10-140° u n3mensiercs B npeaenax 10—12 MxB/m.

Puc. 2. O603HaueHre OpHeHTAlK MOHITOPA IpH onucannu JJH
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Puc. 3. l'opusontansras JJH mis morutopa BenQ BL902M,
nonkirodeHHoro no DVI-untepdeticy
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190
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Puc. 4. Beprukansaas JIH mis monutopa BenQ BL902M,
nonkirodeHHoro no DVI-untepdeticy

Puc. 5. HopmupoBanzas ammutyasas JIH pemerku
13 4 N0JTyBOJHOBBIX JIMHEHHBIX CUMMETPUYHBIX
NIEKTPUIECKUX BUOPATOPOB

HccaenoBanue BIMSAHUS PACNOI0KEHHs Kadesst
BH/ICOUHTepdeiica HA TMATPAaMMY HANIPABJIEHHOCTH
H3JIy4YeHHs MOHUTOpPA

ITo coenuuutensHOMY Kabento BuaeouHTepderica
nepenaéress nHPopMmanusi Uil BbIBOJA Ha 3KpaH. Tak
KaK OH fBJSIETCS NPOBOJHHUKOM, IPEIIONaraercsi, 4ro
ypoBeHb [I3MMU ot Hero OyneT cOnocTaBUM C H3ITyye-
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HUEeM MOHHTOpa. Ecii Kabenms pacroiokeH BIONb Tpsi-
Mo suuun, JJH usnydenus ot Hero Oyaer nogo6Ha JIH
IITBIPEBOH aHTeHHsI [15] (puc. 6).
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240 L L
255 270 285
Bepruxanbuas miockocts
Puc. 6. l'opusonTanbHas u BeptukansHas JH

IHTLIpeBOfI AHTCHHbI

OKCIEPUMEHT MPOBOAUTCS C LIETbIO BEIIBUTD BIIHS-
HUE COCJMHUTEIBHOIO BHJICOKalelsi Ha paclpocTpaHe-
nue [IDMU.

bo10 mpoBeneHo aBa 1uKia u3mMepeHuit. B nepsom
LUKJIC TIOJIOKEHNE Kalbens COXpaHsUIoch TakuM oOpa-
30M, YTOObI HE OKa3bIBaTh BIMSHUS Ha CHUMacMbIc
ypoBHH wu3nydeHus. OHO COOTBETCTBOBANO OCH X
(cwm. puc. 2). Ha a10if ke ocu pacrionarairack U U3Mepu-
TeJNbHAs aHTECHHA.

Bo BTOpoM mmKIIe M3MepeHuit kabenp ObUT pazMme-
EH KOJUTMHEApHO OCH Y, 4ToObI 00eCreunBaTh MaKcu-
MaJIbHBIA YPOBEHb BIUSHIS HA YPOBEHb IPUHUMAEMOTO
CHUTHAaJIA.

Bce wusMmMepeHus NpoBOAWINCE C MOHUTOPOM
LG 24MP65HQ-P. B 06oux mnukiax H3MEpEHH HC-
nmonb3oBanick VGA- u DVI-unrepdeiicel. B pabote
npencraenensl [IH mis VGA-untepdeiica.

Pesynbrarbl M3MepeHu MpeAcTaBiIeHbl HA pHC. 7.
[Monyuennsre JIH noka3bIBaoT, YTO YPOBHU IPHHSTOTO
CHTHAJa BO3PACTalOT MPU MAKCHMaJIbHOM BO3JEHCTBUU
Kabensi M0 CPaBHEHHWIO C MHUHHMAIBHBIM. B cpemHewM,
YpOBEHb BO3pacTaeT B 2 pasa, IPU 3TOM €CTh YJaCTKH,
rae Bo3pactanne Hmke cpenHero (ot 10 mo 140°), u
yuactku (ot 210 mo 220°), roe curnan Bo3pacraer 0o-
Jee ueM B 2,6 pasa.
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350 3007020 39
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= === Hanpa#&HHnocTs NpH BIHaHHy kabems (16/MkB)
— — Ilvm (ab/MKB)
Puc. 7. I'opusonTansueie JIH npu pa3nuuHOM pacroioxKEHUN
COEIMHUTEIBHOTO BUIe0Ka0es

HccnenoBanue HAMPABJIEHHOCTH H3/Ty4YeHHS
ot USB-HakonuTreJiei

B okcnepumentax uccinenoanuck USB-Hakonu-
TEJIW, XpaHsye naMsiTh 1o TexHonoruu flash. Uurep-
(efic obmena maHHeIMH y Hakommteneir — USB 2.0.
USB-flash-nakonurenn MuHMaTIOpHEL. [IMOTHOCTE pac-
MIOJIOKCHUS JIEMEHTOB BBICOKA IO CPABHEHHUIO C JIPY-
TUMH TEXHOJOTHAMHU XpaHeHus nHpopmarmn. [Ipenmno-
noxutenbHo JIH n3nmydeHus oT HakonmuTenel CTpeMuT-
csl K paBHOMEPHOM M3-3a OOJIBIIOTO KOJIMYECTBA PA3HO-
HAIpaBJICHHBIX CIy4YalHbIX aHTCHH.

Curnan wu3Mepsuicss Ha 4YacToTe paboThl IIMHBI
nanueix USB 2.0 — 54 MTI'n. 3amyckanach HUKIUYHAS
3anKCh Ha HOCUTENb JUIS TOJyYEHHUS] TECTOBOTO CHUTHA-
na. [Honoxxenue USB-nakonutens npu ceéme JIH coot-
BETCTBOBaNO Touke 0, coBmajaromeil ¢ HEHTPOM MOBO-
potHoro crona. TakuM oOpa3oM, paccTOSHHE OT HaKO-
MUTENs 10 W3MEPUTENBHON aHTEHHBI HE MEHSJIOCH Ha
MPOTSHKCHUH BCETO dKcTiepuMeHTa. [opuzonTansaas JIH
cooTBeTcTBYeT IuTockoct X0V, a BepTUKambHas —
mwiockocta Y0Z.

B uccnenoBaHusX HCMOMB30BAIMCH 3 HAKOMUTENS
pa3HbIX (upM-u3roToBuTeneil. Bece HakomuTenu mnoka-
3a]M pa3inuHyr0 HepaBHoMepHocTh JIH. Pesynbrarsl
cwéma JIH st ogHOTO M3 HUX Kak oOjajzaroniue 00ib-
IIMM KOJIMYECTBOM BCIUIECKOB, MIPECTABIECHBI HA pHC. §
u 9. lopuzonransHast JIH Onmska k paBHOMepHO#. Ha
ropm3oHTansHOH JIH Hampasnenwe 0° COOTBETCTBYET
ocu X. Konebanus ypoBHS CHTHala JIeXaT B Ipenenax
10—13 MxB/M. 3HaunMBIX aHOMAIINI HE BBISABIICHO.

Ha Bepruxansuoit IH Hanpasnenne 0° coOOTBETCT-
ByeT ocH Z. [IpucyTCTBYIOT «IIpOBaJibDy B AHAarpaMMe B
HanpasieHmsx 60—-80, 150-170, 250-270°. Ilpuannamu
TaKHUX «IIPOBAJOB)» SABIAIOTCS SKPaHUPYIOIINE CBOMCTBA
CHUCTEMHOTO OJIOKa, a TaK)Ke BHYTPEHHEE YCTPOMCTBO
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HaKomuTeNsl. YUuThiBas «mpoBaie» B JH, mamnpHOCTH
pacrpoctpaneHus konebnercs B nuanasone 0,5-15,8 m.
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Puc. 9. Beprukansnas IH uznyuenust or USB-nakonurens

3ak/roueHue

B palorte npezncTaBieHbl B IPOAHATN3UPOBAHBI pe-
3yJbTaThl JKCIIEPUMEHTOB II0 CHATHIO JUarpamMM Ha-
npasiaerHoctr [IOMU ot monuTopa m USB-Hakomm-
tens. [IpoBen€HHbIN aHanu3 Mokasaj, 4To pacupocTpa-
Henne [IDMU obnagaetT HepaBHOMEPHBIMH XapaKTEpH-
ctuxkamu. [Ipeamonoxenus o popme [IH gacTryHO mmon-
TBEPXKIACHBI.

JAH 11 pasnuuHbpIX YCTPOMCTB pa3HBIX Mapok
yHuKansHBL. HepaBHoMepHOCTH JIH 00BsACHSETCS BHYT-
PEHHUM pAacIOJIOKEHUEM JJIEMEHTOB, MaTepUallOM H
(hopmoii KopITyca, €ro 3KpaHHPYIOIIMMHU CBOMCTBaMHU.
W3-3a 0ONBLIOTO KOJIMYECTBA NPHYMH, BIMAIOMIMX Ha
tdopmuposanue /IH, ciporHo3upoBaTh e€ HE TpeIcTaB-
nsiercs Bo3MOXKHBIM. OmHako [IH siBisteTcst ycToamBoit
BO BPEMEHH XapaKTEPUCTHKOW YCTPOHCTBA, MOITOMY
MOXXHO [IeNIaTh BBIBOABI O pacmpocrtpaneHnu [I1OMU Ha
OCHOBE NOJIY4YEHHBIX paHee usMmepeHuil. Tem He MeHee
Ha JIH oka3bpIBaeT BIMSHHE W IOMELICHHE, B KOTOPOM

(DYHKIIMOHUPYET yCTPOMCTBO, YTO CKIOHHO BHAOHM3Me-
wath JJH.

BeinonHeHa OlLeHKa JAJIbHOCTH PaclpoCTPaHEHHs
cUrHaja. Pe3ynbTaTel 3KCHEPHMEHTOB MOKA3aJld, YTO
KoJIe0aHusl B TAIbHOCTH PAaclpOCTPAaHEHUs B 3aBUCHMO-
CTHU OT HaIIpaBJICHUA WU3JIYYCHUSA CPABHUMBI C pasMepa-
MU TIOMCIICHHH, B KOTOPBIX IPOHMCXOIUT 00paboTKa
nHdopmannu. V3-3a HenpenckasyeMocTH 3TUX Koseba-
HUH TOSBISETCS yrpo3a HENPaBUIBHOW OIEHKH 3allld-
mEéHHOCTH MH(pOpMaryy oT yredku o [I1DMU.

Pabora BBITONHEHA TIpH (PUHAHCOBOW IMOIAEPIKKE
MunncrepcTBa 00pa3oBaHus U Hayku PD B pamkax Oa-
30BOM HYacTH rocyaapcrBeHHoro 3amanus TYCVYPa Ha
2017-2019 . (mpoekt Ne 2.8172.2017/8.9).
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Antipov D.A., Shelupanov A.A.

Research of the direction of secondary electromagnetic
radiation from a personal computer

The work is devoted to the research of the propagation of sec-
ondary electromagnetic radiation from devices in a personal
computer. In the course of the work, experiments were per-
formed demonstrating non-uniform characteristics of the ra-
diation pattern. The calculations are given that allow one to
assess the influence of uneven distribution on the security of
information. It is concluded that the magnitude of the signal
level fluctuations, depending on the direction of the radiation,
affects the security of information.

Keywords: spurious electromagnetic radiation, information
protection, radiation pattern, monitor, usb-drive.
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VIIK 004.056

B.A. TpywwuH, A.B. UBaHOB

B0o3MOXHOCTU CHMXXEHUS1 UHTerpanibHOro ypoBHA NOMeXu B cpeacTBax
aKTMBHOMW 3alnTbl pe4yeBon MH(popmMaLmm (COCTOSIHME U NEePCNEeKTUBDI)

PaccmarpuBaloTcs OCHOBHBIE IIOAXOBI K CHUXKEHHIO HHTETPAIbHOIO YPOBHS IIyMa OT CPEACTB aKTUBHOM 3alllUTHI pe-
yeBoi nHpopMaryu. [IpuBeneHs! pe3ynbTaThl BBIOOpa ONTHMAIBHOTO CIIEKTpa IMIyMOBOH rmoMexu. ONucaHbl BO3ZMOX-
Hbl€ NOJXO/bI 10 IPUMEHEHUIO METO/1a aBTOMATUUECKOIO PErYIMPOBAHUS YPOBHS [IOMEXHU, KOTOPBII, IOMUMO CHUIKE-
HHSI YPOBHS [TApa3HTHOrO IIyMa, MOXET IPEJIOTBPATUTh YTeUKy HH(OpMaImu 3a cyeT BO3HHKHOBEeHUs dddexTa dop-
cupoBanus peun. CHopMHUpOBaHbl NIEpBOHAYAIBHBIE NpaBUia (JOPMUPOBAHUS IIOMEX ¢ KOMMYTAlMEH YaCTOTHBIX MO-
10c¢, 3G (HEKTUBHOCTb JJTaHHOTO METO/A MOATBEPXKACHA IKCHEPUMEHTANBHO. VccnenoBanbl HoaXoabl K (JOPMUPOBAHHIO
pedeBoif TOMEXH U3 CIOTOB, CJIOB, CBSI3HBIX TEKCTOB. IloydeHbl pe3ynbTaThl 10 BIUSHUIO PEYEeBOr0 MaTepuasa 1 rojo-

COB JIMKTOPOB Ha 3(PEKTUBHOCTH PEUCBOI TOMEXH.

KnioueBble cjioBa: 3ammTa pedeBoil nH(opMaImy, mapasuTHEIN IIyM, CIIEKTP ITOMEXH, KOMMYTAIHs YaCTOTHBIX IO-

J10C, pedyeBas momexa.
doi: 10.21293/1818-0442-2018-21-2-38-42

Jis 3anuTel pedeBoi WHPOPMAIIUN OT YTEYKH IO
TEeXHUYSCKHM KaHallaM LIMPOKO MPUMEHSIOTCS aKTHB-
HBIE CPEJCTBA 3AIIUTHl — TCHEPaTOPBl aKyCTHYECKOTO H
BHOPOAKyCTHYECKOTO IIyMa. B HacTosIee BpeMs Takue
reHepaTopbl IIOCTPOCHBI, B OCHOBHOM, C HCIIOJIb30BaHHU-
€M B KaueCTBE 3a/Ial0IIEero Oeoro myMa ¢ HOpMaJlbHBIM
3aKOHOM pacIpeleNIeHus BEPOSITHOCTU 3HadyeHui. IIpu
3TOM Ormbaromas 3TOro IyMa B YacTOTHOW 001acTH
MOXET COOTBETCTBOBAThH OEJIOMY, PO30BOMY, pEderio-
nobHoMy U ap. EcTecTBeHHO, YTO BCTAaeT BOIIPOC O BBHI-
0ope ONTHUMaNbHOW IMOMEXH, T.€. TAaKOH, KOTopas IpH
obecrieueHHH TpeOyeMOro IoKas3aTens 3allHIIeHHOCTH
(B obmem ciydae 3TO KOX(QHUIMEHT CIOBECHOH pas-
OopumBocTH peun W) maBana O MUHUMAalbHOE 3Haue-
HHE HHTETPAIILHOTO YPOBHS IIOMEXH, T.e. obecredn-
Bafolllee MHHUMAJBHBIH AUCKOM(OPT NPH NPOBEACHUH
neperoBopoB. [Ipu 3TOM mpHMeHseMBle B CpencTBax
3alIMTBl IOMEXM MOXXHO YCJIOBHO Da3JeiMTh Ha JBE
OoJIbIIIME TPYIIIBL: IIYMOBBIE U PEYETIOIOOHBIE.

B Hacrositiee Bpemst M3BECTHBI CIEAYIOIINE ITOX0-
JIbl K PEIICHUIO 33/1a4¥ CHIDKCHUSI HHTETPAJIbHOTO YPOB-
HS IIyMa.

IIIymoBas nmoMexa ¢ ONTUMAIBHOMH
CIeKTPaIbHOI orudaromeit

[IpoBenennbie uccieqOBaHUs, B 4acTHOCTH [1-3],
mokazanu (puc. 1), 9To IrymMonomoOHbBIe TTOMEXHU C pas-
JMYHBIMH OTHOAIOIMH CIIEKTPa UMEIOT CEPhE3HBIC OT-
IMYUS 10 UX 3(PQPEKTHBHOCTH, T.e. Ui 00eCHedeHUsI
OJIHOTO ¥ TOTO e 3Ha4eHust W TpeOyIoT pa3Hble ypOBHH
HMHTErPajJbHOTO OTHOIICHUS CUTHAN/IuyM. I[Ipu 3TOM
HanOonee APQeKTHBHONW M3 pPacCMOTPEHHBIX (OeIbIH,
PO30BBIi, KOPUYHEBBIH, PEYETIONOOHBIIN) SBISETCS IIy-
MOBasi pederofioOHasi moMexa, T.e. MMeIolne orubaro-
IYI0, TOIOOHYIO CIIEKTPY peUH.

B pa6orte [4] roBOpHUTCS O BO3MOXHOCTH CO3JaHUS
OINITHMH3UPOBAHHOM IO CIIEKTPY LIYyMOBOW IOMEXH, 3a-
BHCsTIEH OT TpeOyemoro 3HaueHus W (puc. 2).

OpnHnako B paborax [5—7] moka3zaHO, 9TO ONTHMAJIb-
HOW sBIsieTcsl (POPMAHTOIIONOOHAA TOMexa, T.e. UMEo-
mas OruOaroIy0, COOTBETCTBYIOIIYIO CHEKTpPYy (Hop-
MaHT (puc. 3).
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Puc. 1. 3aBucumMocTs ca0BecHOM pazbopunBocTH W
OT MHTETPATBHOT0 OTHOIIECHUS CHTHAI / IIyM g
1 — 6enprii rym; 2 — pO30BBIi IIyM; 3 — IIyM CO CHaaoM
CHEKTPAIBHON IIOTHOCTH 6 b HA OKTaBY B CTOPOHY BBICOKHX
4acToT; 4 — IIyMOBas pedueroJoOHast omMexa
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Puc. 2. Pacripenenenne MOITHOCTH IOMEXOBBIX CUTHAJIOB
10 CEMH OKTaBHBIM II0JIOCAM:
1-Py=0,1; 2-Py=02; 3—Py=04

ABTOMaTHYECKOE PeryJIMpoBaHue YPOBHSA
nomexu

[IpuHIMD JaHHOTO TOAXOJA 3aKIII0YaeTCs B pPery-
JIMPOBAHWU MHTETPAIBHOTO YPOBHS ITOMEXH (€T0 yBEH-
YEHWH WJIN YMEHBIICHWH) B 3aBHCUMOCTH OT HHTe-
TPaJIFHOTO YPOBHS PEYM B 3alUIAEMOM ITOMEIICHHH.
st aTOoro HeoOXoaMM KaHas 0OpaTHOM CBSI3M, onpene-
JIAIOIMN UHTETPaAJIbHBI YpOBEHb PEYM B JAHHBIA MO-
MEHT BPEMEHH, KOTOPBIH MOXET OBITh PEaTn30BaH pas-
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JUYHBIMU cII0cO0aMHM, HApHMeEp: YCTaHOBKOW MHKpO-
(oHa B MecTe pacIoiOKEeHNsI BHOpOAaTIHKa (BO3ZMOXK-
HO, B HECKOJIbKHX MECTax Ul PaslelIbHOTO PEryaupo-
BaHMs ypOBHS IIyMa B KOHTPOJBHBIX TOYKAX), H3MEpe-
HHEM HHTETPajJbHOTO YPOBHS «CHUTHAJ ILIIOC ITOMEXa»
u «oMexa» € MNOCICAYIOHMIMM HaxXO0XKACHUEM YPOBHI
CHUI'HaJIa UJIKM B MOMCHTBI CICUAJIBHOTO KPaTKOBPEMEH-
HOTO OTKJIIOYEHHSI TOMEXH, YCTAaHOBKOH MHKpO(OHa
oOpaTHOW CBS3M BOJIM3U MCTOYHMKA pedeBoi MH(pOpMa-
uuu u 1p. [Ipy 3TOM coracHo pacnpenesieHHIo BeposiT-
HOCTel ypoBHeEH peun [8] BEepOSATHOCTH TOTO, YTO YpO-
BEHb pedd Oy/IeT MEHbBIIE €€ CPEIHEr0 MHTETPaIbHOTO
3HadeHwusl, coctanisier 0,8 [8].

JlaHHBI momxon peanusyercs B reHeparopax «3a-
cioH-2M», «Kenp» u ap.

1
0,9
0,8

0,1

-25 -23 -21 -19 -17 -15 -13 -11 -9 -7 -5
Puc. 3. 3aBucumocTs cia0BecHOM pazbopunBocTH W
OT MHTETPATbHOTO OTHOIIEHUS CUTHAN/IIYM g
PII — peuenogo6uas momexa; ®I1 — popmanTonomodHas
nmomexa; BT — Gemnsprit mrym; P — po3oBeIii mryMm;
OIIM - onTumalibHasi ToMexa o MeTOJuKe

®dopmupoBaHue peyenogo0HO MoMexu
W3 peYeBbIX CHTHAJIOB

B omnuume oT myMoBOM NOMEXH, UMEIOIIEH Oru-
0aroIyI0 CICKTPa, COOTBETCTBYIOIIYIO CIICKTPY PpeuH,
peayibHas pedenogo0Has IMOMEXa HMECT «TOHKYHO»
CTPYKTYpY PEYCBOTO CUTHAJIA ¥ BO BPEMEHHOI 001acTu.

Nmeromuecs Ha ppIHKE aKTUBHBIX CPEJICTB 3alUTHI
pedeBoii mHpOpMAIMKA TeHEPATOPBI PEUEHONOOHBIX IT0-
MeXx, Takue Kak «bapony, «llamany», «byden», «Druid»
1 JIp., UCTIONB3YIOT PAa3InIHbIC alTOPUTMEI (POPMHPOBa-
Hus peyeniono6Hoi (PIT) momexu. Tak, B «bapone» ona
(dbopMupyeTcst OT 3 BHEIIHUX PAJUOCTAHIMN C HUCIIOJb-
30BaHUEM [IOTIOJIHUTEIBHOIO (POHEMHOTO KJIOHEpa H3
rojiocoB ropopsuux. B «®akupe» npumensiercs: BLIOOp
(hparMeHTOB CHTrHaJa MO TICEBIOCTyYaifHO# mocae10Ba-
TenpHOCTH. B reneparope «Druid» ucnonbsyercst pe-
BepOepaImoHHasi ToMexa U3 TOJIOCOB YYaCTHHKOB Iepe-
roBopoB. Takue paznuuatouecs: PII-momexu He mo3Bo-
JISIOT YHUDUITUPOBATH (HOPMUPOBATE) aJTOPUTM CO37a-
Hus Pll-momexu. K coxaneHuro, pa3pabOTIWKHA STHX
TCHEPAaTOPOB HE PACKPBIBAIOT AITOPUTMBI (HOPMHPOBa-
Hust PIl-momexw, orpaHnumBasch oOmMMMH (pa3aMu.
Bwmecrte ¢ TeM MOSBWINCH HOIBITKA CO3/IAHUS €IUHOTO
MTOJXOAa Ha OCHOBE CYIICCTBYIOIINX 0a3 JIIEMEHTOB pe-
YM C TOCIEAYIOUEeH ciay4aiiHOi BBIOOPKOI ATHX 3te-
MEHTOB C O3BYYMBAaHHMEM Ha 3BYKOCHHTe3arope. Tak, B
pabore [13] paccMoTper anroput™m (hopMUpOBaHHUSA
PII-nomexu u3 cirydyailHOM MOCIEA0BATEIbHOCTH 3BYKOB

PYCCKOH peuu, peaqu30BaHHOW Ha OCHOBE CIIELMAJIbHO
pa3paboTaHHOTO MPOTPAMMHOTO OOECIICUeHHUs] M C HC-
MOJIF30BaHUEM APTUKYIAINOHHBIX Tabmun [14]. Ilomy-
YEeHBI BEChMa BIECUATIIAIONINE PE3YAbTaTH (TabIHIa).

Pe3ysibTaThl OLICHKH CJI0BECHOMH Pa300p4YHBOCTH METOAOM
APTHKYJISIMOHHBIX HCIBITAHUMH

Homep OTHouIeHHe cUrHai/mym ¢, 1b
aymaropal_—> | 0 [ 5 [ 10 [ 15 [ 20
CrosecHas pa3bopunuBocts W, %
1 5 0 45 65 70 75
2 0 0 10 40 65 80
3 0 0 0 0 40 55
4 0 0 0 20 45 60
5 0 0 0 15 55 70
Wepen 1 0 11 28 55 70

O BO3MO’KHOCTH CHHKEHHSI HHTErPaJbHOI0
YPOBHSI TIOMeXH 32 c4eT KOMMYTAaIlMH YaCTOTHBIX
noJjioc

Hap;my C BBIIICHU3JI0XKXCHHBIMU I1OAXO0OAaMH, BO3-
MOXHBIM BapHaHTOM CHHWXXCHHSA YPOBHA IMMapa3uTHOIO
LIyMa SIBJISICTCS KOMMYTALUs YaCTOTHBIX MOJIOC, B KOTO-
PBIX B OT/JIENBHBI MOMEHT BPEMEHH Ha YYaCTHHKOB IIe-
PEroBOpOB BO3AEHCTBYET HE IIMPOKOIOIOCHAS TIOMEXa,
a IIyM B HECKOJIBKMX YaCTOTHBIX II0JIOCAaX, KOMMYTH-
PYEMBIX IO ONpEIEICHHOMY aJITOPUTMY M C 3aIaHHOMN
CKOPOCTBIO.

J1s Toro 9TOOBI OIpPEAENHUTHCS ¢ MpaBmwiIaMu Gop-
MHUPOBaHMS MOAOOHBIX MOMEX, ObUIM PEIICHBI CIEYIO-
IMe 3aa4qu:

— BBIOOp pa30MEHNs YaCTOTHOTO IMAIa3oHa;

— BBIOOp KOJIMYECTBA MOJIOC (CYyMMAapHOM HMIMPUHBI
YaCTOTHOTO JMara3oHa), B KOTOPHIX B OTIENHBIA MO-
MEHT BPEMEHH MIPUCYTCTBYET MaCKUPYIOLIast IOMeXa;

— BBIOOP BPEMEHH TIEPEKITIOUEHHS] YACTOTHBIX MOJIOC.

[Ipn BBIOOpEe pa3OMEHMs YACTOTHOTO [WAara3oHa
cpa3y OBLI HCKIIOYCH BapHaHT pa3OMCHHS Ha OKTaB-
HBIE / TPETHOKTABHBIE MTOJOCHL. [IprdnHa B TOM, 4TO 1pH
JTAHHBIX TOJX0/aX HIMPHHA TIOJIOCHI pa3iindHas W IpH-
CYTCTBYIOT HIMPOKHE IOJIOCHI, YTO NPHUBOIJUT K HEBO3-
MOXXHOCTH PaBHOMEPHO BO BPEMEHH pPACHpENENUTh
MOIIHOCTh MoMexu. Hampumep, mpu okTaBHOM pazoue-
HUe BKIIoueHue 7-M momockl (5600—11200 I'm) mpuBo-
JIT K CYIIECTBEHHOMY CKauKy B MOLIHOCTH M3JIy4aeMo-
ro curHaia (Ha ciyXx mHoznoOHOe dYepenoBaHUe Oyner
MIPOMCXO/IUTH CO MIETYKaMH, KOTOPBIE TOJIBKO YCHJIMBA-
10T paszpakaroliee BO3/eiiCTBHE HA yYacTHUKOB Iepe-
TOBOPOB), TaK Kak JaHHas Moioca (pakTHYECKH Tepe-
KPBIBAET IIOJIOBHHY BCETO PEUYEBOTO [HAIa30Ha, IPH
3TOM €€ BKJIaJ B pa300pUMBOCTH pedy HIXKE, YeM Yy 00-
JIACTH CPEIHUX YaCTOT, CJIENOBATENbHO, JaHHBIH MOAXO0]
SIBHO Hed((eKTUBECH.

Bb10 mpuHSATO perieHre pa3duBaTh BECh AHANa3o-
Ha Ha TOJIOCH PaBHOM IIMPUHBL. 32 OCHOBY B3SUIM MU-
HHAMAJIBHYIO IIMPHUHY PaBHOAPTUKYIALMOHHBIX II0JIOC,
paBHyto 150 I'. B pesynberare Bech quama3oH pasaens-
etcs Ha 40 mosoc.

OKCreprMeHTAIFHO ObUIa OIpezeseHa Hambolee
3¢ peKTUBHAS MIMPHHA CyMMAapHOTO YaCTOTHOTO JWAara-
30Ha (KOJIMYECTBA YaCTOTHBIX IOJIOC), B KOTOPOM B OT-
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JIENTBHBIH MOMEHT BPEMEHH IPUCYTCTBYeT romexa. He-
00X0AMMO OBUTIO HAWTH «30JI0TYIO CEpeinHY», MOTOMY
Kak OYEBHJHO, YTO YEM IIUPE JAHHBIN AMAMa30H, TEM
HIDKE OyIeT ypoBeHb pa30OpPYMBOCTH PEUH, HO BHIIIE
OyZeT U yPOBEHb MAPa3UTHOTO IIyMa, BO3ICHCTBY O
Ha Y4YacTHHMKOB II€pPEroBOpoB. BwuIo ompesneneHo, 4To
onTUMaNbHBIM siBJsieTcs 3Hauenue 2850 I' (19 monoc
o 150 I'm).

Yro Kacaercsi anropuTMa KOMMYTAIlMHM JIAHHBIX
YaCTOTHBIX I0JIOC, TO NEpBOHAYAIBHO ObLT MpopaboraH
MIO/IXOJ], OCHOBBIBAIOLINICS HAa BECOBBIX KOI(QHINCH-
Tax (BKJIaZIaX YAaCTOTHBIX MOJIOC B CyMMapHYIO paz0op-
YUBOCTH).

Takum 00pa3oM, TpauK BCTPEUIaEMOCTH KaKIOU
13 TI0JI0C BRIVISIIUT CeayonmM obpasom (puc. 4):

Bcerpeuaemocts, %
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Puc. 4. BcTpeuaeMocThb Kaka0H OJIOCH B LIIyMe
C pacrpe/esIeHIeM 10 BECOBBIM K03 GHIIeHTaM

Ha cnenytomem 3tamne mpoBOIMIIOCH SKCIIEPUMEH-
TabHOE 000CHOBaHKE BHIOOPA BPEMEHH TEPEKIFOUCHUS
YAaCTOTHBIX Mojoc. Mcxoas u3 TOro, 4To AJIUTEILHOCTD
3BYKOB PYCCKOW pEdM pa3iIMYHa U HaXOIUTCS B Ipere-
max ot 20 go 260 mc, 6puUTH BEIOpAHBI CICAYIONINE Ba-
PHAHTBI BpeMEHH 4YepefoBaHMs 4acTOTHHIX monoc: 100,
50, 10 u 1 mc. Hammyymnii pe3yasraT nokasan BapHaHT
C yepenoBaHMEM [HANla30HOB YaCTOTHBIX IIOJIOC Yepes3
10 1 1 Mc. «BbIUrpsli» B UHTErpaJbHOM YPOBHE, BO3-
JICHCTBYIOIIEM B OTACJIBHBII MOMEHT BPEMEHH, 10
CPaBHEHUIO C IIMPOKOINOJIOCHON MOMeXod (OenbM mry-
MoM) cocTaBwi 3,3 nb.

OCHOBBIBAsICh Ha W3BECTHBIX MOJIOXKEHUSX TCHXO-
akyctukn [9—12], yka3pIBarommux, 9TO HAWOOIBIIMIA
MaCKUPYIOMUH 3(PGEKT BHOCAT HHU3KOYACTOTHBIC CHT-
Halbl, ObII MCCIEOBaH BAapHaHT BCTPEYAEMOCTH dac-
TOTHBIX TIOJIOC C TpeodiaflaHueM HU3KOYacTOTHOH 00-
nactu (puc. 5).

Pe3ynbraThl MOATBEPANIN 3TH IOJOKEHUS, U «BBI-
UTPHII» MO CPaBHEHHIO C INHPOKOIIOIOCHOM MOMEXOH
coctraBmwi 5,1 nb. aHHBIA (haKT TaKKEe CTABUT IOJ CO-
MHEHHE KOPPEKTHOCTh ITPUMEHEHHsI ()OPMAHTHOTO pac-
npenencHus (BECOBBIX KOX(P(UIIMEHTOB) TpU OIECHKE
3aIIMIIEHHOCTH PeYeBOH HH(OpPMAITHH.

Ha 3axmountensHOM dTarne ObUT IPOM3BE/ICH aHa-
JU3 BIWSHUS OTMOAONIEH CHEeKTpa MoMexw: OBUI TO-
CTaBJIeH SKCIEPUMEHT C (HOPMAHTOIIOJOOHOH ITOMEXOM
BMecTo Oenoro mryma. B pesynsrare moiydmiaoch Jo-
OUTHCS OTIOJIHUTEIBHOTO BBIMIphIma B 1 1b.

Berpeuaemocts, %
100

901
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7071
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Puc. 5. BerpeuaeMocTh ka0 OIOCHL B LITyMe
¢ npeobiagaHieM HU3K09aCTOTHOH o0acTu

TakuMm obpas3oM, ObLTH OTIpeneeHbl mpaBuia (op-
MHPOBaHHSA MOMEX C KOMMYyTalMeil YacTOTHBIX MOJIOC,
MI03BOJIUBILIE CHU3UTh YPOBEHB ITymMa Ha 6 1b.

O B0O3MO:KHOCTH cO31aHUsI YHUPULMPOBAHHOIO
NMOAXO0/A K peajiu3aliu pevyenoao0Hoil momexu

ABTOpaMH OBUIM TPOBEICHBI HCCIETOBAHUS BO3-
MOXXHOCTH CO3/IaHHs «YHH(UIIMPOBAHHBIX» IIOJXO/IOB
peanmuzanuu PII-momexu Ha 0as3e CIOTOBBIX M CIIOBEC-
HBIX TaOmu u3 [14], a Takke HAa OCHOBE CBSI3HBIX TCK-
CTOB M3 IIPON3BEICHUN PYCCKHUX KJIACCHUKOB.

OCHOBHBIE ITapaMeTPhI IKCIIEPUMEHTA!

— anroputM ciy4daitHoit Beibopku RNGCryptoSer-
viceProvider Ha sa3pixe C#;

— IIpoTrpaMMHBIH 3ByKocuHTe3aTtop Vocalizer;

— mporpamma 00paboTKH 3BYKOBHIX (aitnos Adobe
Audition 3.0;

— YHCJIO «AUKTOPOB» — 3 + O/IMH JKUBOM T0JIOC;

— YHCIIO ayIUuTOPOB — 4.

OCHOBHBIE BBIBOJIbI IKCIIEPUMEHTA:

— crekTpsl PIl-nomexu, mosmydeHHOH H3 Tabnui
CJIOTOB M CJIOB, IPAKTUYECKH HE PA3IMYaIOTCS;

— OymKe BCEro K CIEKTPY peabHOIM PyCCKOH pedn —
PIl-momexa Tuma «peueBOd XOp» U3 TpEX TOJOCOB
(2 myxckux, | KeHCKUR);

— HaWIy4IIMMU MAacKUPYIOIINMH CBOHCTBaMH 00-
nanaet PIl-momexa «pedeBoi XOp», MPUYEM U3 TOJOCOB
YYacCTHHUKOB IIEPErOBOPOB.

Ha puc. 6 mpuBeaeH npumep pe3yiabTaToB apTHUKY-
JISIIIMOHHBIX UCIBbITaHUH. OuYeBHIIHO, YTO AaHHBIE pe-
3yJlbTaThl TIpeBapUTENIbHBIE; TPeOyeTcs yBeIHdeHHUe
KOJIMYECTBAa ayJUTOPOB M KOppeKTHas oOpaboTka pe-
3yJIbTaToB B COOTBETCTBUU C [15]. BmecTe ¢ Tem momy-
YEHHBIC PpE3YIbTAThl IIOKA3bIBAIOT IIEPCIEKTUBHOCTD
CO3IaHUsI CPENICTB aKTUBHOM 3aIUTHI pedeBoil MH(OP-
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mauud Ha ocHoBe PII-momex, pealn30BaHHBIX C HC-
MIOJIb30BAHUEM CJIOTOB, CIIOB CBSI3HBIX TEKCTOB.
PasbopunBocts peun, W
1 -
— Croru = Ve
0.9 .
— Cnosa 1 g

0,8 | - - CBsI3aHHBIN TEKCT 3 r

0.7 7
0,6
0.5 -
04 i
0,3
0,2 =

0.1 <%

- 15 - 10 -5 0 5
OrtHomenye curaan / myM g, ab
Puc. 6 3aBucumocTn pa36opYMBOCTH PEUH OT OTHOIICHHS
CUTHAJ / IIyM «PEe4eBOro XOpa» U3 CIOTOB, CJIOB M CBS3HBIX
TEKCTOB

3aki0ueHue

B pabore paccMOTpeHBI OCHOBHBIE MOAXONBI K
CHIDKCHHIO HHTETPAJIBHOTO YPOBHS MIOMEXH B CPEICTBAX
AKTHBHOU 3aIlIUTHI peueBOi MH(OPMAIMHK ITPU COXpaHe-
HHUH TpeOyeMOoro nokasaressi 3alHIIeHHOCTH.

B Bompoce BbIOOpa cHeKkTpa HIYMOBOI IMOMEXH
NPUBEJCHbl OCHOBHBIE PpE3YNIbTaThl, IOKa3bIBAIOIINE,
YTO ONTUMAIILHOM SIBJIsIeTCsl opMaHTONON00HAs TTOMeXa.

OTMeueH BapHaHT NPHMEHEHUs] aBTOMAaTHYEeCKOW
PETYJIIMPOBKH ypPOBHS TTOMEXH, 3aBUCSIIETO HAIPSIMYIO
OT YPOBHSI 3aIIHAIIIAEMOT0 CUTHAIA JTUOO MPUMEHIEMOTO
TOJIBKO B CIIydae MPEBHIIMICHUS YPOBHEM PEUH YCTaHOB-
JICHHBIX CPEeTHUX 3HadeHUH (3PPeKT GopcupoBaHus pe-
9m).

[IpemiokeHo TpUMEHEHWE KOMMYTAIlUM YacTOT-
HBIX TIOJIOC IIYMOBOW TIOMEXH. OKCHEPUMEHTAIBHO
MOATBEPKICHO, YTO CYMMAapHBIH JHana3oH 4acToT, KO-
TOPBIA IIOBEPraeTcs 3allyMJICHUIO B OTJENbHBIA MO-
MEHT BpeMmeHH, coctaBisieT 2850 I'i. Bpemst uepenoBa-
HUSl YaCTOTHBIX MOJIOC JOJKHO COCTaBIsATH 1-10 Mc.
PaccMoTpeHHbIE BapuaHThl AITOPUTMOB KOMMYTALUH
YaCTOTHBIX TIOJIOC TIOKA3aJIH JIyUIIyio 3(pPEKTHBHOCTH B
cllydae TIOMEXH C TpeoOiaJaHreM B HH3KOYACTOTHBIN
obmactu. B pesynprare yganoch CHH3WTH YPOBEHB ITy-
MOBO# momexu Ha 6 1b.

[IpoBeneHsl HEKOTOPBIE PE3YABTATHl MpPEIBAPH-
TEBHBIX HCCIICOBAaHUN B o0mactu (opMupoBaHus pe-
4ernomo0HON MOMEXH W3 CJOTOBBIX M CJIOBECHBIX Tal-
JUI, a TaKXe CBSI3HBIX TEKCTOB. YCTAaHOBJIEHO, YTO
PII-momexa THma «peueBod Xop» o0lialaeT HavTydIleH
3¢ GeKTHBHOCTRIO. OTMEUYCHBI IEIeCO00pa3HOCTE U
MIEPCIIEKTUBHOCTD TPOJIOJKEHHUS HCCIIEIOBAHHH.
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Trushin V.A., Ivanov A.V.
Possibilities and outlooks of integral noise level decrease in
voice information active protection means

In the paper, the approaches to integral noise level decrease in
voice information active protection means are reviewed. Re-
sults of the optimal noise spectrum choice are given. Some
approaches to use of automated noise level adjustment
method, which helps to decrease parasitic noise level and to
prevent information leakage because of speech forcing effect,
are described. Simple rules of generation of frequency bands
switching noise are developed; efficiency of the method is ex-
perimentally proved. Approaches to generation of speech
noise from syllables, words, and connected texts are investi-
gated. Results of influence of speech on speech noise effi-
ciency are obtained.

Keywords: voice information protection, parasitic noise,
noise spectrum, frequency bands switching, speech noise.
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O KoppeKkTUpOoBKe NnokKasaTterien CriIoBeCHOMN pa3dbopunBOCTU pelmn
Nnpu oueHkKe 3aULLEeHHOCTU NOMeLLeH A

3amuimaeMbie MOMEIICHHS, B KOTOPBIX IIMPKYJIHPYET KOH(QUICHIHAIbHAsS HHQopManus, TpeOyIOT ONEHKH HX 3allld-
mieHHOCTH. JIJ1sl OLCHKH 3aIUIEHHOCTH IIOMEUICHUI 10 aKyCTHYECKOMY U BHOPOAKYCTHYECKOMY KaHAITy MOTYT HC-
MOJIb30BaThCSI COOTBETCTBYIOIIME MeTOMUKHU. MMeeTcst ctannapTaas meronuka @CTIK, koTopas o6nagaer Kak 10CTO-
WHCTBaMH, TaK M HEJAOCTaTKaMU. B CBSI3H ¢ 3TUM IIeb TaHHOM PabOThl — KOPPEKTUPOBKA 3HAYCHHUI CIIOBECHOI pa3dop-
YHBOCTH, MOJTYUCHHBIX MPH ToMolu cucteMbl «llernot» ¢ ydeToM JOomoHeHHH CTaHAapPTHOH METOANKH.

B mpezcTaBisieMoii CTaThe MPUBEICHBI Pe3yJIbTaThl aHAIN3a JOCTOMHCTB U HEJOCTATKOB METOUKU OLICHKU CIOBECHOM
pa3bopUMBOCTH, PACCMOTPEHBI JOMOIHEHHS 3TOH METOMUKH. JIJisi KOPPEKTHPOBKH 3HAYCHHS CIIOBECHOMN Pa300puInUBOCTH
NPU BBIYUCICHUH 3HAYEHUS CIIOBECHOW Pa300pPYMBOCTH C YUETOM JIOIMOJHECHUIH M YCOBEPIICHCTBOBAHUM, PEKOMEH/Tye-
MBIX B ITyOJIMKAIUAX COBPEMEHHBIX aBTOPOB, B pabOoTe MpeiaraeTcs:

— pacCMOTPCHHUE BIUSHUS TEXHHYCCKHAX CPENCTB akyctuaeckon paseenku (TCAP), a IMEHHO y3KOHAIPaBICHHBIX MUK-
POdOHOB U CPEICTB IYMOBOM OYHCTKH;

— MHUHUMH3AIUS] METOJHUCCKON TIOIPEITHOCTH 32 CUCT JINHEAPHU3AlUK 3aBUCUMOCTH YPOBHS OLIYIICHHHA OT KO3 HIIHU-
€HTa BOCHIPHUSITHUS U JIMHEAPU3aLUK CIIOBECHON pa300pIuBOCTH OT (POPMAHTHOM.

Jlnst aHanu3a MOMyYeHHBIX TAHHBIX B MPEACTABISIEMON CTaThe MPOM3BE/ICHBI pacyeThl 3HAYCHUSI CJIOBECHOH pa3bopun-
BOCTH C HUCIIOJIb30BAHMEM HHOTO (POPMAHTHOTO METO/IA.

KiroueBble ci10Ba: y3KOHANpPaBIeHHbIE MUKPO(GOHBI, CIIOBECHAsI pa300PYUBOCTD; yTeUKa PeueBOil HHPOPMALIUK; TEX-

HUYECKHE CPEICTBA aKyCTHIECKO pa3BeIKu.
doi: 10.21293/1818-0442-2018-21-2-43-47

Jlis ompeneneHuss BO3MOXKHOCTH HEIJIACHOTO I10-
Jy4eHHs peueBOd KOHOHICHIUAIbHOW HHOpMAK U
aKTyaJIbHOCTH MPUMEHEHHUS CPEACTB 3aIUThI MOTYT HC-
MOJIb30BAThCA PA3JIMYHBIE METOAbI, OCHOBAHHBIC Ha
OLIEHKE MHTETPAJIbHOTO KPUTEPHsI — pa300pUMBOCTH pe-
YM, a TaKKe Ha OIpeAeNeHHIX (OPMaHTHOW TEOpHH.
Cy1ecTByOIUe METOBI H3HAYAIBHO pa3padaThIBaJINCh
JUISl OLIEHKH Ka4eCTBa JIMHUI CBS3H, U UMEHHO MO3TOMY
TpeOyeTcsl afganTanys TaKuX METOJOB M MX KOPPEKTH-
POBKa IS 33/1a4 OLIEHKH 3alMIEHHOCTH peYeBOil MH-
¢dopmarmu. CaMbIMM HONYJSIPHBIMH B HaIlIed cTpaHe
METOJaMHU OIIEHKH 3aIIMINEHHOCTH pedeBOd HH(pOpMa-
mun seisitorest Bepcun H.B Tlokposckoro., MLA. Ca-
noxkosa, 10.C. brikosa.

B Hacrosimee Bpems Ui OLEGHKH 3alUIICHHOCTH
peueBoil MHQOPMALUK HCTIONb3YETCSI METOIUKA, OCHO-
Bo# KoTOpoH siBnsieTcs meton H.b. Tlokposckoro [1].

Hapsiny ¢ M3BeCTHBIME JOCTOMHCTBaMH yKa3aHHBIH
MeTo[] 00J1a/1aeT CyIeCTBEHHBIMU HEAOCTATKAMHU:

—B HEM HE PacCMaTpPUBAIOTCSI BAPHAHTHI BO3MOXK-
HOrO mepexBara MH(OpMAaNWU TNPH IMOMOIIM Y3KOHA-
MIPaBJIEHHBIX MUKPO(OHOB M BO3MOXKHOCTH NPOCITYIIH-
BaHWS PEYM C HCIOIB30BAHUEM TEXHHYECKUX CPEIICTB
ITYMOBOH OYHCTKH ((PHUIBTPOB);

—METOJMYECKasl MOTPEITHOCTh OIEHKH CIIOBECHOM
pa300pUNBOCTH 3HAYMTENbHA, IIOCKOJBKY B METOJE
H.B. ITokpoBCKOro He yuTeHa 3aBUCUMOCTb OT YacTOTBI
[IPY ONpesieNieHHH KO PUIIEHTa BOCIPUSITHUS PEUH.

Kosdduument BocnpusiTusi peud, BXOISIIUNA B
pacder CIO0BECHOI pa300pYMBOCTH, MPEACTABIAET CO-
0011 BepoSATHOE OTHOCHUTEIHLHOE KOJIMYECTBO (hOPMAHT-
HBIX COCTaBJISIFOLIMX PEYH, KOTOpbIE OYIyT UMETh ypOB-
HU MHTEHCHBHOCTH BBIIIE MOPOTOBOTO 3Ha4eHus [2].
Koa¢ddummment Bocnpustus ot ypoBHs ouryrmeHuit P(Q)

OTIpEAEISIETCS 10 CHEeNHATFHOMY TpaduKy. 3aBHCHMO-
¢t k03¢ uIeHTa BOCIPUATHS OT YPOBHS OIIYIICHHUIHA
(OpMaHT He SABIAIOTCS CHMMETPHYHBIMH M JIOJDKHBI 3a-
BUceTh OT yacToTel. B merone H.b. ITokpoBckoro ycio-
BUE 3aBUCUMOCTH K03((UIMeHTa BOCIPUATHS OT YPOB-
Hs oulylleHHd (opMaHT mpeHeOperaeTcs, 4To BEAET K
OOJIBIITUM MOTPECIIHOCTAM BBIUYMCJIEHUH.

Y4uThIBast TO, YTO METOJIMKA UMEET MOTPEIIHOCTH
W W3HaYaJbHO He Oblila co3maHa ISl ONpeAeseHHs 3a-
MIMIIEHHOCTH aKyCTHYeCKoW WHQOpManuy, B Haile
BpeMsl aKTHBHO BEIyTCsl pabOTHI 110 €€ YCOBEPILICHCTBO-
BaHUIO.

OCHOBBIBAasCh Ha JOCTOMHCTBAX (OPMAHTHBIX H
MOIYJISIMOHHBIX METOAOB, OBUT NPEIJIOKEH HOBBIH
(hopMaHTHO-MOAYISAIMOHHBIN MeToA. OH 00BeINHSCT B
cebe IOCTOMHCTBA O0OOMX METOIOB. Takyke ITO3BOJISIET
YUUTBIBaTh peBepOepalioHHy0 mnomexy. Omnucanue
JaHHOTO MeTona naeTcst B paborax A.H. Ipoxeyca [15].

Ha ocnHoBanmn ¢(opmMaHTHO-MOAYISALIIMOHHOTO Me-
tona A.H. IIponeyca B pabore [15] Obu10 IpeaokeHo
ycoBepieHcTBoBanue Merona H.b. Tlokposckoro, koto-
poe MO3BOJISUIO YYUTHIBATH PeBEpOCPALIMOHHYIO TTOMEXY,
CUMTasl IIYMOM DHEPIUI0 OTPaXCHHOTO 3BYKa, IPHXO-
nsmiero mocite 50 mc.

OpHaKo eciy MPOU3BOAUTCS OLEHKa MEOIMpPOBaH-
HOTO IOMEIIEHHUS, TO Takas IoMeXa MOXKET He YYHTHI-
BaThCA, TaK Kak BpeMs peBepOeparm MeHbme 0,85 c
HE3aMETHO JUIS CJIyXa U OOJIBILIOrO BIMSHUS Ha PACUETHI
9Ta BEJIMYMHA HE OKAXKET. Y YUThIBAS TO, YTO IPUMCPHOEC
BpeMst peBepOepaliuy it MEOITMPOBAHHBIX TOMEIICHUIH
He npebiraet 0,6 ¢, qaHHass MOANGUKALUS METoa He
OyzneT paccMarpuBaThCsl B JTaHHOW paboTe. ABTOpHI pa-
60t1bl [3] mns 3amay MHGOPMAIMOHHON 0€30MacHOCTH
NPECTABILIIOT YCOBEPIICHCTBOBAHHYIO METOIHKY, B KO-
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TOpPOW TpEIIaraloT JIMHeapU3auio (QYHKIA kod(du-
IIUEHTA BOCIIPUATHUS OT YPOBHS OLIYLICHUH (OpMaHT U
JMHEeapu3aluio CJIOBECHOW pa30opunuBoCTH OT (op-
MaHTHOU. Ilpu ompesneseHun OTHOCHUTENBHOIO YpPOBHS
CHUTHAJ / IIyM pacCMaTpHBaeTCs BO3MOXKHOCTB TOTO, YTO
nepexBar pedeBoil HHGOpPMAIH MOXKET HPOUCXOIUTD C
NpUMEHEHHeM MUKpO(oHOB, KoddduiueHT Hampas-
nenHoro aetictBusi (KHJ/]) KOTOpBIX MO3BOJNSET y4ecTbh
UCIIONIb30BaHNE Pa3IMYHBIX MUKPO(OHOB IIPH IEepPEXBa-
Te HHPOPMALUH.

JJiss KOppEeKTHUPOBKY 3HAYCHUS CIOBECHOU paz0op-
YHBOCTH C MTOMOIIBIO PACCMOTPEHHBIX PEKOMEHIANNH
JIOTIONTHEHUH B MPEACTaBISIEMON METOIMKE HEOOXOIMMO
OTIPEACIIUTH CIEAYIONINE TapaMeTPHI:

1. L. — cHexkTpampHBIi YpPOBEHb aKyCTHYECKOTO
CUIrHajia B IIATH OKTAaBHBIX I10JIOCAX CO CPEAHCTCOMCT-
puueckumu yacroramu 250—4000 I'n, nb.

2. L,; — ypoBEeHb IIIyMOB U IOMeX, 1b.

3. KH/; — xoaddunueHT HanpaBieHHOTO JeHCT-
BUSl Y3KOHAIPaBICHHOTO MUKpO(oHa, 1b.

4. KOII; — ko3 dumuenT ounctku myma, ab.

5. (;— OTHOCHTENBHBII yPOBEHb CUTHAJ/IIYM, Ab.

6. p;— Kko3pPUIHEHT BOCTIPUATHS (HOPMAHT.

7. R — GpopMaHTHYIO pa300pUHUBOCTb.

Hnsa ompeneneans KHJI Takux TtumoB mukpodo-
HOB, KaK MUKpO(OHHAs pemIeTKa, TPyOJdaThlil IIeIeBoit
MHUKPO(hOH, pednekTopHBIH (mapaboIMIecKuiil) MUKPO-
¢oH, B Hacrosiieil paboTe HCIOIB30BAaHBI COOTBETCT-
BEeHHO (OpMyJIbI U3 IyOsuKanuii [4, 5] (Tadm. 1):

R(6,9)=R,(6,9)x

sin[andx coswsine}sin[]\[y;:@sin(psin 6}

e y Q)
Nxsin[nkxcosq)sin 9} Nysin[nkysin(psin 9}

sin(n}f[l - cos(e)]j

R(6)= : @
L
%[l - cos(e)]
2J; (27;?0 sinG)
RO)=—2 7 3)
“%sme

Tabnuma 1
XapaKTepUCTHKH Y3KOHANIPABJIECHHBIX MUKPO(OHOB

PednexropHslit MUKpodOH

JlameTp oTpaskatens, M 0,6

JlampHOCTB IIepexBaTa pasroBOpPOB, M 100

TpyOuatstit MEKpOQOH

YacTtoTHBIA nuana3oH, ['1g 200-15 000

MakcumanbeHbli ko3¢ duuneHnT ycuenus, 1b 50
MuxkpodonHas penieTka

Aneptypa, D, M 0,4

YacTtoTHBIA nuana3oH, ['1g 316-15 000

1t Tpex THUIOB MHUKPO(OHOB PACCUNUTAHBI 3HAYC-
HUS K03(Q(UIMEHTOB HanpaBIeHHOTO jeiicTBus (Tad. 2)
[6, 71.

Tadonunma 2

3Hayenus ko3(pPUIEHTOB HANPABJIEHHOTIO JIeCTBUS
Y3KOHANPaBJIEHHbIX MUKPO(OHOB
OKTaBHbIC MOJOCHI, ['I1

250(500( 1000 | 2000 | 4000
Pednexkropubrit 32193(152 | 21,3 | 273
TpyOuaTslit 6,719,6|12,5| 15,5 | 18,5
MukpodoHHasI pereTka 1,617,5]13,6 | 16,6 | 25,0

Tun mukpogoHa

OCHOBHas HEPrUs Pe4eBOro (aKyCTHUECKOT0) CUT-
Haja cocpenoroyeHa B auamnazone yactor 300-4000 I
[4]. U3 nmpencTaBneHHBIX Y3KOHANPaBJIEHHBIX MHUKPO-
(hoHOB TpyOUaTHIid MIETCBONH MUKPO(POH B JaHHOM JIHa-
Ma3oHe MMeEeT HauXyAllMe HallpaBJIeHHbIE CBONCTBA,
(puc. 1). [loaTomy siBHsIETCS TEIECOOOPAa3HBIM TpUME-
HEeHHE (pUIBTPOB IIyMOBOH OYNCTKH.

¥HEI, nb

30

25

20 4

54 e . y
—— Pedinexropueii

L . Tpy6uaTerit

MuEpodoH
3 g = = - Murpodonnan
- pemeTEa
O T T T T 1 ru

250 500 1000 2000 4000
Puc. 1. 3nauenus KH/I B mat OKTaBHBIX MOJ0CAX
co cpeaHereoMeTpuueckiuMu yacroramu 250—4000 Iy

YroObl ydecTh BIHMSHHE TAKUX MHKPO(QOHOB H
CPEJ/ICTB LIYMOBOM OYHMCTKH, BOCIOIb3yeMcs (hOpMYIoit
u3 paboTsI [5]:

0 =¢; —Ad; =L¢; — Ly — Ad; + OKH/]; + mKOLL;. (4)

Hns ompenenenuss kod(p(UIMEHTa BOCHPUATHS
(OpPMaHT W CJIOBECHO pPa30OPUMBOCTH IIPEIIATACTCS
WCIIOJNIB30BAaHNE JIMHEHHOW 3aBHCHMOCTH YPOBHS OILY-
et ot koadduimenra Bocpusitus P(Q), kak u B
3apyoexHom Metone articulation index Al [13, 14]. Ta-
KAM 00pa3oM, A1 MUHHMHU3ALUK 3HAYCHUS METOIHYe-
CKOH MOTPENIHOCTH MPEeAIaraeTcsl UCIoNb30BaHue (Gop-
Myn U3 pabotsl [3]:

P(0;)=0,050; +1,25. )

3aBHCHMOCTD CIIOBECHOH pa300opIMBOCTH OT (op-
MaHTHOU OIpPENEeNSeTCs COIIACHO CJICIYIOIEMY PaBeH-
CTBY:

W(R)=6R. (6)

DKcnepuMeHTaNnbHas 4acTh pabOoTHI 3aKIII0YaAIach B
MOZIETTHHOM TPOBE/ICHUN MHCTPYMEHTAIBHOTO KOHTPOJIS
3aIIMIIAEMOTO MOMEUICHHUSI OT YTEUKH pedeBoil nHQOp-
Malyy HCIOIb30BAHUEM aBTOMATH3MPOBAHHOM cHCTe-
Ml «Ilemor» [8]. nst mpoBeneHUs n3MEpeHN B aynu-
TOpuX OBUIN BBIOPAHBI IBE KOHTPOJBHBIE TOUYKH OJHO-
pornuoit (KT 1) m HeomHOpOAHOH OrpakAaroIiei mo-
BepxHocteil (KT 2). Pesynprarel m3mepeHuid Obud OT-
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KOPPEKTUPOBAHBI B COOTBETCTBUH C PACCMOTPEHHBIMH
BBIIIIC TOMOJIHEHUIMH (Tadm. 3-5).

Tabnuma 3
Pe3yibTaThl IKCIEPUMEHTA 110 ONpPe/IeIeHII0 CJI0BECHOI
Pa300pYMBOCTH C YYETOM A0MOJTHEHUIT
U BJIHsIHUSA pediekTopHOro Mukpodona

Tapaverp OKTaBHBIE TOJOCHL, 111
250 | 500 | 1000 | 2000 | 4000
TC 64,7 | 67,0 | 70,5 | 71,0 | 65,4
C+III 38,7 | 38,6 | 30,4 | 29,0 | 24,3
111 248 | 242 | 20,2 | 16,1 | 16,5
® 0 0 0 0 0,9
Lo, 38,7 | 38,6 | 304 | 29,0 | 234
Z; 26 | 284 | 40,1 | 42 42
L 40 | 37,6 | 209 | 14 11
q; 152 | 134 | 0,7 | 2,1 | -5,5
0; (6e3 TCAP) -2,81-0,6 | 83|81 |-10,5
0, (c TCAP) 0,09 | 8,7 6,9 | 132 | 17,7
P; 0,99 | 0,99 | 0,99 | 0,99 | 0,99
R, 0,02910,118]0,198 | 0,297 | 0,257
R 0,8997
/4 0,999

Tabnuna 4
Pe3yabTaThl 3KCIIEpMMEHTA N0 ONpeeIeHHI0 CII0BeCHOT
Pa300pYMBOCTH C Y4eTOM /IONOJHEHUIi U BIUSHUS TPYO-
4aToro MHKpo¢oHa H CPeICTB IIYyMOOYHCTKH

AHanu3 TIONYYEHHBIX pe3ylbBTaToB 00paboTKH
MPOBEIEHHBIX M3MEpPEHNH B KOHTPOIbHOHM Touke KT 1
MO3BOJIMJI C/IEATh BBIBOJA O HEIOCTATOYHOM 3aIIuTe TO-
MEIIEHHs OT YTeUKH peueBoit napopmannu. BumnHo, uTo
3HAYCHUS OTHOIICHUI CHUTHAJ / IIIyM M CJIIOBECHOM pas-
OOpPUYMBOCTH TPEBBIIIAIOT HOPMHPOBAHHBIE KakK IpH
pacuere no meroguke PCTOK, Tak U mo npexacrasise-
MO METOJTUKE C YUETOM JIOTIONHEHUH [9].

Metomudeckast IOrpeIHOCTh MUHUMHU3UPYETCS Ha
WHTEpBaJIC OTHOIICHMI curHai / myMm ot —20 1o —5 1b,
T.¢. OTHOIICHWE CHUTHAJ / IIyM Ha CpeJHEereoMeTpHYe-
ckoil yacrore 4000 I'y monmasaer B JaHHBIA MHTEpBAL.
Mertoanueckasi TOTPEIIHOCTH  AKCIIEPHUMEHTATBHBIX
JTAHHBIX MUHUMU3UpyeTcs Tonbko Ha gactore 4000 I'm.
3HaveHNEe CJIOBECHON Ppa300pPYMBOCTH IONY9aeTCS 3aBbI-
HICHHBIM.

[Tonaraem, 4TO B HACTOAIIMX YCJIOBUAX MPHU OCY-
IIECTBICHUU TIepeXBaTa pedeBOo HMH(POpMALUU C HC-
MOJIb30BaHUEM JIFOOOTO M3 PACCMOTPCHHBIX BBIIIC MUK-
poOHOB MOXKET OBITH MOJYYCHA CIIPaBKa MOAPOOHOTO
COJICPIKAHUS BEIYNIMXCS KOH(OUACHIIMAIBHBIX IEPEro-
BOPOB, T.€. UMEET KaHaJl YTeUKH peueBOi HHPOPMAITUHL.

Jis aHanmm3a TONYyYEHHBIX MAaHHBIX TIPOW3BEICH
pacyeT 3HaueHHs CIOBECHON pa30OpPUYMBOCTHU C UCIIONb-
3oBaHHeM (opmanTHOrO Metona Al, [13, 14] (Tabm. 6).

Tapamerp OxTaBHBIE MOJ0CH, 11 0, ALL0 b,
250 | 500 | 1000 | 2000 | 4000 AL
TC 64,7 | 67,0 | 70,5 | 71,0 | 65,4 Py (AL)=1—=, 0<AL<301B, (7)
CHI 38,7 | 38,6 | 30,4 | 29.0 | 243 30
it 2438 | 242 | 202 | 16,1 | 16,5 1, AL>30nb.
® 0 0 0 0 0,9 AL=0Q+12. ®)
Loy 38,7 | 38,6 | 30,4 | 29,0 | 234
Z; 26 | 284 | 40,1 | 42 42 TaGuuma 6
L 40 | 37,6 | 209 | 14 11 Pe3ysibTaThl pacyera cj10BecHOH pa300puYHBOCTH
q; 152 | 134 | 0,7 | 2,1 | -5,5 meToom Al
Q; (6e3 TCAP) 28 | -0,6 | -8,3 | -8,1 |-10,5 Tapaerp OxkTaBHbIE 110JI0CHI, I'11
0, (c TCAP) 109 | 16 | 10,2 | 10,4 | 9,6 250 | 500 | 1000 | 2000 | 4000 | 8000
Di 0,99 |1 0,99 | 0,99 | 0,99 | 0,99 TC 64,7 | 67,0 | 70,5 | 71,0 | 654 | 64,7
R; 0,0297(0,1188| 0,198 | 0,297 |0,2574 C+11 38,7 | 38,6 | 30,4 | 29,0 | 24,3 | 22,1
R 0,889 i 248 | 242 [ 202 | 16,1 | 16,5 | 18,5
w 0,999 0] 2.8 | -0,6 | -83 | -81 |-10,5]|-16,1
QL 92 | 114 | 3,7 | 39 1,5 | 4,1
Tabruna 5 PA®L) | 031 | 038 [0,123] 013 | 0,05| 0
Pe3ybTaThl IKCIEPUMEHTA 110 ONpPeaeJeHII0 CJI0BECHOI
Pa36opYHBOCTH C YIETOM TONOTHEHU I U BJIUSTHUS Al 0,999
MHMKPO(QOHHOH pelieTKn w 0,981

Tapamerp OxTaBHEIE TTOJNOCHL, 111
250 | 500 | 1000 | 2000 | 4000
TC 64,7 | 67,0 | 70,5 | 71,0 | 65,4
C+1I 38,7 | 38,6 | 30,4 | 29,0 | 24,3
111 248 | 242 | 20,2 | 16,1 | 16,5
® 0 0 0 0 0,9
Lo 38,7 | 38,6 | 304 | 29,0 | 23,4
Z; 26 | 284 | 40,1 42 42
L 40 37,6 | 20,9 14 11
q; 152 | 134 | 0,7 | 2,1 | -5,5
0; (6e3 TCAP) -28 | -0,6 | -83 | 81 |-10,5
0;(c TCAP) -1,5| 6,9 5,3 8,5 15,9
P; 0,99 | 0,99 | 0,99 | 0,99 | 0,99
R; 0,029 (0,118 0,198 | 0,297 | 0,257
R 0,8997
w 0,999

AHanu3 MOTy4eHHBIX Pe3yJIbTaToB IO3BOJMI ClIe-
JaTh BBIBOJ O TOM, YTO 3aIMIIEHHOCTb PEYEBOH WH-
(dopmany MUHHMMaJbHA, ¥ yTeYKa Takoil WH(OpManuu
MOXXET OBITh aKTyaJIbHOW U 0e3 MpUMEHEHHs CIelHab-
Hbix TCAP.

CrenoBarenbHO, HA OCHOBaHUHM PAcuETOB MOXKHO
TOBOPUTH O TOM, YTO KOPPEKTHPOBKA 3HAYEHUN CIIOBEC-
HOH pPa30OpYMBOCTH C TOMOILNBIO NpeIIaraeMpIX J0-
MOJTHEHUH He MPOTUBOPEUUT Pe3yNbTaTaM, MOTy4YeHHBIM
C WCIOJNB30BAHMEM OLECHKH 3aIIUIICHHOCTH PEYEBOH
uHpopmarmu mo Metoxy Al [10, 11].

[TorpemHOCTh pe3ynbTaToB HE IpeBBIMIacT 5%.
IIpu »TOM aBTOPHI HacTOAMmEH PabOTHI OTMEYAIOT, YTO
MOTy4YE€HHOE MAKCUMAaIbHOE 3HAYE€HHE a0CONIIOTHOM MOo-
TPELIHOCTH PaBHO 7%, @ OTHOCUTEIIBHON MTOTPEITHOCTH —
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35%. OTH pe3ynbTaThl ClIpaBeIUIMBEI 11 HHTEPBaJa OT-
HouIeHui curHan / mym ot —20 g0 —5 nb. Ha Takom uH-
TepBajie JaHHBIA MeTo ToyHee 0azoBoro meroma Oma-
ronaps Tomy, uto B.A. Tpymmn, U.JI. Pera u A.B. UBa-
HOB B pabote [3] npemiaraioT yMeHbIIEHHE METOIIYE-
CKOI HOTPEUIHOCTH IPU OIICHKE 3allMIIEHHOCTH pede-
BOW MH(MOpPMAIMK 3HAYNTEIBHOW CTEIICHH CEKPETHOCTH
(puc. 2). OnHako B pacueTax, MpeACTaBICHHBIX BBIILIE,
OTHOIIIEHHWE CUTHaJ / IIyM, B OOJbLIEH CTEIICHN HE BXO-
JIIT B YKa3aHHBIN HHTEPBaIL.

1 -

P ,. ) et
0.8 - S
".?
.".’
£
0.6 - A
,, —P(Q)y Koppextupyemoe
04
......... Meron [Norporcroro HEB.
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Puc. 2. CpaBHeHue 3aBUCHMOCTE#H K0 PUIIHEHTOB

BOCTIpUSATHA GOPMAHT P OT OTHOCUTEIBHOTO YPOBHS
HHTEHCHBHOCTH hopMaHT O

BrIBOABI

Ha ocHOBaHHY BBIIIEH3IOKECHHOTO MOXKHO CICIIATh
CJICYIOIIHE BHIBOJIBI:

1. 3HaveHUs, MONyYCHHBIC C IOMOINBIO MPEIJIO-
JKCHHBIX JIOTIONHEHWH, TO3BOJITIOT OLEHHUTH BO3MOXK-
HOCTH yTEYKH WH(POPMALIUHU 0 aKyCTHUSCKUM H BHO-
POaKyCTUYECKIM KaHallaM IPYU YMCHBIICHUW METOMU-
YECKOH MOTPEHTHOCTH METOda OLUEHKH IS OTHOIICHHUS
curHan / mym ot — 20 mo — 5 n1b u npu ycmosuwn, 4To
ucnone3ytorcs nonoiaautensHeie TCAP u pasnudnsie
cpeicTBa IryMoBoW oyrcTku. OMHAKO €CIU MPH KUCCIIe-
JTOBAHWHU OTHOILICHHS CUTHAN / IIyM HE BOMIYT B Mpe-
CTaBJICHHBIN BBIIIC MHTEPBAJ, HCIOJIL30BAHUE JOIIOJI-
HEHHI 3TOr0 MeTofa He OylIeT JOCTaTOYHO YIOOHBIM,
MOCKOJIbKY 3HAUCHHs OyIyT 3aBBINICHBI U HE MO3BOJAT
MOJTYYUTh TOYHBIC 3HAYCHUSI CIIOBECHON Pa300PUUBOCTH.

2. 3HaueHWsI CIIOBECHOH Pa300pUYUBOCTH, KOTOPHIC
OBUTH TIONMYYCHBI B XOJAE BEITIONHEHHS paboTHI, MOCTa-
ToyHO Benuku, W = 0,999, yTo mo3BOJSAET CAeNarh BbI-
BOJ O TOM, 4TO yTe4Yka peueBOd MH(MOPMAIMU aKTyallb-
Ha. [Ipu 3TOM OTHOIIEHMs curHan / 1myM B Oouiblueit
CTCIICHH HE BXOAAT B auamnazoH ot —20 go —5 nb, u
MOXXHO T'OBOPUTH, YTO MOJYUYCHHBIC 3HAUCHUSA 3aBbILIC-
Hbl. OIHAKO MMOTPEUTHOCTH IPU PACUETEe C YYCTOM MPE/I-
JIO’KEHHBIX JONOJHEHUH B KOHTpobHOM Touke KT 1 co-
craBisieT 5%. Takum 00pa3oM, MOXKHO YTBEPXKIATh, YTO
XOTS TIOJIyYCHHBIC 3HAYCHUS 3aBBHIINICHBI, 3allHIICH-
HOCTH ITOMEMICHUS HEJOCTAaTOYHA M MMEETCS BO3MOXK-
HOCTH YTEUKH peueBOi MH(POPMAIMH MO TEXHHICCKUM
KaHaJlaM.

3. PaccMOTpeHHBIE  JONONHEHHS  METONWUKU
OCTIK He mpoTHBOpEYaT AAHHBIM, MTOTYYCHHBIM C TI0-
momrsio Mertoguku Al [12], 1 MOTYT HCIIOIB30BATHCA
JUTSE OIICHKH 3aIUIIICHHOCTH PEUEBOM HH(POPMAITUH.
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Kustova O.S., Shesheneva E.A., Kalashnikov A .M.
Correction of wordy legibility's value to evaluate the secu-
rity of the premises

The protected premises, in which confidential information cir-
culates, requires an assessment of their security. To assess the
security of premises on the acoustic and vibro-acoustic chan-
nel may include appropriate techniques. There is a standard
methodology of the Federal Service for Technical and Export
Control, which has both advantages and disadvantages. In this
regard, the purpose of this work is to correct the values of ver-
bal intelligibility, with the help of the «Whisper» system, tak-
ing into account the additions of the standard methodology.

In the presented article the resulted results of the analysis of
merits and demerits of a technique of an estimation of verbal
intelligibility, additions of this technique are considered. To
correct the values of verbal intelligibility in calculating the
values of verbal intelligibility, taking into account the addi-
tions and improvements recommended in the publications of
modern authors, we propose:

— consideration of the influence of technical means of acoustic
reconnaissance, namely narrowly focused microphones and
noise cleaning means;

— minimization of methodical error due to linearization of the
dependence of the sensation level on perception and lineariza-
tion of verbal intelligibility from the formant.

To analyze the data in the presented article, the calculations of
the value of verbal intelligibility using another formant
method are performed.

Keywords: shotgun microphone; wordy legibility; voice in-
formation leak; technical devices of acoustic reconnaissance.
doi: 10.21293/1818-0442-2018-21-2-43-47
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VJIK 004.934.2

U.A. l'ypakos, E.1O. KocTioueHko, [1.1. HoBoxpecToBa, M.I. Cunuy

Anroput™m BblaeneHus (hopMaHT 1 NOUCKA BbIPOBHEHHbIX
dparmeHTOB NpU NOArOTOBKE K NPOBEeAEeHUIO

¢poHOCKONNYECKON IKCNEepTU3bl

OmHMM U3 METOMOB, HUCIIOIB3YEMBIX IIPU HPOBEICHUHN (POHOCKOIMUUECKUX HKCIICPTH3, SBISCTCS METOA (POPMaHTHOTO
BBIpaBHHMBaHHUS. B ero pamkax crepsa BBIIEISIOTCS ()parMEHTHI, COAEpXKAINE HASHTUIHYIO (OHETHIECKYI0 HH(OpMa-
IIUI0, B X paMKaxX HaXOJTCSl Y4aCTKU C COBHAJAIOIIMMU YaCTOTaMH NEpBOM U BTOpOH (OpMaHT (BHIPOBHEHHbBIE y4a-
CTKH), KOTOpBIE UCIIOJIb3YIOTCS B JajbHEHIIEM B paMKaxX 3KCIEepTU3bl. B pamkax naHHOH paGOThI IPEII0XKEH U pealu-
30BaH AJITOPUTM BbIACJICHHUS (POPMAHTHBIX YACTOT M MOMCKA HA MX OCHOBE KaHIMJATOB Ha POJb BBIPABHEHHbIX Y4acT-
KOB. JTO MO3BOJIAET COKPATUTh BPEMsI IPOBEJECHUS SKCIEPTH3bI 32 CUET COKPAILEHUs] 00beMa HCIONb3yeMOil Ui pyu-

HOTO aHaJn3a HH(popManuu.

KuroueBble cioBa: popmanra, GopMaHTHOE BEIpaBHUBaHKE, POHOCKOMMYECKAs SKCIIEPTU3A.

doi: 10.21293/1818-0442-2018-21-2-48-53

B kpuMuHaATHCTHKE 9acTO BOSHUKAET IOTPEOHOCTD
YCTaHOBJICHHS INYHOCTH YEJIOBEKA 110 NMEFOIICHCS 3BY-
ko3amucu. C 3Toi nenpio ObUT0 pa3paboTaHO HECKOIBKO
METOAMK MACHTH()UKAIMU JHI] HA OCHOBAaHWHU (HU3HUE-
CKMX TapaMeTpOB 3BydYallled peyu ¢ NPUMEHEHHEM
OBM [1-6]. OnHako GONBIIMHCTBO ATUX METOAMK Tpe-
OyeT Hanmuuusl CIIEHHMaIN3UPOBAHHOTO 000pYIOBaHUS,
TMIO3BOJISIFOILIETO HEIOCPEICTBEHHO 00pabaThIBaTh 3BY-
koBbIe curHaisl [7]. [Ipu 3TOM HcchenoBaHue 3ByKO3a-
IIHCH TIEPLENTUBHBIMA METOAAMH BCE PABHO SIBIACTCA
00s13aTeTbHBIM.

W3BecTHBIE B HACTOSIIEE BPEMsI METOIBI HCIOJIb-
30BaHUS PE3YIbTATOB CIEKTPAIBHOTO aHAIN3a PEUEBBIX
CUTHAJIOB [8] MOXXHO KJIacCH(HUIMPOBATH IO THUITY BBI-
JENSIEMBIX U CPABHUBAEMBIX IPU3HAKOB:

1) cpaBHeHHME HHTETrpPaJbHBIX IPHU3HAKOB YyCpen-
HEHHOT'O CIEKTpPa MOIIHOCTH, KPOCCKOPPESIUOHHOTO
CIIEKTpa, CIEKTPOB OoJiee BBHICOKOTO MOPSIKA, CPEIHETO
CIIEKTpa OTAENBHBIX (hparMeHTOB (poHOrpamMMm Jyisi OT-
HOCHUTEJIBHO JumnTenbHoro (okosio 10 ¢) cymmapHOro
3BYYaHUsI UCCIIEyEMbIX TOJIOCOB;

2) cpaBHEHHE (POPMAHTHOTO CIIEKTPa (HOHETUICCKH
OJJMHAKOBBIX 3BYKOB M 3BYKOCOYECTAHWH B COIIOCTABHU-
MOM KOHTeKcTe (yZapHble IVIacHbBIEC, IVIACHbIC PaBHOU
CTETIeH! peAyKINH U T.1.). VlHOTOa Takol MOoaxon mpu-
HSTO Ha3bIBaTh (DOPMAHTHBIM MUKPOAHAIH30M;

3) cpaBHeHHE (DOPMAHTHOTO CIIEKTpa MOTOOHBIX
APTHKYJSITOPHBIX COOBITHHA:

— 1A MTHOBCHHBIX CIICKTPAJIbHBIX CPE30B;

— U1 IMHAMHUYECKUX CTPYKTYp (OpMaHT BHYTpHU
3BYyKa, CJIOTa, CJIOBA;

4) cpaBHeHHE crieqU(UKN CIIEKTPaIbHO-(OPMaHT-
HBIX CTPYKTYp, PEaM3YIOIINX OIMHAKOBBIE APTHUKYIIS-
TOPHBIE ANHAMUYECKHUE SBICHHS;

5) cpaBHEHHE CHEKTPaIbHO-TAPMOHHUYECKUX Xa-
PaKTEepUCTUK JIAPHHTAIBHOTO TeMOpa roioca [yisi Mpo-
COIUYECKHU IMOAOOHBIX COOBITHIA;

6) cpaBHEHHE CHEKTPOB M UX IWHAMHUKH BHYTpPHU
Nepuosia OCHOBHOIO TOHA Tojoca ISl COMOCTaBHMBIX
(a3 cMbIKaHUs / pa3MBIKAHUS TOJOCOBBIX CKJIAZOK IS
COIOCTaBHMBIX pe4eBbIX (parmMeHToB [9].

B [10] B kauecTBe MPHU3HAKOB UCIIOIB30BAINCH a-
CTOTa OCHOBHOIO TOHA, TPH (pOPMAHTHBIE YacCTOTHI Ha
MEPEXOHBIX M CTAMOHAPHBIX YYaCTKaX IVIACHBIX, Ia-
pameTpsl orubaromeil crekTpa (ppUKAaTHBHBIX, a TaKKe
o0Iasi JJUTENFHOCTh CJIOBA W OTHOCHTEJBHBIC [UTH-
TENBHOCTH CETMEHTOB peyH. SIBHBIM HEOCTATKOM 3TOTO
MOAX0/a SIBJISIETCSI TO, YTO MPOCOIUYECKHE XapaKTepu-
CTHKH 00JIaJaloT Majlol pazinuyaronield crocoOHOCTHIO
1 JIETKO TTOJ/IAI0TCST MMUTALIUH.

B [11] nambonee BakHBIM (aKTOPOM HHIUBHUITY-
JIBHOCTH TOJIOCA CYUTAETCA 4acTOTa OCHOBHOTO TOHA,
3a Hel — (OpPMaHTHBIC YacTOThI, pasMep (IIIOKTyaluit
YacTOTHl OCHOBHOTO TOHAa M HAKJIOH crekrpa. OJHako,
kak u B [10], HecMOTps HAa yCTOWYMBOCTH ATHX MPU3HA-
KOB, OHH JIETKO MOAJAIOTCS UMUTAUU U UMEIOT MaITyIo
Pa3IMYUTENBHYIO CIIOCOOHOCTb.

B [12] manGonee BaxHBIM (HaKTOPOM CUHUTAIOTCS
(OpMaHTHBIE YacTOTHI, B YaCTHOCTH, 4eTBepTas (op-
MaHTa, KOTOpasi MPaKTHYECKH He 3aBHCUT OT THHa Qo-
HEMBI U XapakTepusyeT TpakT [13].

Nmerommecst paboThl MO3BOJSIIOT TOBOPUTH O Ha-
JIMYUM HEAOCTATKOB KaK B CAMMX HCIIOJIb3YEMBIX MOJ-
X0JIax, TaK U B aCleKTax X aBTOMaTH3allHy.

ens manHO# pabOTHI — aBTOMATH3AIMS BBIIEIIE-
HUsI (OPMAHTHBIX YacTOT M MOMCKAa Ha MX OCHOBE KaH-
JIMJIaTOB Ha POJIb BEIPOBHEHHBIX YYACTKOB. JTO TO3BO-
JISIET COKPATHTh BPEMsI IIPOBEICHUS HKCIIEPTHU3bI 3a CUET
COKpalIeHus: 00beMa UCIOIb3YEMOH Ul PyYHOTO aHa-
nu3a uHpopmaiuu. PydHol 3Tam aHajgM3a MOJHOCTHIO
YCTPaHUTh HE MPEACTABISIETCS BO3MOXHBIM, MOCKOJIBKY
B KOHEYHOM HTOT€ NP MPOBEIACHUH (HOHOCKOIUYECKOM
9KCIIEPTU3bl NPUHUMAET pEUIeHHe U HeceT 3a Hero co-
OTBETCTBYIOIYIO OTBETCTBEHHOCTh UMEHHO JKCIIEPT.

Brlaesenune popmMaHT

Tunosasi mocaen0BaTeNbHOCTh JEHCTBUN NPU BBI-
JeTIeHnH (hOPMaHT:

— IIPOCMaTPHUBAETCS CIIEKTPOTrpaMMa U IPOBOJHUTCS
MTOVCK YyYaCTKOB PEUEBOTO CIIEKTPa C SIPKO BBIPAKEHHOM
(hopMaHTHOW KapTHHOW NpU HAIMYHN YETBEPTOH U 0O-
nee BBICOKUX (hopMaHT. OOBIYHO MUHUMAIBHON €IUHH-
nel paccMorpeHus sBasercss ciaor. Ha 3Bykozanucu
JIOJDKEH 3BYYaTh TOJIOC TOJIBKO OAHOTO AUKTOpa [14];
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— YSCHEHHE THUIMYHOTO NOBelIeHUs (OPMAHT JaH-
HOTO AMKTOpa Il OJHOTHUIIHBIX apTHKYIATOPHBIX CO-
OBITHIA;

— BBIOOp omopHOro ¢parmeHTa (GoHOrpamMMmbl, Ha
KOTOPOM TIPOCJIEKHMBACTCS TPACKTOPHUS YETHIpEX HIIH
Oonee (OpMaHT M BHIOPAHHBIC CIEKTPANbHBIE MaKCH-
MYMBI OJTHO3HaYHO WHTEPIIPETHPYIOTCS Kak (popmMaHTBHI,
T.€. COOTBETCTBYIOT TEOPETUYECKOMY IPEICTABICHHIO, a
BCE MCYE3HOBEHUS (POPMAHT WIIM MOSIBICHUE <JTHITHUX)
(opMaHT MOXHO pa3yMHO HHTepIpeTrupoBarb. Dpar-
MEHT BBIOMpAaeTCsl C YYETOM THUIHMYHOTO ITOBEACHUS
(opMaHT TaHHOTO TUKTOpPa B MAHHOHM apTHKYISATOPHON
CHUTYyalWu;

— 10 BBIOPaHHOMY ()parMeHTy CTPOHTCS CIIEKTP H
BBIOMPAIOTCS] BBIPAKEHHBIE MAKCHMyMBI MOIIHOCTH B
Jana3oHax, COOTBETCTBYIOIIMX CTaHJApTHHIM JAHara-
30HaM pacIoIoKEeHUs! HOpMaHT.

[TpoGnemb! BbIENeHNsT POPMAHT:

1. ®opMaHTHI MOCTOSIHHO MEHSIOT CBOE IOJIOXKE-
HUE B Ipolecce 3By4aHus ciora. Eciam paccmarpuBaer-
Csl HE YMCTas IVIacHasl, a IIacHas B COCTaBe HEKOTOPOIo
CJIoTa, TO COTIACHBIE, PACTIONOKEHHBIE 1T0 00€ CTOPOHEI
oT Hee, OyIyT OKa3blBaTh BIMSHHE Ha PACHOJIOXKCHHUE
(OpMaHT, M ¢ TEYEHHEM BPEMEHH 3TO BiUsHHE Oyner
MEHATBCS. B pesynbrare, B OHOM CJIOTE HEPBBIC YETHI-
pe $hOpMaHTEI MOTYT NMPHUHUMATH TEOPETHUECKH OECKO-
HEYHOE KOJIMYEeCTBO KOMOMHanuii. MOXKHO BEIOHMpPATh
TOJIBKO CJIOTM, Ha CIIEKTPOTrpaMMax KOTOPBIX MOXKHO
BBIJICJIUTh y4YacTOK, Ha KOTOPOM Bce (hOPMaHThI HE W3-
MEHSIOT CBOE IOJIOKEHUE, HO TaKHe Cllydau BCTPEYaloT-
Csl IOBOJIBHO PEJIKO, M HET HUKAKUX T'apaHTHH, YTO 3TH
YacTOThI AEHCTBUTEIBHO OYIYT MOBTOPSATHCS B APYIUX
APTUKYISITOPHO MOMOOHBIX CHUTyalMAX sl TOTO >Ke
JIMKTOpA, TOCKOJIBKY IOJIOKCHHE (DOPMAHT 3aBHCHUT He
TOJBKO OT XapaKTEPUCTUK PEUeBOTO TPaKTa M (HOHEMBI,
HO W OT MHTOHAIMM [15] M MCUXUYECKOTO COCTOSHHUS
JVKTOpa, KOTOPbIE MOTYT MEHSTBHCS B IPOLECCE Pasro-
BOpa. DTOT (pakT 3aMETHO CHIKACT LIAHC KOPPEKTHOM
Bepu(HUKALUK TUKTOPA 110 KOPOTKUM ayauo3anucsiM (3—
6 ¢) (puc. 1).

2. TlosiBNeHUE «IUIITHUX» (OPMAHT B OJHOM HJIH
HECKOJIbKHMX JMalla30HaxX CIIEKTpa — OUYeHb 4acToe sIBIe-
nue. CranmapTHas METOJMKa MpeliaracT He paccMmar-
pHUBaTh TakWe Cilydad, OfHAKO (pakT TOro, YTo y KOH-
KPETHOIO TUKTOpA, B KOHKPETHOM apTUKYISTOPHON CH-
Tyaluy, B KOHKPETHOH OOJNAacTH CIEKTpa BO3HUKAET
«IMIIHASD (GopMaHTa, TAKXKE MOXKHO HCIOIB30BATh MPH
uneHtuukanuu (puc. 2).

3. Ilpobnemy BpIOOpa AMama3oHa TaKKe HEIB3S
oCTaBIATh B cTOpoHe. CONIaCHO METOIUKE, IHAIa30H
BBIOMPAETCs Ha OCHOBE THITUYHOTO MOBEACHUS (hOPMAHT
JUIS TIONMOOHBIX apTHUKYJISATOPHBIX COOBITHH, ONHAKO B
OOBIYHOW pedyl TaKhe COOBITHSI HE BCETAa BCTPEUAIOTCS
4acTo, 0COOCHHO /ISl KOPOTKUX ayauo3anucei. B ynap-
HBIX cJIorax IVlacHas MOXeT 3By4arb 10 120 mc, a qua-
M1a30H, M3 KOTOPOTO BBIIENAIOTCS (HDOPMAHTHI, OOBIYHO
6epyT He Oonee 30 mc. CremoBaTeNbHO, HYKHO OTIperie-
JUTH TIpaBWJIa BBIOOpaA IMama3oHa B cilydae, Korja He-
JIOCTaTOYHO TOJOOHBIX apTHKY/ISITOPHBIX COOBITHH IS
BBIABJICHUSI THIUYHBIX 3aKOHOMEPHOCTEH JBHKEHHS

(opmaHT, MO0 TIEPEHTH OT PAaCCMOTPEHHUS OTHOTO BHI-
POBHEHHOT'O y4acTKa apTHKYJIATOPHOTO COOBITHS MC-
CcllelyeMOH ay[MO3aIlluCH K MHOXKECTBY YYacTKOB OIHO-
IO APTHUKYJISTOPHOTO COOBITHSI.

Puc. 1. [lpumep aBmkeHnss GOpPMAHT HAa IPUMEPE CIIEKTPO-
IpaMMBI CJIOTa «HSK», 3aBUCUMOCTb YaCTOTHI OT BpEMEHH

T T T T T

ﬂ% A
e [z x
i \\;\' . qufcu\

1 1 L 1 L 1 L
0 500 1000 1500 2000 2500 3000 3500
Puc. 2. I[Ipumep «inmHeid» GpopmMaHThI:
ock abcuucc — yacrora, ['11, opanuHar — ypoBeHb

[locne aHanmu3a BBIJENCHHBIX HEIOCTAaTKOB OblIa
chopMynupoBaHa 3agada aBTOMAaTH3MPOBAHHOTO BbIIE-
neHus (POPMaHT.

Pemenne 3amaun aBTOMATH3MPOBAHHOTO BBIJIEIIE-
HUsST (OPMAHT COCTOMT B pa3paboTKe METola W ajro-
PHUTMOB, HCIOJIb30BaHHE KOTOPBIX MO3BOJHT BBIACIATH
CIICOK KOMOHMHAITH MEPBHIX YeThIpeX (popMaHT U3 3BY-
KO3aIHCH ¢ MUHUMAJIbHBIM Y4acTHEM CIICIHATINCTa IS
KOHTpOJIA IpoIiecca.

I'maBHble OTIMYMSA HOBOM METOAMKM OT CTaH-
JlapTHOM:

— B KaXJIOH HCCIIeyeMOH 3aIlliCH paccMaTpHBaeT-
cs1 He oauH 30 MC MHTepBaJ, a MHOXKECTBO TaKUX HH-
TEpBAJIOB C HEKOTOPHIM IIaroM BHYTPH 00JIacTH 3Byda-
HUS TIacHOW. B pesynbrare kakaoMmy ciory OyzmeT co-
OTBETCTBOBaTh HE OJWH, a MHOXECTBO KOMOWHAIM
dhopmanT;

— «IMmHAe» (HOPMAHTHI, KOTOPHIE B TPaAWIMOH-
HOH METOIVKE HE paccMaTpUBAIOTCS, B HOBOM METOIE
ObUTH WMHTEPIPETUPOBAHBl KaK J[(Ba BapHaHTa OIHOU
¢dopmantsl. Ecim takas gopmaHTa BeTpeyaercss B Ipo-
Liecce aHan3a, TO CO3/1aeTcsl IBe KoOMOMHAUU GopMaHT
Kak C OZJHUM BapHaHTOM, TaK M ¢ JpyruM. B pesynbrare
Ha OJIMH WHTEPBAJ, B TEOPHH, MOXKET IPHUXOIUTHCS 10
16 xomOuHanmii opMaHT.

ABTOMaTH3alUs BblIeJdeHns1 (popMaHT

[Tonck GopmMaHT COCTOMT W3 IBYX 3TamnoB. B pam-
Kax TIEPBOTO NMPOBOANTCS IPOBEPKA MPEAIIOTIOKEHHUS O
Haau4uu (OpMaHT B aHAJIM3UPYEMOM JHAaIla30HE yac-
ToT. Ha BTOpOM 3Tame mpoBOASATCS HENOCPEICTBEHHO
U3MEPEHUST 4acTOT (POPMAHT. AJTOPUTMBI, I103BOJISAIO-
M€ aBTOMATH3MPOBATh 3TH OTallbl, IPEICTABICHbI Ha
puc. 3 u 4.
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Hauazo Co3nanue Marpuus! GopMaHT
getFormantsInArea(extr list =[]
ems, borders)
v
Jlns kax 10 mapsl

> TpaHuL

\ i=128
v

Out=list

\ 4

IPOMEKYTKE
M1 = getMaxInArea(extrems, borders(1), borders(2))
extrems.delete(M1)
M2 = getMaxInArea(extrems, borders(1), borders(2))
extrems.delete(M?2)
M3 = getMaxInArea(extrems, borders(1), borders(2))

Honyqe}me TPEX MaKCUMAIBHBIX IT0 MOLITHOCTH 3HAYCHHH B

Pa3nuna Mexay nepBbIMU JIBY Msl
MaKCMMyMaMH MEHbIIIE TI0POr0BOro
3HAUCHHS, HO PA3HHIA MEX/Ly NEPBBIM H

Kaxnoii ctpoxe
MaTpuULI list
100aBUTH
3Ha4yeHune M1

Pasnuia Mexay nepBbIMHU IBYMsl
MaKCUMyMaMH 00JIbILIE TOPOTr OBOTO
3HAYCHUS

TPETbUM MAKCUMYMOM OOJIbILIE IOPOTOBOTQ,
3HAYCHMS

Out=0

Bropoii nonosune
'~  CTpOK MarpuIbl list
1100aBUTh 3HaUeHUE M2

IlepBoii nonoBuHe
CTPOK MaTpHILbl [ist
100aBUTh 3HaUeHHe M1

le—|

IMpoxy6ymposath Bce
[¢— cTpoku B Marpuue list [€
list.add(list)

BepryTtb Out

Puc. 3. brok-cxema AJIropruT™Ma NpUHATHSA PEIICHUA O HAJIMYUU UK OTCYTCTBUU (bOpMaHT B 3aIaHHOM aIWarasoHe 4acToT

Ilouck BLIPOBHEHHBIX (parMeHToB

Ilocne srama BbIgeneHHs (OPMAHT IPOBOAUTCS
MOUCK BBIPOBHEHHBIX YYaCTKOB, Ha KOTOPBIX YaCTOTHI
nepBoii 1 BTopoit opmaHT coBnanaroT. PeanmmzoBanHoe
MPOrpaMMHOE OOECTIeUCHHE MO3BOMISET KaK HETOCpel-
CTBEHHO HAaxXOIMTh 1O HM3MEpPEHHBIM paHee (OpMaHT-
HBIM YacTOTaM TaKHe YYacTKH, TaK W (QHUIBTPOBATh
TOJBKO T€ W3 HUX, Ha KOTOPHIX HAOIIOZAeTCs COBIIAjIe-
HUE TpeTbell W derBeprod ¢opmaHT. Hammume Takux
YYacTKOB Ha MICHTHYHBIX C (POHETHYECKOW TOUKH 3pe-
HUS ()parMeHTax peYeBOTO CHTHANA SBISIETCS apryMeH-
TOM B TIOJIb3Y YTBEPKJICHUS O COBIAJICHUU TUKTOPOB Ha
COOTBETCTBYIOIIUX aHaIU3UpyeMbIXx (parmenrax. Tou-
HOCTb COBIaAEHUs (OPMAHT SBISETCS PETYIHPYEMbIM
rmapaMeTpoM M 3ajaeTcs mosb3oBareneM. [Iporpamma
Hamucana Ha s3bplke Matlab 2018a. B exmacTBEHHOI
Tabnuue MepeyrciIeHbl BCE HalJeHHblE KOMOWHALIUH
(opMaHT 1 Kakporo mara. B seBoi wactu (opMmel
YKa3bIBAIOTCS] TPAHMIIBI AUAMA30HOB YacTOT, B KOTOPBIX
nporpamma OyJeT HcKaTh Kaxayto u3 gopmant. B mpo-
rpaMMe MOXHO OCYIIECTBIISITh KOHTPOJIb KOPPEKTHOCTH
HaWJeHHBIX QopMaHT. [lns 3TOro NpexyCMOTPEHBI
(DyHKIMM POCMOTpA CHEKTPa, COOTBETCTBYIOIIETO KOH-
KpeTHOMY HaOopy (OpMaHT, U MPOCMOTpa MOJIOKEHUS
MIPOMEXYTKa JUIUTENbHOCTRIO 30 MC, KOTOPOMY COOT-
BETCTBYET 3TOT crekTp. Eciy, Mo MHEHHIO MpOBepsito-
1iero, Habop (GopMaHT He MOAXOIUT AAHHOMY CIIEKTPY,
OH MOXKET YAAJIHUTh COOTBETCTBYIOIIYIO CTPOKY TaOJIHIIBI
npu nomory kHomku «Delete Row». Tlocne Toro kax
JlaHHbIE OYIyT MPOBEPEHBI, UX MOXHO 3KCIIOPTHPOBATH
B (haii ¢ pacimupeHneM «.x1sx», HaxaB KHOIKY «Export
To Exl».

Pa3pabotan Momynb, MO3BOJSIOMINN CpPAaBHUBATH
MeXay co0oi crnucku (OpPMaHT JBYX BBIOpaHHBIX

ayAno3alicell W BBIBOAUTH CIMCOK BBIPOBHEHHBIX H
COBMABIIHX YYaCTKOB.

B nanHOM Momyne it KaJIOH ayJMo3aricH BbI-
OMpaloTCs TPaHUIbI AUAITa30HOB YaCTOT, B KOTOPBIX Oy-
IyT UCKaTbcsi (popMaHTHI, BHIOMpAIOTCS (aiibl, KOTO-
pele OyAyT CpaBHMBAaThCs, M Pa3OpOCHI IS KaKIOH
(OpMaHTEI, B IIpe/ieNiax KOTOPBIX Oy/IeT MPON3BOAUTHCS
3aKJIOYCHHE O COBMAJACHUH WM HECOBMAJICHHU (op-
MaHT. DTOT pa3dpoc HEOOXOAWM MO MPHIUHE HEYCTOH-
YHBOTO TIOJIOKEHHUS (POPMAHT, B 0OCOOEHHOCTH TPEThEH 1
YETBEPTOH, KOTOPBIE Ja’Ke Y OAHOTO U TOTO ke JTUKTOpa
B OJIMHAKOBBLIX CJIorax MJaJICKO HC BCCrla NMPUHUMAIOT
onuHakoBble 3HaueHus. [Ipu BbIOOpe pa3bpoca HyKHO
YUUTHIBaTh, YTO pasHHIA MEXIy (opmMaHTaMu Bcerna
oyner kpartHa 33,(3) ['w, 3T0 CBsA3aHO C TeM, 4TO OepyTCcs
MIPOMEKYTKH JUIMHOU B 30 MC, a 3HAYUT, HE3aBUCUMO OT
YaCTOTHI JUCKPETU3AINH, Il YaCTOTHI B CHIEKTpe OyneT
pasen 33.(3). Ilpomecc cpaBHEHHs ayguo3amucei 3a-
ITyCTHUTCS TTOCIIE HAXKaTHUsI KIIABHIIN «Starty.

PesynpraroMm paboThl JaHHOW MPOTPAMMBI SIBIISIFOT-
Csl 7IBa CIIMCKA: CIIMCOK BBIPOBHEHHBIX yYacTKOB M CITH-
COK COBMaBIIMX KOMOWHaimii ¢opmant. O creneHH
CXOXECTHU apTUKYIIALIMOHHBIX TPAKTOB IUKTOPOB MOXHO
CyOAUTb II0 KOJHMYCCTBY BBIPOBHCHHBIX H COBIABHINX
YYacTKOB, a HE [0 OJHOMY Cpe3y, Kak IpeJylaraer Tpa-
JULMOHHAsT METO/INKA.

AHAJIN3 N0JTy4YaeMbIX € IOMOLIbIO IPOrPaAMMBI
pe3yabTaToB

B xome paboter 0buT0 caenmano mo 20 3amucei s
6 TIIACHBIX B COCTaBE OAHOTHUITHOTO CJIOTa AJIS 2 JTUKTO-
poB. lns KaXmoro ciora ObUIO COCTAaBIEHO paclpere-
nenne, Bcero 240 pacmpeneneHui.
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v

Hauano

IMonyuenue nytn k aynuodaiiny u

Jlns xaxoro npoMexyrka B 30 Mc ¢ marom

B 2,5 Mc > Kounen

1, length(interval) — 5760, 500

rpaHuI obnacTeit

v v

filePath, borders

YrteHue ayAMO3auCH 110 Iy TH

block = interval(i : i+5759)

B3sarue HHTEpBaJIa HaXO)K}:[CHHC BCEX MAaKCHMYMOB

extrems = getExtrems(env)

filePath

data =audioread(filePath)

v

Haxosxnenue unaexca
MaKCHMAJIbHOTI'O 110 MOLIHOCTH
3HaueHMs B ayuodaiine
[m, index] = max(data)

v

Bsarue 160 mc npomesxyTka ¢
HeHrpom B index
interval = data(index—15000 :

v
[Tonyuenue cnexrpa
splog = A
log(abs(spectrogram(block))) Tlonyuenne popmaHT B
v UHTEPBAJIax UM COOOIIECHHS O
HEBO3MOXHOCTH BbIJACIIMTH
O6pesanue criekrpa 10 5 k' dopManTEL
splog = splog(1: 150) list +=
v getFormantsInArea(extrems,
borders)

TTocTpoeHn e orudaromeii NUKoB

env = envelope(splog)

index+15000)

I

Puc. 4. biiok-cxema anropurMa BelIeneHHsT pOpMaHT

B nmanpHefimeM oHHM OyQyT HMCIIONB30BAaTHCS IS
00y4eHHsT HEMPOHHOW CETH C IEINBI0 emie OOoNbIIeH aB-
ToMaTH3anuu nporecca. Hebompmoit pasmep 6a3p1 00b-
SICHACTCS TIPEABAPUTEIBHBIM TECTUPOBAHNEM IPOTPaM-
MBI, a HE TIOJyYEHHEM ITOJHOIECHHOTO paclpeneiIeHus
¢opmaHT. Bputn moACUMTAaHBI KOJNMYECTBA BBIPOBHEH-
HBIX YYaCTKOB M COBNABIINX (JOPMaHT Ui KKIOH M3
miacHbIX. Ilpumep pe3ynbraToB i 3BYKa «bD» (CIOT
«HBIK») TIPEJICTABJICH B TaOIHIIE.

Kak BHIHO W3 pe3yabTaTOB CpPaBHEHUS, CPEIHEE
KOJIMYCCTBO BHIPOBHEHHBIX YYACTKOB M CPEIHEE KOJIHU-
YECTBO COBMABIINX KOMOMHAIMI (DOpPMAHT IPHU CpaBHE-
HUW 3alHcell B paMKax OJHOTO TUKTOpa, KaK MPaBUIIO,
MHOTOKPATHO TIPEBBIMIAIOT ATH IMapaMeTpPhl TIPH CpaBHe-
HUU pa3HbIX OuKTOpoB. Ilo xomuuecTBy map 3amnucen
0e3 BEIPOBHEHHBIX yJaCTKOB M KOJMYECTBY Hap 3amucei
0e3 COBMABIIMX KOMOHMHAIWI (OPMAHT TAKIKE MOXKHO
3aMETUTh, YTO IMPU CpaBHCHUU 3anucei B paMKax OJHO-
TO JUKTOpAa 3THU 3HAYCHUA 3aMCTHO MCEHbLIIC, YEM IIpU
CpaBHCHHHU PAa3HbIX TUKTOPOB.

OTenbHOC BHUMAHUE CTOUT YACIHTH IapaM 3aliv-
cell, MeXTy KOTOPhIMH He ObLIO HAlICHO COBITAJICHHU.
CTOHNT HaIOMHHTH, YTO paclpeesieHue, MMoTydaeMoe C
KaXIIOH 3amicH, 00IamaeT IpIHIHONH H30BITOYHOCTHIO
3a CYeT «JIMIITHUX» (DOpPMaHT, a 3HAYHT, YTO MPH KOP-
PEKTHO OTpeNeIeHHBIX AMana3oHaX YacTOT TOT MHTEp-
BajJ, ¢ KOTOPOTO TPAAWIIMOHHAS METOAMKA IMpeIiaraet
BBLIEISATH (POPMAHTBI, OJHO3HAYHO OYAET BXOAUTH B OTH
pacupenenenus. Tor (akT, 4TO CpaBHEHHE HEKOTOPBIX
3amuceil OHOTO JTUKTOpa MOKa3bIBAET OTCYTCTBHE COB-
MaBIIUX Map GopMaHT, TOBOPHUT O TOM, YTO TPaIUIINOH-
Hass METOAHKa TaKXKeE 6yﬂ6T IMOKa3bIBaTb OTPULATCIIb-
HBII Pe3yabTaT Ha 3TUX Mapax 3alucei.

Taxke cTouT 0OpaTUTh BHUMAHHUE HA OTPOMHYIO
Pa3HUIy MEXIY KOJIHMYECTBOM BHIPOBHEHHBIX YYaCTKOB
Y KOJIMYECTBOM COBIIABIINX Tap (GopMaHT. TpaauiiuoH-
Hasi METOJAWKA YTBEPXKIACT, YTO BBICOKHE (POPMAHTHI
MTOJTHOCTBIO OTPENCISIOTCS HIKHAMH, HO, yYUTHIBas

pe3yabTaThl HKCIIEPUMEHTA, CTAHOBUTCSI OUYCBHIHO, UYTO
oxHOMY HabOpy MEPBEIX ABYX (POPMAHT OIXHOTO AUKTOpA
BCETJIa COOTBETCTBYET MHOKECTBO BAPHAHTOB TPEThel U
yeTBepToi (opmaHT. Bo3Bpamasch K TpaauIOHHON
Mmeroauke. [locne Toro kak HaWIeH y4acTOK Ha Hcclle-
Jye€MO# 3alliCH U OCYIIECTBISAETCA MOUCK BBIPOBHEH-
HBIX Y4YaCTKOB, Ha OJIHOW 3aITUCH MOXKET OBITh HaiJEeHO
MHOKECTBO BBIPOBHEHHBIX YYaCTKOB, OIHAKO TOJIBKO
1-2 u3 HEUX MOTYT [eHCTBHUTENFHO COOTBETCTBOBATH
nmojHoMy Habopy dopmant. CienoBaTenbHoO, Y CIenra-
JIMCTa, KOTOPBIM OyJeT NMpOBOAWTH aHAIN3, €CTh BBICO-
KA{ [IaHC OIMMOWTHCS M CHENaTh HEBEPHBIH BBIBOI O
CXOXKECTH apTHKYIATOPHBIX TPAKTOB TUKTOPOB B JaH-
HbIX JIBYX 3allUCAX.

Pe3ybTaThl cpaBHEHHS] TUKTOPOB MO CJIOTY «HBIK»
l-vim1-# | 1-Hwu2-i | 2-iu2-i
JIUKTOP JTAKTOPBI JTUKTOP
46,94737 4,0975 25,14211

CpenHee KOJIMYECTBO
BBIPOBHCHHBIX YYaCTKOB
CpenHee KOJIMYeCTBO
COBIIABIINX KOMOHMHA-
i GopMaHT
MaxkcuManbHOe KOJIH- 260 68 224
YEeCTBO BHIPOBHEHHBIX
Y4aCTKOB
MakcumasnbHOE KOJIu- 28 7 21
YECTBO COBIMABIINX
Y4acTKOB
KomngecTBo map 3amu- 14 228 36
ceif 0e3 BEIPOBHEHHBIX
Y4aCTKOB

Konugectso nap 3anu- 148 381 126
ceit 6e3 CoBMaBIIUX
KOMOUMHaLuUi

4,068421 0,2875 4,710526

3akiauenue

B pesynbrare aHanu3a MCTOYHHKOB M ITPOBEICHUS
pﬂ,ua 3KCHepl/IMeHTOB 6bIJ'Ia BBISIBJICHA aKTyaJ'I])HOCTI)
pa3pabOTKH aBTOMATU3UPOBAHHOMN CHUCTEMBI BEIICICHUS
(hopMaHT U, KaKk MPOIODKCHUE ITON CHCTEMBI, aBTOMa-
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THU3UPOBAHHOM CHUCTEMBI CPAaBHEHUS apTUKYJISIIHOHHBIX
TPaKTOB JUKTOPOB Ha OCHOBE JBYX ayAuo3anucei. bbl-
JI UCCIIEIOBAHBI COBPEMEHHBIE METO/BI MOITyaBTOMAaTH-
yeckod Bepuukanmu IUKTOpoB. B wactHOCTH, OBLT
MPOaHAIN3NPOBaH METO/ (POPMAHTHOTO BBIPABHUBAHUS,
ObLIH BBIACJICHBI cna61>1e MECTa Tpa[[HHHOHHOpI MCTO-
JIMKH, KOTOPBIE YYHTHIBAIMCH NPU pa3pabOoTKe HOBOTO
anroput™a. lIpemoxeH HOBBIA METOX BepHU(HUKALIH
JUKTOpa Ha OCHOBE BBIPOBHEHHBIX ()ParMEHTOB, HO C
UCIIOJIb30BaHNEM MHOXECTBA OIOPHBIX (pparMeHTOB W3
OJTHOM 3BYKO3AIKCH.

bbuI onucaH anropuTM HOBOM METOIUKH U BBIIION-
HEHa MporpaMMHasl peananu3anus Ha OCHOBE ONHUCAaHHOTO
anroputMa. IIpoBejeHO MEpBOHAYATBHOE TECTUPOBAHUE
pa3paboTaHHbIX AJTOPUTMOB.

boumn mpoaHanu3NpOBaHbl MOIYYEHHbBIE PE3ysbTa-
Tel. CHeNlaH MEepBUYHBIH BBIBOJ O PabOTOCIIOCOOHOCTH
METOJa, a TaKKe ITOATBEPKACHBI HEKOTOphIE ciadble
MeCTa TPaJUINOHHON METOIHKH.

[onydaemble 3HayeHWs 4actoT (OPMAHT MOTYT
OBITH KCIIOJB30BAHbl IPU IPOBENCHUH (HOHOCKOITHYE-
ckoi skcreptusbl. Kpome Toro, 9T 3HA4E€HUS MOTYT
UCTIOJIb30BAThCs MPU U3YYEHUU AMHAMHKHU XapaKTepu-
CTHK PEYEeBOr0 CHIHaJa B IpOIECce peyeBol peadbuiu-
TaIWy TP ONEPATHBHOM JICUCHUM OHKOJIOTHYECKHX 3a-
GosieBaHMIT OPraHOB peueoOPas3yONIETo TPAKTA.

Pabora BrImonHeHa mpu momuepikke Poccuiickoro
Hay4yHoro (oHaa, MpoekT «BoccraHoBieHHe pedyeBoit
(YHKIMH C UCTIONB30BAaHHEM TEXHHYECKHX METOJOB M
MaTeMaTHYEeCKOTO MOJIEIUPOBAHUA Yy OONBHBIX PAKOM
MOJIOCTH PTa U POTOIVIOTKM MOCIE XUPYPTUUECKOro Je-
yeHus», Ne 1615-00038.
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Gurakov [.A., Kostyuchenko E.Y .,

Novokhrestova D.I., Silich M.P.

Algorithm for formants calculation and searching
of aligned fragments in preparation for phonoscopic
examination

One of the methods used in conducting phonoscopic examina-
tions is the method of formant alignment. Within this frame-
work, fragments containing identical phonetic information are
first identified, in their frames there are sections with coincid-
ing frequencies of the first and second formants (aligned ar-
eas), which are used later in the phonoscopic examination.
During this work, an algorithm for allocating the formant fre-
quencies and searching on their basis candidates for the role of
aligned areas has been proposed and implemented. This allows
you to shorten the time of the phonoscopic examination due to
the reduction of information used for manual analysis.
Keywords: formant, formant alignment, phonoscopic exami-
nation.

doi: 10.21293/1818-0442-2018-21-2-48-53
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54 VIIPABJIEHUE, BBIYUCIIUTEJIDHAA TEXHUKA 1 HHDPOPMATHKA

YK 528.873

M.1O. KaTaeB, A.B. boromonos

Ocob6eHHOCTHU KrnacTepu3aumm MHOrocrnekTparbHbIX N300paxeHuin

cnyTHUKoBoro npmbopa Landsat

Hccnenyrorcst o0coO€HHOCTH TeMaTHIeckod 00pabOTKH JaHHBIX JUCTAHIIMOHHOTO 30HUPOBAHUI3EMIIH, [IOTyYCHHBIX B
Pa3IMYHBIX AMANa30HaX ONTHYECKOro CHEKTpa ¢ moMomibio npubopa Landsat-8. Kiactepusanus qaHHBIX MHOTOCHEK-
TpaJbHOM CHEMKH, OCHOBAaHHAsl HAa M3MEPEHUSIX B IEPBBIX KaHAJaX CIlyTHHKOBOTO mpubopa (IpocTpaHCTBEHHOE pas-
peuierue 30 M), He MO3BOJISIET C BBICOKON TOYHOCTBIO BBIJEIATH TUIIBI TIOBEPXHOCTH 3@ CUET HEOJHOPOAHOCTH UX CMe-
muBanus. M3ydeHne npoGiembl BbIAEIEHHS OJHOPOAHBIX YYACTKOB 110 Pa3IMYHBIM MPHU3HAKAM U SBISIETCS IMPEIMETOM
JaHHOM ctathy. IIpuBeneHbI pe3ynbTaThl 0OPaOOTKM peabHBIX JaHHBIX CIyTHHKOBBIX m3MepeHHH. IlomyueHHble pe-
3yJIbTaThl MOKA3bIBAIOT XOPOIIYIO COTJIACOBAHHOCTH KJIACTEPU30BAHHBIX JAHHBIX C W3BECTHBHIM MHPOBBIM aHAIOTOM

GlobeLand30.

KiroueBble clI0Ba: IUCTaHIMOHHOE 30HAMPOBAaHHE, 00pabOTKa CIlyTHHKOBBIX M300pa)KeHUH, MHOTOCHEKTPAIbHBIN,

KJIaCTEpU3aLUsL.
doi: 10.21293/1818-0442-2018-21-2-54-59

B mocrnennee necsatuieTne MOHHUTOPHUHTOBBIE
METONbl TUCTAHIIMOHHOTO 30HOMPOBAHUS 3eMIIH
(133) u3 KocMoca SBISIOTCS OJHUMH M3 BAKHEHITHX
MO/AXOJ0OB K MCCIIEIOBAaHUIO TTapaMeTpoB arMoc(epsbl
n moBepxHoctd 3emun [1, 2]. Ocobyro 3HAYUMOCTH
HUMCIOT HaIlpaBJICHUA, CBA3aHHBIC C H3YUCHHCM I10-
BEPXHOCTH 3eMJIM, TMO3BOJSIONIUE HU3ydYaTh MPUPOJ-
HbIE U TEXHOTE€HHBbIE OOBEKTHI, a TaKKe, U3MEHEHHS,
KOTOPBIC CBSI3aHBI ¢ 0ObeKkTaMu. [[Jiss OrpOMHBIX Tep-
putopuit Poccuu eIWHCTBEHHO BO3MOXHBIMH JUISI
KOHTPOJISL YKOJIOTUYIECKOTO COCTOSHHUS, PEIICHUS TIPO-
W3BOJICTBCHHBIX M HAYYHBIX 3aJad W [Ip. SBISIOTCS
nanaeie MoruTopuHTa J133. Tlomydaemble CITyTHHKO-
BBIC JJAHHBIC TIPOXOAST HECKOJIBKO 3TAIOB 0OPaOOTKH:
MpeBapUTENbHYI0, TeMaTHIECKYIO U aHanm3 [1].

Ha srane npensapurensHoii 00paboTku pazpado-
TaHO MHO)KECTBO METOZOB, KOTOPBIE MPHUBS3aHbI K Ka-
KIAOMY CIIYTHHKY OTHACJIbHO, TaK KaK YYWUTLIBAIOT WH-
JIMBH/yaJIbHbIE XapaKTEPUCTHKU OPOUTHI M HM3MEpH-
TeJIbHOTO Iprubopa. Mertoabl TemaTndeckoi oopador-
KH SIBISIOTCS OoJice YHH(DHIIMPOBAHHBIMHA U Pa3OUTHI
Ha TPYIIBI, CBSI3aHHBIC C Pa3MEPHOCTHI0 M3MEPCHHU
(TIpocTpaHCTBO, BpEeMs, CIEKTPaNbHBIN KaHam). On-
HUM H3 Hamboliee Pa3BUTHIX MOAXOIOB TEMATHIECKOU
00paboTku sBiseTcs (HOPMUPOBAHUE ITOMUKCEITBHBIX
M300paXKEeHHH, THe KaXKI0e H300paKEHHE CBS3aHO C
XapaKTePUCTUKAMH CHEKTPATbHBIX KaHAJOB, M UX CO-
BMECTHBII aHaNW3. AHaMW3 BO3MOXXEH HE3aBHCHUMO
JUISL KKIO0T0 M300pakeHHs WM UX (QYHKIMOHAIBbHBIX
npeoOpa3oBanuii (uHaeKcoB) [1].

BaxxnpiM HamnpaBiieHHUEM HCCIIEIOBAaHUN SBIIAET-
Csl BBIJICTICHUE THUIIOB TOBEPXHOCTH HA CITyTHUKOBOM
CHUMKE M W3yYCHHE CBOMCTB BBIJICICHHBIX KJIACCOB.
JIJis CITyTHUKOBBIX CHUMKOB C HU3KHM IIPOCTPAHCT-
BEHHbIM paspemicHueM (Oomee 100 M) BbIIEICHHE
KJIaCCOB TPOXOIUT 0OJIee YCIEIHO, YeM IS CPETHETO
(10-50 m). DTO CBS3aHO C TE€M, YTO B IIEPBOM CIIydac
32 CUET OCPEAHEHHs PA3TUYHBIX THUIIOB IOBEPXHOCTH,
MOMAZAIONNX B MHKCENb, KIACCHI SBISTIOTCS Ooiee
OITHOPOIHBIMHM, YeM JJis BTOporo ciydas. OmHako 60-
Jiee BBICOKOE MPOCTPAHCTBEHHOE pa3pelieHUe M03BO-

JISIET TIONYYUTh NOTIONHHUTEIBHBIE BO3MOXHOCTH IIPH
W3YyYCHUH TPOCTPAHCTBEHHO-BPEMEHHBIX H3MEHCHHN
TUTIOB TTOBEPXHOCTH.

IlocTanoBKka 3agaun

IIpu Tematndeckoit 06paboTKe JaHHBIX CPEIHETO
MMPOCTPAHCTBECHHOI'O0 pa3pClICHUA TUIIUMYHO IMPOBOAAT
BBIACJICHUC OJJHOPOJHBIX YUYACTKOB IO CIICKTPaJIbHBIM
WM UHBIM NPpHU3HAaKaM. Hpoue;{ypa BBIJICJICHUS TAaKHX
YYaCTKOB CBs3aHa C KJIacTepu3alueil (cerMeHTaryei)
CIYTHUKOBBIX m300pakenuit [3—8]. [IpoGmemoii BEI-
JICJICHUSI OJTHOPOJHBIX YYACTKOB 110 Pa3IMYHBIM IIPHU-
3HaKaM SBJISCTCS OOHApY)KEHUE HENepeKPHIBAIOIINX-
cs kiaccoB. OHAKO BBIMIOJHEHUE STOTO YCIOBHS LIS
peabHBIX CITyTHUKOBBIX JaHHBIX BeChbMa IpoOiema-
TUYHO, TOCKOJIbKY JUIsSi €CTECTBEHHBIX JIaHIIA(TOB
CKaspIBaeTcs penbed (HAKIOH MOBEPXHOCTH OTHOCH-
TENBHO TOYKM ocBemeHus ComHieM W HaOIoIeHU-
eM), a TaKKE€ THUIbBI MNOBCPXHOCTH, IOMNaJaaroniye B
MUKCeNb C pa3Hoi miomaapio. Henmsss 3a0biBaTh u
PO BIMSIHUE COCTOSHHS arMoc(epbl (OCBEIEHHOCTD,
3aMyTHEHHOCTb, HAJIMYHE JIBIMKH, O0TaYHOCTH U T.1.).
OTH acIieKTHl, a TAKKE UX €CTECTBEHHBIC CYTOUYHBIEC
CE30HHBIC U3MEHEHUS JIeIaloT 3a/lauy KIacTepHu3alin
BECbMa CIIOXHOM.

Knacrepusanus cIryTHUKOBBIX M300paXCHUH 3a-
KITI09aeTcsl B pa3OMeHnr n300pa’keHHs Ha Hemepece-
Kalolrecs NPOCTPAHCTBEHHBIE OONAaCTH HAa OCHOBE
OIIM30CTH MX CHEKTPANbHBIX, HHICKCHBIX (HAaIpuMep,
BETeTAI[OHHBIX, BOJHBIX U Jp.), IPOCTPAHCTBEHHBIX
WX TPOCTPAHCTBCHHO-BPEMCHHBIX XapaKTCPUCTHUK
(HampuMep, TEKCTYPHBIX).

B Hacrosiiee BpeMsi M3BECTHBI M IIHPOKO HC-
MOJIB3YIOTCS Ha MPAaKTUKE METOIbI KiIacTepU3alluH,
MO3BOJISIIOIME Pa30MBaTh CITyTHHUKOBBIE H300paske-
HUS Ha KJIACChI, COOTBETCTBYIOIINE PA3IMIHBIM THITAM
MMOBEPXHOCTH (JIec, Boaa, ropo, moie u jap.). Cyme-
CTBYET JOCTaTOYHO MHOTO IMOIXOJOB K KIacTepH3a-
UM UePapXUIeCKUe WM HEHepapXuIecKue METO/EbI,
YeTKHe WJIM HEYEeTKHe, MacuITabupyeMble WIN He-
MacmTabupyemMbie, ¢ BBIOOPOM YHWCIIA U THIA KIacTe-
POB WM HET, MOCJIe0BaTeIbHbIE WM NapajulebHbIE,
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OTIIMYArOIIHeCs MO BBIOOPY Mephl paccrosiHus (EBK-
JUI0BO, TOPOACKHE KBapTaibl, UeObImeBa, CTEIeHHOE
U Jp.), METPHUKH (OJHOCBSI3HBIC, IIOJHOCBSI3HEIE,
B3BEIIEHHBIE W Ap.) U np. Ilpu pemenun mpaxTmde-
CKHUX 3aJ1a4 CYILIECTBYIOT OCOOEHHOCTH, KOTOpbIE He-
00XOJIMMO YYHUTHIBaTh MPU BBINOJHEHUH IPOLEIYPHI
KiacTepuzauuy. BrpiOop Meronma Kkiacrepu3anuu U3
MHOXKECTBA MOIXOJIOB CBsI3aH C MX 3()(PEKTHBHOCTHIO
IIPY pelIeHuH KOHKpeTHOH 3amauun. Ilpu sTtom HEoO-
XOAMMO YYUTHIBaTh Mpo0ieMy BbIOOpa MeTo/a, MephI
paccTosHHA, YHciia KIacTepoB, (OPMBI KIIACTEPOB, UX
repecedeHus u ap.

B cmywyae ximacTepHOro aHamm3a CITyTHHKOBBIX
n300pakeHH OTCYTCTBYIOT AlPUOPHBIE CBEJICHHUS O
KOJIMYECTBE KIACCOB (THUIOB IOBEPXHOCTH), CIIEK-
TpaJdbHbIX M IIPOCTPAHCTBEHHBIX XapPaKTEPUCTUK
(BOSMO)KHOFO HaJIM4us B ITMKCEJIC HECKOJIBKUX THIIOB
NoBepXHOCTH). M3BeCTHBIE MTPOrpaMMHBIE NMPOIYKTHI,
takue kak  Multispec  [https://engineering.pur-
due.edu/~biehl/MultiSpec/], ERDAS Imagine
[www.mapinfo.ru/product/erdas], ENVI [HarrisGeo-
spatial.com], ArcGIS [https://www.arcgis.com/], pe-
[IAFOT 33/1a49M KJIACTEPHU3AINHN JUIS CITyTHUKOBBIX IIPH-
OOpOB PA3IMYHOTO MPOCTPAHCTBEHHOTO Pa3peIICHIS,
YUUTHIBAIOT OCOOEHHOCTH ISl UCCIEeIyeMOil Teppu-
Topun 3emMiu (OMPEenessIOTCS THIBI TTOBEPXHOCTH,
yriibl ocBeenns: CollHIeM, COCTOsIHUE aTMOc(hephl 1
np.). OHAKO ISl OJy4YEeHUs Ka4eCTBEHHOTO Pe3yJib-
TaTa TPeOyeTCsl 3HAYUTEIbHBIA BKIIAJ PYYHOTO TPyAa
U 3HaHMW Tonb3oBarensi. Hanbosee pacrnpoctpaHeH-
HBIA TIOJIXOJ K KJIaCTEePU3alUU MYJIETUCIICKTPATBHBIX
CITyTHUKOBBIX M300paXE€HHH B OTCYTCTBHE 00ydHaro-
el BEIOOPKH OCHOBaH Ha NMPHMEHEHWH aJlTOPHTMOB,
HCTONB3YIONMX TPOCTPAHCTBO CHEKTPAIBHBIX TIPH-
3HAKOB U300paXeHNUs (CIIEKTPaIbHBIX KaHAJIOB).

N3yyas onbIT NpakTUYECKUH peanu3aluy pas-
JINIHBIX aBTOPOB [2—16], HamMu BBIOpaH aNTOPUTM
knmacrepm3anuu k-cpegaux. Uuciio KiacTepoB HaMH
OBUIO OrPaHMYEHO M 3a7aHo 12, y4HTHIBasl OMBIT I10-
CTpOCHUA 6a3 JaHHBIX TUIIOB IMOBEPXHOCTH. ]_le.]'l])lo
ABJACTCA M3YYCHHUE pPa3IMUHBIX ACIICKTOB KJIACTCPHU-
3alUM 1711 IOHUMAaHUS TIPOLECCOB, HEOOXOMMUMBIX IS
pa3paboTKM aBTOMATH3MPOBAHHOW IPOLEAYpPHl Kila-
CTEpH3aLHH.

CnyTtHukoBbIii npn6op Landsat-8

Hcnonp3oBaHne W3MEPEHHBIX  HM300pakeHU
mpudopom Landsat [https://landsat.usgs.gov/] B Hay4-
HBIX ¥ TPOW3BOJICTBEHHBIX IENIIX HAYMHACT CBOH OT-
caér ¢ 1970 r. OToMy crmocobCTBYeT HECKOJIBKO TPH-
ypH: 1) GIU3KHE MO YHCIY W CIEKTPATbHBIM CBOUCT-
BaM XapaKTEPUCTUKHU CHEKTPaJbHBIX KaHAIOB MPUOO-
POB, 2) TOCTaTOYHO BBICOKOE MPOCTPAHCTBEHHOE Pa3-
pemrenue (30 M B BuaMMOM u OnrmkHeM HH(Dpakpac-
HOM CIIEKTpaJIbHOM Juamna3oHe) u 3) Haluyue MaH-
xpoMarndeckoro kanaia (15 m). CnekrpasibHble Ka-
Hanbl pubopoB Landsat mMO3BOISAIOT BBIIEIATH pas-
HOOOpa3HbIC TUIBI MMOBEPXHOCTH, B TOM YHCIC W Ha-
3eMHYI0 pacTUTeNBHOCTh. OIHAKO pe3ynbTaThl aHa-
JU3a JTUTEPATYPHBIX MCTOYHUKOB TOBOPST, YTO HMe-
IOTCS. HEKOTOPBIC OTIMYHS MEXIY pPa3InYHBIMH HC-

CJIEI0OBaHUSIMU OJTHOM M TOM ke Tepputopuu. I1o3ro-
MY Ba)KHBIM 3JIEMEHTOM JUISl MCCIEAOBAHUI OCTAeTCs
BOIPOC TOYHOCTH BBIICJICHHS THIIOB IOBEPXHOCTH.

Knacrepnzanusi ciy THUKOBBIX H300paskeHHIt

OCO0EHHOCTBI0 MHOTOCIEKTPAILHON CITyTHUKO-
BOW M3MepUTeNnbHON TexHukW Landsat siBisieTcs BO3-
MOYKHOCTh HaOJIOaTh MOBEPXHOCTh 3eMJIH B JIF00OE
BpEMsI CYTOK, UCITOJIb3Ysl KaHaJIbl BUANMOTO, OJNMKHE-
ro UK umn UK nuanaszona cnexrpa. OcHOBOH u3Me-
peHuil sBISEeTCS CIEKTpaibHas SIPKOCTh THUIIOB IO-
BEPXHOCTH, MONAJAlONINX B IHKCEIb, KOTOpas Ompe-
nensiercs: kK03((UINEHTaMH OTPaXEHHWsS THIIOB IIO-
BEPXHOCTHU M MX IUIOLIAJbIO B MUKCeNE. ABTOMaTHYE-
CKO€ PacCHO3HaBaHUE THUIIOB MIOBEPXHOCTH HA CITyTHH-
KOBOM H300paXCHUH HEOOXOAWMO JISi COCTABJIICHHUS
pa3HOO0Opa3HbIX KapT, BKIOYAIOIIUX B cebs uHDOp-
Malulo O pacCTUTCIbLHOCTU, MOYBAX, BOJHBIX 00beK-
Tax, ropojax u ap.

CpaBHUBas KapThl 3a Pa3IMYHbIC ITPOMEXKYTKU
BpPEMEHH, YHAaETCsI BBIABIATH HM3MEHEHHs (HOpPMBI,
IUTOIIAJN U CBOMCTB THUIIOB IOBEPXHOCTH 3a CUET ec-
TECTBEHHBIX WJIM AaHTPOIOTCHHBIX MporeccoB. Ha
MIEPBOM 3Tare TEeMaTHYeCKOH OOpabOTKH CITyTHHKO-
BBIX M300pa)KCHNH BBITIOIHACTCS KJIACTEPU3AINs H30-
OpakeHus, T.€. BBIICJICHUE OTACNBHBIX yYacTKOB, Xa-
PaKTEpU3YIOMINXCS OXHOPOTHOCTBIO BHYTPH ydacTKa
U CyIIECTBEHHBIMU OTIMYMAMH MEXIy ydacTkamu. Ha
BTOpOM 3Tare 00pabOTKU BBIICICHHbIC YYaCTKHU IOJ-
JeKar KiacCu(UKALUK WIA OINPEACICHUI0 THUIa TO-
BEPXHOCTH (J1ec, BOJa, TOPOJ HIIH JIp. ).

Jist periennst 3a1a4 KilacTepu3anui HEOOX0AUMO
BBIOpaTh MHOXKECTBO IPU3HAKOB, XapaKTEPU3YIOIINX
n300pakeHne, 4YTO ONpeAesieT Habop METONOB WC-
cnenoBanust. OnqHUM U3 HAaOOPOB TPHU3HAKOB MOTYT
OBITh M3MEPEHHBIE 3HAYCHHS CIIEKTPAIBbHON SIPKOCTH B
KaXIOM BBHIOpAaHHOM KaHajle. ODTH 3HAYCHHS MOTYT
OBITh YCpEOHEHBI HAa HEKOTOPOW BHIOPaHHOW 06IacTh
(mampumep, obmact, cocrtosmed n3 3x3 TIHKcemew,
YTO BEAET K MOHMXEHHIO ITPOCTPAHCTBEHHOIO paspe-
meHust). Ecnu ucnonb3yercst MONMKCeIbHBIH MOAXO,
TO KaXKJ[bIi KJIACTEp COCTOMT M3 MUKCeNeH, mpeacTas-
JICHHBIX Ha M300paxkeHHH. Ha OCHOBE CIEKTpabHBIX
KaHaJIOB MOXHO pacCyuTarb TOT WJIH WHOM HUHACKC,
HarpyuMep BEreTallMOHHbIH, KOTOPBIA U OyAET SIBISATH-
csi n300pakeHWeM, MOMJICKAIIMM aHanu3y. MOoXHO
UCTIONB30BaTh HE TOJBKO CIEKTpajlbHbIE, HO W TPO-
CTPAHCTBEHHBIC XapaKTEPHCTHKH, UCIIONb3Ys, HAIPH-
Mep, TeKCTypHbIE WM MOP(HOIOTHIECKUE XAPAKTEPH-
CTHKH, U JIp.

BaxHBIM HampaBIEHHEM SBISETCA IEPEXO] U3
MIPOCTPAHCTBA CIEKTPAIBbHBIX IPU3HAKOB B IPOCTPaH-
CTBO IIBETOBBIX NMpH3HaKoB, HampuMmep RGB. B 3tom
ClIy4ae MOXKHO HCIIOJIb30BaTh KJIACCUYECKHUE TTOAXO/bI
00paboTku u300pakenuit. [loaToMy, TOMCK yCIOBHIA
JUIS aBTOMATH3allK Mpolecca KIacTepU3alyy SBIs-
€TCsl BAYKHBIM.

AHan3 pe3yabTaToB KJIacTepu3anuu

Hamu BbImonHsFOTCS paboOTHI MO aHAIHM3Y MpO-
CTPaHCTBEHHO-BPEMEHHBIX JaHHBIX CITyTHHKOBOTO
npubopa MODIS, mnpocTpaHCTBEHHOE pa3pelicHne
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nuKcenst kotoporo cocrasisger 250, 500 m [17, 18]. B
HEKOTOPBIX HAYYHBIX M MPAKTHYECKUX 3a/1a4ax BO3-
HUKAeT HEOOXOIUMOCTh 0ojiee IeTaqTbHOr0 PaccMOT-
PEHHS TIPOIECCOB M3MEHEHUSI THIIOB MOBEPXHOCTH, H
JUIS  3THX IeJied NPUMEHSIOT JaHHbIe Mpubopa
Landsat.

B nanHo#t pabGoTe s Iesiel KiacTepu3aliu
paccMatpuBaeTcs anroput™ k-cpeanux  (k-means),
CYTh KOTOPOT'O CBSI3aHA C pa30MEHUEM BCEX MUKCENEH
Ha KJIAcTephl TaKUM 00pa3oM, YTOOBI MHHUMH3HPO-
BaTh CYMMY PACCTOSHHH OT Ka)KIOTO MHUKCENS 10 CO-
OTBETCTBYIOIINX MM IEHTPOB KiacTepoB. I[lapamer-
pamu kiactepa MOTyT ObITh: 3HaueHus: RGB-kanamos
CHHTE3MPOBAHHOTO W300paKeHMs, 3HAUEHHS CIIeK-
TPaNbHBIX KAaHAJIOB WJIM WHAEKCOB (HAampuMep, Bere-
TAI[MOHHBINA WHAEKC). MHOXKECTBO MUKCeel n300pa-
JKCHUS JICJIUTCS Ha k KJIaCTepPOB, caMa KJacTepHU3aus
BBITIOIHSIETCS 3a CUET CMCIICHUSA LNCHTPOB IJIA ITOUMCKa
U3 YCTOWYHMBOTO MOJIOXKCHHS. B KadecTBe CITyTHUKO-
BBIX JAHHBIX HAMH OBUTM BEIOPAaHBI CITyTHUKOBBIC
n3obpaxkenust Landsat-8. Pa30meHue Ha KiacTepsl
MIPOBOJUTCA HA OCHOBE PACCTOSHUI MEXITy TTHKCENs-
MH H300pakeHUs, Ha KOTOPOE TIOTOM HaKJIAJBIBACTCS
OTIpENICTICHHOE OTPAaHUYCHUE, PA3IEISIONIee KIACTEPHI
Mexay coboi. IlpuMepamu (GYHKIWH, ONMPEnEIIsio-
IIMMH PACCTOSHUE, MOTYT OBITH BKIHIOBO PacCTOs-
Hue (1), nmm YeObnmeBckas mepa (2), mpeacTaBieH-
Hble popMynamu:

N
D(i. k)=, |16, ) ~1(.k)* (M

i=1

re | — WHIEKC TEKYIIEro HaOIoJeHHs, k — HHICKC
Kimactepa, N — KOJIHYECTBO IIPU3HAKOB IIBETOBOIO
npoctpanctBa (N=3)ul = {R, G, B} — BeKkTOp B BHI-
OpaHHOM I[BETOBOM IPOCTPAHCTBE.

Ha puc. 1 moxazaH pe3ynbTar KilacTepU3aluu
CHUHTE3UPOBAHHOTO  CIYTHUKOBOTO  W300pakeHHs

CnekrpanbHbIi K03(QQHUIHEHT OTPasKeHUS
0,28

0,26 <

1 Jlec
0,24 -

0,22 =

0,10

(R = 4, xanan Landsat-8, G = 3, B = 2) nns Teppuro-
pHUH, PACIIONOKEHHON psAIoM ¢ I. ToMCKOM, NOJTy4eH-
HbIi B utoHe 2016 1., Ha ocHOBe BhIpakeHus (1). Yuc-
710 0OHApYKEHHBIX Ki1accoB paBHO 12. U3 puc. 1 Bua-
HO, YTO MMEIOTCSl OJTHOPOIHBIE 00JIaCTH, CBS3aHHBIE C
BOZOK — peka ToMb, ydacTkaMu ropojzia, CelbCKOXO-
3SICTBEHHBIMH W 3QJIMBHBIMU TIOJIAIMH, JieCOM. B
OosbIIel CBOEH 4acTH MUKCENM TOrO WM WHOTO y4a-
CTKa COOTBETCTBYIOT OIPEJEJICHHBIM THIIaM IOBEPX-
HOCTH, OJIHAKO MMeeTcsi MHOro apredakroB. Hampu-
Mep, Ha TIOBEPXHOCTH BOJBI OOHApPYKUBAIOTCS MHKCE-
I, XapaKTEPUCTHKN KOTOPBIX COBMAJIAIOT C ITHKCEIs-
MH, PacCIOJIOKEHHBIMHA Ha MOBEPXHOCTH 3eMIIH. DTO
BCE MPHUBOJUT K BBIBOAY, YTO IIOMUMO IIBETOBBIX IPH-
3HAaKOB HEOOXOANMO HCIIOIb30BaTh CIIEKTPAJIbHBIE.

Puc. 1. Ilpumep knacTepu3aliy CHHTE3UPOBAHHOTO CITyT-
HUKOBOTO M300paXCHUS LIS CIIEKTPaIbHBIX KaHAIOB 4-3-2

Ha puc. 2 npexncTaBieHsl ClIeKTpalbHbIe KPUBbIE
KOO QHIIMEHTOB OTPaKEHHUS B IIEPBBIX CEMH KaHallaX
npubopa Landsat-8.

CnekrpanbHbIi K03QUIEHT OTpasKeHHS

0.36
0.34
032

T T T T T T T T T T T
2 3 4 5 [

Homep cnexrpansHoro kanana Landsat-8
a

T y T y T y T y T
1 2 3 1 5 6 7
Howmep cniektpansaoro kanana Landsat-8

0

Puc. 2. 3naueHust CEKTPaabHOr0 KO3(D(GHLIUCHTA OTPAXKESHUS AT KaXKAOTO M3 CEMH CIIEKTpaibHbIX KaHanoB Landsat-8
it oonactu 15x15 nukceneit (450x450 m) wist neca—a ¥ 10 — 6
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Hamu 6putn BEIOpaHBI OJHOPOAHBIE YYAaCTKU IO
THIIAM TIOBEPXHOCTH pasMepoM 15x15 mukceneil u
JJIA KaXJI0ro mu3 HUX BI)I6paHI)I 3HAYCHUSA CIICKTpaJib-
HBIX KO3((UIHEHTOB OTpaKeHUS. XOpPOIIO BHIHO,
YTO BapHALM 3HAYEHUH CHEKTPAIBHBIX KPUBBIX JUIA
BCEX IHKCENle BEeChbMa 3HAYUTEIbHBI, a TaKKe SBHO
IIPOCMAaTPHUBAIOTCS Pa3HbIE THIIBI TOBEPXHOCTH B BBI-
OpaHHOH oOsacTH. DTO TOBOPUT O TOM, YTO B YacTH
IIUKCEJIeN IPUCYTCTBYET HECKOIBKO THIIOB TOBEPXHO-
CTel ¢ pa3HOU MIIOIIAJbIO, YTO MU3MEHSET THUIIMYHOE
JUISL OTIPEJIETICHHOTO THIA MOBEPXHOCTH pacIpeserne-
Hue 3HadeHui (cM. puc. 2). Hanpuwmep, Ha puc. 2, a B
o0acTu Kiacca 1oJisi B HECKOJIBKUX IHKCENISIX NpH-
CYTCTBYIOT JIepeBbsl (HIDKHSIS 4acThb PUCYHKA), XOTA
OosbIIas yacTh MUKCENeH IPUHAMICKHUT KIIACCY OIS,

YuuteiBas crienuuKy pacrpeneneHus 3Ha9YeHNH
KOA(GHUIUECHTOB OTpaKEHHsl, HAMHU BBIIEIEHBI Cpell-
HUE 3Ha4eHHUs KOA(QQUIMEHTOB OTpaKeHHs s He-
CKOJIBKHX KJIACCOB: I0JI€, BOJA, ropox, Jiec u ap. [a-
Jiee NMpOBEAEHA KJIACTepH3alMsl COIIACHO 3aJlaHHOMY
KOJIMYECTBY M THITY KJIaCCOB.

Pesynerar mpuBeneH Ha puc. 3, a. CpaBHEHHE
MOJyYCHHBIX HaMHU pe3ylbTaTOB KJACTEepHU3alUu U
m100anpHON 0a3bl  JAaHHBIX THIIOB ITOBEPXHOCTH
GlobeLand30 [http://www.global-landcover.com] mo
nmaHHbpIM Landsat-8 mokazano Ha puc. 3. U3 puc. 3
BH/IHO, YTO B TIOOAIBHOM 0a3e JaHHBIX MPOBOAMUIOCH
CYILIECTBEHHOE YBEJIIMYEHUE IMPOCTPAHCTBEHHOIO Pa3-
pemeHus Uil JOCTHDKSHUSI OHOPOTHOCTH oOnacteit
(yBesMueHME TJIOIMIAAN OHOTO M3 THIIOB HMOBEPXHO-
CTH 1O OTHOUICHWIO K JpyroMmy). B BbINMOMHEHHBIX
HaMH pacdéTaxX TaKOTO OCPEHHEHHS HE CHENaHO, YTO
MIPUBOMIUT K MTOSIBIICHUIO MHOKECTBA METIKUX O0acTei
C OIHUM W3 BBIICTICHHBIX TUIOB MOoBepxHOCTH. OOHa-
PYXEHO, YTO B OTPaKEHWU BOIBI p. TOMH MpHCYTCT-
BYIOT YYaCTKH C pa3HOW IITyOMHOM, M 3TO MPHUBOIUT K
MOSABJICHUIO HE OJHOTO, a HECKOJIBKUX THUIIOB BOJHOMU
noBepxHocTH. [loaToMy Hamuume TOYHBIX 3HAYEHUH
Y4acTKOB TIIyOHMHBI, IOJYYEHHBIX, HAlpHMep, C MOo-
MOIIBIO XOJIOTA, IO3BOJIUT IPOBECTU KaJIMOPOBKY
CIyTHUKOBBIX JaHHBIX BOJHON IMTOBEPXHOCTH.

‘-

Puc. 3. CpaBHeHHE TOTyYSHHBIX PE3YIbTATOB KIIACTEPHU3AIIH —
Y TaHHBIX MI00ATBHOM 0a3sl JaHHBIX THITOB oBepxHOCTH GlobeLand30 — 6, mo nanueM Landsat-8

B nenom mosydeHHble HA puc. 3 JaHHBIC IOKa-
3bIBAIOT XOpOLIEE COINIACHe 110 OCHOBHBIM THUIIAM IIO-
BCPXHOCTHU, KOTOPBLIC BBIJACJICHBI HaMU HW KOTOPLIC
MIPUCYTCTBYIOT B U3BECTHOW NI00ANIbHOI 0a3e JaHHBIX
nosepxHoctu GlobeLand30.

3akilouenue

B pabote paccMoTpeHbI OCHOBHBIE 0COOCHHOCTH,
BO3HHUKAIOIIHE B 3a/1a4€ MHOTOCIEKTPAIBHOM KiacTe-
pH3alMU CITyTHHKOBBIX M300paXkeHHH. BrimonaHeH 00-
30p METOAOB KJIACTEPU3alMU. YKa3aHbl YCIIOBHUS, IO
KOTOPBIM CIYTHHUKOBBIE H300pakeHHUSI CPEIHEro Mpo-
cTpaHCTBeHHOTO paspemreHus (10-50 M) MoxHO Kia-
CTepu30BaTh. BBIOpaH IIMPOKO H3BECTHBIH METON
KJacTepu3anuu — K-CpeqHnX ¢ SBKINAOBOH MeETpH-
KO, KOTOPBIH XOpOIIo padboTaeT nmpu 00paboTke JaH-
HBIX 00JBIIOr0 00beMa. [loyueHHBIC Pe3yIbTaThl MMO0-
Ka3bIBAalOT Ha XOPOIIYI0 COINIACOBAaHHOCTH KJIACTEpPH-
30BaHHBIX JAHHBIX B PabOTEe C W3BECTHBIM MHPOBBIM
ananoroM GlobeLand30.

Pabora BBINONTHEHA B LEHTPE KOCMHYECKOTO MO-
autopuara TYCYPa u B pamkax TrocyZapCTBEHHOTO

3ajanusi MuHucTepcTBa 00pasoBaHusi U Hayku PO,
npoekt Ne 8.8184.2017/8.9 «Metononorusi co3aHus
CHUCTEM DJHEPrOTeHEPUPYIOUIMX W SHepromnpeodpa-
3YIOIIUX YCTPOUCTB JUIsl HA3EMHBIX U OOPTOBBIX KOM-
TUIEKCOB Ha3€MHOT'0, KOCMHYECKOTO ¥ MOJBOHOIO Oa-
3UPOBaHUY.
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Kataev M.Yu., Bogomolov A.V.
Features of clustering the multispectral satellite Landsat
images

In the article, features of thematic processing of Earth re-
mote sensing data obtained in different ranges of the optical
spectrum using the Landsat-8 instrument are studied. The
clustering of multispectral survey data, based on measure-
ments in the first channels of a satellite instrument, with a
resolution of 30 m, does not allow the high-precision deter-
mination of surface types due to heterogeneity of their mix-
ing. The study of these aspects is the subject of this article.
The results of real data processing of satellite measurements
are presented.
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YK 004.89

T.B. NNeBawoga, M.I. MNawknH

Moagenb onpegeneHusi NpeaAnoYTUTENbHOM KOH(hUrypaumm npogykra

IIpennoskeH MoAXox K ONpENENCHUI0 KOHPUTYypaluy MPOAyKTa, SBISIOMICHCS I 3aKa3dMKa MpeNIodTHTEeIbHON. B
MO/XO/Ie MCHOJIB30BAaHbl METO/BI BBIOOpA Ha OCHOBE cHEeLU(UUSCKHUX Ul 3aKa3yuka (YHKIHH IIEHHOCTH U BECOBOIi
3HauMMocTH. Kputepru BpI00Opa onpeesnsFoTcst Ha OCHOBAHHH OHTOJIOTMUECKOH MOJIENTH KOH(PHUTI'YPUPYEMOTo IPOAYKTa
U pe3yJbTaToB, MOIYYEHHBIX B XOJ€ MPOMMIMPOBAHUS 3aKa3uhKa Ha MPEeAMET NPUHATHS UM pELIeHHH B Mpolecce
KOHGHI'YPUPOBAaHUS WM MPHOOPETEHHs Pa3lIUYHBIX MPOAYKTOB. [/ omucaHus MPEANOYTEHUH 3aKa3uuKa HCIIOJb3Y-
IOTCSI OTHOIICHHUS TPEANOYTEHNS, IPUHITHIC B MOJCISAX MPHUHATUS pemienuid. [Toaxon mmocTpupyeTcs Ha ImpuMepe
3a7a4y ONpeaeTeHIs IPEAIOYTUTENbHON KOHQHUTYPaIMH IPOAYKTa OIEepaTopa COTOBOH CBS3M.

KioueBble cjI0Ba: IIepCOHATN3UPOBAHHOE KOH(PUTYpHPOBaHUE NPOAYKTA, IIPEANOYTHTEIbHAS KOH(OUTYPAIHs, OHTO-
JIOrH4ecKas MOAENb IPOIYKTa, OTHOLICHUS NIPEAIIOYTEHHUS, IPOAYKT OIIepaTopa COTOBOM CBSA3U.

doi: 10.21293/1818-0442-2018-21-2-60-67

KongwurypupoBanue npomykra — 3T0 IpoIecc Mo-
JudrKaMy OpOAyKTa B COOTBETCTBHHU C TPEOOBAaHUAMH
3aka3zunka. HedopMasbHO KOHGUTYpHPOBAaHHE MOXKET
OBITH OTIpeNeNieHO Kak OCOOBIH BHJ MPOSKTHPOBAHUS,
MIPU KOTOPOM CO3/1aBacMbIii 00BEKT (IPOAYKT) coOHMpa-
eTcs U3 Pa3INIHBIX KOMIIOHEHTOB, KOTOPBIE MOTYT OBITH
00BbeIMHEHBI B MTPOAYKTE TAaKMM OOpPa3oM, 4TO MPOAYKT
Oy/leT COOTBETCTBOBATh 33/IaHHBIM OrpaHWYeHHsM. Pe-
IIEHHEeM 3a7laud KOH(QHIYypUPOBaHUs SBISIETCS HaObOp
KOMITOHEHTOB, COCTABJISIONINX MPOXYKT, U IIPH HEOOXO-
JMMOCTH OTHOIICHUI MEXAYy STHMH KOMIOHEHTaMH.
OTO penieHue HasbIBaeTCs KOH(UTypauuei INpoxyKra.
Jlist co3nannst KOHQUTYpaluy IPOAYKTA HCIONB3YIOTCS
pas3IuYHbIE MEXaHN3MbI KOH()UTYPHPOBaHNUS, HAIIPUMED,
npaBui [1], ymoBneTBOpeHUs orpaHuueHuA [2—4], Hel-
POHHBIX ceTel [5], co3maHus CepUITHBIX MPOTPaAMMHBIX
MPOXYKTOB [6, 7], KOHIENITYaIbHOTO MOJAEITHPOBAHU
[8-11] 1 op. DTH MexaHU3MBI, KaK TPaBUIIO, TPEAJIararoT
B Ka4eCTBE PEIIEHUS] HECKOJBbKO AIBTEPHATHBHBIX KOH-
(uryparmii, U3 KOTOPBIX JOJDKHA OBITh BHIOpaHa OfIHa.

B ocHoBe TeopuM NPUHATHS PpEIICHUH JICKUT
MPEATONIOKEHHE O TOM, YTO YEJOBEK, ITOCTABJICHHBIH
nepen npoOieMol BBIOOpa ANBTEPHATUBBI, PYKOBO-
JICTByeTCs CBOMMH mpennoureHusMu [12—14]. Lensio
JAaHHOW pabOTHI ABIAETCS aBTOMATHUYECKOE OIpeeste-
HHUE KOH(UTypannu, KoTopas sIBISIETCS IPEeIIOYTHTEIb-
HOM [uia 3akazumka. [Ipenmoceuikoit k pa3paborke pac-
CMaTpUBAEMOro B pabOTe MOAXOAA CIY)KUT paHee pas-
paboTaHHBIN OHTOJIOTHYECKHI MTOAXO0A K KOH(UTYpHPO-
BaHHIO HeMaTepHalbHbIX MPOAYKTOB [15]. B pesynbrare
OHTOJIOTHYECKOTO MOAX0/a (OPMHPOBAIOCH MHOXKECTBO
aNbTEPHATUBHBIX KOHQUTYpalid MPOAYKTa, KOTOpOE
NpeIarajJoch 3aKka3ylKy Ha pacCMOTpPEHHUE JUIsl BEIOOpa
HauOosiee MPUBJIEKATEIIFHON C €r0 TOYKH 3PEHUs] KOH-
¢urypanum.

B ocHoBe MexaHM3Ma KOH(QHUTYPUPOBAHUS B OHTO-
JIOTUYECKOM ITOJXO/€ JIKUT KOHLENTYaIbHOE MOJIENH-
pOBaHME MPOAYKTa CPEICTBAMH OHTONIOTHH. OHTONIOTH-
YyecKasi MOZAENb MPEACTABISIET KOMIIOHEHTHI, 00pa3yro-
Iye TPOAYKT, U WX CBOWCTBA, BKIIOYAs OTHOIICHHSA
MEX1y KOMIIOHEHTaMH.

[MToxxonp! K BHIOOPY MPEANOYTHTENEHON KOH(UTY-
palyy UCIOJIB3YIOT TeHeTHUECKHe anropuTmsl [16-18],
MEXaHU3Mbl YIPaBJIEHUsT BapHaOeIbHBIMH KOH(HIypa-

msivu [19], Teoputo monezHoctu [20, 217, MeToms! BEIOO-
pa Ha OCHOBe CIielM(IYCCKUAX UIS TTOIb30BaTels (DyHK-
LM LEHHOCTH U BECOBOM 3HAUMMOCTH [22, 23] u f1p.

Jns ompeneneHus NPennoOYTUTENFHON KOH(UTY-
panuu B JaHHOW paboTe MCIIOIB3YIOTCS METOIBI BEIOOpa
Ha OCHOBe crenuduueckux i 3aka3zuuka (QyHKIUi
LIEHHOCTH ¥ BECOBOU 3HAYMMOCTH. V3HaualbHO 3T Me-
TO/IbI OPUEHTUPOBAINCH HA IKCIIEPTOB, KOTOPBIE MOMap-
HO CpaBHHMBAJIM aJbBTCPHATUBBLI MO 3aJaHHBIM KpPUTCPU-
SIM, 9TO SIBJISIETCS] JOCTATOYHO TPYTOEMKHUM IPOLIECCOM.
[omxox, mpemaraeMelil B TaHHOH paboTe, s ompere-
JICHWS] KPUTEPUEB 3aKa3uWKa HCIOJIB3YeT Pe3yJIbTarThl,
MTOJTyYCHHBIE B XOZ€ MPOQHIMPOBAHUS STOTO 3aKa3uuKa
[0 WTOTaM TPUHATHS UM pEIICHUH B Iporecce KoHDHU-
TYPHPOBaHUS WIN NPUOOPETEHHS Pa3IMYHBIX MPOIYK-
TOB. /{11 onucanusl MpeanoYTEeHU 3aKa3uuKa UCIOJb-
3yIOTCSI OTHOIIICHHS TpeArouTeHus [24)], npuMeHsemMbie
B MOACIAX MMPUHATHA pemeHI/Iﬁ. OTH OTHOLIECHUS J0cCTa-
TOYHO HIMPOKO MNPHUMCHIIOTCA B TCOPUU HOTpe6I/ITeJ'H)-
CKOTo BBIOOpA [25, 26].

B oHTOnmormyeckoM mnoaxone K KOH(UTYypHpOBa-
HUIO HEMaTepHajibHBIX IPOAYKTOB paccMarprBallach
3aja4a KOH(HUTYPHPOBAaHUS HPOAYKTa OIEpaTopa COTO-
Boit cBs3m [15]. 3nech ATOT mpumMep OyaeT MpOmOIKEH,
u Oyner ompenerneHa KOHQUTYpaIws IIPOAyKTa OrepaTo-
pa COTOBOH CBsI3W, SIBISIOMIAsCS IIsi aOOHEHTa (3aKa3-
YHKa) IPEATIOYTHTEIHHOM.

OObpamenne K mpoOIeMHONW 00IacTH «MOOWIBHAS
CBSI3bY» JUIS JAEMOHCTpALMHM MOJAXOJa MPEICTaBIIETCS
CBOEBPEMEHHBIM B CHIIy COBPEMEHHBIX TpeOOBaHH CO
CTOPOHBI HU(PPOBOH IKOHOMHUKH K TEJICKOMMYHHKAIIU-
OHHBIM TEXHOJIOTHsIM. B cooTrBeTcTBUM ¢ 3THMHU Tpebo-
BaHUSMH HEOOXOIMMO NeperTH K 1udpoBoMy rpeobpa-
30BaHUIO ONEPANMOHHON MOJENN TEeIeKOMMYHHUKaIIU-
OHHOTO pBHIHKA M BHEAPCHHUIO METOMOB YIIYOJCHHOM
AHAIMTHUKY OOJIBIITMX MAaCCHUBOB JJAHHBIX [27].

Ilepconasm3npoBanHoe KOHQUTYPHPOBaHHE
NMPOAYKTA

OO0mas cxema moaxofa K IMepCOHANTN3UPOBAHHOMY
KOH(PHUTYpPHPOBAaHHUIO MPOAYKTA IPEICTaBICHA Ha puC. 1.
Ucxonnas nH(pOpMAaIMs TTOCTYNAET U3 OHTOJIOTUYECKOM
MOJICTT TPOAYKTa (MJIM OHTOJIOTHH TPOAYKTa) M IPO-
(buis 3aKazyMKa.
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PamxupoBanue aabTepHATHBHBIX KOH(UTyparuii
B COOTBETCTBUM C NIPEINOYTECHUSAMY 3aKa3uuKa

MHOXECTBO BO3MOMKHBIX
KOH(UTYpaLuii

| OHTOJIOTHYECKOE KOHPHUTYPHPOBAHHE MPOIYKTA I(—
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[Ipennourenus XapaKTepUCTUKU
3aKa3uuka HPOJYKTa
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[TocTpoenne 0ToOpakeHUH MEXIY KPUTESPHIMU
3aKa34MKa ¥ XapaKTePUCTHKAMHU MTPOIYKTa

Puc. 1. O6mas cxema 1moaxoza K NepcoHaNIN3NPOBAHHOMY
KOH(UTYPHPOBAHHIO TIPOTYKTa

OHTONOrNY€eCKass MOJAENb OMUCHIBAET MPOAYKT Ye-
pe3 ero KOMIIOHEHTHI, UX XapaKTEpPUCTUKH (CBOWMCTBA) U
OTHOIIEHHS MEXJIy KOMIIOHEHTaMH. OTa MOJENb JaeT
MIOJTHOE TPEJICTABIEHHE O NMPOXYKTE, 000 BCEX KOMIIO-
HEHTaX, KOTOPHIE MOXKET COZEPXkAaTh ITOT NPOLYKT, UX
XapaKTEPUCTUKAX U YCIOBUSIX, IPU KOTOPBIX KOMIIOHEH-
TBI MOTYT OBITH BKJIIOUYEHBI B IPOYKT.

ITpoduip 3akazuynka SBIAETCS HCTOYHUKOM MWH-
(dbopmMaruu 00 orpaHUUYCHHUNX, HAKIIAbIBAEMBIX Ha CO3-
JlaBacMyl0 KOH(UIYpalMIO CO CTOPOHBI 3aKa34uKa, HO
HE CBf3aHHBIX C €ro IpeArnoYTeHusIMH. B gacTHOCTH,
IIpY KOH(QUTI'YPUPOBAHUH MPOAYKTa OIEepaTopa COTOBOH
cBs13M [15] TakuM orpaHMYeHUEM ObLTa KOH(UTYpaLUs
MOOMJIBHOTO YCTPOMCTBA, K KOTOPOMY KJIHMEHT XOTElN
MIOAKITIOYUTH HOBYIO YCIYTY.

Pe3ynbraTroM OHTOJOTHYECKOTO KOH(UTYpPHPOBa-
HUSI SIBISIETCSI MHOKECTBO BO3MOXKHBIX KOH(HTYpAIHH
nponykra. Bece koHGUrypay UMEIOT OHTOJIOTHYECKOE
NpeNCTaBIeHNe, T.€. KaKaas KOHHUTypanus — 3TO OHTO-
JIOTHYECKask MOJEIb IIPEATIAraeéMoro MpoayKTa.

Jnst TOoro 4toObI ONpPEAENTh, KaKHe XapaKTepu-
CTHKH IPOAYKTA NMPEACTABISAIOT HHTEpEC AT 3aKa3unKa,
MEXIy KPUTEpHUSMHU 3aKa3uhKa, NpPEACTaBICHHBIMH B
ero npoduie, U XapakTepUCTHKaMH NPOIyKTa, Mpel-
CTaBJICHHBIMH B OHTOJIOTMH, YCTaHABJINBAIOTCS 0TOOpa-
xeHust. B obmem cirydae mpoduis 3aka3unka COAep KUT
BCE KPHUTEPUH, KOTOPBIMH 3aKa3uMK IOIH30BAJICS IS
OLICHKH KOH(HUI'YPUPYEMBIX WIH MPUOOpPETaeMbIX IpOo-
JYKTOB 3a BCIO HCTOpHUIO npoduiaupoBanus. Otodpaxe-
HUsI YCTaHABIUBAIOTCS TOJBKO JUIA TE€X KPUTEPHUEB, KO-
TOpbIE MOTYT OBITH WCIIOJIb30BAaHBI IS OLIEHKH KOH-
KpPEeTHOTro KoH(Urypupyemoro mnpoaykra. Ha texymuii
MOMEHT yCTaHOBKA O0TOOpakK€HUN OCYILECTBISIETCS IKC-
nepramMu. Tak Kak Kakaas KOHQHrypalus cOo3aHa W3
OHTOJIOTMH MPOXYKTA U IO CYyTH caMa SIBJIIETCS] OHTOJO-
rueil, oToOpakeHHsI MO3BOJLIIOT BBIJACIHUTH B KaXKIOH
KOHOQUTYpalul  XapaKTepPUCTHUKH, COOTBETCTBYIOILUE
KPHUTEPUSIM 3aKa3duKa.

MHOXecTBO BO3MOXKHBIX KOH(HTYpaluii paHKu-
pyeTcsi B COOTBETCTBUM C NMPEANOYTEHUAMH 3aKa34HKa.
[TpennoureHnst BKIIOYAIOT B ce0S KPUTEPUH OLIEHKH
MPOAYKTA, SIBISIOIINECS AN 3aKa3uhuKa MPUOPUTETHBI-
MU, U JOMOJHUTECIBbHBIC OIpaHUYCHUA B BUAC OTHOUIC-
HUIl CpPaBHMMOCTH (MaKCHMAalbHBIH, MHHUMAaJIbHBIH,
Jydine, XyXe, MeHble, Oojbplie, paBHO u T.IL.). [lpu-
OPHUTETHBIE KPHUTEPUU OIPEICISIOTCS Ha OCHOBAHUH
aHaJM3a MCTOPUH BBHIOOpA 3aKa3uMKOM KOHQUTypanui
npoaykroB. Harmpumep, ecin 3aka3umk Bcerna BbIOMpa-
€T caMyIo JICIIEBYIO U3 MPEATIOKEHHBIX KOH(UTypanni,
TO NIPUOPHUTETHBIM KPHUTEPHEM 3aKa3uhKa SBISETCS Iie-
Ha, a OTpaHMYEHIEM — MUHUMAJIbHAs (1IeHA).

Ecnu npuopuTeTHBIA KPUTEPUN OAMH, TO PaHXKH-
POBaHME OCYIIECTBILSIETCS] IO 3TOMY KPHTEPHIO B COOT-
BETCTBUMU C OTHOLICHHUAMU CPAaBHHUMOCTH. Ecnmu npu-
OPHUTETHBIX KPUTEPHEB HECKOJIBKO, TO PaHXHPOBAHUE
KOH(UTYpalii OCYIECTBISIETCSI HA OCHOBAaHUU BECOBO-
ro npeanouteHus. Bec sBisiercs QyHKIMeH OT 4acTOTHI
WCIIONIb30BaHMSl pacCMaTprUBacMOr0 KpUTEpHUs TPH BBHI-
0ope 3aKa3uuKoM pa3lIMuHBIX KOH(QUTYpalui, «Ba)KHO-
CTH» JTAHHOTO KPUTEPHS 110 CPABHEHHMIO C IPYTUMHU KPH-
TEpUSIMA W KOJIMYECTBA MPOIYKTOB, PACCMOTPEHHBIX
3aKa39MKOM 32 BCIO MCTOPHIO PO IITHPOBAHHSI.

OnpenesieHne NpeANOYTHTEILHOM
KOH(QUTypaIuy NPOAyKTA: MOIX0/

Lenpro moaxona K ONPEACICHUIO MPENNOYTHTENb-
HOW KOH(Urypauuu sBIsSETCs NONyYeHUe paHKUpOBaH-
HOTO CIIMCKA aJIbTepPHATHBHBIX KOHQHIypalui, B KOTO-
POM KOH(HUTypalys, COOTBETCTBYIOIIAs MPEATOYTCHUIM
3aKa3yuuKa, SBISCTCS KPaHHUM DIIEMEHTOM (IIEPBBIM HJIH
MOCJIETHUM).

OmnpeneneHne NPEIOYTHTENHLHON KOHQUTYpALH
Ha4YMHAETCS] C OIpEAENEHNs KPUTEPHEB, HA OCHOBAHUH
KOTOPBIX 3aKa3YHMK OIIEHMBACT NMPOAYKTHI. Lyl BBIsABITE-
HUSI KPUTEPHEB 3aKa3uMKa HCHONB3YETCS €ro NMpoduib
[28, 29]. Ucnonb3oBanue mpoduis 3aKa3drka BMECTO
B3aUMOJICHCTBHS C 3aKa34MKOM B IIpoIiecce KOHPUrypu-
poBaHuUs 00YCIIOBIICHO PSJIOM MPUYNH:

— BBIOOp KPUTEPHEB U OINPEICICHUE MPEAIOYTeHUI
B AHUAJIOre ¢ 3aKa34YMKOM HC BCCIrJa BO3MOXKHBI UJIN BbI-
3BIBAIOT 3aTPyAHCHHMS, HAIPUMEpP B CiIydae yAaJeHHOTO
KOH(HUTYPUPOBAHUS,;

— TIIOCTPOEHHE BCEX OTOOpakeHWil B TIpolecce
JIMajIora ¢ 3aKa34yMKOM TpeOyeT 3HAUYMTENbHBIX BpPEMEH-
HBIX 3aTpar;

— nudpoBas SKOHOMHKA OPHUEHTHpPYETCS Ha HC-
MOJIb30BaHUE METOAOB YTIYOJCHHOW aHAIUTHKU OOJb-
IIMX MacCHUBOB JIaHHBIX.

TexHomorust npodUIMPOBaHMS MpeIaraeT pas-
JIMYHBIC METOAbI JJIsI BBISIBIICHHUA l'[pQHl'IO’-ITeHHﬁ 3aKas-
yukoB. Hanpumep, aHanutuueckas o0paboTKa 3apocoB
3aKa34YMKOB OTHOCHTEIIFHO MHTEPECYIOIUX MX MPOIYK-
TOB M XapaKTEPUCTHK; aHAJIN3 OT3BIBOB 3aKa34MKOB, OT-
MpaBJICHHBIX UMH IMIPOJaBIly MPOAyKTa B (hopme oOpar-
HOM CBSI3M; aHAIN3 OOCYKAEHHH 3aKa3uMKaM{ MpPOIyK-
TOB B COLMAJIBHBIX CETSAX M Ha (opymax; aHaIM3 pere-
HUHA 3aKa3uuka IpH TOKYIIKe Mpoaykra u ap. [lanHas
paboTa OpPHEHTHPYETCS] Ha BBIABICHHE HPENINOYTCHUH
3aKa34yMKa MOCPEACTBOM aHalIW3a PEIICHUH, KOTOpBIE
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ObUTM TPUHATHl 3aKa3YMKOM NPH KOH(QHUIYPHUPOBAHUH
WM IPHOOPETEHUH PAa3INYHBIX IPOLYKTOB.

st onucanus NpeanodTeHUi 3aKa3uuka Ipeia-
raeTcsl MCIOIb30BaTh OTHOIICHUS MPEATIOYTEHHS, MPHU-
HATBHIC B TCOPHUHU MOTPEOUTENLCKOTO BhIOOpa [25, 26]. B
COOTBETCTBUU C 3TOM TEOPUEH OLICHKA IPEAIOYTCHUN
MIPOU3BOJUTCA HAa MHOXKECTBaX C OAMHAKOBBIMHU Habo-
pamMu KpUTEpUEB, HO C Pa3HBIMU 3HAUCHUSMHU B Ka)KIOM
MHOXECTBE.

B paccmarpuBaeMoM 31ech MOAXOAE MpeIaraeTcs
CpaBHMBAaTh MHOXKECTBA, B KOTOPBIX BCTPEUACTCS XOTA
OBl OZTMH KPUTEPUH U3 MHOXECTBA KPUTEPHEB 3aKa3urKa
(C), ¢ TakuM Xe KpUTEpHEM B APYTHX MHOXKECTBAX.
MHOXeCTBO, KOTOpPOE CpaBHUBAETCSI ¢ MHOXeCTBOM C,
SIBISIETCSI IIEPECEUCHUEM ABYX MHOXECTB. Takum oOpa-
30M, cpaBHHBatoTcs MHOkecTBa C, =C u C,,=CnN X,

rae X — MHOXKECTBO, COAEpIKaIlee KPUTSPHH U3 MHOXKE-
crea C. Cnaboe mnpennouTeHHe BBIpaXKaeTcsl Kak
¢ > (Cy,Cy) n 06o3HauaerT, 4To Ha nape MHOXKeCTB C
u C,, Ui 3aKa34rKa KPUTEPHUi ¢ ABISACTCS MPEANOYTH-
TenbHBIM. CTporoe npearnodTeHnue KpUTepys Onpenes-
eTcsl 10 pe3ysbTaTaM CPaBHEHUSI MHOXECTB, B KOTOPBIX
€CTh pPaccMaTpUBAEMBbI KPUTEPUIl M JUI KOTOPHIX OII-
pezieNneHbl OTHOIIeHHUsI caboro mpesmoutenus. Kpure-
pHHl ¢ cYMTaeTcs CTPOro NPENIOYTUTENBHBIM ¢ > C

TOrZa M TONBKO Toraa, korxa ¢ = (Cy,C,) mis Beex
nap (Ci,Cy,). TIpeioKeH B NI0X0 [O3BOJISET Bbi-

SBUTH IPEANIOYNTAECMBIC 3aKa3YMKOM KPUTEPHU B pe-
3yJbTaTe aHaJIM3a MPHUHATHIX UM PEIICHUi NMpH MpHoO-
peTeHNH WM KOH(UTYPHUPOBAHWU PA3IIMYHBIX MPOIYK-
TOB, JJId OLICHKU KOTOPBLIX MOTYT NMPUMEHATHCA OJUHA-
KOBbIe KpuTepuu. Hampumep, KpUTepuH HaIEXHOCTH,
CTOMMOCTH W Jp. MOTYT OBITH NPHMEHEHBI K JIIOOBIM
BUJIaM TPOJYKTOB, KPUTEPHUH «ymTOOCTBO HCIIOIb30Ba-
HUSD» — K HHTEep(ECy, METOINIECKUM PEKOMEHAALHAM,
HEKOTOPBIM BHAAM YCIYT M T.II., HO 3TOT KpPUTEpHi He-
IIPUMEHUM K NPOAYKTY KaK IPOU3BE/ICHHUIO HCKYCCTBA.
Mex1y KpUTEpHUsSMH, KOTOPbIE 3aKa34MK HCIIOJNb-
3yeT Ul OLEHKH MPOIYKTa, M XapaKTepPUCTUKaMHU IIpo-
JyKTa, TIPEJICTaBIEHHBIMA B OHTOJIOTHH, YCTaHaBJIMBa-
oTcs oToOpakeHMs. HeoOXomuMOCTs YCTaHOBKH OTO-
Opa’keHWil BBI3BAaHA TEM, YTO CIOBapH HpodwmiIs 3aKa3-
YHMKa U OHTOJIOTHH, KaK MPAaBUIIO, OTIINYAIOTCS, T.€. KpH-
TepUH, MpEJCTaBICHHbIE B Npoduie 3aKa3dnka, MOTYT
HE COBIAaTh C HA3BAaHUSAMH XapaKTEPHCTHK ITPOIYKTa B
oHTOJIOTMH. OTOOpa)XEHHs TO3BOJISIOT  ONPEACIUTD
KPHUTEPUH 3aKa3uuKa B TEPMUHAX MPOOJIEMHON 00IaCTH.
Jis ycTaHOBKHM OTOOpa)keHHWH IpeiaraeTcss Mc-
TMIOJTb30BATh AITOPUTM, TIPUBEIECHHBIN Ha puc. 2.

Hauvano

Kpurepuii 3axa3unka
COBIIAJIa€T C OJTHOM U3
XapaKTEPUCTHK NPO-
JIyKTa B OHTOJIOTHU?

Her

Ha

Y CTaHOBHUTH OTHOILIEHHE SKBHBAJICHTHO-
CTH MEX[y KpUTEPHEM 3aKa34nKa 1 Xa-
DAKTEPUCTHKON NPOAYKTA B OHTOJIOTHU

> Komnerg )
)

Omnpenenuts GYHKIUIO COOTBETCTBHS
MEXIy XapaKTepUCTUKaMU MIPOIYKTa,
4epe3 KOTOPhIE MOXKHO BHIPA3HTh KPUTE- (g
pHii 3aKa34nKa, ¥ KPUTEPHEM 3aKa3uHlKa

T lta

B oHTONMOTMY €CcTh XapakTe-
PHUCTHKH NIPOJYKTa, yepe3
KOTOPBIE MOXHO BBIPA3UTh

KpUTepuil 3aKa3uuka?

Her

JlobGaBneHre B OHTOJIOTHIO HOBOU Xapak-
TEPUCTHKH, KOTOPAst MOXKET OBITH HC-
MOJIB30BaHA JUIS IIOCTPOCHHUS (PyHKIHN
OTOOpaKEHUSI

JlobaBieHHas xa-
PaKTEpUCTHKA CO-

Ja Hert

OTBETCTBYET KpH-
TEpHUIO 3aKa34unKa’?

Puc. 2. Anroput™ yCTaHOBKH OTOOpa)KEHHH MEXTy KPUTEPHAMH 3aKa3ulKa M OHTOJIOTHEH MPoayKTa
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B cooTBeTcTBMM ¢ 3THM aNTOPUTMOM BHadaie
OCYIIECTBIISIETCS aHAJNN3 XapaKTepPUCTHK IPOAYKTa,
MPEICTAaBICHHBIX B OHTOJIOTHH, Ha TPEAMET BO3MOKHO-
CTH WX HUCIIOJIb30BAHMS B KaY€CTBE KPUTEPUEB 3aKa3uH-
ka. Ecnu B onTonoruu mpoaykra (OP) mpencraBnena
XapaKTepPUCTHKA p,, TOUYHO COOTBETCTBYIOLIAS KpHTE-
PHIO 3aKa34yHKa p., TO OTOOpaKEHHE MEXIY ITUMH KpH-
TEpUEM M XapaKTEPUCTHKOH MOAEIHMPYETCs] IPH MOMO-
my oTHoweHus >kBuBanenTHoctu: OP : p,=VC : p,,
rae VC —9To cioBaphb 3aKa3umKa.

Hanpuwmep, ecmu 3aka3uWk BBIOpAN KpPUTEPHEM
CTOMMOCTh KOH(UTYpallid TPONYKTa, a B OHTOJIOTHH
3TOT MPOAYKT XapaKTepU3yeTcs IEHOH, TO MEXIy TOHS-
THSMHU «CTOUMOCTBY» H «IICHA)» YCTaHABIMBAETCS OTHO-
menure sksuBajeHTHoCcTH: OP : erna = VC : cTOMMOCTS.

Ecan TOYHOro COOTBETCTBUSA HE CYHIECTBYET, TO
CJICAYIOUINM HIaroM sBJIACTCA MOIIbITKAa BBIPA3UTH KpH-
TepUil 3aKa3yWKa p. Kak (YHKIUIO OT XapaKTEPHCTHK
NPOJYKTa, KOTOPBIE MpeACTaBIeHbl B oHTONOTHH. Eciu
B OHTOJIOTHH €CTh XapaKTEePUCTUKH NPOAYKTa, KOTOPHIE
MOTYT OBITh HCIIOJIb30BaHbI ISl BBIPAYKCHUSI KPUTEPUSI
3aKa34yhKa, TO OTOOpakeHWE MEXITy KPUTEpUEeM M Xa-
pakrepuctukamu umeeT Bux OP : p, A OP: p,=VC : p,,
TIe py ¥ p,, — XapaKTePUCTUKU MPOAYKTa B OHTOJOTHH,
KOTOpbIE MOTYT OBITh HCIIOJIb30BaHBI [JIsi BBIPAYKCHUSI
KPUTEPHS 3aKa34YHKa.

Hanpuwmep, ecnu 3aka3duk BeIOpaj KpUTEpHEM Ka-
4eCTBO KOH(UTYPHUPYEMOTO IMPOAYKTa, & B OHTOJOTHH
9Ta XapaKTepUCTHKA SIBHO HE MPE/ICTAaBICHA, HO U3BECT-
HO, YTO Ha Ka4eCTBO PacCMaTpHBaEeMOr0 3aKa34HKOM
MPOJYKTa BIMAIOT TaKHe XapaKTEePHCTHUKH KaK JOCTYII-
HOCTb M YHUBEPCAIILHOCTb, TO OTOOpaXeHHE MEXAY HH-
TEPECYIOIINM 3aKa34unKa KPUTEPUEM M OHTOJIOTHEH BBI-
msiaut kak  OP : moctymuaocte A OP : yHUBepcanb-
HOCTh = VC : KauecTBo.

Ecnu B OHTONOTMM HPOMYKTa HE CYIIECTBYET Xa-
PaKTePUCTHK JUIS BEIPAKEHUS KPUTEPHS 3aKa34rKa, TO B
OHTOJIOTHIO T0OABIISIETCSI HOBasl XapaKTEePUCTHKA, KOTO-
past 100 TOYHO COOTBETCTBYET KPHTEPHUIO 3aKa3yHKa,
00 MOXKET OBITh HCIOJIb30BaHa B COBOKYIHOCTH C
MPEACTABIICHHBIMU XapaKTCPUCTUKAMU IJIsI TIOCTPOCHUA
0TOOpaKCHUSL.

[Tocne ycraHOBKH OTOOpaK€HHWH IUISi KPUTEPHUEB,
MOJYYUBIIUX OTOOpa)KeHUS! B BUJE, OTAMYHOM OT OT-
HOIICHUH SKBHUBAJICHTHOCTH, CTPOSTCS arperupyromrne
(YHKIUHM, KOTOPBIE IMO3BOJLIOT OIPEOCIUTh 3HAUYCHUE
KPUTEPHsI TIOJNB30BaTeNIs 110 MHOXXECTBY 3HAYCHHUI Xa-
pakTepuCTHK. Pe3ynpraTroM yCTaHOBKH BCEX OTOOpaxe-
HUM  ABIseTCS  MHOXECTBO  oToOpaxenuit  (M):
M:C— P, tne P — MHOXECTBO XapaKTepHCTHK IIpO-
nIykra B oHTONoruu OP.

[Mocme anHanm3a BcexX peIICHWI 3aKa3ylKka MpH
KOH(UTYPHUPOBAHUH FIIH MPUOOPETEHIH MM Pa3IMIHBIX
MIPOIYKTOB FMEEM HEeIepeceKaronmecs MHOXXECTBA, B
Ka)KJIOM U3 KOTOPBIX OAWH U3 KPUTEPHEB IIPHOPUTETHBIH.

B ciydae enMHCTBEHHOIO MHOXKECTBA (BBISBICH
TOJIBKO OJMH TPUOPHUTETHBIN KPUTEPHi) paHKHUPOBAHUE
ANbTEPHATUBHBIX KOH(UIypauui OCYIIECTBISIETCS IO
9TOMY KPHUTEPUIO B COOTBETCTBHM C OTHOIICHHSIMH
CPaBHUMOCTH.

B ciyuae HECKONBKHX HPHOPUTETHBIX KPUTCPHEB
PaHXHUPOBATh aIbTEPHATUBHBIC KOHPUTYpALUH Hpeiia-
raeTcst Ha OCHOBAHMH BECOBOTO MPEANOYTCHUSI.

Bec mpenmnoutenust B i-M MHOXecTBe (w; ) Hpen-

JIOKEHO ONPEACIAATh KaK

Pl N

1 >

Ng
rae "X"max — MaKCUMaJibHast MOIIHOCTb MHOX>XECTBa )(,

Ny — konuyecTtBO MHOXeCTB X; Ng — KOJIUYECTBO

MIPOIYKTOB, JUISl KOTOPHIX IPHHSTHI PELICHUS.

Ecnmn nocne onpernenenns BecoB MOSBHIINCH KpH-
TEpUH, HMEIOLIME OJMHAKOBBIM Bec (paBHO3HAYHBIC
KPHUTEpUH), TO U KaKIO0TO KpuUTepHus (HhopMUpyeTCs
CaMOCTOATENIbHBIH CIIMCOK KOH(HTYpalui, paHXHpo-
BaHHBIH TO 3TOMY KpuTepmio. Eciam aHamuTHueckoe
CpaBHEGHHE TaKHX CIIMCKOB BBI3BIBACT TPYIHOCTH CO
CTOpPOHBI 3aKa34yMKa MM CIEHHUAIICTa M0 KOHPUTIYypHU-
POBAaHUIO, TO JUIA MOJYYCHUS OIHOTO CIIHCKA MOXHO
HCIIOJIb30BaTh, HAIPUMEP, METOJ CIPABCIJIMBOTIO KOM-
npomucca [30, 31] unau apyrue MeToabl MHOTOKpUTEpH-
anpHOTO BBIOOpa [32]. B pamkax maHHOW pabOThI BO-
MIPOC OLEHKH TMPOIYKTa [0 PaBHO3HAYHBIM KPHUTEPHUSIM
HE paccMaTpuBaeTCsl.

Bbi6op npeanoyTuTeIbHOM KOHPUTYpaUHH
NMPOAYKTA onepaTopa coToBOii CBA3M

B pabore ucnonp3yercst npuMep KOH(UTYypHpOBa-
HUS TPOAyKTa ormeparopa cotoBoil ces3u (OCC), xoTo-
PpBIf OBIT pacCMOTpPEH B mpeaplnymieit cratee [15]. Tpe-
OoBaHMEeM 3aka3uuka (abOHeHTa I MpoOIeMHON 00-
JIACTH «MOOMJIbHAS CBsI3b») B 3TOM IPUMEpE SIBISIOCH
NOJIKJIFOYCHUE Ha €ro HOMEp YCIYTH ONpeNeIeHUs Me-
CTOTOJIOKEHHsI aDOHEHTa ¢ MOOMIIBHBIX YCTPOWCTB. 3a-
Jaya KOH(UTYpPHPOBAaHHUS 3aKIIOYanach B CO3IaHUH
koHpurypamuu npoaykra OCC, paciuupsromei cye-
CTBYIOIIYIO KOH(QUTYpaINIO HOBBIM KOMIIOHEHTOM.

Onronorunueckass mozaenp npoaykroB OCC, wuc-
MoJib3yeMasi B paccMaTpuBaeMOM IIpUMepe, MPHUBEAEHA
Ha pHc. 3, TIIe MOKa3aHa TOJIBKO YaCTh OHTOJIOTHH, peJle-
BaHTHas Ul paccMaTpuBaeMoro mnpumepa. [lns mpen-
CTaBJICHUSI OHTOJIOTHH HMCIOJIB3YIOTCSI CPEICTBA MOJCIIH
OWL (Web Ontology Language) [33]. Ha pucynke He-
3aTCHEHHBIC MTPSIMOYTOJILHUKN COOTBETCTBYIOT KJIaccaM,
3aTeHEHHBIE — HHIUBUAAM (3K3eMIUIIpaM KiaccoB). Ot-
HOLIEHUs! (POZOBHUIIOBBIE M «HUCIIONB3YET») MpeICTaBIIe-
Hbl OMHApHBIMHU TpeIUKaTaMU, CBOMCTBA OIHOTO apry-
MEHTa MPEJICTaBIICHbl YHAPHBIMH MPEINKaTaMH.

Kak BumHO M3 pHCyHKa, yCIlyra ONpEIeNIeHHusI Me-
CTOTIONIOKEHHS SIBIISICTCS IUTATHOM. JTa yciyra Xapak-
tepusyercsi ctoumocteio. OCC mpezanmaraer aBa Bapu-
aHTa peaju3auuy 3anpamuBaeMon yciayru: «Jlokarop»
n «CrmyTHUK». «JIokarop» ompenensieT MecTOIOIOoXKe-
HUEe a0OHEHTa NpPU perucTparmuu B ceTh. «CITyTHUK»
oIpezieNnseT MecTonojokeHue abOoneHta mo GPS/
TJIOHACC. TTonb3oBaHue yciayroit BO3MOXHO, €CITH Ha
ycTpoiicTBe abOOHEHTa yCTaHOBJIEHO IPUIIOKECHUE
«Smart Positioning», pa3zpaboraHHoe aJsi ONepalnuoH-
Ho#i cuctemsl Android Bepcwuii 4.4 u BbIie.
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VYenyra

/r‘\}IBJmeTC;I IK3EMILISIPOM

becrmatnas [InarHas
—@ CToMMOCTb
yciayra ycayra
bazosas Jlononuurens- Mecronoso-
Has JKEHHE
/ \ T

| : [ :
i Poymmmr ;i

CTOMMOCTB: C;

: [Ipunoxenue OnepanyoHHas
| ——@ Bepc
: cucreMa pew
I
Hcnons3zyer T
[ ST .
: i Smart | r-oo-04- PRI e '
== .. . —+ Android | }Windows|
' Positioning § t----o---s-d LoooToiniiTl

Bepcusi: {4.},5.0, 6,0...}

Puc. 3. Onronorus npoxyxkra «yciayru OCC» (mpumep)

W3 npuBeneHHON OHTOJNIOTMM IPOAYKTA «YyCIyru
OCC» MOXHO TIOJNyYHTh JBE aJIbTEpPHATUBHbIE KOH(DU-
rypanuu TpedyeMoro npojykra (Tabnuma) (11 KpaTko-
CTH POJIOBUIOBBIE OTHOUICHUS «SBISTHCS DK3EMILIS-
poM» B TabnuIe He MOKA3aHBbI).

Bo3mo:xkHbIe KOH(pHUrypauuu NpoayKTa

«ycJIyra onpe/ieIeHHs] MeCTONOI0KEHUSD)
Kunacc CaoiicTBO OGunacTb 3HaUCHUI
CBOWCTBA

Kondurypanms,
[InaTHas yciyra CronmocTh
Mecrononoxenue | CTonMoCTh
Jlokatop C
CroumocTh KoHurypauuu | cy
Konguryparms,
IInarHas ycayra CroumocTb
Mecrononoxenue | CTouMOCTh
CIyTHHK CroumocTh C
CryTHHK Hcnonpsyer [Ipunoxxenue
Smart Positioning  |Mcnonezyer |OnepanuoHHas cHCTEMa
Android Bepcus 4.4 u BelLIE
CronMocTh KOHpHUTypauuu 2 C)

KoMmoHeHThI, BXOIAIIME B TMEPBYI0 KOH(HTrypa-
LU0, XapaKTEePU3YIOTCs TOJILKO CTOMMOCTBI0. B 00mem
clly4ae CTOMMOCTh KOH(UTYpaIld HE SBJISACTCS MpO-
CTOM CyMMOM CTOMMOCTH €€ KOMIIOHEHTOB. 3/1€Ch, AJIS
MpOCTOTHl (PYyHKIHS pacueTa KOHOQUTypalwii HE pac-
CMaTpHBAETCS M CUUTACTCS, YTO CTOMMOCTH KOH(HUTY-
palMy  CKJIAIBIBACTCSI W3 CTOMMOCTH KOMITOHCHTOB.
Bropas xoHdurypamms XapaxTepu3yeTrcs BHIOM IpH-
JIOKEHUS, BHUJIOM OIIEPALMOHHOM CHUCTEMBI, BEpCHUEH
OTIEPAIIMOHHOM CHCTEMBI U CTOMMOCTBIO.

OmnpejeneHbl  CIEAYIONME OTOOPAXKEHUSI MEXIy
npoduniem 3axazunka (VC) u onronorueit nponykra (OP):

1) VC:uena = OP:CroumocTs;

2) VC:0C = OP:OnepanponHas cucrema.

0O06a oToOpakeHHs TPEICTABICHBI OTHONICHUSIMU
9KBUBAJICHTHOCTH.

Jis kmacca mpHIIOKEHHE OTOOpaKeHWi HE ycTa-
HOBJICHO, TaK Kak B mpoduie 3aka3yrka OTCYTCTBYIOT
KPHUTEPUH, KOTOPbIE MOTIIU ObI OBITH CBSI3aHBI C ATOW Xa-
PaKTepUCTUKOM.

Amnanu3z npoduirs 3aKa3yMKa 1okasaji, yTo orepa-
LMOHHAsl CHCTEMa SIBJSIETCSl EIUHCTBEHHBIM CTPOTO
MIPEATIOYTUTEIBHBIM KPUTEPHEM. J[OTIONHUTENbHOE OT-
paHMYEHHE 3aKa3yMKa 3aKITI0YaeTCs B TOM, YTO OH BCE-
r1a BBIOMpAET MPUIIOKEHUs, padOoTafolIie IMOA CHUCTe-
Moit Android. DTo orpaHndyeHHe B BHIEC OTHOIICHUS
CPaBHUMOCTH BBIIIIIUT CIeXyromuM odpaszom: Omepa-
nuoHHas cucreMa = Android. [locire pamkupoBaHus 1Mo
OTOMY OTHOIICHHIO IOJIy4Ya€M, 4TO B pacCMaTpuBacMoM
pUMepe NPENIoUTHTENIFHON KOHQUTYpaluei sBiseTcs
BTOpAs.

3akiiroueHue

B pabote ommcaH moaxon K OmnpeneseHnio KoH(u-
Typaluy TPOAYyKTa, KOTOpas SIBISETCS A 3aKa3uhKa
npeanoututenbHol. Ilogxon mpenmomaraer MCIoib30-
BaHHWE OHTOJIOTMYECKOH MOJAENH MPOAYKTa. JTa MOAETH
JISKUT B OCHOBE paHee pa3pab0TaHHOTO OHTOJIOTHYE-
CKOTO IMOAX0Ja K KOH(pUTypHPOBaHHUIO HEMATEPHAIBHBIX
MPOAYKTOB. B paccMOTpeHHOM B TaHHOI paboTe momxo-
JIe OHTOJIOTHYECKas MOAEIb HPOAYKTa HCIOIb3YeTCs
JUISl OTIPEZENICHHsT COOTBETCTBUH MEXIy KpPUTEPHUSIMH
NpeANOYTeHNH 3aKa3unKa U XapaKTepUCTUKaMU KOH(DU-
TYpUpPYEMOro IPOAYKTa, YTO MO3BOJISIET BBHIPA3UTh KpH-
TEpUM 3aKa3uhKa B TEPMHUHAX NPOOJIEMHON 00NacTH H
COOTBETCTBEHHO NPHOIU3UTHCS K MPEJCTABICHHUIO 3a-
Kaz4yrika O MPOIYKTE, €CIH ITOT 3aKa3YWK HE SBISCTCS
CHELHATICTOM B JaHHOH oOnacTy.

Jlist onmcaHMs MPENIIOYTEHNH 3aKa3druKa IIpeJyIo-
KEHO HCIIOIb30BaTh OTHOLICHHS MPEANOYTEHHUS, MPHU-
MEHSEMBIE B MOJENSX NPUHATHS PELICHHH W TEOPUH
MOTPEeOUTENHCKOrO BbIOOpA. BhIsiBIEHHE TpeaOouTeHUI
3aKa3uMKa OCYIIECTBIIACTCS 10 pe3y/bTaTaM Npoduiu-
pOBaHMsI DTOrO 3aKa3yMKa Ha MpEIMeT HPUHATHS UM
pelieHuit B mpouecce KOHPUIYpUPOBaHHS MM TPHOO-
peTeHHs MM pa3IMYHBIX MPOAYKTOB. Vcmonb3oBaHne
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poduIst 3aKa3uMKa, BO-TIEPBBIX, TIO3BOJSET OTKA3aThCS
OT TPYAOEMKOTO IIPOIIecca CPaBHEHUS KCIIEPTaMU pas-
JIMYHBIX HA0OPOB MPOAYKTOB, KaK 3TO AENAETCA B TEO-
pUM TOTPEOHUTENHCKOTO BBIOOpA; BO-BTOPBIX, IMPEIOC-
TaBJIsSIET UCTOPHIO BBHIOOpPA 3aKA3YMKOM HPOAYKTOB ISt
pacdera BECOBBIX KOA((PHUIMEHTOB KPUTEPHUEB MPU BO3-
HUKHOBEHHUH TPOOJIEMbl MHOTOKPUTEPHAIBHOTO BBIOO-
pa; B-TPETHHX, OMUPAETCS] HA UCIIOIb30BaHUE PE3yibTa-
TOB aHajM3a OOJIBIIMX OOBEMOB JaHHBIX, YTO SIBISETCS
OZIHUM M3 KIJIIOUEBBIX TPeOOBaHUII cO CTOPOHBI LH(PO-
BOM YKOHOMUKH.

Kputepusmu 3¢ dexkruBHOCTH pabOTHI  Tpemio-
KEHHBIX MoJieNiell IepCOHaIM3UPOBAaHHOTO KOH(UTypH-
POBaHHMS NMPOIYKTA, ONPEACICHHS MPEAIOYTEHIH 3aKa3-
YHKa ¥ PAaHXUPOBAHUS alIbTCPHATHBHBIX KOH(QUTYpaLUi
NPOIYKTa SIBISIOTCS CTENEHb YIOBIETBOPEHHOCTH 3a-
Ka3uuKa M BpeMs, 3aTpadrBacMoe Ha 00CIY)KHBaHHUE 3a-
Ka3uuka. MoJiesn NO3BOJISIIOT TIOBBICUTH CTENEHb YAOB-
JIETBOPEHHOCTH 3aKa34WKa M COKPaTHTh BpeMsi 00cCiTy-
KUBaHMS.

[MpennoxeHHBIN TOIXOA HAXOAWTCS HA JdTale pas-
paboTtku. Ha Texkymuii MOMEHT HMMEIOTCSl CIIeIyIoIIne
OTpaHWYCHUS ¥ HEeOpaOOTKH. YCTaHOBKA OTOOPaKCHUH
MEXy CJIOBapeM 3aKa3dWKa M OHTOJOTHEH MpoIyKTa
MIPOU3BOJUTCS SKCIEpTaMu. B nanpHeWleM NiaHUpy-
eTcs aBTOMaTH3MPOBATh 3Ty Hpoueaypy. B dactHoctH,
3a CUET UCIIOJb30BAHMS MEXaHM3MOB OTOOPaKEHHS OH-
tojoruii. Takke B 4acTH YCTaHOBKH OTOOpa)keHHH B
JAHHOW paboTe pPacCMOTPEHBI TOJBKO OTOOpaKEHUs
MEXy SKBHBAJICHTHBIMH HOHATUSMH. B mepcnexkruse
IUTaHUpYeTCsl pa3paboTaTh THIOBBIE (YHKIWH, TTO3BO-
JISIOINE CTPOMTH OTOOpaKeHWs, SBISIOIMecs (QyHK-
LUSIMA HECKOJIBKHUX TOHATHH. [ mpoBepkw moaxona
Ha JKH3HECHOCOOHOCTh M C IIENbI0 IOJYyYeHHs Ipen-
CTaBJIEHUsI O HEOOXOIMMOCTH BO3MOXKHOH NOPaOOTKH
TpeOyeTcsl TeCTUpOBaHME IMOAXOAa Ha OONBIIMX Habo-
pax peanbHbIX JaHHBIX.

Paborta BeIONIHEHA TIPU (UHAHCOBOW TMOAJEPIKKE
PODU (rpanter NeNe 16-07-00375, 17-07-00247, 17-
07-00248) u oromxetHOM Tembl Ne 0073-2018-0002.
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Levashova T., Pashkin M.
Model for definition of preferred product configuration

The paper proposes an approach to define a product configura-
tion preferred by the customer. The approach uses methods of
choice that are based on customer-specific value functions and
weight significance. The choice criteria are revealed based on
the product ontology model and the results obtained by the
customer profiling. These results provide information about
the customer decisions in the processes of configuring or pur-
chasing various products. Preference hypothesis accepted in
decision making models are used to describe the customer
preferences. The approach applicability is illustrated by the
problem of a preferred configuration definition for a mobile
operator product.

Keywords: customized product configuration, preferred con-
figuration, ontology product model, preference hypothesis,
mobile operator product.
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YK 004.8

A.A. Tapawmos, H.I. lUunoe

PekomeHayrowme cucteMbl Anst UHpopMaLUMOHHOM NOAAEPKKN
BOAUTENA: aHann3 COCTOSAHUSA UccrieAoBaHNM

IIpencrasien 0630p, aHAMN3 U CHCTEMATH3AIMs HAYIHBIX pabOT B 00JIACTH HCIIOIB30BAHUS PEKOMEHIYIONIUX CHCTEM
Uit MHGQOPMAIMOHHON MOJ/Iep)KKN BojuTens. [lokazaHa akTyalbHOCTb JAQHHOW TEeMbl HCCIENOBaHHW. BeimomHena
KJIaccuuKaIys MyOIuKanuii Mo 4eTblpeM TeMaTuueckuM Onokam. OnpeneneHsl KIII0UeBble XapaKTePUCTHKU CHCTEM
MH(POPMAIIOHHON MOJAEP>KKU BOJUTENEH, HA OCHOBE KOTOPHIX BBIIIOJIHEHO CpaBHEHHE paboT, Haubosiee OIM3KO OTHO-
camuxcs K TeMe. B kauectBe Hanboliee MEPCIEKTUBHOTO HAINPABICHUS HCCIIEIOBAHMN B 3TOH 00JacTH MPEUIOKECHO
00beIMHEHNE CEPBUCOB M TEXHOJIOTHIl [T Peai3aliii PEKOMEHIYOIICH CUCTEMBI B pacCMaTpHBaeMO# 00IacTH.

KiroueBble ci10Ba: HHGOPMAIMOHHAS MOAECPKKA BOAUTEIIS, PEKOMEHAYIOIIAsh CHCTEMa, aHAIMTHYECKUH 0030p, cHc-

TeMaTHU3alysl, CEpBUC-OPUCHTUPOBAHHAS APXUTEKTYpa.
doi: 10.21293/1818-0442-2018-21-2-68-74

OnHOM W3 MEepPCIEeKTUBHBIX O0NacTell MpUMEHEHHUS
WHPOPMALMOHHBIX TEXHOJIOTHH SBIseTCS WH(POPMALH-
OHHAs MOAJIEpXKKa BoauTelsd. KonndecTBo 4acTHBIX aB-
TOTPAHCIIOPTHBIX CPEACTB 3a MOCIIEIHEEe BPEMS CYIIeCT-
BEHHO YBEIMYIIOCH M TPOAOIDKAET HEYKIOHHO PACTH.
370 SBUJIOCH MPUYMHON 3HAYMMBIX MPOOJIEeM BHE 3aBHU-
CHMOCTH OT reorpaduueckoii Jokanusanuu. Hanpumep,
B KPYIHBIX TOPO/IaX BCE Yallle MOXHO YBUIETh HECKOH-
YyaeMble MPOOKH, a Ha MOUCK ITapKOBOYHOTO MECTa MO-
JKET TIOTPeOOBATHCS 3HAYUTEIILHOE BPEMSI.

[Tomumo mpobreM W yrpo3 COBPEMEHHBIH MHD
TaKKe MPEAOCTABISICT U OOJBIIOE KOIUIECTBO BO3MOXK-
HocTedl. brmaromaps mioGanmm3amuy rpaHUIBl cTaml 0o0-
Jiee OTKPBITBIMH, U YHCIIO TYPHUCTOB PACTET IO OT rofia
[1]. K coxanenuto, TIOAH BCE €IIE BHIHYKIEHBI TPATUTD
CBOE BpeMsI Ha TOMCK ONTHMAaJIbHBIX MapIIPyTOB U OI-
peneneHue MpUOPUTETOB, MO CYTH pelasi CIOXKHbIE Ma-
TeMaTU4ecKue 3a7a4d, KOTOphIE e]Ba JIM JODKHBI MX
kacarbcsi. HeBepHbIN pacueT MOXKET IPUBECTH K HEXe-
JIaTeNbHBIM MOCIEACTBUSIM, HaIpUMEp, K CPBIBY MOE3-
KM WIN TpaTe CYLUIECTBEHHOTO KOJIMYECTBA BPEMEHH B
nmpoOkax [2]. Uto kacaeTcs €KCTHEBHBIX 3aJad4, BPOJC
moe3nku B opuc Ha pabodyee MECTO WIH K€ TypHE IO
MaraswHaM, TO CHUTyallus HHYEM He JIydlle — Torona
MOXET TPEMOJHEeCTH HEOXKUIAAHHBIA CIOPIIPHU3 B CaMBIit
HETIOAXOIAIINNA MOMEHT, TIOPOTH 3aKPHITHCS HAa PEMOHT,
a BpeMEHH Ha OOIyMBIBaHHE CHUTyallld, TeM Ooiee 3a
pyJiem, IPaKTUIEeCKH He OBIBaET.

Takum 00pa3oM, MOCKOJIBKY aBTOMOOMIIBHOE JIBH-
KCHUE SBJIAETCS BeChbMa TUHAMUYHBIM M HeNpencKa-
3yeMBbIM TIPOIECCOM, BO3JAralollliM Ha BOAUTENS OT-
POMHYIO OTBETCTBEHHOCTH Kak 3a ce0si, TaKk M 3a OKpY-
JKAIOIIKX, NPEAOCTaBIEHHE TOYHOM KOHTEKCTHO 3aBH-
cuMoii mHpopmaru noxdyac ObIBaeT >KU3HEHHO Ba-
HBIM (PaKTOPOM.

YuuTeiBasg TepeUYNCICHHbIE (aKThl, CTAHOBHUTCSA
OUYEBUIHBIM, 4TO IS d()(HEKTUBHOTO PEIICHUS TaHHOMN
3aJa4d HEOOXOIMMBI HOBBIE TEXHOJOI'HMH, CIIOCOOHBIE
obecnieuynBaTh HHPOPMAITMOHHYIO TTOIICPIKKY BOTUTEIS
B peXHMe pealbHOro BpeMeHH. MHTerpupoBaHHas pea-
JM3alsl TaKUX TEXHOJIOTMII Ha3bIBa€TCAd «CHUCTEMOM
HH(POPMAITMOHHON MOACPIKKA BOAUTEI». B O0MbIIHH-
CTBE CIIy4aeB JaHHBIC CHCTEMbI BKJIIOYAIOT B ceOsi He-

CKOJIBKO PasIIMYHBIX TEXHOJOTHH, OKOHYATEIBHBIA CO-
CTaB KOTOPBIX OIpEeIeNseTCs] OOIMNM Ha3HAYCHHEM CHC-
TeMbl. THITMYHBIMH TIPUMEpPAMU TAKUX TEXHOJOTHH SIB-
JISTIOTCSL TIPEOCTABICHUE PEKOMEHAAINI, METOIBI aHa-
JU3a COCTOSHHSI BOIUTENS, aJTOPUTMBI ITOCTPOCHUS
Mapupyra.

IlocnenHue, ucxons W3 Ha3BaHMs, HCIIOIB3YIOTCS
JUIS. aBTOMOOMJIBHOM HaBHTAllMM METOJIOM HaXOXKACHHS
KpaTr4JaiIero myTu MeX,y 3aJlaHHbIMHA TOYKaMH C y4e-
TOM OIpeJeNieHHbIX orpaHudeHui. CucTeMbl aHain3a
COCTOSIHMSI BOJIMTENSI MOTYT OTCJICKMBATh pPa3IMYHbBIC
MTOKA3aTeN HaXOAAUICTOCS 3a PYJAEM YelloBeKa — Hadu-
Has OT (PU3MOJOTMYCCKUX IAHHBIX M 3aKaHYUBAas CTe-
IBI0 €T0 PACCESTHHOCTH M aHamu3oM sMormid [3]. Tex-
HOJIOTHH TIPEJOCTABICHUS PEKOMEH/IAIINN, JIeKAIIie B
OCHOBE PEKOMEHIYIOUINX CHCTEM, HCHONB3YIOTCS IUIA
MIPEOCTABICHUS MOJIb30BATEISIM PAHXHUPOBAHHOTO CO-
[IACHO HEKOTOPHIM KPHUTEPUSIM CIHCKA CYIIHOCTEH,
KOUMH MOTYT OBITh CEPBHCHI, IIPOLYKTHI, reorpaduye-
CKHE JIOKAIINH, KOTOPbIE COOTBETCTBYIOT MPEIIOYTEHHSIM
KOHKpETHOro mosp3oBarenst [2]. X MOXHO BCTPETHTH
MTOBCEMECTHO Ha NpocTopax cetd VIHTepHeT, B cepBH-
caX, TIe BEOEeTCSd YYeT IMOJh30BAaTCIBCKUX IPEIIIOYuTe-
Huil. OOHAKO STHM UX NMPUMEHEHHE HE OTpaHHINBACTC,
W CeTOAHS OHU IIHPOKO PacHpOCTPAHEHEI, B TOM YHCIE
B cthepe nHPOPMAITOHHOH MOAep KKK BoguTes [1].

D¢ dextuBHas HHPOPMALMOHHAS TOJJEPKKA BO-
IUTENsl JocThraercs Omaromapsi oOpaboTke KOHTEKCT-
HOM WH(QOpMalKM W aHaIK3y NEePCOHAIM3MPOBAHHBIX
MOJIB30BATENbCKUX JIAHHBIX, BBINOIHSIEMOMY C IOMO-
HIBIO TEXHOJIOTHH PEKOMEHYIOIIUX CHCTEM, YTO MO3BO-
JSIET COCTABISITH IEJIOCTHYIO KapTUHY TEKyIIel cuTya-
UM U JaKe IPOTHO3MPOBATh MPEACTOSIINE COOBITHS.
JlaHHBII THIT CUCTEM NPEACTABISIETCS MPEIIOYTHTEINb-
HBIM BBHIy HAaJMYUs OTPaHUYCHUA Ha BO3MOXHOE
B3aMMOJICHCTBHE BOTUTENS C CHCTEMOW BO BpeMs IBU-
KeHus [4].

Taxum obpa3oM, JaHHAsI CTaThs MOCBAIIEHA 0030-
Py, @aHAJIM3y ¥ CHCTEMaTH3aIlH CYIIECTBYIOIINX Ha Te-
KYIHH MOMEHT METOJONIOTHUECKIX M TEXHOJIOTHYECKUX
peueHuit B obiacTi MHOOPMAIOHHOW TOIAEPIKKH BO-
aurensi. PaccMarpuBaroTCsl pellieHusi, OTHOCSIIMECS K
MIPEOCTABICHUIO MHPOPMALlMK O MapLIpyTe, a TaKKe
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COITyTCTBYIOIIEH WHPOPMAIUN C TOYKH 3pPEHHUS ee 00-
paboTKHU T IepCOHATM3UPOBAHHOTO KOHTEKCTHO-3aBH-
CHMOTO IIPEIOCTABICHUS IOJIB30BATEII0. ABTOPBI He
paccMaTpuBalOT BOIPOCHI, CBS3aHHBIE C aHAINU30M pa-
0OTBHI y3JI0B aBTOMOOMJISI MJTM COCTOSTHHS TI0JIb30BATEIS.

AHanu3 my0auKanui B 00J1acTH
HH(OPMALIMOHHOM MOJIeP:KKU BOIUTEJIS

[onck myOnukanuii OCyIIECTBILSUICS B CHCTEMax
JOCTyla K HayyHbIM myOmukamusiMm — ScienceDirect
(http://www.sciencedirect.com/) u Springer
(http://www.springer.com/gp/computer-science/). Ha
OCHOBE BBIOPAaHHBIX KIIIOYEBBIX CJIOB OBUIM OTOOpaHBI
28 myOnuKanuii co CpeIHUM BO3pacToM 2,5 roaa.

ITpoens cooTBeTCTByIONMME HAOMIOAEHHS, MOXHO
3aMETUTh, YTO KOJUYECTBO JIUTEPATYphl, IO KpailHeH
Mepe COIVIacHO TeKyIleil BhIOOpKE, HEYKIIOHHO pacTer,
YTO TIONTBEP)KAAET AaKTyalbHOCTh pPacCMaTpHBacMOi
TeMsl (puc. 1).

6
5
4 4
2 2 m 2
1. Ll
. i

2008 2009 2010 2011 2012 2013 2014 2015 2016

Fog
Puc. 1. KonnuectBo HaiiieHHBIX 1Ty OIHKanit
B 00nacTé HHGOPMALIMOHHON TOIAEPIKKU BOAUTEIS

Kon-go myGvikaumii
n (%] N

=

Hecmotpst Ha cx0Xyl0 TEMaTHKy MPEACTaBICHHBIX
pabot, cimcok MmpoOiieM, MOKPBIBAEMBIX WMH, KpaiiHe
HEOTHOPOJICH — OJJHU CTaTbhu C(POKYCHPOBAHBI HA CYyTY-
60 TeopeTHyeckol mpodnemaruke, 6e3 KacaTeabcTBa K
BEPOSTHON MpPaKTHYEeCKOW 00JacTH NpuMeHeHHs (Ha-
mpumMep, paboThl, oleHHBaromue PPEKTUBHOCTH pa3-
HBIX MAaTEMaTHYECKUX MOZEIEH, HCIIOIb3yEMBIX IS
co3/aHus pekoMeHaanuii [5—8]), uHble ke, Ha00OpOT,
MOCBANICHBI PEHICHNUIO BECbMa MPUKIaJHBIX 3a71a4, BO3-
HUKAIOUIMX B XO/I€ MPOCKTUPOBAaHHUS KOHKPETHOIO TeX-
Huueckoro pemenus (Hanpumep, MOVE [4], rre onu-
CBIBaeTCs MpoliieMa BOCIIPUSATHS BOAUTEIEM HH(pOpMa-
LM, TIPEICTABICHHOW B Pa3IMYHBIX TEKCTOBO-Tpadu-
geckux Qopmax). [TomoOHOE MHOTrOOOpasme oTpaxkaeT
CJIOHOCTB U TIIyOMHY HccinexyeMol TeMbl. M3yunB Bce
Marepuaibl, ObUIM ONpeNeNieHbl ISITh OCHOBHBIX IIPO-
ONeMHBIX 001acTel, 3aTPOHYTHIX B PacCMaTpPHUBACMBIX
CTaThsIX U PEJICBAHTHBIX IJIsI HACTOSILETO NCCIIEIOBAHNUS:

—upopmarrioHHas Moaaep>KKa BOTUTEIIS: TPAKTH-
YeCKUe CIOoCcO0bI MPeAoCcTaBiIeHls UH(OOPMAIMK BOJIH-
TeJIIO.

—Pexomenayromast cucreMa: ONUCaHWE T'OTOBOW
cucTeMbl (POPMHUPOBAHMST PEKOMEHIANN U HPEelT0oCTaB-
JICHUS 9THX PEKOMEHIalnii KOHEYHOMY IT0JIb30BATEITIO.

—VYd4er KOHTEKCTa: WCHONB30BaHHE KOHTEKCTHOW
nHpOpManUH 1T HHGOPMAITMOHHON MOJICPKKH BOAH-
Tens (B ToM uncie GOpMHPOBAHUS PEKOMEHIAITHIA).

— AJITOPHTMBI PEKOMEHIYIOIMX CUCTEM: OITHCAHUE
MaTeMaTH4eckoro 0asmca, HCIOJIb3yeMOro Ul COo3Ia-
HUS alNroputMa GOpMHPOBAHUS PEKOMEHIALIUH.

—Onwcanue miargopMsl: mwiarhopma, UCIoIb3yeMast
B cucTeMe HH(DOPMAIIMOHHOMN NOUIEPIKKH BOAUTEIISL.

B Tabn. 1 mpuBeneHO COOTBETCTBHE BBIOPAHHBIX
nyOnuKanui paccmarpuBaeMoi mpoOiemaruke. Ha ee
OCHOBAaHMH MOXKHO CJIeJIaTh BBIBOJ O TOM, YTO CIIEIYIO-
M€ CTaThU HEJOCTAaTOYHO COOTBETCTBYIOT NMPEIMETHOM
o0nacTH JaHHOro 0030pa, MOCKOJIBKY HE CONIEep)KarT HU
OJIHOTO TOJIHOTO TEMAaTHYECKOTO COBIAJCHUS C BbIIE-
JICHHBIMH KaTerOpUsIMU:

e Vehicle to Vehicle GeoNetworking using Wire-
less Sensor Networks [27].

e User resistance to acceptance of In-Vehicle Info-
tainment (IVI) [26].

Ta6numa 1
TemaTtuka nyoauKanuii

Nngopma- | Pekomen- | Yuer | Anroputmsl | Onuca-
[TyOnu-| 1MOHHAsA | IyIONIas | KOH- | DPEKOMEH- HHUe
Kalus | IOJUICP)KKa | CHCTeMa |[TeKCTa| AyouX  |miardop-

BOJUTEIS CHCTEM MBI

[1] v v v v v
[2] v v v v
[3] v v

[4] v + v v
[5] v v v v
[6] v v v

[7] v v v

[8] v v

[9] v + v v
[10] v v v v
[11] v v v v
[12] v v v

[13] v v v

[14] v v v v
[15] v v v v
[16] v v

[17] v + +

[18] v + + v
[19] v v v v

[20] + + + v
[21] v v v v

[22] v v v

[23] v v v

[24] v v v

[25] v v

[26] +

[27] + +
[28] v v v v

OcranpHble N3 TEPEYNCICHHBIX CTAaTeH INPEACTaB-
JISIFOT CYIIECTBEHHBIH MHTEpEC JUIA UcCIeaoBaHus. Tem
HE MEHEee BBIICTICHHE KaKUX-TH0O OOIIMX KpPUTEPHEB
JUI MX aHaJdW3a W CPaBHEHHs NPEICTaBIAETCA BECbMa
TPYAHOHM 3ajadeil, Tak KaK CIEKTP paccMaTpUBAEMBIX
BOIIPOCOB KpaitHe mupok. I[lo 3Tol mpuunHe cTarbu
ObUTM pa30MTHI HA TEMaTHYECKHe OJIOKU, B paMKax Ko-
TOPBIX TTPOBOMIIOCH CpaBHEHHE (Tald. 2).

[lepBrIii 00K (OomMcaHMe peKOMEHIYIOMIEH cucTe-
MBI JUI BOZIMTENS) BKIIIOYaeT B ceOs CTaTbH, 3aTparu-
BAIOIME TEMYy CO3[AaHUs CHCTEM HWH()OPMAIOHHON
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MOAJEP)KKNA BOAWUTENS MM ONHMCAHMS yXKE CyLIECTBYIO-
mux. B HUX MOXET MPHCYTCTBOBATh KaK AEMOHCTPALUS
JITOPUTMUYECKOTO sJpa CHCTEMBI, TaK M KOH(HTypa-
MM TEXHUYECKOTO XapakKTepa, BKYIIC C aHAJU30M pe-
3YJBTAaTUBHOCTU 110 OTHOIICHUIO K CYHICCTBYIOUIUM
aNbTepHATHBAM.

Bropoii G510k (mporpaMMHBIE CTPYKTYpPbI PEKOMEH-
JIYIOIMIMX CHCTEM) OOBEOMHSET CTAaTbhH, ITOCBSIICHHBIE
0030py KakoW-mubo0 TuIaTOpMBI, TPENOCTaBISIOMIEH
psn QYHKIMOHAJBHBIX pEIIeHHH B 00JIaCTH PEeKOMEH-
Iytomux TexHonornil. Takue mmaropMbl OTIMYAIOTCS
OT OANHOYHBIX AITOPUTMOB OOJIBIIEH KOMIUIEKCHOCTBIO,
TECHOM MHTErpalnueldl MeXIy COCTaBHBIMU YacTIMU U
Goee OOIIMPHBIM CIFICKOM OXBaTBIBAEMBIX IIPOOIEM.

B Tpersem Omoke (anropuUTMBI PEKOMEHIYFOIINX
CHCTEM) CONEpIKATCsi CTaThH, OIMMCHIBAIOIINE BCEBO3-
MOXHBIE PEKOMEHAYIOMIUE aJITOPUTMBI, OTACIBHO OT
CUCTEM MNOAACPKKHU BOAUTEA, Yb€ MNPHUMCHCHUE BO3-
MOYKHO TaKXe U B APYTUX 00JacTsX. ITH CTaThH IO3BO-
JISFOT B3WISIHYTH Ha IPOOJIEMy CO3/1aHMsI PEKOMEHIalni
W aHaJM3a TPEIIIOYTEeHHH IoJIb30oBarelsi, abcTparupy-
SCh OT aBTOMOOMIIBHOM TEMATHKH, MTO3BOJISISI TEM CaMBIM
MIPUBHECTH TyJIa YTO-TO HOBOE.

INocnenuuit 610k (co3maHne peKOMEHIYIOUINX CH-
CTEM) COIEpPXKUT CTaThbH, B KOTOPBIX M3JIOKCHBI HE
CTONIBKO KOHKPETHBIE BapHaHTHI pealu3aluil CHCTEM H
UX aITOPUTMOB, CKOJBKO ONHCAHUS CaMOro Mpolecca
CO3/IaHUSI TAKHX CHUCTEM M arperanuu Jro0oro Jpyroro
OMBITA MOJOOHOTO POja.

Tabnuiga 2
Kaaccudukanus nydauxanui
10 NpeMeTHO#i 00/1aCTH MCCIe10BaAHHUS
HaumenoBanue [Ty6nukaiuu, BXOASIIHE
TEMATUYECKOro OJIOKa B TEMaTUYECKUI OJIOK
1. Onncanue peKoMeHayIo- [1-4, 10, 14, 19, 21, 28]
e CUCTEMBI JIJIsl BOAUTEIIS

2. IIporpaMMHBIe CTPYKTYpPbL
PEKOMEHIYIOIIIX CUCTEM

3. ANTOpUTMBI PEKOMEH-
JYIOIINX CHCTEM

4. Co3nanne peKOMEHIYO-
MIAX CHCTEM

[5, 15, 22]

[6-8, 11, 12, 16, 23-25]

[9, 13, 20]

OO0cy:kaeHne pe3yJbTATOB AaHAJIN3a

JlaHHBIN pa3len cCOCTOMT W3 ONpelesieHUs KIIrode-
BBIX XapaKTEPUCTHK PAaCCMATPUBACMBIX CHUCTEM IOJI-
JICPKKU BOJAMTEIICH, MOCIICAYIONIETO WX CPAaBHCHUS W
OTIpeNeNICHUs] IEPCICKTUBHBIX 00NacTei Oyaynux pas-
paboToK.

CpaBHeHHe pelieHu i

OdeBHIHO, 9TO HanOoIee OIM3KIUMHE MO CMBICIY K
paccMaTpUBacMOMY BOTIPOCY SIBIISIFOTCSI  ITyOJIHMKAIlU
MIEPBOTO OJIOKA, IIOCBSIICHHBIE OMTMCAHNIO PEKOMEHTYIO-
IMX CHUCTeM Juid BouauTened. B pesynprare ux
CHCTEMATHYECKOTO 0030pa OBLIO BBIICICHO HECKOIBKO
OTJIIMYUTCIIBHBIX AaCIICKTOB, KOTOpI)Ie onpeuenmoT ux
(DYHKIMOHAIBHYI0O OCHOBY M SIBJSIFOTCSL OOLIMMH JJIst
CUCTEM TIOAJICPKKHU BOIUTEIICH:

1. TImardopma: mporpaMMHasi CTPyKTypa WIH Ha-
0Op MHCTPYMEHTOB M HHTEP(EHCOB, HA OCHOBE KOTOPBIX
MTOCTPOCHA CHCTEMA.

2. CBs3p MEXy KOMIIOHEHTaMH: CIIOCO0 Tepena-
9l MH(GOPMAINH U COOTBETCTBYIONINE HHTEP(EHCH, KO-
TOpBIE MO3BOJISIFOT YACTSIM CHCTEMBI B3aMOICHCTBOBATH
IPYT C IPYyTOM.

3. Hcmonp3yemble MOAEIM W alrOPUTMBI: MaTe-
MaTH4YeCKHe MOJIEITH U aJITOPUTMBI, OTpakaroIiye NpuH-
bl QYHKIIMOHMPOBAHUSI CHCTEMBI U IPEICTaBIISIO-
M€ ee MPOrpaMMHYI0 YacTb.

4. Amnanu3 mpennoyTeHUil MOoJb30BATEINsA: MOAXO-
Jbl K y4eTy NpeNro4YTeHUH IOJIb30BaTelIsl, BIHUSIOLUINX
Ha PEJICBAHTHOCTH IPEACTABICHHBIX W 0OpaOOTaHHBIX
JAHHBIX JUI KOHKPETHOTO YEJIOBEKA, TAKXKE OIpeselis-
10T YPOBEHb HACTPOUKH CHCTEMBI.

5. AHanm3 KOHTEKCTHOW MH(OPMAINH: €CIIU Ipe-
JBIAYIIMHA acIeKT OTBEYAaeT 3a CIIOCOOHOCTh CHCTEMBI
aJIalITUPOBATHCS K ONPEIeIEHHOMY MOJIb30BaTeNo, AaH-
HBII acHeKT 00ecreunBaeT aAalTHPYEMOCTh CUCTEMBI K
HU3MEHEHHUSAM YCIIOBUM OKDY’KarOILEH Cpenbl, 4TO MO3BO-
JISIET TPEAOCTaBIATh HH(OpPMAINIO, aKTyaJbHYIO IS
TEKYIIEro MECTOIONOXKEHUs, BPEMEHH M JIpyTuX 00-
CTOSITETIBCTB.

6. ApXuTeKTypa: BBIOpAaHHBIH CIIOCOO peannsa-
UM allapaTHOTO W IPOrPaMMHOTO 00ecHedeH s, KOTO-
pBIH ompernenseT MPUHOUIBI ITOCTPOSHHUS M (yHKIHO-
HUPOBAHMS KIFOYEBBIX JIEMEHTOB CHCTEMBI U MX B3aH-
MOJEHCTBHE.

CpaBHEeHHE pelICHWH HAa OCHOBE BHIOPAHHBIX ac-
MEKTOB TIPEJCTaBIEHO B TalON. 3, TIe MCIHOJB3YIOTCS
CIIEyIOLIME YCJIOBHBIE O0O3HAYEHHS: «—» — JaHHas
(GYHKIMS HE TIONIEPIKUBACTCS, «?» — COOTBETCTBYHOIIAS
nH(oOpManus HeTOCTYITHA.

AHanu3 pe3yJIbTaToOB

Kak BusHO 13 TaOnuIpl, pa3indHble HCCIICTOBAHMS
COCPEIIOTOUYCHBl Ha pa3HbIX, 3a9acTyl0 BECbMa Y3KHX
paszenax BBIOpaHHBIX BOMNpOCOB. HekoTopble m3 HHUX
COCPENOTOYEHBl Ha HCIIOJIb30BAHUHM JIFOOBIX HOBBIX,
BO3MOKHO, HEOXKUAAHHBIX A JAaHHOW 0OIacTH ajiro-
PUTMOB, HEKOTOpPBIE CTPEMATCS MONYyYUTh MAKCHMalb-
HBI pe3yJIbTaT OT B3aUMOJEHCTBUS HE3aBUCUMBIX CEp-
BHCOB, OCHOBAaHHBIX Ha MPUHIIUIIAX CEPBUC-OPUEHTUPO-
BaHHON apXWUTEKTYpPbI, JPYTHE UCHONB3YIOT IPeUMyIIe-
cTBa Bce Ooiee MOMyISIPHOH KOHIENIINH KPayICOPCHHTa.

Takum 00pa3oM, MOXKHO CZI€NaTh BBIBOJ O TOM, YTO
HET OJHO3HAYHO ONTHUMAJIBHOTO PEIIEHUsi, KOTOpoe Mo-
KET OBITh 3asBICHO KaK «30JI0TOH cTaHmapt» [9]. B To
XKe BpeMs TOUYTH KaKJas U3 PACCMOTPEHHBIX ITyOHKa-
WA Tpe/uTaraeT HOBbIE BO3MOXKHOCTH, HMOTEHIHAN KO-
TOPBIX CIIE MOJTHOCTBIO HE PAcKphIT. B coderannu co
3HAUUTENIHON BOCTPEOOBAHHOCTHIO CHCTEM HABHUIALUH
U PEKOMEHIALMHA B OTHAEIBHOCTH MOXKHO yTBEPXIATh,
YTO ycIelHas X KOMOMHAIMs Ha OCHOBE NpeIOKEH-
HBIX B pacCMaTpHBaeMbIX pabOTax KOHLENLUH U TEXHO-
JIOTHH CTaHeT HACTOAIIMM IIPOPLIBOM B BOIIPOCE MHTEIN-
JIEKTYaJIbHOW TOAJEPKKHU BOAUTEINCH.

OpniHaKo, KaKk 0TMEYaJIoCh BhIIIE, pa3paboTka Tako-
TO pelIeHus BpsAA M OyaeT orpaHWdeHa BHIOOPOM Ofi-
HOW TEXHOJIOTHMH, TIOCKOJIBKY KaXKJasi IMEEeT CBOHM IIpe-
MMYIIECTBAa M HEJOCTAaTKH, KOTOPBIE YacTO TPYAHO yCT-
panuts. Hampumep, komnaGoparnBHas (uibTpamus B
OOJNIBIIMHCTBE CIIy4aeB CIIPABISETCA C MHTCIUICKTYallb-
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HBIM aHAJIM30M MPEANOYTEHUH MOIb30BATENEH, HO KOraa
JIeTI0 OXOIUT O KOHKPETHBIX CIIy4aeB C 3apaHee orpe-
JICICHHBIM KOHTEKCTOM, 3()(heKTHBHOCTH 3TOHM TEXHOJO-
run OBICTPO MAAACT JaXe MPU COBMECTHOM HCIIOIB30-
BaHUM C Pa3IMYHBIMU METOaMH koppekuuu [3, 5-7, 11,
12].

Br16op anropurMa morcka Ha OCHOBE MyPaBbUHBIX
KOJIOHHMH sIBJIsieTcs] 000CHOBaHHBIM JUIsl OBICTpOTO, pe-
CcypcocOeperaroniero moucka Kpardyaummx myTed, HO B
3HAYUTEJILHON CTETIEHH 3aBUCHUT OT OT3BIBOB IOJIB30Ba-
TENeH W KOMMYEeCTBA YYACTBYIOLIUX areéHTOB B CHCTEME
U, CIIeZIOBATeIbHO, aOCOMIOTHO OecIoje3eH B 00NACTIX
¢ Hm3Koi aymuropumert [19]. To xe camoe Kacaercs
MIPAaKTHYECKH JIIOOBIX HCKYCCTBEHHBIX HEHPOHHBIX Ce-
Tel, KOTOpBIE HYXIAIOTCs B 00ydeHHH [7]: HEKOTOpBIE
rHOpHUIHBIC PEUICHUs, PAaCCMOTPEHHBIE B TaHHOM cTa-
ThE, SIBISIIOTCS TOCTATOYHO 3(P(HEKTHBHBIMU B IIPEOJO-
JICHWW YacTH MpoOJeM, HO MPH STOM CO3Jal0T HOBBIE
Ipo0JIEMBI, XOTSI 1 MEHEe 3HaYNTEIIbHBIE.

B HEKOTOpPBIX HCCeNOBaHUAX OBUIO PEIICHO OTKa-
3aTbCsl OT BHYTPEHHHMX pacdyeToB M cOOpa JIaHHBIX B

MOJTBb3y CTOPOHHHX CEPBHCOB, B TO BPEMs Kak JApYyTHE
COCPENOTOUYCHBI Ha cOOpe MOKa3aHUH TONBKO CO CBOMX
COOCTBEHHBIX CEHCOPOB, CO3/1aBasi TAKUM 00pa3oM IoI-
HOCTBIO aBTOHOMHYIO CHCTEMY.

Takum o0pazom, riaBHO# NpoOJieMoil Ha JaHHBINA
MOMCHT SBJISICTCS HC OTCYTCTBUEC TEXHOJOTUN U peuie-
HHUH KaK TaKOBBIX — HA CAMOM HX 3a4acTylo Jaxe 00Jib-
1re, yeM Tpedyercs. PeanbpHas npobiema 3aKiIodaeTcs B
OTCYTCTBUM HWHTEPOINEpadeNnbHOCTH HU3-3a HEJO0CTaTou-
HOH OIHOPOTHOCTH MX HHTepdeiicoB [11]. Dtor daxr
ObLT Taroke 3aTpoHyT B [10], roe OBLTIO BRICKa3aHO MHe-
HHE O TOM, YTO JOCTOHHBIM PEUICHHEM SBISIETCS HC-
MOJTb30BAHUE CEPBUC-OPUEHTUPOBAHHON apXUTEKTYpBHI.
Ortor Meron TpeOyeT MHOXKECTBAa HE3aBHCHUMBIX, YHU-
(pUIMPOBAHHBIX U, CIEAOBATEIBHO, B3aMMO3aMEHIEMBIX
CEpBUCOB, KOTOpPBIE COCTAaBISIOT (DYHKIHMOHAIBHBIE
Oyoxu enuHON cucTeMbl. Takoi moaxonx obecrednBaeT
MaKCUMAJIbHYIO FI/I6KOCTB CUCTEMblI 1 MCHBIIIYIO 3aBU-
CHUMOCTb OT HEKOTOPBIX €€ 3JIEMEHTOB, YTO IO3BOJISIET
a/IalTUPOBATh OKOHYATENIFHYI0 KOH(HUIypanuio K KOH-
KpETHOI! 3aaue.

CpaBHeHHe PACCMOTPEHHbIX peleHuid

Tab6nuia 3

[Ty6nuxa- | ITnardop- Casss mexcaty | Mcnomssyemsie Amnanu3 npeamnoure- | AHaJIN3 KOHTEKCTHOI
s va KOMIOHEHTa- | MOZIENM M anro- |° 0 ucpopMarH ApxuTeKTypa
MH PHUTMBI
[3] DVE CAN, TCP/IP - SIBHBIE TpeOoOBaHus, | ABTOMOOHIBHBIE Berpoennas cucrema
JIAHHBIE C CEHCOPOB |  CEHCOPHI, KAMEPHI
[1] - TCP/IP Heuertkas onenka | OO0beKTH HHTEpECa, | V2V, XapakTepucTiku | V2V, B3anMoaelicTBHE
myTeil OTpaHUYMBAIONINE | MapIIpyTa, UCTOPUS | C TOYKaMU JOCTYyTa
OTHOILICHUS, IPEA- | MapIIpyTOB, COOpaH- (hot-spots)
nouteHnst V2V, siB- [Has nocpeacTsom V2V
HBIe TpeOOBaHHMs
[2] REJA TCP/IP KonnabGoparusnas | KomnaboparusHas GPS, ¢unprpanus TpexypoBHeBast
¢dunsTpanus ¢bunsTpanus 3HAHUII C y9eTOM Me- apXUTEKTypa
CTOTIOIOXKEHHS KIIMEHT-CepBep
[4] MOVE - Kaptorpadunue- - Ha ocHose Texymiero -
cKkoe 00001IeHHE MECTOTIOJIOKEHHSI,
(5 waroB) moaxo. «Zoom in
Context»
[10] Transport XML via - ? Ha ocHoBe cBs3aHHBIX Cepauc-
ML TCP/IP, CEPBHCOB OpUECHTUPOBAaHHAS
TMLDocu- apXUTEKTypa
ments
[14] PostGIS, | HTTP, JSON | KomnaGoparusHast ? JlaHHBIE aKcenxepoMer- Apxutexrypa
pacrupe- ¢bunbTpanys, pa 1 Ipyrux CEHCOpOB KJIMEHT-CepBep
HHE KpayJICOpPCHHT
PgRouting
[19] SACO ? Ontumusanus Ha | OHTONOTHS MIpea- ? ?
OCHOBE MYPaBbH- | METHOI o0nmacTu
HBIX KOJIOHUH,
OLICHKA CEMaHTH-
YEeCKUX paccTos-
HUH
[21] - - BaiiecoBckue cetu | SIBHBIE npeamoute- | OHTONOrHS MONB30Ba- | BeTpoeHHas cucrema
HUsI 0OBEKTOB MHTE- | TEJsl, CEHCOPHI aBTO-
peca, uctopus aei- MOOHIIS
CTBHMH II0JIb30BATEIS
[28] ? TCP/IP Komna6oparusnas | Cocrosiaue Bogute- | CepBuCHL, 3aBucsamue | Berpoennas cucrema,
¢dunsTpanus JI51, olpesieNsieMoe | OT MECTOIOJIOXKEHHSI | CEPBUC-OPUEHTHPO-
ceHcopamu (LBS) BaHHasi ApXUTEKTypa
JUIS] BHELITHUX MOMyJIei
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3akouenue

B crarbe npencTapieH 0030p JIMTEPATYPhl HA TEMY
MHTEJUIEKTYaIbHON MOJAEP)KKH BOTUTETICH U CMEKHBIX
obmacrteii nccaenoBanuii. Cyas 1Mo KOJMYECTBY HaiiieH-
HBIX CTaTeﬁ U JTUHAMHUKEC UX pOCTa, MOXHO CA€JIaTh BbI-
BOJl O TOM, YTO 3TOT BONPOC aKTHBHO pa3BHBaeTCs OJia-
rofapsi yCHJIMsIM Hay4HOTO COOOIIECTBa U HAXOIUT MO/~
JIEPXKKY CPEIH 3aUHTEPECOBAHHEBIX CTOPOH.

HecMmotpst Ha BechbMa pasHbIC MOIXOIBI K paspa-
0OTKEe CHCTEM MOJJCPKKU BOMUTEICH, KOTOpPBHIC OBLIH
OMHCaHBl B PACCMOTPEHHBIX IyONUKAIMAX, a TaKKe
pa3HoOOpa3ue pemaeMbpIX 3ajad, aBTOPHI IMOCTApaIHCh
OpPTraHM30BATh BBHIMICYNOMSIHYTHIE IyOJIMKAallMd M pac-
CMOTpPETh UX B paMKax €IUHOM MMapagurMbl.

Ha ocHOBaHMM BBIITOJIHEHHOIO aHajln3a MOYKHO
cenaTh BBIBOA O TOM, YTO Ipobrnema pa3paboTKu cuc-
TEMBbI HHTCHHCKTyaJ'[BHOﬁ HO}:[[[ep)KKI/I BOZ[HTCHeﬁ ABIIA-
eTcsl BecbMa akTyaslbHOW. B To ke Bpems B Xoje Ha-
cTosimied paboThl HauboJIee MEPCICKTHBHEIM HaIpaBIic-
HUEM HCCIICIOBAHUN B 3TOH 00JaCTH MPEUIOKEHO 00b-
CIMHCHUE CEPBHCOB WM TEXHOJOTUH IS peallu3alliu
peIIeHNsI TOCTABICHHOH MPOOIeMbl HA OCHOBE CEPBHC-
OpUECHTHPOBAHHOMN apXUTEKTYPHI.

Pabora BBITONMTHEHA TIpU (PUHAHCOBOM MOIICPIKKE
POOUN (mpoextsr Ne 18-07-01201 m 18-07-01203) u
oromkeTHoM TeMbl Ne 0073-2018-0002.
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Taramov A.A., Shilov N.G.
Recommender Systems for Driver Information Support:
State-of-the-Art Review

The article presents a review, analysis and systematization of
scientific works in the area of recommender system applica-
tion to driver information support. The relevance of this re-
search topic is shown. The classification of publications on
four thematic blocks is proposed. The key characteristics of
driver information support systems are identified and used as
the basis for comparison of works most closely related to the
topic. The integration of services and technologies for imple-
mentation of a recommender system in the considered domain
is proposed as a promising research direction.

Keywords: driver information support, recommender system,
state-of-the-art review, systematization, service-oriented archi-
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B.M. Amutpues, T.B. NaHpgxa, A.C. BykpeeB

MoaenupoBaHue cueHapueB yrnpaBrieHUss AMHaMUYeCKUMN OO beKTamMum
Ha ocHoBe rpacuyeckoro a3bika X-Robot

C poctoMm yncina QyHKIUI THHAMAYECKUX OOBEKTOB YCIOXKHSIOTCS alrOPUTMBI, HA OCHOBE KOTOPBIX (PYHKIIHOHUPYIOT
UX YCTpPOMCTBa ympasiieHus. Takxke yBEITUUHUBAIOTCS MPOrPaMMbI, HAIMCAHHbIE HA HU3KOYPOBHEBBIX SI3bIKAX IPOrpaMm-
MHUPOBaHUSI KOHTPOJIJICPOB, YTO YCIOKHSCT MPOIIECC UX OTIAAKH. AKTYyalbHOCTh pa3paOOTKH HOBBIX CPEICTB (OPMHU-
pPOBaHUs M MOJCIUPOBAHMS CLEHApHEB (yHKUHOHUPOBAaHUS KOHTPOJUIEPOB OOyCIIOBICHA HEOOXOAMMOCTBIO yuéra
MHOTHX Ha0JI0/1aeMbIX IEPEMEHHBIX U HCIOIb30BAaHUSA Psifia YIPABIAIOIINX BO3ACHCTBUH, a TAaK)Ke HETPUBUAILHOCTHIO
AITOPUTMOB (PYHKIIMOHUPOBAHUS KOHTPOJUICPOB.

PaccmarpuBaroTcs IPHHIUIE MOJACTHPOBAHNS CIICHAPUEB YIPABICHUS TUHAMHYECKIMU OOBEKTaMH C MCIOIb30BaHU-
eM rpadudeckux HoTauuil s3pika X-Robot. [ToMHMO TpaaHIIMOHHOTO TEKCTOBOTO IPEICTABICHHUS IPOrPAMMBI, Ha3bl-
BacMOM CIIeHapueM, JUIsS JaHHOTO s3bIKa MpeIioKeHa U pa3paboTaHa rpaduuecKkas HHTEPIPETALN, CTaBsIIas s Ka-
KO ero KOMaHIIbI ONpE/ICICHHbI KOMITOHEHT. ['paduueckoe HOpMHUPOBAHHE CIICHAPHEB OCYIICCTBISCTCSA B Cpene
KoMIbloTepHOro MozenupoBanuss MAPC Ha oruueckoM ypoBHE MHOTOYPOBHEBOI KOMITBIOTEPHON MOJENH, Ha 00b-
€KTHOM YPOBHE KOTOPOH pacmosiaraeTcs MoJeib YIpPaBIIeMOro TMHAMHUYECKOT0 OOBEKTa ¢ BKIIOUYCHHBIMHU B HE€ MOJie-
JSIMH HMCTIOJTHUTEIIBHBIX U HM3MEPHUTEIbHBIX yCTPOHCTB. DTO OTKPHIBACT BO3MOXKHOCTH (OPMHPOBAHHS CIICHAPHEB
yHpaBiieHHsA B rpaduyeckoil GpopMe u WX MpeaBapUTENFHON OTIAAKH HAa MOJAEIH AWHAMHUYEecKoro oObekra. Ha Bu3y-
aIBHOM yYpOBHE MHOTOYPOBHEBOW KOMITBIOTEPHOI MOJENH PACHONararoTCsl YIPaBIAIOUIHE KOMIIOHEHTHI, ¢ IOMOIIBIO
KOTOPBIX ITOJIb30BATENIb HMEET BO3MOXKHOCTh BO3/ICHCTBOBATh HAa MOJEIHh 00BEKTA U MOJICIb CIICHAPHS, a TAKXKE KOM-
TTOHEHTHI-BU3YalI3aTOPhI, OCYIIECTBISIONINE OTOOPaXKEHUE IS TOIh30BATENsl JaHHBIX U BH3YaIU3alid, KOTOPBIMU
MOTYT OBITh KaK 3HAYCHUS HAOJIF0JaeMBIX MIEPEMEHHBIX 00BEKTA, TaK U UX 000OINCHHBIC MapaMeTpbl-QyHKIIMOHAIEL. B
HACTOsIIIIee BpeMs pa3pabOTaHHBIH rpadUuecKHii S3bIK MOJCIHPOBAHMS CICHAPHEB AJalTHPOBAaH K KOHTPOIUIEPY
X-Mega, HO BeyTcs UCCIEIOBAHMS IO €T0 PA3BUTHIO U MIPUMEHEHHUIO K YIPABIIAIOIINM KOHTPOJIIEpaM APYTHX TUIIOB.
KnioueBble c10Ba: KOMIIOHEHT, KOHTPOJUIEP, CLEHAPHHA, AUHAMHYECKUH OOBEKT, MHOTOYPOBHEBas KOMIIBIOTEpHAS

MOJICITb.
doi: 10.21293/1818-0442-2018-21-2-75-90

B Hactosmiee BpeMs mIpu peanusalld yCTPOWUCTB
YIpaBIeHUs] MONYyYWIM LIMPOKOE PACHPOCTPAHCHUE
paznuuHble KoHTpoiutepsl: X-Mega [1, 2], Arduino [3] u
1. VX (QyHKIMOHMpOBaHME OCHOBAHO Ha CICHApUSIX,
KOTOpble (OpMHPYIOTCS Ha Pa3IMYHBIX S3bIKaX IIPO-
rpaMMHUPOBaHUsL. BONBIIMHCTBO M3 HUX SBISIOTCS WU
NpUONMKEHBI K S3bIKaM ITPOTPaMMHPOBAHUS IS JIOTH-
YecKHX KOHTposuiepoB. K OonmbIIMHCTBY W3 cymiect-
BYIOIINX KOHTPOJIEPOB CO3AaHBI IIPOIPaMMHO-HHCTPY-
MEHTAJIFHBIE CPEACTBA IPOrPaMMHUPOBAaHUA U (HOpMH-
pOBaHUS CIIEHApHeB B TEKCTOBOW WM Tpaduueckon
¢dopme [4]. BagacTyro OTIaKa U HACTPOWKA YCTPOWCTB
YIpAaBICHUS C UCIOJIb30BAaHIEM PEATbHOTO 00BEKTA 3a-
TPYIHEHbI WJIM HEBO3MOXKHBI BCIEICTBUE PA3JIMYHBIX
npuyrH. K HMM OTHOCSTCS CIIOKHOCTH TEXHMYECKOI
peayn3aliii UCIOJHUTENbHBIX U H3MEPHUTEIbHBIX yCT-
POMCTB, HEOOXOOMMOCTh pacdyera WM Hoxdopa 3Hade-
HUA WX TapaMeTpoB, OE€30MacHOCTh HCIOJIB30BAHUSA
o0beKTa yNpaBieHUs, a Takke Ooibline (UHAHCOBHIC
3aTpathl AT IOCTAHOBKH PEATBbHBIX HKCIIEPUMEHTOB.

BonpIIMHCTBO SI3BIKOB NTPOTPaMMHPOBAHUS KOH-
TPOJUIEPOB COTIACYIOTCSI C MEXIYHAapOAHBIM CTaHMAap-
toM [EC 61131 [5], BKrouaromumM B cebs Tpu rpadude-
CKUX W JBa TEKCTOBBIX si3bIKa. | paduueckue s13piku Oa-
3UPYIOTCS Ha pa3lIMuHBIX TrpaduyecKux IUiaThopmax:
s3plk LD siBiiseTcs mporpaMMHONM peanu3anuen dJek-
TPUYECKHX CXeM Ha 0a3e JIIEKTPOMAarHUTHBIX peJle.
31k FD mpencrasnser cuenapuil GyHKIIMOHUPOBaHUS
KOHTpPOJIJIEpPA B BUJIE HEKOTOPOU MOAIIPOrpaMMBI, a S3bIK
SFC ocHoBaH Ha 0a3e MaTeMaTH4ecKOro armapara ce-

teit [lerpu [6]. TekcTOBBIEC S3BIKM aHAIOTUYHBI U3BECT-
HBIM S3bIKaM IPOTPaMMHUPOBAHHUS: CLICHAPUU (DYHKITHO-
HUPOBaHMSI KOHTPOJUIEPOB, HamMcaHHble Ha s3bIK ST,
HaIIOMHUHAIOT MPOrpaMMbl si3bika [lackaib, a creHapuu
si3bIka 1L momoOHBI MporpaMmaM, HalMCaHHBIM Ha SI3bI-
ke AcceMoOep.

Jlyist mporpaMMHUpOBaHKsl KOHTPOJUIEPOB C MCIONb-
30BaHHEM O0O3HAYEHHBIX SI3BIKOB HCIIONB3YIOTCS CHC-
tembl CodeSys [7, 8] u ISaGRAF [9]. Apromarm3upys
Bce HeoOxommMble (QYHKIUHU MO pa3paboTKe CIeHApWs,
MIPOIIMBKK €T0 B KOHTPOJUIEP C TOCIEIYIOMIUM TECTHU-
pOBaHMEM M OTIAAKONW pa3pabOTaHHOTO KOJa, JaHHBIC
CHCTEMBI HE BKJIIOYAIOT B CBOH COCTaB CPEICTB MOJEINH-
pOBaHUS YIPABIAEMBIX TEXHHUECKUX OOBEKTOB. JTO HE
MO3BOJISIET OCYIIECTBIATH IPEIBAPUTENBHYIO OTIaAKY
pa3paboTaHHOTO CIieHApUs Ha MOZEIH 00bEKTa, a Mpe/-
roJjaratoT paborare HaNPSMYIO C PeaJbHBIM OOBEKTOM.
Hcnons3oBanne Mopeneil ynpasiisieMbIX OOBEKTOB Ha-
IIPaBJIEHO Ha CYIIECTBEHHOE OOJIerdeHne pa3paboTKH U
OTJIAJIKH CLIEHapueB (yHKIMOHNPOBAHUS KOHTPOJLICPOB.

Jlnst pemieHnst JaHHBIX TpoOsieM B paboTe mpenia-
raeTcsl NCIONIb30BaTh rpaduieckuii si3bIK (HOPMUpPOBa-
HUS CIICHApHeB YIPaBILIIONNX KOHTpoiwiepoB X-Robot
[10], a Taxke BCTPOEHHBIH B Cpeoy MHOTOYPOBHEBOTO
KoMIbtoTepHoro MognenupoBanus MAPC [11] momyns
rpaduyeckoro MonenupoBaHusi cieHapueB [12]. SI3bix
X-Robot nMeeT TeKCTOBYIO HOTAIIHIO, TPUOTIKCHHYIO K
HU3KOYPOBHEBOMY $3bIKy AcceMmOiep, KoTopas He IO-
3BOJISIET MHTETPUPOBATh CLIEHAPHI C MOJEIIbIO OOBEKTa,
NIpECTaBICHHON B cpeae moxenupoBanus MAPC. [ns
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peureHus mpobieMbl B pabote mpemaraercs rpadude-
CKasi WHTepIpeTanus s3pika X-Robot, mo3Bosstromas
HHTETPUPOBATh pa3padaThIBaeMBlil CIICHApUH C MOAe-
TBI0 yIpaBisieMoro o0bekta. OHa Mmo3BoOJsIeT paspada-
THIBaTh CIICHAPUHM B KOMITOHCHTHOH (popMme u ocyriect-
BJIATH UX NPEABAPUTCIBHYIO OTIaJAKy Ha KOMIIBIOTCP-
HBIX MOJIENISIX OOBEKTOB YIPABICHUS, HCCIEAys IpH
9TOM HaOIIONAaeMble XapaKTePUCTUKH MOJENH YIpaB-
JSIEMOTO O0BEKTa M BapbHpPYsl Pa3IndHbIe €€ mapamMeTpsl,
a TaKKe YIpapiIIoe 1 BO3MYIIAIONINE BO3CHCTBHA.
Mozynie MOJETMPOBAHUS CLICHAPHUEB JISKHUT B OC-
HOBE pa3pabOTKH Kypca Ja0opaToOpHBIX padoOT MO AWC-
umHe «OCHOBBI IPOEKTHPOBAHUS CHCTEM M CPEJIICTB
YHOpaBICHUS», ABISIOMIEHCS 6a30BoH Mpohumrpyromen
JTUCLUIIIMHON TPH HOATOTOBKE 0akajIaBpOB 11O HANpaB-
nennto « CUCTEMHBIN aHAJIU3 U YIIPABICHHUE).
CueHapuii 3bIKa yIIPaBJICHHUSA
JTUHAMHYEeCKHMH 00beKkTaMu X-Robot
[ToBenenne TMHAMUYECKOTO 0OBEKTa ONUCHIBACTCS
cueHapueM Ha si3pike X-Robot [10]. On pa3out Ha 610-
KM, OpENEIISIOINE OTACIbHbIE POLECCHI, BHITOIHSIO-
muecs: mapamensHo. Kaxnsrii mpomecc mMeer cobcr-
BEHHYIO JIOKIBHYIO SUCHKY MaMsITH — aKKyMYISTOp,
COOCTBEHHBIN TaliMep M PETHCTP COCTOSHHMS IS yCIIOB-
Horo BersieHus. K arpumOyraM mporecca OTHOCATCS
¢nmarn  OXHIaHWSA, KOTOPbIE TPH 3aIlyCKEe CIEHApHs
cOpachIBaroTCs IS BCexX mporeccoB. Kaxaprid mporecc
MPEACTaBIsICT co00W Oe3yCIOBHBIN UK C OMIIMOHHOMN
CEKLUEH IPeIBapUTEIIbHOM HACTPOMKH, PaCIIOJIOKCH-
HOHM B Hauale Ipoliecca. 3a Hei uieT ero pabodasi cex-
LUsl, TIOCJIE BBITIOJIHEHHMSI MTOCIIeHEH NHCTPYKIMU KOTO-
poii ocymiecTBIsieTcs: 6e3yCIOBHBIN Mepexo/] Ha MepBYIO
MHCTPYKIMIO pabouei cexumu. Ilepen 3THM pOU3BOIUT-
Cs TIOTIBITKA IEPEKITIOUUTRCS Ha CIIETYIOMIN poriecc.
[Tpn mepBOM 3arrycke CIeHapHs MOCIIEA0BATEIHHO
3aIlyCKalOTCsl BCe MPOIECChl, HaunHas ¢ nepBoro. Eciu

B TEKCTE BBINOJHIEMOIO IPOLECCAa BCTPEYAETCS MHCT-
PYKOHS OXHAAHUS WIN JIOO0T0 M3MEHEHHs MOopsIKa
BBINOJIHEHHUS. MUHCTPYKLWM, BBIIOIHSAETCSA MOMBITKA IIe-
PEKIIIOUEHU Ha cieayromui npouecc. Eciu ero Het, To
CHOBa BBIIIOJHAETCA NEpBbIM mnponecc. MHCTpykuuu
OXHMJaHus B3BOJAT uiar oxkupanus mponecca. OH rie-
pecraeT 00padaThIBaThCsl TUCTIETYEPOM U HE 3aHUMACT
MIPOLIECCOPHOTO BPEMEHHU KOHTPOJIEpA.

B macrosmee BpeMs CyIIecTByeT JBa crocoba
(dopmupoBaHus CIicHapHueB s3bika X-Robot: TeKCTOBBIH,
KOTJa CIieHapuii (POPMHPYETCS B JIFOOOM TEKCTOBOM pe-
JIAaKTOpE B BUJI€ HHCTPYKLUMH C UX pa3ieleHUEM Ha Ipo-
LEeCChl, U Tpa(UUECKUil, MPH KOTOPOM KaKIOH HHCT-
PYKLIMHU SI3bIKa CTaBUTCS B COOTBETCTBUE KOMIIOHEHT,
peanu3yomuid ero B paMKax MOIYJIS MOIEIMPOBAHUS
CLIEHApUEB Cpelbl MHOTOYPOBHEBOTO KOMIIBIOTEPHOIO
MOJIETUPOBAHHUS.

MHoroypoBHeBasi CTPYKTYPa KOMIIBIOTEPHOI
MO/ieJIM B MOJYJIe MO/IeIHPOBAHUSI CIIeHAPHEB

Monyns MonenupoBaHusl ClieHapHeB B Qopmare
si3pika X-Robot peanmn3oBaH B pamMkax cpemsl MHOTO-
YPOBHEBOTO KOMIIBIOTEPHOTO MojenupoBanus MAPC
[13]. Ero ocHOBHBIMH 3aJjauaMy SIBJISIFOTCSI:

— MOJICTIMPOBaHUE W aHallM3 MOBEIeHHs O0beKTa
yHOpaBiIeHUs TMpu (OPMHUPOBAHUU W BBITIOHEHUH pa3-
JIMYHBIX KOMaH/1 yIIpaBICHUS;

— ¢opmupoBaHue creHapueB (pyHKIMOHHPOBAHUS
YIPaBISOIMX KOHTPOJUIEPOB M OTIaJKa UX Hapai-
JIETIbHBIX ITOTOKOB HA KOMIIBIOTEPHBIX MOJEISIX OOBEK-
TOB YIIPaBJICHHUS;

— MHTEpHpeTanys cOpMUPOBAHHOTO rpauIecKo-
ro CUeHapus B KOZ € IOCJEAYIOLIUM NpOorpaMMHUpOBa-
HUEM KOHTPOJIIEPA;

— OTJIaJKa MOBEICHUS MOJENIN OOBEKTa C MCIIOINb-
30BaHUEM BUPTYaJIbHBIX NPHOOPOB, pa3pabOTaHHBIX
B CHUCTEME BUPTYaJbHBIX WHCTPYMEHTOB H TNPHOOPOB
[14, 15].

VYupasnsomue
KOMITOHE HTBI

BU3YAJIbHBIA YPOBEHb
INarens BU3yanu3almy U yIpaBIcHUs

KommnoneHTtsI-
BH3yaIN3aTOPHI

Z — NaHHbIe s
BH3yaIN3a 1IN

JIOTMUECKUI YPOBEHb
CHeHapHﬁ BBIYH CIIMT CJIBHOT'O SKCIIEPUMEHT aa

V — 3HaY eHu st
TpeOyeMBbIX MOKa3arenei
U XapaKTePUCTHK
JKCIIEPUMEHTA

R broku o6paboTku
Cuenapuit XR [ pe3yJbTaToB ¢
\ MO/ICITUPOBaHHsI /
— 3HaY CHH S
u — YpaBJstouue )1; AGIIONAEMBIX
BO3IICHUCTBUS Ha
IIapamMeTpoB 00BEKTa
Mozens / OBBEKTHBIY YPOBEHb HCCIE/I0BAH S
Monenu U Y Monenu
Mopuens 00bekTa
| HCIOJHUTEIIBHBIX [P i [  HM3MEpUTENbHBIX
N HCCIEN0BaH Ust o
K YCTPOWCTB YCTPOHCTB

Puc. 1. CtpykTypa MHOTOYpOBHEBOI KOMIBIOTEPHON MOJIENH T (POPMUPOBAHUS U OTIAIKU TpaUUECKUX CIIEHAPHCB
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KommbroTepHass Mopenb, TNpeaHa3HadeHHas s
(opMHpOBaHUST M OTIAAKH CIECHApUEB YIPaBICHUS,
IIPEICTaBIEHa MHOIOYPOBHEBOM KOMIIBIOTEPHOM MOe-
neio [16] (puc. 1), Ha Tpex ypOBHSAX KOTOPOW pacmoia-
rafoTcs B3aUMOCBS3aHHBIE MOJICIIH:

— Ha OOBEKTHOM YpPOBHE DPAaCIHOJIOKEHa KOMIIBIO-
TepHasi MOJeNIb O0BEKTa YNPABICHHS C MOAKIIOYCHHBI-
MH K HEH MOJAEISIMH U3MEPHUTENBHBIX U HCIOJHHUTEINb-
HBIX YCTpOHCTB. OHUM (POPMHUPYIOTCSI HA OCHOBE METOJa
KOMIIOHEHTHBIX Tieniedd [17] u B oOmem ciydae mpen-
CTaBILTIOT CO0OH cHUcTeMbl anreOpo-auddepeHuans-
HBIX ypaBHeHU. PopMupoBaHue o0IIel MOICTH B BUIE
cucteMbl  anredpo-auddepeHnnanbHbpIX  ypaBHEHHH,
JTUHeapu3alus HEIWHEHHBIX W anreOpamsanus audde-
PEHIMATBHBIX yPaBHEHHUH C MOCIEAYIOIINUM pEIIeHHEM
CHUCTEMBl JIMHEWHBIX alreOpandeckux ypaBHEHUH Ha
KaXJIOM Il1are aHaJu3a [0 BPEMEHH MPOU3BOAUTCS YHU-
BEPCAJIBHBIM BBIYUCIUTENBHBIM siipoM [18]. C momo-
IIBI0 MofEJeH M3MEPUTEIbHBIX YCTPOWCTB, MMEIOIINX
cBOU Trpaduyeckue OTOOpaKeHUS OAHOBPEMEHHO Ha
MHOTOYPOBHEBOM KOMIBIOTEPHOM MOJENHN OCYLIECTBIIA-
eTcs mepefavya 3HaYCHWH HAOIIOMAEMbIX ITEPEMEHHBIX
00beKTa ymnpaBieHHUs y ¢ OOBEKTHOTO YPOBHS Ha JIOTH-
YECKHM;

— Ha JIOTHYECKOM YpoBHE hopmMupyercss QyHKIIHO-
HallbHas MOZENb YCTPOICTBA YIpaBJIEHHS B BHJE IIa-
paJuIeNIbHBIX TOTOKOB CLEHAPHs, B3aUMOCBSI3aHHOTO C
MOZIENbI0 00bekTa yrpaBieHus. DOYHKIMOHUPOBAHUE
CIICHApHsI OCYIIECTBISIETCS JITOPUTMOM Iepeadd Co-
oOmienutii [19];

— Ha BU3YAJIbHOM YPOBHE PacIiojlararoTcsi Cpe/icTBa
BU3YyalIM3alliy PE3yJIbTaTOB MOJAEIMPOBAHUS U PaOOTHI
CIICHApHsl YIpaBICHUS, a TAK)KE CPEICTBA MHTEPAKTUB-
HOTO YIIPaBJIICHUS 3adafouMu Bo3aeicTeusmu [20, 21].

@opmupyeMbIii Ha JIOTMYECKOM YpPOBHE MHOTO-
YPOBHEBOH KOMITBIOTEPHOW MOJAETH CIeHApHid (QyHK-
IIMOHUPOBAHUS! YIIPABILIIONIETO KOHTpoJuIepa B (opmare
rpadugecKoro MpeacTaBIeHNs HOTalui s3p1ka X-Robot
Ha OCHOBE 3HA4YEHWH HAOIIONaeMbIX MEPEMEHHBIX 00b-
eKTa YIpaBJCHUS ) OCYIICCTBISET BHIPaOOTKY yIpaB-
JSIOIUX BO3JCHCTBUM HAa MOJIEIb WCIIOJIHUTENbHBIX
ycrpoiictB u. C GhopManbHON TOYKH 3pCHHS CIICHAPUN
YIpaBJICHUS] MOXKET OBITH MIPEICTABIICH MOJIEIBIO

U= Fsdy),
e Fgc — GyHKUMs crieHapws, 3aJaHHas B SBHOH Qopme
B BHAE HabOpa IOCIIEAOBATEIBHO COCAWHCHHBIX 3JIe-
MEHTapHBIX WHCTPYKIMH (KOMaHI) S3bIKa YIPaBICHHA
MmexanusMamu X-Robot.

Knaccugukanusi KOMIOHEHTOB rpadguuyeckoro
cueHapusi

KommoneHT, oToOpakaroluii ofHy U3 MHCTPYKIHA
(xomann) s3pika X-Robot, npencrasien Ha puc. 2 u co-
JIEPAKUT CIEAYIONINE CBSI3U:

1) BxomHble HH(pOPMAIMOHHBIE CBsI3K X1 U X2, 1o
KOTOpbIM B KOMIIOHEHT MEpeNaroTCsi 3HaueHusl BCTY-
MAOIINX B ONEPALMIO ONIEPaH/IOB;

2) ympasmsrone csu Ul u U2, npuuem Ul
IpeHa3HaueHa JJIsl TpHeMa CUTHajIa Havaja BBIOJIHE-
HUs omepanuy, a U2 — amst mepenadn ynpasisioNIero
CHUTHaJIa CJIEAYIONIEMY KOMIIOHEHTY

3) BbIXozxHast HH(GOPMAIIMOHHAS CBS3b Y, 1O KOTO-
poii IepenaeTcst pe3ysbTaT BBIIOIHEHHS ONEpannH.

Xlo—=—
X2 OP |o=¥
Ulo o2

Puc. 2. O0001IeHHBII KOMITOHEHT orepariu s3bika X-Robot

B psize KOMIOHEHTOB, ONMCHIBAIOUINX OIEpPaINU
BETBJICHUS, UIMEETCSI OJlHA BXOJHAs yNPABIIAIOIIAS CBSI3b
Ul u onHa BXonHas nHpopmannonHas cBsi3b X1. Ha oc-
HOBE aHaJlM3a MOCTYMAIOLIETO MO HEH 3HauCHUs Iepe-
MEHHOH OCYLIECTBISACTCS BETBICHHE CLIEHAPHS MO OJ-
HOHM W3 BBIXOAHBIX YyIpaBisiiomux ceszeit: U2, U3, ...,
Un. HexoTopble KOMIIOHEHTBI MOIYT HMMETb TOJIBKO
YIIPABJISIOLINE CUTHAIIBL.

PaccMoTpuM OCHOBHBIE KJlacChl KOMIIOHEHTOB, U3
KOTOPBIX OCYIIECTBISICTCS (OpMEpOBaHUE Tpaduye-
CKHUX CLIEHAPHEB.

KomnoneHTHI Hauyajia 1 OKOHYAHHUSI TPOIECCOB
U MOANPOrpaMM IpeIHA3HAYCHBI U1l 0003HAYEHUS OI-
pEIeneHHBIX OIOKOB CLIEHApHs, & TAaKXKe MO3BOJISIOT OT-
JIEnUTh OJI0K MHUIMAIM3AIMM OT OCHOBHOTO IIOTOKA,
LUKJINYECKU BBIMOJHSIONIErOCs TpH padoTe CleHapusl.
Kak1iplil KOMITOHEHT JIaHHOTO KJIacCa BKIIIOYAET TOJBKO
omHy BxomHylo Ul u omHy BbIXOAHYIO U2 ympaBisio-
[ye CBsI3U. B maHHbI Kilacc KOMIIOHEHTOB BXOISIT KOM-
MMOHEHTHI, 00Oo3Havarome Havyanmo (Begin Process) u
xonern npouecca (End Process), Havana nukia npouecca
(Begin), a Taxyke KOMIIOHEHTBHI, IPH BBIOJIHEHUH KOTO-
PBIX TIPOM3BOANTCS OE3yCIIOBHBIH MEpeXoj Ha Havaio
mpornecca Kak ¢ BBIIOJHEHHEM OJ0Ka MHHUITHATIH3AINH
(INT), Tak u 6e3 BemonHEeHHUs 3Toro O670Ka (RST).

Kiacc KOMIOHEHTOB B3aHMMOJEHCTBHS CIl€HA-
pusl ¢ JATYUKAMH U MCIIOTHUTEIAMH COICPKUT 8 KO-
MaH]| CUMTHIBaHUS MH(pOpManmu ¢ nardukoB (/n0, ...,
In7), a Taxke 8 KOMaHA Nepesayd KOMaH[A HUCIOTHUTe-
M (ExO, ..., Ex7). Kaxaplii AaTYUK W HCIIOIHHUTENH
3amaTcs cBouM HomepoM oT 0 mo 255. Ilo BxomHOIA
ynpasisiromed cBssu Ul ocymiecTiasieTcs mnepenada
KOMaHIpl Ha BBIMOJHEHHE, YIIPaBisiomas CBsi3b U2
MIpeAHa3HaYeHa Ayl Hepefayd JIPYyTHM KOMIIOHEHTaM
CHTHAJIa O 3aBEPIICHUH BHITIOJHEHUSI KOMAaHIbI.

Knace KOMNOHEHTOB KOMaH/A OXXKMIAHMS TIpea-
Ha3Ha4eH JJIs1 OCTAaHOBKU HEKOTOPOTO IpoILiecca JI0 BbI-
MIOJTHEHHSI OMPENENICHHOTO COOBITHS HIH JOCTHXEHUS
ompeneieHHOro BpeMeHH. OOOOIICHHBIH KOMIIOHEHT
3TOro KJlacca IpecTaBiIeH Ha puc. 3.

Xlo—=
o= W

e o2
Puc. 3. O000IEHHBII BUJ KOMIIOHEHTOB OXKUIAHUS

OrknaHne HaYMHAETCS C MOMEHTA BPEMEHH, KOTzia
MMOCTYTaeT COOOIIeHNe Ha yIpaBismouyo cBss3p Ul. B
MOMEHT HACTYIUICHHSI OXXHJAEMOTO COOBITHSI OCYIIECT-
BIISIETCSI TIepesiada COOOIIEHHMSI TI0 YIPABISIOMIECH CBSI3H
U2. Tlo unpopmannoHHEIM CBs3sM X1 1 X2 B KOMIO-
HEHT IPH OTJIAIKE CIECHApHs MOCTYIAIOT AaHHbBIE, Xa-
PaKTepHU3YIOINE 3HAUCHHSI ONPEAETICHHBIX IIEPEMEHHBIX
WM TeKyIero BpeMeHu. K maHHOMY KJIacCy OTHOCSITCS
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KOMIIOHEHTBI: OKHJIAHMS 33JaHHOTO IMPOMEXYTKa Bpe-
menn (WT), oxunanus coobmenus (WM), oxugaHus
paBeHcTBa nepeMeHHbIX X1 = X2 (WD), oxumanus He-
paBenctBa mepeMeHHBIX X1 # X2 (WND), oxumanus
6onbine X1 > X2 (WDH), oxxunnanus menbime X1 < X2
(WDL). IlocnenoBarenbHOE COCTUHEHHE JAHHBIX KOM-
NOHEHTOB B T'PYMNIBl IPEICTABIAET COOOH CTPYKTYpY
«MJIW». [Ing ux BaodeHus B cxemy «M» ucnonssyer-
Csl KOMITOHEHT, 00o3Havatommii komanagy BAND si3pika
X-Robot.

Kaace koMnoHeHTOB padoThl ¢ MOANPOrpaMMa-
MM COIEPXKUT KOMAaHABI, TO3BOJISIOIINE MPEICTABUTH
OZIMH U3 MPOLIECCOB CIICHApUs B BUE MOAMPOrPaMMBbI U
BBI3BATh €T0 M3 JApYyroro mpouecca. [y 3Toro xKoMmno-
HEHTaMH IPEICTABICHBI CIEAYIOINE KOMAHIbI:

— koMaHza Bb13oBa nopamporpammsl (CALL) — ye-
TaHABIMBAETCS B IPOIECC, KOTOPBHIA JTOJDKEH BBI3BATh
JIPYTO# MpoI1iecc;

— KOMaHJa OXMJaHHA BBI30Ba MOANPOrPaMMBbI
(WR) — ycranaBnuBaercsi B HpPOLECC-TIOAIIPOTPaMMY,
KOTOpasl TOJDKHA BBINOIHMUTHCS 10 COOTBETCTBYHOILEH
xomanne CALL.

Kaacc koMnoneHToB apudgmernyecknx u nodu-
TOBBIX ONEPalMii BKIIOYAET B CEOSI KOMIOHEHTHI, IS
BBINOJTHEHHUSI OCHOBHBIX OMHAPHBIX apu(METHUECKUX U
moOMTOBBIX omneparwii. K HIM OTHOCATCS: TpHCBanBa-
HUE TlepeMeHHOW Hekoroporo 3Haderusa (MOV); cym-
mupoBanue (ADD), Beruuranne (SUB), moburoBoe U
(AND), noo6utoBoe MJIM (OR), mobGuroBoe HCKIIO-
gatomiee MJIM (XOR), komaHga nepecTaHOBKU OalTOB
(SWAP) u komanap! modutoBoro capura BieBo (LSL) u
Brpaso (LSR).

Kaxnas w3 3TUX KOMaH] BBIMOJIHAETCS TPH IO-
CTYIUIEHMM Ha ynpasisiomuid Bxox Ul komMnoHeHTa
(cM. puc. 2) curHana O BBINOJHEHHH HaJl MOCICTHUMH
MTOJTyYeHHBIMH 3HAYCHUSAMH OTlepaHmoB X1 u X2.

Bce mepemeHHbIE SBISIOTCS IVIOOANBHBIMHM, H HX
3HAUECHUS] OIMHAKOBBI JUIS BCEX IIOTOKOB clieHapus. [Ipn
3TOM Yy KaXJOTOo M3 TPOILIECCOB €CTh OJIHA JIOKaJbHas
NepeMEeHHas, Ha3bIBaeMasi akKYM)IAMOpPoM, 3HauCHHE
KOTOPOH JJIs1 KaXKAOTO U3 MPOIIECCOB CBOE.

Knacec KOMNOHEHTOB M3MeHeHHUs] MOPSAIKA BbI-
MOJHEHHUsI Mpouecca MpefHa3HaYeH JJI OCYyLIECTBIIE-
HUSI W3MEHEHMs TIOCIJIEI0BATEIbHOTO TOPS/IKA BBINOI-
HEHMSI KOMaHJ Ipoliecca, BETBICHUS, IUKIOB U T.I. K
9TOMY KJIaCcCy OTHOCSTCS CIEAYIOIINE KOMIIOHCHTBI:

— Komnonent «Cpasuenune» (CMP) npu momyde-
HHUM COOOIICHUH O BBIMOJIHEHUH 110 YIPABISIONICH CBs-
3u Ul ocyluecTBiseT CpaBHEHHE MOCIEAHUX 3HAYEHUI
MEPEMEHHBIX, MOCTYNHMBIIMX IO HWH(POPMAINOHHBIM
cBa3aM X1 m X2, u Ha BBIXOJHYIO HWH(POPMAIMOHHYIO
cBs3b Y mepenaer 0, ecnu X1 = X2, 1, eciiu X1 > X2, u
2, xorga X1 <X2.

— Kowmmnonent «Betsiienne» (CASE), mMeromuii
HECKOJIBKO BBIXOAHBIX YIpaBistromux ceszeit (U2, U3,
..., Un), IpOM3BOUT aHAIN3 3HAYEHUs, TIOCTYIHBIIETO
mo MH(pOPMAIIMOHHOH CBSI3U X1, B COOTBETCTBUU C KO-
TOPBIM TOCBITAET COOOMICHUE 0 OJHOHM M3 BBIXOIHBIX
YIPABISOLUX CBA3EH.

— Komnonent «Br16op no cpaBuenuto» (CASES)
0 CBOEH BXOAHOW MH(OpMAIMOHHOH cBsi3u X1 ocymie-

CTBISICT NPUEM 3HAYCHUS pe3ysbTara ONepaluid cpas-
HEHUSI M NEPCHANPABICHUE BBINOIHEHUS CICHApUs I10
OIIHOM M3 BETBEH, KaXKAas U3 KOTOPBIX COOTBETCTBYET
cutyauusaM «Menbuie», «PaBHo» uinu «bomibiey.

— Komnonent «Bo3Bpar U3 CTpyKTypel cpaBHe-
nus» (RETS) ycranaBnuBaercss B ofjHy U3 BeTBeii, 00-
pa3yeMbIX KOMIOHEHTOM «Bb100p 1Mo cpaBHeHuto». [1pu
MOJYYCHUH COOOILICHUSI TI0 BXOIHOHM YIpaBISIONICH
CBSI3Y JIaHHBIH KOMIIOHEHT OCYIIECTBIISET Oe3yCIOBHBIN
nepexosa Ha Hayaio koMmaHasl CASES, B cTpykType Ko-
TOpPOIi OH yCTaHOBJICH.

— Komnonent «Konery cTpykTypsl BBIOOpa»
(ENDC) ycranaBnmBaeTcsi B KOHEI KaXXJI0i BETBH Clie-
Hapus, OOpa30BaHHON CTPYKTYpaMH KOMIIOHEHTOB
CASE u CASES.

Takum 00pa3om, oImUcaHbl BCe KIIACChl KOMITOHEH-
TOB, TIpETHA3HAYECHHBIX Uil (POPMUPOBAHUS CLICHAPUEB
(DYHKIIMOHMPOBAHUSI YIPABISIONMX KOHTPOJUIEPOB Ha
rpaguyeckoM s3bike X-Robot.

Cuenapuii ynpasJjieHUsl JUCKPETHBIM 00beKTOM

Ceetodop, OpraHM3yOUIMH pEryJHupoBaHUE JO-
POXXHBIM [JBIDKCHHEM, SIBISETCS ITUCKPETHBIM YCTPOH-
cTBoM. Mopens cBeTodopa, copepxkamias Tpu (oHaps,
COOTBETCTBEHHO KpacHoro L1, xkéntoro L2 u 3en€HOro
nBera L3, 3aropaHue KOTOPBIX OCYILECTBISIETCS C MO-
Motursio Kirouert S1, S2 u S3, peannzoBana Ha OOBEKT-
HOM YPOBHE MHOTOYpOBHEBOW KOMIIBIOTEPHOU MOJIENH U
IpeJcTaBlIeHa Ha puc. 4. PerymupoBOYHBIM pe3UCTOPOM
R1 ocymecTBisieTcst peryaupoBKa UHTEHCUBHOCTH CBe-
4yeHust (poHapeil B 3aBUCMOCTH OT BPEMEHH CYTOK, IO-
TOITHBIX YCJIOBHH M ApYTUX (haKTOPOB.

Test_svetofor_xr_3_layers] EI@
—

V1 ~

51 L1

J_%
=0

52 L2

._/__®_<

V3
3 L3

._/__®_<

< >

Puc. 4. KomnbrorepHast Mozens cBeTodopa Ha 00bEKTHOM
YPOBHE MHOT'OYPOBHEBO1 KOMITBIOTEPHON MOJIEIN

Ilycte ¢oHapéM KpacHOTO IBETa YIPAaBISIET HC-
nosHuTeNb ¢ HoMepoM $08, dorapém skénToro meera —
ucnonuurens $09, a honapém 3en€Horo 1Bera — UCHOI-
uurenb $0a. Kaxaplii M3 HUX 3aKUTaeT ONMpeaeIeHHbIH
doHaps ¢ momompl0 KoMaHael Ex3 momadei makcu-
MaJbpHO Bo3MoxkHOro 3HaueHus $7FFF = 32767. dounapb
roracaeT nofadei ¢ nomoupro koManasl Ex3 3Hauenus 0.
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WNHunumanuszanusi oNMCaHHBIX HCHOJIHUTENEH, OCy-
LIECTBISIOIIMX U3MEHEHNE COCTOSHUM KIIIOUEH, MMPOU3-
BOIMTCS KOMaHA0M EX6, BBIMOTHEHHOM JUIsl HCIIOJIHUTE-
nst uaunmanu3anuu $ff = 255 ¢ aprymenrom 1. B atom
ciayyae ocymectBisgercs uHunuanuzauuds M-
TCHCPATOPOB. bnox HHUHAJIU3allu OrpaHuYInBaACTCA OT
OCHOBHOTO IIMKJIa TIpoliecca koMnoHeHToM XR_Begin2.
C nomompio komnoHeHToB XR WTI1, XR WT2 u
XR_WT3 npousBoauTcs 3aJiep:kka mpoiiecca Ha orpe-
JIeNéHHOEe BpeMs, KOTOpPOE€ JOJKEH TOpeTh COOTBETCT-
Byromuii poHaps cBeTodopa.

I'padudeckas ¢opma creHapus YIpaBICHHUS CO-
cTosiHMEM cBeTo(opa mpeacTaBieHa Ha puc. 5. Ha oc-
HOBE IPEICTAaBICHHOIO CLEHapus Oynaer chopMHpOBaH
KOZ AJIsl TIPOTPaMMHPOBAHUSI KOHTPOJUIEPA, OCYIIECTB-
JISIFOILIETO YIPaBJICHUE COCTOSTHUEM CBeTO(opa.

3akJ0ueHne

Monyns MOAETHUPOBAHUS CLIEHAPHEB, pealn30BaH-
HBIH B paMKax Cpelbl MHOTOYPOBHEBOTO KOMITBIOTEPHO-
TO MOJICTUPOBAHMSI, OTKPHIBAET BO3MOXKHOCTH (hOpMH-
poBaHMsl TpaUUECKUX CIEHAPHEB YNPABICHUS IWHA-
MHYECKUMH OOBEKTaMH C MX OTIAJKOM Ha KOMIBIOTEp-
HBIX MOJEISX OOBEKTOB C BKIIOYEHHBIMH B HHX MOJie-
JISIMHM UCTIONTHUTEIBHBIX M MU3MEPHUTEIBHBIX YCTPOHCTB.
COBOKYITHOCTD TpahuecKoro CIeHapusi U MOJIENU 00b-
€KTa YNPAaBJICHHSI TAKXKE TO3BOJIAIOT MPOM3BOIUTDH BbI-
0op 3HaUCHMI MapaMEeTPOB KOMIIOHEHTOB, YJOBIIETBO-
pSAOIIMX  COOTBETCTBYIOIIMM  KPHUTEPHSIM  KadyeCTBa
ynpaeienus. [IpuMeHenue pa3padoTaHHBIX IPOrpaMM-
HO-MHCTPYMEHTAIBHBIX CPENCTB B MpoIlecce OO0ydeHUs
HaTpaBJIEHO HAa aBTOMAaTU3aIMI0 TPOBEIEHUsS PaKTHUe-
CKUX M JIaDOpaTOPHBIX 3aHATHH, B XOIE KOTOPBIX CTY-
JICHTBHl ¥ LIKOJBHUKH CTapIIMX KIAcCOB MPUOOPETAIOT
NIepBOHAYAIbHBIC 3HAHUS ¥ YMEHHS MPOrPaMMUPOBAHUS
KOHTpOJIepoB. JlaHHBIE pa3pabOTKH Takxke OymayT WHTe-
PECHBI LICHTPAaM HAyYHO-TEXHUYECKOTO TBOPYECTBA MO-
T0A&XH, NEATEIPHOCTh KOTOPBIX HaIlpaBlieHa Ha pa3pa-
OOTKY yIIpaBIsSeMBIX JHHAMHYECKAX OOBEKTOB.

PaGora BbIMONHEHA TP (PUHAHCOBOI MOANEPIKKE
MuHOOpHayKH B paMKax MIpOeKTa
RFMEFI57717X0266.
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Dmritriev V.M., Gandzha T.V., Bukreev A.S.

Modeling scenarios to control dynamic objects based on
the graphical language X-Robot

As the number of function of dynamic object increases, the
algorithm that controls devices becomes more complex. Also,
programs written in low-level programming languages of con-
trollers are increasing, that complicates the process of their
debugging. The urgency of the development of new means for
the formation and modeling of controller operation scenarios
is due to the need to take into account many observable vari-
ables and the use of a number of control action, but also de-
termined by the non trivial character of the algorithms to oper-
ate controllers.

The article discusses the principles of modeling scenarios to
control dynamic objects with the use of graphical notations of
X-Robot language. In addition to the traditional text represen-
tation of a program called a script, a graphic interpretation has
been proposed and developed for this language, setting a cer-
tain component for its commands. Graphical scenario forma-
tion is carried out in the environment of computer simulation
MARS at the logical level of a multi-level computer model, at
the object level of which the models of a controlled dynamic
object are located with the models of executive and measuring
devices included in it. This opens up the possibility of forming
control scenarios in a graphical form and their preliminary
debugging on the model of a dynamic object. At the visual
level of the multi-level computer model, control components
are located, through which the user has the opportunity to in-
fluence the model of the object and the scenario model, as
well as the visualization components that display the visuali-
zation data for the user, which can be either the values of the
observed object variables, or and their generalized parameter-
functionals. At present, the developed graphical language for
modeling scenarios is adapted to the X-Mega controller, but
studies are underway to develop it and apply it to other types
of controllers.

Keywords: component, controller, scenario, dynamic object,
multilevel computer model
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M.IO. Kataes, H.B. JloceBa, J1.A. BynbiweBa

CTpykTypa uHcpopmMmaLlMOHHOU peKoMeHAAaTeNIbHON CUCTEMbI
noAaAepX KU NPUHATUA PeLUeHUU NPU OKa3aHUKM ycnyr

rocygapCcrtBeHHbIM yypexageHnem

PaccmarpuBaercs nocrpoeHre HHGPOPMAIMOHHOW PEKOMEHAATENBHOM CHCTEMBI I Lelied MOIIePKKU IPUHSTHUS pe-
LIEHUH roCyAapCTBEHHBIM YUPESKICHUEM IIpU OKa3aHUU yCIIyr. B mpolecce okazaHus yciayr BO3HMKaeT Macca CHUTya-
U, KOTOPbIE 3aCTAaBISIOT PYKOBOSIIMI COCTaB MCKaTh COOTBETCTBYIONIHME pellleHus. Bo3Hukarole cuTyaun cBs-
3aHbl C U3MEHEHUSIMU BHYTPEHHEN MIIM BHELIHEH Cpelbl yUPEeXKASHUs, YTO CO3JaeT OONBIIOE MHOKECTBO BO3MOMKHBIX
BapHAHTOB IIPYU MTONCKE PEIIeHNs. B HacTOSIIMIT MOMEHT MOAICP)KKU MIPUHATHS PEIICHUH He CYIIECTBYET, H PyKOBOAN-
TeNb MPUHUMAET PEIICHUS OTHOCUTENIBHO €r0 3HAHUK M OMbITa. Y4eT HU(POBOH (OpMBI OMUCAHMS TEKYIIUX MIPOIeC-
COB YUPEXK/ICHHS IO3BOJISIET CTPOUTH PA3IMIHOTO Poja HHPOpMALOHHbIE cHCTeMbl. COBpeMEHHOH (OpMOil pa3BUTHS
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[I0KA3aTeJU MPOLECCOB OKA3aHUS YCIIYT U Ha 3TOH OCHOBE IIOCTPOUTh PEKOMEHIATEIbHYI0 CUCTEMY HOJICPHKKH IIPUHS-
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VYenenHasi 1esTeNbHOCTh OPraHU3alK 3aBHCUT OT
(dopMBI ynpaBiieHHs, KadyecTBa U CKOPOCTH NpUHHMae-
MBIX pemieHnii. B 3Tom miaHe mepemenmas K HaM U3
MPONUIOro (YHKIMOHAIBHAS CHCTEMa YIpaBICHUS HE
OTBEYAET CYMIECTBYIOIINM PEANHsIM, ITOCKOJIBKY HE IT0-
3BoisieT 3(h(HEKTHBHO BHEAPSTH MH(POPMAIMOHHBIE CHC-
tembl [1]. Tlocmemnemy ¢akrty MemaeT BepTHKAIbHAS
CTPYKTypa yTNpaBieHHs (pa3feleHHe 3a1ad CBEPXY, OT-
CYTCTBHE BUIUMOCTH OOIIEro pe3ysibrara KOHKPETHBIM
UCIIOJNHUTENEeM), KOoTopast sBIieTcs d(P(EKTUBHON JHIIb
IpU ONpPEJENICHHBIX 00CTOATENbCTBAX (TANAHT PYKOBO-
JIUTENIs, TIOA00p KaJpoB U Jip.). B cOBpeMEHHBIX yCIoBH-
X Oosee THOKOW M ymOOHOH SABJISETCS MPOLECCHO-
OpPHEHTHpOBaHHas (OopMa YNpPaBIECHHUS MPEIIPUITHEM,
OCHOBaHHasi Ha Ou3Hec-mpoueccax [2]. IIpu sToM OM3-
HEC-TIPOLIECCHl MPEAIPUATHS MOXXHO MOCTOSHHO MOJIH-
¢unmpoBaTh, MONyYas 331aHHBIH YPOBEHb ONTHMH3ALIUH.

BHenpenne B opranu3anuy MpoIecCHOTO MOAX0/a B
YTIPaBICHUH ITO3BOJISIET MOBBICUTH 3PPEKTUBHOCTE MPO-
LIECCOB JEATEIBHOCTH M KOHTPOJS, TaK Kak MO3BOJSIET
OLICHMBATb, YIPABISATh M KOHTPOIMPOBATh KaXKIBIA OT-
JeTBHBIA 3JIEMEHT Ipoluecca (MOAIPOLecch WM (yHK-
1un). CoBepIICHCTBOBAHKME METOJOB YTIPABICHUS SBIIS-
€TCsl OJHOM M3 OCHOBHBIX 3aJa4, OT PELICHUS KOTOPOH
3aBUCST Ka4ecTBO M 3(P(PEeKTHBHOCTh NEATENBHOCTH Y4-
pexxaenus. C NOSBICHHEM HOBBIX NOKOJICHUH HU(PPOBOM
TEXHUKH ¥ HHPOPMALMOHHBIX CHCTEM HEN30€XKHO pacTeT
1 YCJOXHSETCS MHTCHCUBHOCTh oOMeHa MHpopmaruen
MEXIy TMOAPa3IeNCHNUSIMH OPraHU3alluy, B CBS3U C YEM
OOIBITYI0 aKTYaJIbHOCTh NMpHOOpeTaeT mpodieMa co3ia-
HUSI METOZIOB ONMCAHUS, aHAIN3a U MCCIIEIOBAaHUA TTOTO-
kOB MH(popMarmu, 00yCIOBICHHBIX (QYHKIHOHHPOBAHU-
eM OHM3HEeC-TIPOIECCOB, I Ienell ympasieHus. Bo3Hu-
Kalolllie MOTOKH HMH(pOPMAIMKM HEOOXOAUMO HE TOJIBKO
U3MepsITh, 00padaThiBaTh, HO M CKOpeHIINM 00pa3zom
aHAJIM3MPOBATh JUIS PELICHUS] HACYIIHBIX 3ajJa4 Ipea-
TIPUSATHS.

B nacrosimee Bpems MMeeTcss MHOXECTBO ITPHIIO-
JKEHUH, OCHOBaHHBIX Ha NPOIECCHOM IOAXOJE U pe-

HIAIOIIMX 3a/la4K JTIOKYMEHTO000pOTa U BEICHUS XO3sii-
CTBEHHOIl JEesTENbHOCTH, OIHAKO JUIsS PEUICHUs 3a1ad
YIIPaBICHYECKOTO YPOBHS ITOAOOHBIX CHCTEM IpaKTHYe-
cku HeT. OJJHOW M3 NMPUYMH Takoro AeduuuTa SIBISETCS
KaueCTBEHHAs! CTOPOHA YIIPABJIEHUECKOH AEATEIbHOCTH.

Oco0oe BHHMaHHE B TIOCICAHEE BpEeMs YICIICTCS
nudpoBoi (hopMe AEATEITBHOCTH TOCYIapCTBEHHBIX Y4-
PeXIOCHUN TMpH OKa3aHUM Pa3HOOOpaszHBIX ycuyr Jlmsa
9THX meier paszpaborana mporpamma «L{udposas sko-
Homuka Poccuiickoit ®Demepannm», kotopas ObLTa YT-
BepxIeHa pacnopsbkeHueM [IpaButenscTBa Poccuiickoit
Oeneparun ot 28.07.2017 Ne 1632-p. Hamu npennara-
€TCd BBECTU B MPONCCC YIPaBJICHUA KOJIUYCCTBCHHBIC
JlaHHBble, a WMEHHO BpEMEHHBIE IIOKa3aTeln Ou3Hec-
MIPOLECCOB, U HAa 3TOM OCHOBE NOCTPOUTH HOBBIM THII
MHPOPMALMOHHON PEKOMEHIATENIbHON CHCTEMBI.

IMocranoBka 3axaun

B nactosimee BpeMsi OCHOBHBIC BEKTOPHI Pa3BUTHS
POCCHICKOH 3KOHOMHKH IPEACTAaBICHbl B KOHIETIIIUH
«udposas s3xoHOMHKa». OIHAKO B 3THX JJIOKyMEHTaX HE
yKa3aHbl CIIOCOOBI peann3aluy, THIBI Mojeneil mudpo-
BOTO TPECTABICHUS PA3INIHBIX 3JIEMEHTOB SKOHOMHUKH.
OI[HI/IM 13 BEKTOPOB Pa3BUTUSA SABJIACTCA YIIPaBJICHUYCCKas
JeSTeNIbHOCTh, KOTOpasi JOJDKHA 0oJiee ONMUparhCcsl He Ha
CyObEeKTHBHBIE BBIBOJBI M PELICHHsS, IIyCTb U OCHOBaH-
HBIC Ha 3HAHMAX, a Ha MH(OPMAIIMOHHBIE MOJIEIN U KO-
JIMYECTBEHHOE IIPEJCTABICHUE JEATeNbHOCTH. B Ha-
CTOSIIIIEE BPEMs CYNIECTBYIOT ITOJXO/BI M MH(OPMAIOH-
HBIC CHCTEMbl YIPABICHHS OpPraHH3alUsIMH, KOTOpBIE
OTMpAIOTCS HA KOHIIETIIMN YTPABIECHHUS Pe3yIbTaTHBHO-
cteio  Om3neca (CPM, Corporate  Performance
Management). OqHaKo MOCTENIEHHBIA TMEPEBOI OpPTraHU-
3aIiii Ha KOJIMYECTBEHHOE OIMCAaHKE MIPOLecca AesiTeNb-
HOCTH TPHUBEI K 3HAYUTEIBHOMY POCTy 00beMOB HHDOP-
Malliy Ha OIIEPaTUBHOM YPOBHE. DTO OOCTOSTENBCTBO, B
CBOIO OYepellb, MPUBEIO K TOMY, YTO MPOLECC yrpaBie-
HUSI HA 00Jiee BBICOKHX YPOBHSX (TaKTHUECKOM U CTpaTe-
TMYEeCKOM) cTan MH(GOPMAIMOHHO pa3opBaH. Boznukia
npoOsieMa yHpaBieHUs] B PEXHUME PEallbHOr0 BPEMEHHU
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(RTE, Real Time Enterprise). [Ipyras nmpobiema cBs3aHa
C TEM, YTO BO3HMKJA CIOKHOCTb YCBOCHUS MOTOKAa WH-
(opMarmu Ui IPUHATHS NPABUIBHBIX YHPABICHUECKUX
pELICHUHN.

Onucanue esTeIbHOCTH B BHJIe OU3HEC-TIPOLIECCOB
3aCTaBJsIET MPEANPUATHS MEePEXOAUTH OT cTapod (yHK-
UOHAJIBHOW (POpPMBI yITpaBieHHs K HOBOW — IPOLECCHO-
OpUeHTHUpOBaHHON. VIMeHHO 1 opraHu3anuii, nepe-
LIEANINX Ha TMPOLECCHBIN YPOBEHD YIPaBJICHU, KOHLETI-
uun CPM sBisrorest Hanbosee 3¢ ¢dexrnBHbIMH. Omnuca-
HHE JIESATEIbHOCTH B BHJE ON3HEC-TIPOLIECCOB MO3BOIISIET
OoJee CTPOTO OPraHU30BATH IEPEXO K MUPPOBOH hopme
yTIpaBIICHUSI.

TpaguLMOHHO HENPEPBIBHBIN LIMKJI YIIPABIEHUS OC-
HOBBIBACTCSl HA YETBHIPEX JIEMEHTaX: aHAIN3, MOJEIUPO-
BaHUE, IUIAHUPOBaHHE W MOHHUTOpHHL. [lox moHsTHEM
«MOHHUTOPHUHI» OyJeM NOHHMAaTh CUCTEMaTH3MPOBAaHHBIN
cOop ¥ NMepBUYHYI0 00pabOTKy MOCTyNHUBIIEH HHpOpMa-
mun. [IpuMeHeHHe MOHHTOPWHTa B LIENSX YHPABICHUS
HEOOXOAMMO JUTsl PelICHHs TIPOU3BOACTBEHHBIX M AKOHO-
MHYECKUX 33Ja4, a TaKKe Uil YIy4LIeHHUs Ipolecca
MIPUHATHS pelIeHuH. MOHHUTOPHHI TO3BOJSIET CBS3aTh
pa3nuYHbBIE YPOBHM YIIPABICHHS M TIPOM3BOACTBEHHBIC
MPOLIECCH B IETSX JTOCTIKEHUS ONPEIEICHHOTO (3a/1aH-
HOTO) YpPOBHS KauecTBa pe3yJlbTaToOB IPOU3BOACTBA.
IIpoBeneHne MOHUTOPUHIA MOAPA3YMEBAET BBICOKUHI
ypoBeHb MH(pOpPMAaTU3alUU AEATEIBHOCTH OPraHM3aINN
(HaKoIIeHHe, aHallu3, MOJAETUPOBaHUE, TIAHUPOBAHHE).
MonenupoBanre W TUIRHUPOBaHME TEKYILEro IMpoliecca
JIeSITEIbHOCTH OPraHW3alliid BO3MOXKHO JIMLIb TPH HaJK-
YUK OOJIBIIOTO KOJMYECTBA JAHHBIX, ITOJYYEHHBIX C I10-
MOIIBIO CHCTEMBl MOHHTOpHHTa. Ha ocHoOBe aHanm3za
3THX JAaHHBIX BO3MOXKHO IIOCTPOEHHE PazHOOOpPa3HBIX
MoJIeneit IesTeTbHOCTH OpraHnu3aun [3—6].

CymecTByeT psJ MaTeMaTHYECKHX ITOJIXO0B OIH-
CaHMS MPOLECCOB ACATECIBHOCTH: NMUTALMOHHbBIE MOJE-
T, COOBITHITHO yTIpaBIIsieMBbIe MIPOIECCH, MeTox MoHTe-
Kapno, meron nmarpamMm akTHBHOCTH, CEMaHTHYECKas
Mozenb u Jp. OnHako Ha MpaKTHKE 3TH MOJAENHU J0CTa-
TOYHO CJIO’)KHO UCIIOJIb30BaTh, TAK KaK OHM SBJISIOTCS BeE-
POSITHOCTHBIMH, TPEOYIOT 3HAYMTENILHBIX BBIYHMCIUTEIb-
HBIX PECypCcOB, HaJW4Ms Ha HPEINPUSITHH COOTBETCT-
BYIOIIMX CIELHUAJINCTOB, a TAK)KEC NMOHMMAaHUS M TpaHC-
(hopMaImu MoJy4eHHBIX Pe3yJIbTaToB.

OtmernM, uTo T A GEKTHBHOM AEATEIEHOCTH Op-
TaHU3alMH POJIb AHAIUTHYECKHX IIOIXOAOB K OLCHKE
JEATENIFHOCTH W TIONYYEHHsS CBOCBPEMEHHBIX, TOYHBIX
YIPaBJIEHUYECKUX PELICHUH BecbMa BbICOKa. B mpouecce
yIpaBlieHus Jaxe Npyu qudpoBor Gpopme IpeacTaBIeHus
pE3yIBTaTOB AESTEIbHOCTH HEIb3sI CKIIIOYATh OIBIT Py-
koBoauTens. [103TOMy 3adacTyio BO3HHKaeT JucOaiaHc
MeXa1y 00beMOM MMerolleiicss nHpopManK 1 CyObeKTH-
BHU3MOM, 3HAaHUSIMA U OIIBITOM pyKoBoxuTensi. lmero-
mpecsl B HacTosiee BpeMsl HH(POPMAIIMOHHBIE CHCTEMBI
n3 kimacca CRM (Customer Relationship Management,
yIpaBJIeHHE OTHOWICHMSMH ¢ 3akazunkamu), ERP-
cucreM (Enterprise Resource Planning, ynpasnenne kop-
mopatuBHEIMA pecypcamu) wim MRP-cucrem (Materials
Requirements Planning, nmanupoBanue mMaTepHaioB I
MIPOM3BOICTBA) MO3BOJIAIOT OCYIIECTBUTH COOpP, MHTETpa-

L0, aHAJIU3 Pa3HOOOpPa3HBIX JMaHHBIX. OFHAKO BO3HH-
KAl 00bEM AAaHHBIX 3aTPYJHACT MOHUMAaHUE TEKy-
mei uHpOpMaLiK, YIIMHIET mpoluece (OpMHUPOBAHUSA
pemennii. IloaToMy BO3HMKaeT HacymrHas HEOOXOIH-
MOCTh B IIOHCKE PEIICHHH, MO3BOJIIOUINX PYKOBOAUTE-
JISIM TIOJTy4aTh HEKOTOpBIE PEKOMEHIAllUH, CBA3aHHBIE C
NPUHATHEM TE€X WM MHBIX PEIICHHUH.

T'ocynapcTBeHHBIE YCJIYTH

HesrensHocts [IpaBurenscrBa Poccuiickoit dene-
paunu u (enepanbHBIX OPTaHOB HMCIIONHUTEIBHOW BIla-
CTH HarpaBJIeHa Ha pPa3pabOTKy MpaBH MPENOCTABICHUS
TpaXAaHaM ¥ OpTaHM3alMAM TOCYJapCTBEHHBIX YCIyT
(pe3ybTaToB MCIONHEHHUS TOCYIAPCTBEHHBIX (DYHKIUIA).
HemanoBaxHbIM (pakTOpPOM SBISIETCS] ONTHMHU3ALNS TIPO-
Iecca OKa3aHHs TOCYAApCTBEHHBIX YCIYT, CBS3aHHas, B
Oounblliei Mepe, CO CHH)KEHHEM II0TEePb BPEMEHH MpHU
B3aMMOACHCTBUM IPaKJaH U OpraHu3aluil ¢ opraHaMu
HUCTIONHUTENBHOM BiacTu. [Ipouecc okazanus rocymapcr-
BEHHbIX ycayr perynupyeT denepanbhblii 3akoH Ne 210-
@3 «OO6 opraHM3alMM NPEJOCTAaBICHUS T'OCYIapCTBEH-
HBIX ¥ MyHMIUNAIBHBIX yciayr» oT 27.07.2010 . Otot
3aKOH ONMCBHIBAET O0mIMe TpeOOBaHWA K MpeaoCcTaBie-
HUIO TOCYIapCTBEHHBIX ¥ MyHHIHIAIBHBIX YCIIYT, aIMH-
HHUCTPATHBHBIE PENNIAMEHTHI, OPraHH3aLHUIO IIPEJOCTaB-
JICHUS! TOCYJApCTBEHHBIX W MYHUIMIIAIBHBIX YCIYT B
MHOTO(YHKIIMOHAJIBHBIX IIEHTPaX W HCIIOJIb30BaHHUE HH-
(OpMaIMOHHO-TEIEKOMMYHUKAIIMOHHBIX ~ TEXHOJIOTUH
NPU MPEAOCTABICHNH TOCYIAPCTBEHHBIX U MYHHIUITATb-
HBIX yciuyr. OnTHMM3anus Tpolecca OKa3aHUS YCIyT
CBSI3aHA C AHAJIM30M PE3YJbTaTOB MX MOHUTOPHHTA JUIS
TOCYJapCTBEHHBIX YUPEXJICHUH, peannzyeMoro B (opme
OIIPOCOB, WHTEPBBIO WM AHKETHPOBAHUS IOJydarenei
TOCYIapCTBEHHBIX YCIIyT. Takoi BHJ MOHHTOPHHTA SBIIS-
€Tcs BHEIIHUM I10 OTHOIICHUIO K TOCYJapCTBEHHOMY Y4-
PEeKACHHUIO, TPENOCTaBIIONIEMY YCIyry. BHyTpenHue
acTIeKThl MOHMUTOPHWHTA IIPOLEcca NMPEAOCTABICHHUS yC-
TyI, HEOOXOAUMBIE AJISI ONTUMM3ALMK U PEIICHUS KOH-
KPETHBIX TEKYIIUX 3a/ad, PELIatOTCsI HETMOCPEICTBEHHO
PYKOBOJTUTETIEM.

PexomeHgaTebHbIE CHCTEMBI

B nurepatype pexomenmarensHble cuctemsl (PC)
OTIPEAEIAIOTCS] KaK MH(pOPMAIMOHHBIE CHUCTEMBI, pa3pa-
OaTpIBaeMble JUIsl aBTOMAaTH3allMy Mpolecca MONIEePKKU
NPUHATHUS pelIeHnid. B HacTosiIiee BpeMst Taknue CUCTEMBI
B OCHOBHOM HCTIONIb3YIOTCS [UISl OLICHKH WHTEpEeca IMOJb-
3oBarenell cetn MHTEpHET K ONpeneneHHOMY MPOIYKTY
win cepBucy. OcHoBo#t ansa PC sBnsercs nHbOpManus,
KOTOPYIO MOJIB30BATEIN OCTABJISAIOT MPH HCIOIb30BAaHUU
Pa3NUYHBIX OHJIAHH-CEPBUCOB (YaCTOTA IOCEIIEHHs Caii-
Ta, BBIOOP TOTO WJIM WHOTO MpoAyKTa u Ap.) [7-10].

PexomeHaTeIbHBIE CHUCTEMBI CTald Pa3BUBATHCS
JIOCTATOYHO JABHO M IE€PBOE BpeMs OMUPAINCh Ha HH-
¢dopmarmio, koTopasi codupanack B 0a3y JaHHBIX U3 pa3-
JIUYHBIX UCTOYHHMKOB. C pa3BUTHEM BO3MOXKHOCTEH MH-
TEpHEeTa PEKOMEHJIAaTeJIbHBIE CHCTEMbI CTalll HEOThEM-
JmeMoi dYacTel0 KpymHBIX Kommanuit Google, Netflix,
Amazon u ap. [Togxonsl, ©CHONIB3yeMbIe IS OLICHKH HH-
Tepeca MOTpeOuTeneH, OCHOBBIBAIOTCS Ha (HMIBTPALNN
comepkanust (content-based information filtering) wm
KoJutabopatuBHOM (usTpanuu (collaborative filtering).
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B mepBoM cinydae B WHPOpPMAIMOHHOW cuUCTeMe (Kak
MIPaBHJIO, MHTEPHET-CAlT), Te MMeeTcss mHpopManus o
MI0JIb30BATEISIX, U3YyYaeTCs] 3aBHCUMOCTD XapaKTEPUCTUK
MOJIB30BaTeNs (BO3PACT, MOJ | JIP.) OT €ro MoTpeOnuTeNh-
CKUX mpenmnoutreHuid. Bo BTOpoMm ciyuae u3yvaercs u
knaccuduuupyercss MHGOpMAIMsS O TEpEevHe ITOKYIOK,
OLIGHKaX IPOIYKTOB, KOTOpBIE CIENall paHee I0Ib30Ba-
Tesb. Pexe MpUMEHSIOTCsl Ha MTPAaKTHKE MOAXOIbI: HHTE-
nexryanpHble (knowledge-based), mpu KOTOpBIX oOleHKa
BBIYHCIISIETCS] HA OCHOBE (DOPMAaJIM30BaHHBIX 3HAHHUH (OH-
tonorun), u rudpunaeie (hybrid prediction) mMetoxsl, B
OCHOBE KOTODBIX JIeaT KOMOWHAIIMM paHee IpPEACTaB-
JICHHBIX TOIXOZOB.

OcuoBHOH 1enesio PC sBisieTcst Hax0KIEHUE TAKOH
OLICHKH COOBITHH W3 aHalN3a MPEIICCTBYIOMNX Mpea-
MOYTEHUI Pa3IMYHBIX TPYII MOJNb30BaTeNel, KOTOpas
MO3BOJIMIIA OBl ONpPEAEIHTh MPOTHO3HOE 3HadeHue. Jlis
Heneil IPOTHO3UPOBAHMS MPUMEHSIOTCS  pa3lInuHbIe
IpyIIbI METOAOB: 1) pacueT (pyHKIUH MOJIE3HOCTH U UC-
CJICIOBaHNE €€ TIOBEJICHUSI B 3aBUCHMOCTH OT BPEMEHH
JIHS, BPEMEHH T0/1a, XapaKTEepUCTUK TPYIII MOJIb30BaTe-
JIel u 1Ip., 2) MOCTPOCHNE SMIMPUUECKUX 3aBUCHMOCTEH
U WCCIIEJOBaHNE UX MOBEACHUS. B pesynbrare momb3oBa-
TEJIb TIONMyYaeT B KadecTBE PEKOMEHIALMH, HaIpUMep,
CBOEBPEMECHHOE M3BEILCHUE O HATWYMU TOTO WJIM MHOTO
MIPOAYKTa, BPEMEHH CKUAOK M 1p. Bo3MoxxHO mpumMeHe-
HUE W TaKuX TOAXOIO0B, Kak baiiecoBckmii kimaccupuka-
TOpP, METOJbl UCKYyCCTBEHHOTO MHTEJIEKTa (KJIacTepu3a-
1S, I€PEBbsSl PELICHUM, UCKYCCTBEHHBIC HEUPOHHBIE CE-
™ u ap.). OqHako pesynbTar Juis Iojib3oBareins Oyner
aHAJOTHYCH.

TunoBast cTpykTypa HH()OPMALMOHHOW CHCTEMBI
JUISL peann3alii PeKOMEHAATEIbHBIX CHCTEM IPEeACTaB-
JieHa Ha puc. 1.

Cucrema Cucrema
HAKOIUIeHUs [ > Kiaccndukammu
JTaHHBIX MpeIoYTeHUH
TT i ﬂ
Cucrema Cucrema
cbopa <:I E 21(:: dhopmupoBaHust
JAHHBIX eKOMEeH1alui
[Tonp3oBaTenu P Aan

Puc. 1. TunoBas cTpykTypa HHGOPMAMOHHON CUCTEMBI PEKO-
MEHIATEIBHBIX CHCTEM

Onucanue pa3padaTbiBaeMoii HHPOPMALHOHHOI
PeKOMeHJaTeJbHON CHCTeMbI

OcHoBHbIE TpeOOBaHMS K WH(POPMALMOHHBIM TEX-
HOJIOTHSIM B OOJIACTH OKa3aHUS TOCYNapCTBEHHBIX YCIIyT
n3MoXkeHbl B DenepanbHON 1eneBol mporpamMe «IeKT-
ponnas Poccust (2002-2020)» [http://base.garant.ru/184120/].
Henp 3T0i mporpaMMBbl cBsi3aHa ¢ (popMUPOBAaHHEM HH-
(GpacTpyKTyphl 3JIEKTPOHHOTO MPaBUTENBCTBA [UISA IIO-
BBINICHUA ONECPATHUBHOCTH MW KauC€CTBa BSaHMO)ICfICTBI/Iﬂ
rocyapcTBa M TpakIaH. DJIEKTPOHHOE IPABUTEIHCTBO
MIPE/ICTABISIET COO0I KOMIUIEKC TEXHOJOIMYECKH CBSI3aH-
HBIX MEXJly COOO0H rocy1apCTBEHHbBIX HHPOPMAaMOHHBIX
cHcTeM, 00ECIEeUHBAIONINX BO3MOKHOCTH B3aHMMOJICHCT-

BHSA C TOCYIapCTBOM 24 daca B JCHb, B PEKIME CaM000-
ClIy>kMBaHMs. Pe3ynpraroM AeMCTBHsI 3TOW IPOrpPaMMBbL
CTall MHTEPHET-TIOPTAIBl MHHUCTEPCTB U CYOBEKTOB
P®, a taxxe Equnblil mopTay rocyaapcTBEHHBIX YCIyT
(EIT'Y) [https://www.gosuslugi.ru].

Maremarnueckasi MOZIENb JEeSTEIbHOCTH rOCyaapcT-
BEHHOTO YUPEXKCHHUS, OKA3bIBAIOILETO YCIYTH, OMUpPaeT-
csl Ha ()yHKIMHM TaKTHYECKOTO YPOBHS, TaK KaK JIeTajb-
Hast “H(OPMAIHs, BO3HUKAIOIIAs Ha ONEPaTHBHOM YpOB-
HE, TIPUBOJUT K 3HAUYUTEIBHOMY KOJMYECTBY CIy4aiHbIX
JaHHBIX. B OCHOBY ommcaHusi moBeneHHWs OW3HEC-
mporecca BO BPEMEHH IIOJIOKEHA aJJUTHUBHAS BPEMEH-
Has mozens [11, 12]. Moxens Gu3Hec-Tiporiecca npu oka-
3aHUM YCIyT B TOCYAapPCTBEHHOM YUPEKICHUU MOMKET
OBITH IIpeCTaBIeHa HA0OPOM ITapaMeTPOB:

BP=<T,I>, (1)

rae 7 — 3aJaHHoOe, PETTIaMEHTHOE BPEMsI BBITIOJTHEHUS TO-
TO WM WHOTO Om3Hec-mpouecca BP; [ — MHOXECTBO WH-
¢dbopmManuu, HEOOXOAMMOW sl peanu3anudd  Ou3Hec-
npoiecca.

Bpemsi, 3arpaunBaeMoe KIMEHTOM Ha MOJNyuYeHHE
YCIIyTHU, SABJIACTCA OZ[HOﬁ U3 ITIaBHBIX COCTABJIAKOLINX Ka-
YyecTBa pabOThl TOCYIApPCTBEHHOTO yupexaeHus. OaHako
9TO BpeMsl HE TOJAeTCs aBTOMaTU3MPOBAaHHOW (huKca-
U M TocnenyrouieMy aHanusy. llostomy ocHOBoOM
OILICHKHM KadyecTBa IOJydyaeMOW KIMEHTOM YCIyIH, BO3-
MOXXHOW JJIsI aBTOMATH3MPOBAHHOM (huKcamuu, sBIseTcs
BpeMsi PadOTHl CIENHMANINCTa B CIEIHAIN3UPOBAHHBIX
WH(POPMALIMOHHBIX cHcTeMaX. TakuM oOpas3om, Bpewms,
KOTOpOoe (UKCHpyeTcss B MHPOPMAIIHOHHON CHUCTEME TIPH
OKa3aHUH YCIIYTH (TUIl YCIIyTH, HauyaJlo ¥ KoHell Ou3Hec-
npoiiecca), MOKHO MCIIOIb30BaTh B IEJSIX aHAIM3a U T0-
CJIEYIOLIETO IPUHSTHSL YIIPABIECHYECKUX PEILICHUN.

BpemenHyro Mopnens mporecca OKa3aHHs YCIYTH B
TOCYapCTBEHHOM YYPEKACHUH MOXKHO NPEJICTaBUTH C
TOYKM 3pEHHUSI aHain3a padOdero BPEeMEHH OTIEIHHOTO
CTIEIMAIINCTA:

L P N M
T0)=Y tora (L) + Y tuop (k) + D ton(iejok). ()
I=1 p=1 i=1 j=1
rae to(l, k) — Bpems paboThl k-ro crneuuagucra, He
CBSI3aHHOE C BBINOJIHEHHEM OusHec-npouecca; (/ =1, L) —
YHUCJIO OTPE3KOB B T€YEHHE PAO0UET0 BPEMEHH; tyop(D, k) —
BpEMs Ha MCHOJIHEHUE k-M CIIELHAINCTOM MOPY4YEHHUH OT
pykoBoactBa tHma (p = 1, P); t5,(i, j, k) — Bpems
OKa3zaHwWs i-My KIueHty (i = 1, N) j-ii rocy-gapCTBeHHOM
yenyra (j = 1, M) k-M cnenmanucTom.

Beipakenne (2) mo3BOJSIET MAaKCUMAJIBHO IIOJHO
y4ecTb BC€ OTAENBHBIC MOAIPOLECCH], BOHHUKAIOIIEE B
TeYeHHe paboyero BpEeMEeHH IPH OKa3aHUH YCIYT B TOCY-
JapCTBEHHOM YUPESKIACHUH.

Ha puc. 2 npencraeieHa CTpyKTypa peKOMeHIa-
TENBHOM CUCTEMBI, KOTOpasi MO3BOJISIET Ha OCHOBE JIaH-
HBIX IIpoIlecca JESTENbHOCTH OpraHU3aluM [CM. BbIpa-
xeHre (2)] GopMHpOBaTh PEKOMEHAATEIIBHBIC PELICHHS
JUIsl  JIMNA, TPUHUMAIOIIETO PEIICHUS TAKTHYECKOTO
YPOBHSL.

VIMeHHO O0COOCHHOCTH, CBSI3aHHAs C H3MEPEHHEM
BPEMEHHU OKa3aHHA yciIyru (Ou3Hec-mporecca), Io3BoIs-
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€T OIICHUTH OTKIIOHEHHUS OT HEKOTOPOTO 3aJaHHOTO (per-
JTAMEHTHOTO) BPEMEHH BHIMOJIHEHWsT OW3HEC-TIpoliecca B
3aBUCUMOCTH OT BO3MOXKHBIX BO3JIEHCTBUI BHEIUHEN U
BHYTPEHHEH cpelbl WM KBATHGHUKALUKE CIEeHUaTICTa
[13-15]. KoHTponb 3THX OTKIOHEHWH MO3BOJISET Olie-
HHUTh Pa0OTy KaK OTICIBHOTO CICIHAIKNCTA, TaK U MMOpa3-

JierleHus B 1iesioM. EnuHudYHbBIe ciydau cOosi (OTKIIOHE-
HU#, MPEBBIIAONINX 3aJaHHYI0 BEIMYHHY), KOHEYHO, HE
JIOJDKHBI BBI3BIBATh OMACCHUI y PYKOBOISIIETO COCTaBa,
B TO 7K€ BPEMS PETYIISIPHO MMOBTOPSIOIINECS Cydan cOost
TpeOyroT OoJiee MPUCTAIBHOTO BHUMaHMs. B HacTosimiee
BpeMsl KOHTPOJIb TAKHX CHTYaIlUil HE OCYIISCTBIACTCS.

1 HopmaTusHbie

MHOKECTBO | JIOKYMEHTBI, peria-
KPUTEPHEB ! MEHTHI OM3HEC-

I TIPOLIECCOB

PyxoBoxurenn TaxrTrueckunii
‘L YPOBEHB YIpaB-
JIEHHS

R

baza gaHHbBIX

A 4
OrnepaTuBHBIH
YPOBEHB yIpaB-
JICHUS

CoTpyJHUKU

sQ

A 4

N3mepenue

mapameTpoB Ou3Hec- Q

HPOLIECCOB

Puc. 2. Ctpykrypa peKOMeHIATEeNbHONH CHCTEMBI

VYuuteiBasgs 3TOT (BakT, HAMH MPEITAracTcsi pPeKo-
MeHJIaTeIbHas CUCTeMa, CTPYKTYpa KOTOPOH MoKa3aHa Ha
puc. 2. Ha oniepaTUBHOM ypOBHE IIPOUCXOIUT H3MEPCHUE
BPEMEHU Haudaja W 3aBepUISHUS TOTO WJIM HHOTO OM3HEC-
mporiecca B TEUEHHE padodero BpeMeHH (Hampumep,
8.30-17.30). Pacnonarass Takoil uH(bOpMAaIUeil, MOKXHO
MIPOBECTH aHAJU3 C MOMOIIBIO MPOCTHIX KPUTEPHEB (HA-
IpUMEpP, OTKIIOHEHUE OT PEMIAMEHTHOIO BPEMEHU, CYM-
MapHOE BpeMs IOPYYCHUH, HE CBSI3aHHBIX C OW3HEC-
MpoIeccaM, W CYMMapHOE BpeMs, HETMOCPEICTBEHHO
3aTPAYeHHOC HA OM3HEC-IIPOLIECCHI), KOTOPBIE TO3BOJISIOT
OLCHUTH 3HAK M BCJIIMYUHY OTKJIOHEHUU BpPEMCHHU BbI-
MOJTHEHUsT OM3HEC-TIPoIecca JaHHOTO TUIA OT 33aJaHHO-
ro. Takue U3MEPEHHUs PErYISIPHO 3aHOCATCS B 0a3y naH-
HbIX. Ha 0CHOBE KpUTEpPHUEB, KOTOPBIC PAHKUPYIOT MOJTY-
YeHHBIC OTKJIOHEHHUS IO BEJIMYWHE, THIY, 3HAKY, IOJY-
JeHHas WHGOPMAIUs COOTHOCHTCS C TOKa3aTelsiMH, KO-
TOpBIE OIPENEISIIOTCS Ha OCHOBE HOPMATHUBHBIX [TOKY-
MEHTOB M PpEIIAaMEHTOB OW3HEC-MPOIleccoB. B wurore
OMHCaHHBIX JICHCTBUH TOTy4aeTcss HaOOp THIIOBBIX pe-
IIHWH TSI BRIOPaHHBIX CUTYAITHH.

3akarouenue

B pabore mpencTaBiIcHO OMHCAaHHUE HOBOTO, Pa3BU-
BalOIIErocsl HarpaBieHus «PekoMeHnarenbHble CHCTe-
MbD». [loKa3bIBaeTCs, 9YTO UACIO MOIXO0B, KOTOPBIC pea-
JU3YIOTCS. B 9TOM HANPAaBJICHUH, MOXKHO TIEPEOPUCHTUPO-
BaTh HA 3aJIa4¥l yIPaBJICHUSI B MH(POPMAIIMOHHBIX CHCTC-
MaX MOJICP>KKA MPUHATHS PEIICHHIA B TOCYIapCTBEHHBIX
yapexaeHusax. llpennoxkeHa cTpykTypa HHPOPMAIHOH-
HOW peKOMEHIIATEeIhHON CUCTEMBI, KOTOpas MPHU3BaHA aB-
TOMAaTH3UPOBATh MPOIECC MOATOTOBKU TPHHATHS pelie-
Hul. JIaHHBIN [TOJIXO XOPOLIO COYETAETCS C OCHOBHBIMU
HanpaBieHmsiMu  «L{nppoBoit  sKoHOMUKM». BakHoii
0COOCHHOCTBIO TIPEAJIAracMOi CTPYKTYPBI SIBIISCTCS BO3-
MOXXHOCTb ITIOCTOSAHHOI'O JOIIOJIHEHHS CUCTEMbl HOBBIMHU
3HAHUSAMH U COBCPIICHCTBOBAHUS PaHEE HCIOIb3YEMbIX
3HaHuil. [loATOMYy NaHHOE HampaBJICHUE MO3BOJISCT, B
UTOTE, TIEPEUTH K MOCTPOCHUIO TIOJTHOIICHHOW MH(pOpMa-

LIMOHHO-aHAJINTUYECKOM CHCTEMBI YIIPABJIECHUS OPIaHU-
3aIuei.
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Kataev M.Yu., Loseva N.V., Bulysheva L.A.
Structure of an information recommendation system to
support decision-making of the state institution

The article deals with the construction of an information advi-
sory system for the purposes of supporting the decision-making
of a government agency when providing services. In the proc-
ess of providing public services, a lot of situations arise that
force the management to seek appropriate solutions. Some of
the emerging situations are repeated, although with a variety of
conditions, which creates a large number of possible options
when searching for the right solution. To solve this problem, it
becomes possible to use the ideas of information advisory sys-
tems.

Keywords: information system, decision support, recommen-
dation system.
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YK 004.056:519.1

0O.C. ABceHTbeB, [1.A. lN'yakoB

UccnepoBaHue XapakKTepUCTUK aKyCToONTUYECKOro KaHasna yTe4ku
pe‘IeBOVI MH(*)OpMaLIVIVI B ycnoBusx peanunsaumm mexaHM3moB 3allnTbl

OmnpenensoTcss AMHAMIYECKUE XapaKTePUCTHKHU pealn3aluy IIPOLNEecCoB Nepeadn pedeBoil HHpopMaIuy OT HCTOYHH-
Ka K ee IOJIy4aTelto, a TAKXKe IepexBaTa 3ToH HHGOPMAIUHU 3JI0yMBIIIIIEHHUKOM 10 aKyCTOONTHYECKOMY KaHaly yTed-
Kd. DOpMaAIU3YIOTCSI BEPOSITHOCTH KOPPEKTHOCTH COTJIACOBAHUS JaHHBIX XapaKTEPUCTHK Ha KaXJIOM dTalle CMEHBI Ma-
TEPHAIBHOTO HOCUTEJIS HMH()OPMALMOHHOTO PEYEBOTO CUTHAJA B YCIOBUSX UCIIOJIB30BAHUS CPEACTB 3aLUThI HHpOpMa-

IUHU OT YTEUYKHU 110 KaHaJIaM pacCMaTpruBa€EMOro TUIa.

KnioueBble ciioBa: pedeBas MH(OPMAIHNS, aKyCTOONTHIECKHN KaHAJI YTEUKH pedeBON HMH(POPMANUH, Ja3epHBIC aKy-
CTUYECKHE JIOKAIIMOHHBIE CHCTEMBI, JNEKTPUICCKHE XapaKTePUCTUKH KaHalIa CBSI3H, YCIOBHUS COTJIACOBAHMS XapakTe-
PHCTHK CUTHAJIOB M KaHAJIA CBSI3U, KOPPEKTHOCTH COTJIACOBAHMS, BEPOSTHOCTD YTEUKH PEUeBOil HH(OPMAIIUIL.

doi: 10.21293/1818-0442-2018-21-2-88-94

JlesSTenbHOCTh MPAaBOOXPAHHUTEIFHBIX OPTaHOB IO
BCEM HampaBJcHUsAM [l] mpemycMaTpuBaeT HCIONB30-
BaHue uH(popmanKu B pa3nuuHbIX (opmax ee mpen-
cTaBileHUs. B mporecce oCymIecTBICHUS BO3IOKEHHBIX
Ha opraHsl BHyTpeHHUX nen (OBJI) 3agad, mmpoko uc-
nmoJb3yeTcst peueBas unpopmanus (PU). 310 00ycios-
JICHO €CTECTBEHHOCTHIO TPOIIECCOB TpHeMa U Tiepeiadn
PU st genoBeka, a TakKe PsIOM BaXKHBIX IS pelae-
MBIX 3aJ[a4 CBOWCTB WMH(OpMALUK, XapaKTepHBIX s
JaHHON (hOpMBI €€ TpeACTaBICHHS: OIEePAaTUBHOCTHIO,
AyTEHTUYHOCTHIO, Pa300pPYMBOCTHIO, CBOEBPEMEHHO-
cThiO U Ap. [2].

Nudopmannonnsiii 0OMeH B JaHHOM CIydae MO-
JKET OCYIICCTBIATHCS B PA3THUHBIX YCIOBHAX:

— B TIOMEIICHUSX, BBIICICHHBIX JUIS MPOBEICHUS
KOH(UICHIINAIBHBIX TIEPETOBOPOB (BBIICICHHBIX IIO-
mMemeHmsx (BID));

— B ciIyXeOHbIX KaOMHETaX, B KOTOPBIX PacIoJo-
JKCHBI Pa3IMYHbIC TEXHUYCCKHUE CPEACTBA U CUCTCMBI,
KaKk TpeIHa3HaueHHBIE U1 00pabOTKH KOH(HICHIH-
aNpHONM WH(OpMAIMK, HApPUMEpP TCPMHHAIBI U TCPH-
(dhepuiiHbie yCTPOHCTBa WH(POKOMMYHUKAI[HOHHBIX CH-
crem (MKC), Tak u He mpenHa3HaYeHHBIC IS 3TUX Iie-
Jeli (pa3IMYHOTO posia BCIIOMOTATENbHbIE TEXHUYECKUE
cpenctsa u cucreMsl (BTCC) [3].

Hcnonrenne nocraBineHHBIX 3aaa4d nepen OB/ co-
MpsDKEHO ¢ Tiepenadeii, moilydeHueM, oO0paboTKoi u
XpaHeHreM MH(pOpMaIK orpaHUYeHHoro nocryna. Jis
ITHX LeJel TaKkKe MCIOoNb3yeTcs peuesas Gpopma npen-
CTaBIJICHUS TAaKOTO pora MH(popManuu. ITO ONpeneIseT
BBICOKHMH MHTEPEC CO CTOPOHBI 3JI0YMBIIUICHHUKOB K €€
nepexBaTy ¢ 00bEKTOB pacCMaTpHUBaeMOTO THIIA.

OnmanM n3 Hambonee d(h(HEeKTHUBHBIX ITyTeH mepe-
XBaTa TakoW WH(OPMAIUH SBJISICTCS MEPEXBaT IO TEX-
HUYECKUM KaHajgaM yreukd uHpopmanuu (TKYN) [4].
Jis X peanu3anuyl MPUMEHSIOTCS Pa3UYHBIC TEXHU-
yeckue cpenctsa passeaku (TCP).

Cornacao [4], onHUM W3 OCHOBHBIX MPHUHIIUIIOB
BeZIeHUS TexHU4YecKoi passeaxu (TP) sBisercs CKphIT-
HOCTb, KOTOpas OOecleuuBacTCsS ITyTeM MAaCKHPOBKHU
pa3Be/bIBATENLHOM alaparypbl, a TakkKe 3a CUeT yBe-
JUYEHNS JATBHOCTHU €€ UCTIOIb30BaHUS.

OpHuM U3 CHOCO00B pean3aniy 3TOr0 MPUHINIA
37I0YMBIIUICHHAKAaMHA TIpu  nepexBate PU  sBisercs
MIPUMEHEHHE JIa3e€PHBIX MHUKPO(OHOB B CTPYKTYypE Ja-
3€pPHBIX aKyCTHYECKHX JIOKAaIMOHHBIX cucteMm (JIAJIC).
YcnoBus nX IPUMEHEHHUS pPaCCMOTPEHHI B [4-6].

JanHast paboTa MOCBSAILEHA HCCISJOBAHUIO OCHOB-
HBIX [1apaMeTpoB KaHaya nepeaauu PY u kanana ee mne-
pexBara c¢ ucnonszoBanueM JIAJIC a taxke ycimoBuit
BIMSIIOIINX Ha ITapaMeTpbl BO3HUKAIOUIETO TPH 3TOM
akycToontnieckoro kanaia (AOK) yreuxu.

CTpyKTypHO-/10TrHYecKoe Npe/icTaB/IeHHe
HH(OPMAIIMOHHBIX MPOLECCOB MO Nepeaaye u
nepexsary peyeBoil HHpoOpManNu

Paccmotpum mrpOpManmonnsie mpoueccsl (MIIp)
o nepenade PU Ha oOpekTax paccMaTpuBaeMOTO THIIA,
a taxke nporecce ee nepexsara (IIpII) mpu nomormm
JIAJIC, npencraBneHHbIe Ha puc. 1.

Tomemienune

OcHoBHO# KaHasl nepemgu PU
Bo3ziymﬂaﬂ ?cpeua p'acnpOCT‘paHeHm{‘ PC

OKOHHOE CTEKJIO

Kanan nepexsara P [TpITH

Puc. 1. O6o01meHHas CTpyKTypa IPOLIECCOB MEPEAadn
U IepexBaTa peueBoro CHUrHaia

OcHoBHOI kaHan nepepaun PU Bxmrowaer ucrou-
auk PU (M), cpeny pacnpoCTpaHEHUS W TONydaTess
PU (ITN).

NN moxeT OBITH YENOBEK WIH YCTPOUCTBO, BOC-
MIPOM3BOJIICE PaHEEe 3alHMCaHHYI0 pedb. B kadecTse
MarepuaibHOro Hocutenss PU BeICTymaroT akycTHue-
CKHE KOJEeOaHUs yIpyroi cpensl, KOTOPbIE MOTYT OBITH
OXapaKTepHU30BaHbl MHOXXECTBOM CHUTHAJBHBIX (BBIXOM-
HBIX) Xapakrepuctuk S ={s,, x = 1, 2, ..., X}. B nHacro-
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smeit paboTe pacCMOTPHM CIIEAYIOmKe U3 HuUX [7]: s; —
TPOMKOCTb 3ByKa, 3aBHUCSILNAsl OT aMIUIUTYIbI 3ByKOBOH
BOJIHBI (A.); S, — IMana3oH 3BYKOBBIX 4acToT (AfL); 53 —
Bpems mepenadu peueBoro curHama (PC) (At); s, —
0000IIIeHHasT XapaKTepPUCTHKa CHTHAJa, OIpereseMas
Kak ero oobem (V).

I[N moxeT ObITh YCIOBEK WM 3BYKO3aIHMCHIBAO-
Iee yCTPOMCTBO, KOTOPhIE MOTYT OBITh OXapaKTepH30-
BaHbBl MHOXECTBOM BXOJHBIX (JIMHEWHBIX) XapaKTepu-
ctuk R= {r,, x=1, 2, ..., X}. B Hacrosmieii pabote pac-
CMOTpUM clieAyIoue U3 Hux [4]: 7| — 4yBCTBUTEIb-
HOCTb (Hpp); 72 — MOJIOCA IMPOIMYCKaHUsS IO 4acToTe
(Afwp); 3 — Bpems npuema PC (Aty,); 1, — 06001EHHAS
XapaKTepUCTHKA KaHala CBS3U, ONpeAeseMas Kak ero
E€MKOCTH (TIPOIyCKHast crtocoOHOCTB) (V).

Cpenoif pacmpocTpaHeHHs 3BYKOBBIX KoieOaHHI
mexay MU u 1IN B paccmaTprBaeMoM cilydae sIBISI€TCS
Bo3ayX. byzmem cumrarp, uro xapaxrepuctuku PC, me-
penaBaeMOro MO OCHOBHOMY KaHaily, ONpPeneNnsioTcs
tunioM MI, KOHCTPYKTUBHBIMH OCOOEHHOCTSIMH ITOMe-
IICHHS U [IPU MPOSKTHUPOBAHUH 00BEKTA.

B mpouecce pacripocTpaHeHHs1 3BYKOBBIE Kolieba-
HUSI BO3JICUCTBYIOT Ha Pa3IMYHBIE OTPa)kJIarolie KOH-
CTPYKLIMH, B TOM YHCJIE€ CTE€KJIa B OKOHHBIX pamax, MM
npyrue otpaxaromue mosepxaocta (OIT). B pesymbprare
TaKoTO pofa Bo3neiicTBuii BozHUKaroT BuOpammu OII,
oOycnaBimBatomre o0pa3oBaHre MOOOYHBIX HH(pOpMa-
umoHHelx PC, a peammsammsa [IpIIM ocymecTBisercs
mpu nomoru JIAJIC. Ot BuOpannu MOAyTUpPYIOT Jia-
3epHOE Y3KOHANpPABIECHHOE M3IIy4YeHHE, KOTOpPOE IoCcie
OTpa)XCHUsI PUHHUMAETCS 3JI0YMBIIUIEHHUKOM TpH MO-
MOIIM ONTHYECKOTO pa3BeJbIBATEIILHOTO MPHEMHHUKA.
IT1 B kanane nepexBata PV MoxeT OBITh YeNOBEK HIIH
3BYKO3aITUCHIBAIOIIEE YCTPOWCTBO, 00IaJatone aHajo-
TMYHBIMU XapakTeprcTHUKaMu, uyTo U [1M ocHOBHOTO Ka-
Hana nepenauu PU.

O06pa3zoBanHbIi TakuM o0pazom AOK sBisiercst co-
CTaBHBIM, BKJIOYAIOIINM aKyCTHYECKHH, BHOpamnnoH-
HBI U onTHYecKkuil ydyacTtku. Ilpu 3ToM ocyiecTBisier-
Cs1 I3MEHEHUE MaTepUalbHOTO HOCUTENS MH(POPMALUH:
aKycTH4ecKne KojeOaHus mpeoOpasyroTcst B MeXaHHJe-
ckue konebanus OII, B cBOIO ouepenb, BHICTyNAIOLIEH B
KayecTBe JaTyuKa HMH(MOPMAIIMOHHOTO CHTHaja JuIs
JIAJIC, roe matepuaibHBIM HOCHUTEJIEM IEpexBaThiBae-
Mol P sBnstoTcst anekTpoMarHUTHBIE KOeOaHHs OIl-
THYECKOT'O JAMaria3oHa BOJIH.

Jlnst obecrieyeHns] Ka4eCTBEHHOTO HWH(pOPMaIHOH-
HOro oOMeHa o0 OCHOBHOMY KaHaiy repemaun PU Tpe-
OyeTcs cormacoBaHNE MEXIY CUTHAJIBHBIMU XapaKTepH-
ctukamu UM u munelinbiMu xapakrepuctukamu [1U [6, 7].

PC mpencrasisier co00# CIOXKHBIA aKyCTHUECKUH
CHT'HAJI, YaCTOTHBIH AMaNa30H KOTOPOro Af; HAXOAUTCS B
mpenenax 50-12000 I'm. OcHOBHast 4acTh PHEPTHUU Ta-
KOTO CHTHajla cocpefoTodeHa B obmactd yactot ot 300
10 4000 I'm. JlanHas mojioca 4acTOT CUMTAETCS J0CTa-
TOYHOH i obOecriedeHus: mpuemiemon ans [N pas-
OOpYMBOCTH pPEYH C BO3MOXKHOCTBIO HJIACHTHU(HKALNH
ropopsiero [9, 10].

Just xompoptHoro Bocnpusituss PC momyuarenem
nHpopManuu TpedyeTcs O00eCcrednTh JIOCTaTOYHBII

YpOBEHb I'POMKOCTH peud. IIpu 3TOM XapakTephcTHKa
TPOMKOCTH, B Ka4eCTBE KOTOPOH paccMaTpUBACTCS aM-
IUINTyJa aKyCTHYECKHX KojJeOaHWi A, ompenensercs
3BYKOBBIM JlaBiieHueM N, coznaBaeMbiM MU, u Beipaxa-
ercst B nenubenax (nb).

N=201g(P/Ry), (1)

rae P — ¢popmupyemoe 3ByKOBOE JaBieHHe; Py — CTaTh-
YECKOE JIaBJICHNE, IPH OTCYTCTBUH 3BYKOBBIX KOJICOAHMIA.

Juana3zoH 3HayeHWM 3BYKOBOro namieHus N B
HOPMAJIBHBIX YCJIOBHSAX PEUEBOTO OOMEHA MOXKET H3Me-
HaThest OT 35 1o 85 nb [9]. Ilpu 3HAYeHUIX aMIUTUTYIBI
PC A, Hmxe MUHMMAJBHOTO YPOBHS 3aTPyAHSAETCS €ro
Bocnpusitue [1U. Ilpu ypoBHE A, BBIIIIE MAKCUMAJIBHOTO
y 1M Bo3HUKaeT TUCKOMGOPT OT U3IHIIHEH I'POMKOCTH.
CpenHuii ypoBEHb 3BYKOBOTO JIABIEHMS COCTaBISET 55—
75 nb nmpu pacnonoxenun MU nHa paccrosnuu 1 M oT
M1 [11].

3aBUCHMOCTh MEX/Ty IHEPreTHYECKUMH M 4acTOT-
HbeIMH nTapameTpamu PC uMeet citoxHbIi xapakrep [12].
B mmamazone gactor ot 500 mo 7000 I'm »meprus ua-
CTOTHBIX COCTABISIOIINX YMEHBINACTCS TPHMEPHO Ha
10 nb Ha oxraBy. [TockoNbKy MO OKTaBOW MOHMMAETCS
HHTEpBAJ YacTOT, B KOTOPOM COOTHOIIEHHE MEXIy
BEPXHEU U HIKHEHM 4aCTOTaMH COCTAaBJISIET JBa K OJHO-
MY, MOXXHO OTMETHUTh OOJiee CyNIECTBEHHOE YMEHbIIIe-
HHE SHEPrUM PeYeBOro CHI'Haja B HU3KOYACTOTHOM 00-
JIACTH, YEM B BBICOKOYACTOTHOH [3].

BaxHBIM CBOWCTBOM peun sBIAETCS pPaz0oopuu-
BOCTB, MOJI KOTOPOM MOHUMAETCS OTHOCHTEIILHOE KOJIU-
4ecTBO (B MPOIEHTAX) NPaBHIBHO MOHATHIX YEIOBEKOM
WJIN TIEPEXBAUCHHBIX (3aPErHCTPHUPOBAHHBIX) CPEICTBOM
pasBenku cioB Wik (parmMeHToB coobmenus. [lanHoe
CBOMCTBO OINpEAENsAeT JAOCTOBEPHOCTb INPUHUMAEMOU
nonyyarenem PU.

3HaueHHs1 BECOBBIX KOI(P(PHUIUCHTOB OKTABHBIX 4a-
CTOTHBIX TIOJIOC JUIS ONpeNeNIeHHs] pa300pUUBOCTH pEUH
Npe/ICTaBICHBl B Tabiuie. 13 nmpuBeaeHHBIX 3HAYCHUH
CIEIyeT, UTO MepBasi, BTOpas U ceAbMas OKTAaBHBIE IO-
JIOCBHl SIBISIIOTCS  MasloMH(pOpMaTuBHBIMA. OCHOBHOM
BKJIa] B pa300pUMBOCTH PEUX BHOCST MOJIOCHI C TPEThEH
o mectyro [13].

XapaKTepncnmn OKTAaBHBIX IMOJI0C YaCTOTHOI'O
AUana3oHa pevu

Homep | Yacroruele | Cpennercomerpude- (BecoBoii ko-
TOJIOCHI TPaHHIIBI cKoe 3HaueHue yac- | apdunuent
MoJiockl, I'l | TOTHOM mojockl, 'y MOJIOCHI

1 90...180 125 0,01

2 180...355 250 0,03

3 355...710 500 0,12

4 710...1400 1000 0,20

5 1400...2800 2000 0,30

6 2800...5600 4000 0,26

7 5600...11200 8000 0,07

CpenHereoMeTprUuECKOe 3HAUYEHHE YACTOTHOMU I0-
JIOCBI — 3TO CcpejHee 3HauyeHue vactoThl PC, paBHOE
KBaJ[pAaTHOMY KOPHIO M3 MPOU3BEACHHS 3HAYCHUI HIK-
Hell ¥ BepXHEW 4acTOTHOM TPaHUIl MOJIOCHI, UCTIOJb3Ye-
Moe Juis ya00cTBa uccienoBanus xapakrepuctuk PC.
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BecoBoli k03(h(UIIHEHT XapaKTepU3yeT YHEPreTH-
YeCKHUH BKJIAJ]] KOHKPETHOH MOJIOCH YacTOT B (popMupo-
Banue PC. V3 TabnuIlel criemyeT, 9To Iuama3oH 4acToT
ot 355 1o 5600 I'u siBisiercst HanOoee HHPOPMATUBHBIM.

YcepenHEeHHBIN 3a IIUTEIbHBIM IPOMEXYTOK Bpe-
MEHHU CHEKTP MOIIHOCTH peud, U3MEPEHHON Ha paccTo-
ssauu 30 cm ot MU, mpencrasied Ha puc. 2 [12]. U3
9TOr0 PUCYHKa BUJHO, YTO DHEPTeTUYECKUI MaKCUMyM
3BYKOBOI'O JAaBiieHUs HaxoauTcsi B mpexaenax 500 I,
YTO COOTBETCTBYET YacToTe ocHoBHOro Tona M [14, 15].

N, nb
80
75
70
65
60
55
50
45
40
35
30
25

\

N\

1Y

—-—-ll----ll--—-—)
Y

62.5 125 250 500 1000 2000 4000 8000 AR
P — cpennexBagpatuuHoe nasienue Ha 1 ', nb

Puc. 2. YcpenHeHHbll 3a AIUTENBHBIA IPOMEKYTOK
BPEMEHH CIIEKTP MOILIHOCTU PeUu, U3MEPEHHON
Ha paccrosauu 30 cm ot UU

PaccmorpuMm B3ammocBs3u mapamerpoB PC ¢ uH-
(opmarmonHsiMu nTapamerpamu I n anekrpudeckumu
rapamMeTpaMu KaHaJIOB Iepefaud win nepexsara PU.
Jnsa stux meneit o ananoruu ¢ [16] paccmarpuBaembie
Ha puc. | WHPOPMAIMOHHBIE MPOIECCHl MPEIACTaBUM B
BHJIE, TOKa3aHHOM Ha puC. 3.

O0BeKT MHDOPMATH3ALIH
WU, Maccusbl MHpOpMALHH, p
TepeIaBaeMoi 10 KaHaiy cBsizu (M)
pi}

in mm (R(\K)

Cpencrsa samutsl |94
pea . ad Otpaxatotue noBepxHoct (O0)
uHopmanwu (Z)

Puc. 3. O606ménHas npeaMeTHO-PYHKIIHOHATIBHAS CTPYKTYpa
B3aUMOCBsI3¢i MHPOPMALMOHHBIX U AIEKTPHIECKIX
napametrpos PC, AOK u C31

Ha puc. 3 ucnione3yrorces cienyronye 0003Ha9eHNUS:

M- {m;,i=1,2, ..., I} — maccuBsl nH(pOpMAIIHH,
nepeiaBaéMoi 110 OCHOBHOMY KaHally CBsi3H; [ ¥ [ — HO-
Mep MaccuBa MH(GOPMAIMK MW WX KOJIMYECTBO COOTBET-
CTBEHHO;

O=10,j=1,2,..,J} — OIl, npeobpasyromue
aKyCTHYECKHE KOIeOaHuUs BO3AYIIHOHN cpeasl B MEXaHU-
YecKhe KoyleOaHusl ITOH MOBEPXHOCTH, j U J — HOMEp
OII 1 uX KONMUYECTBO COOTBETCTBEHHO;

Z={z4,d=1,2, ..., D} — cpencrpa 3alIuTHl WH-
¢opmanmn  (C3U), wucmomp3yemble OISl MOJABICHHS
AOK; d u D — vomep C3U u X KOJIMYECTBO COOTBET-
CTBEHHO;

R*={r>,n=1,2,..., N} — nomydarenu peuesoit
nHpOpMAUU B OCHOBHOM KaHane; n 1 N — Homep 11 u
1X KOJINYECTBO COOTBETCTBEHHO;

R ={n",1=1,2, ..., L} — nonydarenu pedeBoii

unpopmanuu B AOK (kanasne nepexsara); / u L — Homep
IIN 1 uX KOJIMYECTBO COOTBETCTBEHHO;

JIV — na3epHBbIi U3Ty4aTens;

A={, k=1,2,..., K} — MmHOoxecTBO BuioB JIN
JIAJIC, ucnonb3yembix aist obmyuenust OIl; k u K —
HOMep U KosndecTBO JIV COOTBETCTBEHHO;

O={m, k=1,2,..., K} — MHOXECTBO BHIIOB IIPH-
€MHHUKOB OTPAXEHHOTO JIa3epHOTro Jiy4a; k u K — HoMep
1 KOJIMYECTBO MPHUEMHHUKOB, COOTBETCTBEHHO;

Pin — BeposATHOCTb peanusauuu Ullp mexny i-m
WU u n-m 1IN B 0cHOBHOM KaHae;

pij — BeposTHOCTh peanusauuu TIpIIM Ha akycro-
BuOpamonnoM ydactke AOK mexny i-m MU u j-it OIT;

7% — BEPOATHOCTB o0myuenus k-m JIW JIAJIC j-ii OI1;

Sjx — BepoaTHocTh peamusanuu IIpIIA mexnay j-i
OII u k-m JIN JIAJIC (Momynsiimy) U 0Opa3oBaHus BHO-
panuoHHo-onTHueckoro ydactka AOK, copepaxxariero
nHpopmannoHuslii PC;

qq4j — BEPOATHOCTL BozzeicTus d-ro C3U Ha j-1o
OI1I B nemsx nopasnenns AOK;

Pi — BEPOSATHOCTH BOCIIPHATHSA IEPEXBAYCHHOTO
PC [-m 1IN B AOK ot k-ro npuemuuka JIAJIC.

B kauecTBe ycn0BHMH, ONPENENAIOIINX B3aUMOCBS-
3M JIEMEHTOB CTPYKTYpbI, NPEACTaBICHHON Ha puc. 3,
OyzieM IoJjararh CIpaBeJIUBBIMHU CIIEYIONINE!

1) omna u ta xe JIAJIC MOXeT HCIONB30BATHCS
370yMBIIIIEHHUKOM Ut iepexBara PC ¢ pazmuunsix Ol

2) ogHo u TO k¢ C3U MOXET HCIOIB30BaThCS IS
noaasieHus 1modoynoro mHopmannonHoro PC B He-
ckopkux OIT.

O0603Ha4UM Paox U PiIgK — BEPOSATHOCTH yTEUKH

PU no AOK B yci0BusIX OTCYTCTBUSI MEXaHU3MOB 3a-
LIUTHI U B YCJIOBUSX UX pPealu3allud COOTBETCTBEHHO.
Kak OK, Tax u KII moryT ObITh IpencTaBieHbl B
BHJIC HEKOTOPHIX TpaeKTopuil mpeodpazosanuii PC, co-
CTOSIIIMX B M3MEHEHMH BHJA €T0 MaTEpHAIBHOTO HOCH-
tens. [Ipu 3TOM B KaXIOH M3 3TUX TPACKTOPUIl MOTyT
OBITH BBIAETICHBI IIEpeIaroNIie, IpUeMHbIE U Tpeodpa-
sytomme snemenTsl [17, 18]. Ilo anamoruu c [17, 18]
ClIelyeT OTMETHTh B3aMMOCBSA3M PACIIOIOKEHHBIX Psi-
JIOM 3JIEMEHTOB B PacCMaTpPHBAEMBIX TpaeKTopusx. M3-
MEHEHHE BMJAa MaTepHajbHOTO HOCUTENS NMPHUBOAUT K
HEKOTOPBIM HCKaXKEHUM COOTBETCTBYIOLUX CUTHAJIOB.
OnHMM K3 OCHOBHBIX YCIOBUI MMUHUMU3AIUH 3THX
HUCKaKEHUH  sBISIETCS oOecrieyeHHe COrjacoBaHUs
BXOJHBIX XapaKTEPUCTHK IOCIEIYIONIETO 3JIEMEHTa C
BBIXOZHBIMH XapaKTEPUCTUKAMH TPEIBIIYIIETo 3JIe-
MEHTa paccMarpuBaeMoil Tpaektopuu. Ilpm 3tom cre-
MICHb COTJIACOBAHHOCTH PAaCCMaTPUBAEMBIX XapaKTepH-
CTHK OIIPEEIINM KaK KOPPEKTHOCTh MX COTJIACOBAHHUS, a
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JUIL ee OICHKM OylIeM HCIOIb30BaTh COOTBETCTBYIO-
1yto BeposiTHOCTH [17, 18].

Tak, 11 corylacoBaHUS BBIXOAHBIX XapaKTEPUCTHK
NN ¢ BxonueiMu xapaktepuctukamu 111 B ocHOBHOM
KaHaje TpeOyeTcsi OJHOBPEMEHHOE BBINIOJIHEHHE Clie-
JYIOLUX YCIIOBUMA:

i . 11 un 1 .
Ac E Wpp >1pu Ao > ppp s ()
1507 BN 9141 4041 I .
Afe™ =Afup smpuA S <Afpp s ()
U . 4 M nn 1 .
Ate™ = Aty ,mpu At <Aty “)
U . 1 un 9141
Ve = Ve smpu Vo < Ve, (5)
un .
rae Ac - —xapakrepuctuka s; UM, py,” — xapakrepu-
ctuka r; IIH; A fCI/H/I — Xapakrtepuctuka s, WU,
A fnlgH — XapaKTepUCTHKa 7, 3akoHHoro I1H; Atgl n_
xapakrepuctuka s; 1U; A tl%H — XapaKTEpUCTHUKA 73 3a-
kxoxHorO [1U; VCI/H/I :ACI/H/I ‘A chH ‘A t?“ — XapakTe-
puctuka s, UU; VKlgH = “11};/1 A fHHpI/I Atgg/l — Xapak-
TEepHUCTHKA 7, 3aKoHHOTO [IM; = — 3HaK corjacoBaHus
paccMaTpuBaeMbIX XapaKTEPHUCTHK.

BeposiTHOCTh KOPPEKTHOCTH COINIacOBaHUS 0000-
IIEHHBIX XapaKTEePUCTHK VCI/H/I n VKI;[H MOXET OBITh
HCIIONIb30BaHa KaK MOKa3aTeNb KaueCTBA OCHOBHOTO Ka-
HaJia repeadyl peueBor napopMamu p;, (cM. puc. 3).

U ~ Iy _  _ " , , 11
p(Ve 2 Ve )EPn=1=Ve" Ve |- (6)

[Npumensist oO603Ha4YeHNMs, UCTIONIB3YEMBIE Ha pHC. 3,

3armmumeM ycinoBus (2)—(5) B Buzae

M?:: & r;;,HpHMg;:>r:; , @)

M;)Sl; = r:r;,npnmgzﬁr:rg, ®)

M ?v‘; 2 rnog , TIPH M ?:; < r:g , 9)

VCHH = VKI-CIH 1pu = VCHH S VKl;H/I > (10)

P 2 VM =pu— 1, (11

rae m ?;1( = AM _ xapaxrepucruka s, UU; r:rll( = ug/l ~

XapaKTepUCTHKA #, 3aKkoHHoro IIU; MZI; =AM

XapakTepucTvka s, WU; rnoé = A M _ xapaxtepu-
OK

CTUKa r, 3akoHHOro IIH; My = Atg/I n_ XapakTepu-

. 0K _ I
ctuka s; UU; Ty = Aty — XapaKkTepUCTHKA r’3 3aKOH-

Horo 11

Bynem cunrats, uro B OK obecrnieueHue cormaco-
BaHHOCTH PacCMaTPUBACMBIX XapaKTEPUCTUK CTPEMHT-
ci K | B cOOTBeTCTBUU C TPcOOBAHUAMHU 3aKOHHBIX
10JIb30BATENEMH.

Amnanornyno ycnosusiMm (7)—(10) B xaname mepe-
XBaTa WH(QOPMAIUHM 3allUIIeM YCIOBUS OOecredeHUs
COIJIaCOBaHMS BBIXOJHBIX Xapaktepuctuk MU ¢ Bxon-
HBIMHU XapakTepuctukamu OI1:

KII ~ KIT KIT KIT
= > N
My =0 gy s TPHM 0 >0, (12)
KII A KIT KIT KIT
2 < :
Mgy SO > IPUM i SO, (13)

KII 2~ KII KII < KIT ,
isy O jy o TIPHM ;S0 (14)
nmn - OIT nn OIT
Ve = Ve sopu Vo <Vie (15)
r;[eM;.(ST =AM _ xapaxrepucruxa s, UU; ol;fl = p%_l -

xapakrepuctuka 7 OIT; Mig = A M _ xapakrepu-
. K _ oIl .
cruka s, UU; o im A fnp — xapakrepuctuka r, OII;
KN _ nn . KO _ (0)81
i At." —xapakrepuctuka s; UU; o n = Aty —
xapaktepuctuka r3 OIT; VI = 5 K. K. 5 0
is isy is3
OIl KO KII KIT
Vi =0 . 0. — Xapak-
e Jn T i P
Tepuctuka r, OIl B kaHane mepexsara.
BeposTHOCTE KOPPEKTHOCTH COTJIACOBaHUS 0000-

M
— xa-

paktepuctuka s, UU;

LICHHBIX XapaKTEPUCTUK VCI/H/I u VKCC)H MOXET OBITH UC-

MONb30BaHA KaK [OKa3aTesJb  KadecTBa
BuOpauumontnoro ydactka AOK nepexsara PU:
PV 2 1 =py= 1=V VL (16)
YcnoBust cortacoBaHusl BXOJHBIX M BBIXOIHBIX Xa-
PaKTEpUCTUK PACCMAaTPHBAEMbIX JJIEMEHTOB B OCHOB-
HOM KaHaJle yYWTHIBAIOTCS Ha JTare IMPOEKTHPOBAHUS,
IpU 9TOM B KaHalle IepexBara WHpOpMalWH JaHHbBIE
YCIIOBUSI MOTYT HE BBIIOJHATHCS JIMOO BBITOTHSTHCS
JIMIIb YaCTUYHO, YTO HMPUBOIUT K CHIDKCHHIO KayecTBa
nepexBarbsiBaeMoi nH(popmanuu [ 18, 19].

B aTHX ycnoBusxX ciemyer OTMETHUTHh ITPOTHUBOIIO-
JIO)KHOCTh IIeJIEH 3aKOHHOTO TOJTydaresss HHpOpMannuu
W 37I0yMBIIUIEHHNKA. [[enbio 3I0yMBIIITIEHHUKA B KaHa-
me TmepexBara WHGOpPMANUU SBISETCS obecredeHne
MAaKCHMAaJIbHOTO KayecTBa IepexBaThiBaeMON HH(pOpMa-
IIUM 32 CYET COMIACOBAHUsI BXOAHBIX Xapakrepuctuk OI1

U BBIXOAHBIX XapaKTEPHCTUK JIA3€PHOTO H3JIydaTess
(Jn):

aKycTo-

0jr1 = Mst, TIPH 0jpp < A, (17)
0jr2 = M2, IPHL 0jy2 = My, (13)
0jr3 = Mgz, IPH 053 = My, (19)
VCOH = VKICH/I , IpA VCOH < VKEH s (20)

TIE Ojp) = p%i — xapaktepuctuka ry OIT; Ay = ACHH —
xapakrepucTuka s, JIH; 0j, = A fH%H — XapaKTePHUCTH-
ka rp, OI; Ap = A fcm/I — Xapakrepuctuka s, JIM;
0j3 = AII%H — xapaktepuctuka r3 OIl; A3 = Ath n_
XapakTepucTHka s; JIU; VCOH = 041" 0j2" 0,3 — XAPAKTE-
pucruka r, OI; VKJgH = Mis1 Mis2 Ags3 — XapaKTEPHUCTHKA

S, JIN B xaHane nepexaara.
BepostHoCTs KOPPEKTHOCTH COTIacoBaHHS 0000-
LIEHHBIX XapaKTEPUCTUK VcoH u VKEH MOJKET OBITH HC-

THOJIb30BaHa KaK MOKA3aTeNb Iy, XapaKTepU3yIOWNH Ka-
gecTBO 00mydenus OIl ma3epHBIM TydoM:
PV 2 v =i =11- vt @y
Ileapr0 3aKOHHBIX TIOJB30BATEEH SIBIIIETCS 00ec-
nmedeHne TpebyeMoro ypoBHs 3ammiieHHoctd PU ot
yT€UKH B KaHaJle IepexBaTa pacCMaTpHUBAaEMOro THIIA.

3T0 MOXKET OBITh TOCTHTHYTO 3a CUST HAPYLICHHS YCIIO-
Buit (16)—(19):
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Ojr1 # Mkt (22)
Ojr2 # Aks2. (23)
013 # Mks3s (24)
yOI 5y, (25)

Jus sroro ucnone3ytorces C3U, BoznewcTByromIme
Ha OIL

3aKIIOUNTENBHBIM 3TAllOM B KaHaJle IepexBara
SIBJISIETCSI MCTIOJIb30BaHHUE 3JI0YMBIIUICHHUKOM IEepeXBa-
yenHoro nudopmarnronnoro PC ot npuemnuka JIAJIC:

Ts1 = 7”:,? » TIDU Ty > 7”:,? , (26)

Ty 2 r::; , TIPH T < r:rg , (27)

T3 = 7”:,;1 » TIPH T3 < 7”:,2 , (28)

R R Y A N )

rme mo= A - xapakrepucrhka §; NpHEMHHKa

JIAJIC; r;: = ugpn — xapaktepucTuka 7| IIA B kaHase

mepexpara; Ay = A fCHH — XapaKTepUCTHKa $; TPHEM-

nuka JIAJIC; r’fg =A fn?,n — XapaKTepucTHKa 7, [I1 B

KaHaJIe IepexBaTa; Ay; = Atém — XapaKTEePUCTHKA S3

npuemuuka JIAJIC; r}fg = Atr%n — XapaKTEpUCTUKA 73

[IM B xanane nepexnara; VcrI = Tls1 T2 Tis3 — XAPAKTE-
VKI'CH/I — K0 Km K
nn. nry

ctuka r, I111 B kaHase nepexsara.
BepoaTHOCTE KOPPEKTHOCTH COTIACOBaHHS 0000-

LICHHBIX XapaKTEPUCTUK VcH u VKI_CH/I MOJET OBITH HC-

puctuka s, OII; — XapakTepu-

MOJTF30BaHA KaK ITOKA3aTelb Py, XapaKTePU3YIOMINA Ka-
gecTBo Bocmpuatus nepexsadeHHoro PC [-m I B
AOK or k-ro mpuemnnka JIAJIC:
P = M =pu=11- 7t (30)
BepostHocts yTeuku mo AOK Paox ompenenum
KaK IPOM3BEICHUE BEPOSTHOCTEH KaXKIOr0 y4acTKa Iie-
pexsara PC no AOK:
Prok = pij Sjk Pi- (31
BeposaTtHocTs s, OyneM paccMaTpuBaTh Kak yCIOB-
HYyI0 BEPOSATHOCTB OT 7. IIpH 3TOM MOCKOIBKY BEPOST-
HOCTH Fj ¥ Sj; B3aUMOCBs3aHbl 3a cueT obuieit JIAJIC u
onHoi u Toi e OIl, To
Sk / Vik = Tjk- (32)
Torma BeIpaxkenne (31) mIs ycmoBHH OTCYTCTBHS
C3MU 3anmumieM B BUIE
Paox = pij Tk Pu- (33)
[IpuMeHeHre MEXaHW3MOB 3aIIUTHI  IMTO3BOJISET
MPEICTaBUTh BEPOATHOCTH B CIEIYIOLIEM BHIE:

piJ3'H =i/ 94 (34)
r].3kM =ral qq. (35)

C y4eToM HaJIMUUsl B3aMMOCBSI3€H 1O aHAJIOTHH C
BeIpaykeHHeM (32) 3anumiem:

M =q4 (36)
rj3kH =qq4. 37)

Torma BepostHOCTh yTeukn PU mo AOK B ycrmoBu-
AX peaau3alii MEXaHI3MOB 3allUTHI 3alIUILIEM B BHJIE

Prok =444y Pu= 4z Pu- (38)

3aki0yeHue

Ha npaktuke mapamerpsl BbeipaxeHui (17)—(25)
OLICHMBAIOTCS KaK B MpOIIEcCe MIPOSKTUPOBAHMS, pa3pa-
00TKH U pa3BepThBaHU 3amuiieHHoro OU myrem pea-
JM3aLUH OPTaHU3AIMOHHBIX W TEXHUYECKUX MEpPOIPHs-
TUW TIACCMBHOTO M aKTUBHOTO Xapakrepa [4, 5], Tak u B
nporecce MEpONpHATHH IO 3ammre HHGOPManuu |
nanpHewmen arrecrauun OW mo TpeGoBaHWsAM K 3a-
MIMIIEHHOCTH HWH(OpPMAaNUy MyTeM HPOTHBOJICHCTBHA
MPUMEHEHHIO 3JI0YMBIIUICHHUKOM Pa3JIMYHBIX CPE/ICTB
TEXHUYECKON pa3BEIKH.

[Tpu sTOM ompeznesneHne BEPOSITHOCTEH, MpeCTaB-
JICHHBIX Ha pHC. 3, OCYIIECTBISCTCS JISI KOHKPETHBIX
OU myTeM MOIenupOBaHMS COOTBETCTBYIOMINX HH(OP-
MAaIMOHHBIX IPOIECCOB M SABISIETCSI MPEIMETOM Jallb-
HEUIINX UCCIIEOBAHUM aBTOPOB.
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Avsentiev O.S., Gudkov D.A.

Study of characteristics of the acousto-optic channel of
speech information leakage in the conditions

of implementation of protection mechanisms

The dynamic characteristics of the processes of speech infor-
mation transmission from the source to its recipient, as well as
the interception of this information by an attacker through the
acousto-optical leakage channel are determined. The authors
formalized the probability of correctness of matching these
characteristics at each stage of the change of the material car-
rier of the information speech signal when using the means of
information protection from leakage through channels of the
considered type.

Keywords: speech information, acousto-optical channel of
speech information leakage, laser acoustic location system,
electrical characteristics of the communication channel,
matching conditions of signal characteristics, communication

channel, correctness of matching, possibility of speech infor-
mation leakage.
doi: 10.21293/1818-0442-2018-21-2-88-94
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E.B. N'pnbaHoBa

MeToAabl peweHns obpaTHbIX 3a4a4 3KOHOMUYECKOro aHanusa
C NOMOLW b0 MUHMMU3ALUU NPUPALLEHUN apryMEHTOB

Hpe;[non(eH METO/[ pCUICHUA 06paTHBIX 3a/la4 3KOHOMHYECKOI'0 aHaJiu3a Ipru MUHUMAJILHOM U3MEHCHHUU apryMCHTOB.
Ero paim3anus ABJIACTCA Oosee HpOCTOﬁ 10 CpaBHCHHUIO C METOJaMH PEIICHUA HEJIMHEHHBIX OINITUMHU3AallUOHHBIX 3a-
Jad. PaCCMOTpeHa aIaAuTUBHasA, MYJbTUIIMKATUBHAA U KpaTHast MOAECJIb. B kauectBe InpuMepa npuBe/icHa 3ajavda (bOp-

MHUPOBaHUs PEUTHHIa IPYIIIbI OHJIAHHOBOM COLIMATIBHOM CETH.

KnrodeBble c10Ba: 06paTHbIE BBIYUCIEHHS, ONTUMU3ALH, KBaIPAaTHYHOE TPOrPaMMHUPOBAHUE, PEUTHHT.

doi: 10.21293/1818-0442-2018-21-2-95-99

[Ipu npuHATHN pemeHud B 00JacTH SKOHOMHUKHU
CIICHHUAJIUCT CTAJIKHUBACTCA C MPAMBIMH U 06paTHI)IMI/I
3agayamiu. [lox perieHreM 3a1a4 ¢ MOMOIIBIO 0OPATHBIX
BbIunCiIeHUH [1-3] MOHMMAIOT HaXOXJEHHE TNpHpalle-
HUH apryMEHTOB (DYHKI[MM HAa OCHOBE CICIYIOIICH WH-
(dopmarmu:

® HaYaJbHBIC 3HAUEHHUsS apryMeHToB (x|, Xp) U

dymximu (y );
® HOBOe 3HaueHue QyHKInu ( y LAy );

® K03()(UIMEHTHl OTHOCHTEIFHON Ba)XHOCTH ap-
ryMeHToB (o, f3);
® HaIlpaBIICHUE N3MECHEHUH apryMeHTOoB (+,—).

Takum 00pa3oM, MOXKET ObITH COPMHUPOBAHA CHC-
TE€Ma ypaBHEHUIL:

yEAY=f(x £ Ax (), x2 £ A (B));

A)q o
Ay B M
a+p=1.

Pemennem cucteMsr OyayT BenwmuuHBl Axp U Ax),

00eCIICUNBAOIINE 3HAYCHHUE PE3YNITUPYIOMIETO ITOKa-
3aTeis, paBHoe yt Ay .

[Tomy4ueHHble 3HaYE€HU MOTYT OBITH UCIIOJIb30BaHEI
JUISL OIIPE/ICNICHNs HaNpaBlICHUH WM3MEHEHMs IOKa3are-
JIe NesTeIbHOCTH UCCIEAyeMOro o0beKTa sl JOCTH-
’K€HUd 3aJlaHHoM 1enu. [IpuMepsl penienus 3agad Tako-
ro polaa pacCMOTpPeHBI B cTathsix [4—7]. B pabote [8]
METOJ] OOpaTHBIX BBIYMCICHUI OBLI HCIIOIB30BaH CO-
BMECTHO C JIarpaHX€BbIM aHAJIN30M KOHEYHBIX M3MEHE-
HUH, YTO IO3BOJIMJIO BBISIBUTH (DAKTOPHI, OKa3aBILHUE
HauOosplIee BIUSHAE Ha pe3ynasrar. [Ipn Hamumumm or-
paHMYEHWH Ha BEIWYHMHBI apryMEHTOB MOTYT OBIThH HC-
TI0JTb30BAHBI UTEPAIMOHHBIE AJITOPUTMBI, B TOM YHCIIE C
MIPUMEHEHUEM JIEMEHTOB CIIydaifHOTOo mowucka [3, 9].

Pesymprar pemenuns cucrtemsl (1) ompenmemsercs
3HAYCHUSAMH KOX(PQHUINEHTOB OTHOCHUTEIFHONW Ba)KHO-
CTH ¥ HalpaBJICHUEM U3MEHEHUH MoKasaTesel, KOTopbIe
yCTaHABJIMBAIOTCSl MccienoBareneM. [IpuBsizka K MHe-
HHUIO OKCIIEpTa UMECT CBOU ITOJIOKUTCIBHBIC CTOPOHBI:
MOXeET OBITh PACCMOTPEHO HECKOJBHKO BO3MOXHBIX Ba-
PHAHTOB pelIeHus 3a1auu, KodpUIMeHTs MOTYT OBITh
YCTAQHOBJIEHBI C Y4YETOM pEIbHOH BO3MOXKHOCTH Ha-
MIPaBJICHUS MU3MEHEHUS apryMEHTOB M MX B3aMMO3aBH-

cumoctu. [lomydeHHoe penieHne BIIOCIEICTBUH MOXET
OBITH CKOPPEKTUPOBAHO C YYETOM JIOTIOJIHUTEIBHBIX YyC-
nosuit. Tak, Hanpumep, B padote [10] paccmarpuBaercs
MOJYYECHUE DEUICHUS B COOTBETCTBUU C «30JIOTBIMK
MPONOpUUAMH NoKa3areneil. OAHako MHOINA BO3HUKAET
HEOOXOIMMOCTb IOJYYUTh pe3yJbrar 0e3 MpHBIeYECHHS
sKcriepTHOM mHpopmaryu. K Takomy ciydaro MOXHO
OTHECTH HaXOXJICHHUE PEIICHHS, MAKCHMAIIEHO OJIM3KOTO
K UCXOIHOMY, T.. IPH MHHUMAJIFHOM HM3MCHCHHHU 3Ha-
YEHUH apryMEHTOB.

B manHO# paboTe pacCMOTpPEHO pemieHHue 3a1ad ¢
MOMOIIBI0 OOpAaTHBIX BBIYUCICHUHA B CiIy4ae MHHH-
MaJIHOTO IMpUpaIIeHHs apryMeHToB (0e3 IpHBICYESHUs
9KCTIepTHOHM HH(DopMaru). Mogudukanus Kiaccuye-
cKo cxembl pemieHus (1) mpu 3ToM BBIpakaeTcsl B U3-
MEHEHUU BEJIMYUHBI COOTHOLIEHMS 3HAYEHUN IpHpalle-
HHUI apryMEHTOB, KOTopas OyleT ONpeneNsiThes Terepb
YIIIOBBIM KO3()(PUIIMEHTOM JIMHUH ypPOBHS, OIpejaese-
MOTO HOBBIM 3HaueHweM (yHkmmu. Jlanee OymeT pac-
CMOTPEHO peIIeHHE 3aJadd B CIydac aJINTUBHOMH,
KpaTHOW U MYJIBTUILUTNKATUBHOW 3aBHCHMOCTH.

AXINTHBHAS MOJeJIb

PaccmoTpuM 3anauy ¢ aigUTUBHON 3aBUCHMOCTBIO
(HammpuMep, cyMMapHBIE 3aTpaThl PaBHBI CyMME IIOCTO-
SITHHBIX U TIEPEMEHHBIX 3arpar [1]):

y=x1+x;.

ITycTh HauanbHBIE YCIOBUS 3aa4yu: yO =5, xlo =2,

x(z) =3. HeoOxogmMo OMpENeNUTh TaKue 3HAUYCHUS xll S

xé, TIPH KOTOPBIX y1 pasHo 10. [TocTpouMm aBe TUHUH

ypoBHS 5 u 10 coorBercTBeHHO (puc. 1), mpencras-
nsomue co0oif mapanensHble mpsMele. Todka A coot-
BETCTBYET Ha4aJIbHOMY YCIJIOBHIO 33/1a4i. TOUKH JIMHUH
xp =10—x; obecreyar 3HaYCHUE PE3YJABTUPYIOIICH Be-

nuunnbl, paBHoe 10. Touku B u C COOTBETCTBYIOT CIIy-
gasM, KOTa MCKOMOE 3HaueHHe (QYHKIHH OymeT IMOoiy-
YEHO TOJBKO 3a CUET M3MEHEHHS Xp U X COOTBETCT-

BeHHO. Touku TUHUU X, =10— x|, IpUHAATIEKAIINE OT-

pe3ky BC, OyayT MoiydeHbl MPH YBEIUYCHUH apryMeH-
TOB GyHKIMHU (X] , Xy ), PACHOJIOKEHHBIC JIEBEE TOUKU

B — nipu yMeHbBIIICHUN apryMeHTa X W YBEIHUYCHHU X)
(X, X3 ), a Touku npasee C — IpH YBEITHUEHUH X| M

yMeHbIeHnd x; (X, X3 ).
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T T 1 =
34 5 6 7 8 910

i
12

Puc. 1. JIuauu ypoBHs 5 u 10

Kparuaifmee paccrosaue u3 TOYKH A 10 TPSAMOW
Xp =10—x; mpencrasiser coOOH UIMHY INEpHEHANKY-
nsipa AD. Takum oOpa3om, IpH Hepexojie U3 TOUKU 4 B
TO4YKy D W3MEHEHHE apryMEHTOB OyleT HauMEHBIIHM.
H3menenne nepBoro aprymeHta (Axj) paBHO JUIMHE

orpe3ka AE, W3MEHEHHE BTOpOro aprymeHTta (Axp) —

otpeska DE ( AD?> = AE? + DE?).
3aja4a ONTHUMHU3ALNH IIPH 3TOM MOXET OBITh Mpe.-
CTaBJIeHa B BUJIE 33J1a4M KBaIPaTHYHOTO ITPOTPaMMHPO-
Banus [11-12]:
f(Ax),Axy)=Axt + Ax3 —>min,
2+ Ax; +3+ Ax; =10.
st peiienust faHHO# 3a1a4M MOTYT OBITH HCIIOJIb-
30BaHbl METOZbI HEJIMHEWHON ONTUMM3ALMHA: MHOKHUTE-
neii Jlarpamka, meroxn mrpados [13, 14]. B pesynsrare
Oy/yT HOJy4YEeHBI CIEAYIOIUE 3HAYCHUS MPHUPALICHUMN:
Ax;=2,5, Axp=2,5. Takum 00pa3zoM, HOBbIC BEIUIUHBI
apryMEHTOB:
X =2+2,5=4,5;

xh=3+2,5=5,5.

W3 puc. 1 moxHo yBuaets, uto yroa ADE pasen
yony ECD. IlockonbKy TaHr€HC yIjia paBeH YIJIOBOMY
KO3 QUIIUEHTY, TO

AE

DE~ "

rae p — Ko3QQUIMEHT yIiia HaKJIOHA MIPSIMOH.

Hus paccmarpuBaemoro mpumepa p = —1. Cuemo-
BaTENbHO, JUI ONpPEJCNICHHs 3HAU€HUH MpPUpPALIEHUN C
HaVMEHBUINM HM3MEHEHHEM HEOOXOIMMO pEIINTh CHC-
TeMYy:

Axl _
A)CZ
24+ Ax; +3+ Ax; =10.

IloncraBnss Bo BTOpoe ypaBHeHHE Axy =Ax; , 1O-

I;

JIy4InM

24+ Axy +3+Axy =10;
Axy =2,5;
Ax; =2,5.
PaccmoTtpuMm ciydait mpu OoJIbIIEM YHUCIE apry-
MeHTOB. [1ycTb QyHKIIUS HMeeT BHT
y=cx+crxp +..cp %y,
TI€ ¢— KOHCTAHTBHI.
Torpma ompeneneHue apryMeHTOB C HaUMEHbBIUM

MIpUpaIIeHneM OyZET BBIIOIHEHO IyTeM PEIICHHs CHC-
TEMBI:

Ax; ¢ . .
— ="t i=1.n,izk;
Axg ¢k

0 0 0 1
a(x) +Ax)+ep(xy +Ax)+..cp (X, +AX,)=y,
rae k — HOMep apryMeHTa, KOTOPbIH NMPHUHUMAETCS 3a
0a30BbIN.
Kpatnas Mmopesn
IMpu KkpaTHO# 3aBHCUMOCTH MOJECTb HMEET Clie-

IOyIOMMA BUJI (Hampumep, peHTabeNbHOCTh ONpenes-
€TCsI KaK OTHOIICHHE MPUOBUIN K 3aTpaTam):

X2
X1 .

IlycTh HauanbHBIE 3HAUEHUS PABHBIL: y0 =2, xf) =5,

x3=10. HeobOxomuMo omnpenenuts 3HAYCHHS xll, x%,

P KOTOPBIX 3HaUeHHEe QYHKIUHU paBHO 4.
3agaya KBaJpaTUYHOIO MPOTPAMMHPOBAHHSA HMEET
BUJL

S (Ax),Axy)=Ax +Ax3 —>min;
(l 0+ sz)
(5+Ax)
Pemenune 3amaum: Ax
x| =2,647, xb =10,588.
Ha puc. 2 npencrasnens! TuHUK YpOBHA 2 U 4.

= 2,353, Ax; = 0,588,

A
x2

32 |
28
24 _|
20 |
16 — B
12 —

I T T T T »
1 2 3 4 5 6 7 8 910

Puc. 2. Jlunuu yposus 2 u 4

HauanbHble 3HAYCHUSI apryMEHTOB OOpasyroT TOY-
Ky A. Haumensbiiee paccrosiHue U3 3TOH TOUKH JO Tpsi-
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MOH xp =4x; — 3T0 AJIMHA NepHeHauKynsipa AB. Brico-
ta BC o6pasyer aBa NonoOHBIX TpeyroipHuka. Cieno-
BaTeIIbHO, CIIPABEAJIMBO COOTHOIICHUE
AC
B
Torza cucrema OyneT UMETh BUJL
A,
Axy
10+ Axy _
5+Aq
Pemenue cucremsr: Ax;=-2,353, Axp=0,588.

MyabTHIINKATHBHAS MOJEb

Haxosner, paccMOTpUM MyJIbTHIDIHKATUBHYIO 3aBHU-
CHMOCTB (HampuMep, BBIPYUKa OT TMPONAKH TOBapa pas-
Ha MPOM3BEICHHUIO LIEHBI U KOJIMYECTBA):

y=Xx1X2.

4.

4.

IIpuMeM HauanbHBIE YCIOBHS 3aJa4u: yO =10,
x{) =5, xg =2. HeoOXomuMo OIpenenuTh 3HAYCHHS x{ R
x% , IPU KOTOPBIX y1 pasHo 20.
3ajaua KBapaTHYHOTO NTPOTPAMMHUPOBAHUSI:
S (Ax;,Axy)=Ax{ +Ax3 —>min,
(5+Ax1)(2+Ax2):20.
Ax; = 0,837,

Pemenne  3amaum:

x| = 5,837, x) = 3,426.
Paccmotpum muamm yposas 10 u 20 (puc. 3). Tou-
Ka A COOTBETCTBYET HauyaJIbHbIM 3HAYCHHUSIM apryMeH-

Axy = 1,426,

ToB. Onpenenenne Touku rpaduka xp =20/x; TaKkum

00pa3oM, 4TOOBI M3MEHEHUs] apryMEHTOB ObLIIM MHHU-
MaJIbHBI, MOXKET OBITh BBITIOIHEHO C HCIOJIb30BAHHEM
ypaBHEHUs KacaTeJIbHOM:

k=f"(xo)(x—=x0)+ f(x0) ,
rae xp — Touka GyHKIuH f(X), K KOTOPOH CTPOUTCS
KacareJbHasl.

A

2 |

X1

v

1T T 1T T T 1T T T"7
1 2 3 4 5 6 7 8 910

Puc. 3. Kpussle yposns 10 u 20

YpaBHEHHUE KacaTelbHOW K TOUKe B OymeT UMeTb
BUJ

X =_5—220(x1 —5)+?:—0,8x1 +8.

Ilouck HauMEHbBIINX U3MEHEHMH apryMEHTOB AJIS
nepexojia B TOUKY Ha MPSIMOH MOXKET OBITh BBINIOJIHEH C
[IOMOUIbIO PELICHUSI CHCTEMbI YPABHEHMUSL:

Axl _ Yy =0.8:
2 b
Axy (xl())

0,8(5+Ax; ) +(2+Axy)=8.

OTHOLIEHNE NPHUPALICHUH apryMEHTOB Oy/eT paB-
HO yII0BOMY K03 (uIMEeHTy B ypaBHEHHH KacaTeJIbHOH
(co 3HaKoM «MuHYC»). Pemenue cucremsr: Ax; = 0,976,
Avy =122, x} =5,976, xb=3,22.

Jlanee HEoOXOmMMO IOCTPOUTH ypaBHEHHE Kaca-
TENBbHOM K HOBOM TOuke (xl1 = 5,976, x% = 3,22) u BbI-
TIOJIHUTD TTOMCK HOBOM TOYKH C MHHUMAJbHBIM H3MEHE-
HHEM apryMeHTOB.

Takum 00pa3oM, aNropuTM HaXOXKJCHUS PEILICHHS
B Clly4ae MYJIBTHUIUIMKaTHBHOM MOJENIM BKJIFOYAET Clle-
JIYIOIINE [Iary:

1. VYcraHoBKa Ha4aJbHBIX 3HAYECHUH:

. N0 N0
i=0, x (H)=x;, x2()=x,.

2. TloctpoeHue ypaBHEHUsI KacaTelbHOW K TOUKE
1

x; (/) oyHKIUH X) =2
X
3. Tlomck touku xj (i+1), xp(i+1) Ha kacarenb-
HOH, 10 KOTOPOW pacCTOSIHWE OT MCXOTHOM TOUKH xlo ,

)C(z) 6y,ueT MHHUMAJIbHBIM.

4. IlIpoBepka BBHIIOIHEHUS YCIOBUS OCTAHOBA: €C-
U U3MEHEHHE MOJOKEHHs TOUYKH MEHBIIE 3aJaHHON

TOMHOCTH & (62\/()61 i+ —x, () +(x i+ —x, ()" <e),

TO aJITOPUTM 3aBEpIIACTCHA, NHAYC OCYILICCTBIIACTCA IIC-

pexon Ha miar 2 (i =i +1).
B Tabnuite mpencTaBieHBl PE3YNBTATHl BHITOJIHE-

HUSL WTepaluil il  paccMaTpUBaEMOro IMpUMEpa
(&= 0,003).
Pe3yabTaThl BLINOJIHEHHUS] HTEPALUI
i a® | »@ | - x) 3
0 5 2 0,8 —
1 5,976 | 3,22 0,56 1
2 5,807 | 3,441 0,593 0,278
3 5,844 | 3,423 0,586 0,041
4 5,835 | 3,425 0,587 0,009
5 5,838 | 3,428 0,587 0,004
6 5,837 | 3,426 - 0,002

IIpumep GopmMupoBaHus PeiTUHIOBOI OLIEHKH
B xauecTBe mpumepa paccMOTpUM TakokKe 3aJady
(hopMupoBaHUs PEHTHHTA TPYIIBI OHJIAWHOBOW COLH-
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ajnbHOW ceTtd. VHTerpanbHas OLIEHKA BBIYUCISETCS IO
thopmyre:
Rj =O,701x1j +0,24x2j +0,059x3j,

[1¢ X|; — HOPMHPOBAHHOC 3HAYCHUC YKCIIA MOAIHUCIH-
KOB j-il I'PYIIbL; Xp; — HOPMHUPOBAHHOE 3HAYCHHUE I10-
Kasarells MOMYJIAPHOCTH j-H TPYIIIbL; X3; — HOPMHUPO-

BaHHOE 3HaYCHHE MO0Ka3aTessl aKTUBHOCTH j-H TPYIIIHL.
st BIOpaHHOW TpyNIbI 3HAYEHWS HOPMUPOBAH-

HBIX BEJIMYUH PABHBL: x{) =0,313, x(z) =0,004, xg =0,029.
Torma uHTErpaibHast OIICHKA COCTABUT:
R=0,701-0,313+0,24-0,004+0,059-0,029=0,222 .
ITycTh HEOOXOMUMO OMPEICTUTh TAKHE HOBBIC 3Ha-
YeHHS X, KOTOpBIE O0ecrevar 3HaYeHUE PEHTHHTOBON
oneHkd, paBHoe 0,3, Mpu MUHHMAJIHPHOM H3MCHCHUH

apryMEHTOB.
Cucrema ypaBHEHUI IMEET BU;
AX1 _q _0,701’
ao e 028
AX3 _ c3 _ 0,059'
0,701(0,313+ Ax; ) +0,24(0,004 + Ax, ) +
+0,059(0,029+ Ax3)=0,3.

Pewenne cucremer: Axj= 0,099, Axy= 0,034,
Ax3=0,008. Takum obpazom,

X =0,313+0,099=0,412 ;
xb =0,004+0,034=0,038 ;
x4 =0,029+0,008=0,037..

3akiao4yeHue

B crarbe paccMOTpeHO pemieHne OOpaTHBIX 3a/ad
HKOHOMHYECKOI0 aHallu3a C MOMOIIBI0 OOpaTHBIX BbI-
YHUCJICHUH ITyTeM MUHUMM3ALUY [IPUPALLEHUN apryMeH-
TOB. Moan(uKaus KI1acCHUECKOH CXeMbl pelIeHHs 3a-
KIII0YAaeTCs B HCIOJIb30BaHUU B KaueCTBE OTHOLLCHUS
KOO QUIIMEHTOB OTHOCHUTEIHHOM Ba)KHOCTH YIJIOBOTO
KO3 QHIMEeHTa JTUHUHN yCTaHOBJIEHHOTO ypoBHs. Ilpen-
cTaBieHa rpaduueckasl HHTEPHPETALUS HCIIOIb3yEeMBIX
cooTHoIeHNH. [1o CpaBHEHHIO ¢ pelIeHHEM ONTUMU3a-
OUOHHBIX 33/a4 HEJIMHEWHOIO IPOrpaMMHPOBaHUS
MPE/ICTABICHHBII TOAXO0A SABIAETCSl 0oJee MPOCTHIM B
KOMITBIOTEPHOH pealn3aluu: PelIeHUe 3a1a4U CBOIUTCS
K PELICHUIO CUCTEMBI aliredpanveckux ypaBHeHui. Pac-
CMOTpEH Clly4ail aJJAUTUBHOM, KPAaTHOM U MYJIBTUILIM-
KaTUBHOM 3aBHCUMOCTH MEXAY apryMeHtamu. Taxxe B
CTaThe MPECTaBIICH pUMep GOPMHUPOBAHUS PEHTHHIO-
BOIl OLIEHKM C 3aJaHHBIM 3HAYEHHEM HHTETPaJIbHOIO
nokasarens. Pe3ynbTaTel BBIUMCIEHHH COBHAIU C pe-
3yAbTaTaMH, NOTYYEHHBIMU ITyTEM PELICHUA 3a/1a4U He-
JUHEHHOTO MPOTrPaMMHUPOBAHUS C UCIONB30BAHUEM OII-
TUMHU3ALOHHBIX METOIOB.

C ToOMOIIBIO MPEACTABICHHBIX METOMOB MOXET
OBITh TOIYYEHO pelIeHHe OOpaTHBIX 3a/1ad MpH OTCYT-
CTBHH DKCIIEPTHBIX OILEHOK O Ba)KHOCTH apTryMEHTOB
(YHKIMM ¥ HalpaBlICHUH W3MCHEHMs IIOKasaTened |
MHHUMAaJIbHOM M3MEHEHUH NCXOHBIX JTaHHBIX.

Tak)ke paccCMOTPEHHBIH MOAXOJI MOXKET ObITh HC-
MOJIH30BAH JJIS PEIIeHHs] OTAENbHBIX 3a/1a4 KBaJpaTHy-
HOTI'0 NPOrpaMMUPOBAHUS C OHUM OrpaHuyeHueM [15].
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B Hacrosiee BpeMs JIMTUH-UOHHBIE aKKYMYJISATOP-
uele Oarapen (JIMAB) Gmaromapsi cBomM mpenMyIIecT-
BaM IIMPOKO HPUMEHSIOTCS KaK B IPa)KJaHCKOM, TaK U B
BOCHHOI TexHuke. OcHoBHble noctomHcTBa JIMAB —
3TO BBICOKAs YAEIbHAS €eMKOCTh M OOJIBIIOE KOJHYECTBO
pabounx numkmnoB. Hampumep, cepuifHO BBITYCKaroTCs
JIMAB c emrocthio 10 300 A4, a ONBITHBIE OOPA3IEI C
emrocTeio 1000 A-u. OxnHako, sKcIuTyaranusi Oarapew,
COCTOSIIIICH M3 TOCIEOBATENbHO COCAMHEHHBIX 3JIe-
MEHTOB Ha OCHOBe Li-ion, mMeeT psa 0COOCHHOCTEH,
OCHOBHAsl M3 KOTOPBIX — BO3MOXHOCTH IIE€pErpeBa B
mporecce dKcruryaranu [ 1].

Axxymynsatopaas Oatapest (AB) cocTouT u3 akky-
MYJISITOPHBIX 37IeMeHTOB (AD), KOTOphIe CTaparoTcs Mo-
J00park ¢ JOCTaTOYHO ONM3KUMU TEXHUYECKHMU Iapa-
MeTpaMu IIpu U3roToBieHnH AB, a UMEHHO TOKH camo-
paspsiia MpH XpaHEHHH, CKOPOCTh JAErpajalliy Mare-
pHAJIOB BJIEKTPOIOB, BHYTPEHHEE CONPOTHUBICHUE HPHU
3apsTHO-Pa3psIHOM LUKIE | T.J0. B cuily Bbleckas3aH-
HOTO 3HAUECHWS HANpPsDKCHUI Ha 3JIEMEHTaX aKKyMyJlsi-
TOPHOW Oarapey JOIDKHBI OBITH KaK MOXKHO ONMXKe Apyr
K Opyry (Hampumep, ot 3,782 mo 3,785 B), omHako wx
3apsi]l BO3MOXKEH C ONPEIEICHHON TOYHOCTBIO.

Ab Ha OCHOBe NHTHH-HOHHBIX AaKKyMYIATOPHBIX
anemeHToB (JIMAD) B cuiy 0COOCHHOCTEH 3JIEKTpO-
XMMHUYECKUX HPOLIECCOB, NMPOTEKAIOIIUX B HUX, UMEIOT
MOBBILICHHBIE TPEOOBAHUSI K KOHTPOIIIO MX HapaMeTpOB
B Ipoliecce 3KCIuTyaTanuu. HenaeHTHYHOCTH Xapakre-
puctuk JIMAD, HeoOX0ANMBIX AJsl 00ecTIeueH s BBICO-
KHX 9KCIUTyaTallMOHHBIX XapakTepuctuk Ab, craBuT 3a-
Jaqy SO0 MOBBIIIEHUS TPeOOBaHMI K TEXHOJIOTHYE-
ckoMy mnpoueccy usrotoBieHus JIMAD, uro Benér k
PE3KOMY YNOPOXKAHHIO H3JENHH, MO0 BBEICHHUS B CO-
craB JIMAB wmomynst xoHTpons mapamerpoB Ab u
yOpaBIeHUS pexuMoM 3apsna-paspsga (MKYVY), 3zama-
4yel, KOTOPOH SIBJISIETCS KOHTPOJIb HANpsKEHUs Ha die-
MeHTax AB ¥ BbIIoJIHEHHE NpoLeypbl OaIaHCHPOBKH B
npoliecce dKCIuTyaramnuu [2].

B nmporecce akcmyaraiuu 6arapeu, CoCTosIIeH u3
COEIMHEHHBIX MOCIIEN0BaTeNbHO AD, BCe 3TH (DaKTOpHI
NPUBOAAT K OOpa3oBaHMIO TaK Ha3bIBAEMOTO «OKHa»
(DU), xoTopoe paBHO Pa3HOCTH HANPSHKEHHH €aMoro
3apspkeHHOTO (Upy,y) 1 camoro pa3psokeHHOTO (Upy,) ak-
KymynsaTopa (puc. 1), T.e. IpUMEPHO paBHBIC HAIpPsIKe-
HUSI HAUMHAIOT pa3linyarhesi 3HaunTenbHo. [Ipn yBenn-
YEHUH «OKHa» EMKOCThb Oarapen OyneT CHMXAThCs, TaK

KaK MakCHMaJbHO M MHHHMMAIBHO JOIYCTHMBIE BENHU-
YMHBI HAPSDKEHUH HA OJHOM U3 aKKyMYJIATOPOB OymayT
JIOCTUraThCsl paHblIE, YeM IIOJIHBIA 3apsi] WIN Paspsin
Bceil Oarapen. B pesynbrare pacuimpeHue «OKHa» MpH-
BOIUT K CHIKEHHIO €MKOCTH JO HEIOIyCTHMO Majoi
BEIUYUHBI.

Ne akxym.
Puc. 1. «OxHo» pa3banaHca, CHUKaIOIIee eMKOCTh

B HacTosmiee BpeMs B COCTaB aKKyMYJISTOPHBIX
Garapeil ¢ LeNbIO MOBBIMIECHUS UX HA/IEKHOCTH M TIPO-
JUICHHSI CPOKa CITY>KOBI BBOJUTCS JIEKTPOHHBIA OJIOK €O
CXeMOH KOHTpONS TIapaMeTpPOB aKKyMYJSTOPOB H
YIpaBIIeHUsS] PEXKUMOM 3apsia-paspsaa. OOmenpuasaToe
Ha3BaHUE 3TOTO OJIOKA — MOAYJIHh KOHTPOJSI U yIIpaBiie-
uHus (MKY). B cunty ocobenHocteit paboThl TUTHIA-MOH-
HBIX akKymymsaTopoB Hammane MKY o6s3arensHo, Tak
KakK TpH €ro OTCYTCTBUM HPH JIOOBIX HEIUTATHBIX CHU-
Tyalusx WK Aa)e NpU TEXHOJIOTUIECKoM pa30poce mna-
paMeTpoB OTIENbHBIX aKKyMYJISITOPOB B OaTapee MOXeT
MIPUBECTH K €€ IeperpeBy U, Jaxe BhIXOLy U3 cTpos [3].

Hcnonp3oBanne MKY obecnednBaeT MOBBINICHUE
HAJEXKHOCTH U IPOJUIEHHE Cpoka dKcIutyaraimu Ab 3a
CYET BHIPAaBHUBAHUS HANPSDKEHWH Ha TOCIIET0BATEIHHO
COEIMHEHHBIX aKKyMYJISITOPHBIX 3JIEMEHTaX M MO3BOJIA-
eT ucnoik30Barh AB ¢ MakcuMmanbHOM OoTHadell Mo eM-
KocTH. JlaHHOE pelIeHHe MO3BOMISET JOOUTHCS CIEIyIO-
IIETO: MOBBICUTH O€30MaCHOCTb TPH IKCILUTyaTalUH
JINAB, yBenumuuth >(PQPEKTHBHOCTD 3apsIHO-Pa3psa-
HOTO IIMKJa, OOECIeYuTh BbIJA4y IIapaMeTpoOB O CO-
CTOSIHUM Oaraped B BBILICCTOSIIUE CUCTEMBI HIIH OTepa-
TOpY, YTO 3HAYUTEIHHO MOBBIIIAET AKCIIyaTalliOHHBIE
xapakTepucTuku Ab. Momynu KOHTpOJIS M yIpaBIeHU
MOTYT OBITh peajM30BaHbl Ha Pa3JIMYHON 3JIEMEHTHOMN
0ase, HaNpUMep Ha OCHOBE CICIHUAIN3UPOBAHHBIX HH-
TErpajbHBIX MUKPOCXEM, YTO IO3BOJSIET IOMYIHTh Ma-
neie TabapuThl, THOO Ha BIIEMEHTHOW 0Oa3e oOIiero Ha-
3HAUYEHUS], YTO BENIET K YBEINYEHHIO rabapuToB, HO TPH
9TOM MO3BOJSIET PACIIMPSATh (YHKIMOHANBHBIE BO3-
MOXXHOCTH [4, 5].
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@OyHKUMOHANBHBIE TPeOOBaHMA, IPEABIBISEMbIC
k MKV:

— CBSI3b ¢ OOPTOBOH IEHTPATBFHON BBIYUCIUTEIH-
Ho#t mammHoM (BIIBM);

— KoHTpoJb HanpspkeHuit JINAD u JIMAB;

— KOHTpoJb Temneparypsl JINAB;

— OanaHcupOBKa (HUBEJIIMPOBAHUE PA3HOCTH Ha-
npsbkeHus Ha otaensHeix JIMAD JIMADB);

— aHaJIN3 TEKYILIETro cocTosiHuA napameTpoB JIMAD
1 GOpPMHUPOBAHNE CHUTHAJIOB 3ampeTa / pa3perieHus s
yTIpaBJIeHus poueccaMu 0e30MacHoro 3apsia / paspsiia
Oarapen [6, 7].

JIOTIONTHUTENPHBIMA  TPEOOBAHUAMHE, XapaKTEPHBI-
MU JJI9 H3ICIHMH BOCHHOM M KOCMHYCCKOM TEXHHUKH,
ABJIAIOTCS] HAAEKHOCTD U, B YACTHOCTH, COXPAHEHHUE pa-
00TOCIIOCOOHOCTH TIPU OTKA3€ OJHOTO MJIM HECKOJIBKHX
panno3aeKTpoHHBIX koMIioHeHToB (POK). Jlns BbImosn-
HeHHs TpeOOBaHUI 1O OTKa30yCTOWYMBOCTH, Ha/IEXKHO-
CTH M 0€30MacHOCTH HEOOXOOMMO AyOIMpOBaHME ITOJ-
cucreM mu3nenus [8].

Takum 00pa3oM, UCXOIsl U3 NPUBEIEHHOTO BHIIIE
mepeuHss Tpeboanuii k MKY, MOXHO BEIIEIHTH He-
CKOJIBKO OCHOBHBIX ITOJICHCTEM, KOTOPbIC IIPH ITPOEKTHU-
pPOBaHMM B CWIIy MX (YHKIHOHAJIBHBIX OCOOEHHOCTEH
Tak)ke OyayT BBITIOIHEHBI OTAEIBHBIM Momaynem [9, 10].
B wacTHOCTH, TAKMMU TTOJCUCTEMAMH MOTYT OBITh!

— KOHTPOJIb HANpPsDKEHUSI — MOAY/JIb U3MEPEHUs Ha-
npspkernst (MIH);

— KOHTPOJIb TEMIIEpaTypbl — MOMYIb H3MEPEHUS
conporusnenus: (MUC);

— OaymaHCHPOBKAa — MOZYJF KOMMYTAaIlu OajaHCH-
poBounsix pesuctopoB (MKEP);

— CBSI3b C LEHTPAJIBHOW BBIUUCIUTEIBHON Malllu-
HOU — MoAynb KoHTpoJutepa (MK).

K w3penusM KOCMHUYECKOTO Ha3HA4YeHUs YacTo
MIPEABSBISETCS TPOTUBOPEUNBOE TPEOOBAHHE BBICOKOM
HAJeKHOCTH U MHUHMMAJIbHOM Macchl. OCHOBHBIM CIIO-
cO0OOM MOBBIIICHUSI HA/IE)KHOCTH SBIACTCS PE3EPBUPO-
BaHue. [IpuMeHeHNe pe3epBUPOBaHUSI OOBIYHO CBSI3aHO
C YBEIMYEHHEM Macchl, 00beMa, CTOUMOCTH HU3TOTOBJIE-
Hus. [l mosrydeHusl ONTHMANbHBIX MaccorabapUTHBIX
MoKazaTenell NPUMEHSIOTCS Pa3iHyHbIe CIIOCOOBI pe-
3epBHPOBAHUS: HarpyKEHHBIH, HEHArpy>KeHHBIN, 00JIer-
YEHHBIN pe3epB. B 3aBUCHUMOCTH OT KOHKPETHBIX yCIIO-
BUI PE3epPBUPOBATHCS MOTYT CHCTEMBI, MOIYJI WIIH OT-
JieNbHBIE 37eMeHTHI [11].

Jlns m3MepuTeIbHBIX MOIYNeH, KpoMe TpeOOBaHMMA
MOTPEITHOCTH W3MEPEHUs], TaKXKe MOsIBIsieTCs] TpeOoBa-
HHE OLIEHKM JTIOCTOBEPHOCTH H3MepeHuil. [laHHOE Tpe-
OoBaHUE, TIPH YCIOBHM IAapUPOBAHUS HEUCIIPABHOCTH
moboro POK B TpakTe n3MepeHus, MOXKHO 00eCIeYnTh
BBITIOJTHEHUEM YCTPOUCTBA KOHTPOJISI 0 MAKOPUTAPHOU
cxeme [12].

Crpykrypa npeoOpa3oBaHus WHQOPMAIMH MO Ma-
JKOPUTApHOH cxeMe B OO0IeM ciydae NpHUBEJCHA Ha
puc. 2. Takag cxeMa NpUMEHSIETCS B CUCTEMax C Harpy-
KEHHBIM pe3epBoM, Tae 1, 2, ..., n — OJMHAKOBBIE yCT-
poiicTBa mpeoOpazoBaHUs WHPOpPMAIUK, paboTaromime
mapajuienbHo (n — obmiee gucio anemeHToB); O — Ma-
xopurtapHslid oprad [13]; X, X;, X, — u3mepsiemMbie Be-
nmaussl; Yy, Y, Y, — cHrHamBI OT ycTpoiicts 1, 2, 3;

Y — BblgaBaeMblil BO BHEIIHIOK LIETIb CUTHAJ, PaBHBIN
OOJNBIIMHCTBY CHTHAJIOB OT U3MEpPUTEINEeH.

)(‘_1“1/‘
=
L], ELJ

Puc. 2. Cxema MaxopuTapHOTO pe3epBUPOBAHUS B 00IIEM BHIE

JlaHHBINM BapUaHT pe3epBUPOBAHUS IPUHITO HA3bI-
BaTb METO/IOM «TOJIOCOBaHMA OONMbIIMHCTBOMY». Oue-
BU/IHBIM SIBJISIETCSI TO, YTO JJISI €T0 KOPPEKTHOH paboThI
yrcino 00pabaThIBAEMBIX MapaUICTbHBIX W3MEPHUTEINb-
HBIX IIeTIeH JOJKHO OBITH HE MEHEE TpeX.

Ha puc. 3, BapuanT |, npuBeneH 9acTHBIN ciydaid
pealm3alnuy yKa3aHHOTO METona, Tae A; — KOHTPOJIep
MKY Ha 6a3e MUKPOIPOIIECCOPHOTO YCTpOiicTBa; By, B,
U B; — uJeHTUYHbIE KaHAIbl U3MEPECHUS HAINPSOHKCHUU

JIMAD u JIUAB.
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VA R -
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Puc. 3. BapuaHThI peanu3anun CHCTEMbI
HN3MepeHHs HapsDKCHUS

B nanHOM cityuae aHanau3 HOCTOBEPHOCTU PE3YIIb-
TaToB U3MepeHuit HanpspkeHuid JIMADB mo tpém maccu-
BaM BBIIONHAETCS pean3aledl IporpaMMHOIO MaXo-
puTapa OJHOMMEHHBIX MapaMeTpoB. MCTHHHBIM 3Hade-
HUEM MPHHUMAETCS:

— cpenHee 3HAa4YE€HUE TPEX M3MEPEHHBIX 3HAYECHUI
IIPH YCJIOBUH, YTO UX TPHU TONApHBIE PA3HOCTH HE IIpe-
BBIIIAIOT BEJTMYUHBI, IPUHATOM 3a JOITYCK;

— cpelHee 3HAYCHME JIByX M3MEPEHHBIX 3HAueHHH
HauOosiee ONM3KUX JAPYT IPYTY, IPH YCIOBHH, YTO OIHA
13 TPEX ITONApHBIX PA3HOCTEH IIPEBBIIIAECT BEIUUYUHY,
HMPUHATYIO 32 J0IYCK;
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— cpenHee 3Ha4deHHUE JBYyX M3MEPEHHbBIX 3HAYCHUH,
Hanbonee ONU3KUX IPYT APYTY, IPU YCIOBHH, YTO JBE
13 TpEX NOINApHBIX PA3HOCTEW MPEBBIIAECT BEIUUYUHY,
MPUHSTYIO 32 JIOMYCK;

— mIpoyee MPUHUMAETCS KaK HEHCIPABHOCTH IOJ-
CHCTEMBI U3MEPEHUs HalPSKESHUS.

Takum o00Opa3oM, NMpHU NPUHATUH PELICHHS JO0CTO-
BEPHOCTH pe3yJabTaTa HU3MEPEHUS MCIOJIb3YIOTCS TPHU
annaparHbIX KaHajla W3MEpPEHHs, TpPU MacchBa H3Me-
PEHHBIX 3HAYEHUH, TOTMOIHUTEIbHBIN KpUTEPHUl JOITyC-
Ka, Mepa, 00yCIIOBIICHHAS! COOCTBEHHOH MOTPEITHOCTHIO
KaHaJoB M3MepeHus, u koHTpouiep ¢ I[IO B kadecTBe
Ma)KOPUTAPHOTO 3JIEMEHTA.

Tak Kak U1 U3A€IUil KOCMUYECKOTO PUMEHEHUS
JMMUTHPYIOIUM (aKTOPOM SIBISIETCA Macca, TO Lele-
co00pa3HO ONTUMH3HMPOBATh CHOCOO PE3epBHPOBAHUSI.
YuuThIBasg TOT QaKT, YTO OOBEKTOM KOHTPOJIS SBISIETCSI
JIMAB, xapakTepHUCTUKH KOTOPOH 3apaHee M J0CTaTou-
HO TOYHO M3BECTHBI, TO MO)KHO MPOBOAUTH MPOBEPKY
JIOCTOBEPHOCTU M3MEPEHUIl, OCHOBBIBASICh HA CBOICT-
Bax JINAB.

B KkauecTBe JOTOIHUTENBHBIX KPUTEPHEB OIEHKH
JIOCTOBEPHOCTH PE3YyJIbTaTOB H3MEPEHUs] MOXXHO HC-
0JIb30BaTh cieayrouue ceoiicta JIMAD:

— cymMma HanpspkeHnid Bcex JIMAD paBHa nomHOMY
Hanpspkenuto JIMADB (¢ yu€rom morpemHocTH u3Mmepe-
HUSl ¥ MaJeHUI HalpsDKEHUH Ha TOKOIPOBOISLIUX CO-
equautensx JIMAD oxnoit JINAB);

— "Hanpsbxerust JIMAD HaxonmaTcs B ONpeneéHHOM
JIiarnasoHe;

— nonHoe HanpsbkeHue JIMAB Haxoautces B ompe-
JIENIEHHOM JTUara3oHe;

— IIPY HAIMYWH TOKA 3apsia WK pas3psijia MnajeHne
HanpsDKEHUS Ha BHYTpPeHHeM compotusieHnn JIMAD
BHOCHUT paBHBIC TOTPEHIHOCTH KAaK B M3MEpsieMble Ha-
npsokerns JIMAD, Tak u B W3MepsieMoe HampshKeHHUe
JINAD, 1 ero MO>XHO HE YyUUTHIBATh.

Hcxonsa u3 BILIENPUBENEHHOTO, MOJCUCTEMY KOH-
Tponst HanpspkeHuit JIMAD u JIMAB moxHO peamnso-
BaTh B BHUJE, MIPUBEIEHHOM Ha pUC. 1, BapHUaHT 2, C UC-
MOJIb30BaHUEM JIBYX KaHaJloB usmepenus (B, B,).

COOTBETCTBEHHO MOJCHCTEMAa H3MEPEHMs HaIps-
skernss MKY MoxeT OBITh BBITOJHCHA JByXKaHAIIBHOMU,
COCTOSIIIIEN U3 OCHOBHOTO M pe3epBHOro kaHanos. IIpu-
4yéM KaKIBI KaHaJl BBITOJNHSIECT KakK ITO3JICMEHTHBIN
KOHTPOJIb HANPSDKCHNH, TaK W KOHTPOIb HAINPSKECHHS
Bceil JIMADB. Pesynbrar uamepeHuil noaBepraercs aHa-
T3y Ha COOTBETCTBUE IIPUBEIEHHBIM BBIIIE OCOOCHHO-
ctam  JIMAB, Ha OCHOBaHMM 4YEro MPUHUMAETCA
pelIeHHe O HCIPAaBHOCTH KaHaoB. [lo ymomdanuro
MKY B kauecTBe pe3ynbTara H3MEpeHHs MPEA0CTaBIsSeT
JITaHHBIE [0 OCHOBHOMY KaHaJIy U3MEpEHUS.

Takum 00pa3oM, NpHU NPUHATHH PELIEHHs J0CTO-
BEPHOCTH pe3yJbTaTa H3MEPEHHsS HCIONb3YITCS JBa
anmaparHbIX KaHajla U3MEpEeHHs], 1Ba MacCUBa U3MEpPEH-
HBIX 3HAYCHUH, JOTIOJHUTEIBHBIH KPUTEPHUH Ha OCHOBE
ceoiictB JIMAB u xontpomrep ¢ IO B kadecTtBe ycT-
pOMCTBa MPHUHSTHS PEIICHUSI.

CpaBHEHHE pa3NUYHBIX CIOCOOOB peaM3aluy CHUC-
TEMbl U3MEPEHUSI HAPSDKCHUS TIPEACTABICHO B TaONUIIE.

PazimuHbIe cCOCo0bI peamn3an CUCTEMbI U3MEPECHUS
HaNpsizKCHUsA

Ne MKV MKV
n/n (MaxxopuTap) (1a ocHoBe cBoiicTB JINAB)
Tpu kaHana uzmepe-
1 s HATpX I [Ba kaHalla H3MEPEHNS HaMps-
TTMAD 1 JTHAE xennit JIMAD n JIMAB
KonTpomrep KonTpomnnep

(mporpamMMHBIH aHanu3| (IPOTrpaMMHBIN aHATIU3 JOCTO-
2 | HOCTOBEPHOCTH pe- | BEPHOCTHU pe3yibTaTa H3Mepe-
3yabpTaTa U3MEpeHU — HUI — Ha OCHOBE CBOMCTB

MaXkKopuTap) JINAB)

ITpoBenemM cpaBHEHHE HAIEKHOCTH JIBYX CIIOCOOOB
peanu3anuy HOACHCTEMbI U3MepeHus HanpsbkeHus. [o-
HSTHE Pe3epBUPOBAHIA OyIeM OIpenessaTs coracHo [14].

Bapuant 1. MaxopuTtapHoe pe3epBUpoBaHHE (C
JNpOOHOIT KPaTHOCTHIO, MPU KOTOPOH JiBa M OoJiee OIHO-
THUITHBIX 3JIEMEHTOB PE3EPBUPYIOTCS OIHUM U Oolee pe-
3epBHBIMU 311eMeHTaMu) [15].

BeposiTHOCTB O€30TKa3HOM pabOTHl MasKOPUTAPHOI
CHCTEMBI TIPH YCIIOBHH, YTO BCE 3JIEMEHTHI HMEIOT OJIU-
HAKOBYIO HAJICXKHOCTH [ 14], HaxomuTcs mo Gopmyie

R()=2.G,-0'()-P"" (=
i=0 €]
_p3 2N 2 3
=P’ (t)+3-(1-P(t))- P~ (1)=3-P“(t)—-2- P (1),
e M — KOJIMYECTBO PE3EPBHBIX 3JIEMEHTOB; /1 — 00IIee
YHUCJIO 3JIEMEHTOB; C,l; — OMHOMUANBHBIN K03 duIueHT

u3 n 10 i; P(f) — BeposSTHOCTh 0€30TKa3HOM pabOTHI i-TO
aneMenTa; O(f) — BEpOSITHOCTh 0TKAa3a i-T0 3JICMEHTa

Bapuanr 2. HarpyxeHHbII pe3eps.

BeposiTHOCTE 6€30TKa3HOM pPabOTHl CHCTEMEBI C TIO-
CTOSTHHO BKJTIOUCHHBIM PE3epBOM IIPH YCIOBUH, YTO BCE
AIIEMEHTHI UMEIOT OIMHAKOBYIO HAJEKHOCTH [3], Haxo-
auTes 1o popmyie

B(0)=1-(1=P@)" =1-(1-P(1))* =2-P(t) - P* (1),
T7ie m — KOJMYECTBO PEe3ePBHBIX dJeMEHTOB; P(f) — Be-
POSITHOCTBH OE30TKAa3HOM PabOTHI i-TO IEMEHTA.

Paccuntaem oTHOIIEHHE BeposITHOCTEH Oe30TKa3-
HOU paboThI (Ap) IEPBOrO BapuaHTa OTHOCUTEIHHO BTO-
poro: cnenoBarensHo, A <Bb .
B 2P-(P-1)5)
P pP-2

[IpoBeneM cpaBHEHHE MAacChl JBYX CIIOCOOOB pea-
JU3AIIH TOACUCTEMBI I3MEPeHHS HanpspkeHus. OLeHKY
OyleM MpOW3BOIUTH Ha KOHKPETHOM mpumepe. Ha
puc. 4 mpuBeNeH MpUMEp peau3allii MOJCUCTEMBI U3-
MEpPCHUS HAMPSDHKCHUS M0 BapUaHTy 1, COOTBETCTBEHHO
MIPH peaiu3alliy Mo BapHaHTy 2 cucteMa OymeT comep-
kKaTh Ha ofuH AeMeHT M3 menbpme. B o0oux BapuaH-
tax U; — mamepurens, a [II1 — obs3aTenmpHas mas UX
HOpMAIFHOTO (DYHKIIMOHUPOBAHUS MOACHCTEMAa IIHTa-
Husi. OpHEHTHPOBOYHBIC pa3MepHl Ha puc. 4 yKa3aHBI B
MUJUTIMETpPaXx.

Jlns maHHOTO CpaBHEHHUS CHENlaeM CIEAYIONIHe J0-
MyIICHUA: U3MEPUTEIH M TOACHUCTEMa MUTAHUS MMEIOT
OJIMHAKOBYIO V/IEJNBHYIO MAaccCy, Macca MPOMOPIIMOHAb-
Ha IUIOLA1, 3aHUMaeMol Ha MeyaTHOU Iuiare, moJCcuc-

Ap = <1 mpu O0<P<lI.
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Te€Ma MUTAHUS OCTAETCS HEM3MEHHOU. M3 pucyHka Bua-
HO, 4TO IUIONIAflb, 3aHUMaeMasl MOJCUCTEMON MHUTaHNU,
COCTaBJIAET OKOJI0 35% OT mIomaan, 3aHMMaeMON H3-
MmeputesieM. Takum oOpasom, macca BapuaHta 1 Oymer
paBHa

M =3My+0,35M.

Macca BapuanTa 2 OyJeT paBHa:

M2 :2M0 +0,35M0 ,

rne M, — macca uaMepurens.

S
u3 S

=
2 S

=
281 =
m [

Puc. 4. KoMnnoHoBKa OJCUCTEMbI U3MEPEHHUS 110 BapHaHTY 1

OnpenenuM BBIMTPBII 110 Macce [PU BTOPOM CIIO-
cobe peanm3anuu, AJsl YEro PaccyMTaeM OTHOIICHUE
macc (Ays) BapuaHTa 2 OTHOCHTEILHO BapuaHTa 1:

A M, 2,35M
y ===
My 3,35M
Takum 006pazom, BEIMTpsIII B Macce cocTasisieT 30%.
BeiBoa. Peanusanus noxcucremMsl U3MEpPEHMsI Ha
ocHoBe cBoiicTB JINAD B cpaBHEHHH ¢ MaKOPUTaPHBIM
crocoboM OyaeT HMETh CIEeAyIoIlue NPEeHMYIIecTBa:
COZIEPXKHUT MEHbIIIEE KOJIMYECTBO IJIEMEHTOB, 00Nazaer
OoJbIIeH HAJEKHOCTHIO U 00ECIEeYNBACT BBHIMIPBIMI I10
Mmacce 30%.

=0,7.
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V]IK 621.314

A.B. Ocunos, U.C. LlemonuH, A.A. JlonaTtuH, P.A. JlaTbinoB

AByHanpaBneHHbIN BOJNIbTOA00aBOYHbIN Npeobpa3oBaTesb

C MAIrKMM nepekKknrvieHnem AnsA CUCTEM IJNeKTPpoONUTaHuUA

PaccMmoTpeH IByHanpaBlICHHBIA BOJBTOJO0ABOYHBIN IMPEOOpa3oBaTeNbh C AKTUBHBIM BBIIPSMHTEIIEM UL 3apsaa-
paspsifia akKyMyJIATOpa CHCTEM SJICKTPOMHTAHKS KOCMHYCCKUX amaparoB. PaccMOTpPEeHbI KOMMYTAIMOHHBIC MPOIIEC-
CBI, TI0Ka3aHO, YTO B BOJBTOZ00ABOYHOM IpeoOpa3zoBaTese 3a CYET ABYHOJISIPHOTO TOKA CIIIQXKHBAIOIIETO JIPOCCEIS
(dbopMupyeTcss MHTepBaj peKyrepaluy, o0ecreyrBaloiii NpeIBapUTEIbHBIA pa3psi MapasuTHBIX eMKOCTeH TpaH3u-
CTOpPOB HHBEPTOpA U UX BKIIIOYEHHE MIPU HyJIE HAMPSHKEHHS, T.€. B pexknMe ZVS. YCTaHOBJICHO, YTO U3-32 YMEHBILICHUS
aMIUTUTYIBI MyJIBCALMI TOKA IPOCCEIsl MATKask KOMMYTAIHsi 00eCIIeIrBACTCS B y3KOM JHANa30He PEryIHPOBAHUS, ITO
HE SIBJSIETCS YIOBICTBOPUTEIbHBIM. [0Ka3aHO, YTO TUAMa30H MATKOW KOMMYTAIIMH MOXET OBITh CYIIECTBEHHO PACIIIH-
PeH 3a CYeT MOJCTPOMKH 4YacTOTHI MPeoOpa30BaHUs IO YCIOBUIO IOSIBICHUS HHTEpBAa peKynepanuu. [IpoBemeHb
pacueThl, ONpeeNICHO, YTO P SAMHUIHOM K03 durreHTe TpaHchopManuy i pyu OTCYTCTBHUHU 3aBBILICHHS WHITYKIHN
TpaHchopMaTopa mpeaebHbli nuamna3on ZVS Moxert mocturath 80% OT MakCHMallbHOTO. PaccMOTpeH pexuM 3apsiia
AKKyMYJIATOPA, TIOKa3aHO, YTO OOJIBIIOE 3HAYCHUE OTPHUIIATEIFHOTO TOKA IPOCCEIIS MPUBOJUT K KOMMYTAIIHOHHBIM BbI-
OpocaM HampspKEHHS MPU BBIKIIOYEHUH TPAH3UCTOPOB BBIIPSIMUTEINS, YCTPAHUTh KOTOPbIE MOXHO BKIIIOUCHHEM JI0-
MOJHUTENBHBIX CHaOOCPHBIX KOHAeHcaTopoB. [IpoBeaeHa sKcHeprMeHTa bHAs HMPOBEpKa IMOTYyYCHHBIX PE3yJbTaToB,
CJICNIaHbI BBIBOBL, 0OCYKICHBI TOJTyYCHHBIC PE3yIbTATHL

KiioueBble cj10Ba: crcTeMa IEKTPONUTAHKSA, BOIBTOJ00aBOUHBII MpeoOpa3oBaTeb, MATKAsT KOMMYTaIl¥sL.

doi: 10.21293/1818-0442-2018-21-2-108-117

CoBpemennbie cucteMbl anekrponutanus (COIT)
HETIPEMEHHO COAEpKaT aKKyMyJISATOpDHYIO Oarapero
(AB), obecrieunBarONIy0 MUTAHUE HArpy3KH IOCTOSH-
HbIM HalPsKECHUEM IPU OTCYTCTBHUU DHEPIrU OCHOBHO-
ro ucrounuka. B COIl kocMuuecKkux ammaparoB CHIIO-
BO# mpeobpa3oBatelb, mpeodpasyronuii suepruo Ab,
Kak IIpaBWIO, BBINIOJHSAETCS HAa OCHOBE CXEMBI HEIo-
CpPE/ICTBEHHOT'O IOBBIMIAONIETO Tpeodpa3oBaTesst ¢ J0-
TIOJTHUTENBHBIM KacKaJloM OTPaHUYEHHUSI BHIXOIHOTO TO-
Ka. YBEIMYEHHE MOIIHOCTH CHUCTEM JIICKTPOIHUTAHHSA
MOBBIIIAET TPEOOBAHUS K 3HEPreTHYECKHM XapaKTepH-
CTHKaM TpeoOpas3oBaTensi, BKHEHIIEH U3 KOTOPBIX SIB-
nsercs KIIJ. B 3Toit cBsi3u BosbTO100aBOYHBIE TTPE00-
pasoBarenu Oornee A(PQPEKTUBHBL, TaK KaK BBICOKOYAC-
TOTHOMY HPeoOpa30BaHUIO MOABEPraeTCs JIMIIL YacTh
IOTOKA OHEPI'ur BXOJAHOI'0 UCTOYHHKA.

AHanu3 Takux mpeoOpasoBareneil Hanbosee MoJIHO
npoBezieH B padorax [1-4]. OngHako KecTkoe MepeKito-
YeHHE TPaH3UCTOPOB, COMPOBOXKAAEMOE OOJIBIINMH JIU-
HAaMUYECKUMH TOTepsMH, TpeOyeT (popMHpOBaHHS pe-
JKIMOB Pa0OTHI, 00€CIeYNBAIOIINX BKJIIOUCHUE TPAH3HU-
CTOPOB TIpH HyJEe HampspkeHus (pexxum ZVS). Msrkoe
MEPEKIIIOUYCHNE MOXKET OBITh JJOCTHIHYTO IPUMEHEHUEM
JeMIUPYOMUX [enel, Kak akKTHUBHBIX, TaK M MacCHB-
HBIX [5]. OmHaKo mepemada SHEPTUH KOMMYTAIlUHN TPaH-
3UCTOPOB B HArpy3Ky JIMIIb BBI3BIBACT JOIOIHUTEIIBHbIC
norepu. [IpyruM BapuaHTOM sIBIII€TCS IPUMEHEHUE pe-
30HAHCHBIX IIpeoOpa3oBareliei, TOK KOTOPhIX H3MEHsET-
Csl IO CUHYCOUJAIbHOMY 3aKOHY [6—7], 4TO co3JaeT yc-
JIOBUSL JUISL MATKOTO BKJIroYeHHs. OIHaKo HalIudue Jo-
MOJIHUTENBHBIX PEaKTHBHBIX 3JIEMEHTOB, 00pa3yIOMINX
PE30HAHCHBIM KOHTYp, YBEJIMUYMBAET Maccy npeodpaso-
BaTesl.

YuuTeIBasA, 9TO peanu3anisi MIATKOH KOMMYyTaluH,
Kak TPaBHJIO, CBS3aHA C 00ECIIEUCHHEM OTPHLATEIEHOTO
TOKa TPAH3MUCTOpa IIPU €T0 BKIIIOUCHUH, aBTOPBI CTpe-
MSATCA CO3AaTh 3TH YCIIOBHS C MHHUMAaJbHBIMHU 3aTpa-

TaM{, MAaKCHMaJbHO HCIONB3YS AJIEKTPOMAarHUTHBIC
3JIEMEHTHI, YK€ MPHUCYTCTBYIOIINE B cxeMe mpeobpaso-
BaTens. BO3MOXXHO HCIIONB30BaHKWE PHEPTUU HAMarHU-
YMBaHMS CWJIOBOTO TpaHcdopmaropa JJisi BKIIOUYCHHS
IpY HYJIEBOM HampshKeHUH [8§], mpUMeHeHHe KOMMYTH-
pYIOIIEro Jpocceist B JIByXTaKTHOM MOBBINIAIOIIEM
npeobpaszoBarene [9], a Takxke (HOPMHPOBAHHE HHTEP-
BAJIOB pEKylepalud TOKa CaMOro CIIIaKUBAIOLIETO
npoccens [10], B mocieqHeM ciaydae HeoOXOIUM aKTHB-
HBIA BBIIpSIMHATENG. [locneqauii criocod mpeacTaBiseT-
cs1 HanOostee 3(h(EKTUBHBIM, TaK Kak BOOOIIe HE Tpely-
€T JOTIONHUTEIBHBIX SJIEMEHTOB, XOTsI OoIbImas mepe-
MEHHasi COCTABIISIOMIAasi TOKA M BBI3BIBACT JOIOIHHU-
TEJbHBIC TIOTEPH.

Taxum 06pa3oM, IETBI0 HACTOSIIEH PaOOTHI SBIIS-
€TCsl UCCIICJIOBAHNE XapaKTEPUCTHK BOJIBTOI00aBOYHOTO
npeoOpa3oBaressi ¢ aKTHBHBIM BBIIPSIMHUTEIIEM B PEXKH-
Me JABYIIOJSIPHOTO TOKA CIVIaXKMBAIOILETO POCCENS U Oll-
pelneneHre YCIOBUI MATKOTO BKIFOYCHUSI TPAH3UCTOPOB.

BoabTono0aBouHbIii mpeoOpa3zoBaTteiib
B peKuMe JBYNOJISIPHOTO TOKA CIJIa)KMBAIOLIEro
apocceJist

PaccmarpuBaeMselii mmpeoOpa3zoBaTelb COCTOUT W3
WHBEPTOpa M aKTHUBHOTO BBINPSMHUTENS, COCTUHEHHBIX
10 BOJIBTOA00ABOYHON TOIIOJIIOTHH M O0Pa3yIOIINUX BBI-
COKOYACTOTHOE 3BEHO, IMpeodpa3yromiee JacTh MOTOKa
SHEPIrud, HEOOXOTUMYIO T HOPMHUPOBAHUS TPEOyeMO-
ro BeIxoaHoro Hampspkenus [11, 12] (puc. 1). Ilpu Ta-
KOM TIOCTPOEHMH MpeoOpa3oBaTessi BHIXOAHOE HaIpsi-
JKCHHE SBJSICTCS CYMMOW BXOJHOTO HAIPSDKEHUS U J[0-
0aBJICHHOTO PETYJIHPYEMOT0 HANpsDKCHUS BBICOKOYAC-
TOTHOTO 3BeHA. [l peam3anuu pexuMa OrpaHudICHUS
BBIXOJIHOTO TOKa IIPH TEperpy3kax WIA KOPOTKOM 3a-
MBIKAaHHH B CTPYKTYpPY IIpeoOpa3oBateisi BBOAUTCS
JOTIOJTHUTENBHBINA KacKajl, HE MMOKa3aHHbIN Ha puc. 1.

PerynupoBanue HampspkeHHS mpeoOpas3oBaTens
OCHOBAHO Ha (pa30BOM CJBHT€ YIPABIAIOMINX FMITYIIb-
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COB TPAH3UCTOPOB PErYJIUPYEMOM CTOHMKH HHBEPTOpA
VT3, VT4 otHOCUTENnBHO Heperyiampyemour V11, V12,
IIPY OTOM YIIPAaBJIEHUE TPAH3UCTOPAMH BBIIPSIMUTEIS
(opMupyeTcsl IOTHYECKUM CIIOKEHHEM YIPABIIIONINX
HMMITYJIbCOB JMaroHaneil uHBeptropa. PopmupoBaHue
TaKOro YTNpaBJIEHHUs] MPUBOIUT K MOSIBICHUIO Ha TaKTe
yIpaBIEHUs ABYX MHTEPBAJOB — MHTEpBaja BOJIBTOIO-
0aBkH, NpU KOTOpoM Ha BXoJ LC-puibTpa mocrynaer
HanpsbkeHue 2Uxp, U UHTEpBalla HENOCPEACTBEHHOIO
coepuHenust (3akopotku) Ab ¢ LC-¢punbTpoMm.

Cast Cas3
— u
V15
Ls2
L
Ussmp PN
‘ .2
VT6 VT8
¥ C LRu
B T [
FdsZ | ‘Cds4
I Ll

Puc. 1. JIByHanpaBieHHbII BOITOA00aBOYHBIH
npeoOpazoBarenb

Peanuzaius BBIIPSAMUTENS Ha aKTHUBHBIX KIIIOYaX
MO3BOJISIET UCKJIIOYUTh PEXUM IPEPBIBUCTOIO TOKa U
JIMHEApH30BaTh PETYIMPOBOYHYIO XapaKTEPUCTHUKY BO
BCEM JIMaNa30HE U3MEHEHUs Harpy3KU

¥
U :UAB' 1+K—

BbIX
P

Ilpu cTabwin3anuyu BBIXOJHOTO HAMPSDKECHHS U
Kp=1, uT0 mpuMeHnMO i OonbuMHCTBAa Ab, MOXHO
CBs3aTh HaHpH)KeHI/Ie AB C JJIUTCIBHOCTHIO I/lMl'[yJ'H)COB
BbBIXOJHOT'O HaHpH)KeHI/IH I/IHBepTOpa

U, 1

oU,, =—2%=——.
» U 1+y

BBIX

M

Pabota nmpeobpa3zoBarens B peskuUMe OTHOIOJIIPHO-
ro TOKa JPOCCENs U €ro XapaKTePUCTHKU MOAPOOHO
paccmotpensl B [11]. OnHako B pexkuMe ABYMOJSIPHOTO
TOKa Jpocceiss KOMMYTAIMOHHBIE MTPOLIECCHI UMEIOT Psifl
0COOCHHOCTEW, TaK Kak MOSBIISETCS WHTEPBAI OTPHIIA-
TENPHOTO 3HA4YECHUs] ToKa jpoccens. HccnenoBaHsl
KOMMYTaI[MOHHBIE TIPOIecChl B peobpaszoBarene. [lua-
TpaMMBI paOOTHI TIPEICTABICHEI Ha PUC. 2, IS KaXIOTO
WHTEpBaNa, YKa3aHHOTO Ha AWarpamMmax, IPHBEICHBI
KOHTYPBI IIPOTEKaHMSI TOKA, TOKa3aHHBIC Ha PHC. 3.

Ha wunTepBane BombTOm00aBKH (f) — #;) OTKPBITHI
TpaH3ucTopsl uHBepTopa V11, VT4 n TpaH3UCTOPHI BHI-
npsimurens V16, V17, aro obecriedynBaeT BOIbTO100aB-
Ky K BXOJIHOMY HalpsDKEHHIO U POCT TOKa CTiIa)KMBalo-
mero apoccens (cMm. puc. 3, a). B MoMeHT BpeMeHu ¢,
BBIKJIIOYaeTcs: TpaH3uctop V71, 4To MpUBOAUT K OKOH-
YaHUIO MHTEpBaJla BOJbTO/N00aBKH. [TogpobHO HMHTEp-
Bal f| — t, TOKa3aH Ha puc. 2, 6. [locie BBIKIIOYEHUS
tpansucropa V711 tok Tpancdopmaropa Ity MpoaonKa-

€T TMPOTEeKaTh B NMPEXHEM HaNpaBICHUM 3a CUET HaJHU-
Yusl MHOYKTUBHOCTH paccesHus: Tpancdopmartopa Lsl.
IIpoucxonut nepesaps napasuTHbIX EMKOCTEN TpaH3H-
CTOpPOB PETYJIHPYEMOM CTOMKM MHBEPTOpA, MOCIE YETrO
oTnupaercst oOpaTHbli auon Tpanzuctopa V712. Ilpu
HyJIeBOM HampspbkeHuu uHBepTopa Uy,,= 0, Hampsike-
HHUE BBIIPAMUTENS Upypp COXPAHAET MOTEHLHUAN 32 CUET
Ls2. Tloatomy Tok Tpanchopmartopa Iry, NMpomoinkas
NpOTEKaTh B IIPEKHEM HampaBJIeHUH (B Harpysky),
ymesbmaercs. IlosiBieHre pa3HOCTH MeXAy TOKOM
Jpoccenist U TOKOM TpaHcopMaTopa MPUBOAMT K IIPO-
TEKaHMIO Pa3pAIHOTO TOKa depe3 CHaObOepHbIe KOHICH-
catopsl Cds1, Cds4:

lyr7 +caa =11,

Tyry —Icdsa =1ty
T.e. MPOUCXOAUT MepepacrpesiesieHue ToKa IpOCceis
Mmexay TpanzuctopoM V77 n Cds4. DHeprus KoH/eHca-
topoB Cds2, Cds4 v sueprust Ls2 mepenaeTcs B Harpy3-
Ky. [locie monHOrO paspsaa KOHICHCATOPOB OTKPBIBA-
10TCsl 0OpaTHble oAbl TpaHzucropos V75, VT8 u Ha-
NpsDKEHUE BBINPSIMUTENIS CTAaHOBHUTCS PaBHBIM HYJIIO
Usmp= 0. IIponaaer ycnoBue yMeHbIIEHUs TOKa TPaHC-
(opMmaTopa, U OCTaBIIMKCSA TOK TpaHCcopMaTopa Me.-
JICHHO CIaJaeT 3a CYET aKTHBHBIX MOTEPh (CM. puC. 2, a):

Tyr7 +1yrg =1,

Iyry —Iyrg =Iry .
T.€. TOK TpaHchOpMaTOpa HEKOTOPOE BpEMs NMPOAOIIKa-
€T MPOTEeKaTh B MPEXKHEM HaIpaBJICHHHU, CO3/1aBasi pas-
HUIy MEXIYy TOKaMu TpaH3uctopoB V17 u VT8, mocie
4ero TOK JAPOCCEeNs JEIUTCS MOPOBHY MEXAY TPaH3H-
cropamu Iy, = Iyrg = I;/2 (cM. puc. 2, a). IIponecc pas-
psina koHnercatopoB Cdsl, Cds4 noimkeH 3aKOHUUTHCS
Ha WHTEpBajle KOMMYTAallMOHHOM Nay3bl 10 MOMEHTA 1,
TOra BKJIOYEHHE TPAH3UCTOPOB BhpsimMutens V75,
VT8 Oynmer MpOMCXOAWTH NPH HyJE HANpsDKCHHS, T.C.
pu ZVS.

ITocne pa3psima cHaOOEpHBIX KOHIACHCATOPOB IIpe-
o0pa3oBaTeslb MEPEXOIUT B COCTOSHUE 3aKOPOTKH (CM.
puc. 3, ). O6MOTKH TpaHchopMaTOpa 3aKOPAYHUBAKOTCS,
n Ha BXox LC puibTpa nogaercsi BXOJHOE HaNpsDKEHHUE,
3a CYET Yero TOK CIIIaYKHUBAIOIIETo JPOCCENs YMEHbIIIa-
eTcs. B MOMEHT BpeMeHH 3 TOK CIJIa’KMBAIOLIEro JIpoc-
cellsl MEHsIeT HalpaBsJIeHHe U IpeoOpa3oBaTesb Hepexo-
JIIT B COCTOSIHUE PEKyIepalyy sHepruu (cM. puc. 3, 2).
Tpansuctopsl uHBepropa V712, VT4 no-npexHeMmy OT-
KpBITBI, HO TOK [y IO HUM Yy>X€ HE mpoTekaer. B mo-
MEHT BPEMEHH #4 TPOMCXOANT OJHOBPEMEHHOE 3ammpa-
HHUE TpaH3HUCcTOpa MHBEpTOpa V714 u TPaH3UCTOPOB BHI-
npssmutens V716, VT7. Iponece Beikmrouenus V716, V17
nemipupyercs cHabOepHbIMU KoHaeHcaTopamu Cds2,
Cds3. D10 IPUBOAUT K POCTY TOKa TpaHcdopmaropa u
OTIHPAHUIO 3TUM TOKOM OOPaTHOTO AMOJIa TPaH3UCTOpa
VT3 (cm. puc.3, 0), 4TO TapaHTUPYET €ro MSTKOe
BKJIFOUCHHE B MOMEHT /5 (CM. puc. 3, e). BaxxHo, uTo mi1s
MSITKOTO BKJIFOUEHHs VT3 yCllOBHE OTPHUIATEILHOTO TO-
Ka JAPOCCEIIs SIBISIETCS. HEOOXOIUMBIM (TIOJIOKHUTEIIbHBIH
TOK JApOCCENs NPOCTO OTKPOET OOpaTHBIE IUOABI BBHI-
KIIFOYaeMBIX TPAaH3UCTOPOB BhIIpsAMutens). bomee mon-
POOGHO MOMEHT #4 pACCMOTPEH Ha pPHC. 2, 6.
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Brixrouenne tpansucrtopos V716, V17 npuBOAUT K
HEMOCPEICTBEHHOW KOMMYTAI[M JPOCCENsi C TpaHC-
(dbopMaTopoM, HMEIOIIUM HWHIYKTUBHOCTb pAaCCesHHS
Ls2. Pa3numa TOKOB Jpoccens U Tpancdopmartopa (Ha
MOMEHT KoMMmyTaiuu Iry=0) aeraer HEOOXOIUMBIM
BKJIIOYEHUE NapaJlJIeIbHO TPAH3UCTOPaM BBIIPSIMUTENSL
CHAOOCPHBIX KOHJICHCATOPOB, OOECICUYMBAIOIINX IPO-
TEKaHHWE TOKa APOCCETs] B MOMEHT KOMMYyTanuu. Tok

ITV ,/\\\[L

Tpansucropa V77 TONHOCTHIO NMEPEXBaThIBACTCS KOH-
neacatopoM Cds3, obecrieunBasi yMEHBIICHHE IMTOTEPh
OpH  BHIKIIOYEHUM, HANpsKEHHE BBITPAMUTENS Upypp
HaunHaeT pacTH. COOTBETCTBEHHO PacTeT W HaIpshKe-
HHe UHBEPTOPA Uy, MIPOMCXOMUT MEpe3aps]] MapasuT-
HBbIX €MKOCTEH HEperyjJupyeMoil CTOMKU HHBEPTOpA
VT3, VT4 (Ha nuarpaMmax puc. 2, ¢ TOK mepes3apsia He-
3Ha4UTENCH, Mo3ToMy I7y= 0).

7>
N
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~o -~ ~
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6 — MOMEHT BKJIFOUCHUS TPaH3UCTOPOB BBITPAMUTEIISA

6 — MOMCHT BBIKIIFOYCHUS TPAH3UCTOPOB BBIIIPSIMUTEIISL

Puc. 2. luarpammbl paboThl BOJIBTO00aBOYHOTO MPeoOpa3oBaTeis B peKUME IBYIOISIPHOTO TOKA CIIIAKHBAOIIETO JPOCCEIst

Joknaoert TYCYPa, 2018, mom 21, Ne 2



A.B. Ocunos, U.C. lllemonun, A.A. Jlonamun, P.A. Jlamvinos. Jlgynanpasnennuiii 6016mo006asounslil npeodbpazoeamens 111

Cas Cds3 Cds1 Cds3
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6 — 3aKOpoTKa (1, — 13)

e — peKyImepalus ¢ TOKOBOU T00aBKoH (#s5 — t5)

Puc. 3. KoHTYpBI IpoTeKaHUs TOKA B BOJIBTO00aBOYHOM IpeoOpa3oBaTesne
B PEXUME JBYNOJISIPHOIO TOKA CIIIaKHBAOILETO JPOCCEIs

Ilocne npocTwKeHWs HanpsHDKEHHEM  HHBEPTOpa
BXOJTHOTO HampspkeHUs Uy, = Uap OTKpBIBaETCS 00part-
HBIA WO TpaH3ucTOopa V13 W HauyMHAETCS POCT TOKa
pekynepanuu depe3 TpaHcopmarop. YUuThIBas HalH-
YHue WHOYKTHBHOCTH paccesiHus TpaHchopmaTopa, pocT
€ro TOKa BBI3bIBACT MEpPEHANPSHKEHHE Ha TPaH3HCTOPaX
BBITIPAMUTECIIA, OIPEACTIACMOC BEJIMUMHOM EMKOCTHU
kouaeHcaropoB Cds2, Cds3. [lanee nHUIMAUpPYETCS 3a-
TyXaroumii KojebaTenbHbIN Iporece Mexay Ls2 1 KOH-
nencaropamu Cds2, Cds3, KOTOPBI MPOUCXOANUT TPHU
OTKPBITOM O00OpaTHOM JIOAE TpaH3ucTopa V713 u He Me-
IIaeT €ro MATKOMY BKJIFOYEHHIO.

Haumnnas ¢ MOMeHTa BpeMEHH {4, IpeoOpa3oBaTelb
HaXOJHUTCSl B PESKUME PEKyIlepannuy ¢ TOKOBOH 100aB-
KOH, (Tak Kak Ixg=[;+I7y), BHIIPSIMHUTENh Ha 3TOM WH-
TepBaje paboTaeT Kak HHBEPTOP TOKAa. DTO MPHUBOIHT K
YBEJIMYCHUIO HaNpspkeHus Ha Bxope LC ¢uibTpa, 1mox

JEUCTBHEM KOTOPOTO OTPULATEIBHBI TOK JApOCCENs
Ha4yMHAeT CIajaTh, BKIOYeHHE VT3 B MOMEHT #5 HE Me-
HsET KOHTYPOB IIPOTEKaHUs TOKa. B MOMEHT BpeMeHH #
TOK JIPOCCEINIsl MEHSET HallpaBJICHUE HA MOJIOKUTEIBHOE
U TpeoOpazoBaTesb MEPEXOJUT B PEKUM BOIBTOI00aB-
KU, Jajiee IPOLeCChl HOBTOPSIIOTCSL.

Takum 00pa3oM, KOMMYTalMOHHBIE IIPOLECCHl B
MHBEPTOPE U BBIIPSAMUTEINIE Pa3IM4Hbl, TAK KaK NEPBBIN
SBJISIETCSI TIpeoOpa3oBaTeeM HalpsDKeHUs, a BTOPOH —
npeoOpa3oBaTeseM TOKa, 4YTO TpeOyeT BKIIOYEHHS
cHaOOepHBIX KOHJEHcaTopoB. VHTepBan oTpuuaress-
HOTO TOKa JpOcceis IT03BOJSIET 00ECHEeYnTh MATKOS
BKJIIOYCHHE TPAH3UCTOPOB HEPETYIUPYyEMOil CTOHKH
uaBepTopa V13, VT4. B pe3ynbprare BKIIOUEHHE BCEX
TPaH3HCTOPOB MpeoOpa3oBaTess IMPOUCXOAUT B HyJIe
HAaIpsDKEHUS HPU OTKPHITOM OOpaTHOM IHOAE, T.C. B
pexxume ZVS.

Hoxnaoer TYCYPa, 2018, mom 21, Ne 2



112

OJIEKTPOTEXHHUKA

BoabTono0aBouHblii npeodpa3zoBartesb NpU
W3MeHEeHUH HATPY3KH H B PeKnMe 3apsaa
aKKyMyJIsiTOpa

YMeHblLIeHHe Harpy3ku IpeoOpa3oBaTens MPHUBO-
JIUT K YMEHBIICHUIO MOCTOSHHOW COCTaBIISIOIIEH TOKa
JIpoccelisi U KaK CIIeJICTBUE YBEINYCHHIO HHTepBaJa pe-
Kynepauu. B mpeaenbHOM cilyyae Ha XOJIOCTOM XOIy
MIOCTOSTHHASI COCTABIISIOIIASI TOKAa JPOCCeNsl paBHA Hy-
JII0, @ MHTEPBAJIBI IPSIMOH Tepeaadn SHEPTHH fy; U pe-
KYNEPaluH SHEPIUH fpex PABHBI fnn=lper, TAKAKE, KAK U
paBHBI HMHTEpBajbl BOJIBTOAO0ABKH f,; M TOKOBOW JO-
0aBKH fyy, T.C. ty; =t (puc. 4). COOTBETCTBEHHO aKTHB-
Has COCTABIIAIOIIAs MOIHOCTH OTCYTCTBYET.
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; 1TV PN
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Puc. 4. Jlnarpammbl paboThI BOJIBTO100aBOYHOTO
npeoOpazoBatesis Ha X0JI0cToM xoay npH y = 0,5

[Tpn u30BITKE 3HEPTHU CONHEYHOI Oarapen muTa-
HHE Harpy3kd OCYILIECTBISIETCS NpeoOpa3oBaresieM
COJIHEYHOW HEPrHH, MOSBICHUE HANPSHKECHUS BHEIIHE-
IO HCTOYHMKA Ha BBIXOJIC JBYHAIPABICHHOIO Ipeodpa-
30BaTeNsl CO34AeT YCIOBUS AN €ro Mepexoaa B PexXuM
3apsga Ab, muarpamMMer paboThl TIOKa3aHBI Ha pHC. S.
VYupasnenne npeoOpa3oBareneM B pexXuMe 3apsaa HU-
YeM HE OTJIMYAeTCsl OT pexHuMa paspsijia, U3MEHSIOTCS
TOJBKO JUIMTENIBHOCTH MHTEpPBANOB. B pexume 3apsana
HMHTEPBAJl PEKYIIEPALUU IIPEBBIIACT UHTEPBA IIPSIMOU
HEPeNlaut fpex > fny, YTO U ONPEAENSAET OTPULIATENLHOE
HarpasJeHue repeaadn >Hepriud. COOTBETCTBEHHO HH-
TEpBaJl TOKOBOH JTOOABKH f,,; TaKXKE MPEBBIIIACT UHTEP-
BaJl BOJBTONO0ABKH f;;, TAK KaK JUIUTEILHOCTH MHTEP-
BAJIOB CBSI3aHBI COOTHOLICHHEM

Ha unTepBane TokoBo# m00aBKH f;; TOK Ab sBSI-
eTcs CyMMOH TOKa JIpoccelisi M TOKa BBIIPSIMUTENS, a Ha
UHTEpBAJle 3aKOPAuYMBAHUA (fpex— tra) TOK AD paBeH To-
Ky JIpoccesi, H03TOMY IIpu K, =1 3apsaHbII TOK MOKHO
BBIPa3UTh COOTHOLLIEHUEM

1 :IL(1+y).

MoHO cka3aTh, 4YTO B pexxuMme 3apsiga Ab BbI-
IPSMUTENb BOJBTO00aBOYHOTO NpeoOpa3oBaTelisi BbI-
NoJHseT (PyHKUMIO WHBEPTOpPAa TOKA, a WHBEPTOp —
¢yukmio Bempsmurens [11]. IIpu sTom nHBEpTOp TOKA

OCYIIECTBIISICT BEICOKOYACTOTHOE MPe0oOpa3oBaHue TOKA
Jpoccensi, KOTOPbIi CyMMHUpPYETCsl B OOLIeM Y3Je co
CBOUM HCXOJIHBIM 3HAYEHHUEM, T.€. OCYILECTBIISETCS TO-
KoBas 100aBKa.

KomMyTannoHHBIE TIpOLIECCH B pEXUME 3apsinia
ADb aHayornyuHbI IpoIeccaM B pexXHMeE paspsiaa, OIHAKO
3Ha4YEHHE OTPULATENILHOTO TOKa BBIXOIHOTO APOCCEIS B
ATOM ClIydae CYIIECTBEHHO OOJbIIe (COOTBETCTBCHHO
OoNpIlle JHEPTHs, HaKaIUIMBaeMash B WHAYKTUBHOCTH
paccesiHus), YTO BBI3BIBACT OOJICE PHEPTOSMKHI KOJe-
OaTtenpHBIH Tporiecc (puc. 5).
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Puc. 5. [lnarpammsl paboThl IpeoOpa3oBaTess B pesKuMe
sapsana Ab npuy =0,5; Ls=100 uI'n; Cy=2nD

OnpenejieHAe THANA30HA MATKOI0
nepeKJIloYeHUs! B BOJIbTOA00aBOYHOM
npeodpasosareJie

VYcnoBueM MSATKOTO BKIIIOYEHHS TPaH3HCTOPOB
npeoOpa3oBaTels SABIAETCd HaIUYME IyJIbCallMi TOKa
Jpoccensi, IPEBBIIAINX TOK Harpy3ku. OnHako am-
IUIMTyZla MyJbCalluii TOKa OPOCCENs 3aBUCHT OT JUIU-
TEJBHOCTU HMITYyJIbCOB HANpsKEHUS HHBEPTOpPA Y, YTO
HE TI03BOJISIET MOIYYHTh MSTKOE€ BKIIOUEHHE TpPaH3U-
CTOpoB BO BCeM auanaszone. Ilpu K,,=1 amnuuryna
ITyJIbCALUI TOKA APOCCEIIS ONPENEIIAETCS BEIPAXKEHUEM

_ Uy 7(1-7)
P2 14y
re f — 9acToTa IMyJbCalliii TOKa JPOCCENs, paBHAas y/I-

BOEHHOW yacToTe paboThl HHBEpTOpA. [10 OTHOMIEHUIO K
TOKY Harpy3Kd

; 2

oA 1 m(1-y)
L~ , — T
I, o 1l+v
rne o= u)L/R — K03} (HUIIEHT, ONpeAesAomnil OTHO-

IIEHNE PEAaKTHBHOTO CONPOTHBICHHUS Apoccens K Co-
MIPOTHUBIICHHIO HArpy3KH. Y CIIOBHE MIATKOH KOMMYTAILIUH
MOJKHO 3aIlUCaTh KaK
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3aBUCHMOCTH OTHOCHUTEIBHOW aMIUTHTYIBI ITyJb-
calid TOKa APOCCeNs OT UIUTENFHOCTH UMITYJIbCOB Ha-
NPsDKEHUS Y TIPH Pa3HBIX G MOKa3aHbl Ha puc. 6. BuaHo,
YTO MATKOE BKJIIOUCHHE MOXHO 00ECIIeUUTh JIUIIb B Y3-
KOM JMaIla30He PeryIupoBaHMs, 3aBUCAILEM OT G. 3Ha-
yeHue koddpduiuenta o, = 0,54 onpexaenseT norpaHuy-
HBIIl PEeXUM, KOrIa MATKash KOMMYTAllis BO3MOXHA B
o1HoI1 Touke (cM. puc. 6). Pacmmpenust quanasona ZVS
MOJXKHO JOCTHYb YMEHBIICHHEM KO3(pduiueHTa ¢ (T.e.
YMCHBIICHHEM HHAYKTUBHOCTH JPOCCENsl), YTO HEu3-
0EXHO NPHUBOIUT K CYIIECTBEHHOMY YBEIHMUYECHHUIO OT-
PHLATEIBHOTO TOKA M JOIOJHHUTEIGHBIM CTaTHYCCKHM
TIOTEPSIM.
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L[J'II/ITeJIbHOCTL UMITYJIbCOB HANIPSKECHUA, Y

Puc. 6. OTHOCUTE IbHAS BEIMYMHA ITyJIbCalUil
HPH Pa3IMYHbIX KO3 HUIMEHTaX HHAYKTUBHOCTH

Takum o00pa3oM, UIT pacIIMpeHUs auarazoHa
MSITKOTO BKJIFOUEHHUS! M UCKITIOYEHUs OOJIBLIMX OTpHILIA-
TEJIBHBIX TOKOB HY)KHO aJalTUBHO MEHATH G B 3aBHCHU-
MOCTH OT Y, YTO MOXET OBbITh peai30BaHoO, HAIIpUMep,
IyTeM MOJCTPOMKH paboueil yactorsl. YacToTHas mon-
CTpO¥Ka MO YCJIOBUIO OOCCIICUYCHUS] MSTKOH KOMMYyTa-
LM, T.€. PABEHCTBA aAMIUIUTY/] IEPEMEHHOI U IOCTOSH-
HOHN COCTaBJISIFOIIMX TOKA JPOCCEINS, MOXKET OBbITH MOy-
YyeHa o ycioBu Al L* =1, U3 KOTOPOrO0 MOYKHO MOJIY-

YUTH 3HAUYCHUC HOﬂCTpaPIBaeMOfI YqaCTOTHI.
1 m(l-y)
G, I+y

* (O] _

@ ZVs
max

I'padugeckn 3aBHCHMOCTH IIOKa3aHa Ha puC. 7,
BHUJIHO, YTO BEJIMYMHA YAaCTOTHOM MOCTPOMKH CYIIECT-
BCHHA M ONpPEAENACTCS TPeOyeMbIM AMANa3oHOM pery-
JIUpoBaHMs HampsbkeHus. Ha kpasx nuanaszona perynu-
POBaHUS 4aCTOTa CTPEMUTCS K HYJIIO, I03TOMY B JII0O0OM
cllydae Avana3oH ZVS MeHblle MOJIHOTO Juana3oHa pe-
TYJIUPOBAHUS.

Crnenyer OTMETUTb, YTO IMPHU YMEHBIIEHUU YacTO-
THI YBEJIMUMBAETCS aMIUTUTY/la HHIYKIUHU TpaHchopma-
TOpa, YTO Ha MEPBBIA B3I MOXET BBI3BATh POCT €ro
rabapuroB. OpmHako aMruATyga pabodueill HHIYKIIUH
TpaHc(opMaTopa ONpEeIsieTCs] HE TOJIBKO YacTOTOH,

HO W JUINTENFHOCTHIO UMITYJILCOB HAIPSDKEHUS Y, KOTO-
pas SBIJISIETCS IEPEMEHHON BETUYMHOM:
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OtHocutenbHoe Hanpsbkenue AB, cUxg

Puc. 7. PesxuM 4acTOTHOH MOJACTPOUKY ¢ OrpaHUYCHUEM UH-
IyKIUU TpaHchopMaTopa

ITo oTHOWIEHNIO K MAaKCHMaJIbHOMY 3HAYEHUIO WH-
JIYKIMY TIpU ¥ = | HHAYKIUIO TpaHchopmaropa Ha HUK-
CHUPOBAaHHOM YaCTOTE MOKHO MPEACTABUTH BHIPAKEHUEM

. 2
B2
1+y
a IIpU YaCTOTHOW MOJCTPOUKE
2y 1

- I+y OJZVS* (Y) '

JlaHHOE COOTHOIIEHHE MO3BOJSET MOIYYUTH Ipe-
JIeJIbHBIE 3aBUCUMOCTH YaCTOTHOW NOJCTPOUKHU Oy, IPU
YCIIOBHH OTCYTCTBHS 3aBBIICHHS HHAyKImKM B = 1, or-
PaHUYMBAIOIINE HUKHUM TOPOT MOACTPOUKH YaCTOTHI:

0, =2(1-cU).

Hcnone3ys 3Ty OrpaHUYHTENBHYIO 3aBHCHMOCTh
COBMECTHO C (DYHKIMEH 4acTOTHOH MOJCTPOMKH ®zys,
MOJKHO OIpPENENUTh AUANa3oH MITKOTO MEpEeKIYEHus,
JOCTIXMMBIA 03 3aBBINICHWS WHIYKIUH TpaHcdop-
Maropa.

MOXHO yBHIETh, YTO IHAIA30H PETYINPOBAHUSA
peoOpa3oBaTesl COCTOUT M3 yYacTKOB MATKOTO U JKe-
CTKOTO BKJIFOYEHHS TPAaH3UCTOPOB, C YaCTOTOM compsi-
KEHUs (OC , OTPAHUYHMBAIONICH HIDKHIOK TPAHUIY IHa-
Ma3oHa MATKOTO IepeKioueHus. BepxHss rpaHuia
Juana3oHa ZVS orpaHudeHa JOIyCTUMBIM JHANa30HOM
4aCTOTHOW MOJCTPONKU.

B pexume 3apsga Ab ammuuTyza mynbcanuit
Al (y) Taxke ompenensieTcsi BhIpakeHHEM (2), OIHAKO
IpH ONpEeAEICHUN Auana3oHa ZVS COOTHOCUTCS K TOKY
3apsima AB, KOTOpBIN CyIIECTBEHHO MEHBIIE TOKa pas-
psima, modToMy B pexkume 3apsga Ab nmamazon ZVS
Oyzner mmpe, T.e. pexuM paspsga Ab ¢ mozummit obec-
nedeHust ZVS SBIISeTCs HauXy M.

Pe3yabTaThl 9KCNEPUMEHTA IBYHANIPABJIEHHOTO
BOJIbTO1002aBOYHOI0 NpeodpasoBaTens

g sKcnepUMEHTaIbHON NPOBEPKH IMOJTyUYEHHBIX
Pe3yNbTaToB OBLI CIPOEKTHPOBAH MAKET HUCCIIEIYEMOTO
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BOJIETOJJOOABOYHOTO MPEOOPa30BATENS, COCTOSIIETO W3
MOCTOBBIX ~ IIpeoOpaszoBaTeneil Ha  TpaH3UCTOPAX
IRFP4868, tpanchopmaropa ¢ ko3hduineHTOM TpaHc-
¢dopmarmu Ky, = 1, BEINOJHEHHOTO HA MarHUTONPOBOIE
ELP 38/8/25 (dpepput N87). 3mepenus: nokaszaiu Haju-
yue y TpaHcopmaTopa HMHIYKTHBHOCTH pacCEesHUS
Ls =83 ul'n. [Ipoccens MHAYKTUBHOCTBIO L = 8 MKI'H Ha
marauronpoBoge E32/6/20 ¢ 3azopom g = 0,5 MM
(deppur N87) 1 BHIXOJHONH KOHICHCATOP, COCTOSIIUI
n3 5 xonpeHcaropoB K73-11-160B-5,6 Mx®, obmeit
emkocteio C = 28 Mx®. PaboTa npeobpazoBarens mpe/i-
CTaBJICHa OCHWUIOTpAMMaMH TOKa JpOCCENs, TOKa
TpaHcopMmaropa, HaNpsDKEHUS BBIIPSMHUTENS  TPU
HanpspbkeHun akkymyisaropa Uxp=55 B Ha Harpyske
R,=12 Om u Ha xomocToM xoay (puc. 8).

*

: Um;mp

2+

ZVS

6 — XOJIOCTOMN XOJ
Puc. 8. Ocummorpammsl TokoB apoccens (20 A/nen) u
TpancopmaTopa (16 A/nen) u HanpsHKEHUS BBIPSIMUATEIS
(50 B/nen) BonbTo100aBOYHOTO PEOOPA30BATEIIS B PEIKUME
paspsna Ab Ha dactote 40 kI'1 (5 Mxc/nen)

OcmuiorpaMMBbI ITOKa3bIBAIOT HATUYHE HHTEpBaIa
peKynepauuu TOKa TpaHCOpMaropa, CBUAETEIIbCT-
BYIOIIEr0 00 OTPHUIATEIbHOM TOKE BKIIFOUCHUS TPaH3H-
CTOpOB OTCTaloOIleil CTOWKM HHBEpTOpa, T.e. 00 HX
BKJIIOYEHUH B pexxume ZVS.

B pexume 3apsana Ab ocuusuiorpaMMmel OKa3aHbl
Ha puc. 9 npu Uuss= 50 B. be3 momomHUTENRHBIX CHAO-
OCepHBIX KOHACHCATOPOB HAIPSDKEHUE BBIIPSIMHUTEIS
UMEeT CYIIECTBEHHbIE KOMMYTAIIMOHHBIE BBIOPOCHI B
MOMEHT BBIKIIOYEHHS] TPAaH3UCTOPOB (CM. puc. 9, a), ¢
aMILTMTYJ0H, npeBbiiatonieii Hanpsbkenne Ab. Cober-
BEHHOH eMKocTH TpaH3ucTopoB IRFP4868 sBHO Hemoc-
TATOYHO JUIs UX AeMidupoBanus. [Ipu BkIroueHnu no-
MOJTHUTEJIBHBIX KOH/ICHCATOPOB MapajuiesIbHO TPaH3H-
cropam BeIpsmutens Cds = 4,7 HO KOMMyTallMOHHEIC
BBIOPOCHI 3HAYUTENBHO yMEHbIIAIOTCS (CM. puc. 9, 0).
IIpn >TOM KOMMYTalMOHHBIE BBIOPOCH HANPSHKCHUS
IIpY BKJIFOUYCHUW TPAH3HUCTOPOB BBIIPSIMHUTEINS OTCYT-
CTBYIOT.

UBunD

a — 6e3 cHabOepHBIX KOHJICHCATOPOB

UBblllp

06— Cds=4,7ud
Puc. 9. Ocuuorpammel TokoB apoccedts (20 A/nmen), TpaHc-
¢dopmaropa (16 A/nen), HanpsHKEHUS BBITPIMHUTEIIS
(50 B/nen) BompTO1006aBOYHOTO IPe0OpazoBaTeis
B pexxume 3apana Ab na gacrore 40 xI'1 (5 Mxc/me)

: ; e Urs ¥ ,_,.,,..1

I ; //U:m . "

.

6—Upxs=90B; y=0,12; f=26xl1
Puc. 10. Ocmumiorpammsl TOKOB fpoccenst (15 A/men) n
Tpanchopmaropa (32 A/nen) v HaNPsDKSHUH Ha TPaH3UCTOpax
(50 B/nen) BosbTO100aBOYHOTO TIPeoOpa3oBaTelis
npu crabunmsauuu HanpspkeHus Uy, = 100 B (5 mxc/men)

[IpoBenena skcriepuMEHTaIbHAS TIPOBEPKA PEKIIMA
YaCTOTHOW MOACTPOUKH MPH CTAOMIN3AIUN BBIXOTHOTO
HanpspkeHus Ha ypoBHE Uy, = 100 B, ocrmuiorpaMMel
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mpu pa3HbIX Upp TpenctaBieHbl Ha puc. 10. Yemmde-
HHE HanpspkeHUs Ha AB NmpuUBOAWT K yMEHBIIECHHIO 7,
IPH 3TOM aMIUINTYAA IyJIbCalli TOKa Apoccens cTadu-
JMU3UPYETCS MOACTPOUKON YacTOTHL. 3HAYCHHUE YACTOTHI
f=26xl'u, coorBerctBytonmee Upng=90B (cm.
puc. 10, 6), mpuMepHO COOTBETCTBYET XapaKTEPUCTHUKE
puc. 7, eciam ydecTb HECTAOWIIBHOCTb [UIMTEIBHOCTH
WHTEpBaJa peKynepanu.

B menom skcnepuMeHTaNbHBIE PE3YJIBTATHI TOJ-
TBEPXKJIAIOT C/ICJIAHHBIE B pPaOOTE BHIBOJIBI, B YACTHOCTH,
MTOKA3bIBAIOT MATKOE BKIIFOUEHHE TPAH3UCTOPOB.

3aki0ueHue

[IpeacraBneHHbIN BOIBTOI00aBOUHBIN MpeoOpa3o-
BaTellb ¢ aKTHBHBIM BBIIPSIMUTENEM, Oiarofapsi HHTep-
BaJly OTPHULATEIFHOTO TOKa pOccens 00aagaeT MATKUM
BKJIFOUCHHEM TPAaH3UCTOPOB KaKk WHBEPTOPA, TaK U BbI-
MIPSIMUTEIIS, YTO ITO3BOJISIET YBEIUUUTH 4acTOTYy Mpeoo-
pa3oBaHMsI U JHEPreTHYECKUE XapaKTEpPUCTUKU B Iie-
soM. Ilpu 3TOM pexuMBl KOMMYTallid B MHBEPTOpPE U
BBINPSIMUTENE PA3NUYHBI, TaK KaK MEpBBIH SBIIETCS
mpeoOpa3oBaTesieM HalpsDKeHUs, a BTOPOH — rpeodpa-
30BareneM Toka. CyIeCTBEHHOE BIMSIHAE HA KOMMYTa-
LIMOHHBIE TIPOIECCHl OKAa3bIBACT HHIYKTHBHOCTH pac-
CestHUsI TpaHC(OpPMATOpa, BBI3BIBAIOINAS TIEPETPY3KH
TPaH3UCTOPOB BBIIPAMUTENS IPU HUX BBIKIIOYEHHH,
0COOEHHO SIPKO 9TO BBIpaXXEHO B pexkume 3apsiga Ab
npy OOJIBIIMX 3HAYCHUAX OTPHIIATEIILHOIO TOKA IPOC-
cens (cM. puc. 9, a). Bkimouenue cHaOOCpHBIX KOHJICH-
CaTopoB IMapaJUIENbHO TPAaH3UCTOPAM  BBINPSIMUTEIIS
LIYHTUPYET KOMMYTAllMOHHBI TOK M YMEHBIIAET BbI-
Opocs! HanpspkeHus (cM. puc. 9, 6). Ciexyer 3aMeTHTB,
YTO aHAIOTHYHBIA 3((EKT MMeeT BKIIOUCHHE OJHOTO
KOHJICHCATOpa MapajUIeIbHO BTOPHYHON  OOMOTKE
TpaHchopmaTopa.

Msirkoe BKIIOYEHHE TPAaH3MCTOPOB HMHBEPTOpa B
paccMmarpuBaeMoOM IpeoOpa3oBaTesie JIOCTUraeTcsi MpH
MyJIbCAlMAX TOKA CIAXHMBAIOIIET0 JPOCCENs, NpPEBbI-
MMaroIuX TOK HArpys3kKu, Mo3ToMy 3aBUCUMOCTH aMIIJIN-
TYJbl MyJbCAlMH OT Y Cy)KaeT JHara3oH MSTKOH KOM-
MyTanuu. [IpuMeHeHre 4acTOTHOW MOJCTPOWKH MO yc-
JIOBUIO BO3HHUKHOBEHHSI OTPHLATEIBHOTO TOKA BKIIIOYE-
HUSI TPAH3UCTOPOB TO3BOJIIET CYIIECTBEHHO PACIINPUTH
JIMara3oH MSATKOTO BKIIIOUEHHs 0e3 3aBBIICHUS MHIYK-
i B TpaHcdopmarope. [Ipu 3ToM BepxHsAA rpaHHIa
nuamazoHa ZVS orpaHrYeHa JOITyCTUMBIM AHANa30HOM
YaCTOTHOM MOACTPOMKH, KOTOpasi MOKET U3MEHSTHCS B
HECKOJIbKO Pa3 B 3aBUCMMOCTH OT HampspkeHus Ab, uto
HC BCCraa MOXCT OBITh MPpUEMIIEMBIM. HOSTOMy us3
MPaKTHYECKUX COOOpa)KEHUH pPEKOMEHIyeTCs OrpaHu-
YUTh BEPXHIO TIpaHUIly [Warna3oHa 3HAYCHUEM
oUxp= 0,9 (cMm. puc. 10, 6).

PaGora BemonHeHa B pamkax peanusanuu [locra-
HoBnenus [Ipasurensctsa PO Ne 218 ot 09.04.2010 . u
norosopa Mexay AO «MCC» n Munoopnaykun PD ot
01.12.2015 . Ne 02. G25.31.0182.

Jlumepamypa

1. Arthur G. Birchenough. The Series Connected Buck
Boost Regulator Concept for High Efficiency Light Weight
DC Voltage Regulation. — Available at: https://ntrs.nasa.gov/

archive/nasa/casi.ntrs.nasa.gov/20030093550.pdf.
6.04.2018).

2. Maksimovic D. The Series Connected Buck Boost
Regulator Concept for High Efficiency Light Weight DC Volt-
age Regulation/ D. Maksimovic, B. Jacobson // IEEE Trans-
actions on Power Electronics. — 2012. — Vol. 27, No. 7. -
PP. 3266-3276.

3. Park K.B. Nonisolated high step-up stacked converter
based on boost-integrated isolated converter/ K.B. Park,
G.W. Moon, M.J. Youn // IEEE Transactions on Power Elec-
tronics. — 2011. — Vol. 26, No. 2. — PP. 577-587.

4.Li W. Review of nonisolated high-step-up DC/DC
converters in photovoltaic grid-connected applications / W. Li,
X. He // IEEE Transactions on Power Electronics. — 2011. —
Vol. 58, No. 4. — PP. 1239-1250.

5. Improved zero-current-transition converters for high-
power applications / H. Mao, F.C.Y. Lee, X.Zhou, H. Dai,
M. Cosan, D. Boroyevich // IEEE Transactions on Industry
Applications. — 1997. — Vol. 33, No. 5. — PP. 1220-1232.

6. Minimum current operation of bidirectional dual-
bridge series resonant DC/DC converters / L. Corradini,
D. Seltzer, D. Bloomquist, R. Zane, D. Maksimovic, B. Jacob-
son // IEEE Transactions on Power Electronics. — 2012. —
Vol. 27, No. 7. — PP. 3266-3276.

7. BonbsTom00aBOUHBIN  MMOCIICIOBATEIbHBIN PE30HAHC-
HBII PeoOpa3oBaTesb C U3MEHIEMOU CTPYKTYPOM ISl CUCTEM
anekrporutanus / A.B. Ocunos, E.B. fIpocnasues, E.IO. Byp-
kuH, B.B. CBupunos // U3B. Tom. momutex. yH-Ta. MHXUHH-
puHr reopecypco. —2018. — T. 329, Ne 2. — C. 27-37.

8. Kazannes F0.M. YMmenblieHure noteps B IByXTaKTHBIX
UMITYJIBCHBIX TpeoOpasoBarersix HanpsokeHus / F0.M. Kazan-
neB, A.®. JlekapeB // DIEKTPOHHBIC U IEKTPOMEXaHHYCCKHE
cucTeMbl U ycrpodcra: c¢0. Hayd. TpymoB HIII[ «ITomrocy.
Tomck: U3n-Bo Tomckoro HIITU, 1997. — C. 73-79.

9. IByx(a3Hblil noBBIIAIOINI TpeoOpa3oBaTenb ¢ Msr-
KO KOMMYTalUel TPaH3UCTOPOB M OCOOCHHOCTH €T0 AWHA-
mudeckux cBoictB / P.K. lukcon, FO.H. Iementnes, 5. Mu-
xanpueHko, C.I. Muxansuenko, C.M. CemenoB // U3B. Tom.
MONUTEXH. YyH-Ta. WmHxuHupuHr reopecypcos.— 2014, —
T. 324, Ne 4. — C. 96-101.

10.Waffler S. A novel low-loss modulation strategy for
high-power bidirectional buck + boost converters / S. Waffler,
J.W. Kolar // IEEE Transactions on Power Electronics. — 2009.
Vol. 24, No. 6. — PP. 1589-1599.

11. JIByHanpaBneHHBI BOJBTO00aBOYHBINH TPEOOpa3o-
BaTelb C aKTHBHBIM BBIPSAMHTEIICM IS 3apsiia-pa3psiia ax-
KyMyJIsiTopa B cucTeMax oyekrpormtanus / A.B. Ocwumos,
N.C. llemonun, B.H. [llkonsHei#, P.A. JlateimoB // Jlokmamst
TYCVYPa.-2018. —Ne 1. - C. 119-126.

12. Ko63eB A.B. DHepretuyeckas 3JeKTpOHHKA: y4eO.
nocooue / A.B. Ko63es, b.11. Konosanos, B.JI. CemeHoB. —
Tomck: ToMCKuiT MEKBY30BCKUI LIEHTP AUCTAHIIMOHHOTO 00-
pazoBanust, TYCYP. —2010. — 164 c.

(accessed:

OcunoB Anexcanap Biragumuposuy

Kann. texn. Hayk, cT. Hayd. cOTp.

HUU xocmmueckux texnonoruit (HUM KT)

ToMmckoro rocy1apCTBEHHOI'O YH-Ta CUCTEM YIpaBJICHUS
u paauosnexkrporuku (TYCVYP)

Jlenunna np-T, a. 40, r. Tomck, Poccus, 634050

Ten.: +7-903-914-09-67

On. moyra: ossan@mail.ru

Hoxnaoer TYCYPa, 2018, mom 21, Ne 2



116

OJIEKTPOTEXHHUKA

Ilemouun Unbsa Cepreesny

MaructpanT Kad. IPOMBIIIITIEHHOH 31€KTPOHUKH,
nwxenep HUU KT TYCVYPa

Jlennna nip-T, a. 40, T. Tomck, Poccus, 634050
Ten.: +7-906-948-91-55

Omn. moura: ilya.shemolin@mail.ru

Jlonatun AJiekcaHap AJIeKCAHIPOBUY

Kanpa. TexH. Hayk, Ha4. CEKTOpa pa3pabOTKH CHIIOBOI
6oproBoii anmaparypsl AO «MHpopmanroHHbIe
CIIyTHUKOBBIE cUCTeMbD» UM. akan. M.d. Pemernena
Jlennna yi., a. 52, . XKenesnoropck, Poccus, 662972
Ten.: +7 (391-9) 73-67-03

Omn. moura: lopatin@iss-reshetnev.ru

JlatbinoB Paumakan AKMaJIbXaHOBHY
HHKeHep-KOHCTPYKTOP CeKTopa pa3paboTKU CHIIOBOH
6oprosoii anmaparypsl AO «MHpopmannonHbIe
CITyTHUKOBBIE CUCTEMBD» UM. akag. M.®. Pemernesa
Jlennna yi., . 52, v. XKenesnoropck, Poccust, 662972
Ten.: +7-904-896-99-51

Omn. moura: raimdzhan.latypov@gmail.com

Osipov A.V., Shemolin L.S., Lopatin A.A., Latypov R.A.
Bidirectional booster converter with soft-switching for
power supply systems

The paper considers a bi-directional booster converter with an
active rectifier for charge-discharge of a battery of power sys-
tems of space vehicles. Switching processes are considered, it
is shown that in the booster converter due to the bipolar cur-
rent of the smoothing-inductor the recovery interval is formed,
which ensures drain-source capacitances pre-dump of the tran-
sistors of the inverter, which results in the inclusion at zero
voltage. The battery charge mode is considered, it is shown
that a large value of the negative current of the throttle leads to
commutation voltage surges when the rectifier transistors are
turned off, which can be eliminated by increasing the drain-
source capacitances of rectifier transistors. The soft switching
range can be significantly extended by adjusting the conver-
sion frequency by the condition that the regeneration interval
appears. It is shown that, in the absence of overstating the
transformer induction, the limiting range of the ZVS reaches
80% of the maximum. An experimental verification of the re-
sults obtained is made, conclusions are drawn, and the results
obtained are discussed.

Keywords: power supply system, booster converter, soft
switching.
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TpeOoBaHuA K MOATOTOBKE PYKONMCEH CTATEH,
NpeacTaBasieMbIX U My0JMKALMHU B JKypHAJIe
«Jlokaaabl ToMCKOro rocyiapcTBeHHOT0 YHUBEPCUTETA CUCTEM YIIPABJIEHHUS MU PAIN0IJIEKTPOHUKH»

1. DnexTpoHHBIN BapWaHT CTAThH NOJDKEH OBITh
MpeacTaBieH B Buae (aila, Ha3BaHHOTO MO-PYCCKH
(ammTHel mepBOro aBTOpa, HA AMCKETE WIN IHNCKE B
¢dopmare Word 2003. IIpenmoutuTebHee IPEICTAaBUTh
€ro I10 3JIEKTPOHHOMU 1OYTe.

2. OpuruHas Ha OyMa)XHOM HOCHUTENE JOJDKEH
MOJHOCTBIO COOTBETCTBOBATH AIEKTPOHHOMY BapHaHTY.

3. Crarbs 10DKHa UMETh (B IOpSIKE CieqoBa-
Hus): YJK; N.O. ®amunuu aBTOpOB; 3arjiaBue; aHHO-
taums (He pedepaT); KIroUeBbIe CJIOBA; OCHOBHOM TEKCT
CTaTbW; CHHUCOK OmOimorpaduil MOI MOI3arOJIOBKOM
«JIuteparypay; cBemeHus o0 aBTopax; jJajee Ha aHT-
mmiickoM si3pike: @ammnmum  aBropoB M.0., 3armaBue
CcTaThd, aHHOTALMIO, KIro4eBble cioBa. CBeneHus o0
aBTOpax BKJIIOYAIOT B ce0s (aMWIMIO, UMs, OTYECTBO,
YYEHYI0 CTeleHb, Y4€HOE 3BaHHUEe, JAOJDKHOCTh, MECTO
paboThl, TeseOH, ICKTPOHHBIN ajipec.

4. Texkct craThy JOJDKEH OBITH pa3MelleH B JBE
KOJIOHKH 0€3 NPUHYANTEIbHBIX IIEPEHOCOB Yepe3 OJUH
natepBan mpudrom Times New Roman 10 xersns Ha
OJTHOH cTopoHe JucTa Oenol mucuel Oymarn dopmara
A4, 6e3 momapok u BCTaBoK. J{ns oOnerueHus gopma-
THPOBAHMS NpWIAraeTcss MA0JOH CTAThbH, KOTOPBIH
pa3mereH Ha caiite: journal.tusur.ru. Pazmep craten
CO BCeMHU aTpuUOyTaMu IOJDKEH OBITh, KaK MPaBHIIO, HE
OoJiee MATH CTPAHMII.

5. OpmHM # Te XK€ CUMBOJBI B TEKCTe, hopMymax,
TaOJUIaX U PUCYHKAX JOJKHBI OBITh €AMHOOOPA3HBIMU
110 HaIlMCaHMHIO. PyCCKI/le " Irp€YCCKUC CHUMBOJIbI Ha6I/l-
paroTcs MpSMBIM MIPUPTOM, a JIATUHCKHE — KYPCHUBOM,
KpOME CJIOB, MX COKpalleHWH, MMeH (QYHKIHH, Mpo-
rpamm, GUPM ¥ XUMHUYECKHX (HOpMyII.

6. ®opmynbl JO0JKHBI OBITH HaOpaHbl B (op-
MynsHOM penakTope (Equation, MathType) mporpammet
Word. Pycckue OyKBBI, TpedecKrne CHMBOJBI, MaTeMa-
THYECKHEe 3HaKW (+, —, X, €, =, CKOOKH, ...) U mUDPHI
Bcerzia HabMparoTCs MPSAMBIM HE KUPHBIM MIPUPTOM, a
nepeMeHHble (M KpUBbIC), 0003HAYECHHBIE JIATHHCKUMU
OykBamMH WM LU(ppamMH — KypCHBOM, KpOME CJIOB, HX
COKpalleHui, UMeH (QYHKIHMH, mporpamMM, GUpPM U XH-
Muueckux (opmyn (const, input; sinx(t1); Ui s Ts;
B,; HO, Adobe Acrobat, Cisco u T.1.); BEKTOPHbIE Be-
JIMYMHBI — KUPHBIM, NpsiMo (He KypcuB) — A, M(f), B.
[la6monsl 11 Habopa (opMysT HEOOXOIUMO B3STh W3
11abJIoHa CTaThH.

7. Bce ymorpebnsieMble 0003HA4Y€HHS M COKpa-
IIEHUS JOJDKHBI OBITh TIOSICHEHBI.

8. EnmuHnnsl n3MepeHus (QU3NYECKUX BEIMYHH
JIOJDKHBI  COOTBETCTBOBAaTh MEXKIyHApOJHON cHUCTEME
emquany (CY) m HammcaHBl TO-PYyCCKH depe3 Mpoder
(x, ITm; 20 ITw; T, rpam; 7 °C). Jecaruunrpie gmcna
MUY TCS Yepe3 3aIATyo (He TOUKY).

9. Tabmuupl U PUCYHKU IOJDKHBI UMETHh TEMaTH-
YECKHE 3aroJIOBKH (He MOBTOPSIOIMNE (Hpa3bl-CCHUIKH HA
Hux B Tekcre). (Puc. 1. Hasanue pucynka; Tabnuua 1.

Hazpanme tabnmmer). Bompmme On0ku pacmudpoBKu
YCIOBHBIX OOO3HA4YEHHUH JIydlle NPUBOAUTH B TEKCTE.
Tlognmucu n Hagmucu — Times New Roman, 9 nr, ne
KHUPHBIM, HE KypCHBOM, IIEPEMEHHBIE — TaK)K€ KaK U B
TekcTe. Ha Bce pUCYHKHM W TaOJHIBI JOJDKHBI OBITH
CCBUIKH B TeKCTE (... Ha puc. 3, ... B Ta0I. 2).

10. Pucynku u ¢ororpaduu 10DKHBI OBITH YePHO-
0eJbIMHM, YETKUMH, KOHTPACTHBIMH, aKKypaTHBIMH,
CTPYNIIUPOBAHHBIMU. ['padukn — HE >KUPHO, CETKa —
4yeTko. EnuHuIbI n3Mepenus — Ha pycckom. JlecsTuy-
Has 3amaTas (He To4yka). PUCYHKH MOTYT OBITH BHITIOJI-
HeHsl B mporpammax CorelDraw, Illustrator, Word,
Visio M HOJDKHBI aBaTh BO3MOKHOCTH BHECEHHUS HC-
TIpaBJICHUMN.

11. Nmmroctparuu, JOMKHBI OBITh pa3pelieHueM
He menee 600 dpi. Macmta® u300pakeHHsT — 8 WIH
16,7 cM mo mupuHe (NIpU YCIOBUM YUTAEMOCTH BCEX
HaJnucei, BbIMOJIHEHHBIX IwpupToM Times New
Roman 9 xermus).

12. Ha Bce UCTOYHUKH, YKa3aHHbIE B CIIMCKE JIUTE-
parypsl, IOJDKHBI OBITH CCBUIKU 10 TEKCTY (HyMmepauus
B MOPSAKE YIIOMUHAHUSA, Harpumep, [ 1, 2], [5-7]). Omu-
CaHWEe WCTOYHHKOB IOJDKHO cooTBeTcTBOBaTh [ OCT
7.1-2003 u T'OCT P 7.0.5-2008 u comepxaTh BCIO He-
00XOAUMYIO I MACHTU(HKAIMK HCTOYHHKA HHOOp-
Mallilo, a UMEHHO: 051 Henepuoouyeckux uz0anutl —
(baMUIMIO M MHHIMANBI aBTOPA, II0JIHOE Ha3BaHHE pado-
TBI, MECTO W3/IaHMs, Ha3BaHHE M3JATENbCTBA, O/ U3/1a-
HHS, KOJIMYECTBO CTPAHULL, 05l NePUOOUYECKUX U30d-
Hul — (pamMuIMio, HHULUAJIBI aBTOpA, TOJTHOE Ha3BaHUE
paboThl, Ha3BaHUE KypHaa, TOJl BHIITyCKa, TOM, HOMEp,
HOMepa cTpaHull (cM. npuMepsl odopmiieHns: 6udIHO-
rpaduii).

ByMaxkHbplii BapHaHT PYKOIUCH CTaTbU JOJKEH
OBITH TIOAIIMCAH aBTOPAMH U (IUII CTOPOHHUX aBTOPOB)
HUMETh CONPOBOJMTENIFHOE MHCHMO Ha OJIAHKE OpraHH-
3aIH.

[TmaTa 3a myOGnuKamio pyKonuceil He B3UMaeTCsL.

MarepuaibHble MPETEH3UH aBTOPOB, CBS3aHHBIE C
pacrpocTpaHeHHEM MaTepualioB WX CTaTeid 1ocie
OITyOJIMKOBaHMs, HE IPUHUMAIOTCSL.

ABTOpBI HECyT TOJIHYIO OTBETCTBEHHOCTH 3a CO-
Jiep)KaHue cTaTedl M 3a MOCIEACTBHS, CBS3aHHBIE C HX
Iy OJIMKanme.

KonrakTHas nungpopmanus
Anpec: 634050, Tomck, mp. Jlenuna, 40, 414-T'K.
On. noura: vimas@tusur.ru. Temn.: +7 (382-2) 51-21-21
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